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FAClJL TAD DE INGENIEAIA" U.N.A.M. 
DBVISION DE EDUCACION CONTINUA 

"FACULTAD DE INGENIERIA U.N.A.M. 

DIVISION DE EDUCACION CONTINUA 

CENTRO DE INFORMACION Y DOCUMENTACION 

"ING. BRUNO MASCANZONI" 

.-

Et 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 

~1 tanto .del estado actual del conocimiento sobre temas especrflcos, 

enfatizando las investigaciones de vanguardia de los campos. de la ingenlerra, 

tanto nacionales como extranjeras. 

Es por ello que se pone a disposición de los asistentes a los cursos de la DECFI, 

así como del público en general los siguientes servicios:· 

• Préstamo interno. 

• Préstamo externo: .. 
' . 

• Préstamo interbibliotecario. 

• Servicio de fotocopiado. 

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

Los materiales a disposición son: 

• Libros. 

• Tesis de posgrado. 

• Noticias técnicas. 

• Publicaciones periódicas. 

• Publicaciones de la Academia Mexicana de Ingeniería. 

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

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

computación y, mecánica y eléctrica. 

El CID se encuentra ubicado en el mezzanine del Palacio de Minerra, lado 

oriente. 

El horario de servicio es de 10:00 a 19:30 horas de lunes a viernes. 

Palacio de Mineria Calle de Tacuba 5 Primer piso Deleg. Cuauhtémoc 06000 México, D.F. APDO. Postal M·2185 
Teléfonos: 511-8955 511·5121 511·7335 511-1987 Fax 510·0573 521-4020 AL16 
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FACUL TAO DE INGENIEAIA U.N.A.M. 
DIVISION DE EDUCACION CONTINUA 

A LOS ASISTENTES A LOS CURSOS 

Ls 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 cabo 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. 
j~:·<.._ 

1} '·:U.. • 
Pedimos a los asisterites~recoger su constancia el día de la clausura. Estas se - ~ ........ "•:.'"-'-
retendrán por el ~::O~i~_.;-cd;":-u~ iaño, pasado este tiempo la DECFI no se hará . ' ....,. """'< ....... , ' "' 1 ' --.\\g:..--.....::: -.--- ~~- t 
responsable de est!' ~oc~~~!!~~-,~. •--~~ 

; 1 _-,, ' '' ,-,, ...... .;.\"'-~---.:. ~ ~ 1• ~' - .>t--;:;/}-~t ~ 
. 1 ,r•<', '. rl f.y ll,.~-;".;,~'~·,.::::..-.!tltln~!,l 

¡ 1 • [¡i :: ·. \\:'• l·¡·t~ .-¡;:"~ ,· ~.J~ l•i:;,\ ),, 
Se 

. d , 
1 

. • , 1 1 , 1 .'< .• ~ ,,_ ..... r--sAJ ., • 
recom1en. a ;,~"'l.·,,os ;~s•~t!nttrs~)P,&~I-~IP~~~!!_V~~,!"~~- con sus 1deas y 

• • 1 ·· -. '· ........ / ,11,. d le j•! .. 1_,./i:'-'2/-..... ..... _'!¡~..¡ 
exper1enc1as, pues los,cursos;que·ofrece .. la··DIVISIOnlestán~planeados para que 

',/ ..... l.-~_: .... -~':'• ,..J,:~~-li ;:¡;JI''¡i• <;.1-7.~--v -
los profesora:- expongan una. ~es1s, pero~:so!J':&•.,t~doHpara1.!1!:'et'?oordmen las 

. ' ,¡, •. 1 '; •1 \-- • ..) • ....,~'"'"'"" -~•l2\ii.J1',¡¡í'l.li;;~ 
opiniones de todosJos.intereaados} constitüyeiido'verdadero~seininarios . 

. • ~---1' -~. ¡1< -;;,·.,;...,, .. ,u 1 rq 1~~~:r.~ ·fja~ 

- •·--, ~ ~); ~ \f{ , r 
1 t!"~. I~VJt 0 _ 

' o_ ... o-"'':::~-"'· '-~:::..."";.0; _r J·1i,:J'irj {'Jt1~:¡fllf1 1~ 
Es muy Importante ·c¡ue-todos-los asistentes; llenen ,y, entreguen·-su ho¡a de 
_ _ __ . :-:-::-:~·-. ~_=.;·•· :....::.;_ tf .l'l:=tr<;i~j: tUt]'llt011lft~~ 
•~scrJpc:on a;l ~~~-c~~~~~r:_éc;u~; _1nf~~jJ~n~L~~~~~~~~~~~~tegrar un 
d1rector1o de as1stentes;que se entregara•oJiortunamente. 

l . --- - .. - . ' ,_.:..----- -· ------·-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 diseñado 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 Tacuba 5 
T elefonos: 512.a955 

Atentamente 
División de Educación Continua. 

Primer piso Deleg. Cuauhtemoc 06000 México, D.F. APDO. Postal M-2285 
512·5121 521-7335 521·1987 Fax 510-0573 521-4020AL26 
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GUÍA DE LOCALIZACIÓN 
!.ACCESO 

2. BIBLIOTECA HISTÓRICA 

3. LIBRERÍA UNAM 

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

5. PROGRAMA DE APOYO A LA TITULACIÓN 

6. OFICINAS GENERALES 

7. ENTREGA DE MATERIAL Y CONTROL DE ASISTENCIA 

8. SALA DE DESCANSO 

SANITARIOS 

• AULAS 

CALLE TACUBA 

DMSIÓN DE EDUCACIÓN CONfiNUA 
FACULTAD DE INGENIERÍA U.N.AM. 

CURSOS ABIERTOS 

DIVISIÓN DE EDUCACIÓN CONTINUA 

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

DIPWiliADO DE REDES (L.Mill) DE IWCROCOIUPDTADORAS 

MODULO IV 

REDES DE ALTO DESEIUPE~O: ATIU, FRAilE RELAY, 
S\fiTCHING, FAST ETHERNET Y FDDI-11 

'i al 11 de septiembre de 1998 

DIRECTORIO DE PROFESORES 

ING. SAUL MAGA~A CISNEROS 
CONSULTORES ICIMEX,S.A.DE C.V. 
AV. UNIVERSIDAD No. 1810 A - 1 
COL. ROMERO DE TERREROS 
DELEGACION COYOACAN 
C.P.O 04310 MEXICO, D.F. 
TEL: 658 37 27 FAX: 659 86 34 
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DIVISION DE EDUCACION CONTINUA 
FACULTAD DE INGENIERIA, UNAM 

CURSOS ABIERTOS 

CURSO: CC068 Redes de Alto Desempeiio: ATitl. FRAUE RELAY, SWITCWRG ••• 
FECHA: 7 81.11 de septiembre de 1998 
EVALUACION DEL PERSONAL DOCENTE 
(ESCALA DE EVALUACIÓN: 1 A 10) 

CONFERENCISTA DOMINIO USO DE AYUDAS COMUNICACION PUNTUALIDAD 

DEL TEMA AUDIOVISUALES CON EL ASISTENTE 

ING. SAUL MACARA CISlliEJlOS 

-

' 

i 
1 

1 

Promedio 

EVALUACIÓN DE LA ENSEÑANZA 
----

DRGAiJ\ZACIC'; ~· • üES~RPOLLC 0:::~.- Cu'RS:: 

GRADO DE PRCJFur~D~D;..D DEL CURSC ! 

ACTUAUZACIQil C·!::l CURSO 

Promed1o 
----

EVALUACIÓN DEL CURSO 

Prome01o 

Evaluac1on total del curso ____ _ Cont1núa .2 

.... 



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

SI NO 

Si indica que "NO" diga porqué: 

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

PeriódiCO Excélsior 

Periódico La Jornada 

Folleto anual 

Folleto del curso 

Gaceta UNAM 

Rev1stas técn1cas 

Otro med1o (Indique cual) 

3. ~Qué camb1os sugeriria al curso para meJorarlo? 

4 GRecomendaria el curso a otra(s) pe,sona(s)? 

SI NO 1 

S .... Oue cursos sug1ere que 1mparta la DiviSion de Educacrón Contmua? 

6 Otras superenc1as· 



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

DIPLOIUADO DE REDES (LAI!I) DE IIICROCOIIIIPUTADOBAS 

IUODOW IV 

REDES DE ALTO DESEitiPEBO; 
. ATIU, FRAIVE BELA.Y, SWITCHING, FAST ETBEJUIET Y FDDI -ll 

!MATERIAL DIDACTICO 

SEPTIEIUBRE DE 1998 

Paiacto de Mmeria Calle de T.acuba S Primer ptso Oeleg. Cuauhtfmoc 06000 Mfxico. O F APDO. Postal M-228~ 
Telelonos. 512-l!955 512-5121 521-7335 521-1987 Fax 510-0573 521-4020 Al25 



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

MODULO IV (Rad) 

PRESENTACION 

La constante evolución en las tecnologias de las Redes de 
Cómputo y las Comunicaciones, ha pennitido que el que 
hacer del hombre en este campo, cada dia acorte el 
t1empo, me¡ore la seguridad en sus apllcaCJones e 
incremente su productMdad. 

A partir de que las computadoras tuvieron una 
representación sena a ntvel de escntono (PC's-1980), en 
seguida se tuvo la neces1dad de conectarlas para compartrr 
y explotar recursos nac1endo asilas Redes locales (LAN's) 
en su primera generación (1980-12). Después 
abundaron estas nuevas herramientas de la computación e 
Informática y por la necesrdad de Interconectar estas 
LAN"s en el sigUJente paso surg1eron las Redes de 
segunda generacióit (1986), apareciendo para ese fin los 
puentes (Bndges), que con sus l1mrtantes tecnológicas de 
entonces, d1eron la oportumdad de efic1entar y ampliar la 
cobertura de las Redes, interconectándolas inclusiVe, con 
topologfas heterogéneas 

Fueron necesanos aproximadamente cmco al"los para que 
la evolución de los puentes, bnndara la tecnologfa 
adecuada para que la rnterconex1ón de las Redes, contara 
con la efic1enc1a de los ruteadores, m1smos que resolvieron 
el problema del tráfico mult1punto, desarrollando asl las 
Redes de tercera generación (1990) 

Esta marcada evolución en la tecnologia de las Redes a 1do 
acompal"lada de un alto desarrollo en los med1os de 
telecomunicaciones como hoy lo son ISDN y B-ISDN Jos 
cuales nos ofrecen mtegrac1ón de mU1t1ples serv1c1os (voz, 
datos. imagen y sonido) grac1as a sus amplios anchos de 
banda Comb1nando ambas movac1ones. surgen 
fuertemente a part1r de 1995, las Redes de Atto 
Desempel"lo que defin1n a las Redes de cuarta 
generación caractenzadas por una tecnologla de 
conmutación (Switching). los serv1cios de Cell Relay que 
denvan en la tecnologla ATM, la evoluc1ón de protocolos 
ampliamente difundidos como X.25 hac1a Frame Relay y 
finalmente el desarrollo de las tecnologlas tradiCionales 
Ethernet y FDDI, hac1a Fast Ethernet y FDDI-11 

Considerando que esta breve presentac1ón no perm1te 
abundar y detallar más sobre este tema que es amplio y 
enervante. se observa entonces que las Redes actuales 

con sus efemeutos de comunicación, implican una serie de 
tecnok)glas Y arqurtecturas modernas y avanzadas, que 
generan la necesidad del conocimiento y dominio de Las 
mismas, y esto es imperante!. Se requiere por lo tanto, de 
especialistas y . ejecutivas bien capacitados y bien 
informados respectivamente, para un soporte técruco y 
toma de decisiones adecuados en este profundo y 
apasionante campo de las Redes. 

Conscientes de la necesidad de formar especialistas 
attamente capacitados, que puedan responder al reto que 
representan la Redes de Atto Desempel"lo, ofrecemos este 
curso como un módulo más del Diplomado, y/o como una 
oportunidad de actualización, tratando de lograr los 
s1guientes 

OBJETIVOS 

Introducir a los partlctpantes en las tecno/ogias de los 
Servicios Integrados de Redes Digitales de Banda Ancha 
(S-ISDN) y dar a conocer los estándares y protocolos de 
las diferentes tecnologfas y serv1c1os avanzados de este 
recurso. 

Lograr en los participantes la capacidad de ponderar y 
definir los pnnctplos bás1cos para selecctonar los s1stemas 
de banda ancha adecuados para las necesidades de cada 
proyecto, y asf mismo, el hábrto del anál1s1s de los 
productos que ofrece el mercado actual. 

Tratar que con los antecedentes y conceptos bás1cos de la 
tecnologla y servicios "SWITCHING", CELL RELAY, 
ATM y FRAME RELAY queden b1en Instalados en los 
part1c1pantes. 

Lograr que con apoyo en una term1nologfa y d1cc1onano de 
Siglas, se domme la definición de caQa acrónimo, a efecto 
de eliminar dudas. 

Pugnar por lograr el apoyo necesano donde se puedan 
estud1ar casos reales y sea factible mostrar la mtegración 
de varios sistemas con base en las tecnolog1as 
menc1onadas. 

A QUIEN VA DIRIGIDO 

A todos aquellos profesionales y profes1on1stas que por sus 
necesidades laborales, estén Involucrados con las Redes 
de Cómputo y requ1eran actualizarse en las Redes de Alto 
Desempeno. y a los Ejecut1vos que neces1ten bases 
técnicas en su responsabilidad de toma de decisiones. 

REQUISITOS 

Los part1c1pantes deben tener conoc1m1entos en Redes 
(LAN) de Cómputo (s1n ser hmrtante) y de preferencta 
también, conocimientos de Comumcac1ones Dtgltales. 

DURACION 

La durac1ón del presente módulo es de 20 hrs 

... 



REDES DE ALTO DESEMPEÑO; FAST ETHERNET, FDDI-11, "SWITCHING", 
ATMY 

¡;;¡ 1.- FAST ETHERNET 

-'1: Introducción 
"e Ethernet 10BaseT 
"e Características de 1 OOBaseT 
"e Estándares y Normalización 
"e Tipos de cableado 

FRAMERELAY 

M O D U L O IV (Rad) 

TEMARIO 

Q 4.- ATM 

"e Introducción 
~ Componentes 
~ Servicios 

"e Características de los dispositivos Fast
Ethernet 

~ Estructura de la celda 
~ Modelo S-ISDN 
~ Niveles de adaptación. convergencia y 

físico "e Redes Conmutadas 
"': Alternativas de implementación 

¡;;¡ 2.- FDDI, FDDIII 

"': Introducción 
"': Antecedentes de FDDI 
"e Características 
"": Fibras ópticas 
-"' Backbones 
-"' Funcionamiento 
"': Dispositivos 
JC Normalización 
"": Antecedentes de FDDI 11 
"": Características 
-"' Funcionamiento 
JC Normalización 

Q 3.- SWITCH ES 

./': Introducción 
-"' Características 
./': Tecnología Store and F01ward 
"': Tecnología Cut-Through 
"': Switchs A TM 
"': Switchs Ethernet 

"'G Aplicaciones y casos de estudio 

Q 5.- FRAME RELAY 

-'t Introducción 
"e Tecnologías antecesora~ 
"e Terminología y funcionamiento 
"'G Estructura de trame 
"'[: Administración de la congestión 
"J Técnicas de reducción de tráfico 
-0 lnteñaces de administración local 
-0 Estándares 
"e Aplicaciones y casos de estudio 

¡;;¡, 6.- APLICACIONES 

-'t Redes Virtuales 
~ Redes Multimedia 
-'t Video Conferencia 
-'t Integración total de Redes; 

LAN=MAN=WAN=GAN 

.; 

~-



INTRODUCCION 



NUEVAs TEcNoloqiAs 
~----.... 

dE REdEs dE 

COMpUTAdORAS 1995 

'1 



: ~ES~'§DE ~ : TECNOLOGIA DE REDES 

1 LAN"S Virtuales 1 

LAN"S de Alto 
Desempeilo 

'INTERNET 

LAN"S 
Switch es 

1 LAN"S Routers 1 

1 LAN"S Bridges 1 

1 LAN"S 

1980 1985 1995 1996 



Redes de alto 
desempeño 

• FDDI, FDDI - 11 
• FAST ETHERNET 

• TECNOLOGIA 
SWITCHING 

• ATM 
• FRAME RELA Y 

• 8 - ISND 

~·REDES 

~.REDES 

VIRTUALES 

MULTIMEDIA 
VIDEOCONFERENCIAS 

REDES 

LAN = MAN = WAN = GAN 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

COMUNICACION DIGITAL 

Q BANDABASE 

Q BANDA ANCHA 

. ·'· 
':? ·; 

::··.; 
"{ . . 

• ~--. <:: 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

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

de REDES locales 

1-3 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

BANDA ANCHA Características: 
Q Varios Canales Paralelos 
Q Multiplexaje por Frecuencia 
Q -e> Un canal de Transmisión 
Q <O-Un Canal de Recepción 

1-4 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

SERVICIOS CONMUTADOS DE ALTA VELOCIDAD 

Alta Velocidad: 

Q ISDN lntegrated Service Digital Network 

Q 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 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN 
Acceso a los servicios de telecomunicaciones con ISDN 

TELEX .. 

TRANSWISION 
DE DATOS 

1-7 



. TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN 

Acceso Básico 

Cental 

RDSI 

' 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN 

Acceso Primario 

Cantal 

RO SI 

1-9 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN Velocidades 

Canal 
8 
D 
E 
HO 
H11 
H12 

H4 

Velocidad de Transmisión 
64Kbps 
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 
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TECNOLOGIASEN SISTEMAS DE BANDA ANCHA 

Redes de alto desempafto 

• 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: 

"'ee Aspectos generales de B-ISDN 
"'ee Servicios específicos de Red 
"'ee Características fundamentales de ATM 
"'ee Aplicaciones A TM 
"'ee Operación y mantenimiento de los accesos a B-ISDN 

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

2-1 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ORGANIZACIONES INVOLUCRADAS EN LA ESTANDARIZACION DE -ISDN. 

A nivel mundial 

CCITT 
ISO 

En Europa 

CEPT 

ETSI 

En Estados Unidos 

ANSI 
E lA 
BELLCORE 

Comité Consultivo Internacional de Telegrafía yTelefonfa 
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 semi permanentes 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 

a Punto a punto 

¡;;¡ Punto a multipunto 

2-4 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

BISDN .- CARACTERISTICAS 

Modos de Conmutación 

¡;;¡ Paquetes 
¡;¡ Circuitos 

Naturaleza de Servicios 

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

Configuraciones 

¡;;¡ Unidireccionales 
¡;;¡ Bidireccionales 

2-5 



··-.· TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

BISDN. Características 
Tráfico 

Q Velocidad constante CBR 
(Constant Bit Rate) 

-t Sin negociación de velocidad 

Q Velocidad variable VBR 
(~ariable Bit Rate) 

-t Con negociación de velocidad 

2-6 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

BISDN CARACTERISITCAS 
Q Conmutación por demanda 

Q Conexiones permanentes y semimermanentes 

'11 Punto a Punto 
'11 Punto a multipunto 

Q. Conmutación de paquetes y conmutación de circuitos 

'11 Single media 
'11 Mexed media 
'11 Multimedia 
'11 "Conection less" y "Conection-oriented" 
'11 VBR y CBR 

-.. -, 

2-7 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN.- TERMINOLOGIA: 

Q Grupos Funcionales. 

Q Puntos de referencia. 

'l .,. 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN.- TERMINOLOGIA: 

Grupos Funcionales. 

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

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

-1! Equipo Terminal (TE) 
Teléfonos digitales, Equipos terminales de 
datos y estaciones de trabajo que integran 
voz y datos. 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN.- TERMINOLOGIA: 

Grupos Funcionales. 

JEJ Equipo terminal tipo 2 (TE2) 
Equipo terminal con inteñaces no-ISDN 

JEJ 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: lnteñace funcional entre un grupo TE2 yunTA. 

T: lnteñace entre el equipo NT2 y el NT1. 

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

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

ISDN.- TERMINOLOGIA: 

+ Raferenca polnt 

O Fundonel group 

u 
' 

TA: Terminal Adaptor 
TE: Terminal Equlpmant 
NT: Networlc Tarmlnatlon 

Central Office 

·~ 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN.- EQUIPO 

Canales de Acceso: 

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

-11 Canal D: 16 ó 64Kbps para señalización, control o 
información del cliente en paquetes (D=delta). 

JQ 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 Interface 

'1J 8asic Rate Access (o 8RI basic rate interface). 
Interface de usuario que provee 2 canales 8 y un canal O 
(28+0). 

'1J Primary Rate Access (o PRI primary rate interface) 
Interface de usuario que provee 23 canales 8 y un canal O 

(238+0). 

'1J Para canales H se prevee que en el futuro se utlice una 
interface de red tipo H+O. 
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REDES DE ALTO DESEMPEÑO 

1.- FAST ETHERNET 
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Fast Ethernet 

REQUERIMENTOS DE ALTA VELOCIDAD Y SOLUCIONES PROPUESTAS. 

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

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

Aunque no todos los usuarios requieren una red con capacidad de 100 mbps. muchas aplicaciones 
··lan-intensive·· ya empujan los 1 O mbps existentes y pueden beneficiarse con la tecnología actual 
de 100 mbps 

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

Así mismo, como los serv1dores de red son ahora mas poderosos, han sido reubicados de 
conexiones locales a centrales de datos, donde necesitan conexiones de alta velocidad a 100 
mbps al "backbone" para proporcionar capacidad centralizada al costo óptimo. 

¿Que tecnología está me¡or situada dentro del crecimiento de los requerimientos de alta 
velocidad de las redes de hoy? 
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La respüesta depende del usuario y de las necesidades de la red. FAST ETHERNET es una 
excelente alternativa por las siguientes razones: 

ventajas de Fast Ethernet 

O Alto rendimiento. 

o Tecnología basada en estándares. 

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

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

o Costo óptimo. 

~ Alto rendimiento. 

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

~ Tecnología b~sada en estándares. 

Fas! Ethernet está diseñada para ser la evolución más directa y simple de ethemet 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-:(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 amb1entes compartidos con conexiones ethemet 
compartidas o conmutadas permitiendo 1 O O 100 mbps a todas las estaciones conectadas al hub, 
esto es ideal para grupos de trabajo de tamaño mediano con incrementos de demanda de ancho 
de banda ocasionales, ethemet compartido delibera el ancho de banda a un costo muy baJO. 

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

~ Costo efect1vo de migración. 

Como el protocolo natural de 10 base-T. virtualmente no cambia en fas! ethemet, éste puede ser 
introducido fácilmente en ambientes de ethemet estandar. la migración es simple y económica en 
muchos aspectos importantes. 
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o Las especificaciones de el cableado para red 1 00 base-T permiten a fast 
ethemet correr en la mayoría de cableados comunes en ethemet, incluso 
categorías 3,4 y 5 de utp, stp y fibra óptica. 

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

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

Software de administración. Las redes fast ethemet pueden ser administradas con un protocolo 
s1mple 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 pri.ncipales fabricantes. 

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

Estas empresas son miembros de la Fast Ethernet Alliance (FEA}, un consorcio cuyo objetivo es 
acelerar la tecnología fast ethemet a través de la Norma 802.3 del IEEE. Además 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/desempeño de fast ethemet estará regido por la competitividad 
de las tecnologías de alta velocidad. 

Al pnncipio, 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 fast ethemet. 

~ 
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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 
lndependient Interface), a otros tres controles de nivel físico, la especificación de M. l. l., es similar 
a la AUI de 1 O mbps y proporciona una sola interface que puede soportar transceivers externos 
con alguna de las especificaciones 100 Base-T. 

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

En el diseño del MAC para 100 base-T. el IEEE reduce el tiempo de transmisión de cada bit, del 
MAC de 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 00 base-T soporta 3 especificaciones físicas. 

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

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

O 1 00 Base Fx: sistema estándar de 2 fibras ópticas. 

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

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 fast ethemet pueden ser 
mezcladas e interconectadas a un hub como lo hacen las especificaciones 1 O Base-T. 

100 Base Tx está basado en la especificación PMD (Physical Media Dependen!), desarrollada por 
el ansi x3t9.5, éste combina el MAC escalado con los mismos chips del transceiver y el PHY 
desarrollados para FDDI y CDDI. Como estos chips están disponibles y el estándar de señalización 
está completo, 100 Base-T ofrece una solución de tecnología aprobada y basada en estándares y 
soporta ambientes de cableado 1 O Base-T. 

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

100 Base T4 es una tecnología de señal desarrollada por 3Com y otros miembros de Fast Ethernet 
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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1 00 Base FX es una especificación para fibra, ideal para grandes distancias o BackBones o 
ambientes sujetos a interferencia eléctrica. 

~ Auto-Negociación 1 o 1 100 MBPS 

Para facilitar la migración de 10 a 100 MBPS el estándar 100 Base-T. incluye un sensor 
automático de velocidad, esta función opcional pennne transmitir a 1 O 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 100 Base-T advierte sus capacidades 
enviando un barrido de pulsos de prueba para verificar la integridad del enlace llamados FAST 
LINK PULSE, generados automáticamente al encender el equipo. 

Si la estación receptora es un hub con capacidad 10 Base-T únicamente, el segmento operará a 
10 MBPS, pero si el hub soporta 100 Base-T. este será censado por el FLP y usara el algoritmo de 
auto-negociación para determinar la mayor velocidad posible en el segmento, y enviar FLP ·s al 
adaptador para poner ambos dispositivos en modo 100 Base-T. 

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

~ REGLAS DE TOPOLOGIA. 

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

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

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

La máxima distancia en cable UTP es 100 metros igual que en 1 O Base-T. 

O En UTP se penniten 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 óptica bajo 100 Base FX . 

• FE-6 



o Para distancias muy largas una ve~ión completamente duplex de1 00 Base 
FX puede ser usada para conectar dos dispositivos a más de 2 KM de 
distancia. 

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

~ ETAPAS DE MIGRACION. 

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

Aquí 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 dual10 /10d MBPS en PC's nuevas; para 
prepararse a la migración de la nueva tecnología, las PC"s deben estar 
configuradas con adaptadores de velocidad dual, entonces podrán 
soportar ethemet compartido, ethemet conmutado, fast ethemet y aún fast 
ethemet 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 10/100 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 ethemet 1 O Base
T compartido a los puertos conmutados 1 O /100 MBPS. 

O Extienda 1 00 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 fast ethemet. 
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REDES DE ALTO DESEMPEÑO 

2.-FDDI, FDDI 11 
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Fiber Distributed Data Interface 

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

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

Anillo 3ecundario = 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 
100 Mb/-125 Mhz 80% de eficiencia en el ancho de banda 

*ETHERNET YTOKEN-RING emplea una codificación 
Manchester 

*Tasa de transmisión- ETHERNET: 1 OMbls-20 Mhz 
- TOKEN-RING 16Mb/s-32 Mhz 

50% DE EFICIENCIA EN EL ANCHO DE BANDA 
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FDDI 

FDDI: VS TOKEN- RING 16MB/S 

" Reloj distribuido recuperación { Monitor Activo 
de errores 

" Doble anillo 

" Rotación del 
"TOKEN" 

" Uso de Fibra Optica 

{ Anillo Sencillo 

{ Sistema de reservación 
por prioridad 

{ Uso de Par Trenzado/Abra Optica 
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FDDI 

TOKEN-PASSING ofrece una transmisión de datos más eficiente. 

ya que conforme aumeñta el tráfico se requiere un mayor ancho 

de banda. TRT 85 %. 

CSMNCD Resulta més 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 (G Hz) 
y largas distancias (2Q-30 Km) 

B) Fibra tipo multimodo. Rbras -con nucleo 6D-62.6 
Micras y Medianas distancias (1 0-20 Km.) a 1300 

• nanometros. 
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FDDI . 
CONSIDERACIONES 

Manejo 

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

~ 300KM-180 Miles 

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

. . .. 



FDDI: SACKBONES . . • • . 

FDDI 



¿¡ ¿¡ ¿¡ iiJ CJ CJ CJ CJ CJ CJ CJ íiJ í:J ¿¡ CJ CJ CJ CJ cl íiJ CJ CJ CJ CJ ¿¡ íiJ • 

FDDI 

ESTACIONES 

Tipo Clase A: Se conecta directamente al anillo doble 

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



clclclclclclclclclclclclcl@clclclclclclclJ~clclcl 
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QFIBRAS OPTICAS 

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

El uso de la luz como un medio de comunicación no es nuevo. El fuego fué usado como señal de 
comunicación en los amaneceres de la historia humana. la clave Morse fue utilizada 
particulanmente 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 
modemo. 
Todos estos métodos dependían del medio ambiente y solo cubrían distancias pequeñas y para 
aplicaciones visuales en linea directa, en 1960 con la invención del láser, ~~ 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 transmrtir a larga distancia a través de fibra de vidrio fue realizado en 1966, 
pero las excesivas impurezas de la fibra de vidrio generaban grandes péndidas 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 LEO, y más !ande la introducción de alta pureza, llegó 
la era de la comunicación por fibra: transmisión a largas distancias sin la necesidad de reamplificar 
la señal. 

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

Una fibra óptica es una delgada varilla transparente hecha de vidrio o plástico puro, a través del 
cual la luz puede propagarse con una péndida de señal muy baja, la estructura de una fibra óptica 
modema consiste en el tubo de vidrio delgado recubierto por otro material con distmtas 

• FDDI-2 



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 nuido 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 enlre receptor y transmisor. 

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

O Las velocidades de transmisión son muy altas. 

Recientes desarrollos han permitido fibras ópticas con 0.2 dB de atenuación por kilómetro, además 
de 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 asi 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 propagación de señal. Van desde las que 
tienen dos modos hasta cientos de modos de propagación. Las aplicaciones ti picas de estas fibras 
son la telecomumcación 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. 

• FDDI-3 
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Las siguientes tablas ofrecen un panorama general de características 

~ Dimensiones 

Fibra óptica Tipo diámetro del núcleo diámetro del revestimiento lonoitud 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 850Nm 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 línea de comunicación 

Medio de comunicación Tipo Distancia máxima sin repetidor (Mts) 
(Ranc¡o dinámico tíoico 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 N m 60,000 :~ 

Fibra óptica Unimodo a 1550 Nm 120.000 

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

CABLE DE FIBRA OPTICA PARA ESTRUCTURA 

TUBO DE FIBRA OPTICA DE USO INDUSTRIAL 

~ CONECTORES DE FIBRA OPTICA. 

Son dispositivos de unión, que realizan la func1ón de acoplamiento entre dos fibras ópt1cas o en los 
extremos de éstas, permitiendo un fac11 mane¡o, instalación y mantenimiento de la fibra ópt1ca. 

lB; ~~"·:;'¡~ 
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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 curdado no solo de 
selecciOnar el conector adecuado, smo que también debe ponerse especial atencrón 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 medro 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 significatrvamente 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 
velocrdad de transmisión de la que es capaz. Por ejemplo, FDDI1 soporta velocidades de 
transmisrón de hasta 100 Mbits por segundo. En comparación con Ethernet que transmite a ··10 
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 
Amen can 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 óptrca puede trabajar cerca de equipo eléctnco altamente 
sensrble sin interfenr uno con el otro Un cable de fibra óptrca entre dos edificros no atraerá 
rayos como el cable de cobre. 

Frber Distrrbuted 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 
los dos anillos independientes, transmitiendo los datos en sentidos opuestos. Esta configuración 
mejora la velocidad de transmisión así como la confiabilidad de la red, pero es muy caro. 

Hasta ahora, FDDI se ha usado para interconectar PC's de alta velocidad o estaciones de trabajo 
con redes, o bien como backbone para interconectar estaciones más lentas, de igual manera que 
una carretera une los diferentes pueblos. Conectarse a FDDI es caro. dado el alto costo de los 
componentes óptrcos, así como el costo del transreceptor y los integrados necesarios para FDDI. 
Debido a sus caracteristicas de ancho de banda, la fibra óptica se usa prrncipalmente 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 corrrendo de manera 
independiente, FDDI-11 tendrá un marco de 125 microsegundos, permitiendo ser srncronrzado con 
la red de comunicaciones. 



FAQ'S sobre FDDI y FDDI-11 

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

Q. Wbat is the difference between FDDI and FDDI-U? 
Both FDDI and FDDI-11 runs at 100 M bits/sec on the fiber. 
FDDI can transpon both async and sync types of frames. 
FDDI-11 has a new mode of operation called Hybrid Mode. 
Hybrid mode uses a 125usec cycle strucrure to transpon 
isochronus traffic, in addition to sync/async 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 1 get them? 
ANSI X3T9.5 standards 

American N ational Standards lnstirute 
1430 Broadway, New York, NY 10018, USA 
Attention: Sales Dept. 

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

- X3 T9. 5 Documems 
Global Engineenng Documems 
(USA) 1-800-854-7179 

Q. What are other good sources of printed information? 
-FDDI Technology and Applications: Ed1ted Mirchandani and Khanna 
- Handbook of Computer Commumcations Standards Vol 2: By Stallmgs 
- Cal! up DEC to ask for the free FDDI tutonal book 
- D1g up 1986-1992 1ssue of lEE Local Computer Network Conference 

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

A 10ken 1s a nonnal FDDI frame with a fixed fonnat. 
The srauon wans umil a token comes by, grabs the wken. 
transmtts the the frames and release the token. The amount 
of frames that can be transmmed ts detennmed by umers in 
the MAC prowcol ch1ps. 

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

Q. l've heard that FDDI is a counter-rotating ring, what does this mean? 
FDDI 1s a dual ring technology. And each ring is running in 
the opposite dtrecHon to irnprove fault recoVCI)'. 

Q. \Vhat is a dual ring of trees? 
See the dtag.ram. 



Q. Wbat is dual boming? 
When a DAS is connected to two concentrator pons, it is called 
dual-boming. One pon is tbe active link, where data is transmined 
and tbe otber pon is a bot standby. Tbe bot standby will 
constantly testing tbe link and will kick in if tbe active link 
failed or disconnected. Tbe B-pon in a DAS is tbe active pon and 
tbe A-pon is tbe hot-standby. 

Q. Wbat is a DAS? 
DAS (Dual Attach Station) is a station witb two peer pons (A-Pon 
and B-Pon). Tbe A-pon is going to tbe B-Pon of another DAS, 
and the B-pon is going to connect to the A-Pon the yet another DAS. 
ie: 

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

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

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

Q. What is a wrapped ring? ( 
When a link in the dual-nng is broken or not connected. the two 
adj pons connecting to the borken hnk will be dtsconnected 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. Ir 1 use a concentrator, what are the advantages/disadvantages? 
Advantages: Fault tolerance, When a hnk breaks, the ring 
can be segmented, A concentrator can JUSI bypass the problem 
pon and avoid most segmentatlons. It also gives you better 
phySical plannmg. Usually peoplc prefer tree phySical 
topology. Generally star configurauon of a concentraror system 
IS easier ro troubleshoot 
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Disadvatages: A concentrator represents a single point of failure. 
There may al so be more costly. 

you can build a tree as deep as you want. We have 
a Q. Can l cascade 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) devtce that is used to skip a station 
on the ring if Il is tumed off. Therefore, you don't need to 
use concentrator to avoid the segmentauon 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 mulumode 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/!25 micron graded index multtmode fiber) 

and other fiber like 50/125. 85/125. 100/!40 allowed 
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 l STP - distance between connections must be less than lOO m 
Category 5 UTP - distance between connections must be less than l 00 m 

(The ANSI standard for STP and UTP is mcomplete, but a number 
of companies are airead y shipping proprietary twisted-pair 
soluuons until the standard is completed. whtch is expected 
later this year.) 

? Q. ls there an~· ad\·antage 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 bridgeiroute between the 2 topologies? 
Y es. But from what we are hearmg sorne protocols are havmg problems. 

Only TCP/lP ts handlmg frarne fragmentatton correctly. (See below). 
lt should al so be noted that frarne fragmentation will not work for 
DECNET. lPX. LAT, Appletalk. NETBEUl etc. 
lP ts the only protocol that has a standard method of fragmenting. 

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

..... 
''? ' 
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Q. l've beard tbat tbere is a frame lengtb di!Terence, wbat are tbe issues 
and problems bere? 

FDDI frames ha< a max size of 4500 bytes and Enet only 1500 bytes. 
Therefore your bridge or router needs to be sman enough to 
fragment the packets ( eg into smaller IP fragments). Or yo u need to 
reduce your frame size to !500 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 ts 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) 

lNFO lnformation field (nn) 
(Varibale Length. Usually siarts with LLC header, 
then SNAP field, then the payload eg lP packet) 

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

FS Frame Status (EAC) 
(Tbree symbols of status of Error, Address _match, 
and Copied. Each symbol is either 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 can get aggregate usage up to 95Mbn/s with no 

problem. But 75Mbps is preuy good. Actual! y, this question depends 
so much on how you construct your test. what equipment you use, 
etc, that the best idea 1s to let the user decide. 

Q. What happens when 1 bridge between a 100 Mbps FDDI anda !OMbps 
ethernet if the FDDI traffic destined for !he ethernet gets above 
8 Mbps? 10 Mbps? 

After the buffer fills Frames start dropping. This is not a 
problem unique 10 FDDI however. Consider ethemet to TI, or 
multiple ethemets to a smgle ethemet. 

Q. What is !he latenc~· across a bridge/router? (Y es 1 know thal different 
vendors are different, but what is a the window?) 

No idea. 



Q. Are tbere 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 
JiJee ODS has something JiJee simgle mode to multimode convener. 

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

tools will also work with FDDI in !he protocollevel. Also a 
optical time domain retlectometer (TDR) is recommended for db 
loss checkmg and distance measurements. though it has been 
reponed that an FDDI link tester is iess expens1ve 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 !he SNMP 
working group. 

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

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

Just like imy 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 i5 tested at lnterOp, UNH or 
ANTC. are this is the eqU!pment that will meet the minimum 
interoperabilny requirement5. Ask the vendor what type of testing 
they did and ask them to 5hip you a system for fieid tria! before 
you pay big bucks for it. 

Q. Can 1 interface FDDI to a PC (ISA Bus). PC (EISA Bus). PC (Micro channel 
Bus), Macintosh, Sun workstation, DECstation 5000, NEXT computer, Silicon 
Graphics. Cisco router, Wellfleet router. SNA gatewa~· (1\lcData), other? 

Ye5. 1 am not sure if NeXT has any FDDI adaptor software. but 
there are ·s different N u Bus FDDI cards m the market. But FDDI 
adaptors are available foral! other buses or vendors. 

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

MaxT1me = '(#ofstations • T_neg) 
IT _ neg ist the negotiated target token rotatton u me) 
Usually this won't happened. lt 15 only a very very heavily loaded 
ring but the station be waitmg for that long. If this 15 the 
case. then change the T _request of the stauon to sorne lower value 
<eg 8 msec). 

..::· 



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

Y es for IP, Novell, DecNet, X windows. 
Don't know about the others. 

Q. What are the applications that would use FDDI's bandwidth? 
Basically anything will be at least a bit faster. From NFS to 
images transmission. E ven 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 than ethernet, the signals travel at the same speed. 
The propogation of a signal on the transmission line is the same for 
ethernet, token ring, and FDDI. 

Q. What are the effects of powering off a workstation on a DAS or SAS 
connection? 
Depends. Let's do SAS first, it is easier. If aSAS is connected toa 
concentrator, then the concentrator will bypass the SAS connection using an 
interna! data path. If the DAS is connected toa concentractor, then the 
concentrator will also bypass the DAS. If the DAS is connected to the trunk 
rings wtthout using an opttcal bypass switch, then the trunk ring will wrap. 
If multiple stations power off on the trunk nngs, then the rign will be 
badly segmented. Now if the DAS is using an optical bypass switch. the 
switch will kick m and prevent the ring from wrapping. 

Q. What are the ·erfects of disconnecting the fiber on a DAS or SAS 
connection? 
SAS connecting to concentrator: 

Same as above. 
DAS dual-borne toa concentrator: 

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

DAS on trunk rings, wnh no optical bypass: 
If one fiber breaks. then the rmg will wrap. 
If both fibers break, rmg will wrap. station won't be commumcate. 

DAS on trunk rings using optical bypass. 
If one fiber between bypass and the next stauon breaks. then 

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

will wrap. srauon won'r be able to communicate. 
If one fiber between bypass and the host station breaks .. then 

the nng will wrap. 
If two ftber between bypass and the host station breaks. then 

thc nng will wrap. 

..J 



Q. Wbat 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-horning. 

Q. Wbat is Graceful Insertion? Should 1 demand it from my vendors? 
Graceful lnsenion is a method to insen a station (ora tree) 
m a concemrator without !osing any data frames (and not 
gomg into Ring_ Non_ Op mode). The theory goes as Graceful 
Insertion can minimize nng non_ op and losing frame, therefore 
it saves you transmission llmeout of lost frame in upper layer 
protocol (eg TCP) and retranstrussion effon. The following is 
the counter argument: Graceful lnsemon can hold up the ring 
for more time that the FDDI ring non-op recovery time. And 
Upper !ayer protocol is designed to perform frame recovery and 
retransmission anyway. And no vendor can gaurantee 100% 
Graceful lnsenion anyway. Should 1 get Graceful lnsenion in 
my concentrators? If it is free, take it. You are going ro 
get nng_ op no matter what (eg insenion in the trunk ring and 
stauon power down). 

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

Q. Can ~·ou name a few FDDI Concentrator vendors? 
lBM. Optical Data System. Synüpucs, Cabletron, DEC, 
Chtpcom·, NPI, Synernetics, 3Com, lnterphase, 
Ungermann-Bass, Ttmeplex, Crescendo/Ctsco, Sumitomo etc ... 
(vendors feel free to email meto be included here) 

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

runmng FDDI on twisted-patr media (Category 5 Cable). 
ANSI ts also working on a standard (long term TP working group) 

to run FDDI on telephone cable. [Please comment.) 
!BM anda group of vendors ISynOptics. Nauonal Semiconductor ... ) 

promote SDDithat runs FDDI on Shtelded Twtsted-Patr cable. 
lthts ts mcomplete). there ts much work betng done on FDDI over 
vanous types of electncal cable, most notably twisted pair. 

Q. What does Sl\IT stand for? What does il do? Do 1 need it? 
Stauon ManagemenT (SMT). It ts pan of the ANSI FDDI Standards 
that provides ltnk-level management for FDDI. SMT ts a low-leve! 
protocol that addresses the management of FDDI functions provided 
by the MAC. PHY. and PMO. h performs funcuons like ring recovery, 
frame level management. lmk control. etc. Every stauons on 
FDDI need to ha ve SMT. The latest verswn of the SMT standard ts 
verswn 7 .3. but rnost vendors shtp products wnh SMT verswn 6.2. 



Q. Who supports FDDI-11? 
National Semiconductor Corp, IBM, Apple Computer, XDI, 
Alpha lnc, etc 

Q. Who is working on Syncbronous 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 defme the 
usage of SYNC frame in FDDI-! rings. 

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

yes. You can do that if both stations suppon the S-S 
pon cormection. Most vendors suppon the S-S cormections. 

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

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

A B M S 
A 
B 
M 

+ 
+ 

+ 

+ 

+ 
+ 
X 

S + 
+ 

= ;;: > · + ' IS the preferred connecuon 
= = > '-' connection has possible problems. and a vendar can 

choose to disable that conneclion m the default configuration 
= = > ·x· mdtcates a legal connecnon and will be rejected 
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A TM and Cell Relay Service 

l.llntroduction 

1.1.1 Background 

Asynchronous transfer mode (ATM), as the term is used in curren! parlance, 
refers to a high-bandwidth, low-delay switching and multiplexing technolo¡,•y 
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 communication services aimed at corporate users 
of high-speed data, LANs interconnection, imaging, and multimedia 
applications. Residential applications, such as video distribution, 
videotelephony, and other information-based services, are al so planned. A TM 
is the technology of choice for evolving broadband integrated services digital 
network (B-ISDN) public networks, for next-generation LANs, and for high
speed seamless interconnection of LANs and W ANs. ATM supports 
transmission speeds of 155 Mbits/s and 622 Mbits/s, and will be able to 
support speeds as high as 10 Gbits/s in the future. Networks operating at 
these speeds have been called gigabit networks. As an option, A TM will 
opera te at the DS3 ( 45 Mbits/s) rate; sorne proponents are al so looking at 
operating at the DS1 (1.544 Mbits/s) rate. Whi1e ATM in the strict sense is 
simply a Data Link Layer protocol, A TM and its many supporting standards, 
specifications, and agreements constitute a platform supporting the inte¡,>rated 
delivery of a variety of switched high-speed digital services. 

Cell relay service (CRS) is one of the key new services enabled by ATM. 
CRS can be utilized for enterprise networks that use completely private 
communication facilities, use completely public communication facilities, or 
use a hybrid arrangement. It can support a variety of evolving corporate 
applications, such as desk-to-desk videoconferencing of remate parties, 
access to remate multimedia video servers (for example, for network-based 
clientlserver video systems ), multimedia conferencing, multimedia massaging, 
distance learning, business imaging (including CAD/CAM), animation, and 
cooperative work (for example, joint document editing). CRS is one of three 
'· fastpacket" technologies, that have entered the scene in the 1990s [ the other 
two are frame relay service and Switched Multimegabit Data Service 
(SMDS)] A generic ATM platform supports al! of these fastpacket services 
(namely, it can support cell relay service, frame relay service, and SMDS), as 
well as circuit emulation service. 
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1993 saw the culmination of nine years of ATM standards-making efforts. 
Work started in 1984 and experienced an acceleration in the late 1980s and 
early 1990s. With the ITU-TS (Intemational Telecomrnunications Union 
Telecomrnunication Standardization) standards and the ATM Forum 
irnplementers' agreements, both of which were finalized in 199 3, the 
technology is ready for introduction in the corporate environrnent. In 
particular, a user-network interface (UNI) specification that supports 
switched cell relay service as well as the critica! point-to-multipoint 
connectivity, irnportant 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 irnmediate 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 irnportant element of service integration is the provision of a 
range of services using a limited number of connection types and 
multipurpose user-network interfaces. ATM supports both nonswitched 
permanent virtual connections (PVCs) and switched virtual ·.connections 
(SVCs). In a PVC service, virtual connections between endpoints in a 
customer's network are established at service subscription time through a 
provisioning process; these connections or paths can be changed via a 
subsequent provisioning process or via a customer network management 
(CNM) application. In SVC, the virtual connections are established ·as 
needed (that is, in real time) through a signaling capability A TM supports 
services requiring both circuit-mode and packet-mode information transfer 
capabilities. ATM can be used to support both connection-oriented (e.g., 
frame relay sefV!ce) and connectionless services (e.g., SMDS). 

1.1.2 Course of Investigation: 
applying A TM to enterprise networks 

This book is aimed at corporate practitioners who may be interested in 
determining how they can deploy A TM and cell relay technolo¡,ry in their 
networks at an early time and reap the benefits. The purpose of this first 
chapter is to provide an overview of key ATM/cell relay service concepts. 
These concepts will be revisited in more depth in the chapters that follow. 
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The book has four major segments: (1) platform technology applicable to all 
B-ISDN services, (2) cell relay service, (3) interworking and support of basic 
multimedia, and (4) use ofATM in corporate enterprise networks. Table l.l 
provides a roadmap of this investigation. 

The text is not a research monograph on open technical issues related to 
ATM, such as traffic deseriptors, ingress/egress traffic policing, object
oriented signaling, etc. A literature search undertaken in the spring of 1993 
showed that about 5000 papers and trade articles have been written on 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, interworking, and, 
most importan!, deployment issues. 

In summary, a network supporting cell relay service accepts user data units 
(called cells) formatted according to a certain layout and sends these data 
units in a connection-oriented manner (i.e., via a fixed established path), with 
sequentiality of delivery, toa remole recipient (or recipients). Every so often 
a cell may be dropped by the network to deal with network congestiOn; 
however, this is a very rare event. The user needs a signaling mechanism in 
order to tell the network what he or she needs. The signaling mechanism 
consists of a Data Link Layer capability (where the Data Link Layer has been 
partitioned into four sublayers) and an application-level call-control !ayer. 
ATM switches and other network elements supporting cell relay service can 
al so support other fastpacket services. If the user wishes to use A TM to 
achieve a circuit-emulated service, certain adaptation protocols m the user 
equipment will be required. Other adaptation protocols in the user equi¡:nn~nt 
are also needed to obtain fastpacket services over an ATM platfomi;.:¡xTM 
supports certain operations and maintenance procedures that enable both the·· 
user and the provider to monitor the "health'' of the network. Figure !.1 is a 
physical \~ew of an A TM network. 

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 A TM 

Table 1.3 depicts sorne of the proposed applications for ATM/cell relay 
serv1ce. 



5 

TABLE 1.1 Areas oflnvestigation In This Text 

l. A TM and cell relay service: an overview 

2. A TM platform aspects and A TM proper 

3. ATM Adaptation Layer 

4 Signaling 

5. Cell relay service-a formal definition 

6. Cell relay service-traffic and performance issues 

7. Support of fastpacket services and CPE 

8. ATM interworking. support ofbasic multimedia 

9. Third-generation LA.~s 

10. Network management 

11. Typical user equipment and public canier service availability 

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

1.2 Basic A TM Concepts 

1.2.1 ATM protocol model: an overview 

ATM's functionality corresponds to the Physical Layer and part of the Data 
Link Layer of the Open Systems Interconnection Reference Model (OSIRM). 
This protocol functionality must be implemented in appropriate user 
equipment (for example, routers, hubs, and multiplexers) and in appropriate 
network elements (for example, switches and service multiplexers). A ce!/ is 
a block of information of short fixed length (53 octets) that is campo sed 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 ce lis reliably and expeditiously across the network to 
their destination. A TM is a transfer mode in which the informat10n is 
organized into cells; it is asynchronous in the sense that the recurrence of 

-. 



6 
-· 
::::lls containing information from an individual user 1s not necessarily 
periodic. 

PUBUC 
Privatc Private Public ATM NNI Public Private 

ATM UNI ATM UNI ATM NNI ATt.1 UNI (B-ISSI) ATM UNI 

( 

LEC 
BSS 

B-ICI 

Private 
switch 

Figure Ll 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. 

~------ATM header _______ * ___ ATM paylóad ---+llj 

Octet 1 Octet 48 

lnformation 

87654321 

Segmented higher - laye• -1 
information. headeu: 

and hailcrs 

Figure 1.2 ATM 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 Control PJane, and a Management Plane. The User Plane with its 
layered structure, supports user information transfer. Above the Physical · 
Layer, the A TM Layer provides information transfer for al! applications the 
user may contemplate; the ATM Adaptation Layer (AAL), along with 
associated seivices and protocols, provides service-dependent functions to 
the !ayer above the AAL. 
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TABLE 1.2 Glossary ofKey ATM TerniS 
AAL A !ayer that adapts higher-layer user protocols (e.g., TC/IP, 

AAL connection 

Asynchronous time-division 
multiplexing 

APPN) to the ATM protocol (!ayer). 
An association established by the AAL between two or 
more next higher !ayer entities. 
A multiplexing technique in which a transmission capability 
is organized in a priori unassigned time slots. The time slots 
are assigned to cells upon request of each application's 
instantaneous real need. 

Asynchronous transfer mode A transfer mode in which the inforrnation is organized into 
cells. It is asynchronous in the sense that the recur rence of 
cells containing inforrnation from an individual user is not 
necessarily periodic. 

ATM Layer connection An association established by the ATM Layer to support 
cornrnunication between two or more A TM service users 
(i.e , between two or more next higher !ayer entities or 
between two or more ATM management entities). The 
cornrnunication over an ATM Layer connection mav be 
either it is bidirectional or unidirectional. When it is 
bidirectional, two VCCs are used When it is unidirectional, 

A TJ\1 Layer link 

ATMlink 
A TM peer-to-p·eer 
connection 
A TM traffic descriptor 

A TM user-user connection 

Broadband 

Call 

Cell 
Cell de la,· vanatlon 

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 á· virtual path 
connection (VPC) 
A generic list of traffic parameters that can be used to 
capture the intrins1c traffic characteristics of a requested 
ATM connection. 
An association established by the A TM Layer to support 
communication between two or more A TM service: users 
[i.e, between two or more next-higher-layer entities · of" 
between two or more A TJ\1 managemcnt (A Ti\1M) 
entities) The communication o ver an A TM Layer 
connection may be either bidirectional or unid1rectional 
When it is bidirectional, two VCCs are used When it is 
unidirec tional, only one VCC is used. 
A service or system requiring transmission channels capable 
of supporting rates greater than the lntegrated Service 
Digital Network (ISDN) primary rate 
An association between two or more users or between a 
user and a network entity that is established by the use of 
network capabilities This association may have zero or 
more connections 
A TM Layer protocol data unit 
A quantification of variability m cell delay for an A TM 
Layer connection 

•• 
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TABLE 1.2 Glossary ofKey ATM Tenns (continued) 
Cell header ATM Layer protocol control information. 
Cellloss ratio The ratio ofthe nutnber of cells "lost" by the network (i.e., 

cells transmitted into the network but not received at the 
egress ofthe network) to the number ofcells transmitted to 
the network. 

Cell transfer delay 

Connection 

Connection admission 
control (CAC) 

Connection endpoint (CE) 

Connection endpoint 
identifier ( CEI) 
Corresponding entities 
Header 

Layer connection 

Layer entity 
Layer function 
Layer service 

Layer u ser data 

Multipoint access 

Multipoint-to-multipoint 
connection 

Multipoint-to-point 
connectiOn 

Network node interface 
(/'-'NI) 

The transit delay of an ATM cell successfully passed 
between two designated boundaries. 
The concatenation ofATM Layer links in order to provide 
an end-to-end information transfer capability to access 
points. 
The procedure used to decide if a request for an 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 identif}' the 
connection at a SAP. 
Peer entities with a lower-layer connection among them. 
Protocol control information located at the beginning of a. 
protocol data unit. 
A capability that enables two remole peers at the same 
!ayer to exchange information. 
An active element within a !ayer. 
A pan of the activity of the !ayer entities 
A capability of a !ayer and the layers benéath it that is 
provided to the upper-layer entities at the boundary 
between the !ayer and the next higher !ayer 
Data transferred between corresponding entities on behalf 
of the upper-layer or !ayer management entities for which 
they are providing services. 
U ser access in which more than one terminal equipment 
(TE) is supponed by a single network termination. 
A collection of associated A TM VC or VP links and their 
associated endpoint nodes, with the following propenies· 
( 1) All N nodes in the connection, called endpomts, serve as 
root nodes in a point-to-multipoint connection to al! of the 
(N- 1) remaining endpoints (2) Each of the endpoints on 
the connection can send information directly to any other 
endpoint [ the receiving endpoint cannot distinguish which 
of the endpoints is sending information without additional 
(e g, higher-layer) inforrnation]. 
A multipoint-to-point connection where the bandwidth 
from the root node to the leaf nodes is zero, and the return 
bandwidth from the leaf node to the root node is nonzero. 
The interface between two network nodes. 
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TABLE 1.2 Glossary of Key A TM Terms (continued) 
Operation and maintenance A cell that contains A TM 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 traffic 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 order to provide an end-to
end transfer capability to PHY SAPs. 
A collection of associated ATM VC or VP links, with 
associated endpoint nodes, with the following properties 
( 1) One A TM link, called the root link, serves as the root in 
a simple tree topology When the root node sends 
information, all of the remaining nodes on the connection, 
called Leaf Nodes, receive copies ofthe information (2) 
Each of the lcaf nodes on the connection can send 
information directly to the root node The root node cannot 
distinguish which leaf is sending information without 
additional (higher-layer) information. (3) The leaf nodes 
cannot communicate with one another directly with this 
connection type. 
A connection with only two endpoints. 
An 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 entnies in 
the performance of the !ayer functions. 
Information exchanged between corresponding entities, 
using a lower-layer connection, to coordinate the1r 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 layer entity 
receives data from a corresponding entity and transmits 
them to another corresponding entity. 
The point at which an entity of a !ayer provides services to 
its !ayer management entity or to an entity of the next 
higher !ayer. 
A unit of interface information whose identity is preserved 
from one end of a !ayer connection to the other 
A set of trafric parameters belonging to the A TM traffic 
descriptor used during the connection setup to capture the 
intrinsic traffic characteristics of the connection requested 
by the source. 
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TABLE 1.2 Glossary of Key A TM Tenns (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 
Syrnmetric connection 

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. 

Traffic parameter A parameter for specifYing a particular traffic aspect of a 
connection. 

Trailer Protocol control information located at the end of a PDU. 
Transit delay The time difference between the instant at which the first 

bit of a PDU crosses one designated boundary and the 
instan! at which the last bit of the same PDU crosses a 
second designated boundary. 

Unstructured data transfer The transfer of AAL user information supponed by the 

Virtual channel (VC) 

Virtual channel connection 
(VCC) 

Virtual channellink (VCL} 

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

CBR AAL when the AAL user data transferred by the AAL 
are not organized into data blocks. 
A communication channel that provides for the sequential 
unidirectional transpon of ATM cells. 
A concatenation of VCLs that extends between the pomts· 
where the A TM service users access the A TM Laver 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 
!ayer or ATM management entity) for proé"essing signifY 
the endpoints of a VCC. VCCs are unidirectional 
A means of unidirectional transpon of A TM cells between 
the point where a VCI value is assigned and the point 
where that value is translated or removed 
A unidirectionallogical association or bundle ofVCs. 
A concatenation of VPLs between virtual path terminators 
(VPTs). VPCs are unidirectional. 
A means of unidirectional transpon 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 terms, the AAL supplies the balance of the Data Lmk Layer 
not included in the ATM Layer. The AAL supports error checking, 
multiplexing, segmentation, and reassembly. lt is generally implemented in 
user equipment but may occasionally be implemented in the network at an 
interworking (i.e., protocol conversion) point. The Control P/ane also has a 
layered architecture and supports the call control and connection funct10ns. 
The Comro/ Plane uses AAL capabilities as seen in Fig. 1.3; the !ayer above 
the AAL in the Control Plane provides call control and connection control. 

>.(•. 
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TABLE 1.3 Possible early applications of ATM in real enviroments (partiallist) 

Application Advantages of ATM use 
W AN interconnection High bandwidth; switched 
of existing enterprise sel"VIce 
network 

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

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

High bandwidth; switched Unknown cost; geographic 
service availability 

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

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

Support of distributed High bandwidth; switched 
multimedia service; multipoint 

connectivity 

Support of statewide 
distance leaming with 
two way video· 

Support of 
videoconferencing 
(including desktop 
video) 

High bandwidth; switched 
service; multipoint 
connectivity 

High bandwidth; switched 
service, multipoint 
connectivity 

Residential distribution High bandwidth, switched 
of video (video dial service, multipoint con-
tone) nectivity 

Unknown cost; geographic 
availability; equipment availability 

New application, not widely 
deployed; unproven business need, 
unknown cost; geographic 
availability 
New application, not widely 
deployed; unproven business need; 
unknown cost; geographic 
availability 
New application, not widely 
deployed, unproven market, other 
solutions exist; unknown cost, 
geographic availability 
Not widely deployed; unproven 
market, other solutions exist. 
particularly at lower end (e.g., 384 
Kbits/s H.200 video); unknown cost; 
geographic availability 
Unproven market., other solutions 
exist, particularly CATV, expensive 
for this market; needs MPEG 11 
(Motion Picture Expert Group) 
hardware; geographic availability 

It deals with the signaling necessa¡y to set up, supervise, and release 
connections. The Management Plane provides network supems10n 
functions. It provides two types of functions: Layer Management and Plane 
Management. · Plan e Management performs rnanagernent functions related to 
the system as a whole and provides coordination among all planes, Layer 
Management performs management functions relating to resources and 
parameters residing in. its protocol entities. See Fig. 1.3. (The vanous 
protocols tdentified in this figure will be discussed at length later.) 
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Figure 1.3 Planes constituting the ATM protocol model 
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As noted in this description, four User Plane protocol layers are needed to 
undertake comrnunication in an ATM-based environment: 

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

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

3. The !ayer above the ATM Layer, that is, the AAL The function of the 
AAL is to insulate the upper layers of the user's application protocols 
[ e.g., 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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Severallayers are needed in the Control Plane. Early PVC service users do 
not need the signaling stack in the Control Plane (this situation is analogous 
to the early PVC frame relay environrnent). SVC service needs both an 
information transfer protocol stack and a companion signaling proteico! stack. 

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

1.2.2 Classes of ATM applications. 

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

1.2.3 Virtual connections 

Just as in traditional packet switching or frame relay, informatioh in ATM 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 may be 
present, the user's data can be reliably, rapidly, and securely transmitted over 
the network in a manner consistent with the subscribed quality of service. 
The user's data is associated with a specified virtual channel. ATM' s 
"sharing" is not the same as a random access technique used in LANs, where 
there are no guarantees as to how long it can take for a data block to be 
transmitted: in A TM, cells coming from the user at a stipulated ( subscription) 
rate are, with a very high probability and with Iow delay, "guara11teed" 
delivery at the other e11d, almost as if the user had a dedicated Iine 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 
applicatio11s on the network. Ce!! relay service allows for a dynamic transfer 
rate, specified 011 a per-cal! basis. Transfer capacity is assib'Tled by 
negotiatio11 and is based on the source requirements and the available 
11etwork capacity. Cell sequence i11tegrity 011 a virtual channel connect1on 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 vinual channel (VC) is used to describe 
unidirectional transport of ATM cells associated by a common unique 
identifier value, called the virtual channel identifier (VCI). Even though a 
channel is unidirectional, the channel identifiers are assigned bidirectionally. 
The bandwidth in the retum direction may be assigned symmetrically, or 
asymmetrically, or it could be zero. A vinual path (VP) is used to describe 
unidirectional transport of ATM cells belonging to virtual channels that are 
associated by a common identifier value, called the virtual path idemif¡er 
(VPI). See Fig. 1.4. 

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

Figure 1.5 illustrates how the VPVVCI field is used in an ATM WAN. 
Figure 1.6 depicts the relationship of VPs and VCs as they might be utilized 
in an enterpri-se network. 

VP 

Physic81 link 
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(possibly 8 single 
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TABLE 1.4 Broadband Service Supported by ATM/Cell Relay 
Interactive services Conversational services provide the means for bidirectional 

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

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

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

Distributive services Distribution services without user individual presentation control 
provide a continuous flow of information that is distributed from a 
central source to an unlimited number of authorized receivers 
connected to the network The user can access. this flow of 
information without having to detertnine at which instant the 
distribution of a string of information will be started The user 
cannot control the stan and order of the presentation of the 
broadcast information, so that dependmg on the point in time of the 
user's access, the information will not be presented from its 
beginning. Examples· broadcast oftelevision and audio programs. 

Dtstributwn sen•tces with user indtvidua/ presenta/ton contra{ 
provide information distribution from a central source to a large 
number of users. Information is rendered as a sequence of 
information entities with cyclical repetition The user has individual 
access to the cyclically distributed information, and can control the 
stan and arder of presentation Example· broadcast video¡.!raphv 

1.3 A TM Protocols: 
An Introductory Overview 

Fihrure l. 7 depicts the cell relay protocol environrnent, which is a 
particularization of the more general B-ISDN protocol model described 
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earlier. The user's equipment must implement these protocols, as must the 
network elements to which the user connects. Sorne of the key functions of 
each layer are described next. 

Routing table 

In Out 

VPI VCI VPI VCI 

37 88 66 109 
70 90 80 100 

VPI: 37 

AT~ 
VCI: 88 

/ 

device / 

AT~ lntegrated 

device \ access 

VPI: 70 
AT~ 

VCI: 90 
switch 

ATM switch 

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

1.3.1 Physical Layer functions 

Routing table 
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The Physical Layer consists of two logical sublayers: the Physical Medium
Dependent (PMD) Sublayer and the Transmission Convergence (TC) 
Sublayer. The PMD includes only physical medium-dependent functions. It 
provides bit transmission capability, including bit transfer, bit alignment, Iine 
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 Convergen ce functions include (1) 
transmission rrame generation and recovery, (2) transmission rrame 
adaptation, (3) cell delineation, ( 4) header error control (HEC) sequen ce 
generation and cell header verification, and ( 5) cell rate decoupling 

.. 
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Figure 1.6 Example ofuse ofVPs and VCs in an enterprise network (broadband switches 
not shown for simplicity) Note. VPs and VCs can be preprovisioned (PVCs) or on
demand (SVC wliit signaling) 

The transmission trame adaptation function performs the actions that are 
necessary to structure the cell flow according to the payload strúcture of the 
transmission trame (transmit direction) and to extrae! this cell flow out of the 
transmission trame (receive direction). In the United States, the transmission 
trame 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 A TM cell is 
scrambled. In the receive d1rection, cell boundaries are identified and 
confirmed, and the cell flow is descrambled. The HEC mechanism covers the 
entire cell header, which is available to this laver bv 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 in eludes insertion and suppression 
of id le cells, in order to adapt the rate of valid A TM ce lis to the payload 
capacity of the transmission system. 

",, .. ·.· 
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Figure l. 7 CRS environment, protocol view Top:. U ser Plane (information tlow) 
Bottom Contn;>l Plane (signaling) 

The service data units crossing the boundary between the A TM Layer and 
the Physical Layer constitute a flow of valid cells. The ATM Layer is umque, 
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 A TM cell flow with the appropriate infonnation 
for cell delineation, according to the cell delineation mechanism. 

The transfer capacity at the UNI is 155.52 Mbits/s, with a cell-fill capacity 
of 149.76 Mbits/s because of Physical Layer framing overhead. Since the 
A TM cell has 5 octets of overhead, the 48-octet infonnation field qua tes to a 
maximum of 135.631 Mbits/s of actual user infonnation. A second UNI 
interface is defined at 622.08 Mbits/s, with a service bit rate of approximately 
600 Mbits/s. Access at these rates requires a fiber-based loop. Other UNls at 
the DS3 rate and perhaps at the DS 1 rate are al so being contemplated in the 
United Stlates. The DS 1 UNI is discussed in the context of an electrical 
interface (T 1 ); so IS the DS3 UNI. 

.. 
J • • 
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1.3.2 A TM Layer functions 

ATM supports a flexible transfer capability common to aii semces, 
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 Ionger needed. The 
!abe! in each ATM ceii is used to explicitly identifY the veto which the cells 
belong. The !abe! consists of two parts: the Ver and the VPI. A ver 
identifies a particular ve link for a given virtual path connection (refer to Fig. 
1.6). A specific value of ver is assigned each time a ve is switched m 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 Vei value is translated. A Ve link is originated or 
terminated by the assignment or removal ofthe vei value. 

The functions of ATM include the following 

Cell multip!exíng and demultiplexmg. In the transmit direction, the cell 
multiplexing function combines cells from individual VPs and Ves mto a 
noncontinuous composite cell flow. In the receive direction, the ceii 
demultiplexing function directs individual cells from a noncontmuous 
composite cell flow to the appropriate VP or Ve. 

Vmua/ path ¡dentifíer and virtual channe/ ¡dentifíer translation. This 
function occurs at ATM switching points and/or cross-connect nodes. The 
value of the VPI and/or vei field of each iricoming ATM cell is m?pped 
into a new VPI and/or Vei value (this mapping function could be null), 

Ce/! header generanon extract1on. These functions apply at points where 
the ATM Layer is terminated (e.g., user's equipment). The header error 
control field is used for error management of the header. In the transmit 
direction, the cell header generation function receives cell payload 
mformation from a higher !ayer and generates an appropriate A TM ceii 
header except for the HEC 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 ]ayer. 

For the UN!, as can be seen in F1g. 1 .2, 24 bits are available for cell routing: 
8 bits for the VPI and 16 bits for the VCI. Three bits are available for 
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payload type identification; this is used to ptovide an indication of whether 
the cell payload contains user information or network information. In user 
information cells, the payload consists of user information and, optionally, 
service adaptation function information. In network information cells, the 
payload does not form part of the user's information transfer. The header 
error control field consists of 8 bits. 

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

ATM is discussed further in Chap. 2. 

1.3.3 A TM Adaptation Layer 

Additional functionality on top of the A TM Layer (i.e., in the A TM 
Adaptation Layer) may ha ve to be provided by the user ( or interworking) · 
equipment to accommodate various services. The ATM Adaptation Layer 
enhances the services provided by the A TM 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 rrested within 
the cells' payload. 

The AAL performs functions required by the User, 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 performed in the AAL depend upon the higher-layer requirements). 
The AAL isolates the higher layers from the specifíc characteristics of the 
A TM Layer by mapping the higher-layer protocol data units into the 
information fíeld of the ATM cell and viceversa. The AAL entities exchange 
mformation with the peer AAL entities to support the AAL functions. 

The AAL functions are organized in two logical sublayers, the Convergence 
Sublayer (CS) and the Segmentation and Reassembly Sublayer (SAR). The 
function of the CS is to provide the AAL service to the !ayer above it; this 
sublayer is service-dependent. The functions of the SAR are (1) se¡,'111entation 
of higher-layer information into a size suitable for the information field of an 
ATM cell and (2) reassembly of the contents of ATM cell information fields 
into higher !ayer information. 

¡; 
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Connections _in an ATM network support both circuit-mode and packet
mode (connection-oriented and connectionless) services of a single medium 
and/or mixed media and multimedia. ATM supports two types of traffic: 
constan! 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 perrnanent 
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 arder to minimize the number of AAL protocols, however, a service 
classification is defined based on the following three parameters: ( 1) the 
timing relation between source and destination (required or not required). (2) 
the bit rate ( constant or variable, airead y 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 
A TM 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 equivalen! of a 
traditional dedicated Iine and may be used for videoconferencing, multimedia, -
etc. 

Class B service is not currently defined by formal agreements. E ventually it 
may be used for (unbuffered) compressed video. 

Class C service is an on-demand, connection-oriented, variable-bitrate A TM 
transport service. lt 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 service. 



· .... 

22 

Class X service is an on-demand, connection-oriented ATM transport 
service where the AAL, traffic type (VBR or CBR), and tirning 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 caii to 
establish a Class X connection (in the PVC case, this is prenegotiated). 

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

Note that two stacks must be implemented in the user's equipment in order 
to obtain VCs on demand (i.e., SVC service) from the network. With this 
capability, the user can set up and take down multiple connections at will. 
The Control Plane needs its own AAL; there has been agreement to use AAL 
5 in the Control Plan.e. Initiaily only PVC service wiii 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 contrae!. 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 ceiis (i.e., nm the 
A TM 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 serYices. 
SMDS is a high-performance, packet-switched public data service being 
deployed by the Regional Bell Operating Companies (RBOCs), GTE, and 
SNET in the United States. SMDS is also being deployed in Europe. Frame 
relay PVC is a public data service that is widely available today and is 
expected to be deployed by all RBOCs and most interexchange carriers by 
the end of 1994. 

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

• 



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

SMDS and frame relay are carrier services, whereas ATM is a tech
nology, as indicated at the beginning ofthis 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 AT.M 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 

Sl\IDS is based on well-defined specifications 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 ainong all SMDS customers, the ability to send the same SMDS 
packet to severa! destinations by specifying one address (group addressing), 
address screening, and strict quality of service values. As ATM technology is 
deployed within public carrier networks, SMDS service features will not 
change. The current SMDS interface between the customer and the network 
uses an access pro toco! based on the IEEE 802.6 st.mdard.AsATM technology 
is deployed, this existing SMDS interface will be maintained. The published 
requirements for ATM switching and transmission technology specify that 
the ex:isting well-defined SMDS communications interface with the customer 
must be supported by ATM. When a carrier introduces ATM-basecÍ" switching 
systems, customers need not see any effect on their SMDS service. Any 
technology conversion will be made within the carrier networks. Thus, 
customers reap the benefits of the latest technology development, while 
maintaining a consistency and continuity in the service they already employ. 
Because ATM and IEEE 802.6 technology are both cell based and have the 
same size cells, such conversion will be facilitated. 17 

In addition, with the introduction of ATM, SMDS can be combined with 
other services over a new ATM multiservice communications interface. In 
this case, the communications interface between the customer and the 
network is based on ATM protocols for all the services on the multiservice 
interface, including SMDS and frame relay service. This combination was 
foreseen in the development of ATM standards. In fact, AAL 3/4 (the ATM 
Adaptation Layer for SMDS) was specifically designed by ITU-T to carry 
connectionless services like SMDS. Figure 1.8 depicts the typical platform 
configuration for carrier-provided ATM-based services. 

With its large capacity and multiservice capability, ATM provides 
SMDS with a faster and more scalable technology platform whose 
cost can be shared among multiple services. SMDS, along with frame 
relay PVC, is encouraging the use of high-speed, wide-area public 
networking ip the United S tates. SMDS and frame relay provide ATM 
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Figure 1.8 Multiservice broadband switching system. B-ISSI =·broadband interswitching 
system interface; B-ICI= broadband interexchange carrier interface. 

with significantrevenue-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 via both frame and ATM switching 
platforms; ATM simpll provides a faster, more scalable platform, as 
discussed, for SMDS. 1 It appears that frame relay PVC access rates 
will probably not be extended beyond DS3 (currently, the standards and 
the deployed services only cover speeds up to 2.048 Mbits/s). This 
presents the PVC-oriented customer with the possibility of needing to 
interwork emerging cell relay PVC service with frame relay PVC serv
ice. If a user requires PVC service at access speeds of DS3 and above 
(for example, to aggregate traffic), it is likely that the user will use the 
ATM cell relay PVC service. This is because customer premises equip
ment with high-speed wide-area interfaces (e.g., routers) will use ATM 
technology, thus making cell relay PVC a good choice. As new applica
tions are developed that require these speeds, it is likely that cell relay 
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PVC service will need to interwork with the users'large installed base 
oflower-speed wide-area networks for years to come. 'lb meet this need 
to interwork, the Frame Relay Forum, the ATM Forum, and standards 
bodies are working on specifications to assure the smooth interworking 
ofthese services (ITU-T 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 cells. Public carriers 
will offer cell relay serví ce that will transportATM cells across metropolitan 
area networks (MANs), across WANs, and internationally as networks 
evolve. Cell.relay service is targeted initially toward high-end users with 
multimedia needs to transport video, voice, and data across their WANs. 
When ATM technology extends from the desktop and throughout the 
network, cell relay service will join SMDS and frame relay as another 
service that data communications managers can use to support evolving 
high-bandwidth corporate applications. 

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

1.5 Commercial Availability of ATM 
Equipment and Network Services 

As with any other service, at least three parties are needed to make this 
technology a commercial reality (if any ofthese three parties fails to support 
the senice, the service will not see any measurable commercial deploy
ment): (1) carriers must deploy the service, (2) equipment manufacturers 

• must bring user products to the market, and (3) users must be willing to 
incorporate the service in their networks. (Sorne observers add two more 
forces: agencies supporting R&D and standardization, and the trade press 
to "educate" the end users.) The early phases of ATM research, including 
al! 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 item. The user analysis that will follow (not covered 

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

The paragraphs to follow describe industry activities that show en
couraging signs of the acceptance of cell relay as a commercially viable 
networking technology. However, as with al! 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 m ay preceed the availability ofsoftware applications designed 
to exploit the networking power of ATM, and this may slow user 
acceptance ofcell relay.ln addition, advances in existing technologies 
(e.g., the emergence of "fast" Ethernet) may extend the life cycle of 
existing products and slow the acceptance ofnew technologies. These 
challenges must be met to make ATM cell relay a long-term commer
cial success. 

Vendors are in the process ofbringing products to the market. By 1994 
there already were severa! vendors of ATM hubs and a dozen vendors 
of ATM workstation plug-ins. Sorne equipment vendors are building 
stand-alone premises switches; others are adding switching capabilities 
to their hubs and at the same time are developing ATM adapter cards 
for workstations to .allow them to connect to the hub. Some are also 
working on bridge-router cards for ATM hubs that enable. Ethernet 
LANs to connect toATM. About three dozen vendors had announced firm 
equipment plans by publication time. Over 320 companies ha ve joined 
the ATM Forum, which is an 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 technology to support a variety of services. As noted earlier, ATM 
is designed to be a multi-service platform. For example, frame relay and 
SMDS will be early services supported on these platforms; another early 
service is cell relay service, which allows users to connect their ATM 
equipment using the native ATM bearer service. 

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

.. 

'·· 
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Hubs and switches to support the bandwidth-intensive applications 
listed earlier, such as video, are becoming available. Typical prernises 
switches now support 8 to 16 155-Mbits/s ports over shielded twisted 
pair or multimode fibers [lower speeds (45 or 100 Mbits/s) are also 
supported]. Sorne systems can grow to 100 ports. Typical backplane 
throughput ranges frorn 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 
multipoint SVC service. Products already on the market (e.g., frorn 
Hughes LAN, Synoptics, Newbridge, Adaptive, Fore Systems, etc.) are 
priced as low as $1500 per port. Sorne ofthe hubs also actas multipro
tocol routers, either (1) accepting ATM devices internally for WAN 
interconnection over SMDS and frame relay networks, (2) accepting 
ATM devices internally for WAN interconnection over a cell relay 
network, or (3) accepting traditional devices internally for WAN inter
connection'over a cell relay network (these are stand-alone ATM rnul-
tiprotocol routers). ' 

One rnajor push now is in the network rnanagement arena. Users need 
the capability to integra te the support of ATM products into the overall 
enterprise network, specifically the corporate managernent system. 
Sorne typical features recently introduced include a u toma tic reconfigu
ration of virtual connections in case of failure, loopback support, per
formance and configuration management, and Simple Network Man
agement Protocol (SNMP) functionality [with prívate management 
information base (MIB) extensions]. 

Interface cards for high-end workstations (e.g., SPARCstation) are 
also appearing (e.g., Synoptics, Adaptive, etc.). These typically support 
45 Mbits/s (DS3) on twisted-pair cable and 100 or 155 Mbits/s on 
multimode fiber, consistent with the ATM Forum specification. 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 prototype service operating at the DS3 rate. A three-phase 
approach has been announced publicly by the company. Phase 1 (1993) 
entails frame relay interconnectivity with local exchange carriers, 
Phase 2 (1993-1994) supports PVC cell relay service at the DS3 rate, 
and Phase 3 (1994-1995) enhances the Cell Relay Service to 155 Mbits/s. 
AT&T, Wiltel, BellSouth, :t-."YNEX, 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 relay service at the local leve!. 
Now users can expect public cell relay service in a nurnber 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-y. Th this end, in 1992, Bellcore completed generic require-
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ments that suppliers need in arder to start building ATM equipment 
that will enable the BOCs to offer PVC cell relay services. Work on 
generic requirements for ATM equipment that provides SVC cell relay 
was completed at Bellcore in 1994. In particular, Bellcore has already 
published (preliminary) requirements to define nationally consistent 
cell relay PVC exchange and cell relay PVC exchange access services, 
including 

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

"Cell Relay PVC Exchange Access CRS CXA-CRS)," 1993 [a PVC 
XA-CRS is provided by an LEC to an interexchange carrier (!C) 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
quirernents can be used by (1) LECs interested in providing nationally 
consistent cell relay PVC exchange service to their. customers, (2) 
suppliers of ATM equiprnent in the local custorner environment (e.g., 
ATM LANs, ATM routers, ATM DSUs, ATM switches), and (3) suppliers 
of ATM equipment in LEC networks. 

The development ofnationally consistent LEC cell relay (ás 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 ha ve been advanced. I(is 
possible that LECs may be offering "pre-nationally consisten(¡;éll 
relay PVC to meet customers' near-term dernand for the serviée in 
the late 1993-early 1994 period. These carriers are expected to 
support a nationally consistent cell relay PVC 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 prelirninary generic 
requirernents published by Bellcore in 1993. 

• Phase 2.0: Nationally consistent cell relay PVC exchange service 
based on generic requirernents published by Bellcore in 1994 by the 
second quarter of 1995. Phase 2.0 builds on the capabilities of Phase 
1.0 and supports expanded capabilities in sorne areas, such as traffic 
managernent, congestion rnanagernent, and custorner network rnan
agernent. 
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• Phase 3.0: This will se e the initial support of a cell re la y SVC exchange 
l!crvic:e in m id to late 1995 based on generic requirements expec:ted to 
be publíshed in 1994. 

Figure 1.9 depicts the set ofBellcore generic requirements in support 
of ATM, SMDS, cell relay, and frame relay_l7 These are just sorne of the 
key documents that form 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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Flgure1.9 ATM, SMDS, cell relay, and PVC frame relay generic requirements. 
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l. Use of ATM technology between traditionallocal or remate LAN hubs; 
Fig. 1.10 shows a case ofinterconnection ofremote hubs. (The LAN 
hubs are implictt in thf.' figure.) 

2. Introduction of ATM cards on 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, for front-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 ce!! relay 
service, frame relay service, and SMDS. 

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

Some industry proponents expect to see Fortune 1000 users passing 
the majority 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 LAN s 
serving traditional business applications, and for traditional enterprise 
data applications, such as mainframe channel extension; the other 50 
percent of 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-
ATM ATM 

L_/ J J 1- engine f-

~~ }.. 

ATM 

Prívate 
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r- Router Routar 

t-
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' 

'Flgure 1.10 Private ATM technology to interconnect dispersed LAN hubs. ATM engine = 
the logic implementing ATM. control, and, optionally, user plane protocols. 
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Figure 1.11 Routers used in conjunction with a public cell relay service. ATM engine 
= the logic implementing ATM, control, and, optionally, user plane protocols. 
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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 

ATM wiring 
hub (switch) 

Figure 1.12 ATM to the desktop. 
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a videoconferencing application, also from a protocol point ofview. Figure 
1.15 shows an example in a corporate network supporting business imaging. 

Figure 1.18 depicts a more complete enterprisewise use of cell relay 
service, while employing a public WAN CRS network. For this example, 
ATM-ready workstations and devices connected to an ATM-based hub 
with ATM WAN router capabilities (the router could also be a separate 
device) can get direct access to the ATM WAN. Sorne of the hub and 
routervendors are taking this path to the market. The figure al so shows 
that traditional LAN usez's can employ an ATM-ready router to obtain 
the benefit of cell relay WAN services without having to replace their 



ATM wiring 
hub (switch) 

ATM wiring 
hub (switch) 

Public network 

Figure 1.14 Example ofusage of ATM in an enterprise network. 
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desktops or in-house wiring. It al so depicts another ro u teto the market, 
followed by sorne ofthe more sophisticated multiplexer manufacturers: 
The multiplexer can connect traditional data devices, mainframe chan
nels, and video to a cell relay WAN network by supporting ATM on the 
trunk side. Sorne of these multiplexers also support traditional LANs 
on the house side over a frame relay interface. (Note: Carrier-deployed 
ATM "service 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. = 
convergente function. 

network side of the interface support these same services plus LAN 
8mulation service.) 

Figure 1:19 depicts sorne user applications ofcell relay service in the case 
where the user wants to develop a private A'l'M/cell relay service WAN. 
Note the need to (l)install privately managed switches, (2) use dedicated 
high-speed WAN. lines, and (3) backhaul remate locations to a remote 
S\\'Ítching 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 issues 

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

Applications requiring large transfers (e.g., 50-100 kbits) are not 
unusual in these environments, particularly for imaging video, and 
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Figure 1.16 Example ofvideo application over ATM/cell relay arrangement. 
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Figure 1.17 Use of ATM/cel! relay to support imaging. 
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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 (AP!) running on a remotely located LAN-resident 
server is segmented into approximately 60 Ethernet frames. Each 
Ethernet frame is then segmented into approximately 30 cells by an 
ATM-configured router for delivery over a public cell relay network. 

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

made up a frame is lost, the entire frame (30 cells) needs to be retrans
mitted by TCP. Under heavy user load as well as coterminous ATM 
switch overload (whether public or private), the combination of cli
ent/server architecture and ATM communication could result in degra
dation, saturation, or instability. A number of simulation-based studies 
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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Figure 1.19 CRs to support enterprise networking in WAN applications (pri~ate network). 

1.7 The Value of Standards 

It is a well-known fact that standards benefit not only an industry but 
an entire economy. Many industries would not ha ve arisen (e.g., the VCR 
industry, the CD audio industry, television, radio, etc.) if it were not 
for standards. Standards rnake 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 efTective, it must be widely 
available, without restrictions on promulgation, discussion, comrnen
tary, proliferation, distribution, and duplication. In our opinion, a 
standard is not an open standard if it is restricted, copyrighted, or 
patented, if it represents someone's intellectual property, or if it is 
"owned" by someone (sounds mighty close to a proprietary system to 
us!) because al! ofthese factors frustrate the exact purpose for which 
the standard aims to exist (or has a reason to exist). There is much 
discussion at large about "free trade," "free movement of informa
tion," and "lack of censorship." 
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Standards are developed by industry consensus. This means that 
reptesentatives from many companies, typically severa! dozen, have 
input into the standard. These proceedings cán 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 ofspecification 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. Otherwise, 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, al! 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 forros the basis 
for ATM (ITU-T, ANSI T1Sl, 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, shciuld definitely refer to the 
original documentation for the necessary leve! of detail. The purpose of 
this book is strictly pedagogical and for the end user. Each of the more 
than 100 documents alluded to earlier can be obtained from the original 
source for $100 or less. 
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Asynchronous 
Transfer Mode 

As noted in Chap. 1, ATM is a new transport and switching technology 
that can be used in a variety of telecommunications and computing 
environments. ATM is a cell-based technology, designed to support user 
applications requiring high-bandwidth, high-performance transport 
and switching. This chapter provides a summary description of the 
peer-to-peer ATM protocol at the user-network interface in support of 
cell relay service and other ATM capabilities. It describes functionality 
in the User Plane, thereby enabling a PVC service. The addition of 
Control Plane support enables the user to obtain an SVC service; the 
operation of the ATM Layer in the Control Plane is nearly identical to 
that of the 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 of the 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 protocols and related requirements are associ
ated with two functional OSIRM layers: the Data Link Layer and the 
Physical Layer. Figure 2.1 depicts this peer-to-peer protocol view ofthe 
service. Figure 2.2 depicts communication through a set of network 
peers. As described in ITU-T Recommendation X.210, Open Systems 
Interconnection, Layer Service Definition Conventions, 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 Sub! ayer. 

defined in ITU-T Recommendation 1.361, E-ISDN ATM Layer Specifi
cation,2 and in T1Sl.5/92-410, EroadbandiSDN-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 UNI Specification5 for public UNis. This discussion only pro
vides an overview; the reader interested in additional details should 
consult Refs. 6 and 7. 

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

2.1 · Access Interface 

This section defines the concept ofaccess interface. 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 !.413, E-ISDN User-Network Interface.8 This configu-
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Figure 2.2 Cascaded ATM entities. 
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TABLE 2.1 Key ITU·T Standards In Support of ATM 

F.Sll 

F.812 

1.113 

I.l21R 

1.150 

1.211 

1.311 

1.321 

1.327 

1.356 

1.361 

1.362 

1.363 

1.371 

1.374 

1.413 

1.432 

1.555 

1.555 

1.610 

l.cls . 

Q.93B (now Q.2931) 

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

B-1SDN Connection-Oriented Bearer Sernce 

B·ISDN Connect!onlcsa Bearer Service 

B-ISDN Vocabulary of Terms 

BroadbandAspects ofiSDN [Basic Principies andE vol u· 
tion] · 

B-1SDN ATM Functional Characteristics 

B-1SDN Service Aspects 

B-1SDN General Network Aspects 

B-ISDN Pro toco! Reference Model and lts Applicntions 

B-ISDN Functional Architecture Aspects 

Quality of Service Configuration and Principies 

B-ISDN ATM Layer Specification 

B-ISDN AAL Functional Description 

B·ISDN AAL Speciflcation 

Traffic Control and Resource Management 

Network Capabilities to Support Multimedia 

B-ISDN UN! 

B-ISDN UN! Physical 

lnterworking with Frame Relay 

lnterworking with ISDN 

B-ISDN OA..\1 Principies 

Support for Connectionless Data Service on E-ISDN 

B-ISDN Cal! Control 

Signaling AALs [Q.2110, Service-Specific Connectwn· 
Oriented Protocol (SSCOP); Q.2130, Service-Specific Co· 
ordination Function (SSCF)] 

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

Functional entities are logical abstractions offunctions typically found 
in network equipment and in users' equipment, also known as customer 
premises equipment (CPE). Public network switch-termination func
tions are modeled by the broadband line terminator/exchange termina· 
tor (B-LT/ET) functional group. The CPE is modeled by the broadband 
network tennination 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 (E-TE) functional group. 

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

Note: This description only covers the case where there is a single 
E-NT2 (however, several E-TEs may be connected to the E-NT2). The 
case where the E-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 E-ISDN Protocol Reference Model, 
which is the basis for the protocols that operate across the UN! (this is 
another common way to represent the protocol model of Fig. 1.3). The 
E-ISDN Protocol Reference Model is described in ITU-T Recommenda
tion 1.121. This model is made up of three planes, already discussed in 
Chap. 1: the U ser Plane, the Control Plane, and the Management Plane. 
Table 2.2 provides a summary ofthe functions supported by each plane. 

The UNI specified at this level includes the functions associated with 
the U ser Plan e at the Physical Layer and the ATM Layer. The Physical 
Layer provides access to the physical medium for the transport of ATM 
cells. It includes methods for mapping cells to the physical medium (i.e., 
the Transport Convergence Sublayer) and methods dependent on the 
physical medium (i.e., the Physical Medium-Dependent Sublayer). The 
ATM !ayer provides for the transport of cells between end-user locations. 
An ATM cell contains a header that contains control information, iden-
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l/serplane 
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Ld cell retay serv1ce 

Figure 2.4 E-ISDN protocol reference model. 

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

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

TABLE 2.2 Functlons of Varlous Planes ol !he Protocol Model 

U ser Plane 

Control Plane 

Management Plane 

Provides for the transfcr of end-user information. lt con
sists ofthe Physical Layer and the ATM Layer. Thc model 
also includes ATM Adaptation Layers and hig-her layers 
necessary for each end-user application. (Beca use 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 Plan e shares the 
ATM and Physical Layer with the User Planc. Also, it 
contains AAL procedures and higher-layer signaling pro
tocols. The Control Plane is discussed in Chap. 5. 

Provides for operations and management functions and 
the capability to exchangc informntion between the U ser 
and the Control Planes. The Management Plane is made 
up of the Layer Management (for layer-specific manage
ment functions such as detection of failures and protocol 
abnormalities) ar.d the Plane Management (for manage
ment and coordmation functions related to the complete 
system). The Management Plane is discussed in Chap. 1 O. 



46 Chapter Two 

through a service access point, while not imposing any constraint on the 
implementation. Figures 2.5, 2.6, and 2.7 depict sorne aspects of this 
protocolmnchinery. 

2.2.2 ATM Layer 

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

1 (N)-PDU 1 

(N)-Iayer 
('"'\ 

---------------;,/~i(N---1-)--SA_P ________ __ 

(N- 1)-PCI 
1 h 1 (N-S~U .J (N - 1 )-layar 

l (N- 1)-PDU 1 
/"1\ 

--------------~,V~I(N---2-)--SA_P ________ __ 

[ IN- 1)-SDU 1 

' Layer 
management }_ 

en Oty ~----'"= 

{N- 1 )-
service 

u ser 

(N - 1 )-
service 

u ser 

.request 
.confirm 

.indication 
.response 

(N)-Iayer f.- \ 1 r-1\ ._ ..I(N - 1 )-SAP ' 1- 11 (N - 1 )-SAP 

(N - 1 )-layar 

1 ----------L ___________ J 
1 

(N - 1 )-service provider 

Figure 2.~ SAPs (top) and primiti-:es (bottom). SAP = servic~ access point; PDU =pro toco) 
data umt; SDU = semce data umt; PCI = protocol control mfonnation. 
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Figure 2.6 ATM protocols. 

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

Servlce expected from the lower layer. The ATM Layer expects the 
Physical Layer to support the transparent transport of. ATM ce lis 
between peer ATM entities. The exchange of information between the 
AT.M Layer and the Physical Layer is implemented by the primitives 
shown in Table 2.4. The PHY-SDU parameter in these primitives con
tains the 53-octet cell to be transmitted between peer ATM entities. 
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ATM SAP 

PHY SAP 

Figure 2.7 Pertinent ATMSAPs. 

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 cells, which are transmitted over VCs with 

• specific VCI values (these are known as F4 flows). For VCs, operation 
functions are supported via cells marked with an appropriate codepoint 
in the Payload Type Indicator field (these are known as F5 flows). The 
functions supported are shown in Table 2.6. Figure 2.9 illustrates the 
difference between these two OAM flows. 

Table 2. 7 provides the encoding for the PTI fiel d. 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 
indicates 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 traille 
control and resource management procedures. 

•ver is 4 for end-to-end operations and 3 for segment information. 



TABLE 2.3 ATM Layer Prlmltlves 

ATM-DATA.request CATM_SDU, Submit
ted_Loss_Priority, Congestion_Indication, 
SDU_Typel 

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

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

U sed by the ATM Layer to indica te to the 
service user the arrival of an AT:\1 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 ofthc ATM_SDU contamcd in this pnmi· 
tive. Two values are possible. A value of"high" indica tes that the resulting ATM cell has h•gher 
(or equivalent) Joss priority than a cell with a value of"low." A high value m ay be translated to 
a cellloss priorityvalue ofO in the cell header. Similarly, a Jow value m ay be translated toa CLP 
value of 1 in the cell header. · 

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

SDU_Type: This parameter indicates the type of SDU to be transferred bctween peer upper 
!ayer entities. lt can take only two values, O and l, and its use is as dctermu\Cd by the h1gher 
]ayer. For example, AAL Type 5 sets SDU_Type to 1 to indica te the Jast cell of a framc. In other 
words, this field is currently used by the AAL Type 5 Common Part protocol to d1st:ngU1sh 
between cells that contain the Jast segment ofan AAL Typc 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 rece•vcd 
ATM_PDU. Two values are possible. A value of"high" indicates that the rcccived AT:-! ccll has 
higher (or equivalent) loss priority than a cell w1th a valuc of "low.· A high valuc m ay be 
translated toa é:ell loss priority value of O in the cell hender. Similarly, a low \·aluc m ay be 
translated toa CLP value of 1 in the cell header. 

ATM Layer procedures. This section 
formed by ATM !ayer entities. 

summarizes the functions per-

ATM sendlng procedures. These procedures are performed bv arÍ: ATM 
entity to send ATM cells to a peer ATM entity. The proce-dures are"· 
organized according to 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 ser\'lce, 

TABLE 2.4 Physlcal Layer Prlmltives 

PHY-DATA.request (PHY _SDU) 

PHY-DATA.indication (PHY _SDU) 

Requcsts the Physical Layer to transport 
an ATM cell between peer ATM entitles 
uver an existing connection. 

Indicates to the ATM Layer that an ATM 
cell has been received over an existmg 
connection. 
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Figure 2.8 ATM cell format. 

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

Cell rate decoupling. A sending ATM entity must add unassigned 
cells to the assigned cell stream to bé 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 viola te 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 ATJ1 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 (GFCl 

Virtual Path IdentifierNirtual Channel 
Identifier 

Payload Type Indicator (PTI) 

Cell Loss Priority 

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

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

, 

therefore, only some bits of the VPI and 
VCI subfields are used. Those bits are 
called allocated bits, and all other bits in 
the VPINCI ficld 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 indica tes whether the 
cell contains user information or !ayer 
management information. Code points 
000 to 011 indica te user information; these 
PTI va)ues identify two types of end-user 
information and whether the ce!! h3s ex
perienced congestion (the two types of in
formation are used by the énd-user appli
cation). For user data, the public network 
does not change the SDU_1'ype 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 cell. The net
work may attempt to pro vide a highercellloss 
priority (or equivalen\) force lis marked with 
high priority than for ce!ls marked with low 
priority. The current view is to only let 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 some cases for cell de
lineation. 

Cell discrimination based on PTI value. A recetvmg AT.M Layer 
entity processes ce lis according to the type of payload they contain as 
indicated by the value in the PTI field. User cells (PTl values 000-
100) are forwarded across the appropriate virtual channel. If neces-

,_. 
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TABLE 2.8 Layer Management Functlons lncluded In Cell Relay Servlce 

Fawt management functions 

Performance management functions 

Acti vation/deacti vation 

Alann surveillance: AIS (alarm indication 
eignal) 

Alarm surveillance: FERF (far-end re
ceive failure; now known as remote 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 topic is revisited in Chap. 10.) 

2.2.3 Layer Management 

There are two types ofinteractions between the ATM entity and the ATM 
Management entity. One interaction is for the exchange of localjnfor-_ 
mation between these two entities. The primitives are shown iri Table ·. 
2.8 (the parameters are not shown for simplicity). The other inü~-1-action 
is for peer-to-peer communication between ATM Management entitie's. 
The primitives for this interaction are shown in Table 2.9. For more 
details, refer to Ref. 2, 5, or 6. (This tapie is revisited in Chap. 10.) 

Segment VP 
OAMF4 

/ flows ~ 
------~ ~----~ 

End-to-end VC OAM F5 flows 

Figure 2.9 OAM F4 and F5 flows. 



TABLE 2.7 PTI Code Polnts 

PTI code point 

000 

001 

010 

011 

100 

101 

llO 

111 

2.2.4 Physlcal Layer 
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Meaning 

U ser data-SDU_Type O, no congestion experienced 

U ser data-SDU_Type 1, no congestion experienced 

U ser data-SDU_Type O, congestion experienced 

U ser data-SDU_Type 1, congestion experienced 

Segment OA.\f 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 of the key Physical Layer protocols supported. 

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

The UNI providing the service's access interface includes the physical 
characteristics of facilities that provide actual realizations of the U B 

reference point. In practica! terms, this access interface spccifies the 
means and characteristics of the connection mechanism between CPE 
supporting cell relay service and a LEC's switch providing the same 
service. UNis are specified by characteristics such as physical and 
electromagnetidoptical characteristics, channel structures and access 

----------------4 octets -------------• 

GFC VPI VCI 

AAAA Os Os 

A: This bit is available for use by appropriate AT1.~ !ayer functlon. 
X: This bit is a don"t care bit. 

Agure 2.10 First four octets of cell header for unassigned cells. 

PTI 

XXX 
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TABLE 2.8 ATM Management Prlmltlves for Local Communlcatlon 

ATMM-MO!'HTOR.indication 

ATMM-ASSIGN.request 

ATMM -ASSIGN .confirm 

ATMM-REI\!OVE.request 

ATMM-REMOVE.confirm 

ATMM-ERROR.indication 

ATMJ\1-PARAMETER-CHANGE.request 

Issued by an ATM Layer Man8gement en
tity to deliver the content ofan ATM_PDU 
received by the ATM ent.ity, to facilita te an 
OAM function 

Issued by an ATM Layer Man8gement 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 8n ATM Layer 1\lanagement en
tity to request the release of 8n ATM link 

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

Issued by an ATM L8yer Management en
tity to indica te an error and invoke appro
priate man8gement 8ctions 

Issued by an ATM Layer Managernent en
tity to request a change in a p8rameter of 
the ATM link 

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

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

Physlcai-Layer mapplngs. The mapping of cells onto the DSl, DS3, and 
SONET STS-3c has also been defined.9 Sorne key aspects ofhow cells 
are inserted over the underlying framing mechanism are discussed below. 

TABLE 2.9 ATM Management Peer-to-Peer Prlmltlves 

ATMM-DATA.request (AT!\1_SDU, Sub
mitted_Loss_Priority, PHY_CE!(s)) 

ATMM-DATA.indication (ATM_SDU, Re
cei,·ed_Loss_Priority, PHY_CEI, Conges
tion_lndication) 

Nou: CE! i3 the connection endpoint identifier. 

lssued by an ATM L8yer Management en
tity to request transfer of 8 management 
ATM_SDU 

lssued toan ATM L8yer Management en
tity to indicate the arrival of 8 manage
ment ATM_SDU 
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Figure 2.11 Key Physical Layer protocols supported. PLCP = Physical Layer con,·ergcncc 
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-kblt/s DS1 trame. Frame forma t. The multi
frame structure for the 24-frame multiframe as described in ITU-T 
Recommendation G.704 is used. The ATM cell is mapped into bits 2 to 
193 (i.e., time slots 1 to 24 described in Recommendation G. 704) of the 

• 1544-kbiUs frame, with the octet structure ofthe cell aligned with the 
octet structure ofthe frame (however, the start ofthe ccll can be at any 
octet in the DS1 payload; (see Fig. 2.12). 

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

Header error control generation. The Header Error Control value is 
generated and inserted in the specific field in compliance with ITU-T 
Recommendation L432. 

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

• As of press time, however, standards for the delivery of AT.M over a DSl access were 
still being investigated. 

-·:.' 
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Flgure 2.12 Direct mapping of cells onto DSl frame (examp!e). 
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of the 1544-kbit/s signal, the ATM cell payload is descrambled befare 
being passed to the ATM Layer. The self-synchronizing scrambler 
wi th the generator polynomial x 43 + 1 is use d. 

Cell delineation. Cell delineation is performed using the header 
error control mechanism as defined in ITU-T Recommendation !.432. 
This direct mapping approach means that the algorithm parses 5 octets 
on the fly until a 5-octet boundary is found through the HEC procedure. 
Once the header boundary is found, the rest of the cell boundary is 
established by counting 48 additional octets. 

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

Mapp_lng of ATM cells lnto 44,736-kbiVs DS3 frame 

Frame format. The multiframe format at 44,736 kbits/s, as de
scribed in ITU-T Recommendation G.704, is used. 

Two mappings are available: 

l. Physical Layer Convergence Protocol CPLCP)-based mapping of AT.M 
cells, derived from SMDS principies 

2. A direct (HEC-based) mapping, estab!ished in 1993 

This discussion focuses on PLCP, since the direct mapping is similar 
to the DS 1 mapping. 

The ATM PLCP defines a mapping of AT.M cells anta existing 44,736-
kbit/s facilities. The DS3 PLCP consists of a 125-¡¡.s frame within a 
standard 44, 736-kbit/s payload. Note that there is no fixed relationship 
between the PLCP frame and the 44,736-kbit/s frame; i.e., the PLCP can 
begin anywhere inside the 44,736-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-¡¡.s PLCP frame. Although the PLCP is not aligned with the 44,736-
kbit/s framing bits, the octets in the PLCP frame are nibble-aligned with 
the 44, 736-kbit/s payload envelope. Nibbles begin after the control bits 
(F, X, P, C, or M) ofthe 44, 736-kbit/s 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 !.432, when no valid cells are available from 
the ATM Layer. 
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PLCP Framing POI POH 
(1 ocle!) (1 octet) (1 octet) (1 ocle!) 

A1 A:? P11 Z6 . - . - . -· -
A1 A2 P10 Z5 

A1 A2 P09 Z4 

A1 A2 POB Z3 

A1 A2 P07 Z2 

A1 A2 POS Z1 

A1 A2 POS X 

A1 A2 P04 81 

A1 A2 P03 G1 

A1 1 A2 P02 X 

A1 A2 P01 X 

A1 A2 POO C1 

PLCP payload 
(53 octets) 

First ATM cell 

Seeond ATM cell 
Third A TM cell 

Eleventh A TM cell 

Twelfth A TM cell 

(13or14 
nibbles) 

Trailer 1 

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

Header error control generation. The HEC generation is based on 
the algorithm described in ITU-T Recommenr·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 delinea te cells. 

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

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

• Al: Frame alignment 

• A2: Frame alignment 

• B1: PLCP path error monitoring 

• C 1: Cycle/stufT counter 

• G1: 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 monitoring (Bl). The BIP-8 field supports path 
error monitoring, and is calculated over a 12 x 54 octet structure 
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consisting ofthe POH field and the associated ATM cells (648 octets) 
of the previous PLCP frame. 

Cycle 1 stuff counter (Cl). The cycle!stuff counter provides a nibble
stuffing opportunity cycle and length indicator for the PLCP frame. A 
stuffing opportunity occurs every third frame of a three-frame (375-
~s) stuffing cycle. The value ofthe Cl code is used asan indication of 
the phase of the 375 JlS stuffing opportunity cycle, as follows: 

C1 code Frame phase of cycle 1'railer length 

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

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

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

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

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

Trailer nibbles. The content of ea eh ofthe 13 or 14 trailer nibbles is 1100. 

Other Mapplngs. Other mapping,; have been defined. Direct mappings 
for El, DS2, and STS-3c are available.4 . 
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3.1 lntroduction 

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

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

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

• The AAL maps the upper-layer data into ce lis for transport across the 
network. The Service-Specific Layers perform application-depend1mt 
processing and functions. " 

This chapter focuses on AAL protocols. As noted, the AAL perforrri~ 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

-4 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. The functions ofthe AAL include segmentation and 
reassembly of the higher-layer data units and mapping them into the 
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AAL and service-specffic layetS 

ATM layer 

Physical layer (PHY) 

Figure 3.1 Protocol reference model. 

flxed-length payload of the ATM ce lis. Effectively, AAL protocola allow 
a user with sorne preexisting application, say using TCP!IP, to get the 
benefits of ATM. Th 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
tionlreassembly and error detection only. With the recent inclusion of 
service-specific functions into the AAL, the functionality has been sig
nificantly increased. Two examples of service-specific parts are briefly 
discussed at the end of this chapter. In AAL Type 1, 1 octet of the cell 
payload is reserved for control; the remainin~ 47 octets are utilized for 
user information. AAL Type 3/4 reserves 4 octets of each cell payload for 
control use. AAL Type 5 provides all 48 octets of each cell (except for the 
last cell of a.·higher-layer packet; see Sec. 3.5.2) for user infonnation. 

Note: In this discussion, the term user is employed consistent with 
protocol parlance, unless noted otherwise. Namely, it represents the 
(protoco!) entity just above the AAL Layer; it does not refer to the 
ultima te user of the (corporate) network. Such a corporate user would 
access ATM through the top ofthe protocol stack, e.g., via an application 
such as E-mail over 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 Data Link Layer in the 
OSIRM. Typically the stack (AAL, ATM, PHY} runs just under the 
Logical Link Control of a traditional LAN, or directly under TCP!IP in 
an ATM-based LAN or ATM-based WAN. 

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

3.2 AAL Model 

Archi tecturally, the AAL is a !ayer between the ATM Layer and the "serv:ice 
!ayer" (the serv:ice !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 

., 
'-:,.. 
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provided by the AAL depend u pon the service. VBR users m ay require 
su eh 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 
tapie 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 serviccs 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 UN! 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 thc SSP 
may be "nuW; in these cases, the user of the AAL utilizes the AAL 
Common Part (AALCP) directly. For all AAL types, the AAL rccci ves 
information from the ATM Layer in the forro of 48-octet ATM scrvice 
data units (ATM_SDU). The AAL passes information to the ATM Layer 
in the forro ofa 48-octetATM_SDU. Figure 3.5 depicts sorne ofthe more 
common protocol arrangements. 

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

User device User device 
(wor1<station) Local A TM switch BlSDN local ATM switch (workstation) 

(if any) public switch (if any) 
AAL AA!... 

ATM ATM lA™ ATM ATM ATM lA™ 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., connectionless data services, such as SMDS). Maximurri. com
monality between Class 4 and Class 3 (e.g., connection-oriented data 
services) AALs has been sought, and people now refer to this AAL as 
AAL 3/4. The AAL specification for Class 2 services (e.g., variable-bit
rate video services) may occur at a future date. Section 3.5 describes 
AAL 5, Sec. 3.6 covers the Frame Relay Service-Specific AAL, and Sec. 
3. 7 briefly covers the signaling AAL. 

3.3 AAL Type 1 

3.3.1 Overvlew 

One of the services possible with an ATM platform is emulation of a 
dedicated line (typically at 1.544 or 45 Mbits/s). This type of service is 
also known as Class A or CBR service. Th 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 

Timing between 
Related Nonrelated source and destination 

Bit rate Constan! Variable 

Connection moda Connection-oriented Connection-
less 

Figure 3.4 Classification of services for AAL specification. Examples of services: Class 1, 
circuit emulation; Clase 2, variable bit rate video; Class 3, connection-oriented data; Class 
4, support of connectionless data transfer; Clase 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 serví ces are identified below. 

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

l. Maintenance of timing 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 al! 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 
!ayer 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 = logical link control; SNAP = Subnetwork Access Protocol; NLPID = Network 
Lnyer Protocol ID. 

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

The AAL 1 functions are grouped into Segmentation and Reassembly 
Sublayer functions and Convergence Sublayer functions. The existing 
agreements in ITU-T Recommendation L363 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 theAALuser are a bit stream with an associated 
bit clock. When the SDT mode is operational, the AAL protocol assumes 
that the incoming information is octet blocks of a fixed length (such as 
an n x 64 kbit/s channel with 8-kHz intégrity) with an associated dock. 
While the SDT mode of operation has not been completely spccified in 
the standards, a substantial enough body of agreements exists to as
sume that by the end of 1994 a complete SDT mechanism will be defincd. 

3.3.2 CBR AAL services 

AAL Type 1 services and functlons. The eBR AAL functions are 
grouped into two sublayers, the SAR Sublayer and the eonvergence 
Sublayer. The SAR is responsible for the transport and bit error 
detection (and possibly correction) ores protocol control information. 
The es performs a set of service-related functions. It blocks and 
deblocks AAL_SDUs, counting the blocks, modulo 8, as it generatcs or 
receives them. Also, it maintains bit count integrity, generates timing 
information (ifrequired), recovers timing, genera tes and recovers data 
structure information (if required), and detects and genera tes indi
cations to the AAL management (AALM) entity of error con di tions or 
signalloss. The es may receive reference clock information from the 
AALM entity which is responsible for managing the AAL resourccs 
and parameters used by the AAL entity. The services provided by AAL 
Type 1 to the AAL user are 

• TTansfer of service data units with a constant source bit rate and thc 
delivery of them with the same bit rate 

• TTansfer oftiming information bctween the so urce and thc destination 

• TTansfer of structure information betwcen the source and the dcsti
nation 

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

Specifically, the functions are: 

l. Segrnentation and reassembly of u ser information 

2. Handling of cell del ay variation 

3. Handling of cell payload assembly delay 

4. Handling of lost and misinserted ce lis 

5. Source clock recovery at the receiver 

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

8. Handling of AAL-Pei bit errors 

9. Monitorlng of the user lnft>rmation 11cld for bit <lN'on r.md poe~slblti 
corrective actions 

SAR functions. The SAR functions are 

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

• Indicating the existence of a es function (the SAR can indicate the 
existence 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 delay variation. When cells are lost, it 
may be necessary to insert an appropriate number of dummy 
SAR_PDUs. Figure 3.6 depicts the AAL Type 1 frame layout. 

Convergence Sublayer functlons. The functions of the eS are. 

• Handling of cell de la y variation for delivery of AAL_SDUs to the AAL 
user ata constant bit rate ·(the es !ayer may need a clock derived at 
the S8 or T8 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 clock frequency at the destination 
en d. 

Sequence count fteld 

4 bits 4 bits 

SAA·PDU header 

CRC field 

Even P,arity bit 

1 

SAR-PDU payload 

47 octets 

SAR-PDU (48 octets) 

Figure 3.5 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 (pnrticularly 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-kbiUs
based ISDN (see Chap. 8)], the Structure parameter is used. This 
parameter can be used when the user data stream to be transferred to 
the peer AAL entity is organized into groups of bits. The length of the 
structured block is fixed for ea eh instance ofthe AAL service. The Iength 
is an integer multiple of 8 bits. An example ofthe use ofthis parameter 
is to support circuit-mode serví ces ofthe 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. 

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

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

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

• Handling of AAL user in{ormation. 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 4 7 octets). 

• Handling of cell delay variation. A buffer of appropriate size is used 
to support this function. 

• Handling of lost and misinserted cells. The detection of lost and 
inserted ce lis, if needed, m ay be provided by processing the sequence 
count values. The monitoring of the buffer fill leve! 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 CS has 
two formats called non-P and P fonnats, as seen in Fig. 3.7. These are 
used to support transfer of information with Structure. 

Note that in the non-P format, the en tire CS_PDU is filled with user 
information. 
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CSI=O 

Non-P formal AAL usar inlormation (47 octets) rs"AR~Pou-, 
1 header 
~-~------~--------------------------------_J 

SAR-PDU payload (47 octets) 

CSI= 1 ¡-------,------.--------------------------, 
1 SAR-PDU Pointer P format• AAL user information (46 octets) 
1 header (1 octet) 
·--------~-----~--------------------------~ 

SAR-PDU payload (47 octets) 

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

Figure 3.7 Non-P and P forrnats. 

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

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

• Synchronous 

• Asynchronous 

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

The support of DSl and DS3 CBR service 
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• Uses the entire 47-octet information payload available with the basic 
CBR AAL protocol. 

• Uses the UDT mode ofoperation. 

• Uses the SRTS method of timing recovery, if the semce dock is 
asynchronous. 

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

3.3.3 CBR AAL mechanlsm 

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

The service provided by the AAL consists of its own capability plus 
the capability of the ATM Layer and the Physical Layer. This ser.·ice is 
provided to the AAL user (e.g., an entity in an upper !ayer or in the 
Management Plane). The service definition is based on a set of ser.·ice 
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 arder 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 clock recovery 

Blocking 

Deblocking 

Structure pointer generaticn and extraction 

Detects 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 correcta a 1-bit error. 

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

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

Recovers the CBR service source clock. 

Maps AAL_SDUs into the payload of a 
CS_PDU. 

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

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

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

lnteractions between the SAR and the Convergence Sublayer. The logical 
exchange of information between the SAR and the Convergence 
Sublayer is represented by the primitives ofTable 3.3. 

lnteracting 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 Prlmlllves for CBR AAL 

AAL-DATA.request (AAL_SDU, Struc· 
ture). 

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

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

This primitive is issued to an AAL uscr 
entity to notify the arrival of an AAL_SDU 
over an existing AAL connection. In thc 
absence oferror, the AAL_SDU is thc same 
as the AAL_SDU sent by the peer AAL u ser 
entity in the corresponding AAL-DATA.re· 
quest. The time interval between two con· 
secutive AAlrDATA.indication primitives 
is constant and a function of the specific 
AAL service pro,~ded to the AAL user. 

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

Structure: This parameter is used to indicate the bcginning or continuation of a block of 
AAL_SDUs when providing for the transfer ofa structured bit stream bctwccn commumcatmg 
AAL user peer entit1es (structured data transfer scrvicc). Thc lcngth of the blocks is constant 
for en eh instance of the AAL service and is a multiple of 8 bits. This paramcter takcs une of thc 
following two values: Start and eontmuation. lt is set to Start whenever the AÁL_SDU being 
passed in the same primitive is the first bit ofa block ofa structured bit stream. Otherw¡se, it 
is set to eontinuation. This parameter is used only when SDT service is supported. 

Status: This parameter indica tes whether the AAL_SDU being pnssed in the same ind1cation 
primitive ia judged to be nonerrored or errored. It takes one of the following two values: Va lid 
or Invalid. The Invalid value m ay also indica te that the AAL_SDU being pos sed is a dummy· 
value. The use ofthis parameter and the choice ofthe dummy value depend on the specificsérvice 
provided. '· · 

TABLE 3.3 SAR Prlmlllves 

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

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

Descn.ptLOn o{paramerc~s: 

Th1s primitive is issucd by thc scnding es 
entity to the sending SAR entity to rcquest 
the transfer of a CSDATA to its pecr entlty. 

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

eSDATA: Thia parame,er represents the interface data unit exchanged between the SAR 
entity and the es entity. It contains the 47-octet eS_PDU. 

SeVAL: This 3-bit parameter contains the value of the sequence count associated with the 
eS_PDU contained in the eSDATA parameter. 

CSfVAL: This 1-bit parameter contains the value ofthe esi bit. 
SNeK: Thia parameter is generated by the receivin~ SAR entity. lt represents the results of 

the sequence number protection error check over the SAR_PDU header.lt can assume the values 
of SN· Va lid and SN-lnvalid. 
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3.4 ATM Adaptation Layer Functions for 
VBR (or Bursty Data) Servlces 

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 413 Common Part (CPAAL3/4) protocol is 
to support the upper-layer data transfer needs while using the service 
of the ATM Layer. This pro toco! 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 ofthe 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 
al! bursty data applications; these functions are known as CP. Optional 
SSPs are selected as needed. For sorne applications the SSP is null, 
implying that the user of the AAL3/4 Layer utilizes the Common Part 
directly .. 

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

"Service 
layer" 

AA L3/4 

ATM 

AAL 314 pnm1 es 

• • + 
SSP Null 

Common part 
primitiVas 

AAL314 common part (CPAAL314) 

+ 
' 

SSP 
[also known as service-specific 

CS(SSCS)] 

1 Common part of CS (CPCS) 1 

!sAR (segmentation and reassambly}l 

Flgu,. 3.8 Model of AAL3/4. Left: CP/SSP view; right: CS/SAR ,;ew. 
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subdivided into the eommon Part es (eFeS) and the Service-Specific 
es (SSeS). In this view, functions are provided by the operation of two 
logical sublayers, the es and the SAR. Figure 3.9 shows the operatíon 
of AAL3/4 in terms ofthe PDUs. 

The SAR Sublayer is common to all VER services using AAL3/4, 
whereas the Convergence 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 Sub! ayer 
protocol for bursty data services has also been an objective, as implied 
in Fig. 3.5. For these services, the user presents a variable-size PDU for 
transmission across the ATM network. The transmission is accom-. 
plished by using fixed-length cells to transport data in ATM, as 
discussed in ehap. 2. At the receiving end ofthe ATM connection, the 
user !ayer receives the PDU that has been reassembled by the SAR 
and es protocols. 

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 si de 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_8AR) 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 mainly with checking missassembled 
CPAAL3/4_CS_PDUs. 

CPAAL3/4 Layer Management is responsible for the following capa
bilities: assignment of the CPAAL3/4 association necessary for the 
establishment of CPAAL3/4 connections between peer CPAAL3/4 enti
ties, resetting the parameters and state variables associated with a 
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 Servl ces provlded to the upper layer 

The CPAAL3/4 provides, on behalf of its user, for the sequential and 
transparent transfer ofvariable-length, octet-aligned CPAAL3/4_SDUs 
from one corresponding CPAAL3/4 peer to one or more CPAAL3/4 peers. 
The service 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 handles bit errors, lost or 
gained information, and incorrectly assembled CPAAL3/4_SDUs) 

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

• Abort (termination of task in case of partially transmittedlreceived 
CPAAL3/4_SDUs) 

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

This ]ayer provides its user two services: 

l. Message-mode service: In this service mode, the CPAAL3/4_SDU 
passed across the CPAAL3/4 interface is exactly equal to one 
CPAAL3/4 interface data unit CCPAAL3/4_IDU), as seen in Fig. 3.10. 

~·· 
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u~er of 
CPAAL314 

CPAAL3/4 

CPAAL314_SDU 

CPAAL3/4 interface 

Payload 

1-----CPAAL314_CS_PDU ----..j 

__ ,. __ 
Figure 3.11 Streaming-mode service. 

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

Servlces trom the ATM Layer. The CPAAL3/4 expects the ATM Layer (dis
cussed in Chap. 2) to provide for the transparent and sequen tia! transport of 
48-oct.et 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 order 
in which it is to be sent, with no retransmission of lost or corrupted 
information. 

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

3.4.2 SAR Sublayer functlons 

There is a single SAR function for all bursty data services. Hence, the 
SAR control fields that appear in each cell payload must be the same, 
regardless of the service and whether or not the fields are used by a 
particular application. A single SAR for these 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 

Descnption of parameters: 
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Issued by a CPAAL3/4 entity to request the 
trnnsfer of a CPAAL3/4_IDU over 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 message by the 
CPAAL3/4 to its peer entity if the trans
mission of the message has already 
started. (This primitive is not used m 
message mode.) 

lssued by a CPAAL3/4 entity us:ng 
streaming-mode service to indicate the 
termination of a partially delivered 
CPAAL3/4_SDU by instruction from ita 
peer entity. (This primitive is-not used in 
message mode.) 

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

ID (Interface data): This paramcter contains the interface data unit (CPAAL3/4_lllU) ex
changed between CPAAL3/4 entities [it may be the entire CPAAL3/4_SDU (message mode) or 
segmenta (strearning mode)]. 

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

ML (maximum length): U sed only in streaming m o de to indica te the maximum length of the 
CPAAL3/4_SDU; it has values from Oto 65.535. 

RS (reception status): Indica tes that the CPAAL3/4_IDU delivered m ay be corrupted. 
LP (loss priority): Indicates the loss priority assigned to the CPAAL3/4_SDU. Two levcls of 

priority are supported. but how to map this parometer to and from thc ATl\!_Submit
ted_Loss_Priority (discussed in Chap. 2) has not yet been worked out. 

CI (congestion indication): Indica tes the detection of congestion expenenced by the rcceived 
CPAAL3/4_SDU. 



80 Chapter Three 

Sequence_Number field to improve the reassembly error detection 
process. 

Message_ID (M_ID) field, which, for connectionless scrvh.:es, alluws 
for the collection of the cell payloads that make up a CS PDU. 

Cell Fill field that allows the identification of the fill within a cell 
payload. It can be used to locate the last octet in the end of message 
cell. The last octet in the EOM cell could also be identified from the 
length field associated with the PDU; additionally, data pipelining 
could be provided by a series of partially filled single-segment 
message cells. However, in the latter case, significant additional 
processing is required to reconstruct the original data unit 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 infonnation 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 infonnation, 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 !ayer. The Convergence 
Sublayer prepends a 32-bit header to the USER_PDU, then appends from 
Oto 3 pad octets to the USER_PDU to build it out toan integral multiple 
of 32 bits. Next, it appends a 32-bit trailer to the ,concatenated header, 
USER_PDU, and pad structure. This collection (the header, USER_PDU, 
pad, and trailer) is referred toas a CPAAL3/4_CS_PDU. The header and 
trailer fields are used to detect loss of data and to perfonn additional 
functions as required by the service user. After appending the trailer, the 
Convergence Sublayer pa·sses the CPAAL3/4_CS_PDU to the SAR 
Sublayer for segmentation and then transmission.6 
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On reception, the Convergence Sublayer validates the collection of 
CPAAL3/4_SAR_PDU payloads received from the SAR Sublayer by 
using the information contained in thc Convergence Sublnyer header 
and trailer. It removes the pad octets, if any, and presents the validated 
CPAAL3/4_CS_PDU payload to the user (i.e., the service !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 payload of thc 
ATM cell. The sizes and positions of the ficlds are given in Fig. 3.12. 
The use of the error control field for error detection is mandatory. The 
10-bit CRC has the capability of single-bit error correction over the 48 
octets. If the underlying transmission system produces single-bit cr
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_Headcr and an 
SAR_PDU_Trailer. These two fields encapsulate the SAR_PDU_Pay
load, which contains a portian of the CPAAL3/4_CS_PDU. 

The SAR_PDU_Header is subdivided into thrce fields: a Scg
ment_Type field, a Sequence_Number field, anda Message Idcntifica
tion (MID) field. The SAR_PDU_Trailer is subdivided into -two fields: 
a Payload_Length field anda Payload CRC field. Details ofthc purpose 
and encoding of ea eh subfield follow. 6 

Segment_Type subfield. The 2-bit Segment_Type subfield is uscd to 
indicate whether a CPAAL3/4_SAR_PDU is a BOM, COM, EOl\1, or 
SSM. Table 3.5 shows the encodings for the Segment_Type subficld. 

Sequence_Number subfield. Four-bits are allocatcd to the SAR_PDU 
Sequence_Number (SAR_SN) subfield, allowing thc strcams of 

SAR_PDU SAR_PDU SAR_PDU 
header payload trailer 

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

/ ~ '\ 
Segment Sequence MIO Payload Payload 

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

Figure 3.12 CPAAL3/4_SAR_PDU Sublayer forrnat of AAL. MID = message 
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_CS_PDUs to be numbered modulo 
16. The SAR_SN is set to all Os for the first CPAAL3/4_SAR_PDU associ
ated with a given ePAAL3/4_eS_PDU (i.e., the BOM). For each succeeding 
ePAAL3/4_SAR_PDU ofthat CPAAL3/4_eS_PDU, the SAR_SN is incre
mented by'1 relative to the SAR_SN ofthe previous ePAAL3/4_SAR_PDU 
of the ePAAL3/4_eS_PDU. When reassembli:1g a ePAAL3/4_eS_PDU, a 
state variable is maintained that indicates the value ofthe next expected 
SAR_SN for the ePAAL314_eS_PDU. Ifthe value ofthe received SAR_SN 
differs from the expected value, the ePAAL3/4_SAR_PDU is dropped, the 
partially reassembled errored ePAAL3/4_CS_PDU is discarded, and any 
following ePAAL3/4_SAR_PDUs associated with this corrupted 
CPAAL3/4_CS_PDU are dropped. 

The use ofthis function allows the detection ofmost consecÍltive 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 
CPAAL3/4_CS_PDU that is lost is an integer multiple of 16, the SAR_SN 
cannot detect them. Therefore, the use of the length field at the es 
Sublayer is still reé¡uired to detect any modulo 16 consecutive losses of 
CPAAL3/4_SAR_PDUs that may occur during situations like network 
congestion or protection switching events. 

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

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 CPAAL3/4_SAR_PDUs will 
probably be required to transport two CPAAL3/4_eS_PDUs. There
fore, the SAR_SNs of the received CPAAL3/4_SAR_PDUs will prob
ably be consecutive. and so the SAR Sublayer will not detect this error 
event. As a result, the use of the Etag at the 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_PDUs. All 
CPAAL3/4_SAR_PDUs of a given CPAAL3/4_CS_PDU will ha ve the 
same MID. Note that this provides the basis for reassembly of 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 valuc 
between O and 44 inclusive. This subfield is binary coded with the most 
significant bit Ieft-justified. BOM and COM cells take the value 44; EOM 
cells take the values 4, 8, ... , 44; SSM cells take the values 8, 12, ... , 44. 

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

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

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

Header Trailer 
Payload ·¡ ¡• 

1 

CPI 1 Btag BASize U ser mformat1on 1 0 AL Etag Length 
(1 octet) (1 octet) (2 octets) ( from so-catled : <: (1 octet) (1 octet) (2 octets) "service layer") 1 c.. 

Error BuHer 
checkmg atloca1ion Alignment Error checking 

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

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

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

The CS_PDU_Header is subdivided into three fields: an 8-bit Com
mon Part Indicator field, an 8-bit BeginningTag(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) fi.eld, anda 16-bit Length field. 6 

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

CS_PDU Header-Btag subfleld. For a given CPAAL3/4_CS_PDU, the 
same value appears in the 8-bit Btag field ofthe CS_PDU_Header and 
in the Etag field in the CS_PDU_Trailer. This allows the identification 
of a BOM segment and an EOM segment, and hence 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 (Oto 
255) is cycled through befare reuse to aid in this segment loss protection. 

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

USER_PDU fleld. The variable-length USER_PDU field contains user 
infonnation. It contains the CPAAL3/4_SDU. It is octet aligned, as it is 

•, 
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limited in length to the value ofthe BAsize field multiplied by the value 
of the counting unit (as identified in the CPI field). 

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

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

Etag subfleld. The 8-bit Etag subfield in the CPAAL3/4_CS_PDU 
trailer has the same value as the Btag subfield in the corresponding 
CPAAL3/4_CS_PDU header. As was mentioned earlier, the Btag and 
Etag subfields in the CS_PDU_Header and CS_PDU_Trailer are corre
lated in order to detect segment loss and misassembly. This field 1s 
binary coded with the most significant bit left-justified. 

Length subfield. The 16-bit Length subfield specifies the Iength, in 
octets, of the USER_PDU (that is, the length of the user information 
contained in the CPAAL3/4_CS_PDU Payload field). This field is binary 
coded with the most significant bit Ieft-justified in the subfield. It is used 
in conjunction with the Btag and Etag fields for the purpose of detecting . 
misassembled CPAAL3/4_CS_PDUs. 

3.5 AAL 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 Common Part 
(CPAAL5) protocol provides for the transport of variable-length 
frames (1 to 65,535 octets) with error detection (the frame is padded 
to align the resulting PDU with an integral number of ATM cells). A 
length field is used to extract the frame and detect additional errors 
not detected with the CRC-32 mechanism. ANSI had a Letter Ballot 
for AAL Type 5 Common Part at press time, and ITU-TS hada draft 
version of 1.363 (Section 6); approval was expected. 

The Convergence Sublayer has been subdivided into the Common 
Part CS (CPCS) and the Service-Specific CS (SSCSJ, as shown in Fig. 
3.14. DifTerent SSCS protocols, to support specific AAL user services or 
groups of services, may be defined. The SSCS may also be null, in the 
sense that it provides only for the mapping ofthe equivalent primitives 
of the AAL to CPCS and vice versa. SSCS protocols are specified in 
separate Recommendations, not in, say, ITU-T !.363. This discussion 
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' . 
SSP 

(also known as service-specific 
es (SSeS)] 

> 

1 eommon part of es (ePCS) L 
!sAR (segmentation and reassembly)l 

therefore focuses on CPCS and SAR. Notice that CPAAL5 = SAR + 
CPCS. Also se~ Fig. 3.15. 

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

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 offixed-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 segmentation/reassembling function in 
the SSCS may be applied. In this case, a single CPAAL5_SDU is 
transferred in one or more SSCS_PDUs. 

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

2. Streaming:mode 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. In this case, al! the 
CPAAL5_IDUs belonging to a single CPAAL5_SDU are trans
ferred in one or more SSCS_PDUs. 

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

c. Where option a is not used, al! 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 rnapped to one CPCS_SDU. 

Both m o des ofservice may offer the following peer-to-peer operational 
procedures: 

~. 
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• Assured operations. Every assured CPAAL5_SDU is delivered 
with exactly the data content that the user sent. The assured 
service is provided by retransmission of missing or corruptcd 
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. 

Oescrlptlon of AAL connectlons. The CPAAL5 provides the capability to 
transfer the CPAAL5_SDU from one AAL5-SAP to another AAL5-SAP 
through tf1e ATM network. CPAAL5 users have the ability to select a 
given AAL5-SAP associated with the QOS 'required to transport that 
CPAAL5_SDU (for example, delay- and loss-sensitive QOS). 

The CPAAL5 in nonassured operation also provides the capability to 
transfer the CPAAL5_SDUs from one AAL5-SAP to more than one 
AAL5-SAP through the ATM network. 

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

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

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 primitives for the AAL are equivalent to those for the 
CPCS but are identified as CPAAL5-UNITDATA.request, CPAAL5-
UNITDATA.indica tion, 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 .signal 
instead of the conventional .request and .indication to highlight the 
absence of the SAP. 

CPCS-UNITOATA.Invoke and CPCS-UNJTOATA.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 
mapped to and from the SAR-LP parameter. 

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

• CPCS user-to-user indication CCPCS-UU). This parameter 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 use d. .•·. 

·:;i .:~_ .¡ . 
Depending on the service mode (message- or streaming-mode áerv

ice, discarding or delivery of errored information), not al! parameters '.· 
are required. 

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

CPCS-P-Abort.slgnal. This primitive is used by the CPCS entity to 
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 uscd in 
message mode. 

Prlmltlves for the SAR sublayer of the AAL These primitives model 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 ca1Ied .invoke and .signa! instead of the conventional .request and 
.indication to highlight the absence of the SAP. 

SAR-UNITDATA.fnvoke and SAR-UNITDATA.sfgnaf. 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 contains the end ofthe SAR_SDU. 

• SAR loss priority CSAR-LP). This pararneter indica tes the Ioss 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 Ioss priority parameter and 
from the ATM Layer's received loss priority parameter. 

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

3.5.2 Functions, structure, and 
coding of AALS 

Functlons of the SAR Sublayer. The SAR Sublayer functions are 
perforrned on an SAR_PDU basis. The SAR Sublayer accepts vari
·able-length SAR_SDUs which are integral multiples 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 cooing. The SAR Sublayer function utilizes the 
ATM-Layer-user-to-ATM-Layer-user CAUU) parameter of the ATM 
Layer prirnitives to indicate that a SAR_PDU contains the end of a 

:c-eiih;ad;r-- / SAR_PDU payload 
!_ ______ j~T'-'j ------------------.....1 

SAR_POU 

Figure 3.16 SAR_PDU format for AAL5. [Nou: The payload type (PT) field belongs to 
the AThl header. lt conveya the val u e of the AUU para meter end·to-end.] 
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SAR_SDU. A SAR_PDU where the value of the AUU parameter is 1 
indicates the end ofa SAR_SDU; a value ofO indicates the beginning or 
continuation of a SAR_SDU. The structure of the SAR_PDU is shown 
in Fig. 3.16. 

Convergence Sublayer. The CPCS has the following serv1ce 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. 

FunctlonsoftheCPCS. The CPCS functions are performed per 
CPCS_PDU. The CPCS provides severa! functions in support of the 
CPCS service user. The functions provided depend on whether thc 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 providcs· the trans
port of a single CPCS_SDU in one CPCS_PDU. 

2. Streaming mode seruice. The CPCS_SDU is passcd 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 transfer to the receiving CPCS entity befare 
it has the complete CPCS_SDU available. Streaming-mode service 
includes an abort senice 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 detection and handling. This function provides for the detec
tion and handling ofCPCS_PDU corruption. Corrupted CPCS_SDUs 
are either discarded or optionally delivercd to the SSCS. The proce
dures for delivery of corrupted CPCS_SDUs are for further study. 
When delivering errored infonnation 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 functions require an 8-octet 
CPCS_PDU trailer. The CPCS_PDU trailer is always located in the last 
8 octets ofthe last SAR_PDU ofthe CPCS_PDU. Therefore, a padding 
field provides for a 48-octet alignment of the CPCS_PDU. The 

Brt position ~-
32 

1 
Mosl·significant 
octet ( octet 1) 

User data (0-65,535 octets) 

PAD (0--47 octets) 

1 

(aligns CPAALS_PDU on 48-octet boundary) 

M-1 u u 

M 

1 
32-b~ word number 

Flgure 3.17 CPAALS_PDU. 

CP! 

CRC-32 

Length 

Least-signif~eant 
octet 
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CPCS-PDU payload (CPCS_SDU) CPCS-PDU trailer 

. :> 65,535 octets 

1 

Length Cyclic redundancy check 

Figure 3.18 CPAAL5_PDU, another view. 

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

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

l. CPCS_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 47 unused octets. These 
unused octets are called the paddihg (Pad) field; they are strictly used 
as filler octets and do not convey any information. Any coding is 
acceptable. This padding field complements the CPCS_PDU (includ
ing CPCS_PDU payload, padding field, and CPCS_PDU trailer) toan 
integral multiple of 48 octets. 

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

4. Common Part lndicator (CPV 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 aEgn
ment function is used, this field is coded as zero. 

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

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

., ... . . , 
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a. The remainder of xk*(x31 + x30 + ... + x + 1) divided (modulo 2) by 
the generator polynomial, where k is the number of bits of the 
information over which the CRC is ealculated. 

b. The remainder ofthe division (modulo 2) by the generator polyno
mial of the product of x 32 and the information over which the CRC 
is calculated. 

The CRC-32 generator polynomial is: 

G(x) = x32 + x26 + x23 + x22 + x16 + x12 + xll + x10 + XB + x7 

+ x5 
+ x4 + x2 + x + 1 

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

As a typical implementation at the transmitter, the initial content of 
the register of the device computing the remainder of the division is 
preset to al! 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 of the 
register of the device computing the remainder of the division is preset 
to al! ls. 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 CFRBS) in an ATM-based network (Fig. 3.19). 
On network nodes, the FR-SSCS is used for interworking between an 
ATM-based network anda Q.922-based Frame Relaying Network (Fig. 
3.20). 

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

*This discussion is based on Ref. 4. 



ATM Adaptatlon Layer 9 

"Service 
layar" 

DL-CORE . itive pnm S 

DL-CORE-SAP j_ 

• 
Frame-refaying servlce-specific 

convergence subfayer (FR-SSCS) 

Common part 
AAL5 primitivas 

Frame-relaying service-speciflc 
convergence subfayer (FR-SSCS) 

1 Common part of CS (CPCS) 1 
AAL5 common part (CPAAL5) 

lsAR (segmenlalion and raassambly)l 

_j_ 
ATM-SAP ] 

ATM 

OL-COAE SAP 

OL-CORE-OATA.requestf"t OL-CORE-OATA.indicabon 

Frame-relaying service-specific 
convergence sublayer (FA-SSCS) 

CPCS-UN ITOATA.invoka 
CPCS-UNITDATA.signal 

AAL5 common part (CPAAL5) 

ATM- OAT A.raquest li ATM-OAT A.indlca!Jon 

ATM-SAP 

Flgune 3.19 AAL5 for interworking offrame relay and ATM (in CPE). 

>-: 

preestablished connections with negotiated traffic parameters. An FR
SSCS connection represents the segment of an end-to-end frame relay 
(FR) connection over B-ISDN. At an ATM-based B-TE, the FR-SSCS 
connection is terminated at the point of termination of the FR-SSCS 
service and represents one end 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 (DLC!s). The establishment (or provisioning) and initializa
tion of an FR-SSCS connection is performed by interaction with FR
SSCS Layer Management (MFR-SSCS) entities. The traffic parameters 
of each FR-SSCS connection are determined at the time of its estab-
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Figure 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 (furward congestion) or that 
an FR_SSCS_PDU traveling in the opposite (sending) direction has 
experienced congestion (backward congestion). The FR-SSCS allows for 
two discard· eligibility priorities. The FR-SSCS user can réquest the 
discard eligibility (ioss 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
ting the parameters and state variables associated with a FR-SSCS 
connection when required, releasing the association created for a FR
SSCS connection between peer FR-SSCS entities, and performance 
monitoring of the quality of the FR-SSCS connection service provided 
through notification of errors (i.e., FR_SSCS_PDU discards resulting 
from errors in the FR_SSCS_PDU). 

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

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

~. 
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within an FR-SSCS connection. During this process, FR_SSCS_SDUs 
may be lost or corrupted. Lost or corrupted FR_SSCS_SDUs are not 
recovered by the FR-SSCS. The FR-SSCS uses 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 c_onnections into a sin
gle CPAAL5 connection. The number of FR-SSCS conriections sup
ported over a CPAAL5 connection is defined at connection estab
lishment or provisioning. The default number of FR-SSCS 
connections when multiplexing is not supported is l. Within a given 
FR-SSCS connection, sequence integrity is preserved. 

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

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

TABLE 3.6 DL-CORE Prlmltlves 

DL-CORE-DATA.request 
CDL_CORE_ U ser _Data, Discard_Eligibil
i ty, DL_ CORE_Service_User _Pro to
co!_ Con trol_I nformation) 

D L-C O RE-DATA.i ndica ti o n 
(DL_CORE_User_Data, Congestion_En
countered_Backward, Congestion_En
countered_Forward, DL_CORE_Ser
vice_ U ser _Protocol_Information) 

Descnption of parameters: 

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

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

DL_CORE_User_Data: This parametcr spetifies the FR_SSCS_SDU transportcd betwecn the 
FR-SSCS user and the FR-SSCS. This parameter is octet·aligned and can range from 1 U> a 
maximum of at Jeast 4096 octets in length. 

Discard_Eligibility: This parameter indica tes the Joss priority assigncd U> the FR_SSCS_SDU. 
Two levels of priority are identif1ed: High and Low. A value of High indicates that the 
FR_SSCS_SDU m ay experience a better quality of service with respect U> loss (i.e., minimal loas). 
than if the Discard_Eiigibility parameter were set to Low. 

DL_CORE_Service_Prot<:>col_lnformation: This parameter specifies a 1-bit FR-SSCS/Q.922-
DLL user control information U> be transparently transferred between FR-SSCS/Q.922-DLL 
users. 

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

Congestion_Encountered_Forward: This parameter indicates that the received 
FR_SSCS_SDU has experienced congestion. This parameter may take two values: Trucar Faise. 
A value ofTrue indicates that the FR_SSCS_SDU has experienced congestion. 
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where applicable (congestion control forward and congestion control 
backward). In addition, the functions provide the means for the end 
user and/or the network to indicate what frames should be discarded 
in a congestion situation. 

Prlmitlves. The information exchanged between the FR-SSCS and i:s 
user (for ATM-based B-TEs) is rnodeled by the primitives of Table 3.6 
(which are the sarne DL-CORE primitives in Annex C ofiTU-T Recom
rnendation 1.233.1). 

Servlces expected from the CPAALS. The FR-SSCS expects the CPAAL5 
to provide the capability to transfer variable-length (from 3 toa 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 received 
by the ATM Layer with the last ATM_SDU conforming to the 
CPAAL5_SDU; and with the CP _Loss_Priority set to either Low, if 
any of the ATM_SDUs conforrning to the CPAAL5_SDU was received 
with the Received_Loss_Priority parameter set to Low, or High oth
erwise. 

The FR-SSCS entity passes each FR_SSCS_PDU (CPAALq_SDU) 
\\ith the CP _Loss_Priority set to the value of the Discard_Eligíbility 
pararneter received frorn the upper !ayer or the Q.922-DLL (High or' · 
Low), the CP _Congestion_Indication (True or False) always set to False, 
and the User_User_Indication pararneter always set to zero. 

3.7 Signaling ATM Adaptation Layer (SAAL) 

This section describes the Signaling ATM Adaptation Layer (SAAL) for 
use at the UNI. SAAL is used in the Control Plane. (This 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 irnplementing the Control Plan e 
(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 Cornrnon Part and a Service-Specific 
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Figure 3.21 SAAL structure. (Note: This figure represents the allocation offunctions 
and is not in tended to illustrate sublayers as defmed by OSI modeling principies.) 

Part. The Service-SpecificPart is further subdivided into a Service-Spe
cific Coordination Function (SSCF) anda Service-Specific Connection
Oriented Protocol(SSCOP). Figure 3.21 illustrates the structure ofthe 
SAAL.5 

The SAAL for supporting signaling uses the protocol structure illus
trated in Fig. 3.21. The Comrnon Part AAL 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 UN! uses the AAL Type 5 
Common Part protocol, discussed a hove, as specified in Re f. 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. 
DifTerent SSCFs may be defined to support the needs of difTerent AAL 
users. The SSCF used to support Q.93B at the UNI 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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A TM is an advanced switching 

technology that can boost network 

bandwidth to 155 Mbps and beyond 

while enhancing management 

flexibility with vinual 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

fonn. 53-byte size of ATM cells 

make them e~sier to process 

than variable-length packets. Cell 

switching also results in less 

vanation in delay. which facilitares 

real-ume traffic such as full-motion 

video transm1ssions. 

Unlike conventional LAN switching 

technologies. A TM is connection 

oriented. This means that ATM 

devices must interact with ATM 

sw1tches to establish communication 

paths befare transmitting data. 

To allow convenuonal LANs to 

intcrconnecr with ATM. the ATM 

Forum has ratified the LAN 

Emulauon standard. LA!\ Emulation 

cnables intcrnetworkmg of ATM. 

Ethernet. and Token Rmg dcvices. as 

well a~ vinual connections among 

AT\1 dcvJce~. so that groups usin~ 

th1s facihty can be hnked across thc 

cnterpn'\c regardle~s of where the 

dcv1ce~ are locatcd. Thesc nrrual 

L·\:Vs are c~pc¡,;;ally beneficia! m 

nrg:amzJllon~ where movcs and 

changes are common, or where 

groups of users in separate locations · ... ~ 

need to communicate with each other 

and share resources. 

LAN Emulation also protects current 

investment in network equipment and 

protocols. lntegrated LAN/ATM 

switches can use LAN Emulation to 

provide full connecttvity among 

A TM and legacy LAN devices. 

Funhennore. popular protocols such 

as IP and IPX can operare on a 

hererogeneous nctwork without 

modification. 

3Com A TM switchcs offer vou 

exceptionally low -cosr. rcliable A TM 

connectivity that lets you enhance 

performance mcremcntal\~. only on 

those pans of the netwmk that need it. 

Whether you want to migrate your 

cnrire building backbonc to A TM for 

increascd aggregatc handw1dth. or 

you need to e>.tend a smgle high

speed ATM·Iink from a workgroup ro 

a superserver. rherc is a 3Com switch 

to sutt the tasL Non-hlocking 

architecturc acros.., thc product lmc 

ensures full data ratcs hctween ATM 

and Ethernet or othcr LAN 

technologJC\. !-.O yuu don't have to 

implemcnt e:\pensl\'L' upgracle'i at thc 

desktop. 



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

challenges of network 
complexity and WAN growth 

Ordering lnformation 

Chassis* 
Ea eh NETBuilder 1f chass1s requlfes a CEC 
module and sotrware tsee pages 5 and 6), 
wh1ch must be ordered separa te/y 

4-Siot Chass1s 3C6000 

8-Siot Chassis 3C6001 

8-Siot Extended Chassis 3C6002 

Accessories 
Ea eh Flash Memory Dnve requ1res a 
Flash Memory Card, wh1ch must be ordered 
seoarately 

Flash Memory Onve 
14-Siot ano 8-Siot Chassisl 3C6081 

Flash Memory Dnve 
18-Siot Extended ChasSIS) 

4MB PCMCIA Flash 
Memory Card 

10MB PCMCIA Flash 
Mernory Card 

Dual Power Supoty• 
(8-Siot Cnass1s) 

Dual Power Supply" 
18-Sio: Extended ChasSISI 

WAN Extender 

3C6082 

3C6083 

3C6084 

3C6029 

3C6DBD 

Ea en WAN Exrenaer connects toa 
NETBurlder 11 briage/fouter w1th an HSS 
RS-449 Moa u/e 
WA~ Extender 211 

WAN Extender 2E1 

Management Software 

Transcend Enterpnse Manager 
Vers,on 2.1 for Wtnaows 

Transcena NETButlaer Manager 
Vers:o~ 2 2 lar UNIX 

3CB951 

3C8952 

3C15010B 

3C2750D 
·;~, .nternat,O'Ialun't> pll/He a:l~ tn~ a~~rcp"atf CCCf lu 

:~-' :'c:-:t -AA to· As•ar .. :.~sr·~·.a-. :::;.,.,~· cor: ·"'E t:• 
1.1•: L·:o~r ~owe· co·c O'-:.:~ ::• IJ o. oo"e e o• e 

3Com ·s 1\'ETButlder 11' 
bridge/routers are ideal solutions for 
networks w!th diverse LAN technolo
g¡es and growing W AN connections. 
These bridge/routers imegrate 
E1hemet. Token Rmg. FDDI. and 
A T~1 connecuons. accommodate 
future high-speed networkmg. bnng 
in S!\~ A traffic. and add feature-rich 
W AN chotces-mcluding ISD:-.1 

Wnh moduiJI destgn and scalable MP 
tmulttproce,sor) ardtitccrurc. 
'iETlluildcr !1 bndge/routers sJmplif) 
nerv-:ork expans10n· thcy leverage past 
mvestrnent .... match today·~ demand.;-, for 
more band\\1dth. and pmv1de the 
t1ex1biliry you nced to meet future 
requtrement\. 

• Scalable chassis choices. 
;>;ETBuilder II 4-Siol. R-Siot, and 
X-Siot Extended cha.;-,c;¡~ all prov1de 

!-.Uperior levcl.., of pcrfonnance Jntl 
~cr. Jce~hdll~ ·\n~ ~ETBulidcr Il 
intaface modulc-incluJm~ an~ \1P 
!multlpn,ce,,orl rnodult--opcratc~ m 

an~ ch:J'"'' You c;m m1x and match 
module, and cha'"'' to .. cale from 
.;mal l. ver~ al!ordahlc -.ystcm-. all the 
wJ~ up to very tugh-dc:muy. hJgh
pcrformance routm& 

• High performance and MP archi
rccture. E\'ery NETBui!der JI 
briJ¡;c/routcr offcr'~ RISC procc~smg. 

"""""' ASIC,. anda ROO-Mbp' 
hackpbne tu deliver consJstentl) fa..r 
throughput acro-;~ all mtcrfacc porh 
'! h" pnwer comhme., with the mtclh
¡;ent 1/0 ami on-board proces..,mg of 
multlrHocc!-r!-.Or (MP¡ modules for 
perfonnance that can !-.cale ro and 
hcyond 500.000 packct' pcr second. 

• Superior reliabilit~. serviccabilit~. 
and management. '-'ETBuilder II 
bridge/routers support mission-critical 
networks. Opuonal dual power 
~uppl1es safeguard opera.twns. andan 
optlonal flash memory drive supphe!-r 
reliable booting and easy remate 
software updatL' nver the nctwork. 
NETBuilck1 ll platl(lnn:-. allow 
mtegrated grJph ll':tl rn,mag.emcnr 
through option:JI T ran,cend" appllca-
1\ons They are :l\·aJ!.1hlc: for standard 
managcmcnt plarform:-. m both 
Windows'-.and L':'\JX· environment!-r 

• WAN Extender interfaces for 
high-densit\' ISD' and more. 
3Com·, \V.-\0.' E\ tender platfoml 

offer" wtdl'-ran~m~ ISDN. Switchcd 
56, and channel11.ed TI or El 
servtces The platform operares with 
:1 1\"ETBulldcr 11 hndge/router tn 
:-.uppnn mult1pk \'lrtua\ d:1t:1 channcb 
for ISD:\" PRI IJlnmary Rate 
Interface¡ CllllTlLTtion' 

NfTBuilder 11 Racks Up Perfect 
Test Scores! 
In a Commumcations Week test ot m1xed 
Ethernet-Token Ring LANs, 3Com's 
NETBuílder 11 made h1story as the firs1 
bridge/router to rece1ve perfect seo res in 
a!l test categor1es, caoturing the 
magazme's Mixed·LAN Max Award• 

NETBu1lder 11 compeled'" AppleTalk, 
NoveiiiPX, DECnet. and IP tests-as well 
as tests of transparent bndgmg Top per
formance and grear once are what make 
3Com's NETBulider Jl a winner. 

•~F1rs1 Perfect Overall Score Earned: 
Commun~eatJans Wee.•. 

.. 



r\ETBuildcr I1 modules casily match 
networkmg needs. From high
performance Communications Engine 
Cards (CECs) to LAN and W ~"i 
Jntertaces-mcludJng !\1P (multi
processon modules with on-board 
processing-you can choose the nght 
combma11on of ports and power for 
any lcvcl of serv¡ce. 

• Powerful CEC choices. 
:"ETBuilder JI CEC come wuh h1gh
,peed memory opllons-12 MB or 20 
~1R-to match software reqUJremenrs. 
The nght ch01ce depends on.current 
Jnd e.\pected communication needs. 
To accomrnodate net\.l,orJ... growth. the 
1 :' ~!H CEC e'pand' to :'0 MB 
cap:1hiluy :.11 any 11me. 

• Scalable performance. For 
perfonnance that keeps on growing, 
m~tall \1P modules They mteroperate 
w1th lhe :\ETBudder JI CEC lo 
tncrca~e throughput a:-. you mcreasc 
pnrt' TIH.: on-bo~mJ. RISC-ha.sed 
-\i\10 ~9030 CPL. nftlo;.¡LJ, cnucal 

fil1ermg and forwardmg dcCI:-.ton~ 
trorn the CEC to hoost ove:ra!! 
,y ... tcm r::rlorm.lncc 

• Simplified changes. Our mrcrf.Kc 
moduk.., .1rc a hrecn to change. You 
l..tn u ... e an: module m any 
\'ETBudder li ch:h~l .... and ;.ou can 
add. C\\\ :.~p. or remmT any mtcrface 
m<Hiulc while other mol.lule' 1-..eep 
runnmb. Th..tt':. why th~ Interface 
modu¡c, :.1rc e:.hy to ~erv1ce. v.·uh :.1 

t;.plC.II mL':tn tlnll' l<l rcp:.tlr ([\.fTfRI nt 
under :t nunure. 

• Popular LAN interfaces. 
Customer-installable interface 
modules include a full arra y of 
popular LAN connections. Three 
Ethernet modules offer cabhng 
cho1ces (thici-. thm. fiber. twisted
pair¡ and pon densny for any 
configuration. The Tolo..en Rmg 
module al so prov¡dc.' a chmce of 
mlerfaces-DB-9 or RJ-45-and 
software-se lectable 4 or 16 Mbps 
operation. Four FDDI modules 
g1ve you every combinatlon of 
multirnode and single-mode fiber 
for single-MAC. smgle-anached or 
dual-attached stations. 

• Complete \\'A~ connections. 
NETBuildcr JI HSS (hlgh-speed 
sen al J modules pro vide one \\'A~' 
pon (V.35. RS-232. RS-449. or 
G.7031 or lhree WA~ pons (V.35. 

RS-2':'. RS-449. or X.21 "'"a 
threc-íJon hrea~out cahle) 

The 3Com "ETBuiluer JI HSSI 
!h1gh-.,peed sena! mterface) module 
1mplcmcnb \VAN or ATM 
conncc!ion" of up tn SOI\'ET OC-1 
(52 Mhp~J. mcluding T_'l./E.~ rate:-. 

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

Ordering lnformation 

NETBuilder 11 Communicat10ns 
Engine Card ICEC) Modules 

CEC Module 112MB) 3C6010A 
CEC 20 MB Module 3C6012 
CEC 8MB Memory 
Expans1on K1t• 3C6011 
CEC 20 MB Module 
Trade-Up K1t• 3P6013 

NETBuilder 11 LAN Modules 

MP Ethernet 6-Port 
IOBASE·T Module 3C60! 
Etnernet 2-Por:: 
lOBASE·Fl Mooule 3C6026 
Ethernet Module 3C6021 
Token Rmg Modute 3C6023A 
Mutt1mode FDDI Macule 3C6020B 
Smgle·Mode FDDI Module 3C6050A 
Smgle-Mode/Mul:1mode 
FDDI Modu!e 3C6051A 
Mult1mode/Smg!e-Mode 
FDD! Module 3C6D'2A 

NETBuilder 11 WAN Modules 

HSS V.35/RS-232 Module 3C6022A 
HSS RS·449 Modu!e 3C6024 
HSS G 703 Module 3C6025 
HSS 3-Port V 35 Module 3C6040 
HSS 3·Po11 RS·232 Moau!e 3C6041 
HSS 3-Port RS-449 Modwe 3C6042 
HSS 3-Port X 21 Module 3C6043 
HSSI Module 3C602B 
.,.na E.o!Pins•on 1(,¡ •s lor nav. CfCs !3C5010AII"d the 
Tr10r·UP Kot os 1or radotr mccels IJC6010) 

'Ccnta~l yoyr lo~a! 3Cor- •eoresen1at1~1! allout G 70J ¡;ervocn 

~. 
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~SUPER 
~STACK 

A stackable, cell-based 
Ethernet switch with 

a high-speed ATM port 
for workgroups 

Ordering lnformation 

LmkSwttch 2700 
!no ATM Interface) 3C32701 

LmkSwltch 2700 !OC-3c single 
mode short-reach ATM mterface) 3C32711 
LmkSwrtch 2700 (0C-3C smgle 
mode long-reach ATM mterface) 3C32712 
LtnkSwrtch 2700 IOC-3c multtmode 
ATM ;ntertacel 3C32700 

lmkSwrtch 2700 IDS-3 ATM 
Interface! 3C32710 
L1nkSw1tch 2700 ITLII 3C32730 

linkSwitch 2700 

LinkSwitch .2700 is ideal for Ethernet 

workgroups and smáll departmental 

LANs that need an advanced swJtch

mg enginc for htgh-bandwidth 

networking. The switch is eqU<pped 

with 12 swuched Ethernet pons and a 

high-speed A TM pon, allowmg you 

to configure convenuonal or vinual 

switched Ethernet workgroups. and to 

extend a high-throughput downlink to 

a centralized AT~v1 switch. 

• Leading-edge technolog_,·. 3Com • s 

ZipCh1p' ASIC dehvers cell-based. 

w1re-spced Ethernet switchmg a1 

780.000 ce lis pcr second. guaranteemg 

full 10 Mbps on all Ethernet pons. 

• Choice of A T\1 interfaces. The 

A TM port can accommodatc an 

OC-3c !55 ~1bps SONET/SDH 

(Synchronous OptJcal Networkmg/ 

Synchronous 0Jgual Hierarchy) mter

facc for local and collapsed backbone 

A TM connectívity. ora DS-3 45 

Mhp" mtcrfJce for Y.ICk area hnks 

• Two ~twitching modes. Two 

:.ofrware-selectable swirching options 

are avadable - cut-through and 

'itore-ancJ-forv.·ard- so you can 

adapt lhc dcvJcc casily to your 

~pcCific rcquJrcmcnts. 

• Virtual L!\1\s. LA:-< Emulation 

chenr funcrions ami SVC signahng 

allow you ro creatc nrtun! LA:\I.s 

that are indcpcndcm of phy.sica! 

location. 

• SuperStack support. You can use 

LinkSwitch 2700 m a SuperStack 

system and manage ir with Transcend 

applicauons. 

• Futurc-proofing. The Ethernc< 

port.s oper:Jte cvcn 1! thc ATM pon 

!Sn·t configured. pemuttmg you to 

tmplcment Ethemct switching now 

and makc ATM connccuons whcn 

you need thern. Thu:.. you can 

m1gra1e to h1gher ATM bandw1dth 

while pre.\ervm,; your mvestrncnt. 

• U-turn support. Pad:ets mov-mg 

from onc Ethcmt:t port tu anothcr :JTC 

~witchcd dJrcctly. rathcr than passmt: 

through thc A TM port f1rst. 

• A TM switching for the 

LinkBuildcr' \ISH' hub. A module 

that providcs thc functtonality of thc 

LmkSw1tch 2700 Etheme</ATM 

swttch wtll be available for 3Com·s 

LmkBuilder MSH mulli-sen'1ces hub 

m late 1995. 

. ' 



The key building block 

for creating an ATM 
campus backbone 

Ordering lnformstion 

Chassis 
CELLolex 700{) 
!chassrs wrth switchmg engme, 
1 power supply, and fan umt) 

CELLolex 7000 
(chassrs only) 

CELlplex 7000 Redundan! 
Power Supply 

CEllplex 7000 Aedundant 
Swrtchmg Engme 

CELLplex Aeolacement Fan Unn 

3C37000 

3C37007 

3C370!0 

3C37DI6 

3C3703D 

ATM Interface Cards and Modules 
CELLolex 7000 Interface Card 
(4-port. OC-3c smg!e mode. 
short reachl 3C37DSD 

CELlplex 7000 lnter1ace Card 
(4-port OC-3c smgle mOOe, 
long reachl 3C37051 

CELlplex 7000 Interface Card 
14-oort. OC-3c multrmodel 3C37D52 

CELlplex 7000 Interface Card 
14-oon. DS-31 3C37053 

CELlolex 7000 lmertace Card 
!no modules~ 3C37005 

CELLplex 7000 Pl'lysrcal Module 
11 OC-3c smgle mode short reachl 3C37D58 

CELLplex 7000 Physrcal Module 
!1 OC-3c single moae long reach) 3C37D59 

CELLplex 7000 Physrcal Module 
(1 DC-3c multtmode) 3C37D60 

CELLolex 7000 Phys¡cal Module 
11 DS-31 3C37D61 

CELlolex 7000 lntenace Caro 
Blank Panel 3C3704 

CELLplex 7000 

CELLplex 7000 has all the power, 

flexibility. and robtistness necessary 

to switch traffic on a mJssion-critica\ 

ATM backbone. Supporting 4 10 16 

A TM ports. the 16 x 16 CELLplex 

7000 sw11chmg engine deltvers full

rare. non-blockmg A TM perfonnance 

that relieves backbone congestion. 

• State-or-the-art A TM switching. 

Thc CELLplex 7000 cut-rhrough. self

rouung switchmg engine Js 

built around a 20.48 Gbps backplane 

wnh a swltchmg fabnc that can switch 

up 10 2.56 Gbps of traffic Each port 

supports up to 40\16 point-to-point or 

pmnt-to-multrpomt vinual channci 

connections A ~epJ.rate on-board i960 

RISC proce5'or handles advanced 

software fcatures. 

• :\lodular nexibility. You can add 

up to four .f-porl Interface cards to 

thc chassis. allowmg you to configure 

4 to 16 ATM pon.., m cost-effcctive 

1ncremcnt~. 

• Choice orA TM interfaces. Each 

card accommodates either OC-3c 155 

Mhps SONET/SDH interface< for local 

or coll;.¡p~ed backbom: conncctlvtly. or 

DS-3 -15 Mbps inTerfaces for WAI\ 

lmks and single-mode fiber (avai13ble 

m late 1995) 

• Robust and reliable. To ensurc 

upume for cntJcal applications. 

CELLplex 7000 rs de<~gned to be 

fully rcdundant. wnh optional dual 

power supplics and rcdundant 

switchin~ engme.;; AJI modules an 

hot-swappablc for conunuous 

operation·, 

. .,. 

• Traffic mana~ement. Rate-based 

flow control pn" 1des congcstion 

managcmen!. 

• Integrated m~nágement.'· Full 

SNMP mana~cry,e,~t is provided. 

mcludmg :-.uppo'i't 'tor Tr~ft~C~nd 

appllcJtJOn!\. 

• Im estmcnt prutcction The hJgh

pcrtormance. p:.1:-.s1ve backplane 

allow~ you 10 expand pon den~iry 

and bandw1dth. 

• Switched virtual channels. svc, 
are supported \'la Q.2931 signaltng 

wirh thc capability to support ATM 

Forum UNI :1.0 and UNI 3. l. 

A TM Forum lntemn lmer-Swnch 

S1gnalmg Protocol 1s also supponed. 

• LAi" Emulation Sen·ice. The 

CELLpiC\ 70(Kl pn\\'ldes the LEC 

LES. and BCS vcrvrces for LAN 

Emulaüon. 



The CELLplex 7200 mtegrmcs 

Ethernet and ATM at fui\ wirc spccd 

to rcmovc traff¡c bottlcnccks in 

dcpanmcntal LAN.'-. panicularly 

~oll<.~p~cd bac!...bom:s. Thc :-.witch 

r:tccommodatcs up to 48 full-rate 

::;witchcd Ethcmet ports integratcd 

wllh four ATM port.s. or altcinatJvcly 

up to cight ATM ports in ATM-only 

configuraltons. 

• Powerful switching cnginc. Thc 

CELLplcx 7200 8 x S swnching 

cnginc combine!-. wlth 3Com's 

ZtpCiup custom Ethcmct/AT~l 

proccssor to dclivcr full-ratc. non

blod,ing S\Vitching on al! Etherne\ 

~tnd A T~vl pon:-. - at over 7~0.000 

celb pcr ...,ccond. 

• Flcxihlc AT~I interfaces. Each 

ullerf..1cc card accommodatc~ cJthcr 

OC-.k 1 'i5 Mbp> SONET/SD\1 m ter

faces lor local or collapscd bad.bonc 

connccttvlty. or DS<~ 45 Mhps 

tntcrfaccs for \\'Af\' ltnb. 

• Virtual LANs. You can create 

vtnual workgroups basect on a vanety 

of logtcal relauonships rather than 

fixcd phystcal conncctions. 

• Uptimc insur~ncc. A rctlund;Lnt 

chac;sis with oprional dual powcr 

suppllcs cnsurcs that thc switch 

has no single point of failurc. Hot

sw<~ppablc modules hclp mamt<.un 

contmuou~ opcration. cnsunng 

raptd dcilvcry of your critica! 

ncrworJ.... traffic. 

• Traffic m.an.agcmcnt. Rate-based 

nov. control provtde~ conge-;tion 

mana~cmcnt. 

• Switching option~. Two 

o;,ofn~o:arr.>sclcctablt: opt10m.

cut-thrnuJ;h and stnrr.:-Jnd-forwJrcl 

- aJ]m\ you to adapt to !-.pcclftc 

nctworl.. tcquircmcnt~ 

• Futurc-pronf. ,\ p:.t!-.1-.Ívc had.planc 

with J 10.2--l Ghp~ c;-~pactly pcnlllt'i 

you lO Uf1~rade lO highcr port 

dem.lllt'~ and dal:t rZLlC!:> 

lntegrated Ethernet/ATM 
switching for 
high-bandwidth LAN 
backbones 

Ordering lnformation 

Chassis 
CEllplex 7200 Chass1s 
ichassts with swtlching engme, 
1 power suppty, and tan umt) 

CELLple> 7200 
ichassis only) 

CELLplex 7200 Redundant 
Power Supply . 

CELlplex 7200 Redundant 
Swttchmg Engme 

CELLplex Replacement Fan Unrt 

ATM Interface Cards 

CELlplex 7200 lnterlace Card 
(2-port. OC-3c mulumodel 

CELLplex 7200 Interface Card 
\2-oon. DS-31 
CELLplex 7200 Interface Card 
(12-port Ethernet. 
1 OC-3c multtmodel 

CELLplex 7200 Interface Card 
(l2-pot1 Ethernet. 1 OS-3l 

CELLplex 7200 Interface Card 
Btank Panel 

3C37200 

3C37207 

3C372l0 

3C37216 

3C37030 

3C37050 

3C3705l 

3C37260 

3C3726t 

3C3702t 



ProdttcLLine Brochure -·-· ......... 
Cisco LAN Swirching Producrs 

The Emergen ce of the New Wiring Closet 

The demand for more bandwidth and throughput in today"s congested 
networks is as clear as the factors driving it. Among these factors 
are the increasing power of desktop processors and the requirements 
of client/server and emerging multimedia applicatJOns. The need for 
increased performance to tr.t· desktop is promptm¡z network man
agers to replace huils in their wiring closets with switches. thereily 
protecting existing wiring investments while boostmg network per

formance with dedicated bandwidth to !he desktop for each user. 

Coinciding \\ith the wiring closet evolutwn Js a similar trend m the 
network backbone. Here, users are collapsing router backbones with 
switches to increase the aggregate transport capacity of existing 

networks The role of Asynchronnus Transfcr Modc (ATM) ¡s also 
increasing as a result of standardiZint: protocols such as LAN emu
lation that enable AT~1 dev1ces tn rocxJst \\l!h users' existing LA.:">J 

technologics 

C1sco Systems rero~nizes that any strategY for meetmg flexible 

performance is essenttal!~ a plan for mi~rat1ng from today's world 
ofshared mediato switched mternetwork solut1ons that promotr 

thr expans10n of sw1tchin~ technology throughout the network. 
Cisco supports this mJ~ratiOn with a comprehPnsivc famlly of L.\1\ 
~witchmg, AT~l sw1tchin~. and swilch m;¡nagcment products. These 

products. in conjunctior v:ith Cisco routcrs tradltionally used for pro
toco! management. deliver next-gencrat1on desktop and enterprise 
solut10ns to connect users ovcr collapserl nr dJstributed backbon• 



Cisco LAN Switching Products: Catalyst 5000 

., 
-· :'i 

The Catalyst Famlly of Multilayer Swltches: Optimized for 

Flexible Wiring Closets 
The first member of the Catalyst family, introduced in Man:h 1994, 

addressed the increasing needs of clienVserver applications by 
boosting the performance of multisegment hubs and dedicating 
bandwidlh lo servers.ln less than one year. the Catalyst 1200 
acquired a 20 percent share of the switching market, according lo 
market projections. The Catalyst5000, introduced in March 1995, 
rcpresents the next-generation switching system for the wiring 
dosel wilh dedJCaled bandwidth lo the desktop. The Catalvsl farnily 
g¡ves users lhe scalability lo build large swilched intemetworks 
with mu!tilayer intelligence. 

The Cisco Catalyst 5000: The Next Generatioo of 
Multilayer LAN Switching 
The Catalysl 5000 is a modular swilching platform thal will meel 
lhe ever-changing needs of loday's htgh-performance. bandwidlh· 
intcns1ve. multiple-media network switching applications 
Dedtcaled bandwidlh is delivered lo users through multiple-media 
swttching options that encompass 10-Mbps Ethernet. 100-Mbps 
Ethernet. and ATM. with future capability for s~itched FDDI and 
i\vitched Token Ring. 

Mul!iple Switching Options 
C·s~c Sv~·'!r.~ 
::.a:a1.~· ::.CCC· 
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As networks migrate lo higher-speed technologies such as Fast 
Ethernet and ATM, the long-term viability of the CatalystSOOO is 

enhanced by flVe slots that provide configuration flexibility. The 
first slot contains a Supervisor Engine that enables aggregate 
switching and switch managemenl The remaining four slots sup
port a growing combination of switching modules that include 
switched 10BaseTnOBaseFL, switched 100-Mbps Fast Ethernet, and 
an ATM LAN emulation module. This mix of interface and backbone 
modules allows the Catalyst 5000 to integra te the broadest range of 
em1ronments in the industry, providing a cohesive network solut10n 
anda migra! ion path to switched ATM-based networks while lever· 
aging infrastructure investments. 

ATM backbone access is achieved through an ATM LAN emulation 
module that allows applications based on standard protocols such as 
TCPIIP, Novel! NetWare. DECnet, and AppleTalk to run unchanged 
over ATM networks. An innovalive design execules ATM protocols 
as onboard processor-executable code, ensunng compatibility with 
future software versions. 

.. ·. 
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Because many of today's organizations experience significan! 
personnel relocations every year, the Catalyst 5000 gives users the 
flexibility lo support the formation ofVIANs within and between 
Catalyst 5000 switches and across the intemetwork, spanning 
routers and ATM. The archilecture will scale lo support up lo 
1024 VIANs and can be defined and maintained across platforms 
through ATM or 100-Mbps links. 

Unlike traditional shared hubs, the Catalyst 5000 architecture is 
designed and optimized for switching. The CataJyst 5000's switching 
backplane operates at 12 gigabits per second (Gbps) and provides 
nonblocking peñormance for all switched J().Mbps Ethernet inteñaces. 
The intemal switching architecture of the Catalyst 5000 supports 
mulliple media options including Ethernet, Fast Etheme~ 
IOOBaseVG-Anyl.AN, Token Ring, FDOI, and ATM. A dedicated 
management bus provides distributed access lo all switching 
modules for monitoring peñormance, controlling configuration 
and VJ.ANs. and updaling operatoonal software for each module. 

CaraJysr 5000 OITers Maximum Pon DensiJy 
Tne Wtalvs: 5000 
plattorrn lea•ures a 
-¡ghlv scala!l'E 
a~~tlll!!~ture ma: 
orDVKies maJII'n'~r:': 
De"'~rmance ;e; 
liH~e worl:g•o:JPS 

Catalvst 5000 
te t.IM 

ATM in tbe Enterprise Backbone 

l1QhtSrream fam11'1 

...... 

Unique Traffic Management 
Support for traffic management by switches is one of the most 
importan! allributes of a scalable switched internetwork, and the 
CatalystSOOO includes several key traffic management features. 
A large, 192-kilobyte (KB) buffer ensures adequate port buffering 
for workgroup applications without dropping information during 
peak traffic periods. Tri-leve! priority on the backplane ensures 
that delay-sensitive applications receive the necessary priority 
on a port-by-port basis. 

With increasing support for high-peñormance. hígh port densíty, 
multimediasolutions, the Cata!yst 5000 archítecture has the foun
dation to support the growing needs of business networks today 
and into the future. 

Catai'(St 5000 
to AT~ 

Tlgbt lntegratioa with Rauter for Scalable lnternetworking 

uo to Jt, o:m:, 

~--/ 

Uo to 74 ports Swttched 1~Mbps Ethernet Configurations 

CatJIY$: s:Jr 
:00 Mtp.s 

Catalvs: !lOO::; 
1:JOMcos 



Cisco LA~ Switching Products: Catalyst fiOOO 

.1 

Basic Platform 

Standards-Based 
Interfaces 

Feature 

Modular. five-slot chassis 

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

Fault-tolerant power supphes 

Switch mterface modules 

Spectalized SupervisorEnp:lne module ha! hard
.,..are-baseo sv.itchtng enp:me. bndge .11ddrus table 
for a maxtmum of 16.000 MAC addresses, rwo 100-
~bps Fast Ethernet uplinks, anda network 
management processor 

Hot-swap of po-wer supp!ies and modules 

Interna! an:hitecture 

12-Gops swmhtn~ backp!ane 

Three Jevels of pnonty on the data-swttchmg 
backplane 

Custom appltcatton-spectfic tntegrated ctrcuit 
(ASICI development 

Switched IO·Mbps E'.lhemet 

24 tmerfaces of IOBaseT per module 

12 tnterfaces of lOBaseFL on fiber per module 

Swttched 100 Mbps Ethernet 

Fuoctloo 

Supports required supervisor engine and four 
additional modules 

Compatible with existing wiring doset rack; 
mounts at front or rear of ch.assis 

Offers one or two 376-wa.tt power supplies with 
auto-sensmg 

orrers wide variety of interface choices including 
10-Mbps and 100-Mbps Ethernet and ATM; Token 
Ring and CDDVf'DDI to be added in future release.s 

De!ivtrs ovtr 1 million pps, low t.a.tency. tow-rost 
!Wltchmg for desktop and backbone applicauons: 
fu1l local and remate mana_~!ement 

Enables users to add, move, or change modules 
any tlme without bringing down the Catalyst 5000 
or lostng connectivny wtth other network devices 

Smgle switchmg backplane accommodates 
Ethernet and A TM Slmultaneously (FDDI and 
Token Ring in future releases) 

Forwards more than 1 mtUton 64-byte Ethernet 
packets (equates to nonblockmg archllecture for 
100 10-Mbps Ethernet mterfaces at wtre speed) 

Accommodates technolog¡es thattmplement 
pnonttzation schemes. such as ATM. 
IOOVG-AnylAN. and Token Rmg; enables user lo 
define htgher pnonty on a per-interface basis: 
allows any mterface to reach the highest priority 
when us buffer ruches ea.pacn~· 

Uses a custom ASIC rontroller on each Ethernet 
mterface 

Offers chotee of Category 3 unshtelded twtsted 
patr (UTP) cable ( IOBasen and fiber--opttc cable 
(IOBaserL). supports both full- and half·duplex 
operatton 

Uses female RJ-21 conncctors 

Uses female RJ-21 connecton 

Offers eh mee of Category 5 lfTP cable and. m the 
future, liber-cptic cable for lOOBastFX and 
Categor:-· 3 LíP for IOOB.aseTX and IOO&se\'G· 
Anyi.AN); supports both full- and half-duplex 
operat1on; supportJ auto-sensing between 
IOQ.Mbps Ethernet 

Benefit 

Allaws u.sers flexibihty to add, or mu and match 
modules as needed 

Ensures use ofmstallatton m wiring dosel and 
data center 

lncreases reliabih~ 

Acrommodates al! LAr\ and AT~ technologies 

Pm·tdes a comp!ett'!y manageab!t' sv.itching 
system that delivers ht~h-performance swl!chm~ 
for even the most demandm¡¡: v."tntgroup apphca!lon~ 

lncreases reliabihty by reducm¡¡: downtime 

Dehvers a single-system solution foral! current 
deslttop sv.,tchin¡;¡ nerc.~ "1th a mtgration path to AThf 

Dest¡;¡ned to mt'et thr áemands of <1 full)· popu!ated. 
1 0·\lbps s,·stern wtth al! mtrrfaces operatm¡;¡ at 
wtre spef'd íearh tn!f'rface communtcates wtth 
only one othcr tnlt'rfdcel 

Accommodates burst'' traffic and pre\ents htgher
layer protorol ttme-outs by J!l\1ng !he interface !he 
highest.Prioruy on the bus unt1l traffic is reduced; 
allows minagers to prwrlltze data transmtsston to 
critica! resoun:es. such as servers or remate routcrs 

Lowe~ rost pcr swttrhed interface to !he uscr: 
enablt'~ state-of-thr ar1 features such as VIANs 

Eases mteJ!rattOn mto extsttng mstalled base of 
1 0-Mbps Ethernet hubs and adapte\'1 by preservtng 
wtrm~ hardware allá appltcation inve.stment. 
ieverages ex.tsttng LITP support allows iong
dtstance runs wtth fiber across a campus. increases 
capacity .,.,,¡h full-duplex opera! ton 

Htgh densil), lov. cost per tnlerface ronnectton 
mto extstm~ telco-confillllrtd wtnng 

Higher denstty !han compelttors 

Ensures compaltb!IJty wtth a Jarge number of 
100-Mbps Ethernet hubs and adapte/'l. uses cost
effectt~ UTP fur de~ktop connect1vity; alloW5 
lon¡;¡-dtstance runs v.1th fiber across a campus m 
ru!l-dupleX mode. increases capacilyWtlh ruJI· 
duplex mode 



Catalyst fiOOO Features and Benefits 
The Catalys:t 5000 LS a strateg1c sw1tchmg plaTfotm that wdl supcort ttle growrng 
bandwidth needs of todav s won:groups IT ofte~s users a suateg1: toundatLO:'liO 
s:1rf<: trom shared med1a hubs to sw1tchmg m me wmng clase: 

Standards-Based 
Interfaees 
(con'!) 

Virtual LANs 

Network 
Management . 

S~itch 
Management 
ApplicatiOD$ 

Feature 

12 interfaces of JOOBa.seTX per module 

FDDI connectlon to badtbone, switch. or router 

ATM backbone ronnectlon to ATM SWitch 

Onboan:i hardware dlagnostiCS and LEOs 

1024 VIA.Ns supported 

In ter Sw!lch l.Jnk (lSl) 

Fu!l Si'\MP management (Ethernet MIB.ILMJ MIB. 
f'OOJ MI B. Bridge MIB, AToMTC. MIB n. and 
system extenstons) 

Local (out-of-Dand) management 

ln-Dand (Telnet) m&nagement 

Management con.sole 

\.\'RA.\1 

F'lash memorv for TITP dovmloacVupload of 
ope"ratm¡:z softv.·are 

~tatus LEOs 

Crsco\'Je.,· applltatJon 

\1M man~emcnt appltta.lton 

Functlon 

Uses female RJ-45 oonnectors 

Ptovides scalable. high-speed connection to 
server; offers connection to choice of multimode 
(MIC female). smgle mode (ST female). or 
Category 5 UTP (RJ45 female) cabhng 

Provides scalable. h1gh-speed connection. orters 
connedion to choice of multimode or smgle mode 
fiber 

Status LI.O on each module shov.-s successful 
completJon or mmor and ma¡or fa¡lure of power-up 
diagnostJc: Ltnk Good LEO shoYiS status of 
lOBaseT and IOOBaseTX mterface; SWJtch Load 
LEOs show backplane data bus utilization 

Ensures high number of swttched VUNs are 
availab!e for enterprise nerwurt: enables users to 
select interfaces on multiple S)'!tem-wide switches 
to cru.te a VLAN; aUows u..-.s to De multiplexed 
between SWJtches usmg Fast ElhemeL ffiDI. and ATM 

Supporu \'I.ANs between switches usmg any Fast 
Ethernet mterfaces forcost-effect1ve pomt-to
potnt desktop SWJtchm~. can operate at full
duplex (lOO Mbps) aver Jow-rost copper and Jong
distance fiber ronnections 

Enables Catalyst 5000 lo be managed from an 
SN\IP-based management stal1on 

Supemsor has an EIA/f!A-232 interfact for 
m~m orconsole tenmnal connect10n 

Accessible through any SWltched or ATM interfac-e 

Command hne interface 

Preserves confi1lJrnlmn mformallon 

Remotel\' dov.'Tlloads new ff'VISIOOS of operatm~ 
system ~A1thout hardware change 

Allows user to \1Sually monitor opf'ratlon oí powt>r 
suppltcs. fans. switrhes. and Mck.bone tntf'rfaces 

f-'to-.1des mtu!lt\'t', GCI 1ntcrfarc that supports 
chas.sts ph\'Stral \1CIII, confi¡ruratton. pt>rfonnanc-e 
monrtonn~ and trouble~hoottn~ 

lntull!\'f GIJI for addm~ new u~ers. mo\'mg ust"rs 
betwecn Wln n~ closcts. chaog1ng ustrs' \'[...\]\~ 
aswC1at10ns 

Benefit 

Ptovides lo"'-er-rost. 100-Mbps interface to rouiers, 
hubs. and adapters 

Ensures mteropcrabihty and rompatibiiLt)-' vmh 
ex1sting FDDI networks 

Connccts toA B! backoom· 

E.nablcs ras~ \JSual troubleshootmg 

Wes network adrmn1stratwn by cnablm¡;¡ uscrs lo 

be logically groupe-d to~ether re!lardlt>ss of physrcal 
mterface locauon fo~ performance and secunty 
cons1derations: prondes \'LAN capabtltiY Vt1thout 
fon:in.: usel'5 to mvest in nev. b.ackbonc tcchnolog:. 

Levera¡les cost-effcctJvc Fast Ethernet tcchnology 
lo pT'0\1dc VU\s across an or¡;¡:anrzatwn s nctv.urk. 
offcrs increased Fd.St Etnl'mct capaclly at art 
incremental cost 

Wes mana¡!f'ment from mstalled nerwork 
managemf'nt platfonns 

Mana¡!eS Catalyst 5000 from dtrectly attachf'd 
tennmaJ. modem or PC 

Man~es Catalyst 5000 from anywherr rn !he 
networl. 

Prmidcs e.uy-to-u~c ASCII tcxt mterface that 
requires no spcnal apphcatwns 

l.a~f'~ 'I"'J',Ch ronft!<UTiltJOO .lOd nt.llnlf'Oi!Orl"' 

Ht<!Urt''l ros: of aamtntsl!mn¡! soflwan· J:JI!radcs 
b~· pro\ldtnc rentra:m·d network manac!'mcnt 
capahil1f! 

!:::.a~f'S s"' ttrn a:acno~t'l a.nd troublf'snootm~ 

S1mp!tft~'l ~v.Jtrhf'd mtemerwork manol8'rmrnt. 
pro\Jdf"' mtf'SU<Itf'cl mana~ement solut10n with 
one tool for af'tf>rmm¡n¡:z ~ystem statm 

Rf'OUrf'~ tramtnl.! tJml' and ensuw'lthat admmt~· 
tratnr .,¡1] b!' a bit> to mana¡;¡:f' VLAI\s 
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Planning for High Bandwidth Demand 

Enterprise networks linking deshop and mobile 
computer clients witb servers and other computing 
resources are critica! to tbe information flow witbin 
many of toda y· s companies. 

However. demand for more capacity is beginning 
to strain the capabilities of tbese networks. As current 
tcchnologies are pushed to tbeir limits. MIS managers 
are under pressure to provide users witb more band
widtb while continuing ro preserve and optimize exist
ing investments. 

A network manage¡: planning ro meet bandwidtb 
demand by expanding an existing nerwork or designing 
a new onc mtLst answer a number of critica! questions: 

2 

• Which high-speed technologies will best meet 
network requirements for various pans of tbe 
network now and in the furure? 

• How should tbis technology be implemented
witb mixed-mcdia hubs. switches. multiplex
ers. routers. ora combination of products 0 

• Can highcr bandwidtb be provided for back
bones. scrver... and chent PCs ata reasonablc 
cost. and witbout introducing unnecessary 
complexiry? 

• Will users of new technologJes be ablc to 
communicatc transparcntly witb existmg 
LAN uscrs0 

• 

• 

How can thc network be opumizcd for ne\\ 
client-,crvcr applications'' 

And. most tmponantly. how can this migra
tion to higher performance be accompltshed 
wtthout dtsrupttng tbe extsting network and 
sacrificing producti\'ity? 

Customer Guidelines 
In formulating its performance migration strategy, 

3Com followed certain guidelines articulated by net
work managers in di verse companies and organizations: 

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

• Migrare tbe network in a series of steps at 
minimal incremental cost. 

• Implement new capabilitics by building on 
earlier enhancements witb no loss of func
tionality. 

• Maintain seamless conÍJectivity throughout 
tbe configuration. 

• Simplify tbe task of managing the network. 

3Com assimilated tbese guidelines into a compre
henstve and balanced strategy tbat is botb technically 
sound and responsive to long-term requirements. 

High-Performance Scalable Networking 

Witb 3Com's 1-!PSN strategy. nerwork planners can: 

• Build on botb cunent and emcrging LAN 
tcchnologies to meet present and future needs. 

• 

• 

• 

lmplement lower-latency connectivity systems 
in tbe workgroup and campus backbone for 
better performance . 

Scale network performance to mcet specific 
business requirements . 

Extend tbe reach of toda~'s LAN resources 
by drarnatically reducing the cost and com
plexity of providing remate and WAN con
nections across tbe enterprisc. 



As shown in Figure l. the HPSN approach applies 
to ail poltions of the network-the workgroup, per
sonal office, remate office, building/campus back
bone, and WAN. And HPSN builds on the full range 
of3Com's network products. · 

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

F1gure 1 3Com s H1gh Performance Scalable Nerwarkmg Srraregy 

Among these products are: 

• NEI'Builder rre bridge/router 

• LANplex~ 6000 and LANplex 5000 intelli-
gent switching hubs 

• LinkBuilder" 3GH intemetworking hub 

• LinkBuilder MS~ multi-services hub 

• LinkBuilder FMS~ and FMS Il stackable hubs 

• LinkBuilder TR Token Ring hub 

• LinkBuilder FDDI concentrator 

3 



Today's Collapsed Backbone 
Architecture 

As part of the evolution from a single LAN per 
building to separate LANs on eve¡y floor, most forward
looking network managers are reconfigunng therr dis
tributed networks to collapsed backbones. A collapsed 
backbone configuration avoids having to put a router 
or switch on ea;h floor. Instead. each floor's horizontal 
LA!'! segments are repeated across a vertical downlink 
to a single router. which is usually located in the base
ment along with a group of high-end servers known as 
a ·-server farm. ·· 

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

F1gure 2 Collapsed Backoones w1th Multiple LAN Segments 
on the Th~rd F!oor 

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

lbis arrangement collapses the network backbone 
onto the high-speed backplane of a router. (An intelli
gent switching hub may also be used for this purpose, 
but for the sake of brevity most examples in this paper 
wi1J assurne that the device is a bridgelrouter.) In the 
case of 3Com's NETBuilder ll bridge/router. data 
moves approximately 80 times faster than it would on 
a distributed Ethernet backbone, and eight times fas ter 
than on an FDDI backbone. The hubs in each floor's 
wiring closet continue to concentrate the LAN floor 
segment.s. but networking intelligence and compleXJty 
no-w reside in the basemcnt with the collapsed back
bone router. 

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

''} 



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

As the demand for bandwidth grows, a performance 
bottleneck can quickly result if all the users on one 
floor share a single LAK A collapsed backbone can 
split users across multiple LANs because eacb new 
horizontal LAN segment can extend vertically to a 
collapsed backbone router port using a separate fiber 
downlink. This effectively scales the bandwidth of the 
vertical cabling infrastructure in proportion to the 
number of horizontal LAN floor segments.· . 

Figure 2 depicts two possible configurations of this 
type, one using a NETBuilder II bridge/router as the 
backbone device and one using a LANplex intelligent 
switching hub. In each configuration. three horizontal 
LA..t\1 segments are deployed on the third floor. This 
increases floor bandwidth by a factor of three, each 
with iL> own downlink to the router. 

Overcoming Constraints on Downlinks 
Additional vertical downlinks do not usually requine 

new cabling installation. since most buildings have 
spare fiber pairs in each floor's bundle. But one con
straint on the addition of downlinks is the router's port 
capacity. The manager must make sure that the col
lapsed backbone device has enough portS to handle 
both current and near-terrn furure downlinks from the 
floors. Of course. multiple collapsed backbone routers 
can al ways be loca red together. 

Another limiting factor on the number of down
links is increa,ed complextty. Segmenmtion improve; 
performance. but ll also means there are more LANs 
to manage. For exarnple. if lP is used as a network 
!ayer protocol. each new segmem requires its ovm IP 
network number. complicating admmistration and 
depleting the orgartizauon 's allotment of IP numbers. 

To reduce complexity. the manager could. for 
examplc. group the dov. nlinks associated with the threc 
third-floor segmems and connect them toa bndge. 
which in turn would be connected toa pon on the 
router or swnching hub. Bridging the three grouped 
LAI\ segments in Figure 2 into one logical workgroup 
requires only a single IP network number. and the 
router insulares this group of LA.Ns from the others. 

However. thts solution reqUJres an extra bndge. 
adding to the delay m the verucal infra,tructure. 
Furtherrnore. unless the pon connectmg the externa! 
bridge to the router is equivalent m speed ro the three 
downlinks. thc bnd~e traffic mav becomc congested. 
A further considemuon is that addmg a htgh-sreed link 
between the externa! bridge and router increases cost. 

Port Grouping for Virtual LANs and Workgroups 
These problems with bridging may be resolved by 

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

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

A virtual LAN that takes up more than one pon on 
the bridge/router looks like a single LAN to the nerwork. 
But because the administrator can still routc traffic 
between virtual LANs, pon grouping retains the advan
tages of fulJ multiprotocol routing. Furthermore, since 
port grouping is provided in a router. techniques lik.e 
proxy address resolution protocols (ARPs) can reduce 
broadcastfmulticast traffic within the virrual LAN. 

Ftgure 3. E.xample of Virtual Workgroups wtthtn a Buifdtng 

Ftgure 3 shows an exarnple of multtple virtual 
workgroups. In this cxample. the engineering. market
ing. and finan ce groups are kept separa te ( insulated by 
a "firewall"l to isolate data resources and manage traf
fic between these vinual LANs. Usmg pon grouping. 
all of the engineering LAN segmenL' are combined 
imo a single virtual workgroup. evcn though they are 
physically divided imo three segmem., sprcad across 
two floors. The virtual workgroup is asstgned a single 
lP network nurnber instead of threc diffcrcm numbcrs. 



Creating virtual workgroups using a single IP net
work number (because they are on the same virtual 
LAN) mitigares 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" con.figured in the 
NETBuilder II without changes to the physical plan!. 

Creating Routing Clusters with Switching 
When nerwork traffic proliferates berween the 

buildings in a campus environment, the result is an 
increase in demand for bandwidth on the campus 
backbone. Nerwork managers often respond by con
necring buildings with a single, shared 100-Mbps 
FDDI network. 

As the nerwork grows, however, each building may 
have hundreds of devices contending for bandwidth 
on the single, shared interbuilding backbone. Another 
problem is that users and workgroups often need to be 
relocated within the campus, while the server they pri
marily communicate with remains in a cenrral server 
farm in another building. As a consequence, the cam
pus backbone becomes a traffic bottleneck. 

o 
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F1gure 4. Three Altemavves for lmplementing Campus 
Router Clusters w1th lANplex lntelligent Switchmg Hubs 

To accommodate growth and alleviate congestion, 
a switching hub such as 3Com's LANplex can be used 
to create roU!er clusters-private. high-speed switched 
1inks to each building. LANplex devices allow each 
building to have a private link comprised of either a 
10-Mbps Ethernet or 100-Mbps FDDI. Another 
approach is to use ATM cell switches and the ATM 
DXI interface on the routers. The ATM DXI interface 
will accommodate speeds up to 52 Mbps. full duplex. 
Figure 4 shows three altemative campus backbone con
figurations that can yield a significan! improvement in 
performance compared toa single FDDI bad:bone link. 

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

Increasing bandwidth within the workgroups 
means increasing LAN segmentation on the floors. 
BuL eventually. the admirustrator runs out of spare 

Building 3 

Building 3 

\\··, 

-. 



1 
1 

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

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

To support high-speed dov.nlinks. the per-pon 
frame processing performance of the collapsed back
bone needs to be increased by approximately a factor 
of 1 O. There are numerous ways to accomplish this 
performance scaling. AJI of them require distributing 
sorne leve] of routing functionality within the collapsed 
backbone router. 

Route Caching for Scalable Routing 
The preferred way to scale performance is to dis

tribute only the simpler high-performance frame for
warding logic to the port interface cards. otherwise 
known as the pon swirching engines. and to centralize 
the complex route determination logic in a cenrra/ 
rowing en¡;ine. 

This is termed an ··advise-and-consent"' approach 
beca use the first time a destination is "seen" by a pon 
switchmg engine. the central routing engine determines 
thc route and te lis the switchin:; engine how to forward 
subsequent frames with the same destination. The pon 
switching engine thus performs the forwardmg opera
tion with the advice and consent of the central routing 
engme. 

The pon switching engine remembers the routing 
informanon in a roure cache. Route caching adopL' 
m<my of the caching principies used to speed memory 
access in mainframe virtual memory caching schernes. 
but w1th one significan! advamage: Each switching 
engine JS responsible for routing only thc fmmcs from 
end systems associated with thc attached downhnk!.. 
Therefore. each pon switchmg engine "sees" only a 
few routes compared to thc total number of route; 
available to the central switchmg engme. Al so. from 
the perspective of thc pon switching enginc. thc 
routes the cnd systcms use do not changc frequently. 

A; a result, the swaching engme's cache hll ratiO 
lthc rate al whtch references lo the fastcr-acceS> cache 
memory are succcssfulJ over a 24-hour period ts likely 
to be ,·ery el ose to 100 percent. V."rth route caching. thc 
framc-forwardmg capactty scales propontonally to the 
number of high-speed downlinks. 

LinkSwitch for Connections Between Segments 
H1gh-speed downltnk suppon also reqUJres sorne 

lcvel of intemerworking on the !loor for atwclung 
Ethernet and Token Rmg LAJ\' segmenl'. The chal
lcnge ts to move stmple. lo\\ -cost internctworking: 

functionality-a forrn of LAN switching that 3Co. 
calls LinkSwitch~ technology-to the floor without 
giving up the full-function benefits of a collapsed 
backbone router. 

LinkSwitch is an extension of the advise-and-con
sent technique. It behaves like a NETBuilder II pon 
switching engine for its anacbed LAN segments. Like 
the pon switching engine. if it knows the route. it han
elles the forwarding of frames mdependently with the 
advice and consent of the central routing engine in thc 
collapsed backbone router. 

LinkSwitch technology is planned for release as a 
set of modules in the LinkBuilder IV!SH in late 199-f. 

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

Figure 5 shows an example of a urlique high-speed 
downlink solution using a LAJ\iplex switching hub and 
a NETBuilder II bridge/router. The LANplex provides 
FDDI downlinks configured as threc FDDI segments. 
with each segment defming a separare workgroup. Each 
higb-end server in the server farm is anached to the 
FDDI segmem associated with its primary workgroup 
by means ofbridge-per-pon or FDDI concentration 
within the switching hub. 

F1gure 5 H1gh·Soeed Downlmks lrom Erhemer LANs through a 
lANplex toa !'::TBuilder 11 



The NETBuilder TI provides full-function routing 
between the three FDDI segments and an FDDI campus 
backbone. The result is three extremely higb-speed 
workgroups within a building with complete firewall 
protection between them and the campus backbone. 
Performance is scaled by distributing intraworkgroup 
frame-forwarding to the LANplex switch, while 
assigning the much more complex route determination 
logic 10 the NETBuilder TI. 

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

ATM as a Downlink Technology 
One issue that wiU eventually have 10 be resolved 

with rcgard 10 LAN downlinks is the fact that al! the 
segments switched into the downlink must use the same 
network nurnber. or they must have a full-function 
router at both ends. Cenainly multiple downlinks may 
be used. but even this approach will presenta density 
problem as the number of LA.N segments increases. 

The 155-Mbps multimode fiber interface spectfied 
by the ATM Forum is an ideal technology for enhanc
mg the speed of downlinks. ATM offers a number of 
advantages 10 manageridooking for a high-bandwidth 
alternative that can handle advanced network applica
tions and ¡,'Towth in the future. 

Because the identity of a LAK segment can be 
retained by mapping it to an individual virtual channel. 
a smgle ATM downlink can forward frames from LAI'-J 
segments associated with muluple network numbers. 
ATM allows for considerably more LAJ"' segmentation 
without using up fiber cablmg paus. A single ATM 
link w¡ll easily suppon 15 to 30 Ethernet or 10 to 20 
16-Mbps Token Ring LANs on each floor. 

If each LAN segment is mapped toa different vir
tual channel within the downlink. every scgmcnt can 
be identified by the router. NETBuildcr TI can now 
perfonm virtual charmel groupmg. allowing the admin
istrator to creare vmual LANs JUStas though each seg
ment had its own dovmlink. The ATM downlink. which 
uses existing multimode fiber-optic cabling in the 
buildmg riser. may be implcmentcd by simply adding 
new modules to the collapsed backbone rourer. and 
adcling new modules to chassis-based hubs or new 
unm to huh stack>.. 

LAJ'\i downlinks transmit variable-sizc frames. 
and consecuently have variable delay-known as 
/arene\·. AThl dmmlmks overcome latency by scgmcnt
mg frames imo shon. fLxed-Jength blocks called cells 
Data. real-time ,·oice. and video transm1ssions can al! 
be transmined together through an ATM pipehne. 

o 

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

CeiiBuilder for ATM Conversion 
3Com will suppon ATM downlinks using 

Celi.Buildel"" technology within LinkBuilder MSH 
and LinkBuilder FMS hubs. convemng Ethernet and 
Token Ring frames into ATM cells for transmission 
across the ATM downlink. When cell.s are received 
from the ATM downlink. 3Com 's Ceii.Builder tech
nology perfonns the reverse process. reassembling the 
ATM cells into LAN frarnes for transmission to the 
stations.* Figure 6 illustrates this conversion process 
for an ATM do-wnlink on a building backbone. 

ATM Cett~ ATM 

Songle ATM 
Downhnx 

ATMI~rface 

NETBu1lder 11/lANple~ 6000 

LAr.; Segmen: Framn 

LmkBo.~•t(!er "-'.SH•'FMS Hutl 

•'. 
"·.'' 

Figure 6. Cei/Bwlder Support for LAN Segments on an ATM 
Downlink m a Building 
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lntegrating Meshed Campus Backbones with 
ATM Switching 

Forward-looking network planners may choose to 
Iav the foundation for A1M downlink and desktop con
n~tions by deploying ATM switching in the campus -
interbuilding backbones as a way to create router clus
ters. The NETBuilder II bridgelrouter's multimode 
fiber ATM module interface supports meshed campus 
backbones with speeds of 155 Mbps. ATM provides 
!ow-latency, high-speed switching between buildings, 
while NETBuilder ll and LANplex switches segment 
existing LANs. 

This campus backbone will have a very high 
a~~re~ate bandwidth. with data rates measurable in tens 
ofgig'itb!ls per second. A bandv.idth of this magnitude 
could serve up to 20.000 Ethernet nades .. 

Ficure 7 Usmo ATM Sw1tchmg to Cross-Connect IAN Segmenrs. 
a~:: Rourer clusrers ro Build an ATM Campus Backbcne 

HPSN Stage 3: Enhancing the Collapse~. ... 
Backbone with Routed ATM 

The standards-compliant A1M 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. 10 a specific router or router pon. Such an 
arrangement is shown in Figure 7. 

Cross-connecting LAN segments improves per
formance because the traffic load is shared across 
routers . .Splitting traffic across routers and hubs also 
has the advantage of protecting the nerwork against 
componen! failures. Furthennore. "hommg ·· of seg
ments is possible-for example. the LAN segments 
making up a virtual workgroup can all be directed, or 
homed, to a single router. That way. the adnumstrator 
can change the homing segments withom having 10 
alter the physical network. 

Route Detennination for ATM End Systems 
There are two major functional componenL~ of an 

ATM switch. The ftrst is cel/for.mrding. or digital 
cross-connectlogic, which to date has rcceived most 
of the attention. In general, once a vinual channel has 
been established, ATM switches have exceptional 
high-speed, low-latency cell forwarding capabilities. 

The other functional componen! of an ATM swttch 
is mute determination. which scts up the vtrtual chan
nels. In curren! LA. N environmenL~. route determmation 

col!apsed backbone router. This leve! of auwmatic 
funcuonalitv is also needed in !he ATM environment. 

Since e~d svstems use manv different protocol 
stacks--<:ommÓn cxamples bei~g TCP/IP.IPX. 
AppleTalk~ and DECnet•-the routc determination 
function needs ro be protocol-dependent. The eastcst 
way to accomplish this is by adding ATM to !he ex ten
si ve! y developed multiprotocol route-determination 
logic residing in the switching engine of the collapsed 
backbone router. Standardized methods for route deter
nunation are expected to emerge from work: being con
ducted bv the ATM Forum on LAK cmulation. and by 
!he Internet Engineering Ta~k Force (!ETF) on routing 
over ATM. 



Figure 8 illustrates how ATM route determination 
works. An ATM end system establishes a virtual chan
nel to the collapsed backbone router and transmits its 
route deterrnination frames (for example. ARP frames 
for IP) across this vinual channel. 

Ftgure 8 ATM Swltchmg w1th theATM End System Functioning 
as a Sw1tchmg Engme and the Router Actmg as a Routing Engine 

If the destination system identified in the route 
determination frame is attached to the same switch 
(that is. it has a vinual channel to the router). the rout
ing engine in the ro u ter helps set up a vinual channel 
hetween the two end systems for direct communication. 
Otherwisc. the routing enginc helps set up a vinual 
channel between the requesting ATM station and the 
collapscd backbone router. which in turn forwards 
frames to and from the end system. This end systcm 
could be either at the local LAN or at a remote site. 

From a11 architectural pcrspective. then. ATM 
,wttchmg is an extension ofthe advise-and-consent 
t~chmque: A central routmg enginc works in !aildem 
with a switching en¡:ine to optirnize nctwork throughput. 

Managing the Network 

HPS?\ implements 3Com ·, Transccnd'" familv of 
network applicalions. Thc Transcend management 
archnecturc goes bcyond individual devices to control 
logical systems inade up of al! the de vices in a particular 
workgroup. buildmg. campus. remate officc. or WA!\. 
Thc aclnunistrator can managc logically connccted 
groups of nodcs as a single entiry. r:uher than ha\'ing 
to corre late infom1atton from hundreds of dispersed 
dl:\ ICe:-. 

The architecture takes advantage of 3Com · s breadth 
of current products and SmartAgent- intelligent de\ ice 
agents, while also supponing Simple Network Manage
ment Protocol (SNMP) compliant produm from other 
vendors. More intelligence can be added in the future 
to automate management task.s. 

Because an SNMP Management Information Base 
(MIB) for ATM is being defined by the Internet 
Engineering Task Force. incorporating ATM in 
Transcend applications will be straightforward. 
Transcend applications run on most popular manage
ment platforrns, including Sun·s Suru'J~t"" Manager 
and Hewlett-Packard's Open View~ 

Today's Foundation for HPSN Migration 

3Com's HPSN migration strategy inn1lves an 
evolution of the network, not just the upgrading of 
individual network components. As cach new capabil
ity is added to one arca of the network. complementar)' 
capabilities are already in place in other areas. By 
orchestrating network changc in this way. you can max
irnize your return on invesnnem for each tmprovement. 
3Com is uniquely positioned to suppon thts rnigration 
process because the 3Com product line spans the enttrc 
network-from local workgroups. to campus back
bones. to remote users. 

Equally critica! to cost-effecttvc performance 
migration is the ability to expand the capability of the 
network by adding new functionahtv to thc devices 
that have airead y becn installed. As this paper points 
out. 3Com products shipping today ha ve this expan
sion capability. ll1ese future-proofcd products allo\\ 
the network manager to estahlish the foundation for 
performance migratiOn while sull protectmg network 
invesnnents. both now and in the ycars to come. 
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~ Oklanoma Tetemed1Cine Network 
_) 

The Power of a New 
Medica/ Technology 

bpens m the field note that the image

onented nature ot med1cme makes the 

applicatlon of 1elemedicme 1he ideal 

pa:~cnptlon lor 1mprovmg rural health

care and Im~,-'ering costs. In essence. the 

nctwork become ... directl: imolved in 

tih: dl.!PlC1"llC proce""· whH . .:h hJ.::. a ~~g

nili~am beann~ on the co~t :md timclme"~ 

nf -,ub-.,equent treatment. 

Tdcmedicine is also in step with the 

~ro\\ mg emphasis on preventive carc. a 

comp0ncnr found in mo<;t broad health

C:.JJC reform propo!:.:..!b. By a!lowmg the 

rural patien(-=. prim:.~ry can:: ph:~JcJan 10 

,upcn ¡-.:.:: ,mJ dJrcct care-gJ\'Jng local! y. 

rarllcr than reterring the patJcnt lmmedJ

;nely w a Il'glonal ho:-rita!. telemedKme 

;ucb in the ei.lrly detcction of illne::.!:.e.-. 

and help.., speed diagnosi' Aftd the con

\'CT1!Cr1Cl' of !oca! carc encouraf!es pa!ient;; 

to \ ¡-.¡¡ thctr loca! docwr rnore afien for 

ro~t:::1;,.' ;,_·hc .. :i\-up..,-brmgtng cxpert e::~ re

~~\ :.:r-. :H !h;.: rcg10n.i! ho~pll..ti mto th~ 

!nClp :11 thc earltc:-1 diJgnml!c '\tagc~. 

RL·~--·m róulh !mm .1 tclemcdtcmc 

': .... ter~ m Gc0r~1.1 d::mlm"lrJtc thc tcch

;¡nh~~: 'rrom!'L' pa:icm lramlep; trom 

rurai :J::!Itt!C" !tl rc~lon:.tl or urtxm c.:mcr-' 

\\ ,,:n.· fL'U!JCl'J r: S:' rcrcem .... a\'lng ¡X.JIH;'nl' 

b11th ll!llL' amlrnnrh.'!· :1nd 1110fL' tmpur

t:mil:. :cducm~ (kl:l:' 111 trc:llmc;r 

"kll'nh.'dlcH~;: ¡.., ... unrly :m Jtlplic:J!Illf"! 

1,1· :: H tlL'-Jrl':! n::t \\ 1" k lllg mfr.t<.,tnJCtUfL' 

. \ h:t,l ... : tckmcdtclnc ":,¡cm tncorpm:.Jlt'' 

111\,t~L·-:;.l!ÍlCfl!l~ JJl(] Jnl.I~C·!íail'-lili..,\IUI~ 

h:1;d\\arc. n1Liudtr::; \\!tk'-:m::J !ttü .. , 

h:l\\'.:L'Tl rl':m)[l' "He' :md l:trf:Cr r:.:~1on.d 

The Oklahoma Telcmedicine Nelwork. 

designed and installed by systems inte

grator CPI/MtcroAge. relies on 3Com 's 

high-perfonnance routers al the larger 

regtonal hospitals. Each rural hospital i< 

eqwpped wnh "3Com remotc office muter 

for handling transm1s~ions over the net

work \ T-1 1 me; 

The rJdJO!ogy applicJtton conti.gured 

by CPI/~f¡crcl:\ge at each niral ~ne re he~ 

on a S un· workstalion and a Kodak • 

tmage scanner that dignizes x-rays and 

transfers them toa color screen with a 

2.000 '2.500 ptxel rcsolulion tn abou1 

tlve mmute~:.. 

Al each rural ho<pital a :1Com hub 

prov1de~ wtnng conccntrallon as pan of 

3Com ·, SupcrStad .. · system archnecture 

for butldtng complelely <lackable. cosl

effecti'e network.::,. Apple i\tacinto~h

computers at each 'lite carry ba~tc admtn

¡-;trJ\1\'e productl\'11: applicatlon:~. a~ \\-'el! 

::~:; Lotu' !\ote.:o- ,oftware for rnter-ho.:;pnal 

c0mmumcaunn". And )(om '-. Tran\ccnd 

.... armare prÜ\'idL"!- the necc~~Jr: cemral

¡zcd mamgement tor the entire network 

Evolution of the Ok/ahoma 
Teiemedicine Network 

Tnc Oklahnma T¡!h:med1c1ne !\¡!tworh 

f0Tr\¡ hq:an ;J\ :1 <;;i:J.te-funded p!lo: 

proJL'l'l ~11 thl' L 111\'L'f,Jt: nf OJ...I.ümmJ \ 

He:dth ScJcnLt.'' Cemco 

In !h:n ml!l:..~! tL"t. ..,~., rur.d hn,pnal.., 

\\:.:re hnht.'d tn the lrmcr..rty tn ,·alidatc the 

tclcmcd¡~·mc cnnccpt lntcrc:-t grew-and 

'o drd tlh: numtx=r o! rur~l ho..;pnaJ, :-.ed .. -

!11~ to _10111 tht: nctwnrJ..... bnngin~ the total 

In~:\ lnJddlt!Or .. more than \) regJOnal 

hn..,ortal.., Jn.: aho panJo..:rr:nm~. 

The full rollou1 of the afN i; receiving 

federal ;uppon. Seeing 1elemed1cine as a 

viable economJC devdopmenr too! for rurJI 

communities. lhe lJ.S. O..,panment of Com

merce a!located S-4.5 mili Ion 1n hllx:!.. ,!!r.mto.; 

to fund the rirsr two ~~.1r" {1fthc prl)_!t!CI. 

Money thattypically wa:-. cicdicated to 

buildmg local road-; :md hndge~ ¡, com

ml!ted m;;tcJd 10 o;upronm,t: .1 nt'\\ )...md 1)f 

infra'itructure mve:-.tmem-:r ruralmfnr

mation h1ghwa~. 

The:..e grants are suppm1ing the mm! 

ho~pitals · im·olvemen!. \\ hdc rhc re~JOnal 

medica! cemer-; are pan1crp~llmg atthetr 

own cmr. \VJthin I\\O yl"ar:-.. ~:rving' from 

the network are nrcctl·d \\) rmcr the cn't' 

of mvolwment for tlk' rur:d ho~ptt~t), -J." 

they gam the ahdl!y tn n·c:!t morc p:Htent:-

locallv. 

The three pnmary _t:lKtl-. ofthc llt:'t\\orl.."s 

mitial application \Wrc :.~cceo.;.-,, ~ccision 

o;upport and w•efulnc'" ":ttd Gene Hoppcr. 

d¡rector of thc O!..l:!iwm:t Tclt'mcd!L'Jnl' 

;\('\\\'Of~. 

'"RUIJI prcl\ 1dt::r:-- :t:-,· ¡,olatcJ. Jnd 

medtcine chan~c-. r:tf!tdl: ::~he <.,atd. ··1h~\ 

wantcd mnrc \Uppnr1 t'dr !hi..' dcet,ron~ 

they \\Cre maktn~ ,tll\JUt trc.ument -\nJ 

rural profe~"ionab .Ht' trymf_ 10 p!o\·idc 

C:\CeJJt:Jll Glfl' \\ lth !lllllllll,il IC\llUfCC\ 

A telcconfercncm~ !(Hl] that phy,tnan' 

\I.OUJd li'IC Olll"L'.! \\Cl'k dni !lOI!llCt'l !he 

rural ho...,ptt.d ~ pnm:1; y nL·::d·· 

... ~ 
.,,, 

,. 



In shon. ruml healthcare providers 

n~eded acce;; to infonnation wherever it 

resided-and acces' on their own tenns. 

"Wtth lhe;e fundamental needs in minct:· 

Hopper said. "mdiology was the logical 

tirs1 choice among appltcalions:· 

\\'ilhoul 1he nelworJ... rural palienb can 

expec1 to waillhree 10 five days befare their 

\-ra~ film cm be read by a buard-cert1fied 

ratiJol0gJ..,t m rhe regJOnal hospital Th~ 

OTN prom~ .... c.., 10 reduc~ th:.H wmarounü 

!lnlc' to JU~t 15 mtnute'i m emergency snu

:.~tion:-- :.~nd leso;.. than an hour tn non-life-

. Ihreatcnmg snu:wom.. 

Bu1 Hopper added tha11ele-radiolog~ 

""iu.'l !he 11p of the tceberg. We'lllool

mto tele-cardiology. tele-dennatolog; 

and ntJP._\ nth~r medrcal app!JC3!10n~:· 

~he ..,.ud "'Wt' can a],o u .... c' it for educa

uon. ;md ~h.:cc_.,..., 10 enonnou-. mfom1~t1on 

Jl'..,ource' llh.c nh;.mn:.rceuucJI dataha::.c" 

and lnerawrc sen ice:-;.~· 

Ba ... J:.: electrom:: com:nunic.:uion \'IJ 

l·-m:nl ¡-. 'JC\\t:d :¡.., ~mothcr 1mponant 

:J\h',lll!J~c. r:.11'1in~ the le\'d 0! 120mmu

nh.·Jt!lm hl'I\\CC/1 cnllcaguc ... and ru;-aJ 

.J~cncJe~ .. ..\nd in manJted-ca:-c cnv¡ron

rll:..'nt'- '' hcrc L'(h! ;..;.¡\ mg" Jrc k t.'~ lo the 

nr~ani/.lllon·, ... ucc¡,;~..__¡h.: nct\\Dr~ ha" 

potential for increasing admmistrative 

efficiencies and helping ho;pital officiab 

evalua1e costs and procedures. 

"Whal we can do wi1h lhis iofrastruc

ture JS unltmned:· Hopper said. "Our 

funding. however. is not-~o we started 

'~ ith radiolog~ ·· 

Building the Oklahoma 
Telemedicine Network: 
lnitial Project /mplementation 
lo ¡he lío,! phase oi !he OTi\ project. 

3o smaller rural hmpitals will connecl 

10 larger. full-service. regional healthcare 

faciliues and to each other via a statewide 

WA,\ over T-1. lines. F1rs1 to go oo-lioe is 

the radJology-tmagtng appl1cation. wh1ch 

w¡JJ reduce 1he ltme needed for proper 

evaluauon (lf \-rJy." from 'ewrJ! day.' to 

ahout l:í mmute:-.. 

Each mral :-lit.' hJ~ J. JCom router. 

~Com hub. a Sun \\Orbtauon. Kodak 

image scanner and \ 1acintosh compute[). 

TI1c JCom 'olu!lon~ are p~Hl of the mn0-

vatJ\:..' Supt>rStack '~ -aem of complete!~ 

~tad.ah!c :"ernotc-:-.l!t' and lkp;.mmcnwl 

nct,,mk~. SupcrStack ,~qem solutJon:-, 

mcluck '' 1:-m~ ;.:nncrntrauon. hndginf.. 

íOUIIIl~. l.\' '\\il.:.'hlll~. rl'duncl;mt p\l\h'l 

'upplies and SDLC converstoo-all .... ·. 

de!>igned to be economical and easy ro 

install and manage. And 3Com·s Bouodary 

Routing' system wftware cemralizes com

plexily in 3Com ~ETBu!ldcr ll romeo, 

at hub site\ '' here ~uppon 1:-. prcn 1ded. So 

acces:-. can OC C\temkd !n up w 10 time:-. 

as many snes a..; '' tth tradJ!Jonal routers

without any added Jdn11:11"tr~Hi\'e dcmand~. 

Building the Ok/ahoma 
Telemedicine Network: 
Future Plans 
Addi11onal apphcallon .... are C\pccted to he 

rnade avadablt! a~ usrr~ hcc:ome familiar 

with the syqem. A-. liorrcr notcd. ne:1rl~ 

any Jmage-ba\ed dJaf!!lO~TIC rrocedure C:lll 

he camed over thc n>?t'' l1rh :\1 thc :-.:1mc 

time. with tradnwn:tl b.uT:::r' rcmo,·ct.L 

the nei\\'Ork should introduCL' ~~ fll'\\ len~] 

nf competnJon lor ccn.un mcdH..'al ,-.,er\'lce:-.. 

"'\'ow gengraphH> :1rc mpo¡:· noted 

David BlankeÍ1~hip. prn_1cct manager for 

CPir.vtJcroAgc "·\nyt)fll' 111 OJ..Iahnmi.l 

can prm idc th;: \·la~ r~·.1tllll~ :-crYICC 

So tt"' );_omg [¡) Úl,tl'r Lt'mrncrcc \\ hik 

lnwenng CO'>i:--all(i it ·, fOing to change 

thc ''a~ ho,pit:!l" o¡x·r ,Jll' ·· 



·< In this environment, the rural hospital 

could drive expansion of the network 

just a< much as the regional hospitals, 

Blankenship predicts. 

"Regional hospitals realize there are 

a lot of services they could provide via 

this infrastructure:· he said. "For instance. 

after·hours cardiac monitoring toa 40-bed 

rural hospital that can't afford to staff the 

facility" 

"\Ve :tllllc1pate the regional hospnals 

being: creative with new applicauons:· 

he added. ··Then the OTN will mush· 

room Jt an exponenual rate-in sites 

and apphcalions." 

Exploring the Possibilities 
In the future. the OTN infrastructure 

will provide eas1cr. faster acces.s ro vital 

pat1ent records. no maner which network 

facility the patient chome:-, to visit This 

apphcauon can reduce paperwqrk. thus 

allowing healthcare professionals to 

deHJtc more ume to treatment. rather 

than cha~mg records. Individual physi

Cians · ofiice< will also be able to lmk 10 the 

networl-.. using solutions ~uch a~ 3Com's 

..\cce,..;Builder · for dtaling m to gain ea~y 

nctworJ... access. 

Other p:mners involved m the OT\ 

proJeL:t include: Acces~ RadJolog). Apple 

Computer. AT&T. Kodak Health lmagmg 

S~ ,¡cm~ :md Lolll.s Dcvelopment. 



Telemedicine network promises 
better and faster care for less money 
In n:cent years. landmark developments in medica! 

rechnology have changed the face of healthcare across 

the United S tates. The effects of many of these break

rhroughs however. have had relatively Jinle impact in 

many rural communines, which are too far removed 

from urban centers where the most sophisticated tech

nologies are supponed by Jarger poflUlations and greater 

economies of scale. 

A comersrone of most reform init1atives today 

is expanded access-puning more people in touch 

with ~ttcr care. Toda y. in rural America. the State of 

Oklahoma. CPI/MicroAge. 3Com and other solutions 

supphers are joming forces to bring that goal within 

reach-through an application of wide-area network

ing technology known as telemed1cine. 

Telemedicme aUow< seasoned medica! special1sts to 

pay "elcctromc house calls .. to even the smallest rural 

hosp1tals and cl1mcs. Network links can send x-rays 

and other clinical unages great distances in amanero; 

minutes. allowmg rural patients and their doctors to 

tap medica! resources and experts once reachable only 

through lengthy travel. 

The Oklahoma Telemedicinc Nct\\ork tOT\'1-

believed to be the largest m thc nation. has contínucd to 

be a trailblazer in this rapidly-evolving network appli

cation. Developec under the auspices of the Health 

Sciences Center at the Univers1ty of Oklahoma. the 

OTN is moving healthcare reform forward today m 

the state 's rural areas. 

And at the hean of this network are prown. practica] 

remote-site networking solutions from ."\Com. 

Representing a revolution in the deliverY of rural 

healthcare. the OTN promises to accomplish many of 

the prirnaJ)' objectives for overall healthcarc reform: 

• Improved care. as rural residents gain access to 
experienced specialists hundreds of miles awa~·. 
"ithout leaving their home communities. 

• Lower costs For treatment. 

• Less time between diagnosis and delirery of treatment. 

• Expanded opportunities for training and continuing 
education of rural medica! professionals. 



El Grupo Financiero Probursa 
(GfP), es un Caso de Exito Internacional 
para Cisco Systems de .~éxi~o, da. do que 
es la primera Instituoon FmanCiera. ~n 
integrar Tecnología ATM en su operacwn 
de Redes. 

Con el fin de dar a conocer en el 
campo práctico las ventajas de las 
aplicaciones de la Tecnología ATM, 
entrevistamos al Ingeniero Jorge Macias, 
Subdirector de Telecomunicacwnes y al 
\ngemcro Fernando Krasovsk::. Gerente de 
I~plantación de Proyectos del GFP 

Los antecedentes de equipo Cisco en 
el GFP datan desde principios de 1993, 
cuando este grupo finanCiero desarrolló la 
estrategia de consolidar en un solo centro 
de cómputo la operación de la totalidad de 
sus sucursales v oficinas operativas, lo que 
representó un a·lto grado de complejidad en 
térmmos de la mtegración y conectivrdad 
de dtstmtas plataformas y redes. A través 
de rutcadores Cisco del tipo AGS se hizo 
postblc resolver estos problemas, además 
de meJorar l0s mveles de d1spombilidad 
mediante el uso de medios redundantes en 
puntos críticos, aprcwechando las 
características de. comunicaCión atómica 
propias de esta tecnología 

La red de Probursa. es decir, la red 
pnnc1pal o hackbone, tiene comunicación 

Edificio 1 • 
¡JJ)):2J)}l 34 Mbps 

m ATM 

tD 155 Mbps 

Cisco Lighstream 
7000 100 

Edificio 2 

f 

entre sus sucursales y grandes plazas por 
medio de RDI v satélite. A su vez, cuentan 
con rutas de ~paldo por cada uno de sus 
enlaces, y están basadas por completo en 
Ruteadores Cisco. La finalidad. de la 
Tecnología ATM en la red, es la de 
comunicar a altas velocidades (155 Mbps) 
los dos edificios corporativos del Grupo 
Financiero: el Montes lJrales 1 ~' el nuevo 
edificio Montes Urales ll, a través de un 
backbone. Ambos corporativos ttcnen 
comunicacaón ATM por mt~dH' de d0:
Switches AtOO Cisco \' Ruteadorcs Cisco 
7000. Como todas las a phcacwne=- se 
comunican bajo ATM, y la pérdida dt• In~ 
enlaces puede ser bast;mtl' críttca. !'-l' h,1 

colocado una tra\·ectona pnncip.1l dt• fibra 
óptiCa COO Un respaldo por ITllCW-011dtiS, 
sobre el mismo concepto de ATM. 

Por su parte el esquema que hL'ncn 
funcionando los Ruteadores 7000 hana lns 
Switches ATM. está estableodc., por b 
tarJeta ATM Interface Processor El 
computador central es un 9121, con 
sistemas AS/400 v comumcacHm con el 
computador Tandém de la Bolsa \le'<Ic,ma 
de Valores IB\1V). 

Primer esquema de 
funcionamiento 

El esquema que St.' pbn!L'(l fut.' dl' 
dos anillos por piso, cada u n.o con dos Tokl'n 
Rings de diferentes Ruteadores 7000 Cada 
anillo cuenta, además, con un,l lll'~.1d,1 por . 
fibra óphe<l ~.-la otr<1 porcohrl'. E:-.tnmuL'Str,l 

Cisco .. 
7000 

Lighstream 
100 

1 

A 



que se cuenta con un esquema de 
redundancia completo de ruteadores, fibra,. 
cobre y anillos, en caso de que se perdiera 
cualquier ruta. 

A fin de disponer de una 
redundancia completa en todos los anillos 
Token Ring, los ruteadores dividen sus 
cargas para todo el tráfico de datos. Esta 
facilidad la da el Stand by Router, para que 
en el caso de que haya algún problema con 
uno de los ruteadores. él o los otros. puedan 
soportar la comumcaciún de todo el 
edificiO. Podemos resumir que el Ruteador 
que soporta las dos rutas, automáticamente 
switchea de uno al otro, Sin perder la 
informaoón que mane¡an los usuano~. en 
el c.1so de que t.1!le una Je ellas 

Esto es de gran ImportanCJa para el 
GFP. ya que cuenta con un número 
aproximado de tres mil Lli ·s conectadas 

. en red, hacia el procesador central9121. Las 
LU ·s no son exactamente usuanos. La 
diferencia radtca en que cada usuarw 
utiliza de dos a tres sesiOnes para tener 
dl!erentes aplicaciones en forma 
simultanea Podemos agregar que las LU ·s 
son umdades dtrecctonables que permiten 
a los usuarios finales comumcarse entre si 
\'tener acceso a Jos recursos de la Red S~A. 

Hov en día. todo el esquema de 
comunicaCión hacia el edificw r-vfontes 
Ur;1lc~ JI- CU\'C' ob¡eti\'O es el de mtcgrar a 
las chferente~ empresas del GFP en u~ solo 
edihCJo -.es a través de ROl con respaldo 
en mtcroondas y /o satéhte en las diferente-; 
sucursales 

Por qué ATM con Cisco 

La razón por la cual Probursa esta 
mnt1\'J.ndn una arqUitectura ATM. se deN• 
,1 su busquúia pnr la me¡or tt>cnnlo!=!ia p.u.1 
C'l Grup0 Fman~.,·¡cro .l.T\1 repre~ent,l para 
CFP l.l mt.'IC'r Jll\l'f"Jon en cu,lnl(l ,1 

IL'CnPIO!-!Li1 ~- rentabl11dad Aunqul' 
.1nlerlllrmentL' ~l' ,1nalLZI'l una propue~t.l 
par.1 inst.1br Franlt' Rda\, ~t· con\'lllO en 
que AT\1 L'St,i mas .1 la \'an¡;uardJ<l qlH.' 1.1 
tt•cnnlo~J.l antenor 

Stn tener que t•o;tar hnCJL'IldLl 
cambio" t~n ,)phc..1ciones ~-considerando 1.1 
1ntrastuctura e'\tSit•nte, en Probur:-.a 
~Implemente se mcorpnranm los equipo~ 
:\T~ 1 a prod UCCl<'Jn 

Aunque lll~la\·i,l nn ~~· cuentJ c1m 
!.1 aplicaCJ0n hbt.•r,ldn en v1deo.en Proburs,, 
~e esta ctm:-.ctt.•nte dt.• la nt.•ct.>:-.tdad dc contar 
en un futuro con ,1pltc.lCJflne:-. que puedan 
m.lnetdr ndt·o. \'O/ \' dall"- dt' manera 
conJunta Por h1 tantP L'l CFP h,) prt•parado 
la Lntraestructur,, nec~'sarl,l par.1 darll' 
~opllflt' a <,u:-; clJentl'~ tanlt\ t.•xternos como 
mtcrnos Con 1.1 apiK.lcion de tm.Jgen. se 

Lo:- l11gs forsc ManOs H u FemandtJ Kra::.m,::kv 5 
del Grupa PROBURSA 

está planeando maneJar vJodeo
conferencias con los clientes del GFP para 
juntas de trabajo, capacitación, asesori<ts 
fmancieras, etc 

Actualmente las aphcacwne!' del 
GFP son cliente-ser\"ldor 
Todo el ambiente de su red de área amplia 
esta m1grando al esquema TCP/IP y ~e 
están ehmmando todos protocolos nt' 
ruteables en la red. El SIStema oper<:~tJ\'o 
que se maneja, est<l en dos plataforma~· 
\'\'mdows !\JT \' OS/ DOS 

Las aplicaciones que el GFP m.1nej.-1 
haoa el computador central 9!21. el AS 40l'l 
y l<1 Tandem de la Bolsa Mex1can,1 Qp 

Valores. las accesa desde el nul'\'O ediflcic1 
<1 trave~ dl'i backbonl' dt.' ATM. La:-> \·ent.ll<'~~ 

más stgmfiCJIJ\"il5 qut> proporoona ATr-.1 
en t'l backbone :;on· ia vC"]<.)(idad ,. 1.1 
conf¡abtlJdad. 

Al pnnCJpio el GFP probó ,·ana:
m(lrcas dt• ruteadores Sm embargo C1sco 
Systrm:-; de MhlCP apareoó como la me¡or 
opClún. por todilt- la~ tacihdade~ con qul' 
cuenta !:.U cqUJpo v d soporte tt!cmcn qut· 
le~ bnnd,1 t.•n conjunto con R.ed Uno Otr,l 
de la~ \'Cnta]as de la tccnolo~ta Cisco e~ ~u 
l'sral.lbilid,,d, el acce~o a nueva!" vcrswnt.·~ 
y l'l SI~ tema dL' momtoreo centralizado con 
que cuenta a tr.l\'l'~ del sottw,lft' Cisco 
Works. Éste h.1 re~ultado la herr.J.mlcnta 
1deal para admlll!Strar. control,lr ~· 

conil¡;urar toda la red de Jatos en ~u 
:-.eguridad, porque proporciona dtft•rentt.'" 
p.uamctros cuJndo ~urg-e alg-Un problem.l, 
pt•rmJttendo ~olucumarlo d(mdt• ~- cuandtl 
se presente. 

El plan hnJI del GFP t..':-> L'i tener l'il 
cadJ ~ucursal nueva un Ruteador \' un,1 
Red En un tutuw cercano se planea que 
~u Lnle~raoon total t-<'<1 a travCs de Ar1\1 

Por ultimo, puntuali/aron que 
qUJcn tenga el mayor número de ~en·tcHJ~. 
scr.i el líder del mcrc<Jdo hnanoero ~ 

:1 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Protocolos 

Q Nivel Físico 

'1i " Physical Medium-Dependent" ( PMD ) 

~ " Transmission Convergence " ( TC ) 

4- 12 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Protocolos 

~ Sub nivel PMD 

'"'O Transferencia de bits 

~ Alineación de bits 

'"'O Codificación en línea 

'"'O Conversión Electro-óptica 

4- 13 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Protocolos 

~ Subnivel TC 

'1' Generación, transmisión y recuperación del Frame 

~ Adaptación de Frame 

"G Delineación de la celda 

"G Cabecera de control de error (HEC) 

~ Desacoplamiento de la taza de celdas 

4- 14 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Protocolos 

Q Nivel ATM 

Las funciones de transporte del nivel ATM son independientes 
del nivel físico, razón por la cual se requieren identificadores de 
conexión, los cuales indican los canales virtuales y la ruta virtual 
que debe seguir cada celda. 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Protocolo 

g, ve 

Un canal virtual es el enlace que esté entre 2 puntos, 
está conformado por un ve1 (Virtual ehannel ldentifier) 
y un VPI ( Virtual Path ldentifier), donde el ve1 determina 
enlace particular ve para una determinada ruta virtual 
identificada con un VPI. 

4- 16 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Canales y Rutas Virtuales 

VP 

1 
Physic!ll tink 

Network 
(publlc or prlvate) 

:l 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 
·' 

ATM Canales 

y 

Rutas Virtuales 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Protocolos 

Q Funciones del nivel ATM 

-'ei Multiplexaje y demultiplexación de celdas 

~ Traducción de VCis y VPis 

'1i Generación y extracción de la cabecera de la celda 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Protocolos 

E Ruteo de las Celdas 

Dentro de la UNI existen 24 bits destinados al ruteo 
de la celda: 

'"'C 8 bits para asignar un VPI 

~ 16 bits para asignar un VCI 

3 más se destinan para la descripción del contenido 
de la zona de carga, esto es se determina si el contenido es 
información de la red o del usuario, y 8 más se destinan para 
el HEC. 

.. 

4-20 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Protocolos 

Q. 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 Proteo los 

E Nivel AAL 

Es requerido por los 3 planos, el de control, el de 
administración y el del usuario aunque las funciones 
que realiza dentro de cada una de ellos son diferentes. 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Protocolos 

Q Nivel AAL 

Sus funciones están organizadas en dos subniveles 

-: Convergencia (CS) 

-'(:. Segmentación y reensamblaje (SAR) 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Protocolos 
E Nivel AAL 

Tiene 5 clases de aplicación o servicio: 

-1'1 Clase A: orientado a conexión, CBR 

~ Clase 8: no definido 

"(; Clase C: orientado a conexión, VBR 

'1J Clase D: orientado a No-conexión 

JO Clase X: orientado a conexión CBR o VBR definidos por 
el usuario 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

A TM Protocolos 

~Nivel AAL 

Según su aplicación se definen los siguientes tipos 
en el plano del usuario: 

~ AAL tipo 1 para clase A 

"1'J AAL tipo 3/4 para clase O 

"':: AAL tipo 5 para clase X 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ATM Ejemplo 

-AF't_ 

J. 
Upper layer ~ Upp• loye,. 

TCP TCP 1 
IP IP 

1 ' 
IP // ~ IP 1 con.lun. conv. tun. 

LLC LLC LLC 
1 LLC AAL 5 AALS 

t.4AC AH4 I*IATM¡An•¡-¡ATM~TM ¡++ 
ATM t.4AC i "'AC "'AC PHY ~IPHYIPHYI- PHY PHY '+ PHY 

~Cell relay network 

~'<!-
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ATM Ejemplo 

Video- Communlcatlon hendler Communicntinn handh:r 

PHY 

u,...m 
... m• 

¡pa .. ob.,. 
""'" 

AAL 1 

IATW 

PBY 

Contr-ol 
plnnr: 

Control 
plene 

1 ATM ¡ +---+ ATW 1 Al .. 

ATW ATW +---+ AHol ATM 

....... 
P.tCRS 

u,...m -· .......... ... , 
AJM 

PHY 

"-· -· Jpo .. obly .... , 

PIIY 
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REDES DE ALTO DESEMPEÑO 

5.- FRAME RELAY 



: >' 

Frame Re/ay Technology and Services 

Frame rclay' concepts, technologies. and scrviccs are rccciving considerable attcn
tion in the vcndor, carrier, and user communitics. Thc comhincd trame rel<ty and 
SMDS market is expectcd to cxcecd $1.2 hillion hy 19':15. making thcsc importan! 
new fields. This chapter providcs a detailcd vicw of many of the undcrlving frame 
relay principies. issues. and concepts. 2 Sorne hasic frame rclay conccpts wcn: 
describcd in Chapter l. which the readcr may want to revin\ at thi~ juncturc. 
Frame relay can be deployt:d in a privatc network. or. as alrcady alludcd to at thc 
end of the preecding chapter, the sen'ice can be obtained from a publtc nctwork. 
Each approach has advantages and disadvantagt:s within the framework of a cor
porate entcrprisewide network. In the following. thc tcrm "frame relav" rcfcrs 
generically to either the service or the supporting technology. dcpcnding on the 
context: usuall y "frame relay scrvicc" refers to a public carrier service. wh ilc "fra me 
relay technology" implies platforms for prívate nctwork solutions. 

This chapter aims at answering questions such as Whcn docs frame relay 
make sense? Shoulcl the user dcploy a prívate framc relay network or cmploy 
carriers· sen'ices? Whcn is PVC service adcquate and wht:n is SVC de~irablc'? Js 
LAN traffic leaving a high-throughput router rcally bursty'1 Whcn is it bettc.r to 
use other technologies? Basic frame rctay concepts are introduced and thc intcr
relationship with cell re la y is discussed (Section 1 1 .2). Bt:ncfits of fr<trnc relay in 
hoth private and public networks are idcntificcl (St:ctton 11.3 ). Frame n:lay stan
dards are surveyed (Section 1 1.4 ). Stcps for deploymcnt of thc tcchnology in 
corporatc nctworks are dcscribed (Scction 11.5). Carricr scrviccs ami cquipmcnt 
availability are survcycd (Sections 11.6. 1 1.7. and 11 .8). 

1A framc m th1~ contcxt is ~~ Uata lmk !ayer construct Thc ··framcs·· d1scus~cd 1n Chartcr" 2 through 

9 wcrc phy"cal bycr constructs. Thcre is no rclatlonship betwecn thc two conccpls Thc tcrm "rclaying" 
,, u>cd by CCITT. 
:So me portion; of this chapter are based on A T &T product hlcrature III.l J 

579 

' 
~-



ll.l 8At:KGROUNO 

Framc relay is a recently introduced multiplcxed data networking capability sup
porting conncctivity hetwcen uscr equipment (routers and nodal processors/fast 
packct switchcs) and hctwccn u;cr equipment and carricrs' framc rcla\ nctwork 
cquipmcnt (i.e .. switchcs). The framc relay protocol only supports data transmis
sion O\'Cr a conncction-oricnted path; it enables !he transmission of variablc-length 
data umt> m·er an as;igncd virtual connection' Compared to traditional packct
switchcd scrviccs. framc rclav can n:ducc nctwork delays. providc more cfficicnt 
handwidth utilization. and decrcasc communication equipmcnt cost. Tradi!ional 
packct serviccs typically introduce a 200-ms network de la y or more ( 40 to 60 ms 
pcr l•op to handlc error correction and control on a hop-by-hop basis). whcrcas 
with frame relay that network delay can be reduced to about 20 to 40 ms [ 11.2). 

As is the case in X.25. frame relay standards ~pecify thc user interface toa 
devicc or nctwork supporting the sen•ice. Namely, it specifies the UN!. This inter
face is called frame relay interface (FRI). A FRI supports access spceds of )h khps. 
l\ x 64 khps. and 1.5-l.f Mbps (2.0-+R Mbps in Europc) [11.3-11.5). Somc vcndors 
are attcmpt1ng !l1 cxtend thc spccd to 45 Mbps. Thc •.ervicc can he dcplo\'t:d ( 1) 
in a point-to-point link fashion hctween two routers. (2) using customcr-owncd 
framc rclay nodal processors (framc rclay switches wh1Ch employ cell relay on the 
trunk:NNI sidc'). and (3) usmg a carrier-prov1ded scrvice. Table 11.1 providcs a 
summary of key featurcs of a frame relay network [11.6]. Figure 11.·1 depicts thc 
tcchnologv al thc logical leve!. 

11.1.1 Usage of thc Technolog_v-An o,·en-icw 

Framc n.:l;i\ functions supporung thc FRI nced to be added 10 uscr cquipmcnt 
such as rout·:rs. TI multqllcxcrs. FEPs. PADs and so on. in arder to be conncctcd 
lo a nn,·atc or puhlic framc relav nctwork. Al this time. frame rclav !t::chnology 
is bcing appl1ed mmtl~ to LAl\ mtcrconncction cnvironn;.:nts. Existing routers are 
casilv up!!raded w support !he FRI. If commercially successful. public framc rclay 
'crvicc may 'upplant X.25 sen·icc in the U.S. as a public switched sen·icc hy the 
rnid-!'J'JOs. Thc framc rclav rn;1rkct was cxpected lo reach $210 million by 1993 
ami SS."O mi ilion bv llJlJ." [ ll.iJ. For comparison, the SMDS market is cxpcctcd 
lo rc;,ch S500 million by llJlJ:". and BISDN (for data applications) would reach $500 
mil !Ion by llJ'J7 [!IR). 

In sorne ca,cs. asvnchronous tcrmmals may also be supported by a framc 
relay nctwork: synchronous SNA termmals or other devices (c.g., a front-end 

'. 1 Somc carly 111u!;;;; pf N x M-lo.br" vtdc0 wcrc undertakcn m 199 ... 

' ln~tc;:H.l of uc.;mg cc\1 re la y on thc trunk. ~1dc. sorne swltches use frame relay anstead. In the long run, 
most ~..,.,·ttches wdl probably mtgratc to the cell relay NNI. 

"· 



Table 11.1 
Summary of Key Features of a Framc Rclay Nctwork 

• Standardized by CCIIT and ANSI standards 
• Only "core" functions are providcd hy thc nctwtlrk 

Nctwork does not guarantee delivcry uf data 
Protocols in user"s equipment is respons1hlc for retransm1tting data thílt i~ lo~ t. mt,routL'J. or 
discarded by the network bccause of congestoon 
Frames are transported transparcntly (only labcl. congcstion hits. and framt.• check ~~.·qut.'lll't' are 
modifoed by network) 
NctworJ.. dctects (hut do es not correct) transmiss10n. formal. <tnd opcrational crrnr~ 
Network docs not acknowledge or retransmit framcs 
Delivers frames in sequence 

Swltchmg/Transport Fabnc 

UNI UN! 

FA! FA! 

t C.ll·based (preforred) or fram•based; 
privalely-ownlld equipment or carner-cwned •qutpmen1 

Figure 11.1 A logical vtew of frame relay communicatiOn. 

58/ 

processor) can also use frame relay. In these cases. an appropriatc fr<.tmc rclay 
handler (similar to a PAD but only supporting 8 !ayer 2 FRl to thc network) is 
required. In terms of quality of sen·ice, the delay incurred by thc necdcLI protocol 
conversion to support these devices (which is similar lo the delay through a PAD 
in an X.25 environment) is not eliminated by frame relay technology. cxcept pos
sibly to reduce queueing time toward the switch. givcn lower nctwork congestion. 
The delay through such a frame relay handler is determined by the acccss speed 
of the user's line. plus thc handler's processing time. For example. if thc user's 
framc from a synchronous terminal contained 262 octets and thc acccss linc was 
9.600 bps. the initial frame relay "framing" de la y would be 219 ms; the "dcframing" 
delay would also be 219 ms. lf the access speed is 56 kbps, the figure would be 37 
ms. This framing/deframing delay is in addition to the frame relay network delay.' 

51n a cel\-based swllchmg/transport platform. as soon as a framc starts to arrive at a swuch, it is 
immediately reduced to ce lis "on-the-fly. •· 

d,, 

'' 
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From th.: uscr perspcctivc. any delay is importan! regardlcss of whethcr thc dclay 
is generated by the frame relay network or by the access apparatus to thc 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 vendors. and 
is the reason why packet tcchnology did not see much penetration in the mtssion
critical synchronous networks of the I980s. 

In order to gct maximum benefit from frame relay without having to incur 
large communication or cquipment charges (i.e., for dedicated TI links bctwccn 
si! es. or for the dcployment of user-owned frame relay nodal processors). thc scn·icc 
needs to be provided by a carrier. The seven BOCs and severa! valuc-added carricrs 
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 demand. and multiple user sessions over a single access line. The use of a router 
equ!ppcd with a frame re! ay interface over. a dedicated end-to-end TI link is not 
cco!lomically advantagcous compared toa non-frame relay solution. and. m fact. 
mav affect response time. A carrier. on the other hand. can multiplcx the traffic 
of onc uscr with that of other users. and can thereforc pass back to the uscrs thc 
cconomic advantages of bandwidth sharing, much the same way X.25 or FTI 
prcl\·ides such economic cfficicncies. Without carriers or priva te switchcs. dcdicated 
TI links betwecn two sites to be interconnected are needed. regardless of thc 
protocol used over the link. However. it should be noted that whcn using an !XC 
or VAN scn·icc. the user nccds a dedicatcd TI or 56-kbps link to thc IXCs or 
VAN's POP. lf thc LEC serving the user's location providcs thc scrvice. the 
dclhcatcd TI JS rcquned only to the serving CO. 

A sccond way to bcncfit from frame relay is to use it in conjunction Wlth a 
framc reJa~· nodal proccssor (variously known as "corporatc backbonc nctwork 
s" itch ... "fast-packct backbonc multiplcxer." or "framc re la y handlcr"). first 
dcscrib<:d in Chaptcr 6. Sorne corporate networks alrcady dcployed this tcchnology 
tn thc late 19H0s in thc form of fast packct multiplcxers. In this case. thc scn•icc 
can oftcn be cost-cffcctivc. smce thc uscr can obtain from the backbo"nc bandwidth 
on dcmand. rathcr than on a prcallocated (and inefficient) basis. Thc ··savcd" 
handwidth is thcn available to other users of the same backbone, in theory mini
mii.ing thc amount of ncw raw bandwidth the corporation needs to acquirc from 
a carncr in thc form of additional TI or FTI links. With<'lll a nodal proccssor 
using ccll rclay principies. dynamtc bandwidth allocation is not easily achicvable. 
Some proccssors use framc rclay on thc NNI; finc-grain multiplcxing ¡, more 
difttcult. partJCularly tn mixcd-media and multtmcdia applications (next-gencration 
LA!\"> use ccll pnnciplcs to support multimedia. as discusscd in the prcvwus chap
tcr). In thc pnvatc nctwork arplication. the user leascs from a carricr pnvate lines 
bctwccn thc rcmotc dcviccs and the nada! processors. and betwccn thc nodal 
proccssors; the uscr cmploys frame relay to statistically multiplex traffic in a stan-
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dardizcd w~y. in ordcr to achicvc bcttcr utilization of thc (now common) tran>· 
mission resources. The nodal processors must be houscd in sclectcd u>cr locatit>rJs. 

Frame relay supports bursty traffic at mcdium spceds. Conscyuentlv. manv 
of the applications now advanced by venuors for frame rcby scrviccs :trc fc:tsihlc 
more in view of the increased throughput and rcduccd nctwork latcncv cornp;trcd 
to X.25 networks than any other new intrinsic fcaturc of framc rclav. 

11.1.2 Sorne Motintions for Frame Rcla)· Sen·iccs 

As indicated, the curren! major application of frame relay is for LAN intercon· 
nection. A combination of reccnt trcnds has forccd LAN managers ro invc>tt~atc 
new approaches in order 10 provide conncctivity at reasonablc pricc: 

• In l'!í\9. only two out of ten corporate terminals. PC>. and workstattons wcrc 
connccted toa LAN. By 1993 eight out of ten tcrminals will rcqutrc ro he 
connected ro a LAN [ !1.9). · 

• Business shifts to accommodate thc "Inforrnation Agc" h:t1·c torced com· 
panies ro rely in greater mcasure on data colkction. proccsstng. and dtqrt
bution. For many such companics. thc ratio of tcrnunals to cmplo\ccs is 
approaching l. and in sorne cases it is cvcn cxcccds l. Chaplcr 1 ;tl!cadv 
discussed sorne of these trends. 

• In an effort to be more cfficient. find a chcapcr work force and rcacll ¡!lohal 
markcts. companies are moving toward distrihutcd data proccsstn~. Fmpi<ll'· 
ces are distrihutcc.J 111 smallcr work group' locatcc.J around town or :tround 
thc country. closcr lo the resourccs and lo thc m~rkcts. Yct. m<JIC th;tncl-cr, 
thcy need to be tightly connected through a rcliablc anJ casv-to-usc cntcr
prisewide network. 

Thcsc trcnc.Js havc led 10 thc following scyucnct: of <"vents: 

l. lntroc.Juction of more tcrmmab. 
lntroc.Juction of more LAt'is to support thc tncreascc.J number of terrlllnals. 

3. lntcrconnection of these LANs. tncluding thosc that hav<.: emerged in g<.:o· 
graphically dispcrscd huildings arounc.J thc countrv. In I'J'!I. an csttm:ttcd 
65':f- ofthc tor.".OUU U.S. companics had LAN intcrconncction nccds cxtenc.J
rng hcyond a building: that nurnbcr ts cxpcctec.J lo grow to SS','; hv fl)95 
[11.10. 11.11[. 

Thc tradit10nal \VAN aprroach of connccting a few LANs wtth wutcrs ovcr' 
dcc.Jicat<.:c.J plltnl-to-potnt lincs ts no Jongcr ac.Jcquatc tn an environm<.:nt of man1· 
rcmote LArs;s. Somc actual nctv.orks can havc as rnany as 60!1 or ¡;(JII rllut<.:rs 
[11.12]. LAN managers havc sought solutions that reduce thc numbcr llf dcdicatcd 
lincs in orc.Jcr to keep transrntsston costs down. anc.J al thc samc time tncrcasc 
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flcxibility and makc m:twork managcmcnt easy. lt almos! sounds likc the perfect 
W AN environmcnt for packet switching technology. but not exactly. Packet switch
ing allows uscrs to be easily added and interconnected while following open inter
national st~nuards. But packct switching has traditionally bcen slow and thc 
throughput has hcen limitcd.'' Thcsc limitations are hecoming more acccntuatcu 
wilh thc ncw LAN applications. which may involve graphics. multimedia. desktop 
publishing. bulk file transfcr. and other data-intcnsive requirements. This has lcad 
to thc Licvclopment of two solutions spceifically aimed at LANs: framc rclay and 
SMDS (S\!DS is J¡scussed in Chaptcr 12). 

Framc rclay is an carly 1990s technology allowing users of multiplc routcrs 
to conncct thcm in an effcctivc manncr. lt follows opcn standards and improvcs 
throu,;hput. whilc at thc same time reducing the end-to-end delay (throughput can 
be incrca,cd u~· to threc ordcrs of magnitude). When used in a private network 
cmploying a cell relay platform. it allows the LAN manager to rapidlv mcct thc 
cvoh·mg h1gh-spced LAN interconnection needs of thc corporation. and do so in 
a cost-cffcct¡vc manner. The same can be said when using a public nctwork framc 
rcla} scn·icc. 

As discusscd in Chaptcr l. thc busmess trend i> toward intcrconncction of 
al! compan\· rcsourccs into a seamlcss cntcrpriscwidc nctwork. Howcver. su eh 
intcrconnccti(ln can bccomc prohihitively expcnsive. unlcss it is done wrrcctly. 
Corporat1on' also ;ce thc emergcnce of new LAN applications in the.l9'Jlls. which 
m11't be supportcd by the cnterpriscwidc nctwork. Ncw high-bandwidth applica
tions dicta te thc 111troduction of" ncw high-capacity digital scrvices and tcchrwlogics 
m the wrporatc nctv.ork. Scc Tablc 1 1.2. compilcd from a vanct\· of sourccs. 
mcluJmg !II. líl. 11.11]. High cnd-to-cnLI throughput. low latcncy. cost-dlcctivc 
handw¡uth on dcmand. and anv-to-any conncctivity are the order of the day. A 
majo¡ c\·ulutiun in thc w;1: corporations conncct thc1r computcrs ami the cvcr
uh¡qullous PC 1'- alrcauv cv¡Jcnt 111 progrcs,ivc companics. Now. ncw cqu1pmcnt 
and ,rcw cr,mmun¡c;¡tlons scn·iccs ;dlov. corporations to rcdcsign thc1r nctworks 
<~nd ,;1\c 11l<•IIL"\. v.hilc at thc samc t1mc incrcasc thcir capabilities and work force 
productrvrt\. Thc kcv tD achie\ 111g thcse communication goals in a priva te nctwork 
cnvmmment is framc rcla} ovcr a ccll rclay platform. or a high-capacit\· public 
swikhcLI sen ice likc framc rclav (and SMDS). 

The nev. tcchnologics ·nccdcd to support thc cvolving CorJ'oratc envimnmcnt. 
hrmc:vcr. c;mnot he introuuced 111 a vacuum. lt would be easy to dcploy an optimal 
statc-ol·thc-art nctwork when the LAN manager could throw awav cver~·thin,l! and 
start ormplctcl: from scratch. In t1mcs of cost-containmcnt, though. thc LAN 

''l'.tll..•.:l w.ttcrun¡..: :tnd Pthcr -.t:ttl' .. tk:d muhipkxmg schcmc.;; do fullfd thc role of "upportin~ crrur·fJCC 

lrano;rnl''-ltln t~f d"~n¡_hrnnou., !r.lffK frorn ''t.Jumh .. termmab (or dcvicc'\ and PC~ Cmulillin~ ··Jumh" 

tcrmtn.J!•.J. y,.h:~h h.1ve nu error pr(ltect1on of thc1r own-a framc rclay servicc would he a m1smatch 
m th1~ cnvJronnH.:nt. 
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Intcrconncctiun Nccds of LAN~ 
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manager is bcing askcd to im¡mwe thc cfficicncy of thc intcrconncction nctmnk 
in a JUdicious and dfcctivc manncr. Thc transition stcp> to thc ncw communication 
environment depcnd on thc nctwork currently in place in thc comp;1n:. Four 
gcncrations of corporatc nctworks havc bccn tlcployctl in thc past tlcc;¡Jc Sorne 
uscrs moved from gcncration lo gcncration: other users kapfroggcd onc or two 
gcnerations. Others wcre forced to retain a nctwork until thc payb~1ck could he 
achievcd and then sorne. Usually a nctwork stays in place for a pcriod corrc''i'""dmg 
to thc uscful Ji fe of thc cquipment. which can he 5 to X ycars. A -;Jwrt IC\ IC\\' of 
thc four gcncrations of corporatc nctworking assi<;ts Jp;cussion of how framc rcJ;¡y 
cvolvctl and what prohlcms 11 -;oh·cs: it can also cstahlish thc point of dcparturc 
for thc transitton that the LAN manager nccds to undcrtukc in ordcr to irnrldncnt 
frarnc reJa:. 

Flrst·Gcncrallon Corroratc Nctll'ori..s. This phasc Sa\\ thc introtlucuon of unintc
gratcd nationwitlc networks. which tyrically cmployctl k>w-spcctl an;do!! l1ncs to 
support tltscrctc mission-critical corrorate functions. LAN> wcrc just hctng intm
tluccd tn companics. Connccttvltv arnong LANs. for thc kw progrc-;<.i\T comranies 
attcmptmg it at that time. uscd '" own roint-to-point transmtsSJon factlltlcs. Dif
fcrcnt dcrartmcntal data appltcattons (c.g .. a matnframc payroll arpltcation antl 
a mmicomputcr supporting markcttng) usctl separatc nctworb. 1\íot onlv was this 
solution cxpensivc becausc of the tlurlicatc transmission cosb. but it w~" also 
difficult to rnanagc ami to ~row. A numhcr of mission-critical nctworks in pl;tcc 
tocbv qiJJ conform to this archttecture. Thcsc compamcs have found that unttl now 
;¡ hackhonc nctwork was not cost-cffccttvc. 

Sccol/d-Gellcrmwll Corrorate Nct.,·orks. This phasc saw the introtluctton of TI 
rnulurlcxers and surrortmg dtgttal transmission facilities. The data ;tfJplicattons 
wcrc aggregated ovcr a common backbone nctwork, improving nctwork managc-

,. 
1' 
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mcnt. simplifying the topology and reducing the communications cost. A few tra
ditional analog iines are enough to justify the cost of a high-speed digital link. as 
discus-;cd elsewherc in this book. making this transition a popular upgradc in the 
rccent past. Voicc traffic was also carried by the backbone. One of the shortcomtngs 
nf thi> <lpproach. h0wever. is that the LAN interconnection traffic. now gn>wing. 
usually remaincd separate. perpetuating the problem of overlay networks. This 
was ivpically Jue to rcstrictions of the bytc-interleaved multiplexer (nam~:ly. thc 
mabil1tv tn supp,Jrt dmamic traffic for bursty users) and interface problems. A 
numb<:r of mission-cntJcalnctv.orks m place today still conform to this arch1tecturc. 

Ti11rd Generarion Corporare Nem·orks. in the immediate past, TI multiplexers have 
startcd to support LAN interconnection traffic. The traffic is assigned a fixed 
amount uf TDM bandwidth over the corporate backbone network. Although this 
approach to LAN interconncction had severa! advantages compared to thc previous 
arrangcmcnt. it also had a number of disadvantages. Consider N nodcs with high 
pcak-to-averagc (bursty) traffic necding to be supported by an enterprise nctwork. 
,\ m<:'h nctwork providing full mterconncction bctween key nodcs may havc bccn 
insta!lcd in many companics. as shown in Figure 11.2. This arrangemcnt can be 
cxpcnsivc duc to thc number nf communications links. For cxample. fi,·c l<>cations 
rqu1rc 10 TI links and six locations rcquire 15 links. The addition of a new 
hackhone nade also requires the introduction of many new links. Less than fully 

Fir;ure 11.2 Tr2dit10nal LAN conncctivily. 
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interconncctcd routcr nctworks are usually not thc hcst atl>wcr to thc intncon
ncction requircment, since this tandcm arrangcmcnt affccts thc cnd-to-,·nd dl'iav 
and complicates network managcment. Additionally. ami pcrh:q" ,·qu:d!l intp<•r
tant. thc bandwidth is not cfficicntly allocatcd by u'ing thc TDr--.1 tcd1n1qu<'' ,·<>n1-
mon to the cquipment supporting. this typc ot nct\\mh, ..;, a ,!Jori-1<'1111 s<•lutl<'ll. 
companies sought to kecp thc numbcr of dcsignatcd first-t1cr loc:1t"'"' n,·,·ditn: lull 
intcrconnection down toa small number. typically betwecn thn:c :1nd ,¡_,_ rhnc·h\ 
limiting the number of requircd link,. Manv companic' ha ve thc'c l\'P<'' olncl\\ 1111--, 
toda,·. panicularlv for miSSIIlll·critical applic:111ntt'. 

Sorne LAN managers. undcrstanding thc 111lttitivc ach·ant:1¡!C ni p:1cf.-,·¡ "' 11L'It
ing. chose to rely on a prívate (or puhlic) packct-switchcd nctwork In lltlL'rL<lllllc'Cl 
the multitude of uscr routcrs. Thcsc packct nctworks typic:ill\ intrndun· :1 '""''''· 
to-routcr delay on thc arder of 200 ms or more. This dl'l:l\ "duc lo ( 1) 1'1"l•H·ol 
proccssing at intcrmcd1ary nodcs and (2) thc hop-b\·-hop Crt<1r co1 r,·,·t1<>11 :111d 
control uscd ¡,,. packet networks. In addition In thc dd:l\·. thc thr<>u>ehl'lll <>1 r!J,·,,· 
nct\\·orks is not suff1cicnt to support todav's :1pfllications. Th:1t 1' "ll\ :1 11<'''- 1,·, ll
nolog~ is nccdnl. 

Fourth Gcnrrallon Corroratc So11·orks. Figure 11 .2 dcpictcd :1 e< >111111< >11 , '•11!1 ~11-
ration of uscr environmcnts of thc recen! rast. Tite ftgurc 111:1kc' tite d1.dknc:l' ol 
a LAN manager olwious--what ¡s nccdcd is a tcchnolo!!' l<li hi>ell l'll<i-I<•·L'1HI 
throughpul. low latcnC\. cost-dfccti\C bandwidth on dcrnand. :tllll :1in -t«-:tll\ con
ncctivllv. Thc rcstrictions discusscd a hove of 111:1m· ol ¡J¡,· c'\Í-'1111!: t111Í111<'~t :ttcd 
nctworks. or of thc 1ntcgratcd nctwork-; u-;ing TDM tcchnolo¡.:\. h,t, kd 1« thc 
dcvclorrncnt of thc fr<trnc rclav conccpl. tr:1111c rcl:t\ -'l:tnd:Jrth .. 111d "11'1'"rl111~ 

framc rclay hardware. Such fr;.tmc rclay sulullon"' ;nc no'' ClllL'I~tn~ .tnd ;t!L' C<llll

posed of thc follt,wing thrcc comroncnts (scc Ftgmc 11 .'l): 

A h11,!h-throu!Chput nod:tl procc>sor hudt fmm thc !Cr<H111d "1'· ti11:111cctl'd ¡,, 
TDM rcstnctJ<liiS. \\ hich supports h1\!h-spccd switcl1111~ lo l:1ctl1t.1!C h1!Ch crtd
ll>-cml throu~itput Titis nod:tl flrt>C<:"or w:" c:tllcd :1 "cotf'JH:>IL' h;ll~ht>llL' 

ncrwnrl-. sw11d1" 1n Ch:1pkr (l: :" di,cu'Scd titcrc. 11 \\':" inll1:tll\ ll-'c·d 111 tit,· 
TI multirlcxcr contcxt. hut 1' now mak1n~ a strong :1ppc:1r:tmc 111 thc LAN 
contcxt. Th" nodal pr<KCS>TH can al'o h.: rro,·ickd lw :1 c:1rncr. 'lii'P«rt111!,! 
a "swilchmc" tunctlon al tite CO. 
Standard h1gh·'rccd intcrf:1cc' to tite hrtdgc;'routns to f:1cil1t:1lC thc intcr
conncction ol cqutrrncnt from a vartctv of vcndors. This opcn lst.tnd:1rd) 
interface hascd on thc cpnc<:pt of packct ""tchin~ "a fr<IIIIC r,·l.l\ 1111L'rf:1cc. 

• Standard ht¡:h-,pccd interfaces hctwccn nodal proccssots. -'Uppt>rt111¡! ccll 
rclaytn~ and '''-llchtng 

Smcc corporatc rcsourccs are 1ncrcasmglv bcing dcploycd on LAI\:s. including 
the uscrs. thc mainframcs. and thc dat~ bases. and sincc routcrs h:t\'C takcn on 
the function of thc TI multtplcxers in a numbcr of cnvtronmcnh. thJS intcrcon-
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Frama ralay 
UNI 

FRNP: Frame Ra!ay Nodal Procassor 

fi~ure 11.3 Use o"í frame relay nodal processors for a pnvate framc relay network. 

nectlon solution is the one being contemplated for the enterprisewidc networks of 
thc 1990s by m~n! progrcss1ve companies. Fewcr and shorter TI or Fri l111ks can 
he u>cd hetwecn thc users and the nodal processor, thereby reducing communi
c~tion costs. 

11.1 B.-\SIC FRAI\IE RELA Y AND CELL RELA Y CONCEPTS 

Bcforc addrcssing how framc rclav technology can be deployed in an entcrpriscwide 
mulllroutcr cnvironmcnt. wc must address sorne of the technical dctaib j11.13]. 
Tahlc 11.3 providcs a miniglossary of key terms. As this discussion procceds, it 
should he rcmcmhcrcd that all htgh-spced ltnes used in frame rclay. c1ther for 
acccss or hctwccn switchcs, are unchannelized Ffl. TI, or T3 lines, discussed in 
thc rcst of thc book (T3 may he used on the trunk side). 

11.2.1 Frames 

A framc is a block of user data, as created by the data link !ayer (!ayer 2). lt 
conststs of a flag. a header, an·information field, anda trailer. Different data link 
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Access Rate. The rate of the access channel cmploycd by thc uscr's cquipmcnt (mcasurcd in hll\ pcr 
second). The spced of thc access channel determines hoY.. rapidly thc cnd·u!-.cr can o;cnd d.lta tn thc 
nodal proccssor or nctwork. 

American National Standards lnstitute. An organization that accrcc.hts group!\ dcvclopmg U .S 
st~mdards rcquirec.J for commercc. Onc such group is thc Exchangc Carnero¡¡ Standard~ Av.ocJatmn. 
which dcvclopcd the Tl.60ó. Tl.617. and Tl.li!H for framc rclay (al'o '"" Chaptcri). 

As~·nchronous Transfer Mode. A pJd,et c;wJtchmg tcchmquc devclopr.:d hy CCilT whH:h u:-.c-. 
packcts ot fixcd length, rcsulting m lower proccssing and h1ghcr spccds. Alo;o know as ccll rcL1~ ('\ce 

Chapter 10). 

Bandwidth. The communicattons capacity (mcasured m h1ts pcr sccnm.l) of a tran~mi..,-;ion lmc or a 
path through a nctwork 

Backward Explicit Congestion Notification lndicator. A h1t in thc framc sct hy thc nct\\ork In not1fy 
thc user's equipmcnt that congcstwn avoidance pmccdurcs shoulú he mitiJtcd in urdcr to hmit 1hc 
amount of traff1c mjectcd into the network or scnt to thc nodal procc..,~nr Thc f1cld ¡.., sct m a framc 
gomg m thc opposuc direction of the congcstion (i.e .. 11 is scnt to thc ongmatwn). lt 1'., ~mltl:tr 10 ;1 

"slowdown ·· signa!. 

Bursi.Y Trame. Traff¡c whcrc thc rata' of thc maximum intcn ... ity to thc average intcnqt~ p, vcry ht_eh 
(2:: IOJ Typical of sorne LAN cnv¡ronmcms. 

Consultati\le Committee on lnternalional Telephon~· and Tele~raph~·. A Umted N;¡t¡on' oq.!:tllJ/.;t!Jon 
wh1ch devciop.s lntcrnatlonal standards and 1ntcrf<1.cc' for tclccommumcation'. Thc framc re by 
standards are based on undcrlaymg CCITI standards (also scc Chaptcr 1 ). . , 

Cell. A f1xcd·length packct of uscr data (payload) plus an ovcrhcatl. A ccll ¡.., u'u:Jtly ..,mal!. hc1n.c 5~ 
octcl<:.. nr lcss. 

Cell Rela~. A hi!!h-handwidth. lm"·delay SWJtchmf! antl mulliplcxing pad:cl tcchnolo!!y rcqtmcd to 
implcmcnt a framt: rci:.J~ nctwork in an cff¡c¡cnt manncr. Trunk tran...m1S~IOO tcchniqm: u,cJ h~ 
noda! proccssors Also known as ATM 

Committed lnfnrmation Rate (CIR). Spccific.., thc amount of handwidth ~uar;1ntccd lo :t u<.,cr 
hctv.:ccn any to po1ntc.,. CIR c;1n he a~ tll!!h a" lhc acccs" r<.~lc lf thc CIR "cxccedcd. lhc tr:tmc 
rcby dcvJCL' can scmJ thc Jata. but 11 should scl thc DE hll to mdicatc that thc d:lt:l can he 

thscardcd if OCCCS!'><ITY 

Cort:- Funclions. Data lmk bycr funct10n!' 'urrortcd hy framl' rclay. Corc functinn~ lllcludc frarnc 
dchrnJtJnt:. alignmcnt. and tran,.parcncy: framc multtplcxtng.'dcmultlplcxlng u~1n!! thc .1ddn.:..,.., f1cld: 
and Jctcction of tr • .m~mi'\~Jon error' 

I>ata LinL. Connection ldenlifier ([)LCIL A f¡cJJ 111 thc framc indJcJIJng a part1cubr lo);!Kill hnl.. 
o\·cr whJCh thc frame should be transmtttcd. Thc ftcld has local ''~nifJcancc. <.,m~:<.· 11 ctn he ch:•n!!cd 
hy lhl' nnJ;d pr<lCC""'Of' ""' thc framc travcr~cs a \!Of:lc-nodc nctwori-. (thc input DLCI ]~marreO (O 

an output DLCI). MuiDnodc nctwork-, may ··pipclmc" ccll~ to thc nctworl-. eLige\. In tht" ,.~..,c. 
v1rtual ch<Jnncl 1dcntif1~rs are u~t:d and rcmappcd. Acce\o; DLCis are a""'gned hy thc nct,~ork 
manager. whtlc trunk VCls :.~re allocJ!t:d c.Jynamlc.JIIy Tlmard thc nctwork. thc nod,tl rnocc.,..,nr 
,t~soct.tte:-. ca¡;h VC:I w1Ü1 thc phys;cal Jddrc~.., of lhc trunk cwcr wluch thc framc nccth to he 
transmincd.to reach 11!-- ul!imatc dcstinat1on Toward the uscr. VCis are assoc1atcd wJth thc phy,ica! 
linc ~urporting the DLCI idcntifying thc uscr 

Dat~ Link La~·er. OSIRM laycr 2 functionalny. rcspnnsihlc for rcliablc transmis,.Jon ovcr a s1nglc 
commun!Cation ]m¡.., lt cnmbmes data bus mto a hlock callcd a "framc" and add~ a framr.: chccJ... 
scqucncc to allow dctcct10n of bit errors at the remate point. 
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'l'lbl~ ll.3 
Conlinued 

Discard Eligibi!ity Jndicalor. A field in the frame set by !he user's equipment to indica te that the 
frame can he discardcd if needed m case of congest10n. in arder to maintain the commnted 
throughput. 

Fast Packet. A term for various streamlined packet technolog¡es. now synonymous with ccll rclay. 
Supports rcduced functionality comparcd to X.25 packet switching. so lhat it can opera te at much 
highcr specds 

Fon.ard Explidt Congestion Notification lndicator. A ficld m the frame set by thc nctwork or nodal 
proccssor to not1fy downstream equipment amiior the destination equ1pment that congcstlon 
avoidance procedures should be imtiated. The field is set in a frame in the direct1on of the 
destination. 1t is sim1lar to a "hold-on" signa! for received frames. as well as a dcstination 
"slowdown" signa! for traffic from the destination. 

Frame. A block of user data, as created by the data link layer. It consisls of a flag. a headcr, an 
mformation f1eld. and a trailcr. 

Frame Rela~·· A 1990s packet-based high-speed lechnology lhat provides for dynamic bandwidth 
allocat10n wtth h1gh throughput and low del ay to support the mcreasing amount of bursty trafíic in 
the corporate environment. Frame re la y defines a standardized format for data hnk layer framcs 
transm1ttcd over a nctwork of intcrconnected LANs. 

Fn~me Rela~ Assembler/Disassembler. A device or capabihly allowing non-framc rclay lermmals. 
typicall~· in a non·LAN ennronment (e.g .. SNA) to be carried in a framc re la y nctwork. 

Fnrme Rela) tn~ñace. A standardized interface between customer equipment and a_ nodal processor 
or a frame relay nctwork. A two·layer protocol stack interface capability implemented at both 
endpomt~ of a ltnk 

Error Correction. In framc rclay. error corrcct10n and retransmission are done m thc uscr 
equtpmenl. The network can dctect crrors. but the correction is relcgated to the en~.1 systems. 

Linli. Access Procedure F. The data link !ayer protocol uscd in frame reiay. lt is specificd hy ANSI 
TI.61R-1'191 &nd is similar lo CCITI 0.922 Annex A. lt is a slimmed-down prolocol supportmg core 
functton~ onl~ lt IS bascd on ISDN's LAP-D rrotocol. 

Linio; Acces~ Procedure F-Core. That subsct of LAP·F used 10 frame rclay. 

Local 'tana~emenr Interface (LMI). A speclficatlon for use by frame relay products which defines a 
mctt-.od of c\chan~mg ~tatus inform;-~twn hctwecn the uscr device and the network. lt is u~cd to 

managc pvc, anu IS srccificd'" ANSI's Tl.617 

Mullica<!. An LMI opt1on that allows a framc rclay dev1ce lo broadcasl frames lo multiplc 
dcsttnations. 

f"triodal Proce!\.wr. /\ frame re la y processor is a sw1tch lhat .. connccts"' users. facilitatmg any·tO·any 
connccu"ity Cnnncctlons are accompllshed in real time over the PVC (evcntually over an SVC). 
Tahlcs are matntamed hy the node to fac1htatc the connections. 

Open S~·stems lnterconnec1ion Reference Model. A model for data communications mterconncction 
wh!Ch map~ functlons ncccssary for undertaking orderly communication to one of scven hicrarchical 
laycrs. 

Pennanenl Virtual Circuits (PVC). A log¡cal link or path bctween !i;·. ·1ngmating and termmating 
routcr~. No re~ources are allocated to the link unless data IS actually ocmg sent. The link IS sct up 
by the admmtstrator and rcmatns m place for however long it is needed (days, months. or ycars). 

Router. A dcV!ce operatmg at thc network layer of the OSIRM, used by a LAN la· access other 
LANs across a vanety of W ANs. 
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Systems Network Architecture. A ncrwork architccturc uscú in IBM nL"IworJ..s in 'llflport nf nll',..,ion
critical functlnn~. Originally. thc architccturc wa~ -~trictly hicrarchtcal ami cmplnycd lront-cnd 
procc~sors and cluster controllcrs. lt tS now moving toward a pccr-to·pl.'L'f .trchitL·cturc. ~upp11rt 1 n!-! 
LAN acccss to the mainframc. 

Switched Virtual Circuil. A virtual circUit that '' sct up on a call-hy-catl ha"''· t\ luturc lramc 11.:l. 1y 
scrvicc. nf particular tmportancc lo publlc fri..lme n:I,Jy nctwnrl..' 

Time-Dil-"i'>ion Multiplexing. A tr<Hhtional mcthod of comhmrng multqlk "lfmllt:llh .. 'liU., ch:mncf.., nvcr 
a stngle tr.an~mt!->\ton path hy a.ss1gmng dt:..crctc ttmc "!oh to cach ch;tnncl lt rc,ult-. 1r1 mdtJL'JL'Ill 
handw1dth allocation in bursty cn\'lronmcnt~. 

Virtual Circuit. A logical cunnection c~tahlishcd thrcugh J framc rclay or parkct nctwork. Framc-. or 
packcts are routed through thc nctwork in <.111 orc.Jcr-prc!->crving tran-.f¡:r Thc L'tllllll'C.:IIon ¡, '-lllltbr 111 

a dcdicated hne betwccn thc cndpmnts. 

Virtual Circuit ldentificr (\'CI). A lahcl uc;;cd hy a ccll ~witc.:h lo idcntJfy c.:cll-. bcl()fl!!lll~ to ;t ~!\L'n 

u~cr VCis have local ~ignificancc (~ce Chaptcr 10) 

laycrs crea te diffcrcnt frames; diffcrcnces manifestthcmselvcs in tcrrm of thc f¡clds. 
thcir positions. and thcir lengths. The logicallink control suhlaycr of ;¡ l.:\i\' crc;Jtcs 
a frame of particular interest. since it is thc framc that is involvcd inthc transmi-;s¡on 
of data ovcr á network of interconnectcd LANs. Framc rclay serv1cc· h;Js ;¡ spcc1fic 
frame formal. deserihcd bclow and expandcd upon in Scction II . .J.2 

11.2.2 Frame Rcla~ 

Frame rclay is a new packct·hased high·spccd lcchnolo_l!y. lt providcs lor dvnarnic 
handwidth allocation with hi!,!h throughput and low dclav to support thc incrcasing 
amount of hurstv traffic in thc corporatc cnvironmcnt. Framc rclay defines a 
standardizcd forma! for data link !ayer framcs. which are transrnittcd m·cr ;¡ nctwork 
of intcrconncctcd LANs or ovcr a public network. A frarnc rclay frarnc JS asscmhlcd 
hy uscr cquipment and is mtcrpretcd by frame rclay nodal proccssors or. in c;t<;cs 
whcrc thcre are no processors. hy thc rcmotc routcr. Thc fr;¡mc rclay framc is 
shown 1n Figure 11.4. Framc rclav is bascd nn thc llJX¡) and llJ'J:! CCI1T 'tandards 
and recen! ANSI extcnsions. clarifications, ami rcfincmcnts for thc U .S. mar:..ct. 
particularly for prívate nonswitchcd acccss. Therc is now widc vcndor support of 
framc rclav stanuards. 

Framc re la y mav he thought of as a strcamlmcd version of X .2S that c;¡n he 
implcrncntcd on or intcgrated onto a routcr. Figure 11.5 dcpicts thJS simplif1cation 
[ 11.4. 11.14[. Strcamlining is accomplished by stripping away all of thc X.25 nctwork 
!ayer (!ayer 3). adding a statJstical multiplexing capability via individually addrcssed 
frames to the data link !ayer, and redueing the funetionality of !ayer 2 hy rcmoving 



592 

1 DCitlt J OCtOII 

r 
1 

Flag Address Field 

' 
01111110¡ 

8 7 6 5 

T 1 1 1 
DLC! (h1gh arder) 

' ' ' 1 1 1 
OLCI '!"w order) 

' ' 1 

01 

8 7 6 5 

1 1 1 1 
DLCI (l'ugh arder) 

' 1 ' 1 1 1 
DLCI 

' 1 

1 'T 1 
OLCI (low arder) 

1 1 

01 

8 7 6 5 

1 1 1 1 
DLCI (1"111;h arder) 

1 ' 
1 1 1 
O:..CI 

1 ' ' 
' 1 1 
OLCI 

1 1 ' ' 

DL(;I (~ow arder) 

' ' 1 1 

" lnlormat10n Fteld 

' 
" 

3 

1 

FECN BECN 

3 

1 

I=ECN BECN 

' 

' 3 

1 

FECN BECN 

' 

1 1 

1 Gel8tl 

Frame
1
Check 

Seq~ence 

2 

CIR 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 

Flag 

01111110 

CIR: Bit 1ntended to support a 
commandlresponse md1Cal1on Tne 
use ol th1s tteld ts apphcatJon spec1fte 

EA: Address field extens1on bil 

DE: Oiscard ehgibrhty mdca!or 

BECN: Backwatd expiiCII congestlon 
not1llcation 

FECN: Forward explicrt congestion nOllflcaiiOr. 

OLCI: Data link connect10n 1dentlf1er 

·ANSI spe~thes .fOS6 bul 50me vendors may use the hrgher value. m1n1mum length. 262 

Figure 11.4 Frame and address f1cld formal (LAP·F/ANSI Tl.618-ll91; CCITT 0.922 Anncx 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 a PVC anda SVC service: 
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Figure 11.5 Comparison of frame relay protocol state dtagram with the one for X.25. 
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Initially, frame relay was developed asan ISDN packet servicc, with a logically 
separa te control plane for SVC managerr.ent and user plane. In the control plan e, 
al! signaling capabilities for cal! control, parameter negotiation, etc .. would be 
based on a set of protocols common to all 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 call setup mechanisms are supported, cvcn "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 nctwork 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 
predefincd by the network administrator, and that all frames follow the same ro u te 
to the destination. 

Permanent virtual circuits establish a fixed path through the 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 
wcll suitcd for LAN-to-LAN traffic. Framc relay has the advantage of prnviding 
line ccmsolidation and. hence. reduced equipment expenditures. It has thc inhcrcnt 
multtplexing capability where one physical access can support up to 1.024 logical 
connections (In actual implementations, however. the number of logical channels 
is usually much smaller. say. 32 for physical and/or performance reasons (11.2. 
11.15)). The PVC approach does not support an addressing apparatus adequate to 
support a switched service. 

1 1.2.3 Frame Re la y Interfaces 

Likc X.25. framc rclay spccifics the mtcrfacc bctwccn customer equipmcnt and 
thc nctwork (t.c .. thc UNI). whethcr the network is public or prívate. This interface 
spccificatton is described m generalities in CCITT Recommendation 1.122 of 1988. 
1.122 describes the unacknowledged order-preserving transfer of data units from 
the network side of a user-network interface to the n~twork side of the other user
nctwork interface. A frame rclay interface is a two-layer protocol stack capability 
tmplcmcnted at both endpoints of a link (i.e., by the user equipment and by the 
network's nodal proccssor). Frame relay interfaces rely on (1) thc existing intel
ligcnce of cnd-user equipment. such as routers. to run the protocol; (2) today's 
htghcr quality dtgital transmission facilities; and (3) error detection, corrcction. 
and rccovcry at thc higher end-system layers (transport !ayer, or even at thc ultimate 
application leve!) ( 11.13(. 

Thc frame format for data transfer is based on a subset of 0.921 (LAP-O), 
but extended with the flow control fields. The protocol is now known as Link 
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Access Procedure F-Core (LAP-F Core) and is defined in ANSI Ti.618-19\ll; it is 
also defined in CCITT's 0.922 Annex A, adopted in I992. 0.922/LAP-F (ISDN 
Data Link Layer Specification for Frame Mode Bearer Services) is a full data link 
!ayer protocol in its own right; it was adopted in 1991. Frame relay uses thc 'tihsct 
called LAP-F Core. LAP-F functions like windowing and error corrcctiun are not 
included in the core subset [11.16). A 1992 CCITT protocol extended from 0.931. 
called 0.933. is to be used to support SVC service. 

As implied in Figure 11.1, a network platform is nccdcd to routc and for" ard 
framcs received over thc UN! conforming to thc FRI spccification. This riatform 
is composed of one or more nodal processors (whether owned by thc uscr or hv a 
carrier). 

11.2.4 Error Correction 

In framc relay, error corrcction and rctransmission are done in thc uscr cquipmcnt · 
The network can detect errors, but the correction is relcgatcd to thc cnd-wstcms;. 
Error conditions inciude lost. duplicatcd. misdelivcred, discardcd. ami out-of
sequence frames: recovcry from these error conditions must he pcrformcd hy the 
uscr's equipment. which must be appropriately configured to suprort thesc tasks. 
This does not. require any additional functionality, which most intciligcnt cqutr
ment.like LAN routers. has today. Furthcrmorc. with today's highcr qualit1 dt¡!ital 
transmisston facilities and thc migration to fibcr, it is unlikcly that many framcs 
will be received in error. requiring end-to-end retransmissinn. Error-rronc Circuits 
of the past necessitated complex error chccking and recovcry rrocedurcs at cach 
nodc of a network. The X.25 packet standards assume that thc transmission media 
is intrinsically error-rrone. and in arder tu guarantec an accertahlc leve! of end
to-end quality. error management is performcd at every link hv a fairly sorlmticatcd 
hut rcsourcc-mtcnsivc data link protocol. as illustratcd in Figure 11.5. With ;¡ high
quality fiher-bascd communication infrastructurc bccoming commonrl<ICc. manv 
of the error corrcction and rctransmission capabtlitics of X.25 can be safcly elim
inatcd [11.17]. 

Sin ce error corrcction and flow control are handlcd at thc cnuroints. frame 
relay expedites the process of routing packcts through a series of switches to a 
remate location by eliminating the need for each switch to check each packct and 
correct those in error. This error treatmcnt incrcases performance and reduces 
bandwtdth rcquircments. whtch in turn can reduce communications cost' lll.IS. 
11.19]. 

In the past. when transmission errors wcre common, it was not cfficicnt to 
rcquire thc transport !ayer (whosc job it is to guarantee ultimatc end-to-cnd reli
abihty) to keep track of unacknowlcdged PDUs. Instead, thc data link lavcr. closcr 
lo where the problem had its roots, was responsible for the correction task. lt turns 

' . 
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out in the final analysis that when the probability of error over a link is relatively 
high. it is better to do error correction on a link-by-link basis (i.e., at the data link 
layer). as measured by the amount of network bandwidth required to successfully 
send a PDU (although it m ay, in fact, ha ve been faster to do it end to en d. 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, since they need to 
undertake fewcr 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 probabilitv 
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 5implicity). The tables (almost 
precise! y) compute the expected bandwidth to deliver a corree! PDU with link-by
link corrcction and with end-to-end correction. The expected delay to deliver a 
corree! PDU with link-by-link correction and with end-to-end correction is also 
computed. Befare discussing briefly how the tables are. derived, Jet us focus on the 
results. The following summary emerges: 

Exptcttd Expected Expecred Expected 
Bandwidth Bandwidth De/ay De/ay 

11-b·/) (e·t·e) (l·b·/) le·t·e) 

Lmk success probabihty: 0.9 3.30674 4.02831 0.66135 0.53711 
0.99 3.03027 3.09182 0.60606 o 41224 
0.999 3.00300 3.00902 0.60060 0.40120 

As the probability of successful transmJssJon over a link increascs. the 
cxpccted handwidth approaches three units in the link-by-link case: one unit for 
thc first hnk. one unit for the second link. and one unit for the third link. When 
the prohabihty is lower. the expected bandwidth goes up beca use of the required 
rctransmissions. (Sorne PDUs wil! require no retransmissions, while others will 
require a few retransmissions. On the average, 3.3 units of bandwidth would be 
required for the 0.9 case; sincc the example is fairly realistic, the "overhead" 
bandwidth is rather small. To il!ustrate the point more pedagogically it would be 
necessary to use a failure value of 0.5.) Note that. in the end-to-end correction 
case. considerably more expected bandwidth to successfully transmita PDU would 
be required when the probability of link failure is relatively high (4.02 units versus 
3.30 units for the link-by-link case). However. as the probability of success in creases 
to 0.999. effectively the same expected bandwidth is required by both methods 
(3.009 units versus 3.003 units). More bandwidth is required in the end-to-end 
correction case when the BER is high, because the distan! node would have to go; 

.~<¡ 
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Table 11.4 
Delay and Throughput Comparison Whcn Probability of Succcssful Path Transm"sinn 1- ll.~ 

Probability of transm1ssion success over a link: 0.9 
TransmiSsion dclov (units): 11.1 
Node delay for error management (units): 0.1 

Towl Unir< of 
Handwiúrh Expcef('t/ 

Rcq1urcd for /J a llll H"Hitlt 

Lul'·h•·-Link ('-'"'-In· t:wl-to-F.nd r r ¡wctcd 

Lmk 1 Lmk2 Lmk3 Corrccuon l'rohah¡/uv Lmk) O dar l>l'la\' 

S S S 3 0.7291KI 2.1X7011 () .61111 11 43740 

f.s S S 4 0.117290 0.2Yió0 o oliO 11 II)SJ:' 

S f.s S 4 11.117290 0.291 óll 11 XIIII 11 !I)S.12 

S S f.s 4 0.072911 0.291óll !1 X!l!l llii5S.12 

f.s f.s S 5 II.IX1729 0.113645 1 .1M 111 11 111172Y 

f.s S f.s ) O.IMI729 o 11]64:\ I.IHIII () llfl7~(} 
-~ 

S f.s f.s 5 11.1KI729 0.11.164:\ 1 IIIHI 11111172~ 

f.f.s S S 5 O.IMI729 O.ll.1ó4:\ 1 IHHI IIIHI72~ 
.. 

S f. f.s S 5 !I.IKI729 0.0.1645 1 IHIII (1 0072lJ 

' S f.f.s 5 o 111172~ 11 11.11>4:\ 1 lll H 1 11.111172~ 

f.f.f.s S S 6 !I.IHI07.1 ll !Hl-1.17 l. 2110 ll_()(lfl:-i7 

S f.f.f.s.. S ó 11.011073 IIIHI4.17 1.21_111 lliiiHIS7 .¡. 
S S f.f.f.s ó II.IMHI73 11.11114.17 1 20{1 11 11110.~7 

f. f.s f.s S h IIIWHI7.1 IIIHl-1.17 1 ~0() 11 IIIIIIX7 

f. f.s S f.s ó II.!HIII7.1 11 11114.17 1 . 2110 IIIHIIJX7 

S f. f.s f.s ó 11 !HHJ7.1 11 11114.17 1 .2110 II.IHIIIX7 

11.995X14 3 . .10ó 744 061>11:\ 

7 oto! l '11/f~ of 
Uandwtdrh Expccrcd 

Rt•{¡wrrd fnr Bwuh,·tdrh 
L. m J. -h \'·l.mk (/.m/... -11\·- End-tn-Lntl 1. l {JC( 1cd 

/.\1 l'an 2nd l'au 3rd l'a~~ Cnrrcoum l'mhahtltt\' Lm/... J /)c/11\ 1 Je/ar 

~-~-~ ~ 11 7291KI :'.1H71HI 11 J 11 2Y11>11 

~." .f 
~.f.<.; 

f.~ .S 

S .f.f 
f.s. f 
f. f.s 
f.f.f 
><tn\ f ~. -. • .s ~ O. 1 9?)(, 1 1 H5.15 11 r: 11 1 'iHII'i 
>an\ f anv f s.s.s Q 11 O'i35J 114H1H5 1.2 11 116425 
>any f · an~· f an~ f 12 1!.111451 11.17411 1 ó 11 112:121 

11.~461 4.1J2R.11 11.53711 

s = success f = fallure 
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Table 11.5 
Dclav and Throughput Comparison Whcn Probability of Successful Path Transmission ls O. 99 

Probahi!Jty of tr~nsmission succcss over a link: 0.99 
Transm1''10n de !ay (un1ts). O. 1 
Nodt: dclay for error managemcnt (units): 0.1 

Total Unas of 
Bandwidth Expecred 

Reqwred for BanJ,,·rdth 
Lm'-·by-Lmk ( Lmk-hy- End-to-Encl ExrJccted 

Lmk 1 LrnJ.. 2 Link 3 Correct1011 Probabiilty Link) De/m· neta,· 

S S S 3 O. 97030 2. 91090 0.600 0.5SciR 
f.s S S 4 O.IKI9711 0.03881 0.8011 11.110776 
S f.s S 4 0.011970 0.03881 0.8110 o ()()77(> 

' S f.s 4 O.IM1970 11.03881 O.ROII O.IH177f> 
f.s f.s S 5 O.IKlUIO O.IMMl49 1.000 O IHIOIO 
f.s f.s :; O.!~KIIO O.IMKl49 1.mo 11 IIIH)]O 
S f.s f.s 5 O.IKIIIIII O.IKKl49 I.IKKI 1)()0010 
f.f.s S S S O .OIXIIO 11 IXKl49 I.OIKl II.IKKIIII 
S f. f.s S 5 0.00010 0.1KIIl49 l. 01)() 11.11011 )11 

S f. f.s 5 O.!XK)]II 0.()(Xl49 I.IKMI 11.11110 1 11 
f.f.f.s S S 6 O IMXKKI II.IKIIXII l. 21Kl O IKIIKKI 
S f.f.f.~ S 6 O.OIMMIO O.IXKKII 1.200 O.IKKKKl ~ 

~ 

S S f.f.f.s 6 0.00000 O.IKIIKII 1.200 II.IIIKIIKl 
f. f.s f., S 1:> IUKMMXI O OOKII 1.21Kl 11 11mm 

f.f.' S r. s 1:> O.IKIIKHI O.OIKHII 1.21KI II.IKXKHI 

' f. f.s f.s 1:> O.IXXXXI O.IXXlUI l. 2011 11.1 K 10011 

,,{ ' 

0.9999% 3.030279 .. : .0:6061!6 
. -~. :·. 

Total l)nrt'i of 
Band1ndrh Expectccl 

Rrqurred fur Bandw1dth 
End-to-End (End-tn- End-rn-End Llprcred 

/H f'lln :!ncl l'a.n 3rd f'aH Corrrc rwn Prohahdm· t:nd¡ Dc/ar Dcfa,· 

S.~.~ 3 11.97030 ~.91090 04 0.3H812 
~.S. f 
,.f.~ 

f."'. o;¡ 

s.f .f 
f.s. f 
f.f.s 
f.ff 
>a m o;;.~.' ¡, O.O"HH2 O.li291 0.8 11 02306 
>a m ~0\ f s.o;;.s 4 11 !XKIR6 IJ.CKI770 1.2 O.IXII03 
>any f an~ f an~· f 12 O.IXKXI3 O.IKXJ31 1.6 O.!KI004 

l.! XXX MI 3.11'1182 0.41224 

S = succes.s f = fa1lure 
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Table 11.6 
Delay and Throughput Comparison \\'hcn Probahility of Succc!<.~ful Path Tr.m-.mr..,,lnn ¡, (1 ljl)tj 

Probability of transmission success ovcr ~ link· 119~9 
TransmiSSIDn dclav (units). O 1 
Node dclay for error managemcnt (units): 0.1 

Total Uait.< nf 
Bandwu/111 Expccted 

Rcqlllrt•d _for /Ja111h~ ul!h 

Lmi.-hy·Liak ( Lmi. .¡,, .. r:wl-tn-/.nd 1 lfl('( {{'(/ 

Lmk 1 Link 2 Lmk3 Corrt•crum l 1rnhahtllly Lmk) 1 k lar /)('{¡J\ 

S S S 3 Cl. 9~7CMJ 2.9~101 (J (ltlll n 5lJ,'\~tl 
f.s S S 4 O CXIIIXI 11 111139~ II.XIIII IIIIIHIXII 

S f .S S 4 0.1~1100 II.CXIJYY 11. XIII 1 o 1)00.'•\0 

S S f.s 4 O.IMIIIHI o 011~49 11 XIIII 11. OPOSO 

f.s f.s S 5 11 tKMIIMI 11 .11111 M 111 1 .111111 !l IIIUIOIJ 

f .S S f.s -' o .1111111111 11 11111 11 111 1 .111111 o ( )()t){)( 1 

S f.s f.s 5 0.1111111111 11 11111 11111 1 111111 (1 IIIHHI(I· 

f. f.s S S 5 o 1111111111 11.1111111111 1 111111 (1 1 H JIIOtl" 

S f. f.s S -' 11.1111111111 0.111111110 1 111111 1 1 1 H )( H JO 

' S f.f.s 5 O IKIIKMI o 111111011 111111 11 ( 1( 1( l()( 1 

f.f.f.s S S 6 o .1111111111 11 1111111111 ~0{) 11 1 11 11 H Jll 

S f.f.f.s-. S ó o. 0011110 11.1111111111 ~flf ~ 11 1 H IOfJfl' ~.' 

S S f.f.f.s 6 O. 01 K 11111 (1 1111111111 .21)(1 () ( lf 10110 

f.f.s f.s S ó 11 011111111 11 1111111111 21 H 1 ( 1 1 tll( 1( 111 

f. f. S S f.s ó II.IKHNIII 11 11111 11 111 -~()() 11 1 lllfH 111 

S f. f.s f.s ó 11 111 H 11M 1 (1 1111111111 . 21 u J o 1 )( 111011 

:1.1111:1011:\ O ,,¡K lllO 

Tnral l :nir~ of 
/Jamhndrh Lx¡wctcd 

Rcc¡wrcd 'tor Hn11d1\ tdrh 

Efld·to-!:ml ( Lwl-lo· l'.fld-r,,-f-.ml l. \{11'111'11 

l."ii PlLc;, :!m! l'cJn Jrd Pa.Pi ( orrcc !ton 11 rohcJhi/11 1 · l:nd 1 1 )f'lll\' 1 )('/(!\' 

~.s.s _1 11 ~~71KI : 91.}1(11 11-l ( 1 .1')~S!I 

\ .s .f 
\.f.~ 

f.s." 
d.f 
f .S .f 

f.f ·' 
f.f.f 
:--ony f ~-~-" ó 111KI2~~ 111117~3 O.X ll 002_ltJ 

>any anv f s.s.~ G IIIIIKWII IIIKIIIIIo 1 
, 

11.111111111 
>any f -anv f any f 12 II.IKKIIKJ 11 O! JO( M 1 1.6 1\.IIIIIKIII 

l.IKMKKI _1 !IIIY02 114111211 

S success f = fadure 
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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 successfullv traversed two r. ·ps and then 
fails on the last hop. the resources required for a corree! reception under thc hop
by-hop method would be B + B + (B + B); under the end-to-end mcthod it w0uld 
be ( B + B + B) + B + B + B. 

In each case. the time required to suecess:··JIIy send <.o corree! PDU dcerca,c; 
as thc probability of corree! tran.,~nission over a link increases. Howcver. thc end
to-end correetion 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 lmk-by-link versus 
0.40 at O. 999; individuab engineering paeket-switehed nctworks ha ve tradc-off 
bandwidth effieieney in favor of end-to-end response time). The data makc clcar 
that if the probabiiity of link error is low, it is possible to relegate error correction 
to the endpoints of thc network without negatively impacting the throughput. while 
substantially 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 efficicnt use of bandwidth is not by itsclf responsible for thc incrcascd through
put of a framc rclay network; the increased throughput facilitating TI acccss is due 
to thc faet 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 prívate frame relay networks. the 
advantages gaincd bv relcgating t~·: :·rror managemcn! to thc cndpoints are min
imal. if thcy cxist at ~!11. The path a¡·, ... nc link are nearly idcntical in an environment 
whcre thc frame rcla1 routers are conncetcd through a single nodal processor. and 
are exactlv idcntical when two frame relav routers are conneeted directly with a 
TI Jinc. In fa e t. the overhcad incurrcd in segmenting and reassembling a 1.500-
octct Ethernet framc into 70 or 'o c..:Jis may pract· iy wash away anv gam from 
streamlming thc error management proccdure (at ie..:>t in a smgle-node frame relay 
network ). 

So me explanation of the model of Tahles 11.4. 11.5, and 11.6 follow,. Le: : 
be thc probability of successful transmission over a single link. In the link-by-link 
error procedure. a PDU is succcssfully :ransmitted if it is suceessful o ver the first. 
sccond. and third link. Thc prohability of this evcnt 1s p x p x p = p'. In this 
GI\C. onc unir of bandwidth JS expandcd over the first link. onc unit ovcr thc sccond 
Jmk. and one unit over the third link. for a total of thrcc units. The de la y is (T +. 
P) • (T -'- P) + (T ..... ,_ whcre T is thc transmi<>s1on time and Pis the protncol 
proces,Jn¡! t1mc. The modcl procceds hy Jooking at all (in actuality. the · ;t 
"gmf1cant) other evcnts. For cxampk. thcrc eould be an unsuccessful transmiss1on 
ovcr thc f1rst link. followcd by a sueeessful retransmission and two othcr tr: .. ,_ 
missions. The probabihty of this is (1 - p) x p x p x p = (! - p)p'. In this c ... 
two units of bandwidth are expanded over the f1rst link, one unit ovcr the sccond 
hnk. and onc unit over the third link, for a total of four units. The delay is [(T + 
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P) + (T + P)j + (T + P) + (T + P). Othcr cases are shown in the t:li>k (l)l)_.¡r; 

or more of all cases are accounted for in the tables). Finally. thc cxpcctctl hantlwidth 
value is calculated as 

PR""' X Bandwidth'"''"' + PR.,": X Bandwidth, ... ,: + · · · 

and the expected delay is calculatcd as 

where PR. = Probability of comhined cvcnt x. Thc ~econd p:.rt of thc tahlt: 
calculares the same factors when the error proccssing is done cnd tP <.:IHI. llcrc ;¡ 
transmission is successful only if successful ovcr thc first. sccond. ancl third links. 
The probability of this is p x p x p= p'. In this case. one unit ol h:1ndwidth is 
cxpandcd ovcr thc first link. one unit over thc sccond link. ami Pnc un1t m·cr thc 
thtrd hnk. for a total of thrce units. Thc dcby is (T) + Cfl + (T + 1'). whcrc· T 
is the transmission time and Pis the protocol proccs~in~ time (1n this c:1sc. 1' cPuld 
be incurrcd by thc end-uscr equipment. hut 11 qill impacts thc tcspllmc t11nc. in 
addition, P herc is smallcr than in the prcvious case). Thc nwtkl pn>cccds h:
looking at all {in.actuality. the most significan!) othcr C\'CI1!s. Anv l111k f:1ilurc lcad~ 
loan cnd-to-cnd'retransmission. Evcnts such as s.s.f nr s.f.s or f.s.s or s.f.! or f.s.f 
or f.f.s or f.f.f (s = success. f = failurc) fall into this catc~ory (in pt:Ictic.li tc·nm. 
an crrored frame is not actually transmitted-thc prcscrtption shPw n tksu il,cs ;m 
apostcriori prohahihstic charactcrizatton). E:1ch of thcsc cases WPuld he· 1< >11"'' cd 
by a second phase. which. it is hoped. would he of thc form s.s.s Thc pn>hahility 
of this is (1- p') x p x p x p. lnthi-, case. as manv "' thrcc units of h:tiHiwidth 
are expandcd in the ftrst case. plus thrcc untts in thc scwnd phasc. l"r ;¡ tot;Ji of 
six unlts. Thc del;!\ is ~·¡en - (T) + !T .._ Pll- Othcr c;¡scs :1rc siHn'n in thc 
tahlc ('19.-V·i or more nf all c;¡scs are accountcd for In thc t:Ihks) hn;Jil\. thc 
cxpcctcd handwidth usa~c ami dci;I\' are calculatcd ;¡s dcscrihcd ahn,·c. 

Puhlic framc rclav networks must he dcsigned with quahtv ol scn·tcc 111 mind. 
Somc of thc paramctcrs hcing discusscd are 

Ratio of nondclrvercd PDUs to total I'DUs :o=: 10 ·' 
RatiO of crrorcd I'DUs to total I'DUs :o=: lO ''. 
Rattn of mtsdclivcred PDUs to total I'DUs oo: 111 ' 
Ratio of dupltcatc PDUs to total I'DUs :o: 10 ". 

(Todav·s framc rcbv nctworks do not vct mcet thcsc goals.) lf thc nct"ork 1s not 
propcrlv cnginecrcd from a traffic pcrspccttvc (i.c .. insufftc1cnt trunk handwidth 
ts provided) and unrcliahlc flow control proccdures are uscd. thc numhcr of nct
work-discardcd lramcs could hccome stgnificant: this issuc will he rccxamincd latcr. 
In addition to thc quality of scrvrce mcasures with rcfcrcnce to error condttiuns. 

.. t· 

... 
-1," 
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carricrs uim for an cnd·to·cnd del ay 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 level of service or network delay [11.2]. Since frame relay 
will not work too well ovcr noisy lines (e.g .. in sorne countries outside thc U.S.). 
it will not ha ve thc international reach of traditional packet switching. 

11.2.5 Frame Relay Processors 

A framc rclay 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 prcviously established). The frame relay interface is only 
a dcfinition of what the data stream into the frame relay network looks likc. 
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 conncction. Tables are maintained hy the 
nade that tell the node thc physical por! on which an incoming framc must be 
transmittcd. For users terminating on the same nade. the frames are dircctly sen! 
to the destination hy checking the address and determining which physical port 
needs to receive the data. For uscrs terminating on two different nades. the data 
must be sent over the appropriate trunk to the destination nade for ultima te deliv
erv. Centralized administration of the backbone network routing tables and thc 
natural pon shanng and multiplcxing attributcs oí frame relay makc network 
growth managcablc anc simple. According to sorne observers. the annual demand 
for fast packet framc rday technology will surpass TDM-based TI multiplexer 
systems by 1995 [11.20]. 

11.2.6 Frame Rela~· Netv.nrks 

Frame relay networks can oc prívate, public. or hybrid. A network consists of (1) 
uscr equipmcnt supportmg thc frame relay interface. (2) one or mP: trame relay 
processors owned hy thc user or a carrier. and (3) communication unks betwccn 
the users and the nodal processors and between the processors (links betwcen thc 
nodal processors are owncd by thc carrier in a public nctwork). Thc uscr cquipmcnt 
typicallv cnnsists of appropnatcly configured LAN routers. The nodal processors 
interpret the frame and trawmit them (using cells or. in sorne cases. frames), 
making the concept of frame rclay a rcality. Figure 11.6 shows an example of a 
(puhllc) framc rclay nctwork: framcs traverse a fixed PVC path through the net
work. although transmission resources (including bandwidth) are not dedicated to 
each VIrtual connection. 

:1 
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Host 

Frame relay ~~a conncction-orientcd tcchnology. Traditionally. CCTIT. thc ortl!inal 
frame relay standardization hody. has pursucd a conncction-oricntcJ philosophy. 
Conncctron-oriented scrvicc rnvolvcs a conncction cstahli<;hmcnt phasc. a data 
transfcr phasc. anda conncction tcrminatwn phase. A logical connccti(ln ts sct up 
hetween cnd-systcms prior to cxchanging data. Thcsc pha<;cs Jdinc thc scquencc 
of cvcnts. cnsuring successful data transmi~sion. Scquencing of data. flow control. 
and transparent error handling are sorne of thc capabilitics typtcallv inhcrcnt in 
thc scrvice. The call setup phase (as would be thc case in the SVC envmmmcnt) 
adds sorne delay to each call. but it facilttates dynamic connectivity. For today's 
pcrmancnt virtual ctrcull-bascd framc relay. setup is done once bv thc svstem 
administration on behalf of thc user. The PYC approach implics the allocation of 
sorne resources-likc tablc entnes-regardless of the real-time user traffic con
ditJOn). Since the PYC is establtshed at subscnption time. there is no need fur real
time signaling in this typc of servtce ( there m ay be status signalmg. but this is 
unrelated to the establishment of the channel). 

'. 

>o(}· 
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In ll corme<:tionlcss scrvice, such as SMDS, ea~;h 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. C cmnectionless
mode service provides for unit dat~ 1ransfer without regarding the establishment 
or maintenance af connections. Th1s is advantageous in interentcrprisc applications. 
Each unit of data contains the addressing information and the data itself. The 
respansibilit~ af ensuring that the message gets at the other hand is shir:..:d up from 
the data link !ayer to higher layers. where the integrity che. .s done only once. 
mstead of being done at (every) lower !ayer. Connectionless communication ¡•:" · 

a very common technique, and is found, fm example, in LANs. Since Sl\: · 
also connectionless, the two technologies can interwork in an optimiz~d fasi:. 

11.2.8 PVC Establishment in Private Networks 

The backbone írJme relay processors typically have a centralized network man
agement t:-rmin:11 to provision connections. The manager specifies the endpoints 
(Le .. the ~.:o routers for which a PVC is desired). The netwark · .magemcnt svstem 
will then automatically build a path between the nades (and. hence, thc endpoints) 
and inform all nodes in thc network of the route. Sorne processors requirc manual 
cntry of the entire routing path in the variaus tables. This path will be used for all 
subscquent transmission bctween the specified endpoints. The mana~"." :an alsa 
specify alternate logi:alíph'' .d routers to deal with nade ar trunk f. .~re (uscr 
acccss line failur .·. ~mat t· .• ealt witr :>y this method). 

11.2.9 Frame Relay Protocol Stack and Protocols 

F1gurc JI. 7 de· :a typical frame relav network protocol architc" ·:.~re. Thcsc stacks 
must be 1mplcmcntcd m thc u'cr cq•. :>ment and in thc nodal processors in ordcr 
tn implcmcnt framc rclav. In the example. there are two PC U>.':rs an 1wo geo
graphicallv scparate LANs. Thesc LANs would access the frame rclay ;.:>de via 
routcrs c0nfigured to tcrmmatc 1he frame relay interface There are two PC users 
on the :· . remate LANs. Three nc"work nodes have bec -ovi~ianed lo logica!iv 
inlcrconnt:cl lhe end-user cqu1pmcnt via permanenl virtu"' circuits. Nodcs 1 and 
3 termina te thc cnd-uscr equipm~:'1' d1rectly over a link with.a frame re la y intci .:1cc. 
They musl support se¡:~entalion tunctions like CS and SAR (discusscd in Chapter 
10) i~ . ~r to accom ,dale cell-based transmission within the nctwork. 

~:.1ndards wark tor frame relay starled m 1986; work accelerated in 1489, 
afler lhc pub!Jcation of lhc f1r~t CCITT frame relay standards. CCITT's Q.'. and 
ANSI's T1.618. Tl.61~ Annc· 'l. and Tl.617 Annex D describe the UKI. Transfcr 
af PDU> i~ based on Core pecls of LAP-F prolocol ¡ANSI T!.618). LAP-F 
equates lo 0.922 and lo lhe uldcr "I..:~ ¡• Car: define:· ::1 the 1988 versian of 
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1.122. PVC managcmcnt funct1ons are included in Tl.ól7 Anncx D: many ft:aturcs 
of thc local managcmcnt interface (LM1) specification wcrc imtially propos<:d hy 
vendors and by the frame relay forum. 

Table 11.7 summarizes the status of thc standards. Tl.6Uó providcs a dcscnp
tion of thc framc relay servicc. 1t was approved in 1990 hy ANSI. Thc cqul\·alcnt 
CCIIT rccommendation, 1.233, was in the final stages of approval. Tl.606 Addcn-

· . .. 
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Table 11.7 
Frame Relay Standards, January 1992 

Standard ANSI Number Status 

Framt.·\\ork 
Service Dc~cription TI.606 Published 
Conge!'tion Manag.cment Tl.606 Addendum Approved 
OatJ Tron,fcr Protocol TI.61X Approved 
Acc.T'" Sq!nalin~ Tl.617 Approvcd 

CCITT Number 

1.122 
1.233 
1.370 
0.922 Annex A 
0.933 

Stalus 

Publishcd 
Fmal 
Final 
Final 
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 eore aspects of 
the LAP-F protocol. describes the data transfer prolC'col at the UN!. The standard 
was a¡-proved in 1991. The equivalen! CCITT recommendation. Q.922 Anncx A. 
was approved in March 1992. Tl.617 describes access signaling. lt was approved 
in 11)91. The equivalen! CCITT recommendation. 0.933 was approved in March 
1992. Tl.617 Annex B describes management of PVCs on a channel that supports 
a mix of PVC and SVC serviccs. Tl.617 Anncx D provides key PVC managcment 
functions. The LMI of Annex D makes possible for the network to notify thc end
user of the addition. deletion. or presence of a PVC ata specified UNI (any such 
information rcceived on a UNl applies to that particular UNI). Areas rcquiring 
standardtzalion includc NNI protocols and interoffice signaling. 

The mmimum mformation ficld allowed by the protocols is 1; this implies 
that there are no restrictions on how small the frame is. A total of 1.021 PVCs pcr 
UN! are supported. Logical channel 0.1. and 1023 are rescrved; channcl 1023 is 
uscd to scnd link !ayer managemcnt messages from the network to the user·s dcvice; 
other logtcal channels {up to 45) may be reserved by sorne carric·~·. 

11.2.10 Transmission Mechanism Across a Frame Relay Network 

When u~ing the frame rclay interface. the router on a LAN sele:ts the required 
rcmote routcr hy spccifying thc pcrmanent virtual circuit via a data link conncction 
idcntificr containcd in the frame rclay frame it builds prior to transmitting thc data 
{thc idcntifier is originally assigned by thc net'·'Jrk administratorj. lf the system 
is wcll destgncd. there should be no segmentatior. uf the LAN frames into multtple 
frame rclay frames. although this could happcn in theory, adding del ay and ovcr
hcad. Thc nodal processor accepts the frame it receives on one of its incoming 
ports. segments it into cclls while appcnding a sequence number for remote-switch 
cell-to·framc reassembly. and deltvers it over the trunk connecting to that remo te 
switch. Initially, trunk interfaces -used a "packet-like" protocol; more recently, 
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products are moving in the direction of CCITI's A TM ce lis standards. Thc switch 
must segmcnt incoming frame relay framcs for dclivery through thc ccll formal. 
beca use these frames can be long while ce lis are much shortc:r: for cxamplc. 
CCITI's standards spccify cells with 48 octets for the payload and fiH: ntr;l cclls 
for overhead. as discussed in Chapter 10. As indicatcd. thc nctworJ.. doc' not worry 
about error correction. Nodal processors do, however. check thc framc check 
sequcncc (FCS') code of a rcccivcd frame. lf thc framc is found in error. 11 is 
dropped without furthcr processing (rcfcr again to Figure 11.5). · 

Every network needs to cnsure that traffic is routcd rcilahly from thc source 
to the destination. In a frame re la y nctwork, routing of thc framcs frorn thc vanous 
routers is determined by the DLCI of the frarne on a givcn user-nctwork interface. 
Nodes use the DLCI to determine the frame's destination. Thc DLCI i;. not an 
address of the destinat1on. since it may changc as thc frame travcls through thc 
network (i.e .. thc DLCI has local significance only). Instcad. it idcntifics thc logical 
connection between an element in the network and thc ncxt clcmcnt in thc nctwork 

' (i.e .. endpoint and nodal processor. and nodal proccssor and cndpoint. n>utmg 
hetween nodal processors is accompli;hed through thc VCI). Scc Figure 11.¡.: for 
an cxarnple. The routing tahle entries for permanent virtual circUit <;Cn"JCc are 
populatcd via the nctwork managcrncnt systcrn. ami routing is not detcrm111cd on 
a .. per-call .. basis as in X.25 SVC service. In thc example of Figure 11.7 

The nctwork la ver in thc PC at location x (typically part of thc TCI''I P st;1ck) 
looks in thc routing tahlc for the addrcss assoc1atcd with thc dcstlll.ltlon 
appilca!lon. known at thc send1ng cnd lw sorne logical namc. ,,,,. '. Thc 
tahlc ind1cates that the local routcr rnust he specif~eally addrcsscd lor thc 
sclcctcd destination. 

• U pon rcception of thc framc. thc routcr chccks its routin¡! tahlcs to tktnminc 
thc local DLCI necdcd to he appcndcd to thc framc in ordcr to rc:1ch remole 
dcstina!lon y. 
Thc router"s data link lavcr placcs the informat1on in a lr;nnc rcl;l\ fr;1mc 
and scnds it to node l. wnh thc DLCI lahcl propcrly appcndcd to thc mtor
mation. 

• Nodc 1 rccognizcs thc DLCI assoc1atcd with an cxisting lo¡!ical path through 
thc nctwork. lf thc framc 1s not m error and 11 has a val1d DLCI. it is se¡!mcntcd 
into cclls which are subscqucntlv 1dcntif1cd hv a nodc-.assigncd \'CI and other 
SAR rnechnamsms (sorne nodal proccssors ftn\\ard cntin: fr;m1cs \\ltlwut 
scgrncntation: the advantagcs of ccll rclay NNis ovcr frarnc rcl;l\' :"Nis are 
discusscd in Scction 11.2.14) Thc cclls are sent on to nodc 2 ;md lrom thcrc 
to node 3. Othcrw1sc. 1t d1scards thc framc. 

1Th1~ <.~cronym and thc F1her Channcl St?ndard acron!m mtrnduccd m Chaptcr 1 cl<.:arly rdcr to ddkrL·nt 
concepts 

., . 
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Fi~re 11.8 Moppmg of DLCis in a frame rday network. 

• Nodc 3 reasscmbles thc cells into thc frame using thc VCJ and othc' SAR 
mcchanisms; thc node thcn pJ>«es thc frame over the access line tnat ter-
minJtcs in thc cquipmcnt supporting apphcation y. · 

• Upon rccetpt. the router forwards the information to the PC. In turn. the 
data is sent from thc PCs data link !ayer to application y via the t~ :sport, 
scssion. and prcscntation laycrs. 

The nodal processors do not ha ve toread the variable-length frame to achiev: 
switching; instead, the DLCI is sufficient to allow the edge processors to make the . 

. ; : .... 
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necessary routing decisions. Figure 11.9 shows one physical rcalization of thc pro
toco! architecture of Figure 11.7 in order to illustrate routing of framcs thrnu!!h a 
private trame relay network, The DLCI may be reused by virtual circuits that do 
not share one or both endpoints. 

In fact. Figure 11.8 implies that the routing is more complcx than thc short 
discussion given above, since therc is an intcrplay bctwecn DLCI. thc cclr, VCI 
(or equivalen! vendor-proprietary indicator). and ultimare trunks. Thrcc aspcct' 
of rouung exist: 

An association hetween thc locally significan! DLCI and thc ccll\ VCI (ami 
thc other way around). This occurs at origination and dcstination nodal pro
cessors. 

Oasllnat10n 1 Oestlnation 2 DesMa1ion 3 

IDLCI-001 11 DLCI-01011 DLCI-011 1 

\ 
1 
1 

1 
1 

1 
1 

Des11na:10n 2 

' ~~~--~ ' / ' / 
' ' Nodal Procassot / / 

lr:D"'L-=C,.-1 ·-,0,-1 -,1 j ...._ ..._ - - - / 

Router 

O.stuiaton 3 

Note· In actualrty, DLCI1 only ha ve bcal .s.gn!lcance and can be alterad dur1ng transm1ss10n. 

Figure 11.9 Routmg m a pnvate trame relay network. 
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• Remapping of a VCI to another VCI. As discussed in Chapter 10, this occurs 
whenever there are ATM switching points (a specific VCI has no end-to-end 
significance if the virtual channel connection is switched; the VCJ could 
rcmain the same end to end if the virtual connection is provided on a sem
ipcrmanent basis). This occurs at intermediare 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 rclay processors: 

J. Are tandem nodal processors allowed, or must nodal processors be connected 
with direct trunks~ 

2. Does a tandem nodal processor have to reassemble cells back into frames. 
or are the cells relayed ("pipelined") directly as needed? 

3. How does a nodal processor trcat an incoming frame destined for a user 
dircctly connected to the same processors? Namely, is segmentation requned'? 

These questions have a critica! impact on th.: end-to-end delay of the framc 
relay network. Just th. :nitial scgmentation and the re.note reassembly can already 
be s1gnificant: any interrnediary reassernbly irnpacts the grade of sen·ice further. 
Figure JI. 7 depicted a scenario where the frame is segrnented by the first processor 
handling it (node 1), and then sent downstrearn toa tandem processor (node 2). 
which accepts cells as such and transrnits thern along individually and discretely, 
Without intermediary reassernbly (Figure 12.3 shows an example of a segrnentation 
proc~ss similar to the one discussed here). The frarne is reassembled only 1->y the 
destination node (node 3). Note that Figure 11.7 did not show SAR/CS fur1ction 
at m>de 2. This would happen if the nodal processor followed cell relav/sV.;ii.ching 
A TM principies: su eh a processor would typically serve a variety of eiid-user .. 
strcams. sorne of which could be digitized video. sorne could be digitizcd voice. 
and sorne e0uld be frarne relay information. Notice that. at the very least. the use 
of tandcms irnplies havmg to incur thc trunk transmission time twicc. 1t is con
ceivable that if a nodal processor does not follow ccll relay/switching principies. 
each frarne must be assernbled and disassernblcd by each nodal proccssor in the 
path. 

11.2.11 Congestion Mana¡:ement 

Users. LAN managers in particular. rnay worry about migrating traffic away from 
dedicated interrouter hnks they ha ve used until now and onto a network based on 
high-speed packet technologv. Howevcr. this is not an insurmountable problern, 
since framc re la y has (in princ::olc) a way to manage and control congestion [ 11.21]. 
The frame relay network comp{¡sed of the nodal processors, priva te or public, { 

'<ll 
,,~-:;;,i 
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attends to this by first using congestion notification strategies and then by sclcctivcly 
discarding frames when needed to relieve congestion. Congcstion control mccha
nisms are utilized to treat users fairly and to protect the nctwork and uscrs hy 
localizing the congestion within the nctwork. 

The congestion notification takes place when a networJ.. nod<: determines th;Jt 
it is becoming congested. It sets the forward explicit congestion notification ( FECN) 
bit in the framcs as it sends them to the destination ro u ter (se e Figure 11.4 ). It 
also sets the backward explicit congestion notification (BECN) hii in thc framcs 
destined for the source router. Upon rcccipt of thesc fram<:s. thc sourcc .md 
destination routers are expcctcd to initiate procedures to throttlc hack thc traffic 
offcred to the network. lf congcstion continucs to incrcasc dcspitc using congcstion 
notification, the network will begin to discard eligihle framcs and will put thc 
congcstion localization procedures into cffect. The network of nodal proccssors 
selects frames for discard by looking at thc discard eligihility (DE) bit in cach 
frame to see if it has been set by the router. lf it is set. thcn the nctwork discartb 
the associated frame. These procedurcs continuc until the congcstion sulNdo 

Onc issue, howcver, is if and how thc routcr can cnforcc throttling h;Jck to 
the PCs originaung the traffic. Hcnce. the importan! 4ucstion to ask ahout ;1 fr<Jmc 
relay router. a nodal processor. and a carrier service. is whcthcr or not thc full 
congestion control apparatus specified by the standard is implcmcntcd in cach of 
these devices.· Congestion in public frame rclay networks will be Jiscusscd 111 a 
latcr section. 

11.2,12 Quality of Service 

Multirouter nctworks using frame relay interfaces providc for propcr framc 
sc4ucncing and minimize thc likclihood of misdclivcred framcs. Th1s is <Jccmn
plished bv th<: nodal processors hy using thc conncction-orientcd PVC scn·icc. Thc 
same predetermincd logical path is used by the nodcs for all fr;1mcs using thc same 
DLCI on a given acccss interface. Recovery from errorcd framcs is accornplished 
by the end-user equipment. sincc thc network will detect and discard all crrorcó 
frames. 

11.2.13 Cell Relay 

A cell is a fixcd-length packct of user data (pavload) plus an ovcrhcad. usually 
small. of 53 bytes or less. Cell relay is a high-bandwidth, low-dclay switchrng and 
multiplexmg packet technology (discussed in Chapter 10) which is rc4uired to 
implcment a frame relay network in an efficient manner, particularly for mi.xed
media and mulumedia applications. Thc intcrnational ccll relay standard. ATM. 
was also discussed at length in the previous chapter. With ccll rclay. information 

·-
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lo be lransfcrred is packelized in·" fixed-size ce lis. The term "cell relay" and lh~ 
lerm "cell swilching" are both t. by lhe BISDN communi::. [11.22]. (Som,· 
dislinctions are possible. although .,, . use lhe lerm inlerchangeably: cell re la y ca: 
rcfcr lo an environmenl of r>YCs where cells are· simply relayed along the samc 
palh according 10 sorne stalic mcoming-lo-outgoing lrunk associalion; celi ::witching 
can refer to a SVC environment where cells are dynamically switchcci according 
to a nearly-real-time incoming-to-outgoin¡! lrunk associalion crcated by lhc uscr 
via a signaling process.) Vendors tend to use the lerm •·cell relay switch" (or node) 
when their equipment does not impic·ment lhe CCITT ATM standarc but a pro
prietary standard. If the CCITT starc::ard is implemented, lhey typically refer to 
the equipmenl as an "A TM switch.·· 

Ce lis are identified a:1d switched by means of a VCINPI label in the hcader. 
A number of functions of the !ayer 2 protocol are removed lo the edgc· the 
backbone. while "core capabilities" are supported directly by the cell sw:--·:: .... in 
addition to !ayer 1 functions (clocking. bit encoding. physical medium conncctinn). 
Cells allocated to the same connection may exhibit an irregular recurr~nce paiic<n. 
sin ce cclls are . ~d accoré:~-- to the actual demand. Cell re la y allows for capacity 
allocation on demand. so ".: bit rate per connection can be chosen ;~ :.ibly. In 
addition. thc actual "channel mix" at the interface can change dynam1cally. The 
ccll hcader (s1Jch as the ATM's header) typically contains a label and an error 
detection field: error detec!lon is confined to the header. The label is uscd for 
channel idcntification. in place of the positional methodology for assi!!nmcnt of 
octets. inhcrcnt in the traditional TDM Tlrr3 systcms. Cell relay is Similar to 
packct switching. but with thc foil<' ··ing differences: (!) proto.:ols are simplified 
and (2) cells (packcts) have a fixcd ,¡;·,d smalllength. allowing high spccd switching 
nodcs: switching dccisions are straightforward and many functions are implcmented 
m h<Hdwarc. Cell rclav is critica! to thc dcployment of framc rel:· ·.•nd onlv thosc 
nodal proce>--:·rs implcmcnting it givc the users thc full advan:.: s of thc new 
tech nology. 

Onc complication of using cell rclay at the NNI instead of using framc rclay 
at thc NNI has todo with nctwork discard options. A packet-based frame switching 
nodal processor (e.g .. Nctrix. BT Tymnct. and others) can discard a frame found 
tu be in error or. in case of overload. a frame des1gnated as elig1hlc for disc -j by 
thc uscr. In fast pací--e _ .. rday platforms, the frame loses its identity in .1.msit 
(since it is pipelined and only rcassemblcd at the remole nodal processor. notan 
intermcÓIOH\' processor). The issue then arises of what to "throw away'' ir- :3se of 
congestwn: although a f~.1mc m1ght havc becn segmented into. ;:.y. 30 cclb . .:trow
ing away 30 random cclis might imply corrupting the integrity of 30 framcs. not 
(_iust) one fram~. as rright ha ve been the intention of the network. As a pcactical 
solulion. manufacturers of cell-based nodal prc ·:essors pul ¡:- ter emp'; : on 
des1gnmg their processors to avoid a congestion state rather : ¡ on hov. deal 
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with congestion after it arises (systems with frame rclay-bascd NNls tcnd lo do thc 
opposite). Hence, these processors have enough buffcring to absorh user's input 
data during an interval of network congestion instead of having to start forwarding 
ofthat data into the network, just to find la ter that sorne ce lis wcrc lo~ t. rJCcC"ILilm~ 
sorne remedia! action (this is analogous to the airline industry principie of holding 
planes on the ground if congestion exists rather than launching the planc and thcn 
having to hold it while in transit). 

11.2.14 Cell Relay Platforms for Frame Relay 

"Frame relay'' switches, already identified as nodal processors, need to be dcploycd 
in order to properly allocate bandwidth on a dynamic basis (alternativcly. this can 
be achieved by using the frame relay facilities of a carrier). It is critica! that a framc 
re la y nodal processor support a dynamic view of the data bcing transfcrrcd through 
it; otherwise. the.user will not obtain the full benefit possiblc with thc tcchnologv. 
Without a ccll-bascd switch. dynamic bandwidth allocation is not casily achlclahlc. 
Figure 10.19 clearly indicated three modes of dcploying framc relay in a corporatc 
cnvironment. The simples! way is to upgrade thc routers with a framc rcla\ board 
and retain the·existing point-to-point infrastructure. This approach doe~ not providc 
any consequential advantage over the existing cnvironmcnt 111.3. 11.4J. 

Frame relay describes an interface specification: nodal processor cqu1prncnt 
vendors can still use proprietary Interna! protocols. This is Similar to thc X.::'i case. 
where packet switches support a standardtzed interface. but use interna! tramport, 
routing. and flow control protocols. This forces a uscr wanting to estahlrsh a prívate 
network lo use the equ1pment from the samc vcndor throu¡!hout thc nctwork. By 
contras!. the ccll swnching tcchnology spccificd 1n ATM is opcn by d..:'lgn. 

Many customers deploy hi¡!h·capacity circuits lo mcct p..: a k traff1c ( ;1nd pcr· 
formance goal'>): howcver. OSI lrnes uscd cxcluslvcly for data are rcr.,rtcd by 
sorne to be onlv loaded at 15':-é or less [ 11.2, 11.23, 11.24J. Dynam1c h;rndw1dth 
allocatiOn rcquires the ineorporation of cell relay in thc nodal processor to handlc 
communication over lhc trunks (another way would be to cmploy a framc '" 1tching 
nodal fabric. but the granularity or cff1etency of the multiplexing can he Sl¡!nificantly 
lower). Dynamic bandwidth allocation is done by designrng the nodal processor 
from the ground up and elrminating any fixed-bandwidth constraints imposed by 
a TDM nodal archrtec1ure. No interna! hlock1ng should be allowed m the switch. 
and queumg musl he eltminaled or at lcasl minimized. Vcndors which hav<.: cxpcr
imcnled with these arch1tectures over thc past few years are in a posrt1on to incor
pora te thcse ground-breaking archrtcctures rn thc products they manufacture. TDM 
and cell rclay can he viewed at two ends of a speclrum: it ¡, not possihlc to takc 
full advanlagc of eell relay if the node has tnternal and/or externa] TDM structural 
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restrictions. Beca use of the efficicnt rnultiplexing possible with cell relay, dynamic 
bandwidth allocation, so importan! to bursty users, particular! y in the LAN router 
environment. is achieved. 

Uscrs with a rnix of bursty traffic may find it advantageous to upgrade TI 
eqUJpment that uses time-division multiplexing to cell relay platform. The drawl·:~~k 
of trad1tional TDM tcchniques is that users must allocate portions of the Ti c1rcuit 
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 
needed hy that one user. Simplv retrofming a circuit-switched TDM-based TI 
multiplexer with frame relay UNis does not deliver the intrinsic benefits of frame 
relay, any more !han simply replacing a standard router with one supporting frame 
relay while still.using a point-to-point Tlline would. With circuit switching systems. 
the user has to preallocate sorne (or all) bandwidth to the frame relay scn·ice. 
whether that bandwidth will be used or not. An efficient utilization of the tcch
nology over a prívate backbone network requires a nodal processor with interna! 
fast packet technology. namely. a proccssor which employs cell reta y technology. 
In this case. letting all applications compete for the backbone bandwidth allnws 
them to access the entire bandwidth when anyone has data to transmit. no! only 
on the trunk side but also on the access sidc, since frame rclay supports multiple 
PYCs on one physical link. On the other hand. a frame relay application un a 
circuit-switched multiplexer can only access sorne fraction of the tot'!l handwidth. 

When a network is properly designed. the full bandwidth of the frame rclay 
interface can be availablc to any apphcation that requires it for rclativel\ long
duratwn bursts of data. as may be the case for interconnected LANs. Thesc appli
catJons may require that the network nodes support bursts occupying the fui! access 
bandw1dth for mtcrvals of up to 10 scconds or more in order to support transfer 
of largc files or intcractive traffic. 

Therc are econom1c advantagcs of using the combmation of framc re la\ acccss 
and a cell-ha'>ed backbone network. Using frame rclay tcchnology in con¡unctton 
w1th a cell-based backbonc mult1plexer as an upgrade of an cxisting prívate cor
porate backbonc can be cost-cffectíve. sin ce the u ser can obtain from the backbone 
needed bandwídth on dcrnand. rather than on a fixed (and inefflcJent) basís. The 
··saved .. bandw1dth ís then avaílablc to other users of the samc backbone. in theorv 
mmímizmg the amount of nev. raw bandwidth the firm needs to aequírc from a 
carrier m thc form of addítional TI or FTI links. Asan alternatívc strategy. thc 
sen·íce from a carrícr can be used. Although nodal processors can also support 
non-framc relav traffJC (e.g .. voice or vídeo). thc two teehnologíes togethcr. ecl: 
relay and framc rclay. prom1se to íncreasc throughput bctwcen locations that havc.: 
largc amounts of bursty traffíc. 

One may wonder why ít is beneficia! to utílize scgmentation of a framc into 
many (up to 133) cells and. consequently. why a ecll-bascd platform is superior to 
a frame switchmg tcchnology m the nodal processor. Thc explana !ion follows .. 
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Frame rclay is a data-only protocol; it is intcndcd to support 1-lDLC-typc traffk 
(e.g. LAN packets). lts main focus is on data scrviccs. Ccll rclay (fast packct) 
switches. on the other hand. can al so handlc voice and video. For cxamplc. voicc 
"frames·· may be as small as onc octct. Thcrcforc. should a w.cr·s nccd he strictlv 
LAN intcrconnection. then a frame switching tcchnologv with FRh on hoth thc 
access and on the trunk side. might. in fact. be superior in tcrms of rcrform;tncc. 
1-lowever. if the u ser al so contcmplatcs suprorting voicc and video. thc hcst solutJ<Hl 
is to use a cell rclay platform that supports FRI for LAN acccss. soJiic othcr acccss 
protocol for voicc and for video. and a ccll mcthod on thc trunk si de. As co,·crcd 
in the previous chapter. thc ATM cell rroccdurc is bcing introduccd undcr E3JS!)N 
to support all media. including voicc. data. and video. Multiplcxcr vcndors vicw 
framc reJa y asan access protocol; thc cell relayífast packct backhonc JS vJcwcd as 
giving thc user better control ovcr thc quality of scrvicc of thc path and facilitatmg 
a mix of traffic 11 1.15]. 

11.3 BENEFITS OF FRAI\IE RELA Y 

11.3.1 Deployment Approaches 

About 75c;c of largc (Fortunc 1500) companics hada dozcn or more bridgcs llltcr
conncctcd via DSI lincs in Jl)<)() lll.XJ. Th;Jt numhcr is likcly to rc;1ch Jll(l':; lw 
IY'I3. Howcvcr. as discus;cd carlicr. privatc nctworks hascd on dcdic:.Jtc·d l111cs 
tend 10 bccomc impractical whcn thcrc is a largc numhcr of rcmotc tbt .. '<nJrcc-;' 
sinks gencrating hurstv traffic. Thc numhcr of l111ks grows quadratic;ilh "1th thc 
numbcr of sitcs to be intcrconnccted. In addition. thc intcrconncctJon Clp;Jcity 
nccds to he higher: this incrc:asc in thc spccd is often d1ctatcd '" "f'plications 
fClJUiflng more data to he transactcd. as \\el! bv thc numhcr of users of the ser,·icc 
of intcrconncctJon 111.17. 11.2~-11.2X]. ThJS implics that f;mlv opcnsi\ e l1n~s are 
rcquircd. 

Five classcs of solutions are availahlc: 

l. lnstead of connectmg all routcrs with a fullv mtcrconnectcd net\\<Hk. sorne 
rnuters are cnnnccted 1n tandcm. \\'hile this reduces the numhcr of IJnks. it 
introduces ntra cnd-to-cnd del a\· and incrcascs nodal prnccssing ( rcquinng 
more machine cvcles). , Dcplov a rrivatc frame rela\ network using framc rclay nndal proce"or(s). 
lnstcad of phys1cal romt·to-romt links. this approach only requ1rcs con
necting thc routcrs to thc nodal proccssor(s) wJth a smglc phvSJcal link. 
Conncction hetwccn vanous routcrs is accomplished with PVCs ( illu>trated 
m F1gurc 11 3). . 

3. Use a PVC-bascd carncr-prllVIded framc rclay nctwork. Instead of many 
physical pomt-to-potnt IJnks. this approach only requires connccttng thc rou-
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ters to the carrier's switch with a single physical link. Connection between 
various routers is accornplished with PVCs that are es: .. :1lished at service 
subscription (see, for exarnple, Figure 11.6). 

4. Use a hybrid configuration. A cluster of sites ernploy prívate frarne rclay; 
other sites take advantage of public frorne relay services. 

5. Use a SVC-based carrier-provided '· .:ne relay network. Instcad of rnany 
physic¡¡: poinHo-point links, this appwach only requires connccting thc rou
ters to the carrier's switch with a single physical link. Connection between 
various routers is accomplishcd as nceded by establishing a real-time SYC. 
which is in existence only for the duration of the session. Figure 11.10 illus
trates this approach. 

The evolution in the prívate environment involves using nodal processors 
which provide FRis to thc routers and use cell relay/ ATM technology bctwccn 
nades. (As indicated. it would be technically possible to also use frame relay 
techniques between the switches. as. in fact, two fn'lle relay routcrs conncctcd by 
a dcdicatcd Tl link use. and a> 'ome vendar are :ectures based on traditional 
packct engines do. but this apr: .:h has not seen :·.;ajor cornrncrcial realiza! ion . ., 
Although frame relay remains a connection-orientcJ service, there are still advan-
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tages in connecting LANs through frame relay rather than X.~:; packct switching. 
In particular, when using X.25 service, routers had to cncapsulatc LAN traffic in 
the X.25 packet, imposing substantial performance degradation. Framc rclay. on 
the other hand. incurs little overhead and allows for a numhcr of protocols to be 
transponed transparently !JI.21]. 

In view of the growth in the population of LANs. carricrs are rcadnng thcm
selves to provide public PVC-based frame relay data scrviccs that support high
capacitv acccss/throughput. couplcd with !he universal acccss. -.un·i, ;1hilit). ccon
omies of scale. and efficicncv a\·adahlc through rcsourcc shannl' Cha¡Jtcr 1 rro
vidcd mformallon on the time framc of framc rclay dcploymcnt 111 corporatc nct
works. SVC-based framc rclay can havc sorne advantagcs. but it al.'>o has sorne 
limitations. First. the scrvice m ay beco me availablc only la ter in the dccadc. Sccond. 
a user needing to send data to somc remole user on anothcr LAN may not he 
willing to incur the call setup time each time a session is rcquircd. Thc wav somc 
people have gotten around the sctup time issue in packet-switchcd nctworks 1s to 
use long-duration SVCs; these are sct up once and kcpt active for an arrro¡matc 
amuunt of time .. such as a da y. 

Sorne u'oers may deploy hybrid framc relay nctwork'o. Thcse uscrs could us'c 
thcir own frame rclay backbonc connectmg major s1tcs and use a puhl1c 1 rarnc 
rclay network to cunnect sccondary sitcs. lntcnvorking issues ha't: to be resolved 
befare this approach can be rcalized in practice. 

11.3.2 Benefits of Frame Relay in Prívate Networks 

In the business and economic landscape of thc I<J<J(Js it is pruucnt for thc T.om
rnunication manager to look al nctworking solutions that will not ha ve tP·b·c .drs
cardcll aftcr a couplc of years lo kecr up with nctwork ¡!rowth tlr hlf,!hcr spccd 
nctworking needs or tcchnulog1es. Sorne n'.>Ual procc"ors now on thc mar"-ct onlv 
support Jata. Other nodal proccssors support data. voicc. and v1dco. Bcc;¡usc nodal 
pruccssors bascu on ccll switching utrl1zc backbonc facilities bcttcr than cx1qing 
static channel banks or circull sw1tching TI rnultiplcxero; (and also cxi\lrng X.2.'i 
swllchcs). thc dcplovmcnt of thcsc m1xcd-rncdra nodal proccssop, 111 a pnvatc 
network bcnd1b uscrs that necd lo conncct LANs ovcr inlc¡.!ratcll backhonc-. 
supporting a varicty of othcr traff1c. Uscrs with LAN traffic unly may choosc data
onlv nodal processors. The financia! advantagc of a framc relay network becomcs 
more marked whcn thc nurnbcr of routcrs " high (half a llo7cn to a doLcn. or 
more) and whcn thc d1stanccs bctwccn routers rs considerable (hunurcth Pr tlwu
sands of mllcs-if thc routers are all located within a small gcograph1c arca. such 
as a city. a count). ora LATA. the econorn1c advantage of clirnmation iln" 1s lcss 
conspicuous). Tablc 11.8 surnmarizcs sume of the bcnefits. 

" 
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Port and link sharing 
Bandwidth on dcmand 
High throughput and low dclay 
Ease of network cxpansion 

Toble 11.8 
Sorne Benefits of Frame Relay 

Easc of transitton from existing router nctworks 
Easc of trans1tion from any existtng nctwork 
Cnhcs¡ ... ·cncss and symbtosJs wlth LANs 
Simpllflcd nctwork admmJstration 
Standards-based 
Economic advantages (m a variety of situations) 

Por/ and Link Sharing 

Among the advantagcs of framc relay is its ability lo statistically multiplcx framcs 
from multiple LANs at one location onto a single user network interface and 
associated communication link. Frames going to multiple destinations can share 
the same router port. The framc relay interface to thc nodal processor provid..:s 
for the end-user cquipment the capability to place frames destined for differcnt 
nctwork cndpoints onto the same network access line by using the DLCI mecha
msm. This accomplishcs port sharing and allows each frame to have use of thc 
entire handwidth of thc access linc when thcrc is a frame to be scnt. Further 
effici.:ncics are gained on thc backhone network interconnecting thc nodal pro
ccsst~rs hy combining thc traffic from multiple routers onto the network trunks 
usmg efficicnt ceii/ATM protocols. Instead of having to purchase more expcnsive 
multtport routers that othcrwisc would be necded, simpler point-to-pomt routcrs 
can he used. 

Bandwidth on Demand 

Al! of thc handwidth on thc frame rclay access interface can be availahlc to the 
cnd-uscr system when it nccds to transmit data across the network. Thc nodal 
proccssor can he optioncd to acccpt. under conditions of slack, all thc incoming 
trafftc from onc user up to thc full acccss speed. Altcmatively. the nodal proccssor 
can he optioned to accept up to sorne prcncgotiated ratc less than the full access 
spced. hut more than the average user requirement. For example. the acccss line 
could. he a TI facility; thc uscr"s average input could be 128 kbps. The nodal 
processor could be optioned to accept an instantaneous input (over a short horizon, 
say, 10 scconds) of 512 kbps. 
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Improved Use of Bandwidth 

Dynamic bandwidth allocation reduces the aggregate backbone transmiss10n bancJ
width the manager needs tose cure from a carrier, which would otherwise be needecJ 
without it. Additional transmission resources eontribute to a c.Jircct roncase 111 

transmission cost. For example. if six users necd a maximum of 512 kbps, two Tls 
wou!d be required undcr TDM. although thcir average rate may onl1· be 12i' khps. 
With frame re!av. onc Tl (5 x 12Rk + 512k) should suffrce if tlic traffic is trulv . . 
random. The upgrade of an existing backhonc network wrth a pri,·ate framc rclav 
network" can save. according to sorne early uscrs. 2U'/r of the total network hand

width (11.29 J. 

High Throughpur and Low De/ay 

Sincc al! of thc bandwidth is avai!ab!c. high throughput is possihlc. lvlinirn<d dcb1· 
is encountered within the backbone network. since thcre is littlc protocol rrocc·ssing 
rcquired with framc relay. Cell-basecJ nodal proccssors. rarticularlv !Irme e nrplov
rng the latest high-puwer microprocessors. are fast. The swrtclring dcc"ions h;r,cd 
on the cc!l headcr are simr!c ancJ direct. For example. somc stuc.Jies h:l\c" sllllWil 
that with a pnvate X.25 with 56-kbps acccss. rt took -1 mrnutc'> to tr<lltsmrt a 
benchmark file; with a frame relav network based on u TI backhonc ;"rrlll <rcccsscd 
with a 56-kbps line, thc file coulcJ be transmittecJ in -15 '>econus I11.2'Jj. 

Ease of Nelii"!Jrk Expamion 

Network expansion is strarghtforward witlr frame rcla1·. Adding a lll"\\ routn tn 
thc network n:qurrcs onl~ thc '"'i_l!nment of an accc'>s rort on tire nc't\\llr~ rllldc. 
and thc intcrconncction of thc routcr with thc nctwork nod;rl procc'."" 'ia tite 
aprropriatc transmi':>sion facilitv. Thc intcrconncction ot thc ncw Tlllltcr wrth thc 
cxisting routc:r' i> accomrlishcd hv Jogicall~ pro' ¡,ionrrJ_l! the nctwor~ \\S lit~ :r cen
tralizcd network managcmcnt svstcm. The ccll-bascd rrotocol' u sed hy 'cndors 
todav could !t:nd thcmselvcs to migration lo thc standarcJ ATI\1 ccll form:rt. Thrs 
mrgration will flCTnlil the noc.Ja) procC"llTS lO SUflf'Orl SlllllC of thc OC\\" hi!.!h-,pecd 
scrvices bcing dcvclopcd by carrrcrs. Thus. hoth framc rclav and acccS' tu thcsc 
highcr srcccJ sen·iccs can be '>Uf1[10rtccJ on thc samc hackhonc. 

Ease o{ Tramirion From Exrsling Rourer Net11·orks 

E:xistin¡: routers tvpically nccd onlv a software upgradc to implcmcnt thc framc 
relay interface. Once this is done. the routcrs can be re-homccJ on the ncw trame 
rclay backbone. 
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Ease of Transition From Any Existing Network 

It was indicated above that many users st11Í have networks that were put in place 
a few years ago. A fra:-:~e rclay network can easily be deployed. no maucr what 
the uscr bascline is. as will be discussed in more detail later. 

Cohcsivencss and Svmbiosis With LANs 

Frame relay tc:hnology is similar in sorne aspv~ts to the data link !ayer discipline 
of a LAN. Sin ce the data need to lea ve the LAN and travel over a W AN. it is 
desirable to use a Wr\N techr.~ "Y that has an affinity with the L · '\¡ technology. 
This minimize, the amount or protocol conversion/remapping wh1ch would oth
erwise be needed. 

Simplificd /l:cnmrk AdminiSiralion 

Severa! recent studies ha' e· md1cated that. when eonsidering the true corporate 
cost of commtmication. 30% to 50% of the network expense corresp-onds to oper
ation and administr:Jti0n efforts. commonly known as network managcmcnt. Any 
too! or systcm that 1~pn)\cs thc way networl. managcmcnt is done is a wclcome 
and cost-saving fcaturc. Admimstration in frame relay can be performed from a 
central ncrwork managcmc- :1d administrativc system. Moves, changes. and addi
tions to the ncr"ork are typ1cally handled through an automatic permaner.· :rtual 
circUJt ¡wwiswnmg capability withm thc system. 

Stallliards-Bas·· ' 

Thc framc rclay PVC UN! 1s an acccptcd and stablc ANSI ancl CCI1....,- ~tandard, 

wuh w1dc suprort from both user cqUJpmcnt and nctwork sy~tcm vcnu,>rs. 

Vendar Support 

Over three dozcn vendor; support frame re la y. These vendors .'lude routcr man
ufacturers. TI muluplexer vendors. PAD de,·elopers. nodal prucessor il' ,witch 
prov1ders. and carriers. Framc rclay routers cost from $400 ro $15.000, dcpcnding 
on vendo~ •d featurcs, compared ¡,·. a standard route: oda! processors cost 
from $20.0UO to $50,000, dependmg on venaor and feature .. 

~ .. 
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Saving Communications Coses With Noda/ Processors 

Perhaps the most significan! benefit is that the use of framc relay over a cell re! ay 
platform can, in the right circumstances, save money for thc multiroutcr LAN 
manager. Prívate networks bascd on dedicated lincs becomc cxpcnsivc whcn thcrc 
is a large number of remole data sources/sinks generating bursty traffic. lniwilly, 
users may ha ve employed dedicated lines operating at 19.2 kbps, 56 kbps. FTI, 
and Tl speeds to interconnect LANs; this increase in thc spccd is oftcn dictatcd 
by applications rcquirin¡: more data to be transactcd. and by thc numbcr of uscr<; 
using the service of interconnection. As the number of LANs grows. this prolif
eration of TI lines becomes impractical from both a cost and managcmcnt pcr
spective. 

The topic of economics is always a complex issue. A dctailcd exampk of an 
economic analysis in the presence of nodal processors in an enterprisc network was 
provided in Chapter 6. which the reader may wish to review at this point. lt was 
shown that a prívate frame relay network can be cost-cffectivc comparcd w a fui! 
mesh network at the same link specd. To undertake a cost analysis of a pri\'atc 
frame relay network. the LAN manager should first calculatc the nctwork C<>'t with 
traditional connectivity and then thc cost of using frame rclay technPIP[!\' Thc 
process stans by determining thc location of the sites to be interconnectcd Sncs 
can be identified by vertical and horizontal (Y & H) coordinates. Thc· V & Hs allow 
the manager to obtain thc distancc of al! si tes and. hence. the lcngth of thc rcquircd 
communication links. A TI (or Frl) local loop must be costed out usm¡! tk local 
exchange carricr's tariffs; thcsc tariffs may he different at each s1te. Thcn thc cost 
of the acccss facility hctween thc scr\'mg CO and the intcrexchangc carricr'<o I'OP 
must be calculated. Both the d1stance and the tariff may be sitc-Jcpcndcnt. F1nally. 
thc cost of thc set of requncd long-distancc Tl links can be ohwincd u-;ing thc 
intercxchange carncr·s tariff. 

The cnst of thc frame relav altcrnatiVC IS calculated as follow<o ( rcfcr to Figure 
11.3 as a guidc). Onc or more ccntrallv locatcd sites are choscn wherc thc nodal 
proccssors will be located: thc \'&Hs of thc nodes are notcd (th1s choice may be 
suhject toan optimization proccdurc). Thc cost of the nodal hackbone nctwork is 
determined bv deciding what thc rcqu1rcd nodal connectivity will be. and thcn by 
costing out thc transmission facilities (this will involve a TI or fTI loop. an access 
facilitv to thc POP, thc long-distancc trunks. and thc rcmote acccss and loops). 
The cost of the routcr access ;uhnctwork is calculatcd next. This involvcs first 
determming which nodal prnccssor cach routcr will be homed to. Thcn thc cost 
of the transmis'sion link betwccn thc router and the nodal proccssor is calcubted 
(this a !so will involvc a TI or FTI loop. an access facility to thc POP. thc long 
link. and the re mote acccs' anJ loops). The ( amortized) cust of the nodal processors 
and the routers· upgrade must also be mcludcd. Thc total cost is obtamcd by adding 
all of these factors. 

"'(•, 

., 
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Tahle 11.9 assesses the effectiveness of frame relay as a function of the 
geographic scope. This example is based on the baseline network discussed in 
Scction 6.5, which should be reviewed at this point if there are questions ahout 
topologies. backbone milcages. etc. As can be seen from this table. the savings 
due to frame relay become less signif1cant as the network gets gcograph1cally 
smal!cr: a nationwide (priva te) frame relay network costs 0.40 times as much as a 
mesh point-to-point solution. while a statewide network costs 0.61 times as much 
as a mesh point-to-point solution. implying less dramatic savings. 

Tahle 11.1 O undertakes a similar study. where thcre is only one nodal pro
cessor with no backbone (as sorne vendors of private frame relay networks are 
suggesting. particularly in the LAN interconnection context). Figure 11.11 depicts 
the topology. showing a centrally located nodal processor; all assumptions are 
similar to the previous case. The following conclusion emerges: for national net
works. the one-node frame relay solution is slightly more expensive compared to 
the three-node solut10n; for regional and statewide networks the one-node solution 
is somewhat less cxpens1ve comparcd to the thrce-node solution (:s20<J;, lcss). 

F1gure 11.12 depicts a one-node solution where the nade is collocatcú with 
one of the routcrs (in a central location). Here. on•: less access line is requircd. 
Ho<A e ver. as the figure shows. most other locations need longer access lincs com
pared to the case of Figure 11.11. In this particular case. the total milcage is slightly 
reduced (from 4.800 for the baseline case of Figure 11.11, to 4,600). implying that 
there would be a small decrease m the total cost. The deerease is composcd of 
three factors: (1) less !XC mileage. reducing the cost by an amount proportional 
to the milcage charge limes the difference in mileage; (2) sin ce there is an !XC 
'"ramp up'" on the TI tariff of approximately $2,100 (for the first mile). this expense 
disappears when one line is climinated; and (3) one LATA line (premiscs toi>OP) 
is cllmmated. Thc nallonal. regional. large-state. and medium-state numhers are 
$58.050. $44.250. $30.450. and S23.550. repcctively; this is an 8% to 10% reduction 
compareú to the prev1ous case. lt should be noted, however. that this saving will 
hecomc less 1mportant. d1minish. anú. in fact. cven d1sappear as the number of 
routers mercases, if thcse routers are widcly dispersed. 

lf therc were severa! routers clustcred m onc location. collocation of the nodal 
processor at that location would superf1cially appear beneficia!, bccause multiple 
!mes could he ellmmated from that locat1on to the centrally located nodal processor. 
However. smce frame relay allows multiple PYCs 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 w1th ruler-but we could as well have used trigo
nometry). The results depend on many factors: are the routers located on a circular 
path. an elliptical path~ How many routers are collocated? The example demon
strates that. m fact. it would be better to loca te the nodal processor at a central 
location. In Case A of the figure, the total mileage would be 10M (M = miles) if 
the nodal processor were centrally located, and 12M if it were placed in one router,~ 

V~ .,.., 
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Table 11.9 
Cost-Effectiveness of a Three-Node l'ive/Six Ro u ter Network as a 

Function of the Nctwork Gcographical Scopc 

!'liational Network 
(all IX e distances of baseline mulliplied by 1.5) 

Cost of POP /OC 
Case• Loops Accr.\·s Co'lt 

A wtth Tls S4.5<Ki $6.2!1(1 S 139.21Ki 
B wtth Tls $6.750 $9.3110 $~05 -~{)() 

e Wt!h Tls $2.250 S3. HXI S 31.HII!I 
O with Tls $2.700 $3.720 $ 41.41Kl 

Regional Network (e.g., northeast network) 
(Baseline-See ehapter 6 for assumplions) 

Co<t of PO!' 
Case Loops ·Access /OC 

A Wtlh TI; $4.500 $ó.21XI $ J(XI.XIXI 

B wtth Tls $6.7511 $9.31Kl $14H.Kil!l 
e Wtth Tls $2.25!1 S3.100 $ 2.1.2!111 
O wtth Ti; $2.71KI $3.720 $ 32.41Xl 

Statewide l'ietwo_r_k, La~e State 
(AII IX e distances of baseline divided b•· 2) 

Co'il o_( f'OT' 

Case Lnupr Access 

A wtth T1s S4.s1Kl Sil. e lXI $ 

B wtth Tls $6.75!1 $9.31KI $ 
e with Tls $2.250 $3.1110 $ 
OwtthT1s S2.7m $3.7211 $ 

Statewide Networl... !\1edium Statr-
1 All IX e distances or baseline di• ided b~ 41 

Cosr nf 1'01, 
Casr Loor~ A e ces.\ 

A wtth T1s $~.~()() Sf>.21~1 

B wtth Tls $6.7511 $9.31KI 
e Wtth T1s $2.2511 $3.100 
D Wtlh Tb $2. 71XI $3.720 

A = F1vc routcrs v.1thout fr<.~me rclay 
B = S1x routcrs w1thout trame re la~ 
e = fzvc routers wzth fr;.¡me rclay 
D = S1x routcrs wnh framc relay 

S 
$ 
$ 
S 

/()(' 

ó2.41XI 
92.41KI 
IS.ó!XI 
23 .41Xl 

/OC 

4.).200 
64.21KI 
15 .3!111 
1S.'II~I 

l?outcn FI'S 

$ XJ:1 S 11 
$1.1KI() S 11 
$ 917 $2.3:\11 
SI.IIKI $2.:1511 

Rourcrs FI'S 

$ :-o:-; $ 11 
S i.IKI!I $ 11 
$ 917 $2.3511 
$1.11111 $2.:1511 

Rnurrr'i Fl'S 

$ s:;~ S 11 
$1.1HXI $ 11 
S 917 S2.Jso 
$1.11KI $2 .. 1511 

Rrwrcr.\ FI'S 

~ S3J $ o 
S 1.1Hil\ S (l 

$ 9\7 $2.350 
$1.1 lXI S2.3511 

Rnckhonc 
( 'o\1 

S () 

5 11 
$211.71XI 
$2!1.71Kl 

TJac khone 
Cmr 

S 11 
S 11 
$!6.21KI 
$lh.~OO 

/lacl..hmu· 
C(J\! 

S () 

$ 11 

$11. 7!111 
$11.71XI 

IJucJ..hmzr 
('n\t 

S \1 

S \1 

$ lJA)O · 

$ {1_4:'0 

( •)Refcr to correspondmg examplc m Chaptcr 6 for all assumptzons and topologJcs. 
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1 ¡)(¡t/ 

Sl511.7.1:t 
s:::.~5o 

S 61.117 
$ 71.9711 

Tora! 

S 11 : . .':t.< 
S 11•5 .X Sil 
S Sll.!ll 7 

' S ::;~_.no 

'!; 

Ir Ha{ .. 
s ,,_{n~ 
S 1 nq .. t)O 

S 1S.917 
S .¡.¡. 970 

Tort1l 

$ 'i-1.73.1 
S K 1.2511 
$ :G.Jh7 
$ 3S.220 
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Table 11.10 
eost-Effcctiveness of a One-Node Fivc-Router Network as a 

Function of the Network Geographical Scope 

Natinnal Nchtork 
(AII IXC distanres of baseline multiplied by 1.5) 

Cost of POP /OC Total 
Case• Lnops Acct>ss Cost Routers FPS Cost 

A wlth Tls S4.5!Xl S6.2lXl $139.200 $833 $ o $150.733 
e Wilh Tls $2.250 $3. !00 S 55.200 $917 $783 $ 62.250 

Regional Network (e.g., northeast network) 
(Baseline) 

Cost of POP Total 
Case • Loops Access /OC Routers FPS Cost 

A with Tls $4.500 S6.200 S.l 00. 800 $833 $ o $112.333 
e with Tls $2.250 $3,100 S 40.800 $917 $783 S 47.850 

State,.ide !'lóetl>orl<, Large State 
(All IXC distances of baseline divided by 2) 

Cost of POP Total 
Case Loops Acct'ss /OC Routers FPS Cost 

A with Tls e $4.500 $6.200 S 62.400 $833 S O S 73.933 
e with Tls $2.250 S3.100 S 26.400 $917 $783 $ 33.450 

State,.ide !'lóetworlr., Medium State 
( AU IX e distances of baseline divided by 4) 

Cost of POP Total 
Case Loops Access ./OC Routers FPS Cost 

A "1th Tls S4.500 $6.200 $ 43,200 $833 $ () S 54.733 
e w1th TI' $2.250 $3. I<XI S 19.2!Xl $917 $7S.' $ 2h.250 

A ::::- hve rouh:rs w11hout framt: relay 
C = Fivc router; ""'lth framc rclay 
• Rcfcr to corrcspondmg examplc in ehapter 6 for all assumptions on tariff and to Figure 11.11 for 
basellnc topology. 

location (Case A'). What happens if sorne routers are clustered? If separate lines 
toa centrallocation (Case B) were used, it would still take 10M of circuit; however, 
since multiple PVCs can be put on a single link (assuming that the performance 
issue was appropriately handled), 6M of circuits is sufficient (Case C). Locating 
the nodal processor at the location with severa! routers (Case B') only cuts the 
circuit length to 7M, which is more than with the centrally located nodal processor. 

It is difficult to draw general conclusions about the cost-effectiveness of private .. 
frame relay networks (except that they are cheaper than full mesh networks),}jj 
because the problem is highly multidimensional (50 to 100 dimensions or mo~~{j 
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PartA 

Ten eccass Unas 

Total circurt mtlaaga. 12.800 miles 

.· 

Part B. Addmg a router 

Five T1 access lmes 
and ene nodal processor 

Total ClrcuLt m1leaga: 4.800 miles 

Figure U.ll Economtcs of a smgle-node trame relay nctwork. 
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800 miles 

Four T1 accoss hnes 
and ene MOdal processor 

T01aJ c~rcurt ~ileaga: 4,600 miles 

1600 miles 

Figure ll.U Collocatin{! ::1 qngle note w1th a s1te with a router. 

Also. in addition to transmission costs. sorne of the other factors thal LAN man
agers and nclwork designers take inlo accounl in selecling a network architecture 
includc nctwork rcliability. network availability. case of network mana:,-:ment. 
compalihduy with open international standards. ease of network upgradeahility. 
mi11al cosls. mJgraliOn costs. growth capabililies for bolh lraffic and sitcs. inlegra
lion w¡th cmheddcd hase. and vcndors· technology support. However. · :urrmg 
lransmission charges conlinue to be a visible componen! of any calculation . ''tng 
the dcsirability of a ne1work redesign. Where is a frame relav ,..,,_,rwork par¡... ·!y 
cost-effcctivery In lrying 10 draw sorne general conclusions, thc .. ;wcr is when one 
or more of the follov. ::1g app::;: 

• Therc is a large number of remole sites (half a dozcn or more). Thc larger 
the number of sites. the more cost-effcctive frame relay will be. 

• The remole siles are highly dispcrsed (at leas! rcgionallv or nationaJ. . Thc 
higher the combined nelwork mileage. the more cost-. ~tive framc relay 
wlil be. This implies tr; .. : national-scope networks are re;,.,Jnably suited toa 
privalc frame relay tcchnology. · 

• The lraffic is highly bursty. This occurs when traffic leaving the ro u ter is ,.,; 
small and occurs in just a Iew instances during the day (not all traffic Ieaving,j 
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Case A 
Total M1leage: 10M Total Mdeage· 12M 

Case 8 
Total Mdeage 10M Total M1laage 7M 

Routsr 

Case e· 
Total M1leag•: 6M 

Figure 11.13 The geometry of locating the nada! processor. 
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a routcr is bursty-as the utilization of the router approaches 100% the traffic 
will become more predictable). Alternatively, this occurs when the applica
tions transact large amounts of data at discrete instances (e.g., file transfcr). 

• There are multiple LANs al a site which, for whatever reasons. are not 
interconnected with each other. and yet all need to reach thc network. TtllS 
takcs advantage of frame relay's ability to place multiple logical channcls 
ovcr a single physical channel. lf there are D remote destinations and N 
unconnectcd LANs. D x N virtual channels are rcquircd (if thc various local 
LANs wcrc alrcady intcrconnectcd with bridges. then the numbcr of required 
virtual channels is onlv D). 

• New sites/routers are added to the network with relatively high frequcncy 
(say. once every six months or more frequently). 

• The links between the routers have relatively low speed (Frl). and more 
bandwidth appears to be required. Upgrading the Frl mesh topologv links 
to full TI facilities may be very expensive. Nodal processors can mercase 
throughput for tess moncy than would othcrwisc be needed. 

From a carrier's perspective. frame relav servicc will impact private linc 
ser.·iccs the most: less impact is expccted on public packct networks (since these 
either address themsclves to lower speeds. orto international destinations) and on 
SMDS scr\'lccs (since these provide higher speed, are connectionless.._ and support 
true switching capabilities). 

11.3.3 Benefits in Public 1\etworks 

Sorne carriers and vcndors havc madc commitments to frame relay. othcrs carriers 
ha ve m a de plans to deploy cell rclay. and severa! carriers are pursuing hoth tcch
nolo,ctcs (including the scvcn BOCs). Sorne view the two approachcs as comple
mentan·. othcrs as compctitive. Framc rc1ay service and cel1 relay scn·ice are 
designed to meet diffcrent OhJectivcs. and hencc have cvo1vcd in diffcrcnt direc
tions.' A categorizatton in the public network cnvironment is as fo11ows [ 11.301: 

• Framc rclav is a medium- to high-spced (DSO-DSI) data interface for private 
nctworks whtch is bcing implementcd at this time. Sorne observcrs bclicve 
that fr<Imc rclay may in fact have market importance at the OSO leve!. 

• Ccll relav/switching is a high- or very-high-speed switching service capablc of 
supporting public BISDN and SMDS networks. Cell switching supports 155-
Mhps. 622-Mbps. and eventually higher SONET/SDH rates. 

"'"Ccll rcby scn.·icc" rcfcrs to pro .. idmg a ceii/BISDN UNI. nota cell in thc NNI. as wc: havc di<>cussed 
so far (In the pnvate network env1ronment. corporate backbone network switches supporting LAN ~'-· 

apphcauons typ•cai!y use a FRI UNI and 'a ccll NNI.) · :::~;:il 
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-Framc relay carríers provídc intra-LATA, ínter-LATA. ami íntcrnational 
service. U .S. frame relay networks can be classífied as prívate nctworks ( Jiscusscd 
above), IXC networks, VAN networks, and LEC networks. Sorne of thc hcncfits 
of using public frame relay networks are·covercd ncxt. 

Majar Reduction in Transmission Costs 

Based on current tariffs. the transmission cost can he rcduccd as much as 7or;;. 
compared toa mesh network. This tapie will be revisitcd in a latcr scction. 

Low Startup Cost 

The only expenditures in beginning to use a puhlic network are thc upgradc of thc 
routers to support the FRI; this can be accomplished for about $1.000 pcr routcr. 
So me carriers e ven supply a frame relay-ready routcr to gct thc u ser [!tllng. 1 i1 
other cases. the networks provide frame relay PAD functions. so that traditttmal 
devices (such as SNA terminals) can be supportcd dircctlv. In contras! with prívate . -
framc relay networks. there are no expenses for nodal processors anú thc com-
munication backbone infrastructure. 

Ability ro Support a Variety of User Eqwpmenl 

LANs. terminals. front-end processors. and evcn X.25 equipmcnt can b<: supportcd 
by the public nctworks. ,_ · 

,.---'. 

Abilay 10 Transmil lns/alllaneous Burscs Exceedin¡: che Throughplll Clas.1 

At the establishment of a PVC. the user can select a throughput clas<;_ A public 
frame relay network allows the user to excced. un an instantancuus· basis. the 
selcctcd class (up to the maximum access spccd) without furthcr ncg(JtiattOn with 
the nctwork. lf thc network has spare capacity at that point. It will transpon thcsc 
addittonal bursts. For example. if thc throughput class (also called "committcd 
information rate") IS 512 kbps. and the user has a TI acccss fine. short-duration 
bursts up to 1.544 Mhps can he prescnted to the nctwork. A fcw vcndors ha ve 
announced plans to offer frame relay products supporting acccss spccds of --15 Mhps 
(these include Coral Network Corporation. Newbridge. and StrataCom). 

M u! tiple service providers may have to be involvcd whcn framc rclav scrviccs 
cross LATA or na! tonal boundaries. Although standardization of framc rclav pro
tocols makes the intcrworking between local exchange carriers. intcrexchangc car
riers, and internauonal carriers feasible in principie. administrative, billing. and 

,_ 

.1 
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operational issues make the delivery of a nationwide multicarrier service a nontrivial 
effort. likely to take time [11.17). 

11.3.4 Other LAN lnterconnection Solutions 

It was pointcd out in Chapter 1 that many services could be applied · a com
munication problem. and that the number of such solutions is increasing. In addition 
to priva te framc relay. a number of other evolving technologies could be applied 
to thc multirouter LAN interconnection problem. implying that the user should 
not feel compelled to instantly redesign the network to deploy frame relay. How
ever. each appr,oach has advanta~::s and disadvantages. 

The fact that direct connecttons with many dedicated Tl lines are expensive 
could be mitigated with the use of FTI lines in lit:.u of the TI lines. While this 
solution Iowers the transmission cost, it also greatly impacts performance. sin ce a 
router link no longer has access to the 1.544-Mbps bandwidth when it needs to 
send an instantaneous burst; instead, it only has access toa fraction, which could 
be as low as !/24th. Another option would be tu use switched TI. 

The use of public frame relay would bring sorne of the benefits of privatc 
frame rclay. Initially. however. the public service may be limited only to the majar 
cllies (40 by the end of 1993). Then, unless the local exchange carriers also support 
the sen·ice in the access segment. a dedicated TI linc to the interexchange carrier's 
POP will be required; this could be expensive. although, in sorne cases. thc frame 
re by carricrs absorb the cost. In addition, there will be usage charges. which are 
not prcscnt in thc private network solution. Network managemc·:l! will also be 
more difficuiL although capabilities are being put in place. 

SMDS is alsu available for LAN interconnection. SMDS supports a Ul'\1 at 
45 Mhps (T3); thts may be appropriate for CAD/CAM and other imagmg appli
cations. T3 scrvicc. however. requires thc installation of a fiber to each LAN 
location. unless CO-based multtplexing of TI !in es into T3 lines is u sed. 

TDM-based TI multiplexers supporting a traditional backbone could also be 
use d. but in arder to guaran;ee the grade of service toa very hursty user. a large 
portian of bandwidth must be stancally allocated to cJch router; this would aceom
modate short. intensive bursts. The problem with thts approach is that the large 
amount of allocated bandwidth is not utilized ·~xcept on a short basis. and yet 
cannot be made available to any other user wnen not being put to uscful work. 
This rcsults in the need for more transmtssion bandwidth, contributing tu a direct 
increase in transmission cost. In sorne cases. however, this bandwidth mav in fact 
be availahle for "free" and eould therefore be used. This could be th·· case. for 
example. where a user replaced five TI lines for a T3 !in e costing just as much, 
making 23 TI lines available for additional usage. 

As a specific example. assume that a user had three majar sites wi:h three 
multiplexers, al! of which are connected with íour Tllines, each costing, Sa), $3,000 
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a month. Assume that more applications are coming on board, requmng sorne 
additional bandwidth. One option would be to replace the existing multiplexers 
with nodal processors and retain the four TI lines; better bandwidth utilization 
may suffice to carry the new applications: This would cost $150,000 ($50,000 each). 
but would also need staff retraining and new management tools. A second approach 
would be to retain the three multiplexers, upgrade them forT3 usage (say, $15.000). 
and replace each of the four TI lines with a T3 line costing, say, $! 5.000 a month. 
Here the incremental communication cost would be $9.000 a month. implying that 
it is cheaper to retain the TDM multiplexers for up to 15 months ($9.000 x 15 + 
15.000) compared to a nodal processor replacement. In addition to the fact that 
vast amounts of additional "free" bandwidth is available, no staff retraining and 
no new management tools are necessary. 

11.4 FRAME RELAY PROTOCOLS AND STANDARDS 

This section provides more details on frame relay standards. 

11.4.1 CCITT View 

One of the goals of the recen! CCITT work has been to align sorne o f. thc availahlc 
data communications protocols and offer recommcndations for a sct of cfflcicnt 
network services that can thcn be built u pon by user equipment. Onc aspcct of 
these new services is the separation of thc control information from thc uscr infor
mation into logically separa te (but not nccessarily physically separa te) paths. as is 
the case in ISDN. Another aspect of thc goal was to simplify the nctwork protocols. 
Simplification. as provided by frame rclay. allows the rca!Ization of scnxcs that 
are superior in terms of delay and throughput !han existing scrviccs. sincc thcrc is 
much less pcr-frame proccssing on thc pan of !he nctwork. 

In most existmg networks (e.g .. X.25 nctworks. SNA nctworks. and analog 
voice networks). therc is no clcar end-to·end distinction between thc logical control 
path and the data path. A close coupling between information and control !Imits 
thc flcxibility needcd to suppon ncw serv¡ces and new signaling and transpon 
nceds. Scparation. thc goal of framc re la y as original! y conceivcd. has thc following 
bencfits [11.31]: 

• There is the potential for the intcgration of signaling for voice. data. and 
other media. Th1s is Importan! for future multimedia scrvices. 

• Since the information path docs not have to support control. its logic can be 
substantially simplified. This 1mp!Ies that the hardware will be cheapcr and 
faster. 

• lndependent optimization of the two paths can be accommodated. 

The major characteristics of ISDN's frame relay are out-of-band cal! control 

'. .. 
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and link layer multiplexing. Under ISDN, all the new packet services, particularly 
the SVC services, have the following characteristics: 

l. All control procedures, if needed, are performed in a logically separa te man
ner ( channel) using protocol procedures that are integrated across all tele
communications services. Consequently, Recommendations 1.430 and 1.431 
provides the !ayer 1 protocol for the control channel; Recommendations 1.441 
and 1.451 are extended as the !ayer 2 and 3 protocols, respectively (LAP-F/ 
0.922 and 0.933). In the case of PVCs, no real-time call establishment is 
necessary and any parameters are agreed on at subscription time. 

2. The data transfer procedures share the same 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 thc auspices of ISDN, using the CCITT 0.933 protocol for call 
setup. and a PVC implementation. The PVC does not require call setup and call 
termination. hut 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 !ayer 2 data frame is not terminated and/or 
processed at the endpoints of each link in the network, but is relayed 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 lmks, each 
identifíahlc hy information in the data link frame. Unlike the (X.25-based) X.31 
packet-mode scrvices. frame relay services (SVC in particular) integratc more 
completely with ISDN services because of the out-of-band procedures for connec
tion control. 

In X.25, mul!lplexing is achieved through the use of logical packct !ayer 
channels; hence, the network !ayer provides switching. In framc relay, switching is 
accomplished at the data link !ayer, and link !ayer multiplexing is used in thc user's 
planc to facilita te shanng of bandwidth among multiple users. Switching in thc data 
link lavcr is achieved by binding the DLCls to routing information at intcrmediary 
nodcs to form a sct of network-edge to network-edge logical paths [ 11.31 ]. Mul
tiplcxing is done through the statJstical multiplexing of different data link connec
tions on the same physical channel. as specified in LAP-F Core/0.922. Frame relay 
service is based on the frame struct.ure original! y employed by the ISDN D-channel 
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LAP-D. which provides statistical multiplexing of diffcrent uscr di.! la strc<~ms within 
the data link !ayer (!ayer 2). 

Put slightly differently, a fcature.()f framc rcJ¡¡y is to havc thc virtual circuit 
identifier, currently implemented in the network !ayer of X.25. positioncu at thc 
data link !ayer so that switching can be accomplisheu more casily. In thc X.25 
environment. when a data call is established thc virtual circuit inuic<~tor is ncgoti<~tcu 
and used for the duration of the call to ro u te packcts through thc nctwork. 1 n a 
laye red protocol environment.laycr n + 1 protocol information is cnvclopcu insiuc 
lavcr n information. The nctwork !ayer routing indicator is cnvclopcu within thc 
!ayer 2 hcadcrsitrailers. which must be processcd befare it can he cxposcu This 
processing involves more than just stripping thc hcadcr/trailer: for examplc. it 
involves error detection and correction. In LANs. thc routing of thc data units i~ 
accomplished directly at !ayer 2: the data frames are supplicu with <1 4f;-bit ucsti
nmion address. which is readily available and which is used to physically routc thc 
data to the intended destination. Also. thcrc is no error rccovcry in a LAN a<> a 
packet flows by a station on its way along the bus or ring. In framc rclay. o ni\· thc 
lower sublayer of !ayer 2. consisting of such corc functions as framc dcilllllting. 
multiplexing. and error dctection. are terminatcd by a network ;1t thc uscr-nctwork 
int<.:rface. The upper procedural sublayer of !ayer 2. with fuilctions such as error 
recovery and flow control. operates bctwcen uscrs on an cnu-to-cnu bas1s. In th1s 
sense. a user:s data transfer protocol is transparent toa nctwork. 

Limiting.layer 2 functionality to thc corc functions implics that thc uscr"s FRI 
functions can be implemented in hardware rather !han in softw<lrc. 11nproving 
throughput!dclay charactcnstics at the interface. Framcs with error ;¡re 1dcntifH:u 
and discarded. and the network boundary cntitics or, more commonly. uscr cquip
ment are expected to recover v1a upper !ayer protocols (with cleancr fibcr-based 
circuits. BER is much improved). The data link !ayer corc functions are 

• Frame dclimiting. ahgnment. and transparency. 
• Frame mul!iplcxingidemultiplexing using the adurcss field. 
• Jnspection of the trame to ensure that is consists of an intcger numbcr of 

octets prior to zero hit insertion or followmg zcro bit cxtraction. 
• Inspection of the frame to ensure that it is neithcr too long not too short. 

Detection of transmission errors. 

Frame rclav implements only thc core functions un a link-by-link basis: the 
other functions. particularly error rccovery. are done on an enu-to-cnu has1s. 
Jnueeu. the capahilities provided by the transpon !ayer protocol accommouatc this 
transfer of responsibilities to the boundaries of the network. On thc uscr siue. 
bcyond thc frame relay interface with thc network. the uscr can cmploy any end
system-to-end-system protocol. 

~·· 

... ,. 



634 

Protocol standardization work followed the publication of I .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 CCI-r·c·. core func
tions do not include flow control. The addendum to ANSI's Tl.60ó now defines 
congestion management str. :cgies; it covers both network and end-user mccha
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 intcrnational intcrworking) and SVC service 

Family of Services . 
L122-1988 describes a family of frame relay services. The purpose of defining a 
family of services, instead of a single servii:e, was to provide a dcgree of flcxibility 
in order to choose the bes! service based on the requirement of the appliclliOn. 
Elements of this family are distinguished by the difference in degrce of pr0tocol 
support. Another way of looking at this is thc differe;¡t levels of protocol termi
nation at thc nctwork edges after call establishment. Figure 11.14 depicts differcnt 
protocol brcakpoints. or points at which a network can terminate :he protocols in 
support of thc rcquested bearer service [11.31). 

CCITI. in Recommendation 1.122 ("Framework for providing additional 
packct modc bcarer services"), describes three frame relay services. 9 Re :r to 

Control Plane Usar Plan• .. ·: 

U ser 
Upoer layers Specthed 

Networ'lc; layer USI 
User 
Specifiod 

UPofl."'41' 
Da:• link !ayer 1"'41' ----

Core 

1.430JI .43, 1.43011.43\ 

UP: UpQer Part 

Note: 1 ..... 1• now hu materializ-a 1nta O.S122t1..AP·F 

Figure 11.14 1.122 trame relay prolocol specificacion. 

"lne 1992 version ot 1.122 no longer dislinguishes becween FR·I and FR-2.' .-; · .·.:!"::.-·. ·• · 
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Figure 11.15, which retains the originall.l22 protocol tcrminology (1.441* is 1.441/ 
Q.921, extended to cover l.122 requirements; this is Q.922). 

l. Frame relaying 1 (FR-1) (no functions above corc data link functions are 
terminated by the network; if needed. such functions are tcrmmatcd only 
end to end). The basic service provided is the unacknowledgcd transfcr of 
frames from S/T network boundary lo S/T nctwork boundary. Any user
selected end-to-end data link !ayer above the core functio.ns can be used. 
More specifically: 
• lt preserves frame order as given at one S/T rcfercnce point if and whcn 

the frames are delivered at the other end. (Since the nctwork does not 
termínate the upper part of 1.441*/LAP-F, sequence numbers are not kept 
by the network; networks should be implementcd in a way that. in princtple. 
frame order is preserved.) 

• It detects transmission. formal, and operational crrors. 
• Frames are transported transparently (in thc network); only thc addrcss 

and FCS ficld may be modified (sorne bits bcing dcfined in thc addrcss 
field for congestion control m ay al so be modified). 

• It does not acknowledge frames (within the network). 
2. Frame relaying 2 (FR-2) (no functions above thc core data link functions are 

terminated by the network; 1.441* (i.e .. LAP-F) uppcr functio_ns are tcrmi-. 
nated only al the end points). The basic service providcd is ati unacknow
ledged transfcr of framcs from S/T lo SIT rcferencc point. Thc uppcr pan 
of 1.441* is used end to end; however. thc network only suppons thc corc 
functions. More specifically: 
• It preserves frame order as givcn at one S/T rcfcrcncc point if and whcn 

thc frames are dclivcred al thc other end. (Since the network docs not 
termínate the upper pan of 1.441* (i.e .. LAP-F). sequencc nurnbcrs are 
not kept by the nctwork: networks should be irnplemcntcd m a way that. 
in principie. frame ordcr is prescrved.) 

• lt detects transmission. formal, and operational errors. 
• Frames are transponed transparcntly in thc nctwork: only thc address and 

FCS field may be modified. 
• It does not acknowledge framcs (within the nctwork). 
• Normally. the only frames recctved by a user are thosc sent by thc distan! 

uscr. 
3. Frame switching: the full Recommendation 1.441* (i.c .. LAP-F) protocol is 

terrninated by the nctwork. The uscr's data link !ayer protocol must be 1.441* 
(i.e., LAP-F). and is fullv terminated by the nctwork (only the network !ayer 
and the upper layers are end to cnd). 

In summary. Figure 11.16. frorn 1.122, shows the partition of thc data link 
!ayer in the frame relay environment. For both FR-1 and FR-2, the network sup-
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FiJ!ure 11.16 Protocols !:ltJcks for vanouc; framc rcl.1~ scr-ncC!-

ports only thc "corc·· aspccts of thc data lrnk protocol 1.4~1· (r.c .. "Corc Part of 
1.4~¡··· or ""LAP-F Corc"). Thc user·s equipment in FR-1 has a protocol partncr 
wlth thc nctwork supportrng thc "Corc l'art of 1.4~1. ·· What thc c.:quipmc.:nt supports 
cnd to end abtl\'C corc aspccts 1' a u~cr'~ optron. Hcncc. thc "rcm<tindcr·· of thc 
data link !ayer functiuns abovc thc corc functions and thc uppcr Jaycrs nccd tn be 
defincd by a set of uscr-providcd pccr-to-pccr protocols. In FR-1. thc nctwork has 
no knowlcdge of thc end-to-cnd protocol. Thc uscr's cqurpmcnt in FR-2 tcrminatc~ 
the full data link protocol (i.c .. 1 4.1 ¡•. which is composed of thc "Corc l'art of' 
1.4-tl*"" p1u~ "Uppcr Par! of 1.4-1 1*""). Thc uscr cquipmcnt must ha ve a protocol 
partner with the network supportmg the "Core Part of 1.441."" and it mus! havc a 
pro toco! partncr end to end supporting the balance of the data link !ayer. namcly. 
the "Uppcr Part of 1.4~1*'" (upper layers are uscr-defined). In frame switching. 
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the user equipment must have a full protocol partner with the network supporting 
the entire data link !ayer, 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 forma! and valid addres~ 
are delivered. Data link !ayer functions not specified by the frame relay sen'ice 
(FR l. FR-2. or frame switching). as well as the network and upper !ayer functions. 
are transparent to the network. being implemented end to end in the end-systems. 
For example. in addition to the data link !ayer multiplexing. whic is providcd bv 
the network over the UN!. 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]. . 

Al the UN! (seen from the network). there are no significan! diffcrences 
between FR-1 and FR-2. Differences are visible, however, to the end-systems' 
network !ayer: depending on the data link !ayer used. different OSI service~ are . 
provided to the network !ayer. In FR-2 and frame switching. the network !ayer 
sen·ices are specified by 0.922; for FR-1, the data link !ayer service is spccified 
according to the user's choice of protocol. Because of this choice, there can be 
diffcrcnces in performance between FR-1 and FR-2. 

To use a:-frame relay network, the user's protocol-specific frames are encap
sulated in thc 0.922 Annex A frames. as shown in Figure 11.17. Any data link 
!ayer protocol with error rccover-. !'-!DLC, SDLC. LAP-B. LAP-D. LLC) can be 
cncapsulatcd and transmitted ove~ tne network. Such encapsulation must be done 
by the uscr's equipment. 

11.4.2 ANSI frame Relay Standardization EfTorts 

Severa! documcnts have rccently been issucd by ANSI in referencc to fram<: rclay 
scrvicc in the U .S. [ 11.32-11.37]. These "ere identified earlier in Table JI. 7. Two 
kcy standards are TJ.606 and Tl.618. 

Thc data transfer phase of the framc rclay bearer service is defined in T1.ó06-
1990. This documcnt specifies a framework for frame relaying service in tcrms of 
uscr-nctwork mtcrfacc rcquirements and internetworking requirements 1 i i :,s¡. 
Both interworking with X.25 and interworking betwecn frame relaying scrvice is 
includcd in this standard. 

Thc protocol necdcd to support frame relay is dcfined in Tl.618-1991 (LAP
F Corc). The protocol operates at the lowest sublayer of the data link !ayer and 
is bascd or. the corc subset of Tl.602 (LAP-O). The frame rclav data transfer 
protocol defined in Tl.618/LAP-F Core is intended to support multiplc simulta
neous end-user PVCs, possibly using different protocols within a single physical 
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channcl. This protocol providcs transparcnt transfer of user data and docs not 
restrict the contents. format, or coding of thc information. or intcrprct thc structure. 

Frame Re/ay Frame Structure 

The framc relay framc formal was shown in F1gurc 11.4. The ficld shown in thc 
figure are dcscribed below. 

Flag Sequence. All frames start and end with the flag sequence conststing of onc 
O bit followcd by six conuguous 1 bits and one O bit. The flag prcceding thc addrcss 
field is defmed as the opening flag. The flag following the FCS ficld is dcfincd as 

r 

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

Address Field. The address field (more precisely, routing label) consiq< of at least 
10 bits over two octets. as illustrated in Figure 11.4, but may optionally be extended 
up to four octcts. To support a largcr DLCI address range. thc three-octet or four
octct address fields may be supported at the user-network interface or the nctwork
network interface based on bilateral agreement. 

Conrro/ Field (C/Ri. Therc is no control function for framc rclay corc scn·iccs. 
Thc ficld is not used by thc network and is passcd transparcntly bctwccn user 
equipment for application-specific uses. This bit is used in protocols such as LAP
O to indicate that the frame is a command ora response. 

FECN. This bit is set to 1 bv the network to notifv the user receiving thc framc - ~ -
that thc frame has been delivered through a congested path in the network. This 
implies that insufficient network resources are available to continue handling the 
traffic at the curren! rate. Two actions could ensue (depending on thc user's equip
ment capabilities): 

The inhound traffic. if any. from the destination (i.e .. the traffic going in the 
oppositc direction of the received frame) should be temporarily reduccd. 

2. Thc destination should be willing to entera "hold-on" or "wait" state. since 
traffic may arrive at longer intervals than otherwise expected.-. 

BEC!\'. This hit is sct to 1 by the network to notify the user that traffic scnt in thc 
orros!lc dircction to the frame with the bit set may pass through a congcstcd path. 
Conscqucntly. thc scnding equipmcnt should reduce its inbound traffic to the 
dcstination. if thcre is any. Figure 1 LIS depicts the operation of thc FECN and 
BECi". 

FECN • O 1 

F'tpre 11.18 FECN and BECN act1on. 

Congested 
port10n of 
network 

FECN • 1 1 

\--• .... ( Rec:eiVIng 
J---4 Equrpment .. 

BECN • O 1 

( 
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EA. EA is used as an expansion bit indicating that the DLCI is longcr than 10 
bits. 

DE. DE is the discard eligibility bit set by the user to inform thc nctwork that in 
case of congestion this frame can be droppcd bcforc othcr framcs not '" indicatcd 
are touched. 

Frame Re/ay lnformation Field. The frame relay information ficld follows thc 
address field and precedes the framc check sequen ce. Thc contcnts of thc u":r 
data ficld consists of an integral numbcr of octcts (no partial octcts). Thc dcf;tult 
information field size to be supported by networks is 262 octcts; othcr valucs are 
negotiated between uscrs and networks and hctween networks. Thc support of a 
maximum value of 8.189 octets is suggested for applications such as LAN inter
connection to preven! the necd for scgmentation and reasscmbly by thc uscr cquip
ment {however. the usage of a cell-based nodal processor runs counter to this 
philosophy). The frame length can be variable. Tahlc Il.IS. sh<>wn later. dcpicts 
sorne of the maximum framc lengths suppórted by various vendors. Sincc thc 11>_
hit FCS spccified for framc relay can dctcct errors in frames of lcngths up to -Ul% 
octets, so me are recommending that only this maximum he actuallv allowcd: oth- · 
erwise the network cannot even dctcct crrored framcs [ ll.óJ. 

Frame Checking Sequence Field. The FCS field is a 16-bit CRC sequcncc u<;cd to 
determine the i'ntegrity of the information. 

Transparency. A transmitting data link !ayer entity must exammc thc framc contcnt ' 
betwecn the opening and closing flag sequences (addrcss. framc re! ay inforrnatton. 
and FCS fields). and must insert a O hit aftcr all scqucnccs of fivc contiguo\ts 1 
hits (including the last five htts of the FCS) lo ensure that a flag oran ahnrt s<;qüSílcc 
is not simulatcd within the framc. A recciving data link !ayer entity must c\_iíhline 
thc frame contcnts betwecn thc opening and closing flag (fiVL: contiguous f bits).'.· 

Order of Bit Transmirsion. Thc octets are transmitted in asccnding numcncal ordcr. 
lnsidc an octet. hn 1 is the first hit to be transmtttcd. 

lm·alid Frames. An invalid frame is a frame that 

l. Is not propcrlv boundcd hy two flags (e.g .. a frame ahort). nr 
2. Has fewcr than fivc octets hetween flags (note: if thcre is no mformation 

field. the frame has four octcts and the frame will he considcred invalid). or 
3. Contains more than 8.193 octcts betwcen flags. or 
4. Does not consist of an integral numher of octets prior to O hit inscrtion or 

following O hit extraction. or 
5. Contains a frame check sequence error. or 
6. Contams a smgle octet address field, or 
7. Contams a data link connection tdentiher that is not recognizcd bv the net

work. 
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If tht: trame received by the network is too long, the network may either 

l. Discard the trame. 
2. Send part ot the trame toward the destination user and then abort the trame. 

or 
3. Send the trame toward the destination user with invalid FCS. 

Selection ot one or more ot these behaviors is an option tor designers ot 
trame re la y network equipment. and is not subject to turther standardizatior. '. lsers 

. cannot not make any assumption asto which of these actions thc network will takc. 
In addition, the netw~•rk may optionally clear the trame relay call if the number 
or frequency of excessively long trames exceeds a network-specitied :'~reshold. 
Invalid trames are discarded without notitication to the sender. No actic . ts taken 
as a result ot Íhat frame. 

Frame Abort. Receipt of seven or more coniiguous 1 bits is interpreted asan abort. 
and the data link !ayer ign,·~·:s the frame currently being received. 

11.4.3 lndustry Efforts 

1990 saw a númber ot vendors backing an interim joint trame · ·~lay._specification 
in an cttort to ensure sorne degree of interoperability ot new pL>ducts then being 
developcd. Digital Equipment Corp .. Cisco Systems. lnc .. Northern Tek .. >m. lnc .. 
and StrataCom. lnc .. join!i·. developed the trame relay specitication on which 
product development coui.:' ··e based until national and international standards 
beco me availahle [ 1 1.39. L .40]. Eventually, over 65 vendors agreed to suppport 
this de tacto standard [11.41]. More complete ANSI/CCITT standard' are now 
availahle. In tact. most aspects ot this interim specitication found .vay into 
the ANSI standards. The need to otfer intcroperable trame rclay prou... . critica!. 
and vcndor~ rcalize that users may not be w!lling to deploy technologtes that lock 
them in with systems that could become obsolcte in a year or two. Agrecment on 
framc relay implcmcntation specifications tacilitates the emergence ot cquipmcnt 
forma varicty of vendors. allowm,· ·,exibility in user choices (I1.40). Vcndors are 
trying to avoid thc implcmentation problems that were cxperienccd in thc carly 
1980s whcn X.25 packet switching products started to enter the market. Incom
patible implementations of X.25 still abound to this da y. 

Thc early j01nt specif1catllln was bascd on thc ANSI standard, hut it had 
sorne addillonal managcment features and oroadcasting [ Il.40). For cxampJ, it 
included capabilities tor congestion control; it abo supported autnmauc reconfig
uration of deviccs with a trame relay interface and the ability . detect taults. 
Featurc' included [ 11.42] 

l. Support tor a global addr~ssing convemion to identify a specitic end-device . 
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2. Multicast capability ta scnd frames ta all devices that bclang ta a "multicast 
graup." 

3. Flaw control far preventing cangestian in a framc rclay network. 
4. Extensions ta the LMI. 

' 
5. Asynchronaus status updates (asynchronaus notificatian by thc nctwork tl' 

the user's equipment of a change in DLCI status). 

This specification defined these enhancemcnts in thc form afa new protocol 
and a new set of messages to make the configuration and maintcnancc of PVCs 
casier. The protacal describes a LMI which is applicablc bctwccn thc nctwork ancl 
the user's equipment (i.e .. at the UN!). The LMI transfcrs mcssagcs that pnJ\'Idc 
notification by the netwark ta the user of the presencc of an active DLCI. noti
ficatian af the remaval ar failure of a DLCI. and real-time monitoring of the status 
af the physical and lagicallink between the network and each uscr dcvicc. In othcr 
words, the LMI salves the issue of a "keep-alive signa!" betwcen the nctwork and 
the user's equipment. lt also provides capabilities for dawnloading lagtcal link 
addrcsses from the netwark to the uscr's equipment. Also. as indicatcd. a rnultic;tst 
facilitv for case of address rcsolutian by bridges and routers is includcJ ]II . .J.> ]. 
(Additional aspects af LMI are discussed in the next scction.) Thcsc fcaturcs ~re 
now includcd in the ANSI standards. 

This vendar cooperatian led to anathcr dcvclopmcnt. On 15 Julv llJ'JI. thc 
Frame Relay Farum held its initial annual meeting. At that time. 52 compantcs 
joincd the Forum; membcrship has increased sincc then. Thc Framc Rcl<t,. Forum 
was farmed to pramatc thc acccptance and implcmcntation of framc rcl;t\' bascJ 
on national and intcrnationai standards. Membnship in thc nonprofit org;u11zation 
is opcn. and organizations may participatc cithcr as voting mcmbcrs oras obscrvcrs 
[11.4-+]. Thc Forum has three working groups: 

l. f\1arkct Dcvelopment and Educatwn. 
2. Tcchnical. 
3. Interoperabihty and Tcsting. 

Thc Markct Devclopmcnt and Educatwn Committcc has as a goal thc dcvcl
opmcnt uf thc markct for íramc rclav products. serviccs. and applic.:ations Thc 
Tcchnical Commtttec providcs a liatson tu thc standards groups and rclatcd tcch
mcal organizations. such as ANS!IECSA. CCITT. ETSI. and thc Internet Engi
nccring Task Force. The lntcropcrabilitv and Tcsting Committcc aims at promoting 
efficicnt and cffcctive method; of tcsting and ccrtification of framc re by conform
ancc and mtcroperabilttv It works wtth manufacturcrs of test cquipmcnt. with 
public framc rclav carriers. and wnh thtrd-party test laboratories. Thc Forum has 
adoptcd an implementer's agrcemcnt which idcntifics thc guidclincs vcndors should 
follow in devcloping framc relay equipment. It also has contractcd with thc NIUF 
to develop a software test set based on the implementcr's agrccmcnt. so that 

~.: 



prospective vendors, carriers, and users can undertake conformance testing. 
Approximately 500 items need to be tested to verify compatibility. 

The importance of conformance and conformance testing cannot be over
emphasizcd. Already. in early 1992. carriers testing frame relay equipment werc 
reporting that ··many vendors ha ve improperly implemented frame re la y protocols·· 
[ 1 1:45]. Frame Re la y Forum efforts underway at press time included network-to
network interface implementation agreements. SVC specification. multiprotocol 
interconnection of data tcrminals. 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. Additional Procedures for PVC's Using 
Unnumhered Information Frames). The LMI specification describes a protocol and 
associated procedurcs operating at the UNI to handle network managcmcnt func
tions. Thc fcatures of a nctwork that supports LMI include notification to thc user 
of the addition. deletion. and presence of a PVC in the network. and notification 
to the user of end-to-end availability of a PVC [11.6]. Vendors are working on 
implementing support of Annex D. In addition. a standard to support X.25 over 
a puhlic frame relay network has evolved. The LMI protocol consists of an c:xchangc 
of mcssagcs hetween the user and the local access nade of the nctwork. 

The LJ\11 protocol is based on a polling scheme-the user's equipment ( router) 
polls thc network to obtain status information for the PVCs defined over a given 
UNI interface. Thc uscr dcvicc issucs a Status Enquiry message ami thc nctwork 
rcsponds w1th a Status messagc. Figure 11.19 provides an illustration of thc process. 
Thc LMI uses a connectionless data link protocol based on 0.921/LAP-D. making 
thc proccdurc e as y to 1mplcmcnt. At !ayer 3. 0.931 messages are uscd. as in ISDN. 

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

• Addition or delction of a PVC. 
Status detcrminat10n (availability/unavailability) of a configured PVC. 
Local in-channel signaling for link reliability errors. 
Local in-channel signaling for link protocol errors. 

Daw Lmk Laver 

Thc LMI data link !ayer conforms toa subset of LAP-O. Only unnumbered infor
mation frames are used. Thc poli bit is sct to O. and the control field is coded as 
00000011. The DLCI is set to O (see Figure 11.20). 
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Thc DLCI is spccified in bits 3 through R of thc sccond octct. ami bits 5 
through R of the third octet (the leftmost hit is bit R: the rightmost hit i' hit 1). 
The mcssage field must contain thc LMI Protocol Discriminator sct to 001101001 
in the LAP-D frame: it is used by the user-nctwork cal! control to clistingui'h this 
message from othcr mcssagcs. Thc Cal! Rcfcrcncc is set to thc dumrnv 11110111111110. 
A Locking Shift field ts also required; it is uscd to idcntify codcscts (currcntly only 
codcsct 5 is supportcd). 

Management Layer 

This !ayer consists of two facets: ( 1) thc format of thc messagc field. including 
lnformation Elements; and (2) the message functional description. 

An entire LMI message always fits an entire LAP-D frarnc. The Information 
Elcrnents havc speciftc formats. The formats are specified by the bit marpings for 
various functions (these are not further described here; sec, for an cxarnplc.lll.6. 
11.36]). 

The Link Integnty Veriftcation Status Enquiry from the user and the Status 
message from the network allow both the uscr and thc network to determine link 
reliability errors (physical faults) and protocol errors. The Full Status Report has 

.'1 
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Figure 11.20 Data link layer formal of LMI messages. 
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a PVC Status Information Element that allows the user to detect the addition 01 

a PVC. the dclction of a PVC. thc availability of a configured PVC. and the 
unavailability of a configured PVC. A user"s frame relay device (e.g., a frame re la y 
capablc router) pcriodically issues a Status Enquiry message for the network·s Full 
Status Rcport to determine when a PVC has become active or inactive. T~ reports 
are cxch<~ngcd using DLCI O. Full Status Repc-·'ng (PVC Status and Lir.: tegrity 
Verificatiun lnformation Elcmcnt) is employcc, w report communication o¡ remate 
u ser equipment failure to 1 ·: local user. This procedure can al so be u sed to signa! 
a trunk or nodal processor railute. 



647 

The LMI niessages and sorne related Information Elcments are shown in 
Table 11.11. These procedures are driven by a set of parameters that are established 
at subscription. Table 11.12 depicts sorne key parameters. Additional procedural 
details, not covered here, are required to undertake the network managcment 
functions. 

On the topic of network management, it is worth noting that protocol ana
lyzers supporting frame relay wcre bcginning tu appear in 1992 from a few vcndors; 
however, they were initially rather expensive ($15.000 range). 

11.5 IMPLEMENTING FRAME RELA Y IN A PRIVA TE 
CORPORATENETWORK 

Users of dedicated LAN internetworking links may want tu examine traffic loads 
to determine if frame relay and cell relay/fast packet will be ccunumically beneficia!. 
Users with little LAN intcrconncction traffic but with considerable traditional data 
traffic may be bctter off using a TDM-based TI multiplcxcr. whik thosc wtth 
higber LAN volumcs m ay want to rcplace TDM multiplexcrs wtth pr<>ecs'>ors ( or 
multiplexers) supporting framc relay over a ccll rclay platform. 

To maximize the bencfit of frame relay technology in a privatc nctwork 
environment without having to incur large communication chargcs (i.c .. for dcd
icated Tl linii.s between sites). thc service needs to he providcd b\· a backhunc· 
nctwork configured with nodal processors that support dynamic bandwidth allo
cation via cell relay. The use of a router equipped with a frame rclav interface 

Meso;Jgcs: 
STATUS 

STATUS 
ENQUIRY 

lnformauon Elemcnt'\. 
REPORT TYPE 

LI1'K 1:'-JTEGRITY 
VERIFICATION 

PVC STATUS 

Table 11.11 
!.MI Mcssa~cs 

Sen! from the nct"'ork lo u ser dcvtcc m rc:-.ronsc to ;¡ Sta tu~ I:nqutr~ f 1<1<; 
Mc5'agc T)pc f•elu of 01111 !01. 
Uscd by thc routcr or frame rcla! dcvicc to rcqucst statu~ •nform,\!Jon 

Actual conflgur;Jtton and statuo.. mform:ttion is contouncd in thc lnformJtton 

Elements. Has Mcssagc Typc hclu of 011101111. 

Uscd to indic~He cithcr thc typc of cnqu1r~ rc.:yucstcd ¡,~ thc u...,c.:r·s frarnc 
rcJ;¡y dev1cc or thc contcnts of thc Status mcs~agc rcturnc.:d by thc nL·twork. 
lt can he a Full Statu'\ ur a Link lntcgnty Vcrification only. 
U~ed !O exchangc !<>Cquencc numhers hctwcc.:n nctwork and U'\CT cqtnpmcnt 
on a pcnodic bas1s to md¡cate to cach othcr that thcy are at·t,ve ;mcJ 
opcrational. 
Present m a Status mcssagc and !S scnt hy thc nctwork to notify thl' lJ\cr·s 

frame rclay dcv1cc of the configuratlon and status of an cxi~tm,¡.! P\'C. thc 
PVC 1S iden11f1ed at the LMI UN! bv the DLC!. 
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Table 11.12 
LMI Parameters 

Full Polling C~·cle: This parameter describes the number of polhng cycles betwecn Fui! Status 
Rcports. lt is sct by the uscr and has range of 1 lo 255. with a defaull value of 6. 

Error Threshold: Number of reliability or protocol crrors befare a PVC or a user device is dcclarcd 
inacl!vc. 1t is set by both the network and the user and has a range of 1 to 10, with a dcfaull valuc 
of :1 

Monitored Events Count: This paramcter specifics the size of the window that JS employcd hy thc 
nctwork or uscr to determine if a PVC or user device is active. After a PVC or dcvicc is dcclarcd 
macli\e, the net,.,ork waits a number of successful poli cycles specified by this parametcr befare it is 
declared active again. lt has a range of 1 to 10, with a dcfaull value of 4. 

Link Integrity Verilication Timer: Thts parameter indicates how frequently the user should >cnd a 
Status Enquiry. 1t is set by the user. lt has a range of 5 to 30 seconds. with a default valuc of 111. 

Polling VerifiratiOn Timer: This para meter indicares the interval of time the network should w~it 
between Status Enquiry messages; if no messages are received. the network posts an error. 1t 1s set 
~v thc nctwork. lt can rangc from 5 lo 30 seconds and has a dcfault value of 15 seconds. 

over a dedicated TI link is no! advantageous comparcd lo a traditional non-frame 
relay solution·. Sorne early users of frame relay took this route, but .they are now 
findmg 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 of 
othcr uscrs. realizing thc economic advantages of bandwidth sharing. much the 
same way an X.25 prívate packet network provided such economic eff1cicncies for 
low-bandwidth users. · 

Thcrcfore. ( 1) thc availability of a cell backbone and (2) the addition of frame 
relay interface capabiltty to user's equipmcnt (usually with a plu¡;-in card plus 
appropriatc software) will facdnate dcploymcnt of the new technology for LAN 
mterconnection usage within a corporation. Each user device will rcquire onlv one 
physical connection to thc network instcad of multiple connections. In aJdnion. 
data transmission ovcr these pcrmancnt virtual circuits can vary dynamically as 
ncedcd (up to the maximum access spced, i.e., 1.544 Mbps). 

ll.S.l lmplementation Steps 

1t is straightforward to migrate from the curren! router network configuration to 
a frame rclay-bascd network solution. There are two main areas that necd to be 
acJdrc~scd: 

• 
• 

Network nodes . 
Router upgrades . 

.. .. 
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Backbone Networking Nodes-/nstallation 

It is necessary to install nodcs that support frame relay uscr-nctwork interface' and 
use cell-bascd backbones. Migration from the cxisting nctwork to thc framc relav 
configuration can be done in an organizcd. st~p-hy-stcp fashion. Thi' willmininmc 
dtsruptions to LAN applications and end-uscrs by pcrmitting thc chang~s to he 
made on a scheduled basis [ 11.13 J. 

Router Upgrades to Support the Frame Re/ay lmerface 

Upgrade of the router is nccded to implcmcnt thc frame relay interface to the 
network node. This is usually in the form of a Jow-cost software upgradc offcrcd 
by most router vendors. Costly hardware rcplaccment is not u'uallv IH.:cc>'arv. 
since the existing communication chips on thc routcrs are typically reusable for 
frame relav. Even more significan! is the fact that thc cnd-user applications Ul' not 
have to be modificd to accommodatc frame rclay. 

11.5.2 Migration From Existing Basclinc 

Different uscrs find thcmsclves in diffcrcnt situations. Sorne still havc unintcgratcd 
networks without hackhoncs (~encration 1 ). Others ha\T a classical h:,cJ..honc 
nctwork for mquírv/rcsponse appilcat1ons. hut the LAN traffic is IH>t 1ntq:r:1tCd 
(genera !Ion 2). Sorne ha ve a TDI\1-hascd hackhonc network which pro' 1des fixcd 
bandwidth to most applications of thc cntcrprisc. including LANs (!!~ncration :1). 

Framc relay ovcr cell rclav can he hencficial h> a JI thrcc cl:tss~s of mcr,. N:lturallv. 
each nctwork has differcnt levels of migrat10n and immediatc payhack hv undcr
takmg this transit1on. 

Ummegrated Networks Without Backboncs (General ion 1) 

Uscrs of thesc nctworks stand to ¡!Ct thc m~jor yuantum advanta¡!C from trame 
relay. F1rst. many dtscretc lnw·-spccd línc' are rcplaccd with fcwcr high-4ualitv TI 
lincs. which in itsclf can he chcapcr :md casier to managc. Sccondlv. thc advant:t!!CS 
of dvnam1c bandw1dth allncatinn reduce thc transmission bandwidth that would 
othcrw1se he nceded; addltJon~l transmission rcsourccs contrihutc tu a dircct 
incrcasc in transmission cmt. To mígrate toa framc rclay network. thc uscr nccds 
to dcploy the ncccssary numhcr of nodal proccssors. upgradc thc terminal cyuip
mcnt for frame relay (this could he done using a tcrmmal scrvcr on a LAN ~nd 

-_, 
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thcn using a framc rclay routcr), and install the high-speed and backbone trans
mission infrastructure. 

Classical Backbone Networks. LAN Traffic Not /ntegrated (Generatwn 2! 

These networks benefit from the introduction of frame relay because bw,clwidü: 
can be better utilized. postponing or even eliminating the need lo up¡: · .. Je thc 
transmis~ion lines to either multiple Tls or T3s. In fact. it may cven be possiblc 
to rcplace ;ome Tls !mes with less expensive ITI lines. To migrate to a framc 
rclay nctwork. the user needs to replace the TDM-based fixed-allocation multi
plexers with nodal processors and connect the LANs to the same structure. Usually. 
the transmission facilities making up the backbone network remain in place. elim
inating cxpensive installation charges for communication upgrades. 

TDM-Bascd Backhone With Fixed Bandwidth (Generation 3) 

Thcse networks are thc easicst to .·ngrade by simply replacing thc TDJ\·Is with 
frame rclay hardware. Thc nctwork runs better and is more efficient. 

Two importan! issucs need tn he fullv resolved before the introduction of frame 
rcl;1y sen·ices in miss10n-cri:· . appilcations can be fully rationalized. Thesc issues 
affcct priva te nctworks but are also importan! in public networks. They are network 
management :md congestion cnntrol. 

Users necd to be ablc to momtor traff~e. establish PVCs. obtJm m;magcmcnt 
rcports. undcrtake fault managcment. do traffic engineering. rearrangc t:xisting 
PVCs. and so on. Nodal processors supportin; private frame relay networks come 
with a varictv of nctwork managcmcnt interface tools. but mayor may not implc
mcnt thc full Annt:x D LM 1 arparatus. However. public sen• ices m ay not match 
th~; Jc,·cl of nctwork mana¡,:cment nchness in tcrms of front-cnd functions like 
graphics. reports. mcnu-driven commands. and so on. Users are also looking to 
mtcgratc thc LAN and WAN management systcm. 

Cong..:stion control rcmains a cntical issuc. Cong<.:stion results whcn ti· ,>m-
hincd rcqucst for handw1dth from ·d! uscrs excceds what the network can . ide. 
Total nctwork handwidth lS ultm .dy detcrmined hy !he number and 'izc of thc 
trunks hetwccn thc carricr's or u>cr's nodcs. Congestion becomes more likely as 
thc numhcr of suhscrihers incrcases. Sorne argue that "when con!!estion starts to 
occur. peoplc will ha ve s•gnif1cant problems ... users' expcctation, ;or framc "el ay 
are too h1gh" [11.46] . 
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Ycndors' initial approachcs to thc congcstion issuc hus not sutisfactorily sol ved 
the problem the way the implementation of the full ANSI apparatus cnd to cnd 
would. For example, sorne provide large buffers in the nodal processors for storing 
frames that cannot be immediately sen!.· Howcvcr. nctworks such as SNA retrans
mit data if it is not acknowlcdged within a givcn time inter\'al: hcncc. t he de la y 
seen by the FEP because of the buffering can cause it to scnd more data. whil·h 
is exactly the opposite of what is needcd in thc congcstion statc. Othcrs use sonK 
of the congestion techniques employcd in X.25. Howevcr. this docs not go to thc 
source of the problcm. which is the throttling hack of thc input trafftc. Othcr~ dcal 
with the problem by over-enginccring thc nctwork (reponed!}. this indudcs BT 
North America, Sprint Data Group. and MCI Communications l11.4úJ). This 
approaeh is not cost-effeetive for private network solutions. 

With the meehanism provided in the frame rclay standard. nodal procc~sors 
can send notifications to the attachcd routers and othcr deviccs to slow thcm down. 
The router in turn has to be able to inform the cnd-user gencrating thc traffic (such 
as a user. a host. or a file server) to slow down. Aecording to ohscrvcrs. cnd-to
end coopcration is 2 or 3 years away (i.c .. it will be achtcvcd in llJlJ~ to Jl)<)4). 

11.5.3 Topologies and Support of Non-LAN Traffic 

Equipment is appcaring on thc market to conncct 3270 SNA and Bisync tcrminals 
to a framc relay network. Scc Figure 11.21 for an cxample of this appltcation. 
Uscrs want to be ah le to combine SNA trilffic with other traffte o ver¿¡ \\' r\1" usin¡,: 
a common technology likc framc rclay lll.2lJI. Any savings in transmis>~on wuld 
be ncutralized by the nced to maintain two or more separate nctworks. staffs. 
managemcnt tools. cte. lll.47J. Users want to support an cntcrpriscwidc nctwork 
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Figure 11.21 U..: of frame relay tn an SNA envtronment. 
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with as few technologics as possible; hence. the issue of whcther frame relay can 
support multiple corporate applications emerges. While many users are migrating 
to LAN-hased SNA configurations. facilitating the direct usage of frame relay. 
sorne SN A traffic rernains on the large ernbedded base of traditional cluster con
trollcrs. 

A nurnber of vendors are introducing standalone frame relay adapters to 
support non-LAN traffic (see Figure 11.22). With these PAD-Iike systems. SJ'\A 
rnultidrop lines bctwcen the the IBM FEP and the remote cluster controllcrs can 
he replaccd wtth frarne rclay PVCs. Othcr vendors are incorporating the adaptatwn 
funct!on directly in the nodal processors. SDLC frames are passed across the 
network in a predeterrnined PVC by assigning the destination of the frame on a 
per-port basis .• Sorne public networks also provide PAD-Iike functions. 

11.5.4 Enlerprisewide Use of Frame Relay 

This secuon looks at frarne relay frorn an enterprisewide perspective. Beca use 
equipment based on frarne rclay over a rnixed-rnedia cell relay platform uulizes 
backhonc facilities bctter than exisung circuir switching Tl multiplexcrs. frarne 
relay bencfit uscrs that want lo connect LANs over integrated backbones while 
supporting a variety of other traffic (to take advantage of resource sharing). But 
uscrs that sirnply want or nced lo provide high-speed links betwccn remote LANs 
rnav be better off using FTI. TI. FT3. or even T3 links [ 11.19]. According to sorne 
ohservcrs. most users nced to transpon a rnix of data, voice. and video: hcnce they 
rnay find it difficult to cost-justify buildmg a pure frarne relay network solely 
dedicatcd to LAN traffic [ 11.19]. More expensive nodal processors also support 
voice and video. 

Two vicws on frarne rclav penctration cxist: those who sec framc rclay 
dcploved mostly in privare nctworks. and thosc who belicve carriers will make 
ma¡or inroads. A 19l) 1 stud y found that 37% of Fortune 1000 companies intcrvtewed 
wcrc planning to use puhlic frame relay ser.·ices. 24% were planning to use private 
frarnc re la y. 24% use hyhrid networks. and thc balance (15%) were not surc. Given 
thc outsourcing trcnds discusscd elsewhere in this book and thc plcthora of rea
sona~ly priccd carricr frame rclay scrvices appearing on the market, puhlic and/ 
or hvhrid appltcation of the tcchnology may in fact be thc route to frame relay 
dcployment. Tahle 11.13 sumrnarizcs possible strategies. 

figure 11.23 depicts a nurnbcr of traditional LAN interconnectwn methods 
[11.~5¡. Pan A of thc figure shows a TI line totally dedicated to routcrs. Part B 
of thc figure shows a typical arrangcrncnt whcre a fixcd portian of bandwidth frorn 
a TI multoplcxer is crnployed for LAN usage; this is typically 56/64 kbps. Part C 
shows a sophisticatc.:d TI multiplexcr wh1ch. in eludes an integrated brid~::: a fixed 
portian of bandwidth on lhe TI rnultiplexer is used. This usage of a Tl m -:tiplcxer 

.. 
" 
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Aouter 
Ethernet 

was alreadv discus;ed in Chapter 6. 1\ote that threc logically distinct componcnts 
are required: a router. a muluplcxer. anda linc dcdicatcd end to cnd. 

Figure 11.24 shows sorne cxamples of LAN intcrconncction optiom using 
private nctwork frame relay technology. PartA shows thc use of a Tllinc dcdicatcd 
toa ncw router system that incorpora tes framc rclay. Part B shows the case whcrc 
a fixed portian of bandwidth from a TI multiplexer is employcd to conncct a ro u ter 
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Table 11.13 
Possible Strategies for Deployment of Frame Relay 

Private Network Implemcntation 
• Ovcr a pomt-to-pmnt !me. connecting two routers directly 
• Single-nade data-only processor supporting LAN traffic 
• Smg:le- or multiple-node mixed-media processor(s) supporting enterprisewide networking 
Puhlic Network lmplemcntation ' 
• Data-onlv scmce for LANs or other dcvtces (through PADs) 
Hyhnd f',;ctwork Implemcntation 

Data-only serv1ce with private proccssors, while using public network to reach secondary si tes 
• Mixcd-mcdia cnvironment with privatc proccssors. while using public network to carry data 

system which incorpora tes frame relay. Part e is a diagram of a TI multiplexer 
which includes an integrated frame relay card but not a router; a fixed portian of 
bandwidth from the TI multiplcxer is employed. These three sccnarios are likcly 
to represen! the early usage of the technology. Note that, as in Figure 11.13. three 
logically distinct componcnts are required: a frame relay configured router. a mul
tiplexer. and a line dedtcated end to en d. 

Figure··JJ.25 shows other examples of possible interconnectioR options using 
frame relay. Part A shows a TI multiplexer which includes an intcgrated router 
which uses framc relay; a ftxed portian of the TI bandwidth is employed. Par! B 
depicts a situation where various streams run into a multiplexer where the trunk 
side uses frame relay (pursued mostly by packet switch vendors). Part e is the 
samc as thc previous case. but the trunk side uses cell re la y and the trunk bandwidth 
is managed in fast packet mode. Here is wherc i· ·me reiay starts to offt:r advan
tagcs. 

Figure 11.26 depicts a more sophisticated usage of frame relay. Pan A dem' 
onstrates a priva te network using frame ré· :ay nctworkwide to ach'· ~ cfftciency. 
PAOs may oc requircd to support non-LAi'. devices. A separate network for voicc 
and video ts rcquired. Part B depicts the use of c. mixed-media nodal processor. 
which also supports nondata applications. Parte o: the figure shows a publtc frame 
rclay network wherc multiplc uscrs share the network. PADs may be rcqutred. A 
separa te network for voice and video is generally required. In this "optimal case." 
thc uscr uses a router that implements thc frame relay interface specification; but 
instead of ohtaining a high-capactty linc dedicated end to end. the uscr nnly gc'·. 
thc high-capacity line to thc CO or POP (at both ends). By conn·:cting to the 
carricr frame re la y servicc. the carricr provides the multiplexing, rele;:.,mg the users 
from that invcstment [ 11.2]. Note parenthetically that if the two endpoints termina te 
on thc same eo (e.g .. if they are in relative proximity within a city). then the 
bandwidth saving advantage disappears. When connected with a :arrier frame relay 
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from" Ti mux IS cmploycd. (S: Standard) 
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(e) same as prevtous case, but the trunk side uses cell relay. 
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achu::·vc cffJcJcncy. PADs mav be rcqu1red. A separate network for vo1cc and·-~:idco is. . . 
rcquircd 

scrvicc. the routers se e no difference compared to a priva te linc. Onc of thc 
advantagcs of th!' arrangemcnt (but also shared by traditional packet switchi;; 
and SMDS) is that if an-. -,art of the intcroffice network fails, thc carricr may bt: 
ahlc to automatically recmer or reroute. If this is done in real time, the user would 
be unaware of the failure event. 

11.5.5 Practica! Comparisot: af lnterconnection Technologies 

Frame relay fits in a continuum betwecr~ priva te lines. SMDS. and BISDN scrvices. 
Sorne uscrs are planning : :' incorpora te frame relay technoiogy in their priva te 
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Figure 11.26 (Continucd) lntcrconncctum option' uo,;mg framc rclay. (h) a pr1vatc nctwor\.. utllizm!-! 
mtxcd·media nodal proccs~ors 

nctworks. In the public arena. the progression of sen·ices in tcrms of comrlexity 
and availability will be frame relay. SMDS. and ATM/BISDN. Expcrts rrcdict that 
it is likely that frame relay tcchnology nwv he derloycd in thc samc wa\· that X.25 
was: first on largc private networks and then with carriers. Tahle 11.14 summarizes 
the frame relayicell relay environmcnt by highlighting thc UN1/NN1 charact..:rtstics. 

The evolution toward St-.·IDS seems clear. While routers havc hccn quotcd 
as passing in thc neighborhood of 10,000 to 20.000 packcts per sccond. thc latest 
gencration of bridgcs and routers now heginning to be come availahlc proccss 50.000 
to 500.000 packets per second (11.8. 11.48, 11.49]. This mcans that whik frame 
relay may be adequate for sorne LAN internctworking applications. othcr appli
cations may need higher specds. as provided by SMDS. Examplc of thcsc appli
cations include CADICAM, medica! imaging, heavy-use dcsktop puhlishing. and 
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fiRure 11.26 (Continued) lntcrconnection opt10ns using trame reta~·: (e) use of a public framt: rclay 
nctwork to ach1cvc cffie~cncy. PA Os may be rcqu1rcd. Muluple users sharc thc nctwork. 
A separa te network for voJCC and video is requircd. 

animation. FDDI systems may become more prevalen! now that the FDDI stan
dards are pracllcally complete and gtven that FDDI may actually be deliverahle 
0vcr twistcd-pair. In addition. work has been underway to allow FDDI to mtcrwork 
with SONET. implying that there may be an impetus to their introduction (1.e., 
the uscr does not rcquire dedicated fiber, but can use facilities from the puhlic 
nctwork). This m turn m ay require high-throughput internetworking. lt is not clcar 
that a 1.544-Mbps service can bridge LANs operating at 100 Mbps. For sorne uscrs. 
FDDI rates are too low (e.g., in supercomputcr environments, discussed in Chap
tcr 1). 

At the pure technical level, since frame relay is a connection-oriented tech
nology and LANs are connectionless, the ideal way to interconnect LANs is with 
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a conncctionlcss nctwork-hased scn·tcc (such as SMDS) lll.50J. AJ,o. il ¡, Jc,trahlc 
to avoid nccding to ucvclop cnttrc tcchnologics. ami dcploy nct\\ork-; "htch catcr 
to a single application (c.g .. JUSI for LAI\' mtcrconnection). Framc rel<t\'. a' cur
rcntlv hcing stanuardJZ(:u and dcplovcd hv carricrs. is dcsigncd tor dal;t commu
nications only. as a long ovcn.luc tmpnn-em.:nt of traditional :\.~5 pac~ct switching. 
Ccll rclav (13150!\' UNI) is spccificall~ dcstgncd to support thc soplti,ticat.:d mtx 
nf <;cn·tcc> likclv to he prcscnt tn an or.ganization of tht: f<)l)Os: data. \'o ice. tac<;itnii<:. 
hígh-yuality imagc and graphics. intc)!ratcd mcssaging. and video. 

Tabtc 11.15 compares .\.~5. TDI\·1 multtplcxcrs. nati\'e trame rcl;t\. trame 
rclav O\'Cr a fast packct switch platform. St\.IDS. and ATM from a ser\tce per
spcctivc (also scc JX.~2J). 

Sorne uscrs are rcportcdl\' conccrned that tiJC push for dcployment of fr;tmc 
r.:lay J<; Cütntng from \'Cndors rather than from nctwork managers anu USCf<;. Somc 
uscrs charactcrizc framc rclay as "more hypc than ncccssny." sincc cxisttng cyuip
mcnt can answer equally wclt thc nceds of strcam traffic and data traffic "tth htgh 
autocorrelatwn (such as tn file transfer) Ji 1.51]. The promíscs of "scamlcss" LAN 
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intcrconncction cannot be dclivered in full hy frarne rclay hccausc of thc sp.:.:tl 
limitations, and beca use it is a connection-oricnted tcchnolog~. 

11.6 FRAME RELA Y EQUIPMENT 

In a priva te frame relay network. the nodal processor is the most crit ical componcnt. 
With a low-capacity proccssor. framc rclay will not support thc rcquir.:d thrnugh
put. A ccll rcb1-based platform wrth cffcctivc nctwork man;•gcmcnt tooh '' thc 
typc of equipment end-users are looking for. 

A high-throughput nodal processor built from thc ground up. unaffcctcd hv 
TDM restrictions. which supports high-speed switching to facilitatc high cnd-to
end throughput. low latency. and any-to-any conncctivity is rcquired to tlcmc thc 
advantagcs that frame relay promiscs. A fast interna! proccs~or must he u'cd to 
sustain the switching at the leve! rcquired by thc ncw routcrs now rcachin!,! thc 
market and bv the data-intensive user applications. 

The nodal proccssors must \Upport standard lugh-spccd intcrlacc' '" thc 
routcr~ to facilitate thc intcrconncction of cquipmcnt trom a vari.:ty of I"Cndor~ 
This opcn framc rclav mtcrfacc should support a full TI ratc m ordcr to I'"'J'<:rl) 
interwork with existing routcr systems now deploycd on tlctlicatcd TI illlC~ (sorne 
processors do.·not support a full TI). lt is importan! that an adcqua-fc numhcr of 
PVCs per framc relay mtcrfacc he supported. A rc•arictivc numhcr of PVC\ dcfcat~ 
the link and pon sharing hcncfrts of framc relay. 

The nodal proccssors must support standard h!¡.!h-,pccd rntcrtacc·s hc·t\\ccn 
nodal processors to providc ccll rclay ami swrtching. Thc flcxihilrtv ol hcltl¡l ;rhlc 
to support fractional TI or full TI ratcs for the trunks i' nccc";•n· in ordcr to l!nc 
tune thc nctwork to thc actual traff1c r;_¡ttcrns of thc corporation (icncralll. rH>t 
alllocations in a comp;_¡nv havc thc samc rncomin¡: andfor outgoin¡l tratfic· vnlurnc~. 
Hencc. the ahilrt1·to he ahlc to utrlizc a mrx ofTh ami FTI trunh """importan! 
cost-saving fcaturc. Usuallv it is hettcr tu use outhoartl CSLh so that thc Lr\N 
manager can optimize thc investment ncedcd to ohtain thc <~ppropriatc link man
agcment features without duplication. The choice of thc CSLJ can he l!nkl"li wrth 
thc TI channcl at hand: for cxampk. a link mayor m<~y not ~upport BSZS. ;!lld 
~o thc CSU can be choo;cn aprropriatcly. In addition. thc failurc of thc CSU. 
possihly incapacitatrng a path. can he mlltgated by thc w;c ot a spare CSl'. which 
rs more difficultto do when thc CSU i~ mtcgratcd with othcr hardware. In ;•dcl!tinn. 
a nodal proccs~or should not tmposc topological constrarnts in tcrms ot thc numhcr 
of nodcs which can he supported. 

Not cvery uscr device in an existing user network can be rctrofrttcd with a 
$1.000 framc rclav board. A nodal proccssor sbould. thercforc. suprmt ckvrccs 
such as asynchronous terminals. synchronous tcrmtnals. and X.25 strcan" ior those 



situations whcre thc framc relay interface is not available or will be installed at a 
future date. 

A sophisticated network management capability is required to facilitate PVC 
establishment and to undertake all the nccessary monitoring functions so importan! 
in mission-critical cnterprise networks. A centralized system with access to the 
entire nctwork through a distributed architecture is desirable. Graphical worksta
tions with windows and user-friendly interfaces are a clear advantage. A rich feature 
set for fault. performance. accounting. security, and configuration management is 
an tmportant business advantage. 

Since the state of the art is not going to stand still, the nodal processor must 
be able to grow with new needs, features. and technologies. Sorne examples are 
the ability to migra te to BISO N, support SVCs, and deploy more data-intensive 
network management facilities in support of tighter control. The issue of congestion 
con:rol is critical in arder for the LAN-manager tv guarantee a grade of scrvice 
to the user community. A nodal processor should support the fui! ANSI congestion 
mechamsm m arder to achieve this goal. 

ll.i CARRIER SERVICES 

Severa! carriers now provide or plan to provide public frame relay serviccs. Not 
onlv is it importan! that thc sen· ice be availablc from a carrier. but it is al so critical 
that the scn·tce be tariffcd in a competitive way if users are to make invcsrments 
for migration ro thc new technology. This section examines sorne issues pertaining 
to the public scrvice. 

11. i .1 Congestion Control lssues for Public Networks 

As indicated. in frame rclay thc entire bandwidth. up to the maximum acc<.:ss speed. 
can he madc availablc to a smgle user during peak periods. A problem may arise 
in thc nctwork if many uscrs requirc this handwidth simultaneously. as might be 
thc case whcn LANs from multiplc organizations (or dcpartments with11• an orga
nization) are terminatcd on thc nctwork. The frame re la y nctwork must be able 
to detcct any overload condition and quickly initiate corrective actions. 

Congcstion control (also known as flow control) is alreadv necdcd in tradi-- . 
tional puhlic packct nctworks. hut in a framc rclay network its nced is mor<.: critical 
duc to thc performance ohjcctivcs of the lattcr, and thc greater acccss spccd. In 
X.25 nctworks, thc access specd is normally m u eh lower than the speed and capacity 
of thc backhnnc. It is unlikely that a single device would ever monopohze the 
backbone. In a LAN interconnection/frame relay environment, the routcrs seen 
as an ensemble may transmit a combined rate which might approach the capacity 
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of the backbone itself. A single router may flood the backbone; this in turn will 
starve other circuits of bandwidth. 

Temporary conditions of overload occur in any well-utilizcd network. Nct
works which ncvcr cxperience tempora"ry ovcrloads mav in fact he umkrutilizcd. 
Over-cngineering. however, is not a desirablc way to handle congcstion control 
because such an approach is not cost-effective. lgnoring the issue of congcstJOn is 
also undesirahle. since. in effcct, it means not capitalizing on thc full potential of 
framc rclay. In prívate networks. transmission costs are a m;1jor cornponcnt of anv 
design evaluation. and most of the bcnefits of framc rclay tcchnology are lost if 
implcmcnting it demands the leasing of cxccssivc amounts of handwidth [11 .211. 
The challenge is not how to preclude any tcmporary congestion. hut how to react 
to it when it occurs. Ovcr-engineering or, bettcr yet. rclying on statistical averagtng 
to obtain the most efficient utilization of deployed resourccs may be an approach 
that is viable in a public network environment. given the large population of 
potcntial users. 

Thc ANSI standards specify cxplicit congestion control notification bits and" 
a congestion notification control message. Thc importan! fields in thc ;tddrcss 
portion ofthe frame relay format are the FECN. BECN. and DE. dcscrihcd earlicr. 
In the ANSI standard. each of the individual virtual circuit> in a framc rcl;1y 
connection (if the user and/or topological implcmcntation calls for m.ultiplc PVCs. 
over a physica·l link) can be independently throttlcd hack. To he fa1r·. thc sourccs 
that con tribute the most to the congestion should he slowed down the most. whiic· 
sources contributing less traffic should be slowed down less. f-lcncc. thc network 
must be able to idcntify which PVCs over a physical link or. bcvond thc access 
portian. in the network are responsible for monopoltzing rcsources. . . .- ;.;. 

8oth the user's equipment and the switch should be ah le to rcspnnd t<ú\>ngcs
tion control acuons implied hy the congestion control ficlds. For cxamrlc·:· during. 
pcriods of heavy load. the network could signa! thc uscr"s equipment. ¡..,, ,ctting 
the congcstion bit. to reduce thc traffic arrival ratc; whcn thc ovcrload silualinn 
dissipates. the opposite action could be achievcd by sctting thc congc>lton hit hack 
to normal. In sorne situations. the user's cquipmcnt could be ovcrlnadcd; for 
example. a LA!\ gatewav m ay be servicmg anothcr u ser and m ay not he a!Jic to 
ahsorb heavy loads of traffic coming from thc network. Herc. thc uscr's cquipmcnt 
must be ablc to throttie the network. 

The ANSI standards aiso provide for a DE capabihty to discard sorne frames 
if the initial congestion control actions do not correct thc situation. Thc nclwork 
shouid not be des1gncd to discard frames indtscriminatclv: 11 1~ fatrcr lo ÚJscard 
frames from the users who contributed the most to the congestion. lf thc implc
mentation suppons the DE field. this can be accomplished cquitably. sincc the 
user's equipment can indica te which frames should be discarded ftrst . .Thc DE 
capability makes it possible for the user to temporarily send more frames Iban it 
is allowed on the average. The network will forward thcse frames if it has the 

r ' 
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capacity to do so; but if the network is overloaded, frames with the DE bit set will 
be discarded first [ 11.21]. 

Sorne networklequ::::nent vendors may implementa simple flow control pro
cedure, rather than the full ANSI capability. For routers incapable of implcmcnting 
the control mechanism of the ANSI Annex D specification, a simplified X-on/X
off form of flow control ¡, allowed by LMI. The optional flow control limits trans
mission in thc direction o; u:c: 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 v · · not k· Jble to 
control effectively overloads from these devices. 

lmplicit Congestion No::fication (to the transport layer of the ultimatc user 
equipment. i.e., the PC) occurs when the user's end-to-end protocol determines 
that data been lost. Actions to deal with Implicit Congestion Notifications usually 
take higher priority than Explicit Congestioil Notifications. The former is normally 
hanciled by the ultimate equipment; the latter is handled first by the routcr and 
subscquently by the ultimate cquipment. The network may indicate to thc u;.crs 
router that the data may be about to travcrse a congested path by the FECN/ 
BECN bits prcviously discussed. The user response to these congestion notifications 
is dependen! on the type of notification and the frcquency in which they are rcccived 
[11.6]. . 

To reduce oscillations possibly due to transient congestion conditions, a 
cOn;:!CStion monitoring period (CMP) can be cstablished by the user's routcr to 
track the frequencv of Explicít Congestion Notifications received. ·¡:lis CMP is 
typically defined as fe·.:~ times the round trip delay through the network. Thc CMP 
starts u pon receipt ' _ frame with the BECN or FECN bit set, or if thc .lo!'ical 
link is currcntly rccovcring fr"m a congcstion state. In a windowing environr: ···· 
two wmdow rotations may be uscd to mcasure thc CMP instead of four timc.
round-trip dclay. Thc uscr's router recc1ving the FECN bit set in half or more of 
thc framcs rcccivcd during thc CMP should start throttling data in thc dircction 
of thc reccivcd framc. Sine. ;a at any given time is typically wcightcd in the 
dircction opposite of the fr; with thc BECN bit sct. the BECN indicatíon is 
likely to occur lcss frc,.ucntty than thc FECN :ndication. The user's cquipment 
should thcrefore start throttling data in thc oppc;1te direction of the rcceivcd fra:::e 
when thc first indication of ~ECN is rcceived [11.6]. 

During data transfc: one of the following four states is active. Typical carrier
suggcsted actíons are [ 1 · :. ] 

l. Daw throttling duc to lmplicit Congestion Notification. When a frame has 
hccn lost. :se en from t~. cnd-to-cnd protocols, the data fiow should typicallv 
he rcdue:. --,y approximatcly one-fourth of curren! flow. Data shouk ,ot r· 
throttlcd below the mínimum end-to-end protocol flow (e.g .. mínimum win
dow size). 
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2. Data throttling due to Explicit Congestion Notifications. When data ha' not 
been lost during the CMP. and the criteria for FECN or BECN frcquency 
during the CMP has been fulfilled (i.e .. half or more of the rcccivcd frarncs 
ha ve the FECN bit set, or one or more of the received framcs ha ve the BECN 
bit set), then the data flow should be reduced hy approximatcly onc-ctghth 
of the curren! flow. Data should not be throttled hclow the minimum cnd
to-end protocol flow (e.g .. mínimum window sizc). 

3. Data flow recovery. lf !he criteria for FECN or BECN frequcncy has not 
been fulfilled during thc 'CMP (i.e .. fewer !han half of the rcccivcd framcs 
ha ve the FECN bit set. or no more rcceived frames ha ve thc B ECN bit sct). 
then the data flow should be gradually returned to normal tlow at a rate of 
one-sixteenth of the normal end-to-end protocol flow. 

4. Normal data flow. No congestion notification occurs and data throttltng _is 
not necessary (i.e .. no congestion action is takcn). 

11.7 .2 Class of Service Parameters 

Carriers are specifying various class of servicc parametcrs for thc PVC framc· rclav 
service. These includc: 

• Committed burst size (CBS). Thts is thc maximum amount of uscr d:tta (in 
bits) that thc network agrees to transfcr. undcr normal condittons. during 
one second. 

• Excess burst size (EBS). This rcprcsents thc maximum amount of uncom
mitted data excecding thc CBS that the nctwork will atternpt to tkli\"cr during 
one sccond. 

• Committcd informatton ratc (CIR). This rcprcscnls thc uscr"s thrnu,!!hput 
that t.he net.work commits ro support undcr normal nct.work conditions CIR 
is mcasurcd in bits pcr sccond. 
Committcd rate mcasurcmcnt mterv<JI (CRMI). This is thc time intcr\"al dur
ing which the uscr is allowcd to scnd information at thc CBS ratc or at thc 
CBS + EBS rate. 

See Figure 11.27 for a graphtcal interprctation. These quantitics are imporwnt. 
since thev are the basis of thc scn·tccs thc carricrs providc and for thc supporting 
tariffs. Framc re la} carricrs will en force the suhscribcd CI3S. EI3S. and Cl R in thc 
network in arder to mcet thc grade of scn·icc. The uscr must alloc¡¡tc somc mín
imum CIR to C\'cry possihlc devtce-to-dcvicc rclationship (i.c .. PVC): thi' implics 
that framc rcla1· sen·icc. as currently availahlc. is not the optimal solution to 
intcrentcrprisc applicauons (whcre SMDS may be). 
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Case 1: At t-4 and I·S the 
netwotk onty supponed CIR 

Case 2: At t-.C the network only 
s~ned CIR, bu1 at 
1•5 an excess t::urst rate 
was supponed 

Case 3: At t-4 and 1•5 the networit 
supponttd an acces.s buTs1 
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Fili!:ure 11.27 T rafftc arn-..al and trcatmcnt m a frame reJa y nctwork 

11.7.3 An Example of Designing l\Oetworks With Public Frame Relay 

A study of framc rclay tariffs at press time revealcd that cach framc relay carrier 
had a diffcrcnt pricing schcmc. Not only are these pricing schemcs complicated. 
but a rcliablc comparison bctwccn services is difficult. It is almos! impossiblc to 
gcneralizc about the cost of frame relay services from one carrier to another, 
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especially when using published priees (sorne carriers avoid puhlishing gcncric 
tariffs; while nondominant carriers are not obligated to puhlish tariffs. such puh
lication would certainly help the user choose a service/carrier) r 11.52. 11.5:1]. 

While sorne carriers offer llat pricing. others offcr pricing hascd on thc numhcr 
of user locations. the amount of bandwidth. and distancc hctwccn thc c;1rrin\ 
POP and the user's location. Sorne carriers sum the handwidths ddincd on all thc 
network PVCs (whether actually in use or not). Sorne add a surchargc for any elata 
that needs to be delivered over a user channel excecding l.H!~l miles (prcsumahlv 
this is rclatcd to the fact that the propagation time slows down thc dclivcn of thc 
data to thc user. implying addcd nctwork rcspon;ihility). Many havc acccs' linc 
charges. although sorne hide (absorb) that cost. 

A published comparison among three carricrs for scrvice in four cit1cs (Chi
cago. New York. Dalias. and Los Angeles) is shown in Tahlc ll.J(, f 11.52}. Thc 
table shows that there is a lot of variability in thc cost. and a rational comparison 
is difficul t. 

One conclusion that does emerge is that frame relay servicc is dle<lpcr than 
fully interconnecting all locations with point-to-point high-spccd digital ilnc·s. A 
puhlic framc relay nctwork gcncrallv costs about a third of a fullv intcrconncctcd 
mesh nctwork. Assuming that the carricr has a scn·icc POI' in ;lll Li\ TAs whcrc 
thc user has traffic sourccsisinks. the cost-cffectivness of the framc rci;Jv _,oJution 
increases as the number of sites to be connectcd incrcascs. In adttition. _';(,. and 
M-kbps frame rclay sen·iccs are univcrsally chcapcr !han comparable :\.25 'en· ice'. 
which frame relay can replace in a number of situations (e.g .. LAN intcrconncc
tion).'" 

Tahle 11.17 compares a public frame rclav nctwork with Fl'l L'ffcctJvc 
throughput (the physical access Jine may in fact have to he a TI linc). <l tr;JJJtional 
mesh FTI network. and a private onc-node framc rclay nctwork. Figure 11.2S 

CompuScr\'C 
Srrml Standard 
Spr1n1 R.cscrved 
Spnnt H:bnd 
\\'iltcl 

Tahle 1!.16 
A Cnsl Comranson ficrwt:cn rramc Rcl;.1~ Scn·icc.-. (Janu:,ry Jl,ltl2l 

S2.1.J40 
S 1:: .~NI lo su.:nn ( dcrcnJJng nn u.;;a~c volumc) 

s,n.31UI 
SIY.nll 
S/4.ó20 !eslim:Hcd) 

Covcr<..~gt:: Chic<t~n. Nc" YorL 0JIIa .... Lo~ Angclc~ 
AcccS> ¡phn1col TI): SI.31HI 
Acce" (lo~1cal): 1.112~ Mhps 
PVC 512 kbps 

111Some carncrs rcport that many users m fact employ the serv¡cc at thc M-khps r;.¡,tc 

... 
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Table 11.17 
Typical Frame Relay Costs; Public Network Covering New York, 

San Francisco, Atlanta. Dalias. and Chicago 

Sprint Data Swndard Rote Sprrnt Data Rescn·ed 
e onfirmration. Wi/Tel CIR (no guarantee) (!{uarantee) 

~56 kbps access S 4.527 S 4,950 $ 5.600 

256 khps throughput 

1 0:'4M access S 9.011 Sl0,700 $11.350 

256 kbps throughput 

1.024M acccss S15.354 $10.700 $17.950 

1.024 M throughput 

Mesh Dedtcated FT1 Network' 

1\filen?e FT/164 FT/1/28 FT/!25fi 

Cht-SF 1.860 S R93.62 S 1.674.92 $ 3.149 99 

Chi-NY 710 S 502 62 S 927.42 $ 1.74ó.99 

Cht-Atl 720 S 506 02 $ 933.92 S l.75tJ 19 
Cht-Dal ROO S 533.22 S 9R5.92 $ I.H56 79 

NY-SF 2.580 $1.138.42 S 2.142.92 S 4.0:'S.39 

l' Y -A ti 940 S 580.82 S 1.076. 92 $ 2.027.59 

NY-Dal 1.370 S 727 02 S 1.356.42 S 2.~52.19 
Ati-Dal R:'O S 540 02 S 99R.92 S l.!iS1.19 

Ati-SF 2.230 Sl.019.42 S 1.915.42 $ '.1>0 1.39 
Doi-SF 1 .-lRO S 764 4:' S 1.427.92 ~ 2.6XId9 
Total $7.205.60 Sl3.440.70 $2~.290 lil 

Pnvate t="rame Relay Nctwork • 

Mdeare FT/!25ó f//15/2 TI 

Cht-SF l. ;<f,(l $3.1499'1 S 5.606 21 $U .5110 IKI 
Cht-NY 710 $1.746 99 S 3.099.21 S ó.6W.IXI 

Cht·Atl 7~0 S1.7W 19 S 3.121.01 $ ti.7211.1Kl 

Cht-Dal Rl~l $1.856.79 S 3.295.41 $ 7 .21Xl (K) 

Tot:1\ (tran~mJ'i!<-ion) SH.512.96 Sl5.121.8-l $34.1411.1Xl 
Tot~tl l'ol.ith ammort¡zct! nodcl $9.512.96 $16.1:'1.8-1 $35.140.00 

'lntcrLATA co~t~ only 
Prcss ttmc tariHs. subJeCt to changc 

depicts the topology of this examplc. A framc rclay nctwork is much chcapcr than 
a mesh nctwork; for thc examplc shown (five cities), the frame relay servicc at 256 
kbps of throughput is only 15'/t-. of thc cost of a mesh nctwork. This is what was 
meant earlier when JI was statcd that "in arder to get thc maximum benefit from 
trame relay technology without' having to incur large charges, the service needs to 

'! 
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Figure 11.28 Companng a pub!Jc frame relay ne1work WIIh a mesh network and w!th a prl\·atc frame 
relay network. 
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be provided by a carrier.'' The public frame relay network is only 25% (or lcss) 
of the cost of an appropriately configured private frame relay network. Note that 
in the public frame relay network, the throughput for each PVC from San Francisco, 
for example, could be 265 kbps. This implies that the private trame relay version 
must use a Ffl link to the no de (which in this example was placed in Chicago). 
which should be 1.024 kbps as a "conservative" design, or at least 512 kbps asan 
"average" design. 

One issue not clear from Table 11.17 is quality of service. In the full mesh 
nctwork. thc end-to-end dclay approximately equals onc transmiss10n time. For 
example. if the mesh network used FT256 and the user's (ethernet) frame was 
1.500 octets. then the delay would be 0.047 seconds. In the one-node priva te frame 
relay network, the del ay would be 0.104 seconds, since the transmission time must 
be incurred twice. and there is nodal protocol processing delay (which we 11ave 
assumed at 0.010 seconds). If two backbone nodes must be traversed (and it is 
assumed that the backbone link is also 256 kbps, the nodal protocol processing 
delay is 0.010. and the frame-to-cell and cell-to-frame assembly is 0.020 seconds). 
the total end-to-end de la y would be 0.181, approaching the notorious delay incurred 
through a satellite link. 

This example should make clear what this entirc book has tried to do: there 
is no uniquely superior answer to a corporate networking problem. Ea eh solution 
has advantages and disadvantages. A mesh network is more expensive. but the 
grade of service is better. A public frame relay network is cheaper. but there is 
more nctwork del ay. the sen· ice m ay not be availablc at all si tes. and dcdicated 
TI acccss hnes are still requircd. A private frame relay network is cheapcr than a 
mc~h network. while costmg more than a public network; this solution. h<lwcver, 
requircs the user to purchase new equipmcnt and to manage it. Another factor to 
takc into consideration is the cost of the "access." If the carrier has a POP in the 
LATA(s) in question. that cost equals the cost of a TI facihty between thc user's 
location and the POP. lf the carrier only has a few nodes across the countr~. as is 
currcntl\ thc case. thc user may have to incur the cost of the TI line to reach thc 
swttch: this could be hundreds of miles (sorne carriers pickup the cost of the access 
up to sorne distance). 

Thc author is of the opmion that a practitioner may be hard prcssed to try 
to ratwnaltzc why Compan~ X (which may be profiled in a trade press magazine. 
or dcscribcd by collcagues) used a given technology. Likely. Company X used a 
tcchnology beca use of ( 1) how wcll a vendor m a de the case for the technology 
thcy sell. or (2) sorne senior manager in the company was "sold" by a trade press 
articlc ~>.hich highlighted thc advantages of a technology without ever describing 
its drawbacks (as is th·.' practice), or point out the fact that the utiltty is highly 
dependen! on thc u ser s spccific environment ( ultimately. trade press magazines 
are influenced by the campantes supporting them through their advertisement 
dollars). 
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11.8 FRAME RELA Y PRODUCT A VAILABILITY 

Vendors started to embrace frame relay technology in IIJlJO. and cquipmcnt wa~ 
appearing in 1991. As of press time. at least three dozen vcndors havc announccd 
frame relay cquipment andior serviccs )11.54). For sorne vcndors. such a;, thosc 
offering internetworking products. adding frame re la y support m ay rcquirc a simple 
software upgradc of the hardware. sincc hridgcs and routcrs are alrcadv ha~cd on 
packet architectures. The samc HDLC chips currcntl\· uscd on thc communication 
sidc can be micro-programmcd for framc rclay )11.::'5). Thc first w;I\'C of tr:nnc· 
relay products must at lcast provide support for thc acccss protocol. congcstion 
management..and the status of PVCs. From a user"s perspcctivc. in ordcr to dcplm· 
the equipment in thc critica! path of thc corporation"s ahility to conduct husincs;,. 
robust and sophisticatcd nctwork managemcnt capahilitics must al so he in place. 
This scction provides a partial survcy of s<>me framc rclay prmlucts in onkr to 
reinforcc thc fact that thc tcchnology is quickly matcri;llizing and that uscrs can. 
bcgin to study if and how framc rclay can truly hencflt thcir bottorn lincs 1n tnrns 
of dccrcasing thcir communications hudgct. This information will c,·oivc o ver t11n.:. 

11.8.1 TI M.ultiplexers and Nodal Processor Manufacturers .. , 

Vcndors of TI multiplcxcrs bascd on circuit swltching TDI>·l arciJIIL"CtiiiC' nccd 
more work to transition to framc relav than n:ndors already supportin~ I<ISI p:~Lkd 
swJtching. These vcndors necd to add :1 cell cngmc to support lramc rcl:~v 1n :~n 

cffcctive manner: sorne havc done so. whilc othn;, are m thc procc" of doing -.o. 
See Tablc 11.18. which providcs a vanety of othcr product informat1on (hascd 
partially on [11.55)1. Two approacheo; wcrc uscd in thc earl\· llJ'JIJs '"a siH,rt-tcrm 
solution. short of a total architcctural rcdcSign. Thc fir-r approach is to oftc'l frame 
rcla\· module,. or hoards. for cxisting circu1t-switchcd multiplcxcrs Thc sccond 
approach \Sto use a front-end trame rclav tkvclopcd hv anothcr vcnt.lor or sli<llC~IC 
partncr. With near-tcrm solutHms. thc TI multiplcxcr mav !ypcallv onl\ allocak 
a ddinitc amount of handwidth for framc rclay suppon. ant.l thcre m;\\· be per
formance and thrnughput prohlcms. In thc long term. traditional TI cqu1pment 
will havc to he rcdes1gned to incorporatc fabrics which c<.tn cxploit full\· thc adv¡¡n
tagcs of cell swllching. An Importan! considcration is con¡!cstion contwl. Somc 
vent.lors ha,·c cxpcncncc in this arena. ami othcr' mav no!. In Jl<lrllcular. \Tndors 
of packet o;wnching cquipment havc dc<.tlt with thi,; i"uc for ycar': vcntlor,; o! TI 
multiplexcrs havc gcncrallv not had a nced to deal with it. Thcsc prmlucts are 
typ1callv uscd for private framc rciay netwnrks. although thc more sophist\C<Itcd 
equipment (c.¡! .. StrataCom·, IPX) can also he used tn hui id puhlic nctworko; 

StrataCom·s IPX Fast Packct multlplcxcr ha;, supponed a ccll rcl¡¡v elól!ine 
since thc mld-198Us Ji!.2UJ. Tosuppon frame relay. the IPX requircd a soltwarc 

.,, 
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Table 11.18 
Partial List of Frame Relay Nodal Processors 

M in Mw: Access Lines 
Frame, Frame, 

Y'endor Product Octets Octrts 64 kbps 512 kbps TI Nst· 

Amnct FRNS7000 5 1.600 63 32 8 Arpanet datagram 
Dowty FPX 2000 1 4.096 120 80 40 FR 
Hughcs Nctwork FRS 9001 1 2.100 384 128 32 FR 

NET 7 2.112 220 150 !50 FR 

Netnx #l-!SS 1 4.096 300 48 16 FR 
Newbridgc 3600 IFS 1 8.200 30 4 FR 

NTI S/DMS 5 2.106 14,000 2,448 612 ccii/ATM 
DPN-100 2.048 NTI'sliTP 

StrataCom IPX 32 5 4.506 80 80 20 ccll 

Telcmaucs NET-25 5 4,096 64 16 16 Telcmattcs' TNP 
Timplcx Frame 5 1,600 12 12 12 FR 

Scrver 
US Spnnt TN900 8.189 528 66 22 FR 

'FR = Framc relay 

upgrade and frame relay cards (while routers typically already have HDLC cards. 
TI multiplcxers usually do not). Early support included Cisco routers [ 11.39]. Thc 
framc rclay card accepts frame relay frames and segments them into 24-bvte 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 
preallocated basts. Each framc relay board (dubbed FRI-!M) consists of a;V.35 
interface with four ports and costs $12.000. Initially the UNI was not suppO:d-¿d at 
thc full T!IEI ratc lit supportcd 1.024 Mbps). but as of 1992 these acccss raícs are 
supportcd (using boards dubbed FRI-2M. which cost $14.000) [11.56]. Carricrs 
rcportcd to use StrataCom's equtpment includc AT&T. WiiTel, CompuServe, 
National Tclccom Corp. (Canada). and Telecom Finland. The IPX switch also 
supports voice. and is thcreforc a mtxed-media nodal processor (privatc imple
mcntations can support voice and data. but, to date, public implementations using 
thc IPX only support data). Bctwccn the end of 1990 and thc end of 1991. 
StrataCom sold 2.000 frame relay ports [11.57]. In 1990, StrataCom and DEC 
announced an cquity agreement, rcsulting in DEC's worldwide distribution of 
Stt ataCom 's IPX .~ystcms [ 11.58]. 

AT&T's BNS-1000 Fast Packet Switch is a multiport data-only switch sup
porting frame relay on the DTE uscr side and cell relay on the network sidc. ANSI 
and CCITT standards are supportcd on the access side (Tl.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]. Preproviswned PVCs' operation through the BNS-1000 makes 
network administration simple and eliminates the delay associated with call setup, 
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which is otherwise needed. Standard physical acccss-siuc interfaces are supporteu. 
including CCITI V.35, EIA RS-449, and EIA RS-232. At thc uppcr protocol 
layers. the node transparently supports TCP/IP and othcr LAN inuustry standards. 
BNS-1000 nades conncct with other nodcs ovcr carricr-providcd TI orE 1 l1nks. 
or prívate fibcr. Ccll rclay is uscu on thc nctwork si de. When wide·arca conli¡cu· 
rations require multiple nodcs. a nodc-to-nodc maintcnance channelup to -l-l khp' 

·¡s available to support thc uscr's managcment requiremcnts. Thc nodal proccssor 
can be configured as a framc rclav S\\Ítch in an cxistin¡c multiple routc:r environment: 
altcrnatively. when u sed in conjunction with thc A T&T LCS200 Nctwork Routcr 
and LCSJOO Network Gatcway products. it can he configurcd as a complete \Htual 
prívate network platform for widc-area LAN interconnection. The switch achicvc' 
high rcliability using both hardware and software redundancy for call proccssing. 
Automatic altcrnate routing is supported on thc backhone side. In thc c\·ent of 
failurc or high incidence of fault occurrence on links between node'. the Se>'ion 
Maintenance featurc automatically detects trunk failurcs ami reroutes tr~lffic to 
alternate trunks. usmg previously unassigncd bandwidth. Existing and rero1tted 
traffic can sharc the same trunk. Thc process of dctcction. bandw1dth ncgoti~1t1om. 
and routc switching is accomplishcd within JO seconds. Rcrouted tralfic can he 
moved back to its origtnal path whcn the faultv ltnk is restored. The switch supp<nts 
over 30.000 c.ndpoints simultancouslv (15.000 two-way connectlons) .. over a prívate 
nctwork. in a nonhlocking modc. lt can sw1tch ;md forward -l-l.OIHl p~1ekct> pcr 
second. The hardware is scalable in terms of the numbcr of framc rclav llltcrfacc> 
thc individual nodes support in modules of four ports lll.ll. Thc BNS- Jtltlll is 
aimcd at privatc frame reJa\· nctworks: a switch for ruhlic netwnrb. thc Bl"S-
2000. is also availablc from thc manufacturcr. although thc empha\is of !he J;ttter 
is on S~IDs.· 

Nctwork Equipmcnt Tcchnologics wa> rcported to he looking at dc>ign1ng a 
frame relay interface for 1ts lntcgratcu Digital Nctwork Exchan~c (IDN.\) TI 
mutiplex product. The companv wa> planning 10 offcr f1rst a proprict;tn· 1 J)NX 
board that incorporares thc funct1ons of a routcr and a h1t!h-pcrform;1ncc r~1ckct 
switch to support dtrcct LAr--: connections on thc TI multiplexer. The card would 
Jatcr be adaptcd to support frame relav IJJ.5U!. 

GDC has madc puhlic commitments toa frame reJa y interface tn tite 1\lc~amux 
TMS TI multiplexcr. In addition to the ncw interface. the cquipment intcrn;tl hu> 
was to he enhanccd ll' support both a circUtt-switchcd as well as a packet-switchcd 
architecture. lt was plannin~ on comhining clements of TDt'vl/circuit sw1tching witlt 
frame relay and ccll swttching 111.201 

Ncwbridge has announccd framc relay support through a ncw D1stributcd 
Commumcations Proccssor module of tts 3600 MainStrcct 13andwidth Manat!cr TI 
multiplcxer. Thc product formats data from attached LANs into thc framc rclav 
formal and passes the data unchangcd ovcr the circuit-switchcd prívate hackbone. 
lnitially. backbonc bandwidth was allocatcd among TDM data. voicc appl1cations, 

" 
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ano frame rclay data in a pn.:dctcrmined way rather than dynamically (this i~ truc 
of all circuit-switched Tl multiplexers). 

Motorola Codcx has also announced frame relay suppport in its product linc: 
thc 6290 Series TI Multiplcxer. the 6525 Packet Switch. :!nd the 6507 multifunctiun 
PAD. The frame relay interface for the 6290 is implemented using a two-card sct: 
a four-port Y.35 interface anda framc relay PAD. Thc cost ofupgrading an cxisting 
nndc is in the $20.000 range. whilc the cost of a new 6290 equippcd with frame 
rclav interfaces swns at around S-10.000. Thc 62l!O can be managed usin~ an OSI-. - -
based systcm. The 6525 packet switch can grow in 6-port incremcnts up toa ¡,·;al 
of -18 ports: like most switches. it supports both dialup asynchronous tcrminals and 
access over a dedicatcd line. Adding the frame relay interface to an existin~ 6525 
cnables uscrs to crcate X.25 subnetworks that feed into the 6290 fast packct back
hone. Bcginning in 1991. thc frame relay interface became standard cquipment on 
the packet switch: the switch upgrade cosis in the neighborhood of $5.000. Thc 
framc relav software supports up to 32 logical links over a single physical conncc
tion. Thc 6507 PAD supports ports individually operating distinct protocols. mclud
mg Bisvnc/SNA. frame re la y. and asynchronous dia1up. The PAD can he conncctcd 
to cither thc 6525 packct S\\itch or the 6290 fast packet switch. ano it costs 1n thc 
ncighhorhood of $2.000 111.15). 

Timcplex announced support of frame rc1ay in both its internetworkmg and 
multiplexing product linc !11.12). The FrameScrvcr System can he used c1ther as 
a standalone frame relav nodal processor or in conjunction with thc Lin~ multi
plcxcr familv. The proce!'sor is quoted at S 14.000 !O :25.{~)0. A framc rclav capahility 
for the routcr product line has also appearcd, allowing routers to conncct to a 
puhlic or private frame relay network. SNA traffic can also be consolidatcd for 
tran,port over thc WAI" framc relav nctwork. Thc capahility costs in thc· S 1.000 
ran¡,'C 111.1:2). 

Othc:r vcndors v.ith framc: equ¡pmc:nt includc !11.50) Coral Nc:twurk Cor
porauon and Hughes Networ~ Svqem~: th1s list is likely to grow (WCr t1me 

11.8.:! Routcr !\lanufacturers 

f>lanv mutcr \Cndors no" support frame rclay interfaces, including 3Com. ACC. 
AT&:T. Ci,co Sy,tems. CrossComm Corp .. DEC. Hughes. Protcon. RAD. Sun 
f>licro!'\,lcm\. SvnüptlC'. T!mcplcx. Vitalink Communications. and \Vcllflect 
!II.hO). Sorne routcrs can he upgraded using a frame relay software module: these 
rangc in pr1cc from $7:'0 to $-l.l~lO. Sorne routers support hoth framc rclay ano 
SMDS. Most routers support ANSI LMI (Annex B andior 0). 

··''. 



677 

11.8.3 Packet Switch Manufacturers 

Traditional packet switch manufacturers are al so positioned. in thcory. to support 
frame relay, but they need to upgrade their switchcs to support hig.hcr spccds. 
These vendors ha ve not m a de major brcakthroughs in spccds in the pa•;t dccadc. 
and sorne obscrvers question thcir ability to rcspond to the ncw cnYironrncnt. 
Bursty applications in LAN interconnection require OSI or DS:I specd-, to achicYc 
optimal operation in today's environrncnt of "nctwurk computing." file transtcrs. 
graphics, and decision support systcms (such as spreadshcct applicati<>ns). Tlm 
type of equrpment tends to use FRJ at thc NNI. rathcr than ccll rcl;,,· (futurc 
migration is possible). Sorne vcndors are described bciow. 

Northern Telccom announccd a frame rciay interface for the DPN-100 packet 
switch. The switch can be used to support hybrid puhlic/private networks. /\ framc 
reiay capability for Northern's CO switches. DataSP AN. is al so aYailahlc. 
DataSPAN's offering has been developed to retain compatibility with the inst:IIIcd 
base of CO switching equipment (both local and toll officesl. DataS PAN is rwt an 
adjunct frame reiay switch. which could introduce 0At\.1&P compicxitics for thc 
carrier. lnstead. the frame relay fabric can be integratcd on an cxist111g. S\\ 1tch. 
shanng comrnon equipmcnt. interfaces. and operations systems. DawSI'A~ is 
based on the Link Peripherai Proccssor of a DMS SupcrNode. The Link Pcrq,hcral 
Processor serves a variety of functions. including ISDN D-channcl pa_cket handlcr: 
Signaling System 7 messagc processor. and frame rclay handler. AnY D~·lS-100. 

DMS-200. or DMS-250 sw¡tch in the network can be upgraded to Dr--1S SupcrNode. 
To add frame relay serv¡ce. appropnatc interface cards are put in f10nt of. amJ 
new software is put into. thc Lmk Pcriphcral Proccssor /11.~. 11.17/. Nortlicrn's 
implementa! ion provides thc PVC version of thc sen•ice. hut an ISDN:SVC vcrsion 
is under dcvclopmcnt /11.61/. Each framc relay interface can acccpt :111 uncli;m
nelized OSI signa! ora channclizcd OS 1 rcprcscntmg ::24 individual 56 kbp' On 
the trunk side. DataSPAN operatcs 111 a cell switchliH! modc. The uscr·s mcs>a!!C 

' ' 

arrivcs at thc switch 1n a frarnc conformmg to thc frarnc rclav spccitic:Iti<>n: thc 
sw¡tch segmcnts thc frame inw cclls and transrnits thcrn across rhc ¡ntcrolfiCc 
facilities. At the rcmote cnd. thc cclls are rcassemhlcd into framcs whilc ¡.-uar:m
tce¡ng order prescrvauon. For the appl1cauons requiring specds in thc 'J.I>-khps 
range. DataSPAN mav be conncctcd toa 56-kbps servicc (DDS or ISDN 1. Thcse 
interfaces are supportcd \'la standard DMS SupcrNodc Coppcr pcriphcrals: thc 
iower spced circUits are multiplexed into ch;mnelizcd DS!s and conncctcd w units 
un the Link Pcnpheral Pwccssor. Many LECs ancl IXCs are equipping thc1r DMS 
SupcrNodes With Link Penpheral Proccssors to 1mpkmcnt Signaling Svstcrn 7 
capahilities /li.IR. 11.62]. A tria! with NYNEX for the framc relay interface on 
thc DMS-100 and DMS-250 was planned for 19\11. 

BBN Commumcat10ns was bringing out in 1\192 a high-end packct swuch 
supporting framc relay. The new T/300 Packet Switchmg Nade 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 independcntly for fault tolerancy, can be used. A frame relay interface 
was planned for thc end of 1991. The basic price is $45.000. BBN was also working 
on a cell relay/switching to support LAN interconnection and imaging. The ecll 
relay switch will use the busless architecture developed for use in the TC/2000 
parallel computer. where multiplc processor cards are linked using an interna! 
packet switch. The system is upward scalable, sincc the fixed-resourcc bus is 
replaced by the packet switch, which in turn can be upgraded. 

Other vendors include Amnet Inc., Dowty, Hughes, Netrix Corporation. and 
Telematics (see Table 11.18). 

11.8.4 Front-End Processor and Host Access 1\lanufacturers 

181\1 has introduccd a framc relay interface for the 3745 FEP; this includes both the 
hardware upgradc and thc appropriatc nctwork control program (NCP) software 
[ 11.47. 11.64]. A numbcr of vendors provide SNA frame rclay adapters. including 
Frame Re la y Technologics. In c .. Motorola Codex, Sync Research. and StrataCom. 
1\lultiprotocol PADs are provided. among others. by Dynatcch Communications. 
FastComm. GDC. Hughes Network Systcms. Mcmotec!Tclcglobe. and Sync Rescarch. 

11.8.5 Carriers 

Uscrs can access a carricr through an access line of various speeds up tn TI. Most 
carricrs offer a committcd information rate (CIR) service. CIR specifics thc min
tmum amount of handwtdth guar<mteed to a user between any two points; CIR 
can be as htgh as the access rate (rcfer back to Scction 11.7.2 for a dcfmition uf 
CIR). Carners offcr a CIR subscription and Jet the user bid for more handwidth. 
up to thc fui! access spced. on a network contention basis. If the CIR ts excceded. 
thc w.cr"s framc relav devtee can send the data. but it should set the DE hit to 
indie<tte the data can he discarded if necessary. Sorne carricrs alsu providc a non
guarantecd servtcc. whcre the entire bandwidth is available on a contention basis. 
Scrvice ts typtcally tariffed as (1) a flat rate, (2) a flat rate with a usagc fee. and 
(3) a stratght usagc fce." Flat-rate pricing charges for two eomponents (hoth of 

11 Th~: t<Jrtff structurcs currcntl~ tn place are limited hy thc nctwork cqUipment providm!! thc servtcc. 
For tnstancc. those nct"orks usmg the StrataCom multtplcxercannot gather usage data and are therefore 
ilm11ed to flat-rale pncmg. US Spnnt's Tale. use a flat rate plus a usage lee. 

.. .. 
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which are typically user-selectable): access port spccd and bandwidth of thc nctwork 
edge-to-edge conncction. 

At press time, a number of carricrs. including Sprint Data Grour. \Vi/Tel. 
AT&T. CompuScrvc, BT North Amcrica, NYNEX. Pacific Be/l. Southwl·qcrn 
Bell. U S WEST. Cable & Wireless. lnfonct Scrviccs Corr .. Grarhnct. MC! 
Communications. and thc BOCs were providing (or planto providc) puh/ic framc 
relay scrvicc in the U .S. [ /1.65). 

WiiTel was thc first provider of puhlic framc rela1· scrviccs. with scn·icc 
starting in l'vlarch 1991 and covering arproximatcly lOO citics. lts infraqructurc is 
bascd on StrataCom IPX multiplcxcrs (nodal proccssors) [ 1 1 .56). Wi/Pack is pnccd 
at a flat ratc bascd on thc aceess port spccd and the total CI 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. 6-:1. 25ó. and 1.02-1 khps: acccss spccds now 
include 3114 kbps. 512 kbps. 768 kbps. 1.544 Mbps. and 2.0-IS Mhps. 

In late 1 ()90. Sprint Data Group announccd a plan to providc trame rda1· 
scn·ices. Sprint Data Group. formerly Telenct Comrnunicatron' Corp .. startcd to 
offer the scn·ice throughout its international nctwork hy carl1· J'll/~. ThL· -'L'T\ ice 
can he obtaincd on a usage-bascd plan (standard pncing). a flat-ratc pl;rn (rcscncd 
pricing). andona hybrid pricing plan [1 1.52). Sprint Data\ framc rclay scn·icc is 
based on an ·upgraded version of thc company's TP4lJOO packct Sl\'itch ;111d 11as 
schcdulcd to be general/y available in the third quarter of I'I'JI through fll<lfl' than 
200 Sprint Data points of prescncc in the U.S .. Japan. and thc U.l\. Thc ncrworl
uscs the TP7'100 Fast Packet !'vlultip/cxcr as the noda/ proccssor. Once Jcplt>I"CU. 
the switches will be ahle to simultaneously support frarnc rclav ami X.:::i_traffic. · 
Users are able to access thc service with TI links. 56-khps DDS. ami N x {>_i,khps 
fractional TI links. The TP~'IOCXl pcrforms PAD functions to wnncct a.s\·r'll"·:·SNA. 
and X.25 dcviccs to the framc rclay network. 13csrdcs thc public swrtchcd scrvrcc'. 
Sprint Data plans to scll framc rclav-cqurpped packct swltchcs tn cPmpanrcs with 
pr11·ate data nctworks. valuc-adúcd nctwork opcr~Jtors. ami torci¡!n I'Tfs /ii h7/. 

CornpuScrve. Jnc .. supports acccss at 51> khps ami N x 11-l khps (1'-: = l. 4. 
16). Scrvrcc has heen avadablc srnct• Octohcr I'I'JI. Frarnc-Nct. as thc scn·icc rs 
callcd. is bascd on over 50 IPX nodcs. CIR. rangcs from 4 to 512 khps. Thn ;lisn 
serve London. Frankfurt. and Toronto. Pricing is bascd on thc acccss srccd and 
thc wwl framc bandwrdth allocation (FBA ). FBA is thc combincd handwidth of 
al/ I'VCs ernanating from any acccss point. For examplc. if thc acccss is 25h khps. 
and thrcc PVCs are defincd. cach at 6-1 khps. thcn thc FBA is llJ2 khrs. Thcrc rs 
a surchargc for evcry site more than J.!i(~l miles frorn the point of origin. C.i1vcn 
an acccss of 1 .O-lí-\ Mhps. thc FBA chargcs rangc from S 1.200 for 6-1 khps w S:'i.-165 
for 2.0-IS 1\lbps. Supported equiprnent includes 3Com. ACC. Cisco. Fastcom. Sync 
Rcscarch. Synoptics. and Wcllflcet. 

_.¡\., : 
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BT North America supports access at 56 kbps and 64 kbps. BT's ExpressLane 
frame relav service is available in 160 U.S. cities, starting in September 1991. Thc 
company offers service to four European countries. A flat domestic chargc of$2. lOO 
pcr month includes a frame relay-configured router. software, dcdicatcd port acccss 
at the 56/64 kbps. an access line up to 60 miles long. and unlimitcd framc trans
mission. Uscrs that alrcady have equipment can also obtain thc scrvice on an 
unbundlcd basis. Supported cqu1pment in eludes ACC and Cisco routcrs. Prices fnr 
international sen· ice ranged from $3.000 to $4,600. lnitially. BT focuscd on pro
viding sen· ice at the DSO leve! [ 1 1.68. 11.69). 

Cable & Wireless was planning an international service for North America. 
Europc. and thc Far East by 1992. The network was cxpected to havc 1-:" nodes 
(bascd oÍl Northern Telecom's DPN-100 switches) in Europe. seven in the U.S., 
one in Hong Kong. and one in Japan (in 1993). U.S. users can access thc sen·icc 
from 70 local POPs connected with the switches in Atlanta. Chicago. Dalias. Los 
An!!clcs. Ncw York. San Francisco. and Washington [11.65). Acccss includcs 56 
kbps. N x 64 kbps.Tl. and E l. 

NYNEX sces framc relay as a complemcnt to SMDS. Thc companv was 
planning a frame rclay tria! in 1991. The carrier was planning a tariffcd ofkring 
hv thc middlc. of 1992 [ 11.18j. Northcrn Telccom is supplying thc equ1pmcnt to 
support thc scn·ice. Thc company is currently installing a SuperNocte·processor on 
a DMS-100 \witch and a link pcriphcral processor to support framc rela\· for thc 
interna! tria!. NYNEX was planning to offcr acccss at 56 kbps and 1.544 i\lbps. 
SMDS is also bcing tcstcd in 1991, and scrvicc is expccted to be availabk in 1992 
jll.ó2j. 

Southwcstcrn Bcll Telcphonc undertook a laboratory tria! in 19<.J 1 to 1992 
usmg l"orthcrn·s D:'\IS-100 CO >witch conncctcd toa DataSpan framc n::J;¡v pro
ccs,or. T:uiff, wcrc hcing fiicd in 1992 for metropolitan arcas ofTcxas. Oklé!homa. 
Mi\<ouri. Kansas. and Arkansas. 

Al lntcrop <.J2 thc scvcn BOCs. Cmcinnati Bcll. and Southcrn Ncw En;!land 
Tclcphonc announccd that m addit1on to havmg SMDS gcnerally deplovcd by thc 
middlc of 1993. thcy will also provide frame rclay scrvice. 

AT &Ts framc re la y scn·icc was schcdulcd for mid-1992jl1.51ij. Thc scrvicc 
is known as lntcrSpan Framc Rclay Scmce and supports 56-kbps and N x h4-kbps 
(N = 1 to 24) acccss. A T &T rcccntlv extended sen· ice tose ven Europcan countrics. 
inci~Jdin;: thc UK. Francc. Gcrmanv. and Spain. Graphnet. Inc .. supports acccss 
at N x t>-1 khps (N = l. 2. 4): thc company offcrs scrvicc to Lon, ·n. Pans. and 
Toronto. lnfon<:t was planmng covcragc to 11 countrics by the cnd ''· 19'J2jll.65j. 
MCI CommumcatiOns was planning scrvicc In<Jugur<Jtion by the middi<: of 1992. 
using ttic Mctropolitan Arca Nctwork Switching Svstcm cquipment from Siemens 
Stomhcrg-Carlson. Th1~ systcm IS a cell-bascd switch capable of supporting both 
voicc and data j11.70j. 
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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 relay. going from 
conventional circuil·mode connectivity between thc hridgcs lo logic;ll linh undcr 
frame relay. The introduction of frame rclay in uscrs· cnvironmcnts was rcportcd 
to be simple and transparent (framc relay was se en asan cvolulion. nota rcvolulion. 
for users and dcvelopers alike). The ability of framc rclay bridge~ to conlmuc lo 
work in existing contcxls. such as privatc line, could case lhc transition to framc 
relay by decoupling lhe modification of the routers from lhc changing of lhcir 
connectivily lo the logicallinks of a frame relay service. Thc conclusions wcrc lhal. 
in general . users should expecl higher performance wilh framc rclay comparcd to 
X.25 services, due to less tandeming and the potentially highcr spceds in hoth 
access and trunking. Frame relay providcs a balance bctwcen funclionalily and 
spced thal is reasonably suited to the need of LAN bridgcs for W AN conncclivilv 
[11.71]. 

National Telecom announced a public frame rcluy sen·icc in Canada. callcd 
FrameWork. for late 1992. Five cities were to be covercd initially. wilh c.xlcrJ<;ion 
to 13 cities by 1993 [11.56]. The company was planning to offer CIR from lJ.b kbps 
lo 512 khps. 

Other va1ue-added nelwork providcrs wcrc expcclcd to annol!ncc 1hc inlr~· 
duction of a public switchcd framc relay scrvicc in eurly 1lJlJ::!. wilh scrvrcc avail· 
abilitv in late 1992 or 1993. For cxamplc. cight intcrnalional carricrs had plans lo 
offcr servicc in 1992 [11.41]. This implies lhal uscrs will huvc more carricrs lo 
choose from. more citics from which lhey can gct acccss to lhc scn·icc. and pricc 
compelition. Carriers offcring X.25 packel·swilchcd. wanling lo ttp¡.!radc inlcr· 
packcl switch links from 56 kbps to 1.544 kbps. secm lo havc fcw oplrons bul lo 
embrace frame re la y ! 11.7::!] 

As of early 1992. cuslomcr pressurc rcportcdlv forced sorne carricrs providtng 
early frame relay scrvices to sharply reduce lhc pricc. incrcasc acccss sr.:cds. and 
introduce long·term conlracts and discounl oplions j11.óój. A 2:;r;, rcduclion in 
lariff was announccd by al lcasl onc carrier. 

11.9 THE ISSUE OF TRAFFIC BURSTINESS 

Oflcn cnough. lo make sales pilches for framc relay und/or fasl packcl S\\ilching 
lcchnology. lhc lraffic slream is labcled as "(highly) bursly ... Jf pornl sourcc.:s rndccd 
needcd handwidlh from a nodal processor. then lhcy mighl pn.:sent a bursl\' ;crrival. 
Howcver. if thc lruffic is aggregatcd ovcr a LAN of 20. 50, or 101l uscrs. lhc 
combmcd "intcrnclworking" lraffic channclcd ovcr lhe roulcr lo lhe communr· 
calion link (or facilrty) is much more prediclab1e than stated by vcndors lrying to 
(over)sell frame re1ay products . 

.( 
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Thc burstincss assumption can be fallacious in at least two key ways, which 
we describe below. We spare the reader a theoretical treatment based on queueing 
theory to show that aggregated traffic is much Iess bursty than the arrival traffic. 
Burstiness is measured in a number of ways, including Iooking at the correlation 
of the traffic. One simple way is to Iook 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 toa FTJ link). follow a fairly deterministic distribution. While thc length 
of a file ( or transaction) at the application !ayer of the Open Systems Intercon
nection Rcference Model may in fact be random (say. for example. following the 
exponential distribution). al the data link !ayer the message is fitted into a number 
of fixcd-length frames. Since these frames must share the common bandwidth of 
the underlying· LAN, which is a deterministic server with service time 

Frame Iength in bits/channel bandwidth in bits 

the arrival rate of these framcs at a router would be at fairly detcrministic time 
instances. particularly at high utilization. Aggregation and the Iaw of large numbers 
make the burstiness nature of traffic a questionable issue. In addition, corporate 
traffic is highly correlated in the time domain. For example. at the end of a wcek. 
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 to prepare three e-mail messages intended for three users in another 
city. all on a remate LAN. Assume that the user types 10 words per minute. 
including think time. and sends each message at its completion. at the end of thc 

·S-minute intcrvals. The traffic then looks like Figure 11.29. partA. Thc average 
v.ouiJ he 6.0001!5 or 4txJ bits pcr minute; this compares with the bursty arrival of 
2.000 bits at the end of the 5th. 10th. and 15th minute. The peak is fivc times the 
average rate. 

1\ow consider four other users (for a total of five). al! on thc LAN. and all 
undertaking thc same task (say. for example. a pool of clerks-in fact. in a pro
duct¡on modc. there could he dozens of users). Then. assuming thc traditional 
traffic arrival assumpuons. the traffic profilc would he as shown in Figure 11.29, 
part B. Thc average is now 2.000 bits per minute and the peak is 2,000 bits per 
mm u te. The burstiness went down to 1.0 (it would indeed be advantagcous if the 
1ssue of correlated arnvals werc considcred instead of independent arrivals. but 
the literature on such topic is rathcr meager). E ven assuming that the traff1c "dou
bled up" as shown in Figure 1 1.29, part C (which is a statistically unlikely event), 
the average would he 2.000 hl!s per minute, and the peak would be 4,000 bits per 
minute, with a burstiness factor of 2.0. , 

Therefore, aggregated traffic 1s less bursty than individual user traffic. The j: 
traffic leaving the router is aggregated and its burstiness should be relatively low.J 
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1 Time 

12 13 ,. 15 16 

1 1 1 1 Time 

12 13 ,. 15 16 

1 1 Ave- 2000 

1 1 1 T1me 

12 13 ,. 15 16 

at high utilization. Th1s traff1c pattcrn coultl makc framc rclay not much superior 
to a wcll-tunctl TDI\·1 system. Thcre is currcntly very little literaturc on traffic 
profiles for LAN environments: see Fowler 111. 73] for one rcccnt art iclc. 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

TECNOLOGIAS "FAST-PACKET" 

61 CRS (Cell Relay Service) 

Q Frame Relay 

.-::::' 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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FRAME RELAY 

~ 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 octel 2 octets up lo 8189 odell• 2 octets 

lnformation 
Frame Chek 
Sequence 

1 octet 
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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. 

·[BJ'"·9,¿:¡ 
., .,>:>: 
··········· -
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 

Características: 

-': Soporta solo transmisión de datos 

"=· La transmisión se establece por unidades de datos de 
longitud variable ("Frames"). 

"': Se establecen conexiones virtuales 

"': Comparado con la tecnología tradicional de conmutación 
de paquetes, reduce significativamente Jos retardos en la 
transmisión. 

"': Más eficiente en el uso del ancho de Banda 

-': Decrementa costos en Jos equipos de comunicación 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 

Eficiencia: 

En los servicios tradicionales de conmutación de paquetes 
los retardos que se introducen en la red, son de 200 ms o 
más. En redes Frame Relay se reducen de 20 a 40 ms. 
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FRAME RELAY 

Velocidad: 

Q FRI.- Frame R elay Interface 

Soporta velocidades de: 

~56 Kbps 
~ N x 64 Kbps 
~ 1,544 Mbps 
~ 2,048 Mbps (Europa) 
~ 45 Mbps (Algunos fabricantes) 
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FRAME RELAY 
Tecnología anterior: 

Se requiere de 9 canales T1 

" 
··~· 
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FRAME RELAY Tecnología Frame Relay 

§ 

Se requiere un canal T1 o FT1 

=w~ 
' ~~~ 

'" ,¡ :tili::::.:::.#( 

~ 
~j 
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FRAME RELAY 

Frame y Formato del campo de direcciones 
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FRAME RELAY 

Comparación con X.25 

Data Link 

"'" 

·--

~, 
~-
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X.25 -(>- FRAME RELAY 

X.25 Packet Switching 

Frame Relay Fast Packet Switching 
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EVOLUCION FRAME RELA Y 
1990 -1992 

Protocol 

Switching 
Technology 

1993 -1995 

Protocol 

Switching 
Technology 

X.25 

Packet Switching 

Frame Relay 

Packet Switching 

Frame Relay 

Packet Switching 

Frame Relay 

Fast Packet Switching 
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FRAME RELAY 

Corrección de Errores: 

Cuando en la red se detectan errores la corrección es relegada 
a los sistemas terminales. Las condiciones de error incluyen 
pérdida, duplicación, descartación, pérdida de secuencia de los 
trames. La forma de recuperación de errores puede medir el 
rendimiento de los equipos. 

Estadísticamente se ha comprobado que la probabilidad de falla 
en un trame es del orden del 0.9%. 

~ ~~ . . 
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FRAME RELAY TIPOS DE SERVICIOS 

Q SVC Semipermanet/S witched Virtual C ircuit 

-':'; Asignación dinámica de rutas 

~ PVC Permanet Virtual C ircuit 

~ Configuración estáticas de rutas 

• ,, 
; 
¡ 

......... 
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FRAME RELAY 

Conceptos: 

Q Frame Relay Processors 

Q Frame Relay Nodal Processors 

Q Frame Relay Networks 

-fi'. Pública 
~ Privada 
~ Hibrida 

• ' i 
- . ¡ 

" 
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FRAME RELAY Red Pública 

PVC ~-/::: ----- / 

Fr•me ReiiiY Nctwork 

/ 
/ 

link 

/ 
/ 

/ 
/ pvc 

/ 

~ 
~j 
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FRAME RELAY 
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FRAME RELAY Red Pública 
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tu BASio:S E!'pcofich .. loll de capa lio;;iL·a (ph~sJCall a~cr) de banda hase (ha~ch:md) 
liTE X02 1 \ll!ltl:!r a LlhcJnct. que emplea t.::Jhlc co:l\ial grueso y que ftiiiCIOila a 
111 Mhp< 

IU IJKO .. \UJ(, "-"flL'Cifit 1 .,·,u de handa atuplla !hroadbaml) liTE X02 1 que 
emplea cahlc co;l\1:11 gruc~o ~ que fum:Hllla a 10 f\1hp~ 

!liBASE 1" hpniflcacHin IF.IT XII~.J qnc emplea cahle de par lrcntado (lllrSicd 
p;nr) simple~ que func10na a lfl t\1bpc;; 

A & n In! "'j:n;!lll· •'c¡i;¡ll;ac!Oil de bitS 1\ & B ProccdiiiiiCIIIO empleado L'll Ll 
ma~oria de loe; SIIH'" de lr:IIJ<;IliJc;ron TI. en el <:nal un tul de cada sexto marco o 
trama {haJncl de ctda uno de Jos 2.t c;uhcanalcs se \J<.;:J para informacH1n de 
SC!laht:ICIÓII de <;HpCI\ l'•ilÓII 

A/l¡\1 1\s~nchronons Balanccd f\1odc. t\1• 1•l·• h:¡l:lncc:J(lo :1sincrúnico. Modo de 
COIIIIIIIiCaCIÓllflfJJ.(' (~ c;;11 protocolo dcrt\;tdo) que maneJ:-1 COIIHIIIIC:lCIOIICS de 
ptnllo a punto cutre nudo<; cqtH\:Jicnlc'i {pccr) para do'i cslacionc'i. en donde 

cualquiera de ellas puede tniciar la lran~llli'\IÓII 

ah.\tract .\"ynttlx Sinla\:tS abstracta Descrtpción de una estructura de datos 
111dcpcn<llente de la codtficación ~ delllpo de hard,,arc 

m·cen-¡.:roup Suborden de la mterfai' Cisco que aplica una lisw de acceso a una 
mtcrnu 

accen-li.ff Lista de ncceso. Lista que los enmtadores Ctsco emplean para controlar 
el acceso desde o hncta el enrutador para serYicios vanos (por eJemplo. para 
impedtr que paquetes con una cierta dirccctón IP salgan de 1111<1 interfaz en 

panicular del scr,idor de la red) 

ac·cc•.u mcthnd t\1étodo de acceso Sofl,,;ue de 1111 procc¡;;ador SNA que controla el 
fluJo de tnfi.nllt:Któn a tra\és de la red En gcnetal ~e refiere a la forma en que lo¡;; 
dtspostlt\OS d~: la red ltcnen acceso a eii:J 

.< 

a'nmntin¡.: nwna~:enrent Administt;tción de cuentas. Una de lns cinco cr~tcgorías 
de :tdmmtstractún de redes definida<> por ISO para el manejo de redes OSI. Los 
suhsistcnws de admimstracu:'ln de cm~ntas son responsables de recolectar los datos 
de la red que se refieren al uso de los recursos. 

ACf'.lcll·anccd Commltmcatirms Function Fu nerón de comunicación avan7ada. 
Conpmlo de produclos SNA que ofrecen proccsarnicnlo distribuido y comparación 
de rec111 SOS 

ACFINCP .·ldi'III!Cccl ( 'ommw!lcuf•oll.l Frmclum:\'elwork Control Pro¡:ram: 

Functón de comumGrción avanzada /Programa de con1rol de redes. Programa 
princrp:Ji de conlrol de redes SNA Resrde en el conlrolador de comunicaciones y 
SITVC como 111terfaz con los método¡;; de acceso SN/\ en el procesador principal para 
controlar l:ls comunicaciones de I;J red 

ACK Ahre\'ia!Ura de acknowlcdgmcnl (acuse de recibo) Normalmcnle se envian 
ACK 's de un dispoSitrvo a olro de la red para indicar que ocurrió algún suceso (por 
eJemplo, la recepción de un mensnje) 

Al 'SE l1s'''cwtitm (.'ontrol S'en'ice 1·.'/t'ment- Elemento de servicio de control de 
nsoc1ación Convención OSI empleada para establecer, mantener o terminar una 
conexión entre dos aplicaciones. 

acth·e huh (J!é~se hub: concentrador). Disposili\'o de varios puertos que 
amplrfica seriales de lransmisión de una red local, LAN. 

arlapter Adaptador. Tarjela de una PC. normalmente instalada denlro de la 
múquina. que ofrece capacidades de comunicación de red desde y hacia la 
computadora. Suele usarse también en lugar del término NIC. 

adaptive routin~t Enrutamiento adap!able. Véase cnrutamiento dinámico. 

ADCCP ,1dvnnced Dntn Commumcotwns Control1 1rotocol: Protocolo de control 
avar11ado para comunicación de dalas Protocolo ANSI cslándar para control de 
enlaces de dalas que funciona en el nivel de bils 

uddre.H Dnccción. Estructum de datos empleada para identificar una entidad 
única, como algún proceso o la loclli!ación de un;¡ red 
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11ddreH "'"'· .ll;'¡tnb o nl:l'>l.;na de l;l dltl.'CCtnn ( ·(ltllhlnaciún de bits empleada 
p;11;1 dl'SI!~n;u los hit<., de duet.:cJÓil de la suhred denllo de la dllcCc!Óil dd p1otocolo 

de 1111:1 red 

addreu rt•.wlution HcsolnCIÚII de dnccculn Sude rdl·r use <t 1111 método para 
Jc<.,o/\t:r dlfi..·rcnc1as cune dlfi..·a:nlc'i esquemas de duecclllnamicnto Por otra parte. 
e<.,pcclflca un rnCtodo p;ua hacer correo;;pondcr la..; drreccroncs delni\'cl1 del modelo 
(}S/ (capa de rcd. uei\\Oik l:t~cr) conl:to;; dclnr\el 2 (cap;¡ de enlace o de 
COIIIUIIIGICiÚII de da too;; l111k Ja\er) 

adjan'm'l' Ad~:ll'l.'IICI.I Hdacrnn forrn:tda entre CIHHI;tdorco;; cercanos seleccionados 
~ nodos tCIIIIIII;dc" con el propósito de mtcrcnuhiar rufo1111actún de cnrutanucnto 
\.;¡ ad~;¡CeiiCI:t SC }1;¡<.,;¡ Cll (.'\liSO de 1111 o;;eg!IICIIIO li<;ICO COIIIÚII 

m/jiiL"('nt nodt'' Nodos :td~aCl'llles En SN/\. ruxloo;; cotll.'Ciado.., a algt'm otro en 
fmma duecta. ""' nodos llltcllnedtos En IJECnet ~ OSI. los nodos ad~ acentes son 
aquello..; q11e uunp:uten 1111 o;;cgmcnto común (Ethernet. FDDI. Token Htng) 

udmini,tra/Íl'tltiÍ\Itmn· Dt\laneia adnutuo;;lr:tll\:t McdH_Ia de 1:! contahilldad de 

una fuente de informacrún sobre rut:ts En loo;; cnrut:tdorec;; Cisco. la dtstancia 
admintstrati\a "e e.\prec;;a como 1111 \alor nuntértco entre 11 ~ 255 (mientras m;is alto 
sea el' alnr. menor es la collt:thtlldad) 

A () PC 1\1 . 1 dn¡,tn ·¡• 1 )¡ f)t' rclll wl /'u/ \f' ( 'od1· .\!ndulll/1011 M odulac tón (h fe re ncwl 
adapt1blc codificada por pulo;;os Proccdtmiento mcdi:tnte el cual se emplea balta 
corrclacrón estadis11c:1 entre muestras co!lsectlii\:JS de \Ot. para crear una escala de 
cuanti:~ac1ón ,·ariablc (o ;tdaptable) Con AllPCI\1 se pueden codificar muestras 
analógtcl'i de \'O! en form:J de set1alcs d1gitales de buena calidad :td\·ertic;;mg 
anunc1os Método con el que los cnrutadoreo;; mantienen listas de rutas utiliJables. 
e m 1:1ndo actu:tlll:tc!Oncs de enrut;umcnto o de serYtcto en períodos especificados de 
llelllpO 

at(racencia Véase adjaccncy 

a~: en/ Age11IC Soft\\are que procesa ped1dos ~ de' 11cl\ e respuestas en alguna 
apltcación En los ststemas de admllliStractóu de redes los :1gcntes restdcn en todos 
loo;; d!sp(l"lll\ ns hajo con! rol ~ reportan los \;llores de las\ :mablec;; especificadas a 
bs cst;Kioncs de admmtstración. En l:1s arqtnlccttll:to;; ('¡seo 1111 agente es una 
tarJeta indi\ idu:tl de procesador que ofrece 1111a o \arias 111tcrfaces físicas 

,, 

AGS .·ld1·mrced ( 1ntewr~l' Scrl'er.- Servidor de intercomunicación avanl~ 
Nombre del énrutador/pucnlc C1sco de 9 ranuras (slots). 

AGS + .. lt!l'lmc'('(/ ( iatc•wt~V ,\'cn·cr f!hn· emulador/puente Cisco de 9 ranuras con 
1111 módulo cHus de conmul:tción Cu1co de las ranuras se conectan al cllus. 

AIS :1/arm Imlicnlwn .\'i~nal: Scíial de almma En TI es una señal de bits en uno 
que se trasmite en lugar de la scilal normal para mantener continuidad en la 
transmiliión e indicar a In tenn11wl de recepción que hubo una falla de transmisión 
local11ada en, o antes de. la tcrnunal de transmisión 

alarm Alarma Mensaje que avisa al operador o administrador sobre problemas en 
la red. 

A-L;m l.ey-A Est:índar de cornprcstón y exp<tnsión (comp<tnding) empleado por 
CCTIT para la conversión entre seriales analógicas y digitales en sistemas PCM. 
Se usa m:is bien en las redes tclcfón1cas europeas y es similar al estándar 
norteamericano mu-law (ley-mu) 

ulerr Alerta. En NctVicw, es un registro que indica al operador de la red la 
existencia de un problema que debe ser atendido en el punto de control. 

ul~:orithm Algoritmo. Reglas o procesos bien definidos para alcan1.1r la solución 
de un problema. 

algoritmo Vé<tse algonthm. 

ali~:nment error Error de alineación En las redes IEEE 802.3, es un error que 
ocurre cuando el número total de bits de un marco o trama (framc) no es múltiplo 
de ocho Los errores de alineación normalmente son causados por daños a la trama 
debidos a colisiones 

ALOIIA Técnica de control de accesos para sistemas de transmisión que permite a 
múltiples estaciones transmitir simult:incamcntc. En el sistema ALOHA las 
est<tc1oncs lransrmten cuando tienen datos que mandar, y las transmisiones que no 
tu,·ieron acuse de rcctbo se repiten. 

Al\1 Amplitud modulada Técntca de modulación en la que la información se 
conduce rncdiautc la amplitud de la scilal portadora 
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rmrplitude Amplrlml IJ 111:himo \alot de una forma de onda analógica o lllgr!al 

ana/o¡.: trmt.\11ri\\;,, rran<;lllr'iión analúgrc;J Tr:lfl\lllr~rón de seriales. IIH.:dranlc 
cable<; o por d :tite. en la ur:ll se conduce la nrform:~erÚIIIIIL'dtanlc la \'ari:tción de 
alguna COillhiii:ICIÓII de la :llllflhlud deJa SCtlaJ. Sil ftCCIICIICI:J y Sll fase 

ancho de han da \'éa"c haruf\\ ÍÚI h 

anfitrión Vé:r<;c Iros! 

ANSI .1 matctm \'lltllmul .\tfllldard' /mltfllft' 1 nslrlulo nacronal norlcamcrrclnO de 
c~l:·rndarc" fn<;tancr:r comd111:ulora de grupo<; \olunt:uro" de lltacrón de est:indares 
en los E\lado<; llnrdm ANSI es nuembrn de ISO (!ntcrn:rltonal OrganiJ;llion for 
St:rndarrJ:ttilHl Org:rnrtación inlcrnacronal para la c<;tand:rrrtacrón) 

Al'/ Apphc:rlion PJOgranHnnrg rntcrface ltrtcrf:11 para progranws de aphc;"tción 
EspecificacrOn de comencronco.; de llalllad:p; a furKroncs para definrr la inlerf:11 con 
1111 sen ido 

A pollo llumain ConJunlo patcnlado de protocolos de red desarrollado por la 
compe11ia A pollo Compuler pera comunicac10ne' en redes A pollo 

ApplcTalk Scnc de protocolos de conn11ucaciones rcbe~onados creado y 
mantenidos por la cornp:ulía Applc Computcr Aclualmentc c'\rsten dos fases 1 y 
JI La fase 11. que rncluyc 111ancjo de rntcrconcxtón entre rcde~ es la vcrstón m<ls 
rectente 

upp!icatinn lap·r Crtpa de aplicactón Capa 7 del modelo de referencia OSI Est:i 
rmplantado en ,·:mas aplicaciones de red, como correo electrón reo. transfercncta de 
archi\'os y cnnrl:tción de terminales 

tlppliqué Aplicación Placa de montaJe que conltene conectores de hard\\arc para 
fijarse a la red. Las placas tr;~ducen) con\'icrten J:1s sciiales de comunicaciones 
lipa scnc en las que espeta rl est:índar de COIIHIIHcacrón cscogrdo (por ejemplo. RS-
2.12 V 1'\J 

,, 

AI'PC Ath·:mced Pcer-to-Peer Con11ntmicat10ns Comunicación avanzada entre 
nodos similares o equi\'alentcs Esqucm;1 SNA de comunicaciones de IBM que 
permite cmmrnicar directamente aplicaciones cquh·alcntcs SNA. 

APPN Adl'flllccd l'eer-lo-Pcer NetworJ..m,w Redes avanzadas entre nodos 
eqtll\alenles Esqueme SNA de 113M que ofrece procesamienlo dislribuido basado 
eu nodos de red de Tipo 2 1 y LU (, 2 

círhol ahar('ac/or Véase spanmng lrec 

urea Atea. Conjunlo lógico de segmenlos conectados por enrutadores y que están 
besados en los esl;índarcs ISO CLNS. DECnel o OSPF. 

ARCNET l1ttachcd Resource Computcr Network. Red de computadoras con 
recursos asignados. Red local (LAN) de lipo lokcn bus a 2.5 Mbps desarrollada a 
finales de los años 70 e inicios de los XO por la empresa Dalapoinl Corporalion. 
Sus pr111cipalcs características son su senc11lez, facilidad de uso y relativa 
economía. 

ARM A.nnchronous Response Mode. Modo de rcspucsla asincrónico. Modo de 
comunicación HDLC con un primario y al menos un secundario, donde el primario 
o cualquiera de los secundarios puede iniciar las transmisioncs.ARPAddress 
Rcsolu11on Prolocoi· Prolocolo de resolución de direcciones. Prolocolo lnlemel 
usedo pera ligar una dirección IP a direcciOnes Elhernel/802.2 . Eslá definido en 
el documenlo RFC 826. 

ARPA !·('ase DARPA. 

ARPANET Red pionera de conmulac•ón de paquclcs (packet swilching) 
deserrollada al inicio de los años 70 por la empresa BBN y financiada por la 
egencia ARPA (luego O ARPA). ARPANET se convirtió luego en "lnlemel". El 
lérmino ARPANET desepareció oficiahnenle en 1990 

ARf) Automaltc Repeatl/equest. Pedido aulom:ílico de rcpelición. Técnica de 
comunicaciones en la cual el rcceplor detecta errores y solicita retransmisiones. 

AS Auto11omous .~)·.\lem: Sistema au1ónomo. Conjunto de redes bajo 
adnunrslt:rcrón común y que comparlen trn<l estrategia común de enrutamicnto. A 
un srstemi1 aulónomo debe dárselc un número úmco de 1 G bits asignado por el 
Ccnlro de Información sobre Redes (NIC) de la agencia DON. 
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AS( '11 .lmc1 H 1111 .\randm d ( 'utf¡· fm In/m 1111111on lntn ( lume.c ( 'fidtgo r:sl:índar 
rHHiamcricano p:rrarntcrr:unhro de lllftlllll:ICIÚII ('údigo dC' ocho bits para 
rcprco;;cnt:rr crractcrco;; que crnplca ~rete hrt" m;'rs parrdad 

ASM Sen rdor de tcrnnnalco;; CISCO en ella"'" A 

ASN.I Ahstr:Kt S~ nla\ Nnt:rtuur e )nc Notacrón de o;;lflt:r\ls aho;;tracta número uno 
l.cngnaje OSI p:ua dco;;cnllll trpoo;; de d:rtoo;; en forma rrulcpcndrcnlc de estructurao;; 
compllt:rculllalco;; ~ IL:crnc;r<.; de rcprc"icntacuin ( hg:rnll:rcuin Internacional de 
1-:"it:u.ularl!acron. Fst:indar lirtcmacron:ll XX2.t. drcrernhrc 1 11X7 Véase tamlnén 
lli-:1( 

tl\ym·hronoll\ trano;;rrllo;;<.;ron Tr:mo;;nnsrón ao;;incrónrra Operacrón de un sistema de 
red en el cual loo;; acontccinnentos suceden s1n cs1:1r sincroni1ados por un rclo_1 En 
tales sistema.;;. loo;; c:rractcrco;; rndl\ 1dualco;; o;;uckn eo;;tar encapsulados en hito;; de 
conlrol Jl:rnr:rdo<; de an:mque ~ de parada. que des1gnan el Hncro y el final de Jos 
caractcreo;; 

ATil 1\1 .·1 \ rnl hrmmus Tmlf' 1 ln·l.\lf'11 .\ f¡¡}ftflll' nng· Multrple'.:a¡e élsincrónico por 
di,·isión de trL·mpo Método de em io de l!lform:rcJÓII que emplea el nmlt1ple,:rje 
usual por di\ isrOn de tiempo (TDM). pero en donde se ao:;ignan ranur;rs de tiempo 
cu:nrdo se requrercn. en lugar de prc:rs1gn:rrlas a transnusores específicos 

ATG .-lddn•H li·an\latum ( ioteu·oy· Jnterconnrnic:rdor traductor de direcciones 
Func1ón de soft\\:Jre para cnrutamrento DECnet que CISCO emplea para lograr que 
el enrut:1dor maneje \'a nao;; redes DECnct 111dependJentes. ~ para establecer 
traducCión de di rece rones cspecific:rda por el usuario para nodos seleccionados 
entre redes 

AT!\1.-ls:l·IIC lmmous l'ram(er.\ /rldl': ~1odo de trano:;ferencia asincrónico l:stándar 
CCITT para retraHSIIliSIÓn de celdas (ccll reby) en el cual la m formación para 
diferentes tipos de serYICIOS (\01., \'Ideo. datos) se transnute en pequeriéls celdas de 
!amarlo lijo También. modo de transnusrón BISDN en el cual se trséluna \·ers1ón 
:re el cr:rda del nwlt iple'aJe a<;Jncrónico por d '' isión de tiempo (ATDtv1) para 
transfcrrr flu_¡m múltiples de inform;rcJÓII en un canal de conHIIIIC:ICIÓII 

alf('tlllation Atcrnr:tción Pérd1da de energía en la SCJl:ll de comlllliCacrón 

... tll.'1flachml'111 flmtlnter(acl'· lnte1fat de unrdad de vinculación. CabLcJ~E 
Xll2 J que couccta la IUI!dad de acceso al medio (MAU. Media Access Unit) al 
drsposrlJ\'O en red Eltérnuno AUitamh1én se puede usar para referirse al conector 
del panel tiascro principal al que se puede lijar el cable AUI. 

autlwrity zone Zona de autondad Relativa a DNS. sección del nombre del árbol 
del dominio en el cual el nombre de un servidor es nutoridad. 

automatic ('a/1 reconned Recone'.:IÓ!l automática de llanmda Capacidéld de 
permitir reenrutamiento élutom:ltJco de llamad<Js en una línea troncal d1ferciltc de la 
que falló 

uutonomou't confe~leratirm Confederación autónoma. Gntpo de siStemas 
élutónomos que connan más en su información de red y de cnrutamicnto que en la 
que reciben de otros sistemas o confederaciones 
autónoméls autonomous switching Conmutación :mtónoma 
Característica de los enrutadores Cisco que ofrece 1111 procesamiento más rápido de 
paquetes al permitir que el cBus conmute paquetes en forma independiente, sin 
internunpir al procesador del sistema 

hackhone network Red fundamental Actúa como conducto primario (o "espina 
dorséll") de tráfico que usualmente viene de, o Vél hélcia, otras redes. 

hack chunnel Canal secundario Empleado para enviar datos en dirección opuesta 
a la del canal primélrio. Los canales secundarios suelen usarse para enviar 
información de control Mediante ellos, la información puede enviarse aunque el 
canal prima no falle. También llamado canal en reversa. 

hack door route Ruta secundaria éllterna hacia unél red no local (especificada por 
un IPG) que debe ser usélda por un enrutador de frontera. Los enrutadores Cisco 
perrmten la especificación de ntlas secundarias élllernas mediante una variación de 
la suborden network 

hack end Nodo o programa que of1ece servicios a un front cnd. Véase también 
cliente y servidor. 

hackr~f(EI retraso (usualmente élleatorio) en la retransmisión causado por los 
protocolo.:; de compctcnciél por el coJ1trol de acceso al medio de transnus1ón, luego 
de que un· nodo que intentaba lr:rnsmillr detectó una portadora en el canal fisico 
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.. 
llad..prt'\Hirl' l'rop:t)~.Ktún en o.;cnttdo tii\Crso de la lllliulllaciOn del 

COilJ~t.'SIIOil:llliiCIIIO de\;¡ red Cll 1111:1 lll!Cfl"!Hil'\IÓII 

hacJ..II'ard ( hm111l'i J'¡'fl'l' hack channd 

hm-ku'tlrd ft'llfllin¡: Aprcndttajc en TC\ crsa Prm:c<;o tuctllanlc el cual se conjetura 
1: !t'tiCt:t de tnfonnactón :ti suponer condtcwncs de una red stmclnca Por 
l: ·11plo. "' 'C .;;uponc que el nodo A rcuhc un p:HJnctc dd nodo JI mediante el 
11\IC!IIICdiar 10 ( '. ClllllllCC<.; el :tl~ortlii!O de Cllrtii:IIIIICIIIO de :tpll'lldtnjc Cll TC\ CTSa 

snpondr:i qnc 1\ f111l'dC. l'll forma ópltll1:1. llegar :t B a lr:né<; del nodo e 

halmrn·d nlllji¡.:uration ( 'nnfiguracion balanceada Fn 111 >l.l'. una confi 1'.or:JCtón 
de red punto a fllllllo con doo;; cc;;l:H:tonc<; comiHnad;¡o.; 

ha/un /la/unen/, unhalmu·,·d- halann:.tdo. dc!->balanccado l>l~fXl<;JtÍ\O empleado 
para 1gualar llllpcd;ntL-ia<; entre una linea balancG1da ~ una dcsbalanccada: 
no1malmcntc entre par llcn¡;ulo y cable coa\lal 

hundH'idtlr Ancho de banda l>lfcrcne~:l entre la frecuenCia m;ls alta y la m;ís baJa 
de las scll:tlcs de una ll'd. ra111hién ·! 'thc la c:tpacid:u.J cslahlccida de un 

protocolo o 1111 mcd1o dadoc; p:Ha un.t red 

humbl'itlt!J rt'.\l'Tl'tllion Rcc;cn·ación de m1cho de banda Fn lineas connHllatlas. 
caractcrístlc;l que pcrnute rcscn,.ar el ancho de banda de la llamada para llamadas 
de alla prioridad o de allo ancho de banda 

DARilnct Htr¡· .ln·o Nt•gumol Neuarc h .\'crwork· Red para tmcstigación en la 
rcgrón de la bahia de San Francisco La red fundamcn!al (backbonc) UAHHucl csl:i 
compucsla por cual ro campus de la Uni\'crsidad de California (1):1\·is. llcrkclcy. 
Sanla Cruz' San Fr:mcrscol por la lilii\Crsidad de Sl:mford. cll.aboralorio 
Nacional L;mrcncc Lh·crmmc y por el Centro de lmcstJgacioncs Ames de la 
NASA 

l•a.,chand Banda hac;e C:nacteristica de la tecnología de redec; en donde sólo se 
cn1plca una frccm·nc1:1 portadora. La band:1 base '\C dlfCrcnua:de .b banda ampll;1 
{broadh:Hid). en b cu;ll se emplean múll1pkc; frecuenc¡a<.; port:ld(·,~;~~ ., Llhcrnct es 
1111 ~..:jcmplo de red en banda h:1sc 

hrHic ratr interface lnterf:ll de tas:t h;ísica. lntcrE11 ISDN (lntegratcd Services 
Drgll:rl Ncl\\ork· Red digil:rl de scl\ icros inlcgrados) cornpucsla de 2B + ID 
canales. 

ham/Urudad de \'elocidad de seriali1ación igu;~l :11 número de condiciones discretas 
o c;uccsos en la scíial por segundo l.os hauds son equivalentes a los bits por 
segundo cuando cada suceso en la seilal representa exactamente un. bit. 

UllN Nnlt llcrmwk y Newmnn. Jnc Compañía de Massachusctts, responsable del 
desarrollo y mnnteJHIIIiento de los s1stcmas primarios de enlace de ARPANET (y 

luego. de lnlerncl) 

11 !"hanncl Canal ll. En ISDN. un canal full duplrx de 64 Kbps, 
empleado para enviar d;1tos de usu;mos. 

h<•acon Boya. faro Marco (framc) de Token Ring de IBM que indica 
algún problema serio en el anillo (ring), tal como nn cable cortado. 

Drllcorc 19211 Organi1acrón que efccllra labores de invesligación y 
desarrollo para las compañías regionales de la empresa Bell. 

Bcllman-Ford rouling algoríthm Algoritmo de cnrutamicnto BcllmanFord. 
También conocido como algoritmo de vector de distancias. Clase de algoritmos de 
cnrularnienlo que itera sobre el nlunero de saltos (hops) en una ruta para encontrar 
el iubol abarcador (spanning trcc) nrirs corto. El algoritmo pide que cada enrutador 
envíe únic;Jrnente a sus vecinos su t;Jbla de rutas completa cada vez que se 
acluali?a Eslos algorilmos pueden caer en ciclos. pero computacionalmente son 
m:is sencillos que los de lipo cs!ado de enlace. link-slale. 

DER lime Fncodmg Rules· Reglas b:isrcas de codificación. Heglas para 
codificar las unidades de datos dcscrilas en ASN. 1 Las siglas también 
s1gn1flcan h1t error ratc tasa de error de bits, que se refiere al número de 
bits erróneos recibidos 

IIERT /lrf Frror Rafe 7"ester /Je¡·iu Drsposilivo para pmcba de tasa de errores de 
b1ts Determina la tasa de error de hits en un canal de comunicaciones. 

llrsl cffnrl dclhcr~· En!rcga lo mejor posrblc Caraclcríslica de los 
Sistemas de redes que no emple;u1 un sistern;J elaborado de verificación 
que garantice el manejo confiable de información. 
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Uf,'J' Jlorda (jaft•u·a.l' Protocol protocolo <k rrllerconHIIIICICIÓII de fronh.:ra 
Protocolo de cnrut:tnucnto de intcrdmlllnro<; que e<; 1111 reempl:11o potencral de EGP 
(E\terior (i:Jie\\;n l'rotocoll IHiP e<;t;i dcfinrdo por d documento HFC 1105. hecho 
por 1111 empleado de ( 'ISCO ~ 11110 de lB M 

hi¡:-em/ian Método de :llmacenar o tr:Jnsmitir informacu'Jil en el cual el hit o ll\te 
nds srgnllicatn o se IHC<ienta primero VCa<;c tamhrén llltlc-eruhan. 

h;,wry Brnarro Ststcma de ll!Hllcración car:rcterit:Jdo por u11o<; Y ceros 
(on y ofl. <;i ~ no) 

hbwry \yttt·hrmum' c·tmrnrunit·fltion ( 'nnHllltCación br 11:111:1 <;¡ ncrÓIIIC:l. 
Protocolo de cni:Jcc de dato<; por caracteres que se emplea en aphcacroncs h:llf
duple\ Se conoce srrnplcrncntc como brs\ nc 

hipha.\t' unli"t: ( 'odijic·adú" hifu.w. E<iquema de codrficacróniHpolar 
ong111:rlrnenlc dl's:rrrollado para su uso en Elhcrnel. La Información del reloj se 
111clu~e. ~ se ohlicnc. del nu.1o de datos s111crónico s1n necesidad de seriales e\lríls de 
reloj !.:1 <iCiial h1fase no contlclle energía de corrrente dnccta 

bipolar Brpobr C)ue llene polaridndcs negatr\'a y po<;III\:J. 

/11.\'J)N nroadhand ISDN- de banda :unpha Est:ind:ues de CO!IIllllicaciones que se 
desarrollan para manejar aplicaciones de gran ancho de handa. tales como \'ideo 

hi.~rnc V Case binary s~ nchronous conn11unícation 

hit hinary di¡:it dígito bina no Unidades empleadas en el srstema de numer:1cion 
b1nario Pueden ser O ó 1 

hit error rall' Tnsa de error de bits PorcentaJe de bus trnnsmitidos que se reciben 
con error 

BITNF.T Jkuw'c }¡',, /'tmc .\'ctwork· Red de "ya es tiempo". Hed ncadCmica de 
ha,ta \'elocid:Jd y h:1jo costo que consiste prrrnordíalmente en computadoras grandes 
IIH'v1 y líneas dedicadas de 'J(;oo hps El modo principal de trabajo en e<;\ a red es 
RJE (RCIIJOtc Job Entr~ Entrada remota de trab:1jos) RecJcntcmentc la red <>e 
fus10nó con CSNET (Computer ·+ Scrcncc Nct\\ork) para formar CREN 
(Corporation for Rcscarch and Educational Nct\\orking) 

' ......... 
1/it-oriorted proloeol Protocolo por hlls Clase de protocolos de comunicaciones de 
la capa de enlace (link l:ryer) que pueden tr:msmítir marcos (frarncs) sin 
preocupaCión de sus contemdos Comparados con los protocolos por bytes, éstos 
son m;'¡s eficientes y contables, y olrcccn operación full duplex. 

hit ratc Tasa de bits. Velocidad a la que se transnutcn los bits, normalmente 
c'prcsada en bits por segundo (bps) 

hlack hole Agujero negro. Térnuno de cnrutamicnto aplicado a alguna área de los 
SIStemas de redes a donde entran paquetes pero ya no salen. debrdo a condiciones 
ad,-crsas o a una mala configuracióu del Slslcmn en alguna parte de la rcd.blocking
Bioqueo. En un sistema de conrHutación, condición en donde ya no hay trayectorias 
para completar un circuito Generalmente. el término se emplea para describir una 
situación en la cual una actividad no puede iniciar sino hasta que otra ha 
terminado 

Block Multiplc•cr Channcl Canal de mulliplcxajc de bloque. Canal tipo IBM que 
real11a el cstándnr norteamericano FIPS-60. también se conoce como el canal 
OEMI y clmulliple.xor de bloque 170. o canalm11.x de bloque. 

BNC conncclor Conector BNC. Conector estándar empleado para ligar el cable 
coa.xial IEEER02.) IOBASE2 a un receptor o transmisor. 

BOC /le// Operating Company. Las compañías telefónicas locales que existlan en 
las srete rcgrones de los Estados Unidos antes de que se diera la orden legal de que 
la comparlia AT &T se desmembrara 

BootP Protocolo empleado por un nodo de la red para determinar la dirección IP de 
sus rntcrfaccs Ethernet, para poder arrancar con la operación inicial (bool) de la 
red 

Bnol PROM Root/'ro!(rammahle fl¡•od-On/y Memory: Circuilode memoria de sólo 
lcctum par:1 inrciar operacroncs Circuito de una tarjeta que conllene las 
instrucciones eJecutables de arranq11c (boot) para 11n dispositivo computacional. 

horder ¡:aleH'ay Intercomumcación de frontera. Emulador que se comunica con 
otros en sistemas autonornos (AS) 
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1/oundar_r fu m timr ltllll"ttlll <k litnilc'> ( ·ap:t<.:ul:!d qnc til'lll'll lo'> nodo'> de o.;uh:'ul'a 
SNA p:ua m:ntq:n prohl!..:olos p:ua nodo.;; pL'nf\:11cos a'>tgn:ulos Suele cllUlnlfarse 
<.'n loo;; dt.,pn'illt\ O'> IBI\1 17 1:' 

U PI)(/ Hnd_i!t' l'tolot o//lato f mf\· {/llld;uko; de d;¡foo.; p;na prolocolo'\ de pucnlc 
l':tquelc dl' prnlnl·nlo helio de ;'u bol ah:ncador bp:111111ng trcc) V Case t:unhrCn 
l'lll! 

hritlt;t' Pucnlc Dtspoo.;iii\O que conecta doo;; o;;cgmcntoc; de una red y pas:1 p:u1ue1cs 
cltlre ello.;; 1.{1\ pltL'Itlcs operan en clnt,cl 2 del modelo de referencia ISCl (capa de 
enlace de d:lln\ link I:IH.'r) ~ no o;;on scn.;;¡hJco.; a loe; prolocolos de niveles snpenores 

hridKt'-Rrtlllf' Sohullkn de pnenlco de Ctsco que ;¡o;;igna interfaces de la red :J 
grupos parttcul:m.:o:. del :'trhol abarcador Pueden ser compaltblt.:.;; con los eo;;tjndares 
¡¡._¡;¡: X112 1 "de IJIT 

Uhru:ulhantl B;mda :nuplta Fn omtr:IJlO"ICtÓII con la banda hao;;e (baseband), es 
un Sl'>lema de tr;IIJsnnslón qne mul11plc'a 'artas setlalcs IIH.kpcnd1en1es en un solo 
cable. Fn l:tlcrmtnologia de las ll'kcomurtH.:acmnec;. o;;c refiere a cualquier canal 
que 1cnga 1111 :tncho de banda ma~01 que el rcqucndo paralransmttir \'O/ f t t\.llt) 
En I;J tcrminnlogía de las rcdeo;; locales. se refiere aun cable coa'\tal que maneja 
serlales de tipo analógico 

hromlnut Difusión o mens:1jc público ~tcnsaje cnn;Jdo a lodos lo<; 
desunos dentro de una red 

hroadca.,·t mldre'i.t Dirccctón para di fustán DirecCIÓn resen·ada para 
realitar em íos simull;íneos a todas I:Js est1cmnes de una red 

hromlca.'it <tlorm Disturbios por difHSJÓH AconleCIIIIICIIIo indeseable en 
una red. en el cual se en\'ianmuchas d1fus1ones a la \C/. empleando para 
ello considerable ancho de h:mda y, normalmenle. causando adem:ís 
llllerrupciOIICS en la red 

/l.\'( ·¡ ·,;r 1 \( TOIIltllllcaci ónh1n;¡ r ias1nc róntc:l 1 1 Ji 11:1 r! S~ tiC h 1 OIIOII<i( 'o 11111111 n ica 1 ton) 

hujfa AmortJguanucnto Zona Temporal de alrnacenamicrllo empleada 

para el m:lllc_¡o de da los tmnsllono'> Los huiTers suelen emplearse para compensar 
las dJferenc1ac; de velocidad de procc,.anucnto entre dispos1tivos de la red. Las 
emisiones r:'!pidas de dalos se almacenan en un bnlfcr hasta que los pueda proces:1f 
el disposil ¡,.o que funciona rncís 
lenlaltlente 

hu., lopolo~y Topología de bus. Arquitectura LAN lineal en la cual las 
lr:lll'>lliÍSIOIICS de las cslactoncs de l:t red se propagan a lo largo de todo el medio de 
conunuc;Jciún y son recib1das por todas las dem:ís estaciones. 

hypau mocl" Modo de operación en redes FDDI y Token Rinden el cual se ha 
dcsinscr!ado (o desviado) una rntcrfa' del anillo 

h.rte Térnuno genérico que se refiere a una serie de dígitos binarios consecutivos 
con los que se trabaja como si fueran una unidad, un ejemplo son los bytes de 8 
bits 
hhyte-nrinrted protocol Protocolo por bytes. Clase de protocolo de comunicaciones 
de la c:Jpa de enlace que emplean un caraeler existente especifico para delimitar 
marcos (frames). Este trpo de protocolos practieanrcnte ha sido reemplazado por 
Jos de manejo de bits. 

cal/ priority Prioridad de llamada Prroridad asignada a cada puerto de los 
circullos conmutados. La prroridad define el orden en el cual se reconectan las 
llamadas. Ta111b1én define cuáles llamadas se efectuarán durante una reservación 
de ancho de banda 

cal/ 'l'tup time Tiempo de establecimiento de llamada. Tiempo requerido para 
eslablecer una llnmada conmutada entre dispositivos DTE. 

catL•net Red en la cu<1l las comput:ldoras que actúan como anfitriones están 
concct:Jdas a diversas redes, que n su vct están conectadas con enmtadorcs. 
Internet es un importante CJCmplo de una red tipo catenct. 

CATV 1 'ah/e Televtswn Televisión por cable. Anteriormente llamada 
Community Anlcnna Tclcvision (lclc\'lstón por antena conmnal). Sistema de 
cornuntcacioncs en el cual se transnuten vanos canales con programación a las 
casas. empleando cable coaxial de handa amplia. 

chrn Tecnología de c;¡n¡¡l (bus) de mcd1o G1galHI por segundo, patentada, 
desarrollada l diStribuida por Cisco Syslcms, lnc 
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CCITT ConutC Consultl\tl InternaCional de Tckgrafia ~Telefonía {s1gi:J~ en 
fT.IIICCS) ()rg:IIII/;JCÍÓH ÍlliCIII;JCIOIIal 1111<: dco;;arrolla L'C..t;'¡ndarco;; de COI1111111CIC1011CS, 
como la rccomcndac1ún X 2" 

( '( ·s ( ·,"""'"" ( 'lromwl Srg~rrdmg_. Sci'iall!ación de canal COTIIIIII Sistema de 
~c1iali;aciún u..;;¡do pm IIHJchao;; rcdc..; tclcfúruca..; que ~e para !;1 mform:KIÓII de 
.;;c¡biii:KIÚII de lo<.; d:llo~ de mnario 

cd/ rday Tr;l!l<.;llllliHlll por celdas Tecnología de rcdcc;; ha"iad:l en el11so de 
pcquctios p:lqJJelt:c;; tk lamario frJo. ll:uuado..; ccldao;; Ll'.; t:ddac;; cont1ene11 un 
Jdcntllicador que e<;pcL·ilicl el lln.Jo de d:lloo;; al que Jll'flcncccn ( 'omo son de 
tam:nlo lito. el h.Hd\\;uc puede procco;;arlas ~ COTHIIIII:ul:t"i a 11111~ altas \'clondadeo;; 
E..;tc mCtodo C\ la bao;;e ele rnuchoo;; protoco\oo;; de red de :lita \elocH.Iad. 111clu~endo 
liTE X112 (, IH}IJil. A'l ~1 1 el prolocolo de mlcrr:11 SMf)S 

n·llular radio R.tdHl cclul:u lccnolot!i:l que emplea IJanc;;nuo;;iones de rad1o para 
lograr accec;;o a la red tclcli)niGI El <.;CT\ Íl'IO o;;c ofrcce en una célula (:irea) 
particular nu.:d1:111IC 1111 tr:III.'IIIIJ"ior de haj:1 potcnct:l 

ct•ntrt•x 1'/l.\' mejorado que también ofrece mart::qe direclo e idenllfrGICIÓn 
aulom:itica del PBX que llamó La palabra se rclicre a un prodnclo especifico de la 
empresa 11 I'&T 

CEPJ' Co11ference Emopeclie des Pos1es t'f lelecomnHmic:llions. Asociación de 2ó 
ofiemas de correos~ lelccomuniGICiones europea.;; que hace recomendaciones a l:1 
CCITT sobre cspccificacJÓII de comuniC:ICiones 

CERFnct ( 'o/tf¡W/1/a t·:d/1( a11on mul Un con h ¡.¡l/11/(/otron .\'etu nrk · Hed de la 
fundación para 1:1 cdncación ~ la invesligación del estado de Callforni<J Red basada 
en TCP/IP que opera en el sm de California e 1111erconccta muchos cenlros de 
educación superior. d1Se1iada para el ar:mce de la CleiJCia ~ la educación mediante 
I:Js conHinicactoncs 

c:GS ('omp:Jct (latl'na~ Scncr ScnHior de Jlltcrcmllllllicaclon compacto Nombre 
dclcnlntadtll/pucntc ('¡seo de 2 r:llliii:IS {slot<;) 

Chaining Encadcnnmiento Concepto de SNA en donde las unidades dk .1 

pcd1do/respuesla (RlJ) se agrupan para propósitos de recuperación de errores. 

chamrd Canal Líne;J de conmmcaciones En algunos entornos se pueden 
multiplexar vanos canales en un solo cable. El término también se refiere al 
conducto específico entre computadoras grandes y sns periféricos. 

CIIAOSnel Prolocolo de redes desarrollado en el MIT (Massachusetls lnstitute of 
Technology) )'empleado rundamenlalmente por la comunidad académica de la 
inteligencia artificial 

cheapcr-nct Término empleado en la industria para referirse al estándar IEEE 
X02 J 101lASE2 o al cable espec1ficado en ese csl:indar Thinnel, que también se 
refiere a ese est:índar. especificfl una \·crsión más delgada y barata de cable 
Ethcrncl 

chl·ck.\um Suma de control. Método para verificar la integridad de los datos 
transmitidos Es un número entero c:llculado :1 p:1rtir de una secuencia de octetos 
por med1o de una serie de operaciones antmélicas. El valor se recalcula en el lado 
del reccplor y. se compara para venficarlo. 

c:hoke packc.~ Paquete de sofocamle!l!O Paquete que se envía a un transmisor para 
indlCélT que existe congestionanuento y que se debe reducir el volumen de cnvios. 

C/C\' C:u.\lomer lnjiJrmntum Control .\'vstem· Sistema de Control sobre 
mrormac1ón de clienles. Subsistema de aplicación filM que pcrmile que 
las tr;msacc10nes que llegan de terminales remotas sean procesadas por las 
aplicaciones de los usuanos. 

circuir switching Circuitos conmutados Sistema de conmutaCIÓn en el que debe 
existir 1111 circuito físico ded1cado entre el emisor y el receplOr durante la llamada. 
De amplio uso en la red telefónica. los CirCUitos conmutados se contrastan con los 
métodos de competencia (contention) y token passmg para acceso al canal, y con la 
conmutación de paquetes {packet switching) como tCcnica de conmutación. 

Cla.u of.'ien•ice Clase de servicio Fn forma general. se refiere a cómo 
manejar"" paquele El lipo de sen icio (I'OS) 11' es una clase de servicio En SNA, 
la cl:l<;c dL: sen 1cio es la dcsignaciiu1 de las caractelisticas de control de trayectoria 
de 1:! red. '1nclu~ endo la segundad de la trayectona. el ancho de banda y las 
pnondadcs dcpendic11do del scrncio rcquendo. 
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'' 
dit'nl ('lll..'nlr- Nndo o prngrama de c;ofl\\arc que rcqnu:rc se" TCJOS de un sen Hlor 
\'é:T'>t: lalllhH~II hack cml 

cirn1it cirnnlo Fnlacc de coHnrnlcacioncs cnllc do.:; o m;'¡c; puntos. 

clit•flf-.\l'TI't'r l 'om¡wtin¡.: ( 'om¡mi:ILH.lll en nHldo dicntc-scrndor Término 
c1nplcado para dcc;c11h11 qslcmas de rcd~.:c; de prm:cc;anncnto (h..,trilnndo en donde 
1;¡-. rcspon,;tluhdadcc.. de Lis lranc;acclnllc'> c;c di\ ulcn en doc; p:utcs- clrlicntc (front 
cndJ y el c;cn rdor (hack Cfl(!) Amhoc; térnunoc; se pucdcrr aplicar t:mto a p10gramas 
conro a tfp;;po,.llt\ClS de cómputo Véac;c lamiHén pccr- to-pccr computing. 

(COillpl!I:JCIÓil ClllfC IIOd(l'> Ct!lll\'tlh:II!Cc;) 

d1Hta ( ·,,,,,dl,·r Conlwlador de clnnulus En1én11rnos generales se refiere a 1111 

dl<>posiliHl intdTgLnlc que ofrece las ¡;one,iones de un cúmulo de ter111inalcs :11111 
enlace de d:no-. En SNA. ¡;e refiere a un dt,po'\111\0 progratnable que controla las 
oper;tetoncs de E/S de lo-. dt\flO'\ithns ;hoctado¡;. normahucnlc uniBM 117..J ó 
.12J.I 

(' !\11 P /( · 1\11" ( 'nmmon .\ !ono.1:1 · tr11'n 1 !n/ormaf wn 1 )roto¡ o/ ( 'ommnn ;\ f onngc• me• nf 

h~jonrwfiOII ,\·I'ITtc t'.\ Ptotocolo pata mallCfO común de mformacJón/Sen'ICioc; para 
m;111~10 conmn de lnfnrm:lctón 1nterf:v OSI de m:IIICJO rte sen tc1os/protocolos de 
red creada y est;11Hiar11ado por ISO par:t manejar redes heterogéneas 

CMOTCMir mer (sobre) J'('f' liso del prolocolo de manejn de redes OSI (CMIP) 
sobre las capas de protocolo Internet ( 1 CP/IP) 

C~IT ( 'onncc !ton .\/anagcnwnt· ManeJO de eonexiOIICS Proceso FODI que se 
encarga de la trans1c1ón del a111llo entre sus estados (npagado. ;tctJvo conect<Jdo, 
etc). como se define en la especific;tctón XlT9.5 

CO Centro/ Oj(¡ce· Oficina central Oficina de la comp:nlia telefónica local a la 
cual se conectan todos los loops (ciclos) de una cierta área y en la cual ocurre la 
connHtlaeión de los cueuito'\ de las líneas abonadas 

comnumi(l' Cownnid:td En SNMP. grupo lógiCo de di'\poc;itl\0'\ mane1ado¡; ~de 
c"t:JCiortc" NI\1S en clmrsmo dnlllll\10 ;rdtHIIIIStratr\o 

conrpandin¡: Contracci6n formada Loll los proceo;:;oc; opuestos compression 
(compresiÓn) y c:\pansion (e'Xpansrón) P:11te del proceso PCM en el que los valores 
de muestras de scfí.ales analógicas se redondean en términos lógicos a valores 
discretos de escala de nte"'aios dentro de una escala no lineaL El número de 
lrttcr\'alo decimal se codifica entonces en su cqui\'alcntc binario antes de la 
tr;lliSIIHsrón El proceso se in\'rellc en la tcrnunal receptora empleando la misma 
escala no lineal 

L'Otl.t.:ial C'ah/e Cable conxial Cnblc 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 Ohms, para señales digitales, y cable de 
75 Oh rus. para señales analógicas' para señales digitales de alta velocidad. 

CIIIIEC L'oder-Uecodcr. CO<hficador-decodificador. Dispositivo que normalmente 
emplea modulación codrficadn por pulsos para transformar voz analógica en un 
1 rcn de brt e; y viceversa 

compre.{.{ion Compresión. Paso de los datos por un algoritmo que reduce el 
espacio/ancho de banda requerido para almacenar/transmitir el COilJUnlo de datos. 
Véase también expansion. 

cotling Codificación. Técnicas cléctncas usadas para conducir señales binarias. 

compuerta t-ense gateway. 

common carrier Portador común. Compaftía particular que licne licencia para 
ofrecer sen·rctos de comunicaciones al público a precios regulados. 

concentrador Véase concentrator 

concentrator Concentrador. Dispositi\'O que sirve como centro de una red con 
topología llpo cslrella. También se refiere a un dispositivo que contiene múltiples 
módulos de equipos de redes. 

common channel s1gnaling Scllah7acrón de canal común. Uso exclusivo de algún 
canal especilico para llevar información de señahtación a los demás canales del 
gnrpo 
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('tmfi~:uratit. .tmag(·mort i\bncjo de t.:oniiJ.!III:Jt.:IÚII {Jna de CHICO c:llcgorías de 
manejo de redes delin1doo;;; por IS( >para el n1ancjn de redes( >SI l.os Sllbo;;;Jo;;;!cnl;ls de 
manc_¡o de conlignracJón o;;;on los rcspono;;;ahh:o;;; de {h:lcclar \ dclerminar el C<..,ladn de 
la ICd 

t onru nical'ÍÚII ( 'O 111 t IIIIGIC IÓn J' r :t 11 <;¡fll 1'1 Óll de i 11 fllllli:ICIÓII 

conrnrm1it ation control/a Conllnlador de conHIIHCacumcs Fn SNA. nodo de 
,;;;uh:irca que cnnlicnc un programa NCP Normalmcnlc e,;;; 1111 {llo;;;positi\O IJHvf .17-l) 

collnt•l'fimrft·\\ S111 conc'\JorJcs Térnuno empleado p;ua dc<>cnhrr transferencias de 
datos Slll );¡ C\IS!CnCI:J de 1111 ClrCIIIIO \ Jflll:ll 

COSe 'urrfnlrlron {iw ( Jf'cn.\\·.\f¡•ms.- CorpmaciÓII para SIStemas abieTios 
organi;ación que fHOIIHIC\C el uso de protocolo,;;; OSI tllCdJ:lllle prueba"i de 
accptacJon. ccrllficaoón ~ olras :1(..'11\Jd:uk,;;; rclacJouad:IS 

('()SINE C 'nr¡,orotron ¡;,,. (J¡wn s·, .. \11'111\ lntcrnnmcctwn Xctworkmx m 1-:uropC'. 

Corporación para Jnlercone\IÓII de rcdc"i de SIStemas ahicr1os en Europa Proycclo 
europeo. financiado por la Comunidad Económica Europea. E C. para constnur una 
red de conHHIIcacioncs entre entidades Clcntificas e IIJdH<>ln:J!es en Europa 
('onnedion-orit•trtctl Por COIIC\ión Térm1no empleado para describir transferencias 
de d:llos posteriores al establecimiento de un circlllto nr1ual 

CONP/CONS Conncction-Oricntcd Nct\\ork Protocoll Conncction Oricntcd 
Nct\\ork Sen ice Protocolo/sef\·icio OSI que ofrece operaciones por concx1ón él 

protocolos de las capas superiores 

count tn itrjinity Cuenta hasta el mfinito Problema que puede ocurrir en 
algoritmos de cnrut:umento de convergenCia len! a. donde los emuladores 
incrcmcnt:m sccucncJalmcnle la cuenta de tra~cclo"i thop counl) hacia algunas 
redes específicas hasta que (lipicamcntc) se imponga algún lím11e arbitr;uio 

nmwle Consola DTE a tr;l\és del cual se 111gresan órdenes a ·Ú!Ia:m:hJuin;¡ 
anfitnona 

. !'F. ( 'u\tomer f>rcnri.'ies Equipmcnt. Equipo en las instalaciones del cl~i.. 
Equipo lemunal. tal como temunalcs. teléfonos y modems, proporcionados por la 
compaiiía !elcfónica. que se instalan L'll el local del cliente y se conectan a la red de 
!cléfOnos 

contcnlimr Competencia Método de acceso en el cual los dispositivos de la red 
co111p11cn por los derechos de acceso al 111edio lisico Véase también token passing. 

CPJ' Ci.n·o Protoco/1'ran.'ilatnr- Traductor de protocolos Cisco. Producto Cisco, 
en chas1s C. que traduce (actúa como 1n1ercomunicador) entre protocolos diversos. 

com't!Tf.:('nce Convergencia. C~1pac1d:1d (y veloc1dad con la cual se logra) de un 
grupo de dispositivos de intercone...:ión de redes que ejecutan un protocolo 
específico de en rula miento, para come id ir en la determinación de la topología de 
las interconexiones luego de que ésta cambió. 

( RC Cvcilc /iedundancy Test. Prueba cíclica de redundancia. Técnica de 
vcnficación de errores en la cual el receptor del marco (frame) calcula el residuo de 
dividir el contenido del marco entre un divisor bmario primo (a lo cual a llama 
CRC) y lo compara con el valor previo que el nodo emisor almacenó en el marco 
mismo. 

cnn,'er.talinn Conversación En SNA. una sesión LU 6.2 entre dos veces también se 
programas de transacciones. 

core gateH'ay Servidor de intercomunicación básico. Enmtadores 

primarios en Internet. El centro de operaciones de red Internet de la compañía 
IJBN les da servicio. 

CREN 1he Corporatumfhr Resrarch and F.ducatumal Networktng: Corporación 
de redes educativas y de investigación Resultado de la fusión de BITNET y 
CSNET 

cro.u talk Diafonía Energía de interferencia transferida de un circuito a 
otro.CSC!Trarjeta de procesamiento C1sco basada en un microprocesador 
MCúXt1211 de lO Mllz Véase procesador de mta 

CSI\TA/('IJ L'arner ,\'eme .\!uff¡¡,fc ..I(Ct'S.\' wllh ( 'o/II.wm /Jetf'clion· Acceso 
ml1ltiple con detección de por1adora y detección de colisiones. Mecanismo de 
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. ' 
accc<..o al c;tn:ilcn L'l ut.d lll" dl'.,flO..,tlt\0.., que (k"L'.lllltaii',JIIt!JT pttiiiCIO \en !lean la 
C\t\lcncia de pmtad(lt:t en el can:ll St nn ~;e detecta port:ulora en 1111 cierto lapc;;o. 
lo-. d!<;postli\ll<; JHIC<kn tran<..!IIIIH St do.;; de ello<; lf:tn..,nuh:n a la \C/.. ocunc una 

coll.;;iún. que C'- detectada por 'hsposi!Í\Cl<; c<;pcctalt.:o,;. que cntoncc's retardan la 
n.:l!an.;;nustc:in dur:l!llc un período alt.:ato11o El acceso< ·s~1A/CI> es Clllplcado por 
Fthcrncl' por 11:1:1: Xtt2 1 

( ·s (·-E N\·;\ 1 t ·~ 't , 1 , .,, 1 '1111111111''' 1 t1/ mumtur t llrd T:u¡cl a m o 1111 ora de 1 e tllorno. 
para el chao;;i<; A( iS '·que detecta la<; condtnnm;s de \olta¡c y temperatura para 
g:uan111:n un.t :Hkcnad:t <;n..,pcn<;tón forto"-a de la' opcractoHc<; en el caso de 
COIHJÍCHHlC\ :1110111:1Ja<.; Cll el St<.;ICIII:I 

CS('-FCI r 1 aflcl:t de 111tcrl:11 FDDI de ( '¡o;;co con p11t.'ntco con lraduccu1n 
(lransl:llion.ll hrHigu1g) 

( ',\',V/:'1' ( 'u'11flltfo · St tt'/1( t' \dltf/1~ ( iran 1111t.:r-rcd q111.: co11"1~te primou_II;Jimcntc 
enunin:I\Jd:llk\ CCJltJO\ de 111\CS!I¡..!:ICH)n C llli<.:IC<;;L'" conleJCI:Ile". ('SNE f se 

fii"IOIIÓ con Hll NE'I para fmm;u CIU.:N 

CSC-1\tC Lnlt.'la de mcnuHi:t {'¡o;;co con 12 ~llolntcs d~.: memoria I.:Jtarjc!a CSC
~1(' proporCiona al c111utador Cl\co infmmaclo!l no' nl.illl de confignrac!ÓII 

('SU e 'htl!lllt'l \'¡•n·u t' f 'n11 ( IH1d:1d de sen ICIO al canal f)J"POt;ltiro de intcrfat 
d!gllal que conecta cquipoo; tcrnunalcli de uo;;u;mo al c1clo (loop) tclclóruco d1gital 
local 

CSC-M('+ ·1 ar1cta de memo na Crsco qne contrenc crrcnrto< de memorra RAM no 
\'oi;'Hil para alm:JCen:H la lllfollnac!Ón de la conligllfacJCÍII ~ que usa tecnología 
Fl:tsiii·.I'HOf\1 para guardar el soft\,are de SISICJIIa operall\·o 

CTS ('Icor 111 St•ntl.- Preparado para transmtstón ( 'rrcullo en la espcctfiGtCIÓil RS-
2.12 que se actl\ a cuando el DCE (eqn1po de collHIIHCación de datos) est;í hc;to para 
aceptar datos del DTE (cqnrpo terminal) 

CSC-1\1('1 T;u.Jela de Jnterfa¡ C'1sco con llltcrfaces para dl\crsoo;; tipos de medio" 
(por C.Jempln Ethernet' líncao;; serie). 

CSC-1\1 E('·¡ :n¡cta de nllcrf:v ('¡sen con 1 ¡ r~ ú p11CIIllr.. ElhcJJlel 

CSC-Rió Taqcta de intcrfa1 Cisco qne maneJa Token Ring de~ ó ló Mhps 

•• 

('SC-SCI TarJeta de 1nterfnz C1sco que maneja cuatro puertos de interfaz serie 
sincrónica con \'clocidades de transmisión de hasta 4 Mbps cada una. 

dala l.ink mnlrof/ayer Capa de conlrol de enlace de datos. Capa 2 del modelo de 
;-~rquitcctura SNA 

IU frarnin~ Marcos tipo D4. Formato de los marco< (frarnes) usados por la 
mayoría de Jos sistemas de 1 544 ~1hps 

dala link /ayer Capa de enlace de datos Capa 2 del modelo de referencia OSI, que 
toma un medio de transmisión de datos y lo transforma en un canal.quc, desde el 
punto de ,·ista de la capa de red. ru.·t"ork laycr, cst:í libre de errores de transmisión. 
Loo;; scrYicios pnncipales de la cnpa de comunicación o enlace de datos son el 
drrcccion:uniento. la detección de errores y el control del Oujo DAT ANET IPSN 
importante de los Países Bajos 

J>ARPA /hfcnsr ,Jdl'nnccd Rrsrarc/1 !'roJccts 11}.!ency: Agencia de proyectos 
a,·:u11ados de in\'estigación para la defensa. Agencia de gobierno de los EEUU qnc 
financió 1:1 in\'estigación y el des:mollo de Internet 

UARPA lnlcrncl Véase Internet 

DATAPAC Gran PSN canadiense 

/JAS Dual Atlach Station: Estacrón asignada doble En FDDI, estación 
/Jalapak Red pública de conmutacrón de paquetes de los países nórdicos. conectada 
a nmbos anillos 

dula l.ink Sumidero de datos. Equipo de redes que acepta transmisiones de datos 

data rhanncl Canal de datos. En SNA. dispositivo que cancela el. procesador y la 
memor1a cen1ral con los pcnféncos Véase canal 

/)atex-1 Red púhlica alemana de circuilos conmulados. 

data Jlm•· nmtro//ayer Capa de control de nujo de datos Capa 5 del modelo de 
arquitcclma SNA 

/Jutex-p Hcd pública alemana de connmtación de paqucles 
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tlata¡.:ram Dat;J~!Tama Agn1panucntn ló~JCO de lllform;~eu)n cn,·iada como unidad 
de la cap;¡ de red (nci\\OJI-.. laH.:r) en 1111 medio de tr:uJsmic;;JÓII. sin el 
c\tahlecinnento p1n 10 de unuronto \ utnal f.o~ tónHnoc;; p;u¡uelc. marco. {fTamc). 
c;;cgmento ~ mcns:l)e t:unbrén se emplean p:1ra desc!lb!T agrup:1crones lógJc;ts de 
ntlónn:telón en \anoc; nnclc.s del modelo de rct'ereuc1a OSI~ en otras :írcas de la 
tecnología Los d:Jt:lgT:unac;; IP son las umdadcs primarias de información en 
lntemcL 

/J( :-1 Defcnc;;e l'omllllllllC:IIrcuJs A gene~. AgenCia de COIIHIIIJC:JCJOncs de la dcf'cnsa. 
Orgam;:JCIÓn del gohJelno de los Estadoc;; ()nidos responsable dr.; las recks DDN 
la les COIIIO ~tll ,NF.I 

/)('E Data l'onJIIIIIIIIC:lllon.s 1:quipn1ent Er¡111p0 de COllliiiiiC:lCIÓII de datos (según 
El AL o l>;lla Circlllt-l'eTnHnatlng Fquipment Equ1po lcrnunal de circtutos de 
d:nos (segun <TI r1) Dl'.;posJII\O'i y conexmnec;; de una red de comumc:tc1oncs que 
conecl:lll el CÍIC\1110 dr.; COIIIIIIIIC:ICIÓII C(lll ef d!-.pOSJII\'0 !Crlllillal {IJTE) lJn 
nmdcm puede c;;cr cons1dcT :1do l'OIIIO DCE 

/1 Cha11nd l'a11aiiSDN r11ll d11plc' de J(, Khps (lasa h!tsrca) o de(,~ Khps (lasa 
pnmaria) 

J)J)N Ddcnsc !Jala Nc111ork- Red de dalos de la dcrcnsa La scccrón MILNET y 
otras parles asociadas de Internet que conectan instalaciones nulilarcs 

IJIJN X-25 Protocolo dcl!Jep:rrlamcnlo de la Dcrcnsa de los !'SI:rdos Unrdos muy 
smular a X 2:' y que es empleado en comunic:-~cloncs de b red DDN 

DF.Cnct Grupo de productos de comtllliCacioncs (mclu~cndo protocolos) 
dcsarroll:rdos y manlcnrdos por Digllal Equipmcnl Corporal ron (DEC) La versión 
m:is reCiente es DECnet J>hase V. que cst;í basada fundamentalmente en los 
prolocolos OSL 

UECnd ruuling lntrntlucidn en DECnct Phase 111. es el esquema prop1o de 
cmutamicnto de DEC En DECnct Ph;I<;C V. completó la tr;m"iiCiÓn a loe;; protocolos 
de Cllllllanllclllo OSI¡ES-IS 1 !SI SI dcdic:rtcd li11c Line:r dcd1e:rd:r -Linc:r de 
comunicaciOnes que no es conmutada Cuando la linea 110 es propiedad del usuano 
suele emplearse el término lcascd !me· línea arrendada 

..__ 
tle Jacto .\'fmu/ard Es1:'111dar definido por el uso m~s que por decreto oficial; 
est:imlar por onusión o por default 

cltfault route Rula por omisión Erllr:rda de la l:rbla de mlas empleada para dirigir
los marcos (framcs) para los cuales no c.\istc un trayecto (hop) cxplícilamcnte 
definido. 

/le jure slandard Esl:índar por dccrclo oficiaL 

tlemar(· Punto de demnrcación entre equipo de Portadora y equipo telefónico 
prrv:rdo (Ci'E) 

dcmmllllation Demodulación. Proceso de devolver una señal modulada a su forma 
original Los modems hacen la de modulación tomnndo una señal analógica y 
regrcsándola a su forma digital origmal 

clemultiplcc. Verbo en inglés que denota la acción de separar varios flujos de salida 
a part1r de una entrada común. 

DlcS Esl:imlar de codrlicación de datos Algorilmo criplográfico eslándar 
desarrollado por la Oficina Nacion:rl de Estándares de los Estados Unidos. 

cle.<ignutecl router Enrulador designado En OSPF, cada red muhiacceso con al 
menos dos cnrutadores conectados tiene un enrutador designado, que genera un 
anuncio de cslado de enlace para la red muhiacccso y liene olras responsabilidades 
especiales en la ejecución del protocolo El enrulador designado es elegido con el 
prolocolo llcllo OSPF. El conccplo de cnrulador designado pcrmile una reducción 
en el número de adyacencias requeridas en una red multiacceso, lo cual a su vez 
reduce cllr:ifico de protocolos de cnnrlamicnto y cllamaño de la base de dalos de la 
topología 

c/e.\1ination addre.u Dirección destino D1rección de un dispositivo de recepción de 
la red_ 

cfc,·ice Dispositi\·o. Entidad que puede tener acceso a la red. Se emplea en forma 
intercambiable con nodo 

dial hack11p Rec;;paldo de marcaJe Caractcrístic;¡ de los emuladores Cisco que 
orrccc prolcccrón contra rallas de la red WAN al pcrmilir que el administrador 

12 



confígnH.' 1111:1 ltnca "l'llC ck ll'"P·tldo rnnll,rnlc una cnrtl'\lllll de circuito 
l'llllllltttado 

U l.(' /lolo/tnl. ( 'mii!nl!ot,·r Capa de control de L'nl;ll'c de datos. Capa SNA 
a·<;pnn.;;ablc de h tr;rmiiHSIÓn de dato.;; cnllc eh•.., nodos. empleando un enlace fiqco 

tl;\tanc·c ''''l'for rmtl;nJ: al~:orithm Algo11t111o de CIHnt;wnenlo de \'CCtor de 
dt!-.lancra.;; \'l::t..,l' lkllm;m-l·ord ront1ng al¡:orllhm 

tlial-o!l-dl'fmmd routin,.; Fmutanuc111o por llamada<.; pcdrda<.; l 'aractcritilrra de los 
cnrutadorc<> ( '1<..co que olrccc conc\IOIIcS por ped1dn a la red en 1111 entorno que use 
la red pública UliiiHtada tPSTN). 

nr ('1 ! Llfrl l.lllk l'oniiCCiion ldentlficr. Identificador de COile.\IÚII de enlace de 
do~ tos \ .thH 1 ramc l~t.:la~ trctran<>nH..,iún de nrarcos) qnc rdcntrlica una cone'>rón 
lógrca 

tlial-rtp ¡;,e l.ine:1 de llamada Cncullo de COIIIIIIIICICIOncs c<>tahlecido con una 
COIIC\IÓII de CIICIIJIO COIJIIIIJtado empleando fa red telefónica 

UNA /J¡glft~l \'l'fn·ork .1 rrhrfl'('fmc Arq111tectura drgrt:rl de red ArqUitectura de 
las redes de 1:1 comp:ulia Drgrlal l:quipmcnl Corporation Se emplea el término 
DI·Tnct para 1cfenrsc a In" producto" DNA (que 1nclu~cn protocolos de 
COllliiiiiC:tCIOIIe'>) 

tliffaential t•ncmlin¡: Codificación d1fcrenc1al Técmca de codtfic:Jcrón digital en la 
que un ';1lor hinano se denota por un camb1o de sc11al m;is que por un ni,·cl 
porticular de la scJlal 

Diffcrcnti.all\1anchcsh.'r cncnding Codrficación d1fcrenc1al Manchcster Esquema 
de codificación digital en el que se emplea una lr:msición durante el bit para ser1al 
de reloj.~ donde una transiciÓn al imcJO de tiempo de cada bit denota un cero Es el 
esquema de cndiflcocióu cmplcodo por las redes IEEE X112 5frnkcn Ring 

DNS /.lomom \'ome .\'r.,rcm Sistema de nombre de dom11110 Nombre de sistema 
dlstribuidou¡;;;l(lo en Internet 

IJoiJ J),·¡,orrm,·nt of (h:ft'll.\1' Departamento (o llllfll¡;;tetiO) de la IJcfcn<;a de lo" 
Estados Unidos Organ11ación de gobiemo responsahlc de 1:! defensa del pais El 
DaD frecuentemente ha financmdo des;-rrrollos de protocolos de connuucac1ones. 

Ui.ikstra'~ :tlj!.nrithm Algonlmo de Dqkstra Al~oritmo de enrutamicnlo de 
ua~cctona mínima que llera sobre la longitud del canuno para detcnninar el árbol 
abarcador (.;;panning t1ee) de trayectona minima. Es de uso común en los 
algontmos de estado de enlace Vé:Jse 1amb1én algoritmo de cnrutamicnto Bcllman· 
Ford 

tlomain Dominio En ln!erncl, porc1ú11 de tlll <lrbol de jemrquía de nombres. En 
SNA es 11n SSCP y los recursos q11c controla En IS-IS, 11n conjunto lógico de redes. 
"Donnmo" hace referencia a un st.;;tcma de redes desarrollado por la empresa 
A pollo Compiii<T; (que ahora es parle de llcwlctt-Packard) para uso en sus 
estaciones de lrabajo de ingeniería. 

direccitín Véase addrcss 

tlirectory ."ienices Servicios de dircctorro. Servicios para auxiliar a los dispositivos 
de la red p;ua localizar proveedores de servicios. 

I>OMPAC Gmn PSN de la Guoyona fronccsa. 

tlown/ink ."itation ·Estación de enlace. Véase estación terrena. 

DTE /Jata Terminal Fqutpment. Equipo terminal de datos Parte de una estación 
dr datos que sirve como fuente o destino de los dolos, o ambos, y que ofrece las 
func10ncs de control de comunicación de datos de acuerdo con los protocolos. DTE 
incluye computadoms, traductores de protocolo y multiplexores. 

I>QI>R IJ11tnhuted Queue Dual/!tH Conal dual de cola distribuida. Protocolo de 
cornumcaciones propuesto por el comité IEEE 802,6 para uso en redes 
IIICtJOpolitonas (MAN). 

I>TR /Jata Terminal !leadv: Terminal de datos listo Circuito RS-232 que se activa 
pora avisar al DCE cuando el DTE cst:i hsto para cnvmr y recibir datos. 

clrop Punto de cnlnce Lugar de un canal multipunto en donde se hace una 
cone\:iÓn a un dispositi,·o de la red 

dro¡• cahlt· Cable de punto de enlace Cable corto que conecta un dispositivo de la 
red (como una computadora) a un medto fisico Véase AUI. 
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dual/.\'-/,\' \'L .. :: intq!1;1h.:d 1') -IS 

t~rnamic addrt'\\ rt•wlutimr l~esolnc1ÓJ1 chn;inuca de d11e<:<:IOIICS Uso tk un 
pwtocolo de ¡co:;olucu·u, de dnccciones para dctciiHIIWf ~almacenar mformaCión de 
duccciones que se o:;ohCita 

US-1 Uigital rrrnll\1111\\lolll Sr\11'111 1 S1o:;terna tde trano:;1nio;1ones) d1gl!al l. o 
l>1g1tal Stgnallc,cll Sc1bl d1g1tal de 111\cl 1 TCrmum empleado para rcfcrnsc a la 
sc1bl digital de 1 )h t\fbpo:; tE F ll ll) (¡ :!lltX !Fmnpahptc maneJl el sistema de 
portadora TI 

~~nwmic routin~: F.nrutamiento duJ:'u!IICO Enrutarmento que o:;c a¡usta en forma 
autom:itica a c:unh10s de tr:Hico o de topología de la red 

US-J Uicitalltfllll\llll.\\/fl/1/ .\nft'm 3 S1o:;tcma (de transmisiones) digital 
1. o D1g!lal S1gnal k\cl 1 Sc1lal tllg1tal de 111\cl 1 TCrmino empleado para 
rcfcnro:;c :1 la \Cil;JI dl!!llal de.¡.¡ t\1hps que manc.Ja el <;J<.,fcma de portadora TJ 

I>SP l>omom .\jwn/i(' /'art- Parle de dominio co:;pccillco Parte de la dirección 
Cl.NS que contiene el idcnllllcador de ;írca. el rdcnt1flcador de estación y el b~te 
selector 
USR !Jora ,\¡•f /?1·m~r Fq111po para datos hc;to Circ111to de intcrf;u RS-2 12 que se 
acll\'a cuando el JJ('E est:i cncend1do y listo para uo:;arse 
()SU /)Ofa.\·cr\'/Cl' f 'mt lJnrdad de Sef\ icio de datO~ i)¡o:;po~iti\0 empleadO en la 
transmisuin d1g1tal para conectar 1111 CSU a un DTE 

error-corrcctirr¡: codc Código de corrección de errores Código con la suficiente 
llltcligencia ~ dotado con la sufiCiente 111formación de seriahi":Jción para perrmllr la 
detección Y corrccc1ón de muchos errores en el I;Jdo receptor 

EARN Europron ..lcndcnlfc Ucsrnrch .\"C'twork- Red Europen de investig;-~ción 
:tcadCnHGI. Red que conecta llnJ\'ersidades e institutos de irl\'eo;tigación. 

aror-dt'lcding code Código de detección de errores Cód1go que p11edc detectar 
en ores de tr:IIISIIIISiónmcdiante el :m:ílisio:; de loo; d:ttos rccih~tlos. b;-~sado en el 
gr:ulo de adhco:;ión a gui:1s eo:;tmctmales :1prop1ad:Js que tc11gan 

E/l( '/)/( · 1:~\lclldcd Hmmy ( 'odcd /Jcc tmal/mcrclumge ( ·odc Código C\tend1do de 
intercambio decimal codificado en bin;-~rio Códrgo de caracteres de X bits 

,,csarrollado por 111M para rejuesent:ICIÓn de datos en sus grandes sisten~úe 
CÓ111p11l0 

ES-IS End System to lntermediate Svstem: De sistema final a sistema intermedio. 
Protocolo OSI que define la forma en que los sistemas finales (anfitriones) se 
presentan a los sistemas intermedios (enrutadorcs). 

~: Channrl Canal de control ISDN de conmutación de circuitos de 64 Kpbs. 

Ethernet Especificaciún de red LAN de banda base inventada por la corporación 
Xerox y dcs:urollada en forma conjunta por Xerox, lntel y Digital Equipment 
Corporation L:-~s redes Ethernet opcr;Jn a JO mcgabits por segundo utilizando 
CSMi\/CD sobre cable coax1al Es Similar a una serie de estándares producidos por 
IEEE y conocidos como IEEE 802 1 

cchople.-.: Modo en el que los caracterc.s del teclado se despliegan como ceo en la 
pantalla de la terminar. una \'ez que la señal apropir~da del otro extremo de la línea 
regres;-~ para indicar que se recibieron correctamente. 

F:CMA Furopran (,'omputer Afanujiwturers Asst1ciolwn: Asociación de fabricantes 
europeos de computadoras Gmpo de diStnbuidores europeos que han hecho trabajo 
Importante de estandarización OSI 

F:thcrTalk Pn1tocolos AppleTalk que funcionan en Ethernet. 

EIJI /c"lc•ctromc /Jata lnterchange Intercambio electrónico de datos Comunicación 
electrónica de datos operacionales t:llcs corno pedidos y facturas entre 
org;lni7aciones 

El:\'/ Furoperm Telrcnmmumcntum .\'tandards Jnstitute Instituto europeo de 
cstúndarcs de telecomunicaciOnes Org<mización creada por los PIT europeos y la 
Comnmdad Europea para proponer est;indares de telecomunicaciones para Europa. 

error ('ontrol Control de errores TCcnica para asegurar que las transmisiones de la 
fuente se:-~n rccibid:1s en el destmo sin errores 

Ellnet Red UNIX europea dise1iada para ofrecer serYicios de interconexión y de 
correo electrónico que come ruó como c.xtens1ón de USENET. 

Euronct Esquema de redes propuesto por los países del mercado común europeo. 
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· J t't't'nl Suceso. aconlccnni...:nto r-.1cno;ajc de la red quc indica irrcgnlaraladco; 
opcr;ICIOilalco; rn loo; elclllcnlo<.; fisicos de una red. o I:J fl.:spucsla ante la o(nrrencra 
de una larca <.;Ígmficall\a.qnc normallllcntc es el cnn1plnmento de 1111 ped1do de 
lllforni:JCIÓII 

EXEC TérntJno que e 'p;co emplea pa1a dcc,rgnar :d sort\\arc que p:tquele a tran:~s 
del cnnrl:lcl•lr rrllcrprL·t:ll:rs ordene'\ en lo<.; prodriCIO" ('rsco. 

l'\p:msinn 1-:'p:III'\IÓII 1-:1 pao;o de dato'> comprirnidoo;; a lra,·é., de un algorllmo que 
los rcstrtu~c a ~oul:rm;nlo orrg111:!1 VCa<;c l:unhrén colllprcso:.;toll 

1::\p/ort•r {ramt' r-..1:rrco de c\ploracrórr ~breo que !'11\ i:t 1111 di<.;poo:.;Íir\0 ele la red en 
un cntmno de ptrentco (k rula" fuente (c,our~.c mute IH1dgrng) para dctcrnunar la 
rula Óplrma h:rCI:t otro drS(){)I..III\0 de la red 

t'\·tcrior r:att•u·ar rrotocol Prolocnlo de '\CI\ 1dor de lltlcrconc\IÓII e...:temo 
Cualqurcr prorocolo de intcrconc\IÓII de redes cmplc:ulo para rntercamhr;tr 
111formacrón de rul:rs entre sro;;lcmas anlónomoo;; No debe conf1111drrse con EGP. que 
es una inslancra partrcubr de 11110 de elloo;; 

l"Xpt•tlitt•d dc/i,·t•ry En for111;1 general. o;;c refiere a un:1 opc1Ó11 propuesta por una 
capa especifica de 1111 protocolo mcdi~nte la cu:rl se pide a otra'\ c~pas de protocolos 
(o a la 11111;11!'1 r:tp:r del protocolo en o1ro dtsposrtr\'O de la red) el maneJo m:ís r:ipido 
de ciertos datos específicos l:\phcrt routc Rula e\plícita En SNA. mta de una 
snb:irea fncnle a una sub:irea destino. cspccrfkada por una h.sla de nodoc;; de suh:irea 
~ por grupos de wursn11srones (transrnission groups) que las conectan 

fan-out rmit l'nid:td de frente de sahda Drspositi\O que pcr111ite que múltiples 
dispoo;rt ¡,o<; se conmruquen 

fau/t managL'mt•nt M:meJO de fallas. Una de cinco.c;rtegorías de maneJo de redes 
definida por ISO para redes OSI El manejo de fallas inlcnla asegurar que las fallas 
en la red se detecten~ controlen 

F('(' Federal Con•mrrllic:rlions Co!11JIIJ'\'\ion· Comio;;ióll federal de COIIHJIIIC:rctoncs 
Agencia del gobierno de los Estados Unidoo;; que supe" i.sa. lrccm:ra y conlrola 
c'\l;'tndarcs de tr;tll"lllt'\JÓn ekctróruca ~ clcclromagnéttc:J 

'' 

I•CS l·rrmw ( '/lf'ck .)'cqu(•ncc. SecuenCia de \'cnfic:rción de marcos. Término HDLC 
adoptado por l:rs stguientes capas de enlace de los protocolos que se refiere a los 
c;u:rclcrcs c:...:tr;l que se ait;rden al marco para propÓSJIOS de control de errores 

Flllll f.ihcr !.>t.\lrihut<•d /Jata lntcrf;,.,. lnlcrfa1. de dalos distribuidos por fibra. 
ESI:"IIHiar definido por ANSI qnc cspcuflca una red lokcn passing de 100 Mbps 
empleando cable de fibra óptica. 

FI>M Frcquency IJi\ 1sion Mull1plcsing Mulllplcxación por división de frecuencia. 
T6.:mca en la que en 1111 solo cable se puede astgnar a la información de múltiples 
cannles 1111 ancho de handa basado c11 la frccucncta 

fast .fu•itching Conmutación rápida. c:rractcrística r¡ue maneja Cisco, en la cual se 
usa una memoria rápida caché de ruta para acelerar el paso del paquete atravez del 
e11nrtador 

f1:'Jl/·'ront l·.'nd /'roces.mr: Procesador frontal Dispositivo o tarjeta que ofrece a 
1111 dispoo:.;rtrvo capacidades de inte11:11 de red. En SNA, normalmente es un 
dispos111m 1745 

fl<Hh update Acllmlitación inmediata Actualización de enmtamiento enviada 
asincrónicamente en respuesta a un camb1o en la topologla de la red. Las 
acttt<tlizaciones de enrutamienlo normales se envían a intervalos fijos. 

Jih,•r-nptic cable Cahlr. de fibra ópliea Medio ncxiblc y delgado capaz de conducir 
lr<tiiSrtllSJolles de luz modulada. Comparado con otros mcd1os de transmisión, el 
cable de fihr:1 óptica es más caro. 110 es sensible a la interferencia electromagnética 
y es capaz de mayores velocidades de manejo de datos. 

jlomling Inundación, Técnica de enrutamicnlo en la que la información de 
cnrutamicnto que recibe el disposith·o enrutador se manda por cada una de sus 
inlcrfaccs, exceptuando (normalrncnlc) la llttcrfaz por la cual se recibió. Flow 
controiControl dC flujo. Técnica para asegurar que una entidad transmisora no 
rthtrtme a una entidad receptora con d:rtos. 

filt· tranifa Tranc;;fercnct;J de :rrclti\oS Uua de J;ro;; aplicaciones de redes más 
populares. en la que se lle\'an archi\'OS de un d!c;;positivo de la red a otro. 
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FN(' f'i·d¡·,,, /llo/~111,1!. ( 'uu11r ¡{ Con~L:IO kdnal lk IL:lk" (irupo responsable de 
ar.,L:..,orar v coordtnar 1:1';; nccesHiadcs de rcdc<; de las agcnctao;; federales de los 
F\t;Jdo" Unidos 

filtcr Frllro En form;t g<:nérrca. se refiere a 1111 proceso o dispoo;;ittvo que filtra la 
rnfnrrnaciún rp1e le lkg;t. perrnrtremto <iólo el paso de algt.ln <iHhconJntllo de ella que 
t<:nga ciertas c;nactcrí..,!lcrs. En NetCcntral de Cr<ico. se tra1:1 de una función que 
lnurta los da lo" que le llegan para lran~fi.:rulo<; :1 NctVrc\\' 

/-'01/U. l·iha·f J¡)ru ¡,¡,·r-N¡·¡wala !.m~ Enlace rntcr- rcpclidor de fibra 
óptH.:a r-..!ctodología d~.: serbl11acrón de fihra óptrcr basada en la cspccilil'ación de 
tít11a úptlC:I trt·t·: Xll2 1 

forll'tlrtl chamrd l 'anal de :1\ ance ·¡ r:l~ cchma de coll\ttll!Caciones que lle\·a 
rn!OrmacHin del uucrador de la llamada a quien se llamó 

jirmu'tlf(' ln"ITHl'CIOilCS de soft\\are que rc<;iden pcrmanenle o 
scmrpcrnl:lrlL'ntcnlcntc en H(lr-.1 

Jorll'artlin¡.: !:mío La e\pecllcrón de 1111 marco (framc) hacia su deslino (¡JtuJJo por 
medro de un drsposJII\o de Jnlcrcomunrcación entre redes 

flappin¡.: Alcleo Problema de enmlanuenlo en el que la rula anunciada cnlre dos 
nodos al!erna (aletea) de ida y\ uelta enlre dos tra~cc1orias. dehrdo a un problema 
que causa rallas irllermitenlcs en la mtcrfa1. 

fourier tmn.iform Transform;Jda de Fourier Técmca empleada para e\'aluar la 
rmportancra de di\ersos ciclos de frecuem:ra en un patrón de senes de tiempo. 

Flash EPROM Nuc\a tecnología de PROM (Progran1111"hte Read-Only Memorv) 
desarrollada por In! el y lrccrKi;Jda a otra'i compaiiia'i de. semiconduclores Es un 
med1o de almacenamienlo no \'ol:itil que se puede borrar y rcprogramar 
eléctrrc:uncnlc en el circuilo Se emplea en los enrutadorcs Cisco para lograr la 
carga nncial y la subsecuente retención de la información de configuración en 
forma no \OI:itil 

fra¡.:menf Fr;Jgllll'lllo Parle de 1111 p:tfjllcle (p;tckel) m;J~or que <;e ha p:utido en 
nnrdadcs rn;'¡s pcquciias. 

" 

~. a¡.:ml!nfafion Fragmcntacrón Proceso de p;Jrtir un paquete en unidadeS'..._,J!Orcs 
cuando se transmite Ct11111 med1o de redes que no maneja cltamar1o original del 
paquete 

fuuhall Sistema de cómputo DIZ I.S-11 que ejecuta sonwmc de servidor de 
intercomllnicaciones IP. NFSnet usó estos srstemas como conmutadores 
fundamentales de paquetes 

framl! Marco Agrupamiento lógtco de información enviado a un medio de 
transmiSIÓn como un" 11111dad de 1" cap" de enlace (link laycr). Los términos 
paquele. datagrama, segmento y mensaJe también se emplean para describir 
<tgmpamientos Jóg~eos de información en varias capas del modelo de referencia OSI 
y en círculos técnicos · 

frume re/ay Retransmisión de marcos Protocolo empleado en la mterfaz entre 
d1sposilivos de usmuio (por ejemplo. m;íquinas <Jnfi!riones y enmtadores) y equipo 
de redes (por ejemplo, nodos de conmutación) Es más eficiente que X.25 , 
protocolo del cual generalmente se considera como reemplazo. 

frequency Frecuencia Medida en ltertt. (Hz), es el número de ciclos de una señal 
de corricnle alterna por mudad de lrempo 

front end Nodo o programa que sol iclla servicios de un back end Véase también 
cliente}' serYidor.' 

FTAM l·ile 1'rnnsfer, Access ami Atonogement: Transferencia, acceso y manejo de 
arch1vos. Aplicación OSI desarrollada para intercambio y manejo de archivos en 
red 

FTP File 1'ran.ifer Protocol. Protocolo de transrerencia de archivos. Protocolo de 
aplicación IP para transferir archi\'os entre nodos de la red. 

fu/1 cluplex Capacidad de transn11sión simultánea de datos en ambas direcciones. 

liOSJP 1 iol'l:rnmentt OS/l'rojile. Perfil OSI de gobierno. EspecificaCIÓn de gestión 
para protocolos OSI en el gobierno de los Estados Umdos. A través de GOSIP, el 
gohrcrno determina el que todas las :1gencias federales se estandaricen en OSI e 
i111planten sistemas basados en esos csl:indares en la medrda en que se puedan 
obtener en fOrma comercial 
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(;, 711J t·:<,pcu(ic:tCIÚII Ckl'!IIGI ~ IIIL'C:.IliiL:I ("("ff f p.l!;l L"lHIC'dOIIeS enltecquipo de 
!ciCU)IIII!IIiGIL'ItliiL'<; \ !) n:. 

¡.:rade (1 \~·nin• (ir:tdo de ~l't\ICIO i\kd1da de la c!lid.HI del -.cl\·tcio lelcfómco 
b;J<,:Jda en la probah!ltdad de que una ll:lrnada rectha scti.tl de ocup:llJo duranle !.1 
hora ptco del di a 

¡:aft'll'll)' ( 'ontpnerta O C,l'l\ Hlor de lllll'ICOIIIIIIIICKiÚII f"n la COIIHIIlidad fp el 
ll'lll\1110 -.e rcl'eria a un dl..,pn-.111\0 de eiiiiii:IIIIICIIIn /\hora '\C prclicre cltérll!IIIO 
enru1:1dor (tolllcr) para dc!-.(..lltm los nodo..; que hacen esta fnnctón. ~ la palabra 
gale\\a~ ..;e rdirrc a 1111 tlt..,po<;IIJ\0 de prnpósllo L'<;pcual que ekclt'ta una comcrstón 
de tnforrllaCion de 1m el de capa 7 de una JHb de prolocolo'\ a olra. como lo hace el 
produclo Ct\Ul ( ·p 1 

¡.:rmmd \latimr F\tactún lcrrcna C'on¡unto de eqntpo de conlltnicacJOnes lh'\crbdo 
p:tra rccthu (\ n<;ualmente ll;mo:;nntn) ..;erlalc<; de<;lh.:dJ,JCia <;;llélncs Tamhtén 
llamad:t don nllnk <;l.tlion c-.lactóll de enlace 

¡:a/('"'''Y hmt Scl\ tdor de tnlcrconHtiiiC:tCtón anfllrtón l:n SNA. nodo anfllrión que 
conttene 1111 <;en tdor de tntcrconHJilJc;\ctón SSC'P 

¡:roup a~ldrt'.\.\ Drreccrón de grupo Dircccton t'nllc:l que se refiere a múltiples 
dtspositi\OS de la red S!lrontmo de multtcac:;t address(duccoón mllltiplc) 

¡:aleH'tl_l' Nl'P SCI\ tdor de llllercomtlll!GietÓII N( 'R Programa de COIIII td d~.: redes 
(Nct\Hlfk Control Program) que conecla dos o m;is redes SNJ\ ~ tr;Jduce las 
dtreccioncs para permitir scswncs de tr:ilico entre redes. 

¡:uard hmul Banda de guardta Frecuencra hbrc entre dos canales de 
cotiHJnic:lCtonco:;. que los separa para prC\CIItr rnlerferencia mutua. 

f:l'o.~rnchronou"' orhit Orbita gcostncrónic;, TCrm1110 referido a la órbrta de tlll 

satélite en la cual su \cloctdad es rgual a la de rotación terrestre. lo cual lo 
manltcne cc,I:IL'JOilarto rcbti\o a una poSICIÓn sobre la superficie de la tierra Las 
úrhttas gcn..;tncrómcas requieren 1111:1 posición de apro\rlll:ul:tmcntc 2J.II00millas 
( n _()()() K 111) snhrc 1:1 Sllprll"( H.' del gloho. sobre Cll'l'II:Jdor . 

fi(,'f' ( iafcu fl_l'-fo-( ialc\r(~\' 1 '1 otncol.. Protocolo de ser\ tdor a sc'n ·,ua~r 'oc 
inlercomunicaciones. Prolocolo MILNET que especifica la forma en que los 

·" 

sen ido res (o los cnrutadorcs) b:isiCos (corc galewa~) deben intercambiar 
informaciún sobre mtas y alcauees F.l protocolo GCJP us~ un ~lgoritmo distnbuido 
de camino m;ís corto. 

halftluplex Capacidad de transmllit d:tlos en sólo una dirección a la vez 

half ¡:alt·u·a_r Medio gateway Literalmente. dispositivo que efectúa las funciones 
de meda> scr\·Jdor de intcrcomtHIIc;tctones. pues éstos suelen dividirse en dos 
lllltadcs runc10naJcs p:tra racrht:n SI\ discilo }' mantenimiento. 

hand."'el P:nte del teléfono que contiene el micrófono y la bocina, y que se toma con 
la mano <Imante su uso. 

ham/.,halu• Sccuencra de mensajes que dos o más drsposilivos de la red 
illlercamhian para asegurar sincronil;telón en la transmisión. 

hardware mldreu D~rección de hardware También conocida como physical 
address· direccrón fisica o MAC-L:11er address. dirección de la capa de conlrol de 
acceso Capa de enlace de datos ;~<;octada con un dispositivo particular de la red. 
Contrasta con una d1rección o protocolo de red, que es una dirección de la capa de 
red (ncl11ork Layer) 

11 Channel Canal!!. Canal ISDN primario full dnplex que opera a 384 Kbps. 

IIIJII IIIJLC /Jrslanl /los/. Anfilrión remolo IIDLC Forma de ejecutar el 
protocolo IX22 sobre enlaces serie sincrónicos en Jugar de sobre hardware especial 
IK22 IIDII es csencialrnente headers (encabezados) 1822 y datos encapsulados en 
paqueles LAPB (X 25 nivel 2). 

IIIJLC //rgh-le1 el /Jala /,rnk Control Conlrol de enlace de datos de alio nivel. 
Prolocolo de capa de enlace ISO eslirndar por bils de uso común. derivado de 
SDLC. Especifica un mélodo de encapsulamienlo de dalas en enlaces serie 
stncrón1cos El servicio HDLC de Crsco solo maneja la creación de marcos y 
runctoncs de suma de control (chccksurn) 

headl'ml El punlo lenninal de una red broadband (de banda amplia). Todas las 
cslac!Oncs transmiten hacia ese pun!o. para que luego éste transmita hacia las 
CS!;JCIOIICS deS! liJO 
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ltemla hH.:;u .... ~ado lnlorm;~ert'llllk oHrl!ol que \C ariadc :rlo\i datos :1111c.;; de 
cncrp•ml:ulo\i p:ua \iu l!ílll~llii\IÚII en la red 

/t,·artheat l.:r!ldo Vé:l'\e Sí)!: 

IIELLO Protocolo de eruut;urucnto crHplcado principalmente por los nodo\j 
NSFnct PcrrrlltC a conmrrtadorc'\ co11t:rble\j de\jcubru rnta\i de retraso min11110 Por 
otro lado. el protocolo 1 kilo'""' rclacu'ur con 1 !El.!.< J de NSFncl} es empleado por 
sr\itcnla\i ( JSI)F p:rra C\it:1hkccr \' r1rantcncr rdaciorrcs de \ ccrmbd. 

11 EI\IS 1 /¡¡~h-/,·r,•l!·llftt\ \ fnnng1'lll1'11f .\\ \11'111 · Sr\itcma de manejo' de entidade.;; de 
alto 111\CI lntcre"ante pwtocolo de manqo de rcde.;; que rue c:mdHiato para 
C\land:rrr;acionL'II lntcrrrct ha-.ra que""" dr~crl:rdorc.;; lo rctrraron dmarrle el 
proceso de C\:tltl:ruón. en ddl:rcrrcra p:H:I SCiMP ~ ('MOL 
11 EPnct 1ltgh-/:11,.,X,. l'h.'·"c' fll'llmr/.. Red de fi"rca de :ritas cncrgiac;. Red de 
rmcstig:~euin origurada en los Estados llmdo.;; y que se ha C\tcmlldo a muchos de 
los hrg:ncs en donde se h:rcc imc-;tigacain en li'\lca de alta.;; energías Loo; sitios 
m:rs conocrdo.;; en lo'\ que ..,e""'' inclmen al Lrhoralono Nacwn:rl Argonne. al 
l.aboralono NacJOrwl de lhoo~hii\Cn. ciL1horatorro L;mrcncc lkrkclcy ~el Cenlro 
del Acelerador Lineal de St:111ford (SI.A(') 

llrrt~: AlHc' 1ado como "ll;": medida de frecuencia o de :mello de banda Smómmo 
ele ciclos/scgrriHio. 

111' l'rnht• Véase prohe 

//SC/Itigh·Specd Conununications interface lntcrra;. de conmnicacwncs de alta 
\'elocidad Controlador dc-;:nrollado y distribuido por C1sco Se trata de una interfaz 
de un solo puerto que ofrece capacrd:rdes de conmnicac!Ón S111crómca serre full 
duplex hasta a52 ~lhps Se instala en enrutadores CISCO 

hetao¡:ent!ml.~ net\\ork Red heterogéneo. Red consistente en drsposrli\'OS disímiles 
que eJecutan protocolos disimiles y que en muchos casos manejan funcrones o 
aplicaciones disimrles 

lricrardrical rouli,¡.: Ennrtamicnto JCr:írqurco Ennrtanucnto ba'\ado en 1111 sistema 
de ducccronanucnto JCr:üqnrco Por e¡emplo lo-; algorriiiJO'\ de cnrÍJI:11111ento IP 
emplean drrccCHHlCS IP. qnc conliencn IIIIIIJCros de!;, red. m'rmcroS de m:ÚJIIIII:r.;; 

anfitrrones ~ (posihlementc) números de subrcdes. 

·' 

.t.\'.\'/1 hgh-Speed Serial Interface lnterfat. serie de alta velocidad. EstáJt>n.·'de 
redes para connrn1caciones sen e de alta velocidad (hasta 52 Mbps) sobre enlaces 
IV i\N 

huh Conccnlrndor. En forma genér1ca. término que describe un disposllivo que 
s1ne como centro de una red con topología de estrella En la terminología 
Ethemet/IEEE R02 l se refiere a un repetidor mnltipuerto. que a veces también se 
conoce como concentrator(concentr:rdor) El térnuno también se uSa para el 
dispositJ\'O de hardware/software q1re contiene múltiples módulos independientes. 
aunque conectados. de equipo de redes e interconC'\IÓn entre redes. Los 
concentradores pueden ser activos (que repiten las seílalcs que les llegan) o pasivos 
(que no rep1ten, smo sólo reparten las sefíales que les llegan). 

1//PP/IIigh·Perform:mcc Pamllel Interface. Interfaz paralela de alto rendimiento. 
Est:índar de interfa..-. de nito rcndin1rcnto definido en el estándar ANSI X3T9 3188-
1121 . 

holddown.~ Sujeciones Caracteristica de algunos protocolos de cnrutamiento en los 
que se rmpide que l:1s actuali7acioncs regulares de mtas equivocadamente 
rernstalcn una mta que ha fallado. 

hop count Cuentfl de tmyccto Métrica de cnrutamicnto usada para medir la 
dostancia entre una fuente y un destino. Cada hop equivale al paso de un packet 
(paquete) por un enmtador. 

hyhrid network Red híbrida. Témuno usado para describir una interconexión entre 
redes hecha con más de un tipo de tecnología de redes, que incluye LAN y WAN. 

hou Anfitrión Sistcmfl de cómputo en una red Es similar a los términos dcvicc 
(dispositl\·oro nade (nodo). excepto que usualmente implica un sistema de 
cómputo, rmcntras que dispositivo~ nodo generalmente se aplican a cualquier 
sislema en red, que incluye terminal servcrs (servidores de terminales) y 
cnrutadores 

ho\1 node Nodo anfitnón. Nodo de sub:írea SNA que conliene un SSCP. 
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'. 
IEEE Hll2.2 PHllocolo LAN de 11·1 1-. qnL' L''(llTtlic:t 1:1 i111planlactón de 1:1 suhcapa 
de con !rol de cni:IL'c lógH:o de la capa tk enlace Se cncnga del manejo de errores. 
creaCIÓn de ru:ucos ~ ll1110 de conlrol. c'i lltll'rLtt de ..,en u..:io con la cap:t l Se 
c111plca en redel.. I.J\N la les conto IFEI-:I'HI.?.' e !EFE Xfl2 ) 

/.1/llnlernct .".cll\TIIL'<i 1\oard (irupo de acli\ 1dacko;;; de lltlcrncl 111\C<iligadorcs de 
llllcrconc.\lonc<; cnlrc rcdc' que se reunen rcgul:trnu.:nlc para d¡o;;;cnllr asnnlos 

¡K·r1111Cnfc.;; de lnh.:rncl Fl1!111pn define poiii!L'a" de lnlc~ru.:tlllcdtanlc dco<;ionc"í y 
;¡~¡gnacum de fm.'tla" de traha¡o para a\111110<; \ano<; 

IEEE Hfi2.J Ptnlocolo l.AN de /ElT que c<;pcc¡fica I:J implanlacu)n dcla c:tpa fio:;¡ca 
1 de la suhcap:1 ~~>\('de 1:1 cap:1 de enl:1cc 1 lllht;l accesos CSMA/CIJ en 1 arias 
\dncul;ulc.;; n";ulllo \anoo;; med1o., fi¡;¡coo;; llna \anante fis1ca de IEEE X02 ~ 

1 IOB/\SF.-\1 e-, 11111~ 1\!IIHI:u a Ethernet 

ICMP Protocolo lntcnll't de control de men"aJC" Protocolo de la capa de red qne 
pernute que lo" paquetes de 1Hcno;;a_1eo;; rcpnrtcn errare-, e mformac1Ó11 rele\il!lle al 
procc,.an\ICill(l de paq11Ctco;; 11, Est;'¡ doCIIIIICiltado en HH' 71)2 

JEn: Hll1.l l'rolocolo I.AN de IEEF que c'pcc1flca la uuplaulacion de la capa 
fis1c:l y de la <.;nbcapa M/\(· de la c:1pa de enl;¡cc lJt1hta accc<..o token pa-.o;;¡ng sobre 
una topologi:J de bus 

1/)J> lnll!al Do111a111 Par1. Scccrón iruCial de domimo Parte de una d1rección CI.NS 
que contiene un idenllfic;Jdor de aulondad ~ de formato.~ un tdent1ficador de 
dOIIIIIliO 

IF.F.F. H112.~ Prolocolo l. ANde IEEE que especifica la implanlación de la capa 
fisica y de la o;;ubcapa MAC de la capa de enlace. Utilita acceso token paso;;ing a -4 ó 
16 ~·1hps sohre cable de par lren;.rado hllnd:1do y es muy o:;nnilar a Token Hiug de 
lB M 

Jf)PR lntcrdom:un Policy Routing: Política de enmtamicnto intcrdominios 
Protocolo e\perimcntal de cnrutnmtcnto e11trc dom1nios q11e JTitercambia políticas 
entre sistema o:; autónomos en forma d111:ímica IUPR encapsul;l cltr:Hico de los 
sistemas 1ntcr-;wtónomos y lo cnruta de acuerdo con las políllc1s de cada SIStema 
autónomo a lol:ugo dcltra~ecto. Actn:JitHcnlc co;; una p10pucsta de IETF 

IF.f:E H112J, l'spccincación IF.F.F de red de :irea mclropolilana (1\letropolllan Arca 
Net11ork M ANI basada en tecnología D()!Jil 

,_, 

JETF lntc111CI Enginecring Task Force Fuerza de trabajo de ingeniería Internet. 
Fq111po de trabajo 1/\B que consrstc en m;ís de 40 g111pos responsables de asuntos 
111gcmerilcs lntcmct solubles n cm lo plato 

IURP IS-IS /ntcrdommn Routmg /'rotocol: Protocolo de enrolamiento 
111tcrdommios IS-IS Protocolo OSI que especifica cómo se comumcan enmtadores 
con emuladores en diferentes dormruos 

1 Fl P lntt·motimwl /·(•dc•ration ji1r J¡~fimnalion l'roce.uin~: Federación 
rntcrnac10nal de procesamiento de información. Organización de investigación que 
real11a lrahajos de prc- cstandarilac1ón OSI Entre sus logros se encuerrlra la 
Normalilac1ón del modelo original M liS. 

IEEE /mtlfute o{Eiectricn/ aml/·.kclromc l~'ngincers: Instituto de ingenieros 
eléctrrcos y electrónicos Orgalllzac!ÓII profesimwl que define estándares de redes. 
Los csl:indarcs LAN de IEEE son los prcdominanlcs en la actualidad, e incluyen 
protocolos similares o virtuahncnlc equivalentes a Elhcrnct y Token Ring. 

JNTAP l11teroperahtlity Technnlogy :ls.,ocwlwn for Informa/ion Processmg: 
AsocÜJclón de tecnología de intcroperatrvidad para procesamiento de mformación. 
Organi,ación técnica creada para desarrollar pcrnlcs OSI japoneses y pruebas de 
accplación. 

Uil' lnter10r (iateway J•rntoco/. Protocolo de servidores de intercomunicación 
internos Protocolo Internet usado parn rntcrcambio de información de 
cnnrlamiento en un sistema autónomo EJemplos usuales de IGP Internet son IGRP, 
RIP y OSPF 

lnter:rated IS-IS Protocolo de cnml:unicnto basado en el protocolo OSI de 
cnrnt:nmento IS-IS y que adcm:ís se maneJa en redes IP u otras. Las implantaciones 
de IS-IS mtcgrado envían solamenle un conjunto de actualil.1CÍones de 
ennrtnmiento. por lo cual resultn más eficiente que dos implantaciones separadas. 
Antes se conocia como Dual IS-IS. 

J(,'RP In tenor (iatewny. Rnutin}{ l'rolocol: Protocolo de en ruta miento de servidores 
de intercomunicación internos. IGP desarrollado por Cisco para resolver problemas 
rcl;!li\OS a enrutadores en redes grandes y heterogéncns 
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Hi.\' /nlt'P,IIII! • iul«'~~"ll\ -"«'' 1 1'' Sen 1d01 de llllt.:lconHIIIIGJCIOII Integrado 
l·:nnll;!dOJ/{llll'IIIC ( .I .. CO IIIIC.I!I;!dO de COIIfigUTaCIÓil lija 

lnf('~(a:: ('oTJC.\Hin entre do.;; ">Jii!CIII;I':; o d¡.;;po<.,lli\OS Fnl;tteiiHinologia de 
cnrutadore.;;_ ce; una conc\Hin dl.' la red l'amluén se refiere a !:1 frontera cnlrl.' capas 
a(hacl.'llles dd l!lndclo OSI Entelcfoni:1. e" una frontera comparllda que cst;i 
dclinida pnr c:u:Ktcríq,c;lli de 1/l!Ciconc\iún fic;ica Wlllune.;;_ c;uactcrí.;;ticas de la 
">erl:il y s1grnfieados de la'> ..,eriales IIIICIGII!IbJada<; 

HtP /nta/1/( 1' .\fr"l'.\!.t'f',nt t'.'·'nr PToCc'>adnr tk lllll'lf;ll de men~o¡ajes Nomine 
que antcrHHilleTJie teni:111 loe; Ctllllllllladlllec; de paquetes tk ln!CIIlel. Ahora c.;e 
Jl:unan pac\,ei-'-'\\I!Ched nodc"> (nodo.;; tk paquete<; COIIIIIII!ado">l. packet <.;\\llchc'> 
(COIIIIIIJ!adOIC<; de p:UJ!ll'ICSI O li\\IICIICS(COI\1\JIIIadon .. ·~.¡) 

intafi•r¡•trn• lntclfócncia Hu1do indc~eado en el cmal de collllllllC:ICÍÓn 
in-h11nd \i¡.:uuli"f.: Sctiall!:ll'H.lll en hamb Tran'lllli'-IIÓII dcnlln de una gama de 
lrccuenuas IHlllll:!lmcntc Clllpleada p:11:1 tran~nut~r 11Jformac1ún Conlrasta con out
ol·h:md <>I~H;JI!ng (licl1al!;acum fuera de banda l. que usa frecuencias fuera de la 
g.una norm;1l dr.: I;J<> cmpk;ld;l'i para !lan<>fcrn mform;n.:iún 

intam('dialt' '·"''''m S¡o;;tcma IntermediO Nodo d~.: Cllllltannento en una red OSI 

lntern:11Jtm:l1 St:111d:ud<> ()¡g;milation Organ11aC1Ón IHternaciOII;II de est:iml:Jres 
E'p;HISIÓIJ crronca del acrúnuno ISO 

infrar('d l111"rarro_¡o. Ondas electromagnétiCa<> con gama de frecuencias por cnc1ma 
de I:Js microondas pero abajo del cspcc!To nsihle Recién comie1uan a surgir 
Sistemas LAN h:1sados en cc;ta tecnología 

lntam•t Térm111o empleado para referirse al Sistema de intercone'\IÓII de redes m<is 
grande del nHtndo. que conecta nodos de redes en todo el planeta. y que desarrolló 
una "c11ltura" hasada en simplicidad. '"'·estigac1ón y estaiHJarii;Jción fumbrnenlada 
en el11so real Buena parte de la tecnología de punta en redes' 1110 de esta 
COillllllitlad 111ter11ct eml11cin11Ó a partn de ARPANET 

J¡\"(}C lllll'nll'f \'t'luor!.. ( J{l{'ftlflo/1\ ('en/a- Centro de operac1011es de 1edc<; 
llltCIIlct (;lllfHl d~.: IJBN que en los IIHCinli de llltcrn~.:t. controlaba~ supcn 1saha los 
CJHtltadorcs ~ sen 1doreo;; de IIJtcrconc\IÓII Jllllllanoo;; 

,, 

.wr,•r~u•t c~tldre.rt.fi Dirección Internet. Tamb1én llamada u dirección IP", cs~ .. :.i 
thrección de 12 bits asignada a m:'u¡11inas anfitriones que emplean TCP/IP La 
d~rccción se escribe como cuatro octetos separados con puntos (formato decimal con 
punto). fonnados por la sección de la red, una sección opcional de subrcd y una 
sCcc1ón del anfitrión. 

/I'X mtcrnctworkmg flacket Vrchtmgc· Intercambio de paquetes de interconexión 
de redes l'rotoeolo Novel! de capa .t. srrnrlar a XNS e IP que se emplea en redes 
Nct\Varc 

IRN /nlc'rnl('dulfe Roulinf.! Node. Nodo de enrutanuento intermedio. En SNA, un 
nodo de sub:'nea con capacidades de enrutanucnto intermediO. 

iutam·tH'ork Redes interconectad:! S. ConJunto de redes interconectadas por 
e111utadores y que en forma genérica funciona como una sola. A veces se le llama 
intcmet. lo cual no debe confundnsc con la palabra Internet 

/RTF lntl'met Research 'J(¡sk Fora: Equipo de trabajo para investigación en 
Internet Comunidad de investigadores en redes con interés en interconexión de 
redes Está comandado por el grupo de gob1crno en mvestigación Internet (Internet 
Rcscareh Stcering Gro11p. IRSG) 

inft•rnrtwnrking Interconexión de redes Término genérico usado para referirse a la 
industna que sürgió alrededor del prohlema de conectar redes. El térnuno se puede 
rcrcnr tanto a productos como a procedimientos y tecnologías. 

lsarithmic flow control Flujo de control isarítmico. Técnica de nujo de control en 
donde los permisos para transmitir \!ajan a lo largo de la red. La posesión de uno 
de ellos posrbrlrta el derecho a transnrrtir 

interoperahility Jnteroperabrlidad Capacrdad paro comunicar equipos de 
computación de diversos fabncantcs rnediante una red 

/SIJN lntcgrated Ser\'Íces Digital Nctllork· Red digital de servicios integrados. 
Protocolos de comunicación prop11es!oc; por las compailías telefónicas para lograr 
que las redes de teléfono transmitan datos, VOl. y otros materiales de la fuente 

intra-arca roufing Enrutamiento entre :ireas Término empleado en los cnrutadores 
DECnct p:~ra descnbir e11rutanuento dentro de 1111 :írea 
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u• lnlt'fftt'f l'ltii<Kol PIOhH . .'Oitl lflll::lltl'l Protocolo de C.!p.l l (capa llc red) que 

contiene 111rounaCJón de duL'CCIOII:lllncnto ~de conlrol p:ua perm11ir d 
CIHIII:Jnncnto th.: paquclcc; 1-:-.t:í docniiiCIIIado cn HH · 71

) 1 

JS-/S lntenw.:d1a1c ¡,;;,o;;;tcmtolntcrniL;d!alc S~stcm S¡o;;;fciii:J intermedio a SISicma 

IIJICTIIJCdiO Protocolo ¡cr:ircpuco de cnmtanncnto OSI de estado de enlace (!lnk
<;f:tlc). bac;ado en cmulannento DF.Cnet Phac.,e V. en donde loo;; ststemas intermediOs 
(ctlrlltadon.:-.) lnleJc:nnbt:lll 1nlormauún ba-.ada en una o;;;ola métnc:1. para 

dctelllllll:ll la topología de l.1 red 

/P mldrcH DncccJón IP lt'll\l' Internet addrcc;s 

/.\'(} lntt•malttlllllf ( hgmll:llllf''' Jor Stunt!an:o/11111 Clrganitacu)n internacwnal 
para la ec;t:Jild:utt.tei(lll ( lrg:¡mtac!ÓIIIIItcrnacional rec.,pnns:thlc de una amplia 
gama de co;;;t;\ndarcc;_ mdmcndo aquello-. rclc\'antcs para la o;; redes ISO la es 
rcc.,pon~ahlc drl rnodclo de •ckrcm:whlc 1cdes mas popul;u el modelo de rcfercnc1:1 
OSI 
IPSO 11, St·t·u,·¡t¡· r Jrr'o" < >pculn de o;;;cgundad IP Parte del protocolo Internet 
(!Pl que dcftiiC Ht\cko; de o;eguruJad bac;adns en la o;; lllteri:Kco;;; 

i-(m·hronou' trtm\mÍ-\;,;, 1 rano;;;mtSIÓn to;;;ocrómca Tranc;;nusión asincróruca (start
stop) o;;;ohrc un enlace de d:tlno;; SlllcrOntco f·n telefonía. t'incrOntco 1111phca 1111 
muestreo de hlls de tasa const;tnle. ~ se conoce como la tii\Cisa de la transnnsión 
ao.;incróniCa 

ISOilE ISO l>t'\'t'f,¡tl"W"t ¡.·,\'lrrmmcllt Entorno de desarrollo ISO. Implantación 
popnlar de las capas superiores ISO en una pila de protocolo TCP/IP 

jt~hher Balbuceo Condtc!ón de errnr rn la cual un d1spoo;;;ttt\O de la red 
continuamente transnute ''basura" a l;t red. En JEFE xn2.1 se refiere a un paquete 
de datos cuya longitud excede :1 la prescrita en el estándar. 

JANET.Jom/ :lcmlcnuc Xctuork· Red acadérnic:l conjunta Red Ulll\'ersitaria en el 
Reino Unido 

jitter J)¡c;torsiÓil de las lineas de conllllliC<ICIÓII analógtc:ts cauo;;;ada por una 

\ari:tctón cni:Js poqcioncs llc referenCia tcmpor:1l de una c;;;ctlal Puede c:ms:tr 
péHitda de d:l!m parllculant!L'Iltc a alt:ts 'clocidadcs 

.JliNETjapan IJNIX Nchwrk: Rcdjaponcsa de l!nix. La red nacional no 
comerc1al m:ís grande del Japón. d1seti:tda par:1 promover las comumcac1ones entre 
im co;;t¡gadores japoneses y C.\.tranjcros 

JVNCn{"f Jo/m \'on Nr.>umann < .'t'ntcr Sl'twork: Centro de redes Jolm von 
Nemnann Red regional compuesta de cnl:1ces TI y enlaces serie más lentos, que 
ofrece scn·ic10s de red de nivel medio en localidades del Noroeste de los Estados 
Unrdos 

LASER /.1ght Jlmpl~ficnlhm hy 5ltmwlated ¡~·mis.\ltm ofRndiatwn: Amplificación 
de htt por emis1ón estimul:1da de radiaciOnes Dtsposltivo analógico de transmisión 
en el cual un material activo adecuado es e.xcitado por un estímulo externo para 
produc1r nn estrecho h:1z de luz coherente, que puede ser modulado en pulsos p:1ra 
lt.\11' •nitu datos L:1s redes basad:1s en tecnología l;iser están apenas comenzando, 
1'' , ·,ucccn prometedoras debido a "nchos de banda potencialmente amplios y a 
una relatl\a resistencia :1 l:1 interferencia 

LAN /,ocni Area Netwnrk: Red de ;írca local Red que cubre un área geográfica 
rclatt\':llllcntc pequeña (usualmente no mayor que un grupo local de edificios). 
Comparadas con las redes WAN, las redes LAN suelen caractcri7.arse por 
\'elocidades de tl;tnsfcrcncia de datos relativamente altas y una relativamente baja 
inctdencia de errores. 

LAT /.oca/ Aren Transport: Transpnrlr de área local. Protocolo de terminal virtual 
de red desarrollado por Digital Eqnrpmcnt Corporation 

LAN Manager Sistema de archivos distribuidos desarrollado y manejado por 
Microson 

LATA l.ocn/ Access and Transport Arra: Área de transporte y acceso Área de 
marcaje telefónico atendida por una sola compañia telefónica local. Las llamadas 
dcnlro de nn área LATA se conocen como llamadas locales. Hay más de cien de 
estas <Íleas en los Estados Unidos 

LAN Net\lork Manager Paquete de manejo Token Ring y source-bridge local. 
ofrccrdo por IIJM. Normalmente opera en una PC y venlica los puentes de rutas 
fuerllc (somce·roulc bridges) y los drsposrtrvos Token Ring, y puede pasar mensajes 
de alerta a NetView 
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'•'11\t•d liuc ¡ .1 atll.:nd.ui:J o ptl\ad:t l.inL'.t tk ltan~ttll'\tÓntc~el\ada pnr 1111 

pott:tdm de conHtnlctcronc" p:na uso prl\ado de r111 cliente 

L:\N Sl'nl·r· St\lema de :ucll\\o'\ dt..,trthuulo dcll\;tdo de 1./\N f\fanagcr. 
dc<.;arrollado ~ manqado por IBi\1 

fc,·t•/1 route Huta {k tu\ di Huta C>SI o Dl·:c·nL·t dentro de 1111 :írca 

/..-1 PU /_!111... -1 < < «' \' J 'nH cd1111' Ba I:HtL'L'd PtoccdttiiiL'IIIo halance:tdo de accco;;o de 
cni:Jcc J)crn :ulo de 111>1 ( ·. co;; nna \etstún ( '( ·¡ 1' 1 X 25 de un protocolo de enlace 
de d;ttcy;; pot IHI'\ 

/n·d 2 routt· Hnt:t de niH·I2 Ruta OSI o I>I·C'net erttre :hcao; 

I.APil/.111/.. .1< <t''' l'rtJ/tlt ,,¡¡ > Protocolo 1) de accco;;o de enlace Protocolo ISDN 
de capa de enlace (hnk la~cr) para el canal D. Se dcri,·ó del protocolo I.APB 
CCITT X_2.;; ~ c.st:i di'\crl:tdo primordialmente para satisfacer los requerimientos de 
scllah¡¡tetón dt:l acceso b:i<;ico ISDN f-:<.;l;i ddirddo por las rccomcnd;"JCiones Q.'J211 
,. C) '!21 dclTIIT 

/in(' Linea 1-:n fOrma gcnértcl se refiere a lo 1111'\lllo que l111k (enlace). En SNA. es 
1111:1 COI!e\JÓII a Ja red 

/int.' conditionin¡.: Acondicwnanucnto de linc:1. lJo;;o de equipo. en líneas de vot. 
arrendadas. para meJorar las características analógicas. permitiendo así m:1~ores 
\'elocidadcs de traiiSIIIISIÓil 

!int.' tlrh'l'f Disposllno manejador de la línea. Comcrtidor de seJlal/;unpltficador 
poco co.;;toso que acondtctona las seiialcs digitales para garantinn una transmiSIÓn 
confiable a largas dist;-¡ncias 

fine of si~:lrt l.i nea de 'isla Característica de ciertos Sistemas de tranSTlll'\!Ón, como 
ell:'Jscr. las nucroondas y los ststemas infrarroJOS. en donde no puede e:\Jsttr 
obstrucciÓn en el c:Jm1no dtrecto entre eltransnusor ~ el receptor 

/im• turnarmmd riempo de camh10 en la línea Tientpo requendo para cambtar 1;¡ 

dneccH)!l de la tJ;l!tSlllJ<.;JÓn de datos en una línea de tdCf'ono 

" 

.in k Enlace Canal de comunicaciones de la red consistente en un circtl\...........-.J una 
tra~ectona de transmisión. incluido el equipo existente entre el transmisor y el 
receptor Suele usarse para referirse a una cone...:1ón en una red WAN. 

l.irrk la)er Capa de enlace Véase dala Link layer 

/irrk-state Routirr~ a/~o.t•ithm AlgoriJmo de eslado de enlace, Algontmo de 
emut:umento en el que cada enmtadnr dif'undc a todos los nodos la información del 
costo de acceso a cada 11110 de sus' ccinos. Estos <~lgoritmos crean una vista 
consistente de la red y por ello no son propensos a caer en ciclos de enrutamicnto, 
aunque logran esto a costa de una 1ela1h·amen1e mayor dificultad computacional y 
de un 1r:ífico un tanto m:is drseminado (en comparación con los algoritmos de 
cnrutamiento de veclor de distancias) Véase tamb1én Bcllman-Ford rouling 
algonthm 

little-emlian Método de nlmacenar o tr:msmit1r datos en el cual se presenta primero 
el bil o byte menos significativo. Vé;Jse tamb1én big endian. 

LLC l.ogJca//,11/k Control: Conlrol lógico de enlace Subcapa de la capa de enlace 
OSI definida la IEEE Se encarga del control de errores, control de nujo y creación 
de marcos El protocolo LLC m:is usado es IEEE Rtl2 2, que incluye variantes sin y 
con conexión. 

LM/XLAN Manager for UNIX. L. AN Manager para enlornos UNIX. 

LNMLAN Nelwark Manager: Manejador de redes LAN. Producto de IBM para el 
maneJO de un conjunto de puentes de rutas fuente (source route) y sus entornos 
Token Rmg 

load halandng Balanceo de carg;¡ En enrutamienlo se refiere a la capacidad de un 
enrntador para dislribuir el trilfieo a iodos sus puertos de la red que estén a la 
nusma diSiancia de la dirección de dcslino. Los buenos algoritmos de balanceo de 
cargas ns:m información sobre la \'elocidad de la linea y sobre su contabilidad. El 
balanceo de In cmgn incremento la utili/ac1ón de los segmentos de la red y 
aumenlan el ancho de banda efecti\'O de la red. 

/o('a/ at'knml'letl¡.:ment actl.\'e de rcc1bo local MCtodo en el cual un nodo 
111termedto de l:t red. tal como un cniiii:Jdor Cisco. termina una sesión de la capa de 
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enlace de d.llot; p:u:t una tn:-tqtun:t :mliiTHlll:t linal El u<..n de eslos ;tcusc<.; de rectho 
I<K':dec; reduce la sobrecarga tk la red~ p01 1:11110 d ric<.;gO de tnlcrrupcionc.;; 

local hritiJ:t' Pucnlc local Pucnlc que dun:lamcnlc tnlcrconecla redes en l:t 111isma 
.'tJca gcogJaflca 

lonJIIool' Ctcloloctl La linea que \:J de las tnslalanoncs dd abonado dcllc!Cfono 
;¡la OfiCIII:IlTIIIIal ({ '())(k la COillp:lllia lcJcfóntCI 

l.ocaiTall .. !'Joi(K·olo de red de handa hac;e ( 'St\1A/CA de~ H1 h:.phs patcnlado por 

Applc 

fo¡:icaf chflllfld ( 'an:tl lnt~IUl ., ra~CCIOII;t de COIIHIIIICICIOfiC<.; 110 dedic;ui:J. p:II;J 

COIIIIIIJI:ICIÓII de p:lljlll'h.:\ l'IIIIC doS O 111:1.\ llt)(JO<.; de 1:1 ted f\.kdtallle COIII!IIIIaciÚil 
de p:Hptc!C<; pttcdctl L'\1~111 \attoc; l':lll:tkt; Jogtcoc; \llllttll:tlll':IIIICIJIC elltlllllt!SIIIO 
canal fi-.tco 
loo(' Ctclo Hut:t en la cu:tllot; paquete<; ttunca lkgan a"'" dct>llltn. S liJO fJtte sólo 
recorren 1111 uclo o bttck a lra'é" de un.1 \l'ri(" con<..tanle de nodoc; de la red 

loophm ~ ft'\f l'lltl'h:t de ciclo<; Prucha en la cu:tl <..e cm i:111 y regresan seriales 
hacta la fuente en algt'ut pun10 del tra,ecto de comttmc:tuonec; Suelen etnplcarse 
para prohar qtté 1:111 ul!ltt:thle!> son la"' llllcrf:tceo;; de la red 

1.1 · l.ogu al 1 1111 l !tildad lút~tGI Componente pr11uarto de SNA Ttpo de tllltdad 
dtrecctonable (N,\U) que pcrnutc a los ttsttartot; finales conHtltlcarse entre si) tener 
acceso a lo" rccurc;os de la red SNA 

l.ll 6.2 l.ng1< o/ ( 'mr {¡ l Untdad lógtca ú 2 Unidad ló~tGI qtte gobierna las 
comumc:JCtone"' SNA entre nodos er¡ul\·alcntcs (pcer-lo-peer) ManeJa 
conHmtc:ICtnnes en general entre p10gr:nuas en un r11tnmo de procesmHtenlo 
dtslrthutdo 

ftiA (' .whlorcr .\ fcdw .le ce•.,' ( 'ontml .Hth!t~n·r Suhcapa de control de acceso al 
mcd1o Como es1:'1 dcfimda por la IEEE. se lr;lla de la porcii111 ha¡a de la capa de 
enlace de dato" del modelo OSI La suhc:tpa MAC "e encarga de los asunto~ de 
acceso al mcdto de co!IHII11C:Il'toncs. como por eJemplo dctcrmin:lr sí se uc,ar:í tolo.en 
p;tt;Stng tp:t<;o de Ct;t;tfcl:l) o cnnlcntton (compctcncra) 

/JIAN .\lt'lf'Of'u!Jton .lrC'o.\'t•runrk Red de ;írca lllelropolrtana F11térm11t0S 
generales se refiere a una red que ocupa un :lrea metropolitnna. geogr:lfkaruente 

•• 

111:1~or que la ocnp:tda por una red local (LAN), pero men.or que la de una red 
amplia (\VAN) 1 ·,;"'" lambién D<)Dil. 

mana¡:~.•,/ ohjcct Objeto de nmneJO. Fu manejo de redes se relicre a un dispositivo 
de la red que es lr;ttado por un protocolo de manc_ro de la red . 
mmuJgemt•nt services Scn'icios de m:IIICJO. Functones SNA dislribuidas entre 
componentes de la red para manejar y control<1r una red SNA. 

Mt~ncht•.•ter encmlin¡: Codificación Manchesler Esquema decodificación digital en 
el que se emplea una transición durante el bit para se11:11 de reloj, y donde una 
transición a alto durante la primera mitad d··' tiempo del bit denota un uno. Es el 
esqncma de codificación empleado por IEEE Xll2..1/Eihernet. 

!JIAI' Mannfacturing 1\.utomation Jlrotocol: Protocolo de manufactura automática. 
1\.rquttcctura de red creada por la ctnpresa General Motors para satisfacer las 
necesidades especificas de la f:ihnca. Especifica una red local (LAN) loken-passing 
sumlar a IEEE Xll2 4. 

marco Véase frame. 

I\IAIJ ,\/cd111m ;1 tln<hmentlfnlf (//·'/'.}·.' li02.3) Unidad de vinculación, o 
Mullisi:Jtinn Acccss Unil (IEEE X02 5). Unid¡Jd de acceso a estaciones mt'llliplcs 
En el pnmer caso, es un disposilivo qne realiza las funciones de la capa 1 de IEEE 
Xll2 . .1 • que incluyen la dclccción de colisiones y la inyección de bils a la red. Una 
unidad MAU se conoce como transceh·cr (transmisor/receptor) en la especificación 
Elhernet. En el segundo caso (a veces llamadas lambién 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 

I\ICI Compañia de lclcconnmicacioncs que compile con AT&Ty con U.S. print 
en el mercado de suscriptores de ser\'icio a larga dislancia. 

mt•tliu Medios. Plural de medtlllll, en tnglés. Entorno físico mediante el cual pasan 
las serl:tles de lransmtstón Los medios usuales en redes so el cable coaxial, la fibra 
óptica y la :Jimósfera 

~lt'.\\llf.:r t\1cno;;ajc. Agruparme ntológtco de información en la capa de aplicación 
(:tpltctCII.lll l:t\'Cr) Véase tambtén p:JCkct. fr;Jme. seg111cnt y datagram 
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11/t'\,\O,l.!.c' ,\lt'/1' ._,:1,1!. ( 'ollllllii:ICH.lll de IHL'IIS:Ij(.:~ TécriiGI de COTIIII\IIacrón que 
tr:rn..;nutc nrensa¡ec.; de nodo a nodo en una red Elnren~a¡c se almacena en cada 
nodo h;r<.;l;r que llega el IIIOIIH.:nto en que c;;c conSif!lll' l'm·io V Case tamhié11 p:rcket 
S\\ 11clung ~ circrnl 

!\JGS .\!~tl~\l::c· ( ioll'tttll' .\'1'1'\'t'r ·Sen ulor de mlen.:onrunrcJCIOHes de 1:11n:uio 
medro Fnrut:rdor/puente ( '~<;;co de.¡ r:ururas 

ftii/S .\ft'"fl.l.!.l' lumdlmg .\1 ''n" srstema e manejo de mcnc;;a¡c'\. Recomendación CCI·IT 
.\. .wo que ofrece sen re roe.; de mcnsa¡cs para conumic;rcroncs drslrrhrndas Nct\Vare 
f\.111S es 1111:1 cn!ldad drferentc (aunque c.;unil:rr) que tamhrCn ofrece manejo ele mensajeS 
d 1st nhuHia por la empresa N m e JI 

1\liH .\fo11agcml'llf ln(rwmorllm llmc B:rc;;e de manejo de Información Base de datoc.; 
de 111form:tcrón sohtc manqn de nhjcto'\. a la que c.;e puede tener acceso me<h:mte 
prolocoloc;; de m:rnc¡o de red l:tlcs como SNMP ~ Cf\.11P. 

~~tiC ftll'llia Jntafan• ( 'mrnt't tor: Conector FDDI que es 1111 est:'111dar por defaull 

micrml'tH't' f\.ftCroondas Ond.rs electromagnéticas en la ganr:t de 1 a ~O Gigahertl.. 
L:ts redes hasadas en M1ctoondas consttllr~c una nacicnlc tecnología que gana 
campo debido a su alto ancho de b;mda ~ su rclati,·amente ha jo costo 

nritbiplit Ststema de cJblc de handa amplia (broadhand) en el que las frecuencias 
disponibles se di,·iden en dos giupos. uno p:1ra lr:msmistón y otro Para recepción 

1\IILNF:T t\hhl;~'l· Nc111ork.Rcd mihl;~r Véase DDN. 

!JI mielo de rcfat•ncia OSI /'¡'ase OSI Rcferencc Model 

/Jf( JJ)E/11 .\ !odulafor·/Jcmodlllo/or. · Modulador-demodulador DispostiÍ\'0 que 
connene seiialcs digtlalcs a una forma rtdecu;rda pnra transmisión sobre medios de 
comunic;1ción analógicos, y nce\ ers;1 

nrulti('(Hf mldnn Dirección múltiple. Dirección que se refiere a múltiples 
dic;;posill\os de la red SnlÓnJmo de group :uldrcss (dirección de grupo) 

nuídcm l'liminafur Elunrnador de módem DtspOSIII\ o que pcrmile la conC.\J(ur de 
dos d!spositi,os DTE s1n el empleo de modems 

·' 

.• fultilwmetllw:'it anfitnón múltrplc M:iquma anfitriona asignada a múf~~s 
segmentos fis¡cos de la red. 
modulatitm Modulación Proceso por el cual se transforman las características de 1 

las seriales para representar mformación Los tipos de modulación incluyen 
frccucucta modulada (FM), en donde sct1ales de dtfcrcntes frecuencias representan . 
\:ti ores de datos dtfcrcnlcs, y amplttud modulada (i\M), en donde la amplitud de la 
sctial \'a ría para representar diferentes \a lores de datos 

multimode fiher F1bra multimodal Fthra que maneJa la propagación de 
múltiples patrones de campo electromagnético . 

múltiple domain Nelll'ork Red de dorttiuio múlliplc. Red SNA con múlliplcs SSCP. 

IIIOP ¡\fmnfenonce Operalum Protmo/· Protocolo de operaciones de 
mnntenimiento Protocolo DEC, un subconjunto de¡ cual maneja Cisco, que ofrece 
una forma de reali7ar operaciones prrnutivas de mantenimiento en sistemas 
DECucl. Por eJemplo. puede usarse MOP para pasar una copia de la imagen de un 
SIStema a una estación de trabajo sin discos 

múltiplt•.x: La colocación de múltiples scilales en un solo canal. 

multipointline Línea mullipunto. También llamada mullidrop line: línea de 
mltlltplcs puruos de enlace. Línea de comunicaciones con múltiples puntos de 
acceso al cable: 

I\1SAU .lfulttstalton Access Untl.- Unidad de acceso a estaciones múltiples. Véase 
MAU 

multivendor nehvork Red de varios fabricantes Red que ulili7.a equipo de más de 
un fabricante. Estas redes tienen m;ís problemas de compalibilidad que las de un 
solo fabricanlc o distribuidor. 

1\tSI\1 Servidor de terminales Cisco basado en nn chasis M 

MTU ¡\fñnmum Transmisswn llnit ·Unidad de transmisión máxima. Se refiere al 
p:1quetc de !amarlo máximo, en bytes. que una interfflz en particular puede manejar. 

11ru-/au• l.e~ 11111 Est:índar de compresión y expansiÓn (companding) 
norteamencano usado en convcrsmncs entre sella les analógicas y digitales en 
Sistemas PCM. 
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/\'( 'J•.\'r·fuol~ t 'mil rol {'wg!'rlm Progr:ti11:J de control de la red Fn SNA. se refiere 
a lo<~ program:t.., que ;¡..¡rgnan rutali ~ CtHllrolan el fluro de dato\ entre un controlador 
tk COIIli!IIIC:ICIOIH:'<I (L'II cJ cual re<~llfen) ~ 01101, rCC\11\0S deJa red. 

i\ 1 lkd 11111\l'I\JI;JI\:1 t:lJlOIIL'"i:l que IIIICrCOIIL'CI;J lll:tinfr:IIIICS (grandes 

cnmputadrlfa\) medJ:tntc .\ 25 

N¡\('SIS \¡lf¡onof ( ·1'11/t' rfor ,\'( 11'11( 1' /nfonflllflll!l s,·,ft'm'· ('entro n:JCional dc 
'"'tema e;; de rnl(lfll1acrón sobre cicncra. Hed ¡aponec;;a considerada succc;or:r dc N· 1 
NO/S \ 1'fu m~ 1 '' 111'1" /lltaf(u t' .\jlf't t/it o/11111 Ec;pecdlcaCión de 1111crfa; del 
m:mc¡;ulnr de la red Pwdurtda por ~fteroc;;ofl es 1:1 cspccrficaciún de 1111 manej:Jdor 
de d!<..p0'-111\oc;; p:ua t:ureta"i NIC. tk ''1''' general e IIHicpendJentc del hardware y 
loe; protocolo<; 

Na¡.:lt·'.; algnrithm 1\lgontmo de Naglc Se trata en re:tlrdad de dos algoritmos 
dlfl:rentes de contwl de congcc;;t¡onam!cnto que se pueden emplear en redec;; basadas 
en T<'P lt,, :tlgorttmo redtJCc la \enl:tna de cm·íoc;; mientras que el otro l1míta los 
datagrnn1:1s p~.:qtrerloc;; 

twi¡.:hhorÍnJ.: rmtlt•r.t Rutcadores \eCIIIO"i En O~Pr "<'refiere <1 dos cnmt:ulores que 
tienen 1nlcrf;1ces a una red común En redec;; de acce<>o m!Jit1plc. los \'ccinoc;; se 
descubren en forma din:lnuca mediante el prolocolo llcllo de ( lSPF. 

name rt•mlution Hcsolución de nombres En forma general. el proceso de :ISOCiar 
un nombre con una localidad de la red 

NFT Nctll'od ¡.·"'"Y l'ttle Título de cnlidad de red. Dnecciones de la red definidas 
por la nrqrr;, """de redes ISO)' empleada< en redes hasadns en !'LNS 

name .ten•er Sen·idor de nombres SerYidor que la red ofrece para resoh·er nombres 
de la red,. nsocrnrlos con localrdndes (direcciones) de la red. 

n:nroHhand Véase haschand 

t\'ct/1/0S \¡'fltork Hmu lnJ 1111 Outp111 .\1'\/t'lll' Sistclll:l h;'tsrco de cntrad;¡/c;;alld:t de 
red lrllerf:rt de la capa de sesión para redes de PC. prndrrcida por lllM' ~lrcrosoft 

N·1ll ¡\·clmll{ .'lddrcs.wh/e llmt· Unidad direccionable en la red Término SNA 
para las cr!lidadc< dircccronablcs Errlrc los eJemplos se incluye PU, LU y SSCR. 

NetCt•nfral Producto de sortware de C1sco que ofrece una herramienta de alto 
rendinuento para el maneJO de intelconcxlón de redes diversas NctCentral está 
basado en SNMP y una base de d:rlo< relacionar de Sybase. y opera en estacrones de 
lr:rb:rjo Suu 

NA 1/N Nearest Active Upstrcam Ne1ghhor Vecino activo más cercano a la fuente. 
l'n redes ·1 okcn Ringo IEEE X112 5 se refiere al drspositrvo de la red que aún está 
acti\·o y que es clm~s cercano al que actúa como punto de referencia. 
NctVicn Arquitcctmn y aplicaciones relacionadas con manejo de redes IBM. 

Nl'IWaTl' Dcsarrollndo y drslribuido por Novel!, lnc, se !rala del sistema de 
archi\'OS distribuidos rn:ís popular en la actualidad Ofrece acceso transparente a 
archi\'OS remotos y muchos otros sen icms distribuidos de redes 

nt111'ork Red Conjunlo de conrpuiadoras y otros dr<posilivos que son capaces de 
comunicarse entre sí empleando un medm reticular 

Procedure Call: Llamada remota a procedimientos). y otros. Esos protocolos son 
pnrlc de una arquileclura mayor que la empresa Sun nombra como ONC (Opcn 
Nelwork Conrputing) 

Netll'ork address Dirección de la red También llamada protocolo de la red 
(Nelwork prolocol), es una dirección de la capa de red (nelwork layer) que se 
refiere a un dispositi\'O lógico, no fisJCo. de la red. 

NIC Ncl\\ork lnlerface Conlroller. Conlrolador de interfaz de red, o Nelwork 
lnlerface Card: Tarjeta de interfaz ck red Véase ndapler. También es el acrónimo 
de Ncrwork lnformalion Cenler: Ceurro de información de redes. Existen muchos 
centros de información de redes para la comunidad Internet que ofrecen ascsoria a 
usuarios. documentación. capacitación y otros servicios. 

netuwk adrninislralor Adminrslrador de la red. Persona que ayuda a mantener la 
red ncl\\nrk analyi'cr Analizador de la red DispositiVO de hardware/ software que 
orrecc algunas características de soluCIÓn de problemas de la red, incluidos 
decodificadores de paqucles de prolocolos especificos, pruebas de errores 
preprograrrradas, filtrado y lransn11srón de paqncles 
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N-J,\IJ)N Nanon-h:1nd ISDN ISDN dt.: banda angn...,ta 

NJS r NatlOII:ll ln'\tilnll' of'\l:Jild:ud~ and rcchnolog~. ln'\1111110 nacion:ll de 
L'"t:"ul{Jarcs c..;t:ind:uc"' tccnolngJa 1-!ohierno de 

¡\'t'/lt'orlt lnjormatimr ( 'l'nlt'r Centro de 111forrnauim <.;obre redes l.ocalid:1d que 

controla L'l :1co.:~o a lo'\ HH ·' nd~ lllll11111:1CHlll sobre lntcrnd. Normal111ente se 

conoce como NIC 

¡\',H,\' Nc\\\orh r-..lanagclllcnt Statron f-:qac!Oil de maneto de red 
S1slcma rc...,pnn...,ahlc dclmanc¡o de al menos una parte de la red Cicncralmcll!C se 

trata de una lO!llplll:ldora pndcro'\:1 ~ tucn eqntpada como por e¡emplo una cstacuin 
de trah:qo de tngl'llleri:l con pantalla de color de :111:1 IL'"oh!CIOII. gran cantalad de 
IIIL'IIIOIIa ~de e5p:H:in en d1'\CO y 1111 prrx:esador r;.¡¡mlo l.a~ Nr-..ts c;e connllliC:IIl con 
:t!!,cnte" para llc' :u el control de l:!s estadístlc;Js' rccnr'-IOS de la red 

Nl'fn·orlt luya e 'apa de red ( ·apa 1 del moddo de rl'fCrcnc1a ( JSI 1 .a capa .1 es en 
donde ocurre el CIHUI:HIHCnlo 

lll'fu·orl.. mana¡.:l'mt•trf r-..lanqo de red TCrnnno gcnenL·o que descnbe Sistemas o 
accioneo;; que a~udan a mantener. car:Kier11ar o arreglar una red Es un tópico 
Importante en el campo m;'¡o;; general de las redes 

N l\1 VT .\'t•flt ork .\ fallognnt'lll 1 'cc tor 1 ran\¡,rwr ·r ransporte 'cetaria! para manejo 
de red ~tcns:1jc SN/\ compuesto de una seue de \ectmcs conmformación 
específica sobre el manejo de la red. 

NOC .\ctuork ( J¡wmtwns ( 't•nf¡•r- Centro de operacrones de red Organitación o 
sitio responsable dclmantenlnllento de un:1 red 

Nodt' Nodo rCrrnmo genérico que se refiere a una entidad que puede tener acceso 
a una red Se usa tamhiCn el tCrmrno de,·ice <llsposiii\'O. 

nobw Ruido Serl:!les mdese:1das en el canal de comnmc:JCIOIICS 

1\'orthll'nt Ncl l{ed del noTOe..;te Red rcg10n;!l fin:1ncrada por N"'F que d:1 sen ICIO 

al noroeste de IP" 1·\tado~ U m dos. Alaska. r-..1ontan:1 ~ D:thota del Norte ( 'oncct:1 
todas las pnnupalcs 11111\ crs1dadcs de la regtón) muchas importantes mduc;tnas. 
tales como Boeing y Sequential Computer 

'\::.o· o! 
NOS Act11·ork O¡wrotmg .\)·.\lem Sistema operati\'o de red. Término genérico para 
refcnrse a lo que en reahdad son Sistemas distribuidos de archivos. Ejemplos de 
esto inclll\en Net\Vare. VI N-ES de llan)·an. NFS y LAN Manager 

NPIIN Red pública de conmutación de c~rcuitos a baja velocidad en los paises 
nórdiCOS 

null mmft.•m Modern nulo Pequciia caja o cable us¡Jdo para conectar dispositivos 
dtreclarnente 111:ls <IHC med1ante una red. 

NumerÍ.\ Red pública ISDN en Francia 

Nyqui.\t Samplin¡: 1'heorem Tcorcnl:l de muestreo de Nyquist. Teorema 
deruo~trado por 11. Nyquist que indica que es posible reconstmi~ seriales analógicas 
a parttr de muestras si se toman suficientes de ellas 

NYSF.R Net Red del Estado de N11e'a York con una red fundamental (backbonc) 
TI que mterconecta la NSF. muchas universidades y varios complejos comerciales. 

f JSI < >rwn .\)•stem lntcrconnectlfm Interconexión abierta de sistemas Programa 
internacional de estandarización. apoyado por ISO y CC!Tf, para desarrollar 
cst:indares para redes de datos Facli1ta la interoperabilidad de equipos hechos por 
diversos fabricantes. 

ohject in~tance instancia de objeto. Término de manejo de redes referente a una 
instancia de un tipo de objeto al que se ha asignado a un valor. 

OSINF.T Asociación internacional diset1ada para promover a OSI en arquitecturas 
de di\ersos fabricantes. 

OllA 0{/ice /)ocl/mentArchl/eclllre Arquitectura de documentos de oficina. 
Est:indar OSI que especifica cómo transmitir documentos electrónicamente. 

OSI/Ic'(erence Atoe/el Modelo de rcfercncta OSI Modelo de arquitectura de redes 
desarrollado por ISO y CCIIT. Consiste en siete capas, cada una de las cuales 
especifica funciones particulares de la red, tales como direccionamiento, control de 
f1n.Jn. control de errores. encap~ularmcnto. transferencia confiable de mensajes y 
IIIIICha~ otras. La capa m:ís alta(applic:llion l:1ycr capa de aplicación) es la m:ís 
cercana al usuario. La capa m:ís b:JJI (physicall:l)cr· capa nsica) es la más cercana 
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a la tccnologí:1 dd 111cdiu li\~t,:o 1.1 1110ddo de rckrcrll"ia ()SI e~ tlfii\'CIS:JIIIIentc 
11\,ltln COJIIO llll;tncln de l:ll\erlar ~ entender la fuiiCH111:Jird;HI de l:t-. redes 

()Jl\1 OSI /nll'llll'/ .\ fnnugt'l/11'111 l\lancjo i11tcrnct ()SI (Jrupo de trah:rjo para la 
L'SpeclllcacrOn de roiiii:JS CIIIJtll' pueden 11\:ll"e protocolo-. de lll:lllcjo de red OSI Cll 

rc·de' H '1'/11' 

( )¡\'( · f J¡,t'll \·l'lu1wJ. < ·1,11/f''''I"I.! ( 'on1prrtal'IOn en redes ;Jhrcll<~" Arquitectura de 
aplrc:Jrione-. dr\tnhwda-. fundada por la empres;J Sun l\11Cro"'"tcms y :H.:tualmcnte 
controlad:t por un consorcio cncabe1:tdo por Sun l.o-. protocolos NFS son parte de 
ONC 

OSI'F l JI'''" ,\'ho,t'.'' l'uth /·u'' 1.:~ lla~cctona ahrcrta rn:is corla primero 
Algoritmo (k Clllllt:unicnto 1cr;irqnico l(iP de est;ulo de enlace propuesto como 
sucesor de RIP en la cnnnmHiad Interne! Sus caraclcrislicas Incluyen enrulam!Cillo 
de costo minrmo enrut:~mtento de camino mlrlttplc y ha lancen de cargas Se dcrl\·a 
de una \Crsiún IIIICtal del ptotocolo OSI IS-IS 

Opl!n architt•durc Arqul!ectura ahu.=rl;l AHIIIttcctura para la cual tercero-. pueden 
desarrol1ar ptoducto-. Jegalrru.:ntc. ,. de l.t que e\1-.lcn cspccllicaciones de dom11110 
público 

Outfrumt• Ouf.\tllndin¡:framt•.t M:~rcos pcndrcntcs. M:í.\lmo ru'unero de marcos 
pcndlt:llles pcrnnt1do"i en un -.en 1dor SNA PU2 Cll algt'mmomcnto 

Opt•n drcuit Circuito ah1crlo Tra~cctorta cor1ada en un medto de trallsnustÓII 
Normalmente impide la comumcacuJn en la red 

out-oj-hand .\i¡:nalin¡: Serlali1ación fuera de banda Tran-.nu-.rón que usa 
frecuencias o canales fuera de los empleados para transferencia de información 
Suele usarse para reporte de cnores en situaciones en las que 1:~ serlali;ación dentro 
de bonda puede ser afcclada por los problemas que la red csrc experimcnlado 

optimljihcr Frbra óplica Véase fibcr-oplic cable 

Jlacin¡.: P;t\O Térnuno cmpkado por JB~f para el control de f1n¡o Véa"ic f1o\\ 
control 

pat'kl'l Paquete Agnrp:nmento lógrco de mforrnarión que incluye un encabezado 
(hcadcr)' (normalmente) datos del usuario. Véase también frame, dalagram, 
segmcnl. message 

¡mckd hujf<'r Bu !Ter de poqneles Wose buiTer 

packt•t sll'itchin¡: Conmutación de paquetes. Red en la cunl los nodos comparten el 
ancho de banda porque mandan unidades lóg1cas de inforrnoción (packets) en 
forma intermitente. En contraste. una red de coniiHJiación de circuitos (circuit 
switclung) dedic:J un circtulo a la vc1 para la transmisión de datos. 

PACNET Red de paqneles de Nnc\'a Zclonda. 

I'A /1 l'ru kct .·lssemhler//J¡sas.\emhlc•r.- Ensomblodor/desensamblador de poquetes. 
D1sposi1ivo usndo para conectar dispositivos simples (como por ejemplo, terminales 
que !raba jan en modo de caracteres) que no tienen capacidad de ensamblar ni 
desensamblar paquetes. :1 redes X.25 Fl PAD sirve como buiTer para datos 
em·1ados e1dre las máquinas anfitriones y las terminales en una red X.25 , como se 
define en las rccornendociones CCI"IT X 3, X 2K y X.29. 

PAM /'u/.1e Ampiltrule Modulntion Arnpltlud modulada por pulsos. 
Esquema de modulación en el cual se hace que la onda moduladora 
module la ornplitud de un tren de pulsos. 

PCM /'u/1e Code Modulation: Modulacrón por código de pulsos. Transmisión de 
información analógicn en forma digunl mediante muestreo y codificación con un 
número fijo de bits. 

paquete 1 ·éase packet. 

Parullel tranJmission Transmisión paralela. Transmisión simullánea de todos los 
bits que forman un byte o un car:icter Véase tamb1én serial transmisión 
:transmisión serie. 

Pari~r ch<'ck verificación de paridad Proceso pora veríficorla integridad de un 
car:icler Consisle en or1odir un bil que hacia que el nirrnero totol de bits bmarios 
en 1 en 1111 cor:ícler o en uno polabra (excluyendo al bit de poridad) sea impar (en 
"odd pari11"· paridad uupor) o par (en "c"en pmi11 ". paridad par). 
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J>otlr nmtro. .·a (";¡p;l de u111110l de traH"CIOJ 1a ( "apa \en el modelo 
;uqullectómco SNA. Se trata de la capa SNA que cnruta paquetes en una 
lflteTCOIIC.\IÓfl entre redes 

patlr control trt'fll'ork Red de conlrol de lra\Cctoriac.; Concepto SNA consr<;tcnte en 
componente<; de menor 111\'cl que conuolan el enrut:wucnto \ el flujo de d:llos a 
tr;nés de una red SNA. y que manc¡an la tran'illll<iiÓn lisrct de datos entre los nodos 
SNA Contrac..ta con las NAtJ. que ofrecen scnrcroc.; de m;'¡c.; alto 111\·el 

P B X 1 ',, 1 tlft' fi, tmt h 1-'1 chtiiH!.C Conmutador pt na do l"onmutador tclcf(uuco en 
las lll<;taJaCIOIIC'i dcJu,II:HIO 

PCI l'rulnt·n/ ( "ulllrnl/o/i>rmalwn- lnfOIIllaL·rón de conltol de protocolo. El 
equr,akntc ()Si dcltCrnrrno "hcadcr" encahc1ado 1:s 1:1 información de control 
que se arladc a lo<; datos del u<;uar~o para fOrmar un paquete OSI 

prt'.Wtlltltion layt·r ( "ap:l de prcscnl;u;¡ún ( ":1p:-1 (, dd rnodclo de referencia OSI 

Esta capa de encarga de la srnta,rs de Jo<; datos interc;uutmnJo<; entre dos entrdadcs 
de la capa de :1pllcacrón. 

pitr¡: S!lh1do /\\ rso de paquete ln1cme1 Se refiere al mensaJe de ceo ICMP y :t su 
conlcstación Suele usarse para probar el grado de alcance de un dispositi\o de la 
red 

pre.,·entariotr .\'(•fl'k(•.t hlyt•r Capa de pre"entacrón de sen icios Capa (J del modelo 
arquitectómco SNA Véase presenta! ion la)er 

pin¡.:potr¡:itr¡: Frase us;-¡da par;-¡ dcscnhir las acciones de un paquete en un c1clo 
(loop) de enrutamiento de dos nodos 

PR/I'nmmy Unll' Interface· lnterf:u. de I:Jsa pnm:1na lnterfa1. ISDN de acceso a la 
I:Jsa pmuari:J. Este acceso cons1stc en un único canal D de CJ.t Kbps m:ís 21 (en el 
caso de 1 )(, ~lhpsl ó lO (en el caso de 2.1l~X Mbpsl canales IJ para \'O/ o datos 

poiwn rt'l'cnt•updaft'.fi Actuall!acionc" en TC\Crsa ActuaiJ/acJones de 
cmutannentn que rndlc:lll cspccífíc:unentc que una red o sub red es inalc:ul!ablc en 
lugar de sunplcmcnte 1111phcarlo al no incluirla en las actualllaCJones. Fst:1s 
actuali7aciones se ell\"Ían p:1r:1 acabar con Ciclos grandes de cnrutamiento BaJO el 

""pncstn de que mayores métricas de hlls de la capa de enlace, tales comó......dLC y 
SDLC. es la estación que cnmtamiento normalmente indican la existencia de ciclos 
de cnrut;uniento (loops). los protocolos IGRP de Cisco envían actualizaciones en 
re\ crsa si una métnca de cnmtamicnto se ha mcrementado en un factor de 1 • 1 o 
m:is-polling solicitud de datos medrante encuestas Método de acceso en el cual un 
drspositi\'o primario de la red averigua. en orden. si los secundarios tienen datos 
por transmitir. Las solicitudes. :weriguac10nes o encuestas suceden en forma de. 
mensa_¡cs a cada secundario. lo cual les da el derecho de transmitir. 

print ,\'ener Sen·1dor de impresoras Sistema de computación en red que recibe. 
maneja y ejecuta (o envía para su ejecución) los pedidos de impresión de otros 
dospositi\'Os de la red. 

port Puerto. Interfaz en un disposatzyo de Interconexión de redes (como por ejemplo 
un enmtador) En terminología IP. puerto también se usa para especificar el 
proceso de recepción de las capras superiores. 

PPI' /'oin/-ln-l'oint /'roloco/: Protocolo de punto a punto. Sucesor de SLIP, este 
protocolo ofrece conexiones de enrutador a cnrut;ador y de anfitrión a red 
emple;ando circuitos sincrómcos y asincrómcos. Véase también SLIP. 

probe Protocolo de resolución de direcciones desarrollado por Hcwlctt-Packard. 

propaga/ion drda_i• Tiempo de propagacoón. Tiempo requerido para que los datos 
en una red viajen desde el origen hasta el destino final 

prolocol- Protocolo Descripción formal de un conjunto de reglas y convenciones 
que gob1ernan la forma en la que los dispositivos de una red intercambian 
Información 

PSTN /'ub/ic Sw1tched Telephone Nl'lwork. Red pilblica telefónica conmutada. Se 
refiere a la red telefónica. 

protoc:ol mldress DireCCIÓn de protocolo. Véase nctwork address. 

proloc:ol.\lack Pila de protocolos Capas de software de protocolo relacionadas que 
Jllnla<; func1onan para reali7ar una arq111tectura específica de comunicaciones. Los 
ejemplos mcluycn ApplcTalk. DEC'nel y muchos otros. 
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PIJ 2.1 /'/¡¡ ,11 al 1 1111 :. 1 llllltbd li~¡c;¡ .~ l. lljHI de l'l J que se puede conectar 
: . di!L'L·tamcnte a olfo<> nodo'\ PI J 2 1 

f'Totocoltrm"lator T¡;ulnctor de protocolo.;; l)¡c;po'\111\0 o <>of'I\,:He de la red que 
cnmic11e de 1111 prolntltln ;¡ n11o Sllllllar l'or c¡en1plo. el ('PI' ('rsco efectúa 
Cliii\CtSIOileS cnltc :\ 15. PAD ~ 1 L'incl 

f'llCflft• 1 c11'1' hr ul!:(.· 

P llJl P :\ lt(' 1 fll\1'/'\o/ 1 •, nto1 u/. Pr olncolo 11111\ cro.;;rl P t\IH · flmtocnlo desarrollado 
en el CL·ntro de lmc">llg:Jctonc ... :\ero\ de Palo Al lo ( 'alrforrua ~que es qmilar a 
¡¡• 

¡mu:r Apodc1ad t:ntHI.HI que. por moii\OS de clicll'IIU:J. nenclalrnentc cx:upa el 
lugar de nlra 

P\'(' l'nmollt'llf /'¡rflllll ( '¡¡ 1 1111 Cucnrtn permanente' utu:ll Fn forma gcnCrica se 
refiere a un cnc1111o 'rrluall'">l:rhlccrdn en fmma pcnuancntc l.oc; PVC ahorran 
ancho de banda :r-.ociadn co11 el c~tahlccuurcnlo' clunrnacrón del crrcurto en 
~rtuacronc-. en donde crcrlo'> circUJIO'> \Ir! na lec; dchcn C\Í\IJr todo el trempo 

PrmT ARP \':u¡;wrún del prolncolo AHP en el que 1111 dic;poc;~ll\o de olro fabric:Jntc 
(por CJenlplo. un cruutadon -.e hace p:1s:u como un nodo final emi:llldo ;¡l ;mlitrión 
que Jo snhc1ta 1111:1 rc-.pueo;;ta ARPa Clfgo de ese nodo fi11al (que tal \et no sepa 
cómo usar el cnrutadnr) F-.to puede ahnrr:H CO'iiO'> al dl..,mlllulr el uso del ancho de 
banda en rcctii'>OS caros. taks como los enlace.;; \VAN de ha¡a \Ciocidad 

1~\'N /'m /..ct .\'tttlc h .\odl' Nodo de conmutador de paqnclc<.; ('onmi1tador de 
paquetes lnlernet T:nllb1én -.e refiere a un nodo de connHII:ICIÓil en la :mpntectma 
X 25 U-.ualrnentc. el PSN es 111\ IJCE (Data Comnliiii!Cílllon Fquipment Equipo de 
comunicación de datos) que pcrrmte cone-...:1ón a un DTE ( IJ;Jta Terminal 
Equipmerll' Equipo terminal de datoc;) V Case tnmhrén X 25 El acrónimo tarnhiCn 
se usa comlmmcnte como e\pans1ón de "packct·S\\IIched net\\ork": red de paquetes 
conmutados 

()OS t)uo/tt¡ n(Sc'I'I'H l' Cahd:Jd del SCI\ icro t\lc<hd;¡ del dc'>empc~1o de 1111 

sislcrn;¡ de tr:lll'""j..,¡on que cniiSHicra !:1 calidad de I:Jtran'iiiiiSIÚ!l,Y.Ia 
d1.;;ponJh!IJd:ul del sel\ JCJO 

.< 

quay Pregunta MensaJe us;Jdo (usn;llmente en un protocolo de pregunta
rc-.puesta) para preguntar el \'alor de :1lguna vari;1blc o serie de variables. 

qunu! Cola En forma genénca se refiere a una lista ordenada de elementos que 
esperan procesanuento En enrutarruento mdica un conjunto pendiente de paquetes 
que esperan ser envi;Jdos a una interf:rt del enrutador 

qm•ul'i"J.: thcnQ' Teoría de colas Principros científicos que gobiernan la 
formacrón o t:rlta de formación de congestiona miento en una red o en una interfaz. 

RACF: Programa europeo de investig;Jción y desarrollo en comunicaciones 
a\'an.tadas Proyecto desarrollado por la comumdad europea para el desarrollo de 
capacidades de red de banda ampha 

RAIIIO AIJSTRIA PSN austriaco 

RARE Uc•scrmx Assocws pour la Uct hc•rche l~'urtlfU'ene: Asociación europea de 
11111\'ersidades y centros de investigación diseñada para promover una 
infraestmclura de telcconmnicacroues a\'anzada en la comunidad científica 
europea 

RARP Rt'\'t'rse Address UC'so/utum /'rotoco/' Protocolo inverso de resolución de 
d~rcccioncs El in\'crso lógico de ARP. que ofrece un método de enconlrar 
direcciones IP basado en direcciones del medio. 

R/11 IC 1/t•l!irma//ie// Operaltnl! Company: Compal1ia operadora regional Bell. 
Una de las <iclc compal1ias telefónicas creadas Juego de la separación de AT&Ten 
1 '!X·I A \ cccs también se conocen como Regional llcll Holding Companics. Véase 
tamb1én llOC 

reanemhly Rccnsamblc La reconstitución de un datagrama IP en el destino luego 
de que se fragmentó en la fuente o en un nodo intermedio. 

red V Case network · 

redirect Hcdirigir Parle de Jos protocolos ICMJ' ,. !'S- IS que permite a un 
cnnrtadm a\'isar a la m;ír¡mna anfitnona que seria rn;ís efectivo usar otro enmtador. 

Tl'tlirector Hcdirector Software que intercepta loe; pedidos de recursos en una 
computadora y anali1a sus requcJJmientos de acceso remoto. Si hace falta acceso 
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ICIIIOIO p:ua <; .. .~ ... l:llcr el pcdulo. d rcdiiCL'IllT rmma 1111:1 HPC ~ J;¡ lli;Jild:l ;11 
protocolo de ..;oll\\arc de l:t'i capa o;; rnknorcc;; p:na que se transnuta en la red ha'\ta el 
nodo que puede c;;;ltrc;;raccr d pcdrdo 

UF HadHl Frcqnenc\ HadrofrccucHcra 1 énmno gcnénco que se refiere a lali 
· frecucncrao;; qrrc corrc .. porrdcn a !:Jo;; trano;;n¡r,rones de rad1o l.a te le\ isrón por cahle y 
l:r'i redes de b:rnda amplra uo;;;¡n tecnología HF 

/U'(· l?l'r¡unl /·111 ( 'onmwnl\ Solrcllud de comeiii:Hros Documentos empleados 
corno clmcdto ptllll<IIJO de coiiHIIHGtciÓII de rnformactÓII sobre Internet Algunos 
lu-T son dc<;~¡.!ll:tdoo;; por IAH como "E..¡tand.nes lntcmet" La ma~oria doctHilellt<lll 
c\pcufic;Juonc<; de protocoloo;; como·¡ dnct \ Fl P. aunque ai¡.!IIIIO'> son en broma o 
de cn:íctcr ln'->IÚIICO 1-: ... t:in dt..,ponlbleo;; a tr:nés de lo'\ Centro'> de lnforlllacton de la 
Hed lntclltCI 

rcdi\lrihution Hcdro;;trrhucrón Fl pcrnulrr que la 111fOrmactón de cnrutarmento 
dco;;cuhterla rncdtante a]!!,Úil protocolo de enmtanucnto 'iCa distribuida en los 
mensaJeS de actuall;:rctoH de otro protocolo de cnrutumento 

rcdrmdmu:r l~cdi!IHJ:Jncta En tcldonia. e<; la par1e de la lllrorrnac!Ón total 
con tenuta en un mcnsa_1c qne se puede chnunar s1n pérdtda de 111forrnacrón o 
srgmficado e"iCIICr;ll En cornputacrón. son lo'> clcrm:nto<; rtu'lltrplcs (redundantes) de 
1111 sistema CJliC cfcctr'r<lll la llliSilla fiiiiCIÓil 

RG-SH Cable coa,1al de )11 Ohms de impedancia Es empleado por IOIJASE2 de 
IEEE Hll2 1 

RG-62 Cable co:m:~l de~~ Ohms de unpcd:mw1 Es empleado por ARCncl 

re/ay Rclc,ador Terminología OSI para el drsposlll\O que conecta dos o rn;ís redes 
o SIStemas de redes Un relc\ador de la capa 2 es un puente Un relc\';1dor de la 
capa 1 es un enrutador 

RIF Routmg lnjiJrmallon F1cld Campo de informaCión de enmtamiento C:-unpo 
en el encabc;ado IEEE RU2 5 que es empleado por un puente de ruta fuente (source
routc brrdgc) para dcternunar el segmento de la red Token R111g por el que debe 
tran<;l!ar 1111 p;H¡uctc El !UF COII'>Jste en 1111 IH.llllero de ;\lllllo ~ de puente. adem;ís 
de otra wiOIIH;ICtÓII 

rl'mole hrid~e Pt;ente remoto Pue111c que concct:1 segmentos fisicamcntcWrentcs 
de la red mcdianlc enlaces WAN 

repeatcr Hcpetidor D1sposttrvo que regenera y propaga SCJ1ales eléctricas entre dos 
segmentos de la red 

RIP Routing lnformation Protocol Protocolo de información de cnrutamicnto. IGP 
proporCionado con los sislcmas UNIX de llcrkclcy Es ciiGP más común en 
Internet 

Reque.'lt/Re.~pnn.\e Unit Unidad de pedido/respuesta Véase RU. 

R in~ ~:rnup Gmpo de anillo Con_¡unlo de mtcrf:-~ccs Token Ring en uno o más 
cnmtadores Cisco, que son parte de una red Token Ring con puentes. 

rel•t•r.m clranne/ C:-~1wl en revers:-~ Véase back channcl 

rnule exten~ion Extensión de mtn Fn SNA, trayectoria del nodo de subárca de 
dcslmo. ;¡ lmvés del cqtnpo pcrifénco. ;¡ un NAU. 

Rin¡: /alency Espcm en el anillo T1cmpo requerido pam que una scr1al se propague 
una ve' :JI rededor de un anillo en una red Token Rmg o IEEE 802.5 

route prm.:e.~.mT Procesador de rula En la arquitectura de hardware Cisco, es una 
larjcla de proccs:~dor que detcrmín:~ rui:Js y ejecui:J procesos de configuración, 
seguridad. conl:~bilidad, corrección de errores y manejo de red. También es llamado 
procesar supervisor. El equipo CSC/l es un proccs:~dor de ruta. 

rin¡: lopolo¡:y Topología de anillo Topología en la que la red consisle en una serie 
de repetidores conectados entre sí por enlaces de transmisión unidireccional para 
formar un ani_llo cerrado único. Cada estación en la red se conecta con un repetidor. 

R.J-11 Concclorcs esl:indar de 4 hilos para lineas lclcfónicas. 

router Emulador D1sposilivo de la capa 1 OSI que puede decidir cuál de varios 
caminos debe segui_r el tráfico de la red. bas;:índosc en alguna métrica Óp(lma. 
Tamh1én se conoce como gaten·ay servidor de intcrcomumcaciones (aunque esta 
ddímcrón de gafe\\ ay )a c:-~sr no se usa) Los enmtadorcs envían paquetes de una 
red a otra. basado.;; en la mformac1Ó11 de la capa de red 
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., 
IU-.t~ ( OIIL'CIOIL'" t'<.,!;'tnd:tr de X hilo" p:ua Jede<; lO HASF" de II~I~E 

Xll.~.l(St:ui.AN) Ta111bién "t.: 11'>:111 como linea<; de lclélono en algunos ca..,os 

/UF u~·mof¡• .lfJh ¡:,111"\' En! lada ICIH(ll;l de lr:th:qoc; AcrÚ!lllliO Ideado por filM 

que <;C rcr1crc :1 1111:1 :tpJtCICIÚI! por Jote<; (h:IICh) Cll Jng:tr de :J 1111:1 de IIJlO 

tntcractt\O En lo~ ~:ntorno<; IUE se smHcten los trab:nos a la computadora ~ los 
H'"llltadoc.; c;c rcuhcn dc<;puó 

rnnting FrunLtOIH.:nto Proceso de encontrar 1111 camino hacia el anfituún de 
dc~ltlln l"n ~;¡.., t!r:uuks rrdc<; d CIUHI:IItllcnto es 11111\ complejo debido a los 
IIHJCJIO<; dc<;!lll()<; IIIICIIIICdÍO<; po!CIICt:lh.:'i fJIIC 1111 p:HJIICIC puede alcan;ar :IIIICS de 
lkgar a o.;u anlitiiÚII de dc<;IJIIO 

rlnJ.!in Progl:tllt,t de emulación de tcrn11naks. '>llllllar a 1 dnct que se ofrece en la 
rii:I\OIÍa de loo.; <;I..,ICIII:JI; tJNIX 

routin¡.: hritft;t' Puente enrut:ulor Puente de la capa M,\(' que usa método.:; de la 
capa de 1ed p.11:1 dt:IL'IIIIIII:Il b topología de l:1 red 

R0.\'1~ N1·mof1' f 'rl'rnf¡on' St''""" e Flcmcnt - Flcmcnto de sen ICIO de ope1aciones 
rcmntas l·.o; el IIICCanis1110 HPC de OSI n<.;ado por 'anos protocolos de aphcación 
de red OSI 

Routc Ruta rra~cctona o camino a II:néc; de una mtcn.:nllc\1011 de redes 

routin¡.: ptOI<K·ol Protocolo de enrutanuento Protocolo qne hace enrutanucnto 
me<hante la uuplantación de un algontmo eo;pecifico Ejemplos de protocolos de 
cnrutamiento son RIP. OSPF e IGRP 

Routetl profocol Protocolo emutado Protocolo que puede ser cnmtado por 1111 

cnrutador Para emularlo. el enrutndor debe entender la interconexión lógica entre 
redes como la pcrnb~· el protocolo EJemplos de protocoloc; enrut1<fos incluyen 
DECncl. Applc Tal~ e JI' 

routin¡: t;1hlc l'abla de enrutamiento Tahi:J almacenada en un enmtador o en 
alg,·u, ot1o dlo;;poo;iti' o de las rcdeo;. que IIC\ a cucn1:1 de las mt:1c; (y, en algunos 

cac;os d~ StllliL'IIICl) ll:H.:ia dc<;;ttnos p:uiJCtllarcs en la rcd 

SIJ/.C Tran>pOII J"ransporlc SDLC Caracl crisllca de los emuladores e ISCO 

med1ante la cual es posible Integrar d1ferentes entornos en una sola red empresarial 

amplia de alta ,·cJocJdad Los enrutadores Cisco pueden hacer pasar el tráfico 
SIJI.C or~g111al a tra,és de enlaces serie de punto a (JUnio, y multiplexan el demás 
tr;ifíco de protocolo sobre los mismos enlaces. Esos cnrutadorcs también pueden 
cncap<;;ui:Jr marcos SDI.C dentro de datagramas IP para transportarlos a redes 

arhitranas {que no sean SIJLC) 

:mmplin¡: rafe tasa de muestreo. Tasa a la cual se tornan muestras de la amplitud de 

algun:1 fmma de onda en particular. 

SAP .\'cn·tc_c ..lcc('ss l,1únt· Punto de acceso al scrYicio. Interfaz entre capas OSI 
adyace111cs. También se refiere a Sen ice Advcrtiscment Protocol: Protocolo de 
anuncio de sen'ICIOS, un protocolo No\'cll mediante el cual se hacen conocidos a los 
clientes recursos de la red tales como sen·rdorcs. 

SDLLC Caraclcrísllca mcdianle la cual se reali'a una traducción entre SDLC e 
JEFE K1!2 2 lipa 2. 

.\ecomlury stotum Estílción secundaria En protocolos de capa de enlace sincrónicos 
por bits, como HDLC, es una est:Jción que responde a las órdenes de una estación 
prirnana Véase primary slation. 

SAPONET-PPSN de Sudáfrica 

salcllilc connnnnications Comunicac1oncs por salélile. Uso de salélites en órbita 
gcocstacionana para transmitir datos entre múltiples estacrones terrenas. Las 
comunicaciones por satélite ofrecen gran ancho de banda.costo no relacionado con 
la distancia entre las estaciones terrenas, retardos de propagación relativamente 
grandes, y capacidad de difusióu(broadcasl). 

!tecurity management Manejo de la seguridad. Una de las cinco 

calcgorías de manejo de redes definida por ISO para el manejo de redes OSI. Los 
subsislemas de manejo de la seguridad son responsables de controlar el acceso a Jos 
recursos de la red. 

.'le¡:ment Segmento Término usado en la espcciricación de TCP para describir una 
t1111dad de Información de la capa de transporte 

.\'(.'/ Scnai-Porl CornmunicatJous lnterf<KC' lnterf:ll. de puerto serie de 

COIIlllllicauones Tar¡cla de intcrfa; de cnrutador C1sco con conexiOnes tipo serie. 
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\t·ria/ trmru •.. am 1 Llll'-1111'-1011 ~i.:IIC t\.lL'I<lthl tk II:JII'\IIH<.;JÚII en el cual los hit<; del 
cna<.:lcr de d.llo~ ~e H;ul~nulcn <;ccncnclalnlclltc en un Clnal Véase t;nulm:n 
p:Hallel!lan-.nu-.~¡on 

SO/.(' S\nclnnnou-. Data l.rnk ('ontroL ('onlrol ~lncn·mJCo de enlace de datos 
P10tocolo /Bt\.1 sJncu'uHco por bits de 1;1 capa de enlace que ha dado lugar a 
IIIIIIICroso-. protocolo-. srnul:uc'\. IIH.:In~ cndn 111 >l.(·' l.AI'B 

\ena Scl\ Hlor Nodo o pro¡•.r:uua de -.ort\\:uc que ofrL'L'e 'e" 1uoo;; a 1111 cliente 
Vé:1~e ta111hrcn h:~el-. cnd' chcnt 

\t'rl'iet•f'oint Pnnlo de "e" il'IO lntcrlat Nct( 'cntr;ll de Net\'¡c''· capat de cm 1ar 
alertas tk cquqm de,conocHio para el entorno SNA 

,¡¡rfin¡; ll'imloll'jlm•· conlrol ( 'onllol de flu,ro de 'cntana filO\ 1blc MCtodo de t:ont rol 

de nuJO Cll el que el receptor da altr:IIJI,IIIISOI IX'rlliÍ~Olk trall\llllllf datoS hasta que 
la 'enJ;Jna se llene Cu:uulo c-.to sucede. d t1ansmi-.o1 tkhc detcncrsc hasta qnc el 
receptor amlfiCIC una \Cilla na lll:t)or TCP. otro-. protocolos de transporte y \;lrJOS 

protocolo-. de la capa de enlace usan este método de contwl de flUJO 

\t'Tl'idor Vé:l"c sen cr 

.rH•.nion Scstón ConJunto de transacciones relacionadas que suceden entre dos o 
rn:is d!spostli\'O'> de la red En S Ni\. es una cone,ión lóg1ca que permite a do" 
untdadc~> Ni\1 J eomun¡c;nse entre si. 

SLIP ,\'crw! !.111c // 1 IP de linea serie Protocolo Internet usado para eJecutar JP en 
linea() ttpo serie. como las de los Circuitos tclefómcm 

.'lt•.nion laya Capa de ses1Ó11 Capa :' del modelo de referencia OSI Conrd111a las 
:ICtl\ 1dades de la scsióll Clllre apltc:JCIOIICS. iltcliJ~cndo control de errores del 111\CI 
de :tplic:tcion. control de dr:ilogos ~ ll:unad:1-. 1emota~ a procedtllliCntos 

. \lotted ri"J.: A milo r:nnn:ldn Arqnllecltll:t l.!\ N ba~>:tda en una topología de anillo 
en donde Cc;;te se di\ tde en ranuras que circulan conttnu:uncnte Las r;IIHII:t<; pueden 
estar llenas o \:leías. y las transmisiOnes deben comcrvar al!ntcio de una ranura 

r< 

\:..,:../ 

.\lrit•ldcd t.:ahle Cable blindado. Cabk con una capa de aislamiento para reducir la 
111tcrferencia elcctromagnéttc:t (l:r-...111 

S!tt/l .\'cn't'l':\fe\·sagf' !Uock· Bloq11e de nlcnsa.JCS de servidor. Protocolo de sistema 
de arclmo" usado en Li\N Manager\' sinul:ucs para empacar datos e intercambiar 
mf or mac1ón con otros sistemas 

.\horh•,t¡wth routin¡: Emutamicnlo de can uno mínimo. Enrutamiento que mediante 
la aplicación de un :1lgori1mo minimi;a el costo de la d1stm1cia o de la trayectoria. 

SI\1US .\'u·ttchecl Afultmwgahtt /Jt1ta St•r\'ice: Scr.·icio de datos conmutados 
Hlllltlmcgablt. Tecnología WAN bas:~da c11 d:1tagramas y que emplea conmutación 
de paqnctc<; a alta \'clocJdad Es of'rec1da por las comp:uiías telefónicas. 

.\i¡:nalin¡: Scilalii"ación Proceso de cm iar una se1ial de transmisión en un medio 
fiSJCO par:l propóSitOS de COillliiiÍCaCIÓil 

.\·implrx tram1minion Transmisión SIIHplcx Transmisión de datos en una sola 
dlrCCC!ÓII. 

,\'MI ,\'trudure of¡\tanngement !njim1111110n: Información de estructura de manejo. 
Documento (RFC 1155) que especifica reglas usadas para definir manejo de objetos 
en la base M lB. 

.'lingle mm/e fiher Fibra de modo úmco. Fibra de diámetro relativamente angosto, a 
través de la cual sólo se propaga un modo. Tiene un ancho de banda mayor que la 
fibra multimodal, pero requiere una rucntc de luz de espectro reducido (por 
eJemplo, un l:iser) 

SM1' Stntwn Mnnn¡!,emenl- ManeJO de la estación Parte de la especificación 
FDDI que m:1neja estaciones en el an1llo. como se define en la especificación 
xn~ 5 

SMTP Stmp!e 1\fm/ Transfer /'ro/o( o!. Protocolo sencillo de transferencia de 
correo Protocolo Internet que ofrece servicios de correo electrónico . 

,\'ONf.:T.\'Jnrhrnnn/1\ Opll(:fll¡\.('(ltwk Red óptiC:I smcrónica. Red sincrónica de 
alta ,·cloc.Hlad (h:tsta 2.5 Gbps) ap10bada como cst:índar internacional en 19HH Las 
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comp;nli;rr., rq•ron.llc" lkll (Hil< )( ') prrc<kll \oh u lo ptlpnl:u como el "lslcm;r de 
IJan<;nHqnnc-. de St\11>S 

SNA .\'¡ \lt'lll' \dl!'ln/.. .l1c lnt('(f//lc' /\H¡ttitcctur;r de redes de Sl~tcm;¡.;; 
A11pntcclnra ~r:111dc compleJa~ con múltrplcs c:lractcri"itrcr". desarrollada en la 
década de 1 '1711 1'"' lll~l 

.wurce mldrc\\ 1 >rrcccrún fiiL'IIIC Ducccrón de 1111 di'>JHl"illl\0 de la red que h:rcc 
cm íos 

SNAUS SNA 1 lr,tnhlltJnll .\('n·u t'' Scl\ ic10" de dl'\lllhnción SNA Junto con 
J)ocumcnt lntcrchangc Arclutcctur~ (IJIA) Arqullcctura de llllcrc;nnhlo de 
documcnto"i. ~ l>l' .. tnhutcd Data ~lanagcmcnt (DIJMl r-..1ancjo de datos 
dl'>lllhunlo"i. C"i una de las trcc;; arqrntccturas de scn·1c10s de transacCión SNA 
e Jrrccc d 1 <;! rlhuc1ún as1 ncrónica de 1 nformacrón cnt re ¡rsu;r11os n nal es 

.wurt:e-roult• hritl¡.:in¡: Puenteo de mta<; fuente Método de puenteo onginado por 
IBM en el cual la rut;¡ completa a 11" ·'· ',fJno <.,C predctemuna en trerupo real antes 
del em HJ de datos al ch.:.strno Ft;to ontraste con tr;uJ<;parcnt bndg¡ng puenteo 
transparente en donde el Puer1teo ocurre tra~ecto (hop) por tr;necto Tamhén 
conoc1do por las srgl:1s SRB. e<; m;is popular en la o;; redes Token H111g 

SNAP Suh \t•t~torh. !c(C.\.\ /'rntocol Protocolo de acceso a suhred Protocolo 
lntcmet que opera entre un;-¡ cntrdad de red el sistema final, y especifica un método 
estfmdar para encapsul;n datagrama-; IP y mensaJeS ARPen redes IEEE La entidad 
SNAP en el s1stema final hace uso de los sen Jcros de la subred y efectúa tres 
funciones cl;l\ e tranc;ferencra de da toe;, maneJO de cone.xrones y selección de la 
calrdad del sen icio 

.wmrce-routt• trmrslationa/ hritl¡:in¡: Puenteo de rutas fuente con traducción A 
'cccs conocido como SRII LB, es un mélodo de Pncnlco en el cual las cslacioncs de 
rutas fuente pneden comunicarse con estacmnes de puente transp:ncntes con el 
auxilio de un puente tntermedto 

Wllrn•-route tran.,¡Jt~rent hridt.:ing Puenteo transparente de mt;Jt; fuente Ec;quema 
rlc Puenteo propuesto por IBf\1. que rntcnta reu111r las dos eslr:llcgJas pre\alecrentes 
de IYrcnten (tr;nr.sparenle. ~de rutas flllii!C) SRT. como :1 \Cceo;; c;e le conoce. 
('lllplca ;unh:" tct.:nologías en un mismo drsposrti\o par:1 sat1"facct l;rs ncCL'"albdco;; 
de todos los nodos finnlcs No se hace tmducctón entre Jos protocoloS de Puenteo. a 
di!Crenc1a de lo que sucede con sourcc-roulc 1ransla110nal bridging (SRI I"Ul). 

., 

SNI SNA :VC't1rrwk f¡lfcruJmu•ction lntcrcone'\ión SNA de red. Servidor de 
in1crconnm1cación (gatcway) 113M qm: ~..onccta ll!Úit¡ples redes SNA. 
SNl\lP ,\'11nple Network ¡\fmw~cment/'rotocol: Protocolo simple de manejo de 
redes El prolocolo de n"mcjo de redes lnlcrncl. Ofrece medios para seguir y 
determinar la configuración de la red y los pnnimctros alliempo de ejecución 

SPAN .\imcC' J'hv.\·1cs _;lnn~vsts Net1rork: Red de :111:ílisis de rlsica espacial. Red de 
comparación de datos para proyectos e, instalaciones de la NASA. con extensiones 
a Japón. Canad:'l y muchos países europeos. 

socket Hecept:"iculo. Estructura de sonware que Opera cómo punto final de 
comunicaciones en un dispositiVO de red. 

.,pan T1a111o Línea de lransmisión digllal full dúplex entre dos medios digilales. 

,\'R1' l'éaw somcc-route transparen1 bridging 

SRJTI.II Véase sourcc-roule lranslalional bridging. 

.tpanninf: lrt~e Arbol abarcador. Subconjunto sin ciclos 
de la topología de una red 

SSCP .):v.,ton Serwces Conlroll)omt: Punto de control de los servicios del sistema. 
Punlo focal en una red SNA para el manejo de la configuración, que coordina al 
operador de la red y los pedidos de delcrminación de problemas, y que ofrece 
servicios de directorio y otros servicios de sesión para los usuarios finales de la red. 

-'Patrning free algorithm Algorilmo de :írbol abarcador. Algoritmo, cuya versión 
onginal fue invenlada por DEC. :r·.ado para impedir ciclos de puenleo mediante la 
creación de un árbol abarcador. Eslá documenlado en la especificación IEEE 
R02 Id, aunque en realidad el algonlmo de DEC y el algorilmo IEEE 802.1d no son 
el mismo ni son compatibles. 

SSCP-PII scssion Sesión SSCP-Pll Sesión empleada por SNA para pcrmilir que 
un SSCP n1:111Cje los recursos de un nodo a lravés de la PU Los SSCP pueden 
em iar pcdrdos y recibtr respuestas de nodos indivutualcs para controlar la 
configur:ICiún de la red. 
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'l'ct•d matdt--. "·jgn:ll:\Cillll <k 'doudadl'"i (';u aLter i <.;!lea que ofrece cap:rcHI:ulco;; 
<.;Uiicrenteo;; de alm:lcenallliCiltO (tmflcr) en d d!t..pOSitl\0 dco;;tlllO COIIIO p;ua pCIIIllllr 
que una fuente de alt;r, clocHbd tran<;nnt:r datos a"'' 111;.1\lllla capacidad. aun 
cu:rndo el <lio;;po"itll\O de de~t1110 sea de menor \ei<Krtbd 

.\lmu/ard L<;t;'rndar Conpmto de regla¡,¡ o proccdrnllcnto<.; conu'u¡mcnte uo;;adol.i o 
c..,pecrficHfoo;; oliu:llrnentc \"Cal.ic tamhr(n de lactol.itandard. ~ de Jure standard 

'!'lit hori:.tm ul'dalt'\ Actuall!acroncs en el llor11nntc ·1 écnica de enrutamicnto en 
la cual se rmpuk que la rnfonnacrón S{lbre l;ro;; mtas <.;alga de las 1111erfaccs del 
emulador a tra\L'" del crr;rl fue rccrhHio r ... to C"i útrl p:na prC\cnrr los crclos de 
Cllllllalllll'IIIO 

,\'tarJAN Olio nonrbrc para liJASE~ de IITF X112 1 r .. 1111:1 red local LAN 
('SMA/( '() prollllllg:ui:J por A 1'& 1' 

vwolc-r AplrcacrÓII que lll:Jne¡;t pcdrdoo;; n trahajOS que <.;C le paloiall pma Sil atenCIÓn 
l.ol.i ped1doo;; rccJbJdol.i se procesan en forma ordc11ada a partn de una cola El prrnt 
spoolcr (<;r"ilema de colas de r111prcsrót!) e~ 1.11 \C/ el CJCillplo m;is común IN del T. 
SPOOL el.i el acro111mo de Su111rltancous l'crrpheral Opcratronl.i On Lme Opcracu1n 
sunult:inea de penfCncos c11 li11ca 1 

llar topologr Topologí:l de red Topología LAN en 1:1 cual lo-; puntos finales de la 
red se conectan a un conmutador ceniT:JI medwntc enlaces de punto a punto 

.\tarl-:'itop tran.\mi.'í.\imr Transrnisrón de arranque 

SQE Srg11al (htahtl' 1-.'rrnr Error de caltdad en la serial Tr:mo;;nusión em·wda por 
eltr:mscel\'er (lransrnrsor/rcccptor) de regreso al co11trolador para indrcarle que Jos 
c!Tcmtos de cnlrsioncs est:ín funcionalcl.i TambrCn se conoce como heartbeat 1 

(laudo) SRllVcasc sourcc-routc brrdgrng 

.'ílatic route Ruta est:ítica Ruta que se rngresa manualmente en In tabla de mtas 

Matistical multiplexa f\1ultiple\or estadio;;ticn Equipo de multlplc:x:Jje que 
d~n:imic:rmcntc asrgna cap:JCJdadcs troncales tan sólo a los canales acii\O<; de 
cnllada pCIIHitrcndo ac;í l:r cone\lón de m:í..; di.:;poslii\OS que coJLunnrultrplexor 
tradrcronal ·1 ambrén se conoce como st:rtrc;trcal Irme di' rc;ron-il_u!l.tlp!c\(JT o "il:rl 
IIHIX . -... -~ :-. 

.lort' andforH'ard Almacena y Cll\ ia. Técmcn de conmutación de mensa,..._._ . .¿n la 
cual éstos se almacenan temporalmente en puntos intermedios entre la fuente y el 
dcsturo. h:ro;;ta que llegue el momento en que haya recursos de la red (como por 
c¡emplo enlaces lrlnes) drsponibles para su envio. 

S TI/N S<'l'rrr/ l'umrclrng. Túneles scrrc Abreviatura empleada por Cisco para la 
caraclerísllca del enrul;rdor que permite que dos dispositivos que funcionan con 
SIJI.C o lllli.C se mtcrconcctcn mcdrantc alguna topología multiprotocolo 
arbitraria (empleando enrutadores Cll.iCO), en ve:~ de mediante un enlace serie 
drrccto Esto ofrece al admimstrador de la red ncXIbilidad en la configuración. 

.'iuharea Suh;'nca Porción de una red SNA que consiste en un nodo de subárca y 
sus enlaces y nodos periféricos asoc1ados. 

.mharea Node Nodo de sub:írea l'ontrolador de comunicaciones o anfitrión SNA 
que maneja direcciones completas de la red. 

.•uhchanne/ Subcanal. En la terminología de banda amplia (broadband). es una 
subdivrsión basada en la rrecuencra, que crea un canal separado de comunicaciones. 

.mhnet ma'ik Máscara de subrcd. M:íscara de direcciones de 32 bils usada en IP 
para especificar una subred en particular. Véase también address mask. 

.'iuhnetwork Suhred. Término empleado a veces para referirse a un segmento de la 
red En redes IP es una red que comp:rrte una dirección de subred particular. En 
redes OSI es un conjunto'dc ES e IS baJO el control de un dominio administrativo 
lnuco.y que emplea un único protocolo de acceso a la red. 

suh••eclor Subvcctor. Segmento de datos de un vector en un mensaje S NA. 
Consiste en un campo de longitud. una llave que describe el tipo del subvcctor, y 
sus datos específicos. 

SURAnet ,\'outlu•astern l!mversitu·s Nr.H•árch As.wcwtíon Nelwork. Red de la 
asociación de investigación de las 11111\'erstdadcs del smeste !de los Estados 
Unidos! Red que interconecta m:iqurnas anfitnoncs en doce estados del sureste de 
lo' Estados Umdos 

SVC Swrlc!wd 1 ú·tunl ( '¡rcwt Circuilo \'irtual con111111ado. Circuilo VIrtual que 
puede est;'Jhlecer~e en rorma din;in!Jca por demanda Se contrasta con PVC. 
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Sll'itd•proú''"'r Pruu:,adtH tk t.:OJliiiii!;KJoll l·n b :Hqnllct.:tnra de hard\\;lfe 
('r,LO. e.;; una t:uicta de proct:sador de un h!l (hii·SIKc) que ac!IÜ como 

adn11111Sir:ul01 de tod;¡o; la.; ;ICIJ\ rd;u.les del d1tl"i ·¡ amhJcn'e conoce conul chus 
LOil!Hdfcr 

.\)'nchronh.ation S!ncronii;Krún Fl eo;lablcc!!HJenlo de !lempo.;; en conu'rn para el 
L'I1119H ' el rccrptor 

Srndrrolloll\ trmnnri,,,,;,, lr:lfJ<;fJIII.,IÚII "illlcrónrc;l ( )pcracrún de un o;;¡.;;tcma de 
red Cll donde los :ll'Oilll'CIIIIIL'IIIO'\ I.,IJl:l'<kll l'll IH.:IIIJlO"i preCISO<; 

TI ·tcrnunnlt•l'.i;l lkll que ~o,c· refiere a 1111 si.;;tcma de portadora drg11alusada p;rra la 
11:111<;1\li"iiÓn de dato.;; atr:I\C'\ de b ¡erarquia tclcfónrc.1 l.a \ChlCrdad de 
transllll,ión e<.; de 1 .;.¡.¡ ~lhp..; 

TJ Sel\ rcio dq•.Jt:ll \\'AN que opera a .1-l me~ahrto;; por o;;q!.HIIdo 

·¡:.f( 'lt-rlll/1/rd .lt1 1.,, ( 'onflpfl¡·r · ('ontrolador de <ll'l'L'I.,O a las ternunalcs 
Anfitrión Interne! CJIH' :ICcpta conc'\ionc'\ tcrnunak<; de lineas conmutada.;; 

I'ACA('S li.-r111111tll.·l Cl't'H r ·o,Itrollt'r.·l < r ''" .\'ntt'/11 S1slcma de acceso ;JI 
controlador de acceso a lao;; lcrmínale~ S1~tcma de'\:Hroll:Jdo por la conHlllidad de 
la red de da los de la ddcns:1 ldc los FF! 1!11 rar:1 co111rolar el acceso a sus I"AC 
l.oc;; producto..; ('r.;;co Jo m:IIICJan 

1'-ct~rria Pm!adora-T Método de transmrsrón de mult1plcxacrón por dJvrs1ón de 
t1empo que mualmcnlc se refiere a una línea o cable que llc,·a una sella! DS· 1 

1'-connet'for Conector-T l>!spo.;;ill\ o en forma de T con dos conectores BNC 
hembra~ 11110 macho 

l'CI'//PTr:msmission Control Protocolllntcmet 1>rotocol. Protocolo de con! rol de 
lr:-rnsmisioncs 1 Prolocolo lntcmet. Los doo;; prolocolos Internet m:ís conocidos. que 
erróneamente .;;nclcn confundirse con uno solo TCP c01rcspondc a l:1 capa .l (capa 
de tr:m..;pmtc) del modelo de rdcrenoa OSI y ofrece trausnusión confiahlc de datos. 
IP corresponde a la capa l (capa de redl del modelo de referencia OSI.' ofrece 
SCf\ 1Cios dc d;JI:I}.!I:IIIJ:I<; Slll COilC\IÓII l'CP/IP fue dcs:urolf;Jdo por el 
Dcp;¡rt;unento de la lkfcno:;a de los E'itados Un1dos en los :ulos 70 como apoyo a la 
conslruccrOn de lnlcrcone\iÜn de redes a eo;;cala mundial 

·' 

TCll '/'nm/.. ( 'rmplmg Umt· Unidad de :-rcoplamienlo tronc<tl. En redes Token 
Rmg. es un dispositi\'O fisico que conecta una estacrón <ti cable troncal. 

TU!\1 !une On·1swn A!u!t1plexmg: t\1ultrplexaje por dh'isión de tiempo. Técnica en 
la que puede asignarse :mcho de banda a inform~Kión de múltiples canal.c.s en un 
solo cable. ha'i;índose en distnbuc1ón de intervalOs de tiempo 

. '' 

TUl{ l'11nc /Jomam Rrflectometer ~ Reflectómetro en dominio de tiempo. 
Drspos1ti\o capaz de em'Jar scrlalcs a través de un medio de red para verificar la 
coulinuidad del cable y olros alribulos Se emplean rara localizar problemas de la 
capa fis1ca dC la red 

tdt•communicalinn.'i l:elecomunic;Jciones. Término referido a las cOmunicaciones 
(que norrnalmenle in\'olucran sislem;ls de cómputo) en la red telefónica. 

TELF.NF.T PSN ¡Íúblic~ importanlc eu los Estados Unidos. 

tdt•x TCicx Servicio ~e tel~mecanografia que permite a los abonados enviar 
mensaJes en la red telefónica pública (I'STN). 

l'elnet Protocolo estándar Internet de:: emulación de terminales. 

timt•-nul Suspensión por tiempo terminado. Acontecimiento que ocurre cuando un 
disposlll\o de la red espera escuchar a otro dentro de un periodo especificado, pero 
eso no sucede l~a suspcns1ón result:lllle normalmente causa una retransmisión de la 
infornmción o b1en la disolución del circuito virtual entre los dos dispositivos. 

trrmid T:-rmbién llnmado X id, es In Identificación de un cluster 
coulrollcr(corllrolador de cúmulos) SNA Sólo tiene sentido en líneas conmutadas. 

termin111 emulation Emulación de terrninnles. Aplicación usual de redes en la cual 
una compulndora ejecutn programas que la hacen aparecer, ante una máquina 
:mfitrionn de la red. como si fuera una terminal simple conectada directamente. 

tn.ll 70 .\'nftwcJTe de emul~ción de terminales que hace que una terminal aparezca 
anle un :-rnlitnón IBM como si fuera una terrmnall27H, rnodelo2. La realización 
lnl270 de C1sco permite nlusunrio el acceso a una 
m;'¡quma filM sm tener que usar 1111 scr\'ldor espec1al lf3M o una máquina UNIX 
que actÚe COIHO Sen·¡dor 
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tam;ua/ Mf .~~:" Hlo1 <k t~:lllliiJ;¡JI:.., i'uK~:~adOI de conHmicacioncs que conecta 
di..;positnos asuKrúmcos. ;¡un:11ed I.AN o \VAN 111cdiante s.oft\\are emulador de 
11:1 nunalcs ~ de Jede.;;; 
/'ol..t•n FICha i\I:ULO (h;unel de 1nlorm:1C1Ón de COII!rol cu~a po.;;;es1ón da a 1111 

di,.posl!no de b red el derecho a tranqmtn 

J'ol..l'n hrn Arqnttcctura de 1cd l. AN que empka acccq) tipo to~cn passing en una 
topologi:1 de bu.;;; Esta aHJIIIIcciJIIa es l:1 ha..,c del;¡ cspcclfic:Jclón l. AN IEEE X02..t 

taminator Tclllllll:nlor Re.;;;lsteiKla cléctuca al final de una línea de tran.;;;lnlsión. 
CJIIe ah.;;;orhc Ja.., <.,cfi:llc.;;;. L'\ ¡tando a"i que reboten~ sean oidas de 1111e\ o por las 
eSI;ICIOIIL'S de Ja red 

T•'TP '/ ,n·tull·ilc /rmt\/('1' /'rutuc u/ Protm::olo tri\ 1al de tran.;;;rcrcncla de archh·os 
Versión ""uplllicada de F I'P que permite tr:msrercncia de arch1vos de una 
cmnpnt<~dora a otra de la red 111(' mcr X 25TIIC .;;;ohre X 25- Característica que 
oi'Tccc coHIJHC..,,ón de cnc:tbc;:¡doo;; TCP/IP en line;Jo;; X. 2) para propÓSitos de 
cfiC!CIICI;t Cll lo<.;, 'CIII:tcc.;;;, 

1'ok''" pt~Hin¡.: Paso de fichas Método de accc.;;;o en el cuallo<>d!spos!ll\osde la red 
11cncn accc.;;;o al mcd1o fis~eo en un orden definido por la po.;;;c<;!Ón de un 
pcqUCIIO IH:IICO (framc) llamado lokcn (licha) Véase lamhién COIItCIIIIOII y CITCIIII 

SWIIChlllg 

Token Rin¡: Hcd LAN tipo to~en-passmg desarrollada)' n¡;me.tada por lllM Es 
"""'Similar a la red LAN IEEE X112 5 

Tlf •:nrt -¡¡.,m 1 hp.hcr l:.d/1( atJnn \'l'tu·orJ.. - Red de cduc:JCJÓII superior de Te.\:;tS 
Red reg10nal compuesta de m;'¡s de (J!I JIISI!t\Jclolles ncadémic;Js y de imeo;ligación 
del estado de Tnas. 

10P '/'e( hmc al ( YJicc /'roto( ni' Protocolo !écnico de oflc111a· Arquitectura para 
comutHC:JCJones de ofic1na has:1d;1 en OSI~ desarroll:1da por la compaliía Boeing. 

throu¡:lr¡mt P10ducción. tr;¡h;¡¡o lllil Can!Hiad de inrorm:Jclún que llega ' 
JHl.SJblcmcntc p;¡<;a. a 1111 punto en particular en un SJ~tcma de red 

topolo¡:íu tic bus Vénse bus topology. 

topolo¡.:y Topología Arreglo fisico de los nodos y el medio de la red dentro de una 
cstruct111a empresarial de red 

TOS '/)·¡w of 5:ervicc Tipo de sef\ icio Véase class of service. 

TPII 'l'rtlll\'fJtlrf fJrofocol C'/ass O Prolocolo de lransporte de clase O. Protocolo de 
transporte OSI sm conex¡ones para liSO en subredes contables definidas por ISO 
X117.1 

1'/'.J ·í·ra-nsport Protocol Class 4 Protocolo de lransportc de clase 4. Protocolo de 
tra11spor1e OSI con conexiones dcfin1do por ISO Rll73. 

trailer Elcmenlo de la cola Información de control aíladida a los datos en un 
paquete. 

trun.taction Transacción. Unidad de procesamiento de comunicaciones orientada 
hacm los resultados. 

lrun.mctinn sen·iccs /ayer Capa de serviciOs de transacciones. Capa 7 en el 
modelo de arquitectura SNA. Véase apphcation layer. 

transcch·cr Tr~lnSmlsor/rcccptor. VCase MAU 

tramoceivL•r cable C~bl~ Tr~~smisor/rcceptor. Véase drop cable y AUI. 

tran.tit hrillgin¡: Puenteo de tránsito. Puenteo que emplea encapsulamiento para 
cn\'lar un marco (frame) entre dos redes Similares, pasando por una red diferente. 

tran.tlatirm hriclging Puenlco con traducción. Puenteo entre redes con protocolos 
de subcapa MAC diferentes. 

tran.\'mi.\·ión;·mraM~:ica Véase analog lransnus~ion 

lratl\mi\irín asincró11ica Véase ;¡synchronous tr:lnSrnlssion. 

lratl.\mi.\.tion ('Onlrollayer Capa de con! rol de transnusiones Capa 4 del modelo 
de ;uquitcctm:l SNA Es la n.:sponsable de cst<Jblc.:ccr, J.l.J<IIItcncr y terminar las: 
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sc-.lmlc" SNA de "l'CIIl'IICJ:H h1" mcn-.,Jil'" de (bllJ". ~ <k:l llnto de c.:onlrol de la 

SC"IÚII 

lrtlll.\miHiorr ~-:roup (iiiiJlO de lrano;mi.'-oión En cnrutanncnto SNA. es 11110 o müs 
cnbceo; par;llcloo; de COIIIIJIIIC:ICIÚII que se ITal.lll COliJO 1111:1 entidad de 
CliiiiiiiiiGICit llll:" 

¡. ·~ ., •• 

'1 H.:\NSP,\C Hcd Jlnpn¡f;lllfc de paqm.:fl.:o; de d:tln'> fr:tnccsa 
lrtW'fUlft'lll hrit~t;in~ l'tH:ntco lrart<;p;ucntc F..;quema de puenteo prefcndo por 
rnlcs Etht:JIIl'l ·'·liT!·. XOJ. 1 . en e~ ci1.:11 los pucnl.cs pasan ÍoS marcos un1rayccto 
thop) a la \C/. ha<;ados entablas que a<;OCian nodos tcrnunalt.:s con puertos del 
puente Se ll.1111a :t<:.Í porque 1:1 prc<.,en.~Ja de lo"i puente" ,,.,n..;p;nente para los 

!' 

trun.\port laya t"apa de transporie · Capa -l del modelo de rcfere1icia OSI Es la 
rcspml .... thlc de 1;¡ colllllllicación confiable en! re nodo" terminales de la red Heali.ta 
los collllolc<.i de flujo'~ de errores\ suele uo;ar cucu11os '11111alcs para asegmar 
enlrcga conli;¡hle de da too; 

trap\ Tr:Únpa<; t\.1cnsajes no sollcJ!:Jdos en' iadi1s por un ¡¡gen! e SNMP ;¡ 1111 

sis!C!II:J de III:JIICjO de red {Nt\.1S) que llldiC:Inla Ocmrcnciil de 1111 :ICOillec&llllelltO 
~¡gmfíc;rli\O 

trt•e lopolo¡:l' Topologb de ;írbol Topología LAN Slllltlar ;¡la de bus, excepto que 
las rCdes lip<l :irbol'sí pücdcn contener ramas Como en la lopologí;¡ de bus. las 
tr;¡nsmistones de una· cstaCIÚII ~e propagan por f()(lo el medio~ son recibidas por 
todas las otras eslaciones 

1'Router Producto de Cisco capa/de dar sen JCiÜ de enrutador ~ de terminal. 

trunk Troncal Can:1l de transmisión que conecta dos disposltl\·os de connmtación 

1'JI'i.,ted pair P;¡r trenz;¡do Me(ho de lr<lll<;misión de relativa baJa velocidad que 
coJI<;Jste en dos cables ouslados. en forma de csp11al l.os cable" pueden o no estar 
hllnitados Es muy conu'n1 en aplicaciones de telefonía~ cada \el m;ís usual en 
redes de d.IIO"i 

" 

T\'M'.I. r PSN público uupoll:mtc culos Estados Uu1dos 

J)·pe 1 o¡n·ralimr OperaciÓn lqm 1 Operactón sin conexiones IEEE 802.2 (LLC). 

'(r¡w 2 opera/ion OpciacJÓII llpo 1 Operación con conexiones IEEE H02.2 (LLC). 

~rpt• ofse"•ice roulirr¡;: Enmt:uniento de tipo de servicio. Esquema de ennllmniento 
en el cu;¡l se escoge una trayectona en la intercone:\ión de redes depcnd1endo de las 
características de las subrcdcs in\·olucradas y.dc los paquetes. además del camino 

·, \ .. 
m;íS corto al'destl!lo. 
lJIJil l :,er 1/nlagrmn flroto(o~.)'rolocolo de datagrama de usuano. Protocolo sin 
concx1ón de la capa de transporle que pertenece rt la familia de protocolos Internet. 

(li.P llpfa !ayer flrnlocol Protocolo de m~e·l s'uperior. Protocolo que está más 
arriba en el modelo de referencia OSI que el punto actual de referencia. Suele 
usarse paw referirse ;~1 sig~icíli~ ·p·rotocolo más alto en una cierta pila de protoc~los. 

llltraNet Red de mny alta velocidad ( 125 Mbps) desarrollada y distribuida por 
Ultra Nel\\ork Tcchnologics. 

·r¡•,,' ... 

unhalancetl conjiguration Configuración dcsbalanccada. Configuración HDLC con 
1111a cst;¡c¡ón prima·f¡;¡· y ~núlttplcs é.S1ac.:ioncs secundarias. 

unicast atltlre.u la red 

unipolar Unipolai. · Literalmente sigmfíca una sola polaridad. Es la caracteristica 
ckl:tnca fundamcnt;¡J de las scrlales internas en los equipos de comunicm.:ion~~s 
digif;¡lcs.: En contraste con btpolar 

unity gain Ganancia unitaria. En redes de banda amplia (broadband). es el balance 
entre pérdida y ganancia de señal a través de los amplificadores. 

UNMA l!mfled Network Manaxement ,Jrchitecture. Arquitectura unificada de 
n~:mcjo de redes. Arquitectura de maneJo de redes de AT&T. 

tlnnumheret/frame.< Marcos sin numeración. Marcos IIDLC usados para 
propósllos de nmntenimiento, i~1cluyendo el arranque y terminación de enlaces y la 
especificación de modos. · ··· 

liSENET lnic1ada en 1 '!79, es una de las redes cooperativas más antiguas y 

grandes. con m:ís de 10,000 <lllfitriones y un cuarto de rmllón de usuarios. Su 
princ1pal ;ervicio es nc\\S, un sen ic10 de conferencias distribuidas.UUCPUNIX-to-
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UNIX Copy., _.rarn Programa de copias de UNIX a UNIX. Protocolo empleado 
para comunicaciones entre sistemas UNIX que cco0pcran Tambi¿n se refiere a una 
red bosodo en Ul'IX, cercanamente asociada con USENET. 

\'.2~ lnterfa~. de capa ftsica comúnmente empleada en muchos paises. Muy similar 
a EIA-2J2D l RS- 2J2C 

n·dor \'cctor Segmenlo de datos de un mensaje SNA. Está compuesto por un 
c.1rnpo dc'longiTnd~. un:~ll.:nc que describe el tipo de \cctor, y los datos especificas 

··'del \ ector' · 

\' 1~ ES 1 'u 111111 Xrt\' '" ~ -~~·.stem· Sistem:~ de red.\ irtual NOS desarrollado} 
d1~tribuidv por H:w~ :m S~ slcms 

\·irtual circuit CHCIIliO 'irtu:~l. Circuito lógico form:~do para asegurar 
comuniclC!Ón confLlblc entre dos diSpositi\oS de IJ red. .l 

~·fftual rrJi,tt· Rllt.l, ntuJI Termmologia SNA para circuito \'irtual. Es una 
connión Jóg1c:t enTre dos nodos de sub<irea que se realiza fís1camentc corno una 

ruta e-,~!ic~~t.l pan1cular t. .~ 

\'TP ¡·,rrunl Trmunal/'rorocol Protocolo de terminal vinual. Aplicación ISO para 
cstJDkccr un:~ conC'\IÓn d:! terminal ,-inual en una red. 

\\':\~ Híd'c-.·trea ¡\'e(¡;·ork· Red dt! área amplia Red que ocupa Un ~re.1 gcogrifica 
amplia VC.ase tambien LAN l ~fAN. 

11 id11band BandJ amplia vea se broadband 
':'• 

11iring clo.set Cuarto d~ cone\iones Cuarto disecado cspedficamente para el 
cableado de redes de \OZ y datos. Sine como punto de unión para los cables y 
equipo qu~ se usan para i~terconectar disp~siti,·os. : 

1 
• " 

WISCI\ET Red TCPiiP en Wis:onsin, E E U U, que c'onecta 27 instalaciones de 
!.1 Uni\~rsid,ld d:: \\'¡sconsin, además.de\arias instituciones p:ribdas Los erilaccs 
sona56Kbps~TI . " · · . 

X.21 R·"omendacH}n CCITI que define un protocolo de comuntcaciones entre 
redes de ci reunas conmutados y d!sposiLivo~ de usuario 

•. 25 Recomendación CCITI que define el formato de los paquetes para , 
transferencias de datos en redes públicas de datos. Muchos establecimierltvs tienen 
redes X-25 que les dan acceso a terminales remotas. Esas redes se pueden usar 
para olros tipos de datos, inclu}endo los protocolos Internet, DECnet y XNS. 

X. lB Recomendación CCITI que defme la interfaz tenninai-PAD. 

X.29 Recomendación CCITI que dcfme la interfaz P;"o-D-computadora. 

X.J Recomendación CClTI que define varios parámetros PAD. 

X319.5 l'úmero asignado al grupo de trabajo del comité de acreditación de 
estándares para su documento interno de trabajo que describe la interfaz de datos 
distrilJuida por fibra. Véase FDDI · ' / 

. X.400 Recomendación CCM que define y especifica un estándar para transferencias 
· ·de correo ·electrónico. 

X.SOO Recomendación CCITI que define y especifica un estándar para el 
mantenimiento de archivos y directorios distribuidos. 

Xid Véase terniid. · 

XD~!CP Protocolo de control de X Display Manager: Protocolo usado 

XNS Xcror Network Systems: Sistemas de red Xerox. Grupo de protocolos 
origmalmente disciÍadÓs por Xerox PARC. Muchas compañías de redes de PC, 
como Ungermann-Bass, Novel!, Banyan y 3Com, usaban o actualmente usan 
,·ariantes de XNS como pila de protocolos primarios de transpone . . ·' .. ' 

X Remole Protocolo desarrollado específicamente para optimizar el manejo de X 
\Vindm,s en enlacCs de córriUni_cación serie. 

;: •. !! : ,. 

X Jlíndows Sistema gr:ifico y de 'eniarias distributdo, multitarea, independiente de 
los dtspositi,os, r transparente a la red, originalmente desarrollado por el MIT para 
comunicaciones entre terminales X y estaciones de trabajo UNIX. 

.. ; . ',)• ! •. ' : '1 

z~;,. En tíbple Talk, gf1!pO lógico de dispositi,os de red .. 

q: . 

38 


