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CURSO TECNOLOGÍAS EN SISTEMAS DE BANDA ANCHA 

OBJETIVO: Introducir a los participantes en los conceptos sobre tecnología y 

servicios avanzados de Sistemas de Banda Ancha, manejando los estándares 

y protocolos de las diferentes tecnologías de Banda Ancha. 

Se definirán los principios básicos para seleccionar los Sistemas de Banda 

Ancha adecuados para las necesidades de la empresa, así como análisis de los 

equipos existentes en el mercado, finalmente se estudiarán casos reales 

donde se muestre la integración de diferentes sistemas, gracias a Tecnología 

de Banda Ancha. 

A QUIEN VA DIRIGIDO: A Personal Profesional de Comisión Federal de 

Electricidad. El personal debe tener experiencia en el manejo de redes locales 

de computadoras, Así como conceptos generales de comunicaciones digitales. 

DURACIÓN: 25 horas 

LUGAR: Instalaciones de la C.F.E. 



TEMARIO 

TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

E. 1.- B-ISDN 

4'l Introducción 
4'J Conceptos 
4'J Estándares 
4'l Nomenclatura 
4'J Servicios 

E. 2.- FRAME RELAY: TECNOLOGIA Y SERVICIOS 

4'l Antecedentes 
4'J Conceptos básicos 
4'J Beneficios 
4'l Protocolos y estándares 
4'l Implementación de Frame Relay en una red privada corporativa 
4'J Aplicaciones y casos de estudio 

8 3.- ATM Y EL SERVICIO CELL RELAY 

4'l Introducción 
4'J Conceptos básicos 
4'J Protocolos 
4'J Nivel de Acceso ATM 
4'J Niveles de adaptación A TM 
4'J Aplicaciones y casos de estudio 

Q 4.- ACRONIMOS Y TERMINOLOGIA 
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CURSO: 

TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

COMUNICACION DIGITAL 

Q. BANDA BASE 

Q. BANDA ANCHA 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

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

de REDES locales 

Tx 1 

Rx 1 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

BANDA ANCHA Características: 
¡;;;¡, Varios Canales Paralelos 
¡;;;¡, Multiplexaje por Frecuencia 
¡;;;i, --c>Un canal de Transmisión 
¡;;;¡, <H.Jn Canal de Recepción 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

SERVICIOS CONMUTADOS DE ALTA VELOCIDAD 

Alta Velocidad: 

¡;;¡, ISDN lntegrated Service Digital Network 

¡;;¡, 8-ISDN Broadband-lntegrated Service Digital Network 

" . 
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ISDN 
Acceso a los servicios de telecomunicaciones sin ISDN 
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ISDN 
Acceso a los servicios de telecomunicaciones con ISDN 

FACSitr.tllE 

TRANSUISION 
DE DATOS 
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ISDN 

Acceso Básico 

11 --
Cantal 

"::;~ \l'i- :1) RDSI 

G 

~ 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN 

Acceso Primario 

Centill 

RDSI 
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ISDN Velocidades 

Canal 
8 
D 
E 
HO 
H11 
H12 

H4 

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

120 a 140 Kbps 

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

-- --- ~~----'----' 

Asociado A 
ISDN 
ISDN 
ISDN 

81SDN 
81SDN 
81SDN 

81SDN 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

INTRODUCCION 

1 UN'$ 

1980 

liRI>H tJU.O IIE I.A 
li.QIQLQGIA • 

RRIR 

IINR "--

i~NR ....... 

1985 1990 

LAN'S de Alto 
Desempetto 

LAN'S 
Switches 

1995 1996 

1-11 



TECNOLOGlAS EN SISTEMAS DE BANDA ANCHA 

Redas de alto dasempefto 

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

• ATM 
• FRAME RELAY 
• 8 -ISDN 

REDES VIRTUALES 

REDES MULTIMEDIA 
VIDEOCONFERENCIAS 

REDES 

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

8-ISDN. Estándares 

Q En 1988 se establece la recomendación 1.121 del CCITT. 

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

-'8 Aspectos generales de 8-ISDN 
-'8 Servicios específicos de Red 
-'8 Características fundamentales de ATM 
-'8 Aplicaciones ATM 
-'8 Operación y mantenimiento de los accesos a 8-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 

A nivel mundial 

e e 1 rr 
ISO 

En Europa 

CEPT 

ETS 1 

En Estados Unidos 

ANSI 
El A 
BELLCORE 

Comité Consultivo Internacional de Telegrafía y Telefonla 
Internacional Standards Organizatión 

European Conference of Posts and Telecommunications 
Administrations 
European Telecommunications Standards lnstitute 

American National Standard lnstitute 
Electronic Industries Association 
Bell Communications Research 

2-2 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

8-ISDN.- INTRODUCCION 

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

Soporta servicios de conmutación de circuitos y de conmutación 
de paquetes, aplicaciones "single media", "mixed-media" y 
"multimedia". 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

BISDN .- CARACTERISTICAS 

Conexiones conmutadas por demanda en Banda Ancha 

~ Permanentes 

~ Semipermanentes 

Aplicaciones 

9 Punto a punto 

9 Punto a multipunto 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

BISDN .- CARACTERISTICAS 

Modos de Conmutación 

¡;;¡ Paquetes 
¡;;¡ Circuitos 

Naturaleza de Servicios 

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

Configuraciones 

¡;;¡ Unidireccionales 
¡;;¡ Bidireccionales 

----~,...-----
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

BISDN. Características 

Tráfico 

Q Velocidad constante CBR 
(Constant Bit Rate) 

-1! Sin negociación de velocidad 

Q Velocidad variable VBR 
(~ariable Bit Rate) 

-1! Con negociación de velocidad 
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BISDN CARACTERISITCAS 
Q Conmutación por demanda 

Q Conexiones permanentes y semimermanentes 

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

Q Conmutación de paquetes y conmutación de circuitos 

'1'J Single media 
'1'J Mexed media 
'1'J Multimedia 
'1'J "Conection less" y "Conection-oriented" 
'1'J VBR y CBR 
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ISDN.- TERMINOLOGIA: 

.Q Grupos Funcionales. 

Q Puntos de referencia. 
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ISDN.- TERMINOLOGIA: 

Grupos Funcionales. 

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

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

4J Equipo Terminal (TE) 
Teléfonos digitales, Equipos terminales de 
datos y estaciones de trabajo que integran 
voz y datos. 

. ;-
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN.- TERMINOLOGIA: 

Grupos Funcionales . 

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

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

ISDN.- TERíJIINOLOGIA: 

Puntos de Referencia: 

R: Interface funcional entre un grupo TE2 yunTA. 

T: Interface entre el equipo NT2 y el NT1. 

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

U: Interface del lado de la red del equipo NT1. 
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ISDN.- TERMINOLOGIA: 

+ Referonce polnt 

D Funcional group 

u 
HT1 

TA: Tarmlnal Adaptar 
TE: Terminal Equipmont 
NT : Network Tarminatlon 

Central Offlce 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

ISDN.- EQUIPO 

Canales de Acceso: 

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

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

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

ISDN.- EQUIPO 

U NI: User Network lnteñace 

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

'1l Primary Rate Access (o PRI primary rate inteñace) 
lnteñace de usuario que provee 23 canales 8 y un canal O 
(238+0). 

'1l Para canales H se prevee que en el futuro se utlice una 
inteñace de red tipo H+O. 
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Frame Re/ay Technology and Services 

Frame rclay' conccpts, tcchnologics, and scrviccs are rccciving considerable atll:n
tion in the vcndor, carrier, and u ser communitics. Thc combincd framc rclay and 
SMDS market is expectcd to exceed $1.2 billion by 1995, making thcsc importan! 
new fields. This chapter providcs a dctailcd view of many of thc undcrlying frame 
relay principies, issues, and concepts. 2 Sorne basic frame rclay conccpts wcrc 
described in Chapter 1, which the rcader may want to review at this juncturc. 
Frame re! ay can be dcploycd in a priva te nctwork. or, as already alludcd to al the 
cnd of the preccding chapter, the scrvice can be obtained from a public nctwork. 
Each approach has advantages and disadvantagcs within the framcwork of a cor
porate entcrprisewide nctwork. In thc follo~ing, thc tcrm "framc rclay" rcfcrs 
gcnerically to either the service or the supporting technology. dcpcnding on the 
contcxt; usually "frame relay service" refers toa public carrier scrvice. whilc "framc 
rclay tcchnology" implies platforms for privatc network solutions. 

This chapter aims at answering qucstions such as Whcn docs frame rclay 
make sense? Should the user deploy a private framc relay network or employ 
carricrs' scrvices? When is PVC service adequate and when is SVC desirablc? ls 
LAN traffic leaving a high-throughput router really bursty) Whcn is it bcttcr to 
use othcr technologies? Basic frame relay concepts are introduced and thc intcr
relationship with cell relay is discusscd (Section 11.2). Bcncfits of framc relay in 
both priva te and public networks are identified (Scction 11.3 ). Frame relay stan
dards are surveyed (Section 11.4). Steps for deploymcnt of thc tcchnology in 
corporatc nctworks are dcscribed (Section 11.5). Carrier scrvices and equipment 
availability are surveyed (Sections 11.6, 11.7, and 11.8). 

1A frame in this context is a data link layer construct. Thc "framcs" discusscc.l in Chaptcrs 2 through 
9 werc physicallayer constructs. There is no relationship between thc two concepts. Thc ter m ··rclaying·· 
is used by CCITT. 
2Some portions of this chapter are based on A T &T product literature [ II.IJ 
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11.1 BACKGROUND 

Frame relny is a reccntly introuuccd multiplcxed data networking capability sup
portin¡! conncctivity hctwccn. uscr equipment (routers and nodal processorslfast 
packct switches) and hctwccn uscr cquipment and carricrs' framc relay network 
cquipmcnt (i.e .. switchcs). The frame rclay protocol only supports data transmis
sion ovcr a conncction-oricntcd path; it enables thc transmission of variablc-length 
data umts over an assigncu virtual connection.' Compared to traditional packct
switchcd scrviccs. framc rclay can reduce network delays, provide more cfficicnt 
banuwidth utilization. and decrcasc communication equipment cost. Traditional 
packct serviccs typically introduce a 200-ms network delay or more (40 to fiO ms 
pcr llop to hanulc error correction and control on a hop-by-hop basis). whereas 
with frame rclay that network de la y can be reduced to about 20 to 40 ms [ 11.2]. 

As is the case in X.25, frame relay standards ~pecify the user interface to a 
device or network supporting the service. Namely. it speeifies the UNI. This inter
face is caBed frame relay interface (FRI). A FRI supports access speeds of 56 kbps, 
N x 64 kbps. and 1.544 Mbps (2.048 Mbps in Europe) [11.3-11.5]. Sorne vendors 
are attempting to cxtcnd the spced to 45 Mbps. The ~-ervicc can be deployed ( 1) 
in a point-to-point link fashion bctween two routers. (2) using customcr-owned 
frame re la y nodal processors (frame relay switches which employ cell relay on the 
trunk/NNI side'). and (3) using a carrier-provided scrvice. Table 11.1 provides a 
summary of key features of a frame re la y network [ 11.6]. Figure 11.1 depicts thc 
technology at the logical leve!. 

ll.l.l Usage of the Technology-An Overview 

Framc relay functions supporting the FRI need to be added to user equipment 
such as routers. TI multiplexcrs, FEPs. PADs and so on, in order to be connccted 
to a privatc or public frame relay network. At this time. frame relay technology 
is being applieu mostly to LAN interconnection environments. Existing routers are 
easily upgradcd to support thc FRI. lf commercially successful, public framc re la y 
servicc may supplant X.25 service in the U.S. as a public switched service by the 
mid-1990s. The frame rclay market was expected to reach $210 million by 1993 
and $H50 million hy 1995 [11.7]. For comparison, thc SMDS market is cxpected 
to reach $500 mi Ilion by 1995, and BISDN (for data applications) would reach $500 
million by 1997 (11.8]. 

In sorne cases. asynchronous terminals may also be supported by a frame 
relay network; synchronous SNA terminals or other devices (e.g., a front-end 

"Sorne carly trials of N x 64-kbps video were undertakcn in 1992. 
•tnstead of using cctl rctay on the trunk side. sorne switches use frame retay instead. In the long run, 
mosl switches will probably migra te to the cell relay N NI. · _. 

-~ 
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Tablo 11.1 
Summury of Key Ft:aturl!s of a Framc Re la y Nctwork 

• S!andardized by CCITT and ANSI slandards 
• Only .. core .. lunclions are providcd by !he nclw<irk 
• Nelwork does no! guaranlee uelivcry ol dala 
• Protocols in user's equipment is responsible for retransmitting d:.lta rhat i:-; lo~t. mi~rouh . .-d. or 

discarded by !he nelwork because ol congcstion 
• Frames are transported transparcntly (only labcl. congc~tion bits. anJ fr;.¡mc check "l"lltll'rll"\.' 11 rc 

modilied by nelwork) 
• Nctwork detects (but does not correct) transmission. forf!lal, and opcrational crror'i 
• Network docs not acknowledge or retransmit frames 
• Delivers frames in sequence 

Swltchlng/Transpon Fabric 

UNI UNI 

FRI FRI 

t C.ll-basod (prolorrod) or lramo-basod; 
prtvarely-owned equipmen1 or carrier-awned oqulpment 

Figure U.l A logical view ol frame relay communicalion. 
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processor) can also use frame relay. In these cases, an appropriatc frame relay 
handler (similar to a PAD but only supporting a laycr 2 FRI to the network) is 
required. In terms of quality of service, the del ay incurred by thc nccdcd protocol 
conversion to support these devices (which is similar to the delay through a PAD 
in an X.25 environment) is not eliminated by fratne relay technology, exccpt pos
sibly to reduce queueing time toward the switch, givcn lower network congestion. 
The delay through such a frame relay handler is determined by ·the acccss spced 
of the user's line, plus the handler's processing time. For example, if the user's 
framc from a synchronous terminal contained 262 octets and thc access line was 
9,600 bps, the initial frame relay "framing" delay would be 219 ms; the "deframing" 
delay would also be 219 ms. lf the access speed is 56 kbps, the figure would be 37 
ms. This framingldeframing delay is in addition to the frame relay network delay.' 

5!n a cell-based swilching!transport platform, as soon as a frame slarts 10 arrive al a swilch, it is 
. immediately reduced to cells "on-the-ny." 
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From thc u ser perspcctivc. any d.:lay is importan! regardlcss of whethcr thc del ay 
is gcncrated by the frame relay network or by the access apparatus to the frame 
relay nctwork (whcthcr in a PC. a terminal adapter, ora PAD-like device). This 
last issuc was never propcrly appreciated by the packct equipment vendors. and 
is thc reason why packct tcchnology did not see much penetration in the mission
critical synchronous networks of the 1980s. 

In ordcr to get maximum benefit from frame relay without having to incur 
large communication or cquipment charges (i.e., for dedicated TI links between 
si tes. or for the dcployment of user-owned frame relay nodal processors), the servicc 
necds to be provided by a carrier. The se ven BOCs and severa[ value-added carriers 
havc announced frame relay services in the U.S. Carrier networks based on frame 
relay provide communications at up to 1.544 Mbps (in the U.S.), shared bandwidth 
on dcmand. and multiple user sessions over a single access line. The use of a router 
equipped with a frame relay interface over a dedicated end-to-end TI link is not 
ccouomically advantageous compared toa non-frame relay solution. and. in fact, 
may affect response time. A carrier, on the other hand, can multiplex the traffic 
of one uscr with that of other users, and can therefore pass back to the users the 
cconomic advantages of bandwidth sharing, much the same way X.25 or Ffl 
provides su eh economic cfficicncies. Without carricrs or priva te switches, dcdicated 
TI links betwccn two sites to be interconnected are needed, regardless of thc 
protocol used over the link. However, it should be noted that when using an IXC 
or VAN scrvice. the user needs a dedicated TI or 56-kbps link to thc IXC's or 
VAN's POP. lf thc LEC serving the user's location provides the service, the 
dedicatcd TI is rcquired only to the serving CO. 

A sccond way to benefit from frame relay is to use it in conjunction with a 
frame rclay nodal processor (variously known as "corporate backbone network 
switch." "fast-packet backbone multiplexer," or "frame relay handler"), first 
dcscribcd in Chapter 6. Sorne corporate networks already deployed this technology 
in thc late 1980s in the form of fast packet multiplexers. In this case, the service 
can oftcn be cost-effective. since the user can obtain from the backbone bandwidth 
on demand. rather than on a preallocated (and inefficient) basis. The "saved" 
bandwidth is then available to other users of the same backbone, in theory mini
mizing the amount of new raw bandwidth the corporation needs to acquire from 
a carrier in the form of additional TI or Ffl links. With<'IJ! a nodal processor 
using ccll rclay principies, dynamic bandwidth allocation is not easily achievable. 
Sorne proccssors use framc relay on the NNI; fine-grain multiplexing is more 
difficult, particularly in mixed-media and multimedia applications (next-generation 
LANs use ccll principies to support multimedia, as discussed in the previous chap
ter). In thc private network application, the user leases from a carrier private lines· 
bctwcen the remole devices and the nodal processors, and between the nodal 
processors; the user employs frame relay to statistically multiplex traffic in astan- , 
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dardizcd way, in onkr to achicvc bettcr utilization of the (now cornmon) trans
mission resources. The nodal proccssors must be housed in sclectcd uscr loc;ttions. 

Frame relay supports bursty traffic at mcdium spceds. Consc4ucntly. many 
of the applications now advanced by vcndors for framc relay scn·ices are fcasihlc 
more in view of the increased throughput and redueed nctwork latency comparcd 
to X.25 networks than any other new intrinsic feature of frame relay. 

11.1.2 Sorne Molivalions for Frame Relay Services 

As indicated, the curren! majar application of frame relay is for LAN intcrcon
nection. A combination of recent trends has forecd LAN managers to invcstigatc 
new approachcs in order to provide conneetivity at reasonable price: 

• In 19il9, only two out of ten corporatc tcrrninals. PCs. and workstations wcre 
connected toa LAN. By 1993 eight out of ten tcrminals will re4uirc to be 
connected toa LAN [11.9/. · 

• Business shifts to accommodate the "lnformation Age" have forccd com
panies to rely in greater measure on data colkction. proces~ing, ami distri
bution. For many such companics. thc ratio of tcrminals to cmployccs i\ 
approaching 1, and in sorne cases it is cvcn excecds l. Chaplcr 1 alrcady 
discussed sorne of thcsc trends. 

• 1 n an effort to be more cfficicnt, find a chcapcr work force and rcach global 
markets, companies are moving toward distrihutcd data proccssing. Employ
ees are distributed in smallcr work groups locatcd around town or around 
the country. closer to thc resourccs and to thc markcts. Yct. more than cvcr, 
they need to be tightly connected through a rcliablc and casy-to-usc entcr
prisewidc network. 

These trends havc led to the following scqucnce of event~: 

l. Introduction of more terminals. 
2. Introduction of more LANs to support thc incrcascd number of tcrminals. 
3. lnterconnection of these LANs, including those that havc emerged in gco

graphically dispersed buildings around thc country. In 1991, an estimatcd 
65% of the top 5,000 U.S. companics had LAN interconnection nccds cxtend
ing beyond a building; that number is expected to grow to il5% by 1995 
[11.10, ll.llj. 

Thc traditional WAN approach of connecting a fcw LANs with routcrs ovcr 
dedicated point-to-point lines is no longer adcquate in an environmcnt of many 
re mote LANs. Sorne actual networks can ha ve· as many as óOO or XOO routcrs 
[11.12). LAN managers have sought solutions that reduce the number of dcdicated 
lines in order to keep transmission costs down, and at the same time increase 
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tlcxibility ami makc nctwork managcmcnt easy. lt almos! sounds likc the perfect 
WAN cnvironmcnt for packet switching technology. but not exactly. Packet switch
ing <JIIows uscrs tu be easily added and interconnectcd while following open inter
national stam.lards. But packct switching has traditionally bcen slow and the 
throughput has bcen limited.'' Thcsc limitations are becoming more acccntuated 
with thc ncw LAN applications. which may involve graphics, multimedia, desktop 
publi>hing. bulk file transfcr. :.md other data-intensive requirements. This has lcad 
to thc Jcvelopmcnt of two solutions specifically aimed al LANs: frame relay and 
SMDS (SMDS is discussed in Chapter 12). 

Frame relay is an carly 1990s technology allowing users of multiple routers 
to conncct thcm in an cffective manncr. lt follows open standards and improves 
throughput. while at the same time reducing the end-to-end delay (throughput can 
be incrcaseli ur to three orders of magnitude). When used in a private network 
cmploying a cell relay platform. it allows the LAN manager to rapidly meet the 
cvolving high-speed LAN interconnection needs of the corporation. and do so in 
a cost-cffcctive manner. The same can be said when using a public network frame 
relay scrvice. 

As discusscd in Chapter l. thc business trend i~ toward interconnection of 
all companv rcsources into a seamless enterpriscwide network. Howevcr. such 
interconncction can bccome prohibitively expensive. unlcss it is done corrcctlv. 
Corporations also see thc emergence of new LAN applications in the 1990s. which 
must be supportcd by the enterprisewide network. New high-bandwidth applica
tions dicta te the introduction uf new high-capacity digital services and technologics 
in thc corporate network. Sce Table 11.2. compiled from a variety of sourccs. 
incluJing [ 11. 10. ll.II!. High end-to-end throughput, low latency. cost-cffectivc 
h<Jndwidth on dcmand. and any-to-any connectivity are the arder of the day. A 
major cvolution in thc way corporations connect their computers and the ever
uhiquitous PC is alrcady cvident in progressive companies. Now, ncw equipment 
and new communications services allow corporations to redesign their nctworks 
and .;ave moncy. whilc at thc samc time increase their capabilities and work force 
productivity. Thc kcy to achicving these communication goals in a private network 
cnvironment is framc rclay over a cell relay platform, or a high-capacity public 
swit<.h..:d servicc like framc relay (and SMDS). 

Thc ncw tcchnologics nccded to support the cvolving corporatc environment. 
howcvcr. cannot be introduced in a vacuum. lt would be easy to deploy an optimal 
swtc-of-thc-art nctwork whcn the LAN manager could throw away everything and 
start completely from scratch. In times of cost-containment, though, the LAN 

hPackct :-.witt.:hin~ and othcr statistical multiplcxing schemcs do fullfil thc role of supportin~ error-free 
tranc;;mis!<oion of asynchronous traffic from "dumh'' terminals (or dcvices and PCs cmulating ''dumb" 
terminals). which have no error protection of thcir own-a frame relay service would be a mismatch 
in th1s cnvironmcnt. 
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manager is being askcd to improve thc cfficicncy of thc intcrconncction nctwork 
in a judic1ous and dfcctivc manncr. The transition steps tu thc ncw communication 
cnvironmcnt dcpend on thc nctwork currcntly in place in the comp;my. Four 
gcnerations of corporatc nctworks have bccn dcploycd in the past dccadc. Sume 
users moved from gcneration to gcncration; othcr uscrs Jcapfruggcd onc or two 
generations. Othcrs wcre foreed to rctain a netwurk until thc payback could be 
achievcd and then sorne. Usual! y a nctwork stays in place for a pcriod corrcsponding 
to thc useful life of thc cquipmcnt. which can be 5 to H years. A short rcvicw of 
the four gcncrations of corporate nctworking assists discussion of how framc rcJ;¡y 
evolvcd and what problcms it solves; it can also cstablish thc point of dcparturc 
for the transition that the LAN manager nccds to undcrtakc in ordcr to implcmcnt 
frame relay. 

First-Generation Corporate Networks. This phase saw thc introduction of unintc
gratcd nationwide nctworks, which typically cmploycd low-spccd analog lincs to 
support discrcte mission-critical corporate functions. LANs wcrc just hcing intro
duccd in companies. Connectivity among LANs. for the few progrcssivc companies 
attempting it at that time, used its own point-to-point transmission facilities. Dif
ferent dcpartmental data applications (e.g., a mainframc payroll application and 
a minicomputer supporting marketing) used scparatc nctworks. Not only was this 
solution cxpensive because of the duplicate transmission costs. but it was also 
difficult to managc and to grow. A number of mission-critical networks in place 
today still conform to this architecture. Thcsc companit:s havc found that until now 
a backbone nctwork was not cost-effective. 

Second-Generation Corporate Networks. This phase saw the introduction of TI 
multiplexers and supporting digital transmission facilities. Thc data applications 
werc aggregated over a common backbonc network, improving network manage-
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ment. simplifyiPg thc topology and rcducing thc communications cost. A fcw tra
ditional analog lines are enough to justify the cost of a high-spced digital link. as 
discu~<;cd clscwherc in this book. making this transition a popular upgrade in thc 
recen! past. Voicc traffic was also carried by the backbone. One of the shortcomings 
of thi~ approach. htnvever. is that the LAN interconnection traffic. now growing. 
usually rernaincd scparate. perpetuating the problem of overlay networks. This 
was iypically Jue to rcstrictions of the byte-interlcaved multiplexer (namely, the 
inahilitv to support dynamic traffic for bursty users) and interface problems. A 
numbt:r of mission-critical nctworks in place toda y still conform lo this architecture. 

Tlzird Generar ion Corporate Nerworks. In the immediate past, TI multiplexers have 
started to support LAN interconnection traffic. The traffic is assigncd a fixed 
amount of TDM bandwidth over the corporate backbone network. Although this 
apprnach to LAN interconncction had severa! advantages compared lo thc previous 
arrangcmcnt. it also had a number of disadvantages. Consider N nodes with high 
peak-lo-average (bursty) traffic needing to be supported by an enterprise network. 
A mc'h network providing full interconnection between key nodes may have been 
installcd in many companies. as shown in Figure 11.2. This arrangement can be 
expcnsivc duc to thc number of communications links. For example, fivc locations 
re4uirc 10 TI links and six locations require 15 links. The addition of a new 
backhone node also requires the introduction of many new links. Less !han fully 

•·igure 11.2 Tradilional LAN conneclivily. 
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interconnectcd router networks are usually no! thc hes! an"vcr ro rile· intcrcon
neetion requirement. since rhis tandem arrangcmcnt affccts rhc cnd-to-cnd <k-1: 1,· 
and complicares nctwork nJ3nagcment. Additionally. ami pcrh:q" cqualh· inlpo~
tant. thc bandwidth is not dficicntly allocatcd hy using thc TDr-.1 tcThniquc·s '" 111 . 
monto the equipment supporting this typc of nctwork. A' a shorl·lcnn '<liutinn. 
companies sought to kecp thc numbcr of dcsignatcd first-ticr loc:11ions 11c·c·din!! lull 
intcrconnection down toa small numbcr. typically hctwccn thrcc and six. thcrc·l'.' 
limiting the numbcr ofrequircd llnks. Many companics havc thcsc typc·s of nc·t" orks 
toda y. particularly for mission-critical applications. 

Sorne LAN managers. understanding thc intuitivc advantagc pf p:1ckct "' itdl
ing. chose to rely on a privutc (or public) padct-switchcd nctwork to 1ntcrn>nnc-cl 
the multitude of user rourers. Thcse packct nctworks typically introduc'c :1 r<lu!L'r· 
to-router dclay on the order of 200 ms ur more. This dL·I:1y is duc to ( 1) lll<ll<.ll:PI 
proccssing at intcrmcdiary nodcs and (2) thc hup-hy-hop c:rror c'or rc'L'll<>ll ami 
control used by packet networks. In addition to thc dcl<~y. thc throughput o! thc·,¡· 
networks is not sufficient to support tuday's applications. That is wllv a /le\\ !l'dl
nolugy is nccded. 

Fourth Generation Corporate Networks. Figure 11.2 dcpKlcd a C<llllmon c<lnfigu
ration of user environments of thc rcccnt past. The figure m:1kcs thc ch.ilkngc ol 
a LAN manager obvious-what is necded is a tecllnolocv for hi!.'h c·rHI-to-c·nd 

...... ... - ' 

rhroughput. low latency. cosr-cffectivc b~1H.lwidth on dcmand. and :lnV·to·all\' con-
nectivity. Thc restrictions discussed abovc of rnany of thc cxistin¡.: uninlc)!lall'd 
nctworks, or of the integrated networks using TDM tcchnology. ha, kd ro thc 
development of the frame rclay concepr. framc rclay st:md:mls. :n1d S11ppnning 
frame relay hardware. Such framc relay solutions are now cmng1ng :md :1re C\Jlll

posed of the following three componcnts (see Figure ll.:l): 

• A high-throughput nodal proccssor huilt from thc ground u p. una! fcctcd hv 
TDM restrictions. which supports high-spccd switching t" faciliLitC high cml
to-end throughput. This nodal proccssor was c:lllcd a "corpor:IIC h;1ckhonc 
network switch" in Chaptcr 6; as discusscd thcrc. it was initi:dly used in thc 
TI multiplexer context, but is now making a strong appcarancc in thc LAN 
context. This nodal proccssor can also he providcd by a carricr. supp"rting 
a "switehing" function at the CO. 

• Standard high-speed interfaces to thc bridgc/routcrs to facilitate the intcr
connection of cquipmcnt from a varicty of vcndors. This opcn (standard) 
interface bascd on thc concept of packct switching is a fr:unc rclay interface. 

• Standard high-spced interfaces· betwccn nodal proccssors. supporting ccll 
rclaying and switching. 

Since corporate resources are incrcasingly being dcpluyed on LANs. including 
the users, the. mainframes. and the data bases. and sincc routers havc taken on 
the function of the TI multiplexers in a number of environments. this intercon-
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FANP: Framo Relay Nodal Proces.sor 

Figure 11.3 Use of fr:.~me rclay nodal processors for a prívate framc reJa y network. 

ne,·tion solution is the onc being contemplated for the cnterprisewide networks of 
thc l990s by m~ny progrcssive companies. Fewer and shorter TI or FTl links can 
be uscd bctween the users and the nodal processor, thereby rcducing communi
cation costs. 

lL2 BASIC FRAME RELA Y AND CELL RELA Y CONCEPTS 

Befo re addressing how frame relay technology can be deployed in an cntcrprisewide 
multirouter environment, we must address sorne of the technical details (ll.J3]. 
T<.1blc 11.3 providcs a miniglossary of key tcrms. As this discussion procceds, it 
should he remcmbcrcd that all high-speed lincs used in frame relay, cither for 
acccss or betwccn switches, are unchannclized FTI, TI, or T3 lines, discussed in 
thc rest of the book (T3 may be used on the trunk side). 

11.2-1 Frames 

A frame is a block of user data, as created by the data link !ayer (!ayer 2). 1t 
consists of a flag, a header, an·information field, and a trailer. Different data link. 
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Access Rate. Thc rate of thc acccss channel cmploycd hy thc uscr's cquiprncnt (mcasurcd in bit~ pcr 
sccond). Thc spccd of thc acccss channel determines how rapidly thc cnd-user c<tn .scmJ d.Jta to thc 
nodal proccssor or nctwork. 

American National Standards lnstitute. An organizatton that accrcthts groups Lh;vcloping U .S. 
swndards rcquired for commercc. Onc such group is thc Exchangc Carricrs Standard.., A!-osociation, 
which dcvclopcd thc Tl.60ó. Tl.ól7, and TI.61X for framc rclay (ai"J ;ce C:haptcrl). 

Asynchronous Transfer Mode. A packet switching tcclmiquc devclopcd by CCI"IT which uses 
packcts of fixcd Iength, rcsulting in lower proccs!<!ing and htghcr spccds. Al"io know as ccll rcla~r· (scc 
Chapter 10). · 

Bandwidth. The communications capacity (mcasurcd in hito;; pcr scconU) of n tran~mission linc ora 
path through a nctwork. 

Buckward Explicit Congestion Notificalion lndicator. A htt in thc framc ~ct hy thc nctwork tn notify 
thc uscr's equipmcnt that congcstwn av01dancc proccdurcs ~hould he initialcd 1n ordcr to hmit 1hc 
amount of traffic injcctcd tnto thc nctwork or scnt to thc nodal procc.-.:-.nr. Thc ficld 1' :-.ct in a fr~tmc 
going in the oppositc direction of the congcslion (i.e .. it is o;;cnt to the origination). lt is .... imdar tn a 
"slowdown•· signa!. 

Rursty Trame. Traffic whcrc thc ratio uf thc maximum intcn:-.ity lo thc average intcnsity is vcry hi!!h 
("' 10). Typical o[ sorne LAN environments. 

Consultative Committec on lntcrnational Telephony and Telegraphy. A Unitcd Nationo;; organization 
which devclops intcrnational standards and interfaces for tclccommumcalions. Thc framc rday 
standards are based on underlaymg CC!Tf standards (also scc Chaptcr 1 ). 

Cell. A fixcd-length packct of uscr data (payload) plus an ovcrhcad. A ccll is u<ually ;mal!. hcmg :;, 
uctcts or \¡,:ss. 

Ccll Relay. A high-hnndwitlth, low-delay switching and mullipll:xing packct tcchnology r!.!quircd to 
implcmcnt a framc rcl~y nctwork in an cfficicnt manncr. Trunk tran,mis .... ion tcchniquc u ... cd hy 
nada! proccssors. Al so known as ATM. 

Committed lnrormation Rate (CIR). Spccific.., thc amount of bandwidth guarantccd to a li\Cr 
betwccn any to points. ClR can be as high as thc acccss r<Jic. lf thc en~. 1s cxccct.lcd. thc framc 
rcloy dcvicc can semi the d"ta, but rt should ser the DE brt to indicatc thar thc data can he 
disc;udcd if ncccssary. 

Core Functions. Data link !ayer functions .... upportcd hy framc rclay. Corc funclion .... includc framc 
dcliimting. alignment. and transparency~ framc muluplcxtngldcmulttplcxing using thc <H.Jdrcss ficld: 
and dctcction of transmissinn errors. 

llala Link Connection ldentifier (DLCI). 1\. ficld in thc framc-indicatmg a panicular logKal lmk 
ovcr which the frame should be transmittcd. The field has local signif1cancc ..... incc it can he changcd 
by thc nodal processors as thc frame traverscs a <;inglc-nodc nctwork (th!.! input DLCl ts mappcd lo 
an output DLCI). Multinode networks may "pipeline" cclls to thc nctwork cdgc\. In thi' c<.~~c. 
virtual channel identifiers are used and remappcd. Access DLC!s are as..,igncd hy lhc nctwork 
manager. whilc trunk VCis are allocated dynamically. Toward thc nctwork. thc nodal proccs-;or 
associatcs cach VCI with the physical address of thc trunk ovcr which thc framc ncct.h to he 
transmitted to reach its ultimate destination. Toward the uscr. VCis are associatcd with thc physical 
linc supporting !he DLCI idenri[ying the user 

Data Link layer. OSIRM layer 2 functionality. responsible for reliablc transmission ovcr a single 
communication link. Ir combines data bits into a block called a "frame" and adds a framc check 
sequenee to allow derection of bir errors at !he remare point. 



590 

l'oblr ll.l 
Conlinued 

Discard Eligibi!ity lndicalor. A field in !he frame se! by !he user's equipmenl lo indicare 1ha1 !he 
frame can he discardcd if needcd in case of congestion. in arder to maintain the committed 
lhroughpul. 

Fast Packel. A lerm for various slreamlined packel lechnologies, now synonymous wilh cell relay. 
Supporls reduccd funclionalily compared lo X.25 packel switching, so !ha! il can operale at much 
higher speeds. 

Forward Explicil Congeslion Nolification lndicator. A field in the frame se! by !he nelwork or nodal 
proccssor to notify downstrcam equipment and/or the destination equipmcnt that congcstion 
avoidance procedures should be inilialed. The field is se! in a frame in !he direclion of !he 
destination. lt is similar toa "hold-on" signa! for received frames, as well as a destination 
"slowdown"' signa! for lraffic from !he deslinalion. 

Frame. A block of user dala, as crea!ed by !he dala link !ayer. 11 consisls of a nag, a header, an 
information field. and a trailcr. 

Frame Relay. A 1990s packel·based high·speed lechnology !ha! provides for dynamic bandwidlh 
allocalion wilh high lhroughpul and low delay lo supporl !he increasing amounl of bursly lraffic in 
the corporatc environment. Frame relay defines a standardized format for data link )ayer frames 
transmlltcd ovcr a nelwork of interconnected LANs. 

Frame Relay Assemblerffiisassembler. A device or capabilily allowing non·framc relay lermmals. 
1yp1call~· in a non-LA N environmenl (e.g .. SNA) lo be carried in a framc relay nelwork. 

Frame Relay .lnlerface. A standardizcd interface between customer equipment. and a nodal processor 
or a frame relay ncrwork. A lwo-layer prO!ocol slack inlerface capabilily implemented al bolh 
cndpoinls of a link. 

Error Correction. In frame rclay. error corrcction and retransmission are done in the user 
cquipment. The network can dctect errors, but the correction is relcgated to the end systems. 

Link Access Procedure F. The dala link !ayer prO!ocol used in frame relay. lt is specified by ANSI 
Tl.618-1991 ond is similar lo CCITI 0.922 Annex A. lt is a slimmed-down prolocol supponing core 
funclions only. 11 is based on ISDN's LAP-D prolocol. 

Link Access Procedure F·Core. Thal subsel of LAP·F used in frame relay. 

IA>nl Mana¡:ement Interface ~LMI). A specificalion for use by frame relay producls which defines a 
mcthod of c:-:chílnging status information betwecn the user device and the network. It is used to 
manage PVCs and is spccificd in ANSI's Tl.617. 

Mullicas!. An LMI oplion !ha! allows a frame relay device lo broadcasl frames lo muhiple 
dcstinations. 

Nodal Proc-essor. A frame relay processor is a switch that .. connects"' users. facilitating any-to-any 
conncclivily. Conncclions are accomplished in real time over !he PVC (evcnlually over an SVC). 
TJhlcs are tnj']intained by the nade to facilitate the connections. 

Open Sys1ems lnterronnection Referenre Model. A model for data communications interconncction 
which maps functions necessary for undertakíng orderly communication to one of seven hierarchical 
laycrs. 
Perrnanenl Virtual Circuib ~PVC). A logical link or palh be!ween !he originaling and lerminaling 
roulcrs. No resources are alloca!ed lo !he link unless dala is aclually bcing sent. The link is se! up 
by !he adminislrator and remains in place for however long il is needed (days, monlhs, or years). 

Roater. A device operaling al the network !ayer of the OSIRM, used by a LAN lo access o!her 
LANs across a variely of W ANs. 



Tahlc II.J 
Continucd 

59/ 

S,ystcms Network Architecture. A nctwork architccturc uscd m IBM lll'tv.orJ..~ 111 ..,upport of nll' ..... inn
critical functinm •. Originally. thc an . .:hitccturc wa~ .'trictly h~erarch1cal anLI cmploycd front-cnd 
proccssors and cluster controllcrs. lt ~~ now moving toward a pccr-to-rccr architcctun.: .... upporlinc 
LAN acccss to the mamfr<~mc. ' 

Switched Virtual Circuit. A virtual C1rcuit that ¡.., sct up on <1 call-by-call h~p.,¡,_ A futun.: tranH.: rL'Ic~y 

scrvJCC. of particular import<.~ncc lo puhlic lramc rday nctwork,..,_ 

Time~Division MultiplexinJ!:. A traJitwnal mcthoJ of comhining nwlliplc :-.1multan~ou.., dwnnc.:l.., ll\'t..'r 

a single tran~mis\IOn p;.1th hy assigning <.h!-.crctc 11mc ..,fot.-.. to cach channd. lt rc..,ult!-. in irh..'fiKil'lll 

lxmdwidth allocation in bursty cnvironmcnt ..... 

Virtual Circuit. A logica\ connection c~tahlishcd through a framc rcl;ty or p<H.'kct nci\\.'Prk Framc:-. ur 
packcts are routcd through thc nctwork in an ordcr-prc:-.crving tran~fn. Thc conncction i~ "llllilar to 
a dcdicated Jinc bctwccn thc cndpoints. 

Virtual Circuit ldentificr (VCI). A lahcl uscd hy a ccll ~w1tch lo idcnt1fy ec/1..., hclnn~•ng to a ~1vcn 
uscr. VCis havc local ~igmficancc b,ec Chaptcr 10). 

laycrs e reate differcnt fr<Jmes; diffcrcnccs manifcst thcmsclvcs in tcnm of lile ficlds. 
their positions. and thcir lengths. The logicallink control suhlaycr of a L.J\N crea tes 
a frame of particular intercst. since it is thc frame that is involvcd in the transmi"ion 
of data ovcr a network of interconnectcd LANs. Framc rclay sen· ice has a spccific 
framc formal, dcscribcd below and expanded upon in Scclion 11.4.2. 

11.2.2 Frame Rclay 

Frame rclay is a new packet-hased high-specd tcchnology. lt providcs for uynamic 
bandwidth allocation with high throughput and low uclay to support thc incrcasing 
amount of hursty traffic in the corporate environmcnt. Framc rclay defines a 
swndardizcd formal for data link !ayer frames. which are transmittcd ovcr a nctwork 
of interconnected LANs or over a public network. A framc rclay framc is asscmhlcd 
by user equiprnent and is interpreted by frame rclay nodal proccssors or. in cases 
where there are no processors. by the remole router. The framc rclay framc is 
shown in Figure 11.4. Frame relay is based on the 1 \lRR and 1 \l\12 CCITf standards 
and recen! ANSI extensions, clarifications, and rcfincrnents for the U .S. markct. 
particularly for private nonswitched access. There is now wide vendor support of 
frame relay standards. 

Frarne relay rnay be thought of as a strearnlined version of X.25 that can he 
irnplernented on or integrated onto a router. Figure 11.5 dcpicts this sirnplification 
[ 11.4, 11.14]. Strearnlining is accornplished by stripping away all of the X.25 network 
!ayer (!ayer 3). adding a statistical rnultiplexing capability via individually addressed 
frames to the data link layer, and reducing tlie functionality of !ayer 2 by rernoving 
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Figure 11.4 Frame and address field formal (LAP-F/ANSI Tl.6!8-1191; CCITT 0.922 Annex A). 

error correction and retransmission capabilities. Error detection is retained and 
errored frames are discarded by the frame relay network. Frame relay can provide 
both a PVC anda SVC service.' ,, __ , 

--.:':·. ,::,~}~t~ 
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lnitially, frame relay was developed asan ISDN packet servicc, with a logically 
separa te control plane for SVC management and user plan e. 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 thc U. S. commcrcial leve!, frame relay service does not support a logically 
separare control plane; in fact, no call setup mechanisms are supported, evcn "in
band"' (as would be the case for X.25 SVC packet switching). Public SVC frame 
rclay may become availablc in 1994 or 1995. Currently, there is no network equip
mcnt lo 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 nctwork so that 
a message or file can be reassembled quickly by the receiving end. Frames are 
passed across the nctwork 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. Thc rcsult is a high-speed, low-delay, bandwidth-on-demand network 
wcll suitcd for LAN-to-LAN traffic. Frame relay has the advantage of providing 
linc consolidation and, hence. reduced equipmcnt expenditures. It has the inherent 
multiplcxing capability where one physical access can support up to 1,024 logical 
conncctions (in actual implementations, however, the number of logical channels 
is usually much smaller, say, 32 for physical and/or performance reasons [11.2, 
11. 15 !). Thc PVC approach does not support an addressing apparatus adequate to 
support a switched scrvice. 

11.2.3 Frame Relay lnteñaces 

Like X.25. framc rclay specifics the interface between customer equipment and 
the nctwork (i.e., the UNI), whether the network is public or priva te. This interface 
spccification is described in generalities in CCITT Recommendation 1.122 of 1988. 
1.122 describes thc unacknowledged order-preserving transfer of data units from 
thc network side of a user-network interface to the network side of the other user
nctwork interface. A frame relay interface is a two-layer protocol stack capability 
implcmented at both endpoints of a link (i.e., by the user equipment and by the 
network's nodal proccssor). Frame relay interfaces rely on (1) the existing intel
ligcnce of end-user equipment, such as routers, to run the protocol; (2) today·s 
higher quality digital transmission facilities; and (3) error detection, correction, 
and rccovery at thc higher end-system layers (transpon !ayer, or even at the ultimate 
application leve!) [ 11.13). 

The frame formal for data transfer is based on a subset of 0.921 (LAP-D),. 
but extended with the flow conirol fields. The protocol is now known as Link., 

:.:4 
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Access Procedure F-Core (LAP-F Core) and is defined in ANSI T1.61 H-199 1; it is 
also defined in CCITT's 0.922 Annex A, adopted in 1992. 0.922/LAP-F (ISDN 
Data Link Layer Specification for Frame Mode Bearer Services) is a full data link 
[ayer protocol in its own right; it was adopted in 1991. Frame relay uses thc suhset 
called LAP-F Core. LAP-F functions like windowing and error correction are not 
included in the core subset [11.16]. A 1992 CCITT protocol extended from 0.931. 
called 0.933. is to be used to support SVC service. 

As implied in Figure 11.1, a network platform is needed toro u te and forward 
frames received over the UNI conforming to thc FRI specification. This platform 
is composed of one or more nodal processors (whethcr 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 equipment. 
The network can detect errors, but the correction is relegated to the cnd-systc.:ms. 
Error conditions include lost, duplicated. misdelivered, discarded. ami out-of
sequence frames: recovery from thcse error conditions must be pcrformcd by thc.: 
user's equipment, which must be appropriatcly configured to support thcsc tasks. 
This does not require any additional functionality, which most intc.:lligcnt cqulp
ment, like LAN routers, has today. Furthermore, ·with today's highc.:r qua lit y digital 
transmission facilities and the migration to fiber, it is unlikely that many frames 
will be received in error, requiring end-to-end retransmission. Error-pronc circuits 
of the past necessitated complex error checking and recovcry procc.:durcs at cach 
node of a network. The X.25 packet standards assume that the transmission media 
is intrinsically error-prone, and in order to guarantee an acceptablc leve! of end
to-end quality, error management is performed at every link by a fairly sophisticated 
but rcsource-intensive data link protocol, as illustratcd in Figure 11.5. With a high
quality fiber-based communication infrastructure becoming commonplace, m<my 
of the error correction and retransmission capabilities of X.25 can be safcly elim
inated [ 11.17]. 

Since error correction and flow control are handled at the endpoints. frame 
relay expedites the process of routing packets through a series of switches to a 
remole 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 tu m can reduce communications costs [ 11.18, 
11.19]. 

In the past, when transmission errors were common, it was not cfficient to 
require the transport Iayer (whose job it is to guarantee ultimare cnd-to-cnd rcli
ability) to keep track of unaeknowledged PDUs. lnstead, the data link !ayer, closer 
to where the problem had its 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 rclatively 
high. it is bctter to do error correction on a link-by-link basis (i.e., at the data link 
!ayer). as measured by the amount of network bandwidth required to successfully 
scnd a PDU (although it may, in fact, have been faster todo it end to end, as we 
show below). When the probability of error is low, it is better to do error correction 
end to end (i.e .. at the transport !ayer). In other words, for the same amount of 
nctwork bandwidth, the PDU gets delivered faster by doing the error management 
end to end; in addition, the nodal processors can be cheaper, since they need to 
undertake fewer tasks. 

Tables 11.4. 11.5, and 11.6 provide a numerical example of a simplified model 
to illustrate the point (the reader may choose to skip ahead to Section 11 .2.5, if 
desired). In each case, a three-link path is studied. In the first case, the probability 
of link success i's 0.9, in the second case it is 0.99, and in the third case it is 0.999 
(the same probability for all three links is used for ~implicity). The tables (almost 
precise! y) compute the expected bandwidth to deliver a correct PDU with link-by
link corrcction and with end-to-end correction. The expected delay to deliver a 
corrcct PDU with link-by-link correction and with end-to-end correction is also 
computed. Before discussing briefly how the tables aH: derived, Jet us focus on the 
results. The following summary emerges: 

Expected Expected Expected Expected 
Bandwidth Bandwidth De/ay De/ay 

(1-b-1) (e-t-e) (1-b-1) (e·t·e) 

Link success probabilily: 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 
cxpccted bandwidth approaches three units in the link-by-link case: one unit for 
the first link. one unit for the second link, and one unit for the third link. When 
the probability is lower, the expected bandwidth goes up because of the required 
retransmissions. (Sorne PDUs will require no retransmissions, while others will 
require a few retransmissions. On the average, 3.3 units of bandwidth would be 
required for the 0.9 case; since the example is fairly realistic, the "overhead" 
bandwidth is rather small. To illustrate the point more pedagogically it would be 
necessary to use a failure value of 0.5.) Note that, in the end-to-end correction 
case, considerably more expected bandwidth to successfully transmita PDU would 
be required when the probability of link failure is relatively high (4.02 units versus 
3.30 units for the link-by-link case). However, as the probability ofsuccess increases 
to O. 999, effectively the same expected bandwidth is required by both methods 
(3.009 units versus 3.003 units). More bandwidth is required in the end-to-end; 
correction case when the BER is high, because the distant node would have to ge~ 

'i 
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Table 11.4 
Dclay and Throughput Comparison Whcn Prohahility of Succcssful Path Trammi"ion 1, 11.9 

Probability of transmission success over a link: 0.9. 
Transmission dclay (umts)· 0.1 
Nade delay for error management (units): 11.1 

Tmal Units of 
Bandwidth Expected 

Required for llamlwidth 
Link-by-Link 1 Link-hy· Ewl-to-End f:'xp('cted 

Link 1 Link 2 Link .J Correcrion l'rohahifity tmk 1 D<'ia \' Dda1· 

S S S 3 O. 7291J0 2 .1 X7011 1 J.(,( 10 11.437411 
f.s S S 4 11.1172911 11.291611 II.SIIII 11 115HJ2 
S f.s S • 4 11.1172911 11 291611 II.HIKI 11.115H:l2 
S S f.s 4 ll.il72'JO 0.29160 O .XIIII II.05S.12 
f.s f.s S 5 II.IXI729 11.113645 I.IXHI 11.1111729 
f.s S f.s 5 0.1KI729 11.113645 1.111111 11.1111729 
S f.s f.s 5 0.1111729 11.113645 1 IHIII 11.1111729 
f.f.s S S 5 11.1111729 O.O:ló45 I.IKKI 11.1111729 
S f.f.s S 5 O.IN\729 11.113645 1 .111111 11.1111729 

' S f.f.s 5 0.1111729 0.113645 1 .111111 11.1111729 
f.f.f.s S S 6 11.11007] 11.11114.17 1 . 21111 II.IIIHIX7 
S f. f.f.s S 6 11.11111173 O.IK14J7 1.21111 O.IIIHIX7 
S S f.f.f.s 6 0.11111173 11.11114]7 1 2011 II.IIIIIIS7 

f.f.s f.s S 6 li.IXIII73 II.IH\437 1 . 21111 O.IIIIIIS7 

f.f.s S f.s 6 O.IKK173 11.1111437 l. 21111 O.IKIIIX7 
S f.f.s f.s 6 O.IKKI73 () . 1104 .17 1.2110 II.IIIHIX7 

11.995HI4 3.311(>744 IU'>(li .15 

Total Units of 
Bandwidth Expected 

Required for Bandwidth 
Link-hy-Link ( Link·/Jy· End·to-End E:tpecred 

1st Pass 2nd Pass Jrd Pass Correction Probability Link 1 Dela1' /)e/ m· 

s.s.s 3 0.7291KI 2.1H71111 11.4 11.291611 
s.s.f 
s.f.s 
f.s .s 
s.f.f 
f .s.f 
f.f.s 
f.f.f 
>any f s.s.s 6 0.19756 l. IR535 O.R O 15X05 

>any f any f s.s.s 9 0.05354 0.4XIR5 1.2 1Ulf>425 

>any f any f any f 12 0.01451 0.17411 1.6 11.(12321 

0.99461 4.02831 0.53711 

s = success f = fai1ure 
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Table 11.5 
De la y and Throughput Comporison Whcn Probability of Successful Path Transmission ls 0.99 

Probahility of tr~nsmission success ovcr a link: 0.99 
Tr~nsmis~ion dclay (units): 0.1 
NoUc dclay for error managemcnt (units): 0.1 

Total Unil.< of 
Bandwidth Expected 

Required for Bandwidth 
Link·by·Link (Link-by- End-to-End Expected 

Lmk 1 Link 2 Lmk 3 Correction Probability Link) De/ay De/ay 

' S ' 3 0.97030 2.9Hl90 0.600 0.58218 
f.s S ' 4 O.!Kl970 0.03881 0.800 0.00776 
S f.s S 4 0.00970 0.03881 0.800 0.1Kl776 
S S f.s 4 O.IKJ970 0.03881 0.800 0.1Xl776 
f.s f.s S 5 O.IXIOIO O.IXJ049 1.000 0.00010 
f.s S f.s 5 0.00010 0.{)(K)49 1.000 O.OIJOIO 
S f.s f.s 5 O.IKIOIO O.IKKJ49 l.IXJO 0.00010 
f.f.s S S 5 0.00010 O.OIJ049 1.000 O.IKJOIO 
S f.f .S S 5 0.00010 O.IKJIJ49 1.000 0.00010 

' S f. f.s 5 O.IKJOIO O.OIKJ49 1.000 o 00010 
f.f. f.s S S 6 O.UIKKKJ O.OOIKJI 1.200 O.IXIIXKJ 
S f.f.f.s S 6 o. ()()()(J() O.OIXIOI 1.200 O.IXXXKJ 

' S t.r.f.s 6 O.()()()(JO O.IXliXII 1.200 O.OIXliKl 
f.f.s f.> S 6 O.OIXKXl O.OOIJOI 1.200 O.OOOIKI 
f.f.s S f.s 6 O.!Xl!XXJ O.OIKKJI 1.200 O.IXJIXKJ 
S f. f.s f.s 6 O.UIJOOO 0.00001 1.200 0.00000 

0.999996 3.030279 0.60606 

Toral Unils of 
Bandwidth Expected 

Required for Bandwidth 
End-tn-End (End-to- End-to-End Expected 

1st PaB 2nd Pass Jrd Pass CorrectiOfl Probahility End) De/ay De/ay 

s.s.s 3 0.97030 2.91090 0.4 0.38812 
s.s.f 
s.f.s t,,,, 
s.f.f 
f.s.f 
f.f.s 
f.f.f 
>any f s.s.s 6 0.02882 0.17291 0.8 0.02306 
>any r any r s.s.s 9 O.OIJ086 0.00770 1.2 O.IXJI03 
>any r any f any f 12 0.00003 0.00031 1.6 0.00004 

l.(}()()()() 3.09182 0.41224 

s = success f = failure 
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Tahle 11.6 
Delay and Throughpul Comparison Whcn Probahility of Succc'>lul l'ath Tram.mi ... .,rnn ¡, O.lJl)<) 

Probability of transmission success ovcr a link: 11 .. ~~9 
Transm>ssion dclay (units): 0.1 
Nodc delay for error managemcnl (unil>): 0.1 

Tola/ Unit.< of 
Bandwidth Expectcd 

Required for f/andwulrh 
Link-hy-Lmk (Link-l>y· /~lld·to-1·:11(/ 1: tJ)('C{('(/ 

Link 1 Lmk 2 Link 3 Corrc·crion Prohah;{lfy Lmk) 1 Jc/ur 1 klur 

S S S 3 0.~~7110 2.~91111 11 Wll li,)9S2tl 

f.s S S 4 11.011100 11.011399 11 Hllll II.IIIHIHII 
S f.s S 4 o 1~111111 II.Oil.W9 11 Hllll 11.111 H ISO 
S S f.s 4 O IXIIOO 0.01139<) 11. Hllll II.IHMISII 
f.s f.s S 5 II.IKKIIKI ll.lllliKlll 1 .111111 II.IIIIIKIII 

,~ f.s S f.s S IUIIIIIIKI 11 1111111 K 1 1 .111111 II.IIIIIHHI 
S f.s f.s 5 0 IKIIIIHI 11.1111111111 1 .111111 11. 1111111 H 1 

f.f.s S S 5 O OOIIIXI IUIIKIOO I.IKIO IIIUIIIIKI 

S f.f.s S 5 O.OOOIKI O.OIKIIIO I.IKIO 11 1 11 1111111 

S S f.f.s 5 IUKIIK~I 11.111 ll lOO 1 .111111 11 1111111 H 1 

f.f.f.s S S 6 II.IKKIIHI II.IXKIIIII 1.21111 11 1111111111 

S f.f.f.s S 6 11.1101 K 10 O.IKIIIIIII 1 . 21111 111111111111 

S S f.f.f.s 6 o . 0011110 11 IIIIIKII 1 l. 21111 11.1 H 1111111 

fJ.s f.s S 6 11.00111 11 1 II.IXIIXIII 1 . 21111 11 IHIIIIIII 

f.f.s S f.s 6 O.IIIIIKKI 11. 0111 K 111 1 . 21111 11 111" 11111 

S f.f.s f.s 6 O .!K X 11111 o 1100011 1 . 21111 111111111111 

3.1111}1111.1 11. 61 K 11>11 

Total Unit.r of " 
Bandwidth Expectc·d 

Requirefl for Bam/width 
End-to-End ( Emi-10- Lml·f(J- Fml ¡~·r¡J('Cft'd 

1st PcLSs 2nd Pass Jrd Pass Corree/ion l'rohahili1y End) 1 )e'! ay /)(-/(1\' 

s.s.s 3 11. 9971XI 2.99101 IIA II.WXXII 

s.s.f 
s. f.s 
f.s.s 
s.f.f 
f.s.f 
f.f.s 
f.f.f 
>any f s.s.s 6 O.IXI299 0.01793 II.R IUI112W 

>any f any f s.s.s 9 0.00001 IUKKIOH 1.2 II.IKIIIO 1 

>any f any f any f 12 O.OIXI()() O.OOO<KI 1.6 IUKIIXIO 

I.OIKXKJ 3.1111902 0.4111211 

s = success f = failure 
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hack all the way to the origination (severa! hops away) and tie up resources across 
the network. For example, if a PDU has successfully traversed two hops and then 
fails on the last hop. the resources rcquired for a corree! reception under the hop
by-hop method would be B + B + (B + B); under the end-to-end method it would 
be (B+B+B)+B+B+B. 

In each case. the time required lo successfully senda corree! PDU decreases 
as the probability of corree! transmission over a link increases. However, the end- · 
to-end corrcction case was (in this case) always superior in terms of speed (0.66 
units for link-by-link versus 0.54 units at 0.9, and 0.60 units for link-by-link versus 
0.40 at 0.999; individuals engineering packet-switched networks have trade-off 
bandwidth efficiency in favor of end-to-end response time). The data make clear 
that if the probability of link error is low, it is possible to relegate error correction 
to the endpoints of the network without negatively impacting the throughput, while 
substantially improving response time. The additional delay in a traditional packet
switched network is incurred in having to manage error situations at each hop 
instead of just doing it once at the endpoints, as illustrated in Figure 11.5. (This 
more efficient use of bandwidth is not by itself responsible for the increased through
put of a frame relay network; the increased throughput facilitating TI access is due 
to thc fact that faster switches are used.) 

What this analysis should also make clear is that, in single-switch framc rclay 
applications. as sorne vendors are suggesting for prívate frame relay networks, the 
advantages gained by relegating the error management to the endpoints are min
imal. if they exist at all. The path and !he link are nearly identical in an environment 
where the framc rclay routers are connected through a single nodal processor, and 
are exactly identical when two frame relay routers are connected directly with a 
TI line. In fact. the overhead incurred in segmenting and reassembling a 1,500-
octct Ethernet frame into 70 or so cells may practically wash away any gain from 
streamlining the error management procedure (at leas! in a single-nade frame relay 
network ). 

Sume explanation of the model of Tables I 1.4, 11.5, and 11.6 follows. Let p 
be thc probability of successful transmission over a single link. In thc link-by-link 
error procedure. a PDU is successfully transmitted if it is successful over the first, 
second. and third link. The probability of this event is p x_ p x p = p'. In this 
case. one unit of bandwidth is expanded over the first link, one unit over the second 
link. and one unit over the third link, for a total of three units. The delay is (T + 
P) + (T + P) + (T + P), where T is the transmission time and P is the protocol 
processing time. The model proceeds by looking at all (in actuality, the most 
significan!) other events. For example, there could be an unsuccessful transmission 
over the first link, followed by a successful retransmission and two other trans
missions. The probability of this is (1 - p) x p x p x p = (1 - p)p'. In this case, 
two units of bandwidth are expanded over the first link, one unit over the second 
link, and one unit over the third link, for a total of four units. The delay is [(T + 
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P) + (T + P)j + (T + P) + (T + P). Othcr cases are >hnwn in thc tahil' (lJ1J .. Vr· 
or more of all cases are accounted for in the tables). Finally. thc l'xpcctcd handwidth 
value is calculatcd as 

PR""' X Bandwidth"'" + PR,.,_,, x Bandwidth,."'' + · · · 

and the expccted delay is calculated as 

where PR, = Probability of comhincd cvent x. Thc sccond p:1rt of thc tahlc 
calculates thc same factors when thc error proccssing is done cnd to cnd. llcrc a 
transmission is successful only if successful over the first. sccond. ami third links. 
The probability of this is p x p x p= p'. In this case. onc unit o! b:111dwidth i~ 
cxpanded ovcr the first link. one unit over the second link. ami or11: unit ovcr the 
third link. for a total of threc units. The delay is (T) + (T) + (T + 1'). whcn: T 
is thc transmission time and Pis the protocol processing time (in this c:t'c. 1' could 
be incurred by the end-user equipment, but it still impacts thc respollSL' time: in 
addition, P herc is smaller than in the previous case). Thc model ¡Hoeeeds hy 
looking at all (in actuality, the most significan!) other c'vcnts. Any link lailun: lcads 
toan cnd-to-cnd retransmission. Events such as s.s.f or s.f.s or f.s.s or s.f.f or f.s.f. 
or f.f.s or f.f.f (s = success. f = failurc) fall into this catcg.ory (in pr:tctic;d tcrms. 
an errored framc is not actually transmitted-the prescription shown tkscrihes an 
aposreriori probabilistic characterization). Each of thcsc cases would he lollowed 
by a second phase, which; it is hoped, would be of thc form s.s.s. Thc pruhahility 
of this is (l - p') x p x p x p. In this case. as many as thn:c units of ham.lwidth 
are cxpandcd in thc first case, plus three units in the second phasc. for :1 total of 
six units. The delay is 2*j(T) + (T) + (T + P)j. Othcr C:N~s :m.: shown in the 
tablc (lJ9.4% or more of al! cases are accountcd for in thc tahks) Finally. thc 
expccted bandwidth usage and delay are calculated as dcscrihed ahove. 

Public frame relay networks must be designed with quality of servicc in mind. 
Sorne of the parameters being discusscd are 

Ratio of nondelivered PDUs to total PDUs :s ro- J. 

Ratio of errored PDUs to total PDUs :5 lO ''. 
Ratio of misdelivered PDUs to total PDUs :5 10 ". 
Ratio of duplicate PDUs to total PDUs :5 10 ·''. 

(Today's frame relay networks do not yet meet thcse goals.) lf thc nctwork is not 
properly engineered from a traffic perspective (i.e .. insufficient trunk bandwidth 
is provided) and unreliable flow control procedures are used, the number of nct
work-discarded frames could become significan!; this issue will be recxamined la ter. 
In addition to the quality of service measures with reference to error conditions, 
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carricrs aim for :..n cnd·to·cnd del ay of about 250 ms per average frame ( 1.000 
octcts) over a DSO access line and 20 ms over a DSl access line. Carriers have the 
opportunity of tariffing a leve! of service or network delay [11.2]. Since frame rclay 
will not work too well ovcr noisy lines (e.g., in sorne countries outside the U .S.), 
it will not have the international reach of traditional packet switching. 

l1.2.5 Frame Relay Processors 

A framc rclay processor is a switch that "connects" uscrs, facilitating any-to-any 
connectivity. Connections are accomplished in real time over the PVC (the PVC 
itself, howcver, had to be prcviously established). The frame relay interface is only 
a dcfinition ot' what the data stream into the frame relay network looks like. 
Equipment in the form of nodal processors is needcd in the network (private or 
public) to make the frame relay concept a reality. Like a packet switch, a frame 
relay nodal processor supports a virtual connection. Tables are maintained by the 
node that tell the node the physical port on which an incoming frame must be 
transmitted. For users terminating on thc same node. the frames are directly sent 
to the dcstination by checking the addrcss and determining which physical port 
needs to receive the data. For users terminating on two different nodes, the data 
must be sent over the appropriate trunk to the destination node for ultimate deliv· 
ery. Centralized administration of the backbone network routing tables and thc 
natural port sharing and multiplexing attributes of frame relay make network 
growth manageable and simple. According to sorne observers, the annual demand 
for fast packet framc relay technology will surpass TDM-based TI multiplexer 
systems by 1995 [1 1.20]. 

U.2.6 Fram~ Relay Networks 

Framc rclay networks can be private, public, or hybrid. A network consists of ( 1) 
user cquipment supporting the frame relay interface, (2) one or more frame relay 
processors owned by the user or a carrier, and (3) communic<llion links between 
the uscrs and the nodal processors and between the processors (links betwecn the 
nodal proccssors are owncd by the carricr in a public network). The user equipment 
typically consists of appropriately configured LAN routers. The nodal processors 
interpret the frame and transmit them (using cells or, in sorne cases, frames), 
making the concept of frame relay a reality. Figure 11.6 shows an example of a 
(public) frame relay network: frames traverse a fixed PVC path through the net
work, although transmission resources (including bandwidth) are not dedicated to 
ea eh virtual connection. 
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Figure IJ.6 A (pubhc) frome relay network. 

11.2.7 Transmission Mode 
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Host 

Frame relay is a connection-oriented technology. Traditionally. CCriT. thc original 
frame relay standardization body, has pursued a conncction-oricntcu philosophy. 
Conncction-oriented service involves a conncction establishment phasc. a uata 
transfer phase, anda connection termination phase. A logical conncction is sct up 
between end-systems prior to exchanging data. These. phascs ucfinc thc scquencc 
of events, ensuring successful data transmission. Sequcncing of uata. now control, 
and transparent error handling are sorne of the capabilitics typically inhcrcnt in 
the service. The cal! setup phase (as would be the case in thc SVC environmcnt) 
adds sorne delay to each cal!, but it facilitates dynamic conncctivity. For today"s 
permancnt virtual circuit-based frame relay, setup is done once by thc systcm 
administration on behalf of the user. The PVC approach implics the allocation of 
sorne resources-like table entries-regardless of the real-time user traffic con
dition). Since the PVC is established at subscription time, there is no need for real
time signaling in this type of service (there may be status signaling, but this is 
unrelated to the establishment of the channel). 
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In a .:or\Jlcctionlcss scrvicc. such as SMDS, cuch data unit is indcpendcntly 
routed to the destination; no connection-establishrnent activities are required, since 
cach data unit is indcpendent of the previous or subsequent one. Connectionless
rnodc scrvicc providcs for unit data transfer without regarding the establishment 
or rnaintenance of connections. This is advantageous in interenterprise applications. 
Each unit of data contains the addressing inforrnation and the data itself. The 
responsibility of ensuring that the rnessage gets at the other hand is shifted up from 
thc data link !ayer to higher layers, where the integrity check is done only once, 
instcad of being done at (every) lower !ayer. Connectionless cornmunication is now 
a vcry cornrnon technique, and is found, for exarnple, in LANs. Since SMDS is 
also connectionless, the two technologies can interwork in an optirnized fashion. 

11.2.8 PVC Establishment in Prívate Networks 

The backbone frarne relay processors typically have a centralized network rnan
agernent terminal to provision connections. The manager specifies the endpoints 
(i.e .. the two routers for which a PVC is desired). The network rnanagerncnt systern 
will then autornatically build a path between the nodes (and, hence, thc endpoints) 
and inforrn all nodes in the network of the route. Sorne processors require manual 
cntry of thc entire routing path in the various tables. This path will be used for all 
subsequent transrnission between the specified endpoints. The manager can also 
spccify alternate logical/physical routers to deal with node or trunk failure (user 
access line failure cannot be dealt with by this rnethod). 

11.2.9 Frame Relay Protocol Stack and Protocols 

Figure 11.7 depicts a typical frarne relay network protocol architecture. These stacks 
rnust be irnplernented in the user equiprnent and in the nodal processors in order 
to irnplernent frarne rclay. In the exarnple, there are two PC users on two geo
graphically separare LANs. These LANs would access the frarne relay node via 
routcrs configured to termínate the frame relay interface. There are two PC users 
on the two rernote LANs. Three network nodes have been provisioned to logically 
intcrconnect the end-user equiprnent via perrnanent virtual circuits. Nodes 1 and 
3 termina te the end-user equiprnent directly over a link with a frarne re la y interface. 
They rnust support segrnentation functions like CS and SAR (discussed in Chapter 
10) in order to accornrnodate cell-based transmission within the network. 

Standards work for frarne relay started in 1986; work accelerated in 1989, 
after the publication of the first CCITT frarne relay standards. CCITT's 0.922 and 
ANSI's TJ.618, TJ.617 Annex B, and Tl.617 Anncx D describe the UN!. Transfer 
of PDUs is based on Core Aspects of LAP-F protocol (ANSI Tl.618). LAP-F 
equates to 0.922 and to the older "1.441° Core" defined in the 1988 version of 
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1.122. PVC management functions are included in Tl.617 Annex D; many features 
of the local managemcnt interface (LMI) specification were initially proposed hy 
vendors and by the frame relay forum. 

Table 11.7 summarizes the status of the standards. T1.606 provides a descrip
tion of the frame relay service. lt was approved in 1990 by ANSI. The equivalen! 
CCITT reeommendation, 1.233, was in the final stages of approval. T1.606 Adden-
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Table 11.7 
Frame Relay Standards. January 1992 

Srandard ANSI Number Status CCITT Number Status 

Framcv.ork 1.122 Published 
ScPw'icc Dcscription Tl.606 Published 1.233 Final 
Congestion Managcment Tl.606 Addendum Approved 1.370 Final 
Dala Tr;:mo;.fcr Protocol Tl.618 Approved 0.922 Annex A Final 
Accc'is S1gnaling Tl.617 Approved 0.933 Frozcn 

dum describes congestion management. It was approved in November 1991. The 
equivalen! CCITT recommendation, 1.370, was in the final stages of approval at 
press time for th'e March 1992 CCITT meeting. Tl.6!8, based on core aspects of 
the LAP-F protocol. describes the data transfer protccol at the UNI. The standard 
was approved in 1991. The equivalen! CCITT recommendation, 0.922 Annex A, 
was approved in March 1992. Tl.617 describes acccss signaling. It was approvcd 
in 1991. The equivalent CCITT recommendation, 0.933 was approved in March 
1992. Tl.617 Annex B describes management of PVCs on a channel that supports 
a mix of PVC and SVC services. Tl.617 Annex D provides key PVC managemcnt 
functions. The LMl of Annex D makes possible for the network to notify the end
user of the addition, deletion. or presence of a PVC ata specified UNI (any such 
information rcceived on a UN! applies to that particular UNI). Areas requiring 
standardization include NNI protocols and interoffice signaling. 

The mínimum information field allowed by the protocols is 1; this implies 
that thcrc are no rcstrictions on how small the frame is. A total of 1,021 PVCs pcr 
UN! are supported. Logical channel 0,1, and 1023 are rescrved; channcl 1023 is 
u sed to send link !ayer managemcnt messages from the network to the user's de vice; 
other logical channels (up to 45) may be reserved by sorne carriers. 

11.2.10 Transmission Mechanism Across a Frame Relay Network 

When using the frame relay interface, the router on a LAN selects the required 
re mote router by spccifying the permanent virtual circuit via a data link connection 
identificr contained in the frame relay frame it builds prior to transmitting the data 
(the identifier is originally assigned by the network administrator). If the system 
is well designed, there should be no segmentation of the LAN frames into multiple 
frame reta y frames, although this could happen in theory, adding del ay and over
head. The nodal proeessor accepts the frame it receives on one of its incoming 
ports, segments it into cells while appending a sequence number for remote-switch 
cell-to-frame reassembly, and delivers it over the trunk connecting to that re mote 
switch. lnitially, trunk interfaces-used a "packet-like" protocol; more recently,. 

'' 
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products are moving in the direction of CCITT's A TM ce lis standards. Thc s"itch 
must segmcnt incoming frame relay framcs for dclivcry thr~,ugh thc cell format. 
beeause these frames can be long while cells are much shortcr: for cxamplc. 
CCJTT's standards spccify cells with 48.octets for the payload and fivc extra cell' 
for overhead. as discussed in Chapter 10. As indicated. the network does not worry 
about error correction. Nodal processors do, however. check thc framc check 
sequence (FCS') code of a receivcd frame. lf the frame is found in error. it is 
dropped without further processing (rcfer again to Figure 11.5). · 

Every network needs to ensurc that traffic is routcd reliably from the sourcc 
to the dcstination. In a frame re la y network, routing of thc framcs from the various 
routers is dctermincd by the DLCI of the framc on a givcn uscr-nctwork interf~tee. 
Nodes use the DLCI to determine thc framc's dcstination. Thc DLCI is not an 
address of the destination. since it may changc as the frame travels through the 
network (i.e .. the DLCI has local significance only). lnstcad. it idcntifics thc logical 
connection between an element in the network and thc ncxt elcmcnt in thc network 
(i.e .. cndpoint and nodal processor. and nodal proccssor and cndpoint: routing 
between nodal processors is accomplished through the VCI ). S ce Figure 11.1-: for 
an example. The routing table entrics for permanent virtual circuit scrvicc are 
populated via thc nctwork management system. and routing is not determined on 
a "pcr-call" basis as in X.25 SVC servicc. In the examplc of Figure 11.7 

• Thc network !ayer in the PC at location x (typically part of thc TCP/1 P stack) 
looks in thc routing table for the address associatcd with thc dc~tination 
application, known at the sending end by sorne logical namc. say. y. Thc 
tablc indicates that the local routcr must be specifically ~tddressed for the 
sclected dcstination. 

• U pon reception of the framc, the routcr checks its routing tabks to determine 
the local DLCI needed to be appendcd to thc framc in order to rcach remole 
destination y. 

• Thc router's data link !ayer placcs the information in a frame relay frame 
and sends it to node 1, with the DLCI labcl propcrly appended to the infor
mation. 

• Node 1 recognizes the DLCI associated with an existing logical path through 
the network. lf the frame is not in error and it has a val id DLCI. it is segmentcd 
into eells which are subsequently identificd by a nodc-assigned VCI and othcr 
SAR meehnanisms (sorne nodal processors forward entire framcs without 
scgmentation; the advantages of cell rclay NNis over frame relay NNis are 
discussed in Section 11.2.14). The cells are scnt on to nodc 2 and from there 
to node 3. Otherwise, it discards the frame. 

7This acronym and the Fiber Channel Sta~dard acronym introduccd in Chaptcr 1 clcarly rcfcr to diffcrcnl 
concepts. 
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figure 11.8 Mapping of DLCis in a frame relay ne!work. 

• Nade 3 reassembles thc cells into the frame using the VCI and other SAR 
mcchanisms; the nade then passes the frame over the access line that ter
minales in thc equipment supporting application y. 

• Upon rcceipt, the router forwards the information lo the PC. In turn, the 
data is sent from the PC's data link !ayer to application y via the transport, 
session, and presentation layers. 

The nada! processors do not _ha ve to read the variable-length frame to achieve .,·. 
switching; instead, the DLCI is sufficient lo allow the edge processors to make the _;;;; 
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necessary routing dccisions. Figure 11.9 shows onc physical rc~liz~tion of thc pro
toco! architecture of Figure 11.7 in ordcr to illustrate routing of framcs through a 
private frame relay network. The DLCI may be reuscd by virtual circuits that do 
not sharc one or both endpoints. 

In fact. Figure 11.8 implies that the routing is more complcx than thc short 
discussion given above, sincc therc is an intcrplay bctwccn DLCI. thc ccll"s VCI 
(or equivalen! vendor-proprictary indicator). ~nd ultimatc trunks. Thrcc aspc.:cts 
of routing exist: 

• An association between thc locally signific~nt DLCI and thc ccll"s VC'I (and 
thc other way around). This occurs at origin~tion and dcstination nod~l pro
ccssors. 

Dastination 1 Oestlnatlon 2 OestJnatlon 3 

1 DLCI• 001 JI DLCI· 010 IJ DLCI. 011 1 

' Nodal Procossor 
l"'o""Lc""t,...""o"'1 1'"') '-- ,.. . . ..... __ ""*"" 

Oestlnation 3 

Oesllnation 1 

Oaslinstion 2 

Routar 

Note: In acluallty, DLCII only hDW bcaf elgnlticancl and can be alterad during transmission. 

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; !he VCI could 
rcmain the same end lo cnd if the virtual connection is provided on a sem
ipermanent basis). This occurs al intermediare nodes. 

• Association bctwecn a local DLCI and a DLCI of a user connected to the 
samc nodal proccssor. 

This in turn raiscs severa! questions pertaining to vendors' implementation 
of the frame relay/cell rclay processors: 

l. Are tandcm nodal processors allowed, or must nodal processors be connected 
with direct trunks? 

2. Does a tandcm nodal processor have to reassemble cells back into frames, 
or are the ce lis rclayed ("pipelined") directly as needed? 

3. How does a nodal processor treat an incoming frame destined for a user 
directly connected to the same processors? Namely, is segmentation required? 

These questions have a critica! impact on !he end-to-end delay of the frame 
relay network. Just the initial segmentation and the re;note reassembly can already 
be significan!; any intcrmediary reassembly impacts !he grade of service further. 
Figure 11.7 depicted a sccnario where the frame is segmented by the first processor 
handling it (node 1), and then sent downstream toa tandem processor (node 2), 
which accepts cclls as such and transmits them along individual! y and discretely, 
without intermediary reassembly (Figure 12.3 shows an example of a segmentation 
proccss similar to the one discussed here). The frame is reassembled only by the 
dcstination node (node 3). Note that Figure 11.7 did not show SARICS function 
at node 2. This would happen if the nodal processor followed cell relay/switching 
A TM principies; such a processor would typically serve a variety of end-user 
stre<~ms. sorne of which could be digitized video, sorne could be digitized voice, 
and sorne could be frame relay information. Notice that, at the very leas!, the use 
of tandems implies having to incur the trunk transmission time twice. lt is con
ceivable that if a nodal processor does not follow cell relay/switching principies, 
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 away from 
dedicated interrouter links they have used until now and onto a network based on 
high-speed packet technology. However, this is not an insurmountable problem, 
since frame relay has (in principie) a way to manage and control congestion (11.21] . . '! 
The frame relay network compased of the nodal processors, private or publi_~j;J 

- > 
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attends to this by first using congestion notification stratcgics and thcn by sclcctivcly 
discarding frames when needed to relieve congestion. Congcstion control mccha
nisms are utilized to treat users fairly and to protect the network ¡md users oy 
localizing the congestion within the network. 

Thc congestion notification takcs place when a network nodc determines that 
it is becoming congested. lt sets the forward explicit congestion notification ( FECN) 
bit in the framcs as it scnds them to the dcstination routcr (scc Figure 11.4). 1t 
also sets the backward explicit congcstion notification (BECN) oii in thc framcs 
destined for the source router. Upon rcccipt of thcse framcs. thc sourcc and 
destination routers are cxpcctcd to initiatc procedures to throttlc oack the traffic 
off e red to the network. lf congestion continucs to incrcasc dcspitc using congcstion 
notification, the network will begin to discard eligiole framcs and will put thc 
congcstion localization procedures into effcct. Thc nctwork of nodal proccssors 
selccts frames for discard by looking at thc discard eligihility (DE) bit in each 
frame to see if it has becn set by thc router. lf it is set. thcn the nctwork discards 
the associated frame. These procedurcs continuc until the congcstion suosidcs. 

One issuc. however, is if and how thc routcr can cnforcc throttling hack to 
thc PCs originating the traffic. Hcnce, thc importan! qucstion·to ask aoout a frame 
relay routcr. a nodal processor. and a carrier servicc. is whcthcr or not thc full 
congestion control apparatus specified by thc standard is implcmcntcd in cach of 
these dcvices. Congestion in public frame rclay nctworks will be discusscd in a 
latcr section. 

11.2.12 Quality of Service 

Multirouter nctworks using frame relay interfaces providc for propcr framc 
scquencing and minimize the likelihood of misdelivercd frames. This is accom
plished by the nodal processors by using thc conncction-oriented PVC service, The 
same predetermined logical path is used by the nades for all frarncs using thc samc 
DLCI on a given access interface. Recovery from errorcd framcs is accomplishcd 
by the end-user equipment, since the network will derect and discard all errorcd 
frames. 

11.2.13 Cell Relay 

A cell is a fixed-length packet of user data (payload) plus an ovcrhcad, usually 
small, of 53 bytes or less. Cell relay is a high-bandwidth, low-delay switching and 
multiplexing packet technology (discussed in Chapter JO) which is required to 
implement a frame relay network in an efficient manner, particularly for mi~ed
media and multimedia applications. The international cell relay standard, A TM
was also discussed at length in the previous chapter. With cell relay, information 
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to be transfcrrcd is packetizcd into fixed-size cells. The terrn "cell relay" and the 
terrn "cell switching" are both used by the BISO N cornrnunity [1 1.22]. (Sorne 
distinctions are possible. although we use the terrn interchangeably: cell relay can 
refcr to an environrnent of PVCs where cells are sirnply relayed along the sarne 
path according to sorne static incorning-to-outgoing trunk association; cell switching 
can refer to a SVC environrnent where cells are dynarnically switched according 
to a nearly-real-tirne incorning-to-outgoing trunk association created by the user 
via a signaling process.) Vcndors tend to use thc terrn "cell rclay switch" (or node) 
when their equiprnent does not irnplernent the CCITT A TM standard, but a pro
prietary standard. If the CCITT standard is irnplernented, they typically refer to 
the cquiprnent as an "A TM switch." 

Ce lis are identified and switched by rneans of a VCINPI label in the header. 
A number of functions of the !ayer 2 protocol are removed to the edge of the 
backbone. while "core capabilities" are supported directly by the cell switches. in 
addition to !ayer 1 functions (clocking, bit encoding. physical medium connection). 
Cells allocated to the same connection may exhibit an irregular recurrence pattern, 
since cclls are filled according to the actual demand. Cell relay allows for capacity 
allocation on demand. so the bit rate per connection can be chosen flexibly. In 
addition. the actual "channel mix" at the interface can change dynamically. The 
ccll hcader (such as the A TM's header) typically contains a label and an error 
dctection field; error detection is confined to the header. The label is used for 
channel idcntification, in place of the positional methodology for assignment of 
octets. inhcrent in the traditional TDM Tlff3 systerns. Cell relay is similar to 
packet switching. but with the following differences: (!) protocols are simplified 
and (2) cells (packets) have a fixcd and smalllength. allowing high speed switching 
nodcs; switching decisions are straightforward and many functions are implemented 
in hardware. Cell relay is critica! to the deployment of frame relay, and only thosc 
nodal processors irnplcrnenting it give the users the full advantages of thc new 
tech nology. 

One complication of using cell relay at the NNI instead of using framc relay 
at thc NNI has todo with nctwork discard options. A packet-based frame switching 
nodal proccssor (e.g., Netrix, BT Tyrnnet, and others) can discard a frame found 
to be in error or. in case of overload, a frame designated as eligible for discard by 
the uscr. In fast packet/ccll rclay platforms, the framc loses its identity in transit 
(sincc it is pipelined and only reassembled at the remate nodal processor, notan 
intermediary processor). The issue then arises of what to "throw away" in case of 
congestion; although a framc might ha ve been segmented into, say, 30 ce lis, throw
ing away 30 random cells might imply corrupting the integrity of 30 frames, not 
(just) one frame, as might havc been the intention of the network. As a practica! 
soiUlion. manufacturers of cell-based nodal processors put greater emphasis on 
designing their processors to avoid a congestion state rather then on how to deal 
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with cong.:stion after it arises (systems with frame rclay-bascd NNis tcnd todo the 
opposite). Hence, these processors have enough buffering to absorh user's input 
data during an interval of network congestion instead of having to start forwarding 
ofthat data into the network, just to find later that sorne cells were los t. ncccssitating 
sorne remedial action (this is analogous to the airline industry principie of holding 
planes on the ground if congestion exists rather than launching the plane ~nd then 
having to hold it while in transit). 

11.2.14 Cell Relay Platforms for Frame Relay 

"Frame reta y" switches, airead y identified as nodal processors, need to be dcployed 
in order to properly allocate bandwidth on a dynamic basis (alternatively, this can 
be achieved by using the frame relay facilities of a carrier). lt is critica! that a framc 
re la y nodal processor support a dynamic view of the data being transfcrrcd through 
it; otherwise, the user will not obtain the full benefit possible with thc technoi<H!V. 
Without a cell-based switch, dynamic bandwidth allocation is not easily achicvahle. 
Figure 10.19 clearly indicated three modes of deploying frame reta y in a corporate 
environment. The simples! way is to upgrade the routers with a fr<Jme rclay board 
and retain the existing point-to-point infrastructure. This appro<~ch !loes not provide 
any consequential advantage over the existing environment [ 11.3, 11.4]. 

Frame relay describes an interface specification; nod<~l processor equipment 
vendors can still use proprietary interna( protocols. This is similar to the X. 25 case. 
where packet switches support a standardized interface, but use interna! transport, 
routing, and flow control protocols. This forces a user wanting to establish a priva te 
network to use the equipment from the same vendor throughout the network. By 
contras!, the ccll switching technology specificd in ATM is open by design. 

Many customers deploy high-capacity circuits to mect peak traffic (and per
formance goals); however, OSI lines used exclusivcly for data are reported hy 
sorne to be only loaded at 15% or less [11.2, 11.23, 11.24]. Dynamic handwidth 
allocation requires the incorporation of cell relay in the nodal processor to handle 
communication over the trunks (another way would be to employ a framc switching 
nodal fabric, but the granularity or efficiency of the multiplexing can be significantly 
lower). Dynamic bandwidth allocation is done by designing the nodal processor 
from the ground up and eliminating any fixed-bandwidth constraints imposed by 
a TDM nodal architecture. No interna( blocking should be allowed in the switch. 
and queuing must be eliminated or at least minimized. Vcndors which have expcr
imented with these architectures over the past few years are in a position to incor
pora te these ground-breaking architectures in the products they manufacture. TDM 
and cell relay can be viewed at two ends of a spectrum: it is not possible to take 
full advantage of cell relay if the node has interna) and/or externa( TDM structural 
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restrictions. Because of thc efficicnt multiplcxing possiblc with ccll reluy, dynamic 
bandwidth allocation, so importan! to bursty users, particularly in the LAN router 
environmcnt. is achicved. 

Uscrs with a mix of bursty traffic may find it advantageous to upgrade TI 
equipment that uses time-division multiplexing to cell relay platform. The drawback 
of traditional TDM techniques is that users must allocate portions of the Tl circuit 
to individual channels, each supporting transmission of a specific data source. Since 
that bandwidth is allocated to only one user, it remains unused when it is not 
necdcd by that one user. Simply retrofitting a circuit-switched TDM-bascd TI 
multiplexcr with frame relay UNis does not deliver the intrinsic bcnefits of frame 
relay, any more than simply replacing a standard router with one supporting frame 
rclay whilc still.using a point-to-point Tlline would. With circuit switching systems, 
the uscr has to preallocate sorne (or all) bandwidth to the frame relay service, 
whcthcr that bandwidth will be used or not. An efficient utilization of the tech· 
nology over a private backbone network requires a nodal processor with interna! 
fast packet technology .: namely. a processor which employs cell relay tcchnology. 
In this case. letting all-·applications compete for the backbone bandwidth allows 
thcm 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 un a 
circuit-switched multiplexer can only access sorne fraction of the total bandwidth. 

When a nctwork is properly designed, the full bandwidth of the frame rclay 
interface can be available to any application that requires it for relatively long~ 
duration bursts of data, as may be the case for interconnected LANs. These appli· 
cations m ay require that the network nodes support bursts occupying thc fui! access 
bandwidth for intervals of up to 10 seconds or more in order to support transfer 
of large files or interactive traffic. 

Thcre are economic advantages of using the combination of frame re la y acccss 
and a cell-based backbone network. Using frame relay tcchnology in conjunction 
with a ccll-based backbone multiplexer as an upgrade of an existing private cor· 
poratc backbone can be cost-effective, since the user can obtain from the backbone 
nccdcd bandwidth on demand, rather than on a fixed (and inefficient) basis. The 
"saved" bandwidth is then available to other users of the same backbone, in theory 
minimizing the amount of new raw bandwidth the finn needs to acquirc from a 
carrier in the form of additional TI or Ffl links. As an alternative strategy, the 
servicc from a carrier can be used. Although nodal processors can also support 
non-frame relay traffic (e.g., voice or video), the two technologies together. cell 
relay and frame rclay, promise to increase throughput between locations that have 
large amounts of bursty traffic. 

One may wondcr why it is beneficia! to utilize segmcntation of a frame into 
many (up to 133) cells and, con~equently, why a cell-based platform is superior to. 
a frame switching technology in the nodal processor. The explanation follows .. _; 
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Frame rclay i~ a data·only prot:lcol; it is intcmh::J to support HDLC-typc traffic 
(e.g. LAN packets). Its main focus is on data serviccs. Cell rclay (fast packct) 
switches. on thc othcr hand. can al so handlc voicc anJ video. For cxamplc. voicc 
"frames" may be as small as onc octct. Thercfore. should a user"s nccd he qrictly 
LAN interconncction. then a frame switching technology with FRh on hoth the 
access and on thc trunk sidc. might. in f<Jct. be superior in terms of performance. 
However, if the u ser <JI so contempla tes supporting voice ami video. thc bcst solution 
is to use a cell rclay platform that supports FRI for LAN aceess. sotilc othcr acce>s 
protocol for voicc and for video. anda ccll method on the trunk side. As covcred 
in the prcvious chapter. the ATM cell proccdurc is bcing introduccd undcr BISDN 
to support all media. including voicc. data. and video. Multiplcxer vcndors view 
frame relay asan access protocol; thc cell relaylfast packct backbone is vicwcd as 
giving thc user bcttcr control over the quality of scrvicc of thc path and facilitating 
a mix of traffic 1 11.15]. 

11.3 BENEFITS OF FRAME RELA Y 

11.3.1 Deployment Approaches 

About 75% of largc (Fortune 1500) comp<Jnics hada dozcn or more bridgcs intcr
conncctcd via OSI lines in 1990 1 II.H]. That numbcr is likely to rcach 100'/~ by 
1993. Howcver, as discusscd carlicr. priva te nctworks based on dedicatcd lines 
tcnd to become impractical whcn thcrc is a largc numbcr of remole dat;t sourccsl 
sinks generating bursty traffic. Thc numbcr of links grows quadratically wtth thc 
numbcr of sites to be interconnectcd. In addition. thc interconncction capacity 
nccds to be highcr; this incrcase in the speed is oftcn dictated by applications 
requiring more data to be transactcd, as well by the numhcr of uscrs of thc scrvice 
of interconnection !J 1.17, 11.25-11.28]. This implics that fairly cxpcnsivc links are 
required. 

Five classes of solutions are available: 

l. Jnstead of connecting all routers with a fully interconnected nctwork. sorne 
routers are connectcd in tandcm. While this reduces the number of links. it 
introduces extra end-to-end delay and increases nodal proccssing (rcquiring 
more machine cycles). 

2. Deploy a private frame relay network using frame relay nodal processor(s). 
Jnstead of physical point-to-point links. this approach only requires con
necting the routers to the nodal processor(s) with a single physical link. 
Connection between various routers is accomplished with PVCs (illustrated 
in Figure 11.3). 

3. Use a PVC-based carrier-provided frame relay network. lnstead of many 
physical point-to-point links, this approach only requires connccting thc rou-
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ters 10 the carrier's switch with a single physical link. Connection betwcen 
various routers is accomplished with PVCs that are established at service 
subscription (see, for example, Figure 11.6). 

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

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

Thc cvolution in the private environmcnt involves using nodal processors 
which provide FRis to the routers and use cell re la y/ ATM technology between 
nodes. (As indicated, it would be technically possible to also use frame relay 
tcchniques between the switches, as, in fact, two frame relay routers connected by 
a dedicatcd TI link use, and as sorne vendor architectures based on traditional 
packet engines do, but this approach has not seen major commercial realization.) 
Although frame relay remains a connection-oriented service, there are still advan-
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tagcs in connecting LANs through framc relay rather than X.15 packct switching. 
In particular, when using X.25 service, routcrs had to encapsulatc LAN traffic in 
the X.25 packet, imposing substantial performance degradation. Framc relay. on 
the other hand. incurs little overhcad and allows for a numhcr of protocols to be 
transponed transparently [ 11.2lj. 

In view of the growth in thc population of LANs, carricrs are rcadying them
selvcs to provide public PVC-based frame relay data scrvices that support high
capacity access/throughput, coupled with the universal acccss. survivahility. econ
omies of scalc, and efficicncy availahlc rhrough rcsourcc sharing. Chapter 1 pro
vidcd information on the time frame of framc relay dcploymcnt in corporare nct
works. SVC-based frame relay can havc sorne advantages, but it also has somc 
limitations. First. the scrvice may bccome avail::~hle only la ter in the dccade. Second. 
a user needing to scnd data to sorne remole user on anothcr LAN muy not he 
willing to incur thc call setup time each time a session is required. The way somc 
peoplc have gotten around the setup time issue in packet-switched networks is to 
use long-duration SVCs; thesc are set up once and kept active for an appropriatc 
amount of time, such as a day. 

Sorne u~ers may deploy hybrid frame relay networks. Thcsc users could use 
their own frame relay backbone connecting rnajor sites and use a puhlic frame 
relay network to conneet secondary sites. lntcrworking issues huve to he resolved 
befare this approaeh can be realized in praetice. 

11.3.2 Benefits of Frame Relay in Private Nelworks 

In the business and economic landscape of the 1990s it is prudent for thc com
munication manager to look at networking solutions that will not have to he dis
carded aftcr a couple of years to keep up with network growth or higher speed 
networking needs or technologies. Sorne n<Jdal processors now on thc market only 
support data. Other nodal proeessors support datu, voice, und video. Beca use nodal 
proeessors based on cell switching utilize backbonc facilities bctter than cxisting 
static channel banks or circuit switching TI multiplexers (and also existing X.25 
switches), the deployment of these mixed-media nodal processors in a private 
network benefits users that need to connect LANs ovcr integrated backhones 
supporting a variety of other traffic. Users with LAN traffic only m ay choosc data
only nodal processors. The financia! advantage of a frame rclay network becomcs 
more marked whcn thc number of routers is high (half a dozcn to a dozen. or 
more) and when the distances between routcrs is considerable (hundreds or thou
sands of miles-if the routers are all located within a small geographic arca, such 
as a city, a county, ora LATA, the economic advantage of elimination lines is less 
eonspicuous). Table 11.8 summarizes sorne of the bcnefits. 
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Port and link sharing 
Bandwidlh on domand 
High throughpul and low dclay 
Easc of nctwork cxpansion 

Table 11.8 
Sorne Benefits of Frame Relay 

Easc of transition frorn existing routcr nctworks 
Easc of transition from any cxistmg nctwork 
Cohcsivcncss and symbiosis with LANs 
Simplificd network administratíon 
Standards·based 
Economic advantages (in a variety of situations) 

Port and Link Sharing 

Among the advantages of framc relay is ils ability to statistically multiplcx framcs 
from multiplc LANs at one location onto a single •Jser network interface and 
associatcd communication link. Frames going to multiple destinations can share 
the same routcr port. The framc relay interface to thc nodal processor providcs 
for the end-user cquipment the capability to place frames destined for differcnt 
nctwork cndpoints onto the same network access line by using the DLCI mecha
nism. This accomplishes port sharing and allows each frame to have use of the 
entirc bandwidth of the access line when there is a frame to be sent. Further 
efficicncies are gained on the backbone network interconnecting the nodal pro
cessors by combining the traffic from multiple routers onto the network trunks 
using efficicnt ccll/ATM protocols. Instead of having to purchase more expcnsive 
multiport routers that otherwise would be needed, simpler point-to-point routers 
can be uscd. 

Bandwidth on Demand 

All of thc bandwidth on the frame relay access interface can be available to the 
cnd-uscr systcm when it necds to transmit data across the network. The nodal 
processor can be optioned to accept, under conditions of slack, all the incoming 
traffic from one user up to the full acccss speed. Alternatively, the nodal proccssor 
can be optioned to accept up to sorne prenegotiated rate less than the full access 
specd, but more than the average user requirement. For example, the access line 
could be a TI 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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lmproved Use of Bandwidth 

Dynamic bandwidth allocation reduces the aggrcgate backbonc transmission banc.l
width the manager nceds lo secure from a carrier, which would otherwise be ncec.lec.l 
without it. Additional transmission resources contribute 10 a c.lircct incrcase in 
transmission cost. For example, if six uscrs need a maximum of 512 khps, two TI s 
would be required under TDM, although thcir average r;Ite may only he J2X khps. 
With frame rclay, one TI (5 x 128k + 512k) should sufficc if ttie traffic is truly 
ranc.lom. Thc upgrade of an existing backhone network with a prívate framc rclay 
network can save, according to sorne early users, 20% of the total network band
width [11.29]. 

High Throughput and Low De/ay 

Since all of the bandwidth is available, high throughput is possible. Minirnal c.lclay 
is encountered within the backbone network, since there is littlc prntocol proccssing 
required with frame relay. Cell-basec.l nodal processors, particularly thosc cmrloy
ing the lates! high-power microrrocessors, are fast. The switching c.lccision~ ha,cd 
on the cell hcader are simple and direct. For examrlc, sorne stuc.lics havc shown 
that with a private X.25 with 56-kbps access, it took 4 minutes to transmit a 
benchmark file; with a frame relay network based on a TI backbonc ami acccsscc.l 
with a 56-kbps line, the file could be transmitted in 45 seconc.ls [ 11.2lJ[. 

Ease of Network Expansion 

Network expansion is straightforward with framc relay. Ac.lc.ling a rH.:w routcr to 

thc network requires only the assignment of an access port on thc nctwork noc.lc. 
and the intcrconnection of the router with the network noc.lal rroccssor via tire 
approrriate transmission facility. The interconnection of the ncw routcr with thc 
cxisting routers is accomplished by logically provisioning thc network using a ccn
tralized network management system. The ccll-bused protocols u sed hy vcnc.lors 
today could lend themselves to migration to the standard ATM cell formal. This 
migration will permit the nodal processors to support sorne of thc new high-spccd 
services being developed by carriers. Thus, both framc relay and access 10 these 
highcr speed services can be supported on the same backbonc. 

Ease of Transition From Existing Router Networks 

Existing routers typically need only a software upgrade to imrlcmcnt thc framc 
relay interface. Once this is done, the routers can be re-homed on the new framc 
relay backbone. 
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Ease of Transition From Any Exisring Network 

It was indicated above that many users still have networks that were put in place 
a few years ago. A frame rclay network can casily be deployed, no matter what 
the uscr bascline is, as will be discussed in more detail latcr. 

Cohl'siveness and Symbiosis With LANs 

Frame relay technology is similar in sorne aspccts to the data link !ayer discipline 
of a LAN. Since the data need to lea ve the LAN and travel over a WAN, it is 
desirablc to use a WAN technology that has an affinity with the LAN technology. 
This minimizes the amount of protocol conversion/remapping which would oth
erwise be needed. 

Simplified Network Administration 

Severa! recen! studies ha ve indicated that, when considering thc true corporate 
cost of communication, 30% to 50% of the network expense corresponds to oper
ation and administration efforts, commonly known as network management. Any 
tool or system that improves the way network managemcnt is done is a wclcome 
and cost-saving feature. Administration in frame relay can be performed from a 
central nctwork management and administrative system. Moves, changes, and addi
tions to the nctwork are typically handled through an automatic permanent virtual 
circuir provisioning capability within the system. 

Standards- Based 

Thc frame relay PVC UNI is an accepted and stable ANSI ancl CCITT standard, 
with widc support from both user equipment and network systcm vcndors. 

Vendar Support 

Over thrcc dozcn vendors support frame relay. These vendors include router man
ufacturcrs, TI multiplexer vendors, PAD developers, nodal processor and switch 
providers, and carriers. Frame relay routers cost from $400 to $15,000, depending 
on vendor and features, compared to a standard router. Nodal processors cost 
from $20,000 to $50,000, depenCiing on vendor and features. ·,., 
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Saving Communications Costs With Nodal Processors 

Perhaps the most significan! benefit is that the use of frame relay over a ccll relay 
platform can, in the right circumstances, save money for thc multirouter LAN 
manager. Private networks based on dedicated lines bccome expcnsive when there 
is a large number of remole data sources/sinks generating bursty traffic. fnitially. 
users may have employed dedicated fines operating at 19.2 kbps, 56 kbps, Ffl. 
and TI speeds to interconnect LANs; this increase in the spcec.l is often dictated 
by applications requiring more data lo be transactec.l, and by the numher of uscrs 
using the servicc of interconnection. As the number of LANs grows. this prolif
eration of TI fines becomes impractical from both a cost and managemcnt per
spective. 

The topic of cconomics is always a complex issue. A dctailed example of an 
economic analysis in the presence of nodal processors in an entcrprise network was 
provided in Chapter 6, which the reader may wish to review at this point. lt was 
shown that a privare framc relay network can be cost-cffcctive compared toa full 
mesh network at the same link speed. To undertake a cost analysis of a private 
frame relay network. the LAN manager should first calculatc the nctwork cost with 
traditional connectivity and then the cost of using frame rclay technology. Thc 
process starts by determining the location of thc sites to be interconnectcd. Sitcs 
can be identified by vertical and horizontal (V&H) coordinares. The V&Hs allow 
the manager to obtain the distance of all sites and. hence, the length of the rcquircd 
communication links. A TI (or Ffl) local loop mus! be costed out using the local 
exchange carrier's tariffs; these tariffs may be different at each site. Thcn the cost 
of the access facility between the serving CO and the interexchange carrier's POP 
must be calculated. 8oth the distance and the tariff may be sitc-c.lcpenc.lent. Finally. 
the cost of the set of required long-distance TI links can be obtained using the 
interexchange carrier's tariff. 

The cost of the frame relay alternative is calculated as follows (rcfer to Figure 
11.3 as a guide). One or more centrally located sites are chosen whcre the noc.lal 
processors will be located; the V&Hs of the nodes are noted (this choice may be 
subject toan optimization procedure). The cost of the nodal backhone network is 
determined by deciding what the required nodal connectivity will be. and thcn by 
costing out the transmission facilities (this will involve a TI or Ffl loop, an access 
facility to the POP, the long-distance trunks, and the remole access and loops). 
The cost of the router access subnetwork is calculated next. This involves first 
determining which nodal processor each router will be homed to. Then the cost 
of the transmission link between the router and the nodaJ· processor is calculated 
(this also will involve a TI or FTI loop, an aecess facility to the POP, the long 
link, and the re mote access and loops). The (amortized) cost of the nodal processors 
and the routers' upgrade must also be included. The total cost is obtained by adding 
all of these factors. 
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Table 11.9 assesses the effectiveness of frame relay as a function of the 
geographic scope. This example is based on the baseline network discussed in 
Scction 6.5. which should be reviewed at this poi ni if there are questions about 
topologies. backbone milcages. etc. As can be seen from this table, the savings 
duc lo frame rclay become less significan! as the network gets gcographically 
smallcr: a nationwide (priva te) frame re la y network costs 0.40 times as much as a 
mesh point-to-point solution, while a statewide network costs 0.61 times as much 
as a mesh point-to-point solution, implying less dramatic savings. 

Table 11.1 O undertakes a similar study, where there is only one nodal pro
cessor with no backbone (as sorne vendors of private frame relay networks are 
suggesting. particularly in the LAN interconnection context). Figure 11.11 depicts 
the topology. showing a centrally located nodal processor; all assumptions are 
similar to the previous case. The following conclusion emerges: for national net
works, the one-node frame relay solution is slightly more expensive compared to 
the three-node solution; for regional and statewide networks the one-node solution 
is somewhat less cxpensive compared to the three-node solution (=s20% less). 

Figure 11.12 depicts a one-node solution where the node is collocated with 
one of the routers (in a central location). Here, on•: less access line is required. 
However, as the figure shows, most other locations need longer access lincs com
pared to the case of Figure 11.11. In this particular case, the total mileage is slightly 
reduced (from 4,800 for the baseline case of Figure 11.11, to 4,600), implying that 
there would be a small decrease in the total cost. The decrease is composed of 
three factors: (1) less !XC mileage, reducing the cost by an amount proportional 
to the mileage charge times the difference in mileage; (2) since there is an IXC 
"ramp up" on the Tl tariff of approximately $2,100 (for the first mi le), this expense 
disappears when one line is eliminated; and (3) one LATA line (premises to POP) 
is climinated. The national, regional, large-state, and medium-state numbers are 
$58,050, $44,250, $30,450, and $23,550, repectively; this is an 8% to 10% reduction 
compared to the previous case. lt should be noted, however, that this saving will 
bccome less importan!, diminish, and, in fact, even disappear as the number of 
routers increases, if these routers are widely dispersed. 

If there were severa! routers clustered in one location, collocation ofthe nodal 
processor at that location would superficially appear beneficia(, bccause multiple 
lines could be eliminated from that location to the centrally located nodal processor. 
However, since frame relay allows multiple PVCs on a single physical line, this 
saving is more apparent than real. Figure 11.13 shows one example (which we 
worked out on a paper plate with ruler-but we could as well have i.Jsed trigo- · 
nometry). The results depend on many factors: are the routers 1ocated on a circular 
path, an elliptical path? How many routers are collocated? The example demon- . 
strates that, in fact, it would be better to loca te the noda1 processor at a central ,
location. In Case A of the figure, the total mi1eage would be 10M (M = miles) if ~ 
the nodal processor were centrally located, and 12M if it were placed in one rout~;~ 



Table 11.9 
eost-Effectivencss of a Thrce-Nodc Fivc/Six Routcr Nctwork as a 

Function of the Nctwork Gcogr<~phical Scopc 

National Network 
(all JXC distances or baseline multiplied by 1.5) 

Cost of POP /OC 
Case• Loops Acce.\·s Cínt 

A with Tls $4,500 $6.200 $139.21KI 
B with Tls $6.750 $9.300 $2115.21KI 
e with Tls $2.250 $3.1!Xl $ 31.HOO 
D with Tls $2.700 $3.720 $ 41.41KI 

Regional Network (e.g., northeasl network) 
(Baseline-See Chapter 6 for assumptions) 

Co . .r of POP 
Case Loops Access !OC 

A with Tls S4.500 $6.21KI S 1110 . 8011 
B with Tls $6.750 $9.3fXl SI4H .ROO 
e with Tls $2.250 $3.100 $ 25,200 
D with Tls $2,700 $3.720 $ 32.400 

Statewide Network, Large State 
(AII JXC distances of baseline divided by 2) 

Cosr of POP 
Case Loops Access /OC 

A with Tls S4.500 S6.200 $ 62.41KI 
B with Tls $6,750 $9.300 $ 92.4fXI 
e with Tls S2.250 $3,100 $ 18.61KI 
D with Tls S2.700 S3,720 $ 23,400 

Statewide Network, Medium State 
(AII JXC distances of baseline divided by 4) 

Cosr of POP 
Case Loops Access 

A with Tls $4.500 $6,200 
B with Tls $6.750 $9.300 
e with Tls $2,250 $3,100 

D with Tls $2,700 $3,720 

A = Five routers without frame relay 
B = Six routers without frame relay 
e = Fivc routers with frame relay 
D = Six routers with frame relay 

/OC 

$ 43.200 
S 64,21Xl 
$ 15.300 
$ 18,900 

Uoutcrs n·s 
$ HJJ $ o 
$1.tKIO $ o 
$ 917 $2,350 
$1.11Kl S2 . .1511 

Rolllcr.'i FI'S 

$ H3.1 S 11 
Sl.IXIO $ 11 
S 917 $2.3511 
$1,11111 $2J50 

Rower:r Fl'S 

$ R33 $ 11 
SI.IIIXI $ 11 
$ 917 $2.]50 

SI.IIKI S2.350 

Routers FPS 

$ R33 $ o 
$1.0110 $ o 
S 917 $2.350 
$1,100 $2.350 

Rackh(me 
Cn\1 

$ o 
$ t) 

$211.7011 
$20.71Ki 

Backhmre 
Co.\1 

S 11 
$ o 
$11l.21XI 
$16.21XI 

llackhmu· 
Cow 

$ 11 
$ 11 
$11.7011 
SII.71XI 

Backhone 
Cnst 

$ 11 
$ 11 
$ 9.4511 
$ 9.4511 

(")Refer to corresponding example in Chapter 6 for all assumptions and topologies. 

. -~--- --. ----~-.;....., 
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Tu tal 

$1511.7.1.1 
$:!22.250 
$ lll.ll7 
S 71.~711 

Toral 

$112.3]) 
$1 h5 .X511 
$ 511.017 
$ 5H.4711 

Towl 

$ 7.1.~33 
$ 1119 .4 511 
S 3S.'JI7 
S 44.970 

Toral 

$ 54.733 
$ Rl.2511 
$ 33.367 
$ 3H.220 
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Tablc 11.10 
Cost-Effcctivcncss of a One-Node Fivc-Routcr Network as a 

Function of !he Network Geographical Scope 

Nacinnal NcCwork 
(All IXC dislances of baseline mulliplicd by 1.5) 

Cosr o[ POP 
Case• Lnops Acctss 

A with Tls $4,500 $6.200 
e wilh Tls $2,250 $3,100 

Regional Network (e.g., northeasl network) 
(Baseline) 

Cosr o[ POP 
Case 'Loops Access 

A with Tls $4,500 $6,200 
e with Tls $2,250 S3 ,lOO 

Slalewide Network, Large Slale 
(AU IXC dislances of baseline divided by 2) 

Cosr o[ POP 
Case Loops Access 

A with Tls $4.500 S6,200 
e with Tls $2.250 S3, 100 

Slalewide Nelwork, Medium Slale 
(AU IXC dislances of baseline divided by 4) 

Costo[ POP 
Case Loops Access 

A with Tls $4.500 S6.200 
e with Tls $2.250 $3,100 

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

/OC 
Cosr Routers 

$139,200 $833 
S 55,200 $917 

/OC Routers 

SI 00.800 $833 
S 40,800 S917 

/OC Routers 

S 62,400 $833 
S 26,400 $917 

/OC Routers 

$ 43,200 $833 
S !9,200 $917 

Toral 
FPS Co.rr 

$ o $150,733 
S783 $ 62,250 

Toral 
FPS Cost 

$ o $112,333 
S783 S 47,850 

Total 
FPS Cost 

$ o $ 73.933 
$783 $ 33,450 

Total 
FPS Cosr 

$ o $ 54,733 
$783 $ 26,250 

• Rcfcr to corrcsponding example in ehapler 6 for all assumptions on lariff and lo Figure 11.11 for 
baseline topology. 

location (Case A'). What happens if sorne routers are clustered? lf separa te lines 
toa centrallocation (Case B) were used, it would still take lO M of circuit; however, 
since multiple PVCs can be pul on a single link (assuming that the performance 
issue was appropriately handled), 6M of circuits is sufficient (Case C). Locating 
the nodal processor at the location with severa! routers (Case B') only cuts the 
circuit length to 7M, which is more than with the centrally located nodal processor. ·· 

It is difficult to draw general conclusions about the cost-effectiveness of priva te~~; 
frame relay networks (except that they are cheaper than full mesh networks~J/i 
because the problem is highly rimltidimensional (50 to 100 dimensions or mor¡:), · .,, .. 

'"', 
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Tan accass Unes 

Total circui'l milaaga: 12,800 miles 

Part B: Adding a rot.rtar 

Fiva T1 accesa linee 
and ona nodal procassor 

Total cireuit milaaga: 4,800 miles 

:~, 

fi. Figure 11.11 Economics of a single-node trame relay network. 
{::$;'' 
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Four T1 accoss lines 
and ene noGal ptDC8$SOr 

Total circuit ~ileaga: 4,600 miles 

800mllaa 

Figute li.U Collocating a single note with a site with a router. 

1800 mllee 

Also, in addition 10 transmission costs, sorne of the other factors that LAN man
agers and network designers take into account in selecting a network architecture 
includc nctwork reliability, network availability, ease of network management, 
compatibility with open international standards, ease of network upgradeability, 
initial costs. migration costs, growth capabilities for both traffic and sites, integra
tion with embedded base, and vendors' technology support. However, recurring 
transmission charges continue to be a visible componen! of any calculation assessing 
the desirability of a network redesign. Where is a frame relay network particularly 
cost-effective? In trying to draw sorne general conclusions, thc answer is when one 
or more of the following apply: 

• There is a large number of remote sites (half a dozen or more). The larger 
the number of si tes, the more cost-effective frame relay will be. 

• The remote sites are highly dispersed (at least regionally or nationally). The 
higher the combined network mileage, the more cost-effective frame relay 
will be. This implies that national-scope networks are reasonably suited toa 

;-

priva te frame relay technology. _ :i 
• The traffic is highly bursty. This occurs when traffic Ieaving the ro u ter is~:{ 

small and occurs in just a few instances during the da y (not all traffic leaving f 
. ..~ 
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Router M Routar 

Case A: 
Total Mileaga: 10M Total Milaaga: 12M 

Routar M accesa 

Casa 8: Casa 8': 
Total Milaaga: 10M Total Milaaga: 7M 

Routar 

Routar U 

Casa C: 
Total Milaage: &M 

Figure 11.13 The geometry of locating the nodal processor. 
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a ro u ter is bursty-as the utilization of thc routcr 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). 

• Therc are multiple LANs at a site which, for whatever rcasons, are not 
interconnected with each other, and yet all need to reach thc network. This 
takcs advantage of frame relay's ability to place multiple logical channels 
over a single physical channel. lf there are D remole destinations and N 
unconnccted LANs. D x N virtual channels are required (if the various local 
LANs were airead y intcrcunnected with bridges, then the number of required 
virtual channels is only D). 

• New sitcs/routcrs are added to the network with relatively high frcquency 
(say, once every six months or more frequently). 

• The links between the routers have relatively low speed (FTl). and more 
bandwidth appears to be required. Upgrading the FTI mesh topology links 
to full TI facilities may be very expensive. Nodal processors can mercase 
throughput for less money than would otherwise be needed. 

From a carricr's perspective, frame relay servicc will impact private linc 
sef\·iccs thc most; less impact is expected on public packet networks (since these 
either address themsclves to lower speeds, orto intcrnational destinations) and on 
SMDS services (since these provide higher speed, are connectionless, and support 
truc switching capabilities). 

11.3.3 Benefits in Public Nelworks 

Sorne carriers and vendors ha ve made commitments to frame re la y, othcrs carriers 
have made plans to deploy ccll relay, and severa! carriers are pursuing both tcch
nologics (including the sevcn BOCs). Sorne view the two approaches as comple
mentary, others as competitive. Frame re la y service and cell relay service are 
designed to meet different objectives, and hcncc have evolved in different direc
tions.' A categorization in thc public network environment is a~ follows [11.30]: 

• Frame relay is a medium- to high-speed (DSO-DS 1) data interface for private 
networks which is being implemented at this time. Sorne observers believe 
that frame relay may in fact have market importance at the OSO level. 

• Cell relay/switching is a high- or very-high-speed switching service capable of 
supporting public BISDN and SMDS networks. Cell switching supports 155-
Mbps, 622-Mbps, and eventually higher SONET/SDH rates. 

'··ccll relay service'" refen; to providing a ceii/BISDN UN l. nota cell in the NNI. as we have discussed :';:. 
so far. (In the private network environment, corporate backbone network switches supporting LAN -~ 
applications typic.ally use a FRI UNI and 'a cell NNI.) · . . . · •. ~ ·. ·: · . , . . ,_,-.·::~,~ 



619 

Framc rclay carricrs providc intra-LATA, inter-LATA. ami international 
service. U.S. frame relay networks can be classified as prívate networks (discussed 
above), !XC networks, VAN networks. and LEC networks. Sorne of thc bcncfits 
of using public frarne relay networks are·covered ncxt. 

Majar Reduction in Transmission Costs 

Based on curren! tariffs, the transrnission cost can be reduced as much as 70% 
cornpared toa mesh network. This topic will be revisitcd in a latcr section. 

Low Startup Cost 

The only expenditures in beginning to use a public network are the upgrade of the 
routers to support the FRI; this can be accornplishcd for about $1,000 pcr routcr. 
Sorne carriers e ven supply a frarne relay-ready router to get the u ser going. 1 n 
other cases. the networks provide frarne relay PAD functions. so that traditional 
devices (such as SNA terrninals) can be supportcd directly. In contrast with prívate 
frarne relay networks, there are no expenses for nodal proccssors and thc corn
munication backbone infrastructure. 

Ability to Support a Variety of User Equipment 

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

Ability to Transmit lnstantaneous Bursts Exceeding the Throughput Class 

At the establishment of a PVC, the user can select a throughput class. A public 
frarne relay network allows the user to exceed, on an instantancous basis. thc 
selected class (up to the maxirnum access speed) without further negotiation with 
the network. lf the network has spare capacity at that point, it will transpon these 
additional bursts. For exarnple, if the throughput class (also called "cornrnitted 
inforrnation rate") is 512 kbps, and the user has a TI access line, short-duration 
bursts up to 1.544 Mbps can be presented to the network. A few vcndors 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 frarne re!ay serviccs 
cross LATA or national boundaries. Although standardization of framc relay pro
tocols makes the interworking between local exchange carriers, interexchange car
riers, and international carriers feasible in principie, administrative, billing, and 
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operational issues make thc delivery of a nationwide multicarrier service a nontrivial 
effort. likely to take time [Jl.l7l. 

11.3.4 Other LAN lnterconnection Solutions 

lt was pointcd out in Chapter 1 that many services could be applied to a com
munication problem. and that the number of such solutions is increasing. In addition 
to private framc relay. a number of other evolving technologies could be applied 
to thc multirouter LAN interconnection problem, implying that the user should 
not feel compelled to instantly redesign the network to deploy frame relay. How
cver. each approach has advantages and disadvantages. 

The fact that direct connections with many dedicated Tl lines are expcnsive 
could be mitigated with the use of FTI lines in lit.u of the TI lines. While this 
solution lowers the transmission cost, it also greatly impacts performance. since a 
router link no longer has access to the 1.544-Mbps bandwidth when it needs to 
send an instantaneous burst; instead, it only has access to a fraction, which could 
be as low as )/24th. Another option would be to use switched Tl. 

The use of public frame relay would bring sorne of the benefits of privatc 
framc relay. lnitially. however, thc 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 thc access segment. a dedicated TI line to the interexchange carrier's 
POP will be requircd; this could be expensive, although, in sorne cases, the frame 
relay carriers absorb thc cost. In addition, there will be usage charges, which are 
not prcscnt in the private network solution. Network management will also be 
more difficult. although capabilities are being put in place. 

SMDS is also available for LAN interconnection. SMDS supports a UNI at 
45 Mbps (T3); this may be appropriate for CAD/CAM and other imaging appli
cations. T3 service, however. requires the installation of a fiber to each LAN 
location. unless CO-based multiplexing of TI lines into T3 lines is use d. 

TDM-based Tl multiplexers supporting a traditional backbone could also be 
used. but in order to guarantee the grade of service toa very bnrsty user, a large 
portion of bandwidth must be statically allocated to each router; this would accom
modatc short, intensive bursts. The problem with this approach is that the large 
amount of allocated bandwidth is not utilized, except on a short basis, and yet 
cannot be made available to any other user when not being put to useful work. 
This results in thc need for more transmission bandwidth, contributing toa direct 
increasc in transmission cost. In sorne cases, however, this bandwidth may in fact 
be available for "free" and could therefore be used. This could be the case, for 
example, where a user replaced five TI lines for a T3 line costing just as much, 
making 23 TI lines available for additional usage. 

As a specific example, assume that a user had three major sites with three 
multiplexers, all of which are connected with four Tilines, each costing, say, $3,000 
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a month. Assume that more applications are coming on board. requmng sorne 
additional bandwidth. One option would be to replacc the cxisting multiplcxers 
with nodal processors and retain the four TI lincs; better bandwidth utilization 
may suffice to carry the ncw applications: This would cost $I50,000 ($50.000 each). 
but would also need staff retraining and new management tools. A second approach 
would be to retain the three multiplexers. upgradc them for T3 usage (say, $15,000). 
and replace each of the four Tilines with a T31ine 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 proccssor replaccment. In addition to the fact that 
vast amounts of additional "free" bandwidth is availablc, no staff retraining and 
no new management tools are neccssary. 

11.4 FRAME RELA Y PROTOCOLS AND STANDARDS 

This section provides more details on frame relay standards. 

11.4.1 CCITI View 

One of the goals of the recent CCITT work has been to align sorne of thc availahlc 
data communications protocols and offer recommendations for a sct of cfficicnt 
network serviccs that can thcn be built upon by user equipment. One aspcct of 
these new services is the separation of the control informal ion from thc uscr infor
mation into logically separate (but not neccssarily physically separatc) paths, as is 
the case in ISDN. Another aspect of the goal was to simplify the nctwork protocols. 
Simplification, as provided by frame re la y, allows the realization of services that 
are superior in terms of delay and throughput than existing serviccs, since there is 
much less per-frame processing on the part of the network. 

In most existing networks (e.g., X.25 networks, SNA networks. and analog 
voice nctworks), there is no clear end-to-end distinction bctween thc logical control 
path and the data path. A clase coupling between information and control limits 
the flexibility needed to support new services and new signaling and transport 
needs. Separation, the goal of frame re la y as originally conceived, has the following 
bcnefits [I1.3II: 

• There is the potential for the integration of signaling for voice, data, and 
other media. This is importan! for future multimedia serviccs. 

• Since the information path does not have to support control, its logic can be 
substantially simplified. This implies that the hardware will be cheaper and 
fas ter. 

• 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: 

l. All control procedures, if needed, are performed in a logically separate man
ner ( channel) using protocol procedures that are integrated across all tele
communications services. Consequently, Recommendations 1.430 and 1.431 
provides the layer 1 protocol for the control channel; Recommendations 1.441 
and 1.451 are extended as the layer 2 and 3 protocols, respectively (LAP-F/ 
0.922 and 0.933). In the case of PVCs, no real-time call establishment is 
necessary and any parameters are agreed on at subscription time. 

2. The data transfer procedures share the same layer 1 functions based on 
Recommendations 1.430 and 1.431. The data transfer may use any channel 
on which the u ser implements at least the lower part ( the core functions) of 
1.441* (LAP-F). I441* is the generic protocol terminology of 1.122-1988 
(namely, 1.441 appropriately extended to frame relay). 

The separation can occur in a number of ways, including (1) on a physically 
separate interface, and (2) on another logical channel within the same interface 
(e .g., a time slot or the D-channel). 

CCITT 1.122 recognizes two frame relay implementations: a switched imple
mentation under the auspices of ISDN, using the CCITT 0.933 protocol for call 
setup, and a PVC implementation. The PVC does not require call setup and call 
termination, but is obviously notas efficient in resource utilization as SVC. 1.122 
is an access standard; on the trunk side no restriction is imposed (same as in ISDN). 
As discussed, the trunk side is typically cell-based. 

The term re/ay implies that the layer 2 data frame is not terminated andlor 
processed at the endpoints of each link in the network, but is relayed to the 
destination, as is the case in a LAN. In contras! with X.25-based packet switching, 
in frame relay the physicalline between nodes consists of multiple data links, each 
identifiable by information in the data link frame. Unlike the (X.25-based) X.31 
packet-mode services, frame relay services (SVC in particular) integrate more 
completely with ISDN services because of the out-of-band procedures for connec
tion control. 

In X.25, multiplexing is achieved through the use of logical packet layer 
channels; hence, the network layer provides switching. In frame relay, switching is 
accomplished at the data link (ayer, and link layer multiplexing is u sed in the user's 
plane to facilitate sharing of bandwidth among multiple users. Switching in the data 
link Iayer is achieved by binding the DLCis to routing information at intermediary 
nodes to forma 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/0.922. Frame relay 
service is based on the frame struc~ure originally employed by the ISDN D-channel 
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LAP-O, which provides statistical multiplexing of different uscr di.! ti.! stre<~ms within 
the data link layer (layer 2). 

Put slightly differently, <1 feature.¡:¡f frame relay is to have the virtual circuit 
identifier, currently implemented in the network !ayer of X.25. positioncd at thc 
data link !ayer so that switching can be accomplished more easily. In the X.25 
environment, when a data Ci.lll is established the virtu<~l circuit indic<~tor is negoti<lted 
and used for the duration of the call to route packcts through the network. In a 
l<~yered protocol environment,layer n + 1 protocol information is cnvclopcd insidc 
!ayer n information. The nctwork !ayer routing indicator is envelopcd within thc 
!ayer 2 headers/trailers, which must be processed bcfore it can be exposcd. This 
processing involves more than just stripping thc hcadcr/trailcr; for cx<~mple. it 
involves error detection and correction. In LANs. the routing of the d<~li.l units is 
accomplished directly i.lt !ayer 2; the d<~ta frames are supplied with a 48-bit dcsti
nation address. which is readily available and which is uscd to physically routc thc 
data to the intended destination. Also. there is no error rccovery in a LAN as a 
packet flows by a station on its way along the bus or ring. In frame relay. only the 
lower sublayer of !ayer 2, consisting of such core functions as framc delimiting. 
multiplexing, and error detection, are terminated by a nctwork al thc uscr-nctwork 
interface. The upper procedural sublayer of !ayer 2, with functions such i.IS error 
recovery and flow control. operates between users on an end-to-end basis. In this 
sense, a user's data transfer protocol is transparent toa nctwork. 

Limiting !ayer 2 functionality lo the core functions implies that thc user"s FRI 
functions can be implemented in hardware rather than in software. improving 
throughput/delay characteristics al the interface. Frames with error are idcntificd 
and discarded. and the network boundary entities or, more commonly. user cquip
ment are expected to recover via upper !ayer protocols (with cleaner fiber-based 
circuits. BER is much improved). The data link !ayer corc functions <~re 

• Frame delimiting, alignment, and transparency. 
• Frame multiplexing/demultiplexing using the address field. 
• lnspection of the frame to ensure that is consists of an intcger number of 

octets prior to zero bit insertion or following zero bit cxtraction. 
• lnspection of the frame to ensure that it is neither too long not too short. 
• Detection of transmission errors. 

Framc relay implemcnts only the core functions on a link-by-link basis; the 
other functions, particularly error recovery, are done on an end-to-end hasis. 
lndeed, the capahilitics provided by the transport laycr protocol <~ccommodate this 
transfer of responsibilities to the boundaries of the network. On the user side, 
beyond the frame relay interface with the network, the user can employ any end
system-to-end-system protocol. 
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Protocol standardization work followed the publication of I.I22 in 1988. Addi
tional supporting standardization was needed before the service could be offcred 
in a carricr/vcndor-independent fashion. As initially defined by CCITT. core func
tions do not in el u de flow control. The addcndum to ANSI's Tl.606 now defines 
congcstion management strategies; it covers both network and end-uscr mccha
nisms and rcsponsibilities to avoid or recover from periods of congestion. Addi
tional standards remained to be developed in 1992 and bcyond, particularly in 
support of interconnection of frame re la y networks from different carriers (i.e., 
national and/or international interworking) and SVC service. 

Family of Services . 
1.122-1988 describes a family of frame relay services. The purpose of defining a 
family of scrvices, instead of a single service, was to provide a degree of flcxibility 
in order to choose the best scrvice based on the requirement of the application. 
Elements of this family are distinguished by the difference in degree of protocol 
support. Another way of looking at this is the differe;ll levels of protocol termi
nation at thc network edges after call establishment. Figure 11.14 depicts different 
protocol breakpoints. or points at which a network can terminate the protocols in 
support of thc requested bearer scrvice [11.31). 

CCITT. in Recommendation 1.122 ("Framework for providing additional 
packet mode bearer services"), describes three frame relay services. 9 Refer to 
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Figure 11.15, which retains the originall.122 protocol tcrminology (1.441* is 1.441/ 
0.921, extended to cover 1.122 requirements; this is 0.922). 

l. Frame relaying 1 (FR-1) (no functions above corc data link functions are 
terminated by the network; if nccdcd, such functions are tcrminatcd only 
end to end). The basic scrvice provided is the unacknowlcdged transfcr of 
frames from SIT network boundary tu SIT network boundary. Any user
selected end-to-end data link layer abovc !he core functio·ns can be u sed. 
More specifically: 
• lt preserves frame order as given at onc SIT rcfcrcnce point if and when 

the frames are delivered at the other end. (Sincc thc network does not 
termínate the upper part of 1.441*/LAP-F, sequence numbers are not kept 
by the network; networks should be implemented in a way that, in principie, 
frame order is preserved.) 

• lt detects transmission. formal, and operational crrors. 
• Frames are transponed transparently (in the network); only thc addrcss 

and FCS field may be modified (sorne bits being defincd in the address 
field for congestion control may also be modified). 

• lt does not acknowledge frames (within the network). 
2. Frame relaying 2 (FR-2) (no functions above the core data link functions are 

terminated by the network; 1.441* (i.e., LAP-F) upper functions are tcrmi
nated only at the end points). The basic service providcd is an unacknow
ledged transfer of frames from SIT to S/T reference point. Thc upper part 
of 1.441* is used end to end; however, the network only supports the core 
functions. More specificall y: 
• lt preserves frame arder as given at one S/T rcference point if and whcn 

the frames are delivered at the other end. (Since thc network does not 
termina te the upper pan of 1.441* (i.e., LAP-F), sequencc numbers are 
not kept by the network; networks should be implemented in a way that, 
in principie, frame order is preserved.) 

• lt detects transmission, formal, and operational errors. 
• Frames are transponed transparently in tl]e network; only the address and 

FCS field may be modified. . 
• lt does not acknowledge frames (within the network). 
• Normally, the only frames received by a user are those sent by the distan! 

user. 
3. Frame switching: the full Recommendation 1.441* (i.e., LAP-F) protocol is 

terminated by the network. The user's data link layer protocol must be 1.441* 
(i.e., LAP-F), and is fully terminated by the network (only the network !ayer 
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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ports only the "core'' aspects of the data link protocol 1.441* (i.c .. "Cure Part of 
1.441*" or "LAP-F Core"). The user's equipment in FR-1 has a protocol partncr 
with the network supporting the "Core Part of 1.441." What the cquipment supports 
end to end above core aspects is a user's option. Hencc, thc "rcmaindcr" of thc 
data link !ayer functions above the core functions and the uppcr layers need to be 
defined by a set of user-provided peer-to-peer protocols. In FR-1. the network has 
no knowledge of the end-to-end protocol. The uscr's equipment in FR-2 termina tes 
the full data link protocol (i.e., 1.441*. which is composed of the "Core Part of 
1.441*" plus "Upper Part of 1.441*"). The user equipment must have a protocol 
partner with the network supporting the "Core Part of 1.441," and it must have a 
protocol partner end to end supporting the balance of the data link !ayer, namcly. 
the "Upper Part of 1.441*" (upper Iayers are user-defined). In frame switching, 
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the user equipment must hav.:: a full protocol pnrtner with the network supporting 
the entire data link layer, 1.441'. 

The core functions are sufficient to transfer data during the data transfer 
phasc (i.e .. after the call has been established either in real time-SVC-or by an 
administrative process-PVC); only frames with valid formal and valid address 
are dclivered. Data link layer functions not specified by the frame relay service 
(FR l. 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-systcms. 
For example, in addition to the data link layer multiplexing, which is provided by 
the network ovcr the UNI, a user may also choose to perform network layer 
multiplexing. This implies that a given frame relay connection supports data for 
multiple end-users; this multiplexing, however, is transparent to the network 
[11.31]. • 

At the UNI (seen from the network), there are no significan! differenccs 
betwcen FR-1 and FR-2. Differences are visible, however, to the end-systems' 
network layer: depending on the data link layer used, different OSI services are 
provided to the network layer. In FR-2 and frame switching, the network laycr 
serviccs are specified by Q. 922; for FR-1, the data link !ayer service is specified 
according to the user's choice of protocol. Because of this choice, there can be 
diffcrences in performance between FR-1 and FR-2. 

To use a frame relay network, the user's protocol-specific frames are encap
sulated in thc Q.922 Annex A frames, as shown in Figure 11.17. Any data link 
layer protocol with error recovery (HDLC, SDLC, LAP-8, LAP-O, LLC) can be 
cncapsulated and transmitted over the network. Such encapsulation must be done 
by the uscr's equipment. 

11.4.2 ANSI Frame Relay Standardization Efforts 

Severa! documents have recently been issued by ANSI in reference to frame relay 
service in the U. S. [ 11.32-11.37]. These were identified earlier in Table 11. 7. Two 
key standards are Tl.606 and Tl.618. 

The data transfer phase of the frame relay bearer service is defined in T1.606-
1990. This document specifies a framework for frame relaying service in terms of 
user-network interface requirements and internetworking requirements (11.38]. 
Both interworking with X.25 and interworking between frame relaying service is 
includcd in this standard. 

The protocol needed to support frame relay is defined in Tl.618-1991 (LAP
F Core ). The protocol operates at the lowest sublayer of the data link !ayer and 
is based or. the core subset of Tl.602 (LAP-D). The frame relay data transfer 
protocol defined in Tl.618/LAP:F Core is intended to support multiple simulta
neous end-user PVCs, possibly using different protoco1s within a single physical . 
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channcl. This protocol provides transparent transfer of user data and docs not 
restrict the contents, forma!, or coding of the information, or intcrprct thc structure. 

Frame Re/ay Frame Structure 

The frame relay frame formal was shown in Figure 11.4. The field shown m the 
figure are described below. 

Flag Sequence. All frames start and end with the flag sequence consisting of one 
O bit followed by six contiguous 1 bits and one O bit. The flag preceding the address 
field is defined as the opening flag. The flag following the FCS field is dcfined as 

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

Address Field. The address field (more prccisely, routing labcl) consists of at least 
10 bits ovcr two octcts. as illustrated in Figure 11.4, but m ay optionally be extended 
up to four octcts. To support a largcr DLCI address rangc. the three-octet or four
octct addrcss fields may be supported at the user-network interface or the nctwork
network interface based on bilateral agreement. 

Conrrol Field (CIR). There is no control function for frame relay core scrviccs. 
Thc ficld is not used by the network and is passed tralisparently between user 
equipment for application-specific uses. This bit is used in protocols such as LAP
O 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 cquip
ment capabilities): 

l. The inbound traffic. if any. from the destination (i.e., the traffic going in the 
opposite direction of the received frame) should be temporarily reduccd. 

2. The destination should be willing to en ter a "hold-on" or "wait" state, sin ce 
traffic may arrive at longer intervals than otherwise expected. 

BECN. This bit is sct to 1 by the network to notify the user that traffic sen! in thc 
oppositc direction to the frame with the bit set may pass through a congestcd path. 
Conscqucntly. the scnding equipment should reduce its inbound traffic to the 
destination, if there is any. Figure 11.18 depicts the operation of thc FECN and 
BECN. 
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EA. EA is uscd as an expansicin bit indicating that the DLCI is longcr than lfl 
bits. 

DE. DE is the discard eligibility bit set by the user to inform thc network that in 
case of congestion this frame can be dropped bcforc other frames not so indic<ttcd 
are touched. 

Frame Relay Informa/ion Field. The frame relay information ficld follows thc 
address field and precedes the framc check scquence. The contcnts of the uscr 
data field consists of an integral number of octets (no partial octets). Thc dcfaull 
inforrnation field size to be supported by networks is 262 octcts; othcr valucs <trc 
negotiated betwcen users and networks and bctween networks. Thc support of a 
maximum value of 8,189 octets is suggested for applications such as LAN intcr
conncction to prevent the need for segmentation and reassembly by thc u ser cquip
ment (however, the usagc of a cell-based nodal processor runs counter to this 
philosophy). The frame length can be variable. Table 11.18. shown latcr. dcpicts 
sorne of the maximum frame lengths suppórted by various vendors. Since the 16-
bit FCS specified for frame relay can detect errors in framcs of lengths up to 4.0% 
octets, sorne are recommending that only this muximum be actu;1lly allowcd: oth
erwise the network cannot even detect errored frames lll.ój. . 

Frame Checking Sequence Field. The FCS field is a 16-bit CRC sequcnce uscd to 
determine the integrity of the information. 

Transparency. A transmitting data link luycr entity mus! examine thc framc contcnt . 
between the opening and closing nag sequences (address. framc rclay information. 
and FCS fields), and must insert a O bit after all sec¡uenccs of five contiguous 1 
bits (including the last five bits of the FCS) lo ensure that a nag oran ahort sequcnce 
is not simulated within the frame. A receiving data link !ayer entity must examine 
the frame contents between the opening and closing nag (five contiguous 1 hits). 

Order of Bit Transmission. The octets are transmitted in ascending numcrical ordcr. 
lnside an octet, bit 1 is the first bit to be transmitted. 

lnvalid Frames. An invalid frame is a frame that 

l. Is not properly bounded by two nags (e.g., a frame abort), or 
2. Has fewer than five octets between nags (note: if there is no information 

field, the frame has four octets and the frame will be considered invalid). or 
3. Contains more than 8,193 octets between nags, or 
4. Does not consist of an integral number of octets prior to O bit inscrtion or 

following O bit extraction, or 
5. Contains a frame check sequence error, or 
6. Contains a single octet address field, or 
7. Contains a data link connection identifier that is not recognizcd by the net

work. 

,.. ___ ~ ---· 
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lf tht: frame received by the network is too long, the network may either 

l. Discard the frame. 
2. Send par! of the frame toward the destination user and then abort the frame, 

or 
3. Send the frame toward the destination user with invalid FCS. 

Selection of one or more of these behaviors is an option for designers of 
frame relay network equipment, and is not subjectto further standardization. Users 
cannot no! make any assumption asto which of these actions the network willtake. 
In addition, the network may optionally clear the frame relay cal! if the number 
or frequency of excessively long frames exceeds a network-specified threshold. 
lnvalid framcs are discarded without notification to !he sender. No action is taken 
as a result of ihat frame. · 

Frame Abort. Receipt of sevcn or more contiguous·l bits is interpreted asan abort, 
and the data link !ayer ignores the frame currently being received. 

11.4.3 lndustry Efforts 

1990 saw a number of vendors backing an interim joint frame relay specification 
in an effort to cnsure sorne degree of interoperability of new products then being 
developed. Digital Equipment Corp., Cisco Systems, Inc., Northern Telecom, Inc., 
and StrataCom, lnc., jointly developed the frame re la y specification on which 
product development could be based until national and international standards 
beco me available [ 11.39, 11.40). Eventually, over 65 vendors agreed to suppport 
this defacto standard [11.41). More complete ANSI/CCITT standards are now 
available. In fact, most aspects of this interim specification found their way into 
the ANSI standards. The need to offer interoperable frame relay products is critica!, 
and vendors realize that users may not be willing to deploy technologies that lock 
them in with systems that could become obsolete in a year or two. Agreement on 
frame relay implementation specifications facilitates the emergence of equipment 
forma variety of vendors, allowing flexibility in user choices [1l.40). Vendors are 
trying to avoid the implementation problems that were experienced in the early 
1980s when X.25 packet switching products started to enter the market. Incom
patible implementations of X.25 still abound to this da y. 

The early joint specification was based on the ANSI standard, but it had 
sorne additional management features and broadcasting [1l.40). For example, it 
included capabilities for congestion control; it also supported automatic reconfig
uration of devices with a frame relay interface and the ability to detect faults. 
Features included (11.42) 

l. Support for a global addre.ssing convention to identify a specific end-device. 2 
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2. Multicast capability to scnd framcs to all dcviccs that belong toa "mullicas! 
gro u p." 

3. Flow control for preventing congestion in a framc rclay network. 
4. Extensions to the LMI. · 
S. Asynchronous status updates (asynchronous notification by thc nctwork to 

the user's equipment of a change in DLCI status). 

This specification defined these cnhancements in the form of'a ncw protocol 
and a new set of messages to makc thc configuration and maintcnance of PVCs 
casier. The protocol describes a LMI which is applicable bctwccn thc nctwork ami 
the user's equipment (i.e., at the UNI). Thc LMI transfers messagcs that providc 
notification by the network to the uscr of the prcsencc of an active DLCI, noti
fication of the removal or failure of a DLCI, and real-time monitoring uf thc status 
of the physical and logicallink between the network and each uscr devicc. In othcr 
words, the LMI solves the issue of a "keep-alivc signal" betwccn the nctwork and 
the user's equipment. lt also provides capabilities for downloading logical link 
addresscs from the network to the user's equipment. Also, as indicated, a mullicas! 
facility for ease of address resolution by bridgcs and routcrs is includcd jll.43j. 
(Additional aspects of LMI are discussed in the next section.) These fcaturcs are 
now included in the ANSI standards. 

This vendor cooperation led to another development. On 15 July 1991. the 
Frame Relay Forum held its initial annual meeting. At that time. 52 companics 
joined the Forum; membership has increased since then. The Frame Rclay Forum 
was formed to promote the acceptance and implementation of frame rclay hascc.l 
on national and international standards. Membcrship in the nonprofit organization 
is open, and organizations may participa te either as voting mcmbers oras obscrvers 
[11.44]. The Forum has three working groups: · 

l. Market Development and Education. 
2. Technical. 
3. Interoperability and Testing. 

The Market Development and Education Committee has as a goal the dcvcl
opment of the market for frame relay products, services, and applications. The 
Technical Committee provides a liaison to the standards groups and related tcch
nical organizations, such as ANSI/ECSA, CCITT, ETSI, and thc Internet Engi
nccring Task Force. The Interopcrability and Testing Committcc aims at promoting 
efficicnt and cffective methods of testing and certification of frame rclay conform
ance and interoperability. It works with manufacturers of test equipmcnt, with 
public frame rclay carriers, and with third-party test laboratorics. Thc Forum has 
adopted an implementer's agreemcnt which identifies the guidelines vcndors shoulc.l 
follow in developing frame relay equipment. lt also has contracted with the NI UF 
to develop a software test set based on the implementer's agreement, so that 



prospective vendors, carriers, and uscrs can undertake conformance testing. 
Approximately 500 items need to be tested to verify compatibility. 

The importance of conformance and conformance testing cannot be over
emphasizcd. Already, in early 1992, carriers testing frame relay equipment were 
rcporting that "many vcndors ha ve improperly implemented frame relay protocols" 
[11 :45]. Frame Relay Forum efforts underway at press time included network-to
network interface implementation agrccments, SVC specification, multiprotocol 
interconnection of data terminals, and, possibly, a standard for packetized voice 
ovcr a frame relay network. 

11.4.4 Carrier-Specific Extensions and LMI 

Many portions of the vendors' extensions for network management, particularly 
the LMI's local in-channel signaling, have subsequently been incorporated in the 
ANSI standards (ANSI Tl.617 Annex D, Additional Procedures for PVC's Using 
Unnumbcred Information Frames). The LMI specification describes a protocol and 
associated procedures operating at the UN! 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 [1 1.6]. 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 exchangc 
of messages between the u ser and the local access no de of the network. 

The LMI protocol is based on a polling scheme-the user's equipment (router) 
polls thc network to obtain status information for the PVCs defined over a givcn 
UNI interface. The user device issues a Status Enquiry messagc and the network 
responds with a Status message. Figure 11.19 provides an illustration of the process. 
The LMl uses a connectionless data link protocol based on Q.92l/LAP-D, making 
thc procedure easy to implement. At layer 3, 0.931 messages are used, as in ISDN. 

Annex D of Tl.617 specifies procedures for the following tasks: 

• Addition or deletion of a PVC. 
• Status determination (availability/unavailability) of a configured PVC. 
• Local in-channel signaling for link reliability errors. 
• Local in-channel signaling for link protocol errors. 

Data Link Layer 

The LMI data link layer conforms to a subset of LAP-O. Only unnumbered infor
mation frames are used. The poli bit is set to O, and the control field is coded as ' 
0000001 J. The DLCI is set to O (see Figure 1 1.20). ,¡ 

·~ 
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Thc DLCI is spccified in bits 3 through R of thc sccond octct. and hits 5 
through 8 of the third octet (the lcftmost bit is bit R; the rightmost bit is hit 1 ). 
The mcssagc field must contain the LMI Protocol Discriminator sct to 00001001 
in thc LAP-D frame; it is used by the user-nctwork call control to distinguish this 
mcssage from other messagcs. The Call Refercnce is sct to thc dummy OOOOOOilO. 
A Locking Shift field is also required; it is used to idcntify codescts (currcntly only 
codeset 5 is supported). 

Management Layer 
o 

This layer consists of two facets: (!) thc formal of the mcssagc field, including 
Information Elements; and (2) the message functional dcscription. 

An entire LMI message always fits an entire LAP-D frame. Thc lnformation 
Elcments have specific formats. The formats are specified by thc bit mappings for 
various functions (these are not further described here; see, for an cxample, !11.6, 
11.36]). 

The Link Integrity Verification Status Enquiry from the user and the Status 
message from the network allow both the user and the network to determine link 
reliability errors (physical faults) and protocol errors. The Full Status Report has 
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o 
Unnumbered info frama 

o 
Protocol discriminator for LMI 

o 
Flag 

Figure 11.20 Dala link layer formal o[ LMI messages. 

o 

o 

o 

o 

o 

a PVC Status lnfonnation Element that allows the user to detect the addition of 
a PVC, the deletion of a PVC, the availability of a configured PVC, and the 
unavailability of a configured PVC. A user's frame relay device (e.g., a frame relay 
capable router) periodically issues a Status Enquiry message for the network's Full 
Status Report to determine when a PVC has become active or inactive. The reports 
are exchanged using DLCI O. Full Status Reporting (PVC Status and Link Integrity 
Verification Information Element) is employed to report communication or remote 
user equipment failure to the local user. This procedure can also be used to signa! 
a trunk or nodal processor failure. 
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The LMI messages and sorne rclated lnformation Elements are shown in 
Table 11.11. These procedures :uc driven by a set of parameters that are establi~hcd 
at subscription. Table 11.12 depicts sorne key parameters. Additional procedural 
dctails, not covercd here, are requircd to undcrtake thc nctwork managcmcnt 
functions. 

On the topic of network management, it is worth noting that protocol ana
lyzers supporting frame relay were bcginning to appcar in 1992 from a few vem.lors; 
however, they were inilially ralher expensive ($15,000 range). · 

11.5 IMPLEMENTING FRAME RELA Y IN A PRIVA TE 
CORPORATE NElWORK 

Users of dedicated LAN internetworking links may want lo examine traffic loads 
to determine if frame relay and cell relay/fast packet will be economically beneficia!. 
Users with little LAN interconneclion traffic but with considerable tradilional data 
traffic may be better off using a TDM-based TI multiplexer, whilc thosc with 
higher LAN volume~ may want to replace TDM multiplexcrs with proccssors (or 
multiplexers) supporling frame rclay ovcr a cell relay platform. · 

To maximize the benefit of frame relay technology in a privalc network 
environment without having to incur large communication chargcs (i.e., for dcd
icated TI links between sites). the service needs lo be provided by a backbonc 
network configured with nodal processors lhat support dynamic bandwidth allo
cation via cell relay. The use of a router equipped with a frame rclay interface 

Messagcs: 
STATUS 

STATUS 
ENQUIRY 

lnformation Elements: 
REPORTTYPE 

LINK INTEGRITY 
VERIFICATION 

PVC STATUS 

Table IJ.ll 
LMI Messagcs 

Sent from the network lo uscr dcvice in response tu <1 Status Enquiry. Has 
Message Type field of 01111101. 
Used by the routcr or frame relay devicc to rcqucst status informar ion. 
Actual configuration and status information is containcd in thc lnformation 
Elements. Has Messagc Type field of 01110101. 

Used to indicate either the type of cnquiry requestcd by thc uscr's Ira me 
relay devicc or the contents of the Status messagc rcturncd IJy thc nctwork. 
1t can be a Full Status ora Link lntegrity Vcrification only. 
Used to exchange sequence numbers bctween nctwork and uscr equipmcnt 
on a periodic basis to indicate to each othcr that thcy are active and 
operational. 
Present in a Status message and is sen! by the network to notify the user's 
frame relay device of the configuration and status of an existing PVC; thc 
PVC is identified at the LMI UNI by the DLCI. 
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Table 11.12 
LMI Parameters 

Full Polling Cycle: This parameter describes the number of polling cycles between Full Status 
Rcpmts. It is ser by the user and has range of 1 to 255, with a default value of 6. 

Error Threshold: Numtier of reliability or protocol errors befare a PVC or a user device is dcclarcd 
inactivc. Ir is ser by both the network and the user and has a range of 1 to 10, with a default valuc 
of 3. 

1\tonitored Events Count: This parameter specifies the size of the window that is employcd by the 
nctwork or uscr to determine if a PVC or user devicc is active. After a PVC or dcvicc is dcclared 
mactivc. the nctwork waits a number of successful poli cycles specified by this parametcr befare it is 
declarcd active again. Ir has a range of 1 ro 10, with a dcfault value of 4. 

Link lntegrity Verilication Timer: This parameter indicares how frequently the user should send a 
Status Enquiry. It is set by the user. lt has a range of 5 to 30 seconds. with a default value of 10. 

Polling Verilicatio'n Timer: This para meter indicares the interval of time the network should wait 
between Status Enquiry messages; if no messages are received. the nctwork posts an error. It is set 
by the network. It can range from 5 to 30 seconds and has a default value of 15 seconds. 

ovcr a dcdicatcd TI link is not advantagcous compan:d to a traditional non-framc 
rclay solution. Sorne carly users of frame relay took this route, but they are now 
finding that the nodal processor is an integral component of a dynamic bandwidth 
network: a backbone network can multiplex the traffic of one user with that of 
othcr uscrs, rcalizing the economic advantages of bandwidth sharing, much the 
same way an X.25 private packet network provided such economic efficiencies for 
low-bandwidth users. 

Thcrcforc, ( 1) the availability of a cell backbone and (2) the addition of frame 
rclay interface capability to user's equipment (usual! y with a plug-in card plus 
appropriatc software) will facilitate dcploymcnt of the new technology for LAN 
intcrconnection usage within a corporation. Each user device will rcquire only onc 
physical connection to the network instead of multiple conncctions. In addition, 
data transmission over thcse permanent virtual circuits can vary dynamically as 
necded (up to the maximum access speed, i.e., 1.544 Mbps). 

11.5.1 lmplementation Steps 

1t is straightforward to migrate from the currcnt router network configuration to 
a framc relay-based network solution. Thcre are two main arcas that need to be 
addresscd: 

• Network nodes. 
• Router upgrades. 

.~.-----
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Backbone Networking Nodes-lnstallation 

It is necessary to install nodes that support frame relay uscr-nctwork interfaces and 
use cell-based backbones. Migration from the cxisting network to thc framc rclay 
configuration can be done in an organizcd, stcp-hy-stcp fashion. This will minimizc 
disruptions to LAN applications and end-uscrs by pcrmitting thc changcs to he 
made on a schedulcd basis [11.131. 

Router Upgrades to Support the Frame Re/ay lnrerface 

Upgrade of thc router is nceded to implement the framc rclay interface to the 
nctwork nodc. This is usually in thc form nf a low-cost software upgrade offercd 
by most router vendors. Costly hardware replaccment is not usually nccc~sary. 
since the existing communication chips nn the routers are typically reusable for 
frame relay. Even more significan! is the fact that the cnd-user applications do not 
have to be modified to-accommodate frame rclay. 

ll.S.2 Migration From Existing Baseline 

Different users find themselves in differcnt situations. Sorne still havc unintcgr~llcd 
networks without backbones (gencration 1 ). Others havc a cl~tssic;JI hackhonc 
network for inquiry/response applications. bu! the LAN traffic is not intcgratcd 
(generation 2). Sorne have a TDM-based backbone network which providcs fixcd 
bandwidth to most applications of the enterprisc, including LANs (gcncration 3). 
Frame relay over cell relay can be beneficia! l<l all three classcs of uscrs. Naturally. 
each network has different levels of migration and immediatc payback by undcr
taking this transition. 

Unintegrated Networks Without Backbones (Generation 1) 

Users of these networks stand to gel the majar quantum advantagc from framc 
relay. First. many discrete low-speed lines are replaced with fcwcr high-quality TI 
lines. which in itsclf can be cheaper and easier to managc. Sccondly. thc advantagcs 
of dynamic bandwidth allocation reduce thc transmission bandwidth that would 
otherwise be needed; additional transmission rcsources contributc 10 a dircct 
increase in transmission cost. To migrate toa framc rclay nctwork. thc uscr nccds 
to deploy the necessary number of nodal processors. upgradc thc terminal cquip
ment for frame relay (this could be done using a terminal scrvcr on a LAN and 
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thcn using a framc rclay routcr), and install thc high-speed and backbone trans
mission infrastructurc. 

Classical Backbone Networks, LAN Traffic Not lntegrated (Generation 2) 

These networks benefit from the introduction of frame relay because bandwidth 
can be better utilized, postponing or e ven eliminating the need to upgrade thc 
transmission lines to either multiple Tls or T3s. In fact, it may even be possible 
to .re place sorne Tls lines with less expensive Ffl lines. To migrate to a frame 
relay network. the user needs to replace the TDM-based fixed-allocation multi
plexers with nodal processors and connect the LANs to the same structure. Usuallv, 

' -
the transmission facilities making up the backbone network rcmain in place, elim-
inating cxpensive installation charges for communication upgrades. 

TDM-Based Backbone Wirh Fixed Bandwidrh (Generarion 3) 

These nctworks are the easiest to upgrade by simply replacing the TDMs with 
frame relay hardware. The network runs better and is more efficient. 

Some Evolving /ssues 

Two important issues need to be fully resolved befare the introduction of frame 
rclay services in mission-critical applications can be fully rationalized. These issues 
affect priva te networks but are also importan! in public networks. They are network 
managemcnt and congestion control. 

Users need to be able to monitor traffic, establish PVCs, obtain management 
reports. undertake fault management, do traffic engineering, rearrange existing 
PVCs. and so on. Nodal processors supporting private frame relay networks come 
with a varicty of network management interface tools, but mayor may not implc
mcnt the full Annex D LMI apparatus. However, public scrvices may not match 
this lcvel of network management richness in terms of front-end functions like 
graphics, reports; menu-driven commands, and so on. Users are also looking to 
integra te the LAN ami W AN management system. 

Congcstion control remains a critica! issue. Congestion rcsults when the com
bined request for bandwidth from all users exceeds what the network can provide. 
Total network bandwidth is ultimately determined by the number and size of thc 
trunks betwecn the carrier's or user's nades. Congestion becomes more likcly as 
the numbcr of subscribers increases. Sorne argue that "when congestion starts to 
occur. people will have significan! problems ... users' expectations for frame relay 
are too high" [1 1.46]. 

. ~· 
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Vcndors' initial approachcs to thc congcstion issuc has not satisfactorily sol ved 
the problem the way the implemcntation of thc full ANSI apparatus cnd to cnd 
would. For example, sorne provide large buffers in the nodal processors for storing 
frames that cannot be immediately sen t.· However. networks su eh as SN A retrans
mit data if it is not acknowledged within a given time interval: hcncc. the dclay 
seen by the FEP because of the buffering can cause it to scnd more data. which 
is exactly the opposite of what is needcd in the congestion statc. Others use somc 
of the congestion techniques employed in X.25. However. this docs not go to thc 
source of the problem, which is the throttling back of thc input traffic. Others dcal 
with the problem by over-cngincering the network ( reportcdly. this indudcs 13T 
North Amcrica, Sprint Data Group. and MCI Communications [11.461). This 
approach is not cost-effective for prívate network solutions. 

With the mechanism provided iri the frame ·re la y standard. nodal proccssors 
can send notifications to the attachcd routers and other dcviccs to slow thcm down. 
The routcr in turn has to be able to inform the cnd-user gencrating the traffic (such 
as a uscr, a host, or a file server) to slow down. According to ohscrvers. cnd-to
end cooperation is 2 or 3 years away (i.c., it will be achievcd in 1993 to 1994). 

11.5.3 Topologies and Support of Non-LAN Traffic 

Equipment is appearing on thc market to connect 3270 SNA and Bisync tcrminals 
to a frame relay network. Sec Figure 11.21 for an cxamplc of this application. 
Users want to be able to combine SNA traffic with other traffic ovcr a W AN using 
a common technology like frame re la y [ 11.29[. Any savings in transmission could 
be neutralized by the need to maintain two or more scparatc nctworks, staffs. 
management tools, etc. [1 1.47[. Users want to support an cnterpriscwidc nctwork 
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Figure 11.21 Use of frame relay in an SNA environment. 
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with as few tcchnologics as possible; hencc, the issue of whcther frame relay can 
support multiplc corporate applications emerges. While many users are migrating 
to LAN-nased SN A configurations. facilitating the direct usage of frame relay, 
sorne SNA traffic remains on the largc embedded base of traditional cluster con
trollcrs. 

A number of vendors are introducing standalone frame relay adapters to 
support non-LAN traffic (sce Figure 11.22). With thcse PAD-like systems. SNA 
multidrop lines between the the IBM FEP and the remete cluster controllers can 
be rcplaccd with framc relay PVCs. Other vendors are incorporating the adaptation 
function dircctly in the nodal processors. SDLC frames are passcd across the 
nctwork in a prcdetermined PVC by assigning the destination of the frame on a 
per-port basis. Sorne public networks also provide PAD-Iike functions . 

• 

11.5.4 Enterprisewide Use of Frame Relay 

This section looks at frame relay from an enterprisewide perspcctive. Because 
equipment based on frame relay over a mixed-media cell relay platform utilizes 
backbone facilities better than existing circuit switching Tl multiplexers, frame 
relay benefit users that want to connect LANs over integrated backbones whilc 
supporting a variety of other traffic (to take advantage of resource sharing). But 
uscrs that simply want or need to provide high-speed links bctween remote LANs 
m ay be bcttcr off using FTI, TI, FT3, or even T3 links [1 1.19]. According to sorne 
obscrvers. most users need to transporta mix of data, voice, and video; hence they 
may find it difficult to cost-justify building a pure frame relay network solely 
dedicated to LAN traffic (11.19]. More expensive nodal processors also support 
voice and video. 

Two views on frame relay penetration exist: those who see frame relay 
dcployed mostly in private networks, and those who believe carriers will make 
major inroads. A 1991 study found that 37% of Fortune 1000 companies interviewed 
werc planning to use public frame relay services, 24% were planning to use private 
framc re la y, 24% use hybrid networks, and the balance (15%) were not su re. Given 
the outsourcing trends discussed elsewhere in this book and the plethora of rea
sonably priced carricr 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]. Par! A of the figure shows a TI line totally dedicated to routers. Part B 
of the figure shows a typical arrangement where a fixed portien of bandwidth from 
a TI multiplexer is employed for LAN usage; this is typically 56/64 kbps. Part C 
shows a sophisticated Tl multipl~xer which, includes an integrated bridge; a fixed 
portien of bandwidth on the Tl mu1tip1exer is used. This usage of a TI mu1tiplexer · ... ~ 
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Router 

was already discussed in Chapter 6. Note that three logically distinct components 
are required: a router, a multiplexer, anda line dedicated end to cnd. 

Figure 1 1 .24 shows sorne examples of LAN interconncction options using 
private network frame re! ay technology. PartA shows the use of a TI line dcdicated 
toa new router system that incorporales frame relay. Part B shows the case whcrc 
a fixed portien of bandwidth from a Tl multiplexer is employed to connect a ro u ter 
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Table 11.13 
Possible Strategies for Deployment of Frame Relay 

Privare Network lmplemcntation 
• Ovcr a point-to-point line. connecting two routers directly 
• Single-nodc data-only processor supporting LAN traffic 
• Single- or multiple-node mixed-media processor(s) supporting enterprisewide networking 
Public Network lmplcmenlation 
• Data-only service for LANs or other devices (through PADs) 
Hyhnd Nctwork lmplementation 
• Data-only scrvice with priva te proccssors. while using public network to reach secondary si tes 
• Mixcd-mcdia cnvironment with privatc proccssors. while using public network to carry dala 

system which incorporares frame relay. Part e is a diagram "of a TI multiplexer 
which includes an integrated frame relay card but not a router; a fixed portian of 
bandwidth from the TI multiplexer is employed. These three scenarios are likely 
to represen! 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 JI. 25 shows other examples of possible interconnection options using 
frame relay. Part A shows a TI multiplexer which includes an integrated router 
which uses frame relay; a fixed portion of the TI bandwidth is employed. Par! 8 
depicts a situation where various streams run into a multiplexer where the trunk 
side uses frame relay (pursued mostly by packet switch vendors). Part e is the 
samc as the previous case, but the trunk side uses cell re la y and the trunk bandwidth 
is managcd in fast packet mode. Here is where frame relay starts to offer advan
tages. 

Figure 11.26 depicts a more sophisticated usage of frame relay. PartA dcm
onstrates a priva te network using frame relay networkwide to achievc efficiency. 
PADs may be required to support non-LAN devices. A separare network for voice 
and video is required. Part 8 depicts the use of a mixed-media nodal processor, 
which al so supports nondata applications. Parte of the figure shows a public frame 
relay network where multiple users share the network. PADs may be required. A 
separare 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 
instead of obtaining a high-capacity line dedicated end to end, the user only gets 
the high-capacity line to the eo or POP (at both ends). By connecting to the 
carrier frame rclay service, the carrier provides the multiplexing, releasing the users 
from that investment [ 11.2]. Note parenthetically that if the two endpoints terminare 
on the same eo (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 lnterconnection options using frame relay: (a) a private network utilizes frame relay to 
achieve efficiency, PADs may be required. A separate network for voice and video is 
requircd. 

scrvicc, the routers see no difference compared to a private line. One of the 
advantages of this arrangement (but also shared by traditional packet switching 
and SMDS) is that if any part of the interoffice network fails, the carrier may be 
ablc to automatically recover or reroute. lf this is done in real time, the user would 
be unaware of the failure event. 

11.5.5 Practica! Comparison oflnterconnedion Technologies 

Frame relay fits in a continuQm between priva te lines, SMDS, and BISO N services. 
Sorne users are planning to incorporare frame relay technology in their private 

l 
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Figure 11.26 (Continued) lntcrconnection options using frame rclay: (h) a privare nctwork utilizrng 
mixed-media nodal proccssors. 

networks. In the public arena, the progression of services in tcrms of complcxity 
and availability will be frame re la y, SMDS, and A TM/BISDN. Expcrts prcdict that 
it is likely that frame relay technology may be deployed in thc samc way that X.25 
was: first on large private networks and then with carriers. Tablc 11.14 summarizcs 
the frame relay/cell relay environment by highlighting the UNI/NNI charactcristics. 

The evolution toward SMDS seems clear. While routers havc been quotcd 
as passing in the neighborhood of 10,000 to 20,000 packcts pcr second, thc lates! 
generation of bridges and routers now beginning to become availablc proccss 50,000 
to 500,000 packets per second (11.8, ll.48, 11.49]. This means that while frame 
relay may be adequate for sorne LAN internetworking applications, other appli
cations may need higher speeds, as provided by SMDS. Example of these appli
cations include CAD/CAM, medica! imaging, heavy-use desktop publishing, and 
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Figure 11.26 (Conlinued) lnterconnection options using frame relay: (e) use of a public frame rclay 
network to achieve efficiency, PADs may be required. Mulliple users share the network. 
A scparate network for voice and video is required. 

animation. FDDI systems may become more prevalen! now that the FDDI stan
dards are practically complete and given that FDDI may actually be deliverable 
ovcr twisted-pair. In addition, work has been underway to altow FDDI to interwork 
with SONET, implying that there may be an impetus to their introduction (i.e., 
the user does not require dedicated fiber, but can use facilities from the pub tic 
nctwork). This in turn may require high-throughput internetworking. lt is not clear 
that a 1.544-Mbps service can bridge LANs operating at 100 Mbps. For sorne users, 
FDDI rates are too Iow (e.g., in supercomputer environments, discussed in Chap
ter 1). 

· At the pure technical leve!, since frame relay is a connection-oriented tech
nology and LANs are connectionless, the ideal way to interconnect LANs is with 
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a conncctionless nctwork-based service (such as SMDS) (11.50!. Also. it is dcsirablc 
lo avoid needing to develop entire technologies, and dcploy networks which ca ter 
toa single application (e.g., jusi for LAN interconnection). Framc rclay. as cur· 
rcntly bcing standardizcd and deployed by carriers. is dcsigned for data cornrnu
nications only, as a long overdue irnprovemcnt of traditional X.25 packet switching. 
Cell relay (BISDN UNI) is specifically designed to support thc sophisticatcd mix 
of services likely to be present in an organization of thc 19lJOs: data. voice. facsirnilc. 
high-quality image and graphics. intcgrated messaging. and video. 

Table 11.15 compares X.25, TDM multiplcxers, native frarnc relay. frarnc 
relay over a fas! packet switch platform, SMDS. and ATM from a servicc per
spective (also sec (8.221). 

Sorne users are reportedly conccrned that the push for deploymcnt of frarnc 
rclay is coming from vendors rathcr than from network managers and uscrs. So me 
users characterize frame relay as "more hypc than necessity," sin ce existing equ ip
mcnt can answer equally well the needs of stream traffic and data traffic with high 
autocorrelation (such as in file transfer) (11.51J. The promises of "seamless" LAN 
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intcrconncction cannot be dclivcrcc.J in full hy framc n:lay bcl·ausc of t:lc ,p<.:cd 
limitations, and because it is a conncction-oricntcd tccllnology. 

11.6 FRAME RELA Y EQUIPMENT 

In a privare frame relay network, thc nodal processor is the most critica! componen t. 
With a low-capacity processor. frame relay will not support thc rcquircd through
put. A ccll rclay-based platform with cffective nctwork managcmcnt tools i' thc 
type of equipment cnd-users are looking for. · 

A high-throughput nodal proccssor built from thc ground up, unaffectcd by 
TDM restrictions, which supports high-speed switching to facilitatc high cnd-to
cnd throughput, low latency. and any·to-any conncctivity is rcquircd lo derive thc 
advantagcs that frame relay promiscs. A fast interna) proccssor must he w.cd to 
sustain the switching at the levcl rcquired by the ncw routcrs now rcaching thc 
market and by the data-intensive user applications. 

The nodal processors must support standard high·sp<.:cd intcrf;Jccs to thc 
routers to facilitate the interconnection of cquipmcnt from a vari..:ty of vcndor,. 
This open frame relay interface should supporl a full TI rate in ordcr lo propcrly 
interwork with existing router systems now dcployed on d..:di<.:atcd TI lincs (sorne 
processors do not support a full TI). lt is importan! that an adcf.Juatc numhcr of 
PVCs per frame re la y interface be supported. A restrictivc numhcr of PVCs ddcat' 
the link and port sharing bencfits of frame relay. 

The nodal processors must support standard high-spccd interfaces h..:twccn 
nodal proeessors to provide ccll relay and switching. The flcxibility of hcing ahlc 
to support fractional TI or full TI rates for the trunks is necessary in ordcr to fine 
tune the nctwork to the actual traffic patterns of the corporal ion. Gcn..:rally. not 
alllocations in a company have the same incoming and/or outgoing traffic volumcs. 
Hencc, the ability to be able to utilize a mix ofTis and Frltrunks is ;m importan! 
cost-saving fcature. Usually it is better to use outboard CSUs so that the LAN 
manager can optimize the investment needed to obtain thc appropriate link man
agemcnt features without duplication. The choice of the CSU can be linked with 
the TI channel at hand: for cxample, a link mayor may not support BHZS. and 
so the CSU can be chosen appropriately. In addition. the failurc of thc CSU. 
possibly incapacitating a path, can be mitigatcd by thc use of a sparc CSU. which 
is more difficult todo when the CSU is integratcd with othcr hardware. In addition. 
a nodal proccssor should not impose topological constraints in tcrms of thc nurnbcr 
of nodes which can be supported. 

Not evcry uscr device in an existing user network can be rctrofittcd with a 
$1,000 frame relay board. A nodal processor should. thcrcforc. support de vice~ 
such as asynchronous terminals, synchronous terminals, and X.25 streams for those 



situations whcre thc framc relay interface is not available or will be installed at a 
future date. 

A sophisticated network management capability is required to facilitate PVC 
estahlishment and to undcrtakc all thc necessary monitoring functions so importan! 
in mission-critical enterprise networks. A centralized systcm with access to the 
entirc network through a distributed architecture is desirable. Graphical worksta
tions with windows and uscr-friendly interfaces are a clear advantage. A rich feature 
set for fault. performance. accounting, security, and configuration management is 
an importan! business advantage. 

Sincc the state of the art is not going to stand still, the nodal processor must 
be able to grow with new needs, features. and technologies. Sorne examples are 
the ability to migrate to BISDN, support SVCs, and deploy more data-intensive 
network management facilities in support of tighter control. The issue of congestion 
control is critica! in order for the LAN-manager tv guarantee a grade of service 
to the u ser community. A nodal processor should support the full ANSI congestion 
mechanism in order to achieve this goal. 

11.7 CARRIER SERVICES 

Severa! carriers now provide or plan to provide public frame relay services. Not 
only is it importan! that the service be available from a carrier, but it is also critica! 
that the scrvice be tariffed in a competitive way if users are to make investments 
for migration to the new technology. This section examines sorne issues pertaining 
to the public service. 

11.7.1 Congestion Controllssues for Public Networks 

As indicated. in frame relay the en tire bandwidth. up to the maximum access speed, 
can be madc available to a single user during peak periods. A problem may arise 
in the network if many users require this bandwidth simultaneously, as might be 
the case when LANs from multiple organizations (or departments within an orga
nization) are terminated on the network. The frame relay network must be able 
to detect any overload condition and éjuickly 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 critica! 
dueto the performance objectives of the latter, and the greater access speed. In 
X.25 networks, the access speed is normally much lower than the speed and capacity 
of the backbone. 1t is unlikely that a single device would ever monopolize the 
backbone. In a LAN interconnection/frame relay environment, the routers seen 
as an ensemble may transmit a éombined rate which might approach the eapacity .;·1 

~J,< 
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of the backbone itself. A single router may flood the backbone; this in turn will 
starve other circuits of bandwidth. 

Temporary conditions of overload occur in any well-utilized nctwork. Nct· 
works which ncvcr cxpcriencc tcmporary ovcrloads may in fact be undcrutilizcd. 
Over-enginecring, however, is not a dcsirablc way to handlc congcstion control 
because sueh an approach is not cost-cffcctive. Ignoring thc issue of congestion is 
also undesirable, since, in effect, it means not capitalizing on th~ full potcntial of 
frame relay. In private networks, transmission costs are a major componen! of any 
design evaluation, and most of the benefits of frame rclay technology are lost if 
implemcnting it demands the lcasing of cxccssivc amounts of handwidth [11.21J. 
The challenge is not how to preclude any tcmporary congcstion. but how to rcact 
to it when it occurs. Over-enginccring or, bettcr yet, relying on statistical averaging 
to obtain the most cfficicnt utilization of dcployed resourccs may be an approach 
that is viable in a public network environmcnt, givcn thc large population of 
potential uscrs. 

The ANSI standards specify explicit congcstion control notification bits and 
a congestion notification control mcssage. Thc importan! fields in thc addrcss 
portion of the frame relay formal are the FECN. BECN, and DE. dcscrihcd carlicr. 
In the ANSI standard, each of the individual virtual circuits in a framc rclay 
connection (if the user and/or topological implemcntation calls for multiplc PVCs 
over a physicallink) can be independently throttled back. To be fair. the sourccs 
that contribute the most to the congcstion should be slowcd down the most. whilc 
sources contributing less traffic should be slowed down less. Hcnce. the nctwork 
mus! be able to identify which PVCs over a physical link or, heyond the acccss 
portion, in the network are responsible for monopolizing rcsources. 

Both the user's equipment and the switch should be ah le to rcspond to congcs
tion control actions implied by the congestion control ficlds. For cxamplc. during 
pcriods of hcavy load, the network could signal the uscr's equipmcnt. by setting 
the congestion bit, to reduce the trarfic arrival rate; when thc ovcrload situation 
dissipates, the opposite action could be achieved by sctting thc congcstion bit back 
to normal. In sorne situations, the user's cquipment could be ovcrloadcd; for 
example, a LAN gateway may be servicing anothcr uscr and may not be ablc to 
absorb heavy loads of traffic coming from the network. Here, thc user"s equipment 
must be able to throttle the network. 

The ANSI standards also provide for a DE capability to discard sorne framcs 
if the initial congestion control actions do not correct the situation. The network 
should not be designed to discard frames indiscriminately: it is faircr to discard 
frames from the users who contributed the most to the congestion. lf thc implc
mentation supports the DE field, this can be accomplished equitably, since the 
user's equipment can indicate which frames should be discarded first. The DE 
capability makes it possible for the user to temporarily send more frames than it 
is allowed on the average. The network will forward these frames if it has the 
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capacity to do so; but if the network is ovcrloaded, framcs with the DE bit set will 
be discarded first [11.21). 

Sorne networklequipment vendors may implement a simple flow control pro
cedure, rather than the full ANSI capability. For routers incapable of implementing 
the control mechanism of the ANSI Annex D specification, a simplified X-on/X
off form of flow control is allowed by LMI. The optional flow control limits trans
mission in the direction of the network, but not the reciproca! way. In the view of 
observers, while this approach is useful, backbone frame relay networks must also 
implement the full ANSI mechanisms; otherwise, the network will not be able to 
control effectively overloads from these devices. 

lmplicit Congestion Notification (to the transport !ayer 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 lmplicit Congestion Notifications usually 
take higher priority than Explicit Congestion Notifications. Thc former is normal! y 
handled by the ultimate equipment; the latter is handled first by the router and 
subsequently by the ultimate equipment. The network may indicate to the user's 
router that the data may be about to traverse a congcsted path by the FECN/ 
BECN bits prcviously discussed. The user response to these congcstion notifications 
is dependen! on thc type of notification and the frequency in which they are reccived 
[11.6). 

- To reduce oscillations possibly due to transient congestion conditions, a 
congestion monitoring period (CMP) can be established by the user's router to 
track the frequency of Explicit Congestion Notifications received. This CMP is 
typically dcfined as four times the round trip delay through the network. The CMP 
starts upon receipt of a frame with the BECN or FECN bit set, or if the logical 
link is currently recovering from a congestion state. In a windowing environment, 
two window rotations may be used to measure the CMP instead of four times the 
round-trip del ay. The user's ro u ter receiving the FECN bit set in half or more of 
thc framcs received during the CMP should start throttling data in the direction 
of the reccived frame. Since data at any given time is typically weightcd in the 
dircction opposite of the frame with the BECN bit set, the BECN indication is 
likely to occur less frequently than the FECN indication. The user's equipment 
should therefore start throttling data in the opposite direction of the received frame 
when thc first indication of BECN is received [ 11.6). 

During data transfer, one of the following four states is active. Typical carrier
suggested actions are [ 11.6) 

. 1. Data throttling due to Implicit Congestion Notification. When a frame has 
been lost, as se en from the end-to-end protocols, the data flow should typically 
be rcduced by approximately one-fourth of curren! flow. Data should not be 
throttled below the minimum end-to-end protocol flow (e.g., minimum win
dow size). 
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2. Data throttling due to Explicit Congestion Notifications. When data has not 
been lost during the CMP. and the criteria for FECN or BECN frequency 
during the CMP has been fulfilled (i.e., half or more of the reccived framcs 
have the FECN bit set, or one or more of thc reccived framcs ha ve thc BECN 
bit set). then the data flow should be reduced by approximately onc-eighth 
of the curren! flow. Data should not be throttled bclow the minimum end
to-end protocol flow (e.g., minimum window size). 

3. Data flow reeovery. lf the criteria for FECN or BECN frequcncy has not 
been fulfilled during the CMP (i .e .. fewer than half of thc rcccivcd framcs 
havc the FECN bit sct, or no more received frames have thc 13ECN bit sct), 
then the data flow should be gradually returncd tu normal flow at a ratc uf 
one-sixteenth of the normal end-to-end protocol flow. 

4. Normal data flow. No congestion notification occurs and data throttling is 
not necessary (i.e., no congestion action is takcn). 

11.7 .2 Class of Service Parameters 

Carriers are specifying various class uf servicc paramcters for the PVC frame re la y 
service. These indude: 

• Committed burst size (CBS). This is thc maximum amount of user data (in 
bits) that the network agrees to transfer, under normul conditions. during 
one second. 

• Excess burst size (EBS). This represents thc maximum amount of uncom
mitted data exceeding the CBS that the network will attempt tu dcliver during 
one second. 

• Committed information rate (CIR). This represents the user"s thruughput 
that the network commits to support under normal network conditions. Cl R 
is meas u red in bits per seeond. 

• Committed rate measurement intcrval (CRMI). This is the time intcrval dur
ing which the user is allowed to send information at thc CBS ratc or at the 
CBS + EBS rate. 

See Figure 11.27 for a graphical interpretation. These quantitics are importan!, 
since thcy are the basis of the services thc carricrs providc <tnd for thc supporting 
tariffs. Frame rclay carriers will enforce the subscribed CBS, EBS. and CIR in thc 
network in order to meet the grade of service. The user must allocate some min
imum CIR to every possible device-to-device relationship (i.e., PVC); this implies 
that frame relay service, as eurrently available, is not the optimal solution to 
interenterprise applications (where SMDS may be). 
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figure ll.Z7 Traffic arrival and treatment in a frame relay network. 

11.7.3 An Example of Designing Networks With Public Frame Relay 

A study o{ frame relay tariffs at press time revealed that each frame relay carrier 
had a different pricing scheme. Not only are these pricing schemes complicated, 
but a reliable comparison between services is difficult. It is almost impossible to 
generalize about the cost of fráme relay services from one carrier to another, ) 
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especially whcn using published prices (sorne carriers avoid puhli~hing gcncric 
tarihs; while nondominant carricrs are not obligated tn puhlish tariffs. such puh
lication would certainly help the user choose a service/carricr) [1 1 .52. 1 1 .53]. 

While sorne carriers offer flat pricing. othcrs offcr pricing hascd on thc numhcr 
of user locations. the amount of bandwidth. and distancc bctwccn thc carricr's 
POP and the uscr's location. Sume carriers sum the handwidths dcfined on al! thc 
network PVCs (whether actually in use or not). Some add a surchargc for any data 
that needs to be delivered over a uscr channel excccding l.iiOO miles (prcsumahly 
this is rclated to thc fact that the propagation time slows Jown thc dclivcry of thc 
data to thc user, implying addcd nctwork rcsponsihility). Many havc acccss linc 
charges. although sorne hiJe (absorh) that cost. 

A published comparison among thrcc carricrs for scrvicc in four citics (Chi
cago, New York. Dalias. and Los Angeles) is shown in Tahlc 1 1.16 [1 1 .52]. Thc 
table shows that there is a lot of variability in thc cost. and a rational comparison 
is difficult. 

One conclusion that does emerge is that framc rclay scrvicc is che<1pcr than 
fully interconnecting all locations with point-to-point high-spccd digital lincs. A 
puhlic frame rclay network gencrally costs about a third of a fully intcrconncctcd 
mesh network. Assuming that the carricr has a scrvicc POP in al! LATAs whcrc 
the user has trafficsources/sinks. !he cost-cffcctivness of thc frame re la y ~olution 
incrcases as thc number of sites to be conncctcd incrcascs. In aJdition. 5ó- and 
64-kbps framc relay services are universally chcapcr than comparable X.25 scrviccs. 
which frame relay can replace in a number of situations (e.g .. LAN intcrconncc
tion).'" 

Table 11.17 compares a public frame relay nctwork with Ffl cffcctivc 
throughput (the physical access line may in fact have to be a TI linc). a traJitional 
mesh FTl network, and a privare one-node frame re la y network .· Figure 1 1 .28 

CompuScrvc 
Spnnl Standard 
Sprint Reserved 
Sprint Hybrid 
Willel 

Table 11.16 
A Cost Comparison Betwcen Frame Rclay Scrvice< (January l'ln) 

$23.140 
$12.21\(J 10 $13.370 (depending on usage volumc) 
$36.300 
$19.920 
$19.620 (estimated) 

Coverage: Chicago. New York. Dalias. Los Angeles 
Access (physical TI): $1.300 
Access (logical): t .024 Mbps 
PVC: 512 kbps 

10Some cairiers report that many users in fact employ the service at the 64-kbps rate. 
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Table 11.17 
Typical Frame Relay Costs: Public Network Covering New York, 

San Francisco. Atlanta. Dalias. and Chicago 

Sprint Data Standard Rate Sprint Data Reserved 
e orifigurarion .. Wi/Tel CIR (no guarantee) (guaramee) 

256 kbps access $ 4.527 S 4.950 $ 5.600 
256 kbps throughput 

1.024M access S 9.011 $10,700 S 11,350 
256 kbps throughput 

1.024M access $15.354 SI0.700 Sl7,950 
1.024 M throughput 

Mesh Dcdicated FT! Network • 

¡\fileage fT/164 FT/1128 FT/1256 

Chi-SF 1.860 S 893.62 S 1,674.92 $ 3,149.99 
Chi-NY 710 S 502.62 S 927.42 $ 1,746.99 
Chi-Atl 720 S 506.02 $ 933.92 $ 1.759.19 
Chi-Dal 800 S 533.22 S 985.92 $ 1.856. 79 
NY-SF 2.580 $1,138.42 $ 2,142.92 $ 4.028.39 
NY-Atl 940 S 580.82 $ 1,076.92 $ 2.027.59 
NY-Dal 1.370 S 727.02 S 1.356.42 $ 2,552.19 
Ati-Dal 820 S 540.02 S 998.92 $ 1.881.19 
Ati-SF 2.230 SI.Ol9.42 S 1,915.42 $ 3.601.39 
Dai-SF 1.480 S 764.42 S 1.427.92 S 2.686.39 
Total S7.205.60 S13,440.70 $25,290.10 

Priva te Frame Relay Network • 

Mileage fT/1256 fT/1512 TI 

Chi-SF 1.860 S3,!49.99 S 5,606.21 $13.560.00 
Chi-NY 710 $1,746.99 S 3,099.21 S 6,660.00 
Chi-Atl 720 S1,759.19 S 3,121.01 S 6,720.00 
Chi-Dal 800 Sl,856.79 S 3,295.41 $ 7,200.00 
Total (transmission) $8,512.96 S15,121.84 $34.140.00 
Total (with ammortized nodc) S9,512.96 S16,121.84 S35, 140.00 

•lnterLATA costs only 
Prcss time tariffs. subject to change 

depicts the topology of this example. A frame relay network is much cheaper than 
a mesh network; for the example shown (five cities), the frame relay service at 256 
kbps of throughput is only 15% of the cost of a mesh network. This is what was 
mean! earlier when it was stated that "in order to gel the maximum benefit from 
frame relay technology without' having to incur large charges, the service needs to .·; 
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Figure 11.211 Comparing a public frame relay network with a mesh network and with a privare frame 
relay network. 
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be provided by a carricr." The public frame relay network is only 25% (or lcss) 
of the cost of an appropriately configured private frame relay network. Note that 
in the public frame rclay network, the throughput for each PVC from San Francisco, 
for example, could be 265 kbps. This implies that the private frame relay version 
must use a ¡.··n link to the node (which in this example was placed in Chicago), 
which should be 1,024 kbps as a "conservative" design, or at least 512 kbps asan 
"average" design. 

One issue not clear from Table 11.17 is quality of service. ln the full mesh 
nctwork. the end-to·end dclay approximately equals one transmission time. For 
example, if the mesh network used FT256 and the user's (ethernet) frame was 
1,500 octcts, then the delay would be 0.047 seconds. In the one·node priva te frame 
relay nelwork, lhe del ay would be 0.104 seconds, since the transmission time must 
be incurred lwice, and there is nodal protocol processing delay (which we have 
assumed at 0.010 scconds). lf two backbone nodes mus! be traversed (and it is 
assumcd that the backbone link is also 256 kbps, the nodal protocol processing 
delay is 0.010, and the frame·to-cell and cell-to-frame assembly is 0.020 seconds), 
the total end-to-end del ay would be 0.181, approaching the notorious delay incurred 
through a salellilc link. 

This example should make clear whal lhis enlire book has lried lo do: there 
is no uniqucly superior answer toa corporale nelworking problem. Each solulion 
has advan1ages and disadvantages. A mesh nelwork is more expensive, bul lhe 
grade of service is better. A publie frame re la y nelwork is cheaper, bul therc is 
more nclwork del ay. lhe service m ay nol be available at all si tes, and dedicaled 
TI access lines are slill required. A private frame relay network is cheaper than a 
mesh network .. while costing more than a public network; this solution, however, 
requircs the uscr to purchase new equipment and to manage it. Anolher factor lo 
takc into consideration is lhe cosl of lhe "access." lf the carrier has a POP in lhe 
LA TA(s) in question, lhat cosl equals lhe cosl of a T1 facility between the user's 
location and the POP. lf lhe carrier only has a few nodes across the counlry, as is 
currcntly 1hc case, lhe user may have to incur lhe cost of lhe Tl line lo reach lhe 
switch; 1his could be hundreds of miles (sorne carriers pickup lhe cost of lhe access 
up to sorne dislance). 

The aulhor is of 1he opinion lhat a praclilioner may be hard pressed to lry 
lo ralionalize why Company X (which may be profiled in a trade press magazine, 
or dcscribed by colleagues) used a given lechnology. Likely, Company X used a 
lcchnology beca use of ( 1) how well a vendor made lhe case for the lechnology 
1hey sell, or (2) sorne senior manager in lhe company was "sold" by a lrade press 
article which highlighted lhe advanlages of a lechnology without ever describing 
ils drawbacks (as is 1he praclice), or poinl out the facl lhat the ulilily is highly 
dependen! on 1he user's specific environmenl ( ultimately, trade press magazines 
are influenced by 1he companies supporting them through their advertisement 
dollars). 
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11.8 FRAME RELA Y PRODUCT A VAILAB~LITY 

Vendors started to embrace frame relay tcchnology in I'NO. and cquipmcnt was 
appearing in 1991. As of prcss time. ar lcast thrcc dozcn vcndors havc announccd 
frame rclay equipment and/or serviccs [ 11.54J. For sorne vcndors. such as thosc 
offering internetworking products. adding framc relay support m ay rcquirc a simple 
software upgrade of the hardware. sincc bridgcs and routcrs are alrcady bascd on 
packet architecturcs. The samc HDLC chips currcntly uscd on thc communication 
sidc can be micro-programmed for frame re la y [ 11.25J. Thc first wavc of framc 
relay products must at least providc support for the acccss protocol. congcstion 
management..and the status of PVCs. From a uscr's pcrspc~tivc. in ordt.:r to dcploy 
the equipment in thc critica! path of thc corporation's ability to conduct business. 
robust and sophisticated network managcmcnt capabilitics must also be in place. 
This scction provides a partial survcy of sorne framc rclay products in onlcr to 
reinforce the fact that thc tcchnology is quickly nwterializing ami that users can 
begin to study if and how frame relay can' truly bencfit thcir bottom lincs in tcrms 
of decreasing their communications budget. This information will evplve over time. 

11.8.1 TI Multiplexers and Nodal Processor Manufacturcrs 

Vcndors of TI multiplcxcrs bascd on circuit switching TDM architccturcs nced 
more work to transition to framc rclay than vcndors alrcady supporting fast packct 
switching. These vcndors need to add a cell cnginc to support framc rclay in an 
cffcctive manner; sorne have done so. while othcrs are in the pruccss of doing so. 
See Table 11.18. which pruvides a variety of other product information (bascd 
partially on [ 11.55]). Two approaches wcre uscd in thc carly l'll!Os as a short-tcrm 
solution. short of a total architectural rcdesign. Thc first approach is to offcr framc 
rclay modules, or boards, for existing circuit-switchcd multiplcxcrs. Thc st.:cond 
approach is to use a front-end frame re la y devclopcd by anothcr vcndor or stratcgic 
partner. With near-term solutions, the TI multiplexcr may typically only allocatc 
a dcfinite amount of bandwidth for frame relay support. and therc may be per
formance and throughput problems. In the long tcrm, tradition~l TI cquipmcnt 
will have to be redesigned to incorporate fabrics which can exploit fully the advan
tages of cell switching. An importan! consideration is congestion control. Sorne 
vcndors have experience in this arena, and othcrs may not. In particul~r. vendors 
of packet switching equipment have dealt with this issuc for ycars; vendors of TI 
multiplexers have generally not had a need to dcal with it. Thcsc prouucts are 
typically used for privare frame relay networks, although the mure sophisticatcd 
cquipment (e.g., StrataCom's IPX) can also be used to build public nctworks. 

StrataCom's IPX Fast Packet multiplexer has supported a ccll rclay cr.ginc 
since the mid-1980s (11.20]. To support frame rclay, the IPX requircd a software 
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Table 11.18 
Panial List of Frame Relay Nodal Processors 

M in Max Access Lines 
Frame, Frame, 

v~ndor Product Octets Octets 64 kbps 512 kbps TI NNJ' 

Amnct FRNS 7000 S 1.600 63 32 8 Arpanet datagram 
Dowty FPX 2000 4.096 120 80 40 FR 
Hughes Network FRS 9000 1 2,100 384 128 32 FR 
NET 7 2.112 220 ISO ISO FR 
Nctrüc #1-ISS 1 4.096 300 48 16 FR 
Ncwbridge 3600 IFS 1 8.200 30 4 1 FR 
NTI S/DMS S 2.106 14,000 2,448 612 ccii/ATM 

DPN-100 1 2,048 NTI's UTP 
StrataCom IPX 32 S 4,S06 80 80 20 ccll 
Telematics NET-25 S 4,096 64 16 16 Telematics' TNP 
Timple. Frame S 1,600 12 12 12 FR 

Scrver 
US Sprint TP4900 8,189 S28 66 22 FR 

'FR ~ Frame relay 

upgrade and frame relay cards (while routers typically already have HDLC cards, 
TI multiplexers usually do not). Early support included Cisco routers (11.39). The 
frame relay card accepts frame relay frames and segments them into 24-byte cells 
that can be transmitted over the StrataCom's proprietary Tl backbone. Users are 
not forced to dedicate bandwidth lo the frame relay services a priori and on a 
preallocated basis. Each frame relay board (dubbed FRI-lM) consists of a V.35 
interface with four ports and costs $12,000. Initially the UNI was not supported at 
the full TI/El rate (it supported 1.024 Mbps), but as of 1992 these access rates are 
supported (using boards dubbed FRI-2M, which cost $14,000) (11.56). Carriers 
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 equity agreement, resulting in DEC's worldwide distribution of 
StrataCom's IPX systems [1 1.58]. 

AT&T's BNS-1000 Fast Packet Switch is a multiport data-only switch sup
porting frame relay on the DTE user side and cell relay on the network side. ANSI 
and CCITI standards are supported on the access side (Tl.606). Access rates can 
be as high as a full TI or El (2.048 for European operation), or can be a standard 
subrate (11.59). Preprovisioned PVCs' operation through the BNS-1000 makes 
network administration simple and eliminates the delay associated with call setup, . 
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which is otherwise needcd. Standard physical acccss-side interfaces are supportcd. 
including CCITT V.3S, EIA RS-449, and EIA RS-232. At thc uppcr protocol 
layers. the node transparently suppons TCPIIP and other LAN industry standards. 
BNS-1000 nades connecl with other nodes over carrier-providcd TI orE 1 links. 
or prívate fiber. Cell relay is used on Íhe nctwork side. Whcn widc-arca confi¡!ll
rations require multiple nodcs. a nodc-to-nodc maintcnancc channcl up lo..¡..¡ kbps 
is available lo support lhe user's management requiremcnts. Thc nodal proccssor 
can be configured as a framc relay switch in an existing multiplc routcr cnvironrncnt; 
alternalively, when u sed in conjunction with thc AT&T LCS200 Nctwork Routcr 
and LCS 100 Network Gateway products. it can be configurcd as a complete virtual 
prívate nelwork platform for widc-arca LAN interconnection. Thc switch ;~ehicvcs 
high rcliability using both hardware and software redundancy for call processing. 
Aulomatic altcrnale routing is supported on thc backhonc si de. In thc cvcnt of 
failurc or high incidence of faull occurrence on links between nodcs. thc Scs~ion 
Maintenance fealurc aulomatically dctects 1runk failurcs and rcroutcs traffic to 
alternate trunks. using previously unassigncd bandwidth. Existing and rcroutcd 
traffic can share the samc lrunk. The process of dctcction. handwidth ncgotiations. 
and route switching is accomplishcd within 10 seconds. Rcroutcd traffic can be 
moved back to its original path whcn thc faulty link is resto red. Thc switch supports 
over 30.000 cndpoints simultaneously (15,000 two-way conncctions). ovcr a priva te 
nctwork. in a nonblocking mode. lt c¡tn switch and forward 44.000 packcts pcr 
sccond. The hardware is scalable in terms of thc numbcr of framc rclay interfaces· 
thc individual nades support in modules of four ports 111.11. Thc BNS-1000 is 
aimcd at private frame relay networks; a switch for public nctworks. the BNS-
2000. is also available from thc manufacturer. although the cmphasis of thc latter 
is on SMDS. 

Network Equipmenl Technologies was reponed to be looking at dcsigning a 
frame relay interface for its lntegrated Digital Nctwork Exchange (IDNX) TI 
mutiplex product. The company was planning to offer first a proprietary IDNX 
board that incorporales the functions of a routcr and a high-performancc packct 
switch to support direct LAN connections on the TI multiplexcr. The card would 
later be adapted to support frame relay 111.50]. 

GDC has made publiccommitmcnts toa frame re la y interface to thc Mcgamux 
TMS TI mulliplexer. In addition to the new interface, the cquipmcnt interna! hus 
was to be cnhanced to support both a circuit-switchcd as wcll as a packct-switched 
architeeturc. 1t was planning on combining elemenls of TDM/circuit switching with 
frame rclay and cell switching 111.20]. 

Newbridge has announced frame relay support through a new Distributed 
Communications Processor module of its 3600 MainStrcct Bandwidth Manager TI 
multiplexer. The product formats data from attached LANs into the framc relay 
formal and passes the data unchanged over the circuit-switched prívate backbone. 
Initially, backbone bandwidth was allocated among TDM data, voice applications, 
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untl fram.: rcluy data in a prc.:dctcrrnined way rather than dynamically (this is truc 
of all circuit-switched TI multiplexers). 

Motorola Codex has also announced framc relay suppport in its product line: 
the 6290 Series TI Multiplexer. the 6525 Packet Switch, and the 6507 multifunction 
PAD. The frame relay interface for the 6290 is implemented using a two-card set: 
u four-port V .35 interface anda frame relay PAD. The cost of upgrading an existing 
node is in the $20.000 range, while the cost of a new 6290 cquipped with frame 
relay interfaces starts at around $40.000. The 6290 can be managed using an OSI
bascd system. The 6525 packet switch can grow in 6-port increments up toa total 
of 48 ports: like most switches. it supports both dialup asynchronous terminals and 
access over a dedicated line. Adding the frame relay interface to an existing 6525 
enables uscrs to create X.25 subnetworks that feed into the 6290 fast packet back
hone. Bcginning in 1991. the frame relay interface became standard equipment on 
the packct switch; thc switch upgrade costs in the neighborhood of $5,000. The 
frame rclay software supports up to 32 logical links over a single physical connec
tion. The 6507 PAD supports ports individually operating distinct protocols, includ
ing Bisync/SNA. frame re la y. and asynchronous dialup. The PAD can be connectcd 
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 
multiplcxing product line [ 11.12]. The FrameServer System can be used either as 
a standalone frame relay nodal processor or in conjunction with the Link multi
plexer family. The processor is quoted at $14.000 to 25,000. A frame re la y capahility 
for the router product line has also appeared, allowing routers to connect to a 
puhlic or prívate frame relay network. SNA traffic can also be consolidated for 
transpon over the WAN frame rclay network. The capability costs in the $1,000 
range [ 11.12[. 

Other vcndors with frame equipment in elude [ 11.50] Coral Network Cor
poration and Hughes Nctwork Systems; this list is likely to grow ovcr time. 

11.8.2 Router Manufacturers 

Manv router vendors now support frame relay interfaces, including 3Com, ACC, 
AT&T. Cisco Systcms. CrossComm Corp .• DEC. Hughes, Proteon, RAD, Sun 
Microsystems. Synüptics. Timeplcx, Yitalink Comrnunications, and Wcllfleet 
[ II.óOJ. Sorne routcrs can be upgraded using a frame relay software module; these 
range in price from $750 to $4.000. Sorne routers support both frame rclay and 
SMDS. Most routers support ANSI LMI (Annex B and/or D). 
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1 1.8.3 Packet Switch Manufacturers 

Traditional packet switch manufacturcrs are al so positioned. in thcory. to support 
frame rclay, but thcy need to upgradc thcir switchcs to support highcr spccús. 
These vcndors have not made major breakthroughs in spccds in thc past dccade. 
and sorne observers question their ability to rcspond to thc ncw cnvironmcn!. 
Bursty applications in LAN intcrconnection require OSI or DSJ spccds to achicvc 
optimal operation in today's environment of "nctwork computing." file transfcrs. 
graphics, and decision support systcms (such as sprcaúshcct applications). This 
type of equipment tends to use FRI at thc NNI. rather than ccll rel¡¡y (futurc 
migration is possible). Sorne vcndors are dcscribcd bclow. 

Northern Telecom announced a frame rclay interface for thc DPN-100 packct 
switch. The switch can be used to support hybriú public/privatc networks. A framc 
relay capability for Northern's CO switchcs, DataSPAN. is also availablc. 
DataSPAN's offering has been developed to retain compatibility with thc installcd 
base of CO switching equipmcnt (both local and toll offices). DataSPAN is notan 
adjunct frame relay switch. which coulú introduce OAM&P complcxitics for thc 
carrier. lnstead, the frame relay fabric can be intcgratcd on an cxisting switch, 
sharing common equipment, interfaces, and operations systems. DawSPAN is 
based on the Link Peripheral Processor of a DMS SupcrNode. Thc Link Pcriphcral 
Processor serves a varicty of functions, including ISDN D-channcl packct handlcr. 
Signaling System 7 messagc proccssor, and frame relay handlcr. Any DMS·IOO. 
DMS-200, or DMS-250 switch in the nctwork can be upgraúed to DMS SupcrNodc.' 
To add frame relay service, appropriatc interface cards are put in front of. anú 
new software is put into, the Link Peripheral Proccssor /11.2. 11.17/. Northcrn's 
implementation provides the PVC version of thc service. but <Jn ISDN/SVC vcrsion 
is under development [ 11.61 J. Each frame relay interface c<~n acccpt at1 unchan
nelized OSI signa! or a channelized DS 1 representing 24 individual 56 kbps. On 
thc trunk side, DataSPAN operates in a ccll switching mode. Thc user's mcssagc 
arrives at the switch in a frame conforming to the framc rclay spccification; thc 
switch segments the frame into cells and transmits thcm across thc intcrofficc 
facilities. At the remote end, the cells are rcassemblcd into framcs while guaran
teeing order preservation. For the applications rcquiring specds in the 9.6-kbps 
range, DataSPAN may be connected toa 56-kbps scrvice (DOS or ISDN). Thcsc 
interfaces are supported via standard DMS SuperNodc Copper peripherals: thc 
lower speed circuits are multiplexed into channelizcd DSis and connected to units 
on the Link Peripheral Processor. Many LECs and JXCs are equipping their DMS 
SuperNodes with Link Peripheral Processors to implcmcnt Signaling Systcm 7 
capabilities [11.18, 11.62]. A tria! with NYNEX for the frame relay interface on 
the DMS-100 and DMS-250 was planned for 1991. 

BBN Communications was bringing out in 1992 a high-end packct switch 
supporting frame relay. The new T/300 Packet Switching Node supports up to 77 
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ports ( 14 of which can he trunks and the other access ports) at speeds from 9.6 
kbps to 1.544 Mbps. Thc T/300 being tested in 1991 was reponed to offer a five
fold improvement performance compared to BBN's existing X.25 packet switch, 
thc C/300 [ 11.63]. The T/300 uses a bus that can be upgraded to provide more 
powcr when needed through a serial 1/0 processor. From one to four processors. 
all working indepcndently for fault tolerancy, can be used. A frame relay interface 
was planncd for thc cnd of 1991. Thc basic pricc is $45.000. BBN was also working 
on a ccll rclay/switching to support LAN interconnection and imaging. The ccll 
rclay switch will use thc busless architecture developed for use in the TC/2000 
parallel computer, whcre multiplc processor cards are linked using an interna! 
packct switch. Thc systcm is upward scalable, since the fixed-resource bus is 
replaced by the packct switch, which in turn can be upgraded. 

Other vendors include Amnet lnc., Dowty, Hughes, Netrix Corporation, and 
Telematics (see Table 11.18). 

11.8.4 Front-End Processor and Hosl Access Manufacturers 

IBM has introduced a frame relay interface for the 3745 FEP; this includcs both the 
hardware upgrade and the appropriate network control program (NCP) software 
[ 11.47. 11.64]. A number of vendors provide SNA frame relay adapters. including 
Framc Rclay Tcchnologies·. lnc .. Motorola Codex, Sync Research, and StrataCom. 
Multiprotocol P ADs are providcd, among others, by Dynatech Communications. 
FastComm, GDC, Hughes Network Systems, Memotec/Teleglobe, and Sync Rescarch. 

11.8.5 Carriers 

Uscrs can access a carrier through an access line of various speeds up to TI. Most 
carricrs offcr a committcd information rate (CIR) service. CIR specifies the mín
imum amount of bandwidth guaranteed toa user between any two points; CIR 
can be as high as the access rate (refer back to Section 11.7.2 for a definition of 
CIR). Carriers offer a CIR subscription and Jet the user bid for more bandwidth. 
up to thc full access speed, on a network contcntion basis. lf the CIR is cxcecded, 
.the uscr's framc relay dcvicc can send the data, but it should se! the DE bit to 
indica te thc data can be discarded if necessary. Sorne carriers also providc a non
guarantccd service, whcre the entire bandwidth is available on a contcntion basis. 
Scrvice is typically tariffed as (1) a flat rate, (2) a flat rate with a usage fee, and 
(3) a straight usage fe e." Flat-rate pricing charges for two components (both of 

11Thc tariff structures currently in place are timited by the network equipment providing thc servicc. 
For instance. those networks using the StrataCom multiplexer cannot gather usage data and are therefore 
limited to nat-ratc pricing. us Sprint's Tates use a nat rate plus a usage fee ... 
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which are typically user-selectable): ~cccss port specd and bandwidth of thc nctwork 
edge-to-cdge connection. 

At press time, a number of carriers. including Sprint Data Group. WiiTcl. 
AT&T, CompuServe. BT North Amcrica, NYNEX. Pacific Bcll. Southwcstcrn 
Bell, U S WEST. Cable & Wireless. lnfonet Services Corp .. Gr;1phnet. MCI 
Communications, and the BOCs were providing (or planto providc) puhlic frame 
relay service in the U .S. [ 11.65j. 

WiiTel was the first provider of public frarnc relay serviccs. with scrvicc 
starting in March 1991 and covering approximatcly lOO citics. lts infrastructurc is 
based on StrataCom IPX multiplexers (nodal proccssors) [ 11.5ój. WiiPack is pnccd 
at a flat rate bascd on the access port spccd and thc total CI R out of c;1ch nodc 
[11.66]. Table 1 L17 is based on published tariff data at prcss time (scc Figure 
11.28). Original access specds wcrc 56, M. 256. and 1.024 kbps: acccss spccds now 
include 384 kbps, 512 kbps, 768 kbps, 1.544 Mbps. and 2.04X Mhps. 

In late 1990, Sprint Data Group announccd a plan to providc framc rclav 
scrvices. Sprint Data Group. formerly Tclcnet Communications Curp .. startcd to 
offer the service throughout its international network by carly 19l/2. Thc scn·icc 
can be obtained on a usage-bascd plan (standard pricing). a fbt-ratc plan (rcscrvcd 
pricing). and on a hybrid pricing plan [ 11.52j. Sprint Data's fr;unc rclay scn·icc is 
based on an upgraded version of the company's TP4900 packct switch and was 
schedulcd to be gene rally available in the third quartcr of 1 Y91 through more than .. 
200 Sprint Data points of presencc in the U.S .. Japan. and thc U.K. Thc nctwork·. 
uses the TP7900 Fast Packet Multiplexer as the nodal proccssor. Once deploycd. 
the switches will be able to simultaneously support framc relay and X .25 traffic. 
Users are able to access the service with TI links. 5ó-kbps DDS. and N x 64-khps 
fractional TI links. The TP49000 pcrforms PAD functions to connect async. SNA. 
and X.25 dcvices to the frame relay netwurk. Besidcs the public switchcd scrvicc:. 
Sprint Data plans to sell frame relay-equipped packet switches to companics with 
private data netwurks, value-added network operaturs. and foreign PTTs [ 11.67j. 

CompuServe, Inc .. supports access at 5ó kbps and N x 64 kbps (N = l. 4. 
16). Service has been available since Octobcr 19YI. Framc-Nct. as the scrvice is 
callcd, is based on over 50 IPX nodes. CIR ranges from 4 to 512 kbps. Thcy also 
serve London, Frankfurt, and Toronto. Pricing is bascd on thc acccss spccJ and 
the total frame bandwidth allocation (FBA). FBA is the combincd bandwidth of 
all PVCs emanating from any access point. For examplc. if thc access is 256 kbp~. 
and three PVCs are defined, cach at 64 kbps, then thc FBA is I'J2 khps. Therc is 
a surcharge for every si te more than 1.800 miles from thc point of origin. Givcn 
an access of 1.048 Mbps, the FBA charges range from $1.200 for 64 kbps to $5.465 
for 2.048 Mbps. Supported equipment includes 3Com, ACC, Cisco. Fastcom. Sync 
Research, Synoptics, and Wellfleet. 
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BT North Ame rica supports access at 56 kbps and 64 kbps. BT's ExpressLane 
frame rclay service is available in 160 U.S. cities, starting in September 1991. The 
company offers service lo four European countries. A flat domestic charge of$2,100 
pcr month includes a frame rclay-configured router, software, dedicated port acccss 
al thc 56/64 kbps, an access line up lo 60 miles long, and unlimited frame trans
mission. Uscrs that alrcady have cquipmcnt can also obtain thc scrvice on an 
unbundled basis. Supported equipment in eludes ACC and Cisco routers. Priccs for 
international service ranged from $3,000 lo $4,600. lnitially, BT focused on pro
viding servicc at the OSO leve! [ 11.68, 11.69]. 

Cable & Wireless was planning an international service for North America, 
Europe. and thc Far East by 1992. Thc network was expected lo ha ve 17 nodes 
(bascd 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 thc 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.Tl. andEl. 

NYNEX sees frame relay as a complement to SMDS. Thc company was 
planning a frame relay trial in 1991. The carrier was planning a tariffcd offcring 
by thc middle of 1992 (11.18]. Northern Telccom is supplying the cquipment lo 
support the scrvice. The company is currently installing a SuperNode processor on 
a DMS-100 switch anda link peripheral processor lo support frame relay for the 
interna! trial. NYNEX was planning lo offer access al 56 kbps and 1.544 Mbps. 
SMDS is also being tested in 1991, and service is expected lo be available in 1992 
[ 11.62]. 

Southwestern Bell Telephonc undertook a laboratory trial in 1991 to 1992 
using Northern·s DMS-100 CO switch connected toa DataSpan framc relay pro
ccssor. Tariffs were being filed in 1992 for metropolitan arcas ofTexas, Oklahoma, 
Missouri. Kansas. and Arkansas. 

At lntcrop 92 the seven BOCs, Cincinnati Bell, and Southern New England 
Telcphone announced that in addition to having SMDS generally deployed by thc 
middlc 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 1ntcrSpan Frame Relay Service and supports 56-kbps and N x 64-kbps 
(N = 1 to 24) access. AT &T reccntly extended service tose ven Europcan countries, 
including the UK, France, Germany, and Spain. Graphnet, lnc., supports access 
at N x 64 kbps (N = 1, 2. 4); the company offers service to London, Paris, and 
Toronto. Infonet was planning coverage to 11 countries by the end of 1992 [ 11.65]. 
MC1 Communications was planning service inauguration by the middle of 1992, 
using the Mctropolitan Arca Network Switching System equipment from Siemens 
Stomberg-Carlson. This system is a cell-based switch capable of supporting both 
voice and data (11. 70). 
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Bell Canada has alrcady umlertakcn a frame relay trial using Northcrn Tclc
com DMS-100 switches. The tria) began by phasing in framc rclay. going from 
conventional circuit-mode connectivity between thc bridgcs to logical links undcr 
frame re la y. The introduction of frame rclay in uscrs· cnvironmcnts was reponed 
to be simple and transparent (framc relay was secn asan cvolution. nota rcvolution. 
for users and dcvelopcrs alikc). Thc ability of frame rclay bridgcs to continuc to 
work in existing contcxts, such as private linc, could case the transition to framc 
relay by decoupling the modification of thc routers from thc changing of their 
connectivity to the logicallinks of a frame re la y service. The conclusions werc that. 
in general , users should expect higher performance with frame relay comparcd to 
X.25 services, due to less tandcming and the potentially higher speeds in both 
access and trunking. Frame rclay provides a balance bctween functionality and 
speed that is reasonably suited to the nced of LAN_.bridges for WAN conncctivity 
[11.71]. 

National Telecom announced a publ.ic frame rclay servicc in Canada, callcd 
FramcWork, for late 1992. Five cities were to be covered initially. with. cxtcnsion 
to 13 cities by 1993 [11.56). The company was planning to offer CIR from 9.6 kbps 
to 512 khps. 

Other value-added network providers were expcctcd to announcc thc intro
duction of a public switched frame rclay servicc in early 1992, with scrvicc avail
ability in late 1992 or 1993. For example, eight international carriers had plans t<Í 
offcr service in 1992 [ 11.41 J. This implies that uscrs will ha ve more carricrs to 
choose from, more cities from which they can gct acccss to thc scrvice. and pricc 
competition. Carriers offering X.25 packet-switched, wanting to upgrade intcr
packet switch links from 56 kbps to 1.544 kbps, seem to have few options but to 
embrace frame relay [11. 72]. 

As of early 1992, customer pressure reportcdly forced sorne carriers providing 
early frame relay services to sharply reduce the price, increase access spccds. and 
introduce long-term contraets and discount options J11.66]. A 25% rcduction in 
tariff was announced by at least one carrier. 

11.9 THE ISSUE OF TRAFFIC BURSTINESS 

Often enough, to make sales pitchcs for frame relay and/or fast packet switching 
technology, the traffic stream is labeled as "(highly) bursty. ·· lf point sources indced 
needed bandwidth from a nodal processor, then they might presenta bursty arrival. 
However, if the traffic is aggregated over a LAN of 20, 50, or 100 users. the 
eombined "internetworking" traffic channeled over the router to the communi
cation link (or facility) is much more predictable than stated by vendors trying to 

( over)sell frame relay products. 

~~,-.-~---
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The burstincss assumption can be fallacious in at least two key ways, which 
we describe below. We spare the reader a theoretical treatment based on queueing 
theory to show that aggregated traffic is much less bursty than the arrival traffic. 
Burstiness is measured in a number of ways, including looking at the correlation 
of the traffic. One simple way is to look at the ratio of the mean rate to the 
maximum rate. 

Thc output of many queueing systems, particularly the M/011 (say, a router 
connected toa FT!link), follow a fairly deterministic distribution. While thc length 
of a file (or transaction) at the application layer of the Opcn Systems Intercon
ncction Reference Model may in fact be random (say, for example, following the 
exponential distribution), at the data link layer the message is fitted into a number 
of fixed-length frames. Since these frames must share the common bandwidth of 
the underlying•LAN, which is a deterministic server with service time 

Frame length in bits/channel bandwidth in bits 
' 

the arrival rate of these frames at a router would be at fairly deterministic time 
instances. particularly at high utilization. Aggregation and the law of large numbers 
make the burstiness nature of traffic a questionable issue. In addition, corporate 
traffic is highly correlated in the time domain. For example, at the end of a week. 
month, or quarter, many workers may be trying to produce reports, upload files, 
distribute data. and so on. 

Consider the following simple example. A user at a PC on a LAN works for 
15 minutes to prepare three e-mail messages intended for three users in another 

. city. all on a remote LAN. Assume that the user types 10 words per minute, 
including think time, and sends each message at its completion, at the end of the 
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 (say, for example, a pool of clerks-in fact, in a pro
duction mode, there could be dozens of users). Then, assuming the traditional 
traffic arrival assumptions, the traffic profile would be as shown in Figure 11.29, 
part B. The average is now 2,000 bits per minute and the peak is 2,000 bits per 
minute. The burstiness went down to l. O (it would indeed be advantageous if the 
issue of correlated arrivals were considered instead of independent arrivals, but 
the literature on such topic is rather meager). Even assuming that the traffic "dou
bled up" as shown in Figure 11.29, part C (which is a statistically unlikely event), 
the average would be 2,000 bits per minute, and the peak would be 4,000 bits per 
minute, with a burstiness factor of 2.0. . ·i' 

Therefore, aggregated trame is less bursty than individual user traffic. The :~ 
traffic leaving the router is aggregated and its burstiness should be relatively 1~~· 
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at high utilization. This traffic pattern could makc framc rclay not much superior 
to a well-tuned TDM system. Thcre is currently very little literaturc on traffic 
profiles for LAN environments; see Fowler [11.73) for one recen! article. 
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A TM and Cell Reta y Service 

1.1 Introduction 

1.1.1 Background 

Asynchronous transfer mode (A TM), as the terrn is u sed in current parlan ce, 
refers to a high-bandwidth, low-delay switching and multiplexing technology 
that is now becoming available for both public and private networks. A TM 
principies and ATM-based platforrns forrn the foundation for the delivery of a 
variety of high-speed digital communication services aimed at corporate users 
of high-speed data, LANs interconnection, imaging, and multimedia 
applications. Residential applications, such as video distribution, 
videotelephony, and other inforrnation-based services, are also planned. ATM 
is the technology of choice for evolving broadband integrated services digital 
network (B-ISDN) public networks, for next-generation LANs, and for high
speed searnless interconnection of 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 1 O Gbits/s in the future. Networks operating at 
these speeds ha ve been called gigabit networks. As an option, A TM will 
operate at the DS3 ( 45 Mbits/s) rate; sorne proponents are al so looking at 
operating at the DS 1 (1.544 Mbits/s) rate. While ATM in the strict sense is 
simply a Data Link Layer protocol, ATM and its many supporting standards, 
specifications, and agreements constitute a platforrn supporting the integrated 
delivery of a variety of switched high-speed digital services. 

Cell re la y service (CRS) is one of the key new services enabled by A TM. 
CRS can be utilized for enterprise networks that use completely private 
comrnunication facilities, use completely public communication facilities, or 
use a hybrid arrangement. It can support a variety of evolving corporate 
applications, such as desk-to-desk videoconferencing of remate parties, 
access to remate multimedia video servers (for example, for network-based 
client/server video systems), multimedia conferencing, multimedia massaging, 
distance leaming, business imaging (including CAD/CAM), animation, and 
cooperative work (for example, joint docurnent 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 platforrn supports all of these fastpacket services 
(namely, it can support cell relay service, frame relay service, and SMDS), as 
well as circuit emulation service. 
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1993 saw the cu1mination of nine years of A TM standards-making efforts. 
Work started in 1984 and experienced an acce1eration in the late 1980s and 
ear1y 1990s. With the !TU-TS (Intemational Telecommunications Union 
Telecommunication Standardization) standards and the ATM Forum 
implementers' agreements, both of which were finalized in 1993, the 
technology is ready for introduction in the corporate environment. In 
particular, a user-network interface (UN!) specification that supports 
switched cell relay service as well as the critica] point-to-multipoint 
connectivity, importan! for new applications, has been finalized (multiservice 
UN!s are a1so contemplated). In 1993, the A TM Forum al so published a 
broadband intercarrier interface (B-ICI) specification; this specification is 
equally critica! for wide-area network (W AN) inter-LAT A service. At press 
time, a variety of vendors were readying end-user products for 1994 market 
introduction; sorne prototype products have been on the market since the 
early 1990s. A number of carriers either a1ready provide services or are 
poised to do so in the immediate future. 

A key aspect of B-ISDN in general and ATM in particular is the support of 
a wide range of data, video, and voice applications in the same public 
network. An importan! element of service integration is the provision of a 
range of services using a limited number of connection types and 
multipurpose user-network interfaces. ATM supports both nonswitched 
perrnanent virtual connections (PVCs) and switched virtual connections 
(SVCs). In a PVC service, virtual connections between endpoints in a 
customer's network are established at service subscription time through a 
provisioning process; these connections or paths can be changed via a 
subsequent provisioning process or via a customer network management 
(CNM) application. In SVC, the virtual connections are established as 
needed (that is, in real time) through a signaling capability. A TM supports 
services requiring both circuit-mode and packet-mode inforrnation transfer 
capabilities. ATM can be used to support both connection-oriented (e.g., 
frame re1ay service) and connectionless services (e.g., SMDS). 

1.1.2 Course oflnvestigation: 
applying A TM to enterprise networks 

This book is aimed at corporate practitioners who may be interested in 
deterrnining how they can deploy A TM and cell relay technology in their 
networks at an early time and reap the benefits. The purpose of this first 
chapter is to pro vide an overview of key A TM!cell re1ay service concepts. 
These concepts will be revisited in more depth in the chapters that follow. 
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The book has four majar segments: (1) platforrn technology applicable to all 
8-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 reseMch 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 ha ve been written on A TM 
in the previous nine years, including Refs. 7 through 15. The purpose of this 
book, therefore, is to stick to the facts and avoid unnecessary hype. There are 
a few books already available, but these tend to focus on protocol issues. 
This text aims at a balance between standards, platforrns, interworking, and, 
most important, deployment issues. 

In summary, a network supporting cell relay service accepts user data units 
(called cells) forrnatted according to a certain layout and sends these data 
units in a connection-oriented manner (i.e., via a fixed established path), with 
sequentiality of delivery, toa remate 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 
arder to tell the network what he or she needs. The signaling mechanism 
consists of a Data Link Layer capability (where the Data Link Layer has been ' 
partitioned into four sublayers) and an application-level call-control !ayer. 
A TM switch es and other network elements supporting cell relay service can 
al so support other fastpacket services. lf the user wishes to use A TM to: 
achieve a circuit-emulated service, certain adaptation protocols in the user 
equipment will be required. Other adaptation protocols in the user equipment 
are al so needed to obtain fastpacket services over an A TM platforrn. A 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 is a 
physical view of an A TM network. 

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

1.1.3 Early corporate applications of A TM 

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

·~- .. 
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TABLE l.l Areas of lnvestigation In This Text 

l. A TM and cell relay service: an overview 

2. A TM platfonn aspects and A TM proper 

3. A TM Adaptation Layer 

4. Signaling 

5. Cell relay service-a formal definition 

6. Cell relay service-traffic and performance issues 

7. Support offastpacket services and CPE 

8. ATM interworking: support ofbasic multimedia 

9. Third-generation LANs 

10. Network management 

11 Typical user equipment and public carrier service availability 

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

1.2 Basic A TM Concepts 

1.2.1 A TM protocol model: an overview 

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

PUBLIC 
Private Public ATM NNI Public 

ATM NNI ATM UNI (8-ISSI) ATM UNI 

Private 
switch 

B-ICI 

IC BSS 

Private 
ATM UNI 

Priva te 
switch 

Figure Ll A physical view of an ATM/CRS private/public network BSS = broadband 
switching system (B-ISO N switch); BT A = broadband terminal adapter; B-IS SI = 
broadband interswitching system interface; BICI = broadband intercarrier interface; LEC 
= local exchange carrier; IC = interexchange carrier 

lf--------ATM header ----------1~---ATM payload ---f!•l __ 
Octet 1 Octet 48 

87654321 

S egmented higher - layer -1 
information. headers 

and hailers 

Figure L2 A TM celllayout 

The A TM architecture utilizes a logical protocol model to describe the 
functionality it supports. The ATM logical model is composed of a User 
Plane, a Control Plane, and a Management Plane. The User Plane with its 
layered structure, supports user infonnation transfer. Above the Physical 
Layer, the A TM Layer provides infonnation 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 !ayer above the AAL. 
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TABLE 1.2 Glossary of Key ATM Terms 
AAL A !ayer that adapts higher-layer user protocols (e.g., TC/IP, 

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

more next higher !ayer entities. 
Asynchronous time-division A multiplexing technique in which a transmission capability 
multiplexing is organized in a priori unassigned time slots. The time slots 

are assigned to cells upon request of each application's 
instantaneous real need. 

Asynchronous transfer mode 

A TM Layer connection 

A TM Layer link 

ATMlink 
A TM peer-to-peer 
connection 
A TM traffic descriptor 

A TM user-user connection 

Broadband 

Call 

Cell 
Cell delay variation 

A transfer mode in which the information is organized into 
cells. lt is asynchronous in the sense that the recur rence of · 
cells containing information from an individual user is not 
necessarily periodic. 
An association established by the A TM La yer to su pport 
communication between two or more A TM service users 
(i.e., between two or more next higher !ayer entities or 
between two or more ATM management entities). The 
communication over an A TM Layer connection may be 
either it is bidirectional or unidirectional. When it is 
bidirectional, two VCCs are used. When it is unidirectional, 
only one VCC is u sed. 
A section of an A TM Layer connection between two 
adjacent active ATM Layer entities (ATM entities). 
A virtual path link (VPL) ora virtual channellink (VCL) 
A virtual channel connection (VCC) or a virtual path 
connection (VPC). 
A generic list of traffic parameters that can be used to 
capture the intrinsic traffic characteristics of a requested 
A TM connection. 
An association established by the A TM Layer to support 
communication between two or more A TM service users 
[i.e., between two or more next-higher-layer entities or 
between two or more ATM management (ATMM) 
entities]. The communication o ver an A TM Layer 
connection may be either bidirectional or unidirectional. 
When it is bidirectional, two VCCs are u sed. When it is 
unidirec tional, only one VCC is used. 
A service or system requiring transmission channels capable 
of supporting rates greater than the lntegrated Service 
Digital Network (ISDN) primary rate. 
An association between two or more users or between a 
user and a network entity that is established by the use of 
network capabilities. This association may have zero or 
more connections. 
A TM Layer protocol data unit. 
A quantification of variability m cell del ay for an A TM 
Layer connection. 
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T ABLE 1.2 Glossary of Key A TM Terms (continued) 

Cell header A TM Layer protocol control information. 
Cellloss ratio The ratio ofthe nutnber of cells "lost" by the network (i.e., 

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

Cell transfer delay 

Connection 

Connection admission 
·control (CAC) 

Connection endpoint (CE) 

Connection endpoint 
identifier (CE!) 
Corresponding entities 
Header 

Layer connection 

Layer entity 
Layer function 
Layer service 

Layer user data 

Multipoint access 

Multipoint-to-mu!tipoint 
connection 

Multipoint-to-point 
connection 

Network node interface 
(NNI) 

The transit delay of an A TM cell successfully passed 
between two designated boundaries 
The concatenation ofA TM Layer links in order to provide 
an end-to-end information transfer capability to access 
points. 
The procedure u sed to decide if a request for an A TM 
connection can be accepted based on the attributes of both 
the requested connection and the existing connections. 
A terminator at one end of a !ayer connection within a 
SAP. 
ldentifier of a CE that can be used to identifY the 
connection ata SAP. 
Peer entities with a lower-!ayer connection among them. 
Protocol control information located at the beginning of a 
protocol data unit. 
A capability that enables two remole peers at the same 
!ayer to exchange information. 
An active element within a !ayer. 
A part of the activity of the !ayer entities. 
A capability of a !ayer and the layers beneath it that is 
provided to the upper-layer entities at the boundary _ 
between the !ayer and the next higher !ayer. 
Data transferred between corresponding entities on behalf 
of the upper-layer or !ayer management entities for which 
they are providing services. 
User access in which more than one terminal equipment 
(TE) is supported by a single network termination. 
A collection of associated A TM VC or VP links and their 
associated endpoint nodes, with the following properties: 
(1) All N nodes in the connection, called endpoints, serve as 
root nodes in a point-to-multipoint connection to all of the 
(N - 1) remaining endpoints. (2) Each of the endpoints on 
the connection can send information directly to any other 
endpoint [the receiving endpoint cannot distinguish which 
of the endpoints is sending information without additional 
(e.g., higher-layer) information]. 
A multipoint-to-point connection where the bandwidth 
from the root node to the leaf nodes is zero, and the return 
bandwidth from the leaf no de to the root no de is nonzero. 
The interface between two network nodes. 
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TABLE 1.2 Glossary ofKey ATM Terms (continued) 
Operation and maintenance A cell that contains A TM Layer Management (LM) 
(OAM) cell information. lt does not form part of the upper-layer 

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 

information transfer. 
Entities within the same !ayer 
An association established by the PHY between two or 
more ATM, entities. A PHY connection consists of the 
concatenation of PHY links in order to provide an end-to
end transfer capability to PHY SAPs. 
A collection of associated A TM VC or VP links, with 
associated endpoint nodes, with the following properties. 
(1) One A TM link, called the root link, serves as the root in 
a simple tree topology. When the root node sends 
information, all of the remaining nodes on the connection, 
called Leaf Nodes, receive copies ofthe information. (2) 
Each of the leaf nodes on the connection can send 
informal ion directly to the root node. The root node cannot 
distinguish which leaf is sending information without 
additional (higher-layer) information. (3) The leaf nodes 
cannot communicate with one another directly with this 
connection type. 
A connection with only two endpoints 
An abstrae!, implementation-independent interaction 
between a !ayer service user and a !ayer service provider or 
between a !ayer and the Management Plane. 
A set of rules and formats (semantic and syntactic) that 
determines the communication behavior of !ayer entities in 
the performance ofthe !ayer functions. 
Information exchanged between corresponding entities, 
using a lower-layer connection, to coordinate their joint 
operation 
A unit of data specified in a !ayer protocol and consisting of 
protocol control information and !ayer user data. 
A function of a !ayer by means of which a !ayer entity 
receives data from a corresponding entity and transmits 
them to another corresponding entity. 
The point at which an entity of a !ayer provides services to 
its !ayer management entity or to an entity of the next 
higher !ayer. 
A unit of interface information whose identity is preserved 
from one end of a !ayer connection to the other. 
A set of trafiic parameters belonging to the A TM traffic 
descriptor used during the connection setup to capture the 
intrinsic traffic characteristics of the connection requested 
by the source. 
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TABLE 1.2 Glossary of Key A TM Terms (continued) 
Structured data transfer The transfer of AAL user information supported by the 

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

Sublayer 
Switched connection 
Symmetric connection 

T raffic parameter 

Trailer 
Transit delay 

Unstructured data transfer 

Virtual channel (VC) 

Virtual channel connection 
(VCC) 

Virtual channellink (VCL) 

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

corresponding to an integral number of octets. 
A logical subdivision of a !ayer. 
A connection established vi a 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 
instan! 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 transpon of A TM cells 
A concatenation of VCLs that extends between the points 
where the A TM service users access the A TM Layer The 
points at which the A TM cell payload is passed to or 
received from the user of the ATM Layer (i.e., a higher 
!ayer or ATM management entity) for processing signify 
the endpoints of a VCC VCCs are unidirectional 
A means of unidirectional transpon of A TM cells between 
the point where a VCI value is assigned and the point 
where that value is translated or removed. 
A unidirectional logical association or bundle of V Cs. 
A concatenation of VPLs between virtual path terminators 
(VPTs). VPCs are unidirectional. 
A means of unidirectional transpon of A TM cells between 
the point where a VPI value is assigned and the point where 
that value is translated or removed. 

In approxirnate tenns, the AAL supplies the balance of the Data Link Layer 
not included in the A TM Layer. The AAL supports error checking, 
multiplexing, segmentation, and reassembly. It is generally implemented in 
user equipment but may occasionally be implemented in the network at an 
interworking (i.e., protocol conversion) point. The Control Plane also has a 
layered architecture and supports the call control and connection functions. 
The Control Plane uses AAL capabilities as seen in Fig. 1.3; the layer above 
the AAL in the Control Plane provides call control and connection control. 
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TABLE 1.3 Possible early applications of A TM in real enviroments (partiallist) 

Application 
W AN interconnection 
of existing enterprise 
network 
W AN interconnection 
of existing LAL'\1, 
especially FDDI (fiber 
distributed data 
interface) LAN s 
W AN interconnection 
of mainframe and 
supercomputer 
channel 
W AL'\1 interconnection 
of A TM-based LANs 

Associated true-to-life business 
Advantages of A TM use 1ssues 
High bandwidth; switched Unknown cost; geographic 
serv1ce availability; equipment availability 

High bandwidth; switched Unknown cost; geographic 
serv1ce availability 

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

Unknown cost; geographic 
availability; equipment availability 

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

Support of distributed High bandwidth; switched New application, not widely 
deployed; unproven business need; 
unknown cost; geographic 
availability 

multimedia service; multipoint 
connectivity 

Support of statewide 
distance learning with 
two way video 

Support of 
videoconferencing 
(including desktop 
video) 

Residential distribution 
of video (video dial 
tone) 

High bandwidth; switched 
service; multipoint 
connectivity 

High bandwidth, switched 
service; multipoint 
connectivity 

High bandwidth; switched 
service; multipoint con
nectivity 

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

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

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

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

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

4. Upper layers, as needed. These include TCP/IP, IBM APPN, OSI TP, 
etc. 
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Severa! 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 trame relay environment). SVC service needs both an 
information transfer protocol stack and a companion signaling protocol stack. 
A TM is intended to support a variety of user needs, including highspeed 

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

1.2.2 Classes of A TM applications. 

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

1.2.3 Virtual connections 

J ust as in traditional packet switching or trame relay, information in A TM is 
sent between two points not over a dedicated, physically owned facility, but 
o ver a shared facility composed of virtual channels. Each user is assured that, 
although other users or other channels belonging to the same user may be 
present, the. user's data can be reliably, rapidly, and securely transmitted over 
the network in a manner consisten! with the subscribed quality of service. 
The user's data is associated with a specified virtual channel. A TM' s 
"sharing" is not the same as a random access technique u sed in LAN s, where 
there are no guarantees as to how long it can take for a data block to be 
transmitted: in A TM, ce lis coming trom the u ser at a stipulated ( subscription) 
rate are, with a very high probability and with Iow del ay, "guaranteed" 
delivery at the other end, almost as if the user had a dedicated line between 
the two points. Of course, the user does not, in fact, have such a dedicated 
(and expensive) end-to-end facility, but it will seem that way to users and 
applications on the network. Cell relay service allows for a dynamic transfer 
rate, specified on a per-call basis. T ransfer capacity is assigned by 
negotiation and is based on the source requirements and the available 
network capacity. Cell sequence integrity on a virtual channel connection is 
preserved by A TM. 

-~- ~ 
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Cells are identified and switched by means of the label in the header, as 
seen in Fig. 1.2. In ATM, a virtual channel (VC) is used to describe 
unidirectional transport of A TM cells associated by a common unique 
identifier value, called the virtual channel identifier (VCI). Even though a 
channel is unidirectional, the channel identifiers are assigned bidirectionally. 
The bandwidth in the return direction may be assigned symmetrically, or 
asymmetrically, or it could be zero. A v1rtual path (VP) is used to describe 
unidirectional transport of A TM ce lis belonging to virtual channels that are 
associated by a common identifier value, called the v1rtual palh identifier 
(VPI). See Fig. 1.4. 

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

Figure 1.5 illustrates how the VPI/VCI field is used in an ATM WAN. 
Figure 1.6 depicts the relationship of VPs and VCs as they might be utilized 
in an enterprise network. 

Physical link 

Figure 1.4 Relationship ofVCs VPs 

(possibly a single 
facility. e.g .• a hubJ 
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T ABLE 1.4 Broadband Service Supported by A TM/Cell Reta y 

lnteractive 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 sim!Jletric or bidirectional asymmetric. 
Examples: High speed data transmission, image transmission, 
videotelephony, and videoconferencing. 

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

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

Distributive services Distribution services without user individual presentation control 
provide a continuous flow of information that is distributed from a 
central source to an unlimited number of authorized receivers 
connected ,to the network. The user can access this flow of 
information without having to determine at which instan! 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 oftelevision and audio programs. 

Distribution services with user individual presell/ation control 
provide information distribution from a central source to a large 
number of users. Information is rendered as a sequence of 
information entities with cyclical repetition. The user has individual 
access to the cyclically distributed information, and can control the 
start and order of presentation. Exampie· broadcast videography. 

1.3 A TM Protocols: 
An Introductory Overview 

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

Routlng table 

lo Out 

VPI VCI VPI VCI 

J7 88 66 109 
70 90 80 100 

VPI = J7 

ATM 
VCI = 88 

device / 

ATM lntegrated 

device \ access 

VP1 = 70 ATM 
VCI = 90 

switch 

AT~ switch 

Figure 1.5 llustrative use·ofVPis and VCis. 

1.3.1 Physical Layer functions 

Routing table 

Out 

VPI VCI 

66 109 85 95 
111 112 IIJ 114 

Ruling table 

Out 

VPI VCI 

50 45 
117 118 

ATM 
devlce 

ATM 
f---1 device 

VPI =50 VCI =55 

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

The transmission frarne adaptation function perfonns the actions that are 
necessary to structure the cell tlow according to the payload structure of the 
transmission frame (transmit direction) and to extract this cell flow out of the 
transmission frame (receive direction). In the United States, the transmission 
frame requires SONET envelopes above 45 Mbits/s. Cell delineation 
prepares the cell flow in order to enable the receiving side to recover cell 
boundaries. In the transmit direction, the payload of the A TM cell is 
scrambled. In the receive direction, cell boundaries are identified and 
confinned, and the cell tlow is descrarnbled. The HEC mechanism covers the 
entire cell header, which is available to this !ayer by the time the cell is 
passed down to it. The code used for this function is capable of either single
bit correction or multiple-bit error detection. The transmitting side computes 
the HEC field value. Cell rate decoupling includes insertion and suppression 
of id! e ce lis, in order to adapt the rate of valid A TM ce lis to the payload 
capacity of the transmission system. 
' 
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Figure l. 7 CRS environment, protocol view. Top: U ser Plane (information flow). 
Bottom· Control Plane (signaling). 

The service data units crossing the boundary between the A TM Layer and · 
the Physical Layer constitute a flow of val id ce lis. The A TM Layer is unique, 
that is, independent of 'the underlying Physical Layer. The data flow inserted 
in the transmission system payload is physical medium-independent; the 
Physical Layer merges the A TM cell flow with the appropriate infonnation 
for cell delineation, according to the cell delineation mechanism. 

The transfer capacity at the UNI is 155.52 Mbits/s, with a cell-fill capacity 
of 149.76 Mbits/s because of Physical Layer framing overhead. Sin ce the 
A TM cell has 5 octets of overhead, the 48-octet infonnation field qua tes to a 
maximum of 135.631 Mbits/s of actual user infonnation. A second UNJ 

•' 

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 DS 1 rate are al so being contemplated in the 
United Stlates. The DS 1 UNI is discussed in the context of an electrical 
interface (T 1 ); so is the DS3 UNI. 
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1.3.2 ATM Layer functions 

A TM supports a flexible transfer capability cornrnon to al! serv1ces, 
including connectionless services (if these are provided). The transport 
functions of the A TM 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 
!abe! in each A TM cell is used to explicitly identify the ve to which the cells 
belong. The !abe! consists of two parts: the ver and the VPI. A ver 
identifies a particular Ve link for a given virtual path connection (refer to Fig. 
1.6). A specific value of Ver is assigned each time a ve is switched in the 
network. With this in mind, a ve can be defined as a unidirectional 
capability for the transport of A TM cells between two consecutive A TM 
entities where the ver value is translated. A ve link is originated or 
terminated by the assignrnent or removal ofthe ver value. 

The functions of A TM in elude the following 

Ce/1 multiplexing and demultiplexing. In the transmit direction, the cell 
multiplexing function combines cells from individual VPs and Ves into a 
noncontinuous composite cell flow. In the receive direction, the cell 
demultiplexing function directs individual cells from a noncontinuous 
composite cell flow to the appropriate VP or V C. 

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

Ce// header genera/ion 1 extrae/ion. These functions apply at points where 
the A TM 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 !ayer and generates an appropriate A TM cell 
header except for the HEe sequence (which is considered a Physical Layer 
function). In the receive direction, the cell header extraction function 
removes the A TM cell header and passes the cell inforrnation field to a 
higher !ayer. 

For the UN!, as can be seen in Fig. 1.2, 24 bits are available for cell routing: 
8 bits for the VPI and 16 bits for the ver. Three bits are available for 



20 

payload type identification; this is used to provide an indication of whether 
the cell payload contains user inforrnation or network inforrnation. In user 
inforrnation ce lis, the payload consists of u ser inforrnation and, optionally, 
service adaptation function inforrnation. In network inforrnation cells the , 
payload does not forrn part of the user's inforrnation transfer. The header 
error control field consists of 8 bits. 

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

ATM is discussed further in Chap. 2. 

1.3.3 A TM Adaptation Layer 

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

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

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

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

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

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

Class 8 service is not currently defined by formal agreements. Eventually it 
may be used for (unbuffered) compressed video. 

Class C service is an on-demand, connection-oriented, variable-bitrate A TM 
transport service. It has no end-to-end timing requirements. The user 
chooses the desired bandwidth and QOS during the signaling phase of an 
SVC call to establish the connection. 

Class D service is a connectionless service. It has no end-to-end timing 
requirernents. 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 is an on-demand, connection-oriented A TM 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. 1t appears 
that the computer communication community (e.g., LAN and multiplexing 
equipment) will use AAL Type 5. Additionally, the ATM service likely to be 
available first (and the one supported by evolving computer equipment 
vendors) is Class X (that is, cell relay service). 

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

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

1.4 Multiservice A TM Platforms 

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

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



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

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

SMDS is based on well-defined specifications and provides switched, 
LAN-like transport across a wide area. 1 SMDS service features include a 
large maximum packet size, an addressing structure that enables data 
transfer ainong all SMDS customers, the ability to send the same SMDS 
packet to severa! destinations by specifying one address (group addressing), 
address screening, and strict quality of service values. As ATM technology is 
deployed within public carrier networks, SMDS service features will not 
change. The current SMDS interface between the customer and the network 
uses an access protocol based on the IEEE 802.6stmdard. AsATM technology 
is deployed, this existing SMDS interface will be maintained. The published 
requirements for ATM switching and transmission technology specey that 
the existing well-defined SMDS communications interface with the customer 
must be supported by ATM. When a carrier introduces ATM-based switching 
systems, customers need not see any effect on their SMDS service. Any 
technology conversion will be made within the carrier networks. Thus, 
customers reap the benefits of the latest technology development, while 
maintaining a consistency and continuity in the service they already employ. 
Beca use ATM and IEEE 802.6 technology are both cell based and have the 
same size cells, such conversion will be facilitated. 17 

In addition, with the introduction of ATM, SMDS can be combined with 
otber 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 aU 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 capabi!ity, 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 Sta tes. SMDS and frame relay provide ATM 

23. 
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Figure 1.8 Multiservice broadband switching system. B-ISSI = broadband interswitching 
system interface; B-ICI = broadband interexchange carrier interface. 

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

Frame relay PVC will be a key low-cost,low-overhead broadband data 
service available in public networks for at least the rest of this decade. 
The service is currently provided via both frame and ATM switching 
platforms; ATM simpll provides a faster, more scalable platform, as 
discussed, for SMDS. 1 It appears that frame relay PVCaccess 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 
intel-work 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 instal!ed base 
of lower-speed wide-area networks for years to come. 'lb meet this need 
to interwork, the Frame Relay Forum, the ATM Forum, and standards 
bodies are working on specifications to assure the smooth interworking 
of these services (ITU-T !.555, in particular). 

For the same reasons that carriers are choosing ATM technology (i.e., 
speed and flex:ibility), workstation, computer, hub, and LAN manufactur
era are turning to ATM for their next-generation networking needs. This 
is happening because current networks based on Ethernet, FDDI, etc., 
have limitations when handling the multimedia communications (video, 
voice, and data) that will flow among future workstations in a network. 
These manufacturera see global multimedia communications among de
vices as essential. 'lb meet these networking needs, future workstations 
and computers will transport user information in ATM cells. Public carriers 
will offercell re!ay service that will transportATM cells across metropolitan 
area networks (MANs), across WANs, and internationally as networks 
evo! ve. Cell relay service is targeted initially toward high-end users with 
multimedia needs to transport video, voice, and data across their WANs. 
When ATM technology extends from the desktop and throughout the 
network, cell relay service will join SMDS and frame relay as another 
service that data communications managers can use to support evolving 
high-bandwidth corporate applications. 

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

1.5 Commerclal Availability of ATM 
Equlpment and Network.Services 

As with any other service, at least three parties are needed to make this 
technology a commercial reali ty (Ü any ofthese three parties fails tos u pport 
the senice, the service will not see any measurable commercial deploy
ment): (1) carriers must deploy the service, (2) equipment manufacturera 
must bring user products to the market: and (3) users must be willing to 
incorporate the service in their networks. (Sorne observers add two more 
forces: agencies supporting R&D and standardization, and the trade press 
to "educate" the end users.) The early phases of ATM research, including 
al! of the work already accomplished in standards organizations (that 
is, the topics treated in Chaps. 2 through 10 ofthis book), cover the first 
ítem. The industry activity discussed briefly below and in Chap. 11 
covers the second item. The user analysis that will follow (not covered 

•In order for item 1 to occur, sorne vendors must bring out network products; this point 
refers to user products (see ISDN switches versus availability of cost-effective tenninal 
adapters). 
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in this book), where users assess applicability, cost, support of embedded 
base, and manageability, all ofit in situ, in their own environment (rather 
than in a multicolor brochure), covers the third 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 ofpotential hurdles and roadblocks that can dclay or deter its 
success. History has shown that in spite ofindustry standards, interop
erability problems can exist if different manufacturers implement sub
sets (or supersets) of the required networking features. Networking 
hardware m ay preceed the availability ofsoftware applications designed 
to exploit the networking power of ATM, and this may slow user 
acceptance ofcell relay. 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 ofbringing products to the market. By 1994 
there already were severa] vendors of ATM hubs and a dozen vendors 
of ATM workstation plug-ins. Sorne equipment vendors are building 
stand-alone premises switches; others are adding switching capabilities 
to their hubs and at the same time are developing ATM adapter cards 
for workstations to allow them to connect to the hub. Sorne are also 
working on bridge-router cards for ATM hubs that enable Ethernet 
LANs to connect toATM. About three dozen vendors had announced lirm 
equipment plans by publication time. Over 320 companics ha ve joined 
the ATM Forum, which is an organization whose goal is to expedite and 
facilita te the introduction of ATM-based services. PC/workstation cards 
are expected to become available for about $1000 per port, although the 
initial cost was in the $2800-5000 range. 

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

Early entrants, including Adaptive, AT&T Network Systems, Cable
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 
Jisted 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]. Sorne systems can grov· 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; sorne 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. Sorne ofthe hubs also actas multipro
tocol routers, either (1) accepting ATM devices internally for WAN 
interconnection over SMDS and frame relay networks, (2) accepting 
ATM devices internally for WAN interconnection over a cell relay 
network, o: (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 integra te the support of ATM products into the overall 
enterprise network, specifically the corporate management system. 
Sorne 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 priva te management 
information base (MIB) extensions]. 

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

Specifically for WAN cell relay service, Sprint has already demon
strated a prototype service operating at the DS3 rate. A three-phase 
approach has been announced publicly by the company. Phase 1 (1993) 
entails frame relay interconnectivity with local exchange carriers, 
Phase 2 (1993-1994) supports PVC cell relay service at the DS3 rate, 
and Phase 3 (1994-1995) enhances the Cell Relay Service to 155 Mbits/s. 
AT&T, Wiltel, BeiiSouth, NYNEX, and Pacific Bell have al so announced 
deployment plans for ATM platforms and for cell relay service. There is 
strong support for the introduction of cell relay service at the locallevel. 
Now users can expect public cell relay service in a number of key 
metropolitan areas. 
· In addition to the international and domestic standards, additional 

details and clarifications are needed to enable the deployment of the 
technology. 'lb this end, in 1992, Bellcore completed generic require-
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ments that suppliers need in arder to start building ATM equipment 
that will enable the BOCs to ofTer PVC ce!! relay services. Work on 
generic requirements for ATM equipment that provides SVC cel! relay 
was completed at Bellcore in 1994. In particular, Bel!core has already 
published (preliminary) requirements to define nationally consistent 
ce!! relay PVC exchange and ce!! relay PVC exchange access services, 
including 

"Cell Relay PVC Exchange Service," 1993 [CR PVC exchange service 
is a public ce!! relay intra-LATA service oiTering 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 ofthe IC's ínter-LATA ce!! relay PVC oiTering] 

"Cell Relay SVC Exchange Service," 1993 

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

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

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

• Phase 2.0: Nationally consistent cell relay PVC exchange service 
based on generic requirements published by Bellcore in 1994 by the 
second quarter of 1995. Phase 2.0 builds on the capabilities of Phase 
1.0 and supports expanded capabilities in sorne 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 
scrvicc in m id to late 1995 based on generic requirements expected to 
be published in 1994. 

Figure 1.9 depicts the set ofBellcore generic requirerr.ents in support 
of ATM, SMDS, cell relay, and frame relay. 17 These are just sorne of the 
key documents that form the foundation for ATM. Standards bodies such 
as the ITU-T and ANSI (American National Standards Institute) TlSl, 
and industry bodies such as the ATM Forum and the Frame Relay 
Forum also publish related documents. 

1.6 Typical Examples of Cell Relay Usage in 
an Enterprise Context 

1.6.1 Front-end and back-end usages 

Cell relay/ATM is being contemplated at the local-area network level as 
well as the wide-area network level. Severa! approaches have been 
followed by vendors: 
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Figura 1.9 ATM, SMDS, cell relay, and PVC frame relay generic requirements. 
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l. U se of ATM technology between traditionallocal or remo te LAN hubs; 

Fig. 1.10 shows a case of interconnection of re mote hubs. (The LAN 
hubs are impliclt in ths figure.) 

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

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

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

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

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

Sorne industry proponents expect to see Fortune 1000 users passing 
the majority oftheir LAN-to-WAN traffic through premises-based ATM 
switches by 1997. Approximately 50 percent ofthe ATM traffic in these 
companies is expected to be in support ofLAN interconnection, for LANs 
serving traditional business applications, and for traditional enterprise 
data applications, such as mainframe channel extension; the other 50 
percent ofthe traille is expected to be split fairly evenly among application 
supporting real-time video, imaging, real-time voice, and multimedia. 
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"Figure 1.10 Private ATM technology to interconnect dispersed LAN hubs. ATM engina = 
the logic implementing ATM, control, and, optionally, user plane protocols. 
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Figure 1.14 depicts a typical "full-blown" ATM/cell relay arrangement for 
both WAN and LAN applications. This supports ATM to the desktop for 
such applications as desk-to-desk videoconferencing and multimedia. Fig
ure 1.15 depicts an example ofthe protocol machinery across a router/pub
lic switch arrangement that is expected to be a common deployment 
scenario in client/server environments. Figure 1.16 depicts an example in 
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Flgure1.12 ATM to the desktop. 
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a videoconferencing application, also from a protocól point ofview. Figure 
1.15 shows an example in a corporate network supporting business imaging. 

Figure 1.18 depicts a more complete enterprisewise use of cell relay 
service, while employing a public WAN CRS network. For this example, 
ATM-ready workstations and devices connected toan ATM-based hub 
with ATM WAN router capabilities (the router could also be a separa te 
device) can get direct access to the ATM WAN. Sorne of the hub and 
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 ofusage of ATM in an enterprise network. 
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desktops or in-house wiring. It al so depicts another ro u teto the market, 
followed by sorne ofthe more sophisticated multiplexer manufacturers: 
The multiplexer can connect traditional data devices, mainframe chan
nels, and video to a cell relay WAN network by supporting ATM on the 
trunk side. Sorne of these multiplexers also support traditional LANs 
on the house side over a frame relay interface. (Note: Carrier-deployed 
ATM "service nodes" in close proximity cif the user location but on the 
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Figure 1.15 Typical corporate application from a protocol-stack point of view. conv.fun. = 
convergence function. 

network side of the interface support these same services plus LAN 
<:!mulation service.) 

Figure f19 depicts sorne user applications ofcell re! ay service in the case 
where the user wants to develop a prívate ATM/cell relay service WAN. 
Note the need to (l)install privately managed switches, (2) use dedicated 
high-speed WAN. lines, and (3) backhaul remate locations to a remate 
switching si te. Public cell re! ay service may prove less demanding in terms 
ofusers' responsibility. Hybrid arrangements art! also possible. 

1.6.2 Clientlserver issues 

The clientlserver 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. 
Clientlserver applications require extensive interchange of data blocks, 
often entailing m u! tiple transactions. Low end-to-end delay is critica! in 
making clientlserver computing possible.19 

Applications requiring large transfers (e.g., 50-100 kbits) are not 
unusual in these environments, particularly for imaging video, and 
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Figure 1.16 Example ofvideo application over ATM/cell relay arrangement. 
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multimedia applications (the last two applications also have stringent 
delay sensitivities). A 100-MByte data unit across the application pro
gramming interface (API) running on a remotely located LAN-resident 
server is segmented into approximately 60 Ethernet frames. Each 
Ethernet frame is then segmented into approximately 30 cells by an 
ATM-configured router for delivery over a public cell re! ay network. 

Sorne wish to clarify the implications of the interplay between the 
network(or private ATM switch) performance in terms ofcell loss/muti
lation, response time, latency, and the end-to-end error correction pro
tocola (e.g., included in TCP). For example, if one of the 29 cells that 
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ATM
configured 

servar 

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

Chapter 9 covers ATM-based LANs, while Chaps. 11 and 12 cover other 
details pertaining to the deployment of ATM in users' environments. 
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Figure 1.19 CRS to support enterprise networking in WAN applications (priva te network). 

1. 7 The Value of Standards 

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

Given this philosophical imperative, and in spite of the less than 
eloquent case made in these terse paragraphs, we have taken the 
approach of discussing here, in this text, the dozens of standards that 
support cell relay service and ATM, regardless of their source. In the 
end, al! stand to benefit from such oper and uninhibited discussion at 
the birth of this new technology. Sin ce this book is only a brief synopsis 
ofthe estimated 15 cubic feet ofstandards material that forms the basis 
for ATM (ITU-T, ANSI TlS1, 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 leve! of detail. The purpose of 
this book is strictly pedagogical and for the end user. Each of the more 
than 100 documents alluded to earlier can be obtained from the original 
source for $100 or less. 
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Asynchronous 
Transfer Mode 

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

Adescription ofgeneral aspects ofthe access interface(s) between the 
user and the network is followed by a description of the pro toco! across 
such an interface. The protocols and related requirements are associ
ated with two functional OSIRM layers: the Data Link Layer and the 
Physical Layer. Figure 2.1 depicts this peer-to-peer protocol view ofthe 
service. Figure 2.2 depicts communication through a set of network 
peers. As described in ITU-T Recommendation X.210, Open Systems 
Interconnection, Layer Service Definition .Conuentions, 1 the service defined 
at the Data Link Layer also relies on the capabilities of the Physical 
Layer. This view of cell relay service in general and of the ATM protocol 
in particular establishes requirements on what an entity in the ATM 
Layer (whether the entity is in the network or in the user's equipment), 
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Figure 2.1 Peer entities across the user-network interface. TC = 
Transmission Convergence Sublayer; PMD = Physical Medium-De
pendent Sublayer. 

defined in ITU-T Recommendation 1.361, E-ISDN ATM Layer Specifi
cation,2 and in T1Sl.5/92-410, Eroadband ISDN-ATM Layer Function
ality and Specification,3 expects the remate peer entity to support. The 
physical aspects of the UNI supporting cell relay service are based on 
the B-ISDN UNI defined in ITU-T Recommendation 1.432, E-ISDN 
User-Network Interface-Physical Layer Specification4 and o.n the ATM 
Forum's UN/ Specification5 for public UNis. This discussion only pro
vides an overview; the reader interested in additional details should 
consult Refs. 6 and 7. 

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

2.1 · Access Interface 

This section defines the concept of access 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, E-ISDN User-Network Interface.8 This configu-
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TABLE 2.1 Key ITU-T Standards In Support of ATM 

F.Sll 

F.1:112 

1.113 

1.121R 

1.150 

1.211 

1.311 

1.321 

1.327 

1.356 

1.361 

1.362 

1.363 

1.371 

1.374 

1.413 

1.432 

1.555 

1.555 

1.610 

l.cls . 

Q.93B (now Q.2931) 

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

B-ISDN Connection-Oricnted Bearer Service 

B-ISDN Connecllonlcsa Dcarer Scrvice 

B-ISDN Vocabulary of Terms 

Broadband Aspects of ISDN [Basic Principies andE vol u· 
tion] · 

B-ISDN ATM Functional Characteristics 

B-ISDN Service Aspects 

B-ISDN General Network Aspects 

B-ISDN Protocol Rcference Model and lts Applicntions 

B-ISDN Functional Architecture Aspects 

Quality of Service Configuration and Principies 

B-ISDN ATM Layer Specification 

B-ISDN AAL Functional Description 

B-ISDN AAL Spccification 

Traffic Control and Resource Management 

Network Capabilities to Support Multimedia 

B-ISDN UN! 

B-ISDN UN! Physical 

Interworking with Frame Relay 

lnterworking with ISDN 

B-ISDN OAM Principies 

Support for Connectionless Data Service on B-ISDN 

B-ISDN Cal! Control 

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

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

Functional entities are logical abstractions offunctions typically found 
in network equipment and in users' equipment, also known as customer 
premises equipment (CPE). Public network switch-termination func
tions are modeled by the broadband line terminator/exchange termina
tor (B-LT/ET) functional group. The CPE is modeled by the broadband 
network termination 2 (B-NT2) functional group; NT2 functions include 
concentration, switching, and resource management. Broadband net
work termination 1 (B-NTl) functions support line termination, line 
maintenance, and performance monitoring. The broadband terminal 
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Figure 2.3 B-ISDN access reference configurations. B-TA = broadband 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 anda B-NTl. UB is the 
logical reference point between a B-NT1 anda 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, severa! B-TEs may be connected to the B-NT2). The 
case where the B-NT2 is null and there are severa! B-TEs connected to 
a single UNI is not addressed in the initial view of ATM services in the 
United States. 

2.2 ATM-Level Protocol 

2.2.1 Overvlew 

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

The UNI specified at this leve! includes the functions associated with 
the U ser Plane at the Physical Layer and the ATM Layer. The Physical 
Layer provides access to the physical medium for the transport of ATM 
cells. It includes methods for mapping cells to the physical medium (i.e., 
the Transport Convergence Sublayer) and methods dependent on the 
physical medium (i.e., the Physical Medium-Dependent Sublayer). The 
ATM !ayer provides for the transport ofcells 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 protocollayer with other layers and with its 
own !ayer management are described in terms ofprimitives. Primitives 
describe abstractly the logical exchange of information and control 

TABLE 2.2 Functlons of Varlous Planes of the Protocol Model 

U ser Plane 

Control Plane 

Management Plane 

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

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

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

2.2.2 ATM Layer 

The ATM Layer provídes for the transport of ftxed-síze cells between 
end-user locations. It is implemented in users' equipment (workstations, 
routers, prívate swítches, etc.) and in network equipment. ATM cells 
from end users are forwarded across virtual connections through the 
public network. These connectíons are provided at subscription time or 
in real time vía sígnaling (as described in Chap. 4). The ATM Layer also 
provides multiplexing functions to allow the establishment of m u! tiple 
connections across a single UNI. 
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Figura 2.6 ATM protocola. 

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

Servlce expected from the lower layer. The ATM Layer expects the 
Physical Layer to support the transparent transport of ATM cells 
between peer ATM entities. The exchange of information between the 
ATM Layer and the Physical Layer is implemented by the primitives 
shown in Table 2.4. The PHY-SDU parameter in these primitives con
tains the 53-octet cell to be transmitted between peer ATM entities. 
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AALSDU ~ 
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(PHY SDU) '------1' 
(TC SDU, in partk:ular) 

PHY: TC 

ATM SAP 

PHY SAP 

Figure 2.7 Pertinent ATM SAPs. 

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

End-to-end operations administration and maintenance capabilities 
need to be supported. For VPs, operation functions are supported via 
specially marked ATM cells, which are transmitted over VCs with 
specific VCI va!ues· (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 
difTerence between these two OAM flows. 

Table 2.7 provides the encoding for the PTI field. Code point 1008 (B 
= binary) indicates a segment OAM F4 cell flow used to monitor the 
status of a segment within the virtual connection. Code point 1018 
indica tes an end-to-end OAM F5 cell flow used to monitor the status of 
a connection end to end. Code point 1108 is reserved for future traffic 
control and resource management procedures. 

•vc1 is 4 for end-to-end operations and 3 for segment information. 



TABLE 2.3 ATM Layer Prlmlllves 

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

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

Descríption o{ parameters: 
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Used to request trnnsmission of nn ATM 
SDU across a VPC or VCC tn a peer entity 

U sed by the ATM Layer to indica teto the 
service user the arrival of an AT!\1 cell 

ATM_SDU: The 48 octets of information to be transferred by the ATM Lnycr bctwccn pecr 
communicating upper-layer entities. · 

Submitted_Loss_Priority: The relative importance ofthe ATM_SDU containcd in this primi
tive. Two values are possible. Avalue of"high" indicates that the resulting ATM cell has higher 
(or equivalent) loss priority than a cell with a value of"low." A high va!ue m ay be translated to 
a cell Joss priority value ofO in the cell header. Similarly, a low value m ay be translated toa CLP 
val ue of 1 in the cell header. 

Congestion_lndication: This parameter indica tes whether this cell has passcd through one or 
more network nodes experiencing congestion. lt has two values: True or Fa!se. 

SDU_Type: This parameter indica tes the type of SDU to be transferred between peer upper 
)ayer entities. It can take only two values, O and 1, and its use is as dctermincd by the higher 
!ayer. For example, AAL Type 5 sets SDU_ Type to 1 to indica te the Jast cell of a frame. In other 
words, this field is currently used by the AAL Type 5 Common Part protocol to distmguish 
between ce lis that contain the last segment ofan AAL Type 5 Common Part PDU and those that 
do not. AAL Type 1 and AAL Type 3/4 always set the bit toO. 

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

ATM Layer procedures. This section summarizes the functions per
formed by ATM !ayer entities. 

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

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

TABLE 2.4 Physlcal Layer Prlmltlves 

PHY-DATA.request (PHY _SDU) 

PHY-DATA.indication (PHY _SDU) 

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

lndicates to the ATM Layer that an ATM 
cell has been received over an existing 
connection. 
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Figure 2.8 ATM cell fornÚtt. 

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

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

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

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

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

Cell ualidation 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 VPIIVCI values (e.g., VPIIVCI values which identify inactive 
connections). Unassigned· cells and cells found to be m error are 
discarded. 



TABLE 2.5 ATM Cell Flelds 

Generic Flow Control (GFC) 

Virtual Path IdentifierNirtual Channel 
ldentifier 

Payload Type Indicator (I?TI) 

Cell Losa Priority 

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

The 24-bit VPINCI field indica tes the vir
tual connection over which a ccll is to be 
forwarded. The number of connections 
needed across the UN! is lcss than 221

, 

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

The 3-bit PTI field indicates whether the 
cell contains user information or !ayer 
management information. Cede points 
000 to 011 indica te user information; these 
PTI val u es identify two types of end-user 
infonnation and whether the cell has ex
perienced congestion (the two types af in
formation are used by the end-user appli
cation). For user data, the public network 
does not changc thc SDU_1'ypc indicatcd 
by the PTI field. The public nctwork can, 
however, change the PTI valuc from Con
gestion_Experienced = False to Conges
tion_Experienced = True. Cede points 100 
to 111 identify diffcrent types of operations 
flows. See Table 2. 7. 

This 1-bit field allows the user to indica te the 
relative cellloss priority of the cell. The net
work may attempt to provide a higher ccllloss 
priority (or equivalen!} force lis marked with 
high priority than for ce lis marked with low 
priority. The current view is to only lct the 
user set CLP to the value O. 

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

Cell discrimination based on PTI ualue. A receiving ATM Layer 
entity processes cells according to the type ofpayload they contain as 
indicated by the value in the PTI field. User cells (PTI values 000-
100) are forwarded across the appropriate virtual channel. If neces-
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TABLE 2.8 Layer Management Functfons lncluded In Cell Relay Servlce 

Fou.lt monagement function• 

Performance management functions 

Activation/descti vstion 

Alarm surveillance: AIS (alsrm indicstion 
ai¡¡nal) 

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

Connectivity verification: cell loopback 
continuity check 

Forward monitoring 
Backward reporting 
Monitoringlreporting 

Peñormance 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 stÍ.pport these operations flows. However, network equipment 
must support them so that it can interface with end-user equipmeÍ'It 
supporting these functions. (This tapie is revisited in Chap. 10.) 

2.2.3 Layer Management 

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

Segmenl VP 
OAMF4 

/ flows ~ 
~----~ ~----_, 

1 1 [ 1 

End-to-end VC OAM FS flows 

Figure 2.1 OAM F4 snd F5 flows. 

[ 1 



TABLE 2.7 PTI Code Polnts 

PI'I code point 

Asynchronous Transfer Mode 

Meaning 

U ser data-SDU_Type O, no congestion experienced 

U ser data-SDU_Type 1, no congestion experienced 

U ser data-SDU_Type O, congestion experienced 

U ser data-SDU_Type 1, congestion experienced 

Segment OAM F5 flow cell 

End-to-end OAM F5 flow cell 

53 

000 

001 

010 

011 

100 

101 

110 Reserved for future traffic control and resource manage
ment functions 

111 Reserved for future use 

2.2.4 Physlcal Layer 

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

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

The UNI providing the service's access interface includes the physical 
characteristics of facilities that pro vide actual realizations of the U 8 
reference point. In practica! terms, this access interface specifies the 
means and characteristics of the connection mechanism between CPE 
supporting cell relay service and a LEC's switch providing the same 
service. UNis are specified by characteristics such as physical and 
electromagnetic/optical characteristics, channel structures and access 

..... ------------4 octets -------------+ 
GFC VPI VCI 

AAAA Os Os 

A: This bit is available for use by appropriate A TM !ayer function. 
X: This bit is a don't care bit. 

Figure 2.10 First four octeta of cell header for unassigned cells. 

PTI 

XXX 

~- -- ,____ -
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TABLE 2.8 ATM Management Prlmltlves for Local Communlcatlon 

ATMM-MONITOR.indication 

ATMM-ASSIGN.request 

ATMM-ASSIGN.conlirm 

ATMM-REMOVE.request 

ATMM-REMOVE.conlirm 

ATMM-ERROR.indication 

ATMM-PARAMETER-CHANGE.request 

Issued by an ATM Layer Management en
tity to deliver the content ofan ATM_PDU 
received by the A'l'M entity, to facilita te an 
OAM function 

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

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

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

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

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

Issued by an ATM Layer Managcment en
tity to request a change in a para meter of 
the ATM link 

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

The physical access channel for ATM-based fastpacket services such 
as cell relay service supports one ofthe following access rates: 622.080 
Mbits/s (future); 155.520 Mbits/s; 44.736 Mbits/s; 1.544 Mbits/s (per
haps in the future). The corresponding channel signa! formats are 
STS-12c (Synchronous Transport Signa! Levell2, concatenated), STS-
3c, DS3 (Digital Signa! Leve! 3), and DSL 

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

TABLE 2.9 ATM Management Peer-to-Peer Primitivas 

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

ATMM-DATA.indication (ATM_SDU, Re
ccived_Loss_Priority, PHY_CEI, Conges
tion_lndication) 

Noú: CEI i.s the connection endpoint identifier. 

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

Issued toan ATM Layer Management en
tity to indicate the arrival of a manage
ment ATM_SDU 
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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. 

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

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

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

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

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

•As of press time, however, standards for the delivery of ATM over a DSl access were 
still being investigated. 
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Octet 24 

Octet 5 

Octet4 

Octet3 

Octet2 

Octet1 

Framing bit '--L.-JL......J-'-'--'-....I.......L.......L....J......L..L--'-J......L-LJ 

Figure 2.12 Direct mapping of celia onto DSl frame (example). 
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of the 1544-kbit/s signa!, the ATM cell payload is descrambled befare 
being passed to the ATM Layer. The self-synchronizing scrambler 
with ihe generator polynomial x43 + 1 is used. 

Cell delineation. Cell delineation is performed using the header 
error control mechanism as defined in ITU-T Recommendation I.432. 
This direct mapping approach means that the algorithm parses 5 octets 
on the fly 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 I.432. Only 
valid ce lis are passed to the ATM Layer. 

Mapplng of ATM cells lnto 44,736-kblt/s 053 trama 

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

Two mappings are available: 

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

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

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

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

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

Al A:? P11 Z6 
·- --. -· ----· ·-

Al A2 P10 zs 
Al A2 P09 Z4 

Al A2 POS Z3 

Al A2 P07 Z2 

Al A2 POS Zl 

A1 A2 POS X 

A1 A2 P04 61 

Al A2 P03 Gl 

A1 A2 P02 X 

A1 A2 P01 X 

A1 A2 POO Cl 

PLCP payload 
(53 octets) 

First ATM cell 

SGcond ATM cell 

Third A TM cell 

Eleventh ATM cell 

Twelfth A TM cell 

(13or14 
nibbles) 

Trailer 1 
Figure 2.13 PLCP frame. POI= path overhead indicator; POH = path overhead; BIP-8 = 
bit interleaved parity-8; X= unassigned (receiver to ignore). [Note: Order and transmis· 
sion of all PLCP bits and octets are from left to right and top to bottom. This figure shows 
the most significant bit (MSBJ on the Jeft and the Jeast significant bit (LSB) on the right.] 

Header error control generation. The HEC generation is based on 
the algorithm described in ITU-T Recommem'.ation 1.432. 

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

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

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

• Al: Frame alignment 

• A2: Frame alignment 

• Bl: PLCP path error monitoring 

• C 1: Cyclelstuff counter 

• Gl: PLCP path status 

• Px: Path overhead identifier 

• Zx: Growth octets 

• Trailer nibbles 

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

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

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

Cycle 1 stuff counter (Cl). The cycle/stufT counter provides a nibble
stuffing opportunity cycle and length indicator for the PLCP frame. A 
stuffing opportunity occurs every third frame of a three-frame (375-
¡J.S) stuffing cycle. The value of the Cl code is u sed asan indication of 
the phase ofthe 375 ¡J.S stuffing opportunity cycle, as follows: 

Cl code Frame phase of cycle Trailer length 

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

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

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

Path overhead identifier (POO-P 11). The path overhead identifier 
(POI) indexes the adjacent path overhead (POH) octet of the PLCP. 

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

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

Other Mapplngs. Other mapping:'l ha ve been defined. Direct mappings 
for El, DS2, and STS-3c are available.4 

. 
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ATM Adaptation Layer 

3.1 Jntroductlon 

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

• The Physical Layer provides the ATM Layer wíth access to the 
physical transmission medium. Its functíons ínclude transmission of 
bits across the physical medium, timing recovery, líne codíng, cell 
delineation, cell scrambling and descrambling, and generation and 
check.ing ofthe header error control. 

• The ATM Layer provides for the transport of ATM cells between the 
endpoints of a virtual connectíon. It ís the basis for native cell relay 
service as well as other services. ATM cells are delívered 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 applícation-dependent 
processing and functions. 

This chapter focuses on AAL protocola. As noted, the AAL performs the 
functions necessary to adapt the capabílities provided by the ATM Layer 
to the needs of higher-layer applications usíng CRS or other ATM-based 
services.1

-4 AALs are typically implemented in end user equipment, as 
shown, for example, in Fig. 1.16, but can also (occasionally) be found in the 
network, as seen la ter. The functions ofthe AAL include segmentation and 
reassembly of the higher-layer data units and mapping them ínto the 
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AAL and service-specific layers 

ATM layar 

Physicallayer (PHY) 

Figure 3.1 Protocol reference model. 

fued-length payload of the ATM ce lis. Effectively, AAL protocols allow 
a user with sorne preexisting application, say using TCP/IP, to get the 
benefits of ATM. 'lb date, three AAL protocol types ha ve been standard
ized: AAL Type 1 for circuit emulation (or CBR) services, and AAL Type 
3/4 and A,AL Type 5 for VBR services. A number of service-specific parta 
have also been standardized. For many years "AAL" meant segmenta
tionlreassembly and error detection only. With the recent inclusion of 
service-specific functions into the AAL, the functionality has been sig
nificantly increased. 1\vo 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 remaininl:{ 47 octets are utilized for 
user information. AAL Type 3/4 reserves 4 octets of each cell payload for 
control use. AAL Type 5 provides all48 octets of each cell (except for the 
last cell of a higher-layer packet; see Sec. 3.5.2) for user information. 

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

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

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

3.2 AAL Model 

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

-~ 
service !ayer that are not provided by the ATM Layer. The functions ;; 

,--~ ·• 
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provided by the AAL depend u pon the service. VBR users may require 
such functions as PDU delimitation, bit errordetection and correction, 
and cellloss detection. CBR users typically require source dock fre
quency recovery and detection and possible rPplacement oflost ce lis. 

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

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

• CBR service using the AAL 1 protocol 

• VBR service using the AAL 3/4 Common Part protocol 

• VBR service using the AAL 5 Common Part protocol 

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

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

The AAL for VBR services consists oftwo parts: a Common Part (CP) 
and a Service-Specific Part (SSP). The SSP is used to provide those 
additional capabilities, beyond those provided by the CP, that are 
necessary to support the user ofthe AAL. For sorne applications the SSP 
may be "null"; in these cases, the user of the AAL utilizes the AAL 
Common Part (AALCP) directly. For all AAL types, the AAL receives 
information from the ATM Layer in the form of 48-octet ATM service 
data units CATM_SDU). The AAL passes information to the ATM Layer 
in the form of a 48-octet ATM_SDU. Figure 3.5 depicts sorne ofthe 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 devlce User device 
(workstation) Local ATM switch BISDN Local ATM switch (workstation) 

(if any) public switch (if any) 
AAL AAL 

ATM ATM lA™ ATM ATM ATM lA™ ATM 

PHY PHY PHY PHY PHY PHY PHY PHY 

· Figure 3.2 The positioning of AAL in CPE. 
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Figure 3.3 Use of AAL protocols at interworking points. 

Upper 
layers 

0.922 
CORE 

Phys•cal 

3/4 (e.g., connectionless data services, such as SMDS). Maxirnum corn
rnonality 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 Frarne Relay Service-Specific AAL, and Sec. 
3. 7 briefly covers the signaling AAL. 

3.3 AAL Type 1 

3.3.1 Overvlew 

One of the services possible with an ATM platforrn is emulation of a 
dedicated line (typically at 1.544 or 45 Mbits/s). This type of service is 
also known as Class A ot CBR service. 'lb support CBR services, an 
adaptation layer is required in the user's equipment for the necessary 

,, 
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Attributes Class 1 Class2 Class 3 Class 4 

Timing between 
Relatad Nonrelated source and destinalion 

Bit rata Constan! Variable 

Connection moda Connection-oriented Connection-
less 

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; Clase X, unrestricted. 

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

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

l. Maintenance of timing information 

2. Reliable transmission with negligible reframes 

3. Path performance monitoring capability 

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

l. Lost cell detection 

2. Synchronization 

3. Performance monitoring 

(These functions may not be required by 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 
!ayer is service-specific, with the main goal of supporting services that 
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Figure 3.5 Support ofuser applications. CPCS = common part CS; SSCS = service-specitic 
CS; LLC = logical link control; SNAP = Subnetwork Access Protocol; NLPID = Network 
Lnyer Protocol ID. 

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

The AAL 1 functions are grouped into Segmentation and Reassembly 
Sublayer functions and Convergence Sublayer functions. The existing 
agreements in ITU-T Recommendation 1.363 and the ANSI CBR AAL 
Standard3 provide two basic modes of operation for the CBR AAL: 

• Unstructured data transfer (UDT) 

• Structured data transfer (SDT) 
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When the UDT mode is operational, the AAL protocol assumes that 
the incoming data from the AAL user are a bit stream with an associated 
bit clock. Whcn the SDT mode is operational, the AAL protocol assumcs 
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 spccified in 
the standards, a substantial enough body of agreements exists to as
sume that by the end of1994 a complete SDT mechanism will be defined. 

3.3.2 CBR AAL servlces 

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

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

• Transfer oftiming information between the source and the destination 

• Transfer of structure information between the source and the desti
nation 

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

Specifically, the functions are: 

l. Segmentation and reassembly ofuser information 

2. Handling of cell delay variation 

3. Handling of cell payload assembly delay 

4. Handling of lost and misinserted cells 

5. Source clock recovery at the receiver 

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

8. Handling of AAL-Pei bit errors 

9. Monitorlng of the user lnfúrmatlon 11eld for bit ul't'ors and poa!llblti 
corrective actions 

SAR funcllons. The SAR functions are 

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

• lndicating the existence of a es function (the SAR can indicate the 
ex:istence of a es function; the use ofthe indication mechanism is optional). 

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

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

-
A buffer is used to handle cell delay variation. When cells are lost, it 

may be necessary to insert an appropriate number of dummy 
SAR_PDUs. Figure 3.6 depicts the AAL Type 1 frame layout. 

Convergence·sublayer funcllons. The functions of the eS are 

• Handling of ce JI delay variation for delivery of AAL_SDUs to the AAL 
user ata constant bit rate (the es !ayer may need a dock derived at 

. the S8 or T8 interface to support this function). 

• Processing the sequence count to detect cellloss and misinsertion. 

• Providing the mechanism for timing information transfer for AAL 
users requiring recovery of source dock frequency at the destination 
en d. 

SN field SNP field SAR·PDU payload 

4 bits 4 bits 47 octets 

SAR-PDU header 

SAR-PDU (48 octets) 

Figure 3.11 AAL Type 1 frame layout. SN = sequence number; SNP = sequence number 
protection; CSI = Convergence Sublayer indica tion. 
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• Providing the transfer of Structure inforrnation between source and 
destination for sorne AAL users. 

• Supporting forwnrd error correction (pnrticularly for video) 

For those AAL users that require transfer of structured data [e.g., 
8-kHz structured data for circuit-rnode 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 ofthe AAL service. The length 
is an integer multiple of8 bits. An exarnple ofthe use ofthis parameter 
is to support circuit-mode services ofthe 64-kbit/s-based ISDN. The two 
values of the Structure pararneter are 

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

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

The use ofthe Structure pararneter 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 uror certain applications such as speech, sorne SAR 
functions rnay not be needed." For exarnple, 1.363 provides the following 
guidance for es for voice-band signa! transport [ which is a specific 
example ofCBR service (see Chap. 8)]: 

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

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

• Handling o{ lost and misinserted cells. The detection of lost and 
inserted cells, if needed, m ay be provided by processing the sequen ce 
count values. The monitoring of the buffer filllevel can al so provide 
an indication oflost and misinserted cells. Detected misinserted ce lis 
are discarded. 

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

Note that in the non-P fonnat, the entire CS_PDU is filled with user 
infonnation. 
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CSI=O 

AAL user information (47 octets) Non-P formal rsA'R:Pou- 1 
1 header 
~--------~------------------------------_J 

SAR-PDU payload (47 octets) 

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

SAR-PDU payload (47 octets) 

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

Figure 3-7 Non-P and P formats. 

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

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

• Synchronous 

• Asynchronous 

Since the service clock is assumed to be frequency-locked toa network 
dock in the synchronous case, its recovery is done directly with a dock 
available from the network. For an asynchronous service dock, the AAL 
provides a method for recovering the source dock at the receiver. Two 
methods are available, the synchronous residual time stamp (SRTS) 
method and the adaptive dock method. The SRTS method is used to 
recover clocks with tight tolerance and jitter requirements, such as DSl 
or DS3 docks. The adaptive dock recovery method has not been de
scribed in enough detail to determine what types of service clocks are 

, supported [presumably less accurate docks with looser low-frequency 
jitter (i.e., wander) specifications] or what, if any, added agreements are 
needed_ However, since adaptive dock recovery is common in user 
equipment, this method i!l assumed to be available. 

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

• Uses the UDT mode ofoperation. 

• Use!! the SRTS method of timing recovery, if ~he serv1ce dock is 
asynchronous. 

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

3.3.3 CBR AAL mechanlsm 

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

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

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

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

D~tcclion nnd reporting oflost SAR_PDUs 

Detection and correction of SAR_PDU 
hender error 

Bit count integrity 

Residual time stamp (RTSJ generation 

Source clock recovery 

Blocking 

Deblocking 

Structure pointer generation and extraction 

Detects discontinuity in the sequence 
count values ofthe SAR_PDUs and scnses 
buffer underflow and overflow conditions. 

Detecta bit errors in the SAR_PDU header 
and possibly correcta a 1-bit error. 

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

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

Recovers the CBR service source clock. 

Maps AAL_SDUs into the payload of a 
CS_PDU. 

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

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

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

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

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

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

.· 



TABLE 3.2 Prlmltlves for CBR AAL 

AAL-DATA.request (AAL_SDU, Struc
ture) 

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

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

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

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

Structure: This parameter is used to indicate the beginning or continuation of a block of 
AAL_SDUs when providing for the transfer ofa structured bit stream between communicating 
AAL user peer entities (structured data transfer service). The length of the blocks is constant 
for ench instance ofthe AAL service and is a multiple of8 bits. This para meter takes onc ofthc 
following two values: Start and Continuation. lt is set to Start whencver the AAL_SDU bcing 
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 bcing passcd in the same indication 
primitiva is judged to be nonerrored or errored. It takes one ofthe following two values: Val id 
or Invalid. The lnvalid value may also indicate that the AAL_SDU being passed is a dummy 
value. The use ofthis parameter and the choice ofthe dummy value depend on the specific service 
provided. 

TABLE 3.3 SAR Prlmltlves 

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

SAR-DATA.signal (CSDATA, SNCK, 
SeVAL, eSIVALl 

Description of parameters: 

This primitive is issued by the sending CS 
entity to the sending SAR entity to request 
the transfer ofa CSDATA to its pccr entity. 

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

CSDATA: This parameter representa 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 ofthe CSI bit. 
SNCK: This parameter is generated by the receiving SAR entity. It represents the resulta of 

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

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

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

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

"Service 
layer" 

AA L3/4 

ATM 

AAL 314 primilives 

+ 
+ 

SSP Null 

Common part 
primitives 

AAL314 common part (CPAAL314) 

' + . 

SSP 
(also known as service-specific 

es (SSCS)] 

?: 

1 eommon part of es (CPeS) L 
lsAR (sogmentation and reassembly)l 

Figure 3.8 Model of AAL314. Len: CP/SSP view; right: CS/SAR view. 
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Figure 3.9 Adaptation Layer model for bursty data services. 

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

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

The discussion that follows looks at AAL3/4 first from a ep point of 
view (the left-hand model in Fig. 3.8), then from the SAR point of view 
(the right-hand side ofFig. 3.8). As noted, the functions ofthe ePAAL3/4 
in this view ha ve been grouped into two sub!ayers: ePAAL3/4 Segmen
tation and Reassembly CePAAL3/4_SAR) and ePAAL3/4 eonvergence 
Sublayer (CPAAL3/4_eS). The ePAAL3/4_SAR deals principally with 
the segmentation and reassembly of data units so that they can be 
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mapped into fixed-length payloads of the ATM cells, while the 
CPAAL3/4_CS deals mainly with checking missassembled 
CPAAL3/4_CS_PDUs. 

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

3.4.1 Servlces provlded to the upper !ayer 

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

Specifically, the functions performed by the CPAAL3/4 are6 

• Data transfer between CPAAL3/4 peers 

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

• CPAAL3/4_SDU segmentation 

• CPAAL3/4_SDU reassembly 

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

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

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

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

This layer provides its user two services: 

l. Message-mode service: In this service mode, the CPAAL3/4_SDU 
passed across the CPAAL3/4 interface is exactly equal to one 
CPAAL3/4 interface data unit (CPAAL3/4_1DU), as seen in Fig. 3.10. 
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Figure 3.1 O Message-mode service. 

2. Streaming-mode service: In this service mode, the CPAAL3/4_SDU is 
passed across the CPAAL3/4 interface using one or more CPAAL3/4_IDU s. 

· (IDUs are interface data units.) The transfer of these CPAAL3/4_IDUs 
across the CPAAL3/4 interface may occur separated in time. This service 
may pipeline the CPAAL314_SDU, that is, initiate the information trans
fer to the peer CPAAL3/4 entity before ithas the complete CPAAL3/4_SDU 
available. This service includes an abort capability which discards a 
CPAAL3/4_SDU that is partially transferred across the CPAAL3/4 inter
face. All the CPAAL3/4_IDUs belonging to a single CPAAL3/4_SDU are 
transferred in one CPAAL3/4_PDU. See Fig. 3.11. 

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

l. CPAAL3/4-UNITDATA.invoke (ID, M, ML, LP, CI) • 

2. CPAAL3/4-UNITDATA.signal (ID, M, ML, RS, LP, CI)* 

3. CPAAL3/4-U-ABORT.invoke 

4. CPAAL3/4-U-ABORT.signal 

5. CPAAL3/4-P-ABORT.signal 

Note: If the SSP is null, then .invoke can be equated to .request and 
.signa! can be equated to .indication. If the SSP is not null, then the 
function ofthe SSP is in fact used to map the .invoke toa .request and 

•The items in parentheses are parameters-see Table 3.4. 
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Figure 3.11 Streaming-mode service. 

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

Servlces 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 
com.municating CPAAL3/4 peers over preestablished connections ata nego
tiated QOS. The infonnation is transferred to the ATM Layer in the order 
in which it is to be sent, with no retransmission of lost or corrupted 
infonnation. 

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

3.4.2 SAR Sublayer functlons 

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

The SAR control fields include the following:6 

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

. ·--~-............ 



TABLE 3.4 CPAAL314 Primitivas 

CPAAL3/4-UNITDATA.invoke 

CPAAL3/4-UNITDATA.signal 

CPAAL3/4-U-ABORT.invoke 

CPAAL3/4-U-ABORT.signal 

CPAAL3/4-P-ABORT.signal 

Descriptíon o{ parameters: 
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Issued by a CPAAL3/4 entity to request the 
trnnsforofa CPAAL3/4_IDU ovcr nn cxist• 
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 bcing used 
(message versus streaming). 

lssued to a CPAAL3/4 cntity to indicate 
the arrival of a CPAAL3/4_1DU over an 
existing CPAAL3/4 connection. 

Issued by a CPAA L3/4 entity using 
streaming-mode service to requcst the 
termination of a CPAAL3/4_SDU that 
has been partially transferred. The issue 
of this primitive al so causes the genera
tion of an abort message by the 
CPAAL3/4 to its peer entity if the trans
mission of the message has already 
started. (This primitive is not used in 
message mode.) 

Issued by a CPAAL3/4 entity using 
strenming-mode service to indicate the 
termination of a partially dclivcred 
CPAAL3/4_SDU by instruction from its 
peer entity. (This primitive is not used in 
mcssage mode.) 

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

ID (Interface data): This parameter contains the interface data unit (CPAAL3/4_!DU) ex
changed between CPAAL3/4 entities [it may be the en tire CPAAL3/4_SDU (message mode) or 
segmenta (streaming mode)]. 

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

ML (maximum length): U sed only in streaming m o de to indica te the maximum length of the 
CPAAL314_SDU; it has values from O to 65,535. 

RS (reception status): lndicates that the CPAAL3/4_lDU delivered may be corrupted. 
LP (loas priority): Indicates the losa priority assigned to the CPAAL3/4_SDU. Two levels of 

priority are supported, but how to map this parameter to and from the ATM_Submit
ted_Loss_Priority (discussed in Chap. 2) has not yet been worked out. 

Cl (congestion indication): lndicates the detection of congestion experienced 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 act·vicc8, alluws 
for the collection of the cell payloads that make up a CS PDU. 

Cell Fill field that allows the identification of the fill within a cell 
payload. It can be used to locate the last octet in the end of message 
cell. The last octet in the EOM cell could also be identified from the 
length field associated with the PDU; additionally, data pipelining 
could be provided by a series of partially filled single-segment 
message cells. However, in the latter case, significant additional 
processing is required to reconstruct the original data unit 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 all48 octets irrespective ofwhether the cell is fully or 
partially filled. 

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

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

3.4.3 Convergen ce Sublayer functlons 

On transmission, the Convergence Sublayer accepts variable-length user 
protocol data units (USER_PDUs) from the service !ayer. The Convergence 
Sublayer prepends a 32-bit header to the USER_PDU, then appends from 
O to 3 pad octets to the USER_PDU to build it out toan integral multiple 
of 32 bits. Next, it appends a 32-bit trailer to the concatenated header, 
USER_PDU, and pad structure. This collection (the header, USER_PDU, 
pad, and trailer) is referred 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. Aft.er appending the trailer, the 
Convergence Sublayer pa"sses the CPAAL3/4_CS_PDU to the SAR 
Sublayer for segrnentation and then transmission.6 
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On reception, the Convergence Sublayer validates the collection of 
CPAAL3/4_SAR_PDU payloads received from the SAR Sublayer by 
using thc informntion containcd in thc Convcrgencc Sublayer headcr 
and trailer. It removes the pad octets, if any, and presents the validated 
CPAAL3/4_CS_PDU payload to the user (i.e., the service !ayer). 

3.4.4 SAR Sublayer flelds and formal 

The SAR Sublayer functions are implemented using a 2-octet adapta
tion header and a 2-octet adaptation trailer. The headcr and trailer, 
together with 44 octets ofuser information, make up the payload ofthe 
ATM cell. The sizes and positions of the ficlds are given in Fig. 3.12. 
The use of the error control field for error detection is mandatory. The 
10-bit CRC has the capability of single-bit error correction o ver the 48 
octets. If the underlying transmission system produces single-bit er
rors, error correction may be appli~d 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 thrce fields: a Seg
ment_Type field, a Sequence_Number field, anda Mcssagc Idcntifica
tion (MID) field. The SAR_PDU_Trailer is subdivided into two fields: 
a Payload_Length field anda Payload CRC field. Details ofthe purpose 
and encoding of each subfield follow. 6 

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

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

SAR PDU SAR_PDU SAR_PDU 
header payload trailer 

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

/ ~ '\ 
Segment Sequence MIO Payload Paytoad 

type number (10-bit) length CRC 
(2-bit) (4-bit) (6-bit) ( 1 0-blt) 

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

Segment_Type 

BOM 
COM 
EOM 
SSM 

Encoding 

10 
00 
01 
11 

• 

CPAAL3/4_SAR_PDUs and CPAAL3/4_CS_PDUs to be nurnbered modulo 
16. The SAR_SN is set to all Os for the first CPAAL3/4_SAR_PDU associ
ated with a given CPAAL314_CS_PDU (i.e., the BOM). For each succeeding 
CPAAL3/4_SAR_PDU ofthat CPAAL3/4_CS_PDU, the SAR_SN is incre
mented by'1 relative to the SAR_SN ofthe previous CPAAL3/4_SAR_PDU 
ofthe CPAAL3/4_CS_PDU. When reassembli-¡g a CPAAL3/4_CS_PDU, a 
state variable is maintained that indicates the value ofthe next expected 
SAR_SN for the CPAAL314_CS_PDU. Ifthe value ofthe received SAR_SN 
differs from the expected value, the CPAAL3/4_SAR_PDU is dropped, the 
partially reassembled errored CPAAL3/4_CS_PDU is discarded, and any 
following CPAAL3/4_SAR_PDUs associated with this corrupted 
CPAAL3/4_CS_PDU are dropped. 

The use ofthis function allows the detection ofmost consecutive loases 
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 that is lost is an integer multiple of16, 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 loases of 
CPAAL3/4_SAR_PDUs that may occur during situations like network 
congestion or protection switching events. 

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

The use of Sequence_Number to detect situations in which two 
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 consecutiva, 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. 

-·1--- ·--
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Mess,llge ldentlflcatlon (MIO) subfleld. The lO-bit MID subfield is used 
to reassemble CPAAL3/4_SAR_PDUs into CPAAL3/4_CS_PDUs. All 
CPAAL3/4_SAR_PDUs of a given CPAAL3/4_CS_PDU will ha ve the 
same MID. Note that this provides the basis for reassembly of dis- · 
crete connectionless packets. Use of this subfield as the basis for a 
multiplexing or reassembly capábility for connection-oriented serv
ices is for further study. 

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

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

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

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

Haader Trailar ,. Payload 

CPI Btag BASize Usar information 1 0 AL Etag Length 
(1 octet) (1 octal) (2 octats) ( from so-callad : ...:: (1 octet) (1 octet) (2 octets) "service layer") 1 a; 

Error Bullar 
checking allocation Allgnmant Error checking 

Figura 3.13 CPAAL314_CS_PDU Sublayer format of AAL. 
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3.4.5 Convergence Sublayer 
flelds and format 

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

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

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

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

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

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

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

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

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

Length subfleld. The 16-bit Length subfield specifies the length, in 
octets, of the USER_PDU (that is, the length of the user information 
contained in the ePAAL3/4_eS_PDU Payload field). This field is binary 
coded with the most significant bit left-justified in the sublield. It is used 
in conjunction with the Btag and Etag fields for the purpose of detecting 
misassembled ePAAL314_eS_PDUs. 

3.5 AAL Type S 

The goal of the AAL Type 5 is to support, in the most streamlined 
fashion, those capabilities that are required to meet upper-layer data 
transfer over an ATM platform. The AAL Type 5 eommon Part 
(ePAAL5) protocol provides for the transport of variable-Jength 
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 eRe-32 mechanism. ANSI had a Letter Ballot 
for AAL Type 5 eommon Part at press time, and ITU-TS hada draft 
version of !.363 (Section 6); approval was expected. 

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

SSP 
[also known as service-specific 

es (SSeS)) 

:>~ 

1 eommon part of es (ePeS) 1 

lsAR (segmentation and reassembly)l 

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

3.5.1 Servlce provlded by CPAALS . 

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

SAP 

Service-specific es (may be null) sses 

------------}~~tives ______ es 

AA L eommon part of es e PeS 

------------}~~~ves _____ 
SAR SAR 

SAP 

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

l. Message-mode seruice. The CPAAL5_SDU is passed across the 
CPAAL5 interface in exactly one Common Part AAL interface data 
unit (CPAAL5_1DU). This service provides the transport of fixed-size 
or variable-length CPAAL5_SDUs. 

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

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

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

2. Streaming-mode seruice. The CPAAL5.1;DU is passed across the 
CPAAL5 interface in one or more CPAAL5_IDUs. The transfer of 
these CPAAL5_IDUs across the CPAAL5 interface may occur sepa
rated in time. This service provides the transport of variable-length 
CPAAL5_SDUs. Streaming-mode service includes an abort service by 
which the discarding of an CPAAL5_SDU that has been partially 
transferred across the AAL interface can be requested. 

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

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

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

Both modes of service may offer the following peer-to-peer operational 
procedures: 
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• Assured operations. Every assured CPAAL5_SDU is delivered 
with exactly the data content that the user sent. The assured 
service is provided by retransmission of missing or corrupted 
SSCS_PDUs. Flow control is provided as a mandatory feature. The 
assured operation may be restricted to point-to-poiilt AAL connec
tions. 

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

Descrlptlon of AAL connectlons. The CPAAL5 provides the capability to 
transfer the CPAAL5_SDU from one AAL5-SAP to another AAL5-SAP 
through tl1e ATM network. CPAAL5 users have the ability to select a 
given AAL5-SAP associated with the QOS 'required to transport that 
CPAAL5_SDU (for example, delay- and loss-sensitive QOS). 

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

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

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

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

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

. CPCS-UNITDATA.Invoke and CPCS-UNITDATA.algnal. These primitives are 
used for data transfer. The following parameters are defined: 
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• Interface data (ID). This parameter specifies the interface data unit 
exchanged between the CPCS and the SSCS entity. The ID is an 
integral multiple of 1 octet. If the CPCS entity is operating in mes
sage-mode service, the ID represents a complete CPCS_SDU; when 
operating in streaming-mode service, the ID does not necessarily 
representa 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 indica tes that 
the associated CPCS_SDU has experienced congestion. The use ofthis 
parameter in streaming mode is for further study. This parameter is 
mapped to and from the SAR-CI parameter. 

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

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

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

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

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

Prlmltlves for the SAR sublayer of the AAL. These primitives model the ex
changa of information between the SAR sublayer and the CPCS. 
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As there is no SAP between the sublayers ofthe AAL5, the primitives 
are called .invoke and .signa! instead of the conventional .request and 
.indication to highlight the absence of the SAP. 

SAR-UNITDATA.Invoke and SAR-UNITDATA.slgnal. These primi ti ves 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 ofthe SAR_SDU. 

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

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

3.5.2 Functlons, structure, ·and 
codlng of AAL5 

Functlons 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 codlng. 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 

---------~----------~------------------------· L~e~~:~dj~!lul ________________ s_A_R __ P_o_u_p_a_y_to-ad--------------~ 

SAR_PDU 

Figure 3.18 SAR_PDU fonnat for AAL5. [Nou: The payload type (PT) field belongs to 
the ATM header. It conveye the value ofthe AUU para meter end-to-end.) 
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SAR_SDU. A SAR_PDU where the value of the AUU parameter is 1 
indicates the end ofa SAR_SDU; a value ofO indicates the beginning or 
continuation of a SAR_SDU. The structure of the SAR_PDU is shown 
in Fig. 3.16. 

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

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

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

• Error detection and indication (bit error and cellloss or gain). 

• CPCS_SDU sequence integrity on each CPCS connection. 

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

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

2. Streaming mode service. The CPCS_SDU is passed across the CPCS 
interface in one or more CPCS-IDUs. The transfer ofthese CPCS-IDUs 
across the CPCS interface may occur separated in time. This service 
provides the transport of al! the CPCS-IDUs belonging to a single 
CPCS_SDU into one CPCS_PDU. An interna! pipelining function in the 
CPCS may be applied which provides the means by which the sending 
CPCS entity initiates the transfer to the receiving CPCS entity 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 rnultiple of 48 octets" 
cannot be satisfied. 

The functions irnplemented by the CPCS include: 

l. Preservation of CPCS_SDU. This function provides for the deline
ation and transparency ofCPCS_SDUs. 

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

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

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

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

Bit position ~ · 
32 

1 
Most-significant 
octet( octet 1) 

User data (0-65,535 octets) 

::o..... 
...... 

PAD (Q-47 octets) 

1 

' 

::-~ 

1 

::o..... 
...... (aligns CPAALS_PDU on 48-octet boundary) 

:: ~ 
M-1 u u 

M 

1 
32-bit word number 

Figure 3.17 CPAAL5_FDU. 
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CPCS-POU payload (CPCS_SOU) CPCS-PDU trailer 

:> 65,535 octets 

Cyclic redundancy check 

Figure 3.18 CPAAL5_PDU, another view. 

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

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

l. CPCS_?DU payload. The CPCS_PDU payload is the CPCS_SDU. 

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

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

4. Common Part lndicator (CPl) fiel d. 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 al:gn
ment function is used, this field is coded as zero. 

5. Length field. The Length field is used to encode the length of the 
CPCS_PDU payload field. The Length field value is also used by the 
receiver to detect the loss or gain ofinformation. The length is binary 
coded as number of octets. A Length field coded as zero is 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 
ofthe CPCS_PDU trailer. The CRC field shall contain the 1s comple
ment of the sum (modulo 2) of 
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a. The remainder of xk*(x31 + x 30 + ... + x + 1) divided (modulo 2) by 
the generator polynomial, where k is the number of bits of the 
information over which the CRC i8 caleuluted. 

b. The remainder ofthe division (modulo 2) by the generator polyno
mial of the product of x32 and the infonnation over which the CRC 
is calculated. 

The CRC-32 generator polynomial is: 

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

+ x5 + x4 + x2 + x + 1 

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

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

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

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

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

3.6 Frame Relay Service-Specific AAL 

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

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

'"Thia diacussion is based on Ref. 4. 

.. ,. 
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Figure 3.19 AAL5 for interworking of frame relay and ATM (in CPEJ. 

>-~ 

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 tenninated at the point of tennination of the FR-SSCS 
service and represents one end ofthe FR connection. Optionally, multi
plexing may be perfonned at the FR-SSCS, allowing various FR-SSCS 
connections to be associated with a single CPAAL5 connection (and with 
the corresponding ATM connection). FR-SSCS connections within a 
CPAAL5 connection are uniquely identified by data link connection 
identifiers (DLCis). The establishment (or provisioning) and initializa
tion of an FR-SSCS connection is performed by interaction with FR
SSCS Layer Management (MFR-SSCS) entities. The traffic parameters 
of each FR-SSCS connection are detennined at the time of its estab-
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Figure 3.20 AAL5 for interworking of frame relay and 
ATM (in a network element supporting an interworking 
function). FR-IWP = frame relay interworking point. 

' 

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

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

' quence integrity. 
The MFR-SSCS is responsible for the following actions: assignment 

of the FR_SSCS association necessary for the establishment or provi
sioning of FR-SSCS connections between peer FR-SSCS entities, reset
ting the parameters and state variables associated with a FR-SSCS 
connection when required, releasing the association created for a FR
SSCS connection between peer FR-SSCS entities, and performance 
monitoring of the quality of the FR-SSCS connection serví ce provided 
through notification of errors (i.e., FR_SSCS_PDU discards resulting 
from errors in the FR_SSCS_PDU). 

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

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

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

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

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

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

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

TABLE 3.8 DL·CORE Primitivas 

DL-CORE-DATA.request 
(DL_CORE_User_Data, Discard_Eiigibil
i ty, D L_ CO RE_Service_ U ser _Proto
col_Control_Information) 

D L-C O RE-DATA. i ndication 
(DL_CORE_User_Data, Congestion_En
countered_Backward, Congestion_En
countered_Forward, DL_CORE_Ser· 
vice_User_Protocol_Information) 

Description ofparameters: 

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

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

DL_CORE_User_Data: This parameter spedfies the FR_SSCS_SDU transportcd bctwecn thc 
FR-SSCS user and the FR-SSCS. This parameter is octet-aligned and can range from 1 to a 
maximum of at least 4096 octets in length. 

Discard_Eligibility: This parameter indica tes 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 m ay experience a better quality ofservice with respect to losa (i.e., minimalloss) 
than if the Discard_Eligibility parameter were set to Low. 

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

Congestion_Encountered_Backward: This parameter indicates that an FR_SSCS_SDU has 
experienced congestion in the opposite (sending) direction, and therefore that an FR_SSCS_SDU 
sent on the corresponding connection may encounter congested resources. This para meter m ay 
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 para meter m ay take two values: True or False. 
A value ofTrue indicates that the FR_SSCS_SDU haa experienced congestion. 
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where applicable (congestion control forward and congestion control 
backward). In addition, the functions provide the means for the end 
user and/or the network to indica te what frames should be discarded 
in a congestion situation. 

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

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

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

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

3.7 Signallng ATM Adaptatlon Layer (SAAL) 

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

The SAAL resides between the ATM Layer and Q.2931 in the user's 
equipment, specifically in the software implementing the Control Plane 
(i.e., the signaling capability). The purpose of the SAAL is to provide 
reliable transport of Q.2931 messages between peer Q.2931 entities 
(e.g., ATM switch and host) over the ATM Layer. The SAAL is 
composed of two sublayers, a Common Part and a Service-Specific 
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Figure 3.21 SAAL structure. (Note: This figure representa the allocation offunctions 
and is not in tended to illustrate sublayers as defined by OSI modeling principies.) 

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

The SAAL for supporting signaling uses the protocol structure illus
trated in Fig. 3.21. The Common Part AAL protocol provides unassured 
information transfer anda mechanism for detecting corruption ofSDUs. 
The AAL Type 5 Common Part pro toco! 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 Re f. 7 with minor 
amendments.8 
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The Service-Specific Connection-Oriented Protocol (SSCOP) resides 
in the Service-Specific Convergence Sublayer (SSCS) of the SAAL. 
SSCOP is used to transfer variable-length service data units (SDUs) 
between users of SSCOP. SSCOP provides for the recovery of lost or 
corrupted SDUs. SSCOP is specified in ITU-T Recommendation 
Q.2110.9 

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

. 

An SSCF maps the service of SSCOP to the needs of the SSCF user. 
DifTerent SSCFs may be defined to support the needs of difTerent AAL 
users. The SSCF used to support Q.93B at the UNI is specified in ITU-T 
Recommendation Q.2130. 10 

The externa! behavior ofthe SAAL at the UNI appears as ifthe UNI 
SSCF specified in Q.2130 10 were implemented. 
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mDI!IDDSD 

ATM de Digital: Cumplimiento de estándares y 
características innovadoras 

Los clie.'"l;es escoger. la :ecnologta cel medo de 

1ransterencra astncron¡;¡ (ATM. Asynchroncus 
Transler Mace). poroue ·es ce~r:ve benefrcra•se ce 

la au:op:s:a a e rnfo·~acrcn ra:Jtaa y de gran 

vo:urren Ahora. pueae estar seguro de contar con 

reo es :ob~:stas '! escalao:es ae a:;o ~endtmtenta y 
con un scrvtcto garant•¿ado con el 

GIGAs'.•:ttcnJATM de D191tal oaoa backbor.es de 

'Sdes loca~es y gruoos ce trabaJO de a1:o 

re"rdtrn'ei"l:O El sistema GIGAswtt.cn/ATM 

::roporctcna un ancho oe Uat:cia agregado ae 

·,Q_i. Go/s trnolantaao en un conmutador de barras 

cruzadas Cle ~o bloqueo El sts!ema 

GIGAswt!ch/ATM :lene ;.1 rant.ras Una se uttl•za 

cma ~ ... rc:ot1es ce gesten y 13 cara :arre:as Ce 

ítneas Caaa ia~¡eta de linea adm.:e cuatro puertos 

de ltO'iJ mul¡.modo SONET/SDH ce 155 Mb/s 
En cllutuo. 'os p~..:crtos 13/EJ y otros rneCtOS para 

i55 Mb/s {ftbra de moco s·rnple y cable de cobre 
oe par t:en1aco stn apan:alla~ /Ca;ego'l3 5/} ~, 

;c.r.rblén cs;a~an sooonaaos AsL el 51s;ema 
GIGAswt:c~/ATM sooona en la actua!taao hasta '~ 
52 pt.e'tos Es:ara d:sponttJie unu larJeta de l:nea 
SOr lEI/SDf-1 de 622l'vlb/S. sopo•mndo un p~..:eno 

ce 622 f,lnls Hasta ;rece ouems de 622 Mb/s 
cueden con;¡gurarse en el conm~..:;a~o· Se 
socor;;:¡ran cory,o,naeto~es de 622, 1 55 y 13/EJ 

FLOWmaster 

El s•s:erna GIGASWI!Ch/AT~vl de D1:;;:tal orooorc:ona 

c:::f"lrnt...cac,on de "í2sa de B11s Cans;ante (CBR), 
Tc.sa de 8ds V;:¡nable (V8R) y Tasa ce Btts 

DIS00'1'b'e (A3R) El ir<lltCO CBR ~· V9R se pland1ca 
.T~C¡Jnre reservas la aue :Jrooorc.or.a un ancho ce 
t~a;1:1a ga:~Jnl:¿aoo El lrá'icc ABP u;¡!rzu ranuras 

ce'ulnre$ s1n astgnar o runuras cue es:ao<:ln 

rcservnc¡:¡s pero no usac!as. por el ;ráfiCO 
gar¿nL'/ada Con el mecan smo de comrcl de 

;J~JP ce F!..OWrnas:er ce D1g.tal. n1nguna cel~..:la 
,\6r oe ese enlace se oerdera a causa ae 
co~gest.::;,1es. ;:x:;r lo OLe cueda aseguraaa la 

estabil1cnc de la red 

Los cownt;;acJcres ATM ce otros taoncantes usan 

:éc:-::c~s de m1:-wwzaoo"' ce oerd1Ca ae células 

nasacns en el maxt.'T10 estuerzo S1n emoargo. los 
esiL:ezos con;¡nuados pa•a re:~ansm1i1r paque:es 
en reces cansest1onadas crearán aun mas rrá\1co 

y congest,on, v oueoen dar hJgar al "colapso 
e el rend,m·enro · 

~~-CWrm:Js·,er -es el escuema ae con•,rol ce 

co1ges:.on con rne1ores pres¡ac1ones centro del 
sector ;::m a LANs ATM En el futuro, e! s1stema 

GIG/\s\VI',ch/AíM tarnb1én sopar;ará el luluro 
es1anaar ae1 ATM For~..:m relatiVO al control de fluJO 

oasado en la veloc1dad Grac1as al d1ser'to versá:1l 
de FLOVJ;ras:er. :=-LOW.'ilas<er y el control de flu1o 

oasa~o en veloc1aad cperaran ¡untos 

SWITCHmaater 

El SIStema GIGAsw,tcn/ATM de D,g,tal asegura una 

conmutac1ón s1n bloqueos. usanao la gesnón 
avanzada de colas SWITChmaster La funCión 

SWITCHmaster ernolea la técn1ca oa1en;aaa oor 
01Qital Parallellnteractlve .'vtaccrang oara asegurarse 
de oue las celulas se transm1ten tan pron;o como 

sea pos1b:e, s1n esperar la entrega a e todas las 
células "cabecera de linea" Con Parallcl lntcract1ve 

Match1ng. las células almacenadas en colas de 
entrada. no sólo la pmrera ce1ula se hacen 
corresponder con el puerto de sa11da aproo:aco. 

perrr.111enao que el SIStema GIGAsw1tch/ATM uuhce 
eficazmente la estructura ael conmutador. Incluso 

cuando haya contenc1ón La tunc1on 
SWITCHmaster de DIQI',al orooorc1ona mas de un 
95% de ut1hzacron ae la estructura ael con~utaaor. 

s1 se comoara con una u;¡hzacrón llOICa 1nfenor al 
60% oor parte ae los Sls·,emas que no aborden el 
bloqueo de las cabeceras de 11nea 

Fotcil de gestionar y mantener 

Las caracterisiJcas de autoconf¡guractón, 

reconfiguraCión y rowung dtnám1co del SIStema 
GIGAswnch/ATM hacen postble una utthzac1ón 

ae la red más e11caz y reducen el esfuerzo 
manual necesana c;ue deoe llevar a caco el 

adm:n1s1rador ce la red 

CAAACTERISTICAS. 

• Sin pérdrd.J d~ rclulru 

1 Sm cobpsos del renJJmiL'llto 

1 UuLz.aaón J~ IJ estruc:urad~i lClnrrwt~do: con t:r. .1hu 
l?flldo.k e:lcaru 

1 Sobresalten!~ rdac16n preuo/~nci;mte:11o 

1 Auroconf¡gur~uOn 1~ c~r JCreri~nc~ eJe 
autoconfigurrmOn del sJsLcm.l G!C:t\>V<:rch/:\T,\1 
ofrece eJ regrsrro ::tlltOI:l:ÍtJCO Je J¡rercumes t\ f,\t 
y Jprende autum:itrcameme !J wr•olo~í~ eJe IJ red 
S1 f.illd un enlucc: frsrco, d cnnmuiJcJor re..:onlr,::ur.Jrj 
la red según el upo de fallo, t.::nnhr~n Jc 
forma awom.íncJ. 

1 Equr.hbno de cJr~ao al ele¡::lr una ruta fí~1c.1 emr~ un 
onge:n y un detrno, el >rstema GIGA,\\1tch/:\T/I.I 
degmi el enlace mc:nos cargado Jldld cl nue\'n 
cucuno vrnual (VC) 

• Routmg dinámico· ru.1ndo se e~tú confri{Urnr.Jo 
un ClfCW[O vtnual conmutado, el SIS!emJ 
GIGAs,mch/ A'D-1 uulrlari un .Ugommo que 
busque pnmero la mra más níp1Ja parJ Cllc.tmmnr 
el circuno virtual, v buscara una rura .U!ernJt:va, 
si fuern necesano . 



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

GIGAswilch1,.. ATM 
¿Su conm'utador ATM es una carga para la 
red? S,n un mecanrsmo ae conrrol de ;luJO adecua

ele cue rrnprda la conges:rór. en su red ATM, 

Sl; ccnmutadcr ATM pocha caL.sa• oroo'emas 

Las pérdidas ae células debrdas a congestrón 

oblrgan a reerlVIar paque:es en;eros de rnlormacron 

-empeorando la conc:crcn ae congestron ce 

su reo El nuevo GIGAs'.l.rtch/ATM es el prrmer 

conmu:ado· ATM con comml de llu¡o FLOWmas;er 

FLOWmas;er le asegura ell:u¡o maxrmo de tráfico 

en el ancho de banca necesarro, srn perd.da 

ae cé1ulas 

1 ~ero eso no es toco' La calrdad ce servrcro aue le 

orooorcrona :1ues;ro n1..evo GIGAswrtcn/AíM está 

garamrzaaa pmcue es:e conrnu\aaor ATM soocrta 
tráfrco con una tasa de brts constante y con tasa de 

b1;s varrable Y ademas. es POSible aefrnrr sus pro

DIOS lrmr•es de latencra 

.. · :cÁ.RA(:TERfSTICAS 

• Conmutador de bams cruzdd.lS de lOA Gb/s -
con S\ViTCHmasl~rn.o ~ oerr.:ue una ut:!Izw6n 
cercana al~% · 

• Soporta AT~l Forum LI.'JI \']O, (~upurre Jc F:rrr.\llrr: 
V\.1 para UN! J 1). Clrcur;O'l Vrr:u~ts Per.;:Jrlell!a. 
Ürcwtru \'1r;u:tles Conr.mudos ({) 2'l}! ,1, Ta~J de Bits 
Con51ame ICBR), Tasa de Bn.s \'anJble 1\TIRl 1' T.r1a Jo.: 
Bits Disporuble (ABRl 

• PNNI-Phase O m.ís D:-1111!11c VC Rouung 

• Escalableu de -1 a 52 puertos SO.\'ET/501! !5~ .'1.\his 

;~~{f1f·0.íf~~Vi:Zt\%f~~trl~fi\~~Ji{??S:S~Y~Rt~f{W.~~~;:~f!~~'S\kH~\\~~~~~~~~~?/: 
Chasrs GI~Aswrt~h!ATM. srn taqetas de línea nr de al1memac1ón OAGGA·CA 

GIGAswl_lch!ATM, tar¡eta de linea de 4 puertos, .155 Mb/s MMF (máx1mo 13 en chasrs) OAGGL-AA 

Fuente de alimentaCIÓn de 20A _(~A) para GIGAsw1tch 

Fuente de: alrmentac1ón de 48V (CC) 

• P•da pot separaao el ca ole Ce alrmen/actón especJf:cc da cad:J oars 

OEFGB-DB• 

DEFGB-BA• 

Conectividad TURBOchannel a ATM 
para sistemas DEC 3000 AXP 

El ATMworks™ 750 

s, desea aar sooor:e a emornos cilef1Le/servrdor y 
p:ecrsa co;"Jex•ones de rec de alto rend1mtenro 

sotre redes AT,\-1, el nuevo aaaptador ce 
l'.llví TGRBOchan.~e! c::e o,gaal es exaC',arnen:e lo 

::~e us:'Jd es:aba esoera~do Comb1na la poter.cra 

ce ~u8s;ros sts:emas DEC 3000 AXP (las esta-

e enes a e traoa¡o ae sooremesa y de pedestal 

xas :acreas del meneo) con la revoluctonarra 

tecno'og'a de redes AfM ae oanca ancha 

¿Por qué los sistemas AXP DEC 3000 
los s:sternas DEC 3000 AXP cor:1prten pertecra

'TIC'lte con tos c.'l os más rc'lp1dos del mundo 

5, se utdrzan como serv,aores. es:os srstemas 

aorovecran las ventajas de la reo ATM de banda 

ar.c:1a para serv1r a múltlores Cl1cntes. reduciendo 

la congesLIOn de red y retardos 

¿Por qué ATMworks 750, la taljata 
Interfaz ATM? 
Las redes ATM son redes de alto rendrm1ento, 

que permrter1 un rap'rdo rntercambro de catos con 

una baJa latenc'a Sr utrl!za sus srstemas con 

aplicac,ones mul\rmedia en reo se benef1crara 

enorme meme de l<1s oosrbiltdaacs de las redes 

ATM, Cebrao a su ancno de banda garant,zaao 

y la ba¡a la1enc1a. que pe~m•le Oiansmrttr y reCib:r 

con efrcacra ,mager¡es a crle~entes orsianCias 

Juntas combrnan la veloc.aad y la po:enc:a. lo 

cual srgnrlrca que oara usted se ao~en ce oar en 

par las ouertns Bl ru:u:o de la rn~orma11ca 

• Vdoa<bd de red ATM !55 Mb/s (0C3l 

• Annadura SONET/SDH 

• Soporu r\wel 5 :\D.1 de AdaptJCI(Jn (. .. \} .. L'iJ 

• Soporta 102~ CanJb \írtua.b ( \'(1 

• Soporra cootrol de !luJO FL0\\1:n.tSti!rr\t Je Dt¡:rtal. 
que elumna Las pérdJddS de celul.ls y opu:ntzJ IJ 
unlr?.aclón de la red 



LinkSwitch' 500 Ethernet 

SuperStack'" Workgroup Switch 

LinkSwitch 1000 Ethernet/ 

Fast Ethernet SuperStack 

Workgrcup Swrtch 

LinkSwitch 1200 Ethernet/FDOI 

SuperStack Workgroup Switch 

linkSwitch 2200 Ethernet/FDDI 

SuperStack Workgroup Swrtch 

LinkSwitch 2700 Ethernet/ATM 

SuperStack Workgroup Switch 

LinkSwitch 1200 Modules for the 

Lin<Builder' MSH" Hub 

LANplex' 2016 Ethernet 

WCJrkgrouo s .... vitch 

LANplex 2500 Ethernet/FDOI 

Departmemal Switch 

LANplex 6000 Ethernet/FDDI/ 

Token Ring Data Center Switch 

CELLplex" 7000 A TM Backbone 

Switch 

CEllplex 7200 Ethernet/ATM 

Departmental Sw1tch 



a: 
"suPER 

STACK. 

Th.e SuperStack. · .. 
Advantage · 

ATM is an advanced swirching 

rechnology rhar can boosr network 

bandwidth to 155 Mbps and beyond 

while enhancing managemem 

nexibility with virtual LANs. This 

exceptional perfortnance and 

manageability is accomplished with a 

cell-based data communications 
technology. 

Cell switching greatly reduces 

latency- the delay between when a 

device receives a data packet and 

when the packct is forwarded lo irs 

destination- by dividing the pack

ets into tixed-length cells. The uni

fortn, 53-byte size of A TM ce lis 

make them easicr Lo process 

than variable-length packets. Cell 

switching also rcsults in less 

variation in delay. which facilitates 
real-time traffic such as full-motion 

video transmissions. 

Unlike conventional LAN switching 

technologies. A TM is connection 

oriented. This means that ATM 

devices must interact with A TM 
switches to establish communication 

paths befare transmitting data. 

To allow convenrional LANs to 

interconnect with ATM, the ATM 

Forum has ratilied the LAN 

Emulation standard. LAN Emulation 

enables internetworking of ATM, 

Ethernet, and Token Ring devices, as 

well as virtual connections among 

A TM devices, so that groups using 

this facility can be linked across the 

enterprise regardless of where the 

devices are located. These virtual 

LANs are especially beneficia! in 

organizations where moves and 

changes are common, or where 

groups of users in separate locations 

need to communicatc v.:ith each other 

and sharc resources. 

LAN Emu\ation also protects current 

investmem in network equipment and 

protocols. lntegrated LAN/ATM 

switches can use LAN Emulation ro 

provide full connectivity among 
ATM and legacy LAN de vices. 

Furthcrtnore. popular protocols such 

as IP and IPX can opera te on a 

heterogeneous nctwork without 

modification. 

3Com ATM switchcs offer you 

exceptionally low-cost. reliable t\ TM 

connectivity that lets you enhance 

performance incrementally. only on 

those parls of the network that need iL 

\Vhether you wam ro migrate your 

cntire building backbone to A TM for 

increascd aggregatc bandwidth. or 

you need to extend a single high

speed A TM link from a workgroup to 

a superserver, thcre ts a 3Com switch 

to suit the task. Non-blocking 

architecturc across thc product line 

ensures full data rates between A TM 

and Ethernet or othcr LAN 

technologics. so you don't ha veto 

implemcnt expensive upgrades at the 

desktop. 



3Com's high-capacity 
bridge/routers handle the twin 

challenges of network 
complexity and WAN growth 

Ordering lnformation 

Chassis* 
Ea eh NETBUI!der 11 chassts requires a CEC 
module and software (see psges 5 and 6), 
whtch must be ordered separare/y 

4-Siot Chassis 3C6000 

8-Siot Chassis 3C6001 

:.B·_.::S::.:IO::_l :::E'::'•:::n::.:d:::ed:._.::C:::ha:.:s:::si:::s ____ _:3:::C6:.:00:::1 
1

• 

Accessories 
Ea eh Flash Memory Dnve requires a· 
Ffash Memory Card, whtch must be ordered 
separare/y 

Flash Memory Onve 
~4-Siot and 8-Siot Chass1sl 3C608t 

Flash Memory Dnve 
(8-Siot Extended Chass1s) 3C6081 
4MB PCMCIA Flash 
Memory Card 3C60B3 

10MB PCMCIA Flash 
Memory Card 3C6084 

Dual Power Supply• 
(8-Siot Chass1sl 3C6019 

Dual Power Supply'" 
(8-Siot Extended Chassis) 3C6080 

WAN Extender 
Ea eh WAN Extender connects toa 
NETBurlder 11 bndge/router wtth an HSS 
RS-449 Module 

WAN EKtender 2Tl 

WAN Extender 2E1 

Management Software 
Transcend Enterpnse Manager 
Vers1on 2.1 for Wmdaws 

Transcend NETBuilder Manager 
Vers10n 2.2 far UNIX 

3C895t 
3C8951 

3C1501DB 

3C17500 
"For 'n1erna110oal unrt5, Dlease add tne apprapnate rade to 
th~ prcauct ·AA lt~r As1an/Aunral1an ccwer ccrd. -ME lor 
M•d·Eurc pe:m pawer cord. or ·UK for U K power cord 

3Com·s NETBuilder 11' 
bridge/routers are 1deal solutions for 
networks with di verse LAN technolo
gies and growing WAN connections. 
These bridge/routers imegrate 
Ethernet. Token Ring. FDDI. and 
ATM connections. accommodate 
future h1gh-speed networking. bnng 
in SNA traffic. and add feature-rich 
WAN chotces-including ISDN. 

With modular de>ign and scalable MP 
(multiprocessor) architecrure. 
NETBuildcr [] bridge/routers simplify 
network expansion: they (everage past 
invesrrnent11. match today's demand~ for 
more bandwidth. and provide the 
nextbitity you need to meel future 
requirements. 

• Scalable chassis choices. 
NETBuilder II 4-Siol. 8-Siot, and 
8-Siot Extended chassis all provide 
superior levels of perfonnance and 
>ervtceabiltty. Any NETBuilder II 
Interface modu(e-including any MP 
(multiprocessor) module---{)perates in 
any chas~is. You can mtx and match 
modules and chassis to sca(c from 
small. very affordable systems allthe 
way up to very high-density, h<gh
perfonnance routing. 

• High performance and MP archi
tecture. Every NETBuilder II 
bridge/roulcr offers RISC processing. 
cuSiom ASICs. anda 800-Mbps 
backplane to deliver consistently fast 
throughpul across all inlerface pons. 
Th1s power combmes with the imeUi
gent 1/0 and on-board processing of 
multiprocessor (MP) modules for 
performance that can sea le to and 
beyond 500,000 packets per second. 

.. · 

• Superior reliability. serviceability. 
and management. NETBuilder 11 
bridge/routcrs suppon mis.sion-critical 
networks. Opuonal dual pm1,:er 
supplies safeguard operations. andan 
optional nash memory drive '\upphc\ 
rcliable bootmg and easy remote 
software upd~ues over the network. 
NETBuilder 11 platfonns allow 
integrmed grnphical managerncnt 
through optional Transcend" appllca
tions. They are avallnble for .standard 
man¿:¡gcment platforms tn both 
Window~~ and UNIX~ envmmmcnt~. 

• W AN Extender interfaces for 
high-density ISD~ and more. 
3Com's WAN Extender platfonn 
offers w1de-ranging ISDN. Switchcd 
56, and channelized TI or El 
services. The platform opcratcs with 
a NETBuilder 11 bridge/router to 
support muhiplc virtual data channe(s 
for ISDN PRI (Primary Rate 
Interface) conncctions. 

NETBuilder 11 Racks Up Perfect 
Test Scores! 
In a Communications Week test of mixed 
Ethernet-Token Ring LANs. 3Com's 
NETBuilder 11 made history as the first 
bridge/router to receive perfect scores tn 
al! test categories, capturing the 
magazine's Mixed·LAN Max Award*. 
NETBuilder 11 competed in AppleTalk, 
NoveiiiPX. DECnet, and IP leSIS-as well 
as tests of transparent bridging. Top per
formance and great pnce are what make 
3Com's NETBuilder 11 a wmner. 

-First Perfect Ovurall St:cre Earned,
Commumcsf¡ons Week 



NETBuilder li modules easily match 
networking needs. From high
performancc Commumcmions Engine 
Cards (CECsl to LAN and WAN 
imcrfaces-including MP (multi
proce.;;,sor) modules wnh on-board 
proce~sing-you can choose the right 
combination of ports and power for 
any leve! of service. 

• Powerfu 1 CEC choices. 
NETBuilder 11 CECs come wuh high· 
specd memory options-12 MB or 20 
MR-tn match software requircmcnts. 
The right choice dcpends on currcnt 
and ex.pected communication needs. 
To accommodate network growth. the 
12 ~lB CEC expands to 20MB 
capability at any 1ime. 

• Scalable performance. For 
pcrfonnance thm kecps on growing. 
install MP modules. They interoperate 
with the NETBuilder li CEC to 
incrcasc throughput as you increase 
por!>. The on-board. RISC-based 
AMD 29030 CPU ofnoads critica! 
flltering and forwarding decisions 
from lhe CEC 10 boost overall 
... y:-.tem performance. 

• Simplified changes. Our interface 
module~ are a brccze to change. You 
can u ... e any module in any 
NETBuildcr II chns~is, and you can 
add. !'.wap. or remove any tnterface 
module while other modules keep 
running. That's why the interface 
modules are easy lO service. with a 
typical mean time 10 repatr (MTTR) of 
under a minute. 

• Popular LAN interfaces. 
Customer-installable interface 
modules include a full arra y of 
popular LAN connections. Three 
Ethernet modules offer cabling 
choices (thick. thin. t1ber. twisted· 
pa1r) and port density for any 
configuration. The Token Ring 
module also provide~ a choice of 
interfaces-DB-9 or RJ-45-and 
software-selectable 4 or 16 Mbps 
operatmn. Four FDDI modules 
give yo u every combination of 
multimode and single-mode fiber 
for single-MAC. single-attached or 
dual-atrached stations. 

• Complete W AN connections. 
NETBuildcr 11 HSS (high-speed 
serial) modules provide one W AN 
port (V.35, RS-232. RS-449. or 
G.703) or three WAN ports (V.35. 
RS-232. RS-449. or X.21 via a 
lhree-port breakout cable). 

The 3Com NETBuilder 11 HSSI 
(high·speed serial interface) module 
implements W AN or A TM 
connections of up 10 SONET OC-1 
(52 Mbps). including T3/E3 rates . 

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

Ordering lnformation 

NETBuilder 11 Communications 
Engine Card ICEC) Modules 
CEC Module lt2 MBI 3C6010A 
CEC 20MB Module 3C60t2 
CEC 8MB Memory 
Expansron Kit.. 3C6011 

CEC 20 MB Module 
Trade·Up Krt• 3P6013 

NETBuilder 11 LAN Modules 
MP Ethernet 6-Port 
tOBASE·T Module' 3C6060 
Ethernet 2-Port 
tOBASE·Fl Module 3C6026 
Ethernet Module 3C6021 

Token Ring Module 3C6023A 

Multtmode FDDI Module JC6020B 

Single·Mode FDDI Module 3C6050A 
Single-Mode/Multimode 
FDDI Module 3C605tA 
Multimode/Singte-Mode 
FDDI Module 3C6052A 

NETBuilder 11 WAN Modules 

HSS V.35/RS-232 Module 3C6022A 
HSS RS-449 Module 3C6024 
HSS G .703 Module' 3C6025 
HSS 3·Port V.35 Module 3C6040 
HSS 3·Port RS-232 Module 3C6041 
HSS 3-Port RS-449 Module 3C6042 
HSS 3-Port X.2t Module 3C6043 
HSSI Module 3C6028 
-Ttla E.rpanstcn Ktt •s !or new CECs !JC6010Al ancl the 
Tracle-Up Ktttl ter earber mcclels (3C601Dl 

'Contact your locaiJCom repressnt&INB about G 7DJ 5ervtces 



:!'-SUPER 
~STACK 

A stackable, cell-based 
Ethernet switch with 

a high-speed ATM port 
for workgroups 

Ordsring lnformstion 

lmkSwitch 2700 
!no ATM interface) 3C32701 
linkSwitch 2700 (OC-3c smgle 
mode short-reach ATM mterface) 3CJ2711 

LmkSwitch 2700 (OC-JC single 
mode long-reach A TM mterface) 3C32712 
linkSwrtch 2700 (OC-Jc mutttmode 
ATM interface) 3C32700 

linkSwrtch 2700 IDS-3 ATM 
imertace) 3C32710 

linkSwltch 2700 ITLII 3C32730 

LinkSwitch 2700 

LinkSwitch 2700 is ideal for Ethernet 

workgroups and small depanmental 

LANs lhat need an advanced switch

mg engmc for htgh-bandwidth 

networking. The switch is equtpped 

with 12 switched Ethernet pons anda 

high-speed ATM pon. allowing you 

to configure conventional or virtual 
switched Ethernet workgroups. and to 

extend a high-throughput downlink to 

a centralized ATM switch. 

• Leading-edge technology. 3Com's 

Z1pChip' A SIC delivers cell-based, 

wire-speed Ethernet switching al 

780.000 cells per second. guaranteeing 

full 10 Mbps on all Ethernet pons. 

• Choice of A TM interfaces. The 

A TM port can accommodate an 

OC-3c 155 Mbps SONET/SDH 

(Synchronous Optical Networking/ 

Synchronous Digital Hierarchy) inter

face for local and collapsed backbone 

ATM connecttvity. ora DS-3 45 

Mbps interface for wide area links. 

• Two switching modes. Two 

software-selectable switching options 

are available- cut-through and 

store-and·forward-;- so you can 

adapt the device easily to your 

spccific requirements. 

• Virtual LAI"s. LAN Emulation 

clicnt functions and SYC signaltng 

allow you w creatc virtual LANs 

that are indcpcndcn1 of physical 

location. 

• SuperStack support. You can use 

LinkSwitch 2700 in a SuperStack 

system and manage 1t with Transcend 

applications. 

• Future-proofing. The Ethernet 

pons opera te e ven if the A TM port 

isn •t configured. permitting yo u m 

implcment Ethernet switching now 

and make A Tiv1 conncctions whcn 

you need them. Thus. you can 

migrate to htgher ATM bandwidth 

while preserving your investmcnl. 

• U-turn support. Packets moving 

from onc Ethernet porl w another are 

switchcd directly, rathcr than passing 

through the ATM pon first. 

• ATM switching for the 

UnkBuilder' MSH' hub. A module 

that provides the functionality or thc 

LinkSwitch 2700 Ethernet/ATM 

switch will be available for 3Com's 

LinkBuilder MSH multi-services hub 

in late 1995. 



The key building block 
for creating an ATM 

campus backbone 

Ordering lnlormsrion 

Chassis 
CEllplex 7000 
(chassrs with switching engine, 
1 power supply, and ran uM) 

CEllplex 7000 
(chassrs onlyl 

CEllplex 7000 Aedundant 
Power Supply 

CELLplex 7000 Redundant 
Switching Engme 

CELLptex Replacement Fan Umt 

3C37000 

3C37007 

3C37010 

3C37016 

3C37030 

ATM lnterlace Cards and Modules 
CELLplex 7000 Interface Card 
(4-port. OC-Jc single mode, 
short reach) 3C37050 

CELLplex 7000 Interface Card 
(4-port, OC-3c single moda, 
long reach) 3C37051 
CELLplex 7000 Interface Card 
(4-port, OC-Jc multrmodel 3C37052 
CELLplex 7000 Interface Card 
14-pon, OS-31 3C37053 
CELLplex 7000 Interface Card 
(no modules) 3C37005 

CELLplex 7000 Physical Module 
(1 OC-3c smgle moda short reach) JC37058 

CEllplex 7000 Physical Module 
(1 OC-3c smgle moda long reach) 3C37059 
CEllplex 7000 Physical Module 
(1 OC-Jc multimode) 3C37060 
CELlplex 7000 Physicaf Module 
11 OS-JI 3C37061 

CELlplex 7000 Interface Card 
Blank Panel 3C3704 

'•' ' 
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CELLplex 7000 

CELLple• 7000 has all thc power, 

flexibility, and robustness necessary 

10 switch traffic on a mission-critical 

ATM backbone. Supponing 4 to 16 

ATM pons. the 16' 16 CELLple• 

7000 switching engine dclivers full

rate. non-blocking A TM performance 

that relieves backbone congestion. 

• State-of-the-art A TM switching. 

Thc CELLple• 7000 cut-through, sclf

routing switching engine is 

built around a 20.48 Gbps backplane 

with a switching fabric that can switch 

up ro 2.56 Gbps of traffic. Each pon , 

suppons up to 4096 point-to-point or 
point-to~muhipoint vinual channel 

connections. A separare on-board i960 

RISC processor handles advanced 

software features. 

• Modular nexibility. Yo u can add 

up to four 4-pon interface cards to 

the chassis. allowing you to configure 

4 to 16 ATM pons in cost-effcctive 

increments. 

• Choice of A TM interfaces. Each 

card accommodates either OC-3c 155 

Mbps SONEf/SDH interfaces for local 

or collapsed backbone connectivity. or 

DS-3 45 Mbps interfaces for W AN 

links and single-mode fiber (available 

in late 1995). 

• Robust and reliable. To ensure 

uptime for cntical applications, 

CELLplex 7000 is designed to be 

fully redundan!. with optional dual 

power supplics and redundant 

switching engines. All modules are 

hot-swappablc for cominuous 

operation. 

• Traffic management. Ratc-based 

flow control provides congcstion 

management. 

• Integrated management. Full 

SNMP managcment is provided. 

including support for Tran~cend 

applicat10ns. 

• lnvestment protection. The high

perfonnance. passive backplane 

allows you 10 expand pon densny 

and bandwidth. 

• Switched virtual channels. SVCs 

are supported via Q.2931 signaling 

with the capability to suppon ATM 

Forum UN! 3.0 and UN! 3.1. 

ATM Forum lnterim lnter-Switch 

Signaling Protocol is also supponed. 

• LAN Emulation Service. The 

CELLplex 7000 provides the LECS. 

LES. and BUS services for LAN 

Emulation. 



Thc CELLplex 7200 mtcgrates 

Ethernet ond A TM at full wire spced 

to rcmove traffic boulenecks in 

dcportmcntal LANs. particularly 

collap>cd backboncs. The switch 

accommodmes up to 48 full-rate 

~witchcd Ethernet pons integrated 

with four ATM pons. or alternatively 

up LO cight ATM ports in ATM-only 

configur~nions. 

• Powerful switching engine. Thc 

CELLplcx 7200 8 x 8 switchmg 

cnginc combines with 3Com's 

ZipC/up cu>tom Ethcrnet/ATM 

proccs'ior lO delivcr full-rate: non

blocking switching on all Ethernet 

ami A TM port> -m over 780,000 

cl'li'> per '>ccond. 

• Flc•ible ATM interfaces. Each 

imerface card accommodates either 

OC-Jc l:í5 Mbps SONET/SDH inter

face~ lor local or collapsed backbone 

conncetiv'uy. or DS-3 45 Mbps 

Interfaces for \VAN links. 

1111 ji 

• Virtual LANs. You can create 

virtual workgroups based on a variety 

of logical relationships rarher than 

fixed physical connections. 

• Uptime insurance. A redundant 

chassis with optional dual power 

supplies ensures that the switch 

has no smgle point of failure. Hot

swappable modules hclp maintain 

conrinuous opcration. ensuring 

rapid delivery of your critica! 

network rraffic. 

• Traffic management. Rate-based 

now control provides congeo;tion 

management. 

• Switching options. Two 

software·selcctable op11ons -

cuHhrough and storc·and-forward 

- allov.· you to adapt to ~pecific 

nctwork re4uirements. 

• Future-proof. t\ passivc backplane 

with a 10.24 Gbps capactty permits 

you to upgrade to higher port 

denstlies and data rates. 

lntegrated Ethernet/ATM 
switching for 
high-bandwidth LAN 
backbones 

Ordering lnformstion 

Chassis 
CELLplex 7200 Chassis 
{chassis Wtth swttching engine, 
1 power supply, and lan unit) 

CEllplex 7200 
(chassts only) 

CELLplex 7200 Redundant 
Power Supply 

CELLplex 7200 Redundant 
Switching Engtne 

CELLplex Replacement Fan Umt 

ATM Interface Cards 
CELLplex 7200 Interface Card 
(2-port, OC·Jc multimode) 

CELLplex 7200 Interface Card 
12-po~. OS-31 
CELLplex 7200 Interface Card 
(12-pon Ethernet. 
1 OC-Jc multtmode) 

CELLplex 7200 Interface Card 
(12-pon. Ethernet, 1 DS·3) 

CELLplex 7200 Interface Card 
Blank Panel 

3C37100 

3C37207 

3C372l0 

3CJ7216 
3C37030 

3C37050 

3C3705l 

3C37260 

3C37261 

3C3702t 

. ' 
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Product Line Brochure Cisco LAN Swlrching Products 

The Emergence of !he New Wiring Closet 

The demand for more bandwidth and lhroughput in today's congested 
networks is as dear as the factors driving it. Arnong these factors 
are lhe incrcasing power of desktop processors and the requirements 
of clienVserver and emerging multimedia applications. The need for 
increased performance to the desktop ís prompting network man" 

agers to replace hubs 1n their wiring closets with switches, thereby 
protecting existing wiríng investments while boosting network per
fonmance with dedicated bandwidth to !he desktop for each u ser. 

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

networks. The role of Asynchronous Transfer Mode (ATM) is also 
increasing as a result of standardizing protocols such as L\N emu
lation that enable ATM devices to coexist \\'ilh users· existing LAN 
technologies. 

Cisco Systems recognizes that any strategy for meeting nexible 
performance is essentially a plan for mig:rating from today's world 
of shared media lo switched internetwork solutions that promote 
the expansion of swilching technology lhroughout the network. 

Cisco supports this migration with a comprehensive family of LAN 
switching. ATM switching, and switch management producls. These 

producls, in conjunction wilh Cisco routers traditionally used for pro· 
toco! management, deliver next-generation desktop and enterprise 
solutions to connect users over collapsed or distributed backbones. 

1 
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Cisco LAN Switcbing Products: Catalyst óOOO 

The Catalyst Family of Multilayer Switcbes: Optimlzed for 
Flexible Wiriog Closets 
The first member of the Catalyst family, introduced in March 1994, 
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 
arquired a 20 percent share of the switching market, according lo 
market projections. The Catalyst 5000, introduced in March 1995, 
rcpresents the next-generation switching system for the wiring 
closet with dedicated bandwidth lo the desktop. The Catalyst family 
gives users the scalability to build large switched internetworks 
with multilayer intelligence. 

The Cisco Catalyst 5000: The Next Geoeratloo of 
Multilayer tAN Switchiog 
The Catalyst 5000 is a modular switching platfonn that will meet 
the ever-changing needs of today's high-performance, bandwidth
intcnsive, multiple-media network switching applications. 
Dedirated 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. 

Mulriple Switching Opüons 
CISCO SyS'.8r;1S' 

CatJivs: 3COO 
S!ll\'€5 -~~ needs ol 

muit1;Jic mem2 
retwo·<: s·ni!C~.m~ 
ap;JI!~il!l0:15 W•lh 

o~110r.s thc:t mclude 
10-Mt~s Et1err.ei. 
100-~.l~ps E:hernet. 
>Wilc~cc To'~en 

H1rg, SWI1Ched 
'001 a1: ATM 

As networks migrate to higher-speed technologies such as Fast 
Ethernet and ATM, the long-tenn viability of the Catalyst 5000 is 
enhanced by five slots that provide configuration nexibility. 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 IOBaseT/IOBaseFL, 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 
environments in the industry, providing a cohesive network solution 
anda migration path lo switched ATM-based networks while lever
aging infrastructure investments. 

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

. . -~ 
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' . 



Be cause many of today's organizations experience significan! 
personnel relocations every year, the Catalyst 5000 gives users the 
nexibility to support the formation ofVIANs within and between 
Catalyst 5000 switches and across lhe internetwork, spanning 
routers and ATM. The architecture will scale to support up to 
1024 VIANs and can be defined and maintained across platforms 
lhrough ATM or 100-Mbps links. 

Unlike traditional shared hubs, !he Catalyst SOOO 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 interna! switching architecture of the Catalyst 5000 supports 
multiple media options including Ethernet, Fást Ethernet, 
IOOBaseVG-Anyl.AN, Token Ring, FDDI, and ATM. A dedicated 
management bus provides distributed access to all switching 
modules for monitoring performance, controUing configuration 
and VLANs, and updating operational software for each module. 

Catalyst 5000 OITers Maximum Port Density 
The Catalyst 5000 
plarforrn features a 
::rghly scalable 
archrtecture that 
provrdes maxrmum 
performance 10 

large workgroups. 

Catalyst 5000 
toATM 

ATM in !he Entarpñse Backbone 

LightStream Famrly 

Unique Traffic Management 
Support for traffic management by switch es is one of the most 
importan! attributes of a scalable switched internetwork, and the 
Catalyst 5000 includes several key traffic management features. 
A large, 192-kilobyte (KB) buffer ensures adequate port buffering 
for workgroup applications without dropping informal ion during 
peak traffic periods. Tri-level priority on the backplane en sures 
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. 

Catalyst 50JO 
toATM 

Tigh11ntegration with Router for Scalable lnternetworking 

Up to 14 oorts 

Up to 74 ports Switched 100-Mbps Ethernet Configurations 

Catalyst 5000 
100 Mbps 

Up ID 97 oon.s 

Catalyst 5000 
100 Mbps 



Cisco LAN Switching Products: Catalyst óOOO 

Basic Platform 

Standards-Based 
Interfaces 

feature 

Modular, five-slot chassis 

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

Fault -toleran! power supplies 

Sv..itch mterfacc modules 

Spec1alizcd SupervisorEngine module has hard
ware-bascd switching engine, bridge address table 
for a maximum of 16,000 MAC addresses, two 100-
.\tbps f'ast Ethernet uplinks, anda network 
management processor 

Hot-swap of power supplies and modules 

lntemal arch1tecture 

1.2-Gbps swttching backplane 

Three levels of priority on the data-switching 
backplane 

Custom appllcation-speclfk integrated circuit 
(ASIC) development 

Switched 10-Mbps Ethernet 

24 interfaces of IOBaseT per module 

12 mterfaces of \OBaseFL on fiber per module 

Switched 1 00-Mbps Ethernet 

functloo 

Supports required supervisor engine and four 
additlonal modules 

Compatible with existing wiring closet rack; 
mounts al front or rear or cha.ssia 

Offers one or two 376-watt ~r supplies with 
auto-sensing 

Offers WJde variety of interface choices including 
10-Mbps and 100-Mbps Ethernet and ATM; Token 
Ring and CDDvrnDI to be added in future releases 

Delivers over 1 miUion pps,low latency,low-cost 
switching for desktop and backbone applicationa; 
fulllocal and remole management 

Enables users to add, mave, or change modules 
any time without bringing down the Catal)'SI 5000 
or Josing connectiVltyWlth other network devices 

SJOifle switchmg backplane accommodates 
Ethernet and ATM simultaneously (FDDI and 
Token Ring in ruture releases) 

Forwards more than 1 million 64-b)te Ethernet 
packets (equates lo nonblocking architecture for 
100 10-Mbps Ethernet interfaces al wire speed) 

Accommodates technologiesthat implement 
prioritization schemes, such M ATM, 
IOOVG-AnytAN. and Token Ring: enables user to 
define higher priority on a per-interface basis: 
a.llows any mterface lo reach the highest priority 
when 1ts buffer reaches capacity 

Uses a custom ASIC controller on each Ethernet 
interface 

Offers cho1ce of Category 3 unshielded twisted 
pair (UTP) cable (IOBasen and fiber-optic cable 
(1 08aseFl); supports both full- and ha.lf-duplex 
operation 

Uses female RJ-21 cnnnectors 

Uses fema.le R.J-21 connectors 

Offers choice ofCategory 5 UTP cable and,1n the 
future, fiber-optic cable for IOOBaseFX and 
Category 3 UTP for IOOBaseTX and IOOBaseVG
AnyiAN); supports both full- and haif-duplex 
operatlon: supports auto-sensing between 
100-Mbps Ethernet 

Benefit 

Allows user-~ flexibility to add, or mix and match 
modules as needed 

Ensures ease of mstallation in wiring clo.set and 
data center 

lncreases reliability 

Accommodates alll.AN and AT~ technologies 

Provides a completely manageable switching 
5}"!1tem that delh-e111 high-perfonnance switching 
for even the most demanding.,..'Orkgroup applications 

lncreases reliabi\ity by reducing do.,..1ltime 

Delivel'!l a smgle-system solution for all curren! 
de5ktopSWttchmg necd.s wilh a migration pa1h toATM 

Designed to meet the demands of a fully populated. 
10-Mbps system with a.ll interfaces operatmg at 
wue speed (each tnterfacc commumcates w1th 
only one other mterface) 

Accommodates bursty traffic and pre\ents htgher
layer protocol time-out5 by gi,1ng the tntcrface the 
highest prlorlty on the bus unlll ll'affic 1s reduccd: 
allows managers to pnorit1zc dat.a lransmission to 
critical resources, such as servers or remate routers 

Lowers cost per switched interface to the user: 
enables state-of-the art fea\Ures such u VlANs 

Eases integrn.tion into existing installed base of 
10-Mbps Ethernet hubs and adapters by preseNinR 
wiring hardware and applicat10n investmenl; 
le~·erages existmg UTP support; allows long
distance runs with fiber across a campus; increases 
capacity wtth full-duplex operation 

Hlgh density, low cost per interface connection 
into existins teleo<onfiiJUred wiñng 

Higher density than competitors 

Ensures compatibility with a large number of 
100-Mbps Ethernet hubt and adapters: uses cost
effecti\-e UTP for desktop connectivity; allows 
long-distance runs with fiber across a campus in 
fuU-duplex mode; increuea capacityw11h full
duplex mode 



Catalyst 5000 Features and BeneiTLS 
The Catalyst 5000 tS a strategtc SW1tchtrg platform that wdl supoon thc grow1ng 
oandwtdth nccds of today's workgroups 11 cffe~s users a wateg1c loundanon 10 
s11r. trom sha~ed rreC'a hubs ¡o sw1tChtng 10 the W1r1ng clcset 

Standards-Based 
Interfaces 
(con'!) 

Virtual LANs 

Network 
Management 

S1>itch 
Management 
Appllcations 

feature 

12 interfaces of IOOBaseTX per module 

FDDI connedion lo backbone, switch, or rou1er 

ATM backbone connection to ATM switch 

Onboard hardware diagnostics and LEOs 

1024 VIANs supported 

lnter Switch Unk (ISL) 

Fui! SNMP management (Ethernet MIB, ILMI MIB. 
f'DOI MIB. Bridge M lB, AToMIC, MIB 11, and 
system enensions) 

Local (out-of-band) management 

ln-band [relnet) management 

Management console 

NVRAM 

Flash memoljl for TITP downloa<Vupload of 
operating software 

Status LEOs 

CiscoView application 

VlAN management application 

function 

Uses female RJ-45 connectors 

Pro\ides scalable. high-speed connection to 
server; offen connection lo choice of multimode 
(MIC female), smgle mode (ST female). or 
Category 5 UTP (R/-45 female) cabling 

Provides scalable. high-speed connection; offers 
connettion lo choice of multimode or single mode 
fiber 

Status LEO on each module shows successful 
completion or minar and majar failure of power-up 
diagnostic; Link Good LEO shows status of 
IOBaseT and IOOBaseTX inteñace: Switch Load 
LEOs show backplane data bus ulilizalion 

Emures high number ofswitched VlANs are 
available for enterprise network; enables users to 
select interfaces on multiple sy!llem-wide switches 
to create a VlAN; allows lA'ls to be mulliplexed 
belween switches using Fast Ethernet. m DI, and ATM 

Supports VIANs between switches using any Fast 
Ethernet interfaces for cost-effective point-to
point desktop switching; can operate at fuU
duplex (100 Mbps) over low-cost copper and long
distance fiber connections 

Enable! Catalyst 5000 to be managed lrom an 
SNMP-based management station 

Supervisor hu an EIMIA-232 inteñace ror 
. modero or ronsole tenninal connection 

Accessible lhrough any sw1tched or ATM interface 

Command line interface 

Preserves configuration infonnation 

Remotely download! new revisions or operating 
system without hardware change 

Allows u ser to visually monitor operar ion of power 
supplies. fans, switches, and backbone interfaces 

Provtdes intuitive, GUI interface that supports 
chassis phys1cal view, configura!IOn, performance 
monitoring, and troubleshooting 

lntmtive GUI for adding new users, moving users 
between wiring closets. changing user5' VlAN 
assoc1a!ions 

Benefit 

Provides lower-cost, 100-Mbps interface to route~. 
hubs, and adapters 

Ensures i nteroperability and compattbility ',\llh 
extsting FDDI networks 

Connects to ATM backbone 

Enables casy VISualtroubleshooting 

Eases nctwork admm1stration by cnabling users to 
be roglcally grouped together regardless of physical 
interface Joeation for performance and secunty 
considerations; proVJdes VlA.N capabil1ty vmhout 
forcing users to invest in new backbone technology 

Leverages cost-effecti\'C Fas! Ethernet tcchnology 
lo prmide VlA.'is across an organization 's nctv·:ork, 
offers increased Fas! Ethemet capacity al a.n 
incremental cost 

E.ases management from installed network 
management platfonns 

Manages Catalyst 5000 from directly attached 
tennlnal. modero, or PC 

Manages Cat~t 5000 from anywhere in the 
network 

PrU\ides easy-to-use ASCIItext interface that 
requires no special apphcat10ns 

Eases sw1tch configuration and maintenance 

Reduces cost of admmistenng soft'l.·arc upgrades 
by providing centralized nelwork management 
capabil1ty 

Eases switch d1agnos1s and troubleshoollng 

Simplifies switched internetwork managemcnt; 
prov1des integrated management solution with 
one tool for detenmning system status 

Reduces training time and ensures tha.t adminis
trator will be able to manage VIAI\'s 



3Com Strategic DirectiMts 

High-Performance Scalable 
Netvvorking vvith Routed AT~JI 
Right-Sizing the Bandwidth in Today's Networks 
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Planning for High Bandwidth Demand 

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

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

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

2 

• Which h.igh-speed technologies will best meet 
network requirements for various parts of the 
nerwork now and in the future? 

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

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

• Will users of new technologies be able to 
commurticate transparently with existing 
LAN users? 

• How can the network be optimized for new 
client-server applications0 

• And, most importantly, how can this migra
tion ro h.igher 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 di verse companies and organizations: 

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

• Migra te the network in a series of steps at 
minimal incremental cost. 

• lmplement new capabilities by building on 
earlier enhancements with no loss of func
tionality. 

• Maintain searnless connectivity throughout 
the configuration. 

• Simplify the task of managing the network. 

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

High-Performance Scalable Networking 

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

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

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

• S cale network performance to meet specific 
business requirements. 

• Extend the reach of today's LAN resources 
by dramatically reducing the cost and com
plex.ity of providing remate and WAN con
nections across the emerprise. 



As shown in Figure l. the HPSN approach applies 
to all portions of the network-the workgroup, per
sonal office, rernote office, building/campus back
bone. and WA.t\1. And HPSN builds on the full range 
of 3Corn's network products. 

In building/campus backbones, HPSN provides a 
step-by-step rnigration to a high-bandwidth environ
rnent. This environrnent can accornrnodate various 
high-speed technologies, including Fiber Distributed 
Data Interface (FDDI), 1 00-Mbps Fast Ethernet. and 
Asynchronous Transfer Mode (ATM). HPSN ernpha
sizes innovations that can be added to products 3Corn 
is shipping now. 

Figure 7. 3Com 's High Performance Scalable Networking Strategy 

Arnong these products are: 

• NETBuilder n• bridge/router 

• LANplex'" 6000 and LANplex 5000 intelli
gent switching hubs 

• LinkBuilder'" 3GH internetworking hub 

• LinkBuilder MSH~ rnulti-services hub 

• LinkBuilder FMS~ and FMS II stackable hubs 

• LinkBuilder TR Token Ring hub 

• LinkBuilder FDDI concentrator 
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Today's Collapsed Backbone 
Architecture 

As part of the evolution from a single LAN per 
building to separare 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 puta router 
or switch on each floor. lnstead, each floor's horizontal 
LA.t'\1 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 fann.'' 

ln a typical configuration, the collapsed backbone 
is a star configuration with network nades connected 
by unshielded twisted-pair (UTP) wiring to hubs on 
each floor. The floor hubs are interconnecred venically 
through one of the fiber pairs in a bundle often contain-

Figure 2. Co/lapsed Backbones with Multiple LAN Segments 
on the Th1rd Floor 
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ing 12 fiber-optic inrerrepearer link (FOIRL) fiber pairs. 
The server farm LAN segments are directly attached to 
the collapsed backbone router in the basemcnt. 

This arrangement collapses the network backbone 
onto the high-speed backplane of a router. (An intelli
gent switching hub may also be used forthis purpose, 
b~t for the sake of brev1ty most examples in this paper 
Will assume that the device is a bridge/router.) In the 
case of 3Com's NETBuilder TI bridge/router data 
moves approxirnately 80 times faster !han it ~ould on 
a distributed Ethernet backbonc, and eight times faster 
!han on an FDDI backbone. The hubs in each floor's 
wiring closet continue to concentrare the LAN floor 
segments. but networking intelligence and complexity 
now reside m the bascmcnt with the collapsed back
bone router. 

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

··.'" 



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

As the dernand for bandwidth grows, a performance 
bottleneck can quickly result if all the users on one 
floor share a single LAN. A collapsed backbone can 
splir users across mulriple LANs because each new 
horizontal LAN segment can extend venicaUy ro a 
collapsed backbone router port using a separare fiber 
downlink. This effecrively sea! es the bandwidth of the 
vertical cabling infrasrructure in proportion ro the 
number of horizontal LAN floor segmenrs. 

Figure 2 depict> two possible configurations of this 
type, one using a NETBuilder JI bridge/router as the 
backbone device and one using a LANplcx intelligent 
swirching hub. In each configuration. three horizontal 
LAN segments are deployed on the tbird floor. This 
increases floor bandwidth by a factor of three, each 
with irs own downlink to the router. 

Overcoming Constraints on Downlinks 
Additional vertical downlinks do not usual! y require 

new cabling installation, since most buildings have 
spare fiber pairs in cach 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 devicc has enough ports to handle 
both current and near-term future downlinks from the 
floors. Of course, multiple collapsed backbone routers 
can always be located togetber. 

Another lirniring factor on the number of down
links is increased complexity. Segmentation improves 
performance, but it also means there are more LANs 
to manage. For example. if IP is used as a network 
!ayer protocol, each new segment requires irs own IP 
network number, complicating administration and 
depleting the organization 's allotment of IP numbers. 

To reduce complexity, the manager could, for 
example, group the downlinks associated with the three 
third-floor segmenrs and connect them toa bridge, 
which in turn would be connected toa port on the 
router or switching hub. Bridging the three grouped 
LAN segmenrs in Figure 2 into one logical workgroup 
requires only a single IP network number, and the 
router insulates this group of LANs from the others. 

However, this solution requires an extra bridge, 
adding to the delay in the vertical infrasrructure. 
Furthermore, unless the port connecring the externa! 
bridge to the router is equivalen! in speed to the three 
downlinks, the bridge traffic may become congested. 
A further considerarion is that adding a high-speed link 
between the externa! bridge and router increases cost. 

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

adding a port grouping feature to the collapsed back
bone router, providing the bridgin~ function internally 
between the three downlinks. 

Since tbe "port" to the router is interna!, there is 
no additional delay because irs speed is proportional 
to the speed of the three downlinks. The three grouped 
LAN segments are referred to as a vinual LAN. A vir
tual workgroup is defined by the collecrion of nodes 
or end systems attached to the grouped LAN segment,. 

A virtual LAN that takes up more than one pon on 
the bridge/router looks like a single LAN to the network. 
But because the administrator can srill routc traffic 
between virtual LANs, pon grúuping retains the advan
tages of full multiprotocol rouring. Furthermore, since 
port grouping is provided in a router. techniques like 
proxy address resolution protocols (ARPs) can reduce 
broadcastlmulticast traffic within the virtual LAL'I. 

Figure 3. Example of Virtual Workgroups within a Building 

Figure 3 shows an example of multiple virtual 
workgroups.ln this example, the engineering, market
ing, and finance groups are kept separare (insulated by 
a "frrewall") to isolate data resources and manage traf
fic between these virtual LANs. Using port grouping, 
al! of the engineering LAN segments are combined 
into a single virtual workgroup, evcn though they are 
physically divided into three segments spread across 
two floors. The virtual workgroup is assigned a single 
IP network number instead of three different numbers. 



Creating virtual workgroups using a single IP net
work number (because they are on the same virtual 
LA.t"n mitigates the complexiry of segmentation on the 
floors (because there is no need to change end-system 
addresses). lt also saves management time-for 
instance, workgroups can be "soft" configured in the 
NETBuilder ll without changes to the physical plant. 

Creating Routing Clusters with Switching 
When network traffic proliferates between the 

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

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

o 
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Figure 4. Three Alternatives for lmplementing Campus 
Router Clusters with LANp/ex !ntelligent Switching Hubs 

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 DXI interface 
will accommodate speeds up to 52 Mbps, full duplex. 
Figure 4 shows three altemative campus backbone con
figurations that can yield a significan! improvement in 
performance compared to a single FDDI backbone link. 

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

Increasing bandwidth within the workgroups 
means increasing LAN segmentation on the floors. 
But, eventually, the administrator runs out of spare 

Building 3 
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fiber cabling in the building riser, or uses up all the 
physical ports on the router. 

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

To suppon high-speed downlinks, the per-pon 
frarne processing performance of the collapsed back
bone needs to be increased by approximately a factor 
of 1 O. There are numerolll ways to accomplish this 
performance scaling. All of them require distributing 
sorne levcl 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 pon interface cards, otherwise 
known as the pon switching engines, and to centralize 
the complex route determination logic in a central 
rowing engine. 

This is termed an "advise-and-consent" approach 
because the first time a destination is "seen" by a pon 
switching engine. the central routing engine determines 
the route and tells the switching engine how to forward 
subsequent frames with the sarne destination. The pon 
switching engine thus perfonns the forwarding opera
tion with the advice and consent of the central routing 
engine. 

The pon switch.ing engine remembers the routing 
information in a rozae cache. Route caching adopts 
many of the cach.ing principies used to speed memory 
access in mainfrarne vinual memory caching schemes, 
but with one significan! advantage: Each switching 
engine is responsible for routing only the frames from 
end systems associated with the attached downlinks. 
Thercforc. each pon switching engine "sees" only a 
few ro u tes compared to the total number of routes 
avai lable to the central switching engine. Al so, from 
the perspective of the pon switching engine, the 
routes the end systems use do not change frequently. 

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

LinkSwitch for Connections Between Segments 
High-speed downlink suppon also requires sorne 

leve! of internetworking on the floor for attaching 
Ethernet and Token Ring LAN segments. The chal
lenge is to move simple, low-cost intemetworking 

functionality-a fonn of LAN switching that 3Com 
calls LinkSwitch~ technology-to the tloor without 
giving up the full-funclion benefits of a collapsed 
backbone router. 

LinkSwitch is an extension of the advise-and-con
sent technique. lt behaves like a NETBuilder TI pon 
switching engine for its attached LAN segments. Like 
the pon switching engine, if it knows the route, it han
dles the forwarding of frarnes 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 Switch ing Hub 
and Bridge/Router 

Figure S shows an example of a unique high-speed 
downlink solulion using a LANplex switching hub and 
a NETBuilder li bridge/router. The LANplex provides 
FDDI downlinks configured as three FDDI segments, 
with each segment defining a separate workgroup. Each 
higb-end server in the server farm is attached to the 
FDDI segment associated with its primary workgroup 
by means of bridge-per-pon or FDDI concentration 
within the switching hub. 

Figure 5. High-Speed Downlú1ks from Ethernet fANs through a 
IANplex toa NETBui/der /1 



The NETBuilder II provides full-function routing 
between the three FDDf segments andan FDDI campus 
backbone. The result is three extremely high-speed 
workgroups within a building with complete firewall 
protection between them and the campus backbone. 
Pcñormance is scaled by distributing intraworkgroup 
frame-forwarding to the LANplex switch, while 
assigning the much more complex mute detennination 
logic to the NETBuilder ll. 

Toda y, FDDf is the only standard high-speed LAN 
tcchnology that can be deployed as a downlink for 
interconnecting both Ethernet and Token Ring LAN 
segments. However, in the near future 1 00-Mbps Fast 
Ethernet will also be available. Fast Ethernet will sup
pon low-cost. 100-Mbps workgroup and downlink 
connections over existing Ethernet cabling. 

ATM as a Downlink Technology 
One issue that will eventually have to be resolved 

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

The 155-Mbps multimode fiber inteñace specified 
by the A 1M 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 
altcrnative that can handle advanced network applica
tions and growth in the future. 

Because the identity of a LAN segment can be 
retained by mapping it toan individual vinual channel, 
a single ATM downlink can forward frarnes from LAN 
segments associated with multiple network numbers. 
ATM allows for considerably more LAN segmentation 
without using up fiber cabling pairs. A single ATM 
link will easily support 15 to 30 Ethernet or 10 to 20 
16-Mbps Token Ring LANs on each floor. 

lf each LAN segrnent is mapped toa different vir
tual channel within the downlink, every segment can 
be identified by the router. NETBuilder II can now 
peñorm virtual channel grouping, allowing the admin
istrator to create virtual LANs justas though each seg
ment had its own downlink. The A1M downlink, which 
uses existing multirnode fiber-optic cabling in the 
building riser. may be implemented by simply adding 
new modules to the collapsed backbone router, and 
adding new modules to chassis-based hubs or new 
units to hub stacks. 

LAN downlinks transmit variable-size frames, 
and consequently ha ve variable delay-known as 
/atency. A1M downlinks overcome latency by segment
ing frames into shon. ftxed-length blocks called cells. 
Data, real-time voice, and video transrnissions can al! 
be transmined together through an ATM pipeline. 
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Latency can also be rninimized at the router once 
the frarnes have been segmented into cells. Since all 
the routing information is normal! y 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 pon is also an ATM inteñace. 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. 

CeiiBuilder for ATM Conversion 
3Com will suppon A 1M downlinks using 

CellBuilder technology within LinkBuilder MSH 
and LinkBuilder FMS hubs, converting Ethernet and 
Token Ring frames into A 1M cells for transmission 
across the A1M downlink. When cells are received 
from the ATM downlink. 3Com's CellBuilder tech
nology peñorms the reverse process, rea~sembling the 
ATM cells into LAN frames for transmission to the 
stations:' Figure 6 illustrates this conversion process 
for an A1M downlink on a building backbone. 

L1nkBU1Ider MSHiFMS Hub 

ATM Interface 

NETBulldar 11/lANple~ 6000 

Figure 6. Cei/Builder Support for LAN Segments on an ATM 
Downlink in a Building 

• CeliBu1lder uses the ATM ForJm standard mulnmode f1ber User Network Interface IUNI) 
to exchange ce lis across rhe A TM dO'M1ilnk.. And 1t uses the lntematlonal T elccomm~mcauon 
Un.IOn ITU-TS Stardard ATM adaP'.aúOrl AALS pmtocol lar ATM segmemat10n aOO reassembly 



lntegrating Meshed Campus Backbones with 
ATM Switching 

F01ward-looking network planners may choose to 
la y 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 [[ 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 li and LANplex switches segment 
existing LAl'ls. 

TI1is campus backbone will have a very high 
aggregate bandwidth, with data r~tes measurable m tens 
of gigabits per second. A bandw1dth of this magrutude 
could serve up to 20,000 Ethernet nades. 

Figure 7. Using ATM Switching ro Cross·Connect LAN Segments. 
and Router Clusters to Build an ATM Campus Backbone 

HPSN Stage 3: Enhancing the Collapsed 
Backbone with Routed ATM 

The standards-compliant ATM downlink described 
in the previous section can be connected toan ATM 
cell switch, giving the admirtistrator the ability to cross
colli1ect each virtual channel, and therefore each LAN 
segment, toa specific router or router port. Such an 
arrangement is shown in Figure 7. 

Cross-connecting LAl'l segments improves per
fomance because the traffic load is shared across 
routers. Splining traffic across routers and hubs also 
has the advantage of protecting the network against 
componen! failures. Furthemore. "homing" of seg
ments is possible-for example. the LAN segments 
making up a virtual workgroup can all be directed, or 
homed, toa single router. That way, the adrrumstrator 
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 fust is ce/lforwarding, or digital 
cross-connect logic, which to date has received most 
of the anention. In general, once a virtual charn1el has 
been established, ATM switches have exceptional 
high-speed, low-latency cell forwarding capabilities. 

The other functional componen! of an ATM sw¡tch 
is route determination, which sets up the virtual chan
nels. In current LAN environments, route determination 
is handled automatically by the routing cngine in the 
collapsed backbone router. This leve! of automatic 
functionality is also needed in the ATM environment. 

Since end systems use many different protocol 
stacks--common cxarnples being TCPIIP. IPX, 
AppleTalk~ and DECnet®-the route detcrmination 
function needs to be protocol-dependent. The eas~est 
way to accomplish this is by adding ATM to the exten
sively developed multiprotocol route-deterrrunat!On 
logic residing in the switching engine of the collapsed 
backbone router. Standardized methods for route deter
mination are expected to emerge from work being con
ducted by the ATM Forum on LAN emulation, andby 
the Internet Engineering Task Force (IETF) on routmg 
over ATM. 



Figure 8 illusrrates how ATM route detennination 
works. An ATM end system establishes a virtual chan
nel to the collapsed backbone router and transmits its 
routc determination frarnes (for exarnple, ARP frarnes 
for IP) across this vinual channel. 

F(gure 8. ATM Sw1tching with the ATM End System Funcrioning 
as a Switching Engine and the Router Acting as a Rout1ng Engine 

If the destination system identified in the route 
detennination frarne is attached to the same switch 
(that is. il has a vinual channel to the router), the rout
ing cngine in lhe router helps set up a vinual channel 
hetween the two end systems for direcl communication. 
Otherwise, the routing engine helps set up a vinual 
channel between the requesting ATM slation and the 
collapscd backbone router, which in turn forwards 
frames lo and from the end syslem. This end system 
could be either at the local LAN or ata remate site. 

From an architectural perspective, then, ATM 
switching is an extension of the advise-and-consem 
tcchnique: A central routing engine works in tandem 
with a switching engine to optirnize network throughput 

Managing the Network 

HPSN implements 3Com's Transcend~ farnily of 
network applications. The Transcend management 
architecture goes beyond individual devices to control 
logical systerns made up of all the de vices in a particular 
workgroup, building, campus, remate office, or WAN. 
The administrator can manage logically connected 
groups of nades as a single entity, rather than having 
to corre late information from hundreds of dispersed 
devices. 

The architecture takes advantage of 3Com's breadth 
of curren! products and SmartAgent"' intelligent device 
agents, while also supponing Simple Network Manage
ment Protocol (SNMP) compliant products from other 
vendors. More imelligence can be added in the furure 
to automate management tasks. 

Because an SNMP Management Information Base 
(MIB) for ATM is being defined by the Internet 
Engineering Task Force, incorporating ATM in 
Transcend applications will be straightforward. 
Transcend applications run on most popular manage
ment platforms, including Sun's SunNet'" Manager 
and Hewlett-Packard's Open Yiew~ 

Today's Foundation for HPSN Migration 

3Com's HPSN rnigration strategy involves an 
evolution of the network, not just thc upgrading of 
individual network components. As each new capabil
ity is added lo one area of the network, complementary 
capabilities are already in place in other arcas. By 
orchestrating network change in this way. you can max
imize your return on investrnent for each improvement. 
3Com is uniquely positioned to suppon lhis migration 
process because the 3Com product line spans the entire 
network-from local workgroups, to campus back
bones, to remate users. 

Equally critica! to cost-effective performance 
rnigration is the ability to expand the capability of the 
network by adding new functionality to the devices 
that have already been installed. As this paper points 
out, 3Com products shipping today have this expan
sion capability. These future-proofcd products allow 
the network manager to establish the foundation for 
performance rnigration while still protecting network 
investrnents, both now and in the years to come. 
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Oklahoma Te!emedtcme Nerwork 

The Power of a /Vew 
Medica! Technology 

E.\rens in the lield note thur the image

oriemed nnture ol ml.'dJcine makes the 

apphcatlon of lelcmcd!cme !he ideal 

[J!c..,crlruon for unproving rural health

carc :md lowcnng costs. In essencc. the 

nctw01k bccome-.; directly mvolved in 

rhc Jia~no:.tic proce"s. '-\'hich has a ~~g

nilicam tx:aring on the co~t amt tJmcline~.-. 

tlf sub-;cquem treatment. 

Tdcmcdicine is also in step with the 

growmg cmpha.sis on preventive care. a 

componcnt found m mosr bro<.~d health

c:.tre reform proposals. By allowing the 

rural p~lllen!"s primary e are phy:.JCJan to 

... upervi:-c ami dircct care-giving Jocally. 

rather than refcmng the pallcnt Jmmcdi

:nely toa region:.~l hospllal. relemedicinc 

a1tb m thc Ci.lrly detcction of illnes~e!'> 

and helps ~peed diagno~is. And the con· 
~ . 

vcni('rlCl' of local e are encourages patients 

to vi;;;n the1r local doctor more often for 

routine chcck-up:-.-bnnging expen care

g1vas at the regional ho~pital into the 

loop :u the earlie.'t diag:nostic stagc~. 

Reccnt rcsult~ from a telernedicine 

~y..,tem in Georgia demomtrate the tech· 

no!ogy\ promi .... c: patJCnt transfers from 

rural facduic<;; lo reg10nal or urban centers 

wcrc rl.'duced by S5 percent, saving patienls 

both u me ami money. and more impor

tantly. rcducing delay') in treJtmem. 

Telcmed1cine ¡.., simply an application 

of a wide·mca networking infras.tructure. 

:\ ba'lic tclcmedicme ~y~tem mcorporates 

mlag¡>g~llhering and tmage-transmission 

hardware. mcluding wide-area links 

bct"•:ecn remate sites and larger regional 

ccmcrs. 

The Oklahoma Tekmedicine Ne1work. 

des1gned and mS!alled by sy.slenlS mle

gralor CPI/MicroAge. rclies on 3Com \ 
high-perfom1ance routers <.ll the larger 

regional hospilab. Each rural hospilal " 

equipped wnh a JCom remole office muler 

for handling tran~mi~!<!IOnl.i over the net

worJ(~ T-1 line~. 

The radtology applicat1on configured 

by CPI/MicroAge m each rural sile rehes 

on a Sun~ \vorksration and a Kodak~ 

image scanner thm dig1t1zes .x-ray~ and 

transfers them tn a color screen with :.~ 

2.000 x 2.500 p!.\cl rcsolul!on in aboul 

!lve minute!\. 

Al each rural hospilal a JCom hub 

provide~ winng conccntr:.HJon as part of 

3Com 's SuperS!ack"" sys1em archileclurc 

for building comple!ely slackable. cosl

effective networks. Apple Macmw~h·· 

computer.-. al each ~ite can)' ba~ic admm

istrative producriv1ty applications. a~ well 

as Lotu~ Note~· 'IOftware for 1nter-hospital 

commumcation~. And JCom \ T ramcend ·· 

software provides the necessary central

i¿cd managemenl for the entire network. 

Evolution of the Oklahoma 
Telemedicine Network 

The Oklahoma Telemeuicme Nelwork 

(OTN) began as a slale-funded pilo! 

projecl a11he Universily of Oklahomas 

Heahh Sciences Cemer. 

In that initial test. six mral ho<;jpital~ 

were linked lo !he Univcrsily to validme !he 

lclemedicinc conccpl. lnleresl grew-and 

so diu !he number of rural hospi1als seek

ing lo jom !he nelwork. bringing !he 1o1al 

lo 38. In addition. more !han 15 regional 

hospr!als are aho panicipallng. 

The full rollou¡ of !he OTN is receiving 

federal suppon. Seemg lclemedicine os a 

Viable economic devdopmcnt t<x1l for rural 

communJLIC\.the U.S. Depanment ot Com

merce allocaled s.J.:i mi ilion 1n bloCk gr:mls 

to fund the ftrst l\\:O y~ars ofthe projccL 

Money that typtcally w;.¡;., dedicated to 

building local road" and bndge~ ¡.., com

mitted instend to ~upponing a nev.· ~m<.l or 

infrastructurc inve .... tmem-a rural infor

mation highway. 

These grants are ~upponing the ¡uraJ 

ho.':lpital.s· involvement. while thc regional 

medica! center'l are panic1pming at the1r 

own COl,{. Within l\1.'0 year:>.. ~aving:-. rrom 

the network are e'i:pected to covcr th~ co<.,t<., 

of tnvolvemem_for lile rural hosp;1al~-as 

they gain !he ability to lreat more pí.!llenr .... 

locally. 

The thrce primar:· go~!!:-. of thc rK'l\\ or~ ·.s 

in111al appltcation were acce .... s. d!.!ct..,ton 

1uppon and usefulne'l. <a id Gene Hop¡xr. 

director of the O~lahoma Tdemedicme 

Netv,.:ork. 

··Ruru! provtder.s :.Irc bu!atcd. and 

medicine ch:mge" 1apidly."" .... he ~atd. ··'Jl1ey 

wantcd more suppon for thc dectsion~ 

they were rnakmg about treatment. t\nd 

rural profeli~tonab are trying to prov1de 

excellem care Wtlh mini mal re ... ourcc'l. 

A teleconferenctng too! that ph) SJCI<ln~ 

would U!-!e once a weck did not mee! the 

rural ho!-!pital".~ primar-y necd:· 

·' 



In shon. rural healthcare pmvrder>. 

th.:~ecled acce~" to infonnation wherever it 

re ... ided-and acce-.~.. on their own tem1~. 

''\Vith the~e fundamental need~ m mind:' 

lloppcr said ... radiulogy was rhe logrcal 

lir~l choice among applications:· 

\Vithout the networlo.. rural patient~ can 

expecl to wait threc to ti ve days !xfore their 

s-ray film can be read by a board-cenilied 

mdJOiogl~t at the regional hospi1al. The 

OTN protm~c~ to reduce that tumaround 

time to ju~t 15m mutes in emergency situ

aoon:- and les~ than an hour in non-life

lhreatenmg situatiom. 

Bur llopper added rhat tele-radiology 

is ·just rhe tip of the rceberg. Well loe• 

rnro tcle-cardiolog.y. tele-dermatology 

ami many other medica! application~:· 

~he ,aid. ··we can a[<.;o u!'-e it for educa

uon. and access to enonnou~ mformation 

re~ource~ likc phaml~H:eu!tcul databa.-,es 

and l'Hcr.nure -.crvtcc:.-,'.' 

B<l'~ic clectronic communication via 

~-mJil i."> vtewed J..., another tmponam 

advamagr.=. r:.li~ing the level of commu

nlcation bctwe~n colleague!-. and rural 

Jl!encte:-.. And inmanagcd-care enviran-
" ~ . 

rnents. whcrc co'il saving~ are key to the 

orgam1.ation \ :-.uccess. the network. ha..., 

potential for increa~tng admini'\trativc 

cflicrcncres and helping hospital oflicial\ 

evalume cmrs and procedures. 

.. \Vhat we can do with lhis infrawuc

ture r.s unlimllecl:' Hopper said ... Our 

funding. however. is not-:-.o we ':ltaned 

wtth radiology.'· 

Building the Oklahoma 
Telemedicine Network: 
lnitial Project lmplementation 
In rhc fiN phase of the OTN projecl. 

3R smaller rural hospllals will connect 

to larger. full-service. regional healthcare 

faciliues and to each orher via a statev.·ide 

WAN over T-1 lines. First ro go on-line ts 

the radiology-rmaging application. which 

will reduce the u me needed for proper 

evaluat1on of 1(-rays from :-.everJI da y~ to 

about 15 minute:-.. 

Each rural ">lle has a JCom router, 

3Com hub. a Sun worbtation. Kodak 

image scanner and Macintosh computers. 

The 3Com solutrom are pan of the inno

vative SuperStack system of completely 

stackable remote-site and depanmental 

networks. SuperStack ~ystem solution..., 

include wiring concentration. bridging, 

routing. LAN ...,witching. redundan! po\\.'Cr 

supplies and SDLC conversron-all 

de:-.igned 10 he economical and easy 10 

install and managc. And 3Com ·, Boundary 

Routmg· sysrern sothvare centralizes com

pleXIty in JCom NETBuilder 11 routers 

al hub sites where suppon is provtded. So 

acces~ can be extended to up to 10 times 

as many ~ite~ a.;; '"' ith traditional routers

without any added admmistrativc d~mand:... 

Building the Oklahoma 
Telemedicine Network: 
Future Plans 
Additional applications are expected to be 

made availab1e a~ u~er:.. become familiJr 

wl!h the systcm. As Hopper noted. nearly 

any image-ba~ied diagno~tic procedure can 

be carned over the ncrv,.,or"-. At the ~ame 

time. \Vith tradltional baiTiers removed. 

the network ~hou Id introduce a new leve! 

of competi!ion for ce11ain mcd¡cal .... crvices. 

"Now geographics are moor:· noted 

David Blankenship. proJCCt manager for 

CPI/MicroAge ... Anyone in Oklahoma 

can provide the x-ray rending ~ervice. 

So n's going to fo...,tercommerce while 

lowering costs-und it's gomg to chnng.e 

rhe wny hospitals opcrate:· 



In th1.1 envtronment, the rural hospilal 

could dnv~ expansion ofthe network 

Jllst as much a' the regional hospitals. 

lllankenship predtcls . 

.. Region(J] hmpitals realize there are 

a lot of ~ervice'i they could provide via 

th1s mfrJ~tructure:· he .;;aid. "For ins1ance. 

after-hours cardiac monilonng lo a 40-bed 

rurol ho,pilal thal can·! afford 10 statT !he 

facililv." 

"Wc ;mticipate the regional hospilals 

being creativc with new applications:· 

he added. "Then the arN will mush

room atan exponent1al rate-in sites 

and applications." 

Exploring the Possibilities 
In !he future.thc OTN infras1ruc1ure 

will provide easier. fastcr access 10 vital 

palien\ records. no matter which network 

facilny the patient choo~es to v¡s[[. This 

application can reduce paperwork. lhus 

allowmg healthcare profe.;¡sionals lO 

devotc more time 10 trcatment. nnher 

!han chasmg records. Individual physi

CI:ms· oflices will also be able lo link 10 !he 

networJ.... usmg solutions ~uch as JCom's 

. .l..ccc,.;;Builder'" for dialing in 10 gain cao;;y 

nctworl-. 3Ccess. 

Other panners tnvolved m 1he OTN 

pro¡w include: Access Radiology. Apple 

Compulcr. AT&T. Kodak Heahh lmagmg 

Sy,¡cm.-. and Lotus Dcvelopment. 



Telemedicine network promises 
better and faster ca re for less money 
In rccent years, landmark developments in medica! 

technology have changed the face of healthcare across 

the United S tates. The effects of many of these break

throughs however. have had relatively little impact in 

many rural communities, which are too far removed 

from urban centers where the most sophisticated tech

nologies are supported by larger populations and greater 

economies of scale. 

A comerstone of most reform initiatives toda y 

is expanded access-puning more people in touch 

with better care. Today, in rural America. the State of 

Ok.lahoma, CPI/MicroAge. 3Com and other solutions 

suppliers are joining forces to bring that goal within 

reach-through an application of wide-area network

ing technology known as telemedicine. 

Telemedicine aUows seasoned medica! specialists to 

pay ·'electronic house calls" to even the smallest rural 

hospitals and clinics. Network links can send x-rays 

and other clinical images great distances in a matter of 

minutes, allowing rural patients and their doctors to 

tap medica! resources and experts once reachable only 

through lengthy travel. 

The Oklahoma Telemedicine Network (OTN)

believed to be the largest in the nation, ha' continued to 

be a trailblazer in this rapidly-evolving network appli

cation. Developed under the auspices of the Health 

Sciences Center at the University of Oklahoma, the 

OTN is moving healthcare reform fmward toda y in 

the state 's niral areas. 

And at the heart of this network are proven. practica! 

remote-site networking solutions from 3Com. 

Representing a revolution in the delivery of rural 

healthcare, the OTN promises to accomplish many of 

the primary objectives for overall healthcare reform: 

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

• Lower costs for treatmenl 

• Less time between diagnosis and delivery of treatment. 

• Expanded opportunities for training and continuing 
education of rural medica! professionals. 



El Grupo Financiero Probursa 
(CFP), es un Caso de Extto Internacional 
para Cisco Systems de ~éxi~o, da_do que 
es la primera InstituCion Fmanctera en 
integrar Tecnología ATM en su operación 
de Redes. 

Con el fin de dar a conocer en el 
campo práctico las ventajas de las 
aplicaciones de la Tecnología AT_M, 
entrevistamos al Ingemero Jorge Macias, 
Subdirector de Telecomunicaciones y al 
Ingeniero Fernando Krasovsky, Gerente de 
Implantación de Proyectos del GFP. 

Los antecedentes de equipo Cisco en 
el GFP datan desde principios de 1993, 
cuando este grupo financiero desarrolló la 
estrategia de consolidar en un sol~ centro 
de cómputo la operación de la totalidad de 
sus sucursales y oficinas operativas, lo que 
representó un alto grado de compleji?a_d en 
términos de la integración y conectividad 
de distintas plataformas y redes. A través 
de ruteadores Cisco del tipo AGS se hizo 
posible resolver estos proble_mas, ~~~más 
de meJorar los niveles de d!spombiltdad 
mediante el uso de medios redundantes en 
puntos críticos, apro_vCc~_and~ ~Js 
características de comumcacwn atomiGl 
propins de esta tecno~ogía. 

La red de Probursa, es decir, la red 
principal o backbone, tiene c?municación 

Edificio 1 

Cisco 
7000 

Lighstream 
100 

Edificio 2 

f 

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 están basadils por completo en 
Ruteadores Cisco La finalidad de la 
Tecnología ATM en la red, es la de 
comunicar a altas velocidades (155 \1bps) 
los dos edificios corporativos del Grupo 
Financiero: el \1ontes Uralcs 1 y el nuevo 
edificio Montes Urales 11, a través de un 
backbone. Ambos corporativos tienen 
comumcación ATM por medio de dos 
Switches AtOO Cisco y Ruteadores Cisco 
7000. Como todas las aplicaciones se 
comunican bajo ATM, y la pérdida de los 
enlaces puede ser bastante críticil, se ha 
colocado una trayectoria principal de fibra 
óptica con un respaldo por micro-ondas, 
sobre el mismo concepto de ATM. 

Por su p<ute el esquema que tienen 
funcionando los Ruteadores 7000 hacia los 
Switches ATM, est/1 establecido por !<1 
t01rjeta ATM Interface Processor. El 
computador central es un 9121, con 
sbtemas AS/400 v comunicnción con el 
computador T;md~m de la Bolsa ~kxic01n01 
de Valores (BMV) 

Primer esquema de 
funcionamiento 

El eSC]Uema que se planteó fue de 
dos anillos por piso, cadil uno con dos Token 
Rings de diferentes Ruteadores 7000. C<1da ~ 
.:millo cuent<1, además, con una lleg<~da por· 
fibra óptica y la otfil por cobre. Esto muestra 

Cisco 
7000 

Llghstream 
100 

Cisco 
7000 
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que se cuenta con un esquema de 
redundancia com.pleto de ruteadores, fibra,. 
cobre y a milos, en caso de que se perdiera 
cualqUier ruta. 

A fin de d1sponer de una 
redundancia completa en todos los anillos 
Token Rmg, los ruteadores dividen sus 
cargas para todo el tráfico de datos. Esta 
facilidad la da el Stand by Router, para que 
en el CilSO de que haya algún problema con 
uno de los ruteadores, él o los otros, puedan 
soportnr la cornumcación de todo el 
edificio. Podemos resumir que el Ruteador 
que soporta las dos rutas, automáticamente 
switchen de uno al otro, sin perder la 
informaoón que manejan los usuario~, en 
el caso de que falle una de ellas. 

Esto es de gran importancia para el 
GFP, ya que cuenta con un número 
c1prox1mado de tres mil LU's conectadas 
en red, hacia el procesador central9121 Las 
LU's no son exactamente usuarios. La 
diferenCia r11dica en que cada usuario 
utiliza de dos a tres sesiones para tener 
diferentes aplicaciones en forma 
simultanea. Podemos agregar que las LU's 
son unidades direccionables que permiten 
a los usuarios finales comumcarse entre sí 
y tener Jcccso a los recursos de la Red SNA. 

Hoy en día, todo el esquema de 
comunicaCión hacia el edificio Montes 
Urales 11- cuyo \)b¡etivo es el de Integrar a 
las diferentesempresasdelGFP en un solo 
edificio-, es a través de RDI con respaldo 
en microondas y /o satélite en las d1ferentes 
suLursales 

Por qué ATM con Cisco 

La razón por la cual Probursa está 
mnovando una arquitectura ATM, se debe 
a su búsqueda por la mejor tecnología para 
el Grupo Financ1ero. ATM representa para 
GFP la me¡or inversión en cuanto a 
tecnología y rentabilidad. Aunque 
anteriormente se analizó una propuesta 
para instalar Frame Relay, se convino en 
que ATM está más a la vanguardia que la 
tecnología anterior. 

Sin tener que estar haciendo 
cambios en aplicaciones y considerando la 
1nfrastuctura existente, en Probursa 
simplemente se incorporaron los equ1pos 
ATM a producción. 

Aunque todavía no se cuenta con 
la aplicación liberada en video, en Probursa 
se está consciente de la necesidad de contar 
en un· futuro con aplicaciones que puedan 
mane¡ar video, voz y datos de manera 
conjunta. Por lo tanto el GFP ha preparado 
la infraestructura necesaria para darle 
soporte a sus clientes tanto externos como 
internos. Con la aplicación de imagen, se 

tos l11gs. ]vrgc Madas H. y Ft!manda Krasovsky S. 
del Gr11po PROBURSA 

está planeando maneJar viodeo
conferencias con los clientes del GFP para 
juntas de trabJjo, capacitación, asesorías 
fmancieras, etc. 

Actualmente las aplicaciones del 
GFP son cliente-servidor 
Todo el ambiente de su red de área amplia 
está migrando al esquema TCP 1 IP y se 
están eliminando todos protocolos no 
ruteables en la red. El sistema operativo 
que se maneja, está en dos plataformas·. 
Windows NT y 05/DOS. 

L.a.s aplicaciones que el GFP mLtneJa 
hacia el computador central9121, e lAS 400 
y la Tandem de la Bolsa Mexicana de 
Valores, las acces<1 desde el nuevo edificio 
a través del backbone de ATM. Las ventajas 
más sigmficativas que proporciona ATM 
en el backbone son: la velocidad y la 
confiabilid<td. 

Al principiO el GFP probó vmias 
marcas de ruteadores. Sin embargo Cisco 
Systems de México apareció como la meJor 
opción, por todas las facilidades con que 
cuenta su equipo y el soporte técnico que 
les bnnda en conJunto con Red Uno. Otra 
de las ventajas de la tecnología Cisco es su 
escalabilidad, el acceso a nuevas versiOnes 
y el sistema de momtoreo centralizado con 
que cuenta a través del soft\vare Cisco 
Works. Éste ha resultado la herramienta 
ideal para administrar, controlar y 
configurar toda la red de datos en su 
seguridad, porque proporciona diferentes 
parámetros cuando surge algún problema, 
permitiendo solucionarlo dónde y cuando 
se presente. 

El plan final del GFP es el tener en 
cada sucursal nueva un Ruteador y una 
Red. En un futuro cercano se planea que 
su integración total sea a través de ATM. 

Por último, puntualizaron que 
quien tenga el mayor número de serviCios, 
será el líder del mercado financiero ............. 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

TECNOLOGIAS "FAST-PACKET" 

Q CRS (Cell Relay Service) 

Q Frame Relay 

Q SMDS (Switched Multimegabit Data Service) 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 

Se estima que el mercado conjunto de Frame Relay 
y SMDS (Switched Multimegabit Data Service) 
sobrepasan los $1.2 billones de dólares en 1995 
en los Estados Unidos. 

• "'"' 

. . 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 

1;;;1 Frame.- Bloque de información de longitud variable 
enviado a un medio de transmisión como 
unidad de la capa de enlace del modelo OSI 
(nivel 2). Consiste de una bandera, una 
cabecera, un campo de Información y un "Trailer'' 

1 octel 2 octeta up lo 8189 octera• 2 octets 1 octet 

" 
1 1 

1 [, " 1 FnmeChek r Flag l Flag Addren Field \lnformation Sequence 

01111110 '' 01111110 

[& ,:'"'''"'""'''' :. "- x 
:·_ ::, 
-- . - - ·-
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 

Frame. Relay es una nueva tecnología de alta velocidad basada 
en paquetes, con asignación dinámica del ancho de banda, alto 
rendimiento y bajo retardo, para soportar el incremento del 
tráfico de información en ambientes corporativos. Frame Relay 
define un formato estandarizado para los "Frames" de nivel de 
"data link", los cuales son transmitidos sobre una red de LANs 
interconectadas o sobre una red pública de datos. Un " Frame" 
es ensamblado por el equipo terminal del usuario y es 
interpretado por los procesadores nodales de Frame Relay o en 
su caso por ruteadores remotos. 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 

Características: 

JO, Soporta solo transmisión de datos 

-0 La transmisión se establece por unidades de datos de 
longitud variable ("Frames"). 

JO; Se establecen conexiones virtuales 

-0 Comparado con la tecnología tradicional de conmutación 
de paquetes, reduce significativamente los retardos en la 
transmisión. 

"G Más eficiente en el uso del ancho de Banda 

JO, Decrementa costos en los equipos de comunicación 

3-5 



TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 

Eficiencia: 

En los servicios tradicionales de conmutación de paquetes 
los retardos que se introducen en la red, son de 200 ms o 
más. En redes Frame Relay se reducen de 20 a 40 ms. 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 

Velocidad: 

Q FRI.- Frame Re/ ay Interface 

Soporta velocidades de: 

.!(; 56 Kbps 

.!(; N x 64 Kbps 
JrJ 1,544 Mbps 
"'O 2,048 Mbps (Europa) 
'1' 45 Mbps (Algunos fabricantes) 

, __ :_; 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 
Tecnología anterior: 

Se requiere de 9 canales T1 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY Tecnología Frame Relay 

~>---(FRNP 

JF,amo <olay 
IINI 

' '""' 
Se requiere un canal T1 o FT1 

--:. --- -~ 

~· 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 

Frame y Formato del campo de direcciones 

1 OCIII 1 OCIIII \11:110IIIIkle!l0 

A!3Cirt~ll F"olld 

7 • • 
1
0LCI (h•~ ord•rJ 

1 ' ' 

rilCII¡t)~ ord1r) ! FECN ! BECN 

' 

" 
• • 3 

1
0LCI(hogh ordlt) l 

' 1
QLCI 

1 1 
f:"ECN BECN 

' 1

0LCI (low orcl'lr) 

1 1 1 

• • 5 • 
OLCI (l'l•C11 ordlr) l 

1 

1 1 

' 1 

OLCI FECN BECN 

1 1 
1 1 

OLCI 

' .1 

QL::I (low order) 

1 .~ 

1oe1m 

Fr~me Chlldt 
S1qu1RCI 

2 

DA EA 

~· o 

OE EA 

' 

' 
DA EA 

~· o 

OE EA 
o 

EA 

' 

2 

DA EA 

~· o 

OE .. 
o 

EA 
o 

' EA 

' .1 

""~ 

01111110 

CtR: Botlnllnded lo 1uppor1 1 
corn'T'IIInGir•aponll 1nd.catron. The 
Ull of th11 !~Id m app!IC.IIIOn IPICriiC 

EA Addrtlssl~ld IJ11RIIon biT 

DE. 011Cird 1h9b111ty lndcaTor 

BECN. Bad:ward ••plrctl conv•a10n 
nollfcl!ron 

FECN: FOfWit'd a•plir:rl conQIIIIOII notlicallon 

DLCI· Oe11 lnll conncuon ldentrl,.r 

,;.-.-------

• ; 

i 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 

Comparación con X.25 

, __ =--
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

X.25 -(> FRAME RELAY 

X.25 Packet Switching 

Frame Relay Fast Packet Switching 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA • i 

' 
EVOLUCION FRAME RELAY 

. ; 

1990-1992 

Protocol X.25 --!> Frame Relay 

Switching 
Technology Packet Switching Packet Switching 

1993- 1995 

Protocol Frame Relay 
Frame Relay 

Switching Packet Switching ---e> Fast Packet Switching 
Technology 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 

Corrección de Errores: 

Cuando en la red se detectan errores la corrección es relegada 
a los sistemas terminales. Las condiciones de error incluyen 
pérdida, duplicación, descartación, pérdida de secuencia de los 
frames. La forma de recuperación de errores puede medir el 
rendimiento de los equipos. 

Estadísticamente se ha comprobado que la probabilidad de falla 
en un frame es del orden del 0.9%. 

------ ~-

~! 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY TIPOS DE SERVICIOS 

Q SVC Semipermanet/S witched Virtual C ircuit 

'1: Asignación dinámica de rutas 

Q PVC Permanet Virtual C ircuit 

J;J Configuración estáticas de rutas 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 

Conceptos: 

Q Frame Relay Processors 

o Frame Relay Nodal Processors 

Q Frame Relay Networks 

'"'J Pública 
~ Privada 
~ Híbrida 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY Red Pública 

PVC --- ----::;-
/ 

/ 
/ 

Fr1mc Rdov NciWurk 

/ 
/ 

/ 
/ pVC 

/ 

Ho111 

.- ;.- -.-..:... - ··---· 

,., . 
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TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

FRAME RELAY 
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FRAME RELAY Red Pública 

n =' 

3-19 



CURSO:TECNOLOGIAS EN SISTEMAS DE BANDA ANCHA 

.. C>~SULTC>.RES 
'Lf u 'Lf r::o ~ ~ S.A. 
D = D ~ {"';7 ZS,. D E 
e 1 1 e e 1!!1 ~ !!!!!le c.v. 
INGENIERIA COMPUTACION INFORMATICA 

ACRONIMOS Y TERMINO LOGIA 

[Jasado En Las Normas Inlernacionales CCITT . ANSI 

< ~ 
.. ¡ 

·-_; --. 



111 BASES Ve SiarLAN 

111 BASE2 Véa.1e Cheapemel 

10 BASES Especificación de capa fls1ca (phys1c1l Layer) de banda base (bascband) 
IEEE 802.3 similar a Eihemel, que emplea cable co:lXIal grueso y que funcwna a 
JO Mbps. 

10 BROADJ6 EspecificaciÓn de banda amplia (broadband) IEEE H023 que 
emplea cable coaxial grueso y que funciona a JO Mbps. 

10 BASET Especificación IEEE 802.3 que emplea cable de par lrenzado (lwisled 
pau) simple y que funciona a JO Mbps 

A & B bil signaling, Señalización de bils A & 8 Proccdimienlo empleado en la 
mayoría de los silios de lransmisión TI, en el cual un bil de cada sexlo marco o 
!rama (frame) de cada uno de los 24 subcanales se usa para información de 
señalimción de supervisión. 

AHM Asynchronous Balanccd Modc. Modo balanceado asincrónico Modo de 
comumcación HDLC (y su prolocolo derivado) que maneja comunicaciones de 
pumo a pumo enlre nodos equivalenles (pccr) para dos estaciones, en donde 
cualquiera de ellas puede imc1ar la transmisión. 

ahstraL1 syntax SimaXIs abslracla. Descripción de una eslruciUra de da10s 
independienle de la codificación y del 1ipo de hardware. 

uccess-group Suborden de la interfaz Cisco que aplica una lista de acceso <1 una 
interfaz_ 

uccel·s-list Lisia de acceso. Lisia que los enrutadorcs Cisco emplean para controlar 
el acceso desde o hacia el ennuador para serviCIOS vanos (por ejemplo, para 
impedir que paqueles con una cierta dirección IP salgan de una inlerfaz en 
particular del servidor de la red). 

accen mcthod Mélodo de acceso Sof!Warc de un procesador SNA que COillrola el 
fluJo de información a lravés de la red. En general se refiere a la forma en que los 
disposilivos de la red 1ienen acceso a ella 

uccountillJ: munugemenl Adlllllllstración de cuentas Una de las CIIICO c;¡tcgorías 
de admuuslración de redes definidas por ISO para el maneJO de redes OSI. Los 
subsistemas de adnunistración de cuentas son responsables de recolectar los datos 
de la red que se refieren al uso de los recursos. 

ACFAclwmced Cwtmlwucaliuns Fuuctwn· Funczón de comunicaczón avanzada_ 
ConJulllo de produclos SNA que ofrecen procesanuenlo d1slflbU1do y comparación 
de recursos. 

ACFINCP .·ldwmced <~'ommuntcattons l·i¡nclttm:Vetw(Jt-k Ctnl/rtJ/ Program. 
Función de comumcacrón avanzada /Progmma de control de redes. Programa 
przncipal de control de redes SNA. Reszdc c11 el controlador de comunzcactones y 
szrvc como mterfa¿ con los mélodos de acceso SNA en el procesador principal para 
controlar las comunicaciones de la red. 

ACK Abreviatura de acknon·ledgmem (acuse de recibo) Norm;:¡lmente se envían 
ACK ·s de un disposliivo a otro de la red para mdicar que ocurrió algún suceso (por 
ejemplo, la recepc1ón de un mensaje) 

A(:\'E /b.mcwlwn Cuntro/.\'en.'ICe 1-.Jement.- Elemento de servicio de control de 
asociación Convencrón OSI empleada para establecer, mantcnn o tcrnunar una 
COitcxión entre dos aplicaciones. 

active hub (Vém1e hub: concentrador). Dispositivo de varios puenos que 
amplifica señales de 1ransmis1ón de una red local, LAN. 

adapter Adaplador. TarJcla de una PC, normahnenlc inSialada deDiro de la 
máquina, que ofrece capacidades de comunicación de red desde y hacia la 
compuladora Suele usarse lambién en lugar dellcrmmo NIC 

aduptive routing Enrutanucmo adaptable Véase enrutamienlo dinámico 

ADCCP .·ldwmced Data Commumcatwn.\· Cumrol Prutocu/. Protocolo de control 
avanzado pcua comumcación de datos_ Protocolo ANSI estúndar para control de 
enlaces de datos que funciOna en el 111\'el de blls 

uddre.'i!J. Dirección Estructura de datos empleada para idenuficar una enudad 
úmca, como algún proceso o la locali:~.ación de una red-
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uddre!J'J; mu.otk Car(llula o m;bcara de la duc<.:CIÓII CoHibllla<.:ión tk hlls empleada 
pma designar los bits de dnccciÓII de la subrcd dentro de la dirccciÓII del protocolo 
de una red. 

address reso/ution Resoluc1Ó11 de dirección Suele referirse a un método para 
resolver diferencias entre diferentes esquemas de dircccionanucnto Por otra parte, 
especifica un método para hacer corresponder las dlrcCl:IOncs del nivel J del modelo 
OSI (capa de red: nelwork !ayer) con las del nivel 2 (capa de enlace o de 
comunicación de dalas· link !ayer). 

adjacenc.y Adyacencia_ Relación formada entre enrutadores cercmws seleccionados 
y nodos terminales con el propósito de mtercambiar mformac¡ón de cnrutanuento_ 
La adyacencia se basa en el uso de un segmemo fisico común 

adjacent nodes Nodos adyacemes. En SNA, nodos cancelados a algún airo en 
forma dirccla, sin nodos imermcdios. En DECnel y OSI, los nodos adyacemcs son 
aquellos que companen un segmelllo común (Eihernel, FDDI, Token Ring). 

adminütrativa distance Dislancia adminislrall\'a. Medida de la conlabolidad de 
una fuente de información sobre rutas En los emuladores Cisco, la dislaiiCia 
adminislraliva se expresa como un valor numénco entre O y 255 (nucntras más alto 
sea el valor, menor es la conlabihdad). 

ADPCM Atlapt1ve Differentia/ Pulse Code Modu/atwn: Modulación doferencial 
adaplable codoficada por pulsos. Procedimoenlo medianle el cual se emplea la alla 
correlación estadística entre muestras consecutivas de voz para crear una escala de 
cuanlización variable (o adaplablc). Con ADPCM se pueden codificar muesoras 
analógocas de voz en forma de señales digilales de buena calidad. advenising 
anuncios. Método con el que los enrutadores manlienen listas de rulas utilizables, 
enviando ac1uali1.aciones de enruaamiemo o de serv•coo en periodos especificados de 
liempo. 

adyacencia Véase adjaccncy. 

agent Agenle. Soflware que procesa pcdodos y dc\'uclve respueslas en alguna 
aplicación En los sislcmas de adminislración de redes los agcnles residen en lodos 
los disposilivos bajo comrol y reponan los valores de las variables especoficadas a 
las estaciones de admuüsuactón. En las arquuecturas Cisco un agente es una 
larjela individual de procesador que ofrece una o varias imcrfaces fis•cas. 

AGS .~ltll'lmcetl ( iateway .\'erwr.- Servidor de ullcrconuuuGICIÓil avan1.<..1do. 
Nombre del énrutador/puent¡; Cisco de tJ ranuras (slols). 

AGS + .-ldwmced (iateway Set"l'er } 1/us- cnrulador/puentc C1sco de Y ranuras con 
1111 módulo cBus de conmutación Cinco de las ranuras se cancelan al cBus. 

AIS ..1/arm Jndu·atwn Stgnat- Señal de alarma. En TI es una señal de bils en uno 
que se trasnule en lugar de la serlal normal para man1cncr continuidad en la 
transrmsión e indicar a la 1ernunal de recepción que hubo una falla de lransmisión 
locali:t..ada en, o a111es de, la tcrnunal de transmisión. 

u/arm Alarma Mensaje que av1sa al operador o adm1111Mrador sobre problemas en 
la red 

A-Law Ley-A Es1ándar de comprcsoón y expansión (companding) empleado por 
CCITT para la conversión emre seJIJics analóg1cas y digllalcs en Sistemas PCM. 
Se usa más bJCn en las redes telefónicas europeas y es smular al eslándar 
nortean1ericano mu-Jan' (lcy-n¡u). 

alertA lena En NeiVoew, es un rcgoslro que indica al operador de la red la 
exoslcncia de un problema que debe ser 'llendido en el puma de conlrol 

a/gorilhm Algorumo. Reglas o procesos bien definidos para alcanLar la solución 
de un problema. 

algoritmo Véase algoruhm. 

alignment error Error de alineactón. En las redes IEEE M02 J, es un error que 
ocurre cuando el número total de bus de un marco o trama (frame) no es ml1lliplo 
de ocho. Los errores de alineac1ón normalmenle son causados por darlos a la lrama 
debidos a cohsoones 

A LO HA Técnica de comrol de accesos para sos1emas de lransmisoón que permile a 
n1últiples cstactones trans1nit1r si1nultáncamentc. En el sistema ALOHA las 
estaciones transmiten cuando uenen datos que mandar, y las transmisiones que no 
luvieron acuse de rcc1bo se repiten. 

AM Ampluud modulada. Técnica de modulación en la que la mformacoón se 
conduce medianle la amplllud de la señal ponadora 
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amplitude An .• _ .. lid El má.\.JIIIO valor de una foc111a Jc 011da analógiCa o dJglltJI 

anulog transminion Transmisu)n analógica. TransnHSJón de scllaks, mcd1antc 
cables o por el anc, en la cual se conduce la infonnacJÓn mcd1ante la vanacJón de 
alguna combinación de la amplitud de la sei1al. su frecuencia y su fase 

ancho de banda Véase bandwidth. 

anfllrión Véase host. 

ANSI Amer~can Nalwnal Standards /nslilule: lnstitulo naciOnal nortcamcncano de 
estándares. Instancia coordmadora de grupos voluntanos de fiJación de estándares 
en los Estados Unidos. ANSI es miembro de ISO (lnternatiOnal Orgamt.ation for 
Slandarizallon: Organización inlcrnacional para la csrandarización). 

anuncios Véase advertJsemenl. 

API Application Programming interface: Interfaz para programas de aplicac1ón. 
Especificación de convenciones de llamadas a funciones para definir la interfaz con 
un servicio. 

Apollo Domain Conjunto patentado de protocolos de red desarrollado por la 
compañía Apollo Computer para comunicaciOnes en redes A pollo 

AppleTalk Sene de prolocolos de comumcJCJOIICS relaciOnados creado y 
mantenidos por la comparlia Applc Compulcr Actu;llmenle C.\.ISicn dos fases 1 y 
11. La fase 11, que mcluyc maneJO de mterconc.\.JÓII e1Hrc redes es la vcrs1ón más 
rccieme. 

application /ayer Capa de aphcac1ón Capa 7 del modelo de referencia OSI Está 
implantado en varias aplicaciones de red, como correo electrónico, transferencia de 
archivos y emulaciÓn de terminales. 

appliqué Aphcac1ón Placa de montaje que cont1ene conectores de hardware para 
fiJarse a la red Las placas traducen y convienen las señales de comunícacwnes 
t1po serie en las que espera el estándar de comunicación escogido (por ejemplo, RS-
232. V.35). 

¡';< 
APPC Advanced Pccr-to-Pccr Comnmmcatwns· Comumcac1ón avan1.aO'd~ntrc 
nodos sinulcucs o eqtnv:Jicntcs Esquema SNA de COJillltlJCaciones de IBM que 
pcmute comunicar directamente apl1cacwnes cqUJvalcntcs SNA 

APPN Advanced /)eer-lo-l)eer Nelworkmg: Redes av;llllltdas entre nodos 
eqlll\'alentes. Esquema SNA de IBM que ofrece procesanuento distribuido basado 
en nodos de red de Tipo 2 1 y LU 6.2 

árbol abarcador Véase spanmng trec. 

urea Arca. Cm1Junto lóg1co de segmentos conectados por cnrutadores y que están 
basados en los estándares ISO CLNS, DECnct o OSPF 

ARCNET Allached Ue.murce Computer Ne1work Red de computadoras con 
recursos asignados. Red local (LAN) de tipo token bus a 2.5 Mbps desarrollada a 
finales de los años 70 e mic10s de los HO por la empresa Datapoint Corporation. 
Sus principales características son su sencJIIeL, fac1hdad de uso y relativa 
economía. 

ARM :bynchronous Ue.~ponse Atolle-· Modo de rcspuest;:J asmcrónico. Modo de 
comumcac1ón HDLC con un primario y al menos un secundarlo, donde el primario 
o cualquiera de los secundarios puede iniciar las transniisíones_ARPAddress 
Resoluoon Protocol: Protocolo de resolución de direcciones Protocolo Internet 
usado para ligar una d~rección IP a d~recc1ones Ethernet/ H02 2 . Está defimdo en 
el documento RFC H26. 

ARPA Véa.,e DARPA 

ARPANET Red piOnera de conmutaCIÓn de paquetes (packet swuching) 
desarrollada al inicio de los a110s 70 por la empresa BBN y financiada por la 
agencia ARPA (luego DARPA). ARPANET se convin1ó luego en "lntemet ... El 
término ARPANET desapareCIÓ oficialmente en 1990. 

ARQ .-lutomatlc He peal Uequesl Pedido automático de repellción Técmca de 
comumcaciones en la cual el receptor detecta errores y solicita retransmisiones. 

AS :lutonomvus ,'-¡)'slem: Sistelllll autónomo_ Conjunto de redes bajo 
admmistracJón común y que compancn una estrategia común de cnrutanuento. A 
un SIStema autónomo debe dársele un número úmco de 16 bits asignado por el 
Centro de Información sobre Redes (NIC) de la agencia DDN. 
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ASCII A menean .)'Jamlard ( -'otle jor /njormalwn lnlerclumge ( _'tífllgo cs1;'andar 
nonamcncano p;-.ra imcrcamb10 de información. Cód1go de ocho bus para 
representar caracteres que emplea siclc bus m;ís pandad 

ASM Servodor de lerrninalcs CISCO en chasis A. 

ASN.I Abstract Synlax Notalion One: Notac1ón de sinta.\is abstracra número 11110 

Lenguaje OSI para describir lipos de datos en forma indepcndicnlc de cs1ruc1uras 
computacionales y técnicas de representación. Organizacoón lmernacoonal de 
Estandarización, Estándar Internacional 8824, diciembre, 1987 Véase 1ambién 
BE R. 

asynchronous transmission Transmisión asincrónica Operación de un sistema de 
red en el cual los acomecimientos suceden sin estar smcronizados por un reloj. En 
tales sislemas, los caracteres indivoduales suelen estar encapsulados en bils de 
control llamados de arranque y de parada, que designan el inicio y el final de los 
caracteres. 

ATDM A~~vnchronuus T1me fJ1v1sion Alult1plexing: Multiplexaje asmcrónico por 
división de tiempo. Método de envio de onformación que emplea el multiplcxajc 
usual por divosoón de toempo (TDM), pero en donde se asignan ranuras de !lempo 
cuando se requieren, en lugar de preasognarlas a transmisores específicos. 

ATG Address Translalwn (]lllt•way. lntcrcomumcador tr.aduciOr de direcciones 
Función de software para enrulanuento DECnc1 que CISCO emplea para lograr que 
el enrutador maneje vanas redes DECnel mdepcndocmes, y para establecer 
traducción de direcciones especificada por el usuario para nodos seleccionados 
entre redes. 

ATM!lsynchrunuus TransferMude. Modo de transfcrencoa asoncrónico. Estándar 
CCITT para retransmisión de celdas (cell relay) en el cual la información para 
diferentes tipos de servicios (voz, video, datos) se transmite en pequeñas celdas de 
tamaño lijo. También, modo de transmosoón BISDN en el cual se usa una versión 
acelerada del multiplexaje asincrónico por división de tiempo (ATDM) para 
transferir flujOS múluples de informacoón en un canal de comunicación 

uttenuaJion Atenuación. Pérdida de energía en la señal de comunicación. 

All 1 Atlac.hmenl { lmt lnterjace 1 nh.::rfa;. de unidad de \'IIICLJiaCIÓII. Cable 1 EEE 
X02.3 que conecta la umdad de acceso 'al medro (MAU Medra Access Unit) al 
dispositivo en red. El término AUitambién se puede usar para rdcrirsc al coneclor 
del panel trasero pnncopal al que se puede fijar el cable AUI. 

authority zvne Zona de auloridad. Rclauva a DNS, seccoón del nombre del árbol 
del donunio en el cual el nombre de un sen·1dor es autondad. 

automatic ('al/ reconnect Rcconcxión automática de llamada Capac1dad de 
permitir rccnrulanucnto autmnático de llamadas en una linea troncal dtfcrente de la 
que falló. 

uutonomoul· confedera/ion Confederación aurónoma Gmpo de SIStemas 
autónomos que conlian más en su mformac1ón de red y de enrutanucnto que en la 
que reciben de otros sisiCmas o confederaciones 
aurónomas.autonomous swttch1ng ConmutaCIÓn autónoma. 
Característica de los cnrutadores Ctsco que ofrece un procesanuento más rápido de 
paquetes al permitir que el cBus conmute paquetes en forma independiente, stn 
mterrumpir al procesador del sistema. 

buckbone network Red fundamental. Actúa como conducto pnmano (o ··espina 
dorsal") de tráfico que usualmcnle v1ene de, o va hacJa, otras redes 

bu,·k <:hunnel Canal sccundano. Empleado para env1ar datos en dirección opuesla 
a la del canal pnmario. Los canales secundarios suelen usarse para enviar 
mformac1ón de control r-.1. · . . :los, la m formación puede env1arse aunque el 
canal primario falle Tamb1c11 llouuado canal en reversa. 

back door route Ruta secundaria alterna hacia una red no loc<il (cspcclticada por 
un IPG) que debe ser usada por un enrutador de frontera Los enrutadores Cisco 
permiten la espcc1ficactón de rutas secundanas alternas mediante una vanación de 
la suborden ne1work. 

back end Nodo o programa que ofrece servicios a un front cnd. Véase 1ambién 
chcnte y servodor 

buckt1JEI rclraso (usualmente alcaiOrio) en la retransnusión causado por los 
protocolos de compe1encia por el control de ácceso al medio de transmisión, luego 
de que un nodo que intentaba lransmitir detccló una ponadora en el canal fisico. 
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Buckpre.\·.\'ure l'ropag:tción en scnttdo Jm·cr~o U~.: b JulbrmacJÓil del 
congcslion:.mucnlo de la red en una Jlltl:rcom:.\JÓII 

buckwurd ,·hunnel Véase back channcl 

backward leurning Aprendu.aje en reversa. Proceso mediante el cual se conJelura 
la existencia de información al suponer condiciOnes de una red simetnca. Por 
ejemplo, si se supone que el nodo A rec1be un paquete del nodo IJ mediante el 
interrncdiano C, entonces el algoritmo de cnrutanuemo de aprendizaje en reversa 
supondrá que A puede, en forma óptima, llegar aBa través del nodo C. 

hulanced configura/ion Configuración balanceada. En 1-fDLC, una configuración 
de red punlo a punto con dos estaciones combinadas. 

ha/un Ha/anced, unbalanced- balanceado, desbalanceado D1spos1Uvo empleado 
para igualar Impedancias entre una linea balanceada y una desbalanceada; 
normalmente entre par trenzado y cable coax1al. 

banda base Véase bascband. 

bandwidth Ancho de banda. Diferencia entre la frecuencia más alta y la más baj<l 
de las señales de una red. También describe la capacidad establecida de un 
protocolo o un medio dados para una red. 

bandwitlth reservaJion Reservación de ancho de banda. En li ncas conmutadas, 
característica que permite reservar el ancho de banda de la llamada para llamadas 
de alta priondad o de alto ancho de banda. 

BARRnet/Jay Area Regwna/ Research Network-: Red para investigación en la 
región de la bahía de San Francisco La red fundamental (backbone) BARRnet está 
compuesta por cuatro campus de la Umversidad de California (Davis, Berkelcy, 
Santa Cruz y San Francisco). por la Universidad de Stanford, el Laboratorio 
Nacional Lawrence Livermore y por el Centro de Investigaciones Ames de la 
NASA. 

baseband Banda base. Característica de la tecnología de redes en donde sólo se 
emplea una frecuenc1a ponadora La banda base se d1ferenc1a de la banda ampha 
(broadband), en la cual se emplean múluples frecuencias ponadoras Ethernet es 
un ejemplo de red en banda base. 

ba.\ic rute i111erjuce lnlerfaz de lasa bús1ca 1 nterfat. ISDN (lnlcgralcd SCrv1ces 
D1gital Nc1work: Red d1gital de servicios integrados) compuesta de 2B + 1 D 
canales 

haud Umdad de veloc1dad de scilahzac1ón 1gual al número de condicJOncs discretas 
o sucesos en la scilal por segundo. Los bauds son equivalcnles a los blls por 
segundo cuando cada suceso en la sella! representa c.xactamcntc un bil. 

BBN /Jolt !Jenmek y Newman, lnc Comp;u1ía de Massachuselts, 1csponsable del 
desarrollo y mantenimiento de los sistemas pnmanos de enlace de ARPANET (y 
luego, de Internet). 

B Ch•nncl Canal B. En ISDN, un canal full duplc.x de 6~ Kbps, 
empleado para enviar d;JIOS de usuarios. 

beacon Boya, faro. Marco (frJme) de Token Rmg de IBM qnc 111d1ca 
algún problema seno en el anillo (ring), tal como un cable conado. 

Bcllcorc 1920 Orgamzac1ón que efcclúa labores de mvcstigac1ón y 
desarrollo para las compallías regionales de la empresa Bell. 

Bcllm•n-Ford routíng algorilhm Algoritmo de enmtanuento BellmanFord. 
También conoc1do como algoritmo de vecror de distancias. Clase de ;J)gorilmos de 
cnrutamiento que itera sobre el número de saltos (hops) en una ruta para encontrar 
el árbol abarcador (spanning tree) más cono El algoritmo pide que cada enrutador 
envíe únicamenle a sus vecinos su tabla de 1111as completa cada vez que se 
actualiza. Es1os algorilmos pueden caer en ciclos, pero compulacionalmente son 
más sencillos que los de tipo estado de enlace, link-state 

BER /Jase /!ncodmg llules: Reglas bás1cas de codificación Reglas para 
codificar las unidades de datos descritas en ASN. 1 Las siglas también 
significan bi1 error cate: tasa de error de bJIS, que se rcfíere al número de 
bus erróneos recib1dos. 

BERT /J11 l:"rror /late Tester Dev1ce: Dispositivo para prueba de tasa de errores de 
bits. Delcrnuna la tasa de error de bits en un canal de comunicaciones 

Bcst cffort dcli,·cry En1rega lo mejor pos1blc. Caracleríslica de los 
sistemas de redes que no emplean un sislema elaborado de verificación 
que garantice el man~jo confiable de inforn1acJón. 
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JJ(,'P JJorder (iateway Protocol protocolo J¡,; llllCI\:Oilllii\IC:ICIÓII de rrolllcra 
Protocolo de cnmlanucnto de lntcrdomllllos qu~.: es un rccmpl:l/o potencial de EGP 
(Exterior Gateway Protocol) BGP cst:i dcfimdo por el documcmo RFC 1105, hecho 
por un empleado de CISCO y uno de 113M. 

big-endian Método de almacenar o 1ransn1111r información en el cual el b11 o byte 
más significativo se prescnla pnmero Véase rambiénliule-endtan. 

binury Binano. Stslema de numeración caraclerizado por unos Y ceros 
(on y off, sí y no) 

binury synchronous communicution Comumcación binana sincrómca 
Protocolo de enlace de datos por caracteres que se emplea en aplicaciones half
duplex. Se conoce simplemente como bisync. 

biphase coding Codificación bifase. Esquema de codificación bipolar 
onginalmenle desarrollado para su uso en Elherncl. La información del reloJ se 
incluye, y se obtiene. del flujo de datos sincrómco sin necesidad de señales extras de 
reloj. La señal bifase no contiene energía de corriente dorecta. 

bipolar Btpolar Que tiene polandades negativa y positiva. 

BISDN Broadband ISDN -de banda amplia Estándares de comumcaciones que se 
desarrollan para maneJar aplicacmnes de gran ancho de banda. tales como v1deo. 

bisync Véase b1nary synchronous commun¡catlon 

biJ binary digit dígllo binano Umdades empleadas en el Sistema de numerac1on 
binano. Pueden ser O ó l. 

biJ error rate Tasa de error de bits Porcentaje de bits transm111dos que se rec1bcn 
con error. 

BITNET 11ecause /t'> 'lime Netwurk: Red de "ya es tiempo" Red académica de 
baJa velocidad y baJo costo que consiste pnmordialmellle en computadoras gmndes 
IBM y líneas dedicadas de 9600 bps El modo principal de trabajo en esta red es 
RJE (Remole Job Entw Entrada remota de trabaJOS) Rcciemememe la red se 
fus10nó con CSNET (Computer + Science Network) para formar CREN 
(Corporation for Rescarch and Educallonal Networking). 

/Jit-orienletl protoco/ Protocolo por bils. Clase de protocolos de connHucaciones de 
la capa de enlace (link !ayer) que pueden transmillr marcos (frames) sin 
preocupación de sus contenidos Comparados con los prolocolos por bytes, éstos 
son m:is eficientes y contables, y ofrecen operación full duplex. 

hit ratc Tasa de b11s. Veloctdad a la que se transmiten los bits, normalmente 
expresada en bits por segundo (bps) 

hluck hole Agujero negro Térnuno de enrutanucnto ~lplicado a alguna área de los 
sistemas de redes a donde cntrtm paquetes pero ya no salen debido a condiciones 
adversas o a una mala configuración del sistema en <Jlguna parle de la rcd.blockwg
Bioquco. En un sistema de conmutación, condic1ón en donde ya no hay trayeclorias 
para completar un circutlo. Gcnerahncnte cllérnuno se emplea para describir una 
sttuac1ón en la cual una actividad no puede iniciar sino hasla que otra ha 
lerminado. 

Block Mulli¡>lcxcr Channcl Canal de multiplexaJe de bloque Canal tipo 113M que 
reali:t.a el estándar norteamcncano FIPS-60. tamb1én se conoce como el canal 
OEMI y clmulllplexor de bloque 370, o canalmux de bloque 

BNC conncclor Conector BNC Conector cst:indar empleado para ligar el cable 
coa.\.131 IEEEHU2 3 IOBASE2 a un receptor o lr .. msmisor. 

BOC He/1 Operuting Compuny. Las compa1iías tclefómcas locales que exislían en 
las siete regiones de los Estados Umdos ames de que se d~era la orden legal de que 
la compañía AT&T se desmembrara. 

BoolP Protocolo empleado por un nodo de la red para deternunar la direcc1ón IP de 
sus u11erfaces Ethernet, para poder arrancar con la operac1ón imcial (bool) de la 
red. 

Boot PROM /Joutl'rogrammable Read-Unly Afemury. Circuitode mcmona de sólo 
lectura para mtc1ar operaciones Circuito de una 1arjc1a que contiene las 
mstruccioncs eJecutables de arranque (boot) para un d1sposl11vo computacional 

hortler gateway Intercomunicación de frontera. Enrutador que se comumca con 
otros en sistemas al!.lonomos (AS). 
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/Joundury funLuon FuuCJÓII de límitL:s Ctpaudad que IIL:ncn los nodos de sub;'uca 
SNA para manejar protocolos para nodos pc1 iféncos <!Signados. Su eh:: encomrarsc 
en los disposilivos IBM 37~5 

BPDU /Jndge /'rotocol /Jata Umts Umd:~des de daios p;¡r;¡ protocolos de puente 
Paquete de protocolo helio de árbol ;¡b;¡rcador (spanning lrcc) Véase tamboén 
PDU. 

BRI Véase llllcrfaz de tasa básoca (Basic Rate lmcrface). 

bridge Pueme Dosposítivo que conecta dos segmentos de una red y pasa paquetes 
emre ellos Los puentes operan en el nivel 2 del modelo de referencia ISO (capa de 
enlace de datos: hnk layer) y no son sensibles a los protocolos de niveles superiores 

bridge-group Suborden de puemeo de Cisco que asigna interfaces de la red a 
grupos particulares del árbol abarcador. Pueden ser compatibles con los estándares 
IEEE 802.1 o de DEC. 

Bbroadband Banda amplia. En contraposición con la banda base (baseband), es 
un s1stema de transmisión que mulllplexa vanas señales independientes en un solo 
cable. En la tenninología de las tclecomumcaciones, se refiere a cualquier canal 
que tenga un ancho de banda mayor que el requerido para transmitir voz (4KHz). 
En la terminología de las redes locales, se refiere a un cable coaxial que maneja 
señales de tipo analógico. 

broadcast Dofusión o mensaje púbhco. Mensaje enviado a todos los 
destinos dentro de una red. 

broadt.·ast address Dirección para difusión. Direcctón reservada para 
realizar envíos simultáneos a todas las estaciones de una red. 

broadcast storm Disturbios por dofusión. Acontecimiento mdeseable en 
una red, en el cual se envían muchas difuSiones a la vez, empleando para 
ello considerable ancho de banda y, normalmellle, causando adem:is 
interrupciones en la red. 

RSCVéasecomunicacJónbinanasincrónica(BtnarySynchronousCommumcalion). 

buffer Amoniguamiento Zona Temporal de aln1accnamiento empleada 

para el manejo de d:1tos transitorios. Los buffcrs suelen c111plcarsc para compensar 
las diferencias de vclocodad de proces:unocnto entre dospositi\'OS de la red. Las 
CllliSIOnes rápidas de datos se almacenan en 1111 buJTcr ha~La <JUC los pueda procesar 
el dispos111vo que func10na más 
lentamente. 

bus lopology Topología de bus. Arquitectura LAN lineal en la cual las 
transmisooncs de las estaciones de la red se propagan a lo largo de todo el medio de 
comunicación y son rectbidas por todas las dem;:ís estaciones. 

bypu>S mode Modo de operacoón en redes FDDI y Token Rond en el cual se ha 
desinsenado (o desviado) una ullcrf:oz del anillo. 

byte Término genérico que se refiere~~ una serie de díguos binanos consecutivos 
con los que se trabaJa como st fueran una urudad; un eJemplo son los bytes de M 
bits. 
bbyte-orienteJ protocol Protocolo por bytes. Clase de protocolo de comumcacioncs 
de la capa de enlace que emplean un caracter e.xistente específico para delimilar 
marcos (framcs) Este tipo de protocolos practicamcntc ha s1do reemplazado por 
los de maneJo de bus. 

cal/ priori/y Pnoridad de llamada. Priondad asognada a cada pueno de los 
circuitos conmutados La prioridad define el orden en el cual se reconectan las 
llamadas Tamb1én define cuáles llamadas se efec1uarán durante una reservación 
de ancho de banda. 

cal/ setup time Tiempo de cstablccomoento de llamada. Tocmpo requcrodo para 
establecer una llamada conmutada cnlre dispositivos DTE. 

catenet Red en la cual las computadoras que ac1úan como anfitnones están 
conectadas a diversas redes, que a su vez están concct<.~das con ennuadorcs. 
Internet es un imponante ejemplo de una red upo catcnct 

CATV Cable 'l'ele!'ISWn TeleviSIÓn por cabiC. Anteriorrncflle llamada 
Commumty Antcnna Telcvision (televisión por :.wtcna comunal). S1stema de 
comunicaciones en el cual se transmttcn vanos canales con programación a las 
casas, empleando cable coaxial de banda amplia 

cbus Tecnología de canal (bus) de medio Gogabu por segundo, patentada, 
desarrollada y dostribuida por Cosco S}·stcms, lnc. 
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cHul· Conlrol/er Véase Swuch Proccss01 

CCITT Comué Consuluvo lnterJJ;ICional de Telegrafía y Telefonía (Siglas en 
francés). OrganizaciÓn imcmacional que desarrolla cslándarcs de comunicaciOnes, 
como la recomendación X.25 . 

ces Common Channe/ ,\'t~naliiiJ!, Seii::llizaciÓII de caual COIIIÍIIl. Slslcma de 
señah>.ación usado por muchas redes telefómcas, que separa la información de 
señalización de los datos de usuar1o. 

ce// re/ay Transmisión por celdas Tecnología de redes basada en el uso de 
pequeños paquetes de tamaño fijo, llamados celdas. Las celdas conlienen un 
idenufícador que especifica el flujo de datos al que penenecen. Como son de 
tamaño fiJo, el hardware puede procesarlas y conmuiarlas a muy alias velocidades 
Este método es la base de muchos protocolos de red de alia velocidad, incluyendo 
IEEE 802.6, DQDB, ATM y el protocolo de imerfaz SMDS 

cel/ular radio Radio celular Tecnología que emplea transmisiones de radio para 
lograr acceso a la red telefónica. El servicio se ofrece en una célula (área) 
pan1cular mediame un transmisor de baja potenc1a. 

centrex PBX meJorado que también ofrece marcaJe direc10 e identificación 
automática del PBX que llamó. La palabra se refiere a un producto especifico de la 
empresa A T &T. 

CEPT Conference Europcetie des Pos1es et telecommunicarions: Asociación de 26 
oficinas de correos y telecomunicaciones europeas que hace recomendaciones a la 
CCITT sobre especificación de comunicaciones. 

CICRFnet Caiiforma Education and Research rilundation Network Red de la 
fundación para la educación y la invesligac1ón del estado de Califor~ua. Red basada 
en TCP/IP que opera en el sur de California e mterconecta muchos centros de 
educación superior, diseñada para el avance de la cienc1a y la educac1ón mediante 
las comunicaciones. 

CGS Compact Gateway Server Serv1dor de in1ercomunicac1ón compacto Nombre 
del enrutador/puente Cisco de 2 ranuras (slots). 

Ch01inin~ Encad~.:nanHento. Concepto de SNA en donde las u111dades de 
pcdido/respuesla (RU) se agrupan para propós11os de recuperación de errores 

,·hannel Canal Línea de comunicaciones En algunos entornos se pueden 
mulliplcxar vanos canales en un solo cable. El térnuno tamb1én se refiere al 
conduelo específico enlre compuladoras grandes y sus periféncos 

CIIAOSnct Protocolo de redes desarrollado en el MIT (l'vlassachusclls Jnslllute of 
Technology) y empleado fundamentalmente por la comunidad acadénuca de la 
intcligencw artific1al. 

chcapcrncl Término empleado en la mdustna para ref~.:nrsc al es1ándar IEEE 
802 3 1 0BASE2 o al cable especificado en ese estúndar Tlunnct, que también se 
refiere a ese estándar, especifica una versión más delgada y barata de cable 
Ethernet. 

che<·ksum Suma de control. Método para verificar la ontegr~dad de los datos 
lransmiudos. Es un número entero calculado a partir de una secuencia de ocletos 
por medio de una serie de operaciones aruméticas El valor se recalcula en el lado 
del receplor y, se compara para verificarlo. 

choke packeJ Paquelc de sofocanucnlo. Paquete que se envía a un tr<msmisor para 
mdicar que existe congcsuonanuento y que se debe reducir el volumen de envíos. 

CICS Custumer lnfUrmatwn Cuntrot.\:vstem. Sislema de Conrrol sobre 
información de clientes. Subsisrcma de aplicación IBM que permite que 
las transacciones que llegan de 1ernunales remotas sean procesadas por las 
aplicaciones de tos usuarios. 

drcuit l"lvilching Cucuuos conmutados. Sistema de conmulación en el que debe 
existir un circuito fisico dedicado entre el emisor y el receptor durante la llamada. 
De amplio uso en la red lclefónica, los circullos conmurados se conuas1an con los 
métodos de competencia (contcnt1on) y token pass1ng para acceso al canal, y con la 
conmulación de paqueles (packet swilchmg) como 1écnica de conmulación 

Cluss of service Clase de serv1cio. En forma general, se refiere a cómo 
maneJar un paquete El tipo de servicio eros¡ IP es una clase de sen-ocio. En SNA, 
la clase de servicio es la designación de las caracteríslicas de control de trayectoria 
de la red, incluyendo la seguridad de la trayectoria, el ancho de banda y las 
pnoridades dependiendo del servicio requerido 
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clienl Clienle. Nodo o programa de softw;uc que rcq111Cfe servicios dl: un servidor 
Véase lambién back cnd 

circuit cucullo. Enlace de comumcacioncs cnrre dos o más punlos 

client-server Computing ComputaCIÓn en modo chcillc-servJdor_ Térmmo 
empleado para describor sislcmas de redes de procesamiemo dislribuido en donde 
las responsabllidades de las lransaccioncs se div1den en dos panes- el cheme (fronl 
end) y el servidor (back cnd) Ambos lérminos se pueden aplicar la filo a programas 
como a disposilivos de cómpulo. Véase 1ambién pcer- lo-pcer compulmg. 
(compulación enlre nodos equivalemes). 

cluster Controller Conlrolador de cúmulos_ En términos generales se refiere a un 
disposilivo mlcllgente que ofrece las conexiones de un cúmulo de terminales a un 
enlace de dalos En SNA, se refiere a un disposilivo programable que comrola las 
operaciones de E/S de los disposilivos asociados, normalmenle un IBM 3 174 ó 
3274. 

CMIP/CMIS Common A1anagemenl!nformalwn Proluco/!Common AlanaRemenl 
Informa/ion Services: Protocolo para manejo común de información/ServiciOs para 
manejo común de información. imerfaz OSI de manejo de serv•cios/prolocolos de 
red creada y eslandarizado por ISO para manejar redes helerogéneas. 

CMOTCMIP over (sobre) TCP. Uso del prolocolo de manejo de redes OSI (CMIP) 
sobre las capas de prolocolo lmernel (TCP/IP). 

CMT Connectwn Managernent. ManeJO de conexiones. Proceso FDDI que se 
encarga de la 1ransición del anillo emre sus eslados (apagado, aclivo. coneclado, 
ele.), como se define en la espccJficacJón X3T9.S 

CO Central Ojjice: Oficina cemral. Oficina de la compañia 1elefómca local a la 
cual se coneclan lodos los Joops (ciclos) de una ciena área y en la cual ocurre la 
conmutación de los circuitos de las líneas abonadas. 

communíty Comunidad. En SNMP, grupo lógiCo de disposilivos manCJados y de 
esraciones NMS en el m1smo dominio adminJstraiiVO 

c:ompunding ComracclÓII formada con Jos procesos opuesros comprcss10n 
(compresión) y expaJJSJon (expaJJSJón). Pan e del proceso PCM e11 el que los valores 
de mucsrras de sc11alcs analógiCas se rcdondcau en términos lógicos a valores 
d1scre1os de escala de nlervalos demro de una escala no hncal. El número de 
intervalo decmml se codifica en ronces en su cqlllvalcutc binano antes de la 
transmiSIÓn. El proceso se uwicnc en la tcrrmnal receptora empleando la nHsma 
escala no lineal 

cuw.:iul cable Cable coaxial. Cable consistente en un conductor cllíndnco cxlcrno 
hueco que cubre a un alambre conductor lHuco. Sucku emplearse dos lipos de cable 
coa.xial para las redes locales· cable de 50 Ohms, para se11ales digilales, y cable de 
75 Oluns, para señales analógicas)' para se1lales d1gJ1ales de al la velocidad 

COIJEC Codcr-/Jecoder Codificador-decodificador D1sposi1ivo que normalmenle 
emplea modulación codificada por pulsos para transformar vo.t. mKIIógica en un 
lrcn de bits y viceversa. 

compreuion Compresión_ Paso de los da10s por un algorumo que reduce el 
espaciO/ancho de banda rcquendo para aiJmJccnar/lransmitir el conJunlo de dalas. 
Véase tamb1é11 expansion_ 

coding Codificación. Técnicas eléclricas usadas para conducir seüalcs b1nanas. 

compuerta Véase galeway 

common carrier Portador común. Compaüia particular que ricnc licencia para 
ofrecer servicios de comunicaciones al público a precios regulados. 

concentrador Véa.!le concenrrator. 

concentrator Concentrador. Disposill\'O que sirve como centro de una red con 
lopología tipo cslrella También se relicre a un disposilivo que contiene múltiples 
módulos de equipos de redes. 

common c:hannel stgna/ing Scllalización de canal común_ Uso exclusivo de algún 
canal específico para llevar mformación de scrialu..ación a Jos demás canales del 
grupo 
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configurulion munugemenl M:uu;_¡o dl! l.'OilfignlaL"IÓH IJna tk CIIICO categorías de 
manejo de redes dcfuudos por ISO parad lllalll!JO de rcdl!~OSI. Los subsistemas de 
manejo de configuraciÓn son los rcsponsabks dc detectar y determinar el estado de 
la red. 

comunicu,:ión ComunicaciÓn_ TransmiSIÓn de Información_ 

communicalion conlroller Conuolador de comunicacwncs_ En SNA. nodo de 
subárea que conliene un programa NCP. Normalmente es un disposiii\'O 113M 37~5 

c:ongeslion Congestionan1iento Tráfico excesivo en la red. 

conneclionless Sin conexiones. Término empleado para describir tmnsferencias de 
dalas son la exoslencoa de un circuilo vinual. 

COS Corporal ion for Open Systems.- Corporación para sis1emas abienos. 
organización que promueve el uso de prolocolos OSI mcdianle pruebas de 
aceptación, certificación y otras actividades relacionadas. 

conmutación de paquetes Véase packet switching. 

COS/NE Curporatwn for OpetJ .\'ystems /nlercunnectum Networkmg 111 /~'urope. 

Corporación para interconexión de redes de sistemas abicnos en Europa. Proyecto 
europeo, financiado por la Comunidad Económica Europea, EC, para construir una 
red de comunicaciones en1rc entidades cien1íficas e industriales en Europa. 
connection-oriented Por conexión. Término empleado para describir lransfcrencias 
de datos posteriores al cslablccimiento de un circullo virtuaL 

CONP/CONS Conneclion-Orienoed Nelwork Prolocol/ Conneclion Orienoed 
Nelwork Service. Prolocolo/servicoo OSI que ofrece operaciones por conexión a 
prolocolos de las capas superiores. 

countto infinily Cuenoa hasla elonfinuo Problema que puede ocurrir en 
algonlmos de enrulamiemo de convergencoa lema, donde los enrumdores 
incremenlan secuencialmenle la cuema de 11ayec1os (hop counl) hacia algunas 
redes espccifocas hasla que (lipocamenle) se omponga algún limile arburano 

console Consola DTE a través del cual se ingresan órdenes a una máquina 
anfitriona 

CPE l.:u.\lomer Premi.'ie.\· Equipmenl. Eqmpo en las Instalaciones del clienle. 
Equipo lcrnunal, tal como ternunalcs. teléfonos y modcms, proporciOnados por la 
compañía telefónica. que se inslal<m en el local del clicnlc y se conecwn a la red de 
1eléfonos 

contention Competencia_ Método de acceso en el cual los dispostllvos de la red 
compilen por los derechos de acceso al mcdto lisico. Véase tamb1é:n token passing. 

CP1' Cil·co Protm:.ol '/'runslutor.- Traductor de pr01ocolos Cisco_ Producto C1sco, 
en chasis C, que traduce (actúa como llllcrcomumcador) entre prolocolos d1versos. 

convergence Convergencia_ Capacidad ()' velocidad con la cual se logra) de un 
grupo de dispositivos de inlcrconcxión de redes que CJCCutan un pro1ocolo 
específico de enm1an11Cnlo, para coinc1d1r en la detcnllillacJón de la lopología de 
las interconexiones luego de que ésta cambió_ 

CRC L)'cbc Redundancy Test.- Pmeba cíclica de redundancia Técmca de 
venficac1ón de errores en la cual el receptor del marco (frame) calcula el residuo de 
d1vidir el conlcnido del marco entre un divisor bmano primo (a lo cual a llama 
CRC) y lo compara con el valor prev1o que el nodo cnusor almacenó en el marco 
m1smo. 

converlalion Conversación En SNA, una scs1ón LU 6.2 enlre dos veces también se 
programas de lransacciones_ 

,·ore galeway Serv1dor de mtcrcomunicac1ón básico Enruladorcs 

primanos en lnternel. El centro de operaciones de red ln1erne1 de la compañia 
BBN les da servocoo. 

CR[N '!'lte Corporal ton jiJr Re.\earch ami f.:ducatwnal Nelworkmg- Corporación 
de redes educmivas )'de invesligacoón Resuhado de la fusión de BITNET )' 
CSNET. 

cron talk D1afonía. Energía de interferencia lransfcrida de un Circuito a 
olro CSC/3TarJela de procesamiemo Cosco basada en un nucro¡..rocesador 
MCGH021l de 30 MHL Véase procesador de rula 

CSMA/CD Carner S'ense AJ¡¡¡::,- .. . l.·il'S,\ wtth CuJJuum Detectton- Acceso 
múhiplc con deleccoón de ponadura y dclección de colisoones Mecanismo de 
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acceso al C<ln<. _el cual Jos d1sposii1\'0S que desean transnullr pnmr.::ro vcnfican la 
existencia de parladora en el c;:mal S1 no .'::oC c.Jch..:cta portadora en un cierto lapso, 
los dasposllivos pueden rr<Jnsuutir Si dos de ellos transnutcn a la ve~:, ocurre una 
colis1Ó11, que es detectada por dtsposlli,·os espcctaks, que entonces retardan la 
retransmisión durante un periodo alcatono El acceso CSMNCD es empleado por 
Ethernet y por IEEE K02.3 

CSC-ENVM Ctsco enwrunmental morwor can/. TarJeta monitora del entorno, 
para el chasis AGS+, que detecta las cond¡c¡oncs de vollajc y lcmperatura para 
garanlizar una adecuada suspensión forzosa de las operaciones en el caso de 
condiciones anómalas en el sislcma. 

CSC-FCIT Tarjcla de interfaz FDDI de Cisco con puenteo con traducCIÓn 
(translatiOnal bndging). 

CSNET Computeri S'ctence Netwurk. Gran intcr-rcd que consiste primordialmente 
en universidades, centros de investigación e intereses comerciales. CSNET se 
fusionó con BITNET para formar CREN. 

CSC-MC TarJeta de memona Cisco con 32 kilobytes de memoria. La tarjcla CSC
MC proporciona al enrutador Cisco información no volátil de configuración. 

CSU Channel Sen•ice Unil. Unidad de serv1cio al canal Dispos1t1vo de mterfaz 
digital que conecta equipos terminales de usuario al ciclo (loop) telefónico digilal 
local. 

CSC-MC+ Tarjeta de memoria Cisco que contiene cucu1tos ·de memo na RAM no 
volátil para almacenar la información de la configuración y que usa tecnología 
Flash EPROM para guardar el software de sistema operalivo. 

CTS C/ear lo Semi- Preparado para transmisión. Cucuito en la especificaciÓn RS-
232 que se activa cuando el DCE (cqu1po de comunicación de datos) cslá lisio para 
aceptar datos del DTE (equipo terminal). 

CSC-MCI Tarjela de interfaz Cisco con interfaces para diversos tipos de medios 
(por ejemplo, Ethernet y líneas sene). 

CSC-MEC Tarjeta de inlcrfaL Cisco con 2, 4 6 6 puertos Ethernet 

CSC-RJ6 Tarjeta de interfaz Cisco que maneja Token Ring de 4 ó 16 Mbps 

CSC-SCI TarJel:l de intcrfciz C1sco que maneJI cuatro puertos de interfaz serie 
sincrómca con vcloc1dades de transnusión de has1a .¡ Mbps cada una 

Ju/u J.ink con/rolluyer Capa de conlrol de enlace de dalas Capa 2 del modelo de 
arquitectura SNA. 

04 framin¡: Marcos llpo D4 Formalo de los marcos (framcs) usados por la 
mayoría de los sislemas de 1.544 Mbps 

Julu link luyer Capa de enlace de dalos Capa 2 del modelo de ¡~fcrcnc~a OSI, que 
loma un medio de lransmisaón de datos y lo transforma en un canal que, desde el 
punlo de vasla de la capa de red. network layer, eslá hbrc de errores de transnusión. 
Los servicios princapalcs de la capa de comunicación o enlace de da los son el 
direccionarniclllo, la dctecc1ón de errores y el comrol del nujo.DATANET IPSN 
importante de los Países Bajos 

DARPA Dc:fense Acfl.innced Re.wnrch l)rojects A,RenC.)''. Agencia de proyectos 
avant.ados de investigación para la defensa. Agencia de gobierno de los EEUU que 
financió la mvesugación y el desarrollo de Internet 

DARPA Internet Véase Internet. 

DATAPAC Gran PSN canadiense. 

IJAS Dual Allach Stauon: Eslación asignada doble En FDDI, estación 
IJuJupuk Red pública de conmutación de paquetes de los países nórdicos cancelada 
a ambos anillos. 

JuJu J.ink Sunudcro de dalas Equipo de redes que acepta transmisiOnes de dalas 

data channel Canal de da10s En SNA, dispositivo que conecta el procesador y la 
memoria central con los periféricos. Véase canal. 

IJu/ex-1 Red pública alemana de cucuilos conmulados. 

Juluj/oov ''on/rolluyer Capa de control de nujO de datos Capa 5 del modelo de 
arquuectura SNA 

/Julex-p Red pública alemana de conmutación de paquetes 
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duJugrum Datagrama_ Agrupamiento Jógrco de rnformacrón envwda como unidad 
de la capa de red (network layer) en un medro de transmrsión, srn el 
establecimiento previo de un circullo \'irtual. Los términos paquete, marco. (framc). 
segmento y mensaJe tambrén se emplean para tlescnblf agrupaciOnes lógicas de 
información en vanos niveles del modelo de referencia OSI y en Olras ~írea~ de la 
tecnología. Los datagramas IP son las unidades pnmarias de lllformación en 
Internet. 

IJCA Defense Communocauons Agency,. Agencta de comunocactoncs de la defensa. 
Organización del gobierno de los Estados Unidos responsable de las redes DDN 
1ales como MILNET. 

DCE Dala Communicaltons Equipmenl: Equipo de comunocación de datos (según 
EIA), o Dala Ctrcuii-Termmaling Equipmenl' Equipo terminal de ctrcuilos de 
datos (según CCilT) Dtsposiltvos y conexiones de una red de comunicaciones que 
conectan el circuito de comunicactón con el dispositivo terminal (DTE). Un 
modem puede ser considerado como DCE. 

datagrama Véase datagram. 

D Chunnel Canal ISDN full dúplex de 16 Kbps (lasa básica) o de 64 Kbps (lasa 
primaria). 

DDN Defense Dala Network.- Red de datos de la defensa La secctón MILNET y 
otras panes asociadas de Internet que conectan instalaciones mrlitarcs 

DON X-25 Protocolo del Departamento de la Defensa de los Estados Unidos muy 
similar a X.25 y que es empleado en comunicaciones de la red DDN. 

DECncl Grupo de productos de comunicaciones (mcluyendo protocolos) 
desarrollados y mantenidos por Digital Equipment Corporal ion (DEC) La versión 
más reciente es DECnel Phase V, que está basada fundamentalmente en los 
protocolos OSI. 

DECnel routing Introducido en DECnel Phase 111, es el esquema propio de 
enrolamiento de DEC. En DECnet Pitase V, completó la transición a los protocolos 
de enrutamiemo OSI (ES-IS y ISIS).dedtcated hne Linea dedicada. Linea de 
comunicaciones que no es conmutada. Cuando la línea no es propiedad del usuario 
suele emplearse el término leased line linea arrendada 

defucto ... tundurd Esléíndar dcfinrdo por cJ.uso mús que por decreto oficial; 
estúndar por omisión o por def<mll. 

defuu/t mute Rula por omtstón. Entrada de la tabla de nllas empleada para dirtgir 
los marcos (framcs) para los cuales no cx1stc unarayecto (hop) c.,plícitamcntc 
dcfintdo 

/Je jure standard Estándar por decreto oficial 

JemarL· Punto de demarcación enlrc equipo de Portadora y equipo telcfónrco 
prtvado (CPE). 

demodulution Dcmodulac1ón. Proceso de devolver una scr1al modulada a su forma 
original Los modems hacen la dcmodulación lomando una sci'ial analóg1ca y 
regresándola a su forma digital original. 

demultiple.x Verbo en tnglés que denota la acctón de separar \'arios fluJOS de sahda 
a panu de una entrada común_ 

DES Eslándar de cod1ficación de d;:uos_ Algontmo criplográfico estándar 
desarrollado por la Oficina NaciOnal de Estándares de los Estados Umdos 

designateJ router Enrutador desaguado. En OSPF, cada red mulllacccso con al 
menos dos cnrutadorcs conectados Irene un cnrutador dcsrgnado, que genera un 
anuncio de estado de enlace para la red mulllacceso y llene otras rcsponsabihdadcs 
espcctales en la ejecuctón del protocolo. El enrutador designado es elegtdo con el 
protocolo Helio OSPF El concepto de enrutador designado permite una reducción 
en el número de adyacencias requeridas en una red multiacccso, lo cual a su vez 
reduce el tnifico de protocolos de enrulanuenlo y el tamaño de la base de datos de la 
lopologia. 

destination addren Drrección des1ino. Dirección de un disposrtivo de rccepcrón de 
la red. 

device Dtsposlltvo. Entidad que puede tener acceso a la red Se emplea en forma 
imcrcambaablc con nodo 

diul buckup Respaldo de marcaje Carnclerisllca de los enrutadorcs Cisco que 
ofrece protección contra tallas de la red W ANal pcrmiltr que el admimslrador 
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configure una 1u1ea scnc de ~t.::spaldo mcdwu1c una cunc\IÓII de cm.: tu lo 
conmutado. 

DL.C Dala /,mk Con/m/ /,al'er Capa de control de enlace de datos Capa SNA 
responsable de la transm1sión de datos entre do' nodos, empleando nn enlace fís1co 

distance vector routing ulgorithm Algorumo de cnru1am1ento de vector de 
distancias Véase Beliman-Ford routing algorithm. 

diul-on-demund routing Enrutanuento por llamadas pedidas. Caracterisuca de los 
enrutadores Cisco que ofrece conexiones por pedido a la red en un entorno que use 
la red pública comutada (PSTN) 

DL.CI Dala Link Conncction ldentifíer , Identificador de conexión de enlace de 
datos. Valor Framc Relay (retransmisión de marcos) que Identifica una conexión 
lógica 

dial-up line Línea de llamada. Circuito de comunicaciones establecido con una 
coneXIón de'circuito conmutado empleando la red telefónica 

DNA Di¡!,tlal Network A rchlleclure: Arquitectura digital de red Arquitectura de 
las redes de la compañia Digital Eqlllpment Corporation Se emplea el término 
DECnet para referirse a los productos DNA (que incluyen protocolos de 
comunicaCIOiles) 

dijferentiul ent:oding Codificación d•fcrcnctal Técntca de codificación dJgilal en la 
que un valor binano se denota por un camb1o dc scüal más que por un mvcl 
panicular de la señal. 

Differential Manchester encoding Codificación diferencial Manchester Esquema 
de codificaciÓn d1gital en el que se emplea una trans1c1ón dura me el bit para se1ial 
de reloJ, y donde una transición al imc10 de llernpo de cada bit denota un cero Es el 
esquema de codificación empleado por las redes IEEE H02.5ffoken Rmg. 

DNS /Jvmmn Name !):vstem. Sistema de nombre de dominio. Nombre de sistema 
distribmdo usado en Internet 

DoD Deparlmenl of defense: Depanamelllo (o mimsteno) de la Defensa de los 
Estados Umdos. Orgamzación de gobierno responsable de la defensa del país. El 
DoD frecucnlcmcntc ha financiado desarrollos de protocolos de comunicaciones 

Dijkstra's algorithm Algontmo de Dijkstra Algoritmo de enrutamicnto de 
trayectona míntma que itera sobre la longitud del cam1no para determinar el árbol 
abarcador (spanning trce) de lrayectona lllllltllla. Es de uso común en los 
algoritmos de estado de enlace. Véase tamb1én algorllmo de en ruta miento Bellman
Ford. 

domuin Dominio En Internet, porción de un <irbol de Jerarquía de nombres. En 
SNA es un SSCP y los recursos que comrola. En IS-IS, un conJunlo lógico de redes. 
"Domimo" hace referencia a un Sistema de redes desarrollado por la empresa 
Apollo Computcrs (que ahora es pane de Hewleu-Packard) para uso en sus 
es1ac1ones de 1rabajo de ingeniería 

dirección Véase addrcss. 

directory services SerVICIOS de d1rectono. Sen·1cios para auxiliar a los dispositivos 
de la red para localizar proveedores de servicios 

DOMPAC Gran PSN de la Guayana francesa 

down/ink sJution Es1ac1ón de enlace Véase estación lerrena. 

DTE !Jata 'l'ermmal/:(¡utpment.- Equ1po terminal de datos Parte de una estac1ón 
de datos que si"'e como fuente o desuno de los datos, o ambos, y que ofrece las 
func10nes de control de comumcación de datos de acuerdo con los protocolos DTE 
mcluye computadoras. traductores de protocolo}' mulllplexores. 

DQDB Dwnbuied Queue Duni/Ju.1· Canal dual de cola d1stnbuida. Protocolo de 
comunicaciones propuesto por el comité IEEE H02,6 para uso en redes 
metropolitanas (MAN) 

DTR /Jnla Termmal 1/eadv: Terminal de datos lista. C. reuno RS-232 que se activa 
para aviSar al DCE cuando el DTE está listo para envwr y rec1bir datos. 

drop Punto de enlace. Lugar de un canalmultipunto en donde se hace una 
conexión a un d1sposiii\'O de la red. 

drop cuh/e Cable de punto de enlace Cable corto que cancela un d1sposuivo de la 
red (como una computadora) a un med1o fisico. Véase AUI. 
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Jua//S-1.\' Véase inlegr:ucd IS -IS 

Jynumic uddre!'il" relolulion RcsohiCIÓH du1;'anuca de d¡rccc¡oncs Uso de un 

protocolo de resolución de direcciones para determinar y almacenar tnformac&Óil de 
direcciones que se sohcua. 

DS·I Digital (tran.wmsslun) .\)•.\tem /_· S1stcma (de transmisiones) digital 1, o 
Digllal S1gnallevell: Señal d1gllal de nivel 1 Térnuno empleado para refenrsc a la 
señal digital de 1.56 Mbps (E E U.U) 6 2.0~~ (Europa)que m:u1eja el s1s1ema de 
ponadora TI 

Jynamic routing Enrutamicnto dinámico. Enrutanucnto que se aJuSta' en forma 
aulomática a cambios de lrálico o de topologia de la red 

DS-J Digital (transmission) System 3: Sistema (de transmisiones) digual 
3, o Digllal S1gnal levcl 3: Señal digital de mvel 3. Término empleado para 
refenrse a la señal d1gital de 44 Mbps que maneJa el sislema de ponadora T3. 

DSP Domain Specijic l'art.- Pane de domimo especifico Pane de la direcciÓn 
CLNS que conuene el idenlilicador de área, el Identificador de estación y el byle 
selector. 
DSR Data Set Readv· Eqmpo para datos listo C.rcuilo de inlerfa¿ RS-232 que se 
activa cuando el DCE es1á encendido y listo para usarse 
DSU Data .~'en•1ce l!mt. · Unidad de scrv1cio de datos Dasposlii\'O empleado en la 
transmisión d1gatal para conectar un CSU a un DTE 

error·correcting code Cód1go de corrccc1ón de errores. Cód1go con la sufic1enle 
inLcligencJa y doLado con la sufic1cnle informaciÓn de sci'iahl' .. ación para pcrmil1r la 
dcLccción Y corrección de muchos errores en el lado rcccplor. 

EARN European Academ1c Research Network.- Red Europea de invesugación 
académ1ca. Red que conc'Cia universidades e ins11tutos de mves11gac1ón. 

error-Jetecting code Cód1go de de1ecc1ón de errores. Código que puede delectar 
errores de transmisión mcd1an1e el análisis de los dalos recibidos, basado en el 
grado de adhes1ón a guias estructurales apropiadas que 1engan 

EBCDIC /extended limar¡• CoJee/ Decimal/nterclumge Code· Código extendido de 
intercambiO decnnal ,,.U1f1cado en binano. Código de carac1eres de 8 bus 

desarrollado por IBM pam representaCIÓn de dalas en sus grandes sis1cmas de 
cómpulo 

ICS-IS !Cnd Sptcm lo lnlcrmcdlale System De sistema final a s~>lcma llltermedio 
Prolocolo OSI que dcllne la forma en que los s1s1emas finales (anlilrioncs) se 
prcseman a los sis1emas inlermedios (cnruladores) 

[ Channcl Canal de conlrol ISDN de comnulaCJón de c~rcuilos de 6~ Kpbs. 

[thcrnct [spccilicación de red LAN de banda base 1nvcn1ada por la corporación 
Xerox y desarrollada en forma cmyunla por Xerox. lmel y Digital Equipment 
Corporatiou. Las redes Ethernet operan a lO megabus por segundo ulilizando 
CSMNCD sobre cable coaxial. Es similar a una serie de esl:indares producidos por 
IEEE y conocidos como IEEE K02 3 

echoplex Modo en el que los caracleres delleclado se despliegan como eco en la 
palllalla de la lerminar, una vez que la se1lal apropiada del olro exlremo de la linea 
regresa para indicar que se recibieron corrcclamcnle. 

ECMA ¡~·urupean Cumpuler Alrmufaclurers Assocuuwn. AsociaCIÓn de fabncantes 
europeos de compuladoras Grupo de distribuidores europeos que han hecho lrabajo 
imponante de estandanzac1ón OSI. 

EthcrTalk Protocolos AppleTalk que funcionan en E1herne1 

EIJ/ ¡~·/eclromc /Jalafmerclum}!.e· lnlcrcambío clec1róníco de dalas Comunicación 
clecuónica de datos operacionales La les corno pcd1dos y facturas entre 
organizaciones. 

ET.\'1 ¡.~·uropean Te/ecommumcalwn ,\'lanclard\·/nsll/Uie. lnsllluiO europeo de 
estándares de lclecomunicaciones Organi1.ación creada por los PIT europeos y la 
Comumdad Europea para proponer eslándares de telecomunicaciones para Europa. 

error control ConLrol de errores Téc11ica para asegur:.Jr que las transmisioJICS de la 
fuente sean recib1das en el desuno slll errores. 

[Unct Red UNIX europea dise1iada para ofrecer SCr\'ICios de lnlcrconeXJón y de 
correo clcclrómco que comen.t:ó como cxLens1ón de USENET. 

Euronct Esquema de redes propueslo por los países del mercado común europeo. 
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evenl Suceso, acontcclllliCIJIO_ M~.:nsa_¡c d~.: la 11.:d que wdu.;a urcgulandadcs 
operacionales en los elementos físicos de una red, o la rcspucsta ante la ocurrencia 
de una tarea s1gmficativa, que normalmente es el cumphuuelllo d~.: un ped1do de 
información. 

EXEC Término que Cisco empka para des1gnar al soflware que paquele a lravés 
del enrulador. illlerprela las órdenes en los produclos Cisco. 

expansion Expansión El paso de dalos comprimidos a lravés de un algorumo que 
los resliiUye a su !amaño onginal. Véase también compression 

Explorer frame Marco de exploración. Marco que envía un dispos111vo de la red en 
un enlomo de pucnlco de rulas fucnle (source rou1e bndging) para delerminar la 
rula óplima hac1a otro dispos111Vo de la red. 

exterior gateway protocol Protocolo de servidor de interconexión externo. 
Cualquier pro1ocolo de imerconexión de redes empleado para inlercambiar 
información de rutas enlre sislemas aulónomos. No debe confundirse con EGP, que 
es una instancia particular de uno de ellos. 

expediled deli•ery En forma general, se refiere a una opción propuesla por una 
capa específica de un prolocolo medianle la cual se pide a o1ras capas de prolocolos 
(o a la misma capa del prolocolo en olfo disposi11vo de la red) el maneJo mas rápido 
de cienos dalos específicos Exphcil roUie Rula explicila En SNA, rula de una 
subarea fuenle a una subárea deslmo, especificada por una lisia de nodos de subarea 
y por grupos de 1ransmis1ones (lransnussion groups) que las conccJan. 

Jan-out unil Unidad de frenle de salida. Disposilivo que pernule que múlliplcs 
dispositivos se comuniquen 

fuult munugement Manejo de fallas Una de cinco calegorias de maneJO de redes 
defimda por ISO para redes OSI. El maneJO de fallas ullellla asegurar que las fallas 
en la red se deleclen y comrolen 

FCC Federal Communications Commission- Comisión federal de comumcaciones. 
Agencia del gobierno de los Esiados Unidos que supervisa, Jicenc1a y cmurola 
estándares de transmisión elecarónica y electromagnética. 

FCS Frame Check .\'equence: Secuencia de \'cnficaciÓll de marcos. Ténmno HDLC 
adoptado por las sJgulellles capas de enlace de los protocolos que se refiere a los 
caracteres extra que se aiiaden al marco para propósllos de control de errores. 

FDDI/·ibcr /)1\'tnbuted Data lnterjilce· lnlerfa' de dalos d1s1nbuidos por fibra. 
Eslándar definido por ANSI que especifica una red 1okcn pass111g de 100 Mbps 
empleando cable de fibra óplica 

F/JM Frequency Divis10n Mnillplc.xlllg: Mulliplexac1Ón por división de frecuencia. 
Técmca en la que en un solo cable se puede as1gnar a la mformac1ón de múltiples 
canales un ancho de banda basado en la frecuencia. 

fu!tlswilching Conmu1ac1Ón rápida_ característica que maneja Cisco, en la cual se 
usa una mcmona rápida caché de ruta par:.1 acelerar el paso del paque1e alraveL del 
enrulador. 

FEP Frunt J .. iu.J Pruce).sor Procesador frontal. DispoSlli\'O o tarJeta que ofrece a 
un dispositivo capacidades de mlerfaz de red En SNA, normalmente es un 
disposiuvo 3745. 

jllLl·h updute ActualiJ.aCIÓn inmediala. Actualización de enrulamiento enviada 
asincrónicamente en respuesta a un cambio en la topología de la red. Las 
aclualizaciones de ennHamiento normales se envían a Inlen•alos fijos. 

fiber-optic cable Cable de fibra óplica Medio flexible y delgado capa' de conduclf 
transnusJOnes de luz modulada_ Comparado con otros medios de lransmis1ón, el 
cable de fibra óptica es nt.1s caro, no es sensible a la mterfcrencia elecrromagnélica 
y es capaz de mayores velocidades de maneJO de dalos 

jlooding Inundación, Técnica de enrulamiento en la que la info.macJón de 
enrutamiento que rec1bc el disposllivo enrutador se manda por c~1da una de sus 
imerfaces, exccpluando (normalmeme) la mlerfa' por la cual se recibió. Flow 
controiControl de nuJo Técmca para asegurar que una entidad transmisora no 
abrume a una entidad receptora con ctuos 

file lranJr.fer Transferencm de archivos. Una de las aphcactoncs de redes más 
populares, en la que se llevan archivos de un d1sposii1VO de la red a olro. 
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FNC Federal Nclli'Orktng c'owu ¡/- Coll~L:JO federal de rcdL:S Grupo responsable de 
asesorar y coord111ar las neccsJdad~.:s de redes d~.: las ag~.:ucJas fcdcralr.::s de los 
Estados U m dos 

ji/ter Fillro En fornw gcnénca, se refiere a un proceso o d1spo~illvo que fillra la 
información que le llega, permitiendo sólo el paso de algun subconJunto de ella qne 
tenga ciertas caracaeríslicas. En NctCerllral de Ci~co. se trala de um1 func1ón que 
limua los datos que le llegan para transferirlos a N el Voew 

FU/RL /•iber-Opl1c /nler-Repeater l.ink Enlace inler- repeudor de fibra 
óptica Metodología de señalizacoón de fibra óploca basada en la especofícacoón de 
fibra óptoca IEEE H02.3 

fonvard channel Canal de avance Trayectoria de comumcacoones que lleva 
informacoón del inicoador de la llamada a quoen se llamó. 

firmware Instrucciones de software que residen permanente o 
semipcrmanelllememe en ROM. 

fonvarding Envío. La expedición de un marco (frame) hacia su destino ullimo por 
medio de un disposiaivo de intcrcomumcación entre redes. 

flappjng Aleteo. Problema de enrutamiento en el que la rula anunciada entre dos 
nodos alterna (aletea) de ida y \1Jella entre dos trayectonas, debido a un problema 
que causa fallas mtcrmilcntes en la maerfaL 

fourier traniform Transformada de Fourier. Técmca empleada para evaluar la 
importancia de diversos ciclos de frecuencia en un pa11ón de series de tiempo. 

Flash EPROM Nueva tecnología de PROM (Programmable Rcad-Only Memory) 
desarrollada por lntel y licenciada a otras compañías de, senuconduclores Es un 
medio de almacenamiento no volátil que se puede borrar y reprogramar 
eléctricamente en el circuito. Se emplea en los enruladores Cisco para lograr la 
carga imcial y la subsecuente retención de la información de configuración en 
forma no volául 

fragment Fragmento. Pane de un paquete (packet) mayor que se ha panodo en 
unidades más pequeñas 

frugmenlution Fragmcruación. Proceso de pan1r un paquete en umdadcs menores 
cuando se lransnute en un medio de redes que no maneja ellamaüo original del 
paquete. 

fu-ahall Sos1ema de cómpulo DIZ LS-11 que ejecuta software de servodor de 
intercomumcac10ncs IP. NFSnct usó estos SISicmas como conmutadores 
fundamentales de paquetes. 

frume Marco Agrupanucnto lógico de mformación enviado a un mediO de 
transnusión como una mudad de la capa de enlace (lonk layer). Los térmonos 
paquete, dalagrama, segmenlo y mensaje 1ambu!n se emplean para describir 
agrupanuemos lógicos de uúormac1ón en varias cap<IS del modelo de referencia OSI 
y en círculos 1écnicos. 

frume reluy Relransnus1ón de marcos Prolocolo empleado en la mterfaz entre 
dosposnivos de usuario (por ejemplo, m:iquonas anfitnones y emuladores) y equopo 
de redes (por eJemplo, nodos de conmutación) Es más eficiellle que X.25 , 
protocolo del cual generalmenle se cons1dera como reemplazo. 

frequency Frecuencia. Medida en Hertz (Hz). es el número de c1clos de una seüal 
de cornente al lema por unidad de tiempo. 

fronl end Nodo o programa que solicita servicoos de un back end Véase también 
cliente y servodor. 

FTAM File '/'ransjer. Access une/ j\lanaJ.:ement· Transferencia, acceso y maneJO de 
archivos. Aplicación OSI desarrollada para 1111crcambio y maneJO de archivos en 
red. 

•'TP l-ile Transjer Prowcu/. Protocolo de lmnsferencoa de archovos Protocolo de 
aplicación IP para transferir archovos entre nodos de la red 

fu// duplex Capacodad de transmisión simultánea de datos en ambas dorecciones. 

(i(}S/P Guvernmenll OSII'rojile: Perfil OSI de gobierno. Especifocacoón de gestión 
para protocolos OSI en el goboerno de los Estados Umdos. A través de GOSIP, el 
goboerno determina el que todas las agencoas federales se estandaricen en OSI e 
implanten sostemas basados en esos estándares en la medida en que se puedan 
obtener en forma comercial. 

16 



G. 703 EspecJJ, ........ JÓII cléctnca y mec:inica CCITI' para COIIC.:.\IOJICS cn1rccqu1po de 
lclccomumcacioucs y DTE 

grade of l·ervice Grado de servicio. l\.kd1da d~.: la calidad del sen'JCJO lelerómco 
basada en la probabrhdad de que una llamada rccrba serial de ocupado dur:uue la 
hora pico del dia. 

gatewuy Compucna o servidor de mlcrcomumcación En la comumdad IP el 
lérmino se refería a un disposHivo de énrutamieniO. Ahor;1 se prdierc el ténnino 
emulador (rouler) para describir los nodos que hacen esla función, y la palabra 
galeway se refiere a un drsposllrvo de propósilo especial que efeclíra una conversrón 
de informacrón de nivel de capa 7 de una pila de prolocolos a o1ra, como lo hace Cl 
produclo Cisco CPT. 

ground stution Estación terrena. Conjunto de equipo de comunicaciones d1señado 
para recibrr (y usualmenle lransmilir) señales desde/hacia saléliles. Tambrén 
llamada downl ink slalion: eswción de enlace. 

gutewuy host Servidor de uuercomunicación anfitrión. En SNA, nodo anfilrión que 
contiene un servidor de inlcrcomunicación SSCP 

group address Duccción de grupo Dirección única que se refiere a múlliplcs 
disposilivos de la red. Sinónimo de mullicas! address(dircccrón múlliple) 

galeway NCP Servidor de imercomunicacrón NCR Programa de comrol de redes 
(Ne1work Conlrol Program) que conec1a dos o más redes SNA y lraduce las 
direcciones para pcrmlllf sesiones de tráfico entre redes. 

guanl band Banda de guardra Frecuencia libre enlre dos canales de 
comunicaciOnes, que los separa para prevcmr inlerfercnc~a mutua 

geosynchronous orbit Orblla geosincrómca. Térmmo referido a la órbita de un 
salélile en la cual su velocidad es igual a la de rowción 1erres1re, lo cual lo 
manlienc estacionario relativo a una posición sobre la superficie de la 1ierra Las 
órbitas gcosincrómcas requieren una posición de aprmomadamcnle 23,000 rmllas 
(37,000 Km) sobre la superficie del globo, sobre el ecuador. 

(iGP Galeway-lu-(/aleway Prolocol.- PrOlocolo de servidor a servidor de 
inlercomunicaciones. Prolocolo MILNET que especrfica la forma en que los 

sen.·1dores (o los ennnadorcs) b~ís1cos (core gateway) d~.:bcn uucrcambiar 
información sobre rulas y alcances. El protocolo GGP usa un algonlmo distnbuido 
de cam111o m;ís cono 

hulf duplex Capacidad de lr:ulSnulrr dalos en sólo una dircccrón a la ''"' 

ha/f galt-'way Medio gateway. Literalmente, d1spositivo que efectúa las funciones 
de mediO sen·idor de llllercomwiiGICIOnes, pues éstos such:n d1v1dirse en dos 
mil<ldes funcionales para fac1111ar su diseno y mantemnHciHo 

hund.>el Pane dcllekfono que conuenc clnucrófono y la bocina, y que se loma con 
la mano dura me su uso 

hundshuke Secuencm de mensaJeS que dos o más dtspositivos de la red 
inlercambmn para asegurar sincroniJ_¡Jción en la transmisión 

hurdwure address Dirección de hardware. También conocida como physical 
address· dirección fisica o MAC-Layer address: dirección de la capa de conlrol de 
acceso. Capa de enlace de datos asociada con tlll disposlii\'O panicular de la red. 
Conlrasla con una dirección o protocolo de red, que es una d1rccción de la capa de 
red (nelwork Layer) 

JI Channe/ Canal H. Canal ISDN primano full duplex que opera a 3H4 Kbps. 

11011 IIDLC IJ~>tant llo>t. Anfilnón remolo HDLC. Forma de ejccular el 
prOlocolo 1 M22 sobre enlaces sene sincrómcos en lugar de sobre hardware especial 
1 H22 llDH es esencialmenle headers (cncabclados) 1 ~22 y da los encapsulados en 
paqueles LAPB (X.25 nivel 2) 

IIDLC lltgh-levei/Jata Lmk Control. Con! rol de enlace de dalos de al lo mvel 
PrOiocolo de capa de enlace ISO es1ándar por bils de uso común. den vado de 
SDLC. Especifica un método de encapsulanuento de datos en enlaces serie 
sincrónicos. El serviciO HDLC de Cisco sólo maneja la crcac1ón de marcos y 
funcrones de suma de conlrol (checksum). 

headend El punlo lernunal de una red broadband (de banda ampha) Todas las 
estaciones tnmsmucn hacia ese punto, para que luego éste lransmita hacw las 
eSiaCIOJICS destino. 
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heuder Encabct.ado. lnformac1Ó11 de control que ~e ~u1adc a los d:uos auh.:s de 
encapsularlos para su transnu~IÓII en la red 

heartheat Lalido Véase SQE 

HELLO Pro10colo de enmtanuemo empleado pru1c1palmente por los nodos 
NSFncl. Permite a conmutadores contables dcscubnr rutas de retraso mímmo Por 
otro lado. el protocolo Helio (sm relac1ón con BELLO de NSFnet) es empleado por 
SIStemas OSPF para establecer y mamener relaciones de vecindad. 

HEMS lligh-level Hn111y Management System: Sistema de maneJO de enlldades de 
alto mvel. Interesante protocolo de manejo de redes que fue candidato para 
cstandarit.ac1ón en hllcrnel hasta que sus diseñadores lo rellraron durante el 
proceso de evaluación, en deferencia para SGMP y CMOT. 
HEPnet//•gh-/,nergy Phys1cs nelwurk: Red de lisica de altas energías. Red de 
ínvesligac•ón origmada en los Estados Unidos y que se ha extendido a muchos de 
los lugares en donde se hace investigación en lisica de altas energías. Los sitios 
más conocidos en los que se usa mcluyen al Laboratorio Nacional Argonne, al 
Laboratorio Nacional de Brookhaven, el Laboratorio Lawrence Berkelcy y el Centro 
del Acelerador Lmeal de Stanford (SLAC). 

Hertz Abreviado como "Hz"; medida de frecuencia o de ancho de banda Smónimo 
de ciclos/segundo 

HP P,.ohe Véase probe. 

HSC/ High-Spced Communications interface: Interfaz de comunicaciones de alta 
velocidad. Controlador desarrollado y distribuido por Cisco. Se trata de una mterfat. 
de un solo puerto que ofrece capacidades de comunicación sincrómca serie full 
duplex hasta a52 Mbps Se instala en enrutadores CISCO. 

heterogeneous network Red heterogéneo. Red cons•stelllc en d1sposl!i\'os d1símilcs 
que ejecutan protocolos disímiles y que en muchos casos manejan funciones o 
aplicaciones disímiles 

hierarchical routing Enrolamiento Jerárquico. Enrulamicnlo basado en un sistema 
de direcciOnamiento jerárqUico. Por eJemplo, los algoritmos de enrutamiemo IP 
emplean direcciones IP, que comienen números de la red, números de máquinas 
anfitriones y (posiblemente) números de subredes. 

//.\:\'/ lhgh-Speed Scnal Interface: lnlerfat. serie de alta \'clocidad Eslúndar de 
redes para comunicaciones ~cric de alta velocidad (hasta 52 Mbps) sobre enlaces 
WAN 

hub Concentrador. En forma genérica. térnuno que describe u11 d1sposi11vo que 
sirve como centro de una red con1opología de estrella. En la tcrnunologia 
Ethernet/ IEEE 802 3 se refíerc :1 un repetidor multipuerto, que a veces también se 
conoce como conccntrator(conccntrador) Ellérnuno 1amb1én se usa para el 
d•sposili\'o de hardwarc/soflware que conliene múil1ples módulos mdepcndiemes, 
aunque conectados, de equ1po de redes e interconc:-.1ón entre rcúcs. Los 
concemradores pueden ser acli\'OS (que repllen las sc11ales que les llegan) o pasi\'os 
(que no repilen, sino sólo repanen las se1lales que les llegan). 

11/PP/ fhgh-Performance Parallellnlerface· llllerfaz paralela do al lo renduniemo 
Esl:indar de inlerfaz de ah o rendi nuenlo dcli nido en el eslándar ANSI X3T9 3 1 HM-
023. 

ho/Jdowns Sujeciones. Característica de algunos prolocolos de cnnuamicnlo en los 
que se impide que las actualiJr..aCioncs regulares de rutas eqUivocadamente 
remslalen una rula que ha fallado. 

hop count Cuenta de trayecto Mé1rica de enrutamicnlo usada para med1r la 
distancia entre una fuente y un dcsawo. Cada hop equivale al paso de un packc1 
(paquele) por un Cllrulador. 

hybrid nehvork Red híbrida. Término usado para describir una Interconexión cnlrc 
redes hecha con más de un upo de 1ecnología de redes, que mcluye LAN y WAN. 

host Anfitrión Sistema de cómputo en una red. Es similar a los términos dcvicc 
(dlsposlli\'o) o node (nodo), excepto que usualmenle implica un s1s1ema de 
cómputo, mientras que dispositivo y nodo generalmente se aplican a cualquier 
SISicma en red, que incluye lernunal servers (servidores de lerminales) y 
cnruwdorcs 

host node Nodo anlilrión Nodo de subárea SNA que conliene un SSCP 
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J[E[ 8112.2. .JColo LAN de IEEE que especllica la impl;uuac1ón de la subcapa 
de control de enlace lógico de la capa dL: c,;¡¡Jao.: S~: encarga dd maneJO de errores, 
creación de marcos y fluJo de control, es Jllh.~rf;ll: de sr.::n·JcJo con la capa 3_ Se 
emplea en redes LAN tales como IEEEX112 J e IEEE X112 5 

IAB lmernet Activmes Board: Gm[JO de acuv1dades de lmernet. lnvesugadores de 
interconexiones entre redes que se reúnen regularmente para dtscunr a~untos 
pertinemes de lmernel. El grupo define políticas de llllernct med1ante decisiOnes y 
asignación de fuerzas de trabajo pam asuntos vanos 

IEEE 802.3 Protocolo LAN de IEEE que especifica la implamac1óu dela capa fis1ca 
y de la subcapa MAC de la capa de enlace. Ullliza accesos CSMNCD en varias 
velocidades usando varios medios fisicos. Una vaname fisica de IEEE H02 3 
(lOSASES) es muy similar a Ethernet. 

ICMP Protocolo Internet de comrol de mensaJeS. Protocolo de la capa de red que 
permite que los paquetes de mensajes reporten errores e información relevante al 
procesamiemo de paquetes IP. Está documentado en RFC 792. 

IEEE 802.4 Protocolo LAN de IEEE que especifica la implamac1ón de la capa 
fisica y de la subcapa MAC de la capa de enlace. Ut11iza acceso token passing sobre 
una topología de bus. 

IDP lmtial Domain Part: Secc1ón imcial de dominio Parte de una dirección CLNS 
que comiene un identificador de autoridad y de formato, y un identificador de 
dommio. 

J[EE 802.5 Protocolo LAN de IEEE que especif1ca la Implantación de la capa 
fis1ca y de la subcapa MAC de la capa de enlace. Utiliza acceso token passing a 4 ó 
16 Mbps sobre cable de par trenzado blindado y es muy Similar a Token Ring de 
IBM. 

IDPR lmerdomain Policy Routmg Política de enrutanuemo interdomimos. 
Protocolo cxpcnmcntal de cnnuamicnto entre dominios que intercambia políticas 
entre sistemas autónomos en forma dmám1ca IDPR encapsula el tráfico de los 
sistemas wtcr-autónomos y lo cnruta de acuerdo con las políticas de cada SIStema 
autónomo a lo largo del trayecto Actualmente es una propuesta de IETF. 

IEEE 802.6 Especificación IEEE de red de área metropolitana (Metropolitan Arca 
Nctwork: MAN) basada en tecnología DQDB. 

IEJ'F Internet Engmeenng Task Force Fucrt.a dl: trabajo de Ingeniería lntemel. 
Equipo de trabajo JAll que consiste en mús de -lO grupos rcsponstlbles de asuntos 
mgclllerllcs 1 ntcrnct solubles a cono plato. 

IDRP IS-IS /nterdommn RoutmK }Jrotuco/_· ProlOcolo de enrut:umento 

interdomimos IS-IS. Protocolo OSI que cspec1fica cómo se comunican enrutadores 
con enrut:1dores en diferentes dominios_ 

1 FIP /nternatumal l·'et!erllfion jiJr Jnjúrmalwn /)roces,\m}!.: Federación 

internaciOnal de procesamiento de mformac1ón. Organ11.ación de investigación que 
realiza lrabaJOS de pre- estandariLación OSI. Entre sus logros se cncue111ra la 
Normalización del modelo ongmal MHS. 

IEEE lnxtilute t~J'Eieclnca/ ami é.'lectromc Fngmeers lnstitulo de mgenicros 
eléctricos y electrónicos. Orgallii.aCJÓil profesion:.1l que dcliJIC eslándares de redes. 
Los estándares LAN de IEEE son los prcdonunantcs en la actualidad, e mcluyen 
prolocolos sinularcs o virtualmemc equl\'alentcs a Ethernet y Token Ring. 

INTAP lllleroperabtllly 'l'eclmolvgy JIHocwtwn j(Jr !nfurma/um /Jruces.\·mg· 
Asociación de tecnología de inleropcralividad para proces;:Jmiento de Inforntación. 
Organi,.ac1ón técnica creada para desarrollar perfiles OSI japoneses y pruebas de 
aceplación. 

/(;p !menor Oatc!wtw Prolocul: Pro10colo de servidores de intercomunicación 
inlernos Protocolo Inlernel usado para mlercambio de informaciÓn de 
enrutanuento en un sistema autónomo. Ejemplos usuales de IGP Internet son IGRP, 
RIP y OSPF. 

lntegrated IS-IS Protocolo de cnrulamiento basado en el protocolo OSI de 
cnrulanuenlo IS-IS y que además se maneja en redes IP u olras. Las implantaciones 
de IS-IS integrado envían solamente un conjunto de :JcLualiLacioHcs de 
cnruranuenlo, por lo cual resulta más eficiente que dos unplantaciones separadas. 
Antes se conocía como Dual IS-IS. 

J(iRP Inferior (ialeway. Routm~ Protocu/_ Pro10colo de ennHamicnto de servidores 
de ÍlllercomunicacJón Internos. IGP desarrollado por Cisco pam resolver problemas 
relalivos a enrutadorcs en redes grandes y heterogéneas 
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/liS lntegrated ( imcwt~~' Server Sct \'Jdor de Jlll~.:rcoJIIIJIIJc;JCJÓn 1 nll!grado_ 
Enrutador/puente CJ!)CO Integrado de configuracJón fiJ;¡ 

Interfaz ConeXIÓn entre dos s1stenws o d1sposlii\'OS En la ll!rnunología de 
enrutadores, es una conex1ón de la red. Tamb1én se refiere a la frontera cmre capas 
adyacentes del modelo OSI En lelefonía, es una fronlera compartida que es1á 
defimda por caracterísucas de 1ntercone.x1ón flsica comunes. características de la 
señal y significados de las scoiaks uueocamboadas 

IMP lnlerface Alessage Processor: Procesador de interfaz de mensajes. Nombre 
que anlenormcme lenian los conmuladores de paqueles de lnlerncl. Ahora se 
llaman packcl-swilched nodcs (nodos de paqueles conmuwdos), packcl swilchcs 
(conmuladorcs de paquclcs) o swilches(conmuladores). 

interference Interferencia. Ruido mdcseado en el canal de comumcac1ón. 
in-bund signuling Señalización en banda. Transmisión denlro de una gama de 
frecuencias normalmente empleada para transmilir información. Contrasta con out
of-band signaling (señalización fuera de banda), que usa frecuencias fuera de la 
gama normal de las empleadas para 1ransferir mformación. 

intermedíuJe system S1s1cma intermedio_ Nodo de enrutamiento en una red OSI. 

lnternational Standards Organization Organ1zación Internacional de estándares. 
Expansión errónea del acrónimo ISO. 

infrured llúrarrojo. Ondas electromagnéticas con gama de frecuencias por encima 
de las microondas pero abajo del espectro visible. Recién comienzan a surgir 
sislemas LAN basados en es1a lecnologia. 

Internet Térmmo empleado para referirse al sistema de interconexión. de redes más 
grande del mundo, que cancela nodos de redes en lodo el planela, y que desarrolló 
una "cuhura" basada en simplicidad, im·esligación y eslandarizacoón fundamenlada 
en el uso real. Buena parle de la lecnología de puma en redes vino de esla 
comunidad. lmcrnel evolucoonó a parlor de ARPANET. 

JNUC lnlernel Ne/Work Upera/iuns Cenler.- Cemro de opcracooncs de redes 
lmcrnel. Grupo de BBN que, en los inicios de hucrncl, conlrolaba y supervosaba los 
enrutadores y servidores de inaerconex1ón pnmanos_ 

Internet udtlren DirecciÓn Internet Tamb1én llamada "direccJón IP''. es una 
dJrccc1ón de 32 bits as1gnada a m:'lqwnas anfitnones que emplean TCP/IP La 
dirección se escribe como cuatro octetos separados con puntos (formato decimal con 
punlo). lormados por la sccuón de la red, una sección opcoonal de subrcd y una 
seccJÓII del anfitrión 

IPX mternetwurkmg }Jacket h'xdumge: Intercambio de paqueaes de interconexión 
de redes. ProiOeolo Novell de capa J, sonular a XNS e 11' que se emplea en redes 
NeiWarc. 

IRN lntermedwte Uoulmg Node: Nodo de cnrutanucnto llllermcdlo_ En SNA, un 
nodo de subárca con capac1dades de cnrutamiento intermedio. 

interneh,•ork Redes interconecladas. ConJunlo de redes intercOIICCtadas por 
enrutadorcs y que en forma genérica funciona como una sola. A veces se le llama 
onlcmco, lo cual no debe confundorse con la palabra hllernel. 

IR1'F Internet Re.\earch Task Force Equipo de trabajo para lll\'est1gación en 
Internet Comunidad de investigadores en redes con interés en mtcrconcxión de 
redes. Eslá comandado por el grupo de gobierno en invesugaciónlnlernel (hllcrnel 
Rcscarch Soeenng Group: IRSG). 

internetworking Interconexión de redes. Térnuno gcnénco usado para refenrse a la 
induslria que surgoó alrededor del problema de cancelar redes. Ellénnono se puede 
referir tanto a productos como a proced1mien1os y lccnologías. 

b;urithmicjlow control Flujo de control isarítmico Técn1ca de flujo de control en 
donde los permisos para lransnulir viaJan a lo largo de la red. La poscs1ón de uno 
de ellos posibilita el derecho a lransmitir. 

interoperubilily lollcropcrabilidad. Capacidad para comunicar equipos de 
computación de dl\'ersos fabricanles medwnle una red_ 

/SJJN lnlegraled Servoces Digilal Ncm·ork· Red dogilal de servicios inlegrados. 
Pro10colos de comunocación propucs10s por las compaoiias lelelonicas para lograr 
que las redes de leléfono lransmilan dalas, voz y olros mmenalcs de la fucmc. 

intra-area routing Enrulanuenlo entre árc<JS. Térnuno empleado en los enruladores 
DECneo para describir enrulanucmo demro de un área. 
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JP Internet PL .ul. Protocolo lnlcrn~L Pro10colo (k capa l (capa de red) que 
conucne mformación de dircccionanuento y de coutrol para permitir el 
cnrulélmicnto de paquetes. Estú documer11;1do en RFC 71J l. 

IS-JS lntermedwte System to lntennédi<lle Systcm S1stcma mtermed10 a Sistema 
intermedio Protocolo jerárquico de cnmtamiento OSI de estado de enlace (hnk
statc), basado en enrutamiento DECnet Phasc V, en donde los Sistemas intermcd1os 
(enrutadores) mtercambiau lllformación basada en una sola mélnca, para 
determinar la topología de la red 

/Paddress Dirección IP. Véase Internet address. 

ISO /nlernatwnal Orgamzatwn fur Standanzatwn: Organización internaciOnal 
para la eslandaru..ación Organi:t..ación i~uernac10nal responsable de una amplia 
gama de estándares, incluyendo aquellos relevantes para las redes. ISO la es 
responsable del modelo de referenc1able redes más popular: el modelo de referencia 
OSI 
IPSO IP Secunly Opium· Opción de seguridad IP Pane del protocolo lnlernel 
(IP) que define mvcles de seguridad basados en las interfaces. 

isochronous transmisión Transmisaón isocrónica. Transmisión asmcrómca (start
slop) sobre un enlace de da1os sincrónico. En telefonía, asocrómco implica un 
muestreo de blls de lasa constante, y se conoce como la anversa de la transmisión 
asincrónica. 

ISO DE ISO /Jevelupment /!'!Jvtronment En10rno de desarrollo ISO lmpl~uuación 

popular de las capas supcnorcs ISO en una pila de protocolo TCP/IP 

juhber Balbuceo. Condición de error en la cual un dispositivo de la red 
continuamente transmite "basura" a la red. En IEEE 802 3 se refiere a un paquete 
de datos cuya longitud excede a la presenta en el estándar 

JANET Jomt Acadenuc Network: Red acadénuca conJunta. Red universitana en el 
Reino Unido. 

jiner DistorSIÓn de las lineas de comunicacaón analógacas causada por una 
variación en las posiciones de referencia temporal de una sciial. Puede causar 
pérdida de datos, panicularmente a alias velocidades. 

' ' 
JIJNETjaJlan UNIX Nclnork: RedJiponesa de Un" La red nac1onal1ió 
comcrcwl mo:ís grande del J¡Jpón, dise1i:1da para promover las comunacacioncs entre 
investagadores j:1poncscs y extranJeros 

JVNCncl Jo/m von Neummm ( 'enter Network. Centro de redes John von 
Neumann Red rcg1onal compuesta de enlaces TI y enlaces serie m~ís lentos, que 
ofrece scmc1os de red de mvel medio en localidades del Noroeste de los Estados 
Unidos 

LASER f.tght Ampbjicatton by ·"'tun/1/ated J~úli.\swn oj /úulullwn- Amplificación 
de lut. por emis1ón estimulada de radiaciones. Disposlll\'O analógico de transmisión 
en el cual un matcnal 3CIIVO adecut.~do es e:xcllado por un estímulo externo para 
producir un estrecho haz de hat. coherente, que puede ser modulado en pulsos para 
transmitir datos. Las redes basadas en tccnologia láser están apenas comenzando. 
pero parecen prometedoras dcb1do a anchos de banda potencialmente amplios y a 
una rclauva resistencia a la mterferenci:.L 

LAN Local Area Network: Red de área local. Red que cubre un área geográfica 
relativamente JX:quefia (usuahuentc no mayor que un gmpo local de edificios). 
Comparadas con las redes WAN, las redes LAN suelen caracterizarse por 
velocidades de transferencia de datos rclaaivamenle altas y una relativamente baja 
incidencia de errores. 

LAT /.oca/ IÍrea Transport: Transporte de área local Protocolo de tenninal \'irtual 
de red desarrollado por D1gital Equipment Corporauon 

LAN Manager Sistema de arch1vos d1stnbuidos desarrollado y m:mejado por 
Microsoft. 

LATA /,oca/ Access ami Trampurt -'1rea: Área de transpone y acceso Área de 
marcaJe telefónico atendida por una sola compa11ia 1elcfónica local. Las llamadas 
dentro de un área LATA se conocen como llamadas locales. Hay más de c1en de 
estas áreas en los Estados Unidos. 

LAN Network Manager Paquete de maneJO Token Ring y source-bridge local 
ofrec1do por IBM. Normalmente opera en una PC y verifica los puentes de rutas 
fuemc (source-routc bridgcs) y los dispositiVOS Token Ring, y puede pasar mensajes 
de alcna a NctVICw. 
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/eul·ed /ine Línea arrendada o pn\'ada Línea de transnus1ón re~er\'ada por un 
portador de comunicaciOnes para uso pnvado de un cliente 

LAN Scn·cr Sistema de archivos d1stnbu1do den vado de LAN Manager, 
desarrollado y manejado por IBM. 

IL'Vel 1 route Rula de nivel 1 Rula OSI o DECncl dcmro de un úrea 

J..APR !.mk Access Procetlure· Balanced. Procedmuento balanceado de acceso de 
enlace. Derivado de HDLC, es una versión CCITI X 25 de un protocolo de enlace 
de datos por bils. 

leve/ 2 route Ruta de nivel 2. Ruta OSI o DECnet entre áreas. 

LAPO Lmk Access Protoco/ /): Protocolo D de acceso de enlace. Protocolo ISDN 
de capa de enlace (link layer) para el canal D. Se derivó del protocolo LAPB 
CCITI X.25 y está diseñado pnmordialmente para satisfacer los requennuenlos de 
señalización del acceso básico ISDN. Está definido por las recomendaciOnes Q 920 
yQ.921 deCCITI. 

/ine Linea En forma genénca se refiere a lo mismo que link (enlace) En SNA, es 
una conexión a la red. 

line conditioning Acondicionamiento de linea. Uso de equipo, en lineas de voz 
arrendadas, para mejorar las características analógicas, pcrmiuendo así mayores 
velocidades de transmisión. 

/ine driver Dispositivo manejador de la linea, Convcnidor de señal/amplificador 
poco costoso que acondiciona las señales digitales para garantizar una transmisión 
confiable a largas distancias. 

line of sight Línea de vista. Característica de c1enos sistemas de transmisión, como 
el láser, las microondas y los sistemas infrarrojos. en donde no puede existir 
obstrucción en el canuno directo entre cltransnusor y el receptor. 

line turnaround Tiempo de camb1o en la linea T1empo requendo para cambiar la 
dlfección de la transm1s1ón de datos en una linea de teléfono. 

Link Enlace. Canal de comunicaciones de la red consistente en un circuito o una 
trayectoria de transmisión, mcluido el equipo exlstetlle entre cltransnusor y el 
receptor. Suele usarse para refenrse a una conex1ón en una red WAN. 

Unk layer Capa de enlace. Véase dala L111k laycr 

li11k-stute Ruuling ulgoyithm Algoritmo de estado de enlace, Algoritmo de 
eruutamiento en el que cada enrutador difunde a todos los nodos la información del 
costo de acceso a cada uno de sus vcc1nos. Estos algontmos crean una vtsta 
consistente de la red y por ello no son pro~nsos a caer en ciclo:- de enrutamiento, 
aunque logran esto a costa de una relativamente mayor dtticultad computaciOnal y 
de un tráfico un tanto mús d1senunado (en comparación con los algorilmos de 
enrutamiento de vector de distancias). Véase tamb1cn Uelhnan-Fórd rouung 
algorithm. 

little-endiun Método de almacenar o transmitir datos en el cual se presenta pnmero 
el b1t o byte menos sigmficauvo. Véase también big endian. 

LLC l.ugu:al Lmk Colllrol. Controllóg1co de enlace Subcapa de la capa de enlace 
OSI definida la IEEE. Se encarga del control de errores. control de nuJO y creación 
de marcos El protocolo LLC más usado es IEEE X02 2. que 111cluyc variantes sin y 
con conexión. 

LM/XLAN Manager for UNIX L,AN Manager para entornos UNIX 

LNMLAN NeiWork Manager: Manejador de redes LAN. Producto de IBM para el 
maneJO de un conJunto de puentes de rutas fuenlc (sourcc route) y sus entornos 
Token Ring. 

load balancing Balanceo de carga. En enrutanuento se refiere a la capac1dad de un 
enrulador para distribulf el tdfi, o ,1 todos sus pucnos de la red que estcn a la 
misma distancia de la ducü .. luu di.! destino Los buenos algoritmos de balanceo de 
cargas usan información sobre la velocidad de la línea y sobre su contabilidad El 
balanceo de la carga incremento la uulización de los segmentos de la red y 
aumentan el ancho de banda efectivo de la red 

local a<·know/edgmenl acuse de recibo local Mctodo en el cual un nodo 
111tenncdio de la red, tal como un enrulador CISCO, tenmna una sesión de la capa de 
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enlace de d:IIL, __ .·a una m~iqUina anfimoua llnal E luso tk estos :1cuscs de rcc1bo 
locales reduce la sobrec<~rga de la red y por 1:11110 el riesgo de 1Htenupc10ncs 

local bridge Pucnle local Puente que d1rccwmcntc llllcrconccta redes en la nus111a 
área geográfica. 

/ocu/loop Ciclo local. La linea que va de las IIISialaciOHes del abouado del icléfouo 
a la oficina cemral (CO) de la comp:uiia lclcfóuica. 

Loca/Tu/k Proloeolo de red de banda base CSMA/CA de 230 Kpbs palculado por 
Apple 

logi,·al channel Canal lógico. Trayectoria de comumcaciones no dedicada. para 
conmu1ac1ón de paqueles, enlrc dos o más nodos de la red. Medianlc conmutación 
de paquc1cs pueden cxislir varios canales lógicos simuHáncamemc en un mismo 
canal fisico. 
loop Ciclo. Rula en la cual los paque1es nunca llegan a su deslino. sino que sólo 
recorren un ciclo o bucle a través de una serie conslante de nodos de la red. 

luopback test Prueba de ciclos. Prueba en la cual se envían y regresan señales 
hacia la fuenle en algún pulllo dcllrayeclo de comunicaciones. Suelen emplearse 
para probar qué lan uulizables son las inlerfaces de la red. 

LV Logical Un11: Unidad lógica Componenle pnmario de SNA Tipo de un1dad 
dueccionable (NAU) que JX=rmilc a los usuanos finales comumcarsc entre sí y tener 
acceso a los recursos de la red SNA 

LU 6.2 Logtca/ Unil 6. 2: Unidad lóg1ca 6 2 Umdad lógica que gobierna las 
comunicaciones SNA emre nodos equivalentes (pccr-lo-peer). Maneja 
comumcacioncs en general cnlre programas en un enlomo de proccsamicnlo 
dislribuido. 

MAC sub/ayer Medw Access Control sub/ayer- Subcapa de comrol de acceso al 
medio. Como está definida por la IEEE, se 1ra1a de la porción baja de la capa de 
enlace de dalos del modelo OSI. La subcapa MAC se encarga de los asunlos de 
acceso al medio de comunicaciones. como por ejemplo delernünar sí se usará token 
passing (paso de eslafela) o comemion (compelencia) 

MAN Metropolltan Area Nelwork: Red de área metropolitana En términos 
generales se refiere a una red que ocupa un área melropolilana. geográficamente 

mayor que la ocupada por una red local (LAN), pero menor que l;t de unJ~cd 
amplia ( WAN). Véase lambicn DQDB 

munuged object Objeto de manCJO En maneJO de redes se refiere a un dtsposllivo 
de la red que es lralado por un pr01ocolo de n¡¡mejo de la red 
mtmagemeni.H!rwces Servictos de manCJO Funciones SNA distnbu1das entre 
componemes de la red para manejar y conlrolar una red SNA. 

Munchester enL"Oding Codificación ManchcSier. ES<1ucma decodificación digllal en 
el que se emplea una lransición duranle el bu para selial de reloj, y donde una 
lransición a allo durame la primera m liad delliempo del bil denola un uno. Es el 
esquema de codificación empleado por IEEE M02 3/Eiherncl 

MAP Manuf<Jctunng Automation Protocol: Protocolo de nwnufactura automática. 
Arquneclura de red creada por la empresa General Molors para salisfacer las 
uecesidades específicas de la fábrica. Especifica una red local (LAN) loken-passing 
similar a IEEE M02.~ 

marco Véase frame. 

MAU A/edtum JI 1/achment Umt (1/,Fic 1!0:!.3)" Unidad de vinculación, o 
Mulllslalion Access Unil (IEEE M025): Unidad de acceso a eslaciones múluples 
En el primer caso. es un disposilivo que realiza las funciones de la capa 1 de IEEE 
M02 3 . que mcluyen la delección de colisiones y la inyección de bils a la red Una 
umdad MAU se conoce como 1ransce1ver (transnusor/rcccptor) en la especificación 

·E1herne1 En el segundo caso (a veces llamadas lambicn MSAU para que no se 
confundan con las pnmcras), se trata de concemradorcs de cables a los cuales se 
conectan los nodos de lokcn nng. 

MCI Compañia de lelccomunicacwnes que compile con AT&T y con U.S prinl 
en el mercado de suscriptores de sen'ICio a larga distancia. 

media Medios, Plural de medium, en mglés. Enlomo fistco medianle el cual pasan 
las señales de transnustón. Los medios usuales en redes so el cable coaxial. la fibra 
óplica y la almósfera 

M~sl·age Mens.éiJe. Agrupamic nto lóg1co de informaciÓn en la capa de aplicación 
(aplicación layer) Véase también packel, frame, segmern y dalagram. 
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messa~e .\tl'ltc:lunx ConmutaciÓn de mensaJes Técn1ca de conmutaCIÓn que 
transmuc mensajes de nodo a nodo e11 una red_ El mensaJe se almacena en cada 
nodo hasta que llega el momento en que se con!:.lguc envío_ Véase tamb1én packct 
swilching y circuil 

MGS Al1d-s1ze (/ateway ~'en'er- Servidor de mtcrcomunicacioncs de tamafio 
medio. Enrmador/pucnle C1sco de 4 ranuras . 

MHS Alessage handlmx .\)1stem_· sislema e manejo de mensaJes. Recomendación CCI-IT 
X.4UO que ofrece servicios de mensajes para comunicaciones dislnbuidas. Ne1Ware 
MHS es una enlidad difereme (aunque similar) que lambién ofrece manejo de mensaJes 
d1s1ribmda por la empresa Novel!. 

M lB Alanagementlnformation Base: Base de manejo de información Base de datos 
de información sobre manejo de objelos, a la que se puede lener acceso medianiC 
prolocolos de manejo de red 1ales como SNMP y CMIP. 

M/C Media Interface Connector: Coneclor FDDI que es un eslándar por defaull. 

mit:rowave Microondas Ondas elecuomagnélicas en la gama de 1 a JO Gigahcnz_ 
Las redes basadas en Microondas consliluye una nacienle ICcnología que gana 
campo debido a su allo ancho de banda y su rclalivamenle bajo coslo. 

midsplit S1s1ema de cable de banda amplia (broadband) en el que las frecuencias 
disponibles se d1vidcn en dos grupos- uno para 1ransm1sión y otro Para re¡:;epcj_ón 

MILNET Milila¡y Nelwork.Red m linar. Véase DDN 

Modelo de referencia OSI Véase OSI Reference Model 

MODEM Moclulator-Demodulator.- Modulador-demodulador. D¡sposlli\'O que 
convierte señales digilales a una forma adecuada para 1ransm1sión sobre medios.dc 
comunicación analógicos, y viceversa. 

multiL·ast address Dirección múlliple Direcc1ón que se refiere a múltiples 
disposllivos de la red. Sinónimo de group address (dirección de grupo). 

módem elimínator Eliminador de módem Disposilivo que permllc la conexión de 
dos d1sposi1ivos DTE sin el empleo de modems 

~lu/tihomed ho.\1 anfilnón mllltiplc_ Múquina anfitnona as1gnada a múlllplcs 
segmentos fisicos de la red. 
moJulution Modulación Proceso por el cual se transfonnan las caracterísucas de 
las señales para represenlar información. Los llpos de modulación mcluyen 
frecuencia modulada (FM), en donde se1iales de diferenles frecuencias represenlan 

·\;a lores de dalos diferenles, y amplilud modulada (AM), en donde la amplilud de la 
señal varia para representar difcrenlcs valores de dalas 

multimode fiber Fibra mullimodal Fibra qne maneJa la propagación de 
múltiples patrones de campo clcclromagnético_ 

múltiple domain Nehvork Red de donumo múl11ple. Red SNA con múluples SSCP. 

MOP Almnteunnce Operntwn /Jrowcu/: Protocolo de operaciOnes de 
mallleninuenlo. Prolocolo DEC, un subconJunto de¡ cual maneJa Cisco, que ofrece 
una forma de reali1..ar operaciones prinHtl\'as de mantenimiento en sistemas 
DECnel. Por ejemplo, puede usarse MOP para pasar una copia de la 1magen de un 
sistema a una cs1acaón de trabajo sin d1scos. 

múltiplex La colocación de múltiples señales en un solo canal. 

multipoint line Línea multipunto. También llamada multidrop linc· línea de 
múluples pulllos de enlace Línea de comunicaciones con múlliples punlos de 
acceso al cable. 

MSAU .\/ultl.\latwn Access Uu/1.- Unidad de acceso a estaciOnes múltiples. Véase 
MAU 

multivendor nehvork Red de vanos fabncantcs Red que utiliza eqUipo de más de 
un fabricallle Es1as redes llenen más problemas de compa11bihdad que las de un 
solo fabricanle o dislribmdor. 

MSM Semdor de lerminales C1sco basado en un chasis M 

MTU Aláxunum Transmisswn Unu.- Unidad de transmiSIÓn máxtma Se refiere al 
paque1e de !amaño má.,uuo, en byles, que una uuerfaz en particular puede manejar. 

mu-law Ley mu Eslándar de compresión)' expansión (compandmg) 
noncamcricano usado en conversiones entre scr1ales analógicas y digitales en 
SISiemas PCM. 
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NCC Véase NOC 

NCP Network Control Progrmn Progmma de control de la red En SNA, se rcrierc 
a los programas que as•gnan rulas y controlan el nuJO di.! d<llos entre un controlador 
de comunicaciones (en el cual rcsoden) y otros recursos de la red 

N-1 Red umversilariaJaponcsa que uucrconccta mainframcs (grandes 
computadoras) medoante X.2S. 

NACSIS National Cente rjór Science lnformatwn Systems: Centro nacoonal de 
sistemas de informaCIÓn sobre ciencia. Red japonesa considerada sucesora de N- 1 
N DI~' Network Driver Interface Specijication. Especificacoón de interfaz del 
manCJador de la red. Producida por Mocrosoft, es la especificación de un manejador 
de dispositivos para tarjetas NIC, de tipo general e ondependiente del hardware y 
los protocolos. 

Nugle's algorilhm Algontmo de Nagle. Se lrata en reahdad de dos algontmos 
diferenles de control de congestionamiento que se pueden emplear en redes basadas 
en TCP. Un algortimo reduce la \'entana de envíos mientras que el otro limila_l~s .. 
datagramas pequeños. · 

neighboring routers Ruteadores vecinos. En OSPF, se refiere a dos enrutadores que 
uenen interfaces a una red común. En redes de acceso múltiple, los vecinos se 
descubren en forma dinámoca mediante el protocolo Helio de OSPF. 

nume resolution Resolución de nombres. En forma general, el proceso de asociar 
un nombre con una locahdad de la red. 

NET Network Entity '1/t/e· Titulo de entidad de red Direcciones de la red definidas 
por la arquitectura de redes ISO y empleadas en redes basadas en CLNS. 

name server Ser\'idor de nombres. Servidor que la red ofrece para resolver nombres 
de la red y asociarlos con localidades (direcciones) de la red. 

narrowband Véase baseband. 

NetBJUS Network /Jas1c lnput!Oulput System: Sislema básico de entrada/salida de 
red. Interfaz de la capa de sesión para redes de PC, producida por IBM y Microsoft. 

·J);~. 
dA U Network .·lddre.\.WJhle l!nll: Unidad d1recc10Hablc en la red Térmni'S'"'SNA 
para las entidades direccoonables Entre los CJemplos se oncluyc PU. LU y SSCR. 

Netl.:enlrul Producto de software de CISCO que orrccc una hcrranuenta de allo 
rendwuento pam el maneJo de mtcrconc.xión de redes di\'Crsas. NctCcntral está 
basado en SNMP y una base de datos relacoonar de Sybase. y opera en estaciones de 
trabaJO Sun 

NA UN Nearest Active Upstream Neoghbor Vecuoo actovo m:ís cercano a la fuente. 
En redes Token Ruog o IEEE KU2.5 se refiere al disposuovo de la red que aún está 
activo y que es el más cercano al que actúa como punto de referencia. 
Nc1Vic"'· Arquuectura y aplicaciones relacionadas con manejo de redes IBM. 

NetWare Desarrollado y distribuido por Novell, lnc., se trata del sostema de 
archi\'OS distribUidos más popular en la ac1uahdad. Ofrece acceso transparente a 
archivos remotos y muchos o1ros servicios d1s1nbuidos de redes 

nehvork Red Conjunlo de compuladoras y olros disposilivos que son capt.Jccs de 
comumcarsc entre sí empleando un mcd1o reticular. 

Procedure Call: Llamada remota a procedimoentos), y otros Esos protocolos son 
pane de una arquitectura mayor que la empresa Sun nombra como ONC (Open 
Network Computing). 

Nehvork udJress DirecciÓn de la red. Tamb1én llamada pr01ocolo de la red 
(Network protocol), es una dorección de la capa de red (network laycr) que se 
refiere a un dispositivo lógico, no fis1co. de la red. 

NIC Network Interface Comroller Controlador de inoerfaz de red, o Network 
Interface Card: Tarjeta de imerfat. de red Véase adapter. También es el acrónimo 
de Nelwork lnformation Ccntcr Centro de mformación de redes Ex1s1cn muchos 
centros de información de redes para la comumdad lnterncl que ofrecen asesoría a 
usuarios, documcnlaCIÓn, capacllaciÓII y otros serviciOS 

nehvork admiJlislralor Adm1nis1rador de la red. Persona que ayuda a mantener la 
red. network anal)'l.er Anali11odor de la red. Dispositivo de hardware/ software que 
ofrece algunas caracteristicas de solucoón de problemas de la red, incluidos 
decodificadores de paquetes de prooocolos específicos, pruebas de en ores 
prepro.gramadas, filtrado y transnnsoón de paquetes. 
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N-IS/JN Narrow-band ISDN. ISDN de banda angosta 

NIST Nattonallnstitute ofstandards and Tcchnology. lnstlluto nacional de 
estándares. cs1ándarcs y lccnologw gob1crno de 

Nenvork Informa/ion Center Centro de utformación sobre redes Localidad que 
controla el acceso a los RFC y más mformactón sobre Internet Normalmente se 
conoce como NIC. .,, · 

NMS Network Managcmcnt Station: Estación de maneJO de red. 
Sistema responsable del manejo de al menos una parte de la red Generalmente se 

trata de una computadora poderosa y bien equipada como ·¡ior ejemplo una estación 
de trabaJo de ingeniería, con pantalla de color de alta resolución, ·gran cantidad de 
memoria y de espacio en disco y un procesador ráptdo.- Las' NMS se comumcan con 
agentes para llevar el control de las estadísticas y recursos de la red. 

Network /ayer Capa de red. Capa 3 del modelo de referencia OSI. La capa 3 es en 
donde ocurre el cnrutamiento. 

., 

network managemenl Manejo de red. Término generico que describe sostcmas o 
acciones que ayudan a manrcncr, caracterizar o arreglar una red. Es un tópico 
importante en el campo más general de las redes 

NMVT Network Alnnagement Vector Tran.\porl TransJX)nc \'Cctorial para ~~-.l~cJO 
de red. Mensaje SNA compuesto de una serie de vectores con informac1ón · 
especifica sobre el maneJo de la red 

NOC Network Operatiun~ Center.- Centro de opcracaoncs de red Orgamzación o 
sitio responsable del mantemmiento de una red. 

Node Nodo. Término genénco que se refiere a una entidad que puede tener acceso 
a una red. Se usa también el término devtce: dtspositivo. 

noise Ruido. Señales indeseadas en el canal de comunicaciones 

Northwest Net Red del noroeste. Red regional financiada por NSF que da servicto 
al noroeste de los Estados Unidos, Alaska, Montana y Dakota del Norte. Conecta 
todas las principales universidades de la región y muchas 11nportantes industnas, 
tales como Boeing y Sequential Computer. 

NO.\' Network Openlllng .\,'v.\tem_- S1stcma operativo de red_ Término gcnénco p:na 
referirse a lo que en realidad son sistemas distribuidos de arch&\'OS EJemplos de 
esto incluyen NetWare, VI N-ES de Banyan, NrS y LAN Manager 

NPDN Red pública de conmutación de corcuuos a baJa vclocodad en los paises 
nórdicos. 

nu/1 modem Modem nulo. Pcquco1a e<IJa o cable usado para conectar dtspositivos 
directamente más que mcd1ame una red 

Numeri> Red pública ISDN en Francoa. 

Nyqui.\·t ,\'umpling 7'heorem Teorema de muestreo de Nyquist. Teorema 
demostrado por H. Nyquost que uodica que es posible reconstruir seo1ales analógocas 
a partir de muestras SI se loman suficientes de ellas 

NYSER Net Red del Estado de Nueva York con una red fundamental (backbone) 
TI que inlerconecla la NSF, muchas universidades y varios complejos comerciales. 

0.\'1 Open .\);stem /nterccmnecticm: Interconexión abierta de Sistemas Programa 
intcrnacoonal de estandari,.ación, apoyado por ISO y CCrrr, para desarrollar 
estándares para redes de datos. Factltta la mtcroperaboltdad de equipos hechos por 
diversos fabncantes. 

object instuRce ms1ancm de objeto Término de manejo de redes referenle a una 
inslancia de un llpo de objeto al que se ha asignado a un valor_ 

OSINET Asociación imcrnacional dise1iada para promover a 0")1 en arquitecluras 
de diversos fabricanles 

ODA Oj]ice /)ocumentArchilecture · Arqunectura de documentos de olicma. 
Estándar OSI que especifica cómo transmitir documentos electrónicamente. 

OSI Reference Motlel Modelo de rcfcrencoa OSI. Modelo de arquncctura de redes 
desarrollado por ISO y CCITI' Consoste en siete capas, cada una de las cuales 
especifica funciOnes paniculares de la red, tales como dlfeccionamicnlO, conlrol de 
OuJO, control de errores, encapsulamienlo, 1ransferenc1a confiable de mensajes y 
muchas otras La capa más alta(appltcauon laycr: capa de aplicación) es la más 
cercana al usuano. La capa más baja (physocallaycr capa lisica) es la más cercana 
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a la tccnologí<J _.,.,medio fisico. El modelo de referencia OSI es uni\'crsalmc!HC 
usado como método de cnscilnr y entender la funcion;_¡ltdad de las redes 

OIM OSI-intemet Management: Manejo Internet OSI. Grupo_ de trabajo para la 
.• . _,.~, .. - •. ___ .,,..,, •• r: ....... 1' .!;., ••... ·-' J·l• J 

cespe<::ificacwn deformas' en que pueden usárse protoco_los eje ~t.mneJo de red OSI en 
(:rCdes

1
TCP/IP. · ··. <. • •··-··.·-- t;•; 'rJ fll}l!ó·'"•-j:'.:~~-1 . 1 ~.!.· 'r ¡ ~ .. ,,_ f 

•. • i ·-·-~ .;···: --, '~:~~- 1-,',' "-' 1 .,· 

~-~~~;~pen NetWork Goinpdt;ñ¡/ -~óíTipúi3Cióíi(éfl r~d~S ~bi~riit-Á~~uiteciUra de 
aplicaciones distribuidas fundada por la empresa Sun Microsystems y. actualmente 

. ,controlada por.un ·consoiéio·cficabá.:ido por S un. Lós protói:ofós 'Ñf's 's'o·1;'p~rte de 
·ONC -· ., . - , . ·_.-_y e::·.-; t,H •ill !i!fl'".O r.· .. ~J -! !'• 11"; ,111-::~~-L "'" J; .... · 
l : " ' ~V \-, 

.,_: .:·.· .,_. -~:-·. . ... ':.'r'· ;¡~, fl-~~~ :J~·.t·J;L- \·-: !1 • 
'1;-..:V~\ ~ 

OSPF Open Shortest Path /•irst: La trayectoria abiena más cona pnmero. . 1 

IAigoritmo·de·enrutáiúié.ñto jcíárquico IGP de estado.de,en\acep~()Pc~f~H~ ~~'I'~o 
·s~cc-sor íte RJP. cilla·comuñidad lnternét. Sus características incluyen enrutamiento 
de costo mínimo, enrutainiento de camino múltiple y balanceo de cargas. Se deriva 
de una versión iniciar del protocolo OSI ís-ís,.' . _.. . ..- : . "' . ,d , .. n~· ;•, 
\ \..:.-:, '-·.C\:~- !~ "_t.f.;../ "tU .'. -~.'\ .;"'- ·:__-:·· 'r·• -'~. ~--l"'~j, -;::~p-H :_:!. -~1.; . , ,_,. ~. 

Open urchilecture Arquitectura abiena .. Arquitectura para la cual terceros pu¡;d~n 
desarrollar productos legalmente, y de la que existen eSJl!:'l'ificaciones' de ·do;,.¡¡¡¡¡¡) · 

f ' •. - ~l1·(-- ...... 1~'·''''·--·(._·,;~! ........... ~--'bl" -~-.---·~·-' - ....,,.._ ,~.,.--::T~ •. · t:-•~ ... }' '-/' ... u,H .... ~o- )·. - -

~~ .... :~~.':;:~~~ ;·.-; ~·---~~-- ~-~~~~~~~;~~ -~-~:~;.~;~ {.-~;~.t~;_; ~··-: ·l: ;!f,~~~r-;1., ~~- ~ ~J ~ · .~· ~1. : '? ~ ·1 
· 

Outframe Outstunding frum.is:' Marcos pendientes; ·Máximo número de marcos 
Jl!!ndientes pcriÍiitidos en un servidor SNA P_U2 e'!__!ilg~n mom,ento .. ,: , " cu-~ ... 
i-~: :: "'.:: . . - =~-~~:-:~ .· ;r .~:. ·-;~~-~ :=..r:2~~;-~1~ ~~~~~~~~:~~~-~;~ "~~--;G,tC~ 1_'; _;_~: 
Open c~rcuu C~tcuno ab1eno. -Trayectona conadá en un med1o de transm1s1on. 
Normalme-nte 1mpide la comúiücáción en:la red.·;·· '. · : · 
·-:-~·-.,-.---~--·:. -:~-:::::~: .. :.~·~:-=-·--:-..=.::--:?}_:-.,-,~_. - . 
out~of-bund signaling Señalización fuera de ~nda.tTram;_!IÍjsiót;t'que usa ' ... 
frecuc~ci'!s o ca~les fuc-ni~~é ~~-~-C'il~I~~~-P_§]!-"?i?~[~f~~f&t~~~~if?S'P~c¿gp;w 1 ' 
Suele usarse para repone de errores en s1tuac1ones en 'las que la senah7.ac10n dentro 

- - . --- _- __ --~-- -·~"-~-···"T.......,_.-r.-:¡,n•,r;r¡~.!.''.l'"'. ,' •·_f' 
de banda puede ser.afectada· por-los problemas que la· réd este expenmenll!do, · ' --·- .. ...,. -

itiíC.:..r ;t•UIOIJ C.l'jlC lf.(\t";Z 

'll{imrr:f!fl!'i(.:, ?~V CC rt~Jf~ qr. fJ '::t1.~~.-;.~ ... ·\ 
~ l''·W ~.(\~\\.t.:.\ .,_d_..._.._ c:sb<J q~ rolnWJ qr, J!:ft 

~~~::;. f.·'1r!liS b r·jqj f.-:.;. GU mm 

. ,,~~-.~ crl\!.t ( ,.._, '·\ ~~~.c¡.-:¡o 

• •• ·; :•:. 1:._ 

------ ~1 -. 

pucket Paquete. Agrupamiento lógico de infofn.mción que .incluye un cncabcz.ado 
(header) y (normalmente) datos del usuario Véase talnbién frame._datagram, 
segmcut, mcssagc_ 

pucket buffer Buffer de paquetes. Véase buffer. ¡. 

pucket •wilching Co'nmutació1l de'páq~~igs:i' Red·¡;;,·la,cuallos nodos companen el 
, ancho de banda jlorqúi: ñiiüii:lailuiíuiád~s-IÓg¡¿¡j'f~~·¡¡;¡-or\ii:i¿ó'n (pa~kets) e1i. ín . 

-•. • -- • .,..,._ ..... ,.,,.,. ~...-i-,-.t? ;-, .....-:, r¡b~/:,l,~~ -:• •• \,_,,,.,r•..> r.,;(."' ,;·· "'~ ',' , • 

, forma mtcrmllcntc. r.En contrast~,~-una re~ ilc conml:'tac~o~ d~ circuitos (c~rcull 1 
switching) dedica un circuito a la vel para la transmisión.de.datos. 

'-: .-~·.:·.' ~ ·. '.t.-l.''"', ' .. ~,¡. -.-~_:in qr. ÍH •;¡u·/~:~'. f--/·~r·· 1\DI ,, ~·· j· 1• • • • 

PACNET Red de paquetes de Nueva Zelanda. 
¡,: :.._ ·t-: ~ (::-.rl ;:f_.t ,:J_=·:·!- 'r ,· -~ ·. ' ., .. k"'"'' Ldt-fJCJ íC;~¡(JtJH'- "· .. :<t~··q·r te 
P1D·I'acket AssemblúiDISásseinbler.'' Ensamblador/desens:iinulador de paquetes. 
Disposuivo usado para conectar dispositivos s1mples (como por ejemplo, terminales 
que trabajan en modo de caracteres) que no tienen capacidad de ensamblar ni 

_ .... -.-·• .... ,f,..- ---, -~--~··r.('.~t.'~4 .... ,, .. ,J •· ,__._._~-...-~--
desensamblar.paquetes, a rédcs·X'25:.EI PAD_s1rve como biiiTer para datos,~;::/1 
enviados cntrc·las ·máqúiñil~·'añtiiiiOüCS1 Y~í~sníb~~iiialcS cfl_üna'l~d~X.'is ; co.mo se 
define en las recomendaciones.CCIIT X:3,' X2~ y'x,2~ .. !':o·"-.:1 ti_-c.ift.:n 

·- ~-xu • • :-.u'::ol':!ll''"?lJ 1"'il (¡":;lftlH fl\l .... f ;- r"J•: .• , ' -~::: -~ "1···~' -·~ ... • • • ..._. "" r.-:ttt? 
'-,. ' .· -,, ., • ;.:n\ .. ""'1-f'tf''.' ·~C:1""~~t---:-;4"t~l.._,i'lCi¡:SJt2~"'·..-~ 

PAM Pulse'Amplitude·Mo'dulauon:-'Amphtud·módulada por pulsos. 
Esquema de modulación en crcual-se,hace quc'la onda niO<iúladora.. __ ,, ::>:"ce 
module la·amplitlid dc;un tiéii dé PiiJS(iS~üll~r. .'r· .. ~~~ ..... u:.,·~_. ..... .1 ' ··:·r_ · _ 1.l - • ' 

paquete Véase packet. : 
. •• ,! 

~r ,~ , 
::o:d/1:', '·· (( .¡ • 

27 

. \ 

í ., 



remoto para sausfacer el ped1do, el rcdircclor forma una HPC y la manda al 
protocolo de soft\\'are de las capas inferiores pc1ra que se lransmila en la red hasLa el 
nodo que puede salisfacer el pedido 

flF Radio Frequency: Radiofrecuencia. Término genérico que se refiere a las 
frecuencias que corresponden a·l<ls lransmisíóiics·i!c'rndio:'i.~i.-iclévisión por cable y 
las. redes de banda amplia• usan lécnblogíií 'RF: · ., · :· · ., . . ·: .. , "." 

~j¡f¡.¿·R_~~~~~;j;~:¿:~::,énts.'oSolic'iiÜd'dCcomcitiarios<•oocüiiicnios empleados 
~Cü'~~-ct}~~,¡¡~. P.ri~ario ,!!e. cmii~~iCai:ióñ' de imoiiíiacióñ so.~ié. \1;\si~~i '_'Algunos 
'RFC son designados po; IAB como'"Estánd.árés lnteméi":La mayoría doéumeman 
,especificaciones de prolocolos, como Telnel y FTP, aunque algunos son en broma o 
_de carÍicl~r hislórico.· Eslán'disponibles a lravés dé los' Ceñiros de f1Ífol.ri3ció~'d~'la 
,_ R.Cd'1ñ1e~el, - __ . . .. ~-~-¡:·l- ~:í ··].;,..-........, (:};¡ -~=~-r¡r·:) ~:r !-;~ .:~ .~~·vi •• ~1.J..' ·l. uHp·-~u 

. . '-- ... • ·~:· ~ ·, ~· -~·, .. -~/t~_:;~}!;~~~;i·~;·;¡i}:·.~:¡:_~;::·(!ji1:~- :~·:;t:,:J::·~! 
. redi~ributi~n. R~•st.ribución! 'El· ~;~iÚr ~qüé'l<i; iMOr~·~ióii:&~ ¡~~iJ!úi3inriC~Igl,! =!z: 
r J • -V '~---- • ' - • - • ---' _,..,.,. '••"•-t rf1l",~,.~.--,j'¡ Í 

descubiena medianle algún prolocolo'de enruliiriiiéiilo-5ea distribuida en'los ... ~· 

._;.nen5;,j~~ de acmalizació~ de otr~ p~o1ocolol)é enrÚiiímiériíoC=>:•H·'·~'~"' ~< , . 
.. ... • '! ~ .. _., • 

redundancy Redundancia: En telefQnía~e~:~~~~jfle:_d6'·1~'¡¡;[¡,(;¡;¡¡c¡~n'l~l~l c .•. n •. 
conlenida en.un mensaje que 5e puede eliñiiñái:'sin pérdida de infoririacióri'o:·. '' 
sig~ificado csenciai~.Én ~ompu!ación;sori loseléíilenlós' m~Íiiples(féd~ri~-ii;¡;s) de 
U,fl SÍstenÍa QUe efectúan la misma·fünción~U'? ~IJ (:n~~ l_!:f::! r!<;t.~~~>' ,~' ~i>L~iL~'-fll 

• • - ~ ' "(J ¡ • '¡:; • .fJI'l qt: 11}1:') W"'"''tr,..,.j-¡ljl 
....... ~ .. r:· .. ,. !".~r.-.• ,:-,..·;t~'Jlfl't;¡ pc_rp;r;¡Ji ... O~, .... ...... -~.~--.- · 

RG-58 Cable coaxial de SO Ohms de imP<:<bncia. Es e·~pl.,.;do.¡Íor~ ióilASE2 á~' 
IEEE 802:3. , . · .. r, ·. • ··nr~;:ofl' I'IU~ICZ:1'-fiCt..• or:~n~n fGc; 1 r.¡ ~~:-;;,:;:c.::; •· .l• .·,. 

· .. ~. ;· ' ... ¡ .- .'r,_, ·-,~: .. C:.~t.:J._'~~:P,J!:·?:l~~:: ·,¡ ~:~ •:1·;.:.:' ':.:' ¡·!.':·.'~~,·-~:~~-:I¡•')U 
RG-62 Cable coax1al de 93 Ohms_de-imjicd;iíicia'Es' cmpiCado'por'ARCnel.' ... "'~ , ... 

. ('!1>'"f ·¡o·l!-:. ... ,,- j.-. 1·· ~11'r.:lJ' r~.:; IOU!W I1\•!H f.1. -'• 
(,,,;, \,¡· ,,~- j• •" \\~o..,_ '• ¡'" :,l, ,, _. -• •.•l-U ·• ···o •" -• <. 

re/ay Relcvador. Terrninología OSI para el disposilivo que cancela dos o más redes 

~.sist~másde redes Unjélcvad?rde la e,apa _2 ~s u~pu~ot;,.,~~•:\~I~~~Ó~~f}~r.¡ 
capa J c;s·uf! enrulí:!dor:..-1. '' ... ~ :::.lJ:t' .... e_· ,tTtz-t.r·! 1 - • 

~ -. ¡ . 

~F.Routing Informa/ion riele/: Campo de. inf~rma~i~n de e_nrula~ienl~. ,Calllf!P:I 
en el encabezado IEEE 802.5 que'es empleado por un puenle de rula fueme·(source-" 
•-··~-....... ,,, ,., • •''"''"- • • - (.. ..OfiJ"I 

roule.bridge) para de1eríninarel segíuenio dé· la red Token·Ring pór"el qucdclie · · 
t;á~Sil3'r:un paquele . .-~I.RJf._ro.n~~l.e. el)!'.~ !!Úffi,e!o d<;.~ll_i_l_lo Y.~~- puenle. además 
de otra iliforma~i~n:;. t • _, - , , • 

,· -· . 
.-1 J;• ~ ,... ¡ ; --· -~. '' · ... ' 

•: - .;:.;.- ... 
i""'"" , ... -. ' 

'b" 'd p p fi~d'" remole_ Tl 'ge uei~Ii_;;~e.n~o~~; __ uenle~q~es;!ln~la_~Cgi,U~~~.~~.S._ISJCamenle I,J_C~e~tes· 

de-·la r~ mcdian~e enl~~cs~WAN. ::..r~l'" ~:t , 1,· _, -.:,,;·.- ~: :.·.~ '!l <t9 ) 1 
,..( L \ 1 ._;· .-

, : .r l>l:l ;::)1: ! .. J ~ :. i ';J~ 1 • ;,; j.' .J 10·:,_,•¡:--' ¡ l·¡..¡ p u~ -!. ¡ .. 1! ..,:. ·, '. ).l ,:-.:i '~"' ~~!\J.:l :· l.l 

repeuter, Repeli_do_r-~()isposilivo que regel]_er_a Y:(lropaga señales eléclricas e~lre dos 
d 1 . -~~~---- ...... ,, .-•)·t J\..[~----.J 

-.,~g"}e"L~~·~-J!._f-cd·~Jl~:::;t.~--:..::~-::~}~l;.S??_:·. '--: _ ''<'. ,-·~·~ ;' ~:. --lJ ·!. : 

.. -:~-~~~.-~·: ... :_:;¡-~;r·:-_-::-::~:~:.:::r.-.:-,(::::2{~:-~·?t-~i~ ~~~~~~~~~ ~ __: ,...-.c.t:~.~~,~u. ''_'· . ~ 
R/PRouling Informal ion Prolocol. Prolocolo de inforrniiCión de enrulamienlo. IGP 

,, . - .... -·-· ·--··-·-· ,, ·- l 

.. proporcionado con los s1s1emas UNIX de BerkCicY,Es cHGP 'más común· eu-·,-
··'_1-¡;'(e-iiléÍ.~~::rt;.~ ·~-~r~-~~ ¡c..- ~;;:¿;~¿~-t{~0-:brE·¿:: 12 <.~•e ·~1 Hn\~ 9 o u 
'\.'·'\~···-lo!'\''~·- 1• .J . ... . 

:'.--•'.\·' ., ...... ·. - - _.-:.:~·Ú...J.;:,ii(,;.,;{r·, 

. Request/Response Unit Unidad de pcdido/respuesla.;Véase RU. 
~'·'\ 1 .. ·--~· ~~ .... -- .,. ... • • - ' • ~ • - ~-- _.... • • ' • 

.,R ing group,GC1Jpo.de,-anillo! Conjunlo'di:'inlcrfaées-:Token Ri'ng en uno o más;~· 
.., •• -'" '\'' ~ • • ~ ,..-- '"--·-·...., r• r_,. rl rJr,"I'J0 \liLoh•.• 

,enruladores Cisco,:que son pane de unaíed Token Ring con jltiemes: - · 
• •'•"' •--~---•"" •• • O '-• e "" " " •- ' 

: 1 • 

reverso chunnel Canal en rcvérsa Véase back channel ' . (--' ;-,~-~ .. - '1' , . .,,,1 .•:-.·¡.. .'1 4 --·~~ 
-

1 
-·-, .• , "~''f r ;--: r •¡¡¡O'.'";.tl c~lli<> ()'-·'~ 911 ·1 ¡..r: 1'"' . 

. , •. ¡.•._¡ '"r ., _ ...... ,.- 1 .,-.•~--r::¡--;ll~l,l'::'í:fCU 
.route extension·Exlensión:de~rula~En'SNA, 1rayec10ria dei'nodó de subáreá' i:lc. 
~&~~1;¡;-o·, a tra~é~·del Cq:uipo périférico; a· Un' NAU. -:~·' ~.,:..., ~~-~- ._. ·' ..._., ··-·'··, t.~·-, 1 

•• • 
'' •••••.. , • • . • • ,,¡ - . • 

Ring.latency E~péra.en el anillo:.TienÍpo:iequerido pina que una señal se propague 
1'· ~ ··----- ) . • . • . - .. ,.---- "" .... 0"( -.-, ')• 

,una vez alrededor de un ailillo en uná'rei:l Toliéii Ringo IEEE·8o2:s:· ·· ·-
., .•. _ .. -- -·- ·- · :'l""··r····~;t·•r}slf-t. 
, · • l"\'·r 'IH''c,Jrr''"''l"\''1:;_•\.i\)111,"~11\ ~.)tUilY.~lt<.I1•_,J .. "• '1 '•' ' 
;t;·l\~'ln \':t"' '"" ..... ~ •1''," ' ., \',¡' • • 

route processor Procesador de rula. En la arquileclura de hardware Cisco, es una 
larjela· de ·procesador qu·e delermina rulas y ejccula procc,¡;,s de co~guraciÓ~: · 
.... .• _,. .- ' . . ' -~---,~ ............... •¡h.-• 
seguridad, conlab11idad,'corrccción de'c'rrores y' nwnejo de n:od.'Taínbién es llamado 
j)~QéCSQ;:s,~¡x;f\'iso.r::EI equipo CSC/3.-CS'il¡l:¡}fOce~a-dof r(ie 'f.Ü'tá~ ',~P~ ,-~·: .. -
·-~--.-.-,_ . .,,u.._,,, __ -···-·,-->-'' •/ · · ._, •. ;_,:..,,,·¡~r~;:;ft(l.•. -1}"'; 

_.,.... .:..r-~("!~'f. Wl.-t'lrlt,? \~,,·_:, \~\ \J\ t...t .bC'~.:, \-,··---~--- "~" V .... . 
1.~:::1\,~'•-~'LJ:rtrl·t..rfj'::''-•'·..:'"· ~- ·_ ... -. ·· :..';,._-_.~,-·;.., , , 
ring .tOpf!IOgy Topología de anillo. Topología en la que lá red consisle en una serie 
ll------~ -·- . 

~~J~.!!d9!9~.9~ne~lf!49~ cntre~sí -por enlaces de lransmisión unidireccional para 
formar.un anillo cerrado único. Cada eslación en la red se cancela con un repclidor. 
-~:~;.~~;;·,;~··r·~~~·p.;ár(JsiÍ:J¡hr'·' ·' · .~1..- ¡,......:..~w ~ ..... ,.· ... ~., · ·: · "· ~ 
-···- "'~·. r•t Jl\."..flf¡.._,:_ ..,..,,_.;..r •. ···-· ~ ""4 ,·--:"'! ..;.~~~"':9~b:l!."l CJ t:¡:"Z•ll~· 1.7) .·• 
RJ, IJ . .(';oncc~ores es !andar: de: 4 · hd~s-.!'~~ ·hn~s_l~1~~?~h5'la:.(:om c.<.;uo::r.:~ 
-·-..,.r r· J.-J·,:::¿-I'""JI"'J Gnt .. r.::.-,oc-:-.J!J':',-r.;, ... ~ .•. y:Jl ... --·- .t. · · 
~- .. \'::;._' ... \ _ _,.., • ..,.. \ • 1 ' • -- • < ' • ... • • ' ~. 

router Enrulador. Disposilivo de la capa 3 OSI que· puede decidir, cuál de .varios 
..... ------,-·~ '~--·· ' '···-"'" 

.c~!"i!l~~,;..dH!"'.:~~~~~~ ~~}á'~Wco r~:,;la":rcd;~basándosc en alguna: mélriéa · ópliína 

.Tamb!en ·se-conoce como,gale~·~y: serv1dor de mlercomumcacmnes (aunque esla 
' -:1, ·'·~- . .( .... 1' , ___ .,J ¡..,_ .... \- •• ~ .~. • • • •• ' •• 

delimc1on de galeway ya.casi no se usa). Los enruladores envían paquetes de úna 
red a ole~, basados en·la·informacióri de la capa de red-'. , •. , . l~•ónc:r7 

. . . , . . -· ., -1 ... - 1 .. :,~ 1!~:-¡¡~J i1U cv;!1nU!ú h.Ulfll-..t,,f, tr. · ·· .. 
• -, .. [:ll. r . ., ., ·

1 
'"11'1 

1
1,;'' ntr·..-u·:r:•J'' .. ·n.• ,.;.¡: r, 1 ... 
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(~ 

RJ-45 Concc,v<'CS csl;indar de X lulas '""" redes lO 13ASE5 de IEEE 
- ' ' • '·1 

802,3(StarLAN). Tamb1én se usan como lineas de lcléfono en algunos casos 

RJE Remole Job /,ntry. Emrada remola de lrabaJOS. Acrónimo ideado por 113M 
• - - ' ' • • • ' J 

que· se refiere a, una aplicación por, l01cs , (balch) .Cil lngar de ·"· u.I.Ia .de lipo 
.· -- . . , . -~-----' · -.,,.,.,._,p,f•'~r''<Ti·•~,..,~'\1'¡ ,!l¡.,(!'<¡c¡.._.,,,_,).,-.;¡,:.0.' 

: Inleraciivo~·: En los'cnlornos RJE· se somc1cn los lrabaJOS a la compuladora .y los 
:;rcSul~doS se rccibeñ-dCSpúéS' 1·r· ~ •• r ··:!•_:P!''\r :"' ,,.-:'!' .... '!_,·r '·" lM · 

• !'1 ,:- •'' ;.:•. :1• ·"'' ·:·;! :·: ,., . .,., .. ·i ,lrl·jj'J 

' • ' ' ' •• ·- • • 1 t 
routing Enrulanucmo. Proceso de cnconlrar un cammo hacia el anfilrión de 
Clcs'úno.·-' ·'EÚ 'las 'gfandCs1 rédé'S 1cli~cnrutamlenm··~s ma;rtb~{p¡g;¿;_ debido ra, los 

... ., ...• - ~ ., .· -; ... ..-~.,..,_, ..... .,. in'~'rl:r•¡:--:r...-qn~,nl 1']; ~-U .t( . .r 4~•1 u1 .,, 

'·muchos'dcslmos mlcrmcihos polcnc1ales que un paquclc puede alcanzar,anlcs de 
•Heg3r a··s~ Unfitrióii·ae""dCSiillo:·! ... ~ .} ~:t ¡j:: '?''" f'- P'.·'-!:"w ·''' ~--:¡ e ,um.q.u .,.,_ .. _ 

irlogin'Progr~íliá:d~··cdiiilación élcíéHíliruíi~s(iin;ilar a Tclncl, que se ofrece en la 
_· -~- • , •. -- :. , • •· ~. "-":i_!- !'!.'l.r):-f.·,n, •";t•~ I·~•Ff·l: .. "-1 (,,.,(,r:¡r~-~-u-, ·•' 

,mayona de los'sislemas UNIX: ~ . · -. , .' . . 

•routing·bridge·Púciue;cnruladoé:·. P,ucnle de la capa MAC.que usa.mélodos de la 
ca . :dC·~&j· ri~~'d~terffii~ái'lá-~fci' ~"t'ó:J i~téftillJf'cá~H:_~~~~;~c.¡ ~~.; ~-' :···.t~ ~ ~~·:·:¡ 

pa - ·: . ~ . ~,.··. '1 ~-- ~· ·.-,.1.,~.,~Jll:;;t'fl'"f'Jt"-f't!;"'"ii'P :-: -..,-, '""'f:. •':; 1 t1 ( ,;,l•· '--!rt-O 
-:~._--,.:~~)'·"}<;'~' ·." ,''•·¡' •¡,-'-.·~_···,_ .~· ., ••. ':·, ,,. 

ROSf Rf!mote.pperatwns Serv1ce. Elcme.nt-_Eie~.cn,1_q ~e .~rvic~o_de_ opcr~é¡~s 
r~!fiolas).Es ·el mecanismo RPC de OSI usado por varios pro10colos de aplicación 
de red OSI. 

~·~ ·,·:- - ~---.,:; .. ·~--

Rouled pro~ocol ~ro1ocolo cnrutado .. ·Prolocolo_,quc'piJcdc 5e;.du;;iad~·por un 
enrutador,cPara·cññilariQ;-élcnnÍiador debe crllcndcr la.imcrconcxión lógica cmrc 

. "--·--·- - ·;· __ .:.....~ :_.._: . "~-·:~·,,rfl"l.ilt;'IAl~'r~¡~·l'\"r,..,!,.JI'.Il~ 

redescomo·l~ pcrc1(JC el prolocoi<!_Eje_mplos de prolocolos ennnil~os_,mcluycn. 
DECnel Applc Talk e IP. . . ,.._,,,, ·• , ... ·" . ' . 
_ ... _ ' ¡~~:·-.~~~~···u-:.,,._\+''~''' ... , ()Jt:.•:v;;-,;." qr. ;~:¡l•t:·:~:_:_·~¡_.·~··Y.·,, :",::~··· :·~···.·:: ::~·:.-~ .. 

routing lablc Tabla de enrutamicnto.-:Tabla·alinai:cilada'cn· un cnrul_ad,<,~f o,qn, . 
algún_olro disposilivo-de· ias -iCdés: que llcvá'cüé'núi'ilc.las ru1as (y,'cii·algunos:~''' · 
~sos," de su mérricarhacfa'dé'stíiiOS'páiliC:"tiJ3rCs·~n·J~)'fé(f i'=~-~~ti~~~~·J. 11

" ··r·!.l.· .. · .. 
- ',·_r ', \•, ,• ' L • '- ,[, 

SDf.C,Transpon-Transpone SDLcrdiacTcrislica'd¿ los'crUuladorcs.Ciscp :·1<:·. , 
_ _.. ..... ..-.,~ .. -., •• -.,~··•·· , • 1 ,. ·--,.rn¡;:~\.)<,1< •, . · 

mediame la cual es posible inlegráf'difcrcnlcs cn10rnos en una sola· red cmpresanal 
; , __ ~ ~ .... ,, 1": n~.-~u~f,: ;í~:·q··:i~-:~· t:;~1;~!>CJ ():JUf•~:~: n:.,~~::.~r;-.i!!¡ ~ f",IJlH·í':- qr. -'·~ .~~:;.¿ 

/~ 
i J c;--~1 .... ,, ~. ·t 

amplia de alw velocidad Los cnruladorcs C1sco pueden hacer pasar cllral\éo 
SQ!--C _origmal a 1ravés de enlaces serie de pumo a punlo, y .muÍtiplcxaiÍ el íÍemás 
• • • '· - 1 ' • • • • • l •• ..:.t .... ,.-,¡.,_ 
1ráf1co de prolocolo sobre los riüsmos enlaces Esos cnrUiadorcs íambién pueden 
cncapsúlili marcos sólcdcnlro,dc dalagrain~s ¡p'pa;á~lr~nspona~los a redes 
arbilr;1nas (que 'no sean SD,"LC( . , . . ' . ' ' ., 

l · , , · ::;;.,.,':n~l n;¡·.u·~:· ¡·r.;;n, t:rl. :;~~X r 
··:' • !,'t:· !·~ ·: :~J_:¡-~t~ '.,: . ._;.'': ·,. ·¡ .·-:.J'•f! 

1 
.·-~~~~:· .. ,- • .':~-~.~ul...-w r~r:. _·"!t.r.H.HfiC·I>;It; •" 

,''!!"Pitng rute. lasa dc·mucslrco.,Tasa a·la cual· se !OIIIan·mucslras.?c la afl!p_htud de 
alguna forma de onda en panicular. ., .. 

... ; ; •. ··, ~ ,lr}( r_,:-• J! n ~-111 -.' ;: :. ' -.iN· o;_u::· ,r ~·~.: ;, 1·-:.t'';' t ~-- • ~: Lf;{: ·~'¡<:oj' • _,:, :··_·,~:· "' · 

c.~~-~:S·~0?~t! 1 c_c~l)·s.l~Oi~l: • P~~~O; ~~:~.~~cs.~·a¡ 'SciV iCtSifJ IltCff~ii~Jilferr8ip~~· oS 1 
adyaccnlcs. También se refiere a Servicc Advcniscmcnl Prolocol: Protocolo de 

. anuncio de servicios, un prolocolo Novcll mcdianle cl.cual se h•ccn conocidos a los 
;Cíí~~~~S rCC~rsos dc~la fCd. iales ~nlO)s~~'i<ib7~~~·t:tt:~Jirr: tn f1 r: ~~; 'n·..,.-:10

'; 

.- ·.·• - .·._ ,,.,r•'r,!;•\\"•"1'.'·-.-~. ~·;,;,:~~. r\/ •,h r.,;;-!'~r:¡t<:, h~¡jft'::_;. :;_l Cí>:!·-~:r ~~-c;·_:d' 
~ (l.,\ • 

SDLLC Caraclcrislica mcdianlc la cual se realiza uua lraducción cmrc SDLC e 
,IEEE,soi,2¡1ipo 2. . . ' 
-l.:·',i /,,,,.,pe~:j.l ~.::_;) ~r:;¡ "i·.~, ,'11;·! ~;·.~w:.;~r; !il\ ;V (..i~'l.l'..! ";q-.r::r¡r_,r,l..-,~ 
~S~~ond~~¡sta/i~n·EstaCi6nlsCcu~d3riaiEh PióiOCOIOSdCCaPa ~íCucr;;Ja~W~~i~c1órii'&.s 
-~:~íN•~.-c~~.~~ .. ~D.~G: ~ ~s: u~a.· ~~~~~~q~ qu~e ~~S~~~fá' i3S·'ófd'C~~~.~.?'(;Nli ¿~~l~¿ió~ ···· 
pnmana. V case pnmary sta11on. 
-·•¡ ,,. ¡-n.¡·:.r 1 ~·¡P' , ... . :·:~:·:t •: ···:·l ~ -~ 1-· ;1, .. ;;~- · '' · :; 'l ;' " 

·s'APON'ET:PPSN de Sudár~ic3·-:f!lrl''1 t--:-f:¡'l·· d?!1fft;·1Y.:!~ 1 fj!~l,~h!l !JJ "r-::lD m·. -:¡~Jq:P 
. ~ '. ~ .. -" l . .<~,-,ll_t~!..lf~ic.!(,JU qt ~.i-'¡Ul'.:iflt:' -:;--: ;li'¡;•.--,1:1 
',(¡~\. · ¡-r·., ,·'n.:J:I·,..., .~~~-~¡~ \··:··'· '~:·.~:--~· 
smcllilc communicalions Comunicaciones por salélilc_. Uso de salélilcs en órbila 

, . .. '"'-- ... -....... ---- ·\.- -....................... ' .,·. 
geocslacionaria para lransmitir daros entre múlliplcs estaciones 1errenas. Las , 

··-.- . ~ •. , - • .. - • ¡ ~ •• -- 1 .. • • ..... ~ -· • '<:" 

c'or:t_lunicacioncs·por satélite· ofrecen :grah :anchO' éiC bHrida,COsiO. no félá'Cion3do"con 
-~ . .. ' -· ....... - --- .. ·------~ -·.·-·~'.J--"-·'"-
Ia dislancia e m re .las. es1acione_s lcrrcnas,: rc\3rdos,. ~c. p_r_<>p~gaci~Jl" r.c!ali~f!!C'!!C.e"· 
grandes,. y,capacidad de difusión(broadcasl). 
- .... . . , . ·" - ·- ·; é·- .- ·. • · · •¡'J .':''1fiJ f1C U'J'II2"DH"!'i0U CU ITlJ W~iQ 
'~~·'-'"·~~.~'· v:· :.·~!' ·;·.:. ;., .. -~·"'_._,;., __ -~\.o .... ·,-· • •• _,~·. ·-~ _ ,~.- '!~_-...} .-'_!,t l.\.~r::.u::n 

securily manugemenl Manejo de)a.seguridad.IJ~a d~_la_s_cinco :o '",p.lr..dec--.1, 
Cl!lcgorias _de: ""!ncjo.dc rcdcs_dcfi!!ida ÍJor~l~?~~j(e!]i~iíJic].ojlc" ~~~s O~l.; .. l;g~m 
s!tb~'.~!~ma.s,_dc·IJlancJo.dc la:scgundad:son rcspo~blcs ilc,conlrol~r. el ~c-~c¡;o: a Jos 
recursos de la:rcd.·~·:•:.\r-.·.\-:.-,,_)·."'- ', ·¡,\:.'-' ·;• .. • ;:_: ·í~i .urJo qr, (;'Jf02 CO:Jilf•1.1-...- · 

f .. "\J 1•~. - ' ' T ' ' 

segment-S~~-~c~lo·_,,T~r~in~.~~~~ e~·Ja es~Ci~c3Ció~10C'"':-TGP fiafá dCSCfibfr'fljful 
1 •••. , .......... - ~- ' ' - ' • -· ;-. !1 .. llll'::I.\~JZJIC 

up~~~-~!!!f.orma_ción~~c ·la capa· de lransporte.'.!.f:t ~' 1_1! !9-2. E'i l_!1¡ "1."':1-~c. 1 .~?.;. !~r~r; ("l.· 

_:';;.;¡-.,;•,·:;_.,, ', {~•··0'~-..! ~ :.·.: :_;\ :·: ·-.: ,,_., 'i-L '':_-, ,' •;_ ;-

Sf;l ~rLaJ:!'.o.l} _CoJ!Imunications lmcrfacc: ·lmcrfaz de ¡meno serie de . . 
coC:uriicaciOnes.-rTarjeta dc¡intcrfaZ~de·enrutador Cisco~Ci:iW'éOitcXi{j.h'eS tii)ó1S~h[i13 L 

•r· ..... ,..,~~· ... ,. --,-. ' • • • • , ¡-~.,.. 1 :,. r .. - ;or;¡_¡¡ilf1. j :J;I(':-{!HOQC ?.17.1r.111'q 
:!,xf"t¡,·n··r,;,\.J\l:'>-'-' ... -,q .. o;,,, \W'r.y p~rK.n-r. :~r;' , ..• ,. · _. ., · ' · · 

' •• r 

'· 
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1 _~- ~--_r 

ti!rminul server Servidor de tcnllúJalcs Procesador de comumcacioncs que conecta 
dispositivos asin~rÓnicos a'túia r~d'LAN o WAN mediame soflware emulador de 

' ' ,¡ 
terminales y de redes. 
Tók¿n' Fich¡{ Miiii:O (fraíncl de· ilifoiinacoón de control cuya poscsoón da a un 

~~~~~,~Mi.r~ :~RJetf~ {~;~~~f.~H?:~ .~ra~1~!m 1 ~rr · 
r ._ .._,-;:::: .. 1:" •• :>- ...... ~ --~rf..:--..1---::_¡\(r...,•.~~tM·.~~f! ur;;,.r;:¡n¡ .... 

C{!t!,e ... ~~~~~~~~~t!.•.t~~W~~-ffl:!.~~;.E~ .9US:}r~lR!~1a,S~~ !• RQ; 19~c_l!· R'!S~r.!lg en:~na 
Ct~pi>Iogía:d(but,E~ta·an¡uites!ura'esla b~se de"la esp.sco!i~as;i.<;\!!_l,AN IEEE K02.4 
:::r.uítt{.~ q,¡í.f'.•f0..-._.Lnt\l!).j,¡:-..L---=.,\J!JA.~:JI$'¡~t~-~r,- '!'t! ,1! ·• 'L ~'¡t: .... ~, 

l;téiijtid~'R!i~ff{~~~i!hl~~~ci.?e~íJi~~~p4t~1.~~l~ri~~@~ ;:;~:~¡~~~ión; 
~qqe_a~so¿,~ ,~.~~-~~(!"¿~~ ,mw.~~!!¡jli,<i.~J.~terJi.se!'.·'ll<!ªs .?e .n~evo•~\ ~~~·bn 
·estaciones de la rcii. 'f'.: !!~ _, ¡ •111 ::J)?.r-:1 .•. ..(;l~-.t.-:1,;=¡:_~-~·q"ú:.:/ :U'n'O·:~ 1, :¿ rJpr; ,,•·:·:··, .. :r'_Jr.·,, ;,:•JI(''/,,;.p,·.·•lf_h_: . r- 1• •-'h- -·1 · ,··- ,~ 

• •- ... ¡.·•· f''J.l'P¡:< • tl)i~·¡,!ltJl~UlJ:.I \-,!r':-')'3,1¡ i._¡lú_1ti":QjfJ_r¡c C(,IU~ 1 1! 1• 

TFTP Triviai'File Tranifú Pf,qtocpi.J Protocoló; ~ivial• de úansfcrenéia'de 'archivos. 
Versió'n simpli!icadll'd~ FTP quc:¡)ermite transferencia de archivos de una 

, .. ., ..... ,:_.- "li(, UJ!ó~ ~IU · _ . , ... 

; ~~PJ.!~d~~ ~' ~~'3 q~ .la ,red,i!1lC<~~r .Jf 251J!<; ~~!l' ~l.'~.SL(?a[a~tc~s.t•ca que 
ofrece compresoon de encabe:mdos TCP/IP en hneas'X.25'pam proposnos de 
eficienCia en los .cnl3ces. , ~ _; ~: ~~Y!!· P~ ~!2;~1~ ·(f,,~ .. 1¿1 :1 rJII'J · u1.n 0;: · ¡ · · 

~- < ·,:; .,. i ~ ·¡;:- :_- ! ·.~~::. ;~~ •• ,:~ ·-~-·, ' .. ~~ : .. ~'; ;~;P.~i~~,¿:;r4J;~ ;·p,:~~~~~-·:· .!: ·~ ·_:~;. .. _,~;:· <;._:',/'\r. 
Token pas5iñg Paso de fichas. Metodo de.acccso en· el cunl·losd•spós•t•vos de la red 
tienen aceesó al medio !isico 'en ~n orden' definido por la posesión de· un"···' .. 
;'il.•l•-"~<'1-.:'i,-'\1• u,-J~.,.,.,,,.. - . ., . . . 
pequeño marco (fmme) llamado token (!icha) ... Vcas.c.la'!lb•en.contenuon Y. c•rcmt 

, ~ ;, :"i \"'." ;· ..,¡,;r 1 l·• :;• 1f ~:rU :-r l'-1.'' 1"':--' 1 _•:: 1 't_'.¡ '.: - :-.,. -~l; 'f· t ~ Jl'-:f ".r• "'1' '\{• ~¡j'¡· · 'fl. r 
SWI.lC~Dg. ·' -~-. --.- o;,-.;. ',..l'"'-'HI:~·t:-? '2V~I'Cur.l.4'1::7'HU.t>}j!JuOfti'Q1.l~'tO !TTJL, ifl l"f·· 
, · ~ ·.. - ---_ ,, -<-· :_ ~ -~:: ~ :.:~\~,,-,~~·\.~~1::.":¿.: ·-~·;,;-\~\\\ !)~~~~---./~;- G-.~~-~~:_r.r:t.·-~:~:_!r': · "- · 

'roken'Ring R.;,;¡ Í.:ÁN.tipo'token~passing desarrollarui y manejada por·IBM. Es 

~U~¡ ~~.~}l,~(~!~:r~~i~~~-!.~-~!i~-~~tia fl.! ~~-~ :,·¡:,• -·"f p1: -;·_¡¡- -~<.!l'I'IH!Iq17 
• ~" ... r- ,.< r.,.. ... -," ¡•·J ".-L'!JIU~•:;z 
~ •.• ~ :- : '·:L'\ .. , .. r~-·:.;. t-',?'--\LC\t:".__.-...(~Qli~':..OT _; -"·."t--."",.,-..;:..._. ". ,J :,1'::.. ,',. --~ •. . , . 

THEnet Texas lflgher Educatwn Network.- Rcd·de cducacoon supcnor de Texas. · 
Red :r~giOñái cg;pu~Sfád~Íái'dé~6o ¡fiSilíUCiO~CS3CadéítiCá'SY1 dé' iiívCStig3Cióó' 
- ."' .r- ' · · ' · .'~11.\~ ' 1 l,-J~__._ ... ·n.,.·L~·4..l" -, ·¡·."-4,,~-. -;:--;-;.:-~- -, • · ' "''. • 1 ~ ,..,v ,.. · "1 del estado· de Tei<as: -- · •·· · ;,; · - .... "" -· .. , " " •·· ·~»· " · · .. ' 

:o~ ;1_--. 

• • .. • " • ',.' • ·-· • ·.··; .. •f ,,,;;? . 

'!!!!;;!.~f_~~-~~-a~/lffi_~e~ ftP.'ofe.C ~~~~llf?COio .•.é.cr-~~~ -~~;7o~~c~-~~t;-~9~~!~T.r~.~a ~-r~ 
comunocacoonesde o!icona basada en OSI.y desarrolh!c!á·~r,la companoa ~oeong.f" 
~ !_:C~l.Jiil!r·~,~';,'' ¡)·'! \,', r • -.,_. •• ~..,.·• , ... ,..__...~ .. -.~ ..,. • •· • • 

ThmJ.et véaSe Cheápcrnct. ~ .. -~ -:~ .. 1 cu :v;·d;;,. b.{:-:.·a ., ·-
··:-f":'T'w-_-¡.~···. ·~-··-·-~s .. , __ ...... ~-,,. --~ . . -.··, . 

.,. ' , ,'.-;~r ·:., .. ,,....- (-,}'kf:' ,~¡<_il/,.r': f-11 '}¡-/i/:U;:" qr; 
, ---:--.,.~··~--.,.._~. ,._., 1 ~,-¡';'-~t-; ''.,l'"\;'l/.fJ~ •. ~I~.l.vU •-·j I.,.C".''l". , ·1' . 

thróúghpuiProducción, trábájo útil. Cántida(J'de'infórmáción que llega:)"' 
' , .... , '' ··1 ~ • ,. • . , •..• ''-' . • . •, - •. 
posiblemente pasa, a un punto en panicular en un s•stema de red. 
"J.:•r;>n: t c.~ l· --·._ .; 

;'>-_ll ......... <y,· ·'1.1 - ·-' . .'. • •• _,_. 

tópo/ogía ik bus Véase bus topology 

'.- .! •,.,_ . 

~ ' . . ' 

• · • .. " <J,· "'· ., , ·~3 en l.; (.- ,._ .. ,,. 
topology Topología. Arreglo !isico de los nodos y el :medio' de la red· d¡;:ntro 'de una 
eStructura empresarial de red. r:· .. .~r~·-,. ----~·· .. 

.1,.!;:.;., .• ,-,. :. --1-rJ 'i-:.J;t.fi<.9' ~ti((: iiGI ¡Ir; ,GWHI.ICI(Hi i!C 1(; 11 ':1.+ .-¡~.~ 
tr-•nsce~>er Transnusor/reccptor. V case MAU. · 

. .,,.,,.l.;¡ .. , :. -, ··i'' ·;~,..n::;:•:¡_, .• '· 

t/dnSíJé;~éT i:~bk,~C~lbj_iilii~~~U-~~i~~~~~~~- 1véase drop.cablc y,AtJI ·:!f.=.~~-
'-'~':'2"·"1-l.C:.!fd . . ~~\~~IG,it~ !...-!: •. ru¡)(,~Ut.H•l-.11,!· ,,., rJ~"~·• ' ' 

tran•il briJging P.ucntco de tránsito. Puenteo que em11lca encapsulamiento para 
- ,.,_._,...-.~_.., r,_r~.. .. ..,'-"1 ,....,rt,a.u:-~ u•II.U.I'~lllt.. r.u 1-':' r..:• "1'-'-- ~ .. ., ~- . 
envoar un marco (frame) entr~:ilós•redes somolares,.pasando por una red doferente. 
· ·· · '· ; · · ' "'""" · l ~r 1" tCQ -¡r¡uuTr:~ • 

• ,J, ......... _ ... ,-,.-:-···-: .. ,•'J"no"Ju";!Jncur:•?.ct~.ronh.u•!O ··• ·· ...... ·:· _·:. . -
~r~:!''!!.~'!..'!_ b~1gg~'!~. ~~·~.!J~~~(!~~~pLc5JODi. c.~~~P..t~g_ ~J)J~~ _ r~cs con ¡protocolos~ 
de subeapa'MAC d•ferentes. · 
;¡ :?.4.;:rt,\,.:L.:.. .-~·-·:. i ''· 

¡;ii;,Siiíúid~J.iJiJíicu Véas'c analog transmission 1, t.litr·~· 1 (rt'':ll~ .. il iii~Jfl-1! :;1:I" qr~ 1·; 
''01/("'j.--l'ri\ J't'-:1 C! ~r. 1 Qj{!{i !:.tU~.¡,~, ~· .. ':~rn•r ::' . ' · . . . ·· ·- . ,-; • •:-
~~ '( •.r~"':<J-f•.-- :--~ .... : . • _._._,·r·--. ·:-~::.·· --~_.,.-m-··r.:.:n:t.·,. 1 ¡r,p:¡¡,_.,- 1 r.li"i'C'!L;~' 
.......... ~~~ .• -:•,""' ,.-~.,- r:: ,,,,,. .. ,, ;rr:;trncz u tL.l.U\.:.t. ~G 1-ti 1':....,, ~~ • .. ',- · . . . _,-

transmtston usmcron1ca V case asynctironous_lransmiSSIOn.u1!, q:~ 1 f<:''l!bt~ 
.tOM .\."~«". nmuun-1 \\O::·W·qmc.n .. \"-~ • H'-UVI.4\.!"-''-'~'""'!" v-• 'í""·-· 

trim~mission 'C:onrrol/ayer,.f;.aparde control de transmisiones.y.Capa·4·dcl·modelo . 
dé'a"i4üilctiÚra-sÑA.'' E~ la <!eSpOI;.;.biC'de c.st~bléé~r.' ma~té~c.ü_tcrmi~r l~s liD . : . 

!'' t\w: I![:':'F :P'!1í11'11?r. 'OC{~O .._, .• p.•lt'-tJ ·' 1u(.u~-:';':"'--:-.~, .... -'-~n-v~' _., .. · ·:._¡::>n.li:(•' 
· -~~ !ll~\¡·,":,·,~,r.1_~\Ú, V-jllfÍrb¡C·r~lr: brit fl'' i~lt;JlJ qr.r~cwaa· J.(_.ASITC9 • • 

c .• 
... ,'. 
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sesiones SNA, u~: secuenciar Jos mcnsa_1cs de d:11os. ~·del llUJO de comrol de la 
sesión. 

trunsmiuion group Grupo de lransmiSIÓII En cnrulamicnlo SNA, es uno o m~is 
enlaces paralelos de comurHcac1ón que se 1ra1an como una cnudad de 
comunicaciones. 

TRANSPAC Red importante de paquetes de datos francesa. 
transpurent bridging Puenteo transparente. Esquema de puenteo prefendo por. 
redes Ethernet y IEEE 802 3 , en el cual los puentes pasan los marcos un tra~ecto 
(hop) a la vez, basados en tablas que asocian nodos terminales con puertos del 
puente. Se llama así porque la presencia de los puentes es transparente para los 
nodos terminales de la red. :···:·. •· ' ., 

transport /ayer Capa de transpone. Capa 4 del modelo de referencia OSI. Es la 
responsable de la comunicac1ón confiable entre nodos terminales de la red. ·Realiza 
los controles de nujo y de errores y suele usar circuitos v1nuales para asegurar · 
entrega confiable de datos. 

1 ' .... ' ~ 

traps Trampas. MenSajCl>.n(l ·~~licitados enviados por un agente SNMP a 'iin l'' 
sistema de manejo de red (NMS) que indican la ocurrencia de un acontecimiento 
significativo. 

•· ,'1'1 

tree topo/ogy Topología de árbol. Topolog¡a-LAN similar a la de bus;~xcepto que 
las redes llpo árbol sí pueden co~tener ramas.-.rC{)mo·cn Ja•topolllgí'<lt!e bUs, las 
transmisiones de una estación se propagan por todo el medio y son recibidas por 
todas las otras estaciones. · · . ' 

·,r.;;¡~¡:·-·:~f ~1-ll''~Jif' -1¡~ 

TRouter Product~ .~ Cisco.q¡ij~~;de dar servicio de enrut¡¡dor y de lefthlntlJ'.'' '' 1 

1
, !,,, __ 1 _,,t·,..~,~.¡··¡¡:x.; ,¡: ·., .. ·.¡ntn~ '1·· !i;' · 

trunk Troncal. Canal de transQJisi,ón quQ conecta •dos clisposirivos tfe'élinthutadóh'. · .,.. \' . . 

Twisted puir par trenzado. Medio de transmisión de relativa baja vcl.;c·id~d que 
consiste en d~s cables aislados, en fprma de, espiral. l.os.cables pued!!n o no eStar 
blindados. Es' muy cÓ;nún en aplicaciones d~ tclefPnía y.cada vez más úsUáJ:t;n'''' 

1 • '.. • ' ' • • • • • • - • ' 
redes de datos. 

' 
' . ' '' . . '' .-. . .. '" '" 

TYMNET P~~•~·~,btif;\>. i,mpqrt;Í~te5n los Estados UmdoSi 

. ' .... ~. ¡ ; ' . . : --; ; ' ¡ .· : . ·...: 1 

',•. ,.,. ·;~_'ll ''. 

-, , '· :.;· : •;:- r 
-' '1 il.~l :'' ,,; .. ''': .-¡. !; ~. r 1,:: r;·:( 11\' .. ~ 

--- .. •. 
~. • • 1 ~ • ,. ¡ ' 1 " • .. '·'. , ... 

1)1'" 1 operution Operación tipo l. Operación s1n coneXIones IEEE SU2.2 (LLC). 

Type Z operution OperaciÓn ti¡io 2 Operación con conexwnes IEEE MU2 2 (LLC). 

type of service routing Enmtamiento de tipo de servicio. Esquema de enrutamiento 
en el cual se escoge una trayectoria,pn.l~ wterconexión'dint:dddépelidiendó de las 

' ~·. • " • • • ' • 1 ' •• 

caractensucas de las subre¡lea,m~olucradas y de los paquetes, adem~s acl canuno · 
m:\s cono al destwo. . , . 
UDP lJ.,e~Datagrcu.v.Prci;loáJI: Protocolo de datagrama de usuano. Protocolo sin 
cone."ón de la capa de traiispone qué pertenece a la f~;nilla de protocolos Internet. . ,, . . . . .. 

".... ; .-::.. j :' '. ;•' ,. • •.• •::: ::-o •' 

ULP ¡)~~er /ayer l'rotoc;,¡ Protocolo de nivel superior. Protocolo que está más 
arriba en el modelo de referencia' OSI que el pu~to actual de referencia. Suele 
usarse para ~'?fc,rirsc <_JI siguiente protocolo más altO Cn una cierta pila de pro1ocolos 

UltraNe¡ Red de m·ufalla velocidad (125 Mbps)dcsarrotiad:i'y distribuida poi'' 
UÍtra N~twork Teclu¡plog1es. · · :' ,. ' · ' · 

unbu/unced cor¡figurlfl,ion; Configuración dcsbalanccada. Configuraban HDLC con 
Una estación p·¡,man.i )· fi1úl11ples estaciones secundarias 

(" '"''•'·. r•··... . ·~,,!.,l,,;_.--hl.;: ,. ··•-:• .. ', ',, .. 

unicust address la red. 
·¡:¡p···. ,. 

unipolur'Unipolar. Literallnente s1gniftca una•sola polar'illad 'Es ¡ij·caráéterisuca 
eléctrica fundamental de las seliales internas en los equipos de comumcacwnes 
digitales. En contraste con b1polar. 

' " 
unity guin Ganancia unitaria En redes de banda amplia (broadband), es el balance·. 
entre pérdida y ganancia de señal a través de Jos amplificadores. . 

''. .. f• 

UNMA Umjied Network Afanagement Archllecture: Arquileclura unificada de. 
maneJO de re,des Arquite~tura de manejo de redes de A T &T. 

' ' "1,:; -1 ' ' • ' '• \- ~ :1 {;•, ' ¡ • '' ., ~ ' ;": r ¡'" 

UlritUmberedframes Marcos sin numeración_ Marcos HDLC usados para 
propósitos de mantemmiento; incluyendo el arranque y terminación de enlaces y la 
es~citicación de "'odas. ~· ., : , ..... , :· :,;'" 1 

·' ,, 1 ~ ;:. ~ - ! ' • • • • ' •• • - •1 • • .; :· 

USENET ·¡~ic1ada en 1979, es una d~ las redes cooperativas más antiguas y 
grandes, con más de .10,000 anfitrio~es .Y un cuan o de millón de usuarios. Su 

··'l.. 'l.'<· ,. •.. ''· r .... , • • •• 

prinCipal serviCio es news~ un servicio de conferencias distribuidas.UUCPUNIX-to-... 
,,·, '•' . '1' 

• ~ : • r 1\ : ,, ! l¡, 

!\•\ _:. : ·!·.'· '1 • ·' 
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UNIX Copy Progranl-:p¡-ogr:uua-dc cop•as de UNIX a UNIX ProiOcOI!>!-!IIIPicado 
para comunicaciones eriüc sts~uíaS ÚNIX. que cOO~cf.m. T:HI!bÚ!u se refiere a una 
red basada cn-liMÍX, cér~iuncnlc asoci;itl:1 con USENET - -

V.24 huerfaz dc_:.;i¡;a·(i~i~a-~nlún-i.;ciliC en'1pl~ada en muchos paises -Muy smular 
a EIA-232D y RS- 232C.- - - ' 

vector VecloL Scgmemo.dc datos de:unme;¡s;ÍJe SNA -Eslá conÍpucslo por un 
campo de longitud, uua Ílave que describe ~(Üj.>o de ~Cé-lor. y losd.ilos cspccilicós 
del veclor. · · ' 

VI NES V~rtual Network SvsleÍn: Sislema·m:-red Vinual NÓS'desarrolfailo ·y 
dislribuido por Banya11 S.ysiém·s. 

virtual drcuit Circtiiio viniiaL: Cnc.fii.o.lógico formailo'pafílascgurar 
comunicación confiable enlre ilos disposilivos dC la.·icd. 

.. ·, ·,_ - ' ·t .- .. 

virtual route Rula vinual. Termmologia·SNApará.circuÍio vinuál. Es una. 
conexión lógica enlre dos nodos de subárca 'qilc'Se. rChliza flsicáliiCnie como una 
rula explicila panicular_ · · 

VTP Virl~al Termmai'Proloeol: ProlocÓÍo'dclerminal vínual. Aplicación ISO para 
establecer una CODCXIÓil de ICrminaJ vinual Cn una red. 

WAN Wide-Area Nehvork: 'Red de área amplia. Red que ocupa·Ún área'gdogiM.ca 
amplia. Véase lambién t:;A:N y MAN. 

wideband Banda amplia. Véase broadli:Índ. 

wiring closet Cuano de conexiones. Cuan o disecado espccilicameme para el 
cableado de redes de voz y dalas. Sir\!e como punlo de unión para los cables y 
equipo que se usan para inlerconeclar dispósilivos. 

WISCNET Red TCP/IP en Wisconsm, E.E.U.U., que conecla 27 .i,nslalacioriesde 
la Universidad de Wisconsin, además de varias msliluciones privadas. LoS enlaces 
son a 56 Kbps y TI 

X.21 Recomendac1ón CCITT que define un prolocolo de comumcaciones emre 
redes de circuilos conmulados y disposilivos de usuario 

X.2S Recomendación CCITT que define el formalo de los paqucles 'para 
transferencias-de dat~ en rCdcs púbJ1c:.~s de dalas. Muchos cstablccitlu~nlos ltencn 
redes X-25 que les dan acceso a terminales remaras __ Esas_rcdcs Se pueden usar 
para olros 1ipos de dalas. lllcluycndo los prolocolos lmc_rncl, DECnct y XNS. 

·X~lÍI.·Recomendacii\ri CCrtr que deli.ne la uuerfaz lermin:ti-PAD. 

X.29 Rccomendacióil' CCrrr que defiÍlC la n;terfaz PAD~c~IÍlpuladora. 

'x.J RecohÍendaciÓn CCriT que dcline varios parámetros PAD. 

Xl19.S N~mero asignado'afgn•~ de 1ra~o del coruné de. acreditación 'de .. 
esi~Íidares 'para su' documenlo 'lmei~o de irabaJO que descnbc' la intiifuz de dai~S 
distribuida por libra. Véase FDDI. · · · · 

X.4011 Recomendación CCM que define y espccJii.ca.un ~slándar para lransferencias 
de correo electrónico. · 

X.SOO RecomendaCIÓn CCilT que define y especifica un eslándar para el 
mantcmmicnto de archivos y dircclorios distribuidos. 

Xid Véase tCrmid. 

xÓMÓ Protoc~lo de comról de ·x O.ispláy Manai,>cr PrOiocolo usado 

XNS X erux Netwurk :~;.;.lems: S1.s1emiís' ~e red Xerox Gr'~j;o de 'pr~olos 
onginahi~ente diseñados por Xerox PARC Muchas compañías de rcdcsde PC, 

. como Ung¿ri'ííann-B.ass; Novcll, Banyan y JCom, usaban o ac1Ualnicn1e usan 
variames de XNS ciJÍÍió pila de prÓiocÓios primarios de 1ranspone. 

XRemote Pr01ocolo desarrollado espccilicam~;;le p;¡i~ opli~Íizar el manejo de X 
Windows en enlaces de conwiucaCión serie. · 

X WinJows Srslemá g~álico y ch¡_vemanas dlslnbuidÓ, ~l;;¡tiiÍuea, indc~n<ticplc de 
los disposiliv!)s, y uá'nspari:nié ala red.'originalmc.l!c desariollado"porel MIT para 
comúmcacioíi~s enlrc lerminales X y eslaciónes dclrabajo UNIX. 

Zone En Apple Talk, grupo lógico de disposmv~s-de red. 
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