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FACULTAD DE INGENIERIA U.N.A.M.

DIVISION DE EDUCACION CONTINUA

EI Centro de

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

CENTRO DE INFORMACION Y DOCUMENTACION

“ING. BRUNO MASCANZONI"

Informacién y Documentacién Ing. Bruno Mascanzoni tiene por

objetivo satisfacer las necesidades de actualizacién y proporcionar una

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

al tanto -del

estado actual del conocimiento sobre temas especificos,

enfatizando las investigaciones de vanguardia de los campos de la ingenleria,

tanto nacionales como extranjeras.

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

asi como del ptiblico en general los siguientes servicios:’

Préstamo interno.

Préstamo externo. ‘j .
Préstaﬁd interbibliott;c;ario.
Servicio de fotocopiado.

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

Los materiales a disposicion son:

*

*

Libros.

Tesis de posgrado.

Noticias técnicas.

Publicaciones periddicas.

Publicaciones de la Academia Mexicana de Ingenieria.

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

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

computacién y, mecanica y eléctrica.

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

oriente.

El horario de

sarvicio 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-2285

Teléfonos:

5128955  512-5121 521-7335 521-1987 Fax  510-0573  521-4020 AL 26
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FACULTAD DE INGENIERIA U.N.A.M.
DIVISION DE EDUCACION CONTINUA

A LOS ASISTENTES A LOS CURSOS

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

Division de Educacion Continua, otorgan una constancia de asistencia a

quienes cumplan con los requisitos establecidos para cada curso.

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

tengan un minimo de B0% de asistencias.
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W T %La 5

retendran por el peruodo de un rano, pasado este tiempo la DECFI no se hara

R ?@;‘*:,?.:1'4\! N
i il “’?Z‘ R
Se recomlenda al ‘los 5asmtente=£ pértuﬁ:l;araactwamente con sus ideas y
fact, :HCI'M*“‘?‘:\\W/ AN
experlenclas pues Ios cursos que ofrece la Divisién estin planeados para que

- Iy : i y ¥ q
los profasores expm?gan “una. tes:s pero sobre{itlca}dl: E:h%:&"u}étcoordmen las
1 [ N . by .{‘ M) .“-\"-—.__\ Ui 4
opmlones de todos lols mteresacllijs fconstltuyen?o verdaderggl@mmanos.
’ = o = 5 1 o F fS(
o - :l- . g d i (\ qr} W
— T

Es muy lmportante que to\t\lhoss Ios aTE“ﬁl‘lt?E’I!‘%rﬁu ,yl 'n l}i!f‘r#f[ﬂsu hoja

inscripcién al mlclo del curso ~mformacmn. que servir integrar un
Famd _-—-‘__.—-‘“

Earo

_--\/

. i -
directorio de as:stentes, que se entregara oportunamente.
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WMM
. Con el objeto de mejorar los servicios que la Division de Educacién Continua
ofrece, al final del curso "deberin entregar la evaluacion a través de un

cuestionario disefiado para emitir juicios anénimos.

Se recomienda llenar dicha evaluacion conforme los profesores impartan sus
clases, a efecto de no llenar en la dltima sesién las evaluaciones y con esto

sean mas fehacientes sus apreciaciones.

Atentamente
Division de Educacion Continua.

Teléfonos: 5128955  512-5121  521-7335  521-1987 Fax 510-0573  521-4020 AL 26

Palacio de Mineria Calle de Tacuba § Primet piso Deleg. Cuauhtémoc 06000 México, D.F. APDO, Postal M-2285
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FACULTAD DE INGENIERIA U.N.A._M.
DIVISION DE EDUCACION CONTINUA

DIPLOMADO DE REDES (LAN) DE MICROCOMPUTADORAS

MODULO IV

REDES DE ALTO DESEMPENO: ATM, FRAME RELAY,
SWITCHING, FAST ETHERNET Y FDDI-II

7 al 11 de septiembre de 1998

— DIRECTORIO DE PROFESORES

ING. SAUL MAGANA 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: 638 37 27 FAX: 659 86 34

Cauf zzlacunat Primer pisz Deteg Cuguntemiz 20337
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DIVISION DE EDUCACION CONTINUA
" FACULTAD DE INGENIERIA, UNAM
CURSOS ABIERTOS

CURSQ: CC068 Redes de Alto Desempeiio: ATM, FRAME RELAY, SWITCHING...

FECHA: 7 a] 11 de septiembre de 1998
EVALUACION DEL PERSONAL DOCENTE

(ESCALA DE EVALUACION: 1 A 10)

CONFERENCISTA DOMINIO JUSC DE AYUDAS |COMUNICACION PUNTUALIDAD
DEL TEMAIAUDIOVISUALES |CON EL ASISTENTE

ING. SAUL MAGANA CISNEROS

Promedio
EVALUACION DE LA ENSENANZA

SONCERTD l=zriF

ORGANIZACION » UESSRRFOLLS D= CURSC l

GRADO DE PROFUNDIDAD DEL CURSC

ACTUALIZACIZHN CEL CURSSD

APLICACION PRACTICL DL ZURSS Promedio

EVALUACION DEL CURSO

b ——

CALID=D DEL MATERIZ U DIDAZTIC S UTILIZAD S | Promeaio

Evaluacion toiat del curso Continta .2
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1. ¢Le agradé su estancia en la Division de Educacion Continua?

s [ LI —

Si indica que "NO" diga porqué:

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

Pericdico Excélsior

Periddico La Jornada

Folleto anual

Follete del curso

Gaceta UNAM

Rewvistas técnicas

Otro medio {Indique cual)

3. . Que cambios sugeriria al curse para mejorario?

4 (Recomendaria el curso a otra(s} peisona{s) ?

s [ wo

£ _Que cursos sugiere que imparta la Division de Educacion Continua?

& Otras sugerencias’




TR - "!?!r.“;‘."ﬁ"n-rm" e, Ri-"'i' "?‘?!'7!-‘-"‘.'_"""* Rimm.f i
T St T,
FACULTAD DE INGENIERIA U.N.A.M.
DIVISION DE EDUCACION CONTINUA

DIPLOMADO DE REDES (LAN) DE MICROCOMPUTADORAS

MODULO IV

REDES DE ALTO DESEMPERO;
.ATM, FRAME RELAY, SWITCHING, FAST ETHERNET Y FDDI-II

MATERIAL DIDACTICO

SEPTIEMBRE DE 1998

Paiacio de Mineria Calie de Tacuba 5 Primer prso Deleg. Cuauhtemoc 06000 México, D F APDO. Postal M-2265
Telefonos. 5128955 512-5121  51-7335  521-1987  Fax 5100573 521-4020 AL 26



REDES DE ALTO DESEMPENO; FAST ETHERNET,
FDDIH!, “SWITCHING™, ATM Y FRAME RELAY

MODULO I (Rad)
PRESENTACION

La constante evolucién en las tecnologlas de las Redes de
Cémpute y las Comunicaciones, ha permitido que el que
hacer del hombre en este campo, cada dia acorte el
tempo, mejore la seguridad en sus aplicaciones e
incremente su productmdad.

- A partir de que las computadoras tuvieron una
representacion seria a nivel de escrtono (PC's-1980), en
seguida se tuvo la necesidad de conectarlas para compartir
y explotar recursos naciendo asl las Redes locales (LAN's)
en su primera generacion (1980-82). Después
abundaren estas nuevas herramientas de la computacion e
informatica y per la necesidad de interconectar estas
LAN's en el siguiente paso surgeron las Redes de
segunda generacion (1986), apareciendo para ese fin los
puentes (Bndges), que con sus limitantes tecnolégicas de
entonces, dieron la oportunidad de eficientar y amptliar la
cobertura de las Redes, interconectandolas inclusive, con
topologias heterogéneas

Fueron necesarios aproximadamente cinco afos para gue
la evolucion de los puentes, bnndara la tecnologia
adecuada para que la interconexién de las Redes, contara
con la eficiencia de los ruteadores, mismos que resolvieron
et probiema del trafico multipunte, desarrollande asl las
Redes de tercera generacion (1980)

Esta marcada evelucidn en la tecnologia de las Redes a ido
acompafiada de un alto desarrcllo en los medios de
telecomunicaciones como hoy lo son ISON y B-SDN los
cuales nos ofrecen integracidn de muliples servicios (voz,
datos, imagen y sonido) gracias a sus amplios anchos de
banda Combinando ambas novaciones, surgen
fuertemente a partr de 1995 las Redes de Ao
Desemperto que defimn a las Redes de cuarta
generacion caracterzadas por una tecnologia de
conmutacién (Switching), los servicios de Cell Relay gue
derivan en la tecnologla ATM, la evolucién de protocolos
amptamente difundidos come X.28 haciz Frame Relay y
finaimente el desarrclio de las tecnologias tradicionales
Ethernet y FDDI, hacia Fast Ethernet y FDDI-t

Considerande que esta breve presentacidn no permite
abundar y detallar mas sobre este tema que es amplio y
enervante, se observa entonces que las Redes actuaies

con sus elementos de comunicacion, implican una serie de
tecnologias y arquriecturas modemas y avanzadas, que
generan la necesidad del conocimiento y dominio de las
mismas, y esto es imperante!. Se requiere por lo tanto, de
especialistas y . ejecutivos bien capacitados y bien
informados respectivamente, para un soporte técrico y
tema de decisiones adecuados en este profundo y
apasicnante campo de las Redes.

Conscientes de la necesidad de formar especialistas
altamente capacttados, que puedan responder al reto que
representan la Redes de Alto Desempeno, ofrecemos este
curso como un moédulo mas del Diplomado, y/o como una
cporfunidad de actualzacién, tratando de iograr los
siguientes -

OBJETIVOS

Intreducir a los participantes en las tecnologias de los
Servicios Integrados de Redes Digtales de Banda Ancha
(B-ISDN) y dar a conocer los estandares y protocolos de
las diferentes tecnologias y servicios avanzados de este
recurso.

Lograr en los participantes la capacidad de ponderar y
definir ios pnncipios basicos para seleccionar los sistemas
de banda ancha adecuados para las necesidades de cada
proyecto, y asi mismo, el habto del andlisis de los
productos que ofrece el mercado actual.

Tratar que con los antecedentes y conceptes basicos de la
tecnologla y servicios "SWITCHING™, CELL RELAY,
ATM y FRAME RELAY queden bwen instalados en los
participantes.

Lograr que con apeyo en una terminologia y diccionario de
Siglas, se domine la definicién de cada acrénimo, a efecto
de eliminar dudas.

Pugnar por lograr el apoyc necesanc donde se puedan
estudiar casos reales y sea factible mostrar |a integracién
de varios sistemas con base en las tecnologias
mencionadas.

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

Desempefic, ¥ a los Ejecutivos que necesiten bases
técnicas en su responsabilidad de toma de decisicnes.

REQUISITOS
Los participantes deben tener conocimientos en Redes

{LAN) de Cémputo (sin ser imitante) y de preferencia
también, conocimientos de Comunicaciones Digitales,

DURACION

La duracién dei presente médulo es de 20 hrs




REDES DE ALTO DESEMPENO; FAST ETHERNET, FDDI-HI, “SWITCHING”,
ATMY
FRAME RELAY

MODULO IV (Rad)

TEMARIO
E 1.-FAST ETHERNET O 4. ATM
-~ .
2 gttr:oduccmn “3 Introduccion
o emet 10BaseT J
v& Caracterislicas de 100BaseT YA Com_pqnentes
“% Estandares y Normalizacién “B Servicios
“% Tipos de cableado “& Estructura de la celda
% Caracteristicas de ios dispositivos Fast- “6 Modelo B-ISDN _
Ethernet - B leeles de adaptacién, convergencia y

“% Redes Conmutadas fisico .
“* Alternativas de implementacion “& Aplicaciones y casos de estudio
B 2.- FDDI, FDDI I o 5. FRAME RELAY
“2 Introduccién ﬁ g
“2 Antecedentes de FDD! = Iintroduccion
Y% Caracteristicas “3 Tecnologias antecesoras
“% Fibras opticas “§ Terminologia y funcionamiento
J% Backbones Y% Estructura de frame
“> Funcionamiento Y% Administracién de la congestion
*% Dispositivos “% Técnicas de reduccién de trafico
“= Normalizacién ﬁ lEnterfa;ces de administracion local
“% Antecedentes de FDDI I % Estandares
“% Caracteristicas “% Aplicaciones y casos de estudio
“~ Funcionamiento
“% Normalizacian g APLICACIONES

= 6.- NE
H 3.- SWITCHES

Y% Redes Virtuales
2 Introduccion Y% Redes Multimedia
“= Caracteristicas “¢ Video Conferencia
“* Tecnologia Store and Forward “Z Integracion total de Redes;
¥ Tecnoiogia Cut-Through LAN=MAN=WAN=GAN
% Switchs ATM
el

Switchs Ethernet
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Nuevas TecNologias
de redes de

compuTAdORAS
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DESARROLLO DE LA
TECNOLOGIA DE REDES

LAN'S Virtuales

LAN'S de Alto
Desempeiio

INTERNET

LAN'S Routers

LAN’S

Bridges

LAN'S

1980

1985

LAN'S
Switches

Notass
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Redes de alto
desempeno

* FDDI,  FDDI - 1 . REDES VIRTUALES

« FAST ETHERNET @

« TECNOLOGIA « REDES MULTIMEDIA
SWITCHING VIDEOCONFERENCIAS

« ATM

* FRAME RELAY
« B - ISND

REDES
LAN = MAN = WAN = GAN
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TECNOLOGIASEN SISTEMAS DE BANDA ANCHA
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COMUNICACION DIGITAL

o BANDA BASE

E BANDA ANCHA
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TECNOLOGIASEN SISTEMAS DEBANDA ANCHA

BANDA BASE

Caracteristicas:

E Un solo canal

E Bajo costo

E Se modula y demodula la seinal

& Utilizada por los estandares actuales
de REDES locales

T dadaadda e aaddddaddda g S e
Netass
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TECNOLOGIASEN SISTEMAS DE BANDA ANCHA
— —— e r————— e I

BANDA ANCHA

Caracteristicas:

&2 Varios Canales Paralelos .
E Multiplexaje por Frecuencia
—>=Un canal de Transmision
& =3-Un Canal de Recepcion

N N AN
\J U [\
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TECNOLOGIASEN SISTEMAS DE BANDA ANCHA

SERVICIOS CONMUTADOS bE ALTA VELOCIDAD

Alta Velocidad:
B ISDN ~ Integrated Service Digital Network

B-ISDN Broadband-Integrated Service Digital Network
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TECNOLOGIASEN SISTEMAS DE BANDA ANCHA

— e ——
— — T E——— — e ——

ISDN
Acceso a los servicios de telecomunicaciones sin ISDN

el edadadaddddgadadd g a e g
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- TECNOLOGIAS EN SISTEMAS DEBANDA ANCHA

ISDN
Acceso a los servicios de telecomunicaciones con ISDN
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- TECNOLOGIASEN SISTEMAS DE BANDA ANCHA

—_—

ISDN

Acceso Basico

o dddadaddd e e e el
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TECNOLOGIAS EN SISTEMAS DEBANDA ANCHA

ISDN

Acceso Primario
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

o

ISDN Velocidades

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

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

Asociado A
ISDN

ISDN

ISDN

BISDN
BISDN
BISDN

BISDN

Notass
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TECNOLOGIAS EN SISTEMAS DEBANDA ANCHA
= = —

INTRODUCCION

LAN'S de Alto
DESARROLLO DE LA Desempefio
TECNOLOGMW DE
| Wrenner |
LAN'S
Switches
(LS Bridges |
1980 1985 1990 1995 1996
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

Redes de alto desempeiio
FDDI, FDDI - i « REDES VIRTUALES
- FAST ETHERNET
» TECNOLOGIA SWITCHING @. REDES MULTIMEDIA
ATM VIDEOCONFERENCIAS
FRAME RELAY
« B-ISDN

REDES
LAN = MAN = WAN = GAN

T dd g dd g gl d a0y g ]
Notass
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

B-ISDN. Estandares

B En 1988 se establece la recomendacién 1.121 deil CCITT.

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

“B Aspectos generales de B-ISDN

“2 Servicios especificos de Red

“3 Caracteristicas fundamentales de ATM

“3 Aplicaciones ATM

Y8 Operacion y mantenimiento de los accesos a B-ISDN

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

ORGANIZACIONES INVOLUCRADAS EN LA ESTANDARIZACION DE -ISDN

A nivel mundial

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

En Estados Unidos

ANSI American National Standard institute
EIA Electronic Industries Association
BELLCORE Bell Communications Research

S o dd dadd dad g g ol dl el el dl
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

e

B-ISDN.- INTRODUCCION

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

Soporta servicios de conmutacion de circuitos y de conmutacion
de paquetes, aplicaciones “single media”, “mixed-media” y
“multimedia”. ‘

e e d g dd e dad g el ol el el el el
Notass
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

BISDN .- CARACTERISTICAS

Conexiones conmutadas por demanda en Banda Ancha
& Permanentes
2 Semipermanentes

Aplicaciones
£ Punto a punto

E Punto a multipunto
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

BISDN .- CARACTERISTICAS

Modos de Conmutacién

H Paquetes
& Circuitos

Naturaleza de Servicios

H “Connection - oriented”
= “Connectionless™

Configuraciones

= Unidireccionales
E Bidireccionales

NotassH
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

—

BISDN. Caracteristicas
Trafico

& Velocidad constante CBR
(Constant Bit Rate)

“B Sin negociacién de velocidad

&= Velocidad variable VBR
(Variable Bit Rate)

Y8 Con negociacion de velocidad
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

— ———§

B!SDN CARACTERISITCAS
& Conmutacién por demanda

E Conexiones permanentes y semimermanentes

“B Punto a Punto
‘3 Punto a multipunto

E Conmutacion de paquetes y conmutacion de circuitos

“B Single media

“B Mexed media

“B Multimedia

“§ “Conection less” y “Conectlon-onented"
% VBR y CBR
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

T e |

ISDN.- TERMINOLOGIA:

2 Grupos Funcionales.

2 Puntos de referencia.
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

ISDN.- TERMINOLOGIA:

Grupos Funcionales.

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

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

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

el daadaled da dadada dadd dd el ol el el ol
NOta S

oo ddddoddddaddaddd
Eleleieieieicieieicicieiel i el el el e

PRERERAPERFRREARRRRARERERREEEEEEEE
2-9




TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

|
T— - |

ISDN.- TERMINOLOGIA:

Grupos Funcionales.

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

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

ISDN.- TERMINOLOGIA:

Puntos de Referencia:
R: Interface funcional entre un grupo TE2 y un TA.
T: Interface entre el equipo NT2 y el NT1.

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

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

== —

ISDN.- TERMINOLOGIA:

t ISDN
I TEY NTZ r NT1 | wow
R 5 UNI
l-rez }—-}—] TA
-+ Reference point TA: Terminal Adaptor
TE: Terminal Equipment
NT : Network Termination

[ Fundonal group
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

—

ISDN.- EQUIPO

Canales de Acceso:

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

¥4 Canal D: 16 6 64Kbps para senalizacion, control o
informacion del cliente en paquetes (D=delta).

Y% Canal H: 384Kbps (HO0), 1,536Mbps (H11) 6 1,920 Mbps (H12)
para teleconferencias, datos en alta velocidad o audio de
alta calidad.
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

| r— e |

ISDN.- EQUIPO

UNI: User Network Interface

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

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

“b Para canales H se prevee que en el futuro se utlice una
interface de red tipo H+D.
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REDES DE ALTO DESEMPENO

1.- FAST ETHERNET
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Fast Ethernet

REQUERIMENTOS DE ALTA VELOCIDAD Y SOLUCIONES PROPUESTAS.

Dia con dia, cada vez mas usuarios de PC’s se agregan a las redes. Al final de 1994 solo el 40%
de las PC “s en el mundo estaban conectadas en redes. Al mismo tiempo, la tecnologia estaba
togrando avances significativos como el lanzamiento comercial de el INTEL PENTIUM vy
tecnologias como POWER PC, tecnologias de sistemas de almacenamiento en disco duro
avanzadas que decrementaban los costos, con el objeto de dar potencia a aplicaciones de redes
basadas en PC’s de propésito critico, aplicaciones que hasta recientemente han sido posibles solo
en un mainframe.

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

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

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

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

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




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

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

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

¢ Soporte de los principales vendedores en todas las areas de productos de red.
¢ Costo 6ptimo.

% Alto rendimiento.

Una de ias mejores razones para cambiar a fast ethemmet para grupos de trabajo, es la
disponibilidad de manejo de ambas demandas agregadas, de una red multiusuario y el excesivo
trafico ocasionado por el alto desempeiio de las PC’s y las sofisticadas aplicaciones empleadas.
Fast Ethernet es {a solucidn éptima para grupos de trabajo.

% Tecnologia basada en estandares.

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

El 100 base-T es una versién escajada del (M.A.C.), usado en ethernet convencional, s6lo que
mas rapido, es la misma tecnologia robusta, confiable y economica usada por 40 millones de -
usuarios hasta hoy, lo que es mas, la misma compatibilidad entre 10 base-T y 100 base-T- permite
la facii migracion a conexiones de alta velocidad sin cambiar el cableado, depurando técnicas de
administracion de red y mas. i

Adicionalmente, ambas tecnologias ofrecen ambienies comparidos con conexiones ethernet
compartidas 0 conmutadas permitiendo 10 0 100 mbps a todas las estaciones conectadas al hub,
esto es idea! para grupos de trabajo de tamano mediano con incrementos de demanda de ancho
de banda ocasionales, ethemet comparlido delibera el ancho de banda a un costo muy bajo.

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

% Costo efectivo de migracion.

Como el protocolo natural de 10 base-T, virtualmente no cambia en fast ethemet, éste puede ser
introducido facilimente en ambientes de ethemet estandar. |a migracion es simple y economica en
muchos aspectos importantes.




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

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

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

Scftware de administracion. Las redes fast ethemet pueden ser administradas con un protocolo
simple como smnp.

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

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

% Soporte de los principales fabricantes.

Fast ethemet es soportado por mas de 60 fabricantes imporntantes, incluyendo empresas lider en
adaptadores, conmutadores, estaciones de trabajo y empresas de semiconductores come 3Com,
SMC, Intel, Sun Microsystems y Synoptics que empezaron a comercializar productos
interoperables a fines de 1994.

Estas empresas son miembros de |a Fast Ethemet Alliance (FEA), un consorcio cuyo objetivo es
acelerar la tecnologia fast ethemet a través de la Norma B02.3 del IEEE. Ademas la FEA .
establecié procedimientos de prueba y estandares para asegurar la interoperabilidad para los
fabricantes de productos 100 Base-T. .

&, valor 6ptimo.

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

Al principio, los precios de fast ethemet superaban 10 veces el desempeiioc por menos de la mitad

del costo por conexidén. Ahora los precios estan casi a la par de la tecnologna de 10 Base-T y aun
tienen las ventajas sobre otras tecnologias no ethemet,

% La tecnologia tras fast ethernet.
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Fast ethernet es una extension del estandar existente 802.3 del IEEE, la nueva tecnologia usa el
mismo control (Media Access Control), de 802.3 conectado a través de otro control {Media
Independient Interface), a otros tres controles de nivet! fisico, la especificacion de M.LL., es similar
a la AUl de 10 mbps y proporciona una sola interface que puede soportar transceivers extemos
con alguna de las especificaciones 100 Base-T.

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

En el disefio del MAC para 100 base-T, el IEEE reduce el tiempo de transmision de cada bit, del
MAC de 10 mbps de csmafcd multiplicado por un factor de 10 proporcionando turbo vetocidad al
paquete. Desde que el MAC estd especificado de manera independiente de la velocidad, la
funcionalidad en el formato del paquete no cambia, la longitud, el control de errores y la
informacion de manejo son idénticos a 10 Base-T.

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

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

0 100 Base T4: Cable UTP de 4 pares trenzados para voz y datos categoria 3,
465,

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

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

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

100 Base Tx esta basado en la especificacion PMD (Physical Media Dependent), desarrollada por
el ansi x319.5, éste combina el MAC escalado con los mismos chips del transceiver y el PHY
desarroilados para FDDI y CDDI. Como estos chips estan disponibles y el estandar de sefializacion
estd completo, 100 Base-T ofrece una solucién de tecnologia aprobada y basada en estandares y
soporta ambientes de cableado 10 Base-T.

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

100 Base T4 es una tecnologia de sefial desarrollada por 3Com y otros miembros de Fast Ethemet
Alliance para manejar |las necesidades de cableado UTP 3 instalado en la mayoria de las antiglias
redes basadas en 10 Base-T, esta tecnologia permnite a 100 Base-T correr sobre cableados UTP 3,
4 0 5 permiliendo a las redes con cableado UTP & moverse a la tecnologia de 100 Base-T sin
tener que recablear.




100 Base FX es una especificacion para fibra, ideal para grandes distancias o BackBones o
ambientes sujetos a interferencia eléctrica.

& Auto-Negociacion 10 / 100 MBPS

Para facilitar la migracion de 10 a 100 MBPS el estindar 100 Base-T, inciuye un sensor
automatico de velocidad, esta funcion opcional permmite transmitir a 10 o 100 MBPS con
comunicacion automatica disponible en ambos caso0s.

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

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

El cambio ocurre automaticamente sin intervencién manual o de software, (una RED o un

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

U REGLAS DE TOPOLOGIA.

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

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

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

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

¢ En UTP se permiten maxime 2 concentradores y una distancia total de 205
mis.

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

¢ Conexiones MAC to MAC, Switch 1o Switch, o End Station to Switch, se usan
segmentos de hasta 450 mts., de fibra 6ptica bajo 100 Base FX.

FE-6



¢ Para distancias muy largas una versién completamente duplex de100 Base
FX puede ser usada para conectar dos dispositivos a més de 2 KM de
distancia. '

Al principio, estas reglas topolégicas pudieron parecer restrictivas , pero ahora en las redes con
backbone, que usan fibra dptica , concentradores y/o ruteadores 0 puentes, Fast Ethemet puede
ser facilmente implementado en redes de gran escala 0 corporativas.

% ETAPAS DE MIGRACION.

La migracidn hacia fast ethemet esta determinada en etapas, pemitiendo al Administrador de la
RED emigrar fast ethernet cuando y donde lo necesite.

Aqui tenemos una secuencia tipica.

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

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

¢ Instale concentradores 100 Base-T conforme el nimero de PC’s se

incremente, o conforme el trafico de la RED empiece a crecer, comience la

migracion con hubs de velocidad dual, use un puente 10/ 100 MBPS para
nodos que trabajen adn con 10 Base-T.

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

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

Fiber Distributed Data Interface

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

Anille ~rincipal = Conexion Punto a Punto entre
nodos para transmisioén de datos 1
Anillo 3ecundario = Transmisién de datos/respaldo
del anillo principal en caso de
falla
FDDI proveé comunicaciones par conmutacion de
paquetes y transmisién de datos en tiempo real.
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# FDDI emplea una codificacién 4B, tasa de transmisién a
100 Mb#-125 Mhz 802 de eficiencia en el ancho de banda

* ETHERNET Y TOKEN-RING emplea una codificacion
Manchester

# Tasa de transmisién- ETHERNET: 10Mb#s-20 Mhz
-TOKEN-RING 16Mbis-32 Mhz

902 DE EFICIENCIA EN EL ANCHO DE BANDA
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FDDI

=

FDDI: VS TOKEN - RING 16 MB/S

* Reloj distribuido recuperacién {
de errores

* Doble anillo

* Rotacion del : {
" TOKEN"

* Uso de Fibra Optica

{ Anillo Sencillo

{ Uso de Par Trenzado/Fibra Optica

Monitor Activo

Sistema de reservacion
por prioridad
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FDDI

TOKEN-PASSING ofrece una transmision de datos mas eficiente.

ya que conforme aumenta el trafico se requiere un mayor ancho

de banda. TRT 85 2.

CSMAJCD Resulta mas eficiente cuando se utiliza un menor

ancho de banda.
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FDDI

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

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

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

B) Fibra tipo multimodo. Fibras con nucleo 50-62 .5
Micras y Medianas distancias {10-20 Km.) 2 1300
nanometros.
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FDDI

CONSIDERACIONES
Manejo T o o L

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

@0]@!—180 Mile§

El control es critico para las Redes de gran tamafio y
capacidad.
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FDDI: BACKBONES TOPOLOGIAS
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FDDI 5
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ESTACIONES

Tipo Clase A: Se conecta directamente al anilio doble

Tipo Clase B: Se conectan al concentrador  puertos mdltiples
en Red estrella o Estaciones »n posibilidad de
conexién sencilla. Los concentradores pueden ser
conectados en cascada. -
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HFIBRAS OPTICAS

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

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

En 1860 Alejandro Graham Bell demostr6 |a transmisién de voz usando espejos.

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

Todos estos métodos dependian del medio ambiente y solo cubrian distancias pequeiias y para
aplicaciones visuales en linea directa, en 1960 con la invencidn del laser, el interés por la
comunicacion iuminosa tomo fuerza, aunque, contando con el 1aser, los métodos de comunicacion
por luz al aire libre seguian dependiendo del ambiente y limitados en alcance.

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

Con el desarrollo del diodo 1aser, def diodo LED, y mas tarde la introduccion de alta pureza, llego
la era de la comunicacién por fibra: transmisidn a largas distancias sin la necesidad de reamplificar
la sefal.

La historia del desarrollo de ta tecnologia de fibra optica se centra en aplicaciones de
comunicacidn y desamrollo e investigacion gubemamental, los avances mas significativos se
lograron recientemente en la década de los 70°s y los 80°s, aunque la teoria general de la
propagacion de la luz se desarrolld a lo largo de muchos afios de investigaciones intentos y
fracasos.

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




caracteristicas opticas, éste evita que !a seflal que viaja a través de !a fibra 6ptica se refracte
fuera de la misma ocasionando pérdidas en la sefial.

El uso de fibra dptica para transmitir sefiales de comunicaci6n tiene muchas ventajas importantes
sobre los medios de comunicacion convencionales:

<

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

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

¢ Soporta ambientes hostiles, contaminacién, salinidad, hurmedad o radiacién.
Es inmune.

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

¢ Las velocidades de transmision son muy altas.

Recientes desarrollos han permitido fibras dpticas con 0.2 dB de atenuacién por kildmetro, ademas
de ios desarrollos de equipos para trabajar con fibra 6ptica con capacidad de operacion de hasta 1
Ghz y mas de 3000 canales de comunicacion individuales.

Las fibras opticas se clasifican en dos tipos: unimodo y multimodo.
Llamadas asi por el nimero de modos de propagacién de la longitud de onda de operacion

Q:» Fibra multimodo

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

QD Fibra unimodo

La fibra unimodo es fabricada con los mismos materiales y bajo los mismos procesos que las
fibras multimodo, la diferencia es el lamaifio del centro de la fibra que es mas pequeno y la
cantidad de impurézas que es diferente a la fibra mullimodo, hace la diferencia de caracteristicas
de operacion.




Las siguientes tablas ofrecen un panorama general de caracteristicas

% Dimensiones

Fibra éptica Tipo didmetro del nacleo diametro del revestimiento longitud de onda
{micras) {micras) {Nanometros)

unimodo 8.10 125 1300,1500

multimodo 50 125 850,1300

% cuadro comparativo de atenuacion.

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

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

(Rango dindmico tipico 35 dB)

COAXIAL 570
Fibra 6ptica Muitimodo a 850 Nm 10, 000
Fibra éptica Multimodo a 1300 Nm 20, 000
Fibra dptica Unimodo a 1300 Nm 60, 000
Fibra 6ptica Unimodo a 1550 Nm 120. 000

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

TUBO DE FIBRA OPTICA DE USO INDUSTRIAL

%, CONECTORES DE FIBRA COPTICA.

Son dispositivos de unién, que reahbzan la funcidn de acoplamiento entre dos fibras opticas o en tos
extremos de éstas, permittendo un facil manejo, instalacién y mantenimiento de la fibra optica.




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

Pérdida por insercion.

Facilidad para su ensamble y montaje.

Estabilidad al ambiente.

Confiabilidad.

Insercién de perturbaciones al sistema.

(- e e - - o]

Costo.

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

2 FDDI

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

Los costos de conexion con fibra Optica son tipicamente altos, pero podemos esperar que estos
precios bajen significativamente en los proximos aios.

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

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

El comité 8026 de la {EEE ha adoptado estandares para redes de area metropolitana, y el
American National Standars Institute ha desarrollado los estandares FDDI y FDDI-11 .

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

' Fiber Distributed Data Interface




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

Como Token Ring, FDDI usa una topologia con forma de anillo y un Token eléctrico para pasar el
control de la red de una estaci6n a otra, mas no es compatible con Token Ring.

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

Hasta ahora, FDDI se ha usado para interconectar PC's de alta velocidad o estaciones de trabajo
con redes, o bien como backbone para interconectar estaciones mas lentas, de igual manera que
una carretera une los diferentes pueblos. Conectarse a FDDI es caro, dado el alto costo de los
componentes opiicos, asi como el costo del transreceptor y l0s integrados necesarios para FDDI.
Debido a sus caracteristicas de ancho de banda, la fibra optica se usa pnncipalmente para
backbones {que es un segmento que une varias redes locales) .

Existe también FDDI-Il que es una segunda versidn de FDDI que nos permite transmitir voz y
video ademas de datos. De manera distinta a FDDI que tiene un reloj cormiendo de manera
independiente, FDDI-II tendra un marco de 125 microsegundos, permitiendo ser sincronizado con
la red de comunicaciones.
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FAQ'S sobre FDDI y FDDI-II

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

Q. What is the difference between FDDI and FDDI-II?
Both FDDI and FDDI-II runs at 100 M bits/sec on the fiber.
FDDI can transport both async and sync types of frames.
FDDI-1I has a new mode of operation called Hybrid Mode.
Hybrid mode uses a 125usec ¢ycle structure to transport
isochronus traffic, in addition te sync/async frames.
FDDI and FDDI-II stations can be operated in the same ring
only in Basic mode.

Q. What is the name of the standards and where can I get them?
ANSI X3T9.5 standards
American National Standards Institute
1430 Broadway, New York, NY 10018, USA
Attention: Sales Dept.
- IEEE Standards
IEEE Service Center
4435 Hoes Lane, Piscataway, NJ 08855, USA
- X3T9.5 Documents
Global Engineering Documents
(USA) 1-800-854-7179

Q. What are other good sources of printed information?
- FDD! Technology and Applications: Edited Mirchandani and Khanna
- Handbook of Computer Communications Standards Vol 2: By Stallings
- Call up DEC to ask for the free FDDI rutorial book
- Dig up 1986-1992 1ssue of IEE Local Computer Network Conference

Q. I've heard that FDDI uses a token passing scheme for access arbitration,
how does this work?
A token 1s a normal FDDI frame with a fixed format.
The starton waus untit a token comes by, grabs the token,
transruts the the frames and release the token. The amount
of frames that can be transmutted 1s determined by umers in
the MAC protocol chips,

[You reallv need a diagram for the station and/or topology.]
Q. I've heard that FDDI is a counter-rotating ring, what does this mean?
FDDI 15 a dual ring technology. And each ring is running in

the opposite direction to improve fault recovery.

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




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

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

and the B-pott is going to connect to the A-Port the yet another DAS.
ie:

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

Q. What is a wrapped ring? r
When a link in the dual-ring is broken or not connected, the two

adj ports connecting to the borken hnk will be disconnected and
the both stations enter the wrap state.

Wrap Wrap

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

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

Q. If I use a concentrator, what are the advantages/disadvantages?
Advantages: Fault tolerance. When a link breaks, the ring
can be segmented. A concentrator can just bypass the problem
port and avoid most segmentations. It also gives you better
physical planning. Usuallv people prefer tree physical
topelogy. Generally star configuration of a concentrator system
15 easier to troubleshoot




Disadvatages: A concentrator represents a single point of failure.
There may also be more costly.

you can build a tree as deep as you want. We have
a Q. Can I cascade concentrators? Are there limitations as to how many?
Yes. And dual-rings of concentrator here connecting machine rooms and
wiring rooms. And from the there we connect to other concentrators
to different offices. Then we have a concentrator in the lab to
different machines. There is 2 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 (3600-$1200) device that is used to skip a station
on the ring if 1t is turned off. Therefore, you don't need to
use concentrator to avoid the segmentation problems. One problem with
them is that they increase the db loss of the fiber, so you can't
have 100 many of them (3 activated in a row maximum, I believe).

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

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

Q. I've hear of FDDI over Copper, what tvpe of cable does this scheme use?
Tvpe | STP - distance between connections must be less than 100 m
Caregory 5 UTP - distance between connections must be less than 100 m

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

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

Q. I have ethernet, can I bridge/route between the 2 topologies?
Yes. But from what we are hearing some protocols are having problems.
Only TCP/IP 15 handling frame fragmentation correctly. (See below).
It should also be noted that frame fragmentation will not work for
DECNET, IPX., LAT, Appletaik, NETBEUI etc.
IP 15 the only protocol that has a standard method of fragmenting.
Other protocols destined for Ethernet Lans must stay below the
1500 MTU.




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

Q. What does an FDDI frame look like?

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

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

FC Frame Control (nn)
(Tell you if it 15 a token, MAC frame, LLC frame,
SMT frame, frame priority, sync or async)

DA Destination Address (nn)

" (6 bytes of MAC Address in MSb first format)

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

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

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

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

Q. So FDDI is 1060 Megbits per second, what is the practical maximum bps?
Depends. You can get aggregate usage up to 95Mbit/s with no
problem. But 75Mbps is pretty good. Actually, this question depends
so much on how you construct your test, what equipment you use,
etc, that the best idea s to let the user decide.

Q. What happens when I bridge between a 1060 Mbps FDDI and a 10Mbps
ethernet if the FDDI traffic destined for the ethernet gets above
8 Mbps? 10 Mbps?
After the buffer fiils Frames start dropping. This is not a
problemn unique to FDDI however. Consider ethernet to T1, or
muttiple ethernets to a single ethernet,

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




Q. Are there FDDI repeaters?
Yes. But it is not a standard yet. A group in the ANSI committee
is looking into making FDDI repeater a standard. Other companies
like ODS has something like simgle mode to multimode converter.

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

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

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

Q. What is a beaconing ring? Does FDDI beacon?
Beacon is a special frame that FDDI MAC sends when something is
very wrong. When Beaconing for a while, SMT will kick in trying
1o detect and solve the problem.

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

Q. Can I interface FDDI to a PC (ISA Bus). PC (EISA Bus), PC (Micro channe!
Bus), Macintosh, Sun workstation, DECstation 5000, NEXT computer, Silicon
Graphics. Cisco router, WellFleet router, SNA gateway (McData), other?

Yes. | am not sure if NeXT has any FDDI adaptor software. but
there are ~5 different NuBus FDDI cards 1n the market. But FDDI
adaptors are available for all other buses or vendors.

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

MaxTime = ~(#of stations * T neg)

{T_neg ist the negotiated target token rotation time)

Usually this won't happened. It s only a very very heavily loaded
ring but the station be waiting for that long, If this 1s the

case, then change the T_request of the statuion to some lower value
teg 8 msec).




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

Q. What are the applications that would use FDDI's bandwidth?
Basically anything will be at least a bit faster. From NFS to
images transmission. Even if a single station cannot take advantage
of the 100M bit/sec, the aggregae bandwidth will help a lot if
your Ethernet is saturated. However, note that though FDDI has higher
bandwidth than ethernet, the signals travel at the same speed.
The propogation of a signal on the transmission line is the same for
ethernet, token ring, and FDDI.

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

Depends. Let's do SAS first, it is easier. If a SAS is connected to a
concentrator, then the concentrator will bypass the SAS connection using an
internal data path. If the DAS is connected to a concentractor, then the
concentrator will also bypass the DAS. If the DAS is connected to the trunk
rings without using an optical bypass swiich, then the trunk ring will wrap.
If multiple stations power off on the trunk rings, then the rign will be

badly segmented. Now if the DAS is using an optical bypass switch, the
switch will kick 1n and prevent the ring from wrapping.

Q. What are the ‘effects of disconnecting the fiber on a DAS or SAS
connection?
SAS connecting 10 concentraior:
Same as above.
DAS dual-home 1o a concentrator:
If A-port fiber breaks, no effect on B port since A port is
a backup port. (And SMT will NOT send out alert msg.)
If B-port fiber breaks, A-port will kick in, complete PCM and
be used as the primary connection.
DAS on trunk rings, with no optical bypass:
If one fiber breaks, then the ring will wrap.
If both fibers break, ring will wrap, station won’t be communicate.
DAS on trunk rings using optical bypass.
If one fiber between bypass and the next station breaks, then
the ring will wrap.
If both fibers between bypass and the next station break, ring
will wrap. stauon won't be able to communicate.
If one fiber between bypass and the host station breaks, then
the ring will wrap.
If two fiber between bypass and the host station breaks, then
the ring will wrap.




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

Q. What is Graceful Insertion? Should I demand it from my vendors?
Graceful Insettion is a method to insert a station (or a tree)
In a concentrator without fosing any data frames (and not
going into Ring Non_Op mode). The theory goes as Graceful
Insertion can minimize ring non_op and losing frame, therefore
it saves you transmission trmeout of lost frame in upper layer
protocol (eg TCP) and retransnussion effort. The following is
the counter argument: Graceful Insertion can hold up the ring
for more time that the FDDI ring non-op recovery time. And
Upper layer protocol is designed to perform frame recovery and
retransmission anyway. And no vendor can gaurantee 100%
Graceful Insertion anyway. Should I get Graceful Insertion in
my concentrators? If it is free, take it. You are going to
get ring_op no matter what (eg insertion in the trunk ring and
station: power down).

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

Q. Can you name a few FDDI Concentrator vendors?
IBM, Optical Data System, SynOptics, Cabletron, DEC,
Chipcom, NPI, Syvnernetics, 3Com, Interphase,
Ungermann-Bass, Timeplex, Crescendo/Cisco, Sumitomo efc ...
{vendors feel free 1o email me to be included here)

Q. Can I run FDI on electrical cable?
DEC is alreadv sell a FDDI link that runs on coax
ANSI is currently finishing up the TP-FDDI Standard for
running FDDI on twisted-pair media (Category 5 Cable).
ANSI 15 also working on a standard (long termm TP working group)
to run FDDI on telephone cable, [Please comment. ]
IBM and a group of vendors (SynOptics. Nauonal Semiconductor ...)
promote SDDI that runs FDDI on Shielded Twisted-Pair cable.
{this 1s incomplete), there 1s much work being done on FDDI over
various types of elecirical cable, most notably twisted pair.

Q. What does SMT stand for? What does it do? Do I need it?
Station ManagemenT (SMT). It 1s part of the ANSI FDDI Standards
that provides link-level management for FDDI. SMT 1s a low-level
protocotl that addresses the management of FDDI functions provided
by the MAC, PHY. and PMD. It performs functions like ring recovery,
frame ievel management. link control, etc. Every stations on
FDDI need to have SMT. The latest version of the SMT standard 1s
version 7.3, but most vendors ship products with SMT version 6.2.




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

Q. Who is working on Synchronous frame type utilitization?
Alpha, IBM, and many more companies. Try 1o contact
scoop4@aol.com and warren@lgevm?2.vnet.ibm.com. They
are working with a group of companies to define the
usage of SYNC frame in FDDI-I rings.

Q. Can I connect two Single attach stations together and form
a two stations ring without a concentrator?
yes. You can do that if both stations support the S-S
port connection. Most vendors support the 5-5 connections.

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

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

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

= > '+' 15 the preferred connection
== > '-" connection has possible problems. and a vendor can
choose to disable that connection mn the default configuration
= > 'X'ndicates a lega! connection and will be rejected
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ATM and Cell Relay Service
1.1 Introduction
1.1.1 Background

Asynchronous transfer mode (ATM), as the term is used m current parlance,
refers to a high-bandwidth, low-delay switching and multiplexing technology
that is now becoming available for both public and private networks. ATM
principles and ATM-based platforms form the foundation for the delivery of a
variety of high-speed digital communication services aimed at corporate users
of high-speed data, LANs interconnection, imaging, and multimedia
applications. Residential applications, such as wvideo distribution,
videotelephony, and other information-based services, are also planned. ATM
is the technology of choice for evolving broadband integrated services digital
network (B-ISDN) public networks, for next-generation LANSs, and for high-
speed seamless interconnection of LANs and WANs. ATM supports
transmission speeds of 155 Mbits/s and 622 Mbits/s, and will be able to
support speeds as high as 10 Gbits/s in the future. Networks operating at
these speeds have been called gigabit networks. As an option, ATM will
operate at the DS3 (45 Mbits/s) rate; some proponents are also looking at
operating at the DS1 (1.544 Mbits/s) rate. While ATM in the strict sense 1s
simply a Data Link Layer protocol, ATM and its many supporting standards,
specifications, and agreements constitute a platform supporting the integrated
deliverv of a variety of switched high-speed digital services.

Cell relay service (CRS) is one of the key new services enabled bv ATM.
. CRS can be utilized for enterprise networks that use completely private
communication facilities, use completelv public communication facilities, or
use a hybrid arrangement. It can support a variety of evolving corporate
applications, such as desk-to-desk videoconferencing of remote parties,
access to remote multimedia video servers (for example, for network-based
client/server video systems), multimedia conferencing, multimedia massaging,
distance leaming, business imaging (including CAD/CAM), animation, and
cooperative work (for example, joint document editing). CRS is one of three
" fastpacket” technologies, that have entered the scene in the 1990s [the other
two are frame relay service and Switched Multimegabit Data Service
(SMDS)]. A generic ATM platform supports all of these fastpacket services
(namely, 1t 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 expenienced an acceleration in the late 1980s and
early 1990s. With the ITU-TS (International Telecommunications Union
Telecommunication Standardization) standards and the ATM Forum
implementers’ agreements, both of which were finalized in 1993, the
technology i1s ready for introduction in the corporate environment. In
particular, a user-network interface (UNI) specification that supports
switched cell relay service as well as the cmtical point-to-multipoint
connectivity, important for new applications, has been finalized (multiservice
UNIs are also contemplated). In 1993, the ATM Forum also published a
broadband intercarmer interface (B-ICI) specification; this specification 1s
equally critical for wide-area network (WAN) inter-LATA service. At press
time, a variety of vendors were readying end-user products for 1994 market
mntroduction; some prototype products have been on the market since the
early 1990s. A number of camers either already provide services or are
poised to do so in the immediate future. -

A kev aspect of B-ISDN in general and ATM in particular is the support of
a wide range of data, video, and voice applications in the same public
network. An important element of service integration is the provision of a
range of services using a limited number of connection tvpes and
multipurpose user-network interfaces. ATM supports both nonswitched
permanent wvirtual connections (PVCs) and switched wirtual -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. ATM supports
services requiring both circuit-mode and packet-mode information transfer
capabilities. ATM can be used to support both connection-oriented (e.g.,
frame relay service) and connectionless services (e.g., SMDS).

1.1.2 Course of lnvestigatioﬁ:
applying ATM to enterprise networks

This book 1s aimed at corporate practitioners who may be interested in
determining how thev can deploy ATM and cell relay technology in their
networks at an early time and reap the benefits. The purpose of this first
chapter 1s to provide an overview of kev ATM/cell relay service concepts.
These concepts will be revisited in more depth in the chapters that follow.
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The book has four major segments: (1) platform technology applicable to all
B-ISDN services, (2) cell relay service, (3) interworking and support of basic
multimedia, and (4) use ofATM in corporate enterprise networks. Table 1.1
provides a roadmap of this investigation.

The text is not a research monograph on open technical issues related to
ATM, such as traffic deseriptors, ingress/egress traffic policing, object-
oriented signaling, etc. A literature search undertaken in the spring of 1993
showed that about 5000 papers and trade articles have been written on ATM
in the previous nine years, including Refs. 7 through 15. The purpose of this
book, therefore, is to stick to the facts and avoid unnecessary hype. There are
a few books already available, but these tend to focus on protocol issues.
This text aims at a balance between standards, platforms, interworking, and,
most important, deployment 1ssues.

In summary, a network supporting cell relay service accepts user data umts
(called cells) formatted according to a certain layout and sends these data
units in a connection-oriented manner (i.¢., via a fixed established path), with
sequentiality of delivery, to a remote recipient (or recipients). Every so often
a cell may be dropped by the network to deal with network congestion;
however, this is a very rare event. The user needs a signaling mechanism in
order to tell the network what he or she needs. The signaling mechanism
consists of a Data Link Laver capability (where the Data Link Laver has been
partitioned into four sublayers) and an application-level call-control laver.
ATM switches and other network elements supporting cell relay service can
also support other fastpacket services. If the user wishes to use ATM to
achieve a circuit-emulated service, certamn adaptation protocols n the user
equipment will be required. Other adaptation protocols in the user equiprﬁgnf
are also needed to obtain fastpacket services over an ATM platform';-.""g?{TM
supports certain operations and maintenance procedures that enable both the-
user and the provider to monitor the “health™ of the network. Figure 1.1 1s a
phyvsical view of an ATM network.

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

1.1.3 Early corporate applications of ATM

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



TABLE 1.1 Areas of Investigation In This Text

1. ATM and cell relay service: an overview

2. ATM platform aspects and ATM proper

3. ATM Adaptation Layer

4  Signaling

5. Cell relay service-a formal definition

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

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

10. Network management

11. Typical user equipment and public carmer service avatlability

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

1.2 Basic ATM Concepts

1.2.1 ATM protocol model: an overview

ATM’s functionality corresponds to the Physical Layer and part of the Data
Link Laver of the Open Systems Interconnection Reference Model (OSIRM).
This protocol functionality must be implemented in appropriate user
equipment (for example, routers, hubs, and multiplexers) and in appropnate
network elements (for example, switches and service multiplexers). A cell 1s
a block of information of short fixed length (53 octets) that i1s composed of an
“overhead” section and a payload section (5 of the 53 octets are for
overhead and 48 are for user information), as shown in Fig. 1.2, Effectively,
the cell corresponds to the Data Link Laver frame that is taken as the atomic
building block of the cell relay service. The term cell relay 1s used because
ATM transports user cells reliably and expeditiously across the network to
their destination. ATM 1s a transfer mode in which the information is
organized into cells; it 1s asynchronous in the sense that the recurrence of
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czils containing information from an individual user is not necessarily
periodic.

PUBLIC
Private Private Public ATM NN! Public Private
ATM UNI ATM NNI ATM UNI (B-1SSI) ATM UNI ATM UNI
l | | |
DI BT
. . LEC LEC '
Pn?}ate Pn\.fate BSS BSS Private
switch switch switch
B-ICI {4
L 7 Pre -
ATM
BTA —{—
L/ 7
! IC BSS

Figure 1.1 A physical view of an ATM/CRS private/public network. BSS = broadband
switching system (B-ISDN switch); BTA = broadband terminal adapter. B-ISS1 =
broadband interswitching system interface, BICI = broadband intercarrier interface. LEC
= local exchange carrier; IC = interexchange carrier.

le ATM header e ATM payload
N rr _*’I .
C Octet 1 . QOctet 48
grclvie (vip [ver | var o [Pl | HEC rninrmatiun Information
[llllllllllllll_llllll_lllp L1 d 1 11 Lt 31l N S O |
87654321

Segmented  higher - layer
information, headers
and lrailers

The ATM architecture utilizes a logical protocol model to describe the
functionality it supports. The ATM logical model 1s composed of a User
Plane, a Control Plane, and a Management Plane. The User Planc with its
layered structure, supports user information transfer. Above the Physical
Laver, the ATM Laver provides information transfer for all applications the
user may contemplate; the ATM Adaptation Layer (AAL), along with
associated services and protocols, provides service-dependent functions to
the layer above the AAL.

Figure 1.2 ATM cell layout



TABLE 1.2 Glossary of Key ATM Terms

AAL

AAL connection

Asynchronous time-diviston

multiplexing

Asynchronous transfer mode

ATM Layer connection

ATM Layer link

ATM link

ATM peer-to-peer
connection

ATM traffic descniptor

ATM user-user connection

Broadband

Call

Cell
Cell delav vaniation

A layer that adapts higher-layer user protocols (e.g., TC/IP,
APPN) to the ATM protocol (layer).
An association established by the AAL between two or
more next higher layer entities.
A multiplexing technique in which a transmission capability
is organized in a priori unassigned time slots. The time siots
are assigned to cells upon request of each application's
instantaneous real need.
A transfer mode in which the information 1s organized into
cells. It 1s asynchronous in the sense that the recur rence of
cells containing information from an individual user is not
necessanly periodic.
An association established by the ATM Layer to support
communication between two or more ATM service users
(i.e, between two or more next higher laver entities or
between two or more ATM management entities). The
communication over an ATM Layer connection mav be
either it is bidirectional or umidirectional. When it 1s
bidirectional, two VCCs are used When it is unidirectional,
only one VCC is used.
A section of an ATM Laver connection between two
adjacent active ATM Layer entities {ATM entities)
A virtual path link (VPL) or a virtual channel fink (VCL).
A wvirtual channel connection (VCC) or a- virtual path
connection (VPC)
A generic list of traffic parameters that can be used to
capture the intrinsic traffic characteristics of a requested
ATM connection. _
An association established by the ATM Layer to.shbfjon .
communication between two or more ATM service' users
[i.e . between two or more next-higher-laver entities of’
between two or more ATM management (ATMM)
entittes] The communication over an ATM Laver
connection may be either bidirectional or unidirectional
When it is bidirectional, two VCCs are used When 1t is
unidirec tional, only one VCC is used.
A service or system requiring transmission channels capable
of supporting rates greater than the Integrated Service
Digital Network (ISDN) primary rate
An assocliation between two or more users or between a
user and a network entity that is established by the use of
network capabilities. This association may have zero or
more connections
ATM Layver protocol data unit
A quantfication of variability in cell delay for an ATM
[.ayer connection



TABLE 1.2 Glossary of Key ATM Terms (continued)

Cell header
Cell loss ratio

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

Laver connection
Layer entity

Layer function
Layer service

Layver user data

Multipoint access

Multipoint-to-multipoint
connection

Multipoint-to-point
connection

Network node interface
(NND

ATM Layer protocol control information.

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

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

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

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

A terminator at one end of a layer connection within a
SAP.

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

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

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

An active element within a layer.

A part of the activity of the layer entities

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

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

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

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

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



TABLE 1.2 Glossary of Key ATM Terms rcontinued)

Operation and maintenance

(OAM) cell

Peer entities

Physical Layer (PHY)
connection

Point-to-multipoint
connection

Point-to-point connection
Primitive

Protocol
Protocol control informa
tion (PCI)

Protocol data unit (PDU)

Relaying

Service access point (SAP)

Service data unit (SDU)

Source traffic descriptor

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

Entities within the same layer.

‘An association established by the PHY between two or

more ATM, entities. A PHY connection consists of the
concatenation of PHY links in order to provide an end-to-
end transfer capability to PHY SAPs.

A collection of associated ATM VC or VP links, with
associated endpoint nodes, with the following properties
(1) One ATM link, called the root link, serves as the root in
a simple tree topology When the root node sends
information, all of the remaining nodes on the connection,
called Leaf Nodes, receive copies ofthe information (2)
Each of the leaf nodes on the connection can send
information directly to the root node The root node cannot
distinguish which leaf is sending information without
additional (higher-layer) information. (3) The leaf nodes
cannot communicate with one another directly with this
connection type.

A connection with only two endpoints.

An abstract, implementation-independent interaction
between a layer service user and a layer service provider or
between a layer and the Management Plane.

A set of rules and formats (semantic and syntactic) that
determines the communication behavior of laver entities in
the performance of the layer functions.

Information exchanged between corresponding entities,
using a lower-layer connection, to coordinate their joint
operation o

A umit of data specified in a layer protocol and consisting of
protocol control information and layer user data

A function of a layer by means of which a laver entity
receives data from a corresponding entity and transmits
them to another corresponding entity.

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

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

A set of trafric parameters belonging to the ATM traffic
descriptor used during the connection setup 10 capture the
intrinsic traffic characteristics of the connection requested
by the source.
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TABLE 1.2 Glossary of Key ATM Terms (continued)

Structured data transfer

Sublayer
Switched connection
Symmetric connection

Traffic parameter

Trailer
Transit delay

Unstructured data transfer

Virtual channel (VC)

Virtual channel connection
(VCO)

Virtual channel link (VCL)

Virtual path (VP)
Virtual path connection
(VPC)

Virtual path link (VPL)

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

A logical subdivision of a layer.

A connection established via signaling.

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

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

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

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

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

A concatenation of VCLs that extends between the pomts
where the ATM service users access the ATM Laver The
points at which the ATM cell payload is passed to or
received from the user of the ATM Layer (1e, a higher
layer or ATM management entity) for processing signify
the endpoints of a VCC. VCCs are unidirectional

A means of unidirectional transport of ATM cells between
the point where a VCI value is assigned and the point
where that value 1s translated or removed

A unidirectional logical association or bundie of VCs.

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

A means of unidirectional transport of ATM cells between
the point where a VPI value 1s assigned and the point where
that value is translated or removed.

In approximate terms, the AAL supplies the balance of the Data Link Laver
not included in the ATM Layer. The AAL supports error checking,
multiplexing, segmentation, and reassembly. It is generally implemented in
user equipment but may occasionally be implemented in the network at an
interworking (1.e., protocol conversion) point. The Control Plane also has a
lavered architecture and supports the call control and connection functions.
The Control Plane uses AAL capabilities as seen in Fig. 1.3; the laver above
the AAL in the Control Plane provides call control and connection control.



TABLE 1.3 Possible early applications of ATM in real enviroments (partial list)

Application

WAN interconnection
of existing enterprise
network

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

WAN interconnection
of ATM-based LANs

. Support of distributed
multimedia

Support of statewide
distance learning with
two way video

Support of
videoconferencing
(including desktop
video)

Residential distribution
of video (video dial
tone)

Advantages of ATM use
High bandwidth; switched
service

High bandwidth; switched
service

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

High bandwidth; switched
service; multipoint
connectivity

High bandwidth; switched
service; multipoint
connectivity

High bandwidth; switched
service, multipoint
connectivity

High bandwidth, switched
service, multipont con-
nectivity

Associated true-to-life business
ISsues

Unknown cost, geographic
availability; equipment availability

Unknown cost; geographic
availability

Unknown cost; geographic
availability; equipment availability

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

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

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

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

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

?

It deals with the signaling necessary to set up, supervise, and release
connections. The AManagement Plane provides network supervision
functions. It provides two tvpes of functions: Layer Management and Plane
Management.” Plane Management performs management functions related to
the system as a whole and provides coordination among all planes, Layer
Management performs management functions relating to resources and
parameters residing in. its protocol entities. See Fig. 1.3. (The various
protocols 1dentified in this figure will be discussed at length later.)
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Figure 1.3 Planes constituting the ATM protocol model

As noted 1n this description, four User Plane protocol layers are needed to

undertake communication in an ATM-based environment:

_[\.)

| 9]

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

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

The laver above the ATM Laver, that is, the AAL. The function of the
AAL 1s to msulate the upper lavers of the user's application protocols
[e.g., TCP/IP (Transmission Control Protocol/Internet Protocol)] from the
details of the ATM mechanism,

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

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

1.2.2 Classes of ATM applications.

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

1.2.3 Virtual connections

Just as in traditional packet switching or frame relay, information in ATM is
sent between two points not over a dedicated, physically owned facility, but
over a shared facility composed of virtual channels. Each user 1s assured that,
although other users or other channels belonging to the same user mav be
present, the user's data can be reliably, rapidly, and securely transmitted over
the network in a manner consistent with the subscribed quality of service.
The user's data 1s associated with a specified virtual channel. ATM’s
“sharing” is not the same as a random access technique used in LANs, where
there are no guarantees as to how long it can take for a data block to be
transmitted: in ATM, cells coming from the user at a stipulated (subscription)
rate are, with a very high probability and with low delay, “ guaranteed”
deliverv at the other end, almost as if the user had a dedicated line between
the two points. Of course, the user does not, in fact, have such a dedicated
(and expensive) end-to-end facility, but it will seem that way to users and
applications on the network. Cell relay service allows for a dynamic transfer
rate, specified on a per-call basis. Transfer capacity is assigned bv
negotiation and 1s based on the source requirements and the available
network capacity. Cell sequence integrity on a virtual channel connection is
preserved bv ATM.,
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Cells are identified and switched by means of the label in the header, as
seen in Fig. 1.2. In ATM, a virtual channe! (VC) is used to describe
unidirectional transport of ATM cells associated by a common unique
identifier value, called the virtual channel identifier (VCI). Even though a
channel 1s unidirectional, the channel identifiers are assigned bidirectionally.
The bandwidth in the return direction may be assigned symmetrically, or
asymmetrically, or it could be zero. A virtual path (VP) is used to describe
unidirectional transport of ATM cells belonging to virtual channels that are
associated by a common identifier value, called the virrual path identifier
(VPI). See Fig. 1.4.

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

Figure 1.5 1llustrates how the VPI/VCI field 1s used in an ATM WAN.,
Figure 1.6 depicts the relationship of VPs and VCs as they mlght be utihzed
In an enterprise network. :

VP
Ve —O
—"J Network
[ [public or private)
:t) Physical tink
{'._'—__:.-
——f)—_—_ [possibly a single
:t_,\_/ facility, e.g.. a hub)

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

Interactive services Conversational services provide the means for bidirectional

communication with real-time, end-to-end information transfer
between users or between users and servers. Information flow
may be bidirectional simmetric or  bidirectional asymmetric.
Examples: High speed data transmussion, 1mage 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 1s distributed from a
central source to an unlimited number of authonzed receivers
connected to the network The user can access this flow of
information without having to determine at which instant the
distribution of a string of information will be started The user
cannot control the start and order of the presentation of the
broadcast information, so that depending on the point in time of the
user's access, the information will not be presented from its
beginning. Examples' broadcast of television and audio programs.

Dustribution services with user individual presentation control
provide information distribution from a central source to a large
number of users. Information is rendered as a sequence of
information entities with cvclical repetition The user has individual
access to the cyclically distnibuted information, and can control the
start and order of presentation Example’ broadcast videography

1.3 ATM Protocols:
An Introductory Overview

Figure 1.7 depicts the cell relay protocol environment, which 1s a
particulanization of the more general B-ISDN protocol model described
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earlier. The user's equipment must implement these protocols, as must the
network elements to which the user connects. Some of the key functions of
each layer are described next.

RAouting table

Routing table
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Figure 1.5 llustrative use of VPIs and VCls.
1.3.1 Physical Layer functions

The Physical Layer consists of two /ogical sublavers: the Physical Medium-
Dependent (PMD) Sublaver and the Transmission Convergence (TC)
Sublayer. The PMD includes only physical medium-dependent functions. It
provides bit transmission capability, including bit transfer, bit alignment, line
coding, and electrical-optical conversion. The Transmission Convergence
Sublayer performs the functions required to transform a flow of cells nto a
flow of information (i.e., bits) that can be transmitted and recerved over a
physical medium. Transmission Convergence functions include (1)
transmission frame generation and recovery, (2) transmisston frame
adaptation, (3) cell delineation, (4) header error control (HEC) sequence
generation and cell header vernification, and (5) cell rate decoupling
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The transmission frame adaptation function performs the actions that are
necessary to structure the cell flow according to the pavload structure of the
transmission frame (transmit direction) and to extract this cell flow out of the
transmission frame (receive direction). In the United States, the transmission
frame requires SONET envelopes above 45 Mbits/s. Cell delineation
prepares the cell flow tn order to enable the receiving side to recover cell
boundaries. In the transmit direction, the pavload of the ATM cell is
scrambled. In the receive direction, cell boundaries are identified and
confirmed, and the cell flow 1s descrambled. The HEC mechanism covers the
entire cell header, which 1s available to this laver by the time the cell 1s
passed down to it. The code used for this function is capable of either single-
bit correction or multiple-bit error detection. The transmitting side computes
the HEC field value. Cell rate decoupling includes msertion and suppression
of idle cells, in order to adapt the rate of valid ATM cells to the pavload
capacity of the transmission system.



18

[
ol -

User plane - -~ Nebwork ~. e
== ,” \\ Usar plang
CSl¢an ? J/ _ .
link 12yer  FoTiq baf 4 At Lt 4 aTre o] ATM Jo——e] AT
SEALR, .08 ! PRt 4 s ; AL
TS | THDSI 7131051 w031 | |THES:
oS PHY [TanSsiL ]\ JTIDEI TATADE3|, L fTIOST, | TOENT
SONET . |SONET ISt SONET SONET] - {SUNET
Uses-neiwers - T
uneriace e e - -

Contral pfang Conreiplang

HE S .
U Cail Cat Zail Ciil
PDET | ontral bae—dow] 2ORIOL | o= " Rintwork | CONOY ja- mwd COON
layers - ) Q . , gy
aye proiceol prolece! A~ ———— e N prainati | pratosol
: e e e} e . e
Felatte Belighle | ° Az mhie |~ ?'C-!m.b 2
OS| data {data ink | yser [daba fink fata ink ' -:,:n ani | ear
Unk lzyer | laver  |cigna; feayes L_I;ay;:r o] Biver [nane
Tt @Al ama T T BIRIE
o TEsY [ ] TS I .
0S| PHY | T3/083 ¥ T3033 r3ss L |4
SONET[ GONET SONRT .
—= = -
User-nehweik ~~ L
ntarfaca Tes -

bl PRy e
—_——————

Figure 1.7 CRS environment, protocol view Top:.User Plane (information flow).
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The service data units crossing the boundary between the ATM Laver and
the Physical Layer constitute a flow of valid cells. The ATM Laver is umque,
that 1s, independent of 'the underlying Physical Layer. The data flow inserted
in the transmission system payload is physical medium-independent; the
Phvsical Layer merges the ATM cell flow with the appropnate information
for cell delineation, according to the cell delineation mechanism.

The transfer capacity at the UNI 1s 155.52 Mbits/s, with a cell-fill capacity
of 149.76 Mbits/s because of Physical Layer framing overhead. Since the
ATM cell has 5 octets of overhead, the 48-octet information field quates to a
maximum of 135631 Mbits/s of actual user information. A second UNI
interface is defined at 622.08 Mbits/s, with a service bit rate of approximately
600 Mbits/s. Access at these rates requires a fiber-based loop. Other UNIs at
the DS3 rate and perhaps at the DS1 rate are also being contemplated in the
United Stlates. The DS1 UNI is discussed in the context of an electrical
interface (T1); so 1s the DS3 UNIL.
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1.3.2 ATM Layer functions

ATM supports a flexible transfer capability common to all services,
including connectionless services (if these are provided). The transport
functions of the ATM Layer are independent of the Physical Layer
implementation. As noted, connection identifiers are assigned to each link of
a connection when required and are released when no longer needed. The
label in each ATM cell 1s used to explicitly identify the VC to which the cells
belong. The label consists of two parts: the VCI and the VPI. A V(I
identifies a particular VC link for a given virtual path connection (refer to Fig.
1.6). A specific value of VCI is assigned each time a VC 1s switched 1n the
network. With this in mind, a VC can be defined as a unidirectional
capability for the transport of ATM cells between two consecutive ATM
entitiecs where the VCI value is translated. A VC link is originated or
terminated by the assignment or removal of the VCI value.

The functions of ATM include the following

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

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

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

For the UNI, as can be seen in Fig. 1.2, 24 bits are available for cell routing:
8 bits for the VPI and 16 bits for the VCI. Three bits are available for
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payload type identification; this 1s used to provide an indication of whether
the cell payload contains user information or network information. In user
information cells, the payload consists of user information and, optionally,
service adaptation function information. In network information cells, the
payload does not form part of the user's information transfer. The header
error control field consists of 8 bits.

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

ATM 1s discussed further in Chap. 2.

1.3.3 ATM Adaptation Layer

Additional functionality on top of the ATM Layer (i.e., in the ATM
Adaptation Layer) may have to be provided by the user (or interworking)-
equipment to accommodate various services. The ATM Adaptation Laver
enhances the services provided by the ATM Layer to support the functions
required by the next higher layer. The AAL function is typically implemented
in the user's equipment, and the protocol fields 1t requires are mested within
the cells' payload.

The AAL performs functions required by the User, Control, and
Management Planes and supports the mapping between the ATM Laver and
the next higher layer. Note that a different instance of the AAL functionality
1s required in each plane. The AAL supports multiple protocols to fit the
needs of the different users; hence, it 1s service-dependent (namely, the
functions performed in the AAL depend upon the higher-layer requirements).
The AAL isolates the higher lavers from the specific charactenistics of the
ATM Layer by mapping the higher-laver protocol data units into the
information field of the ATM cell and viceversa. The AAL entities exchange
information with the peer AAL entities to support the AAL functions,

The AAL functions are organized in two logical sublayers, the Convergence
Sublayver (CS) and the Segmentation and Reassembly Sublayer (SAR). The
function of the CS 1s to provide the AAL service to the layer above it; this
sublaver 1s service-dependent. The functions of the SAR are (1) segmentation
of higher-laver 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 laver information.



21

Connections in an ATM network support both circuit-mode and packet-
mode (connection-oriented and connectionless) services of a single medium
and/or mixed media and multimedia. ATM supports two types of traffic:
constant bit rate (CBR) and variable bit rate (VBR). CBR transfer rate
parameters for on-demand services are negotiated at call setup time.
(Changes to traffic rates during the call may eventually be negotiated through
the signaling mechanism; however, initial deployments will not support
renegotiation of bit rates) CBR transfer rate parameters for permanent
services are agreed upon with the carner from which the user obtains service.
This service would be used, for example, to transmit real-time video. VBR
services are described by a number of traffic-related parameters (minimum
capacity, maximum capacity, burst length, etc.). VBR supports packet like
traffic (e.g., variable-rate video, LAN interconnection, etc.). The AAL
protocols are used to support these different connection types.

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

Class A service 1s an on-demand, connection oriented, constant bit rate
ATM transport service. It has end-to-end timing requirements. This service
requires stringent cell loss, cell delay, and cell delay, vanation performance.
The user chooses the desired bandwidth and the appropniate QOS during-the .
signaling phase of an SVC call to establish a Class A connection (in the PVC
case, this 1s prenegotiated). This service can provide the equivalent of a
traditional dedicated line and may be used for videoconferencing, multimedia, -
etc.

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

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

Class D service ts a connectionless service. It has no end-to-end timing
requirements. The user supplies independent data units that are delivered by
the network to the destination specified in the data unit. SMDS is an
example of a Class D service.
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Class X service 1s an on-demand, connection-oriented ATM transport
service where the AAL, traffic type (VBR or CBR), and timing requirements
are user-defined (i.e., transparent to the network). The user chooses only the
desired bandwidth and QOS during the signaling phase of an SVC call to
establish a Class X connection {in the PVC case, this is prenegotiated).

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

Note that two stacks must be implemented in the user's equipment in order
to obtain VCs on demand (1.e., SVC service) from the network. With this
capability, the user can set up and take down multiple connections at will.
The Control Plane needs its own AAL; there has been agreement to use AAL
5 1n the Control Plane. Initially only PVC service will be available in the.
United States. In this mode, the Control Plane stack is not required, and the
desired connections are established at service mitiation time and remain
active for the duration of the service contract. Also note that AAL functions
(SAR and CS) must be provided by the user equipment (except in the case
where the network provides interworking functions). Additionally, the user
equipment must be able to assemble and disassemble cells (i.e., nn the
ATM protocol).

AAL 1s discussed further in Chap. 3. Signaling 1s discussed in Chap. 4.

1.4 Multiservice ATM Platforms

SMDS and frame relay PVC are currently available fastpacket services.
SMDS 1s a high-performance, packet-switched public data service being
deploved by the Regional Bell Operating Companies (RBOCs), GTE, and
SNET in the United States. SMDS 1s also being deploved in Europe. Frame
relav PVC is a public data service that 1s widely available todav and is
expected to be deploved by all RBOCs and most interexchange carriers by
the end of 1994.

Frame relay SVC should be available in the 1994 - 1995 time frame.
ATM 15 a switching and multiplexing technology that 1is being
embraced worldwide by a wide spectrum of carriers and
suppliers. This new technology can switch and transport voice, data, and
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video at very high speeds in a local or wide area. What is the relationship
of SMDS and frame relay to ATM?

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

SMDS is based on well-defined specifications and provides switched,
LAN-like transport across a wide area.! SMDS service features include a
large maximum packet size, an addressing structure that enables data
transfer among all SMDS customers, the ability to send the same SMDS
packet to several destinations by specifying one address (group addressing),
address screening, and strict quality of service values. As ATM technology is
deployed within public carrier networks, SMDS service features will not
change. The current SMDS interface between the customer and the network
uses an access protocol based onthe IEEE 802.6 standard. As ATM technology
is deployed, this existing SMDS interface will be maintained. The published
requirements for ATM switching and transmission technology specify that
the existing well-defined SMDS cornmunications interface with the customer
must be supported by ATM. When a carrier introduces ATM-based switching
systemns, customers need not see any effect on their SMDS service. Any
technology conversion will be made within the carrier networks. Thus,
customers reap the benefits of the latest technology development, while
maintaining a consistency and continuity in the service they already employ.
Because ATM and IEEE 802.6 technology are both cell based and have the
same size cells, such conversion will be facilitated.!”

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

With its large capacity and multiservice capability, ATM provides
SMDS with a faster and more scalable technology platform whose
cost can be shared among multiple services. SMDS, along with frame
relay PVC, is encouraging the use of high-speed, wide-area public
networking in the United States. SMDS and frame relay provide ATM
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Figure 1.8 Multiservice broadband switching system. B-1SSI = broadband interswitching
system interface; B-ICI = broadband interexchange carrier interface.

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

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

For the same reasons that carriers are choosing ATM technology (i.e.,
speed and flexibility), workstation, computer, hub, and LAN manufactur-
ers are turning to ATM for their next-generation networking needs. This
is happening because current networks based on Ethernet, FDDI, etc.,
have limitations when handling the multimedia communications (video,
voice, and data) that will flow among future workstations in a network.
These manufacturers see global multimedia communications among de-
vices as essential. To meet these networking needs, future workstations
and computers will transport user informationin ATM cells. Public carriers
will offer cell relay service that will transport ATM 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 WANSs.
When ATM technology extends from the desktop and throughout the
network, cell relay service will join SMDS and frame relay as another
service that data communications managers can use to support evolving
high-bandwidth corporate applications.

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

1.5 Commercial Availability of ATM
Equipment and Network Services

As with any other service, at least three parties are needed to make this
technology a commercial reality (if any of these three parties fails to support
the service, the service will not see any measurable commercial deploy-
ment): (1) carriers must deploy the service, (2) equipment manufacturers
must bring user products to the market,” and (3) users must be willing to
incorporate the service in their networks. (Some observers add two more
forces: agencies supporting R&D and standardization, and the trade press
to “educate” the end users.) The early phases of ATM research, including
all of the work already accomplished in standards organizations (that
is, the topics treated in Chaps. 2 through 10 of this book), cover the first
item. The industry activity discussed briefly below and in Chap. 11
covers the second item. The user analysis that will follow (not covered

*In order for item 1 to occur, some vendors must bring out network products; this point
refers to user products (see ISDN switches versus availability of cost-effective terminal

adapters).
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in this book), where users assess applicability, cost, support of embedded
base, and manageability, all of it in situ, in their own environment (rather
than in a multicolor brochure), covers the third item.

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

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

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

Early entrants, including Adaptive, AT&T Network Systems, Cable-
tron, Digital Equipment Corporation, Fore Systems, Fujitsu, GDC,
Hughes, Newbridge, Stratacom, Sun, SynOptics, and Wellfleet, were
demonstrating ready or near-ready products for a variety of user net-
working needs in 1994. The first products were targeted to the local
connectivity environment, but WAN products are also expected soon.
Additionally, about a dozen vendors have working carrier-grade switch-
Ing products.
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Hubs and switches to support the bandwidth-intensive applications
listed earlier, such as video, are becoming available. Typical premises
switches now support 8 to 16 155-Mbits/s ports over shielded twisted
pair or multimode fibers [lower speeds (45 or 100 Mbits/s) are also
supported]. Some systems can grow to 100 ports. Typical backplane
throughput ranges from 1 or 2 Gbits/s, up to 10 Gbits/s. A number of
these products support not only PVC but also SVC; some also support
multipoint SVC service. Products already on the market (e.g., from
Hughes LAN, Synoptics, Newbridge, Adaptive, Fore Systems, etc.) are
priced as low as $1500 per port. Some of the hubs also act as multipro-
tocol routers, either (1) accepting ATM devices internally for WAN
interconnection over SMDS and frame relay networks, (2) accepting
ATM devices internally for WAN interconnection over a cell relay
network, or (3) accepting traditional devices internally for WAN inter-
connection over a cell relay network (these are stand-alone ATM mul-
tiprotocol routers). )

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

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

Specifically for WAN cell relay service, Sprint has already demon-
strated a 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, NYNEX, and Pacific Bell have also announced
deployment plans for ATM platforms and for cell relay service. There is
strong support for the introduction of cell relay service at the local level.
Now users can expect public cell relay service in a number of key
metropolitan areas.

In addition to the international and domestic standards, additional
details and clarifications are needed to enable the deployment of the
technology. To this end, in 1992, Bellcore completed generic require-
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ments that suppliers need in order to start building ATM equipment
that will enable the BOCs to offer PVC cell relay services. Work on
generic requirements for ATM equipment that provides SVC cell relay
was completed at Bellcore in 1994. In particular, Bellcore has already
published (preliminary) requirements to define nationally consistent
cell relay PVC exchange and cell relay PVC exchange access services,

including

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

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

“Cell Relay SVC Exchange Service,” 1993

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

The development of nationally consistent LEC cell relay (as well as
an exchange access cell relay) service is critical to provide a consis-
tent set .of service features and service operations for customers
who will want to use the service on a national basis. The following
phases of nationally consistent service have been advanced.AI’_t}'ils
possible that LECs may be offering “pre-nationally consistent” cell
relay PVC to meet customers’ near-term demand for the service in -
the late 1993-early 1994 period. These carriers are expected to
support a nationally consistent cell relay PVC exchange service at
some point thereafter. :

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

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

Figure 1.9 depicts the set of Bellcore generic requirements in support
of ATM, SMDS, cell relay, and frame relay.!” These are just some of the
key documents that form the foundation for ATM. Standards bodies such
as the ITU-T and ANSI (American National Standards Institute) T1S1,
and industry bodies such as the ATM Forum and the Frame Relay
Forum also publish related documents.

1.6 Typical Examples of Cell Relay Usage in
an Enterprise Context

1.6.1

Cell relay/ATM is being contemplated at the local-area network level as
well as the wide-area network level. Several approaches have been
followed by vendors:

Front-end and back-end usages

Exchange access
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Figure 1.9 ATM, SMDS, cell relay, and PVC frame relay generic requirements.
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Figure 1.8 (Continued)
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1. Use of ATM technology between traditional local or remote LAN hubs;

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

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

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

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

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

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

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

Traditiona! LAN Traditional LAN
Router Router T
ATM ATM
- engine‘i engine
ATM
. angine
Private
ATM
switch Traditional LAN Traditional LAN

Houter Router

ATM | | ] ATM

—{ jengine engine E

‘Figure 1.10 Private ATM technology to interconnect dispersed LAN hubs. ATM engine =
the logic implementing ATM, control, and, optionally, user plane protocols.
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ey amm—
AM| A{ammM| | ATM ATM
—{ |engine switch swilch engine
ATM
switch
Ethernet
Router
ATM
r engine

Figure1.11 Routers used in conjunction with a public cell relay service. ATM engine
= the logic implementing ATM, control, and, optionally, user plane protocols.

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

ATM wiring
hub {switch)

ATM .

enging - -
ATM
engine
ATM
engine

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

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

Figure 1.18 depicts a more complete enterprisewise use of cell relay
service, while employing a public WAN CRS network. For this example,
ATM-ready workstations and devices connected to an ATM-based hub
with ATM WAN router capabilities (the router could also be a separate
device) can get direct access to the ATM WAN. Some of the hub and
router'vendors are taking this path to the market. The figure also shows
that traditional LAN users can employ an ATM-ready router to obtain
the benefit of cell relay WAN services without having to replace their
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Figure 1.14 Example of usage of ATM in an enterprise network.

desktops or in-house wiring. It also depicts another route to the market,
followed by some of the more sophisticated multiplexer manufacturers:
The multiplexer can connect traditional data devices, mainframe chan-
nels, and video to a cell relay WAN network by supporting ATM on the
trunk side. Some of these multiplexers also support traditional LANs
on the house side over a frame relay interface. (Nofe: Carrier-deployed
ATM “service nodes” in close proximity of the user location but on the
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Figure 1.15 Typical corporate application from & protocol-stack point of view. conv.fun. =
convergence function.

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

Figure 1.19 depicts some user applications of cell relay service in the case
where the user wants to develop a private ATM/cell relay service WAN.
Note the need to (1)install privately managed switches, (2) use dedicated
high-speed WAN lines, and (3) backhaul remote locations to a remote
switching site. Public cell relay service may prove less demanding in terms
of users' responsibility. Hybrid arrangements are also possible.

1.6.2 C!ier_*nt/server issues

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

Applications requiring large transfers (e.g.,, 50-100 kbits) are not
unusual in these environments, particularly for imaging video, and
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Communication handler
| 2
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{ L ——{{ Control Control
! Codec | UPPer | Upper |{plane plane || Upper | Upper |~ .
! layers | layers layets | layers
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nat) | null) /— null) | null)
CPaal 5 AAL 1
ATM = ATM | ATM ja—adATM [ ATM ATM
PHY PHY = PHY | PHY PHY | PHY PHY PHY
L1 1 1 L L J L
Switch Switch
‘Part of CRS

Figure 1.16 Example of video application over ATM/cell relay arrangement.
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Figure 1.17 Use of ATM/cell relay to support imaging.

multimedia applications (the last two applications also have stringent
delay sensitivities). A 100-MByte data unit across the application pro-
gramming interface (API) running on a remotely located LAN-resident
server 1S segmented into approximately 60 Ethernet frames. Each
Ethernet frame is then segmented into approximately 30 cells by an
ATM-configured router for delivery over a public cell relay network.
Some wish to clarify the implications of the interplay between the
network(or private ATM switch) performance in terms of cell loss/muti-
lation, response time, latency, and the end-to-end error correction pro-
tocols (e.g., included in TCP), For example, if one of the 29 cells that
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Figure 1.18 CRS to support enterprise networking in WAN applications.

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

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

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

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

source for $100 or less.
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Asynchronous
- Transfer Mode

As noted in Chap. 1, ATM is a new transport and switching technology
that can be used in a variety of telecommunications and computing
environments, ATM is a cell-based technology, designed to support user
applications requiring high-bandwidth, high-performance transport
and switching. This chapter provides a summary description of the
peer-to-peer ATM protoco! at the user-network interface in support of
cell relay service and other ATM capabilities. It describes functionality
in the User Plane, thereby enabling a PVC service. The addition of
Control Plane support enables the user to obtain an SVC service; the
operation of the ATM Layer in the Control Plane is nearly identical to
that of the User Plane (the Control Plane functionality is discussed in
Chap. 4). Some aspects of the underlying transport mechanism are also
briefly covered at the end of the chapter.

A description of general aspects of the access interface(s) between the
user and the network is followed by a description of the protocol across
such an interface. The protocols and related requirements are associ-
ated with two functional OSIRM layers: the Data Link Layer and the
Physical Layer. Figure 2.1 depicts this peer-to-peer protocol view of the
service. Figure 2.2 depicts communication through a set of network
peers. As described in ITU-T Recommendation X.210, Open Systems
Interconnection, Layer Service Definition Conventions,’ the service defined
at the Data Link Layer also relies on the capabilities of the Physical
Layer. This view of cell relay service in general and of the ATM protocol
in particular establishes requirements on what an entity in the ATM
Layer (whether the entity is in the network or in the user’s equipment),
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OS! data User entity Network entity
Ink layer e J
TC TC
OSt PHY — = le o — —
PMD PMD
UNI

Figure 2.1 Peer entities across the user-network interface. TC =
Transmission Convergence Sublayer, PMD = Physical Medium-De-
pendent Sublayer.

defined in ITU-T Recommendation 1.361, B-ISDN ATM Layer Specifi-
cation,? and in T1S1.5/92-410, Broadband ISDN—ATM Layer Function-
ality and Specification,? expects the remote peer entity to support. The
physical aspects of the UNI supporting cell relay service are based on
the B-ISDN UNI defined in ITU-T Recommendation 1.432, B-ISDN
User-Network Interface—Physical Layer Specification® and on the ATM
Forum’s UNI Specification’ for public UNIs. This discussion only pro-
vides an overview; the reader interested in additional details should
consult Refs. 6 and 7.

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

2.1 - Access Interface

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

An access reference configuration for B-ISDN is defined in ITU-T
Recommendation 1.413, B-ISDN User-Network Im!.erface.8 This configu-

User's equipmen! User's equipment
ATM [ » ATM ATM  |#—= ATM ATM |= = ATM
PHY = = PHY PHY [+ PHY PHY = ~ PHY

L | l | l |

Switch Switch
Figurs 22 (Cascaded ATM entities,
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TABLE 2.1 Key ITU-T Standards in Support of ATM

F.811 B-ISDN Connection-Oriented Bearer Service

F.812 ' B-ISDN Connectioniess Bearer Service

1.113 B-ISDN Vocabulary of Terms

I.121R Broadband Aspects of ISDN [Basic Principles and Evolu-
tion]

1.150 B-ISDN ATM Functional Characteristics

1.211 B-ISDN Service Aspects

I.311 B-ISDN General Network Aspects

1.321 B-ISDN Protocol Reference Model and Its Applications

1327 B-ISDN Functional Architecture Aspects

1.356 Quality of Service Configuration and Principles

1.361 B-ISDN ATM Layer Specification

1.362 B-ISDN AAL Functional Description

1.363 B-ISDN AAL Specification

1.371 Traffic Control and Resource Management

1.374 Network Capabilities to Support Multimedia

1.413 B-ISDN UNI

1432 - B-ISDN UNI Physical

1.555 Interworking with Frame Relay

1.555 Interworking with ISDN

1.610 B-ISDN OAM Principles

Icls . Support for Connectionless Data Service on B-ISDN

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

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

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

ordination Function (SSCF))]

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

Functional entities are logical abstractions of functions typically found
in network equipment and in users’ equipment, also known as customer
premises equipment (CPE). Public network switch-termination func-
tions are modeled by the broadband line terminator/exchange termina-
tor (B-LT/ET) functional group. The CPE is modeled by the broadband
network termination 2 (B-NT2) functional group; NT2 functions include
concentration, switching, and resource management. Broadband net-
work termination 1 (B-NT1) functions support line termination, line
maintenance, and performance monitoring. The broadband terminal
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Figure 2.3 B-ISDN access reference configurations. B-TA = broadband terminal adapt-
er.

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

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

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

2.2 ATM-Level Protocol

2.2.1 Overview

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

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

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

forwarded.

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

TABLE 2.2 Functions of Various Planes of the Protocol Model

User Plane

Control Plane

Management Plane

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

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

Provides for operations and management functions and
the capability to exchange information between the User
and the Control Planes. The Management Plane is made
up of the Layer Management (for layer-specific manage-
ment functions such as detection of failures and protocol
abnormalities) and the Plane Management (for manage-
ment and coordination functions related to the complete
system). The Management Plane is discussed in Chap. 10.
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| through a service access point, while not imposing any constraint on the
implementation. Figures 2.5, 2.6, and 2.7 depict some aspects of this
protocol machinery.,

2.2.2 ATM Layer

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

[ (n)y-PODU | ,
{N)-layer
(M
\/(N - 1)-SAP
(N - 1)-PCi X
L (N'S'%U ] (N - 1)-layer
I IN-1)-PDU |
‘ 4N
\J/(N - 2)-SAP
4
{ (N-1)-SDU |

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

f &
.request .indication

.confirm .response (N)-layer
'Y AN
YN - 1)-5AP N_VI(N - 1)-8AP

(N — 1)-tayer
b 4 L 4
| e e e e —

., {N—1)-service provider

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

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

Service expected from the lower layer. The ATM Layer expects the
Physical Layer to support the transparent transport of ATM cells
between peer ATM entities. The exchange of information between the
ATM Layer and the Physical Layer is implemented by the primitives
shown in Table 2.4. The PHY-SDU parameter in these primitives con-
tains the 53-actet cell to be transmitted between peer ATM entities.
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ATM cell format. The ATM cell format used across the UNI is shown in
Fig. 2.8 (which is another way of looking at Fig. 1.2). Table 2.5 describes
the meaning of the fields.

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

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

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

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

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

Used by the ATM Layer to indicate to the

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

tion, SDU_Type)

Description of parameters:

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

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

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

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

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

ATM Layer procedures. This section summarizes the functions per-

formed by ATM layer entities. CEh

ATM sending procedures. These procedures are performed by an:ATM 3
entity to send ATM cells to a peer ATM entity. The procedures are
organized according to the categories of functions performed by the ATM
Layer.

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

TABLE 2.4 Physlcal Layer Primitives
PHY-DATA .request (PHY_SDU)

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

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

PHY-DATA. indication (PHY_SDU)
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Bits
8 7 6 5 4 3 2 1
GFC VPi 1
VPl VvCi 2
8
Vvl 3 %
O
P P
vel T CLP4 Figure 2.8 ATM cell format.
HEC 5

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

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

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

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

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

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

Virtual Path Identifier/Virtual Channel
Identifier

Payload Type Indicator (PTI)

Cell Loss Priority

Header Error Control

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

The 24-bit VPI/VCI field indicates the vir-
tual connection over which a cell is to be
forwarded. The number of connections
needed across the UNI is less than 224,
therefore, only some bits of the VPI and
VCI subfields are used. Those bits are
called allocated bits, and all other bits in
the VPI/VCI field are set to 0. A VPI value
of 0is not available for user-to-user virtual
path identification. Similarly, a VCI value
of 01s not available for user-to-user virtual
channel identification.

The 3-bit PTI field indicates whether the
cell contains user information or laver
management information. Code points
000to 01l indicate user information; these
PTI values identify two types of end-user
tnformation and whether the cell has ex-
perienced congestion (the two tyvpes of in-
formation are used by the end-user appli-
cation). For user data, the public network
does not change the SDU_Type indicated
by the PTI field. The public network can,
however, change the PTI value from Con-
gestion_Experienced = False to Conges-
tion_Experienced = True. Code points 100
to 111 identify different types of operations
flows. See Table 2.7.

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

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

Cell discrimination based on PTI value.

A receiving ATM Layer

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

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

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

Connectivity verification: cell loopback
continuity check

Performance management functions Forward monitoring
Backward reporting
Monitoring/reporting

Activation/deactivation Performance monitoring

Continuity check

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

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

2.2.3 Layer Management

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

Segment VP
CAMF4
flows

e N

End-to-end VC OAM F5 flows
Figure 2.6 OAM F4 and F5 flows.
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TABLE 2.7 PTI Code Points

PTI code point Meaning

600 User data—SDU_Type 0, no congestion experienced

001 User data—SDU_Type 1, no congestion experienced

010 User data—SDU_Type 0, congestion experienced

011 User data—SDU_Type 1, congestion experienced

100 Segment OAM F5 flow cell

101 End-to-end OAM F5 flow cell

110 Reserved for future traffic control and resource manage-

ment functions

111 Reserved for future use

2.2.4 Physical Layer

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

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

The UNI providing the service’s access interface includes the physical
characteristics of facilities that provide actual realizations of the Up
reference point. In practical terms, this access interface specifies the
means and characteristics of the connection mechanism between CPE
supporting cell relay service and a LEC’s switch providing the same
service. UNIs are specified by characteristics such as physical and
electromagnetic/optical characteristics, channel structures and access

- 4 octets

v

GFC VP el PTI jCLP

AAAA Os Os XXX 0

A: This bit is avaiiable for use by appropriate A7%.! layer function.
X:. This bit is a don't care bit.

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

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

OAM function

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

ATM link

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

ATM link

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

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

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

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

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

The physical access channel for ATM-based fastpacket services such
as cell relay service supports one of the following access rates: 622.080
Mbits/s (future); 155.520 Mbits/s; 44.736 Mbits/s; 1.544 Mbits/s (per-
haps in the future). The corresponding channel signal formats are
STS-12¢ (Synchronous Transport Signal Level 12, concatenated), STS-
3c, DS3 (Digital Signal Level 3), and DS1.

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

TABLE 2.9 ATM Management Peer-to-Peer Primitives

ATMM-DATA request (ATM_SDU, Sub- Issued by an ATM Layer Management en-

mitted_Loss_Priority, PHY_CEI(s)) tity to request transfer of a management
| ATM_SDU

ATMM-DATA indication (ATM_SDU, Re- Issued to an ATM Layer Management en-

ceived_Loss_Priority, PHY_CEI, Conges- tity to indicate the arrival of a manage-

tion_Indication) ) ment ATM_SDU

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

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

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

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

Header error control generation. The Header Error Control value is
generated and inserted in the specific field in compliance with ITU-T
Recommendation 1.432.

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

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

Cell delineation. Cell delineation is performed using the header
error control mechanism as defined in ITU-T Recommendation 1.432.
This direct mapping approach means that the algorithm parses 5 octets
on the fly until a 5-octet boundary is found through the HEC procedure.
Once the header boundary is found, the rest of the cell boundary is
established by counting 48 additional octets.

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

Mapping of ATM cells into 44,736-kblt/s DS3 frame

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

Two mappings are available:

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

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

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

The ATM PLCP defines a mapping of ATM cells onto existing 44,736-
kbit/s facilities. The DS3 PLCP consists of a 125-us frame within a
standard 44,736-kbit/s payload. Note that there is no fixed relationship
between the PLCP frame and the 44,736-kbit/s frame; i.e., the PLCPcan
begin anywhere inside the 44,736-kbit/s payload. The PLCP frame, Fig.
2.13, consists of 12 rows of ATM cells, each preceded by 4 octets of
overhead. Nibble stuffing is required after the twelfth cell to fill the
125-pus PLCP frame. Although the PLCP is not aligned with the 44,736-
kbit/s framing bits, the octets in the PLCP frame are nibble-aligned with
the 44,736-kbit/s payload envelope. Nibbles begin after the control bits
(F,X,P, C, or M)of the 44,736-kbit/s frame. The stuff bits are never used
in the 44,736-kbits/s, i.e., the payload is always inserted. The reader
interested in a detailed explanation of the DS3 framing format may refer
to Ref.10 or other material. Octets in the PLCP frame are described in
the following sections.

Cell rate adaption. The cell rate adaption to the payload capacity of
the PLCP frame is performed by the insertion of idle cells, as described
in ITU-T Recommendation 1.432, when no valid cells are available from
the ATM Layer.
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PLCP  Framing POI PCH PLCP payload
{1 octet) (1 octet) (1 octet) (1 octet) (53 octets)
Al A2 P11 26 _ First ATM cell
At | A2 | P10 25 Sacond ATM call
Al A2 P09 Z4 Third ATM cell
At A2 POB Z3
Al A2 P07 22
A1 A2 P06 21
A1 A2 PO5 X
Al A2 P04 B1
At A2 P03 G1
Al A2 P02 X (13 0r 14
Al A2 PO1 X Eleventh ATM cell nibbles)
A1 A2 P00 C1 Twelth ATM cell Trailer |

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

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

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

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

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

* Al: Frame alignment

e A2: Frame alignment

= B1l: PLCP path error monitoring

= Cl: Cycle/stufl counter

* G1: PLCP path status

* Px: Path overhead identifier

=« Zx: Growth octets

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

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

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

C1 code Frame phase of cycle Trailer length

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

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

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

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

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

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

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

3.1 Introduction

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

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

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

* The AAL maps the upper-layer data into cells for transport across the
network. The Service-Specific Layers perform application-dependent
processing and functions. S

This chapter focuses on AAL protocols. As noted, the AAL performs the -
functions necessary to adapt the capabilities provided by the ATM Layer
to the needs of higher-layer applications using CRS or other ATM-based
services.'™ AALs are typically implemented in end user equipment, as
shown, for example, in Fig. 1.16, but can also (occasionally) be found in the
network, as seen later. The functions ofthe AAL include segmentation and
reassembly of the higher-layer data units and mapping them into the .
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AAL and service-spectfic layers

ATM layer

Physical tayer (PHY)

Figure 3.1 Protocol reference model.

fixed-length payload of the ATM cells. Effectively, AAL protocols allow
a user with some preexisting application, say using TCP/IP, to get the
benefits of ATM. To date, three AAL protocol types have been standard-
ized: AAL Type 1 for circuit emulation (or CBR) services, and AAL Type
3/4 and AAL Type 5 for VBR services. Anumber of service-specific parts
have also been standardized. For many years “AAL” meant segmenta-
tion/reassembly and error detection only. With the recent inclusion of
service-specific functions into the AAL, the functionality has been sig-
nificantly increased. Two examples of service-specific parts are briefly
discussed at the end of this chapter. In AAL Type 1, 1 octet of the cell
payload is reserved for control; the remaining 47 octets are utilized for
user information. AAL Type 3/4 reserves 4 octets of each cell payload for
control use. AAL Type 5 provides all 48 octets of each cell (except for the
last cell of a-higher-layer packet; see Sec. 3.5.2) for user information,

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

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

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

3.2 AAL Model

Architecturally, the AALis a layer between the ATM Layer and the “service
layer” (the service layer is shown in Fig. 3.5). The purpose of the ATM
Adaptation Layer is to provide the necessary functions to support the
service layer that are not provided by the ATM Layer. The functions
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provided by the AAL depend upon the service. VBR users may require
such functions as PDU delimitation, bit error detection and correction,
and cell loss detection. CBR users typically require source clock fre-
quencyrecovery and detection and possible replacement of lost cells.

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

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

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

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

» UNIsignaling service (the UNI Signaling AAL protocol, which utilizes
the AAL 5 Common Part protocol)

The AAL for VBR services consists of two parts: a Common Part (CP)
and a Service-Specific Part (SSP). The SSP is used to provide those
additional capabilities, beyond those provided by the CP, that are
necessary to support the user of the AAL. For some applications the SSP
may be “null”; in these cases, the user of the AAL utilizes the AAL
Common Part (AALCP) directly. For all AAL types, the AAL receives
information from the ATM Layer in the form of 48-octet ATM service
data units (ATM_SDU). The AAL passes information to the ATM Layer
in the form of a 48-octet ATM_SDU. Figure 3.5 depicts some of the more
common protocol arrangements.

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

User device User device
(workstation) | gcal ATM switch BISDN Local ATM switch  (workstation)
(if any) public switch (if any)

AAL | ~ AAL
ATM |= a1 ATMJATM | 1 ATM |ATM | —a{ ATM|ATM |- o ATM
PHY (= +{PHY|PHY}* 1 PHY [ PHY |+ o 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.

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

3.3 AAL Type 1

3.3.1 OQverview

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

Timing between Related Nonrelated

source and destination
Bit rate Constant Variable
Connection mode Connection-griented Con::aicstion-

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

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

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

CBR services are

1. Maintenance of timing information
2. Reliable transmission with negligible reframes

3. Path performance monitoring capability

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

1. Lost cell detection
2. Synchronization

3. Performance monitoring

(These functions may not be required by all the CBR services.)
Therefore, the CBR AAL performs the functions necessary to match
the service provided by the ATM Layer to the CBR services required by
its service user. It provides for the transfer of AAL_SDUs carrying
information of an AAL user supporting constant-bit-rate services. This
layer is service-specific, with the main goal of supporting services that
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Figure 3.5 Support of user applications. CPCS = common part CS; SSCS = service-specific
CS; LLC = logical link control; SNAP = Subnetwork Access Protocol; NLPID = Network
Layer Protocel 1D.

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

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

= Unstructured data transfer (UDT)
s Structured data transfer (SDT)
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When the UDT mode is operational, the AAL protocol assumes that
the incoming data from the AAL user are a bit stream with an associated
bit clock. When the SDT mode is operational, the AAL protocol assumes
that the incoming information is octet blocks of a fixed length (such as
an n x 64 kbit/s channel with 8-kHz integrity) with an associated clock.
While the SDT mode of operation has not been completely specified in
the standards, a substantial enough body of agreements exists to as-
sume that by the end 0f 1994 a complete SDT mechanism will be defined.

3.3.2 CBR AAL services

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

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

» Transfer of timing information between the source and the destination

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

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

Specifically, the functions are:

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

. Handling of cell payload assembly delay

. Handling of lost and misinserted cells

. Source clock recovery at the receiver

o oA W

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

8. Handling of AAL-PCI bit errors

9. Monitoring of the user information fisld for bit errors and possible
corrective actions

SAR functions. The SAR functions are

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

the SAR_PDU).

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

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

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

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

Convergence Sublayer functions. The functions of the CS are.

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

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

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

end.

Even parity bit

CS! bit l Sequence count field CRC field /
SN field |SNP field SAR-PDU payload
4 bits 4 bits 47 oclets

SAR-PDU header
) ' SAR-PDU (48 octets)

o

-

Figure 3.6 AAL Type 1 frame layout. SN = sequence number; SNP = sequence number
protection; CSI = Convergence Sublayer indication.
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» Providing the transfer of Structure information between source and
destination for some AAL users.

» Supporting forward error correction (particularly for video)

For those AAL users that require transfer of structured data [e.g.,
8-kHz structured data for circuit-mode bearer services for 64-kbit/s-
based ISDN (see Chap. 8)], the Structure parameter is used. This
parameter can be used when the user data stream to be transferred to
the peer AAL entity is organized into groups of bits. The length of the
structured block is fixed for each instance of the AAL service. The length
is an integer multiple of 8 bits. An example of the use of this parameter
is to support circuit-mode services of the 64-kbit/s-based ISDN. The two
values of the Structure parameter are

Start. This value is used when the DATA is the first part of a structured
block, which can be composed of consecutive data segments.

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

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

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

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

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

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

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

Note that in the non-P format, the entire CS_PDU is filled with user
information.
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Figure 3.7 Non-P and P formats.

+

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

Clocking issues. Besides the UDT/SDT issues discussed earlier, the
other basic CBR service attribute that determines the AAL functionality
required to support a service is the status of the CBR service clock:®

= Synchronous
» Asynchronous

Since the service clock is assumed to be frequency-locked to a network
clock in the synchronous case, its recovery is done directly with a clock
available from the network. For an asynchronous service clock, the AAL
provides a method for recovering the source clock at the receiver. Two
methods are available, the synchronous residual time stamp (SRTS)
method and the adaptive clock method. The SRTS method is used to
recover clocks with tight tolerance and jitter requirements, such as DS1
or DS3 clocks. The adaptive clock recovery method has not been de-
scribed in enough detail to determine what types of service clocks are
supported [presumably less accurate clocks with looser low-frequency
jitter (i.e., wander) specifications] or what, if any, added agreements are
needed. However, since adaptive clock recovery is common in user
equipment, this method i5 assumed to be available.

The support of DS1 and DS3 CBR service
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» Uses the entire 47-octet information payload available with the basic
CBR AAL protocol.

» Uses the UDT mode of operation.

v Uses the SRTS method of txmmg recovery, if the service clock is
asynchronous.

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

control measure.

3.3.3 CBR AAL mechanism

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

The service provided by the AAL consists of its own capability plus
the capability of the ATM Layer and the Physical Layer. This service is
provided to the AAL user (e.g., an entity in an upper layer or in the
Management Plane). The service definition is based on a set of service
primitives that describe in an abstract manner the logical exchange of
information and control. Functions performed by the CBR AAL entities
are shown in Table 3.1.

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

Service expected from the ATM Layer. The AAL expects the ATM
Layer to provide for the transparent and sequential transfer of AAL
data units, each of length 48 octets, between communicating AAL
entities over an ATM Layer connection, at a negotiated bandwidth
and QOS. The ATM Layer transfers the information in the order in
which it was delivered to the ATM Layer and provides no retransmis-
sion of lost or corrupted information.
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TABLE 3.1 Functions Performed by CBR AAL

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

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

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

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

Source clock recovery Recovers the CBR service source clock.

Blocking Maps AAL_SDUs into the payload of a
C3_PDU.

Deblocking Reconstructs the AAL_SDU from the re-

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

Structure pointer generaticn and extraction Encodes in a 1-octet structure pointer field
at the sending AAL entity the information
about periodic octet-based block struc-
tures presentin AAL-DATA request primi-
tives. The receiving AAL entity extracts
the structure pointer received in the’
CS_PDU header field to verify locally gen-
erated block structure.

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

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

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

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



ATM Adaptation Layer 73

TABLE 3.2 Primitives for CBR AAL

AAL-DATA.request (AAL_SDU, Struc- This primitive i3 issued by an AAL user

ture). entity to request the transfer of an
AAL_SDU to its peer entity over an exist-
ing AAL connection. The time interval be-
tween two consecutive AAL-DATA request
primitives is constant and a function of the
specific AAL service provided t¢ the AAL
user.

AAL-DATA.indication (AAL_SDU, Struc- This primitive is issued to an AAL user

ture, Status) entity to notify the arrival of an AAL_SDU
over an existing AAL connection. In the
absenceof error, the AAL_SDUisthe same
asthe AAL_SDU sent by the peer AAL user
entity in the corresponding AAL-DATA re-
quest. The time interval between two con-
secutive AAL-DATA . indication primitives
is constant and a function of the specific
AAL service provided to the AAL user.

Description of parameters:

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

Structure: This parameter is used to indicate the beginning or continuation of a block of
AAL_SDUs when providing for the transfer of a structured bit stream between communicating
AAL user peer entities (structured data transfer service). The length of the blocks is constant
for ench instance of the AAL service and is a multiple of 8 bits. This parameter takes one of the
following two values: Start and Continuation. It is set to Start whenever the AAL_SDU being
passed in the same primitive is the first bit of a block of a structured bit stream. Otherwise, it
is set to Continuation. This parameter is used only when SDT service is supported.

Status: This parameter indicates whether the AAL_SDU being passed in the same indication
primitive is judged to be nonerrored or errored. It takes one of the following two values: Valid
or Invalid. The Invalid value may also indicate that the AAL_SDU being passed is a dummy-
value, The use of this parameter and the choice of the dummy value depend on the specific service

provided. =

TABLE 3.3 SAR Primitives

SAR-DATA.invoke (CSDATA, SCVAL, Thus primitive is issued by the sending CS
CSIVAL) entity tothe sending SAR entity torequest
the transfer of a CSDATA to its peer entity.

SAR-DATA .signal (CSDATA, SNCK, This primitive is issued by the receiving

SCVAL, CSIVAL) SAR entity to the receiving CS entity to
notify it of the arrival of a CSDATA from
its peer CS entity.

Description of paramerc-s:

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

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

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

SNCK.: This parameter is generated by the receiving SAR entity. It represents the results of
the sequence number protection error check over the SAR_PDU header. It can assume the values
of SN-Valid and SN-Invalid.
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3.4 ATM Adaptation Layer Functions for
VEBR (or Bursty Data) Services

As seen in Fig. 3.5, AAL functions for VBR services such as SMDS and
frame relay consist of a set of core functions and a set of optional
functions. This AAL is now commonly referred to as AAL Type 3/4. As
an example, SMDS over ATM uses AAL Type 3/4. The purpose of the
ATM Adaptation Layer Type 4/3 Common Part (CPAALS3/4) protocol is
to support the upper-layer data transfer needs while using the service
of the ATM Layer. This protocol provides for the transport of variable-
length frames (up to 65,535 octets in length) with error detection. The
CPAAL3/4 provides service over preestablished connections. Termina-
tion of a CPAALS3/4 connection also coincides with termination of an
ATM Layer service. The establishment and initialization of a CPAAL3/4
connection is performed by interaction with CPAAL3/4 Layer Manage-
ment entities. There is a dual view of the AAL3/4 Layer.

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

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

“Service
layer AAL 3/4 primitives
L 'y A
f b .
N\ @
SsP _ =
SsP Nuli {also known as service-specific B
CS (SSCS)] a_
h >Q w
Common part 52
AALI/4 primitrves %
i
>
[ Common partofCS(CPCS) | ) §
AAL3/4 common part (CPAALI/4) (&)
SAR {segmantation and reassembily}
L 4 2
s Y
ATM

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

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

The SAR Sublayer is common to all VBR services using AAL3/4,
whereas the Convergence Sublayer provides additional, service-specific
functions (note that some VBR services may use AAL5). The functions
of the Common Part are clearly common by definition. In addition to
this, achieving the maximum commonality in the Convergence Sublayer
protocol for bursty data services has also been an objective, as 1implied
in Fig. 3.5. For these services, the user presents a variable-size PDU for
transmission across the ATM network. The transmission is accom-
plished by using fixed-length cells to transport data in ATM, as
discussed in Chap. 2. At the receiving end of the ATM connection, the
user layer receives the PDU that has been reassembled by the SAR

and CS protocols.

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

CPAAL3/4 Layer Management is responsible for the following capa-
bilities: assignment of the CPAALS3/4 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 Services provided to the upper layer

The CPAAL3/4 provides, on behalf of its user, for the sequential and
transparent transfer of variable-length, octet-aligned CPAAL3/4_SDUs
from one corresponding CPAAL3/4 peer to one or more CPAA13/4 peers.
The service is unassured: CPAAL3/4_SDUs may be lost or corrupted.
Lost or corrupted CPAALS3/4_SDUs are not recovered by the CPAAL3/4.
As an option, corrupted CPAAL3/4_SDUs may be delivered to the
remote peer with an indication of the error (this option is known as

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

» Data transfer between CPAALS3/4 peers

* Preservation of CPAAL3/4_SDUs (delineation and transparency of
CPAAL3/4_SDUs) RS

» CPAALS3/4_SDU segmentation

* CPAAL3/4_SDU reassembly

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

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

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

» Pipelining (forwarding PDUs before the entire PDU 1is received)

This layer provides its user two services:

1. Message-mode service: In this service mode, the CPAAL3/4_SDU
passed across the CPAAL3/4 interface is exactly equal to one
CPAALZ3/4 interface data unit (CPAAL3/4_IDU), as seen in Fig. 3.10.
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Figure 3.11 Streaming-mode service.

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

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

information.

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

3.4.2 SAR Sublayer functions

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

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

CPAAL3/4-UNITDATA. invoke 1ssued by a CPAAL3/4 entity to request the
transfor of s 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).

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

CPAAL3/4-U-ABORT.invoke Issued by a CPAAL3/4 entity using
streaming-mode service to request the
termination of a CPAAL3/4_SDU that
has been partially transferred. The issue
of this primitive also causes the genera-
tion of an abort message by the
CPAAL3Z3/4 to its peer entity if the trans-
mission of the message has already
started. (This primitive is not used in
message mode.)

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

CPAAL3/4-P-ABORT.signal Issued by a CPAAL3/4 entity using
streaming-mode service to indicate to its

user that a partially delivered CPAAL-
3/4_SDU is to be discarded because of the
occurrence of some error; it has local sig-
nificance. (This primitive i8 not used in
message mode.)

Description of parameters:

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

M (more): Used only in streaming mode to indicate whether the CPAAL3/4_1DU commu-
nicated in the ID parameter contains the ending segment of the CPAAL3/4_PDU (=0) or does
not (=1).

ML (maximum length): Used only in streaming mode to indicate the maximum length of the
CPAAL3/4_SDU; it has values from 0 to 65,535.

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

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

CI (congestion indication): Indicates the detection of congestion expenenced by the received
CPAAL3/4_SDU.
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Sequence_Number field to improve the reassembly error detection
process.

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

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

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

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

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

3.4.3 Convergence Sublayer functions

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

3.4.4 SAR Sublayer fields and format

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

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

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

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

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

SAR_PDU SAR_PDU SAR_PDU
header payload trailer
(2-octet) {44-octet) (2-octet)
Segment Sequence MID Payload Payload
type number (10'b|t) length CRC
(2-bit) {4-bit) (6-bit) (10-bit)

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

identifier, or multiplexing identifier.
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TABLE3.5 Encceding of the Segment _Type Subfield

Segment_Type Encoding
BOM . 10
COM 00
EOM 01
SsM 11

CPAAL3/4 SAR_PDUs and CPAAL3/4_CS_PDUs to be numbered modulo
16. The SAR_SN is set to all Os for the first CPAAL3/4_SAR_PDU associ-
ated with a given CPAALS3/4_CS_PDU (i.e., the BOM). For each succeeding
CPAAL3/4_SAR_PDU of that CPAAL3/4_CS_PDU, the SAR_SN is incre-
mented by'1 relative to the SAR_SN of the previous CPAAL3/4_SAR_PDU
of the CPAAL3/4_CS_PDU. When reassembling a CPAAL3/4_CS_PDU, a
state variable is maintained that indicates the value of the next expected
SAR_SN for the CPAAL3/4_CS_PDU. If the value of the received SAR_SN
differs from the expected value, the CPAAL3/4_SAR PDU is dropped, the
partially reassembled errored CPAALS3/4_CS_PUDU is discarded, and any
following CPAAL3/4_SAR_PDUs associated with this corrupted
CPAAL3/4_CS_PDU are dropped.

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

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

The use of Sequence_Number to detect situations in which two
CPAAL3/4_CS_PDUs are inadvertently merged into one and the
resulting length matches the length field in the CPAAL3/4_CS_PDU
trailer is weak. This is due to the fact that this error event requires
that the lengths of the original CPAAL3/4_CS_PDUs be the same.
This implies that the same number of CPAAL3/4_SAR_PDUs will
probably be required to transport two CPAAL3/4_CS_PDUs. There-
fore, the SAR_SNs of the received CPAAL3/4_SAR_PDUs will prob-
ably be consecutive, and so the SAR Sublayer will not detect this error
event. As a result, the use of the Etag at the CS Sublayer is still

required.
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Message identification (MID) subtield. The 10-bit MID subfield is used
to reassemble CPAAL3/4_SAR_PDUs into CPAAL3/4_CS_PDUs. All
CPAAL3/4_SAR_PDUs of a given CPAAL3/4_CS_PDU will have the
same MID. Note that this provides the basis for reassembly of dis-
crete connectionless packets. Use of this subfield as the basis for a
multiplexing or reassembly capadbility for connection-oriented serv-
ices is for further study.

Payload_Length subfield. The 6-bit Payload_Length subfield is coded
with the number of octets from the CPAAL3/4_CS_PDU that are in-
cluded in the current CPAAL3/4_SAR_PDU. This number has a value
between 0 and 44 inclusive. This subfield is binary coded with the most
significant bit left-justified. BOM and COM cells take the value 44; EOM
cells take the values 4, 8, ..., 44; SSM cells take the values 8, 12, ..., 44.

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

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

Gix) =x0 441

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

_ Header N ‘ Trailer o
- . Payload -~ -
CP! | Btag BASize  |Yserinformationis| a1 | grag Length
(1 octet){(1 octet)] (2 octets) qu\(%‘;‘f:;’gg) :& (1 octet)|(1 octet)] (2 octets)
Error Buffer
checking allocation Alignrment Ermor checking

Figure 3.13 CPAAL3/4_CS_PDU Sublayer format of AAL.
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3.4.5 Convergence Sublayer
fields and format
Figure 3.13 depicts the Convergence Sublayer format of the AAL3/4.

There are two Adaptation Layer control fields: the CS_PDU_Header
and the CS_PDU_Trailer, both of which are 4 octets long. The
CS_PDU_Header and CS_PDU_Trailer encapsulate the user’s protocol
data units (USER_PDU). In addition, there may be from 0 to 3 pad octets
added to align the CPAAL3/4_CS_PDU with a 32-bit boundary.

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

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

-

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

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

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

USER_PDU field. The variable-length USER_PDU field contains user
information. It contains the CPAAL3/4_SDU. It is octet aligned, as it is
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limited in length to the value of the BAsize field multiplied by the value
of the counting unit (as identified in the CPI field).

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

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

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

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

3.5 AAL Type5

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

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

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

3.5.1 Service provided by CPAALS

The Common Part of AAL Type 5 provides the capability to transfer the
CPAALS5_SDU from one CPAALS user to another CPAALS user through
the ATM network. During this process, CPAALS5_SDUSs may be corrupted
or lost (in this case, an indication of the error is provided). Corrupted or
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Figure 3.15 Anocther view of the structure of AAL Type 5.
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lost CPAALS5_SDUs are not recovered by CPAALS. CPAALS5 supports a
message mode and a streaming mode. The message-mode service,
streaming-mode service, and assured and nonassured operations as
defined below for CPAALS are identical to those defined for AAL Type

3/4.

1. Message-mode service. The CPAAL5_SDU is passed across the
CPAALS interface in exactly one Common Part AAL interface data
unit (CPAALS5_IDU). This service provides the transport of fixed-size
or variable-length CPAALS5_SDUs.

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

b. In the case of variable-length CPAAL5_SDUs, an internal
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
CPAALS5_SDU is mapped to one CPCS_SDU.

2. Streaming-mode service. The CPAAL5”8DU is passed across the
CPAALS interface in one or more CPAALS5_IDUs. The transfer of
these CPAALS_IDUs across the CPAALS5 interface may occur sepa-
rated in time. This service provides the transport of variable-length
CPAALS5_SDUs. Streaming-mode service includes an abort service by
which the discarding of an CPAAL5_SDU that has been partially
transferred across the AAL interface can be requested.

a. An internal CPAAL5_SDU message segmentation/reassembling
function in the SSCS may be applied. In this case, all the
CPAAL5_IDUs belonging to a single CPAALS5_SDU are trans-
ferred in one or more SSCS_PDUs.

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

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

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

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

tions.

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

Description of AAL connections. The CPAALS provides the capability to
transfer the CPAALS_SDU from one AAL5-SAP to another AAL5-SAP
through the ATM network. CPAAL5 users have the ability to select a
given AAL5-SAP associated with the QOS required to transport that
CPAALS5_SDU (for example, delay- and loss-sensitive QOS).

The CPAALS in nonassured operation also provides the capability to
transfer the CPAALS5_SDUs from one AAL5-SAP to more than one
AALS5-SAP through the ATM network.

CPAALS makes use of the service provided by the underlying ATM
Layer. Multiple AAL connections may be associated with a single
ATM-Layer connection, allowing multiplexing at the AAL; however,
if multiplexing is used in the AAL, it occurs in the SSCS. The AAL
user selects the QOS provided by the AAL through the choice of the
AALS5-SAP used for data transfer,

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

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

Primitives for the CPCS of the AAL. As there is no SAP between the
sublayers of the AALS5, the primitives are called .invoke and .signal
instead of the conventional .request and .indication to highlight the
absence of the SAP.

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

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

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

» CPCS congestion indication (CPCS-CI). This parameter indicates that
the associated CPCS_SDU has experienced congestion. The use of this
parameter in streaming mode is for further study. This parameter is
mapped to and from the SAR-CI parameter.

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

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

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

CPCS-U-Abort.invoke and CPCS-U-Abort.signal. These primitives are used
by the CPCS usertoinvoke the abort service. They are also used to signal
tothe CPCS userthat a partially delivered CPCS_SDU is tobe discarded
by instruction from its peer entity. No parameters are defined. These
primitives are not used in message mode.

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

Primitives for the SAR sublayer of the AAL. These primitives model the ex-
change of information between the SAR sublayer and the CPCS.
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As there is no SAP between the sublayers of the AALS5, the primitives
are called .invoke and .signal instead of the conventional .request and
.indication to highlight the absence of the SAP.

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

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

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

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

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

3.5.2 Functions, structure, and
coding of AALS

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

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

- —— -

. .
:Cell header ! SAR_PDU payioad

e ar o w —-—

SAR_PDU

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

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

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

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

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

*» CPCS_SDU sequence integrity on each CPCS connection.

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

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

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

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

The functions implemented by the CPCS include:

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

2. Preservation of CPCS user-to-user information. This function pro-
vides for the transparent transfer of CPCS user-to-user information.
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3. Error detection and handling. This function provides for the detec-
tion and handling of CPCS_PDU corruption. Corrupted CPCS_SDUs
are either discarded or optionally delivered to the SSCS. The proce-
dures for delivery of corrupted CPCS_SDUs are for further study.
When delivering errored information to the CPCS user, an error
indication is associated with the delivery. Examples of detected errors
would include received length and CPCS_PDU Length field mis-
match including buffer overflow, an improperly formatted
CPCS_PDU, and CPCS CRC errors.

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

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

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

Bt position N

g 1
1 I T '
Most-significant
octet (octet 1)
User data (0-65,535 octets)
R N
L PAD (0-47 octets) <~
~ (afigns CPAALS_PDU on 48-octet boundary) I~
M-1 Uu CP| Length
M CRC-32

Least-significant
32-bit word number octat
Figure 3.17 CPAALS5 PDU. )
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CPCS-PDU payload (CPCS_SDU) (it needed)| CPCS-POU trailer

A
.5 65,535 octets

1 1 i 0
cres-uuy CPI Length Cyclic redun?ancy chf:ck
1 |

Figure 3.18 CPAALS5 PDU, another view.

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

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

1. CPCS_PDU payload. The CPCS_PDU payload is the CPCS_SDU.

2. Padding (Pad) field. Between the end of the CPCS5_PDU payload and
the CPCS_PDU trailer, there will be from 0 to 47 unused octets. These
unused octets are called the paddmg (Pad) field; they are strictly used
as filler octets and do not convey any information. Any coding is
acceptable. This padding field complements the CPCS_PDU (includ-
ing CPCS_PDU payload, padding field, and CPCS_PDU trailer) to an
integral multiple of 48 octets.

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

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

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

6. CRC field. The CRC-32 is used to detect bit errors in the
CPCS_PDU. The CRC field is filled with the value of a CRC calcula-
tion which is performed over the entire contents of the CPCS_PDU,
including the CPCS_PDU payload, the Pad field, and the first 4 octets
of the CPCS_PDU trailer. The CRC field shall contain the 1s comple-
ment of the sum (modulo 2) of
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a. The remainder of xk*(x>! + ™ + ... + x + 1) divided (modulo 2) by
the generator polynomial, where %k is the number of bits of the
information over which the CRC is ¢aleulated.

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

is calculated.

The CRC-32 generator polynomial is:

G(x) = x° +x25+x23+x22+x +x12+x +x%4+ 284 %7

5 4
+x +x +x +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 all 1s and is then modified by division by the generator
polynomial (as described above) of the information over which the CRC
is to be calculated; the 1s complement of the resulting remainder is put
into the CRC field.

As a typical implementation at the receiver, the initial content of the
register of the device computing the remainder of the d1v151on is preset
to all 1s. The final remainder, after multiplication by x32 and then
division (modulo 2) by the generator polynomial of the serial incoming
CPCS_PDU, will be (in the absence of errors)

Cla)z x4 x30 4 22 o B g 18 15 14, 12

+xn+x1°+x8+x6+x5+x4+x3+x+1

3.6 Frame Relay Service-Specific AAL

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

The FR-SSCS protocol prowdes for the transport of variable-length
frames with error deteclnon The FR-SSCS provides its service over

*This discussion is based on Ref. 4.
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Figurs 3.19 AALD for interworking of frame relay and ATM (in CPE).

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

IWF-DATA. indication

Q.922 )
CORE - Frame-relaying service-specific

* convergence sublayer (FR-SSCS)

IWF-DATA requast
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ATM-DATA requesty & ATM-DATA.indication

ATM-SAP

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

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

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

The MFR-SSCS is responsible for the following actions: assignment
of the FR_SSCS association necessary for the establishment or provi-
sioning of FR-SSCS connections between peer FR-SSCS entities, reset-
ting the parameters and state variables associated with a FR-SSCS
connection when required, releasing the association created for a FR-
SSCS connection between peer FR-SSCS entities, and performance
monitoring of the guality 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).

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

The FR-SSCS provides the capability to transfer variable-length
octet-aligned FR_SSCS_SDUs from one or more FR_SSCS users. The
FR-SSCS Sublayer preserves the FR_SSCS_SDU sequence integrity
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within an FR-SSCS connection. During this process, FR_SSCS_SDUs
may be lost or corrupted. Lost or corrupted FR_SSCS_SDUs are not
recovered by the FR-SSCS. The FR-SSCS uses CPAAL5 message-mode
service without the corrupted data delivery option.

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

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

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

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

TABLE 3.6 DL-CORE Primitives

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

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

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 user
to indicate the arrival of an
FR_SSCS_SDU from the associated con-
nection.

vice_User_Protocol_Information)

Description of parameters:

DL_CORE_User_Data: This parameter specifies the FR_SSCS_SDU transported between the
FR-S5CS user and the FR-SSCS. This parameter is octet-aligned and can range from 1 to a
maximum of at least 4096 octets in length.

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

DL_CORE_Service_Protocol_Information: This parameter specifies a 1-bit FR-SSCS5/Q.922-
DLL user control information to be transparently transferred between FR-SS5CS5/Q.922-DLL
users.

Congestion_Encountered_Backward: This parameter indicates that an FR_SSCS_SDU has
experienced congestion in the opposite (sending) direction, and therefore that an FR_S5CS_SDU
sent on the corresponding connection may encounter congested resources, This parameter may
take on two values: True or False. A value of True indicates that an FR_SSCS_SDU has
experienced congestion in the opposite (sending) direction of the connection.

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

in a congestion situation.

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

mendation 1.233.1).

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

The FR-SSCS entity expects the CPAALS to provide each
FR_SSCS_PDU (CPAALS5_SDU) with the CP_Congestion_Indication
(True or False) set to the value of the Congestion_Indication received
by the ATM Layer with the last ATM_SDU conforming to the
CPAALS5_SDU; and with the CP_Loss_Priority set to either Low, if
any of the ATM_SDUs conforming to the CPAALS_SDU was received
with the Received_Loss_Priority parameter set to Low, or High oth-
erwise, o

The FR-SSCS entity passes each FR_SSCS_PDU (CPAAL5_SDU)
with the CP_Loss_Priority set to the value of the Discard_Eligibility
parameter received from the upper layer or the Q.922-DLL (High or”
Low), the CP_Congestion_Indication (True or False) always set to False,
and the User_User_Indication parameter always set to zero.

3.7 Signaling ATM Adaptation Layer (SAAL)

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

The SAAL resides between the ATM Layer and Q.2931 in the user’s
equipment, specifically in the software implementing the Control Plane
(i.e., the signaling capability). The purpose of the SAAL is to provide
reliable transport of Q.2931 messages between peer Q.2931 entities
(e.g., ATM switch and hest) over the ATM Layer. The SAAL is
composed of two sublayers, a Common Part and a Service-Specific
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Figure3.21 SAALstructure. (Note: This figure represents the allocation of functions
and is not intended to illustrate sublayers as defined by OS] modeling principles.)

Part. TheService-SpecificPartisfurthersubdividedintoaService-Spe-
cific Coordination Function (SSCF)and a Service-Specific Connection-
Oriented Protocol (SSCOP). Figure 3.21illustratesthe structure of the
SAAL® '

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

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



100 Chapter Three

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.°

The SAAL for supporting signaling utilizes SSCOP as specified in

Q.2110.°
An SSCF maps the service of SSCOP to the needs of the SSCF user.

Different SSCFs may be defined to support the needs of different AAL
users. The SSCF used to support Q.93B at the UNIis specified in ITU-T

Recommendation Q.2130.1°
The external behavior of the SAAL at the UNT appears as if the UNI

SSCF specified in Q.2130™ were implemented.
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caracteristicas innovadoras
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CARACTERISTICAS B

® Sin pérdida de elulse

 3in colapsos del rendimiento

o Jubzagon de b sstrectina del commutador con un alio
prado de ¢ficaci

» Sobresa iente relacion prevns revaamenta

* Aurocontiguracien ia tarsciersoea de
autoconigueracion e sistema (G Asasichs ATM
ofrece el repintre auremazicn Je direcciones AT
v aprendc autoriaticaumente 1 tonologia de L red
51 taila un enlace hiee, ¢l conmutador reconipurary
la red sein el upe de taile. imben de
tormna automdnce

u Equilibno de carpas 2 elepir una gt fisiea ent-e un
ongen v un dextine, i sisiema GIGAsweh/ATN
ciepird ¢f enlace menos carpade para e nuevo
arcuito virtual (VCr

s Rowmng dinarnico cuando se estd configurande
un arcwio virual conmatado, el sisterna
GIGAswach/ATM utihizara un algormmo que
busque prumern la rata muis rapida para encamarer
el circuite wirtual v buscara una ruza ateenativa,

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

GIGAswitch™ ATM Las perdiaas oe células debidas a congestion ..~ CARACTERISTICAS i
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Conectividad TURBOchannel a ATM
para sistemas DEC 3000 AXP

El ATMworks™ 750
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LinkSwitch™ 500 Ethemet
SuperStack™ Waorkgroup Switch

LinkSwitch 1080 Etharnet/
Fast Ethernet SuperStack

Workgroup Switch

LinkSwitch 1200 Etharnet/FED!

SuperStack Warkaroup Switch

inkSwitch 2200 Ethernet/FDD! éﬁ“‘i

SuperStack Workgroup Switch

LinkSwitch 2700 Ethernet/ATM
uperSiack Workgroup Switch

LinkSwitch 1200 Modules for the
LinkBuider® MSH™ Hub

LANplex” 2016 Ethernet
Warkgroug Switch

LANptex 2500 Ethermnat/FODI

Departmental Switch

LANplex 6060 Ethernet/FODI/

Token Ring Data Center Switc

CELLplex” 7000 ATM Backbcne
Swiich

CELLplex 7200 Ethernat/ATM

Depanmental Switch
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ATM is an advanced switching changes are common, or where

technology that can boost network groups of users in separate locations -
bandwidth to 155 Mbps and beyond need to communicate with each other
while enhancing management and share resources.

flexibility with virtual LANs. This

exceptional performance :.md investment in network equipment and
manageability is accomplished with a protacols. Integrated LAN/ATM

LAN Emulation also protects current

cell-based data communications switches can use LAN Emulation to
techinology. provide full connectivity among
Cell switching greatly reduces ATM and legacy LAN devices.
latency — the delay between when a Furthermore. popular protocols such
device receives a data packet and as IP and IPX can operate on a
when the packet is forwarded to its heterogeneous network without
destination — by dividing the pack- modification.

ets into fixed-length cells. The uni- 3Com ATM switches offer vou

form. 53-byte size of ATM celis
make them easier to process

exceptionally low-cost. reliable ATM
connectivity that lets vou enhance
than variable-length packets. Cell performance incrementaily . only on

switching also results in less those parts of the network that need it.

variation in delay. which facilitares '
Whether vou want to migrate vour

real-time traffic such as full-motion . o
entire building backbone 10 ATM for

i, : St . .
et 1%t video transmisstons.
2 A SN

%

)

%

%%0“ : S ‘ o increased aggregate bandwidth, or
SYOUE S 5 nlike conventional LAN switching

A : technologies, ATM is connection
oriented. This means that ATM
devices must interact with ATM
switches to establish communication

paths before transmitting data.

! you need 1o extend a single high-
¥ speed ATM-link from a workgroup to
a superserver, there i3 a 3Com switch
to suit the tash. Non-blocking
architecture across the product hne

ensures full daia rates between ATM

To allow convennonal LANs to and Ethernct or other LAN -
interconnect with ATM. the ATM technologies. so vou don't have to
Forum has ratified the LAN implement expensive upgrades at the
Emulaton standard. LAN Emuiation desktop.

cnabtes internetworking of ATM,
Ethernet. and Token Ring devices, as
well as virual connections among
ATM devices, so that groups using
this faciitty can be linked across the
cnterprise regardless of where the
devices are located. These virrual
LANs are especially beneficial in
orgamzattons where moves and




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

Ordering Information

Chassis*

Each NETBuildar if chassis requires 8 CEC
madule and software (see pages 5 and 6),
which must be grdered separately

4-Stot Chassis 306000
B-Siot Chassis 3C6001
B-Slot Extended Chassis 306002

Accessories

Each Flash Memory Drive requires a

Flash Memory Card, which must be ordered
separately

Flash Memory Drnive

14-Slot ang 8-Slot Chassis) 3C6081
Flash Memory Drive

{8-Slot Extended Chassis) 3CE082
4 MB PCMCIA Flash

Memory Card 3C6083
10 MB PCMCIA Flash

Memory Card 306084
Dual Power Supoly*

{8-Slot Cnassis) 306023
Dual Power Supply®

{8-Slo: Extended Chassis! 3CE080

WAN Extender

Eacr WAN Extenger connects to a
NETBuider 1! briogerrouter with an HSS
RS-44% Moaule

WAN Extender 2T1 3C8951
WAN Extender 281 308992
Management Software

Transcend Enterprise Manager

Version 2.1 for Wingows 3C150108B
Transceng NETBuider Manager

Vers:ion 22 far UNIX 3C2750D

*Far.ntérnanonal units please a3d tns azcrapriale coce Ly
thanigdect -AA 10 AslamAusi-anas cawe cord (ME
Yz Europea- powe: £0'C 0 UK I8 UL Dower €O°C

3Com’s NETBuiider I
bridge/routers are ideal solutions for
networks with diverse LAN technolo-
gies and growing WAN connections.
These bridge/routers integrate
Ethernet, Token Ring. FDDI. and
ATM connecuons. accommodate
future high-speed networking. bning
in SNA traffic, and add feature-rich
WAN chotces—inciuding ISDN

With modular design and scalable MP
(multiprocessor) architecture,
NETBuilder [T bndge/routers simplifs
retwork expansion: they leverage past
investments, match today's dernands for
more bandwidth. and provide the
flexibiline vou need 10 meet future
requurements.

m Scalable chassis choices.
NETBuilder H 4-Slot. 8-Slot, and
8-Slot Extended chassis all provide
superior levels of performance and
senoaceabiliny Any NETBuilder 1
intertace module—including any MP
tmultiprocessor) module—operates In
ans chassis You can mix and match
madules ind chassis to seale from
small. very attordable svstems all the
was up o very high-density, high-
performance routing

® High performance and MP archi-
tecture, Every NETBuilder 11
bridge/router offers RISC processing.
custon: ASICs. and a ROO-Mbps
hackplaene 1o deliver consistently fast
throughput across all interface ports
‘Thiv power combines with the ntelh-
cent 1/O and on-board processing of
mulitprocessor {MP modules for
performance that can scale o and
bevond 506,000 packets per second.

® Superior reliability, serviceability,
and management. NETBuilder 11
bridge/routers support mission-critical
networks. Opuonal dual power
supplies safeguard operations. und an
optional flash memory drive supplies
reliable booting and easy remote
software updates over the network,
NETBuilder H plattorms allow
itegrated graphical management
through optional Tranwcend* apphca-
uons Thev are available for standard
management pladforms 1n both
Windows .and UNIX® environments

B WAN Extender interfaces for
high-density ISD™N and more.
3Com’s WAN Extender platform
offers wide-ranming [ISDN. Switched
56. and channelized T1 or El
services The platform operates with
a NETBuilder 11 bridge/router 1o
support multipie virtual data channels
for ISDN PRI (Primary Rate
Interfacer connections

NETBuilder Il Racks Up Perfect
Test Scores!

In a8 Communications Week test of mixed
Ethernet-Token Ring LANs, 3Com's
NETBuiider ! made hustory as the first
bridge/rauter to receive perfect scores in
all test categories, capturing the
magazine's Mixed-LAN Max Award*
NETBuwider i competed in AppleTalk,
Novell IPX, DECnet, and IP tests—as well
as tests of transparent bridging Top per-
formance and great orice are what make
3Com's NETBullder Il a winner.

*“first Perfect Gverall Score Earned,”
Communications Wees



NETBuilder 1 modules easily match
networking needs. From high-
performance Communications Engine
Cards (CECs) to LAN and WAN
intertaces—mcluding MP (multi-
processor) modules with on-board
processing—you can choose the night
combinaiion of pons and power for
anv level of service.

m Powerful CEC choices.
NETBuilder II CECs come with hugh-
speed memory options—12 MB or 20
MB—i0 maich software requirements.
The night choice depends on.current
and expected communication needs.
To sccommodate network growth. the
12 MB CEC expands to 20 MB
capabtiity at any time.

& Scalable performance. For
performance that keeps on growing,
nstall MP modules They interoperate
with the NETBuilder I1 CEC to
increise throughput s vou increase
ports The on-board. RISC-based
AMD 29030 CPU offloads cningcal
filtening and forwarding decisions
trom the CEC te boost overall

swslen pertormance

& Simplified changes. Our interface
modules are a breeze to chunge. You
can use any module 10 any
NETBuilder 1 chassis. and sou can
add. swap. or remove any nterface
module witile other modules keep
running That™s why the interface
moduics are easy 1o service, with 2
nopical mean nme to repar (MTTR o
under 1 minure,

m Popular LAN interfaces,
Customer-installable interface
modules include a full array of
popular LAN connections. Three
Ethemet modules offer cabling
chorces (thick. thin, fiber. twisted-
pair) and port density for any
configuration. The Tohen Ring
module also provides 4 choice of
mnierfaces—DB-9 or RJ-35—and
software-selectable 4 or 16 Mbps
operation. Four FDDI modules
give vou every combinution of
multimode and singie-mode fiber
for single-MAC, single-attached or
dual-atizched stations.

® Complete WAN connections.
NETBuilder I1 HSS (high-speed
serial) modules provide one WAN
port (V.35 RS-232. RS-M49. or
G.703) or three WAN ports (V.35,
RS-222. R5-436 or X.21viaa
three-porn breakout cable)

The 3Com NETBuwlder 11 HSS1
(high-speed senal mterface } module
mpiements WAN or ATM
connections of up o SONET OC-1
(52 Mbpsy, including T3/E3 rates.

Communications Engine

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

Ordering Information

NETBuiider !l Communications
Engine Card (CEC} Modules

CEC Module (12 MB) 3C6010A
CEC 20 MB Madule 3C6012
CEC 8 MB Memory
Expansion Kit* 3ceon
CEC 20 MB Maduie
Trade-Up Kit* - 3P6E013

NETBuitder H LAN Modules

MP Ethernet 6-Port
10BASE-T Module 3C60E

Etnernet 2-Par:

1GBASE-Ft Moacule 36026

Ethernet Module 306021
Token Ring Modue 3C80234
Muttimode FDDI Mocule 3060208
Single-Mode FDDI Module 3C6050A
Singie-Mode/Mulimode

FDDI Module 3060514
Mulumode/Single-Mode

FBDI Moduie 3C6L52A
NETBuilder H WAN Modules

HSS V.35/RS-232 Module 3060224
HSS RS-449 Module 3C6024
HSS G 703 Moduie’ 306025
HSS 3-Port V 35 Module 3C6040
HSS 3-Port RS-232 Moouie 3C6041
HSS 3-Part RS-349 Modute 306042
HSS 3-Port X 21 Module 306043
HSSI Module 306028

*Tha Expansion Kit1s for new CECS {ICE010A) and the
Traoe-Up Kit1s for earhier maaels [3CB010)

“Comact your lozal 3Car represeniative about § 703 services




SUPER
STACK

A stackable, cell-based
Ethernet switch with

a high-speed ATM port
for workgroups

Ordering Information

LinkSwitch 2700

tno ATM interface) 3032701
LinkSwitch 2700 (0C-3c single

mode short-reach ATM interface) 3C32M
LmkSwitch 2700 {0C-3C single

made long-reach ATM interface} 3C32712

. LinkSwitch 2700 {0C-3c mulimode

ATMinterface) 3032700
LinkSwetch 2700 (DS-3 ATM

mnterface) 3032710
LinkSwitch 2700 {TL) 3C327130

LinkSwitch 2700

LinkSwitch.2700 13 ideal for Ethernet

workgroups and small departmental
LANs that need an advanced switch-
ing engine for high-bandwidth
networking. The switch s equipped

with 12 switched Ethemet pors and a

high-speed ATM port, allowing you
10 configure conventional or virtual

switched Ethernet workgroups. and to
extend a high-throughput downlink to

a centrattzed ATM switch.

= Leading-edge technology. 3Com’s

ZipChip™ ASIC delivers cell-based,
wire-speed Ethemet switching at

780.000 cells per second. guaranteemg

full 10 Mbps on all Ethemnet ports.

® Choice of ATM interfaces. The
ATM port can accommodate an
0OC-3c 155 Mbps SONET/SDH
{Synchronous Opucal Networking/

Synchronous Digital Hierarchy) inter-
face for local and collapsed backbone

ATM connectivity, or a DS-3 45
Mbps interface for wide area hinks

B Two switching modes. Two

software-selectable switching options

are avalable — cut-through and
store-and-forward — so vou can
adapt the device easily to your
spectfic requirements.

® Virtual LANs. LAN Emulation
client functions and SVC signzling
allow vou to create virtual LANs
that are independent of physical
location,

@ SuperStack support. You can use
LinkSwitch 2700 n a SuperStack
system and manage it with Transcend
applications.

8 Future-proofing. The Ethemet
ports operate even it the ATM pont
1s1°t configured. permitting vou to
implement Ethemet switching now
and make ATM connecuons when
vou need them. Thus. you can
mmigrale to higher ATM bandwidth

while preserving vour investment,

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

B ATM switching for the
LinkBuilder® MSH™ hub. A module
that provides the functionality of the
LinkSwitch 2700 Ethermnet/ATM
switch will be available for 3Com's
LinkBuilder MSH multi-services hub
n late 1993,



The key building block
for creating an ATM
campus backbone

Ordering Information

Chassis

CELLplex 7000

{chassis with switching engine,

1 power supply, and fan unit} 3C31000
CELLpiex 7000

{chassis onty) 3C37007
CELipiex 7000 Redundant

Power Supply - 3C37010
CELLplex 7000 Redundant

Switching Engine 3C37016
CELLplex Replacement Fan Unit 3C37030

ATM Interface Cards and Modules

CELLplex 7000 intertace Carg
(4-port, OC-3c¢ single mode,
short reach) 3C37050

CELLplex 7000 Interface Card
{4-port, OC-3c singie made,

long reachi 30371051
CELLplex 7000 Intertace Card
{4-port. OC-3¢c multmode) 3C37052
CElLplex 7000 interface Card
{4-gort, DS-3) 30370583
CEtLoptex 7000 Intertace Carg
ino modules) 3037005

CELLplex 7000 Physical Mogule
{1 0C-3c single mode short reachi IC37058

CELLplex 7000 Physical Mogule
#1 0C-3c single mooe long reach) 3C37059

CELLpiex 7000 Physical Mogule

{1 0C-3¢ mulvmode) 3IC37060
CELLpiex 7000 Physical Module

{1D8-3) 3C37061
CELLplex 7000 Imerrace Cara

Blank Panel 3C3704

CELLplex 7000

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

® State-of-the-art ATM switching.
The CELLplex 7000 cut-through, self-
routing switching engine 1s

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

# Modular flexibility. You can add
up to tfour 4-port nterface cards to
the chassis, allowing vou to configure
410 16 ATM portsn cost-effective
Increments.

& Choice of ATM interfaces. Each
card accommodates cither OC-3¢ 155
Mbps SONET/SDH interfaces for local
or collapsed backbone connectivity. or
DS-3 45 Mbps interfaces for WAN
links and single-mode fiber (available
n late 1995}

® Robust and reliable. To ensure
uptime for cnitical applications,
CELLplex 7000 1s designed 1o be
fullv redundant, with optional dual
power supplies and redundant
switching engines All modules ar
hot-swappable for conttnuous
operation:

B Traffic management. Rate-based
flow conirol provides congestion
management.

m Integrated mgnagemém."Full
SNMP management is provided.
including suppo"h"ior Transcend
applications. '

B Investment protection The high-
pertormance, passive backplane
allows you to expand port density
and bandwtdth.

® Swilched virtual channels. SVCs
are supported via Q.2931 signaling
with the capability to suppont ATM
Forum UNI 3.0 and UNI 3.1.

ATM Forum Intenim Inter-Switch
Signaling Protocol 1s also supported.

® LAN Emulation Service. The
CELLplex 7000 provides the LEC
LES. and BUS scrvices for LAN
Emulauocn.



The CELLplex 7200 integrales
Ethernet and ATM at {ull wire speed
to remove traffic bottlenecks in
deparunental LANSs, particularly
collapsed backbones. The switch
raccommodaltes up to 48 full-rae
switched Ethemnet ports integrated

with four ATM ports. or alteratively

up to cight ATM ports in ATM-only
configurations,

& Powerful switching engine. The
CELLplex 7200 8 x § switching
cngine combines with 3Com's
ZipClup custom Ethernet/ATM
processor to deliver full-rate, non-
bloching switching on all Ethernel
and ATM ports — at over 780,000
cells per second.

® Fiexible ATM interfaces. Each
mnlerface card accommodates either

QC-3ic 155 Mbps SONET/SDH nter-

faces tor local or collapscd backbene
connectivity, or DS-3 45 Mbps

interiaces for WAN links.

m Virtual LANs. You can create

virtual workgroups based on a vanety
of logical relatsonships rather than
fised physical connections.

m Uptime insurance. A redundant
chassis with opticnal dual power
supplics cnsures that the switch
has no single point of failurc. Hot-
swappable modules help maintam
continuous opcration, ensuring
rapid deitvery of vour critical
network traffic.

a1 Traffic management. Rate-based
flow control provides congestion

management,

& Switching options. Two
software-selectable options —
cut-through and store-and-forward
— ullow vou 1o udapt 1o specihic

network reguirements

® Future-proof. A pussive backplane
with a [0.24 Ghps capacuy permits
vou to upgrade to higher port

densines and data rates

Integrated Ethernet/ATM

switching for

high-bandwidth LAN

backbones

Ordering Information

Chassis

CElLplex 7200 Chassis
{chassis with switching engine,

| power supply, and fan urit} 3C3rz200
CELLplex 7200

{chassis only) 3037207
CELLplex 7200 Redundant

Power Supply . 3C31210
CELLplex 7200 Redundant

Switching Engine 3C37216
CELLplex Replacement Fan Unnt 3C37030
ATM Interface Cards

CELLpiex 7200 interface Carg

{2-port, 0C-3c mulumode} 3037050
CELLplex 7200 Interface Card

[2-port, DS-3) 3C370%1
CELLpiex 7200 Interface Card

{12-port Ethernet, .
1 0C-3c mutimode) 30371260
CELLptex 7200 imeriace Card

(12-port Ethernet, 1 DS-3) 3C37261
CELLpiex 7200 Interface Card

Blank Pane! 3C37021




Produei Line Brochure Cisco LAN Switching Produets

The Emergence of the New Wiring Closet

The demand for more bandwidth and throughput in today’s congested
networks is as ctear as the factors driving it. Among these factors
are the increasing power of desktop processors and the requirements
of client/server and emerging multimedia applications, The need for
increased performance to tr¢ desklop is prompling network man-
agers lo replace hubs in their wiring closets with switches. thereby
protecting existing wiring investments while boosting network per-
formance with dedicated bandwidth to the desktop for each user.

Coinciding with the wiring closet evolution 1s a sinular trend in the
network backbone. Here, users are collapsing router backbones with
switches to increase the aggregate transport capacity of existing

Gatalyst Product Family

Kalpana Product Family

Switch Management

networks The role of Asvnchronous Transfer Mode (ATM) 1s also
increasing as a result of standardizing prolocols such as LAN emu-
lation that enable ATM devices to cocxist with users’ existing LAN
technologies

Cisco Systems recognizes that any strategy for meeting flexible
perfarmance is essentially a plan for migrating from today's world
of shared media to switched internetwork solutions that promote
the expansion of switching technelogy throughout the network.
Cisco supports this migration with a comprehensive family of LAN
switching, ATM switching. and switch management products. These
products. in comjunction with Cisco routers tradstionally used for pro-
tocol management. deliver next-gencratinn desktop and enterprise
solutions to connect users over collapsed nr distributed backbon

CistoSysTemy



Cisco LAN Switching Products: Catalyst 5000

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

The first member of the Catalyst family, introduced in March 1394,
addressed the increasing needs of client/server applications by
boosting the performance of multisegment hubs and dedicating
bandwidth to servers. In less than one year. the Catalyst 1200
acquired a 20 percent share of the switching market, according to
market projections. The Catalyst 5008, introduced in March 1995,
represents the next-generation switching system for the wiring
closet with dedicated bandwidth to the desktop. The Catalvst family
gives users the scalability to buiid large switched internetworks
with muitilayer intelligence.

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

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

Muitiple Switching Opticas
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As networks migrate to higher-speed technologies such as Fast
Ethernet and ATM, the long-term viability of the Catalyst 5000 is
enhanced by five slots that provide configuration flexibility. The
first slot contains a Supervisor Engine that enables aggregate
switching and switch management. The remaining four slots sup-
port a growing combination of switching modules that include
switched 10BaseT/10BaseFL, switched 100-Mbps Fast Ethernet, and
an ATM LAN emulation module. This mix of interface and backbone
modules allows the Catalyst 5000 to integrate the broadest range of
envrronments in the industry, providing a cohesive network solution
and a migration path to switched ATM-based networks while lever-
aging infrastructure investments.

ATM backbone access is achieved through an ATM LAN emulation
moedule that allows applications based on standard protocols such as
TCPAP, Novell NetWare, DECnet, and AppleTalk 1o run unchanged
over ATM networks. An innovative design executes ATM protocols
as onboard processor-executable code, ensuring compatibility with
future software versions.




Because many of today’s organizations experience significant
personnel relocations every vear, the Catalyst 5000 gives users the
flexibility to support the formation of VLANSs within and between
Catalyst 5000 switches and across the internetwork, spanning
routers and ATM. The architecture will scale to support up to

1024 VLANs and can be defined and maintained across platforms
through ATM or 100-Mbps links.

Unlike traditional shared hubs, the Catalyst 5000 architecture is
designed and optimized for switching. The Catalyst 5000's switching
backplane operates at 1.2 gigabits per second (Gbps) and provides

nonblocking performance for all switched 10-Mbps Ethernet interfaces.

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

Catalyst 5000 Offers Maximum Port Density
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ATM in the Enterprise Backbone
LightStream Family

Unique Traffic Management

Support for traffic management by switches is one of the most
important attributes of a scalable switched internetwork, and the
Catalyst 5000 includes several key traffic management features.
A large, 192-kilobyte (KB) buffer ensures adequate port buffering
for workgroup applications without éropping information during
peak traffic periods. Tri-level priority on the backplane ensures
that delay-sensitive applications receive the necessary priority
on a port-by-port basis.

With increasing support for high-performance. high port density,
multimedia solutions, the Catalyst 5000 architecture has the foun-
dation to support the growing needs of business networks today
and into the future.
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Cisco LAN Switching Products: Catalyst 5000

Feature

Function

Benefit

Basic Platform

Modular, five-slot chassis

Supports required supervisor engine and four
edditional modules

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

Fits standard 15-inch rack; rack-mounting hard-
ware and cable guides included

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

Ensures ease of instaltation (n wiring closat and
data center

Fault-tolerant power suppiies

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

Increases reliability

Switch interface modutes

OfTers wide variety of interface choices inciuding
10-Mbps and 100-Mbps Ethernet and ATM; Token
Ring and CODWDDI to be added in future releases

Accommodates all LAN and ATM technologies

Specialized Supervisar Engine module has hard-
ware-based switching engine. bridge address table
for a maximum of 16.000 MAC addresses, rwo 100-
Mbps Fast Ethemnet uplinks, and a network
managemens processor

Detivers over | million pps, low latency, low-cost
switching for deskiop and backbone applicatens:
full local and remote management

Provides a completely manageable switching
system that delivers high-performance switchimng
for even the most demanding workgroup apphications

Hot-swap of power supplies and modules

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

Increases reliability by reducing downtime

Internal architecture

Single switching backplane accommodates
Etherne! and ATM simultaneousty (FDDI and
Token Ring in future releases)

Delivers a single-system solution for all current
deskiop switching neeas with a migration path to ATM

1.2-Gops switchng backplane

Forwards more than 1 millien 64-bvte Ethernet
packets {equates lo nonblocking architecture for
100 10-Mbps Ethernet interfaces at wire speed)

Designed to meet the demands of a fully populated.
10-Mbps svstem with all interfaces operating at
wire speed (each interface cemmunicates with
only one pther interface)

Three levels cf pnionty on the data-switching
backplane

Accommodates technologies that implement
prioritization schemes, such as ATM,
100VG-AnylAN, and Token Ring; enables user to
define higher prionty on a per-interface basis:
aliows any interface to reach the highest priority
when 115 buffer reaches capacity

Accommodates burstv traffic and prevents higher-
laver protocol ttme-outs by giving the interface the
highest priority on the bus unttl traffic is reduced;
allows managers to prionitize data transmission to
critical resources. such as servers or remote routers

Custom application-specific integrated eireuit
(ASIC) development

Uses a custom ASIC controller on each Ethernet
interface

Lowers cost per switched interface 10 the user;
enables state-ol-the an features such as VIANs

Standards-Based
Interfaces

Switched 10-Mbps Ethernet

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

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

24 interfaces of [0BaseT per module

Uses female RJ-21 connectors

High density. low cost per interface connection
nto existing teico-configured winng

12 :nterfaces of 10BaseFL on fiber per module

Uses female R}-21 connectors

Higher densitv than competitors

Switched 100 Mbps Ethernet

Offers chowce of Category 5 UTP cable and, in the
future, fiber-optic cable for |00BaseFX and
Categorv 3 UTP for 100BaseTX and 100BaseVG.
AnyLANY, supports both full- and haif-duplex
operation; supports auto-sensing between
100-Mbps Ethernet

Ensures compatibihity with a large number of
160-Mbps Ethernet hubs and adapters, uses cost-
effective UTP for deskiop connectivity; allows
leng-distance runs with fiber across a campus in
full-duplex mode. increases capacity wilh full-
duplex mode ’



Catalyst 5000 Fearures and Benefits

The Catalyst 5000 15 a strategic switching platform that wall supoort the growing
bandwidth needs of today s workgroups It Dfers users 2 strategic toundation to
snift from shared media hubs to switching en tne wiring closet

Feature Function Benefit
Standards-Based 12 interfaces of 100BaseTX per module Uses female Ri45 connectors Provides lower-cost. 100-Mbps interface 10 routers,
Interfaces hubs. and adapters
{con't)
FDDI connection to backbone, switch, or router Provides scalable, high-speed connection to Ensures interoperabifity and compatibility with
server; cffers connection to choice of multimode existing FDDI networks
(MIC female). single mode (5T female). or
Category 5 UTP (R145 female ) cabling
ATM backbane connection to ATM switch Provides scalable, high-speed connection, offers Connects to ATM backpone
connection to choice of multimode or single mode
fiber
Onboard hardware diagnostics and LEDs Status LED on each module shows successful Enabies casy visual troubleshooting
completion or munor and majer failure of power-up
diagnostc: Link Gond LED shows status of
10BaseT and 100BaseTX interface; Switch Load
LEDs show backplane data bus utifization
Virtual LANs 1024 VLANSs supported Ensures high number of switched VLANS are Eases network admimistration by enabling users to
availabie for enterprise nerwork: enables usersto be logically grouped together regardiess of physical
select interfaces on muitiple system-wide switches  interface locanon for periormance and secunitv
to create a VLAN; allows LANS to be multiplexed considerations: provides VLAN capability wathout
between switches using Fast Ethemnet, FDDi and ATM  forcing users to invest in new backbanc technology
Inter Switch Link (15L) Supports VLANS between switches using any Fast ~ Leverages cost-effective Fast Ethernet technology
Ethernet interfaces far cost-effective point-to- to provide VLANS across an organtzahon s network,
point desktop switching, can operate at full- offers increased Fast Etnernet capacity at an
duplex (100 Mbps) over low-cost copper and Jong-  incremental cost
distance fiber connections
Network Full SN\MP management (Ethernet MIB. (LM| MIB.  Enables Catalyst 5000 to be managed from an Eases management from installed network
Management . FDDI MIB, Bridge MIB, AToMIC. MIB 1, and SNMP-based management station management platforms
system extensions}
Local {out-of-band) management Supernsor has an EIATIA-232 interface for Manages Catalyst 5000 from directly attached
moderm or consale term:nal connection terminal. medem or PC
In-band (Telnet) management Accessidle through any switched or ATM interface Manages Catalyst 5000 from anvwitere 10 the
network
Management console Command hne interface Provides easy-to-use ASCI text interface that
requires na special appltcations
NVRAM Preserves corfiguration informatian Lases ewi'ch configuration and maintenance
Flash memory for TFTP downioad/upload of Remotelv dowloads new revisions of operating Regures cos! of aaministening soflware uotrades
operaning software system without hardware change by providing centranzed network management
capahiliny
Status LEDs Allgws user to visually monitor operation of power  Eases swiicn giagnosis and troubleshooting
supplics. fans. switches. and backbone interfaces
Switch CiscoView application Provides intuztive, GUT interface that supports Simplifies switrhed tnternetwork management.
Management chassis physical view, configuration, performance provides integrated management solutson with
Appiications monitonng and trochleshooting one tanl for determining svstem status

VLAN management application

intustive GUI for adding new users, moving users
between wiring closets, changing users’ VIAN
associations

Reauees training time and ensuees that adminis-
trator will be abie 1o manage V0LAMs
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Planning for High Bandwidth Demand

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

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

A network manager planming 10 meet bandwidth
demand by expanding an existing network or designing
a new one must answer a number of critical questions:

*  Which high-speed technologies will best meet
network requirements for vanous parts of the
network now and in the fumure?

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

*  Can higher bandwidth be provided for back-
bones. servers, and chent PCs at a reasonable
cost. and without mtroducing unnecessary
complexity?

* Wil users of new technolomes be able o
comynunicate transparently with existing
LLAN users?

*  How can the network be optirmized for new
client-server applications”

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

Customer Guidelines

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

+ Deploy new technology only in the parts of
the network where it 1s needed.

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

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

* Maintain seamnjess connectivity throughout
the configuration.

»  Simplify the task of managing the network,

3Com assimilated these guidelines into a compre-

hensive and balanced strategy that is both technicaily
sound and responsive to long-term requirements.

High-Performance Scalable Networking

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

*  Build on both current and emcrging LAN
technologies to meet present and future needs.

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

+  Scale network performance to meet specific
business requirements.

+ Extend the reach of todav's LAN resources
by dramatically reducing the cost and com-
plexity of providing remote and WAN con-
nections across the enterprisc.



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

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

Among these products are:
* NETBuilder II* bridge/router

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

* LinkBuilder® 3GH intermetworking hub

¢  LinkBuilder MSH™ multi-services hub

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

e LinkBuilder FDDI concentrator

7
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figure 1 3Com's High Perfarmance Scalable Networking Strategy



Today's CoIAIapsed Backbone
Architecture

As part of the evolution from a single LAN per
building to separate LANs on every floor, most forward-
looking network managers are reconfiguring their dis-
tributed networks to collapsed backbones. A collapsed
backbone configuration avoids having to put a router
or switch on each floor. Instead. each floor’s horizontal
LAN segments are repeated across a vertical downlink
to a single router, which is usually located in the base-
ment along with a group of high-end servers known as
a “server farm.”

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

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

This arrangement collapses the network backbone
onto the high-speed backplane of a router. (An intelli-
gent switching hub may also be used for this purpose,
but for the sake of brevity most examples in this paper
will assume that the device is a bridge/router.) In the
case of 3Com’s NETBuilder II bridge/router, data
moves approximately 80 times faster than it would on
a distributed Ethernet backbone, and eight times faster
than on an FDDI backbone. The hubs in each floor’s
wiring closet continue to concentrate the LAN floor
segments. but networking intelligence and complexity
now reside in the basement with the collapsed back-
bone router.

3Com’s HPSN strategy uses the collapsed back-
bone model for an economical, three-stage migration
1o scalable performance.

Figure 2 Collapsed Backoones with Multiple LAN Segments
on the Third Figor



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

As the demand for bandwidth grows, a performance
bottleneck can quickly result if all the users on one
floor share a single LAN. A collapsed backbone can
split users across multiple LANs because each new
horizontal LAN segment can extend vertically to a
collapsed backbone router port using a separate fiber
downlink. This effectively scaies 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 2a NETBuilder II bridge/router as the
backbone device and one using a LANplex intelligent
switching hub. In each configuration. three horizontal
LAN segments are deployed on the third floor. This
increases floor bandwidth by a factor of three, each
with its own downtink to the router.

Overcoming Constraints on Dewnlinks

Additional vertical downlinks do not usually require
new cabling installation. since most buildings have
spare fiber pairs in each floor’s bundle. But one con-
straint on the addition of downlinks is the router’s port
capacity. The manager must make sure that the col-
lapsed backbone device has enough ports to handle
both current and near-term future downlinks from the
floors. Of course. multiple coliapsed backbone routers
can always be located together.

Another limiting factor on the number of down-
links 1s increased complexity. Segmentation improves
performance, but it also means there are more LANs
to manage. For example. if [P ts used as a network
laver protocol. each new segment requires its own [P
network number. complicating admnistration and
depleting the organizauon’s allotment of [P numbers.

To reduce compiexity. the manager could. for
example. group the downlinks associated with the three
third-floor segments and connect them to a bridge.
which in turn would be connected to a port on the
router or switching hub. Bridging the three grouped
LAN segments in Figure 2 into one logical workgroup
requires only a single IP network number. and the
router insulates this group of LANs from the others.

However, this solution requires an extra bndge,
adding to the delay 1n the verucal infrastructure.
Furthermore. unless the pon connecting the external
bridge to the router is equivaient in speed to the three
downlinks, the bndge raffic mayv become congesied.
A further consideraton is that adding a high-speed link
between the external bridge and router increases cost,

Port Grouping for Virtual LANs and Workgroups

These problems with bridging may be resolved by
adding a port grouping feature to the collapsed back-
bone router, providing the bridging function internatly
between the three downlinks.

Since the “port” to the router is intemal. there is
no additional delay because its speed is proportional
to the speed of the three downlinks. The three grouped
LAN segments are referred to as a virtual LAN. A vir-
tual workgroup is defined by the collection of nodes
or end systems attached to the grouped LAN segments.

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

]
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Figure 3. Exampte of Vinual Workgroups within a Building

Figure 3 shows an example of multiple virtual
workgroups. In this example. the engineering, market-
ing. and finance groups are kept separate (insulated by
a “firewall™) to isolate data resources and manage traf-
fic between these virtual LANs. Using port grouping,
all of the engineering LAN segments are combined
Into a single virtual workgroup. even though they are
physically divided into three segments spread across
two floors. The virtual workgroup is assigned a single
[P network number instead of three different numbers.



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

Creating Routing Clusters with Switching

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

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

To accommodate growth and alleviate congestion,
a switching hub such as 3Com’'s LANplex can be used
to create router clusters—private, high-speed switched
links to each building. LANplex devices allow each
building to have a private link comprised of either a
10-Mbps Ethernet or 100-Mbps FDDI. Another
approach is to use ATM cell switches and the ATM
DXI interface on the routers. The ATM DX1 interface
will accommeodate speeds up to 52 Mbps. full duplex.
Figure 4 shows three alternative campus backbone con-
figurations that can yield a significant improvement in
performance compared to a single FDDI backbone link.

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

Increasing bandwidth within the workgroups
means increasing LAN segmentation on the floors.
But. eventually, the admimstrator runs out of spare

Building 3

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



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

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

To support high-speed downlinks. the per-port
frame processing performance of the collapsed back-
bone needs to be increased by approximately a factor
of 10. There are numerous ways to accomplish this
performance scaling. All of them require distributing
some level of routing functionality within the collapsed
backbone router.

Route Caching for Scalable Routing

The preferred way to scale performance is to dis-
tribute only the simpler high-performance frame for-
warding logic to the port interface cards. otherwise
known as the port switching engines. and to centralize
the complex route determination logic in a central
routing engine.

This is terrned an ““advise-and-consent” approach
because the first ime a destinatien 1s “seen” by a port
switching engine. the central routing engine determines
the route and tells the switching engine how to forward
subsequent frames with the same destination. The port
switching engine thus performs the forwarding opera-
tion with the advice and consent of the central routing
engine.

The port switching engine remembers the routing
informaton in a route cache. Route caching adopts
many of the caching principles used to speed memory
access in mainframe virtual memory caching schemes.
but with one significant advantage: Each switching
engine 1s responsible for routing only the frames from
end svstems associated with the attached downlinks.
Therefore. each port switching engine “'sees” onlv a
few routes compared to the total number of routes
available to the central switching engine. Also, from
the perspective of the port switching engine. the
routes the cnd systems use do not change frequently.

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

LinkSwitch for Connections Between Segments
High-speed downlink support also requires some
level of internetworking on the floor for attaching
Ethernet and Token Ring LAN segments. The chal-
lenge 1s to move simple. low -cost internetworking

functionality—a form 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 port
switching engine for its attached LAN segments. Like
the port switching engine. if it knows the route. it han-
dles the forwarding of frames independently with the
advice and consent of the central routing engine in the
collapsed backbone router.

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

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

Figure 5 shows an example of a unique high-speed
downlink solution using a LANplex switching hub and
a NETBuilder I bridge/router. The LANplex provides
FDDI downlinks configured as three FDDI segments.
with each segment defining a separate workgroup. Each
high-end server in the server farm is attached to the
FDDI segment associated with its primury workgroup
by means of bridge-per-port or FDDI concentration
within the switching hub.
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Figure 5 High-Speed Downlinks from Ethemet LANS through a
LANplex to & /.= TBuilder If



The NETBuilder II provides full-function routing
between the three FDDI segments and an FDDI campus
backbone. The result is three extremely high-speed
workgroups within a building with complete firewall
protection between them and the campus backbone.
Performance is scaled by distributing intraworkgroup
frame-forwarding to the LANplex switch, while
assigning the much more complex route determination
logic to the NETBuilder II

Today, FDDI is the only standard high-speed LAN
technology that can be deploved as a downlink for
interconnecting both Ethemnet and Token Ring LAN
segments. However. in the near future 100-Mbps Fast
Ethernet will also be avaitable. Fast Ethernet will sup-
port low-cost, 1060-Mbps workgroup and downlink
connections over existing Ethernet cabling.

ATM as a Downlink Technology

One issue that will eventually have to be resolved
with regard 1o LAN downlinks is the fact that all the
segments switched into the downlink must use the sarne
nerwork number, or thev must have a full-function
router at both ends. Certainly multple downlinks may
be used. but even this approach will present a density
problem as the number of LAN segments increases.

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

Because the identity of a LAN segment ¢an be
retained by mapping it to an individual virtual channel,
a single ATM downlink can forward frames from LAN
segments associated with muluple network numbers.
ATM altows for considerably more LAN segmentation
without using up fiber cabling pairs. A single ATM
link will easilv support 15 to 30 Ethernet or 10 to 20
16-Mbps Token Ring LLANs on each floor.

If each LAN segment is mapped to a different vir-
tual channel within the downtlink, every segment can
be identified by the router. NETBuilder IT can now
perform virtual channel grouping. allowing the admin-
istrator to create virtual LANSs just as though each seg-
ment had its own downlink. The ATM downlink. which
uses existing multimode fiber-optic cabling in the
building riser. may be implemented by simpiyv adding
new modules to the collapsed backbone router. and
adding new modules to chassis-based hubs or new
units to hub stacks.

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

o]

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

CetlBuilder for ATM Conversion

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

Forward-looking network planners may choose to
lay the foundation for ATM downlink and desktop con-

nections by deploying ATM switching in the campus’ ~

interbuilding backbones as a way to create router clus-
ters. The NETBuilder II bridge/router’s multimode
fiber ATM module interface supports meshed campus
backbones with speeds of 155 Mbps. ATM provides
low-latency, high-speed switching between buildings,
while NETBuilder I and LANplex switches segment
existing LANs,

This campus backbone will have a very high
aggregate bandwidth, with data rates measurable in tens
of gigabits per second. A bandwidth of this magnitude
could serve up to 20.000 Ethernet nodes.

Figure 7 Using ATM Switching to Cross-Connect LAN Segments.
ans Fouter Clusters 1o Build an ATM Campus Backbone

HPSN Stage 3: Enhancing the Collapse.

Backbone with Routed ATM

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

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

Route Determination for ATM End Systems

There are two major functional components of an
ATM switch. The first is cell forwarding. or digital
cross-connect logic, which to date has received most
of the attention. In general, once a virtual channel has
been established, ATM switches have exceptional
high-speed, low-latency cell ferwarding capabilites.

The other functional component of an ATM switch
is route determination, which sets up the virtual chan-
nels. In current LAN environments. roule determination
15-handled-automatically by-the routing engine in"the
collapsed backbone router. This level of automatic
functionality is also needed in the ATM environment.

Since end systems use many different protocol
stacks—common examples being TCP/P. IPX.
AppleTalk? and DECnet*—the route determination
function needs to be protacol-dependent. The eastest
way to accomplish this is by adding ATM to the exten-
sively developed multiprotocol route-determination
logic residing in the switching engine of the coliapsed
backbone router. Standardized methods for route deter-
muination are expected to emerge from work being con-
ducted by the ATM Forum on LAN emulation, and by
the Internet Engineering Task Force (IETF) on routing
over ATM.



Figure 8 illustrates how ATM route determination
works. An ATM end system establishes a virtual chan-
nel to the collapsed backbone router and transmits its
route detertmination frames (for example, ARP frames
for IP) across this virtual channel.

DerautvinLal Chanel

Figure 8 ATM Switchung wath the ATM End System Functioning
as & Switching Engine and the Router Acting as a Bouting Engine

If the destination systemn identified in the route
determination frame is attached to the same switch
{that is, it has a virtual channel to the router). the rout-
ing engine in the router helps set up a virtual channel
berween the two end svstems for direct communication.
Otherwise. the routing engine helps set up a virtual
channel between the requesting ATM station and the
collapsed backbone router. which in turn forwards
frames to and from the end system. This end system
could be either at the local LAN or at a remote site.

From an architectural perspective. then. ATM
switching is an extension of the advise-and-consent
techmque: A central routing engine works in tandem
with a switching engine 10 optimize network throughput.

Managing the Network

HPSN implements 3Com's Transcend™ family of
network applications. The Transcend management
architecturc goes bevond individual devices to control
logical svstems made up of all the devices in a particular
workgroup. building. campus. remote office, or WAN.
The admunistrator can manage logically connected
eroups of nodes as a single entity. rather than having
o correlate information from hundreds of dispersed
devices

The architecture takes advantage of 3Com’s breadth
of current products and SmartAgent™ intelligent device
agents, while also supporung Simple Network Manage-
ment Protocol (SNMP) compliant products from other
vendors. More intelligence can be added in the future
to automate management tasks.

Because an SNMP Management Information Base
(MIB) for ATM is being defined by the Internet
Engineering Task Force. incorporating ATM in
Transcend applications will be straightforward.
Transcend applications nun on most popuiar manage-
ment platforms, including Sun’s SunNet™ Manager
and Hewlett-Packard’s OpenView?

~Today’s Foundation for HPSN Migration

3Com’s HPSN migration strategy involves an
evolution of the network, not just the upgrading of
individual network components. As cach new capabil-
ity is added 1o one area of the network. complementary
capabilittes are already in place in other areas. By
orchestrating network change in this way, vou can max-
imize your return on investment for cach improvement.
3Com is uniquely positioned to support this migration
process because the 3Com product line spans the entire
network—from local workgroups. 10 campus back-
bones. to remote users.

Equally cntical to cost-effective performance
migration 1s the ability to expand the capability of the
network by adding new functionalitv 1o the devices
that have already been installed. As this paper points
out, 3Com products shipping today huve this expan-
sion capability. These future-proofed products allow
the network manager to establish the foundation for
perfonmmance migratton while sull protecting network
investments, both now and in the vears to come.
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j\) Okianoma Telemedicine Network

The Power of a New

Medical Technology

Experts in: the field note that the image-
oriented nature of medicine makes the
apphcation of ielemedicine the ideal
preseniplion tor improving rural health-
care and lowenng costs. [n essence, the
network becomes directly involved in
the drsenostic process. which has a sig-
nitiani bearing on the cost and timelingss
of subsequent treatment,

Telemedicine is also in step with the
urowIng emphasis on preventive care. a
compenent found in most broad health-
cine reform proposals. By allowing the
rural patien: < primany care pihy sIcian 1o
supeny ise and direct care-gwving focally,
rather than reterring the patent immedi-
dtely o a reional hospital. telemedicine
aids in the early detection of ilinesses
and hetpe speed diagnosis And the con-
vernence of locul care encourages patients
1o visittier {ocul doctor more often for
routine cheos-ups—bringing expert care-
vivers at the regional hospitar into the
lnop at the earliest diagnostc stages.

Recent results trom a teieriedieine
saaters i Georgnl demonstrate the tech-
nology s promise pazient ransfers from
surai tacdies o regonad or urbun centers
were reduced by 85 percent. saving patients
hoth e and money, and moere impar-
tntls, reducing deday < in treatmen:

Telemedicine is simply an anplication
O 1w de-gres netw 0Tk Ing nirasiructure
A hieie telemedicine sy stem icamaorales
iLeze-cathenng wid imuage-transmission
hardisie, mcuding wode-urez links
between remiote sates and larger regrona

conies

The Oklahoma Telemedicine Network,
designed and installed by systems inte-
grator CPI/MicroAge. relies on 3Com’s
high-performance routers at the larger
regional hospitals. Each rural hospital is
equipped with 2 3Com remote office muter
for handling transmussions over the net-
work’s T-1 lines

The radiology application configured
by CPIfMicroAge at each rural siie relies
on a Sun” workstation and a Kodak™
image scanner that digitizes x-rays and
transiers them to a coler screen with a
2000 x 2.500 pixel resolution in about
five minutes.

Ateach rural hospital a 3Com hub
provides winng concentration as part of
3Com’s SuperSiack * svstem architecture
for building completely stackable. cost-
effective networks. Appte Macintosh®
computers at each site carry basic admin-
wstrative productivity applications. as wel!
as Lotus Notes software for nter-hospital
communications. And 3Com'~ Transcend
sottware provides the necessan central-

1zed management tor the entire network

Evolution of the Oklahoma
Teiemedicine Network
The Oklahoma Telemedicine Network
(OTNY began s a s1ate-funded prlor
project at the University of Oklahoma's
Heulth Seiences Cemer

in that il test sia rural hospizzls
were inhed o the Uneversiy 1o validaie the
telemedicine concept Interest erew—and
~o did the number of rural hospitals seek-
e Lo jom 1he network. bringing the ot
10 3 [naddion. more than 13 regional

hospitals are also pariicipanng.

The full rollowt of the OTN is receiving
federal support. Seeing telemedicine as a
viable ecoromic development tool for rural
communities, the U.S, Department of Com-
merce allocated 3.5 million m block grams
1o fund the nrst two veurs of the prowect,
Money that ivpically was dedicated to
building focal rouds and bridges is com-
mutted 1nstead 10 supporting & new hind of
infrastructure investmeni—a rural ntor-
mation highway.

These grants are supporting the rural
hospitals” involvement. while the regional
medical centers are participating ai therr
own cost. Within two vean. savings from
the network are expected w cover the costs
of ivolvement tor the turd hospitals -—as
they gain the abiliny 1o rear mere patients
locallv.

The three pnmary goals of the network s
initial application were aceess, decision
suppart and usefulness suxd Gene Hopper.
director of the Oklahom: Telemedicine
NCIWOrh,

“Rwad providers s solated, and
medicine changes mpicth ” she said, “They
winted more support tar e decisions
they were making abour reaiment And
rural professionals aie inving o provide
exceltent care with mmnmal resaurces
A teleconferencing tow] that physicians
woukbd use once o week did not meet the

rural hospitai » primaiy need”



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

Without the network. rural patients can
expect to wait three o five days before their
v-ray film cun be read by a buard-certified
racdiologist at the regional hospital The
OTN promises 1o teduce that umaround
tme 10 just 13 punutes im emergency situ-
ations and less than an hour (n non-life-

-threatening siuauons, _

But Hopper added that 1zle-radiology
15 "just the np of the 1ceberg. We'll look
nto tele-cardiology. tele-dermatoiogy
and many other medical applicanons.”
she said W can also use 1t for educa-
uon. and access 1 enormous mformation
resources [ihe shammaceutical databases
and [leratme services”

Bawie electromic communication via
e-matd 1~ viewed as another imponant
advantage, raising the level of commu-
mivaion betseen collesguss and rural
deencies. And in manaeed-care environ-
ments where cost savings are key 1o the

OTRUIZH0N s success. the network has

potential for increasing admunistrative
efficiencies and helping hospital officials
evaluate costs and procedures, )

“What we can do with this infrastruc-
ture 15 unhmued.” Hopper said. “*Our
funding, however, is nol—so we started

wilh radiology ™

Building the Oklahoma
Telemedicine Network:

Initial Project Implementation

In the first phase of the OTN project.

38 smaller rural hospitals will connect

10 larger, full-service. regional healthcare
factlittes and 10 each other via & statewide
WAN over T-1 fines. First to go on-line is
the radiology-tmaging application. which
will reduce the hme needed for proper
evaluation of v-ravs from several davs to
about |5 minutes.

Each rurul sute has a 3Com router.
Com hub, a Sun workstation. Kodak
image scanner and Macintosh computers.
The 3Coem solutions are part of the inno-
vatine SuperStach w1 stem of completely
siachable remote-sie and departmental
networks, SuperSiack svstem sotutions
include winng concentration. bndging,

routing. LAN swaching, redundant powet

supplies and SDLC conversion—all
designed to be economical and easy to

install and manage. And 3Com’s Boundury ‘
Routing” svstem software centralizes com-
plexity in 3Com NETBuwilder II routen

at hub sites where support is provided. So
access can be extended o up o 1) times

as many §1es as with tradtienad routers —

without anv added admuustrative demands,

Building the Oklahoma
Telemedicine Network:
Future Plans
Addinonal apphicanions are espected 1o be
made ava:lable as users become familiar
with the system. A< Hopper noted. nearly
any image-based diagnostic procedure can
be carmed over the network Af the same
time. with traditional haimiers removed.
the network should miroduce a new tevel
of competition tor certam medical services.
“Now geagriaphics are mooil noted
David Blankenship. project manager for
CPIMMicroAge “Anvone in Oklahoma
can provide the veray reading senvage
Son's going o foster commeree while
towening costs—and it going Lo change

the way hospriads operare”
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In this environment, the rural hospital
could drive expansion of the network

just as much as the regional hospitals,

Blankenship predicts.

“Regional hospitals realize there are
a lot of services they could provide via
this infrastructure’ he said. “For instance.
after-hours cardiac monitoring to a 40-bed
rural hospital that can't afford 1o staff the
faciliy™

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

and apphcations.”

Exploring the Possibilities

In the future, the OTN infrastructure
will provide easier, faster access to vital
patient records. no maner which network
facility the patient chooses to visit. This
applicauon can reduce paperwork. thus
aliowing healthcare professionals to
devote more ume 1o treatment. rather
than chasing records. individual physi-
cuns’ offices will also be able to link 1o the
network. using solutions such as 3Com’s
AccessBuilder ™ for dialing 1n to gain easy
network access.

Other parters involved w the OTN
praject include: Access Radiology, Appie
Computer. AT& T, Kodak Health Imaging
Syatems and Lots Development.

The Evolution of Telemedicine
The first hurdle in the path of telemed:-
cine had nothing to do with technology,
notes Dave Swartz, a computer engineer
and seasoned telemedicine consultant.
Healthcare providers themselves were
almost universally skepticai.

“Historically, telemedicine was
based on synchranous protocols—
video or voice,” he said. "Two-way
video was the norm” -

But live consultations between
doctors at two video conference-
capable tocations usually proved

'expensive and inefficient. The cost

for the bandwidth was high, and the
systems made poor use of doctors’
time, ' '

"Did you ever try getting a doctor on
the phone?” Swartz said. “Try getting

“two doctors on the TV monitors”

So, while deploying fiber throughout
the University of Okiahoma medical
tampus, Swarkz songht out medical

.. services and technologies that could
benefit from a high-speed, wide-area

network implementation—imaging.

The images could be stored and
forwarded for reading at the radiolo-
gist's convenience—and at low cost
In this case, the network truly created
new possibilities instead of imposing
limitations. Other image-based applica-
tions also make sense— cardiology,
ophthalmology, pathology, dermatclogy,
ultrasound—any case where a com-
puter could capture video images or
even audio.

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

For telemedicine networking
hardware in Oklahoma, where he
has consulted on the 0TN's develop-
ment, Swartz has recommended
3Com solutions.

“3Com is playing a pivotal role
in making sure we can install this
network today—and then upgrade
in the future without throwing every-
thing cut,” he said. 4

" The future of multimedia is tied to
Asynchronous Transfer Mode {ATM), he
explained, so it's important to ensure a
smooth upgrade to ATM as standards
become firm.”

"With the 3Com router, all you'll
have to do is toad up an ATM card”

_ he said.

ATM makes interactive desktop
video a real possibility and can expand
the potential of telemedicine networks
exponentially. 3Com's ATM leadership
and expanded ATM product line will
provide its customers with a ready
source of solutions for making those
improvements a reality.

“Our goal is to build systems of the
future;’ said Swartz. “In Oklahoma,
they're well on their way to doing that”



Telemedicine network promises
better and faster care for less money

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

A comerstone of most reform initatives today
is expanded access-—nputting more people in touch
with hztter care. Today. in rural America. the State of
Oklahoma. CPI/MicroAge. 3Com and other solutions
suppliers are jomning forces to bring that goal within
reach-—through an applicatton of wide-area network-
ing technology known as telemedicine.

Telemedicine allows seasoned medical specialists to
pay “electronic house calls™ to even the smallest rura
hosputals and chinics. Network links can send x-ravs
and other clinical tmages great distances in a matter o;
minutes, allowing rural patients and their doctors to
tap medical resources and experts once reachabie only

through lengthy travel.

The Oklahoma Telemedicine Network (OTN}—
believed to be the largest n the nation. has continued to
be a trailblazer in this rapidly-evolving network apphi-
cation. Developec under the auspices of the Health
Sciences Center at the University of Oklahoma, the
OTN is moving healthcare reform forward today n
the state’s rural areas.

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

Representing a revolution in the deiivery of rural
healthcare. the OTN promises to accomplish many of
the pnmary objectives for overal! healthcare reform:

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

+ Lower costs for treatment,
+ Less time between diagnosis and delivery of treatment.

« Expanded opportunities for training and continuing
education of rural medical professionals.
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E! Grupo Financiero Probursa

(GFP), es un Caso de Exito Internacional
para Cisco Systems de México, dado que
es la primera Institucién Financiera en
integrar Tecnologia ATM en su operacitn
de Redes.

Con el fin de dar a conocer en el
campo practico las ventajas de las
aplicaciones de la Tecnologia ATM,
entrevistamos al Ingeniero Jorge Macias,
Subdirector de Telecomunicaciones v al
Ingeniere Fernando Krasovsky, Gerente de
Implantacién de Proyectos del GFP

Los antecedentes de equipo Cisco en
el GFP datan desde principios de 1993,
cuando este grupo financiero desarrollé ia
estrategia de consohidar en un solo centro
de computo la operacion de la totalidad de
sus sucursales v oficinas operativas, lo que
representd un alto grado de complejidad en
térmunos de la integracion v conectividad
de distintas plataformas v redes. A través
de ruteadores Cisco del ipo AGS se hize
posible resotver estos problemas, ademas
de mejorar las miveles de disponibilidad
mediante et uso de medios redundantes en
puntas criticos, aprovechando las
caracteristicas de. comunicacion atdmica
propias de esta tecnologia

La red de Probursa, es decir, la red
principal o backbone, tiene comunicacion

entre sus sucursales y grandes plazas por
medio de RDI y satélite. A su vez, cuentan
con rutas de respaldo por cada uno de sus
enlaces, y estdn basadas por completo en
Ruteadores Cisco. La finalidad de la
Tecnologia ATM en la red, es la de
comunicar a altas velocidades (155 Mbps)
los dos edificios corporativos del Grupo
Financiero: el Montes Urales | v ¢l nuevo
edificio Montes Urales 11, a traves de un
backbone. Ambos corporativos tienen
comunicacion ATM por medio de dos
Switches A100 Cisco v Ruteadores Cisco
7000. Como todas las aplicaciones se
comunican bajo ATM, y la pérdida de jos
enlaces puede ser bastante critica. se ha
colocado una travectoria principal de fibra
optica con un respaldo por micro-ondas,
sobre el mismo concepto de ATM.

Por su parte el esquema que ticnen
funcionando los Ruteadores 7000 hacia los
Switches ATM., estd establecido por la
tarjeta ATM Interface Processor Eil
computador central es un 9121, con
sistemas AS5/400 v comunicacion con el
computador Tandem de la Bolsa Mexicana
de Valores (BMV),

Primer esquema de
funcionamiento

El esquema que se planteo fue de
dos anilles per piso, cada uno con dos Token
Rings de diferentes Ruteadores 7000 Cada
anillo cuenta, ademas, con una llegada por
fibra optica v la otra por cobre. Esto muestra

Edificio 2

 y
34 l;llbps (\ /((((C(((

Edificio 1

£
m)))))j/)

100 100
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que se cuenta con un esquema de

redundancia completo de ruteadores, fibra, .

cobre v 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 trifico de datos. Esta
facilidad la da el Stand by Router, para que
en el caso de que hava algun problema con
uno de los ruteadores, él o los otros, puedan
soportar la comunicacion de todo el
edificio. Podemnaos resumur que el Ruteador
que soporta las dos nutas, autematicamente
switchea de uno al otro, sin perder la
informacidn que manejan los usuarios, en
el caso de que talle una de ellas

Esto es de granimportancia para e
GFDP. va que cuenta con un nuamero
aproximado de tres mil LU’s conectadas

. enred, hacia el procesador central 9121. Las
LU’s no son exactamente usuanos. La
diferencia radica en que cada usuarie
utiliza de dos a tres sesiones para tener
direrentes aplicaciones en forma
simultanea Podemoes agregar quelas LU's
son unidades direccionables que permiten
a tos usuarios finales comunicarse entre si
vieneracceso a Jos recursos de la Red SN AL

Hov en dia. todo el esquema de
comumcacion hacia el edificio Montes
Urales li - cuvo objetivo es el de integrar a
las diferentes empresas del GFP en un solo
edificio -, es a través de RDI con respaldo
en microondas v/ o satélite en las diferentes
sucursales

Por qué ATM con Cisco

La razdn por la cual Probursa esta
mnovando una arquitectura ATM, se debe
a1 su busqueda por la mejor tecnologta para
el Grupoe Frnanciero ATM representa para
GFDP fa mejar inversion en cuanto a
tecnologia v orentabihdad Aungue
antenormente s¢ anaitzd UNA Propuesta
para instalar Frame Kelay, s¢ convimo en
que ATV esta mas a la vanguardia que la
tecnologia antenor

Sin tener que estar haciendo
cambios en aplicaciones v considerando la
infrastuctura existente, en Probursa
simplemente se incorporaron los equipos
ATM a produccion

Aungue todavia ne se cuenta con
ta aplicacion hberada en video. en Probursa
s esta conscente de la necesidad de contar
en un futuro con aphcaciones que puedan
maneiar video, vos v datos de manera
comunta Por lo tanto el GFP ha preparado
la intraestructura necesana para darle
soporte a sus chentes anto externos como
internos Con la aplicacion de 1magen, se

Loz Ings forge Macias H v Fernando Krasovsky S

del Grupo PROBURSA

esta planeando manejar  viedeo-
conferencias con los clientes del GFP para
juntas de trabajo. capacitacion, asesorias
financieras, etc

Actualmente las aphcaciones del
GFP son cliente-servidor
Todo el ambiente de su red de drea amplia
estd migrande al esquema TCP/IP v se
estan eliminando todos protocolos no
ruteables en la red. El sisterna operative
que se maneja, estd en dos plataformas
Windaws NT v O5/DO5

Las aplicaciones que e} GFP maneja
hacia el computador central 9121, el AS 40
v la Tandem de la Bolsa Mexicana de
Valores, las accesa desde el nuevo edificio
atraves del backbone de ATM. Las ventajs
mas significabivas que proporciona ATM
en el backbone son- Ia velocidad v la
confiabihdad.

Al principio el GFP probd vanas
marcas de ruteadores Sin embargo Cisco
Svstems de México aparecid como la mejor
opcion, por todas las tacilidades con que
cuenta su equipo v el soporte técnico gque
les brinda en conjunto can Red Uno Otra
de las ventajas dela tecnoelogia Cisco es s
escalabilidad, el acceso a nuevas versiones
v el sistema de monitoreo centrahzado con
gque cuenta a traves del sottware Cisco
Works. Este ha resullado la herramienta
wdeal para admimistrar, controlar v
contigurar tada la red de datos en su
seguridad, porque proporciena diferentes
parametros cuando surge algun problema,
permatiendo sotuctonarlo donde v cuando
s¢ presente.

El plan tinal del GFP e5 el tener on
cada sucursal nueva un Ruteador v una
Red En un tuture cercano se planea que
su integracion total sea a través de AT

Por ultime, puntualizaron gue
guien tenga el mavor numero de servicios,
sera el lider del mercado financiera aa
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ATM Protocolos

2 Sub nivel PMD
“% Transferencia de bits
“2 Alineacién de bits
“% Codificacién en linea

% Conversién Electro-6ptica
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ATM Protocolos

E Subnivel TC
“% Generacion, transmision y recuperacion del Frame
> Adaptacion de Frame
> Delineacion de la celda
“% Cabecera de control de error (HEC)

“* Desacoplamiento de ia taza de celdas
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2 Nivel ATM

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

8 vC

Un canal virtual es el enlace que esté entre 2 puntos,
esta conformado por un VCI (Virtual Channel Identifier)
y un VPI { Virtual Path Identifier), donde el VCI determina
enlace particular VC para una determinada ruta virtual
identificada con un VPI.
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ATM Canales y Rutas Virtuales

Nectwork
(public or private]

[passibly a single
facllity, e.g.. a hub)
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ATM Protocolos

2 Funciones del nivel ATM
‘6 Multiplexaje y demuitiplexacion de celdas
“Z Traduccion de VCls y VPIs

“% Generacion y extraccion de la cabecera de la celda
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2 Ruteo de las Celdas

Dentro de la UNI existen 24 bits destinados al ruteo
de la celda:

“% 8 bits para asignar un VPI

“> 16 bits para asignar un VCI
3 mas se destinan para la descripcion del contenido
de la zona de carga, esto es se determina si el contenido es

informacion de la red o del usuario, y 8 mas se destinan para
el HEC.
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ATM Protocolos

2 Nivel de adaptacion ATM

También llamado “ AAL “, es el encar gado de brindar
el soporte necesario a los niveles superiores, es decir
de convertir los datos de niveles superiores en bloques
de informacién para las celdas.
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ATM Protcolos

B Nivel AAL

Es requerido por los 3 planos, el de control, el de
administracion y el del usuario aunque las funciones
que realiza dentro de cada una de elios son diferentes.
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ATM Protocolos

= Nivel AAL
Sus funciones estan organizadas en dos subniveles
“* Convergencia (CS)

% Segmentacion y reensamblaje (SAR)
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rATM Protocolos
& Nivel AAL

Tiene 5 clases de aplicacion o servicio:
Y3 Clase A: orientado a conexion, CBR
“3 Clase B no definido
“% Clase C: orientado a conexién, VBR
“% Clase D: orientado a No-conexion

% Clase X: orientado a conexion CBR o VBR definidos por
el usuario
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ATM Protocolos

2 Nivel AAL

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

¥z AAL tipo 1 para clase A
“B AAL tipo 3/4 para clase D

“% AAL tipo 5 para clase X
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Frame Relay Technology and Services

Frame relay' concepts, technologies, and services are receiving considerable atten-
tion in the vendor, carrier, and user communitics. The combined frame relay and
SMDS market is expected to exceed $1.2 billion by 1995, making these important
new fields. This chapter provides a detailed view of many of the underiving frame
relay principles, issues, and concepts.” Some basic frame rclav concepts were
described tn Chapter 1. which the reader may want to review at this juncture,
Frame rclay can be deploved in a private network. or, as already alluded to at the
end of the preceding chapter, the service can be obtained from a public network.
Each approach has advantages and disadvantages within the framework of a cor-
porate enterprisewide network. In the following, the term “frame relav™ refers
generically to either the service or the supporting technology. depending on the
context: usually “frame relay service’ refers to a public carrier service. while “frame
relay technology™ implies platforms for private network solutions.

This chapter aims at answering questions such as When does frame relay
make scnse? Should the user deploy a private frame relay network or employ
carriers’ services? When is PVC service adequate and when is SVC desirable? Is
LAN traffic leaving a high-throughput router really bursty? When is it better to
use other technologies? Basic frame relay concepts are introduced and the inter-
relationship with cell relay is discussed (Section 11.2). Benefits of frame relay in
both private and public networks are identified (Section 11.3). Frame relay stan-
dards arc surveved (Section 11.4). Steps for deployment of the technology in
corporate networks are described (Section 11.5). Carrier services and eguipment
availability are surveved (Sections 11.6, 11.7, and 11.8).

'A frume i this context is o data hnk laver construct The “frames™ discussed in Chupters 2 through
9 were phyvsical faver constructs. There is no relationship between the two concepts The term “relaying”
15 used by CCITT.

“Some portions of this chapter are based on AT&T product hiterature [11.1]
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11.1 BACKGROUND

Frame relay is a recently introduced multiplexed data networking capability sup-
porting conncctivity between user equipment (routers and nodal processors/fast
packet switches) and between user equipment and carriers’ frame relay network
cquipment (1.e.. switches). The frame relay protocol only supports data transmis-
sion over a connection-oricnted path; it enables the transmission of variable-length
data units over an assigned virtual connection.’ Compared to traditional packet-
switched services. frame relay can reduce network delays. provide more efficient
bandwidth utilization, and decrcase communication equipment cost. Traditionai
packet services typically introduce a 200-ms network delay or more (40 to 6! ms
per hiop to handie error correction and control on a hop-by-hop basis). whereas
with frame relay that network delay can be reduced to about 20 to 40 ms [11.2].

As is the case in X.25. frame relay standards specify the user interface to a
device or network supporting the service. Namely. it speciftes the UNIL. This inter-
face 1s called frame relav interface (FRI). A FRI supports access speeds of 36 kbps,
N x 64 kbps. and 1.544 Mbps (2.048 Mbps in Europe) [11.3-11.5]. Somc vendors
arc attempting to extend the speed to 45 Mbps. The wervice can be deploved (1)
in a point-to-point link fashion between two routers. (2) using customer-owned
frame relay nodal processors (frame relay switches which emplov cell relayv on the
trunk/NNI side). and (3) using a carrier-provided service. Table 11.1 provides a
summary of key features of a frame relay network [11.6]. Figure 11.1 depicts the
technology at the logical level.

11.1.1 Usage of the Technology—An Overview

Frame retay functions supporung the FRI need to be added to user equipment
such as routers, T1 multiplexcrs. FEPs, PADs and so on. 1n order to be connected
to a private or public frame relay network. At this time. frame relayv technology
ts being applied mostiy to LAN interconnection environnients. Existing routers are
casiy upgraded to support the FRIL If commerctially successful, public frame relay
service may supplant X.23 service in the U.S. as a public switched service by the
mid-1990s. The frame relav market was expected to reach 3210 million by 1993
and S850 miilion by 1995 [11.7]. For comparison, the SMDS market is ¢xpected
to reach $5300 million by 1995, and BISDN (for data applications) would recach $500
milhion by 1997 [11.8].

In some cases. asvnchronous termuinals may also be supported bv a frame
relay nctwork: synchronous SNA terminals or other devices (c.g., a front-end

V.-

Some carly tris of N x 6d-kbps viden were undertaken in 1992,

“Instead of using cell relay on the trunk side, some switches use frame relay instead. In the long run,
most switches wili probably migrate to the cell relay NNI.
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Table 11.1
Summary of Key Features of a Frame Relay Network

+ Standardized by CCITT and ANSI standards

» Only ““core” functions are provided by the network

= Network does not guarantee delivery of data

» Protocols in user's equipment is responstble for retransmitting data that is lost, mesrouted., or
discarded by the network because of congestion

« Frames are transported transparently (only label, congestion bits, and frame cheek sequence are
modified by network)

- Network detects (but does not correct) transmission, format, and opcrationad errors

+ Network does not acknowledge or retransmit frames

+ Delivers frames in sequence

Switching/Transport Fabne .

UNI UNE

_1|__, NNt nnit ___*_,
FRI \+—‘/ FRi

t Coll-based {prefetred) or frame-based;
privately-owned equipment or camer-owned equipment

Figure 11.1 A logical view of frame relav communication.

processor) can also use frame relay. In these cases. an appropriate frame relay
handler (similar to a PAD but only supporting a faver 2 FRI to the network) is
required. In terms of quality of service, the delay incurred by the needed protocol
conversion to support these devices (which is similar to the delay through a PAD
in an X.25 cnvironment) is not eliminated by frame relay technologyv. except pos-
siblv to reduce queueing time toward the switch, given lower network congestion.
The delay through such a frame relay handler is determined by the access speed
of the user’s line. plus the handler’s processing time. For example, if the user’s
frame from a synchronous terminal contained 262 octets and the access line was
9.600 bps. the initial frame relay “framing” delay would be 219 ms; the “*deframing™
delav would also be 219 ms. If the access speed ts 56 kbps, the figure would be 37
ms. This framing/deframing delay is in addition to the frame relay network delay.®

*In a cell-based switching/transport platform, as soon as a frame starts to arrive at a switch, it is
immediately reduced to cells *‘on-the-fly.”
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From the user perspective, any delay is important regardless of whether the delay
is generated by the frame relay network or by the access apparatus to the frame
relav network (whether in 2 PC. a terminal adapter, or a PAD-like device). This
last issuc was never properly appreciated by the packet equipment vendors. and
is the reason why packet technology did not see much penetration in the massion-
critical svnchronous networks of the 1980s.

In order to get maximum benefit from frame relay without having to incur
large communication or equipment charges (i.e., for dedicated T1 links between
sites. or for the deployment of user-owned frame relay nodal processors}, the service
needs to be provided by a carrier. The seven BOCs and several value-added carriers
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
equipped with a frame relayv interface over a dedicated end-to-end T1 iink is not
economically advantageous compared to a non-frame relay solution. and. n fact.
may affect response time. A carrier, on the other hand. can multiplex the traffic
of onc uscr with that of other users. and can therefore pass back to the uscrs the
economic advantages of bandwidth sharing, much the same wayv X.25 or FTI
provides stich economic cfficiencies. Without carriers or private switches. dedicated
T1 links between two sites to be interconnected are needed, regardiess of the
protocol used over the link. However, it should be noted that when using an [XC
or VAN scrvice. the user needs a dedicated T1 or 36-kbps link to the IXC's or
VAN's POP. If the LEC serving the user's location provides the service, the
dedicated T1! 1s required only to the serving CO,

A sccond way to benefit from frame relay is to use it in conjunction with a
frame rctav nodal processor (variously known as ‘“‘corporate backbone nctwork
switch.” “fust-packet backbone multiplexer,” or “framec relay handler™), first
described in Chapter 6. Some corporate networks already deploved this technology
in the late 1980s in the form of fast packet multiplexers. In this case. the service
can often be cost-effective. since the user can obtain from the backbone bandwidth
on demand. rather than on a preallocated (and inefficient) basis. The “'saved”
bandwidth 1s then avaitable to other users of the same backbone, in theory mini-
mizing the amount of new raw bandwidth the corporation needs to acquire from
a carrier tn the form of additional T1 or FT1 links. Witheout a nodal processor
using celt relay principles. dvnamic bandwidth allocation is not easily achicvable.
Some processors use frame relay on the NNI; fine-grain multiplexing is more
difticult. particularly in mixed-media and multumedia applications (next-gencration
LANs use cell principles to support multimedia, as discussed in the previous chap-
ter). In the private network application, the user leases from a carrier private lines
between the remote devices and the nodal processors, and between the nodal
processors; the user employs frame relay to statistically multiplex traffic in a stan-
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dardized way, in order to achicve better utilization of the (now common) truns-
mission resources. The nodal processors must be housed in selected user locations.

Frame relay supports bursty traffic at medium speeds. Consequently, manv
of the applications now advanced bv vendors for frame relay services are feasible
more in view of the increased throughput and reduced network latency compared
to X.25 networks than any other new intrinsic feature of frame relav.

11.1.2 Some Motivations for Frame Relay Services

As indicated, the current major application of frame relay s for LAN intercon-
nection. A combination of recent trends has forced LAN managers to investieate
new approaches in order to provide connectivity at reasonable price:

+ In 198Y, only two out of ten corporate terminals. PCs. and workstations were
connccted to a LAN. By 1993 eight out of ten terminals will require to be
connected to a LAN [[1.9].

* Business shifts to accommodate the “Information Age™ have forced com-
panics to relv in greater measure on data collection. processing, and distri-
bution. For many such companices. the ratio of ternunals to cmplosvees s
approaching 1. and in some cases 1t 1s cven cxceeds 1. Chapter toalicady
discussed some of these trends. : .

« In an effort to be more cfficient, find a cheaper work force and reach global
markets, companies are moving toward distributed data processing. Employ-
ees arc distributed 1 smaller work groups located around town or around
the country. closer to the resources and to the markets. Yet. more than ever,
they need to be tightly cornected through a reliable and casv-to-use enter-
prisewide network.

These trends have led to the following sequence of events:

introduction of more termnals.

Introduction of more LANs to support the increased number of termanals.
Interconnection of these LANs. including those that have emerged in geo-
graphically dispersed buildings around the country. In 1991 un esomuted
653% of the top 5.000 ULS. companies had LAN interconnection needs extend-
ing bevond a building: that number 15 expected to grow to 83% by [YY3
(1110, 11.11).

) d o

The traditional WAN approach of connecting a few LANs with routers over’

dedicated point-to-pomt lines 1s no longer adequate in an environment of many
remote LANs, Some actual networks can have as many as 600 or 800 routers
[11.12]. LAN managers have sought solutions that reduce the number of dedicated
lincs in order to kecp transmussion costs down. and at the same time increase

.y
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fiexibility and make nctwork management easy. It almost sounds like the perfect
WAN environment for packet switching technology. but not exactly. Packet switch-
ing allows uscrs to be easily added and interconnected while following open inter-
national standards. But packet switching has traditionally been slow and the
throughput has been limited.” These limitations are becoming more accentuated
with the new LAN applications, which may involve graphics., multimedia. desktop
publishing. bulk file transfer. and other data-intensive requirements. This has lcad
to the development of two solutions specifically aimed at LANs: frame relav and
SMDS (SMDS is discussed in Chapter 12).

Frame retav ts an carly 1990s technology allowing users of multiple routers
to connect them in an effective manner. it follows open standards and improves
throughput. while at the same time reducing the end-to-end delay (throughput can
be increased up: to three orders of magnitude). When used in a private network
emploving a cell relay platform. it allows the LAN manager to rapidly meet the
evoiving high-speed LAN interconnection needs of the corporation. and do so in
a cosi-cffective manner. The same can be said when using a public network frame
relay service.

As discussed in Chapter 1. the business trend is toward interconnection of
all company resources into a scamless enterprisewide network. However. such
intcrconnection can become prohibitively expensive. unless it 15 done correctly.,
Corporations also sce the emergence of new LAN applications in the 1990s. which
must be supported by the enterprisewide network. New high-bandwidth apphica-
tions dictate the introduction of new high-capacity digital services and technologies
in the corporate network. Sce Table 11.2. compiled from a vanety of sources.
inciuding [11.70, 11.11]. High end-to-end throughput. low latency. cost-cficctive
hbandwidth on demand. and any-to-any connectivity are the order of the dav. A
mijor evolution in the way corporations conncect therr computers and the ever-
ubiquitous PCas already evident in progressive companies. Now. new cguipment
and new communications services allow corporations 1o redesign therr networks
and ~ave money. while at the same time increasc their capabiitties and work force
productivity. The key to achieving these communication goals in a private network
environment s frame relay over a cell relay platform. or a high-capacity public
switched service Tike frame relay (and SMDS).

The new technologics needed 10 support the evolving corporate environment,
howover, cannot be introduced i a vacuum. It would be easy to deploy an optimal
state-of-the-art network when the LAN manager could throw away evervthing and
start compictehy from scratch. In times of cost-containment, though, the LAN

“Packet swatering and other statistical multiplexing schemes do fullfil the role of supporting crror-fice
transmession cf avvachronous traffic from “dumb”™ terminals (or devices and PCs emuinting “dumb”
terminals). which have no error protection of their own—a frame relay service would be & mismatch

in this environmoent.
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Tabie 11.2
Interconnection Needs of AN

1991 JOys
LANs per typrcal company M a2
Growth in LANs — e
Percentage requining interconnection
outside a building 65% RA"E
Growth in interconnected LANS — 1607
Link specds
+ =96 khps 257 I
= Y.6= link = DSO AN%;. 237
« DSO = link = DSI 2% 25%
» DSt < hnk = DS3 200 300
- > DS3 a 1547

manager is being asked to improve the efficicncy of the interconnection network
in a judicious and effective manner. The transition steps to the new communication
cnvironment depend on the network currently in place in the company, Four
generations of corporate networks have been deployed in the past decade Some
users moved from generation to generation: other users leapfrogged one or two
generations. Others were forced to retain a network until the payback could be
achieved and then some. Usually a network stavs in place for a period corresponding
to the useful life of the equipment., which can be 5 to 8 vears. A short review of
the four gencrations of corporate networking assists discussion of how frame relay
evolved and what problems 1t soives: it can also establish the point of departure
for the transition that the LAN manager needs to undertuke in order to implement
frame relay.

Firsi-Generatton Corporate Nenworks. This phase saw the introduction of uninte-
erated nationwide networks. which tvpically emploved low-speed analog fines to
support discrete mission-critical corporate functions. LANs were just bemng intro-
duced in companies. Connectivity among LANs, for the few progressive companics
aticmpung it at that time. used 1ts own point-to-point transimission facihities. Dif-
ferent departmental data applications (e.g.. a mainframe payroll appheation and
a mimicomputer supporting marketing) uscd separate networks. Not only was this
solution cxpensive because of the duplicate transmission costs. but it was also
difficult to manage and to grow. A number of mission-critical networks in place
today still conform to this architecture. These companies have found that unul now
4 backbone network was not cost-cffective.

Sccond-Generanon Corporate Networks. This phase saw the introduction of Tl
muluplexers and supporting digital transmission facilitics. The data applications
werc aggregated over a common backbone network, improving network manage-
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ment. simplifving the topology and reducing the communications cost. A few tra-
ditional analog lines arc enough to justify the cost of a high-speed digital link. as
discussed elsewhere in this book. making this transition a popular upgrade in the
recent past. Voice traffic was also carried by the backbone. One of the shortcomings
of this approach. however, is that the LAN interconnection traffic. now growing.
usually remained separate. perpetuating the problem of overlay networks. This
was ivpically due to restrictions of the byte-interleaved muluplexer (namely, the
mabihty to support dvnamic traffic for bursty users) and interface problems. A
number of mission-cnitical networks in place today still conform to this architecture.

Thurd Generation Corporate Networks. In the immediate past, T1 multiplexers have
started to support LAN interconnection traffic. The traffic is assigned a fixed
amount of TDM bandwidth over the corporate backbone network. Although this
approach to LAN interconnection had several advantages compared to the previous
arrangement, 1t also had a number of disadvantages. Consider N nodes with high
peak-to-average (bursty) traffic needing to be supported by an enterprise network.
A mesh network providing full interconnection between kev nodes may have been
instilled 1n manv companies. as shown in Figure 11.2. This arrangement can be
expensive due to the number of communications hinks. For example. five locations
regquire 10 T links and six focations require 15 hnks. The addition of a new
buackbone node also requires the introduction of many new links. Less than fully
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Figure 11.2 Traditional LAN connectivity.
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interconnected router networks are usually not the best answer to the intercon-
nection requirement, since this tandem arrangement affects the end-to-end delay
and complicates nctwork management. Additionally. and perhaps cqualiy impor-
tant, the bandwidth is not efficiently allocated by using the TDA techmgues com-
mon to the equipment supparting this type of network  As a short-term solutien,
companies sought to keep the number of designated first-tier locations necding tull
interconnection down to a small number. typically between three and sin, therehny
limiting the number of required Iinks. Manv companics have these types of networks
todav. particularly for mission-critical applications,

Some LAN managers. understanding the intuitive advantage of packet switeh-
ing. chose 10 rely on a private {(or public) packet-switched network to mterconnect
the muititude of user routers. These packet networks tvpically introduce o router-
to-router delay on the order of 200 ms or more. This delay s due to (1) protocol
processing at intcrmediary nodes and (2} the hop-by-hop crior catrection and
control used by packet networks. in addition to the delav, the throuchput of these
networks is not sufficient to support toduv’s apphcations. That v wih onew iedh-
nology ts needed.

Fourth Generation Corporate Neoworks, Fieure 1.2 depicted o common conliva-
ration of user environments of the recent past. The figure makes the chalfenee of
a LAN manager obvious-—what 1v neceded 18 a technology tor high end-to-cnd
throughput. tow latency. cost-cffective bandwidth on demuand. and ainc-to-any con-
nectivity. The restrictions discussed above of many of the existing unintegrated
networks, or of the mtegrated networks using TIDN technology. has Ted 1o the
development of the frame relav concept. trame reliy standards, and supporong
frame relav hardware. Such frame relay solutions are now cmerging and are com-
posed of the following three components (sce Figure |1 3):

« A high-throughput nodal processor built from the ground upounaticeted n
TDM restrictions, which supports hieh-speed switching to facibitate ieh end-
to-end throughput This nodal processor was called @ “corporate backbone
network switeh™ i Chupter 02 as discussed there it was imtadly used in the
T1 multiplexer context. but 1s now making a strong appearance i the LAN
context. This nodal processor can also be provided by o carrer. supporting
a switching” tunction at the CO.

« Standard high-speed interfaces to the bridgefrouters to facihitite the nter-
connection ot equpment from o vanety of vendors, This open (standard)
interface based on the concept of packet switching s o frame refay iterface.

« Standard high-speed interfaces between nodal processors, supportng cell
relaving and switching
Since corporate resources are increasingly being deployed on LANs, including

the users, the mainframes. and the data bases. and since routers have taken on
the function of the T1 multiplexers in a number of environments. this intercon-
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Figure 11.3 Usc of frame relay nodal processors for a private frame relay network.

nectton solution is the one being contemplated for the enterprisewide networks of
the 1990s by many progressive companies. Fewer and shorter T1 or FT1 hnks can
be uscd between the users and the nodal processor, thereby reducing communi-

cation costs.

11.2 BASIC FRAME RELAY AND CELL RELAY CONCEPTS

Before addressing how frame relay technology can be deployed in an enterprisewide
multirouter environment, we must address some of the technical details [11.13].
Table 11.3 provides a miniglossary of kev terms. As this discussion proceeds, it
should be remembered that all high-speed hines used in frame relav. either for
access or between switches, are unchannelized FT1, T1, or T3 lines, discussed in
the rest of the book (T3 mav be used on the trunk side).

11.2.1 Frames

A frame i1s a block of user data, as created by the data hink layer (laver 2}. It
consists of a flag, a header, an-information field, and a trailer. Different data link
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Table 11.3
Miniglossary of Frame Reluy Terms

Access Rate. The rate of the access channel employed by the user's equipment (measured in bits per
second). The speed of the access channel determines how rapidly the end-user can send data to the
nodal processor or network.

American National Standards Institute. An organization that accredits groups developmg U.S
standards required for commerce. One such group is the Exchange Carricrs Standards Associanon,
which devcloped the T1.606. T1.617. and TL.618 for frume relay (also see Chapter 1),

Asyachronous Transfer Mode. A pachket switching techmque developed by CCITT which uses
packets of fixed length, resulting in lower processing and higher specds. Alse know as cell relay (see
Chapter 10).

Bandwidth. The communications capacity (measured i bits per second} of 2 transmission hine or a
path through a network

Backward Explicit Congestion Notification Indicator. A hit in the frame sct by the network to noufy
the user’s equipment that congestion avoidance procedures should be nitiated in order to himit the
amount of traffic injected into the network or sent to the nodal processor The fietd is setn a frame
goimg 1n the opposite direction of the congestion (i.e., 1t is sent to the ongmanon). 11 v simaidar 1o o
“siowdown' signal.

Bursty Traffic. Traffic where the rano of the maximum intensity to the average intensity s very high
(= 10) Typical of some LAN environments.

Consultative Committee on International Telephony and Telegraphy. A United Nations oreamzation
which develops internauonal standards and interfaces for telecommunications. The frame refay
standards are based on underlaving CCITT standards {also see Chapter I). - 3

Cell. A fixed-length packet of user data (pavioad) plus an overhead. A cell is uwsually small. being 52
octets or less.

Celt Relay. A high-bandwidth, low-delay switching and multiplexing packet technology required to
impicrnent a frame relay neiwork in an efficient manner. Trunk transmission technigue used in
nodal processors Also known as ATM

Committed Information Rate {(CIR). Specifies the amount of bandwidth guaranteed to o user
between anv 1o pants. CIR can be as high as the access rate [f the CIR s exceeded., the frame
relay device can send the data, but it should set the DE bit to indicate that the data can he
discarded if necessary

Core Functions. Data hink laver functions supported by frame relav, Core functions inchude frame
deiimiting. alipnmient, and transparency; frame multiplexing/demuluplexing using the address field;
and detection of transmission errors

Data Link Connection Identifier (DLCI. A ficld m the frame indicating a purticutar lomcal link
over which the frame should be transmitted. The field has local signilicance. snce 1t can be changed
by the nodal processors as the frame traverses a single-node netwaork (the input DLCT s mapped to
an output DLCT). Mulunode networks may “pipchne’™ cells to the network edges. In this case,
virtual channel identifiers are used and remapped. Access DLCTs are assigned by the network
manager, whtle trunk VCls are allocated dvnamically Toward the network. the nodal processor
assoclates cach VCT wiath the physical address of the trunk over whieh the frame necds 1o be
transmitted to reach s ultimate destination Toward the user. VCls are associited with the physical
line supporting the DLCY identifving the user

Data Link Laver. OSIRM laver 2 functionahty, responsible for reliable transmisston over sinple
communication ltnk 11 combines data bits into a block called a “frame™ and adds a frame check
sequence 1o allow detection of bit errors at the remote point.
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Tabte 113
Continued

Discard Eligibility Indicator. A ficld in the frame set by the user's equipment to indicate that the
frame can be discarded if needed in case of congestion, in order to maintain the committed
throughput.

Fast Packet. A term for various streamlined packet technologies. now synonymous with celt relay,
Supports reduced functionality compared to X.25 packet switching, so that it can operate at much
higher speeds

Forward Explicit Congestion Nofification Indicator. A field 1n the frame set by the network or nodal
processor to notify downstream equipment and/or the destination equipment that congestion
avoidance procedures should be imitiated. The field is set in a frame in the direction of the
destination. It is similar to a “‘hold-on"' signal for received frames, as well as a destination
“stowdown’ signal for traffic from the destination.

Frame. A block of user data, as created by the data link layer. It consists of a flag. a header, an
information field, and a trailer. )

Frame Relay. A 1990s packet-based high-speed technology that provides for dynamic bandwidth
allocation with high throughput and low delay to support the increasing amount of bursty trafiic in
the corporate environment. Frame relay defines a standardized format for data link layer frames
transemitted over a network of interconnected LANs.

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

Frame Relay tnrerface. A standardized interface between customer equipment and a nodal processor
or a frame relay network. A two-laver protocol stack interface capability implemented at both
endpomts of a link

Error Correction. In frame relav, error carrection and retransmission are done 1n the user
equtpment. The network can detect errors. but the correction is relegated to the em: systems.,

Link Access Procedure F. The data link taver protocol used in frame reiay. It is specificd by ANSI
T1.618-1991 and 15 similar to CCITT Q.922 Annex A. It is a slimmed-down protoco!l supporting core
functions oniv It 1s based on ISDN's LAP-D protocol.

Link Access Procedure F-Core. That subset of LAP-F used 1 frame relay.

Local Manapgement Interface (LMI}. A specification for use by frame relay products which defines a
method of exchanging status information between the user device and the network. It is used to
manage PVCs and s specified in ANSI's T1.617

Mutticast. An LMI option that allows a frame relay device to broadcast frames ta multiple
destinations.

Nodal Processor. A frame relav processor is a switch that “connects™ users, facilitatung anv-to-any
connectinvity Connections are accomphshed in real tme over the PVC (eventually over an SVC). |
Tables are maintained by the node to facilitate the connections.

Open Systems Interconnection Reference Model. A model for data communications interconnection
which maps functions necessary for undertaking orderly communication to one of scven hierarchical
lavers.

Permanent Virtual Circuits (PVC). A logical link or path between (i, ongmating and terminating
roulers. No resources are allocated to the hink unless data 1s actually peing sent. The link 1s set up
by the administrator and remains in place for however tong it is needed (days, months, or vears).
Router. A device operating at the network layer of the OSIRM, used by a LAN to access other
LANSs across a vanety of WANs.
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Table 11.3
Continuced

Systems Network Architecture. A nctwork architecture used in [BM nctworks in support of myssion-
critical functions. Originally. the architccture was strictly hicrarchical ind employed tront-end
processors and cluster controllers. It s now moving toward a peer-to-peer architecture, supporting
LLAN access to the mainframe.

Switched Virtual Circuit. A virtuat circunt that i set up on a call-by-call bases. A future trame relay
scrvice, of particular tmportance to pubhic frame relay netwaorks

Time-Division Multiplexing. A traditional method of combiung multiple simultincous channels over
a single transmission path by assigmng diserete time slots 1o cach channel 11 resudts in anelheenmt
bandwidth allocation in bursty environments, '

Virtual Circuit. A logical connection established through a frume relay or packet network. Frames or
packets are routed through the network n an order-preserving transfer The connection is sunttar to
a dedicated line between the endporints.

Virtual Circuit ldentifier (VCI). A label used by a cell switch 1o identify cells belonging to i mven
uscr VCls have local significance (sec Chapter [0)

lavers create different frames: differcnces manifest themsclves in terms of the frelds,
their positions. and their lengths. The logical link control sublaver of a LAN creates
a frame of particular interest, since it 1s the frame thatis involved in the transmission
of data over a network of interconnected LANs. Frame relay service has i speaific
frame format. described below and expanded upon in Section 11.4.2

11.2.2 Frame Relay

Frame relayv is a new packet-based high-specd technology. It provides tor dynamic
bandwidth allocation with high throughput and low delay to support the increasing
amount of bursty traffic in the corporate environment. Frame reluy defines a
standardized format for data link laver frames. which are transmitted over a network
of interconnected LANs or over a public network. A frame relay frame s assembled
by user equipment and is interpreted by frame relay nodal processors or, in cases
where there are no processors, by the remote router. The frame relay frame i
shown n Figure 11.4. Frame relav is based on the 1988 and 1992 CCITT standards
and rccent ANSI extensions. clarifications, and refinements for the U.S. market.
particutarly for private nonswitched access. There is now wide vendor support of
frame relayv standards.

Frame relav may be thought of as a streambined verston of X.235 that can be
implemented on or integrated onto a router. Figure 11.5 depicts this simplification
[11.4,11.14]. Streamlining is accomplished by stripping away all of the X.25 nctwork
laver (laver 3). adding a statistical multiplexing capability via individually addressed
frames to the data link laver, and reducing the functionality of layer 2 by removing
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Figure 11.4 Frame and address ficld format (LAP-F/ANSI T1.618-1191; CCITT Q.922 Annex A).

error correction and retransmission capabilities. Error detection is retained and
errored frames are discarded by the frame relay network. Frame relay can provnde
both a PVC and a SVC service! '
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Initially, frame relay was developed as an ISDN packet service, with a logically
separate control plane for SVC management and user piane. In the control plane,
all signaling capabilities for call control. parameter negotiation, etc., would be
based on a set of protocols common to all ISDN services. As currently evolving
at the U. S. commercial level, frame relay service does not support a logically
separate control plane; in fact, no call setup mechanisms are supported, even “in-
band™ (as would be the case for X.25 SVC packet switching). Public SVC frame
relay mayv become available in 1994 or 1995. Currently. there is no network equip-
ment to support user-to-network or network-to-network SVC signaling. and there
is no SVC user equipment. This implies that the service now only supports PVCs
predefined by the network administrator, and that all frames follow the same route
to the destination.

Permanent virtual circuits establish a fixed path through the network so that
a message or file can be reassembled quickly by the receiving end. Frames are
passed across the network with minimal processing by the network nodes. All of
the bandwidth on the physical path of the frame is available for the duration of
the frame. The rcsult 1s a high-speed, low-delay, bandwidth-on-demand network
well suited for LAN-to-LAN traffic. Frame relay has the advantage of providing
line consolidation and, hence. reduced equipment expenditures. It has the inherent
muluplexing capability where one physical access can support up to 1,024 logicai
connections (in actual implementations, however, the number of logical channels
is usuallv much smaller, say. 32 for physical and/or performance reasons [11.2.
11.15]). The PVC approach does not support an addressing apparatus adequate to
support a switched service.

11.2.3 Frame Relay Interfaces

Like X.25. frame relay specifies the interface between customer equipment and
the nctwork (t.c.. the UNI), whether the network is public or private. This interface
specification is described in generalities in CCITT Recommendation 1.122 of 1988.
1.122 describes the unacknowledged order-preserving transfer of data units from
the network side of a user-network interface to the network side of the other user-
network interface. A frame relay interface 1s a two-laver protocol stack capability
implemented at both endpoints of a link (i.e., by the user equipment and by the
network’s nodal processor). Frame relay interfaces rely on (1) the existing intel-
ligence of end-user equipment, such as routers, to run the protocoi; (2) today's
higher quality digital transmission facilities; and (3) error detection, correction,
and recovery at the higher end-system layers (transport layer, or even at the ultimate
application level) [11.13].

The frame format for data transfer is based on a subset of Q.921 (LAP-D),
but extended with the flow control fields. The protocol is now known as Link

f
Y
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Access Procedure F-Core (LAP-F Core) and is defined in ANSI T1.618-1991; it is
also defined in CCITT’s Q.922 Annex A, adopted in 1992. Q.922/LAP-F (ISDN
Data Link Layer Specification for Frame Mode Bearer Services) is a full data tink
layer protocol in its own right: it was adopted in 1991. Frame relay uscs the subsct
called LAP-F Core. LAP-F functions like windowing and error correction arc not
included in the core subset [11.16]. A 1992 CCITT protocol extended from Q.931.
called (3.933, is to be used to support SVC service.

As implied in Figure 11.1, a network platform is needed to route and forward
frames received over the UNI conforming to the FRI specification. This ptatform
is composed of one or more nodal processors (whether owned by the user or by a
carrier).

11.2.4 Error Correction

In frame relay, error correction and retransmission are done in the uscr cquipment”’
The network can detect errors, but the correction is relcgated to the end-svstems:.
Error conditions include lost. duplicated, misdelivered, discarded. and out-of-
sequence frames: recovery from these error conditions must be performed by the
user's equipment, which must be appropriately configurcd to support these tasks.
This does not require any additional functionality, which most intelligent equip-
ment, like LAN routers. has today. Furthermore. with todav’s higher guality digital
transmission facilities and the migration to fiber, it is unlikcly that manv frumes
will be received in error, requiring end-to-end retransmission. Error-pronce cireuits
of the past necessitated complex error checking and recovery procedures at cach
node of a network. The X.25 packet standards assume that the transmission media
1s intrinsically error-prone. and in order to guarantee an acceptable fevel of end-
to-end quality. error managementis performed at every link by a fairly sophisticated
but resourcc-intensive data link protocol. as iltustrated in Figure 11.5. With o high-
quality fiber-based communication infrastructure becoming commonplace. many
of the error correction and retransmission capabidities of X.25 can be safelv elim-
inated [11.17].

Since error correction and flow control arc handled at the endpoints. frame
relay expedites the process of routing packets through a serics of switches to a
remote location by eliminating the need for each switch to check each packet and
correct those in error. This error treatment increases performance and reduces
bandwidth requirements. which in turn can reduce communications costs [11.18,
11.19).

In the past. when transmission errors were common, it was not cfficient to
require the transport laver (whose job it is to guarantee uitimate end-10-cnd reli-
ability) to keep track of unacknowledged PDUs. Instead, the data link laver. closer
to where the problem had 1ts roots, was responsible for the correction task. It 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 may, in fact, have been faster to do it end to end, as we
show below). When the probability of error is low, 1t 1s better to do error correction
end to end (i.e., at the transport layer). In other words, for the same amount of
network bandwidth, the PDU gets delivered faster by doing the error management
end to end: in addition, the nodal processors can be cheaper, since they need to
undertake fewer tasks.

Tables 11.4.11.5, and 11.6 provide a numerical example of a simplified model
to iHustrate the point (the reader may choose to skip ahead to Section 11.2.5, if
desired). In each case, a three-link path is studied. In the first case, the probability
of link success is 0.9, in the second case it is 0.99, and in the third case it is 0.999
(the same probability for ail three links is used for simplicity). The tables (almost
precisely) compute the expected bandwidth to deliver a correct PDU with link-by-
link correction and with end-to-end correction. The expected delay to deliver a
correct PDU with link-by-link correction and with end-to-end correction is also
computed. Before discussing briefly how the tables ar¢. derived, let us focus on the
results. The following summary emerges:

Expected Expected Expecied Expected
Bandwidth Bandwidth Delay Delay
{1-b-1) {e-1-€) f{-b-1) (e-1-¢)
Link success probability: 0.9 3.30674 4.02831 0.66135 0.53711
0.99 3.03027 3.09182 0.60606 0 41224

0.999 3.00300 3.00902 0.60060 0.40120

As the probability of successful transmission over a link increases. the
expected bandwidth approaches three units in the link-by-link case: one unit for
the first ink. one unit for the second link. and one unit for the third link. When
the probability is lower, the expected bandwidth goes up because of the required
retransmissions. (Some PDUs will require no retransmissions, while others will
requirec a few retransmissions. On the average, 3.3 units of bandwidth would be
required for the 0.9 case; since the example is fairly realistic, the “‘overhead”
bandwidth is rather smail. To illustrate the point more pedagogically it would be
necessary to usc a failure value of 0.5.) Note that. in the end-to-end correction
case, constderably more expected bandwidth to successfully transmit a PDU would
be required when the probability of link failure is relatively high (4.02 units versus
3.30 units for the link-by-link case). However, as the probability of success increases
to 0.999. effectively the same expected bandwidth 1s required by both methods
(3.009 units versus 3.003 units). More bandwidth is required in the end-to-end
correction case when the BER is high, because the distant node would have to goé
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Table 11.4

Delay and Throughput Comparison When Probability of Successful Path Transmission s 0.9

Probabilitv of transmission success over a link: 0.9
Transmussion delay (units): (.1
Node delay for error management {units): 0.1

Total Units of

Bandwidth Expecred
Required for Bandwidily
Link-by-Link (Link-bv- Endao-End  Eepecred
Link | Link 2 Link 3 Correction Probability Link) Delay Dilay
5 $ S 3 €6.72900 2. 18700 {).6(H) 6 33740
f.s S S 4 0.07290 0.291a1) {3 8t} () 08832
5 f.s s ) 0.07290 (1.29]164) {} BiN) 08832
s s fs 4 0.07290 (129160 {} 800 {1 {18832
f.s f.s 5 ) 0.00729 (1.03645 1000 000739
f.s f.s 3 (.00729 {1 03643 1.[HK) 0 0N729
s 5 s 5 0.00729 0.03645 1 KK) 0 (0729
f.fs s S s 0.00729 003615 | (XM} 0 AHIT2Y
s f.fs ] 5 (0,10729 {1.03645 | (e (K729
< 5 f.f.s 5 0 H729 3045 1 (W) 000729
fffs s s 6 0460073 N3z 1.200 tLOONRT
) f.f.fs. S 6 {.00073 000437 1.2(K) (Y K7
$ 5 f.f.fs 6 {LIKNIT73 0.00437 1 200 (0 OU0DS7
f.is fs 3 6 ) K73 {37 | 2MH) 0 (0087
fis 5 f.s 6 0.00073 0 00437 1.200 (HIKHINT
S ffs fs 6 (0073 0 00437 1.200) iLEO0RT
0.995814 1306734 1 661353
Towal Units of
Bandwidi Expecred
Redutred for Bandwidth
Lank-by-Link (Ltnh fry- Ind-o-Ind  fapeaed
Ist Pasy  2nd Puss 3rd Pass Correction Probabifuy Linh) Delar Delay
5.5.8 3 (7290} 2 1R87tH) ()4 th 29160
s.s.f
s.is
fas
s.f.f
fs.f
ffs
f.i.f
Sam f 5.6.5 6 (1.19756 1.18535 08 {) 15805
>any f any $.5.5 9 0 05354 () 4K185 1.2 0 06425
>anvf -anv any f 12 0.01451 0.17411 16a 02321
(1.949461 4.02831 (1.53711

s = success f = failure
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Table 11.5
Declav and Throughput Comparison When Probability of Successful Path Transmission Is (.99

Probability of transmission success over a hnk: 0.99
Transmission delay (units), 0.1
Node delay for error management (units): {11

’ Tortal Unus of

Bandwidth Expecred
Required for Bandwidth
Linh-by-Link (Link-by- End-to-End  Expected
Link 1 Link 2 Link 3 Correction Probabiliy Link) Delay Detav
s s s 3 0.97030 2.91090 {.600 0.58218
fs S S 4 0.00970 (1.03881 (1.800 0.00776
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Table 11.6
Delay and Throughput Comparison When Probability of Successful Path Transnisaon [ oo
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back all the way to the origination (several hops away) and tie up resources across
the network. For example, if a PDU has successfully traversed two k..'ps and then
fails on the last hop. the resources required for a correct reception under the hop-
by-hop method would be B+ B + (B +B); under the end-to-end method it would
be (B+B+B)+B+B+B.

In each case. the time required to success™lly send « correct PDU decreascs
as the probability of correct transmission over a link increases. However, the end-
to-end correction case was (in this case) always superior in terms of speed (0.66
units for link-by-hink versus 0.54 units at 0.9, and 0.60 units for ink-by-link versus
(.40 at 0.999; individuals engineering packet-switched networks have tradec-off
bandwidth efficiency in favor of end-to-end response time). The data makec clear
that if the probability of link error is low, it is possible to relegate error correction
to the endpoints of the network without negatively impacting the throughput, while
substantiallv improving response time. The additional delay in a traditional packet-
switched network is incurred in having to manage error situations at cach hop
instead of just doing it once at the endpoints, as illustrated in Figure 11.5. (This
more efficient use of bandwidth is not by itsclf responsible for the increased through-
put of a frame relay network: the increased throughput facilitating T1 access is due
to the fact that faster switches are used.)

What this analysis should also make clear is that, in single-switch framc relay
applications, as some vendors are suggesting for private frame relay networks. the
advantages gained bv relegating the error management to the endpoints arc min-
imal, if thev exist at all. The path ari.. .ne link are nearly identical in an environment
where the frame relay routers are connected through a single nodal processor. and
arc exactly identical when two frame relay routers are connected directly with a
T1 tinc. In fact, the overhead incurred in segmenting and reassembling a 1,500-
octet Ethernet frame into 70 or so cells may pract iy wash awayv anv gamn from
strcamiining the crror management procedure (at least in a single-node frame relay
network).

Some explanation of the model of Tables 11.4, 11.5, and 11.6 follows. Le: -
be the probability of successful transmission over a single link. In the link-by-link
error procedure. a PDU is successfully rransmitted if it is successful over the first.
second. and third link. The probability of thiseventis p x p X p = p'. In this
casc. onc unit of bandwidth 1s expanded over the first tink, onc unit over the second
link. and onc unit over the third link, for a total of three units. The delay 1s (T +.
Py = (T = P) + (T + 1, where T 1s the transmission time and P is the protncol
processing time. The model proceeds by looking at all (in actuality, the - st
significant) other events. For example. there could be an unsuccessful transmission
over the first link. followed by a successful retransmission and two other tr: —s-
missions. The probabilitv of thisis (1 -p) x p x p X p = (1 -p)p". Inthisc. _.
two units of bandwidth are cxpanded over the first link, one unit over the second
link. and onc unit over the third link, for a total of four units. The delay is [(T +
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P) + (T + P)] + (T + P) + (T + P). Other cascs are shown in the table (Y945
or more of all cases are accounted for in the tables). Finally. the cxpected bandwidth
value 1s calculated as

PR.... x Bandwidth.. + PR... X Bandwidth . + ---
and the expected delay is calculated as
PRcwer X Delayi + PRz X Delay, : + -
where PR, = Probability of combined event x. The sccond part of the table

calculates the same factors when the error processing is done end to end. Here
transmission is successful only if successful over the first, sceond, and third hinks.
The probability of thisis p X p X p= p". In this casc. onc unit of bandwidth is
expanded over the first link. one unit over the second link. and one unit over the
third hink. for a total of three units. The detav s (T) + (T) + (V' + ). where T
ts the transmission time and P is the protocol processing time (1 this case, P could
be incurred by the end-user equipment, but it still impacts the response time, in
addition, P here is smaller than in the previous case). The model proceeds by
looking at all (in.actuality. the most significant} other events. Any hink failure leads
to an end-to-end retransmission. Events such as s.s.fors.fsorfssorsffor fs.f
or f.f.s or f.f.f (s = success. f = failure) fall into this category (in practical weems,
an crrored frame is not actually transmitted—the preseription shown describes an
aposteriori probabibstuic characterization). Each of these cases would be tollowed
by a second phase. which. it 1s hoped. would be of the form «.s.v The probability
of thisis (1 - p') x p x p x p. In this case. as many as three units of bandwidth
are expanded in the first case. plus three units in the second phase, for o total of
six umits. The detay 18 2°[(T) = (TYy + (T = P)|. Other cases are shown in the
table (99,47 or more of ali cases are accounted foran the tablest Finallv, the
expected bandwidth usage and delay are calculated as deseribed above.

Public frame relay networks must be designed with quality of service in mind.
Some of the parameters being discussed are

Ratio of nondehvered PDUs 1o total PDUs = 10 .
Rato of errored PDUs to total PDUs = 10 ™.
Ratio of misdelivered PDUs to total PDUs = 10 °,
Ratio of duphicate PDUs to total PDUs = 10 7,

(Todav's frame relay networks do not vet meet these goals) Hf the network 15 not
properiyv enginecred from a traffic perspective (ie.. insufficient trunk bundwidth
15 provided) and unrcliable flow control procedures arc used. the number of net-
work-discarded frumes could become sigmificant: this issue will be reexamined liter.
In addition to the quality of scrvice measures with reference to error conditions.



602

carriers aim for an cnd-to-end delay of about 250 ms per average frame (1.000
octets) over a DS0 access line and 20 ms over a DS1 access line. Carriers have the
opportunity of tariffing a level of service or network delay [11.2]. Since frame relay
will not work too well over noisy lines (e.g.. in some countries outside the U.S.).
it will not have the international reach of traditional packet switching.

11.2.5 Frame Relay Processors

A frame relay processor is a switch that “connects’ users, facilitating any-to-any
connectivity. Connections are accomplished in real time over the PVC (the PVC
itself, however, had to be previously established). The frame relay interface is only
a dcfinition of what the data stream into the frame relay network looks like.
Equipment in the form of nodal processors is needed in the network (private or
public) to make the frame relay concept a reality. Like a packet switch, a frame
relay nodal processor supports a virtual connection. Tables are maintained byv the
node that tell the node the physical port on which an incoming frame must be
transmitted. For users terminating on the same nodc. the frames are directly sent
to the destination by checking the address and determining which physical port
needs to receive the data. For users terminating on two different nodes, the data
must be sent over the appropriate trunk to the destination node for ultimate deliv-
erv. Centralized administration of the backbone network routing tables and the
natural port sharing and multiplexing attributes of frame relay make network
growth manageable anc simple. According to some observers, the annual demand
for fast packet frame relay technoiogy will surpass TDM-based T1 multiplexer
systems by 1995 [11.20].

11.2.6 Frame Relay Networks

Frame relay networks can oe¢ private, public. or hybrid. A network consists of (1)
user equipment supporting the frame relay interface. (2) one or mo:  frame relay
processors owned by the user or a carrier, and (3) communication nnks between
the users and the nodal processors and between the processors (hinks between the
nodal processors are owned by the carrierin a public network). The user equipment
typiculiv consists of appropriately configured LAN routers. The nodal processors
interpret the frame and trancmit them (using cells or, in some cases, frames),
making the concept of frame relay a reality. Figure 11.6 shows an exampie of a
(pubhic) frame relay network: frames traverse a fixed PVC path through the net-
work . although transmission resources (including bandwidth) are not dedicated to
each virtual connection.
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Figure 11.6 A (public) frame relay nctwork.

11.2.7 Transmission Mode

Frame relavis a connection-oriented technology. Traditionally, CCI'TT. the oniginal
frame relav standardization body. has pursucd a connection-oricnted philosophy,
Connecuon-oriented service mvolves a connection establishment phase. a data
transfer phase, and a connection termination phase. A logical connection 15 set up
between end-systems prior to exchanging data. These phases define the sequence
of events. ensuring successful data transmission. Sequencing of data, flow controt,
and transparent error handling arc some of the capabilities tvpically inherent in
the service. The call setup phase {(as would be the case in the SVC environment)
adds some delay to each call. but it facilitates dvnamic connectivity. For today's
permanent virtual arrcut-based frame relay. setup 1s done once by the svstem
administration on behalf of the user. The PVC approach impiies the aliocation of
some resources—like table entries—regardless of the real-time user traffic con-
ditton). Since the PVC s established at subscription time, there is no need for real-
time signaling in this type of service {there may be status signahing, but this is
unrelated to the establishment of the channel).



In a connectionless service, such as SMDS, each data unit is independently
routed to the destination; no connection-establishment activities are required, since
each data unit is independent of the previous or subsequent one. { onnectionless-
mode service provides for unit datz transfer without regarding the establishment
or maintenance of connections. This 1s advantageous in interenterprisc applications.
Each unitt of data contains the addressing information and the data itself. The
responsibility of ensuring that the message gets at the other hand is shir:ed up from
the data link laver to higher layers, where the integrity che. s donc only once,
mnstead of being done at (every) lower layer. Connectionless communication 16 7
a very common technique, and is found, for example, in LANs. Since SNT
also connectioniess, the two technologies can interwork in an optimized fasi:. -

11.2.8 PV(C Establishment in Private Networks

The backbone frame relay processors typically have a centralized network man-
agement 1=rmina: to provision connections. The manager specifies the endpoints
(1.e.. the - .vorouters for which a PVC is desired). The network * inagement svstem
will then automatically build a path between the nodes (and. hence, the endpoints)
and inform all nodes in the network of the route. Some processors require manual
entry of the entire routing path in the various tabies. This path will be used for all

subsequent transmission between the specified endpoints. The manag:- :an also
specify alternate logical/phyr al routers to deal with node or trunk {. .are (user
access line faiflur  ..anot t Lealt with ny this method).

11.2.9 Frame Relay Protocol Stack and Protocols

Fregure 11.7de- :atypical frame relay network protocol archite -ure. These stacks
must be implemented in the user ca: nment and in the nodal processors in order
to implement frame relav. In the example, there arc two PC users on two geo-
graphically secparate LANs. These LANs would access the frame relav i.0ode via
routers configured to terminate the frame retay interface There are two PC users
on the :* . remote LANs. Three no-work nodes have bee -ovisioned to logicaliv
interconnect the end-user equipment via permanent virtua: circuits. Nodes 1 and
3 terminate the end-user equipmen” directly over a link with a frame relay intei. ace.
They must support seg~entation tunctions like CS and SAR (discussed in Chapter
10) ir . 2r to accom date cell-based transmission within the network.
S:.undards work tor frame relay started 1n 1986; work accelerated in 1989,
after the publication of the first CCITT frame relay standards. CCITT's Q.". . and
ANSI'sT1.618. T1.617 Annc 3, and T1.617 Annex D dzscribe the UNI. Transfer
of PDUs 1s based on Core  pects of LAP-F protocol { ANSI T1.618). LAP-F
equates to Q.922 and to the older "“[.=21* Cor: * define~ :n the 1988 version of
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Figure 11.7 Protocol stacks i a frame relav/eell relay network

1.122. PVC management functions are included in T1.617 Annex D muny features
of the local management interface (LMI) specification were inttially proposcd by
vendors and by the frame relay forum.

Table 11.7 summarizes the status of the standards. T1.606 provides a descerip-
tion of the frame relay service. It was approved in 1990 by ANSL. The equivalent
CCITT recommendation, 1.233, was in the final stages of approval. T1.606 Addcen-



Table 11.7

Frame Relay Standards, January 1992
Standard ANSI Number Status CCITT Number Status
Framework [.122 Published
Service Description T1.606 Published 1.233 Final
Congestion Management T1.606 Addendum Approved 1.370 Final
Data Transfer Protocol TL.618 Approved Q.922 Annex A Final
Access Signahing T1.617 Approved Q.933 Frozen

dum describes congestion management. It was approved in November 1991, The
equivalent CCITT recommendation, 1.370, was in the final stages of approval at
press time for the March 1992 CCITT meeting. T1.618, based on core aspects of
the LAP-F protocol. describes the data transfer protecol at the UNI. The standard
was arproved in 1991. The equivalent CCITT recommendation, Q.922 Anncx A,
was approved in March 1992. T1.617 describes access signaling. It was approved
in 1991. The equivalent CCITT recommendation. Q.933 was approved in March
1992. T1.617 Annex B describes management of PVCs on a channel that supports
a mix of PVC and SVC services. T1.617 Annex D provides key PVC management
functions. The LMI of Annex D makes possible for the network to netify the end-
user of the addition, deletion, or presence of a PVC at a specified UNI (anv such
information received on a UNI applies to that particular UNI). Areas requiring
standardization include NNI protocols and interoffice signaling.

The minimum information field allowed by the protocols is 1. this implies
that there are no restrictions on how small the frame i1s. A total of 1.021 PVCs per
UNI arc supported. Logical channel 0.1, and 1023 are reserved; channel 1023 is
uscd 1o send link faver management messages from the network to the user’s device;
other logical channels {up to 45) may be reserved by some carric-s.

11.2.10 Transmission Mechanism Across a Frame Relay Network

When using the frame relay interface, the router on a LAN selects the required
remote router by specifyving the permanent virtual circuit via a data link connection
identifier contained in the frame relay frame it builds prior to transmitting the data
(the identifier is onginally assigned by the netvw.ork administrator). If the system
is well designed, there should be no segmentation of the LAN frames into muituple
frame retay frames, although this could happen in theory, adding delay and over-
hecad. The nodal processor accepts the frame it receives on one of its incoming
ports, scgments it into cells while appending a sequence number for remote-switch
cell-to-frame reassembly. and delivers it over the trunk connecting to that remote
switch. Initially, trunk interfaces.used a *‘packet-like” protocol; more recently,



607

products are moving in the direction of CCITT's ATM celis standards. The switch
must segment incoming frame relay frames for delivery through the cell format.,
because these frames can be long while cells are much shorter: for cxample.
CCITT’s standards specify cells with 48 octets for the pavioad and five extra cells
for overhead. as discussed in Chapter 10. As indicated. the nctwork does not worry
about error correction. Nodal processors do, however, check the frame check
sequence (FCS7) code of a reccived frame. If the frame is found in error, 1t is
dropped without further processing {refer again to Figure 11.5).

Every network needs to ensure that traffic is routed rehably from the source
to the destination. In a frame rclay nctwork, routing of the frames from the vanious
routers is determined by the DLCI of the frame on a given uscr-network interface.
Nodes use the DLCI to determine the frame’s destination. The DLCI is not an
address of the destination, since it may change as the frame travels through the
network (i.e.. the DLCI has local significance only). Instead. it identifies the logicat
connection between an element in the network and the next element in the network
(i.e.. endpoint and nodal processor. and nodal processor and cndpoint. routing
between nodal processors is accomplished through the VCI). See Figure 11.8 for
an cxample. The routing table entries for permancnt virtual circurt scrvice are
populated via the network management system. and routing is not determined on
a “per-call’” basis as in X.25 SVC scrvice. In the example of Figure 11.7

= The network laver in the PC at location x (typically part of the TCP/IP ctack)
looks in the routing table for the address associated with the destmation
application. known at the sending cnd by some logical name, sav. v, The
table indicates that the local router must be speaificatly addressed tor the
sclected destination.

» Upon reception of the frame. the router checks its routing tables to determine
the local DLCI needed to be appended to the frame in order 1o reach remote
desunation v.

= The router’s data hink faver places the information in o trame relay frame
and sends 1t to node 1. with the DLCI fubel properiv appended to the intor-
mation.

* Node | recognizes the DLCI associated with an existing logical path through
the network. If the frame s notmerrorand it has a vahd DLCL it s seemented
into cells which are subsequently identified by a node-assigned VCI and other
SAR mechnamisms (some nodal processors forward entire frames without
segmentation: the advantages of cell relay NNIs over frame relayv NNIs are
discussed in Scction 11.2.14) The cells are sent on to node 2 and from there
to nodc 3. Otherwise. 1t discards the frame.

"This acronym and the Fiber Channel Standard acronym introduced in Chapter | clearlvreler todifferent
concepls
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Figure 11.8 Mapping of DLCls in a frame relay network.

» Nodec 3 reassembles the cells into the frame using the VCI and other SAR
mcchanisms; the node then passes the frame over the access line tnat ter-
minates in the cquipment supporting application y. '

* Upon rccempt. the router forwards the information to the PC. In turn, the
data is sent from the PC’s data link layer to application y via the tr sport,
session. and presentation lavers.

The nodal processors do not have to read the variable-iength frame to achiev:

switching; instead, the DLCI is sufficient to allow the edge processors to make the . :

EARRE §
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necessary routing decisions. Figure 11.9 shows one physical realization of the pro-
tocol architecture of Figure 11.7 in order to illustrate routing of frames through a
private frame relay network: The DLCI may be reused by virtual circuits that do
not share one or both endpoints.

In fact. Figure 11.8 implies that the routing is morc complex thun the short
discussion given above, since there is an interplay between DLCI., the cell's VCI
(or equivalent vendor-proprietary indicator). and ultimatc trunks. Three aspects
of routing exist:

+ An association between the locally significant DLCI and the cell's VCI (and
the other way around). This occurs at origination and destination nodal pro-
CESSOrS.

Destination 1 Destination 2 Destination 3 Destinangn 1

IDLCI-OCH ” DLCI-O10I l DLCH= 011 I
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Note' In actualty, DLCIs oniy have local sgnicance and can be allered duning tranamiasion.

Figure 11.9 Routing in a private frame relay network.
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* Remapping of a VCI to another VCI. As discussed in Chapter 10, this occurs
whenever there are ATM switching points (a specific VCI has no end-to-end
significance if the virtual channel connection is switched; the VCI could
remain the same end to end if the virtual connection is provided on a sem-
ipermanent basis). This occurs at intermediate nodes.

» Association between a local DLCI and a DLCI of a user connected to the
samc nodal processor.

This in turn raises several questions pertatning to vendors’ implementation
of the frame relay/cell relay processors:

1. Are tandem nodal processors allowed, or must nodal processors be connected
with direct trunks?

2. Does a tdndem nodal processor have to reassemble cells back into frames.
or are the cells relaved (“pipelined™} directlv as needed?

3. How does a nodal processor treat an incoming frame destined for a user
directly connected to the same processors? Namely, is segmentation required?

These questions have a critical impact on the end-to-end delav of the frame
relay network. Just th. :nitial segmentation and the re.mote reassembly can already
be significant; any intermediary reassembly impacts the grade of service further.
Figure 11.7 depicted a scenario where the frame is segmented by the first processor
handling it (node 1), and then sent downstream to a tandem processor (node 2),
which accepts cells as such and transmits them along individually and discretely,
without intermediary reassembiy (Figure 12.3 shows an example of a segmentation
process similar to the one discussed here). The frame is reassembled only by the
destination node (node 3). Note that Figure 11.7 did not show SAR/CS funcuon
at node 2. This would happen if the nodal processor followed cell relav/sw:tchmg
ATM prinaiples: such a processor would typically serve a variety of end-user.-
streams. some of which could be digitized video, some could be digitized voice,
and some could be frame relav information. Notice that. at the very least, the use
of tandems 1mplies having to incur the trunk transmission time twice. It is con-
ceivable that if a nodal processor does not follow cell relay/switching principles,
each frame must be assembled and disassembled by each nodal processor in the

path.

11.2.11 Congestion Management

Users. LAN managers in particular, may worry about migrating traffic awayv from
dedicated interrouter hinks they have used until now and onto a network based on
high-speed packet technology. However, this is not an insurmountable problem,
since frame relay has (in princ:le) a way to manage and control congestion {11.21].

The frame relay network composed of the nodal processors, private or public, =
,as
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attends to this by first using congestion notification strategies and then by sclectively
discarding frames when needed to relieve congestion. Congestion control mecha-
nisms are utilized to treat users fairly and to protect the network and uscrs by
localizing the congestion within the nctwork.

The congestion notification takes place when a network node determines that
it is becoming congested. It sets the forward explicit congestion notification (FECN)
bit in the frames as it sends them to the destination router (see Figure 11.4). It
also sets the backward explicit congestion notification (BECN) hit in the frames
destined for the source router. Upon receipt of these frumes. the source and
destination routers are expected to initiate procedures to throttle back the traffic
offered to the network. If congestion continues to increase despite using congestion
notification, the network will begin to discard eligible fraumes and will put the
congestion localization procedures into effect. The network of nodal processors
selects frames for discard by looking at the discard eligibitity (DE) tit in cach
frame to see if it has been set by the router. If it is sct, then the network discards
the associated frame. These procedures continue until the congestion subsedes

Onc issuc, however, is if and how the router can enforce throttling back to
the PCs originaung the traffic. Hence. the important question to ask about o frame
relay router. a nodal processor. and a carrier scrvice, is whether or not the full
congestion control apparatus specified by the standard is implemented in cach of
these devices. Congestion in public frame relay networks will be discussed 1n a
later section. '

11.2.12  Quality of Service

Multirouter networks using frame relay interfaces provide for proper {rame
scquencing and minimize the likelihood of misdelivered frames. This s accom-
plished by the nodal processors by using the connection-oriented PVC service. The
same predetermined logical path is used by the nodes for all frames using the same
DLCI on a given access interface. Recovery from errored frames is accomplished
by the end-user equipment. since the nctwork will detect and discard all errored
frames.

11.2.13 Cell Relay

A cell is a fixed-length packet of user data (pavload) plus an overhead., usually
small. of 53 bvtes or less. Cell relay is a high-bandwidth, fow-delay switching and
multiplexing packet technology (discussed in Chapter 10) which is required to
implement a frame relay network in an efficient manner, particularly for mixed-
media and multimedia applications. The international cell relay standard. ATM.
was also discussed at length in the previous chapter. With cell relay, information
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to be transferred is packetized in*~ fixed-size cells. The term *‘cell relay™ and the
term “‘cell switching™ are both :. by the BISDN communi:. [11.22]. (Somz:
distinctions are possible. although v.. use the term interchangeably: cell relay ca:
refer to an environment of "VCs where cells ar- simply relaved along the same
path according to some static incoming-to-outgoing trunk association; celi switching
can refer to a SVC environment where cells are dynamically switched uccording
to a nearly-real-time incoming-to-outgoing trunk association created by the uscr
via a signaling process.) Vendors tend to use the term “cell relay switch™ (or node)
when their equipment does not impi-ment the CCITT ATM standarc but a pro-
prietary standard. If the CCITT stardard is implemented, they typically refer to
the equipment as an “ATM switch.”

Cells are identified and switched by means of a VCI/VPI label in the header.
A number of functions of the layer 2 protocol are removed to the edg:  the
backbone, while “‘core capabilities” are supported directly by the cell sw:--::_,  in
addition to laver 1 functions (clocking. bit encoding, physical medium connection).
Cells allocated to the same connection may exhibit an irregular recurrence paticin,
since cells are . "=d accorc:~~ to the actual demand. Cell relay allows for capacity
allocation on demand. so :*.: bit rate per connection can be chosen {. .iblv. In
addition, the actual “‘channel mix™ at the interface can change dynamicallv. The
cell header (such as the ATM’s header) typically contains a label and an error
detection field; error detection is confined to the header. The label is used for
channel identification. in place of the positional methodology for assienment of
octets. inherent in the traditional TDM TI/T3 systems. Cell relay 1s similar to
packet switching. but with the folle ving differences: (1) protocols are simplified
and (2) cells {packets) have a fixed «nd small length, allowing high spced switching
nodes: switching decisions are straightforward and many functions are implemented
in hardware. Cell relav is critical to the deployment of frame rele-  :nd ontyv those
nodal proces-o'rs implementing it give the users the full advan:.: s of the new
technology.

One complication of using cell relay at the NNI instead of using framce relay
at the NNI has to do with network discard options. A packet-based frame switching
nodal processor (e.g.. Netrix. BT Tymnet. and others) can discard a frame found
to be in error or. in case of overload. a frame designated as eligible for disc -4 by
the uscr. In fast packc ... relay platforms, the frame loses its identity in .ansit
(since it is pipelined and only reassembied at the remote nodal processor. not an
intermediary processor). The issue then anses of what to “‘throw away’ ir. zase of
congestion; although a frame might have been segmented into, say, 30 cells. inrow-
ing away 30 random celis might imply corrupting the integrity of 30 frames, not
(1usty one framec, as might have been the intention of the network. As a practical
soluiion, manufacturers of cell-based nodal pre-essors put ¢ ter emph: : on
designing their processors to avoid a congestion state rather © i on how  deal
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with congestion after it arises (systems with frame relay-based NNIs tend to do the
opposite). Hence, these processors have enough buffering to absorb user's input
data during an interval of network congestion instead of having to start forwarding
of that data into the network, just to find later that some cells were lost, necessitating
some remedial action (this is analogous to the airline industry principle of holding
planes on the ground if congestion exists rather than launching the planc and then
having to hold it whiie 1n transit).

11.2.14 Cell Relay Platforms for Frame Relay

“Frame relay” switches, already identified as nodal processors, need to be deploved
in order to properly allocate bandwidth on a dynamic basis (alternatively. this can
be achieved by using the frame relay facilities of a carrier). It is critical that a framc
relay nodal processor support a dvnamic view of the data being transferred through
it; otherwise. the user will not obtain the full benefit possible with the technology.
Without a cell-based switch. dynamic bandwidth allocation is not casily achicvable.
Figure 10.19 clearly indicated three modes of deploying frame relay in a corporate
environment. The simplest way i1s to upgrade the routers with a frame relay board
and retain the-existing point-to-point infrastructure. This approach does not provide
any consequential advantage over the existing environment [11.3, 11.4].

Frame relay describes an interface specification: nodal processor equipment
vendors can still use proprictary internal protocols. This is stmilar to the X.25 case.
where packet switches support a standardized interface, but usc internal transport,
routing. and flow control protocols. This forces a uscr wanting to establish a private
network to use the equipment from the same vendor throughout the network, By
contrast. the cell switching technology specified in ATM is open by design.

Many customers deplov high-capacity circuits to meet peak traffic (and per-
formance goals}): however, DSI lines used exclusively for data are reported by
some to be only loaded at 15% or less {11.2, 11.23, 11.24]. Dynamic bandwidth
allocation requires the incorporation of celi relay in the nodal processor to handle
communication over the trunks (another way would be to employ a frame switching
nodal fabric. but the granularity or efficiency of the multiplexing can be significantly
lower). Dvnamic bandwidth allocation is done by designing the nodal processor
from the ground up and ehiminating any fixed-bandwidth constraints imposcd by
a TDM nodal architecture. No internal blocking should be allowed in the switch,
and queuing must be ehminated or at least mimimized. Vendors which have exper-
imented with these architectures over the past few vears are in a position to incor-
porate these ground-breaking architectures in the products they manufacture. TDM
and cell relav can be viewed at two ends of a spectrum: it is not possible to take
full advantage of cell relay if the node has internail and/or external TDM structural
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restrictions. Because of the efficient multiplexing possible with cell relay, dynamic
bandwidth allocation, so important to bursty users, particularly in the LAN router
environment, is achieved.

Users with a mix of bursty traffic may find it advantageous to upgrade T1
equipment that uses time-division mulitiplexing to cell relay platform. The drawh.:ck
of traditional TDM techniques is that users must allocate portions of the T1 circuit
to individual channels, each supporting transmission of a specific data source. Since
that bandwidth is aliocated to onlv one user, it remains unused when it is not
necded by that onc user. Simply retrofitting a circuit-switched TDM-based T!
multiplexer with frame relay UNIs does not deliver the intrinsic benefits of frame
relay, any more than simply replacing a standard router with one supporting frame
relay while still,using a point-to-point T1 line would. With circuit switching systems,
the user has to preallocate some (or all) bandwidth to the frame relay service,
whether that bandwidth will be used or not. An efficient utilization of the tech-
nology over a private backbone network requires a nodal processor with internal
fast packet technology. namely. a processor which emplovs cell relay technology.
In this case. letting all applications compete for the backbone bandwidth allows
them to access the entire bandwidth when anyone has data to transmit. not only
on the trunk side but also on the access side, since frame relay supports multiple
PVCs on one physical link. On the other hand. a frame relay application on a
circuit-switched multiplexer can only access some fraction of the total bandwidth.

When a network is properly designed, the full bandwidth of the framc rclay
interface can be available to any application that requires it for relativeiv tong-
duration bursts of data. as may be the case for interconnected LANs. Thesc appli-
cations may require that the network nodes support bursts occupying the full access
bandwidth for intervals of up 1o 10 secconds or more in order to support transfer
of large files or interactive traffic.

There are economic advantages of using the combination of frame relay access
and a cell-based backbone network. Using frame relay technology in conjunction
with 4 ccli-based backbone mulupiexer as an upgrade of an existing private cor-
porate backbone can be cost-cffcctive, since the user can obtain from the backbone
needed bandwidth on demand, rather than on a fixed (and inefficient) basis. The
“saved” bandwidth is then avanlable to other users of the same buckbone. in theorv
minimizing the amount of new raw bandwidth the firm needs to acquire from a
carrier tn the form of additional T1 or FT1 links. As an alternative strategy, the
service from a carrier can be used. Although nodal processors can also support
non-frame relav traffic (c.g.. voice or video). the two technologies together. cel!
refay and frame relay, promise to increase throughput between locations that have
large amounts of bursty traffic.

Onc may wondcer why it is beneficial to utilize segmentation of a frame into
many {(up to 133) cells and, conscquently. why a cell-based platform is supcrior 10
a frame switching technology in the nodal processor. The explanation follows..
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Frame relay is a data-only protocol; it is mtended to support HDLC-type traffic
(e.g. LAN packets). Its main focus is on data scrvices. Cell relay (fast packet)
switches, on the other hand. can also handle voice and video. For example. voice
“frames’ may be as small as one octet. Therefore. should a user’s need be strictly
LLAN interconnection, then a frame switching technology with FRIs on both the
access and on the trunk side. might. in fact, be superior in terms of performance.
However. if the user also contemplates supporting voice and video. the best solution
is to use a cell relay platform that supports FRI for LAN aceess. some other aceess
protocol for voice and for video. and a ceil method on the trunk side. As covered
in the previous chapter. the ATM cell procedure 1s being introduced under BISDN
to support all media. including voice. data, and vidco. Multiplexer vendors view
frame relav as an access protocol; the cell relav/fast packet backbone 1s viewed as
giving the user better control over the quality of scrvice of the path and facilitating
a mix of traffic [11.13].

11.3 BENEFITS OF FRAME RELAY
11.3.1 Deplovment Approaches

About 75% of large (Fortune 1500) companies had a dozen or more bridges mter-
connected via DSI hines in 1990 |11.8]. That number is likely to reach 100% by
1993. However. as discussed carber. private networks based on dedicated lines
tend to become impractical when there 1s a large number of remote data sources?
sinks gencrating bursty traffic. The number of links grows quadratically wath the
number of sites to be interconnected. In addition. the interconnection capicity
needs to be higher: this increase in the speed is often dictated by applications
requiring more data to be transacted. as well by the number of users of the service
of interconnecuon {1117, 11.25-11.28}. This implies that farly expensive hinks are
required.
Five ciasses of solutions are available:

1. Instead of connecting all routers with a fully interconnected network. some
routers are connected in tandem. While this reduces the number of hinks., it
introduces extra end-to-end delay and increases nodal processing (requirning
more machine cveles). .

Deplov a private frame relay petwork using frame relav nodal processor(s).

Instcad of phvsical pomnt-to-pont hinks. this approach only requires con-

nccting the routers to the nodal processor(sy with a single physical hnk.

Connection between vartous routers is accomphished with PVCs (itlustrated

in Figure 11 3). ‘

3. Usce a PVC-based carner-provided frame relay network. Instead of many
physical point-to-point hinks, this approach only requires connecting the rou-

ra



ters to the carrier's switch with a single physical link. Connection between
various routers is accomplished with PVCs that are es:i.nlished at service
subscription (see, for example, Figure 11.6).

Use a hvbrid configuration. A cluster of sites empioy private frame relay;
other sites take advantage of public frrme relay services.

. Use a SVC-based carrier-provided “- .me relay network. Instead of many

physicz. point-to-point links, this appioach only requires connecting the rou-
ters to the carrier’s switch with a single physical link. Connection between
various routers is accomplished as needed by establishing a real-time SVC,
which is in existence only for the duration of the session. Figure 11,10 ilius-
trates this approach.

The evolution in the private environment involves using nodal processors

which provide FRIs to the routers and use cell relay/ATM technology between
nodes. (As indicated. it would be technically possible to also use frame relay
technigues between the switches. as. in fact, two frame relay routers connected by
a dedicated T1 link use. and as some vendor arc :ectures based on traditionai
packet engines do. but this app: .ch has not seen r:ajor commercial realization.®
Although frame refay remains a connection-oriented service, there are still advan-
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Figure 11.10 A SVC-based frame relay network

¥



617

tages in connecting LANs through frame relay rather than X.25 packet switching.
In particular, when using X.25 service, routers had to encapsulate LAN traffic in
the X.25 packet, imposing substantial performance degradation. Frame relay, on
the other hand. incurs hittle overhead and allows for a number of protocols to be
transported transparently [11.21].

In view of the growth in the population of LANSs, carricrs are readyving them-
selves to provide public PVC-based frame relay data services that support high-
capacity access/throughput. coupled with the universal access. survivability, ccon-
omies of scale. and efficiency available through resource sharing Chapter 1 pro-
vided information on the time frame of frame relay deplovment in corporate net-
works. SVC-based frame relay can have some advantages, but it also has some
limitations. First, the service may become available only later in the decade. Sccond,
a user needing to send data to some remote user on another LAN mayv not be
willing to incur the call setup time each time a session is required. The way some
people have gotten around the setup time issue in packet-switched networks s to
use long-duration SVCs; these are set up once and kept active for an appropnate
amount of time. such as a day. '

Some users may deployv hybrid frame relay networks. These users could use
their own frame relav backbone connecting major sites and usc a public frame
relay network to conncct secondary sites. Interworking issues have to be resolved
before this approach can be realized in practice.

11.3.2 Benefits of Frame Relay in Private Networks

In the business and economic landscape of the 1990s 1t 1s prudent for the-com-
munication manager to look at networking solutions that will not have to 'be .dis-
carded after o couple of vears to keep up with network growth or higher specd
nctworking needs or technologies. Some nodal processors now on the market only
support data. Other nodai processors support data. voice, and video. Because nodal
processors based on cell switching utilize backbone facilities better than existing
static channel banks or circurt switching T1 multiplexers (and also existing X.25
switches). the deplovment of these mixed-media nodal processors i a private
network benefits users that need to connect LANs over integrated backbones
supporting a varicty of other traffic. Users with LAN traffic only mav choose data-
onlv nodal processors. The financial advantage of a frame relay network becomes
more marked when the number of routers 1s high (half a dozen to a dozen, or
more)} und when the distances between routers 1s constderable (hundreds or thou-
sands of mules—if the routers are all located within a small geographic arca. such
as acity, a county, or a LATA, the economic advantage of ehmination lines s less
conspicuous). Table 11.8 summarizes some of the benefits.
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Table 11.8
Some Benefits of Frame Relay

Port and hnk shanng

Bandwidth on demand

High throughput and low delay

Ease of network expansion

Ease of transitton from existing router networks
Ease of transition from any existing network
Cohesivencss and symbiosis with LANs
Simphified nctwork admimistration
Standards-based

Economic advantages (in a variety of situations)

Port and Link Sharing

Among the advantages of frame relay is its ability to statistically multiplex frames
from multiple LANs at one location onto a single user network interface and
associated communication link. Frames going to multiple destinations can share
the same router port. The frame relay interface to the nodal processor provides
for the end-user equipment the capability to place frames destined for differcnt
nctwork endpoints onto the same network access line by using the DLCI mecha-
msm. This accomplishes port sharing and allows each frame to have use of the
entire bandwidth of the access linc when there is a frame to be sent. Further
efficicncies are gained on the backbone network interconnecting the nodal pro-
cessers by combining the traffic from multiple routers onto the network trunks
using efficient cell/ATM protocols. Instead of having to purchase more expensive
multiport routers that othcrwisc would be needed, simpler point-to-point routers
can be used.

Bandwidth on Demand

All of the bandwidth on the frume relay access interface can be available to the
end-uscr svstem when it needs to transmit data across the network. The nodal
processor can be optioned to accept, under conditions of slack, all the incoming
traffic from onc user up to the full access speed. Alternatively, the nodal processor
can be optioned to accept up to some prenegotiated rate less than the full access
specd. but more than the average user requirement. For example. the access line
could.be a Tl facility; the user's average input could be 128 kbps. The nodal
processor could be optioned to accept an instantaneous input (over a short horizon,
say, 10 seconds) of 512 kbps.
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Improved Use of Bandwidth

Dynamic bandwidth allocation reduces the aggregate backbone transmission band-
width the manager needs to secure from a carrier, which would otherwise be necded
without it. Additional transmission resources contribute to a direct mnerease n
transmission cost. For example, if six users need a maximum of 512 kbps, two T1s
would be required under TDM, although their average rute may onlv be 128 kbps.
With frame relay. one T1 (3 x 128k + 512k) should suffice if the traffic is truly
random. The upgrade of an existing backbonc network with a private frame relay
network can save. according to some carly uscrs. 20% of the total network band-
width [11.29].

High Throughput and Low Delay

Since all of the bandwidth is available. high throughput is possible. Minimal delay
is encountered within the backbone network. since there islittle protocol processing
requircd with frame relay. Cell-bascd nodal processors, particularly those emplov-
ing the latest high-power microprocessors. are fast. The switching decisions based
on the cell header are simple and direct. For example. some studies have shown
that with a private X.25 with 56-kbps access. 1t took 4 minutes to transnut a
benchmark file; with a frame relay network based on a T1 backbone and accessed
with a 56-kbps line, the file could be transmitted in 45 sceonds [11.29]. '

Ease of Newwork Expansion

Network expansion is straightforward with frame relav. Adding o new router to
the network requires only the assignment of an access port on the network node,
and the interconnection of the router with the network nodal processor via the
appropriate transmission facility. The interconnection of the new router with the
existing routers is accomplished by logically provisioming the network using it cen-
tralized network management system. The cell-based protocols used by vendors
today could lend themselves 1o migration to the standard ATM cell format. Thig
migration will permit the nodal processors to support some of the new hich-speed
services being developed by carners. Thus. both frame relav und access to these
higher speed services can be supported on the same backbone.,

Ease of Transition From Existing Router Networks

Existing routers typically nced only a software upgrade to implement the frame
relay interface. Once this is done, the routers can be re-homed on the new frame
relay backbone.
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Ease of Transition From Any Existing Network

It was indicated above that many users stizi have networks that were put in place
a few vears ago. A frame relay network can easilv be deployed, no mauer what
the uscr bascline 1s, as will be discussed in more detail later.

Cohesiveness and Svmbiosis With LANs

Frame rclay tcchnology is similar in some asp«:ts to the data link layer discipline
of a LAN. Since the data need to leave the LAN and travel over a WAN, it is
desirable to use a WAN techry vy that has an affinity with the L - N technology.
This minimize: the amount or protocol conversion/remapping which would oth-
erwise be needed.

Stmplified Neowork Adminisiration

Sevcral recent studies have :ndicated that, when considering the true corporate
cost of commanication, 30% to 50% of the network expense corresponds to oper-
ation and administration efforts. commonly known as network management. Any
tool or system that improves the way network management is done is a welcome
and cost-saving fcature. Admrnistration tn frame relay can be performed from 4
central network manageme~  nd administrative system. Moves, changes. and addi-
tions to the nctwork are typically handled through an automatic permaner- :rtual
circuit provisioning capability within the systemn.

Standards-Bas- '

The frame refay PVC UNI 1s an accepted and stable ANSI and CCIT™ standard,
with wide suprort from both user equipment and network system venuors.

Vendor Support

Over three dozen vendors support frame relav. These vendors  “lude router man-
ufacturers, T1 muluplexer vendors, PAD developers, nodal prucessor a:  switch
providers, and carriers. Frame relay routers cost from $400 to $15.000, depending
on vendor d features, compared 1o a standard route: ~ odal processors cost
from $20.00 to $50,000, depending on venaor and featurc..
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Saving Communications Costs With Nodal Processors

Perhaps the most significant benefit s that the use of frame rclay over a cell relay
platform can, in the right circumstances, save money for the multirouter LAN
manager. Private networks based on dedicated lines become cxpensive when there
is a large number of remote data sources/sinks generating bursty traffic. Initially,
users may have employed dedicated lines operating at 19.2 kbps, 56 kbps. FT1,
and T1 speeds to interconnect LANS; this increasc in the speed is often dictated
by applications requiring more data to be transacted. and by the number of uscrs
using the service of interconnection. As the number of LANs grows, this prolif-
eration of T1 lines becomes impractical from both a cost and management per-
spective.,

The topic of economics i1s always a complex 1ssue. A detailed example of an
economic analvsis in the presence of nodal processors in an enterprise network was
provided in Chapter 6. which the reader may wish to review at this point. It was
shown that a private framc relay network can be cost-cffective compared to a full
mesh network at the same link specd. To undertake a cost analvsis of a private
frame relav network, the LAN manager should first calculate the network cost with
traditional connectivity and then the cost of using frame relay technology The
process starts by determining the location of the sites to be interconnected  Sies
can be identified by vertical and honzontal (V&H) coordinates. The-V&Hs atlow
the manager to obtain the distance of all sites and, hence. the length of the required
communication hinks. A T1 {or FT1) local loop must be costed out using the focal
exchange carner’s tariffs; these tanffs may be different at cach site. Then the cost
of the access facility between the serving CO and the interexchange carrier’s POP
must be calculated. Both the distance and the tariff may be sitc-dependent. Finally,
the cost of the set of required long-distance T1 links can be obtained using the
interexchange carrier’s tarnff.

The cost of the frame relay alternative 1s calculated as follows (refer to Figure
11.3 as a guide). Onc or more centrally located sites are chosen where the nodal
processors will be located: the VA Hs of the nodes are noted (this chotce may be
subject 1o an optimization procedure). The cost of the nodal backbone network is
determined by deciding what the required nodal connectivity will be. and then by
costing out the transmission facilittes (this will involve a T1 or FT1 loop. an access
facility to the POP, the long-distance trunks. and the remote access and loops).
The cost of the router access subnetwork s calculated next. This involves first
determining which nodal processor cach router will be homed to. Then the cost
of the transmission hink between the router and the nodal processor is calculated
(this also will involve a T1 or FT1 loop. an access facility to the POP. the long
link. and the remote access and loops). The (amortized) cost of the nodal processors
and the routers’ upgrade must also be included. The total cost is obtained by adding
ali of these factors.
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Table 11.9 assesses the effectiveness of frame relay as a function of the
geographic scope. This example is based on the baseline network discussed in
Section 6.5, which should be reviewed at this point if there are questions about
topologies. backbone mileages, etc. As can be seen from this table. the savings
due to frame relay become less significant as the network gets geographically
smalier: a nationwide (private) frame relay network costs .40 times as much as a
mesh point-to-point solution, while a statewide network costs 0.61 times as much
as a mesh point-to-point solution, implying less dramatic savings.

Table 11.10 undertakes a similar study, where there is only one nodal pro-
cessor with no backbone (as some vendors of private frame relay networks are
suggesting, particularly in the LAN interconnection context). Figure 11.11 depicts
the topology, showing a centrally located nodal processor; all assumptions are
similar to the previous case. The following conclusion emerges: for national net-
works. the one-node frame relay solution is slightly more expensive compared to
the three-node solution; for regional and statewide networks the one-node solution
1s somewhat less expensive compared to the three-node solution (=£20% less).

Figure 11.12 depicts a one-node solution where the node is colliocated with
one of the routers (in a central location). Here, on: less access line is required.
However, as the figure shows. most other locations need longer access lines com-
pared to the case of Figure 11.11. In this particular case, the total mileage is slightly
reduced (from 4,800 for the baseline case of Figure 11.11, to 4,600), implving that
there would be a small decrcase in the total cost. The decrease is composed of
three factors: (1) less IXC mileage, reducing the cost by an amount proportional
to the milecage charge times the difference in mileage; (2) since there 15 an IXC
“ramp up” on the T1 tariff of approximately $2,100 (for the first mile), this cxpense
disappears when one line is climinated; and (3) one LATA line (premises to POP)
is citminated. The national. regional. large-state. and medium-state numbers arc
£58.050., §44.250, $30.450, and $23.550. repectively; thisis an 8% to 10% reduction
compared to the previous case. It should be noted, however. that this saving will
become less important, diminish, and. in fact. even disappear as the number of
routers increases, if these routers are widely dispersed.

If there were several routers clustered in one location, collacation of the nodal
processor at that location would superficially appear beneficial, because multiple
Iines could be eliminated from that location to the centrally located nodal processor.
However, since frame relay allows multiple PVCs on a single physical line, this
saving is more apparent than real. Figure 11.13 shows one example (which we
worked out on a paper plate with ruler—but we could as well have used trigo-
nometry). The results depend on many factors: are the routers located on a circular
path, an elliptical path? How many routers are collocated? The example demon-
strates that, in fact, it would be better to locate the nodal processor at a central
location. In Case A of the figure, the total mileage would be 10M (M = milcs) if
the nodal processor were centrally located, and 12M if it were placed in one router,f;

2,



623

Table 11.9

Cost-Effectiveness of a Three-Node Five/Six Router Network as a
Function of the Network Geographical Scope

National Network
(all IXC distances of baseline multiplied by 1.5)

Cost of POP 10C Backbhone
Case* Loops Access Car Routery FPs Cent Total
A with Tls  $4.500 $6.200 $139.2(x} § K33 $ 0 $ 0 $150.733
B with Tls  $6.750 $9.300 S20h5.200 S 1000 $ 0 % ) §222.230
Cwith Tls $2.350 83,100 $ 31800 $ 9i7 $2.350 320700 S 61T
D with Tls $2.700 $3.720 § 41400 $1.100 $2.350 32070 $ 71970
Regional Network (e.g., northeast network)
(Baseline—See Chapter 6 for assumptions)

Cost of POP Backbone
Case Loops "Access 10C Routers Frs Cont Total
A with Tis  $4.500 £6.200 S10.800 § 833 A (] $ t) SIJZA33
B with Tls $6.750 $9.300 $148.800 $1.000 $ 0 S 0 $in5 850
C with Tis $2.250 $3.100 $ 25.200 § 917 $2.350 316200 £ 5017
D with Tls  $2,700 $£3.720 $ 32,400 $1.100 $2.350 $16.200 $ ANAT0
Statewide Metwork, Large State
(All IXC distances of baseline divided by 2) -

Cost of POP Backhone
Case Loops Access 10 Routers rrs Cost Total
A with Tls $4.50%1 $6.200 $ 62400 $ B33 5 i s 0 £ 73,0933
B with Tls $6.750 $9.300 $ 92,400 $1.000 $ 0 LY 0 L0M.450
Cwith Tls  $2.250 £3.100 $ 1R.6N0 $ 917 $2.350 $11.700 $ 8917
DwithTis  $2.700 $£3.720 $ 23400 $1.100 $£2.350 11700 $ 43,970
Statewide Network, Medium State
(Al 1XC distances ol baseline divided by 4)

Cost of POP Buckhone
Case Loops Access 10¢ Rowters res Cast Towm!
A with Tls $4.500 $6.200 $ 43200 $ RA3 b3 0 3 it £ 54733
B with Tls £6.750 £0.300) 5 64200 $1.000 ) ¢ 3 {l § RK1.250
Cwith Tis  $2.250 $3.100 $ 15300 $ 917 §2.350 $ 9450 % 33367
D with Tls $2.700 $3.720 $ IR.900 $L.100 $£2.350 $ Uy $ 38220

A = Five routers without frame relay
B = Six routers without frame relay
C = Five routers with frame relay

D = Six routers with frame relay

{(")Refer 10 corresponding example in Chapter 6 for all assumptions and topologies.
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Table 11.10
Cost-Effectiveness of a One-Node Five-Router Network as a
Funciion of the Network Geographical Scope

National Network
(All IXC distances of baseline multiplicd by 1.5)

Cost of POP 10C Total
Case* Loops Access Cost Routers FPS Cost
A with Tls $4.500 $6.200 $139.200 $833 $ 0 $150.733
C with Tts $2.250 $3.100 $ 55,200 $917 $783 % 62,250

Regionat Network (e.g., northeast network)

{Baseline)

Cost of POP Tenal
Case "Loops Access 10C Routers FPS Cost
A with Tls $4.500 $6.200 $100.800 - $833 $ 0 $112.333
Cwith Tls $2.250 $3,100 $ 40.800 $917 $783 $ 47.850

Statewide Network, Large State
(All IXC distances of baseline divided by 2)

Cost of POP Toral
Case Loops Access 1oc Routers FPS Cost
A with Tls » $4.500 $6.200 $ 62,400 $833 $0 $ 73933
C with Tls $2.250 $3.100 $ 26,400 $917 $783 $ 33.450

Statewide Network, Medium State
{All IXC distances of baseline divided by 4)

Cost of POP Touwl
Case Loops Access A10C Routers FPS Cost
A with Tls $4.500 $6.200 $ 43200 $833 £ 0 $ 54733
C with Tls $2.250 $3.100 $ 19200 $917 783 § 26.250

A = Fwve routcrs without frame reiay
C = Five routers with frame relay
*Refer 1o corresponding example in Chapter 6 for all assumptions on tariff and to Figure [1.11 for

baseline topology.

location (Casc A'). What happens if some routers are clustered? If separate lines
to a central location (Case B) were used, it would still take 10M of circuit; however,
since multiple PVCs can be put on a single link (assuming that the performance
issuec was appropriately handled), 6M of circuits is sufficient (Case C). Locating
the nodal processor at the location with several routers (Case B') only cuts the
circuit length to 7M, which is more than with the centrally located nodal processor.
It is difficult to draw general conclusions about the cost-effectiveness of private .
frame relay networks (except that they are cheaper than full mesh networks}),::
because the probiem is highly multidimensional (50 to 100 dimensions or more§
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Figure 11.11 Economics of a single-node frame relay network.
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e

LAN

800 miles

Four 71 access linas ' 1
and ona nodal processor l LAN

Tota! circun gwileaga: 4,600 milas

Figure 11,12 Collocating a <:ngie note with a site with a router.

Also. in addition to transmussion costs, some of the other factors that LAN man-
agers and network designers take into account in selecting a network architecture
include network reliability, network availability, ease of network manu.ment,
compatibility with open international standards. ease of network upgradeability,
initial costs, migration costs. growth capabilities for both traffic and sites. integra-

tion with embedded base, and vendors’ technology support. However. * --urring
transmission charges continue to be a visibie component of any calculation . tng
the desirability of a network redesign. Where is a frame relay r=rwork pari...  ly

cost-cffective? In trying to draw some general conclusions, the .. swer is when one
or more of the follow:ng appiv

» There 1s a large number of remote sites (half a dozen or more). The larger
the number of sites, the more cost-effective frame relay will be.

« The remote sites are highly dispersed (at least regionallv or national. . The
higher the combined network mileage, the more cost-.  :tive frame relay
will be. This implies ti...: national-scope networks are reasonably suited to a
privatc frame relay technology.

+ The iraffic is highly bursty. This occurs when traffic leaving the router is .y
small and occurs in just a few instances during the day (not all traffic leaving % %
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Figure 11.13 The geometry of locating the nodal processor.
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a router is bursty—aus the utilization of the router approaches 100% the traffic
will become more predictable). Alternatively, this occurs when the applica-
tions transact large amounts of data at discrete instances (e.g.. file transfer).

* There are multiple LANs at a site which, for whatever reasons, are not
interconnected with each other, and yet all need to reach the network. This
takes advantage of frame relay’s ability to place multiple logical channcls
over a single physical channel. If there are D remote destinations and N
unconnected LANs. D x N virtual channels are required (if the various local
LANSs were already interconnected with bridges. then the number of required
virtual channels is onty D).

« New sites/routers are added to the network with relatively high frequency
(sav. once every six months or more frequently).

« The links between the routers have relatively low speed (FT1). and more
bandwidth appears to be required. Upgrading the FT1 mesh topology links
to full T1 facilities may be very expensive. Nodal processors can incrcase
throughput for iess money than would otherwise be needed.

From a carrier’s perspective, frame relav service will impact private line
services the most: less impact i1s expected on public packet networks (since these
either address themsclves to lower speeds, or to international destinations) and on
SMDS services (since these provide higher speed, are connectionless. and support
true switching capabilities).

11.3.3 Benefits in Public Networks

Some carriers and vendors have made commitments to frame relay. others carriers
have made plans to deploy cell relav, and several carriers are pursuing both tech-
nologies (including the seven BOCs). Some view the two approaches as comple-
mentary, others as competitive. Frame relav service and cell relav scrvice are
designed to meet different objectives, and hence have evolved in different direc-
tions.” A categorization in the public network environment is as follows [11.30]:

* Frame relav is @ medium- to high-speed (DS0-DS1) data interface for private
networks which is being implemented at this ime. Some observers believe
that frame relay may in fact have market importance at the DSO level.

« Cell retav/switching is a2 high- or very-high-speed switching service capable of
supporting public BISDN and SMDS networks. Cell switching supports 155-
Mbps. 622-Mbps, and eventually higher SONET/SDH rates.

™ Cell relay service™ refers to providing a cell/BISDN UNI. not a celi in the NNI. as we have discussed

so far (In the pnvate network environment. corporate backbone network switches suppornng LAN
applicauions typicaily use a FRI UNI and a cell NNJ.) g - NN

s

ady ¥
N

L7
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‘Frame relay carriers provide intra-LATA, inter-LATA. and international
service. U.S. frame relay networks can be classified as private networks (discussed
above), IXC networks, VAN networks, and LEC networks. Some of the benefits
of using public frame relay networks are covered next.

Major Reduction in Transmission Costs

Based on current tariffs, the transmission cost can be reduced as much as 70%
compared to a mesh network. This topic will be revisited n a later section.

Low Startup Cost

The only expenditures in beginning to use a public network arc the upgrade of the
routers to support the FRI; this can be accomplished for about $1.000) per router.
Some carriers even supply a frame relay-ready router to get the user going. In
other cases, the networks provide frame relay PAD functions. so that traditonal
devices (such as SNA terminals) can be supported dircctiv. In contrast with private
frame relay networks, there are no expenses for nodal processors and thc com-
munication backbone infrastructure.

Ability 1o Support a Variety of User Equipment

L ANs, termtnals, front-end processors, and even X.25 equipment can be suppurtcd
by the public networks. L

Abiluy to Transmit Instantaneous Bursts Exceeding the Throughput Class

At the establishment of a PVC, the user can sclect a throughput class. A public
frame relay network allows the user to exceced. on an instantancous basis, the
selected class (up to the maximum access speed) without further negotiation with
the network. If the network has spare capacity at that point. 1t will transport these
additional bursts. For example, if the throughput class (also called “‘committed
information rate™’) 1s 512 kbps. and the user has a Tl access hinc. short-duration
bursts up to 1.534 Mbps can be presented to the network. A few vendors have
announced plans to offer frame relay products supporting access speeds of 45 Mbps
(these include Coral Network Corporation, Newbridge. and StrataCom).
Multiple service providers may have to be involved when frame relav services
cross LATA or national boundaries. Although standardization of frame relav pro-
tocols makes the interworking between local exchange carriers, interexchange car-
riers, and international carriers feasible in principle. administrative, billing, and
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operational issues make the delivery of a nationwide multicarrier service a nontrivial
effort. likely to take time [11.17].

11.3.4 Other LAN Interconnection Solutions

It was pointed out in Chapter 1 that many services could be applied - a com-
munication problem. and that the number of such solutions is increasing. In addition
to private frame relay. a number of other evolving technologies could be applied
to the multirouter LAN interconnection problem. implying that the user shouid
not feel compelled to instantly redesign the network to deploy frame relay. How-
ever. cach approach has advantagss and disadvantages.

The fact that direct connections with many dedicated T1 lines are expensive
could be mitigated with the use of FT1 lines in lieu of the T1 lines. While this
solution lowers the transmission cost, it also greatly impacts performance. since a
router link no longer has access to the 1.544-Mbps bandwidth when it needs to
send an instantaneous burst; instead, it only has access to a fraction, whicn could
be as fow as 1/24th. Another option would be to use switched T1.

The use of public frame relay would bring some of the benefits of private
frame relay. Initially, however. the public service may be limited only to the major
cities (40 by the end of 1993). Then, unless the local exchange carriers also support
the service in the access segment, a dedicated T1 line to the interexchange carrier’s
POP will be required: this could be expensive, aithough, in some cases. the frame
relav carriers absorb the cost. In addition, there will be usage charges. which are
not present in the private network solution. Network managemcnt will also be
more difficult. although capabilities are being put in place. _

SMDS is also available for LAN interconnection. SMDS supports a UNI at
45 Mbps (T3). this may be appropriate for CAD/CAM and other imaging appli-
cations. T3 scrvice, however. requires the installation of a fiber to each LAN
location. unless CO-bascd multiplexing of T1 lines into T3 lines 1s used.

TDM-based T1 multiplexers supporting a traditional backbone could also be
uscd. but in order to guaraniec the grade of service to a very bursty user, a large
portion of bandwidth must be statically allocated to cach router; this would accom-
modate short, intensive bursts. The problem with this approach is that the large
amount of allocated bandwidth is not utilized <xcept on a short basis, and vet
cannot be made available to any other user waen not being put to useful work.
This results in the need for more transmission bandwidth, contributing to a direct
increase in transmission cost. In some cases, however, this bandwidth mav in fact
be available for “free” and could therefore be used. This could be th= case, for
example, where a user replaced five T1 lines for a T3 line costing just as much,
making 23 T1 lines available for additional usage.

As a specific example, assume that a user had three major sites wich three
multiplexers, all of which are connected with four T1 lines, each costing, say , $3,000
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a month. Assume that more applications are coming on board, requiring some
additional bandwidth. One option would be to replace the existing multiplexers
with nodal processors and retain the four T1 lines; better bandwidth utilization
may suffice to carry the new applications: This would cost $150,000 ($50,000 each),
but would also need staff retraining and new management tools. A second approach
would be to retain the three multiplexers, upgrade them for T3 usage (say, $15.0(0)),
and replace each of the four T1 lines with a T3 line costing, say, $15.000 a month.
Here the incremental communication cost would be $9.000 a month, implying that
it is cheaper to retain the TDM multiplexers for up to 15 months ($9.000 x 15 +
15.000) compared to a nodal processor replacement. In addition to the fact that
vast amounts of additional “*free” bandwidth is available, no staff retraining and
no new management tools are necessary.

11.4 FRAME RELAY PROTOCOLS AND STANDARDS

This section provides more details on frame relay standards.

11.4.1 CCITT View

One of the goals of the recent CCITT work has been to align some of the available
data communications protocols and offer recommendations for a sct of cfficient
network services that can then be built upon by user equipment. One aspect of
these new services is the separation of the control information from the user infor-
mation 1nto logically separate (but not nccessarily physically separate) paths, as is
the case in ISDN. Another aspect of the goal was to simplify the network protocols.
Simplification, as provided by frame relay. allows the realization of services that
are superior in terms of delay and throughput than existing services. since there is
much less per-frame processing on the part of the network.

In most existing networks (¢.g.. X.25 networks, SNA networks. and analog
voice networks). there is no clear end-to-end distinction between the logical control
path and the data path. A close coupling between information and control limits
the flexibility needed to support new services and new signaling and transport
nceds. Separation, the goal of frame relay as originally conceived, has the following
benefits [11.31}:

» There is the potential for the integration of signaling for voice. data. and
other media. This is important for future multimedia services.

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

» Independent optimization of the two paths can be accommodated.

The major characteristics of ISDN’s frame relay are out-of-band call control
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and link layer multiplexing. Under ISDN, all the new packet services, particularly
the SVC services, have the following characteristics:

1. All control procedures, if needed, are performed in a iogically separate man-
ner (channel) using protocol procedures that are integrated across all tele-
communications services. Consequently, Recommendations 1.430 and 1.431
provides the layer 1 protocol for the control channel; Recommendations 1.441
and 1.451 are extended as the layer 2 and 3 protocols, respectively (LAP-F/
Q.922 and Q.933). In the case of PVCs, no real-time call establishment is
necessary and any parameters are agreed on at subscription time.

2. The data transfer procedures share the same layer 1 functions based on

' Recommendations [.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 appropnately extended to frame relay).

The separation can occur in a number of ways, tnciuding (1) on a phvsicaliv
separate interface, and (2) on another logical channel within the same interface
(e.g., a time slot or the D-channel).

CCITT 1.122 recognizes two frame relay implementations: a switched imple-
mentation under the auspices of ISDN, using the CCITT Q.933 protocol for call
setup. and a PVC implementation. The PVC does not require call setup and call
termination. but is obviousiv not as efficient in resource utilization as SVC. 1.122
is an access standard; on the trunk side no restriction 1s imposed (same as in ISDN).
As discussed, the trunk side 1s typically cell-based.

The term relay implies that the layer 2 data frame is not terminated and/or
processed at the endpoints of each link in the network, but is relayed to the
destination. as is the case in a LAN. In contrast with X.25-based packet switching.
in frame relav the physical line between nodes consists of multiple data links, each
identifiabie by information in the data link frame. Unlike the (X.25-based) X.31
packet-mode services, frame relay services (SVC in particular) integrate more
completely with ISDN services because of the out-of-band procedures for connec-
tion control.

In X.25, muluplexing i1s achieved through the use of logical packet layer
channels; hence, the network laver prowdes switching. In frame relay, switching is
accomplished at the data link layer, and link layer multiplexing is used in the user’s
plane to facilitate sharing of bandwidth among multiple users. Switching in the data
hink laver is achieved by binding the DLCIs to routing information at intermediary
nodes to form a set of network-edge to network-edge logical paths [11.31]. Mul-
tiplexing is done through the statistical multiplexing of different data link connec-
tions on the same physical channel, as specified in LAP-F Core/Q.922. Frame relay
service 1s based on the frame structure onginally employed by the ISDN D-channel

T s e
H
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LAP-D, which provides statistical multiplexing of diffcrent user data streams within
the data link layer {layer 2).

Put slightly differently, a feature. of frame relay is to have the virtual circuit
identifier, currently implemented in the network layer of X.25. positioncd at the
data link laver so that switching can be accomplished more casily. in the X.25
environment, when a data call is established the virtual circuit indicator is negotiated
and used for the duration of the call to route packets through the network. In a
lavered protocol environment. layer n + 1 protocol information is cnveloped inside
laver n information. The network layer routing indicator is enveloped within the
laver 2 headers/trailers. which must be processed before it can be exposed This
processing involves more than just stripping the header/trailer: for example, 1t
involves error detection and correction. In LANSs, the routing of the data units is
accomplished directly at layer 2; the data frames are supplicd with a 48-bit desti-
nation address. which is readily available and which is used to phystcally route the
data to the intended destination. Also. there is no error recovery in a LAN as a
packet flows by a station on its way along the bus or ring. In frame refay. only the
lower subtayer of laver 2, consisting of such core functions as frame dehmiting,
multiplexing. and error detection, are terminated by a nctwork at the user-network
interface. The upper procedural sublayer of laver 2. with functions such as crror
recovery and flow control, operates between users on an end-to-cnd basis. In this
sense., a user's data transfer protocol is transparent to a network.

Limiting tayer 2 functionality to the core functions implies that the uscr's FRI
functions can be implemented in hardware rather than in softwarc. improving
throughput/delayv characterstics at the interface. Frames with crror arc identified
and discarded, and the nctwork boundary cntitics or, more commonly, uscr ¢quip-
ment arc expected to recover via upper taver protocols (with cleaner fiber-based
circuits, BER is much improved). The data link laver core functions are

« Framc delimiting. ahgnment. and transparency.

+  Frame multiplexing/demultiplexing using the address field.

+ Inspection of the frame to ensure that is consists of an integer number of
octets prior to zero bit insertion or following zero bit extraction.

« Inspection of the frame to ensure that it is neither too long not too short,

+ Detection of transmission ¢rrors.

Frame relav implements only the core functions on a link-byv-link basis: the
other functions, particularly error recovery, are donc on an cnd-to-end basis.
Indeed. the capabilitiecs provided by the transport layer protocol accommodate this
transfer of responsibilities to the boundaries of the network. On the user side,
bevond the frame relay interface with the network, the user can cmploy anv end-
system-to-end-system protocol.
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Protocol standardization work followed the publication of 1.122 in 1988. Addi-
tional supporting standardization was needed before the service could be offered
in a carrier/vendor-independent fashion. As initially defined by CCI7T™™. core func-
tions do not include flow control. The addendum to ANSI's T1.606 now defines
congestion management str. rcgies; it covers both network and end-user mecha-
nisms and responsibilities to avoid or recover from periods of congestion. Addi-
tional standards remained to be developed in 1992 and beyond. particularly in
support of interconnection of frame relay networks from different carriers (i.e.,
national and/or intcrnational interworking) and SVC service

Family of Services

1.122-1988 describes a family of frame relay services. The purpose of defining a
family of services, instead of a single service, was to provide a degree of flexibility
in order to choose the best service based on the requirement of the applicauon.
Elements of this family are distinguished by the difference in degree of protocol
support. Another way of looking at this is the differeat levels of protocol termi-
nation at the network edges after cail establishment. Figure 11.14 depicts different
protocol breakpoints. or points at which a network can terminate the protocols in
support of the requested bearer service [11.31]. )

CCITT. in Recommendation 1.122 (“Framework for providing additional
packet mode bearer services), describes three frame relay services.” Rc 1 to

Control Plane User Plane ot
User L
Upower jayars Spectied
Network layer 1.451 g"’.ﬁ“
UP of [ 441°
Daz link & . — — ~— —]
ale ink teysr I 441 Core
Physical layer 1.430/1 431 1.430/.431

UP: Uppet Pant

Nota: ].441° now haa materializeq into Q9221 AP-F

Figure 11.14 1.122 frame relay protocol specification. e T : .

“The 1992 version of 1.122 no longer distinguishes between FR-1 and FR-2.: :i -« <Furie e
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Figure 11.15, which retains the original 1.122 protocol terminology (1.441* is 1.441/
Q.921, extended to cover I.122 requirements; this is Q.922).

1. Frame relaying 1 (FR-1) (no functions above core data link functions are
terminated by the network: if needed. such functions arc termmated only
end to end). The basic service provided is the unacknowicdged transfer of
frames from S/T network boundary to S/T network boundary. Any uscr-
selected end-to-end data link laver above the core functions can be uscd.
More specifically:

» It prescrves frame order as given at one S/T reference point if and when
the frames are delivered at the other end. (Since the network does not
terminate the upper part of 1.441*/LAP-F. sequence numbers arc not kept
by the network; networks should be implemented in a way that, in principle,
frame order is preserved.)

» It detects transmission. format, and operational errors.

+ Frames are transported transparently (in the network); only the address
and FCS field may be modified {some bits being defined mn the address
field for congestion control may also be modified).

» It does not acknowledge frames (within the network).

2. Frame relaving 2 (FR-2) {no functions above the core data link functions are
terminated by the network: 1.441" (i.e., LAP-F) upper functions are termi-
nated only at the end points). The basic service provided is an unacknow-
ledged transfer of frames from S/T to S/T reference point. The upper part
of 1.441* is used end to end; however. the nctwork only supports the corc
functions. More specifically:

» It preserves frame order as given at one S/T reference point if and when
the frames are dclivered at the other end. (Since the network does not
terminate the upper part of 1.441* (i.e.. LAP-F). scquence numbers are
not kept by the network: nctworks shoutd be implemented 1n a way that,
in principle. frame order is preserved.)

» It detects transmission, format, and operational errors.

* Frames are transported transparently in the network: only the address and
FCS field mav be modified.

* It does not acknowledge frames {within the network).

* Normally, the only frames received by a user are thosc sent by the distant
user. )

3. Frame switching: the full Recommendation [.441" (i.c.. LAP-F) protocol is
terminated by the network. The user’s data link layer protocol must be 1.441*
(i.e., LAP-F). and 1s fullv terminated by the network {only the network laver
and the upper layers are end to end).

In summary, Figure 11.16. from 1.122, shows the partition of the data link
layer in the frame relay environment. For both FR-1 and FR-2, the network sup-
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Figure 11.15 Frame relay 1, frame relay 2, and frame switching, original .122 view.
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Figure 11.16 Protocols stacks for vanous frame relay services

ports ontv the *‘core™ aspects of the data link protocol 1.441° (1.c., “Core Part of
1.441*" or "LAP-F Corc™'). The user’s equipment in FR-1 has a protocol pariner
with the network supporting the “Core Part of 1.441.7 What the cquipment supports
end to end above core aspects i a user’s option. Hence, the “remainder™ of the
data link layer functions above the core functions and the upper lavers need to be
defined by a set of user-provided pecr-to-peer protocols. In FR-1. the nctwork has
no knowledge of the end-to-end protocol. The user’s equipment in FR-2 terminates
the full data link protocol {i.e.. 1 441%, which 1s composed of the **Core Part of’
1L.441* plus “Upper Part of 1.44177). The user equipment must have a protocol
partner with the network supporting the “*Core Part of 1.441," and it must have a
protocol partner end to end supporting the balance of the data link layver. namely,
the “Upper Part of [.441%" (upper lavers are user-defined). In frame switching,
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the user equipment must have a full protocol partaer with the network supporting
the entire data link layer, 1.441%.

The core functions are sufficient to transfer data during the data transfer
phase (i.c.. after the call has been established either in real time—SVC-——or by an
administrative process—PVC); only frames with valid format and valid address
are delivered. Data link layer functions not specified by the frame relay service
(FR-1, FR-2, or frame switching), as well as the network and upper layer functions.
are transparent to the network. being implemented end to end in the end-systems.
For example. in addition to the data link laver multiplexing. whic: 1s provided by
the network over the UNI, a user may also choose to perform network laver
multiplexing. This implies that a given frame relay connection supports data for
multiple end-users; this multiplexing, however, is transparent to the network
[11.31]. ’

At the UNI (seen from the network), there are no significant differences
between FR-1 and FR-2. Differences are visible, however, to the end-svstems’
network laver: depending on the data link layer used, different OSI services are |
provided to the network laver. In FR-2 and frame switching, the network laver
services are specified by Q.922; for FR-1, the data link layer service is specified
according to the user’s choice of protocol. Because of this choice, there can be
differences in performance between FR-1 and FR-2.

To use a-frame relay network, the user’s protocol-specific frames are cncap-
sulated in the Q.922 Annex A frames. as shown in Figure 11.17. Anv data link
laver protocol with error recoverv {HDLC, SDLC, LAP-B, LAP-D. LLC) can be
encapsulated and transmitted over the network. Such encapsulation must be done
by the user’s equipment,

11.4.2  ANSI Frame Relay Standardization Efforts

Several documents have recently been issued by ANSI in reference to frame relay
service in the U.S. [11.32-11.37]. These wcre identified earlter in Table 11.7. Two
key standards are T1.606 and T1.618.

The data transier phase of the frame relay bearer service is defined in T1.606-
1990. This document specifies a framework for frame relaying service in terms of
user-network nterface requirements and internetworking requirements i} 38].
Both interworking with X.25 and interworking between frame relaying service is
included in this standard.

The protocol nceded to support frame relay is defined in T1.618-1991 (LAP-
F Core}. The protocol operates at the lowest sublaver of the data link layer and
1s based on the core subset of T1.602 (LAP-D). The frame relay data transfer
protocol defined in T1.618/LAP-F Core 1s intended to support multiple simulta-
neous end-user PVCs, possibly using different protocols within a single physical
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Figure 11.17 Encapsulation of user’s protocols within frame relav

channel. This protocol provides transparent transfer of user data and docs not
restrict the contents. format, or coding of the information. or interpret the structure.

Frame Relay Frame Structure

The frame refay frame format was shown in Figurc 11.4. The ficld shown in the

figure arc described below.

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



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

Address Field. The address field {(more precisely, routing label) consist= of at least
10 bits over two octets. as illustrated in Figure 11.4, but may optionally be extended
up to four octets. To support a larger DLCI address range. the three-octet or four-
octet address fields may be supported at the user-network interface or the network-
network interface based on bilateral agreement.

Control Field (C/R). There is no control function for frame relav core services.
The field 1s not used by the network and is passed transparently between user
equipment for application-specific uses. This bit is used in protocols such as LAP-
D to indicate that the frame is a command or a response.

FECN. This bit is set to 1 by the network to notify the user receiving the frame
that the frame has been delivered through a congested path in the network. This
implies that insufficient network resources are available to continue handling the
traffic at the current rate. Two actions could ensue (depending on the user’s equip-
ment capabilities):

1 The inbound traffic. if any. from the destination (i.e., the traffic going in the
opposite direction of the received frame) should be temporarily reduced.

2. The destination should be willing to enter a “*hold-on™ or “wait™ state. since
traffic may arrive at longer intervals than otherwise expected.-

BECN. This bit is sct to ] by the network to notify the user that traffic sent in the
oppostte direction to the frame with the bit set may pass through a congested path.
Conscquently, the sending equipment should reduce its inbound traffic to the
destination, if there 1 any. Figure 11.18 depicts the operation of the FECN and
BECN.

Congasted
portion of
network

FECN o 1

Recerving
Egquipment

Sending
Equoment

BECh-C

Figure 11.18 FECN and BECN acton.’
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EA. E_A is used as an expansion bit indicating that the DLCI is longer than 10
bits.

DE. DE is the discard eligibility bit set by the user to inform the network that in
case of congestion this frame can be dropped before other frames not so indicated
are touched.

Frame Relay Information Field. The frame relay information ficld follows the
address ficld and precedes the frame check sequence. The contents of the user
data ficld consists of an integral number of octets {(no partial octets). The default
information field size to be supported by networks 1s 262 octets; other values are
negotiated between users and networks and between networks. The support of a
maximum value of §.189 octets is suggested for applications such as LAN inter-
connection to prevent the need for scgmentation and reasscmbliy by the user cquip-
ment (however. the usage of a cell-based nodal processor runs counter to this
philosophy). The frame length can be variable. Table 11.18. shown later, depicts
some of the maximum frame lengths supported by various vendors. Since the 16-
bit FCS specified for frame relay can dctect errors in frames of lengths up to 4.096
octets, some are recommending that only this maximum be actually allowed: oth-
erwisc the network cannot even detect errored frames [11.6].

Frame Checking Sequence Field. The FCS field is a 16-bit CRC scquence used to
determine the integrity of the information. '

Transparency. A transmitting data link laver entity must examine the frame content
between the opening and closing flag sequences {(address. frame relay information,
and FCS ficlds). and must insert a U bit after all sequences of five contiguous 1
bits (including the last five bits of the FCS) to ensure that a flag or an abort .sc_q-gx'g_ihcc
is not simulated within the frame. A receiving data link laver entity must ¢xiimine
the frame contents between the opening and closing flag (five contiguous 1 bits).

Order of Bit Transmission. The octets are transmitted in ascending numerical order.
Inside an octet. bit 1 s the first hit to be transmitted.

fnvalid Frames. An invahlid frame 15 a frame that

1. Is not properly bounded by two flags (e.g.. 2 frame abort). or

2. Has fewer than five octets between flags (note: it there is no information
field. the frame has four octets and the frame will be considered invalid), or
Contains more than 8,193 octets between flags, or

Docs not consist of an integral number of octets prior to () bit insertion or
following O bit extraction, or

Contains a frame check sequence error, or

Contains a single octet address ficld. or

Contains a data link conncction identifier that is not recognized by the net-
work.

e L

~) O LA
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If the frame received by the network is too long, the network may either

1. Discard the frame.

2. Send part of the frame toward the destination user and then abort the frame,
or

3. Send the frame toward the destination user with invalid FCS.

Selection of one or more of these behaviors is an option for designers of
frame relav network equipment. and is not subject to further standardization isers
“cannot not make any assumption as to which of these actions the network will take.
In addition, the netwark may optionally clear the frame relay call if the number
or frequency of excessively long frames exceeds a network-specified :*:reshold.
Invalid frames are discarded without notification to the sender. No actic: . 1s taken
as a result of that frame.

Frame Abort. Receipt of seven or more contiguous 1 bits is interpreted as an abort,
and the data link layer ignor2s the frame currently being received.

11.4.3 Industry Efforts

1990 saw a number of vendors backing an interim joint frame --layv.specification
in an cffort to ensure some degree of interoperability of new products then being
developed. Digital Equipment Corp.. Cisco Systems, Inc., Northern Tele. om. Inc.,
and StrataCom, Inc.. jointi~ developed the frame relay specification on which
product development couic e based until national and international standards
become available [11.39, 1..40]. Eventually, over 65 vendors agreed to suppport
this de facto standard [11.41]. More compiete ANSI/CCITT standard< are now
available. In fact. most aspects of this interim specification found -. ‘wvav into
the ANSI standards. The need to offer interoperable frame relay proc... . critical.
and vendors realize that users may not be willing to deploy technologies that lock
them in with systems that could become obsolete in a year or two. Agrecment on
frame relay implementation specifications facilitates the emergence of cquipment
form a varicty of vendors. allowing exibility in user choices {11.40]. Vendors are
trving to avoid the implementation problems that were experienced in the early
1980s when X.25 packet switching products started to enter the market. Incom-
patiblic implementations of X.25 still abound to this day.

The early joint specification was based on the ANSI standard, but it had
some addional management features and oroaccasting [11.40]. For cxamplc it
included capabilities for congestion control; it also supported automatc reconfig-
uration of devices with a frame relay interface and the ability . detect faults.
Features included [11.42]

1. Support for a global addressing convention to identify a specific end-device.

‘i
LSRR
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2. Multicast capability to send frames to all devices that belong to a “*muiticast

group.”
3. Flow control for preventing congestion in a frame rclay network,
4. Extensions to the LML <

5. Asynchronous status updates (asynchronous notification by the network to
the user’s equipment of a change in DLCI status).

This specification defined these enhancements in the form of'a new protocol
and a new set of messages to make the configuration and maintenance of PVCs
caster. The protocol describes a LMI which i1s appticable between the network and
the user’'s equipment (i.e.. at the UNI). The LMI transfers messages that provide
notification by the network to the user of the presence of an active DLCI, noti-
fication of the removal or failure of a DLCI. and real-time monitoring of the status
of the physical and logical link between the network and each user device. In other
words, the LMI solves the 1ssue of a “‘keep-alive signal™ between the network and
the user’'s equipment. It also provides capabilities for downloading logica! hink
addresses from the network to the user’s equipment. Also. as indicated. a multicast
facilitv for ease of address resolution by bridges and routers is included [11.43].
( Additional aspects of LMI are discussed in the next scction.) These features arc
now included in the ANSI standards.

This vendor cooperation led to another development. On 15 July 1991, the
Frame Relay Forum held its initial annual meeting. At that time. 52 companies
joined the Forum:; membership has increased since then. The Frame Relav Forum
was formed to promote the acceptance and impiementation of frame refav based
on national and internationai standards. Membership in the nonprofit orgamzation
1s open. and organizations may participate cither as voting members or as obscrvers
[11.44]. The Forum has three working groups:

. Market Development and Educauon.
. Technical.
. Interoperability and Testing.

L) b

The Market Development and Education Committee has as o goal the devel-
opment of the market for frame relay products. services. and applications The
Technical Commuttec provides a laison to the standards groups and related tech-
nical organizations. such as ANSVECSA. CCITT. ETSI. and the Internet Engi-
ncering Task Force. The Interoperability and Testing Committee atms at promaoting
efficient and effective methods of testing and certification of frame relay conform-
ance and interoperabihty It works with manufacturers of test equipment. with
public frame relav carriers. and with third-party test laboratories. The Forum has
adopted an implementer’s agreement which identifies the guidelines vendors should
follow in developing frame relay equipment. It also has contracted with the NIUF
to develop a software test set based on the implementer’'s agreement, so that



prospective vendors, carriers, and users can undertake conformance testing.
Approximately 500 items need to be tested to verify compatibility.

The importance of conformance and conformance testing cannot be over-
emphasized. Already, in early 1992, carriers testing frame relay equipment were
reporting that “many vendors have improperly implemented frame relay protocols™
[11.45]). Frame Relay Forum efforts underway at press time included network-to-
network interface implementation agreements, SVC specification. multiprotocol
interconnection of data terminals. and, possibly. a standard for packetized voice
over a frame relay network.

11.4.4 Carrier-Specific Extensions and LMI

Many portions of the vendors’ extensions for network management. particularly
the LMI's local in-channel signaling. have subsequently been incorporated in the
ANSI standards (ANSI T1.617 Annex D. Additional Procedures for PV(C's Using
Unnumbered Information Frames). The LMI specification describes a protocol and
associated proccdures operating at the UNI to handle network management func-
tions, The features of a network that supports LMI include notification to the user
of the addition. deletion, and presence of a PVC in the network, and notification
to the user of end-to-end availability of a PVC [11.6]. Vendors are working on
implementing support of Annex D. In addition. a standard to support X.25 over
a public frame relay network has evolved. The LMI protocol consists of an exchange
of messages between the user and the local access node of the network.

The LM protocol is based on a polling scheme—the user’s equipment {router)
polls the nretwork to obtain status information for the PVCs defined over a given
UNI interface. The user device i1ssues a Status Enquiry message and the network
responds with a Status message. Figure 11.19 provides anillustration of the process.
The LMI uses a connectionless data link protocol based on Q.921/LAP-D | making
the procedure casy toimplement. At laver 3. Q.931 messages are used, as in ISDN.

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

+ Addition or detetion of a PVC.

+ Status determination (avatlability/unavailability) of a configured PVC.
» Local in-channel signaling for link reliability errors.

» Local in-channel signaling for link protocol errors.

Data Link Laver
The LMI data link layer conforms to a subset of LAP-D. Only unnumbered infor-

mation frames are used. The poll bit is set to 0, and the control field is coded as
00000011. The DLCI is set to 0 (see Figure 11.20).

AT L.
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Figure 11.19 LMI environment.

The DLCI is specified in bits 3 through 8 of the sccond octet, and bius 5
through 8 of the third octet (the leftmost bit is bit 8: the rightmost bit is bit 1).
The message field must contain the LMI Protocol Discriminator sct to 00001001
in the LAP-D frame; it is used by the user-network cali control to distinguish this
message from other messages. The Call Reference is sct to the dummy 00000000
A Locking Shift field 1s also required: it is used to identify codescets {currently only
codesct 5 is supported).

Management Layer

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

An entire LMI message always fits an entire LAP-D frame. The Information
Elements have specific formats. The formats are specified by the bit mappings for
vartous functions (these are not further described here; see, for an example, |11.6,
11.36]).

The Link Integnty Verification Status Enquiry from the user and the Status
message from the network allow both the user and the network to determine link
reliability errors (physical faults) and protocol errors. The Full Status Report has
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......

a PVC Siatus Information Element that allows the user to detect the addition ot
a PVC. the deletion of a PVC, the availability of a configured PVC, and the
unavailability of a configured PVC. A user’s frame relay device (e.g.. a frame relay
capable router) periodically issues a Status Enquiry message for the network's Full
reports

Status Report to determine when a PVC has become active or inactive. T!
arc exchanged using DLCI 0. Full Status Repo-—:ng (PVC Status and Lin:

tegrity

Verification Information Element) is employe:: io report communication oi remote
user equipment failure o !  local user. This procedure can also be used to signal
a trunk or nodal processor iailute.
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The LMI messages and some related Information Elements are shown in
Table 11.11. These procedures are driven by a set of parameters that arc established
at subscription. Table 11.12 depicts some key parameters. Additional procedural
details, not covered here, are required to undertake the nctwork management
functions.

On the topic of network management, it is worth noting that protocol ana-
lyzers supporting frame relay were beginning to appear in 1992 from a few vendors;
however, they were initially rather expensive ($15.000 range).

11.5 IMPLEMENTING FRAME RELAY IN A PRIVATE
CORPORATE NETWORK

Users of dedicated LAN internetworking links may want to examine traffic loads
to determine if frame relay and cell relay/fast packet will be economically beneficial.
Users with little LAN interconnection traffic but with considerable traditional data
traffic may be better off using a TDM-based T1 multiplexer, while those with
higher LAN volumes may want to replace TDM multiplexers with processors (or
multiplexers) supporting framc relay over a ccll relay platform.

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

Table 11.11
[.MI Messages

Messages:

STATUS Sent from the network to user device in response to g Status Enguirs Elas
Message Type field of O11TT10F,

STATUS Used by the router or frame relay device to request status informanon

ENQUIRY Actual configuratton and status information is contawned in the Informanoen

Elements. Has Message Type field of 01110101,

Information Elements,

REPORT TYPE Uscd to indicate either the tvpe of enguiry requested by the user’s frame
relay device or the contents of the Status message returned by the retwork.
[t can be a Full Status or a Link Integnity Verification only,

LINK INTEGRITY  Used to exchange sequence numbers between netwaork and uscr equipment

VERIFICATION on a periodic basis 10 indicate to each other that they arc active and
operational.
PVC STATUS Present 1n a Status message and 15 sent by the network to notify the user's

frame relay device of the configuration and status of an existing PVC. the
PVC s idenufied at the LMI UNI by the DLCI!.




Table 11.12
LMI Parameters

Full Polling Cycle: This parameter describes the number of polling cycles between Full Status
Reports. [t is set by the user and has range of 1 1o 255, with a default value of 6.

Error Threshold: Number of reliability or protocol errors before a PVC or a user device is declared
inactive. It is set by both the network and the user and has a range of 1 to 10, with a default value
of 3

Monitored Events Count: This parameter specifics the size of the window that 15 employed by the
network or user to determine if a PVC or user device is active. After a PVC or device is declared
mmactive, the network waits a number of successful poll cycles specified by this parameter before it is
declared active again. It has a range of 1 to 10, with a dcfault value of 4.

Link Integrity Verification Timer: This parameter indicates how frequently the user should send a
Status Enquiry. It is set by the user. It has a range of 5 to 30 seconds, with a default vatuc of 10.
Polling Verification Timer: This parameter indicates the interval of time the network should wait
between Status Enquirv messages; if no messages are received_the network posts an error. It s set
bv the network. It can range from 5 to 30 seconds and has a default value of 15 seconds.

over a dedicated T1 link is not advantageous comparead to a traditional non-frame
relayv solution. Some early users of frame relay took this route, but they are now
finding that the nodal processor is an integral component of a dynamic bandwidth
network: a backbone network can multiplex the traffic of one user with that of
other users. realizing the economic advantages of bandwidth sharing, much the
same wayv an X.25 private packet network provided such economic efficiencies for
low-bandwidth users. '

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

11.5.1 Implementation Steps

It is straightforward to migrate from the current router network configuration to
a frame rclay-based network solution. There are two main areas that need to be
addressed:

+ Network nodes.
* Router upgrades.
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Backbone Networking Nodes—Installation

It is necessary to install nodes that support frame relay user-network interfaces and
use cell-based backbones. Migration from the existing network to the frame relay
configuration can be donc in an organized. step-by-step fashion. This will mininuze
disruptions to LAN applications and end-uscrs by pcrmitting the changes to be
made on a scheduled basis |11.13].

Router Upgrades to Support the Frame Relay Interface

Upgrade of the router is needed to implement the frame relay interface to the
network node. This is usually in the form of a low-cost software upgrade offered
by most router vendors. Costlv hardware replacement is not usualiy necessary,
since the existing communication chips on the routers arc typically reusable for
frame relav. Even more significant is the fact that the end-user applications do not
have to be modified to accommodate frame rectay.

11.5.2 Migration From Existing Baseline

Different users find themsclves in different situations. Somc still have unintegrated
networks without backbones (generation 1). Others have a classical backbone
network for inquiry/response applications, but the LAN traffic 1s not ntegrated
(generation 2). Some have a TDM-based backbone network which provides fixed
bandwidth to most applications of the enterprise, including LANs (generation 3).
Frame retav over cell relayv can be benceficial to all three classes of users. Naturally,
cach network has different levels of migratton and immediate pavback by under-
taking this transiton.

Unintegrated Networks Withowt Backbones (Generation 1)

Users of these networks stand to get the major quantum advantage from trame
relav. Frrst. many discrete low-speed lines are replaced with fewer high-guality T
lines. which initself can be cheaper and casier to manage. Secondlv. the advantages
of dvnamic bandwidth allocation reduce the transmission bandwidth that would
otherwise be needed: additonal transmission resources contribute to o direct
icrease in transmission cost. To migrate to a frame relay network. the user necds
to deploy the necessary number of nodal processors. upgrade the terminal equip-
ment for frame relay (this could be done using a terminal server on a LAN and



then using a frame relay router), and install the high-speed and backbone trans-
mission infrastructure.

Classical Backbone Networks, LAN Traffic Not Integrated (Generanon 2)

These networks benefit from the introduction of frame relay because ba~dwidtk
can be better utilized, postponing or even eliminating the need to upg-..Jde the
transmission lines to either multiple Tls or T3s. In fact. 1t mav even be possibie
to replace some Tls hines with less expensive FT1 lines. To migrate to a frame
reluy network, the user needs to replace the TDM-based fixed-allocation multi-
plexcrs with nodal processors and connect the LANs to the same structure. Usually,
the transmission facilities making up the backbone network remain in place. clim-
inating expensive installation charges for communication upgrades.

TDAM-Bascd Backbone With Fixed Bandwidth (Generation 3)

These networks are the casiest to :pgrade by simply replacing the TDMs with
frame reiay hardwarc. The nctwork runs better and is more efficient.

Some Evolving Issues

Two important issues necd tn be fully resolved before the introduction of frame
relav services in mission-cric-. . apphications can be fully rationalized. These issues
affect private nctworks but are also important in public networks. They arc network
management und congestion control.

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

Congestion control remains a critical issue. Congestion results when th om-
bined request for bandwidth from »tl users exceeds what the network can . ide.
Total network bandwidth 1s ultin cly determined by the number and size of the
trunks between the carner’s or user’s nodes. Congestion becomes more likely as
the number of subscribers increases. Some argue that ““when coneestion starts to
occur, pcople will have significant problems . . . users’ expectations :or frame relay
are too high™ [11.46].
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Vendors’ initial approaches to the congestion issuc has not satisfactorily solved
the problem the way the implementation of the full ANSI apparatus cnd to end
would. For example, some provide large buffers in the nodal processors for storing
frames that cannot be immediately sent.- However, networks such as SNA retrans-
mit data if it i1s not acknowledged within a given time interval: hence. the delav
seen by the FEP because of the buffering can cause it to send more data. which
is exactly the opposite of what is needed in the congestion state, Others usce some
of the congestion techniques emploved in X.25. However, this docs not go to the
source of the problem. which is the throttling back of the input traffic. Others deal
with the problem by over-engineering the network (reportedly. this includes BT
North America, Sprint Data Group. and MCI Communications {i1.40]). This
approach is not cost-effective for private nctwork solutions.

With the mechanism provided in the frame relay standard. nodal processors
can send notifications to the attached routers and other devices to stow them down.
The router in turn has to be able to inform the end-user gencrating the traffic (such
as a user. a host, or 4 file server) to slow down. According to observers, end-to-
end cooperation is 2 or 3 years away (i.c., it will be achicved in 1993 1o 1994).

11.5.3 Topologies and Support of Non-LAN Traffic

Equipment 1s appearing on the market to connect 3270 SNA and Bisvne terminals
to a frame relay network. See Figure 11.2] for an examplc of this application.
Users want to be able to combine SNA traffic with other traffic over a WAN using
a common technology bike frame refav [11.29]. Any savings in transmission could
be ncutralized by the nced to matntain two or more scparate networks, staffs,
management tools. etc. {11.47]. Users want to support an enterprisewide network

3z27e Frame Frame Ralay Network Frame SNA
Clustar ?olay - S:Ia:y -
armina 5
Controber Adaptet A Adaptar Host
Q —
3270 terminals

Figure 11.21 Use of frame relay in an SNA environment.
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with as few technologics as possible; hence, the issue of whether frame relay can
support multiple corporate applications emerges. While many users are migrating
to LAN-based SNA configurations, facilitating the direct usage of frame relayv,
some SNA traffic remains on the large embedded base of traditional cluster con-
trollers.

A number of vendors are introducing standalone frame relay adapters to
support non-LAN traffic (sce Figure 11.22). With these PAD-like systems. SNA
multidrop lines between the the IBM FEP and the remote cluster controllcrs can
be replaced with frame relay PVCs. Other vendors are incorporating the adaptation
funct:on directly in the nodal processors. SDLC frames are passed across the
network in a predetermined PVC by assigning the destination of the frame on a
per-port basis. Some public networks also provide PAD-like functions.

11.5.4 Enterprisewide Use of Frame Relay

This section looks at frame relay from an enterprisewide perspective. Because
equipment based on frame relay over a mixed-media cell relay platform utilizes
backbone factlities better than existing circuit switching T1 multiplexers, frame
refav benefit users that want to connect LANs over integrated backbones while
supporting a variety of other traffic (to take advantage of resource sharing). But
uscrs that simply want or need to provide high-speed links between remote LANs
mav be better off using FT1. T1, FT3, or even T3 links [11.19]. According 1o some
observers. most users nced to transport a mix of data, voice. and video: hence they
may find it difficult to cost-justify building a pure frame relay network solely
dedicated to LAN traffic [11.19]. More expensive nodal processors also support
voice and video.

Two views on frame relav penetration exist: those who see frame relav
deploved mostly in private networks, and those who believe carriers will make
major inroads. A 1991 study found that 37% of Fortune 1000 companies interviewed
were planning to use public frame relay services, 24% were planning to use private
frame relav, 24% use hvbrid networks, and the balance (15%) were not surc. Given
the outsourcing trends discussed elsewhere in this book and the plcthora of rea-
sonavly priced carrier frame relay services appearing on the market, public and/
or hybrid application of the technology may in fact be the route to frame relay
deployment. Table 11.13 summarizes possible strategies.

Figure 11.23 depicts a number of traditional LAN interconnection methods
[11.25]. Part A of the figure shows a T1 line totally dedicated to routcrs. Part B
of the figure shows a typical arrangement where a fixed portion of bandwidth from
a T1 muluplexer is emploved for LAN usage; this is typically 56/64 kbps. Part C
shows a sophisticated T1 multiplexer which, includes an integrated bridee: a fixed
portion of bandwidth on the T1 multiplexer is used. This usage of a T1 m..iuplexer
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Figure 11.22 Supporting an enterpriscwide network with frame relay.

was alreadv discussed in Chapter 6. Note that threc logically distinet components
arc required: a router, a muitiplexer. and a line dedicated end to end.

Figure 11.24 shows some cxamples of LAN interconnection options using
private network frame relay technology. Part A shows the use of a T1 line dedicated
to a new router syvstem that incorporates frame relay. Part B shows the case where
a fixed portion of bandwidth from a T1 multiplexer is emploved to connect a router
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Tsble 11.13
Possible Strategies for Deployment of Frame Relay

Private Network Implementation

» Over a point-lo-pomnt line, connecting two routers directly

» Single-node data-enly processor supporting LAN traffic

+ Single- or multiple-node mixed-media processor(s) supporting enterprisewide networking
Public Network Implementation ‘

» Data-onlv service for LANs or other devices (through PADs)

Hybrid Network Impiementation

+ Data-only service with private processors, while using public network to reach secondary sites
» Mixed-media environment with private processors, while using public network to carry data

system which incorporates frame relay. Part C is a diagram of a Tl multiplexer
which includes an integrated frame relay card but not a router: a fixed portion of
bandwidth from the T1 multiplexer is employed. These three scenarios are likely
to represent the early usage of the technology. Note that, as in Figure 11.23. three
logically distinct components are required: a frame relay configured router, a mul-
tiplexer. and a line dedicated end to end.

Figure*11.25 shows other examples of possible interconnection options using
frame relay. Part A shows a T1 multiplexer which includes an integrated router
which uses frame relay; a fixed portion of the T! bandwidth is emploved. Part B
depicts a sttuation where vanous streams run into a multiplexer where the trunk
side uses frame relay (pursued mostly by packet switch vendors). Part C is the
same as the previous case, but the trunk side uses cell relay and the trunk bandwidth
is managed 1n fast packet mode. Here 1s where - ‘me reiay starts to offer advan-
tages. :
Figure 11.26 depicts a more sophisticated usage of frame relav. Part A dem-
onstrates a private network using frame rciay networkwide to ach™  : efficiency.
PADs mav be required to support non-LAN devices. A separate neiwork for voice
and video s required. Part B depicts the use of - mixed-media nodal processor,
which also supports nondata applications. Part C ¢: the figure shows a public frame
rclay network where multiple users share the network. PADs may be required. A
scparate network for voice and video is generally required. In this “‘optimal case,”
the user uses a router that implements the frame relay interface specification; but
instcad of obtaining a high-capacity line dedicated end to end, the user only go-
the high-capacity hine to the CO or POP (at both ends). By connecting to the
carrier frame relay service, the carrier provides the multiplexing, relez~ing the users
from that investment [11.2]. Note parenthetically that if the two endpoints terminate
on the same COQO (e.g.. if they are in relative proximity within a city). then the
bandwidth saving advantage disappears. When connected with a carrier frame relay
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Figure 11.26 Interconnection options using frame relay: (a) a private network utilizes frame relay to

achieve cfficiency. PADs may be required. A separate network for voice andvideo i,

required

service. the routers see no difference compared to a private line. Onc of the
advantages of th:: arrangement (but also shared by traditional packet switchi: 2
and SMDS) is that if an+ —art of the interoffice network fails, the carrier may be
ablec to automatically recover or reroute. If this is done in real time, the user would
be unaware of the failure event.

11.5.5 Practical Comparisc:: of Interconnection Technologies

Frame relay fits in a continuym betwecn private lines, SMDS. and BISDN services.
Some users are planning ‘> incorporate frame relay technoiogy in their private
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Figure 11.26 {Continued} Entcrconnection options using frame relayv. (b} a private nctwork utilizing
mixed-media nodal processors

nctworks. In the public arena, the progression of services in terms of complexity
and availability will be frame relay. SMDS. and ATM/BISDN. Expcrts predict that
it is likely that frame relay technology mitv be deploved in the same wav that X.25
was: first on large private networks and then with carriers. Tabie 11. 14 summuarizes
the frame relavicell relay environment by highlighting the UNI/NNI characternistics.

The evolution toward SMDS seems clear. While routers have been quoted
as passing in the neighborhood of 10,000 to 20.000 packets per second, the latest
generation of bridges and routers now beginning to become avatilable process 50,000
to 500.000 packets per seccond [11.8. 11.48, 11.49]. This mcans that while frame
relay may be adequate for some LAN internctworking applications, other appli-
cations may need higher speeds. as provided by SMDS. Example of these appli-
cations include CAD/CAM, medical imaging, heavy-use desktop publishing. and
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animation. FDDI syvstems may become more prevalent now that the FDDI stan-
dards are pracucally complete and given that FDDI may actually be deliverable
over twisted-pair. In addition, work has becn underway to allow FDDI to interwork
with SONET, implving that there may be an impetus to their introduction (1.€e.,
the user does not require dedicated fiber, but can use facilities from the public
network). This in turn may require high-throughput internetworking. It is not clear
that a 1.544-Mbps service can bridge LANs operating at 100 Mbps. For some users,
FDDI rates are too low (e.g., in supercomputer environments, discussed in Chap-
ter 1).

At the pure technical level, since frame relay is a connection-oriented tech-
nology and LANs are connectionless, the ideal way to interconnect LANSs is with
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Table 11.14
Churncterization of Various High-Specd Technologies

Network UNI NNJ
Private data-only nodal processors FRI [N
FRI Cell
FRI FRT”
FRI ATM
Private voice/data nodal processors FRI pius voree, video, TIIM
and other data
interfaces
ERI plus voice, video, Cell
and other data
interfiaces
FRI plus voice. video, ATM
and other data
interfaces
Pubhe frame relay networks FRI Cartrer-mtermal

{eelt v ATAD
SMDS SNI Carficr-imiernal

BISDNicell relav service ATM TATM

*Not commeraally implemented
**Bevond 1992 10 {993

a connectionless network-based service (such as SMDS) [11.50]. Also. it is desirable
to avoid needing to develop enure technologies. and deploy networks which cater
to 4 single application {c.g.. just for LAN mterconnection). Frame relav. as cur-
rently being standardized and deploved by carriers. is designed tor data commu-
nications only. as a long overdue improvement of traditional X.23 packet switching.
Cell relav (BISDN UNI) s spectfically designed to support the sophisticated nix
of services hikelv to be presentin an organization of the 1990s: data, voice. tacsimilce.
high-quality image and graphics. integrated messaging, and video,

Table 1115 compares X.25. TDM muluplexers. native trame retav, frame
relay over a fast packet switch platform. SMDS. and ATM from a service per-
spective (also see [8.22]).

Some uscrs are reportediv concerned that the push for deplovment of trume
relav s coming from vendors rather than from network managers and users. Some
usecrs characterize frame relay as “more hype than necessity.” since existing cquip-
ment can answer equally well the needs of stream traffic and data traffic with high
autocorrelation (such as in file transfer) [11.51}. The promises of “'scamiess™ LAN
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Table 11.18
Compurison Between Various Technologies

Frame
Relay  Frame
Over Relay
Fast TDM-  Over
Packet  Frame  hased Fast
TDAM- Cell Relay T! Facket!
Public! Based — Relay Over Private  Relay  Public
Privaee T} TI Unmuxed  Net TI Netwark Cell!
X.25 Private Private  Private  Private  Backbone Frame Relay
Net Aot Net Line Net  Platform  Relavy  SMDY  ATM
Switching umit packet by Lor cell frame frame cell cell cell cell
group of
bity
Bandwidth used ves no ves no no ¥es yes A ves
uniby when
tnformation s
boing sent
Mulieplewed hnky ves no noe ves ¥es ves ves yes ves
mer single access
PVC capabihitics - yes yes ves yes ves ves yes N/A Ve
SN C cupobilines yes no ves no no no future N'A e
Error treatment fink-by- wser routing  detect Jetect detect detect routing  routing
iink protecoal  network  nctwork neiwork  network  network  netwark network
infue user correct correct correct correct  anto mntao.
uscr-lo. user-lo-  user-to- user-to-  user-to- user-to-
uscr uscr uscr user user user
LAN ML - Ao ros es yes ves yves ves s
mnferneannecton gin.l
FDIMN fo (TR ne no no no no ves YU
mterennnyechion
CADCAM no ves no no no no no yes yes
mnternciworking
Mamnframe o VS no no n. nao no yes ves
channct estension
Mg no v oy ves yes ¥Cs ¥CS unlikely no s
Video na Los marganal marginal  marginal  marginal  margmal no yes
Throughput (hps) 19 2K 45M I 5M | SM 1 5M 1.5M 1.5M 1.5-45 A 155-622
M
Neiwork delay tgh lovwer low low lovw low low Jowm lowest
Avalabiling nnw i N now now now now now 1993-95
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interconnection cannot be delivered in full by frame refay because of the speed
limitations, and because it is a connection-oricnted technology .

11.6 FRAME RELAY EQUIPMENT

In a private frame relay network. the nodal processor is the most critical componcent.
With a low-capacity processor. frame relay will not support the required through-
put. A ccll relay-based platform with cffcctive network management tools is the
type of equipment end-users are looking for.

A high-throughput nodal processor butlt from the ground up. unaffected by
TDM restrictions, which supports high-speed switching 1o facilitate high end-to-
end throughput. low latency. and any-to-any conncctivity 1s required to dernve the
advantages that frame relay promises. A fast internal processor must be used (o
sustain the switching at the level required by the new routers now reaching the
market and bv the data-intensive user applications.

The nodal processors must support standard high-speed interfaces to the
routers to faclitate the interconnection of cquipment from a varicty of vendors
This open frame relav interface should support a full T1 rate m order to properh
interwork with existing router svstems now deploved on dedicated T1 hnes (some
processors do not support a full T1). It is important that an adequate number of
PVCs per frame relay interface be supported. A restrictive number of PVCs defeats
the link and port sharing bencefits of frame relay,

The nodual processors must support standuard high-speed intertaces between
nodal processors to provide cell relay and switching. The flexibility of being able
to support fractional T1 or full T1 rates for the trunks is nccessary in order to tine
tunc the network to the actual traffic patterns of the corporation Generalhy L not
all focations in a company have the same incoming andf/or outgoing tratfic votames.
Hence. the ability to be able to utilize a mix of Tis and FT1 trunks is an important
cost-saving featurce. Usually 1t is better to use outboard CSUs so thut the LAN
manager can optimize the investment needed to obtain the appropriate link man-
agement features without duplication. The choice of the CSU can be iinked with
the T1 channel at hand: for example. a link may or mayv not support B8ZS. and
s0 the CSU can be chosen appropriately. In addition, the failure of the CSU.
possibly incapacitating a path. can be mitigated by the use of a spare CSUL which
1s more difficult to do when the CSU is integrated with other hardware. In addition.
a nodal processor should not impose topological constraimts in terms of the number
of nodes which can be supported.

Not every user device 1n an existing user network can be retrofitted with a
$1.000 frame relay board. A nodal processor should. therefore, support devices
such as asynchronous terminals. synchronous terminals, and X.25 strecams for those



situations where the frame relay interface is not available or will be installed at a
future date.

A saphisticated network management capability is required to facilitate PVC
establishment and to undertake all the necessary monitoring functions so important
in mission-critical enterprise networks. A centralized system with access to the
entirc network through a distributed architecture is desirable. Graphical worksta-
tions with windows and user-friendly interfaces are a clear advantage. A rich feature
set for fault, performance. accounting. security, and configuration management is
an important business advantage. .

Since the state of the art is not going to stand still, the nodal processor must
be able to grow with new needs, features, and technologies. Some examples are
the abilitv to migrate to BISDN, support SVCs, and deploy more data-intensive
network management facilities in support of tighter control. The issue of congestion
control is critical in order for the LAN-manager to guarantee a grade of service
to the user community. A nodal processor should support the full ANSI congestion
mechanism n order to achieve this goal.

11.7 CARRIER SERVICES

Several carriers now provide or plan to provide public frame relay services. Not
onlv is it important that the service be available from a carrier, but it is also critical
that the service be tariffed in a competitive way if users are to make investments
for migration to the new technology. This section examines some issues pertaining
to the public service.

11.7.1 Congestion Control Issues for Public Networks

As indicated. in frame relay the entire bandwidth, up to the maximum accuess speed,
can be madce available to a single user during peak periods. A problem may arise
in the network if many users require this bandwidth simultaneouslv. as might be
the case when LANs from mulupie organizations (or departments within an orga-
nization) are terminated on the network. The frame relay network must be able
to detect any overload condition and quickly initiate corrective actions.
Congestion control (also known as flow control) is already needed in tradi-
tional public packet networks, but in a frame relay network its need is more critical
duc to the performance objectives of the latter, and the greater access speced. In
X.25 networks, the access speed is normally much lower than the speed and capacity
of the backbone. It is uniikely that a single device would ever monopohize the
backbone. In a LAN interconnection/frame relay environment, the routers seen
as an ensembie may transmit a combined rate which might approach the capacity
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of the backbone itself. A singie router may flood the backbone; this in turn will
starve other circuits of bandwidth.

Temporary conditions of overload occur in any well-utilized network. Net-
works which ncver experience temporary overloads mav in fact be underutilized.
Over-cngineering, however, is not a desirable way to handle congestion control
because such an approach is not cost-cffective. Ignoring the issuc of congestion is
also undesirable. since. in effect, it means not capitalizing on the full potential of
frame relav. In private networks. transmission costs arc a major component of anv
design evaluation. and most of the benefits of frame relay technology arc fost if
implementing it demands the leasing of excessive amounts of bandwidth [11.21].
The challenge is not how to preclude any temporary congestion. but how to react
to it when it occurs. Over-engineering or, better vet. relying on statistical averaging
to obtain the most effictent utilization of deploved resources may be an approach
that is viable in a public network environment. given the large population of
potential users.

The ANSI standards specify explicit congestion control notification bits and-

a congestion notification control message. The important ficlds in the address
portion of the frame relay format are the FECN. BECN, and DL, described carlier.
In the ANSI standard. cach of the individual virtual circuits in a frame relay

connection (if the user and/or topological impiementation calls for multiple PVCs.

over a physical link) can be independently throttled back. To be fuir, the sources

that contribute the most to the congestion should be slowed down the most. while:

sources contributing less traffic should be slowed down less. Hence, the network

must be able to identifv which PVCs over a physical link or. bevond the access

portion. in the network are responsible for monopolizing resources. ,-;

Both the user’s equipment and the switch should be able to respond to cnnLcs-
tion control actions implied by the congestion control fields. For example? durmg-
periods of heavy load. the network could signal the user’s equipment. by scttng
the congestion bit, to reduce the traffic armival rate: when the overload situation
dissipates. the opposite action could be achicved by sctting the congestion bit back
to normal. In some situations, the user’s equipment could be overloaded: for
example. a LAN gatewav may be servicing another user and mayv not be able to
absorb heavy loads of traffic coming from the network. Here. the user’s cquipment
must be able to throttle the network.

The ANSI standards also provide for a DE capability to discard some frames
if the initial congestion control actions do not correct the situation. The network
should not be designed 1o discard frames indiscriminatelv: 1t 1s farer to discard
frames from the users who contributed the most to the congestion. If the imple-
mentation supports the DE field, this can be accomplished equitably, since the
user’s equipment can indicate which frames should be discarded first. The DE
capability makes it possible for the user to temporarily send more frames than it
is allowed on the average. The network will forward these frames if it has the



capacity to do so; but if the network is overloaded, frames with the DE bit set will
be discarded first [11.21].

Some network/equ:zment vendors may implement a simple flow control pro-
cedure, rather than the full ANSI capability. For routers incapable of implementing
the control mechanism of the ANSI Annex D specification, a simplified X-on/X-
off form of flow control iz allowed by LMI. The optional flow contro! limits trans-
mission in the direction o: tue network, but not the reciprocal way. In the view of
observers. while this approach is useful, backbone frame reiay networks must also
implement the full ANSI mechanisms; otherwise, the network v - not +- able to
control effectively overloads from these devices.

Implicit Congestion No-:fication (to the transport layer of the ultimate user
equipment, i.e., the PC) occurs when the user’s end-to-end protocol determines
that data been lost. Actions to deal with Implicit Congestion Notifications usually
take higher priority than Explicit Congestion Notifications. The former is normally
handled bv the ultimate equipment; the latter is handled first by the router and
subsequently by the ultimate cquipment. The network may tndicate to the uscr's
router that the data may be about to traverse a congested path by the FECN/
BECN bits previously discussed. The user response to these congestion notifications
is dependent on the type of notification and the frequency in which they are received
[11.6]. ' :

To reduce oscillations possibly due to transient congestion conditions, a
congestion monitoning period (CMP) can be established by the user’s router to
track the frequency of Explicit Congestion Notifications received. i iis CMP is
typically defined as four times the round trip delay through the network. The CMP
starts upon receipt -~ . frame with the BECN or FECN bit set, or if the {ogical
link is currently recoverning fi.um a congestion state. In a windowing environn =~
two window rotations may be used to measure the CMP instead of four time-
round-trip delay. The uscr’s router recewving the FECN bit set in half or more of
the frames received during the CMP should start throttling data in the direction
of the reccived frame. Sinc. . :a at any given time is typically weighted in the
dircction opposite of the fr with the BECN bit set. the BECN indication is
likely to occur less frecuently than the FECN indication. The user’s equipment
should therefore start throttling data in the oppoesite direction of the recerved frame
when the first indication of PECN is received [11.6].

During data transfcr one of the following four states is active. Typical carrier-
suggested actions are [17 ] '

1. Data throttling due to Implicit Congestion Notification. When a frame has
beenlost. -seenfromtfr. znd-to-end protocols, the data fiow should tvpicallv
be reduc:. -~y approximately one-fourth of current flow. Data shoul:” 1ot t
throttled below the minimum end-to-end protocol flow (e.g.. minimum win-
dow size).
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2. Data throttling due to Explicit Congestion Notifications. When data has not

been lost during the CMP, and the criteria for FECN or BECN frequency
during the CMP has been fulfilled (i.e.. half or more of the received frames
have the FECN bit set, or one or more of the received frames have the BECN
bit set), then the data flow should be reduced by approximately onc-cighth
of the current flow. Data should not be throtticd below the minimum end-
to-end protocol flow (e.g.. minimum window sizc).

Data flow recovery. If the criteria for FECN or BECN frequency has not
been fulfilled during the CMP (i.e.. fewer than half of the received frames
have the FECN bit set. or no more received frames have the BECN bit sct).
then the data flow should be gradually returned to normal flow at a rate of
one-sixteenth of the normal end-to-end protocol flow.

. Normal data flow. No congestion notification occurs and data throtthng s

not necessary (i.e., no congestion action 1s takcn).

11.7.2 Class of Service Parameters

Carriers are specifying various class of servicc parameters for the PV.C frame relav
service. These include:

Committed burst size (CBS). This is the maximum amount of user data (in
bits) that the network agrees to transfer. under normal conditions. during
one second.

Excess burst size (EBS). This represents the maximum amount of uncom-
mitted data exceeding the CBS that the network wiil attcmpt to dehiver during
one second.

Committed information rate (CIR). This represents the user’s throughput
that the network commits to support under normal nctwork conditions CIR
1s measured in bits per sccond.

Committed rate measurement interval (CRMU). This is the time interval dur-
ing which the user is allowed to send information at the CBS rate or at the
CBS + EBS rate.

Se¢ Figure 11.27 for a gruphical interpretation. These quantuities are important,.
since thev are the basis of the services the carriers provide and for the supporting
tariffs. Frame relay carriers wili enforce the subscribed CBS. EBS, and CIR in the
network in order to mcet the grade of service. The user must allocate some min-
imum CIR to every possible device-to-device refationship (i.c.. PVC): this implics
that frame rclav service. as currently available, is not the optumal solution to
interenterprise applications (where SMDS may be).
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11.7.3 An Example of Designing Networks With Public Frame Relay

A study of frame rclay tariffs at press time revealed that each frame relav carrier
had a different pricing scheme. Not only are these pricing schemes complicated.
but a reliable comparison between services is difficult. It is almost impossible to
generalize about the cost of frame relay services from one carrier to another,
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especially when using published prices (some carriers avoid publishing generic
tariffs; while nondominant carriers are not obligated to publish tariffs, such pub-
lication would certainly help the user choose a service/carricr) [11.52. 11.53).

While some carriers offer flat pricing, others offer pricing based on the number
of user locations. the amount of bandwidth, and distance between the carrier’s
POP and the user’s location. Some carriers sum the bandwidths defined on all the
network PVCs (whether actually in usc or not). Some add a surcharge for any data
that nceds to be delivered over a user channel cxceeding | 800 miles (presumably
this is related to the fact that the propagation time slows down the delivery of the
data to the user, implying added nctwork responsibility). Many have access line
charges, although some hide (absorb) that cost.

A published comparison among three carriers for service in four cities (Chi-
cago. New York. Dallas. and Los Angeles) is shown in Tabie 1116 {11.52]. The
table shows that there is a lot of variability in the cost. and a rational comparison
1s difficult.

One conclusion that does emerge is that frame relayv service is cheaper than
fully interconnccting all tocations with point-to-point high-speed digital hines. A
public frame relay network generally costs about a third of & fully interconnected
mesh network. Assuming that the carrier has a service POP in all LATAS where
the user has traffic sourcesisinks. the cost-effectivness of the frame relav solution
increases as the number of sites to be connccted increases. In addition, 56- and
64-kbps frame relay services arc universally cheaper than comparable N.25 services.,
which frame relay can replace in a number of sitwations (e.g.. LAN intcrconnec-
tion)."

Table 11.17 compares a public frame relav network with FI'l cffective
throughput (the physical access line may in fact have to be a T1 linc). & traditional
mesh FT1 nectwork, and a private onc-node frame relay network. Figure 11.28

Table 11.16
A Cast Comparnison Between Frame Reloy Services (Januuary [9U2)

CompuScryve $23.140

Sprint Stundard $12.260 10 §13.370 {depending on usage volume)
Sprint Reserved $36.300

Sprnt Hybrid $149.920

Wiltel $19.620 {estimated)

Coverage: Chicaga, New York, Dallas, Los Angeles
Access (physical TT): $1.3(0

Access (lomcal): 1.024 Mbps

PVC: 512 kbps

“'Some carners report that many users i fact employ the service at the 64-kbps rate
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Typical Frame Relay Costs; Public Network Covering New York,

Table 11.17

San Francisco. Atlanta, Dallas. and Chicago

Sprini Data Standard Rate

Sprint Data Reserved

Configurarion® WilTe! CIR {no guarantee) {guarantee)
256 kbps access $ 4.527 $ 4,950 5 5.600
256 kbps throughput
1 024M access $ 9.01 310,700 £11,350
256 kbps throughput
1.024M access $15.354 $10.700 $17.950
1.024 M throughput
Mesh Dedicated FT1 Network®

Miteage FTH64 FTH128 FT1:256
Chi-SF 1.860 $ B893.62 $ 1,674.92 $ 3.149 99
Chi-NY 710 $ 50262 $ 927.42 $ 1.746.99
Chi-At] 720 I 50602 $ 933.92 £ L7519
Chi-Dal 800 $ 53312 $ 98592 $ 1.856 79
NY-SF 2.580 $1.138.42 $ 214292 5 1.028.39
NY-At . 940 $ 580.82 $ 1.076.92 § 2.027.59
NY-Dal 1.370 $ 72702 $ 1.356.42 § 1.582.19
Ati-Dal 820 $ 54002 $ 998.92 S 1.881.19
Atl-SF 2.230 $1.019.42 $ 191542 $ 2.601.39
Dul-SF 1.480 $ 76432 § 1.427.92 $ 2.686.39
Total £7.205.60 $13.440.70 $25.290 10
Private £rame Relay Network®

Mileage FT1/256 FT1i512 T!
Chi-5F 1.E&) $3,149 064G $ 5.606 21 $13.560 00
Chi-NY 710 §$1.746 99 $ 3.099.21 $ 6.660.00
Chi-Atl 720 $1.759.19 $ 3.121.0 § 6.720.00
Chi-Dal LY $1.856.79 $ 3.295.41 3 7.200 00
Toral (transmission) $8.512.96 " OS15.121.84 £34.140.00
Total (with ammortized nodce) $9.512.96 $16.121.84 $35.140.00

*IntetLATA costs only
Press ume tariffs. subject to change

depicts the topology of this example. A frame relay nctwork is much cheaper than
a mesh network; for the example shown (five cities), the frame relay service at 256
kbps of throughput is only 15% of the cost of a mesh network. This is what was
meant earlier when 1t was stated that “in order to get the maximum benefit from
frame relay technology without having to incur large charges, the service needs to
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Dallas

Figure 11.28 Comparing a public frame relay network with a mesh network and with a private frame
relay network,
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be provided by a carrier.” The public frame relay network is only 25% (or less)
of the cost of an appropriately configured private frame relay network. Note that
in the public frame relay network, the throughput for each PVC from San Francisco,
for example, could be 263 kbps. This implies that the private frame relav version
must use a FT1 link to the node (which in this example was placed in Chicago).
which should be 1.024 kbps as a “‘conservative” design, or at least 512 kbps as an
“average' design.

One issue not clear from Table 11.17 is quality of service. In the full mesh
network. the end-to-end delav approximatelv equals one transmission time. For
example. if the mesh network used FT256 and the user's (ethernet) framc was
1,500 octets. then the delay would be 0.047 seconds. In the one-node private frame
relav network, the delay would be (.104 seconds, since the transmission time must
be incurred twice, and there 1s nodal protocol processing delav (which we have
assumed at 0.010 seconds). If two backbone nodes must be traversed {(and it is
assumed that the backbone link is also 256 kbps, the nodal protocol processing
delay is 0.010. and the frame-to-cell and cell-to-frame assembly 1s 0.020 seconds).
the totai end-to-end delay would be 0.181, approaching the notorious delayv incurred
through a satellite link.

This example should make clear what this entire book has tried to do: there
is no uniquely superior answer to a corporate networking problem. Each solution
has advantages and disadvantages. A mesh network i1s more expensive, but the
grade of service is better. A public frame relay network is cheaper. but there is
more nctwork delay. the service may not be available at all sites, and dedicated
T1 access lines are still required. A private frame relay network is cheaper than a
mesh network. while costing more than a public network: this solution. however,
requires the user to purchase new equipment and to manage it. Another factor to
take into consideration is the cost of the “access.” If the carrier has a POP in the
LATA(s) in question. that cost equals the cost of a T1 facility between the user’s
tocation and the POP. If the carrier only has a few nodes across the country . as s
currently the case, the user may have to incur the cost of the T1 line to reach the
switch: this could be hundreds of miles (some carriers pick up the cost of the access
up to some distance).

The author i1s of the opinion that a practitioner may be hard pressed to try
1o ratonalize why Company X (which mayv be profiled in a trade press magazine,
or described by collcagues) used a given technology. Likely, Company X used a
technology because of (1) how well a vendor made the case for the technology
thev sell. or (2) some senior manager in the company was “sold™ by a trade press
article which highlighted the advantages of a technology without cver describing
its drawbacks (as is th. practice), or point out the fact that the utility is highly
dependent on the user s specific environment (ultimately. trade press magazines
arc influenced by the companies supporting them through their advertisement
dollars). .
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11.8 FRAME RELAY PRODUCT AVAILABILITY

Vendors started to embrace frame relay technology in 1990, and equipment was
appearing in 1991, As of press time. at least three dozen vendors have announced
frame relav equipment and/or services [11.54}. For some vendors. such as those
offering internetworking products. adding frame relay support may require a simple
software upgrade of the hardware. since bridges and routers arc alrcady based on
packet architectures. The same HDLC chips currcntly used on the communication
side can be micro-programmed for framc relay [11.25]. The first wave of trame
relay products must at least provide support for the access protocol. congestion
management, and the status of PVCs. From a user’s perspective. in order to deplov
the equipment in the critical path of the corporation’s ability to conduct business.
robust and sophisticated network management capabilitics must also be in place.
This section provides a partial survey of some frame rclay products in order to
reinforce the fact that the technology is quickly materiahzing and that users can.
begin to study if and how frame relay can truly benefit their bottom hines i terms
of decreasing their communications budget. This information will evolve over time.

11.8.1 T1 Muitiplexers and Nodal Processor Manufacturers

Vendors of Tl multiplexers based on circuit switching TDM architectures need
more work to transitton to frame relay than vendors already supporting tast packet
switching. These vendors need to add a cell engine to support frame relav in an
effective manner: some have done so. while others are in the process of doing so.
See Table 11.18. which provides a varnicty of other product information (based
partially on [11.55]). Two approaches were used in the carly 1990s as o short-term
solution, short of 4 total architectural redesign. The first approach s to ofter frame
relav modules. or boards. for extsting circuit-switched multiplexers The second
approach s to use a front-end frame relay developed by another vendor or strategic
partner. With ncar-term solutions. the T multiplexer may typrcally only allocate
a definite amount of bandwidth for frame relav support. and there mav be per-
formance and throughput problems. In the long term. traditional T1 cquipment
will have to be redesigned to incorporate fabrics which can exploit fully the advan-
tages of cell switching. An mmportant consideration 1s congestion control. Some
vendors have experience in this arena. and others mayv not. In partucular. vendors
of packet switching equipment have dealt with this issue for vears: vendors of T1
multiplexers have generally not had a need to deal with 1t. These products are
tvpically used for private frame relay networks, although the more sophisucated
equipment (¢.¢.. StrataCom’'s [PX) can also be used to build public nctworks
StrataCom’s IPX Fast Packet muluplexer has supported a cell refay engine
since the md-1980s [11.20]. To support frame relay. the IPX required a sotiware
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Table 11.18
Partial List of Frame Relay Nodat Processors
Min Max Access Lines
Frame, Frame,
Vendor Product Octets  QOctets 64 kbps 512 kbps  TI NN
Amnet FRNS 7000 5 1.600 63 2 8 Arpanet datagram
Dowty FPX 2000 1 4,096 120 RO 40 FR
Hughes Network  FRS 9000 1 2.100 384 128 32 FR
NET 7 2.112 220 150 150 FR
Netnx #1-1S8 1 4,096 300 48 16 FR
Newbridge 3600 IFS i 8.200 30 4 1 FR
NTI1 S/DMS 5 2.106 14,000 2,448 612 ccll/ATM
DPN-100 1 2.048 NTI's UTP
StrataCom » IPX 32 5 4.506 80 80 20 celi
Telematics NET-25 5 4,096 64 16 16 Telematics’ TNP
Timplex Frame 5 1,600 12 - 12 i2 FR
Server
US Sprint TP4900 1 8.189 528 66 22 FR

*FR = Frame relay

upgrade and frame relay cards (while routers typically already have HDLC cards,
T1 multiplexers usually do not). Early support inciuded Cisco routers [11.39]. The
frame relav card accepts frame relay frames and segments them into 24-bvie cells
that can be transmitted over the StrataCom'’s proprietary T1 backbone. Users are
not forced to dedicate bandwidth to the frame relay services a priori and on a
prealiocated basis. Each frame relay board (dubbed FRI-1M) consists of a-V.35
interface with four ports and costs $12.000. Initially the UNI was not supported at
the full TI/E1 rate (it supported 1.024 Mbps). but as of 1992 these access raics are
supported (using boards dubbed FRI-2M, which cost $14.000) [11.56]. Carriers
reported to use StrataCom’s equipment include AT&T. WilTel, CompuServe,
National Telecom Corp. (Canada). and Telecom Finland. The IPX switch also
supports voice, and is therefore a mixed-media nodal processor (private imple-
mentations can support voice and data. but, to date, public implementations using
the IPX only support data). Between the end of 1990 and the end of 1991,
StrataCom sold 2,000 frame relay ports [11.57]. In 1990, StrataCom and DEC
announced an cquity agreement, resulting in DEC’s worldwide distribution of
StrataCom’s IPX svstems [11.58].

AT&T's BNS-1000 Fast Packet Switch is a multiport data-only switch sup-
porting frame relay on the DTE uscr side and cell relay on the network side. ANSI
and CCITT standards are supported on the access side (T1.606). Access rates can
be as high as a full T1 or E1 (2.048 for European operation), or can be a standard
subrate [11.59]. Preprovistoned PVCs' operation through the BNS-1000 makes
network administration simple and eliminates the delay associated with call setup,
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which is otherwise needed. Standard physical access-side interfaces are supported.
including CCITT V.35, EIA RS-449, and EIA RS-232. At the upper protocol
lavers, the node transparently supports TCP/IP and other LAN industry standards.
BNS-1000 nodes connect with other nodes over carrier-provided T1 or B links.
or private fiber. Cell relay is used on the network side. When wide-area contigu-
rations require multiple nodes. a node-to-node maintenance channel up to 44 kKbps
‘1s available to support the uscr's management requirements. The nodal processor
can be configured as a frame relay switch in an existing multiple router environment:
alternatively. when used in conjunction with the AT&T LLCS200 Network Router
and LCS100 Network Gateway products, it can be configured as a complete virtual
private network platform for wide-arca LAN interconncction. The switch achieves
high reliability using both hardware and software redundancy for call processing.
Automatic alternate routing i1s supported on the backbone side. In the event of
failure or high incidence of fault occurrence on links between nodes. the Session
Maintenance feature automatically detects trunk failures and reroutes traffic to
alternate trunks. using previously unassigned bandwidth. Existing and rerouted
traffic can share the same trunk. The process of detection. bundwidth negonanons.
and route switching is accomplished within 10 seconds. Rerouted tratiic can be
moved back to its original path when the faulbty ink s restored. The switch supports
over 30.000 endpoints simultancously (15.000 two-way connecttons). over it private
nctwork. in a nonblocking mode. It can switch and forward 44.000 packets per
sccond. The hardware is scalable in terms of the number of frame rcluy mterfaces
the individual nodes support in modules of four ports [11. 1. The BNS-1000 i<
simed at private frame relay networks: a switch for public networks, the BNS-
2000. is also available from the manufacturer, although the emphasis of the latter
is on SMDS. :

Network Equipment Technologies was reported to be fooking at desigming @
frame relay interface for ns Integrated Digital Network Exchange (IDNX) Tt
mutiplex product. The company was planning to offer first a proprictary HINX
board that incorporates the functions of a router and a hmgh-performance packet
switch to support direct LAN conrections on the T1 multipicxer. The card would
later be adapted to support frame relav [11.50].

GDC has made public commitments to a frame relayv interface to the Megamux
TMS T1 multiplexer. In addinon to the new interface. the cquipment internal bus
was to be enhanced to support both a circurt-switched as well as a packet-switched
architecture. It was planning on combining clements of TDM/circuit switching with
frame relay and cell switching [11.20]

Newbridge has announced frame relay support through a new Distributed
Communications Processor module of its 3600 MainStreet Bandwidth Manager T
multiplexer. The product formats data from attached LANs into the frame relav
format and passes the data unchanged over the circuit-switched private backbone.
Iniually. backbone bandwidth was allocated among TDM data. voice apphications,
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and frume relay data in a predetermined way rather than dynamically (this is true
of all circuit-switched T! multiplexers).

Motorola Codex has also announced frame relay suppport in its product line:
the 6290 Series T1 Multiplexer. the 6525 Packet Switch. :nd the 6307 multifunction
PAD. The frame relay interface for the 6290 is implemented using a two-card sct:
a four-port V.35 interface and a frame relay PAD. The cost of upgrading an cxisting
node is in the $20.000 range, while the cost of a new 6290 equipped with frame
relay interfaces starts at around $40.000. The 6290 can be managed using an OSI-
based svstem. The 6325 packet switch can grow in 6-port increments up to a tedal
of 48 ports: like most switches. it supports both dialup asynchronous terminals and
access over a dedicated line. Adding the frame relay interface to an existing 63525
enables users to create X.25 subnetworks that feed into the 6290 fast packet back-
bone. Beginning in 1991, the frame relay interface became standard equipment on
the packet switch: the switch upgrade costs in the neighborhood of $3.000. The
frame relav software supports up to 32 logical links over a single physical connec-
tion. The 6507 PAD supports ports individually operating distinct protocols. includ-
ing Bisvnc/SNA | frame relay. and asvnchronous dialup. The PAD can be connected
to either the 6525 packet switch or the 6290 fast packet switch. and it costs in the
neighborhood of $2.000 [11.15}.

Timeplex announced support of frame relay in both its internetworking and
multiplexing product line [11.12]. The FrameScrver System can be used either as
a standalone frame relay nodal processor or in conjunction with the Link multi-
plexer familv. The processor is quoted at $14,000 10 25.000. A frame relav capability
for the router product hne has also appcared, allowing routers to conncct to a
public or private frame relav network. SNA traffic can also be consolidated for
transport over the WAN frame relay network. The capability costs in the $1.000
range f11.12].

Other vendors with frame equipment include [11.50] Coral Network Cor-
porattion and Hughes Network Systems; this hst is likely to grow over ume

11.8.2 Router Manufacturers

Manv router vendors now support frame relay interfaces, including 3Com. ACC,
AT&T. Cisco Systems, CrossComm Corp.. DEC. Hughes, Protecon. RAD. Sun
Microsvstems. SynOptics. Timeplex. Vitalink Communications, and Weilfleet
[[1.60]. Some routers can be upgraded using a frame relav software module: these
range in price from $750 to $4.000. Some routers support both frame relay and
SMDS. Most routers support ANSI LMI (Annex B andior D).
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11.8.3 Packet Switch Manufacturers

Traditional packet switch manufacturers are also positioned. in thcory, to support
frame relay, but they need to upgrade their switches to support higher speeds.
These vendors have not made major breakthroughs in speeds in the past decade.
and some observers question their ability to respond to the ncw environment.
Bursty applications in LAN interconnection require DS1 or DS3 speeds to achieve
optimal operation in today's environment of “network computing.” filc transters.
graphics, and decision support systems (such as sprcadsheet applications). This
tvpe of equipment tends to use FRI at the NNI, rather than cell relav (future
migration is possible). Some vendors are described below.

Northern Teiccom announced a frame relay interface for the DPN-100) packet
switch. The switch can be used to support hybrid public/privite networks. A frame
relay capability for Northern's CO switches, DataSPAN. is also available.
DataSPAN’s offering has been dcveloped to retain compatibility with the installed
base of CO switching equipment (both local and toll offices). DataSPAN is not an
adjunct frame relay switch. which could introduce OAM&P complexities for the
carrier. Instcad. the frame relay fabric can be integrated on an cxisting <witch,
sharing common equipment, interfaces, and operations systems. DutaSPAN s
based on the Link Peripheral Processor of « DMS SuperNode. The Link Peripheral
Processor scrves a variety of functions. including ISDN D-channcl packet handler.
Signaling System 7 message processor. and frame relay handler. Anv DMS-100.
DMS-200. or DMS-250 switch in the network can be upgraded to DMS SuperNode.
To add frame relav service. appropnate interface cards arc put in front of, and
new software 1s put into. the Link Peripheral Processor [11.2, 11.17]. Northern's
implementation provides the PVC version of the scrvice. but an ISDN:SVC version
is under development [11.61]. Each frame relay interface can accept an unchan-
nelized DSI signal or a channchzed DS representing 24 individual 56 kbps On
the trunk side. DataSPAN operates i a ccll switching mode. The user’s message
arrives at the switch n a frame conforming to the frame relav specification: the
switch scgments the frame nto cells and transmits them across the interofhice
facilittes. At the remote end. the cells are rcassembled into frames while guaran-
teeing order preservanon. For the applications requiring speeds in the 9.0-Kbps
range. DataSPAN mav be connected to a S6-kbps service (DDS or ISDN). These
interfaces arc supported via standard DMS SuperNode Copper peripherals: the
lower speed circuits are multiplexed into channchized DS1s and connected to units
on the Link Penipheral Processor. Many LECs and IXCs are equipping their DMS
SuperNodes with Link Peripheral Processors to implement Signaling System 7
capabilities [11.18, 11.62|. A trial with NYNEX for the frame retav interface on
the DMS-100 and DMS-250 was planned for 1991.

BBN Communications was bringing out in 1992 a high-end packet switch
supporting frame relay. The new T/300 Packet Switching Node supports up 1o 77
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ports (14 of which can be trunks and the other access ports) at speeds from 9.6
kbps to 1.544 Mbps. The T/300 being tested in 1991 was reported to offer a five-
fold improvement performance compared to BBN’s existing X.25 packet switch,
the C/300 [11.63]. The T/300 uses a bus that can be upgraded to provide more
power when needed through a serial I/O processor. From one to four processors,
all working independently for fault tolerancy, can be used. A frame relay interface
was planned for the end of 1991. The basic price is $45.000. BBN was also working
on a cecll relav/switching to support LAN interconnection and imaging. The cell
relay switch will usc the busless architecture developed for usc in the TC/2000
paraliel computer, where multiple processor cards are hnked using an internal
packet switch. The system is upward scalable, since the fixed-resource bus is
replaced by the packet switch, which in turn can be upgraded.

Other veadors include Amnet Inc., Dowty, Hughes, Netrix Corporation. and
Telematics (see Table 11.18).

11.8.4 Front-End Processor and Host Access Manufacturers

IBM has introduced a frame relay interface for the 3745 FEP; this includes both the
hardware upgrade and the appropriate network control program (NCP) sottware
[11.47. 11.64]. A number of vendors provide SNA frame relay adapters. including
Framc Relav Technologies. Inc.. Motorola Codex. Sync Research. and StrataCom.
Multiprotocol PADs are provided. among others, by Dynatech Communications.
FastComm. GDC. Hughes Network Systems. Memotec/Teleglobe, and Sync Rescarch.

11.8.5 Carriers

Uscrs can access a carrter through an access line of vanous speeds up to T1. Most
carricrs offer a committed formation rate {CIR) service. CIR spccifies the min-
imum amount of bandwidth guaranteed to a user between any two points; CIR
can be as high as the access rate (refer back to Scction 11.7.2 for a definition of
CIR). Carrers offer a CIR subscription and let the user bid for more bandwidth,
up to the full access speed. on a network contention basis. If the CIR 1s excecded.
the user’s frame relav device can send the data, but it should set the DE bit to
indicate the data can be discarded if necessary. Some carriers also provide a non-
guarantced service, where the entire bandwidth is available on a contention basts.
Service 1s typically tariffed as (1) a flat rate, (2) a flat rate with a usage fee. and
(3) a straight usage fee.'' Flat-rate pricing charges for two components (both of

“"The tanfl structures currently 1n place are limited by the network cquipment providing the service.
Forinstance. those nctworks using the StrataCom multipiexer cannot gather usage data and are therefore
hmited to flat-rate prnicing. US Spnint’s Tates use a flat rate plus a usage fee.
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which are typically user-selectable): access port specd and bandwidth of the network
edge-to-edge conncction,

At press time, a number of carriers. including Sprint Data Group. WilTel,
AT&T. CompuServe, BT North America, NYNEX. Pucific Bell. Southwestern
Bell, U S WEST. Cable & Wireless, Infonet Scrvices Corp.. Graphnet. MCI
Communications, and the BOCs were providing (or plan to provide) public frame
relay service in the U.S. [11.65].

WilTel was the first provider of public frame relay services. with service
starting in March 1991 and covering approximately 100 citics. Its infrastructure is
based on StrataCom IPX multiplexers (nodal processors) [11.56]. WilPack is priced
at a flat rate based on the access port specd and the total CIR out of cach node
[11.66]. Table 11.17 is based on published tanff data at press time (sec Figure
11.28). Original access speeds were 56, 634, 256, and 1.024 kbps: access speeds now
include 384 kbps, 512 kbps. 768 kbps. 1.544 Mbps. and 2.048 Mbps.

In late 1990. Sprint Data Group announced a plan to provide frame rehay
services. Sprint Data Group. formeriy Telenct Communicattons Corp.. started o
offer the service throughout its international network by carly 1992 The service
can be obtained on a usage-based plan (standard pricing), a flat-rate plan (reserved
pricing), and on a hybrid pricing plan [11.52]. Sprint Data’s framc relay service is
based on an-upgraded version of the company’s TP4900 packet switch and was
scheduled to be generally available in the third quarter of 1991 through more than
200 Sprint Data points of presence in the U.S., Japan. and the U.K The neiwork
uses the TP7900 Fast Packet Multiplexer as the nodal proccssor. Once deploved.
the switches will be able to simultaneously support framc relay and X.23 traffic. -
Users are able to access the service with T1 links. 56-kbps DDS. and N x (v-i Khps
fractional T1 links. The TP4900X) performs PAD functions to connect asvng’ USNA.
and X.23 devices to the frame refay network. Besides the public swatched serviee.
Sprint Data plans to scll frame relav-cquipped packet switches to compamies with
private data networks, valuc-added network operators. and toreign PTTS [11 67).

CompuScrve. Inc.. supports access at 36 kbps and N x 64 kbps (N = 1.4
i16). Service has been available since October 1991, Frame-Net. as the service s
calicd. is based on over 30 IPX nodes. CIR ranges from 4 to SE2 kbps. Thev also
serve London. Frankfurt. and Toronto. Prictng 1s based on the access speed and
the total frame bandwidth allocatton (FBAY. FBA 1s the combined bandwidth of
all PVCs emanating from anyv aceess point. For example. if the access is 256 kbps.
and three PVCs are defined. cach at 64 kbps, then the FBA is 192 kbps. There s
a surcharge for every site more than 1800 miles from the point of origin. Given
an access of 1.048 Mbps. the FBA charges range from $1.200 for 64 Kbps to $3.463
for 2.048 Mbps. Supported equipment includes 3Com. ACC. Cisco. Fastcom. Svne
Reseuarch. Synoptics, and Wellfleet.
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BT North America supports access at 56 kbps and 64 kbps. BT's ExpressLane
frame relay service is available in 160 U.S. cities, starting in September 1991. The
company offers service to four European countries. A flat domestic charge of $2.100
per month includes a frame relay-configured router. software, dedicated port access
at the 56/64 kbps. an access line up to 60 miles long. and unlimited frame trans-
mission. Users that already have equipment can also obtain the service on an
unbundled basts. Supported cquipment includes ACC and Cisco routers. Prices for
international service ranged from $3.000 to $4.600. Initially. BT focused on pro-
viding service at the DSO fevel {11.68. 11.69).

Cable & Wireless was planning an international service for North America.
Europe. and the Far East by 1992, The network was expected to have 17 nodes
(based on Northern Telecom’s DPN-100 switches} in Europe. seven in the U.S.,
one in Hong Kong, and one in Japan (in 1993). U.S. users can access the service
from 70 local POPs connected with the switches in Atlanta, Chicago, Dalias. Los
Angeles. New York. San Francisco, and Washington [11.65]. Access includes 56
kbps. N x 64 kbps.T1. and EI.

NYNEX sces frame reiay as a compiement to SMDS. The company was
planning a frame relay trial in 1991. The carrier was planning a tariffed offering
bv the middie of 1992 [11.18]. Northern Telecom is supplving the equipment to
support the service. The company is currently installing a SuperNode processor on
a DMS-1003 switch and a link peripheral processor to support frame relav for the
internal trial. NYNEX was planning to offer access at 56 kbps and 1.544 Mbps.
SMDS is also being tested in 1991, and service is expected to be available in 1992
[11.62].

Southwestern Bell Telephone undertook a laboratory trial in 1991 to 1992
using Northern's DMS-100 CO switch connected to a DataSpan frame retav pro-
cessor. Tariffs were being filed in 1992 for metropolitan areas of Texas. Oklahoma,
Miscouri. Kansas. and Arkansas.

At Intecrop 92 the seven BOCs. Cincinnati Bell, and Southern New England
Telephone announced that in addition to having SMDS generally deploved by the
middle of 1993, they will also provide frame relay service.

AT&T's frame relay service was scheduled for mid-1992 [11.56]. The service
is known as IntcrSpan Frame Relay Service and supports 56-kbps and N x 64-kbps
(N = 110 24)access. AT&T recently extended service to seven European countrices,
including the UK. France. Germany. and Spain. Graphnet, Inc.. supports access
at N x od kbps (N = 1. 2. 4): the company offers service to Lon. 'n. Pans. and
Toronto. Infonet was planning coverage to 11 countries by the end . 1992 [11.65].
MCE Communications was planning scrvice inauguration by the middle of 1992,
using the Mctropolitan Arca Network Switching System cquipment from Siemens
Stomberg-Carlson. This system 1s a cell-based switch capable of supporting both
voice and data [11.70].
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Bell Canada has already undertaken a frame relay trial using Northern Tele-
com DMS-100 switches. The trial began by phasing in framc relay. going from
conventional circuit-mode connectivity between the bridges to logical links under
frame relay. The introduction of frame relay in users’ environments was reported
to be simple and transparent {frame relay was seen as an cvolution. not a revolution,
for users and developers alike). The ability of frame relav bridges to continue to
work in existing contexts. such as private linc, could casc the transition to frame
relay by decoupling the modification of the routers from the changing of their
connectivity to the logical links of a frame relay service. The conclusions were that,
in general , users should expect higher performance with framce relay compared to
X.25 services, due to less tandeming and the potentially higher speeds in both
access and trunking. Frame relay provides a balance between functionality and
speed that is reasonably suited to the need of LAN bridges for WAN connectivity
[11.71].

National Telecom announced a public frame relay service in Canada, called
FrameWork. for late 1992. Five cities were to be covered initiadly, with cxtension
to 13 citics by 1993 [11.56). The company was planning to offer CIR from Y.6 kbps
to 512 kbps.

Other value-added network providers were expected to announce the intro-
duction of a public switched frame relay service in carly 1992, with service avail-
abilitv in late 1992 or 1993, For example. eight international carriers had plans to
offer service in 1992 [11.41]. This implics that users will have more carriers to
choose from. more cities from which they can get access 1o the service, and price
competition. Carriers offering X.25 packet-switched. wanting to upgrade inter-
packet switch links from 56 kbps to 1.544 kbps. seem to have few options but to
embrace frame rclay [11.72] .

As of early 1992, customer pressure reportedly forced some carriers providing
early frame relay services to sharply reduce the price, incrcase access speeds, and
introduce long-term contracts and discount options [11.66]. A 25% rcduction in
tariff was announced by at least one carrnier.

11.9 THE ISSUE OF TRAFFIC BURSTINESS

Often enough. to make sales pitches for frame relay and/or fast packet switching
technology. the traffic streamas labeled as * (highly) bursty.” If point sources indeed
needed bandwidth from a nodal processor. then they might present a bursty arrival,
However. if the traffic ts aggregated over a LAN of 200 50, or 100 uscrs, the
combined “internetworking™ traffic channcled over the router to the communi-
cation link (or facihty) 1s much more predictable than stated by vendors trving to
(over)sell frame relay products.
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The burstiness assumption can be fallacious in at least two key ways, which
we describe below. We spare the reader a theoretical treatment based on queueing
theory to show that aggregated traffic is much less bursty than the arrival traffic.
Burstiness 1s measured in a number of ways, including tooking at the correlation
of the traffic. One simple way is to look at the ratio of the mean rate to the
maximum rate.

The output of many queueing systems, particularly the M/D/1 (say, a router
connected to a FT1 link). follow a fairly deterministic distribution. While the length
of a file (or transaction) at the application laver of the Open Systems Intercon-
ncction Reference Model may in fact be random (say, for exampie, following the
exponential distribution), at the data link layer the message is fitted into a number
of fixed-length frames. Since these frames must share the common bandwidth of
the underiving'’LAN, which is a deterministic server with service time

Frame length in bits/channel bandwidth in bits

the arrival rate of these frames at a router would be at fairly deterministic time
instances. particularly at high utilization. Aggregation and the law of large numbers
make the burstiness nature of traffic a questionable issue. In addition, corporate
traffic is highly correlated in the time domain. For example, at the end of a week,
month. or quarter. many workers may be trying to produce reports. upload files.
distnibute data. and so on.

Consider the following simple example. A user at a PC on a LAN works for
15 minutes to prepare three e-mail messages intended for three users in another
city, ail on a remote LAN. Assume that the user types 10 words per minute,
including think time, and sends cach message at its completion, at the end of the
" S-minute intervals. The traffic then looks like Figure 11.29, part A. The average
would be 6.000/15 or 400 bits per minute; this compares with the bursty arrival of
2.000 bits at the end of the 5th, 10th, and 15th minute. The peak is five times the
average rate.

Now consider four other users (for a total of five). all on the LAN, and all
undertaking the same task (sav, for example, a pool of clerks—in fact. in a pro-
duction mode. there could be dozens of users). Then, assuming the traditional
traffic arrival assumptions. the traffic profile would be as shown in Figure 11.29,
part B. The average is now 2.000 bits per minute and the peak is 2,000 bits per
minute. The burstiness went down to 1.0 (it would indeed be advantageous if the
1ssue of correlated arnvals were considered instead of independent arrivals, but
the litecrature on such topic 1s rather meager). Even assuming that the traffic “*'dou-
bled up™ as shown in Figure 11.29, part C (which 1s a statistically unlikely event),

the average would be 2.000 bits per minute, and the peak would be 4,000 bits per .

minute., with a burstness factor of 2.0,

Therefore, aggregated traffic 1s less bursty than individual user traffic. The ;-
traffic leaving the router is aggregated and its burstiness should be relatively lowji_ﬁ
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(a)

(b)

(c)

Traffic
.e.. in bits
- Paak = 5x10x5x8
= 2000
T Ave=400
Time
l 1 | ! | | | | ] l | ] i i | 1
| I | I | 1 i I ] 1 ¥ T I 1 T

1 2 3 4 5 & 7 8 9 1¢ 11 12 13 14 15 16

Traffic
_.‘_ in bits
Ave = 2000 Peak ~ 2000
e :
I | | I I | I I Time
l l | | | ! | I } |
1 I I I 1 i 1 1 1 ¥ '
1 2 3 4 5 [ 7 8 9 19 1N 12 13 14 15 18
Trafle
—— nbns Poak = 4000
Ave = 2000
I Tima
| | ! | ! 1 l ] ! ! 1
i 1 i i 1 I 1 1 i I { ’
1 4 K| & 5 6 7 8 ] 10 11 12 13 14 15 1&

Figure 11.29 Burstiness trends as the number of users increascs.

at high utilization. This traffic pattern could make frame relay not much superior
to a well-tuned TDM svstem. There is currently very little hiterature on traffic
profiles for LAN environments: see Fowler [11.73] for one recent article.

(11.1]

(11.2)
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'FRAME RELAY

Se estima que el mercado conjunto de Frame Relay
y SMDS (Switched Multimegabit Data Service)

- sobrepasan los $1.2 billones de délares en 1995
en los Estados Unidos.

Cellelel el del e delde daldd dd dele e oldl
NoOtass

dddddddddddddededdedcdd

elelcielelelelelelelelelelelelelele

FEEERRAPRERERRERRRAPPRREREEPEEE
3-2




TECNOLOGIAS EN SISTEMAS DE BANDA ANCH:A

FRAME RELAY

E Frame.- Bloque de informacién de longitud variable
enviado a un medio de transmision como
unidad de la capa de enlace del modelo OS!
(nivel 2). Consiste de una bandera, una
cabecera, un campo de Informacion y un “Trailer”
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FRAME RELAY

Frame Relay es una nueva tecnologia de alta velocidad basada
en paquetes, con asignacion dinamica del ancho de banda, alto
rendimiento y bajo retardo, para soportar el incremento del
trafico de informacién en ambientes corporativos. Frame Relay
define un formato estandarizado para los “Frames” de nivel de
“data link”, los cuales son transmitidos sobre una red de LANs
interconectadas o sobre una red ptblica de datos. Un “ Frame”
es ensamblado por el equipo terminal del usuario y es
interpretado por los procesadores nodales de Frame Relay o en
su caso por ruteadores remotos.
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FRAME RELAY

Caracteristicas:
Y~ Soporta solo transmisiéon de datos

2 La transmision se establece por unidades de datos de
longitud variable (“Frames").

“* Se establecen conexiones virtuales
“* Comparado con la tecnologia tradicional de conmutacién
de paquetes, reduce significativamente los retardos en la

transmision.

“* Mas eficiente en el uso del ancho de Banda

“2 Decrementa costos en los equipos de comunicacion
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FRAME RELAY

Eficiencia:

En los servicios tradicionales de conmutacién de paquetes
los retardos que se introducen en la red, son de 200 ms o
mas. En redes Frame Relay se reducen de 20 a 40 ms.
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p—a

FRAME RELAY

Velocidad:
E FRIl.- Frame Relay 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
Tecnologia anterior:
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FRAME RELAY

LAN
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FRAME RELAY

Comparacion con X.25
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X.25 = FRAME RELAY
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Packet Switching
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1990 - 1992
Protocol

Switching
Technology

1993 - 1995

Protocol

Switching
Technology

EVOLUCION FRAME RELAY

X.25

Frame Relay

Packet Switching

Packet Switching
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FRAME RELAY

Correccion de Errores:

Cuando en la red se detectan errores la correccion es relegada
a los sistemas terminales. Las condiciones de error incluyen
pérdida, duplicacion, descartacion, pérdida de secuencia de ios
frames. La forma de recuperacion de errores puede medir el
rendimiento de los equipos.

Estadisticamente se ha comprobado que la probabilidad de falla
en un frame es del orden del 0.9%.
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FRAME RELAY TIPOS DE SERVICIOS

2 SVC Semipermanet/S witched Virtual Circuit
“% Asignacién dinamica de rutas
2 PVC Permanet Virtual Circuit

“* Configuracién estaticas de rutas
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FRAME RELAY

Conceptos:
2 Frame Relay Processors
B2 Frame Relay Nodal Processors
£ Frame Relay Networks
¥~ Pablica

Y= Privada
7% Hibrida
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FRAME RELAY Red Puablica
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FRAME RELAY
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CURSO:TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA

ACRONIMOS Y TERMINOLOGIA

Basado En Las Normas Internacionales CCITT , ANSI



10 BASES 1 véaae StnlLAN
1 BASE2 [ Pave Cheapemet

1 BASES Espectficacion de capa fisica (phasicat 1ayver) de bandi base (bascband)
IFEE 802 3 simndar a Ethernet, que emplea cible consial grucso v que funcioni a
HO Mbps

1 BROADIG EBspectficr <o de banda ampha (broadbandy T EE 802 3 que
cplen cabie coanal grueso v gue funcona a 10 Mbps

1 BASE T Especificacton IEEE 8023 que emplen cable de pat trenzado (twaisted
panr) simple v gque funciona o 10 NMbps

A & B hu signalie “enalizacion de bits A & B Procediimento emiplendo en 1a
nuneiiin de tos sitios de transnuston T1en el cual un bit de cadiy sexto nunico o
trama {rame) de codia uno de los 24 subcaniles se usa para informacion de
scinhzacion de superasion

ABM Asynchronous Balinced Made. Modo balanceado asinerdnico. Modo de
comunicacion HDLC {v su protocolo derado) que manega comumicaciones de
punto a punto entre nodos cquinalentes (peer) para dos eslaciones, cn donde
cuakquicra de cllas puede miciar I transousion

abstract syntax Sintaxis abstracta Descnipeion de una estructura de datos
mdependiente de Ia codificacion v del ipo de hardware

access-group Suborden de Ininterfaz Cisco que aplica una lista de acceso a una
merfiny

access-fist 1ista de acceso. Lista que los enratadores Cisco emplean para controlar
¢l iceeso desde o hacia el enrutador para servicios varios (por ciemplo., para
impedir que paquetes con una ciera dircccion 1P salgan de una interfaz en
particular del servidor de Ta red)

aceess method Método de acceso Sofiware de un procesador SNA que controla ¢l
flupo de informaceon a tranés de Tnred - En general se refiere a I forma en que los
dispositinos de Ta red tienen acceso a clla

aceonnting management Adnministiacion de cuentas. Una de 1as cinco catcgorias
de admnnstracton de redes definidas por 150 para ¢l mangjo de redes OSI. Los
subsistemins de administracién de cuentas son responsables de recoiectar los datos
de o red que se reficren al uso de los recursos.

ACF Advanced Commonieations Function Funcion de comunicacion avanzada.
Conpuinto de productos SNA que ofrccen procesamicnto distribuido y comparacién
de recursos

ACFINCP Advanced Conmunications FunctionNetwork Control Program:
Funcién de comumcacion avanzada /Programa de control de redes. Programa
principal de control de redes SNA - Reside en ¢l controlador de comunicaciones y
sirve como mterfaz con los métodos de acceso SNA en el procesador principal para
controlar [as comunicaciones de 1a red

ACK Abreviatura de acknowledgment (acuse de recibo)  Normalmente se envian
ACK’s dec un disposttivo a otro de la red para indicar que ocurrio algan suceso (por
¢jemplo, la reccpeién de un mensajc)

ACSE Assoctation Control Service [Xlement - Elemento de servicio de control de
asociacton  Convencion OSI empleada para establecer, mantener o terminar una
concxion entre dos aplicaciones.

active hub (1“éase hub: concentrador). Dispositivo de varios puertos que
amphfica sciiales de transmision de unit red local, LLAN.

adapter Adaptador. Tarjeta de una PC, normalmente instatada dentro de la
miquina. que ofrece capacidades de comunicacién de red desde y hacia la
computadora. Sucle usarse tambicn en lugar del término NIC.

adaptive routing Enrulamiento adaptable. Véasc cnrutamicnto dindmico.
ADCCP Advanced Data Communications Control Protocol: Protocolo de control
avansado para comunicacion de datos  Protocolo ANSH estandar para control de

cnlaces de datos que funciona en ¢l nivel de bits

address Threceion. Estructura de datos empleada para identificar una cntidad
unicil, como algin proceso o ta localizacion de uma red




adddress mas. aunka o maseana de I doeccion Combinagion de bils empleada
para designag bos bits de dieecion de b subred dentro de Ly direccion del protocolo
de una red

address resedution Resolucion de direccron . Sucle referirse a un método para
resolver diferencing entre diferentes esguentas de direccronamicnie Por otra parig,
especifica ure método pata hucer corresponder 1as direcciones del nived 1 del modcelo
OSI (capa de red. network laser) con fas del mivel 2 (capa de enlace o de
comurmcacion de datos ink Iinver)

adjucency Advacencnr Relacion Tornmada entre etiatidorces cercianos seleccionados
v nodos ternmnales con ¢l propasito de miercambinr imforucion de entutanucnto
La advacencn se basa en o) uso de un segmento fisica conmn

adjacent nodes Nodos advacentes En SNA. nodos conectados a algnn otro en
forma directs, «m nodos inlenmedios  En DECnet s OS1 los nodos adyacentes son
aquellos que camparten un sepmente comnn (Ethernet. FDDI, Token Ring)

administrativa distance Ihstancia adnomistratng Moedida de ta comabihdad de
una fuente de informacion sobre rutas  Ein los enrutadores Cisco, la distancia
admimstiativa s¢ eapresa come un vator numérnico entre £y 255 (micnlras mas allo
sci ¢l vator, menor ¢s la comabilidad)

ADPCM Adapreve Iufterennial Pulse Code Madulation Modulacign diferencial
adaptable codilicada por pulsos  Procedimicnte mediante el cual sc emplea la alta
correlacion estadistica entie muesiras conseculinas de voz para crear una escala de
cuantizacon variable (o adaptable) Con ADPCM sc pueden codificar mucstras
analogicas de vor on forma de seifales digitates de buena calidad advertising
amuncios Método con cl que los enrutadores manticnen listas de rutas utilizables,
cnviando actualizaciones de enrutatenio o de servicio en periodos especilicados de
" licmpo

adyacencia Véase adjacency

agent Apente  Software que procesa pedidos v devucly ¢ respuestas en alguna
aplicacion  En los sistemas de admumstiacién de redes tos agentes residen ¢n todos
los dispositinas bajo control v reportan los salores de las vanables especificadas a
las cslaciones de admmstracion, En las arquitecturas Cisco un agente c8 una
targeta individual de procesador que ofrece uny o varias mitetfaces lisicas

GS Advanced Gateway Server.- Servidor de inlcrcomunicacion avanzis_
Nowmbre de| énrutador/pucnic Cisco de 9 ranuras (slots).

AGS + Adhvanced Gateway Server Ples enttador/puente Cisco de 9 ranuras con
un madulo cBus de conmutacion  Cinco de las ranuras se conectan al cBus.

AIS Alarm Indication Signal: Seial de alarma En Tl es una sefial de bits en uno
que se trasmite en lugar de la sciial normal pard mantener continuidad en la
transmision ¢ indicar a la termimal de recepeién que hubo una falla de transmisidn
localizada en, o antes de, 1a termunal de transmision

alarm Alarma Mensaje que avisa il operador o administrador sobre problemas en
b red.

A-Law ley-A  Estandar de compicsion y expansion (companding) empleado por
CCITT para la conversion entre seiiales analdgicas y digitales en sistemas PCM.
Se usa mis bicn en las redes (elefonicas curopeas y cs simitar al estandar
nortcamcricano mu-law (icy-mu)

alert Alcria, En NetView, ¢s un repistro que indica al operador de la red l1a
extstencia de un problema que debe ser atendido ¢n ¢l punto de control.

algorithm Algoritmo. Reglas o procesos bien definidos para alcanzar 1a solucidn
de un problema.

algoritmo Véase algonthm,

alipnment error Error de alincacion En las redes 1EEE 802.3, ¢s un error que
ocurre cuando ¢l nimero total de bits de un marco o trama (frame) no cs miltiplo
dc ocho  Los errores de alincacion normalmente son causados por dafios a la trama
dcbidos a colisiones

ALOHA Técnica de control de accesos para sisiemas de transmisién que permile a
maltiples cstaciones transmitir siimultincamente. En ef sistema ALOHA las
¢staciones transmiten cuando ticnen datos que mandar, y las transmisiones que no
tuvicron acuse de recibo se repiten.

AM Amphitad modulada  Técmca de modulacion en la que la informacion se
conduce mediante la amplitud de la seiial portadora




amplitiede Amphiad - B nsdsimo vabor de una fornny de onda analogica o dipnal

analog fransmission lansnusion analopican . Toansision de senales, medianle
cables o por ¢l aire, en L cual se conduce B mformaaion mediante la variacién de
alpnna combinacion de la amplitud de 1a seial, su frecuencia v sa fase

anchea de banda Véase bandwidih
anfitrion Véase hosi

ANSI  Imerican Nationad Standards Institnie Institito wacional nericamencano de
estandares  fnstincia coordmadora de grapos voluntaros de figacion de estindares
cn los Extados Unidos - ANSTes niembro de ISO (lnterranonat Organization lor
Standanization Orgamzacion internacional para Ly estandarzacion)

arnuncios Vease advertisement

AP Application Programnung nterface Interfazs para programas de apheacion
Especihcacion de comenciones de [lamadas a funciones para definr la interlfas con
un senicio

Apollo Domain Conjunio patentado de protocelos de red desarrollado por la
compaitia Apollo Computer para comunicactones en redes Apollo

AppleTalk Serie de protocolos de comunicaciones relacionados creado v
mantenidos por la compadiia Apple Computer  Actualmente cxsten dos fises 1y
11 La fasc I, que mcluye mancjo de interconexton entre redes es la versién mas
recicnte

application layer Capa de aplicactén  Capa 7 del modelo de icferencia OS5l Esia
mplantado ¢n varas aplicaciones de red, como correo electidnico, transferencia de
archivos y emnlacion de terminales

appliqué Aplicacion  Placa de montage que contiene concelores de hardware para
fijarse a tared. Las piacas traducen y convierten las sciiales de comunicaciones
npo scnie en las que espera ol estindar de comumcacion cscogido (por cjemplo, RS-
232 VM

APPC Advanced Peer-10-Peer Connmunications Comunicacion avanzada enlre
nodos similarcs o equivalentes  Esquema SNA de comunicaciones de IBM que
permite comuicar dircctamente aplicaciones equivalentes SNA.

APPN Adhvanced Peer-to-Peer Nenworking Redes avanzadas entre nodos
cquinalenics  Esquema SNA de TBM que ofrece procesamiento distribuido basado
ennodosde redde Tipo2 1y LU G2

drbel abarcador Véase spanning tree

area Arca. Conjunto légico de segmentos conectados por enruladores y que estan
basados cn los estindares [SO CLNS. DECnet o OSPF.

ARCNET Attached Resonrce Computer Network, Red de computadoras con
recursos asignados. Red local (I.AN) de tipo token bus a 2.5 Mbps desarrollada a
finales dc los aiios 70 ¢ inicios de los 80 por la empresa Datapoint Corporation.
Sus principales caracteristicas son su sencillez, facilidad de uso y relativa
cconomia,

ARM Asvnchronous Response Mode. Modo de respuesta asineronico. Modo de
comunicacion HDLC con un primario y al menos un secundario, donde el primario
o cualquicra de los sccundarios pucde iniciar las transmisiones. ARPAddress
Resolution Protocol’ Protocolo de resolucion de direcciones. Protocolo Internet
usado para ligar una dircccion IP a dirccciones Ethernet / 802.2 | Esté definido en
¢l documento RFC 826,

ARPA I'éase DARPA.

ARPANFET Red pioncra de conmutacion de paquetes (packet switching)
desarrollada at inicio dc los afios 70 por la empresa BBN y financiada por la
agencia ARPA (lucgo DARPA). ARPANET se convirtio luego en "Intemet”. El
término ARPANET desaparecio oficialmente en 1990

ARQ Automatic Repeat Request. Pedido mnomatico de repeticion. Técnica de
comunicaciones en a cual el receptor detecta errorcs y solicita retransmisiones.

AS Autonomous System: Sistema autonomo. Conjunto de redes bajo
adounistracion coman y que comparten una cstrategia comun de earutamicnto. A
un sisterma autonomo debe darsele un nimero Hmico de 16 bits asignado por ¢l
Centro de Informacion sobre Redes (NIC) de fa agencia DDN.




ASCH . Umerican Standar d Codde for Information Interchanee Codige estiandar
nortamericano pira miercambio de informacion . Codigo de ocho bits para
tepresentian caracteres que ciplea sicte bits mas pandad

ASM Servidor de termimales CISCO en chasis A

ASN.T Abstract Svidan Notaton One Notaoon de sitases abstracta niameto uno
Lenguaje O8I para descrbir (ipos de datos en forma mdependiente de estructuras
computactonyles v iéomeas de representacion . Orgamezacion intermacional de
Fstandanzacion, Estandin Internacional 8824, diciembre 1987 Véase también
BIR

wwvnchronons tnsiussion ‘Transnnsion asincronica - Operacion de un sisicmy de
red on ¢l cual 1os acontecinuentos suceden sin estar sincronizados por un reloy En
tales sistenuts, los caracteres indmaduales suclen estar encapsulados en bits de
control Hamados de arrangue s de parada. que designan ¢l imco v el final de los
caracieres

ATDM anchronous Tine Doceinn Mudiipleving Mulaplexaje asincrdnico por
division de nempo - Méodo de envio de mlormacion que emplea el mulhplesaje

usual por division de tiempo (TDM), pero en donde se asignan raneras de ticmpo
cuindo se requicren. en lugar de preasignarkas a transmisores especificos

ATG Address Tramslation Cateway Interconmnicador iraduclor de direcciones
Funcion de software para enrtamicnto DECnet que CISCO emplea para lograr que
¢l enrutador maneje vanas redes DECnet independientes, v para establecer
traduccion de dirccciones especificada por el usnario para nodos seleccionados
entre redes

ATM.Asvachronous Transfer) fode; Modo de transferencia asincronico  Estandar
CCITT para retransimsion de celdas (cell relay) en el cual Ia informacion para
diferentes tipos de servicios (v oz, video. datos) se transmite en pequeiias celdas de
tamafio fijo  También, modo de tramsnnston BISDN en el cual se usa una versign
acelerada del multiplesaye asincronico por division de ticmpo (ATDM) para
(ransfern Mupos mnltiples de informacton en un canal de comumeacion

attenuation Atenacion  Pérdida de energin en [a seiinl de commiicacion

AUl Attachment Lt Interface Iterlns de umdad de vinculacion. Cabh_:EE
B2 3 que conecta la unidad de acceso al medio (MAU. Media Access Unil) al
dispositivo en red  EE téromno AUL ambién se pucde usar para referirse al conector
del pancl tiascro principal al que s¢ puede fijar el cable AUL

anthority zone Zona de autonidad  Relativa a DNS, seccion del nombre del drbol
del dominio en ¢l cual el nombre de un servidor cs autoridad.

automatic calf reconnect Reconexion milomatica de llamada  Capacidad de
permitir reenrulamicnto avtomatico de Hamadas en wna linea troncal diferente de la
quc falld

awtonomous confederation Confederacion autonoma. Grupo de sistemas
auténomos que confian mas cn su informacion de red y de enrulamiento que ¢en la
quc reciben de otros sisiemas o conlederaciones

mutonomas autonomoeus swiiching Conmitacion anlénoma

Caracteristica de los enrutadores Cisco que ofrece nn procesamiento més rapido de
paqueles al permitie quoe ¢l cBus conmunte paguctes cn forma independiente, sin
interrumpir al procesador del sistcing

backbone network Red fundamenial - Actia como conducto primario (o “espina
dorsal"} de trafico que usualmente vicne de, o va hacia, otras redes.

back channel Canal secundario  Empleado para coviar datos cn direccion opuesta
a la del canal primario. Los canales sccundarios suelen usarse para enviar
informacion de control  Mediante clios, la informacion puede enviarse aunque el
canal primano falle. También llamado canal ¢n reversa.

hack door route Ruta sccundaria altcrna hacia una red no local (especificada por
un [PG) que debe ser usada por un enrutador de frontera. Los enrutadores Cisco
pernuten la especificacion de rutas secundarias alicrnas mediante una varnacion de
la suborden network

back end Nodo o programa que oficce servicios a un front end. Véase también
chiente y servidor.

backoff ¥ relraso (usnalmente aleatorio) en la retransmision causado por los
protocolos de compelencia por ¢l control de acceso al medio de transnusion, lucgo
de que unnedo que intentaba transmitir detectd una portadora en el canal fisico




Back presare Proporacion en sentrdo imverse de Lmlonmacion del
conpestonatcnto de b red en una micrconesén

bachward channel ! ease back channel

backward learning Aprendizaje cn reversa Proceso medrante ¢f cual se conjetura
Feo o rencta de mformmcion af suponer condicrones de umin red simelriea Por
ceonple, sise supone gue ¢l nodo A recibe an paguete del rodo B nediante cl
mtermcdiano C.entonees ¢l algoriimo de enretaniento de aprendizaje coreversa
supondrd que A pucde, en forma éptima, Hepir it B és del nodo C

balunced configuration Conlipuracion balanceadn En HDLC una configuracion
de red punto a punto con dos ¢staciones combinadas

balun Bulanced, unbalanced - balanceado. desbalanceado Dispositivo empleado
para rguatar hinpedincias entre una finea balanceada vy una desbalanceada;
normalmente entre par trenzadoe v cable coaval

banda buse 1 dase baschand

bundwidth Ancho de banda  IDiferencin entre la frecnencta mas alta v o mids baga
de las sciiafes de una red. Fambién 0 abe L capacidad establecida de un
protocolo o un medio dados para una red

bandwidth reservarion Reservacion de ancho de banda  En lineas conntadas,
caracteristica que permle reservar ¢l ancho de banda de ta llamada para Hamadas
de alta prioridad o dc alto ancho de banda

BARRnet B Area Regional Research Nerwork- Red para imvestigacion cn la
region de L bahia de San Francisco  La red fundamental (backbone) BARRnct esta
compuesta por cuatro campus de la Universidad de California (Davis, Berkeley,
Santa Cruz v San Francisca) por la Unnversidad de Stanford. ¢l Laboratorio
Nactonal Lawrence Livermaore v por et Centro de Investigaciones Ames de I
NASA

haseband Banda base  Caracieristica de I tecnologia de redes en donde solo se
emplea nnp Nrecoenca portadora, La banda base se difcrencin. de Ja banda amplia
(broadband). cn Ly cual s¢ emplean multiples ficcuencias pml:ulb‘r;‘lg . bBthernet cs
nn gjemplo de 1ed en banda base e

buasic rate interface Interfaz de (asn bisica, Interfas ISDN (Integrated Services
Digital Network: Red digital de seryvicros integrados) compuesta de 2B + 1D
canyies,

baud Unidad de velocidad de seializacian igual al nimero de condiciones discretas
o sucesos cn I scial por scgundo  1.os biuds son equivalentes a los bits por
segundo cuando cada suceso en Ia seial representa exactamenie un bit,

BBN folt Beranck v Newman, Inc Compaiiia de Massachusetts, responsable del
desarrollo y mantenimicnto de los sistemas primarios de enlace de ARPANET (y
Incpo, de Internct)

B Channel Canal B, En ISDN, un canal full duplex de 64 Kbps,
empleado para enviar datos de usuanos.

beacon Boya, faro Marco (frame) de Token Ring de IBM que indica
algan problema serio en el anillo (ring). tal como un cable cortado.

Bellcore 1920 Organizacién que clectia labores de investigacion y
desarrollo para las compaiias regionales de la ctpresa Bell,

Bellman-Ford reuting algorithm Algoritmo dc enrutamicnto BellmanFord.
También conocido como algoritmo de vector de distancias. Clase de algoritmos de
enrutamiento que itera sobre ¢l niimero de saltos (hops) en una rita para encontrar
¢l Atbol abarcador {spanning tree) mas corto.  El algoritmo pide que cada enrutador
envie intcamente a sus vecinos su tabla de mitas completa cada vez que se

actualiza Estos algoritmos pucden cacr cn ciclos, pero computacionalmente son
mas scncillos que los de tipo estado de enlace, link-state.

BER flase Fncoding Rules: Reglas bisicas de codificacion. Reglas para
codificar 1as unidades de datos descritas en ASN. | Las siglas también
significan it error rate tasa de crror de bits, que se refiere al nimero de
bits crroncos recibidos

BERT it Irror Rate Tester Device [hspositivo para pruchba de tasa de crrores de
bits  Dcicrmina ba 1asa de error de bits ¢n un canal de comunicaciones,

Best effort delivery Entrega lo mcjor posible Caraclteristica de los
sistennas de redes que no emplean un sistema claborado de verificacion
que garantice ¢l mancejo confiable de informacion,




RGP Border Gateway Protocol protocelo de mierconntmcacion de fronleti
Protocolo de enrutaniento de interdomimos que ¢s un reemplazo potencial de EGP
tExterion Gatewm Protocoly BGE esiy defimdo por el documento RFC 1105, hecho
por nn cmpleade de CISCO Y uno de IBM

hig-endian Método de atmacenar o transitir informacion en ¢l cual ¢l bito bvie
s sigrnlicanno se presenta primero - Véase tambaén hitle-endian,

Binary Binano - Sistema de numeracion canaclerizado por unos Y ceros
(on v ofl. sty no)

binary synchronous communication Comumcicion binaniy sincrénica,
Protocolo de enlace de datos por caracteres que se emplea en apiteaciones half-
duplen  Se conoce sunplemente como syne

biphase coding Codificacion bifuse. Esquema de codificacion ipolar
orgialmente desarrotiado para su uso en Ethernet. Liiformagion del reloj se
incluye. v se obticne, del Aujo de distos sincronico sin necesidad de seiinles extras de
reloj  Fasenal bifase no conticne energin de corniente directa

Bipolar Bipolar  Que ene polaridades negativa y postiina.

RISDN Broadband 1SDN - de bandn ampha  Estindares de commnicaciones que se
desarrollan para mancjar aplicaciones de gran ancho de banda. tiales como video

bisync Véase binary synchronous communication

bit binary digit digito binano  Unidades cmpleadas en ¢l sistema de numeracion
bimario Pucdenserti ol

bit error rate Tasa de crror de bits - Porcentaje de bits transmitidos que sc reciben
con crror

BITNET Because It's Tone Network: Red de "va es iempo”. Red académica de
baga velocidad v bajo costo que consisie primordiabimente en computadoras grandes
IBM v lineas dedicadas de 9600 bps - Elmoedo principal de trabajo en csta red cs
R (Remote Job Entry Entrida remota de trabajos)  Recientemente i red se
fusionod con CSNET (Contputer + Science Network) para formar CREN
{Corporation for Rescarch and Educational Networking)

\
~

Bit-ariented protocol Protocolo por bits - Clasce de protocoios de comunicaciones de
la capa de enlace (link layer) que pucden transmitir marcos (frames) sin
preocupacton de sus contemdos  Comparados con los protocolos por bytes, éstos
son mis clicicnies y contables, y ofrecen operacion full duplex.

hit rate Tasade bils, Velocidad 2 fa que se transnulen los bits, normalmente
eapresada en bits por segundo (bps)

black hole Agujcro negro. Término de enrutamicnto aplicado a alguna drea de los
sistemas de redes a donde entran paquetes pero ya no salen, debido a condiciones
adversas o a una mala configuracion del sistema cn alguna parte de la red.blocking-
Bloquco. Fn un sisicima de conmutacion, condicion cn donde ya no hay trayectorias
para completar un circuito . Generabmente. el término se emplea para describir una
siluacion cn la cual una actividad no pucde iniciar sino hasta que otra ha

terminndo

Block Multiplexer Channel Canal de multiplexaje de blogque. Canal tipo 1BM que
rcaliza el estindar nortcamericano FIPS-60. también se conoce como cl canal
OEMI y cl snultiplexor de blogue 370, o canal mux de bloque.

BNC connector Conector BNC. Concctor estindar emplcado para ligar el cable
coaxial IEEER02.3 10BASE2 a un receptor o transmisor,

BOC Bell Operating Company. 1as compaiiias telefonicas locales que existian en
las sicte regrones de los Estados Unidos antes de que se dicra la orden legal de que
la compaiia AT&T sc desmembrara

BootP Protocolo empleado por un nodo de la red para determinar la direccion IP de
sus interfaces Ethernet, para poder arrancar con fa operacion inicial (boot) de 1a
red

Boot PROM Boot Programmable Read-Only Memory: Circuitode memoria de sélo
lectura para iniciar operaciones  Circuilo de una tarjeta que contiene las
instrucciones cjecutables de arranque (boot) para un dispositivo computacional.

border gateway Intercomunicacion de frontera.  Enrutador que se comunica con
otros ¢n sislcmas aulonomos (AS)




Boundary function | ancon de imites Capacidad goe ticnen los nados de subiien
SNA para mancgar protocolos para nodos penféncos asignados  Suele encontrarse
cn los dispositinos TBA 3715

BEDU Hridue Protocod Dara Dty Umidades de datos pan protocolos de puenie
Faguete de protocolo hello de dnbol abarcador (spanning treey - Vénse también
Phu

IR Vease Interliay de tasa Dasicn (Basic Rate Interfiice)d

hridge Puente  Dhsposilivo que conect dos sepmentos de wna red v pasa paguceles
entre cllos Los puentes operan en el ninel 2 del modelo de referenain 150 (eapa de
entace de ditos hink Liver) s no sen senstbles o los protocolos de niveles supeniores

hridge-group Subordon de puenteo de Crsco que asigna interfaces de la red a
prupos partrculares del arhol abarcador  Pucden ser compatibles con los estandares
IhEE 802 1 o de DEC

Bhroadhand Banda ampha  Fo comtraposicidn con [a banda base (baseband), cs
un sistena de transnsion que multoplesa varias scitzles independientes en un solo
cable. Fn b teromnologin de las wclecomumicaciones, se rehere a cnalguicr canal
que tenga un ancho de bandir mayor que el requendo para tramsmtie voz (4 Kils)
En la terminologia de las redes locales. se reficre a un cable coaxial que mancja
seitales de tipo analdgico

broadcast Dilusion o mensaje pnblico  Mensaje enviado a todos los
destinos dentro de una red

broadcast address Dircccion para difusion Direccion reservada para
realizar envios simultincos 2 todas las estaciones de uniy red

broadcast storm Disturbros por difusién - Acontecimuento indescable en
una red. en cl cual sc envian muchas difusiones a la ver, cmpleando para
cllo consyderable anche de banda v, normalnienie. cansando ademiis
iterrupecioncs cn la red

RNCT éasecomumencianbinariasinerdmcat Biwan Sy nchrononsCommunication)

buffer Amortiguamicito . Zona Temporal de almacenamicnio empleada

oL

para ¢l nanero de datos transttonos  Los bulfers suclen emplearse para compensar
ias difcrencins de velocidad de procesiannento entre dispositivos de la red. Las
ciisiones ripidas de datos se alnracenan en un bufTer hasta que los pucda procesar
¢l dispositivo que funciona mas

lentamenic

bus topelogy Topologia de bus. Arquitcctura LAN lincal en la cual las
transmistones de las estaciones de la red se propagan a lo largo de todo ¢l medio de
comumcacion y son rceibrdas por todas las demas eslacionces.

hypass mode Modo de operacion cn redes FIXDI y Token Rind en ¢l cual sc ha
desinsertado (o desviado) una intetfaz del anillo

byte Término gendrico que se reficre a una serie de digitos binarios consccutivos
con os quc sc trabaja como si fucran una unidad, un cjemplo son los bytes de 8

bits

hhyte-oriented protocol Protocolo por bytes, Clase de protocolo de comunicaciones
de Ia capa de enlace que emplean un caracier existente especifico para delimitar
marcos {frmnes). Este 1tpo de protocolos practicamente ha sido reemplazado por
los de muncjo de bits.

call priority Prioridad dc lamada Prioridad asignada a cada puerto de los
circuitos conmutados. La prioridad define el orden ¢n ¢! cual se reconeclan las
Hamadas, También define cudles [lamadas se efectuarin durante una reservacion
dc ancho de banda

call setup time Ticmpo de establecimicnto de llamada. Tiempo requerido para
cslablecer una llamada conmutada entre dispositivos DTE.

catenet Red cn Ja cual las computadoras que actaan como anfitriones cstdn
conectadas a diversas redes, guc a su ves estan conccladas con enrutadores.
Internet cs un importante cjemplo de una red tipo catenct.

CATYV Cable Television Television por cable. Anteriorrnente llamada
Community Antenuna Television (television por anicna comunal), Sistema de
comuricaciongs en ¢l cual sc transimiten vanos canales con programacion a las
casas, cinpleando cable coaxial de banda amptia.

chas Teenologia de canal (bus) de medio Gigabal por segundo, patentada,
desarrolladi y distribuida por Cisco Syslems, Inc




cRus Controller 1 Goive Switch Processor

COITT Comii¢é Consulinvo Internacionil de Telegrafia v Teleforin (siplas cn
francésy  Organizacion imermacional que desatrolla estindares de comumciaciones,
camo Iy recomendacion X 25

COS Compene Channel Signafing- Senalizacion de comal comun Sistenia de
serializacion nsado por nchas redes (eleformeas que separa L informacion de
seiialhzacion de los datos de nsinirie

ecll reluy Transncion por eeldas  Teenologia de redes basida en el nso de
pryuetios paguetes de timano fo. Hamadoes celdas Las celdas conticnen un
wdentilicador que especificn ¢ hijo de ditos at que petienceen Como son de
tammaiio [jo. el hardwire puede procesarfas sy conmutarlas a mny altas velocadades
Fiste método ¢« 1 base de muchos protocolos de red de alta vetocidad. inclusendo
IEEE 02 6 DORB,ATTM ol protocoto de mterlay SMDS

eeltular radio Radio cehulin - Teenologia que ecmplea temsimisiones de radio para
lograr acceso a la red telelfdmcn El servico se ofrece on una eélula Girea)
particular mediante un transimisor de baja potencia

centrex PRX mejorado que también ofrece marcape directo ¢ identificacion
autematica del PBX que Hamo  La palabra se reficre o un preducto especifico de |n
cimpresa AT&T

CEPT Conference Furopectic des Postes ¢f telecommunications. Asociacion de 26
oﬁcm:vs de €orrcos » lclccmnummcnoncs curupc-w gue hace recomendaciones a la

CERFnet Caltfernia Fidue ation and Research Foundution Network: Red de fa
fundacion para la educacion v la investigacion del estado de Cahfornia Red basada
en TCP/IP que opera en ¢t sur de Californea ¢ iterconccta muchos centros de
educacion supcrior, disciiada para el avance de 1a ciencia sy la educacion mediante
las comuniciaciones

CGS Compact Gatewiny Sernver Servaidor de niercomumicacion compacto. Nombie
del enntador/puente Cisco de 2 vanuras (slotsy

Chaining Encadenamicnio Concepto de SNA en donde las unidades ddz 7
pedido/respuesta (RU) se agrupan pata propositos de recuperacion de errores.

channel Canal  Linca de comumicaciones  En algunos entornos se pucden
muliiplexar varios canales cn un solo cable. El (ermino también se reficre al
conducto especifico entre computadoras grandes v sus periféricos.

CHAOSnet Protocolo de redes desarroltado en el MIT (Massachusetts Institute of
Technology) y empleado fundamentitmente por [a comunidad académica de la
inteligencia artifictal

cheapernet Término cmpleado en Ia industria para referirse al estandar IEEE
B02 3 LOBASE2 o al cable especificado en ese estandar  Thinnel, que también sc
reftere a cse estindar, especifica una version mas delgada v barata de cable
Ethernet

checksum Suma de control. Método para verificar la integridad de los datos
transmitidos  Es un niimcro cntero calculado a partir de una secuencia de octetos
por medio de una scric de operaciones aritméticas. El valor se recalcula en ¢l lado
del receptor y, se compara para venlicarlo.

choke packet Paquele de sofocamicnio Paquete que se envia a un transmisor para
indicar que exisle congestionamtento y que se debe reducir ¢l volumen de envios.

CICS Customer Information Contrel Svstem Sistema de Control sobre
mformacion de clientes. Subsistema de aplicacion [BM que permite que
las transacciones que llegan de terminales remotas scan procesadas por las
aplicacionces de los usuwanos.

circuit switching Circuilos conmutados Sistema de conmutacion en el que debe
cxistir un circuito fisico dedicado entre ¢l emisor y ¢l receptor durante 1a 1lamada.
De amptio uso en la red telefonica, los circuitos conmutados se contrastan con los
mctodos de compceiencia (contention) ¥ token passing para acceso al canal, y con la
conmmtacion de paquetes (packet switching) como téenica de conmutacion.

Class of service Clase de servicio I'n forma gencral, se refiere a como

mancjar un paquete El tipo de servicio (TOS) 1P ¢s woa clase de servicio En SNA
I clasc de servicio cs la designacion de las caracieristicas de control de trayectoria
de L redincluvendo la segunidad de I trayectora, el ancho de banda y las
priondades dependiendo del servicio requendo.

]




client Chienie Nodo o progranig de soltware gque requocre sernvic1os de un seividor
Véase Lunbién back end

circuit circonto Fndace de comunicaciones entre dos o neis puntos.

client-server  Computing  Compuiacion e modo  chiente-senvidor  Térming
cmpleado pary descntbir sistemas de redes de procesamiento distribindo ¢n donde
Las responsalnhdades de las teansiacerones se divaden en dos pattes- ¢l cliente (front
end) ¥ ¢l servidor (hack endd Ambos térmimos sc pueden aplbicitr inlo a programas
como a dispositvos de computo Véase timbién peer-  to-peer compnting,
(computacion enire nodos equvalentes)

clhuster Controfler Contiolador de comuatos In térmimos generales se reficre a un
dispositivo intclipente que ofrece las conesiones de un caimulo de termingsles a nn
enlace de datos En SNA_ s¢ reficre a un dispositivo programable que controla las
operaciones de E/S de tos dispositivos asociados, normitlmente un IBM 31174 6
1274

CMIP/OMIS Commnan Management Information Protocol Common Management
Information Services Prolocolo parn mancjo comin de informacion/Servicios para
mancjo comun de infornacion nteifaz S de mangjo de servicios/protocolos de
red creada v estandanzado por 150 para mancjar redes helcrapcneas

CMOTCMIP over (sobre)y TCP Uso del protocolo de nincio de redes OSE(CMIP)
sobre las capas de protocelo Internet (1CP/1P)

CMT Connectron Management Manggo de conexiones Proceso FDDI que se
encarga de Ta transicidn del amillo entre sus estados (apagado, activo concclado,
cic ), como s¢ define en la cspecificacion X3T9.5

CO Central Office Oficina central Oficina de 1a compaiiia tclefonica local a fa
cual sc conectan todos los loops (ciclos) de una cicrta Area v en Ta cual ocurre la
conmulacion de los curcuitos de lis lineas abonadas

community Comunidad En SNMP. grupo 16gico de dispositivos manejados s de
estaciones NMS en el msmo domimio adnumistranyo

companding Contracciom formada con los proceses opucstos compression
(compresion) y expansion (expansion) Paite del procese PCM en el que los valores
de mucstras de sefiales analogicas se redondean en términos logicos a valores
disciclos de escala de ntervalos dentro de una escala no lineal. El ndmero de
miervalo decimal se codifica entonces en su equivitiente binario antes de [a
tinsmision BL o proceso se invierie en ko lerrmnal receptora empleando la misma
cscala no lingal

conxial cable Cable coaxial Cable consistente en un conductor cilindrico cxlerno
hucco que cubre a un alambre conduclor inico Suclen emplearse dos tipos de cable
coaxial para las redes locales: cable de 50 Ohms, para sciiales digitales, y cable de
75 Ohms, para sciiales analogicas v para seflales digitales de alta velocidad.

CODEC toder-Decoder. Codificador-decodificador. Dispositivo que normalmente
emplea modulacion codificada por pulsos para transformar voz analdgica en un
tren de bits y viceversa

compression Compresion, Paso de los dios por un algoritmo que reduce el
cspacio/ancho de banda requerido para aimacenar/transmitir el conjunto de datos.
Véasc también expansion.

cading Codificacion. Técnicas eléctricas usadas para conducir sciiales binarias.

compucria ['éase patcway.

common carrier Portador comiOn. Compaiiia particular que tiene licencia para
ofrecer servicios de comunicaciones al publico a precios regulados.

concentrador 'éase concentrator

concentrator Concentrador, Dispositivo que sirve como centro de una red con
topologia tipo cstrella. También sc reficre a un dispositivo que contiene miltiples
madulos de equipos de redes.

common channel signaling Seitalizaci6n de canal comin. Uso exclusivo de algin
canal especilico para llevar informacion de sefinhizacion a los demas canales del
grIno




confipuratic. anagemest Nanejo de confignnoon Una de cinco eateporias de
nincjo de redes defimdos por 150 paca el manejo de redesOSI Los subsisiemias de
mangpo de confignracion son los responsables de delectar v deternminar ¢l estado de
lared

comunicacidn Comumeacion  Fransmision de informacion

communication contredler Controlador de commmenciones Bn SNA nodo de
subkiren que contiene un programa NCP Nonunalmente s an dispositivo 1BM 3743

cemgestion Congestionaniento Trafico excesivo en I red

conncctionless Sin coneviones  Ténmimo empleado par desenbrr transferencias de
dittos sin I extstencia de un circmto virtual

COS Corpenation for Open Sestems. - Corporacidn para sistemas abiertos
organizacion gue promucye ¢l uso de protocolos OS] medianice pruchas de
aceptacion. certificacton v otras actividades relacionadas

conmutacion de paguetes 1éase packel switching

COSINE Corporation for Open Svdems Inferconnection. Networkimg i Furope,
Corporacion para micrconexion de redes de sistemas abicrtos en Europa Proveclo
curopeo. Nnanciado por la Comuntidad Economica Enropea. EC. para constnur una
red de comumcaciones entre entidades cientificas ¢ indusiriales en Europa
connection-oriented Por conexion Térmimo empleado para deseriber transferencias
dc datos posteriores al establecimicnio de un circuilo virtnal

CONP/CONS Connection-Oricnted Network Protocol/ Connection Oriented
Network Service  Protocolo/servicio OS] que ofrece operaciones por conexion a
protocolos de las capas supcriorcs

count to infinity Cucnta hasta clinfinito  Problemia que puede ocurrir cn
algoritmos de enrutinmento de convergenca lenta, donde los enrutadores
incrementan sccuencalenie la cuenti de travectos (hop count) hacia algunas
redes especificas hasta que (ipicamenlic) se imponga algin linsle arbitrario

console Consoln ITE i trnés del cual se mgresan ordenes aupa miquina

anfimnona e

r

a . o . . s
. PE Customer Premises Equipment. Equipo en las instalaciones del cl%&.

Equipo termunal, tal como ternmnales, 1eléfonos y modems, proporcionados por la
compaidia tclefonica, que se instalan en ¢l local def cliente y se conectan a la red de
ielcfonos

contention Competencia  Mélodo de acceso en ¢l cual los dispositivos de la red
compiten por los derechos de acceso 2l medio fisico Véase tambicn token passing.

C'PT Cisco Protocol Transtator - Fraducior de protocolos Cisco. Producto Cisco,
en chasis C, que traduce {actia como iiercomunicador) enire protocolos diversos.

convergence Convergencia. Capacidad (y veloadad con ta cual se logra) de un
grupo de dispositivos de interconexion de redes que cjecutan un protocolo
cspecifico de enrutamiento, para comcidir en la determinacion de la topologia de
ias interconexiones lucgo de que ésta cambid,

CRC Cvelic Redundancy Test. Prucha ciclica de redundancia. Técnica de
verificacion de errores cn [a cual cl receplor del marco (frame) calcula ¢l residuo de
dividir ¢l contenido del marco entre un divisor binario primo (a lo cual a llama
CRC(C) y lo compara con ¢l valor previo que el nodo emisor almacend en el marco
nismo.

conversation Conversacion En SNA, una sesion LU 6.2 entre dos veces lambién sc
pragramas de transacciones,

core gateway Servidor de intercomunicacion bisico. Enrutadores

primarios cn Internet. E{ centro de operaciones de red Internet de la compaiiia
BBN les da scrvicio.

CREN The Corporation for Research and Educational Networking: Corporacién
de redes educativas y de investigacion  Resultado de la fusion de BITNET y
CSNET

cross talk Diafonia Encrgia de interferencia transferidia de un circuito a
otro.CSC/3Tarjeta de procesamiento Cisco basada en un miicroprocesador
MC6R020 de 30 MHz Véase procesador de ruta

CSMA/CD Carrier Sense Multiple Access with Colliston Detection Acceso
multiple con deteccion de portadora v deteceion de colisiones. Mecanismo de
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acceso al canal en el cual fos dispostiivos que desean tansantir pomero venfican la
cnastencia de poridory en el canal Sino se deteeta portadora enun ciento lapso,
los dispositivos pueden transmitir: St dos de ellos teansonten a lvez, ocurre un
cobision. que ¢s detectadn por dispositis os espectiles, gue entonees retardan [a
relemsnusion ducinte un perindo aleatono El acceso CSMA/CD ¢s empleado por
Fthernet v por IEEE 802 3

CSC-FNVDM oo v ammental imonitor card Tareta montora del entarno,
para ¢l chasis AGS . que detecta las condiciones de voltige vy tempetatur pita
ganantizan e adeenada suspensian forzosa de las operaciones en ¢l caso de
condiciones anonm s en ¢l sistemna

CSC-FCIT Taneta de mierlay FDDI de Cisco con puentco con traduccion
(transhkiional bridging)

CSNET Comprter - Scence Network Grananter-red que consiste primordialmente
cn universidades contros de imvestipacion ¢ intereses comerciales, CSNET se
fusiond con BIITNET para formar CREN

CSC-MC et de memaotia Crsco con 32 hilobsies de memoria La tarjeta CSC-
MC proporcions sl enmtador Crsco informacion no ol de confignracion

CNU Channel Service Dt Umdad de servicio ol camal Dispositivo de interfas
digital gue conecta equipos terminales de nsuarnio al ciclo (loop) iclefomco digital
local

CSC-MC+ Targeta de memona Cisco que conticne circuntos de memona RAM no
volatil para atmacenar I mlormacion de la configuracion v que usa teenologia
Flash 1I'ROM para puardar el software de sisterma operitivo

CTS lear to Send.- Preparado para iansnission Crrcunto en la espeaificacion RS-
232 que sc actina cusindo el DCE (equipo de comunicacion de diatos) estd histo para

aceplar datos del DTE (cquipo tcrminal)

CSC-MCT Taneta de interfaz Cisca con interfaces para diversos tipos de medios
(por ¢jempio Erthernet v lineas serie),

CSC-MEC Taneta de mierfazs Cisco con 2§60 6 pucrtos Ethernet

CSC-RI16 Targeta de interfaz Cisco que mancja Token Ring de 4 6 16 Mbps

CSC-SCI Tarjeta de mterfaz Cisco que mancja cuatro puerios de interlaz serie
sincronicn con velocidades de transmision de hasta 4 Mbps cada una.

data Link control layer Capa de control de enlace de datos. Capa 2 del modclo de
arquitcctura SNA

D4 framing Marcos tipo D4. Formato de los marcos (frames) usados por la
mavotii de los sisicmas de 1 544 Mbps

data link layver Capa dc enlace de dimos Capa 2 de) modelo de referencia OSI, que
toma un medio de transmision de datos y lo transforma en un canal que, desde cl
punto de vista de la capit de red. network layer, esti libre de errores de transmision.
Los servicios principales de la capa de comunicacion o enlace de datos son el
dircccionarnicnto, la deteccion de errores y ¢l controf del flujo DATANET IPSN
impaortante de los Paiscs Bajos

DARPA Defense Acvanced Research Projects Agency: Agencia de proyectos
avansados de investigacion para Lo defensa. Agencia de gobierno de los EEUU que
financio la investigacion y el desanollo de Internet

DARPA Inicrnct Véase Internet

DATAPAC Gran PSN canadicnse

DAS Dual Attach Station: Estacion asignada doble  En FDDI, ¢stacién

Datapak Red piblica de conmutacion de paquetes de los paises nérdicos. conectada
a ambos anillos

data Link Sumidero de datos. Equipo de redes que acepla transmisionces de datos

data channel Canal de datos. En SNA_ dispositivo que conecia cl. procesador y la
memoria central con los peniféricos  Véase canal

Patex-1 Red pablica alemana dc circuilos conmulados.

data flenv control luper Capa de control de flujo de dates  Capa 5 del modelo de
arquitectinria SNA

Datex-p Red pablica alemana de conmntacion de paquetes
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datagram Datagiang - Agrupanuento 10gico de anformacion enviada como unidad
de la capa de red (network Ever) enun medio de transimision, sin cl
calatblecimiento presio de un crrcimto virtual Los térmnmos paguete. marco. (frame).
scgimeto vy mensiaje Gimbeén se emplean para desenbir agrapaciones 16gicas de
mformacion ¢n viaros nncles del modelo de referencia OS1y o otras dreas de
tecnolopin Los datagramas 112 son las nndades primanias de informacion cn
Internel.

HCA Defense Communmications Agencs. Agencta de comumencrones de la delensa,
Orgamzacion del gobierno de tos Estados Unidos responsable de Ins redes DDN
tales como MILNE|

DCE Data Connmmmcations Equipmemt Equipo de comumicacion de datos (scgin
EIA). o Data Ciremt-Ternmunating Equipment Equipo ternunal de circaitos de
diatos (sepun CCLITY  Drispositinos y conexiones de una red de comunicaciones que
concctan el circunto de comumcacion con ¢l dispositivo terminal (1I3TEY  Un
modem puede scr consideriado como DCE

dutagrama Néase dalnpram

D Channe! Conal ISDN Tull duplex de 16 Khps (I.'IG-:I biasica) o de 64 Khps (tasa
promarial

DDN Defense Data Network - Red de datos de la defensa La seccion MILNET y
otras partes asociadas de Internet que conectan instalaciones militares

DDN X-25 Protocolo de! Departamento de la Defensa de los Estados Unidos muy
simntar a X 235 v que es empleado en comunicaciencs de 1a red DDN

DECnet Grupo de productos de comunicaciones (inchivendo protocolos)
desarrollados v mantemdos por Digstal Equipment Corporation (DEC)  La version
niis rectente s DECnet Phase V. que cstad basada fundamentalmente en los
protocelos QSL

DECnet routing Introducido en DECnct Phase HI. ¢s ¢l esquema propio de
curntanticnto de DEC En DECnet Phase V. completd I transicion a tos protocolos
de enmtanuento O8I (ES-15 4 1S18) dedicated ling Linea dedicada - Lineay de
conunicaciones que no es conmutada  Cuando la linea no ¢s propicdad del usuano
sucle emplearse el 1érmino leased hine' linca arrendada

.\

e

de fucto standard Estandar definido por ¢l uso mas que por decreto oficial,
cstandar por onusion o por default il

defanlt ronte Ruta por omision  Entrada de [a 1abla de rutas empleada para dirigir.
los marcos ([rames) para los cuales no caiste un trayecio (hop} explicitamente
dehnido.

De jure standard Estandar por decreto oficial.

demare Punto de demarcacion entre equipo de Portadora y equipo telefonico
privado (CPE)

demodielation Demodulacion. Proceso de develver una sefial modulada a su forma
original Los modems hacen fa demodulacion tomando una seiial analégica y
regresandola a su forma digital origimal

demultiptex Verbo en inglés que denota la accion de separar varios flujos de salida
a partir de una cntrada coman.

DES Estindar de codificacion de datos  Algoritmo criptogrifico estandar
desarrollado por la Oficina Naciona! de Estindares de los Estados Unidos.

designated router Enrutador designado  En QSPF, cada red multiacceso con al
menos dos enrutadores conectados tiene un enrutador designado, que genera un
anuncio de cstado de enlace para la red mulliacceso y ticne otras responsabilidades
especiales en la cjecucion del protocolo  El enrutador designado es elegido con el
protocolo Hello OSPF. El concepto de enrutador designado permite una reduccién
en cf mimero de adyacencias requeridas cn una red multiacceso, lo cual a su vez
reduce ¢! trifico de protocolos de enrutamicnto y ¢l tamaiio de la base de datos de la
topologia

destination address Dircecién destino  Direccion de un dispositivo de recepcion de
la red.

device Dispositivo. Entidad que puede tener acceso a la red. Se emplea en forma
intercambuable con nodo

dial backup Respaldo de marcaje Caracteristica de los enrutaderes Cisco que
oftece proteccién contra fallas de 1a red WAN al permitir que el administrador
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conthignre uma lnca sonie de respaldo medninte una coneson de cirenito
conmutade

DLC Ty Dk Contral Faver Capa de control de enlisee de ditos, Capin SNA
responsable de L irnsmision de ditos entie des nodos, empleando un enlace fisico

distance vector routing algorithm Alpouimo de ennitnnento de vector de
distancias Véase Behmum-i-ord tautimg algonthm

dicl-on-demand routing ntutinicnto por limadas pedidas Canacreristica de los
enmtadores Crsco que olrece conesiones par pedido a ki red en un entorno que use
[ red poblhica comutiada (PSTN).

DECL vrn Laink Cannection [dennfier | Identicador de conexion de enlace de
datos valar Frame Rebay getranspistén de marcos) goe dentliea nna conexion
logica

dial-up tine 1inea de Hamada Crircnto de comumicaciones estabtecido con una
conexton de cicwta conmutado cmplemdo Ly red telefonica

DNA Ingiat Neowork A rchuectre Argquitectura digatal de red  Arquitectura de
las redes de by compadiia [hptal Equipment Corportion Se emplea el 1érmino
DECnet para iclenirse a los productos DNA {que inclus en protocalos de
COMUIMCACIONES)

differential encoding Codilicacion diferencial Técniea de codificacién digital en la
que un »alor binano s¢ denoti por un cambie de seiial niis que por un nivel
particular de Ia sciial

Differential Manchester encoding Codificacion diferencial Manchester Esquema
de cadificacion digital en cl que se cmplea una transicion durante el bit para sefial
de rcloj. » donde una transicion al imew de tiempo de cada bit denota un cero Es ¢l
esquema de codificacion empleado por las redes [EEE 802 5/Token Ring

DNS Domain Name Svstem Sistema de nombre de donnmo Nombre de sistcma
distnibuido usado en Internet

DoD Lieparunent of defense: Departamento (o miisienie) de [ Defensa de los
Estados Unidos Orgamvacion de gobicino responsable de la defensa del pais Fl
DoD frecuentemente ha linanctado desarrolios de protocelos de comumcaciones.

Dijkstra’s algorithm Algoriimo de Dukstra Algoritmo de enrutamicnto de
tancctoria mininu que iera sebre Ia longiud del canuno para determinar el drbol
abarcador (spanning tice) de trayectona minima. Es de uso comin en los
algonitmos de estado de enlace Véase también algoritmo de enrutamiento Bellman-
Ford

domain Dominio En Internct, poraion de un isbol de jerarquia de nombres. En
SNA cs un SSCP y los recursos que controla En 1S-18, un conjunto logico de redes.
“Dommo” hace referencia a un sistema de redes desarrotlado por la empresa
Apollo Computers (que ahora ¢s parte de Hewlett-Packard) para uso en sus
cslaciones de trabajo de ingenieria,

direccidn Véase address

directory services Servicios de dircctono. Servicios para auxiliar a los dispositivos
de | red para localizar proveedores de servicios.,

DOMPAC Gran PSN de la Guayana francesa,
downlink station siacion de cnlace. Véase estacion terrena,

DTE Data Terminal Fquipment. Equipo terminal de datos Parte de una estacion
de datos que sitve como fuenite o destino de los datos, o ambos, y que ofrece las
funciones de control de comunicacion de datos de acuerdo con los protocolos. DTE
incluye computadoras, traductores dec protocolo y mulliplexores.

DODB Distributed Quene Dual Bus Canal dual de cola distribuida. Protocolo de
comumecaciones propuesto por ¢l comité IEEE 802,6 para uso en redes
metropolitanas (MAN).

DTR Data Terminal Ready: Terminal de datos lista  Circuito RS-232 que se activa
para avisar al DCE cuando ¢l DTE esta histo para enviar y recibir datos.

drop Punto de entace  Lugar de un canal multipunto en donde se hace una
concxion a un dispositivo de la red

drop cable Cable de punto de enlace  Cable corto que conecta un dispositivo de la
red {como una computadora) a un medio fisico Véase AUL

-
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dual IS-18 Vo ointepated 1S <18

dvnamic address resolution Resolucion dindimicn de ducecrones . Uso de un
protacolo de 1esolucion de dirceciones para determinir y alinacenar mformacién de
dirccciones e se sohicita

DS-F Digital ereavrsnesaony Seseem {0 Sistemia (de transimisiones) dignal 1, o
Digatal Segnal fesel 1 Seral digatad de nivel | Térmuno cmpleado pan refenirse a la
sefial dipital de 1 56 Mbps (EE U U) 6 2018 (Europaque mancpa cf sistema de
portadora T1

dynamic routing FEnnatmiento dinamico Enrutinento gue se ajusta en formg
antonkitica a camtnos de tiifico o de opologia de L red

DS-3 Digital e ernmeavont Sestem 3 Sistema {de transimisiones) digital
oo Dl Signal level ¥ Seial dagatal de nnel 3 Térnmino empleado para
refereese o L seal digital de 44 Mbps que manega ¢l sistemia de portadorn T3

DSP Domam Specific Part - Parte de dominio cspecilico Parte de la direccion
CLNS que conniene ¢l idennficador de drea. cl identficador de estacion v ¢l byvte
sclector

DSR Data Ser Readv Fquipo para datos histo - Circanto de interfaz R5-232 que sc
activa cuando ¢l DCE est:d encendido y hsto para usarse

DSU Data Service Unir Umdad de servicio de datos  Disposilivo empleado en la
transmision drgital para conectar un CSU a un DTE

error-correcting code Codigo de correccidn de errores Cadigo con la suficiente
mteligencia y dotado con la suficiente mformacion de seftabizacion para permietir 1a
deteccign Y correccidn de muchos errores en ¢l lado receptor

EARN Enropean Academic Research Network - Red Europea de investigacion
académica, Red que conceta universidadces ¢ institulos de investigacion,

error-detecring code Codigo de deteccion de errores Codigo que puede detectar
criores de transimusion medinmte el anilisis de 1os datos recilndos. basado en ¢l
grado de adhesion a guias estructurales apromadas gue tengan

ERCDIC Ixtended Binary Coded Decimad ferchange Code Codigo extendrdo de
intercambio decimal codificado en binario Cédigo de caracterces de & bits

wesarrollado por 1BM para representacion de datos en sus grandes sistcnmw-ue
computo

ES-1S End System to Intermediale System: De sistema final a sistema intermedio.
Pratocole OS1 que define La formia en que los sisteras finales (anfitriones) se
presentan a los sistemas intermedios (enrutadores),

E Channel Canal de control ISDN de conmutacién de circuilos de 64 Kpbs.

Fthernet Especificacion de red 1.AN de banda base inventada por la corporacién
Xcerox v desarrollada en forma conjunta por Xerox, Intel y Digital Equipment
Corporation Las redes Ethernet operan a 10 megabits por segundo utilizando
CSMA/CD sobre cable coaxtal Es similar a una seric de estandares producidos por
IEEE y conocidos como IEEE 802 3

echoplex Modo en el que los caracteres det teclado sc desplicgan como eco en la
pantalla de la terminar, una vez que Ia seiial apropiada del otro extremo de la linea
regresa para indicar que se recibicron correctamente.,

ECMA uropean Computer Manufacturers Association: Asociacion de fabricantes
curopeos de computadoras Grupo de distribuideres curopeos que han hecho trabajo
importanie de estandarizacion OSI

EtherTalk Protocoles AppleTalk que funcionan cn Ethernct.

EDI FElectrome Data Interchange 1nlercamblio clectronico de datos Comunicacion
clectronica de datos operacionales tales corno pedidos y facturas entre
organizacioncs

ETST European Telecommunication Standards Institute  Inslituto europeo de
estiandares de telecomunicaciones Organizacion creada por los PTT europeos y la

Comumnidad Europea para proponcr cstandarces de tclecomunicaciones para Europa.

error control Control de errores Téenica para ascgurar que las transmisiones de Ia
fuente sean recibidas en ¢l destino sin errores

Elnet Red UNIX curopea disciiada para ofrecer servicios de interconexién y de
correo clectranico que comenséd como extension de USENET.

Euronet Esquema de redes propucsto por los paiscs del mercado comin curopeo.
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event Suceso. acontecumicnio Mensaje de By red que indica irregulandades
openicionaies on los clementos fisicos de una red. o I respuesty ante i ocuriency
de una tarea sipmficaliva, que normalmente es ¢l cnmphmicnto de un pedido de
iformacion

EXEC Térnnno que Crsco cmplea para destgnar al soltware que paquele a traves
del cnrtador ainterpreta las ordenes on los productos Cisco.

cypansion Expansion El paso de ditos comprimidos i través de un algoniimo que
los restituse a st Enmanio onganal - Véase también compression

Explorer frante Marco de exploracién Maueo gue envia un dispositivo de 1o red cn
un entorno de pucnteo de tulas fuente (source toute bidging) pary deteenienar 1a
ruta oplini hace otro dispositive de 1o red

exterior gateway protocol Protocolo de servidor de mierconevion externo
Cualgier protocolo de interconesaon de redes empleado pary intercambiar
tlornuacion de tulas entre sistemas antonomos  No debe confundirse con EGI™. que
cs u inslancrsy particular de nno de cllos

expedited delivery En forma general, se reficee a una opeidn propuesia por una
capa especifica de un protocote medianie 1a cual s¢ pide 1 otras capas de protocolos
{o a la nusney capa del protocolo en otro dispositivo de |a red) el mancjo mis ripido
de cicrtos ditos especificos Fvphcit ronie Ruta explicita En SNA, ruta de una
subsrea fuente a una subdirea destino, especificada por una hsia de nodos de subirea
y por grupos de transnusiones (transmission groups) que las conectan

Suan-eat unit Unidad de frente de salida - Dispositivo que permite que maltiples
dispositivos sc comuniqucen

JSuult management Mancjo de fallas, Una de cinco.categorias de manejo de redes
definida por 1SO para redes OS1 E1 mancjo de fallas intenta ascgurar que las fallas
e I red se detecten s controlen

FOCC Federal Communications Comnussions Comiston federal de comunicaciones
Apencia del pobicrno de los Estados Unidos que supenvisa, heencra y controla
estindares de tromsmision clectromen sy clectromagndética

FCS Frame Check Seqnence. Secnencia de venficacion de marcos. Término HDLC
adoptado por las siguicnies capas de enlice de los prolocolos que se refiere a los
caracteres extra que se afaden al muarco para propositos de control de crrores

FDDI tiher Dastributed Data Interface Interfaz de datos distribuidos por fibra.
Estandar defintdo por ANSI que espectfica una red 1oken passing de 100 Mbps
cmipleando cable de fibra optica. ‘

FDM Frequency Division Muluplexing Multiplexacion por division de frecuencia.
Téemea en la que enoun solo cable se puede asignar a la informacion de miltiples
canales un ancho de banda basado en 1a frecuencia

Sast switching Canmutacion rapida, caracteristica que maneja Cisco, en la cual se
usi umy memorta rapida caché de rita para acelerar cl paso del paquele atravez del
enrutador

FEP Front Fnd Processor: Procesador frontal - Dispositivo o tarjeta que ofrece a
un dispositivo capacidades de interlas de red. En SNA, normalmente cs un
dispositivo 3745

Jlash update Actualizacion inmediata  Actualizacion de enrutamiento enviada
asincronicamente cn respucsta a un cambio en la lopologia de la red, Las
actualizaciones de enrutamiento normales se envian a intervalos fijos.

Siber-optic cable Cable de hbra oprica Medio flexible y delgado capaz de conducir
transousiones de luz modulada. Comparado con otros medios de transmision, el
cable de fibra dptica ¢s mds caro, no cs sensible a la interferencia electromagnética
¥y ¢s capaz de mayores velocidades de mancjo de datos.

Sflooding Inundacion, Técnica de cnrutamicnto en la que la informacién de
cnrutamicnto que recibe ¢l dispositivo enrutador se manda por cada una de sus
interfaces, exceptuando (normalmenie) la interfaz por la cual se recibié. Flow
controlControt dé flujo, Técnica para asegurar que una entidad transmisora no
abriue o una entidad receptora con datos,

Sile transfer Transferencia de archinos Una de Ias aplicaciones de redes mas
populares. en la que se llevan archivos de un dispositivo de la red a otro.




FNC Pederes pworkoe Cosprod Consege fedenn de redes Grapo responsable de
asesorar v cootdinar las necesidades de redes de as apencias federales de los
Lstados Umidos

filter Frllro En forma penéngi, se reficre a un proceso o dispositivo gue filira 1o
informacion que le Hega, permitiendo solo ¢! paso de algin subconpunto de clla que
tenga ciertas caracteristicas, Fn NetCentral de Crisco. se trta de una funcion que
erata los ditos que le Hepan para transfenirlos o NetView

FOIRL Fiher-Opnic ber-Repeater Lk Enlace inter- repetidor de Nibra
aptica Mctodolopia de seiahzacion de fibra éptica basada en la especificacion de
Nbta optics 11 802 3

Sorward channel Canal de avanee 3 enectlona de comumeaciones que lleva
imformacion del imcidor de L Hamada o gquico se Hamo

Sirmnvare Instrucciones de software que residen permancnic o
scmipermaneitemente ¢n ROM

Sorwarding Lnvio Lo expechicion de un marco (frame) hacia su destino altimo por
medio de un dispositino de imtercomuumicacion entre redes

Aapping Aictco  hroblema de enrnanuento en cf que Ta rota anunciada eatre dos
nodos altcrna (aletea) de tda v vaclta entre dos trayectorias. debido a un problema
que causa fallas intermitentes cn lanterfas,

Sourier transform Transformada de Fouricr  Técnica empleada para evatuar fa
importancia de diversos ciclos de frecuencia en un patron de series de ticmpo.

Flash EPROM Nucya iccnologia de PROM (Programmable Read-Only Memory)
desarroliada por Inie! v heenciada a otras compaiiias de. seimconductores  Es un
medio de almacenamiento no volatil que sc pucde borrar ¥ reprogramar
cléctricamcnic en el circuito Sc emplea en los enrutadores Cisco para lograr 1a
carga inteial v Ia subsecuenie retencion de la informacion de configuracion cn
forma no volitil

Sragment Fragmento  Parte de un paquete (packet) mayor que se ha partido en
umdades niis pegueiias,

rr

_-agmentation Fragmentacion Proceso de partir un paquelc cn unidades._.101es
cuindo se (ransmite en un medio de redes que no mancja el tamaiio original del
paquclc

fuzzhall Sistema de computo DIZ LS-11 que cjecuta software de servidor de
intercomunicaciones IP. NFSnet usé cstos sislemias como conmutadores
fundamentales de paguclces '

Jrante Marco Agrupamicnto 16gico de informacidn enviade a un medio de
transmision como una umdad de Ia capa de enlace (link layer). Los términos
paquete, datagrama, scgmento ¥ mensaje también se emplean para describir
agrupantienlos 16gicos de informacion en varias capas del modelo de referencia OS!
y ¢n circulos téenicos '

Jrame relay Retransiision de marcos  Protocolo empleado en la interfaz entre
dispositivos de usuario (por cjemplo. maquinas anfitrioncs y enrutadores) y equipo
de redes (por cjemplo, nodos de conmutacion)  Es mis cficiente que X.25 ,
protocole del cuat generalmente se considera como reemplazo.

Jrequency Frecuencia Medida en Hertz (Hz), es el namero de ciclos de una sefial
de corriente alierna por unidad de ticmpo

Sront cnd Nodo o programa que solicila servicios de un back end Véase tamblén
chente y servidor,

FFAM ['tle Transfer, Access and Afanagement: Transferencia, acceso y manejo de
archivos, Aplicacion OSI desarrollada para intercambio y manejo de archivos en
red

FEP [ile Transfer Protocol. Protocolo de transferencia de archivos. Protocolo de
aplicacion 1P para transferir archivos cnire nodos dc la red.

Jult duplex Capacidad de transmusion simultanca de datos en ambas direccionces.

GOSIP Gaovernmentt OS] Profile. Perfil O8I de gobicrno. Especificacién de gestion
para protocolos OSI en el gobicrno de los Estados Unidos. A través de GOSIP, cl
gobierno determing el que todas las agencias federales se estandaricen cn QS ¢
implanten sistemas basados en ¢sos estindares en 1a medida en que se pucdan
obtener cn forma comercial
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G703 Espeatlicacion electnea s mecimen CCTHEL pary conestones entreequipo de
teleconmnicaciones v D IE,

grade of service Grado de servicro Medida de L calidad del seivicio telefonico
basada en L probataledad de que una Hamada reciba senal de ocoupado durante 1a
hora pico del din

gateway Compuerta o seevidor deantercomumcacion o la comunidad 1P ¢l
ternune seoreterinna un dispasiiivo de enmatanienta Ahora se preficre cf térmuno
enrtador (ronten) para descnbar los nodos que hacen esta fancion, s 1a patabia
nitewsny s seficre aun disposttivo de propdsito especial que efectna una conyersidn
de mformacion de nnvel de copa 7 de nna prla de protocalos a ot como lo hace ¢l
producto Crsea €11

ground station Fsiacion terreny Conpunnto de cquipo de comunicaciones diseiiado
para recibir (v nsualmente transmiing) seinles desde haci satéhtes También
Hamada downlimk station estacion de enlace

gateway host Servaidor de mitercomuntcacion anfitrron En SNA | nodo anfitriéon que
conticue un servidor de intercomumeacion SSCP

group address Dhireccron de grapo Dircccion iimica gue se reliere a miltiples
dispositivos de Ta red Sinomimao de molticast address{direccign maltiple)

gateway NCP Scrvador de mterconunmcacion NCR Programa de contiol e redes
(Nctwork Control Program) que conecta dos o miis redes SNA v iraduce fas
dirccciones para permitir scsiones de trifico entre redes.

guard band Banda de guardia Frecuencia hibre entre dos canales de
cothunicactones, que los separa pact presenir inierferencia mutui,

geosynchronous orbit Otbita geostncranica Término referido a la orbita de un
satéhite en la ciral su velocidad es 1gual a la de rotacion terrestre, lo cual lo
manticne ¢stacionano relativo o ona posicion sobre la superficie de Ta ticrray Las
tibitas geosinerdmeas rcquicren una posicion de aprovimadamente 23.000 millas
£ 17.000 K sobre Ly supetti 1e del globo. sobre el conador '

O

GGP Gatewav-to-Gateway Profocol.- Protocolo de servidor a servidor de
intercomunicaciones. Prolocolo MILNET que especifica la forma en que los

servidores (o los enrutadores) basicos (core gateway ) deben intercambiar
infornicion sobre rutas v alcances 1l protocolo GGP usa un algoritmo distribuido
de camino niis cotto,

half duplex Capacidad de transmnin datos en solo una direccidn a la vez

half pateway Mcdio gateway  Litcralmente, dispasilivo que efectia las funciones
de medio servidor de infercomurucaciones, pues éstos suclen dividirse en dos
mlades funcionales para ficilitar s diseiio y mantenimiento.

handset Parte del telélono que contiene el micrélono y 1a bocing, y que se toma con
I mano durante su uso,

handshake Sccuencia de mensajes que dos o mas dispositivos de la red
intercambian para ascgurar sincronizacton en a transmision,

hardware address Dircccion de hardware  También conocida como physical
address: direccton fisica o MAC-Layer address. direccion de la capa de conirol de
acceso  Capa de enlace de datos asociida con un dispositivo particular de la red.
Contrasta con una dircecion o protocolo de red, que s una direccion de la capa de
red (network Layer)

H Channel Canal H. Canal ISDN primario full duplex que opera a 384 Kbps.

HDI HDLC Distant [Host. Anfitrion remoto HDLC.  Forma de ejecutar el
protocolo 1822 sobre enlaces seric sincrénicos en lugar de sobre hardware especial
1822 HIDH cs esencialmente headers (encabezados) 1822 y datos encapsulados en
paquetes LAPB (X 25 nivel 2).

HDLC thigh-level Data Link Contral Conlrol de enlace de datos de alto nivel.
Protocolo de capa de enlace ISO estindar por bits de uso comiin, derivado de
SDLC. Especifica un método de encapsulamicnto de datos en cnlaces serie
sincronicos  El servicio HDLC de Cisco selo maneja la creacion de marcos y
funcioncs de suma de control {checksum)

headend El punfo terminal de una red broadband (de banda amplia). Todns las
eslaciones transmilen hacia ese punio. para que huego éste transmita hacia las
cstactones destno
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hewder Encarcado Tnfornecion de control que se anade o los datos antes de
encapsubatlos para su transnusion en I red

hearthear Lando Véase SO

HELLO Protocolo de cnratamiente emipleado principalmente por los nodos
NSEFnet Pernnte o conmutadores contables descubrir rntas de retraso mimmo  Por
otro Tado. ol protocolo Hello (s relacion con HELLGY de NSEFnet) es empleado por
ststemas OSPE para establecer v mantener rehiciones de vecmdad,

HEMS Hegh-level Fotin Management Systenr Sistema de nancjo’ de entidades de
alto nivel tnieresante protocole de mancjo de redes que Tue candidato para
estandanizacion en Internct hasia que sos disefadores lo retiraron durante ¢l
proceso de evirlimcton. en deferencia para SGMP Y CMOT.

HEPnet Hhgh-Foerey Pliacs nemwvork Red de fisica de alias energias. Red de

i eshigacion onigainada en los Estados Umdos v que se ha exiendido a muchos de
los lugares en donde se hace imvestigacion on fisica de alias enerpias  Los sitios
mias conocidos ¢n tos que se usi incluven at Laboratonio Nacional Argonne, al
Laboratonae Nacional de Brookhaven, ¢l Laboratono Laswrence Berkeley s ¢f Centro
de!l Acelerador Eaneal de Suinford (SLAC)Y

Hertz Abreviado como "He"s medida de frecuencia o de ancho de banda Sindénemo
de ciclos/scpnndo,

HP Probe Viase probe

HSCT High-Speed Communtcations interface Interfiz de comunicaciones de alta

velocidad Controlador desarrollado v distribuido por Cisco Se trata de una interfaz

de un solo puerto que ofrece capacidides de comunicacidn sincronica senie full
doplex hasta 252 Mbps  Se instala co ennutadores CISCO

heterogenceous nciwork Red heterogénco. Red consistenie en dispositivos disimiles
que ¢jecutan protocolos disimiles y que en muchos casos mancjan funcioncs o
aplicaciones disinmles

hicrarchical rosting Entatamicnto jerarquico Enrutainento basado enoun sistemna
de dirccaronmmicito ierirgmico  Por ejemplo los afgonimos de enritamiento IP
emplean direcciones 1P, que conticnen numeros de la red. néincros dc MiueES
anlitnones v (posiblemente) mimeros de subredes.

A8ST Hhph-Speed Serial Interface Tnterfaz seric de atta velocidad. Estdntes’de
redes para comumicaciones scric de alta velocidad (hasta 52 Mbps) sobre enlaces
WAN

hub Concentrador. En forma genérica. término que describe un dispositivo que
sinve cpmo centro de una red con topologia de estretla En 13 terminologia
Ethernet/IEEE 802 3 se refiere a un repetidor multipuerto, que a veees también se
conoce coma concentrator(concenizador} El térmimo también se usa para el
dispositivo de hardwarc/software que conticne multiples médulos independicnices,
aungue concclados, de equipo de redes ¢ interconexion entre redes. Los
concentradores pueden ser aclivos (quce repiten las sciiales que les llegan) o pasivos
(que no repiten, sino solo reparten las seitales que les liegan).

HIPPI High-Performance Paratlel Interface. Interfav. paralela de alto rendimiento.
Estiandar de interfaz de alto rendinuento definido en ¢l estandar ANSI X3T9 3188-
023 .

holddowns Sujeciones Caracteristica de algunos protocolos de ennatamicnto en los
que sc impide que 1as actualizaciones regulares de natas cquivocadamente
reinstalen una ruta que ha fallado.

hop count Cucnia de trayeclo Métrica de enrutamicnto usada para medir la
distancia entre una fucnte y un destino. Cada hop cquivale al paso de un packet
{paquetc) por un cnrutador.

hybrid network Red hibrida. Térmuno usado para describir una interconexidn entre
redes hecha con mas de un tipo de tecnologia de redes, que incluye LAN y WAN.

host Anfitrion  Sistema de computo cn una red  Es similar a los términos device
(dispositivo) o node (nodo), exceplo que usualmente implica un sistema de
computo, nuentras que dispositivo y nodo generalmente se aplican a cualquicr
sistema cn red, que incluye terminal servers (servidores de terminales) y
chrutadores

host node Nodo anfitnién. Nodo de subirein SNA que contiene un SSCP.
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TEEE 8022 Protocolo LAN de D1 gue especttica By implantacién de I subcapa
du control de enlace 1ogeo de la capa de enlace Se encarger del manejo de errores,
creicion de marcos y fligo de control, ¢s iterfaz de servicio con la capa ¥ Se
ennpea en redes LAN fafes como IEEERD2 3 ¢ HEE]E R0 5

L11 Inteenet Achininies Board Grupo de actividades de Bmiernet Tivestigadores de
tierconeatonces cnire redes que se reanen repgalarmente para discutir asnnlos
pertinentes de Internet El grupo define polineas de Internet mediante decisiones y
asipnacion de fucizas de trabaje para asuntos varios

IEEE 8023 Protocolo LAN de [TEEE gue cspeaifica Iy implantacion deliy capa lisica
v de T subenpa MAC de Ta capa de enlace Uiheza aceesos CSMA/CD en varias
velecudindes nsando vanos medios fisicos Una vartante fisica de ITEEE 802 3
(LOBASES) ¢ muy sinmlar o Etheenet

FOMP Protocolo snternet de control de mensages Protocelo de Ia capa de red que
pernitle que los paqueles de mensages reporten crrores ¢ informacidn relevante al
procesanuento de paguetes 1P Esti docomentado en REC 792

IFFFE 8624 Protocolo AN de 1EEE que espeetfica B implantacion de L capa
fisica y de Ia subcapa MAC de la capa de enliice Utihizn aceeso token passing sobre
una topologin de bus

IDP el Donean Pant. Scecon il de dominto Parte de una direccion CLNS
que conticne un idenitficador de autondad v de formmo. y un dentificador de
donmmo

IEEE B02.5 Protocolo LAN de IEEE que especifica 1 implantacion de 1o capa
fisica v de In subcapa MAC de la capa de enlace. Utiliza acceso 1oken passing a 4 6
L6 Mbps sobre cable de pat trenzado biindado v es muy similar a Token Ring de
1B

IDPR nterdomaim Policy Rouling: Politica de enrutamicnto interdominios

Protocolo experimental de enrutanuento cntre domenios que intercambia politicas
entre sistemas anonomos en forma dinidimica 1DPR encapsula ef irifico de los "
sistemas mier-amtanomos v lo enruta de acuerdo con las polincas de cada sisteimy
autdnomo a o Lago del travecto. Actnalmente ¢s um propuesta de 1IETF

IEEE 802.6 I:specificacion IEEFE de red de area metropolitant (Metropohitan Arca
Network MAN) basada en tecnologia DOQDB

TETF Intcinet Engincering Task Force Fuerza de Lrabajo de ingenieria Internet,
Fgquipo de trabijo TAR que conssste en s de 40 grupos responsables de asuntos ¢
ingenictiles Internet solubles a conto plaso

IDRP IS-IS Interdoman Routing Protocol: Protocolo de enrulamiento
interdommios 15-18 Protocolo OSI gue cspecifica como sc comumican enrutadores
con enruladores en diferentes dominios

IFIP lmternational Federation for Information Processing: Federacion
mternactonal de procesamiento de informacion, Organizacion de investigacién que
realiza trabajos de pre- estandarizacidon OS1 Entre sus logros s¢ encuentra la
Normalizacion del modclo original MES.

1EEE Institute of Electrical and Electronic I'ngineers: Instituto de ingenicros
cléctricos ¥ electronicos Orgamzacién profesional que define estindares de redes.
Los esiindares LLAN de TEEE son los predominantes en ta actualidad, e incluyen
protocolos similitres o virtualmente equivalentes a Ethernct y Token Ring.

INTAP Interoperability Technology Association for Information Processing.
Asociacién de tecnologia de interoperatividad para procesamiento de informacion.
Organizacién técnica creada para desarrollar perfiles OSI japoneses y prucbas de
accplacion,

IGP [nterior Ciateway I'rotocol. Protocolo de servidores de intercomunicacién
inicrnos Projocolo [nternet usado para intercambto de informacion de
cnrtamicnlo en un sistcrna auténomo  Ejemplos usuales de IGP Internct son IGRP,
RIP y OSPF

Integrated IS-IS Protocolo de enrutamicnto basado en el protocolo QOSI de
enrutanuento IS-1S y que ademas se mancja en redes IP u otras. Las implantaciones
de IS-IS mtegrado envian solamente un conjunto de actualizaciones de
cniutamicnto, por lo cual resulta mas cficiente que dos implantaciones separadas.
Anles sc conocia como Dual 15-15.

TGRP Interior Crateway, Routing Protocol; Protocolo de enrulamiento de scrvidores
de intercomunicacion internos. IGP desarrollado por Cisco para resolver problemas
relativos a enmitadores en redes grandes v heterogéneas
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TGN Dntegrane ateweny Senver Sernvidon de mtercomuomencion mtegrado
Eunador/pucnte Crsco mtepradoe de conliguracion fija

Interfuz Conexion enlre dos sistemis o dispostivas o la termtinelogia de
cartatadores, es umi canesian de e red  Finmbwéa se refiere a a frontera entre capas
advacenies del modelo OSI En elefonia, os una iontera comparnda que esti
definida por caracieristicns de interconenion fisica comnnes, caracleristicas de la
sefial v sipmhicados de las seriales mtercambiadas

IMP Interfuc e Message Processor Procesador de snterly de mensajes Nombre
que antenonmente tenian fos conmutadures de paguetes de Internet. Ahora se
Haman packet-ewatched nodes (nodos de pagoetes conmmtados). packet switches
{conmutadores de paguetes) o switches(conmutadores)

interference Inetferenciy Rindo indeseido en el canal de comumeacion

in-band signaling Scinhzacon en bands Transmrsan dentro de una gama de
trecuencias normidaiente empleada para transmitir informacion. Contrasta con owt-
of-tand signahing (seializacion Tugra de banday, que nsa [recuencias Muera de la
gama normal de las empleadas para tiansfenr ifonnacion

intermediate system Sistema mtermedio Nodo de enrataneento en una red OS!

Internanonal Standards Qrganization Ogamzacion iternacionnl de estindares
Espansion crronen del acrommo 150

infrared Inlropo, Ondas clectromagncticas con gamma de frecuencias por cncima
de las miceoond:ts pero abajo del espectro visible Recién comicnsan a surgir
sistemas LAN basados en esti tecnologia

Internet Térnmo empleado para referirse al sistema de interconexton de redes mis
grande del mundo. que conecta nodos de redes en todo el plancta. y que desarroilo
una “cultura” basada en simplicidad. mvestigacion v estandanzacion fundamentada
en ¢l uso real Buena parte de la teenologin de punta en redes vino de esta
comunidad Internet evoluciond a partir de ARPANET

INOC Interner Network Operations Center - Centro de operaciones de redes
Internel Grpo de BBN que en los mnicros de Tnternet. controlata s supervisaba los
entutadores v servidores de inlerconexion prumarios

- I3 e . . . i“,\, 2
Anternet address Direccidn Internet, También Namada "direccion [P, es\eod

direccion de 32 bits asignada a maguinas anfitriones que cmplean TCP/IP La
dircccién se escribe comio cuatro octetos scparados con puntos (formato decimal con
punto). formados por la seccion de L red, una seccion opcional de subred y una
scecton del anfitrion.

1PX mternetworking Packet Fxchange Intercambio de paquetes de interconexiéon
de redes Protocolo Novell de capa . sinlar a XNS ¢ 1P que se emplea en redes
NetWare

IRN Intermediafe Routing Node. Nodo de corutamiento interedio. En SNA, un
nodo de subdirea con capacidades de enrutamiento intermedio.

internetwork Redes interconectadas. Conjunto de redes interconectadas por
enrntadores v que en forma genérica funciona como una sola. A veces se le llama
intcmet, lo cnal no debe confundirse con la palabra Internet

IRTF Internet Research Task Force: Equipo de trabajo para investigacidn en
Internet Comunidad de investigadores cn redes con interés cn interconexion de
redes Esta comandado por el grupo de gobicrno en investigacion Internct (Internet
Research Steering Group. IRSG)

internetworking Inlerconexion de redes Término genérico usado para referirse a la
industria que surgio alrededor del probicma de concctar redes. El término se puede
relenr tante a productos como a procedimientos y tecnologias.

Isarithmic fTow control Flujo de control isaritmico. Técnica de Mujo de control en
donde los permisos para transmitir viajan a lo largo de la red. La poscsién de uno
de cllos posibilita el derecho a transnntir

interoperability Interoperabilidad Capacidad para comunicar equipos de
computacion de diversos fabncantes mediante una red

ISDN Intcprated Scrvices Digital Network® Red digital de servicios integrados.
Protocolos de comunicacion propuestos por las compatfiias telefonicas para lograr
que las redes de teléfono transmitan ditos, voz y otros maleriales de la fuente

intra-arcea rowting Enrotamicnto entre dreas “T'érmino empleado en los enrutadores
DECnet para deseribir enrutamieto dentro de un iirea
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1 Interner Piotocol Protocolo Internet Protocolo de capa 3 (eapa de red) gque
contrene mformacion de darccaonaniento s de control para pernntir ¢l
crratamenio de paguetes Esid documentado on REC 79

£5-18 Imtermiediare System to Intermédiate System Sistema idermedio a sisiema
wcrmecho Protocolo jerarqimeo de enmitanienio OS1 de estado de enlace (hink-
state). basado e enretinnento DECnct Phase V., en donde los sistemas intermedos
feniutadoresy mrercimbran mformacian basada en una sola métnea, para
detecrmimarn I topologin de L red

IP address 1hreccaion [P 1 ease Titernet address

ING International Crgamizaton for Standarizaion Oganizacion internacional
pan L estandanzacion . Orgamzacion micenacional responsable de una amiplia
pama de estandares, inclivendo agquellos relevantes para las redes 150 $a cs
responsie del modelo de referenciable redes mas populae eb modelo de referencia
LN

IPSO 1P Securay Opnon Opaon de segundad TP Parte del protocolo Internet
(1P que deline ninveles de sepundad basados en s inlerlaces

isochropons transmisian | ransousion isocroniea Transmision asincromica (start-
stap) sobre un enlace de divtos sincrontco  Fatelefonia, isocromco implica un
mucstreo de bals de tasa constiante, v sc conoce como Ly niversa de Ia tramsunsion
ASINCroNIC:

ISODE 1SO Development Faviroemnent Entorno de desarrollo 1SO. Tmplantacién
popular de 1as capas superiores 150 cn una pila de protocolo TCP/IP

Jabber Balbucco  Condicon de crror en la cual un disposttno de la red
continuamente transmite "hasura® a la red. En 1ETE 802.3 se reficre a un paquete
de datos cuva lengnud excede a la prescrita en ¢l estandar.
JANET Jount Aeademine Neswaork: Red académica conjunta Red universitaria en cl
Reino Unido

Jjinter Distorsion de 1as lineas de comunicacian analdgicas causada por uny
variacton cn Ins posiciones de referencra lemporal de nna seial - Pucde cansar
pérdicda de datos particulanmente a altas velocidades

JUNETjapan UNIX Network: Red japonesa de Unix. La red nacional no
comercial mis grande del Japon, diseiinda para promover las comunicaciones entre
imcstigadores japoncses y extranjeros

JVNCaet Jobin von Nerumann Center Network: Centro de redes John von
Neumane Red regional compuesta de entaces Tl y enlaces seric mas lentos, que
ofrece servicios de red de nivel medio en localidades del Noroeste de los Estados
Unidos

LASER Light Amplification by Stumulated Iimission of Radiation: Amplificacion
dc luy por entiston cstimulada de radinciones  Dispositivo analogico de transmision
cn ¢l cual un matcrial activo adecuado cs excitado por un estimulo extierno para
producir un estrecho haz de luz coherente, que puede ser modulado en pulsos para
1o minr datos  Las redes basadas ¢n tecnologia laser estan apenas comenzando,
P arceen prometedoras debido o anchos de banda potenciailmente amplios y a
urs relatn 2 resistencia a fa interferencia

LLAN Locai Area Network: Red de arca local Red que cubre un 4rea geografica
tekanvamenite pequeiia (usualmente no mayor que un grupo local de edificios).
Comparadas con las redes WAN, las redes ILAN suclen caraclerizarse por
velocidades de transferencia de datos relativamenie altas y una relativamente baja
incidencia de errores.

LAY Local Area Transport: Transporte de drea local. Protocolo de terminal virtual
de red desarrollado por Digital Equipment Corporation

LAN Manager Sistema de archivos distribuidos desarrollado y manejado por
Microsoft

LATA Local Access and Transport Area: Area de (ransporte y acceso Area de
marcajc (clefonico atendida por una sola compaiiia telefonica local. Las ilamadas
demiro de un Arca LATA se conocen como Hlamadas locales. Hay més de cien de
¢stas arcas en los Estados Unidos

LLAN Nctwork Manager Paquete de mancjo Token Ring y source-bridge local.
olrccido por 13M, Normalmente opera en una PC y verifica los puentes de rutas
fucnte (source-route bridges) y los dispositivos Token Ring, y puede pasar mensajes
de alerta a NetView
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feased line d aoaneendadia o posada Tinea de tmsnision reseny ada por un
pottador de comunicacrones pata uso privado de un cliente

LAN Server Sistema de archinos disinbido dervado de AN Manager,
desarrollado v manegado por TBM

level 1route Rutg de nivel 1 Rota OS] o DECnhel deatro de unirea

FAPR Link decew Procede Balanced Procedumiento balingeado de seeeso de
calace Dernvado de HDECoes upaversion CCHTT N 25 de un protocole de enlace
de datos por bais

tevel 2 route Rita de ninel 2 Rue OS1Ho DECoel entie dreas

LAPD Lk lecess Protocod DD Protocelo D de acceso de enlace Protocolo ISDN
de capa de enlace ¢hnk lavery para el canal 1, Sc derive del protocolo LAPE
CCITT X 25y esti diseiado primordialmente para satisfcer los requerimientos de
sciiahzaciom del acceso basico ISDN - Esti definido por 1as recomendaciones (0.920
v QY21 de CCIIT

line Linca En forma penénea se reficie a bo mismo que link (enlace). En SNA_ cs
a1 conesion a i red

fine conditioning Acondicionanuertio de linea. Uso de cquipo. en lincas de vos
arcendadas, para mejorar kas caracteristicas analogicas. permiticndo asi miyores
velocidadies de lransnusion

fine driver Disposiino mancejador de la linea. Comvertidor de seiial/amphificador
poco costoso que acondiciona las sefiafes digitales para garantizar una transmision
confiable a largas distancias

line of sight 1inca de vista  Caracteristica de ciertos sislemas de transmision, como
cl lascr, las mucroondas v los sistemas infrarrojos, en donde no puede existr
obstruccian en cl canuno directo entre el transnusor v el receptor

fine turnaround Ticmpo de cambio en la linca Tiempo requerido para cambiar Ia
direccion de I tansnmsion de dinos en una linea de ielclono

dnk Entace  Canal de comunicaciones de L red consistenle ca un Circis,__.. una
trvector de transmision, incluido ¢l cquipo exislente entre el transmisor y ¢l
receptor Sucele usarse para referirse 2 una conexion en una red WAN.

Link lnyer Capa de enlace  Véase data Link layer

link-state Rowting alpoyithm Alporitmo de estado de enlace, Algorimo de
entniamicnto en ¢l que cada enrutador dilunde a todos los nodos la informacion del
costo de acceso a cada uno de sus vecinos, Estos algoritmos crean una visla
consisicrie de 1a red y por cllo no son propensos a cacr cn ciclos de enrulamienio,
aunque logran esto a costa de una ictativamente mayor dificultad computacional y
de un trifico un tanlo mas diseminado (en comparacion con los algoritmos de
enrmtamicnlo de vector de distancins)  Véase tambien Bellman-Ford routing
algonithm

little-endian Método de almacenar o transminir datos cn el cual se presenta primero
¢l bit o bylc menos significativo. Véasc también big endian,

LLC Logreal Link Control: Control 16gico de enlace  Subcapa de 1a capa de enlace
OSl definida 1a IEEE  Sc encarga del control de cerrores, control de fujo y creacién
de marcos El protocolo LLC ms usado cs IEEE 802 2, que incluye variantes sin y
con conexion.

LM/XLAN Manager for UNILX. L AN Manager para entornos UNIX.

LNMLAN Network AManager: Mancjador de redes LAN. Producto de IBM para ¢l
manc)o de un conjunto de puenites de rutas fuente (source route) y sus entornos
Token Ring

lnad balancing Balanceo de carga  1in enrutamicnto sc refiere a la capacidad de un
cnrutador para distribuir ¢l trifico a todos sus pucrtos de la red que estén a la
misma distancia de la direccion de destino. Los bucnos algoritmos de balanceo de
cargas usan informacion sobre fa velocidad de [a linca y sobre su contabilidad. E}
balanceo de Ia carga incremento Fa ulilizacién de los segmentos de la red y
aumentan ¢l ancho de banda efectivo de la red.

focal acknowledgment acuse de recibo focal  Método en cl cual un nodo
micrmedio de la red. tal como nn enrtador Cisco, tcrmina una sesién de la capa de
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enlace de datos paea wa megquina aptunona finad - El oo de estos acuses de reaibo
locales reduce Fa sobrecarga de la red v por tanto el ricspo de itermpeiones

focal bridpe Puente local Puente que directamente interconecta redes en la misma
Jrea peogniics

local foop Cicto local  La linea que va de fas instalaciones det abonado del 1eléfono
a by oficina central (CO) de L compaidiia telefomcea

LocaltTath Motocolo de red de banda base CSMAJ/CA de 230 Kpbs patentado por
Apple

logical channel Canal lognco Trayectoni de comumicaciones no dedicada. para
commutacion de pacpictes citre dos o nas nodos de Lred - Medrante conmutacion
de paquetes pueden existr vanos camabes Jogicos simuluncimente e un ausmo
canal tisico

loop Ciclo Rata en L enal los paquetes nunca Hegan o <o desuno . sino que solo
recorten un ciclo o bucle i tenés de una serie constante de nodos de 1a red

foaphack ey Poaebha de ciclos Prucha en L cual se envian v regresan seriales
hacia la Tuente en algian pumo del teavecto de comumeaciones . Suelen emplearse
para prohar qué tan ulthizables son las interfaces de fa red

LU Logreat { e Umdad logmca Companente prinicio de SNA- Tipo de umdad
dircceronable (NALD que penmite a los usuanos finales comunicarse entre si y tener
scceso a los recursos de la red SNA

LU 6.2 Logrical U 6 2 Unadad togica 6 2 Unidad Togica que gobicrna las
comunicaciones SNA entre nodos cquivalenies (peer-lo-peer) Mangja
comumenciones on penetal entre progrinmas en un entomo de procesamienio
distnibmdo

MAC sublaver Media Aecess Comrol sublaver Subcapa de control de acceso al
medio Como csia defimda por Ta IEEE, se traa de Ta porcion baga de 1a capa de
cnbace de datos del modelo OS! La subcapa MAC se encarpa de los asuntos de
acceso al medho de comumicaciones, coma por epemplo determinir si sc usari lokhen
passing (paso de estafetay o contention (competenciin)

MAN Meropolitan Area Network Red de irea metropolitana o ténimimos
generales se refiere a una red que ocupa un area metropolitana, geograficamente

nunor que la ocupada por una red local (LAN), pero menor que la de una red
amplia (WAN) ! 8ase también DODEB.

managed ebject Objelo de inangjo. i mangjo de redes se reficre a un dispositivo
de T red que es tratado por un protecolo de mancjo de la red.

mernagement services Servicios de manggo. Funciones SNA distribuidas entre
cormponentces de la red para mancjar v controlar una red SNA,

Muanchester encoding Codificacion Manchester Esquema decodificacion digital en
cl que sc eriplea una transicion durante ¢l bit para sciial de reloj, y donde una
transicion a alto durante ta primera mitad & tiempo del bit denota un uno. Es ¢l
csrquema de codihcacidn empleado por 1EEL 802 3/Ethernet,

MAP Manulacturing Automation Protocol: Protocolo de manufactura automiltica.
Arguitcctura de red creada por 1a cinpresa General Motors para satisfacer las
nceesidades especificas de 1a fibniea, Especifica una red local {(LAN) 1oken-passing
stnelar a IEEE 802 4,

marco Vease frame.

MAU Medum A ttachment Unat ¢11-141 802.3) Unidad de vinculacion, o
Multistation Access Unit (IEEE 802 5). Unidad de acceso a estaciones miiltiples
I-n ¢l primer caso, es un dispositivo que realiza las funciones de la capa 1 de IEEE
8123, que incluyen la deteccion de colisiones y Lo inyeccién de bits a la red. Una
unidad MAU sc conoce como transceiver (transmisor/receptor) en la especificacién
Ethernet. En el segundo caso (a veces llamadas también MSAU para que no se
confundan con las primeras), sc (rata de concentradores de cables a los cuales se
concclan los nodos de token ring

MCI1 Compafiia de teleccomunicaciones que compite con AT&T y con U.S. print
en ¢l mercado de suscriptores de servicio a larga distancia.

media Mcdios, Plural de medium, cniinglés. Entorno fisico mediante ¢l cual pasan
las sciiales de transtmsion  Los medios nsuales en redes so ¢l cable coaxial, 1a fibra
aptica y la atmosfera

Message Mensaje. Agrupame nto 10gico de informiacion en la capa de aplicacidn
{aphencion laver) Véase también packed, frame, segment y datagram
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message ssorre A Comnnticron de mensiges Téenea de conntacian que
transmate menspges de nodo o nodo enuna red 1 mensape se almacena en cada
noda hasta que Hega el memento en gue se consigue envio - Véase lambién packel
switchmg s circunt

MGS Med-vze Geatfenar Server - Serador de itercomumicacionces de Lamiiio
niedio Enrulador/puente Cisco de 4 ranuras

MIS Mevage handling Syvem sistema ¢ mancjo de mensajes, Recomendacion CCI-IT

X400 que ofrece servacios de mensiyes para comunicaciones distnibiadas - NetWare

MILS es una entidad diferente taongue stmilar} que timbién oftece mancjo de mensajes

distihunda por 1a empresa Novell

MIB M anagemens Informanon flase Base de mangjo de mformacion Base de dinos
de iformeacion sobre manejo de objetos. a Ly que se puede tener aceeso medianie
protocolos de manejo de red tiles como SNMPPy CMIP,

MIC Media Interfuce Connector: Conector FIXD1 que es un estindar por default
microwave AMicroondas  Ondas electromagnéticas en la gama de |a 30 Gigahertz,
Las redes basadas en Microondas constiiuse una nacienle teenologia que gana

campo debido 2 su alto ancho de banda v sn relativamente bajo costo

nrielsplit Sistema de cable de banda amplia (broadband} en el que tas frccuencias
disponibles s¢ dividen cn dos gfupos. uno para transmision v otro Para recepeion

MILNET Mibuary Network . Red miliar - Véase DDN.

Modelo de referencia OST | vase OS] Relerence Model

MODEM Madulator-Demodidearor, - Modulador-demodutador Disposilivo que
convierte seiinles digdales a una forma adecuada para transmiston sobre medios de

comunicacidon analdgicos, v viceversa

mudticast address Direccion maltiple. [Yreccion que sc reficre a maltiples
dispositinos de i red Simonnmo de group address {direccion de grupno)

madem eliminator Ehnunador de modem  Disposiin o que punnlc la coneaton de
dos dispositivos [DTE sin el empleo de modems

AAultihonted host anfiinon matuple Maquina anfitriona asignada a ml'llit;,fés
scementos lisicos de la red.

modutation Modnlacién  Proceso por ¢l cual se transforman las caraciteristicas de
las seiiales para representar informacion  Los tipos de modulacion incluyen
frecuencra modulada (FM), en donde sciales de diferentes frecuencias representan |
valores de datos diferentes, y amplitud modulada (AM), en donde 1a amplitud de la
seiinl varix para representar diferentes valores de datos

multimode fiber Fibra multimodal FFibra que mancya la propagacion de
miltiples patrones de campo electromagnético.

muiltiple domain Network Red de dominio multiple. Red SNA con multiples SSCP.

MOP Mamtenance Operation Protocol” Protocolo de operaciones de
mantcnimiento  Protocolo DEC, un subconjunto dej cual manegja Cisco, que ofrece
una forma de realizar operaciones primitivas de mantenimiento en sistemas
DECnet. Por ¢iemplo, puede usarse MOP para pasar una copia de la imagen dc un
sistcma a una ¢stacion de trabajo sin discos

ruiltiplex Lo colocacion de maltiples sefiales en un solo canal.

multipoint line Linca multipunto. También ltamada muitidrop line: linca de
miluples puntos de enface. Linca de comunicaciones con multiples puntos de
acceso al cable,

MSAU Autustation Access Umitr.- Unidad de acceso a estaciones multiples. Véase
MAU

mulitivendor network Red de varios fabricantes  Red que utiliza equipo de més de
un fabricante. Estas redes tienen mis problemas de compatibilidad que las de un
solo fabricante o distribuidor.

MSM Servidor de terminales Cisco basado ¢n un chasis M

MTU & faximum Transmission Unit - Unidad de transmision maxima. Se refiere al
paqucete de tamaiio maximo, ¢o bytes, que una interfaz en particular puede mancjar.

mie-law Les mu - Estindar de compresion y expansién (companding)
norteamericano usado cn converstones cntre seiales analdgicas y digitales en
sistemas PCM.
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NOC | dave MO

NP Neowerh Controd Program Progenma de control de Tyred En SNAL se rehere
a los programas que asignan rutas y cantrolan ¢l fluto de ditos entre un controlador
de comummicaciones (en el enal residen) v otros recugsos de o red.

N Red nmpcersitara RIponesa guce interconeety mamframes (prandes
computadornsy medhanie X 25

NACSIS Nanened Ceme rfor Science Tnformationr Sedems Centro nacional de
sisternas de informacion sobre ciencia, Red japonesa considerad:y sucesora de N-
NDIS Network Drver Interfoce Speaificationt Espeailicacion de iterfaz del
mancpador de lared Producida por Microsoft es la espeaificacion de un mancjador
de dispositinos para Gretas NIC, de apa general ¢ independsente del hasdwaie v
tos protocolos

Nagle's alporithm Alporitmo de Nagle Se trata en reahidad de dos alpontmos
diferentes de control de congestionanento gue s¢ pueden eplear en redes basadas
en TCP U atgorimo reduce Ly ventia de envios micniras que el otro lunita los
datagranmus pequeiios

neighboring routers Rutcadores vecnos En OSPE we reficre a dos enrutadores que
licnen nderfces a una red comuin En redes de acceso maltiple. los vecinos s¢

descubren en forma dimimica mediante ¢l protocolo Hello de OSPF.

rame resolution Resolucion de nombres En forma general, ¢l proceso de asociar
un nombire con una lacahdad de la red

NET Network Fonoe Trde Titulo de entidad de red, Direcciones de 1a red definidas
por laarquit ara de redes 150 y empleadas en redes basadas en CLNS

name server Scrvidor de nombres Scervidor que fa red ofrece para resolver nombres
de la red v asociarlos con locahidades (dirceciones) de In red.

narrowband Véase baseband

NetBIOS Nevwork Berae fnput OQwipaet Svstear Sistema bisico de entrada/salida de
red lunterfay de la capa de sesion para redes de PC. producida por 1BM y AMicrosoll

NAU Network Addressable Unit- Unidad direccionable en la red Término SNA
para las entidades dircccionables  Entre los ejemplos se incluye PU, LU y SSCR.

NerCentral Producto de sofltware de Cisco que ofrece una herramienta de alto
rendimiente para ¢l manggo de imeiconexion de redes diversas NetCentral csté
basado en SNMP y una basc de dalos relacionar de Sybase. y opera en estactones de
trabajo Sun

NAUN Nearest Active Upstream Neighbor Vecino active mas cercano a 1a fuente,
I redes Token Ring o IEEE 802 3 se reficre al dispositivo de la red que adn estd
activo v que ¢s ¢l mas cercano al que actiua como punto de referencia.

NetView Arquitectura y aplicaciones relacionadas con manejo de redes IBM.

NetWare Desarrollado y distribuido por Novell, Inc, sc trata del sistema de
archivos distribuidos mas popular cn Ia actualidad  Ofrece acceso transparente a
archivos remotos y muchos otros servicios distribuidos de redes

network Red  Conjunto de computadoras y otros disposilivos quc son capaces de
comuniciirse entre si empleando un medio reticular

Procedure Call: Llamada remota a procedimientos), y otros. Esos protocolos son
patie de una arquitcctura mayor que Ia cpresa Sun nombra como ONC (Open
Network Computing)

Network address Ditcccion de la red  También Itamada protocolo de 1a red
(Nctwork protocol), es una direccion de la capa de red (network layer) que se
reficre a un dispositivo 10gico, no fisico, de la red.

NIC Network Interface Controller. Controlador de interfaz de red, o Network
Intctface Card: Tarjeta de interfaz de red  Véase adapter. También es el acrénimo
de Network Information Center: Centro de informacion de redes. Exisien muchos
centros de informacion de redes para la comunidad Internet que ofrecen ascsoria a
usuarios, documentacion, capacitacion y olros serviclos.

network administrator Administrador de la red. Persona que ayuda a mantener la
red nelwark analvzer Analizador de la red  Dispositivo de hardware/ software que
ofrece algnnas caracteristicas de solucidn de problemas de 1z red, incluidos
decodilicadores de paqueles de protocolos especificos, pruebas de crrores
preprogrnmadas, filtrado y transnusion de paqueles
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N-ISDN Namrow -band ISDN - ISDN de banda angosia

NIS T Natonal Instine ofstandards and  Technology - Insiinio nacional de
estindares estiandares v teenologun pobicino de

Network Information Center Contro de imformacion sobre redes Localidad que
controla el aceeso a los RECy mds iformacion sobie Internet. Normalmiente s¢
congee comao NIC

AMS Network Manapement Station Estacron de mianeqo de red

Sistema responsable del maneso de al menos una parte de la red Generalmente se
tratn de ung computadora poderosi s bien equipada como por cpemplo una cstacion
de trahao de mecmieria con pantalli de color de alty resolucion. gran caniidad de
memorer y de espacio en disco v an procesador ripudo as NMS se comumean con
apentes para Hevar ¢l control de las estadisticas v tecursos de T red

Network tayer Capade red Capa 3 del modelo de referencia OSD La capa 3 ¢s cn
donde ocurre ¢l crnutanento

metwork management Manejo de red Termmno penenco que deseribe sistemas o
acciones que mvidian a mantener, caractenizar o arreglar una red Es un 1opico
wmportante en el campo mas peneral de 1as redes

NMVT Nenvork Management Vectar Transport Transporte seclonal para mancjo
de red  Mensaje SNA compuesto de una serie de sectores con iformacion
cspecifica sobie el mingjo de 1a red.

NOC Netork Operations Center - Centro de operaciones de red Organizacion o
sitio responsable del manienmmiento de una red

Node Nodo  Térnuno genérico que se reficre a unia entidad que pucde tener acceso
aunia red  Se usi también el térnuno device disposiivo,

noise Ruido  Scnales indescadas on ¢l canal de cormumcaciones

Northwest Net Red del noroeste Red regronal Tinancrada por NSE que da senacio
al noroeste de Tos Estados Umdos, Alaska, Montana v Dakota ded Norte  Concecta
tadas Tas principales v ersidades de la region y muchas importantes industiias,
talcs como Bocing v Sequential Computer

.y
NOS Network Operanng System Sistema operativo de red. Término genérico para
relentese a lo que en reahdad son sistemas distribuidos de archives. Ejemiplos de
esto incluven NetWare, VIN-ES de Banyan, NES ¥ LAN Manager

NPDN Red publica de conmutacion de circuitos a baja velocidad en los paises
nardicos

null modem Modem nulo  Pequefia caja o cable usado para conectar dispositivos
directiamente mis que mediante una red.

Numeris Red piblica 1SDN en Francia

Nyquist Sampling Theorem Teorema de muestreo de Nyquist. Teorema
demostrado por H. Nyquist que indica que es posible reconstruir sefiales analdgicas
a partir de muestras si se toman suficienies de cllas

NYSER Net Red del Estado de Nueva York con una red fundamental (backbone)
TT que interconecta fa NSF, muchas universidades v varios complejos comerciales.

(51 Open System Interconnection  Interconexion abierta de sistemas Programa
internacional de estandanizacion, apovado por iSO y CCITT, para desarrollar
cstandarcs para redes de datos  Facilita 1a interoperabilidad de equipos hechos por
diversos fabricantes,

ohject instance instancia de objeto. Término de mancjo de redes referente a una
instancia de un lipo dc objcto al que sc ha asignado a un valor.

OSINET Asociacion internacional disciiada para promover a OSI en arquilecturas
de diversos fabricanics.

ODA Office DocumentArchitectire  Arquitectura de documentos de oficina,
Estindar OSI que especifica como transmitir documentos clectrénicamente.

081 Reference Afodel Modelo de referencia OSI Modcelo de arquitectura de redes
desarrollado por ISO y CCITT. Consisle cn sicte capas, cada una de las cuales
especifica funciones particulares de la red, fales coma direccionamicnto, control de
flujo, control de crrores, encapsulanuento, transferencia confiable de mensajes y
muchas otras. La capa mis altatapplication laver capa de aplicacion) cs la mis
cercana al usuario. La capa mas biaga (physical laver capa fisica) cs la mas cercana
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alinteenologia del medio lisico B modelo de relerencin OSHes muversalmenie
nsado como métode de cosenar v entender B funcionahidad de fas redes

OIM OSI fntemer Monagement Nangjo Internet OSE Grupo de trabajo para Ly
espectlicacion de Tormas cn que pueden usarse protocolos de manejo de red OS] en
edes TCP/IP

ONC Open Nemork Computing Computacian en redes abiertas Arquitectara de
apheaciones distribudas Tundada por Ly empresa Sun Mhicrossstems v actoalmente
contratad: por un cansorcio encabesade por Sun Los protocolos NFS son parte de
ONC

OSPF Open Shewgest Padhr Facst La tiavectona abienta mis corta primero
Algoritmo de enmitamicnto erirguuico 1GP de estado de enlice propuesto como
sucesor de RIP en Ly comumidad Internet Sus caracteristicas incluyen enrutannenio
de coslo minmmo enmtamiento de camino maluple v halancen de cargas Se denva
de una version imesal ded protocolo OS1IS-1S

Open architecture Argquitectuen abierty Arquotectura para la cual tereeros pueden
desarrollar productos fepalmente. v de Lo gue existen especificaciones de dommmo
publico

Outframe OQuistanding frames Marcos pendicntes, Maximo namero de mitrcos
pendientes pernitidos on v senvidor SNA PU2 e alginm monmento

Open circait Circuito abrerto Travectonia cortada cn un medio de transnusion
Normalmente impide 1 comumcacion cn la red

out-of-bund signaling Scializacion fuer de banda Transmision que usa
ficcuenciag o canales fuera de los empleados para transfetencia de informacion
Suele usirse para reporte de errores en situaciones cn las que la sefializacion dentro
de banda puedce ser afectada por los problemas que la red esté experimemado

optical fiher Fibra dptica Viéase fiber-optic cable

Pacing 'yso Térnunoe cmpleado por IBM para of contiol de fhigo - Veéase flow
control

packet Paguete  Agrupanuento logico de informacién que incluye un encabezado
(headery v {normalmente) datos del usuatio. Véase también frame, datagram,
scgmcnt, message

packet buffer Buller de paquetes  Viase buller

packet switching Conmutacion de paquetes. Red en la cual los nodos comparten el
ancho de banda porque mandan unidades logicas de informacion (packels) en
formia intermitente. 13n contraste, uni red de conmutacion de circuitos (circuil
switching) dedica un circurto a la ver para la transmision de datos.

PACNET Red de paguetes de Nueva Zelanda,

PAD Packet Assembler/Disassembler.- Ensamblador/desensamblador de paquetes.
[hspositivo usado para conectar dispositivos simples (como por gjemplo, terminales
que trabajan en modo de caractleres) gue no ticnen capacidad de ensamblar ni
desensamblar paquetes, a redes X.25 El PAD sirve como buffer para datos
cnviados culre las miquinas anfitriones y las terminales en una red X .25 , como se
definc en las recomendaciones CCITT X 3, X 28 y X.29.

PAM Pulse Amplitude Modulation  Amphitud modulada por pulses.
Esquema de modulacidn en el cual se hace que 1a onda moduladora
module la amptitud de un tren de pulsos.

PCM /’uive Code Modulation: Modulacion por codigo de pulsos. Transmisién de
informacién analdgica en forma dignal mediante muestreo y codificacidn con un
namero fijo de bits.

puqucte | ¢ase packet.

Parallel transmission Transmision paralela, Transmision simultanea de todos los
bits que forman un byte o un caricler Véase también serial transmision
‘transmisién seric.

Puarity check verificacion de paridad  Proceso para verificarla integridad de un
cariacter  Consiste en afiadir un bit que hacia que ¢ namero total de bits binarios
¢ | cnun caricier o en una palabra (cxcluyendo al bit de paridad) sca impar (en
"odd parity " paridad 1mpar) o par ten “cven parity*. paridad par).
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Path controcer Capa de control de tenvectorie: Cipa 3 en el modelo
arguuectomeo SNA, Seirata de B capa SNA que enruta paqueles cn una
mtereonexton entre redes

path controf network Red de conmrol de tinectorins Concepto SNA consistenic cn
compaonentes de menor mvel gque controlin ¢l enratmimento v ¢t finjo de datos a

tran €s de una red SNAC v que manegan L transnnmsion fisica de ditos entre los nodos
SNA  Contrasta cont las NAU, que ofreeen senvicios de miis alto nivel

PBX Provare Brandh eelanee Conmtador privado - Conmutador telefonico cn
las wstalaciones del usnano

PCT Protocol Conteed [nformation - Infornacian de control de protocolo. El
equnalenic OSF del iérmuno “header” encitbeszado  Es la informacion de control
que se anade 2 los dios del nsuano para formar un paguete 051

pilu de protecalos éae Protocol slack

presentation laver Capa de preseniacion Capa 6 del modeto de refercncia OS5l
Esta capa de encarga de T sintasis de los ditos intercamibiados entre dos entidades
de la copa de aphicacion,

ping Stibido  Asiso de paquete Imemet Se refiere al mensage de eco [CMP v a1 su
comestacion Sucle usarse para probar ¢l grado de alcance de un dispositivo de la
red.

presentation Services layer Capa de presentacion de senvicios Capa 6 del modclo
arquilectonico SNA - Véase presentation Laver

pingponging Frasc usada para descnbir las acciones de un paquete cn un ciclo
{loop) de ennnamicnto de dos nodos

PRI Promary Rate Interface: Interfaz de tasa primana Interfaz ISDN de acecso a la
tasa primaria. Este acceso constste en un unico canal 1 de 64 Kbps mis 23 {en ¢l
caso de | 36 Mbps) 0 30 (cn ) caso de 2.048 Mbps) canales B para vor o ditos

poison reverse updates Actnahzaciones enreversa Actuithzaciones de
enrutanenta que mdicon especificamente que una red o subred ¢s inalcansable en
tugar de stmplenente ymphcarlo al no incluirla ¢n las actuahzaciones. Estas
actualizaciones s¢ envian para acabar con Ciclos grandes de enrutamicnto Biyo cl

o

g

«apuesie de que mayores métricas de bits de la capa de enlace, tales coma #1L.Cy
SPLC. esia estacion que enrutamicnlo normalmente indican la existencia de ciclos
de cnritamiento (toops). los protocotos IGRP de Cisco envian actualizaciones ¢n
revers:a si una métrica de enrutamicnto sc ha rncremeniado enun factorde 1 - 1 0
nuis-polling solicitud de datos mediante encuestas Método de acceso cn ¢l cual un
disposilivo primario de Ia red averigun, en orden, si los secundarios ticnen datos
por transmitir. Las solicitudes. averignactones o encucstas suceden ¢n forma de
mensajes a cada sccundario. lo cual les da ¢l derecha de transmitir,

print Server Servidor de impresoras Sistema de computacion en red que recibe,
mangja ¥ ¢jecuta (o cnvia para su cjecucion) los pedidos de impresion de otros
dispositivos de s red.

port Pucrto. Interfaz, en un disposiivo de Interconexion de redes (como por cjemplo
un cnrutador) En (erminologia 1P, pucrto tambicén sc usa para especificar el
proceso de recepeton de las capas superiores.

PPP Point-to-Point Protocol: Protocolo de punto a punto. Sucesor de SLIP, este
protocolo efrece concxioncs de enrutador a enrutador y de anfitrion a red
cempleando circuitos sincronicos y asincronices. Véase también SLIP.

probe Pratocolo de reselucion de dirccciones desarrollado por Hewlett-Packard.

propagation delay Tiempo de propagacion. Tiempo requerido para que los datos
en una red viajen desde el origen hasta ¢l destino final

protacol - Protocolo Descripeion formal de un conjunto de reglas y convenciones
que gobiernan la forma en la que los dispositivos de una red intercambian
mformacion

PSTN P'ublic Switched Telephone Network. Red pablica telefdnica conmutada. Sc
rchiere a 1a red telefénica.

protocel address Dirccaidn de protocolo. Veéase network address,
protoced stack Pila de protocolos  Capas de software de protocolo relacionadas que

Juntas funcionan para realizar una arquitectura especifica de comunicaciones. Los
cicmplos incliven AppleTalk, DECnet v muchos otros.
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PU 2 Plnacad Do 21 Thadad fisiea X 1. Dipo de PU gue se puede coneetar
directamente o olros nodos PLU 2|

protocol tramstator Traducton de protocolos Dispositivo o software de la red que
capvictte de un protocalo gy otro stmtlar Por ¢jemplo, el CPT Cisco eleetin
comersiones entre X 25 PADy Telnel

puente Tease brdpee

PUP PARC ! nnversal Promcod, Protocolo unnersal PARC Protoeolo desarrollado
cnel Centro de Investigaciones Xeron de alo Ahe Caliform s que ¢s stnilar a

1

proxy Apodernd Enndad que, por motnos de eficienaa, esencralmente ocupa cl
lugar de olra

PVC Pevmanent Virtdd Cooet Corenito permanente virtual Ton forma genérica se
refiere a un cirato vininal establecido en Torma permanente Los PV ahornn
ancho de banda asoctado con el establecnmiento v chimimacion del circmto en
sttuaciones cu donde crerlos cireuttos virtuales deben existir todo ¢l henpo

Provie ARP Vanoeion del protocolo ARP en el que un disposiino de otro fabricante
{por ggemplo. un entutadory se hace pasar como un nodo final enviando al anfitrion
que 1o solicitae una respuesta ARP 1 cargo de ese nodo final (que tal ves no sepa
como usar ¢l enutadory Esto puede ahotar costos al dismmns el uso del ancho de
banda en rccunsos caros, Lales como los cnliaces WAN de bapa velocidad

PSN Packet Swatch Aade Nodo de conmutador de paguetes Conmutador de
prquetes Internet Fambién se reficre a nn nodo de conmutacion en la arquitecturs
X 25 Usualmente. ¢l PSN es un DCE (Data Commumcation Equipment Eqguipo de
comunicacion de ditos) que peraite conexion a un DTE (Data Terminal
Equipment: Equipo terminal de datos)  Véasc tamhién X 25 El acréonimo también
se usa conimente como expansion de "packet-switched network™: red de paquetes
conmutados

Q0S8 Qualiny of Service Cahdad del servicio Medida del desempeiio de un
sistenr de transntiston guee considera [a cahdad de La ttansnusion v
dispoibihidad del servicio

query Preganta Mensage usado {usnalinente en un protocolo de pregunta-
respuesia) para preguntar cl valor de alguna variable o seric de variables.

guene Cola BEn forma genénea se reliere a una lista ordenada de clemnentos que
¢speran procesamicnto  En enratamicnto indica un conjunto pendicnte de paquetes
que esperan ser enviados a una interfiay del enrutador

queneing theory Teoria de colas  Principros cientificos que gobiernan la
formacion o falta de formacién de congestionamicnto cn una red o en una inferfaz.

RACE Programa curopeo de investipgacion y desitrrollo en comunicaciones
avanzsadas  Provecto desarrollado por [a comumdad curopea para el desarrollo de
capacidades de red de banda ampha

RADIO AUSTRIA PSN austriaco

RARE Rescaux Assocres pour la Recherche Europeene: Asociacion curopea de
wmsversidades y centros de investigacion disefiada para promover una
infraestructura de telecomunicaciones avanzada en la comunidad cientifica
CUTOPCTH

RARP Reverse Address Resolution Protocol Protocolo tnverso de resoluciéon de
direcciones  El inverso [ogico de ARP, que ofrece un método de encontrar
dirccciones [P basado en direcciones del medio.

RBOC Regional Bell Operating Company: Compailia operadora regional Bell.

Una de las sicte compaiiias telefonicas creadas luego de la separacion de AT&T en
1984 A vcees también se conocen como Regional Bell Holding Companics. Véase
tbién BOC

reassembly Reensanible  La reconstitucion de un ditagrama IP en el destino luego
de que se fragmento en la fuente o en un nodo intermedio.

red Véase network

redirect Redirigir - Parte de los prolocolos ICMP v ES- 1S que permite a un
cnrutador avisar a la maquina anfitriona que seria s cfectivo usar otro enrutador.

redirector Redirector Software que intercepta los pedidos de recursos en una
computadora y analiza sus requeinnicnios de acceso remoto. Si hace falta acceso
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remoto pari seoskacer ol pedido, el rediector Tonma una RPC s ka manda al
protecolo de soltware de Tas capas mlenores para que se tinsmiia en lared hasta el
nodo gue puede satisfacer ¢l pedido

Ri-Radio Frequeney Rachiolrecucncia Término penérico que se reficre a las
“lrccuenctis que corresponden i las trunsnnsiones de radio Fai television por cable y
las redes de binda ampli usan tecnologia RF

RFC Request For Comments: Soheniud de comentanos Documentos cmpleados
como ¢! medio primano de comumcacion de imformacion sobre Internet Algunos
REC son designados por TAIR como "Estandares Intemet”™ La mayoria documentan
espectficaviones de protocolos como ‘Tetnet v FIP aunque algunes son en broma o
de caticter nstanco  Estan dispombles a trnés de los Centros de Informacton de Ia
Red Interngt

redistribution Redistnbucién El permutir que Ly informacion de enrutanucento
descubiertit medmmte algan protocolo de enrutanente sea distribuida en los
wensaes de actializacion de otro protocolo de enntarmento

redundancy Redondineia En telefonia, es Ly pane de [y informacion total
contemda en un mensaje que se puede chmnar sin pérdida de mformacion o
significado csencial Fin computacion, son fos clementos mdtiples (redundantes) de
un sistemi que clectaan 1o nusma funcion

RG-58 Cable coaxial de 50 Ohms de impedancia Es empleado por 10BASE2 de
IEEE 802 1

RG-62 Cable coaxial de 93 Ohms de impedancia Es empleado por ARCncet
refay Relevador Terminologii OSI para el dispositivo que conecta dos o mds redes
o sistemas de redes Un relevador de 1a capa 2 es un puente Un relevador de la

capa 3 ¢s un cnrutador

RIF Routing Information Field Campo de informacidn de enrutamiento Campo

en ¢l encabesado IEEE 802 5 que es empleade por un puente de ruta luente (source-

route bridge) para determimar ¢l segmento de 1a red Token Ring por el que debe
transitar un paguete Bl RIF consiste en un nimero de amllo s de puente. ademis
de otra informacton

remote bridpge Puente remoto Pucnle que conecta scpmentos ﬁsicamcnlc‘%«érenlcs
de la red mediante cnlaces WAN

repeater Repelidor Dispositive que regencra y propaga seitales clécetricas entre dos
segmentos de la red

RIP Rowting Information Protocol Protocolo de informacion de enrutamiento. IGP
proporcionado con los sistemas UNIX de Berkeley Es ¢l IGP mas comiln en
Intcrnel

Request/Response Unit Unidad de pedido/respuesta Véase RU.

R ing group Grupo de anille Conjunto de mterfaces Token Ring en uno o mis
enrmtadores Cisco, que son parte de una red Token Ring con pucnigs.

reverso channel Canal en reversa Véase back channe!

route extension Exiension de rula Fin SNA, trayectoria del nedo de subérea de
desting, a través del equipo periférico, a un NAU,

Ring latency Espera en ¢l anillo ‘Tiempo requerido para que una seifial se propague
una vez alrededor de un anillo en una red Token Ring o IEEE 802.5

route processor Procesador de ruta En la arquitectura de hardware Cisco, es una
tarjeta de procesador que delermina rulas y ejecuta procesos de configuracion,
scguridad, contabilidad, correccién de errores y mancjo de red. También ¢s llamado
procesor supervisor. El equipo CSC/3 es un procesador de ruta.

ring topology Topologia de anillo Topelogia en ta que la red consiste cn una serie
de repetidores conectados entre si por enlaces de transmision unidireccional para
{formar un anillo cerrado unico. Cada estacion cn la red se conecta con un repetidor.

RJ-11 Concctores estandar de 4 hilos para lincas telcfonicas.

router Enrutador  Dispositivo de a capa 3 OSI que pucde decidir cual de varios
caminos debe scguir ¢l trafico de la red, basindose cn alguna métrica optima.
Tambien sc conoce conmo gatcway scrvidor de inlercomunrcaciones {(aunque csta
defimcidn de gateway ya casi no se usa)  los enrutadores eavian paquetes de una
red i ol basados en Ly informacton de 1a capa de red
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RJI-45 Conectores estindir de ¥ Iilos pira sedes B0 BASES  de [EVE
RO St AN)  Tambidn se nsan como lineas de teléleno ¢n algunos casos

RIE Remote dob Paev Entrada remota de teabagos Acromimo deirdo por [BM
tue se oreficre a wna aphcacion par lotes (batch) en higar de o una de tipo
mterachno - En dos cntornos RJE se someten los trabagos o computadora v los
restliados sereciben despucs

ronting Fantuniento Proceso de encontear un camine hacit ¢l anlitnon de
destmo  Fnolas grandes redes ¢l entutanuento es v complejo debido o los
nuchos destines mtcrmedios potenciiles que wn paquete piede aleanzar antes de
Hepar a su anfitnon de desono

rlogin Progema de cmulicion de termmmales, simithar a lelnet gue se ofrece en ia
nunain de los sistemas UNIEX

remting bridge Puente cnratador  Pucnte de la capia MAC que usa métodos de Ia
capa de red para determnan Btopatogin de Ly red

ROSE Remaore dperations Service Element - Elemento de senvacio de operaciones
remolas s el mecanisio RPC de O8] usado por vanos protocolos de apheacion
de red OSI

Roure Ruty Uenvectoriy o camino a ininvés de uni mterconesion de redes

routing protocol Protocole de enrutamiento  Protocolo gue hace enntamiento
medhante Ly implamtacion de un algoritmo cspecifico Ejemplos de prolocelos de
cnrutaricnto son RIP, QOSPF ¢ IGRP

Reuted protocol Prolocolo enrutado  Protocolo que puede ser enmitado por un
enrutador  Pary cnrutarlo. ¢l enrutador debe entender Ta inferconexion 1ggica entre
redes como la pereibe el protocelo Ejemplos de protocolos enratidos incluyen
DECnet. Apple Talk ¢ IP

roating table Tabla de enrtzimiento  Tabla almacenada e un enrutador o en
alpon otio dispositivo de 1ns redes. que Heva cuenta de 1as mias (v, en alpunos
casos de suometniea) hacin destimos parhicelares en i red

SDLC Transport Pransporte SDLC Caracteristica de os enrutadores Cisco
mediante L cual ¢s posible integrar diferentes entornos en una sofa red cmpresarial

amplia de alta velocidad Los enrutadores Cisco pueden hacer pasar cl trafico
SDLC ongmal a trands de enlaces seric de punto a punto, y multiplexan el demds
trifico de protocolo sobre los mismos enlices, Esos enrutadores también pueden
encapsular marcos SDEL.C dentro de datagramas [P para transportarlos a redes
arbitranas (que no scan SDLC)

sampling rate tasa de muestreo. Tasa a la cual s toman mucstras de 12 amplitud de
alpiuna forma de onda en particular.

SAP Service Acecess Poing Punto de aceeso al servicio, Interfaz entre capas OSI
advicentes. También se refiere a Senvice Advertisement Protocol: Prolocolo de
anuncio de servicios, un protocolo Novell mediante el cual se hacen conocidos a los
cticntes recursos de Ia red tales como servadores.

SDLLC Caracteristica mediante 1a ceal se realiza una traduccion entre SDLC e
IEEE 802 2 1po 2.

secondary station Estacion sccundaria En protocolos de capa de enlace sincronicos
por bits, como HDLC, es una estacidn que responde a las ordencs de una estacion
primaria Véasc primary station,

SAPONET-PPSN de Sudafrica

satellitc communications Comunicacioncs por salélite. Uso de satélites en 6rbita
geoestacionana para (ransmitir datos entre multiples estaciones terrcnas. Las
comunicaciones por satélite ofrecen gran ancho de banda,costo no relacionado con
la distancia entre las eslaciones lerrenas, retardos de propagacion relativamente
grandes, ¥ capacidad de difusién(brondcast).

security management Mancjo de 1o scguridad. Una de las cinco

categorias de mancjo de redes definida por 15O para ¢l manejo de redes OS1. Los
subsistemas de mangjo de la seguridad son responsablcs de controlar el acceso a los
rccursos de i red.

segment Scgmento Término usado cn la especificacion de TCP para describir una
unidad de informacion de la capa dc transporte

ST Sernial-Port Comununications Interface Interliy de puerto serie de
comnmicacrones Tarjela de inlerfiy de enrutador Cisco con conexiones 1ipo scric.




seriad tramsn. con Bransnision sene Metodo de temsnusion en ¢l cual los bits del
caracter de datos se transnuten secuenciahmente en nncanal Véase tambuén
parallel transnmssion

SDEC Syinchroneus Data ik Control. Control sineromco de enlace de dalos
Mrotocole TBM sincranmico por bits de [ capi de enlace que hi dado lugar a
nuincrosos protocolos simlares, meloyendo HDLC y LAPRB

server Scividor Nodo o propeama de sollware que ofiece servicios a un chente
Véase tambien back end v chemt

Service Advertisement Protocol Protocolo de anuncio de seivicios Téme SAP

service point Punto de servicio Tnterfay NetCentral de NetView . capas de eoviar
alertas de equipo desconocrdo para el entorng SNA

sivtema autonome | éaaw AN

sliding wisdow flew cantrol Control de Thigo de ventizr movible Método de control
de Muyo en el gue ¢l receptor day al transonsor permisode transnnnr datos hasta que
a ventam se Nene Cuando esto sucede, el tansmisor debe detenerse hasta que el
receptor anuncie una seitany mivor TCP, otros protocolos de transporte v vanos
protocolos de la ciapa de enlace nsan ¢ste método de control de fMlujo

servider Véase senver

session Scston Conjunto de transacciones retacionadas que suceden entre dos o
mis dispositivos de la red En SNA, es una conenion 1ogich que permite a dos
unidades NAU comumcarse entre si,

SLIP Serwad Lane 11' 1P de linea seric Protocolo Internet usado para ejecutar 1P en
lincas tipo scric. como las de los circuitos tclefénicos

session layer Capa de sesion Capa 3 del modcelo de referencia OS1 Coordina las
actividades de Ly sesidn entre aplicaciones. incluvendo control de errores del nivel
de aplicacion. contiol de diilogos v [amadas remotas a procedimucenios

slotted ring Ao tanuado Arguitectura LAN basiada en nna topologia de amillp
en donde ¢sie se divide en ranuras que circulan contimuamente Las ranuras pueden
estar llenas o vacias, y 1as transmisiones deben comenzar al imcio de una ranura

o
shielded cable Cable blindado. Cable con una capa de aislamicnto para reducir la
mterferencin clectromagnetica (EMD

SMB Serverdessape Block Blogue de mensayes de servidor. Protocolo de sistema
de archivos usado en LAN Manager v sinulares para empacar datos ¢ intercambiar
mformacion con otros sistemas

shortestpath ronting Enrutamicnto de cinuno minimo. Enrutamicento que mediante
la aplicacion de un algoritmo minimiza ¢l costo de 1a distancia o de la trayectoria,

SM DS Swrtched Afultimegabit Data Service: Servicio de datos conmutados
multimegabit. Teenologia WAN hasada en datagraimas y que emplea conmutacion
de paguetes a alta veloadad  Es oficcida por las compafiias telefonicas.

signaling Scializacion Proceso de enviar una sciial de transmision en un medio
fisico para proposiios de comuniciacion

simplex transmission Transmision simplex  Transmision de datos en una sola
direccion.

SMI Structure of Management Informanon: Informacién de estructura de manejo.
Documento (RFC 1155) que especifica reglas usadas para definir manejo de objetos
en la basec MIB.

single mode fiber Fibra dc modo (inico. Fibra de didmetro relativamente angosto, a
través dc la cual sélo sc propaga un modo. Ticne un ancho de banda mayor que la
fibra multimedal, pero requicre una fuente de luz de espectro reducido (por
cjemplo, un laser)

SMT Station AManagement - Mancjo de 1a estacion  Parte de la especificacién
FDDI que maneja estaciones en cl antlio, como se define en la especificacion
X319 5

SMTP Sunple Mail Transfer Protocol. Protocolo sencillo de transferencia de
corrco Protocolo Internet que ofrece servicios de corrco clectronico.

SONET Nvichronous Optical Nevwork Red dphica sicronica. Red sincronica de
alta velocidad (hasta 2.5 Gbps) aprobada comeo estiindar internacional en 1988 Las
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compaiias regtonales Bell tRBOCY pueden volverlo popnlar como el sisterma de
tansnmisiones de SMDS

SNA Svstems Setwark Urchitectine Arguitectura de redes de sistenas
Arguitectura prande compleray con miltiples caracleristicas, desarrollada en fa
dccada de 1970 por 1BM

sonrce address Dhreccron fente Direccton de nn dispositive de L red que hace
civios

SNADS SNA fivrthstion Services Senvicios de distiibacion SNA - Junto con
Document Interchanpge Architecture (DIA) Argquiectara de iercambio de
documentos, s Ihstnibuted Data Management {(DDAMY Manejo de datos
distribindos, ¢s una de las tres arguitecturas de servicios de trnsaccodon SNA
OMrece distnbucidn asincronica de infonmactdn entre usuanos finales

source-ronte bridging Pucnteo de ratas fuente Método de pucnico onginido por
BM cn el canl L anty completa a ne -l sino se predelermima cn iempo reaf antes
del envio de datos al destino Esto antraste con lransparent bridging pucnico
tnsparente en donde ¢l Puenteo ocnrre trayecto thop) por trvecto Tambén
canocido por las siglas SRB. es mids popular en las redes Token Ring

SNAP Sub Network lecess Protocol Protocolo de acceso a subred Protocolo
Intemet que opera entre una entidad de red el sistema final, y especifica un mctodo
estandar para encapsular datagramias 1Py mensajes ARP en redes IEEE La entidad
SNAP en ¢l sistema final hace uso de los senvacros de fa subred v electia tres
funciencs cline transferencia de datos, mancjo de conexiones v seleccion de la
calidad del servicio

source-ronte translational bridging Pucnico de rutas fuente con traduccion A
veces conocido como SRiTLB, ¢s un método de Puenico cn ¢l cual [as cstactones de
rulas fucnte pneden comunicarse con estactencs de puente transparentes con cl
auxilio de un pucnic intermedio

source-ronte transparent bridging Pucntco transparcenic de nitas fncote Lsquema
de Puenteo propucsto por IBN, que itenta reumir Ias dos estialegias prevalecicnies

de Puenteo {tramsparente. v de nitas luente) SRT, como a veces se le conoce,

emplea ambas leenologias en un mismo dispositivo para satisficer Tas necesidades

de todos los hodos Nnales No se hace traduceidn entre los protocolos de Puciteo, a
diferenicia de lo que sucede con source-toute translational bridging (SRI1T1L.B).

e

SNI SNA Nenwark Interconnection Interconexion SNA de red. Servidor de
interconnumcacion (gateway) [BM que coneeta miltiples redes SNA.

SNMP Sunple Network Aanagement Protocol: Protocolo simple de mancjo de
redes El protocolo de mancjo de redes internet. Ofrece medios para scguir y
dcterminar 1a configuracién de la red v los parametros al tiempo de cjecucion

SPAN Space Physies Analysis Nenwork: Red de aniilisis de fisica espacial. Red de
comparacion de datos para proycctos ¢, instataciones de la NASA, con extensiones
a Japon, Canadd y niichos paises curopcos,

socket Recepticulo. Estructura de sollware que opera como punto final de
comunicaciones cn un dispositivo de red.

span Tramo  Linca de transmision digital full diaplex entre dos medios digitales.
SRT I'éase source-route transpatent bridging
SR/TLB Viase sourcé-roude translational bridging,

spanning tree Arbol abarcador, Subconjunte sin ciclos
de 1a topologia de una red

SSCP System Services Control Pomt: Punio de control de los servicios del sistema.
Punto focal cn una red SNA para el mangjo de la configuracidén, que coordina al
operador de la red y los pedidos de determinacion de problemas, y que ofrece
servicios de directorio y otros scrvicios de sesién para los usuarios [inales de 1a red.

spanning tree algorithm Alpgoritmo de drbol abarcador. Algoritmo, cuya versién
original fuc inventada por DEC'. «ado para impedir ciclos de pucnteo mediantce la
creacidn de un arbol abarcador. Estd documentado cn la especificacion IEEE

802 Id, aunque en realidad el atgoritmo de DEC vy ¢l algoritmo 1EEE 802.1d no son
cl iismo ni son compatibles.

SSCP-PU session Scsion SSCP-PU Scsion empleada por SNA para permitir que
un SSCP mancje los recursos de un nodo a través de 1a PU Los SSCP pueden
enviar pedidos y recibir respuestas de nodos individuales para controlar la
confipuracion de la red.
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specid nmn'ﬁ*"_“I;:n::l:mnn desveloadades Caracleristicn que ofrece capacidades
sulicientes de almacenanuento (hulfer) en ¢l dispositino destina como para pernuter
gue uni fuenie de alta yelooidad tramsmita datos a s capacidad, aun
cuindo ¢l dispastiino de destine sea de menor selocidad

standard Vstindar Conjunto de reglas o procedimientos comimmente usados o
espeetficados ofictahnente Véase tambidén de facto siandard. y de ure standard

split horizent updates Actinhizaciones en el honzonte Téenica de enrulamiento en
i cnal se vmpade que Ly iformacion sobre las ratas salga de las iterfaces ded
enrutador a tranes del cual Tue recibide Fato es otil para presesr los ciclos de
cnrulamento

Starl AN Otio nombre para IBASES de [FFE RO2 3 Es una red local LAN
CSMA/CD promulgada por AT& T

spocter Aphcacion que mangga pedidos o trabiyos que se le pasian para su atencion

Los pediddos recibidos sc procesan en forma ordenadis o partir de una cela El primt
spooler (sistena de colias de npresion) cs tab ves el egemplo mis comun [N del T,
SPOOL ¢s et acrontmo de Simultancous Peripheral Operations On Line Operacion
simltinea de pertdéncos cn linca |

star topelogy Topologin de red  Topologii LLAN en la cual los puntos finales de la
red se conectian a un conmutador central mediante enlaces de punto a punto

start-stop transmission Transimision de anangue

SOQE Signal Ouahty Frror Error de calidad en fa seiiab Transmision enviada por
cl transcetver {transnusor/receptor) de regreso al controlador para indicarle que los
cureuttos de colisiones cstin funcionales También se conoce como heartbeal
{latidoy SRBVeéase source-route bndging

statie roufe Rula cstitict  Ruta que se imgresa manuglimente cn la tabla de rutas

statistical multiplexer Multiplenor esiadistico Equipo de multiplexaje que
damicamente asipna cipacidades troncales tan solo a1 los canales actnos de
entiadn penmniendo asi I conesion de mas dispositn os que conun nnlirplesor
tradicional  También se conoce como statistical e division-imnlnplesor o stal
i 0 >

«ore and forward Almaccna y cinvia, ‘Téemca de conmutacion de mensap...¢n la
cual éstos sc abmacenan temporalmente en puntos inlermedios entre la fuente y cl
destino, hasta que legne ¢l momento en que haya recursos de la red (cotno por
¢jemplo entaces hbres) disponibles para su envio.

STUN Seriaf Tunneling. Thncles scne Abreviatura empleada por Cisco para la
caracterisiica del enrutador que permite que dos dispositivos que funcionan con
SDLC o HDLC sc mictconccten mediante alguna topologia multiprotocolo
arbitraria (empleando enruladores Cisco). en ver de mediante un endace serie
durecto  Esto ofrece al admimstrador de la red flevibilidad en la configuracion.

subarea Subidrea  Porcion de una red SNA que constste en un nodo de subarca y
sus cnlaces y nodos periféricos asociados.

subarea Node Nodo de subdirca  Controlador de comunicaciones o anfitrion SNA
que mancja direcciones completas de fa red.

subchannel Subcanal, En la terminofogia de banda amplia (broadband), es una
subdivision basada cn la frecuencia, que crea un canal separado de comunicaciones.

sithnet mask Miscara de subred. Mascara de direcciones de 32 bits usada en IP |
para especificar una subred en particular. Viéase también address mask.

subnetwork Subred. Término empleado a veces para referirse a un segmento de la
red En redes IP ¢s una red que comparte una direccion de subred paniicular. En
redes OSI s un conjunid 'de ES ¢ 1S bajo el control de un dominio administrativo
tnico.y que ecmplea un inico protocolo de acceso a la red.

subvector Subvector. Scgmento de dalos de un vector en un mensaje SNA.
Consistc ¢n un campo de longitud, una lave que describe ¢l tipo del subvector, y
sus datos especificos.

SURAnet Southeastern Untversities Research Assoctation Network, Red de la
asoctacion de investigacion de las universidades del suresie [de los Estados
Unidos| Red gue interconecta maquinas anfitrioncs en doce estados del sureste de
los Fstados Unidos

SVYC Switched Virtued Crraiar Circuito virtual conmmado. Circuito virtual que
pucde cstablecerse en lforma dininaca por demanda Se contrasta con PVC.
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Switch processer Procesador de conmutacion B Larguetectura de hardware
Crseo. es uni tarjet de procesador de un bit (bt-shice) gque achia ¢como
adumumistrador de todas 1as acthividades del c3us Tambiense conoce como cbhus
centrotier

synchronization Sincromizacion Bl eslablecinuento de icmpos en convin para ¢l
enusor v el receplor

Svnchronons transmission | nsnuaon sincrome Operacion de un sistema de
red en donde los acontecamnentos suceden en nempos precisos

T1 Tenmnolopin Bell gue sereficre 3 un sistema de portadoray dogital usadit peies 1a
transmiston de datos o tewes de B ermguia elefomes Laveloadad de
(ransnision os de 1 504 Mbps

T3 Servicio digatal WAN que opera a -1 megabits por segindoe

TAC Termimal tocess Conprodler - Controlador de accese a las ternunales
Anfunon Internct que acepia conexiones termmales de lineas conmiutadas

TACACS Termimal-tecess Contraofierdocesy System Sistema de aceeso al
conirolador de acceso a bas terminales  Sistema desarroliado por [a comunidad de
I red de datos de la delensa |de los EEUUY para controliar et acceso a sus FTAC
Los productos Cisco lo mancjan

T-carrier Pontadora-T  Método de transnisiaon de multiplexacion por division de
bietpo quc usuabmente se reficre a una linga o cable que fleva una seiial DS- |
T-connector Concctor-T [hspositino en forma de T con dos concctores BNC
hembri v uno macho

TCPAP Transnission Control Protocol/Intemet Prolocol. Protocolo de control de
transnusiones / Protocolo [nternet. Los dos protocelos Inlernet mis conocidos, que
crroncamente suclen confundirse con uno solo TCP corresponde a la capa 4 (capa

de transporie) de! modelo de referencta OSI v ofrece transmision confiable de ditos.

iP corresponde a Ly capa 3 (capa de red) del meodelo de referencin O8Iy oficce
servicios de datagenmas s conevion TCP/AP fue desarrollado por ¢l
Departimento de La Defensa de los Estados Umdos en los anos 70 como apmo o fa
construccion de thierconenion de redes a escala mundial

TCU Trunh Coupling Umit- Unidad de acoplamiento troncal. En redes Token
Ring. ¢s un dispositive fisico que conecta una cstacion al cable troncal.

TDM tune Divrsion Afuluplexing - Muluplexaje por division de tiempo. Técnica en
Ia que puede asignarse ancho de banda a informacion de miltiples canales cn un
solo cable, basindosc en distnibucion de intervalos de tiempo ' .
TDR fime Domam Reflectometer - Rellectdmetro cn dominio de ticmpo.
I1spositiso capaz de enviar seiiales a trivés de un medio de red para verificar la
continuidad del cable v otros atributos  Sc emplean para localizar problemas de la
capa fisica de la red )

telecommunications Telecomunicaciones. Término referido a las comunicaciones
{que normalmenic involucran sistemas de computo} en la red telefonica,

TELENET PSN ﬁﬁl’)licb importantc cn los Estados Unidos.

tefex Télex  Servicio de teleniecanografia que permile a los abonados cnviar
mens:ijes en la red telefénica publica (PSTN).

Telnet Protocolo estandar Internct de emulacién de terminales.

time-out Suspension por tiempo terminado, Acontecimiento que ocurre cuando un
dispositivo de 1a red espera escuchar @ otro dentro de un periodo especificado, pero
cso no sucede La suspensién resultame normalmente causa una retransmision de la
informacion o bien la disolucion del circuito virtual entre los dos dispositivos.

termid También Hamado Xid, ¢s 1a identificacion de un cluster
controller(controlador de camulos) SNA  Solo ticne sentido en lineas conmutadas.

terminal emulation Emulacion de terminales, Aplicacion usual de redes en la cual
una computadora ejecuta programas «uc la hacen aparccer, ante una miquina
anfitriona de Ja red, como si fucra una terminal simple conectada directamente.

tn3270 Software de coulacion de 1erminales que hace que una lerminal aparezca
ante un anfitndn 1IBM como si fuera una ternnal 3278, modelo2. La realizacién

tn1270 de Cisco permite al usuario ¢l acceso a una

miquena IBM s (ener que usar un servidor especial IBM o una miquina UNIX

fue acline como scrvidor




terminad ser Senvdor de wrmusles Procesidor de comuniciciones que conceta
dispositnos asincronicos ot red LAN o WAN mediante software emulador de
termmales s de redes

Foken Ficha Marco {{tanel de mlormcidn de control cova posesion da aun
dispositivo de I red ¢l derecho a transonie

Fohen brs Arguiieciura de red LAN que emplea acceso tipo token passing en una
topologia de bus Esta strquatectu ¢s L base de 1y espeaificacion EAN 1EL1E 802 9

terminator Terminador Resistencia eléetnica ol final de uma linen de transnusion,
que shsorbe Tas seriades. cvitando asi gue reboten s sean oidas de nnevo por Lis
cstacrones de by red

TETP Trovial Fide Lramfer Protocol Protocole trivial de transferencia de archivos
Version staphificada de F TP que perminte transferencia de archivos de una
computador a otrin de fared THC over X 25THC <obre X 25 - Canacteristica que
olrece compreson de encabesados TCP/P en lineas X 25 para propositos de
chiciencia en los enlaces,

Token passing Paso de fichas Mdétodo de aceeso en el cnal losdispositiyos de b red
tienen acceso al medio fisico en un orden definido por la posesion de un

pequeiio marco (frame) hinkwdo token (fichay Véase también contention ¥ circuit
switching o

Token Ring Red LAN tipo token-passing desarrollada y mancjada por IBM Es
muy similar a Ly red LAN 1EEE 802 5

THERet Tevas Higher Feueanon Network - Red de educacion superior de Texas
Red regional compuesta de mas de 60 mstituciones académicas v de imestigacion
del estado de Tenas.

TOP Technical Office Protocol- Protogolo téenico de oficina. Arquitectura para
comutncactones de oficing basada en OS1y desarrollada por la compaiiia Bocing,

Thinnet Véase Cheapernet

throwghput Produccion. trabugo vl Cantidad de informacion que lega
posibletiente pasa. 2 un punto on particulas en un sistema de red

.-

tepalogia de bus Véase bus topology,

topology Topologia  Arrcglo fisico de los nodos y ¢! medio de 1a red dentro de una
cstrucinra empresarial de red '

TOS Tvpe of Service Tipo de senvicio Véase class of service.
TP Transport Protocol Class 0 Protocolo de transporte de clase 0. Protocolo de
transporte OS] stn conexiones para uso cn subredes contables definidas por [SO

RO73

w4 'l"r:linsporl Protocol Class 4 Protocolo de transporte de clase 4. Protocolo de
transporte OSI con conexiones defimdo por 1SO 8073,

trailer Elemento de ka cola  Informacion de control afiadida a los datos ¢n un
pagucle.

transaction Transaccion, Unidad dc procesamicnto de comunicaciones orientada
hacia los resultados.

transaction services layer Capa de servicios de transacciones. Capa 7 en el
modelo de arquitectura SNA. Véasce application layer,

transceiver Transmisor/receptor, Véase MAU
transceiver cable Cz_lblpi Transmisor/receptor.  Véase drop cable y AUL

transit bridging Pucntco de transito. Pucnteo que cmplea encapsulamicnto para
enviar un marco (frame) entre dos redes similares, pasando por una red diferente.

translation bridging Pucnteo con traduccion. Puenteo entre redes con protocolos
de subcapa MAC dilerentces.

transmision analégica Véasc analog transnussion
transmision asincrdnica VEase asynchronous transimission,

transmission confrol layer Capa de control de transmisiones  Capa 4 del modelo
de arquitectura SNA - Es Ia responsable de establecer, mantener y terminar las
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sestones SNA - de secueneiar los mensapes de datos, v del Huga de control de Ly
SCSI0N

tramsmission gronp Grapo de transmision - En enrotmmienio SNAL es uno o mis
cnlaces paralelos de comunteacion gque se tratan como ung entidad de
CONMIMICHIINCS L

TRANSPAC Red mmportante de paguetes de ditos francesa

tramsparent bridging 'uenteo transparenie Esquema de puenico prefende por
tedes Ethernet v [EEE 8023 enel cual tos puentes pasan log maicos un traveclo
thap) a Ty ver. basados en tablas gque asocin nodos lernmales con puertos del
pruemte Se Hame asi parque 1 presencta de los puentes temsparente para los
el ternumales de la red h )
transport Layer Capa de transporie” Capa 4 ded modelo de referenicia OSI Fs
respotisable de Ly comuntcacion confiable entre nodos terminales de la red  Realiza
los controles de fhge's de errores v suele usar cuctntos virtuales para asegurar
enlrega contiable de ditos

traps Trampas  Mensajes no solicitados enviados por un agenic SNMP a un
sistera de manejo de red (NMS) que indican Ly ocorrencia de un aconlecimienio
sigmficatne

tree topelogy Topolopia de drbol  Topologia LAN sumlar @ L de bus, exceplo que
Ins redes (ipa Arbo! 'si piseden contencr rmas  Como en la topologia de bus, las
transmistoncs de una’ estacion sc propagan por todo ¢l medio v son rccnb:d.m por
todas lias otras cslaciones "

TRouter Producto de Cisco capaz’de dar senvicio de enrutador y de lenminal.
trunk Troncal  Canal de transmision que conccla dos disposilivos de conmatacion

Twisted pair Par trenzado - Medio de transmision de relativa baja velocidad que
constste on dos cables aislados. en formit de esparal  [Los cables pueden o no cstar
bindados  Es muy cottin en aphicaciones de telefonin s cadi vers niis usual en
redes de datos

TYMXE 1 PSN pablico impartante en los Estados Umidos

Type I operation Operacion ipo i Operacion sin conexiones IEEE 802.2 {(LLC).
Tepe 2 operation Operacion tupo 2 Operacion con conexiones 1IEEE 802.2 (LLC).

fpe of service ronting Enrutamicnto de tipo de scrvicio. Esquema de enrutamiento
it ¢l cual se escopge una trayeciona en la interconexion de redes dependiendo de las
caracteristicas de las subredgs,involuctadas y.de los paquetes, ademis del camino
s corto al destino, o C
UDP User Datagram Protocol, Protocolo de datagrama de usvario. Protocolo sin
conexion de la capa de transporte que perienece a ln familia de protocolos Internet.

. . ) e - . "
VLP Upper laver Protocol Protocolo de nivel superior. Protocolo que estd mds
arriba en el modelo de referencia OS] que el punto actual de referencia. Sucle
usarse para referirse al siguiciiic protocolo mas alto cn una cierta pila de protocolos.

|

UltraNet Red de muy alia velocidad (125 Mbps) desarrollada y distribuida por
Uttra Network Igg:llllq!pgics. .
unhalanced configuration Configuracion desbalanceada. Configuracion HODLC con
una eslacién primaria y maltiples estaciones secundarias.

unicast address 1a red

unipolar Unipotar,” Literalmenite sigmfica una sola polaridad. Es la caracteristica
clécinca lundamentat de las seflates inlernas en los equipos de comunicaciones
digitales. "En contraste con bipolar

unity gain Ganancia unitaria. En redes de banda amplia (broadband), es ¢l balance
cntre pérdida y ganancia de sefial a través de les amplificadores.

UNMA [/nified Network Management J\rchitecture, Arquitectura unlﬁcada de
manejo de redes. Arquitectura de mangjo de redes de AT&T.

nnumbered frames Marcos sin numeracion. Marcos HDLC usados para
propositos de mantenimiento, incluyendo el arranque y terminacién de enlaces y la
especiftcacion de modos.

USENET Iniciada en 1979, es una de 1as redes cooperativas mas antiguas y
grandes, con s de 10,000 anhiriones ¥ un cuarto de miflon de usuarios. Su
principal servicio es news, un servicio de conferencias distribuidas. UUCPUNIX -to-




UNIX Copy ™ ,ram Programa de copias de UNIX a UNIX. Protocolo empleado
para comunicaciones entre sistemas UNIX que ccoperan También se refiere a una
red basada en UNIX, cercanamente asociada con USENET.

V.24 Interfaz de capa fisica cominmente empleada en muchos paises. Muy similar
a EIA-232Dy RS- 232C

vector Vector Seamento de datos de un mensaje SNA. Estd compucsto por un
campo de'longitud, una llave que describe el tipo de veclor, ¥ los datos especificos

““det vector®

VINES Lirtun! Nerwenk Systent- Sistema de red vinual NOS desarrollado y
distnibuido por Banvan Systems

virtual circuit Crrcunto virtnal. Circuilo logico formado para asegurar
comunicacion confiable entre dos disposilisos de 1a red. !

virtual rdiete Ruta vireal - Termunologia SNA para circuito virtual, Es una
conexion 16gica entre dos nodos de subirea que sc realiza fisicamente ¢omo una
ruta explicita particular

G ! i b R )
VTP Lirtuel Ternnnal Protocol Protocolo de terminal vinual, Aplicacion ISO para
establecer una conexion de 1erminal virtual en una red.

M (A . * . . Al

WAN Hide-Area Network: Red de area ampha Red que ocupa un drea geografica
amphia  Veéase también LAN y MAN,

wideband Banda amplia Véase broadband

wiring closct Cuarto de coneniones  Cuarto disecado especificamente para el
cablcado de redes de voz v datos. Sirve como punto de unidn para los cables ¥
cquipo que sc usan para interconectar dispositivos. S
WISCNET Red TCP/IP en Wiséonsin, E E U U, que conecta 27 instalaciones de

ta Universidad de Wisconsin, ademas de'varias lnsmucmncs pmadas Los enflaces .
son a 36 Kbpsy Ti

X.21 Rzzomendacion CCITT que define un protocolo de comunicaciones entre
redes de circuntos conmutados v dispositivos de usuario

.-25 Recomendacion CCITT que define el formato de los paquetes para .
iransferencias de datos en redes piblicas de datos. Muchos establecimienros tienen
redes X-23 que les dan acceso a terminales remotas, Esas redes se pueden usar
para otros tipos de datos, incluyendo los protocolos Internet, DECnet y XNS,

X.28 Recomendacién CCITT que define la interfaz terminal-PAD.
X.29 Recomendacion CCITT que define la interfaz PAD-computadora.
X.3 Recomendacién CCITT que define varios pardmetros PAD.

X319.5 Nimero asignado al grupo de trabajo del comité de acreditacion de
estandares para su documento interno de trabajo que. descabe la mlerfaz de datos
distribaida por fibra. Véase FDDI

_ X.400 Recomendaciéon CCM que define y especifica un estindar para transferencias
de correoelectronico.

X.500 Recomendacion CCITT que define y especifica un estindar para el
mantenimiento de archivos y directorios distribuidos.

Xid 'dase lermid.
XD CP Protocolo de control de X Display Manager: Protocolo usado

'XNS Xerox Network Systems: Sistemas de red Xerox. Grupo de protocolos
origtnalmente disefiados por Xerox PARC. Muchas compaitias de redes de PC,
como Ungermann-Bass, Novell, Banyan y 3Com, usaban o actualmente usan
variantes de XNS como pila de protocolos primarios de transporte.

XRerote Protocolo desarrollado especificamente para optimizar €l manejo de X
Windows en enlaccs dé comunicacion serie.
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X Windows Sistema grafico y de venlanas distriburdo, multitarea, independiente de
los dispositivos, y transparente a la red, originalmente desarrollado por el MIT para
comunicaciones entre terminales X'y estaciones de trabajo UNIX.

Zone En ‘:‘(Eplc Talk, grupo logico de dispositivos de red |
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