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Theemerging Broadband Integrated Services Digital Networks (BISONs)
areexpected tobe flexible, supporting a wide spectrum ofservices and
infrastructure applications, and responsive to evolving customer needs. The
networks arealso expected tobe cost-effective, supporting diverse services
on a common platform, and highly manageable, providing unified opera­
tions and customer control. Meeting all theseexpectations represents a
major challenge inthe design and implementation ofBISON networks. This
paper introduces the basic structure ofBISON networks bydescribing a net­
work reference model and the BISON Protocol Reference Model. It also
describes BISON functions for signaling and call control, network manage­
ment and operations and maintenance (GAM), traffic management and con­
gestion control, and network performance and quality ofservice. Theevolu­
tion ofthe BISON networks is also presented, including an example ofa
BISON network interworking with service-dependent networks.
Introduction

The BISDN networks will supporta
wide range ofvoice, data,and video applica­
tionsbased on a limited set ofservice and
connection typesand multipurpose network
interfaces. The service typesinclude constant
bit rate/circuit emulation, variable bit rate,
connection-oriented data,and connectionless
data services. The connection typessup­
portedby BISDN networks include point-to­
pointand multipoint, both switched and non­
switched. Multipurpose network interfaces
havebeen defined forboth private and public
networks.

To meet these diverse needs, the
asynchronous transfermode (ATM) , which
provides standardized transport, multiplexing,
and switching for the BISDN network, was
selectedas a flexible transfercapability com­
monto allservices. 1 It has many ofthe advan­
tages ofboth circuitand packetswitching,
and it allows allservices to be switched and
transportedin a common digital format.

Network Reference Model
The BISDN network reference model,

shown in Figure 1, identifies the principal

functional elementsthat makeup the net­
work, their relative positions in the network,
and the reference points between these ele­
ments.! These functional elementsgenerate,
process,and terminate various layersofthe
BISDN Protocol Reference Model, discussed
briefly in the next section. Nophysical imple­
mentation ofthe functional elementsis
implied in this model. However, physical
interfaces, called user-network interfaces, are
often associated with the UBandTBrefer­
ence points. Anetwork node interface is also
depicted in Figure 1.

The equipment that resideson cus­
tomer premisesincludes the following func­
tional elements:
- Broadband network termination equipment

(B-NTl and B-NT2)
- Broadband terminal adapter (B-TA)
- Broadband terminal equipment (B-TEl,B-

TE2) or other, non-broadband, terminal
equipment (TE2).

The B-NTl terminates the physical
layer, handlesinterfacing at the UBandTB
reference points, and provides DAM functions.
Optionally, B-NTl maymultiplex several TB
interfaces intoa single UB interface. The
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Panel 1. Abbreviations, Acronyms, andTerms

AAL- ATM adaptation layer
AIS - alarm indication signal
ATM - asynchronous transfermode
BISON - Broadband Integrated Services Digital Net-

work
B-NT - broadband network termination equipment
B-TA - broadband terminal adapter
B-TE- broadband terminal equipment
CBR - constantbit rate
CLP - celllosspriority
CCfIT - International Telegraph andTelephone Con-

sultative Committee
OS3 - digital signal level 3 (44.736 Mbits/s)
ISUP - ISON user part
ITU-T - International Telecommunication Union-Tele­

communications Standardization Sector(new
nameforCCfIT)

LAN -local area network
OAM - operations andmaintenance
OSI - opensysteminterconnection
PBX - private branchexchange
QoS - quality ofservice
RDI - remotedefect indication
SAP - service accesspoint
SAR - segmentation and reassembly
SOH - synchronous digital hierarchy
SMOS - Switched Multi-megabit DataService
SONET - synchronous optical network
TE- non-broadband terminal equipment
VBR - variable bit rate
vc - virtual channel
VP- virtual path

B-NT2 alsoperforms adaptation functions for different
media at the physical layer. It may alsoprovide higher­
layer functions, suchas celldelineation, multiplexing and
demultiplexing, signaling adaptation layerfunctions, sig­
naling protocol handling, and local switching. Examples
ofB-NT2 equipment include a simple time-division multi­
plexer, a terminal controller or a local area network
(LAN), anda private branchexchange (PBX). The B-NT2
is optional, allowing terminal equipment to accessthe
broadband network directly at the TBinterface. To make
this possible, the functional and physical specifications of
the SBandTBinterfaces need to be similar.

Terminal equipment with ATM service interfaces
(B-TEl) are connected at the SB/TBinterfaces, while
thosewithout an ATM service interface (broadband, B-TE2
or non-broadband, TE2) are connected to a B-TA. The B-TA
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adapts the native protocol at the Rinterface to the ATM­
basedprotocol at the SB/TBinterfaces.

Network elements include the remote multi­
plexer, the accessnode, andthe service node. The
remotemultiplexer is an optional network element that
multiplexes several subscriber links ontoa single
higher-speed link. The accessnode, anotheroptional net­
work element, concentrates traffic andcanalso perform
local switching. The service node, the equivalent ofthe
local switch in the ATM network, contains an ATM cell­
switching fabric. It provides allfunctions required for
broadband switching, exchange termination, interwork­
ingwith non-ATM network elements, operations control,
signaling processing, andcall processing control. 3 Ser­
vice nodescommunicate overlinks usingthe network­
nodeinterface.

Protocol Reference Model
The BISON Protocol Reference Model canbe rep­

resentedas three vertical planes - the user plane, con­
trolplane, andmanagement plane. These are intersected
byfourhorizontal layers - the physical layer, ATM layer,
ATM adaptation layer, andhigher-layer protocols and
functions.'

The user plane facilitates the flow ofuser infor­
mation. The control plane provides call andconnection
control functions, including signaling forcall andconnec­
tion control set-up, supervision, and release. Both planes,
user and control, have layered structuresthat incorpo­
rate allfour horizontal layers. The management plane
handles layermanagement and plane management.
Layer management provides management functions and
operations and maintenance to the individual layers.
Plane management, which has nolayered structure,
coordinates allthe planes.

The physical layertransports information
(bits/cells) anddelivers timing to upper-layer services.
The ATM layermultiplexes/demultiplexes and routes
cells. The ATM adaptation layerprovides service­
dependent functions to the layerabove. Higher-layer
protocols andfunctions are service-specific, In the user
plane, theysupport the user application (e.g., video cod­
ing); in the control plane, theyprovide call andconnec­
tion control; and in the management plane, theyprovide
network supervision functions. The physical layer, ATM
layer, andATM adaptation layerare briefly described in
the next three sections.
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Physical Layer
Three transmission systemshave been specified

bythe International Telecommunication Union-Tele­
communication Standardization Sector (ITU-T), formerly
CCIIT: the Synchronous Digital Hierarchy (SDH) , the
Plesiochronous Digital Hierarchy (PDH) , andcellbased.
Inaddition, the ATM Forumhas specified the fiber­
distributed datainterface (FDDI) option. For the SDH
option, the STM-l signal has been defined forboth optical
andelectrical interfaces with a total bit rate of155.520
Mbits/s, inboth directions. The SfS.3c is analmost iden­
tical interface defined as partofthe synchronous optical
network (SONET) foruse in the U.S. The PDH-based inter­
faces have been defined forcarrying ATM cellsusingthe
existing transmission infrastructure (e.g., DS3). The cell­
basedinterfaces are defined as a continuous transportof
cellswithout time-related framing.

ATM Layer
Aconnection-oriented transfermode, ATM uses

anasynchronous time-division multiplexing technique.
Connections canbe established and released, either
on a subscription basisor on demand usingsignaling
procedures.

ATM Connection.. The ATM layerhas two levels of
connections-virtualchannel (vc) connections, which are
the basic typeofATM connections; andvirtual path (vp)
connections, eachofwhich contains a bundle ofvc con­
nections that are switched as a unit (seeFigure 2).The VP
connections are semi-permanent and transporta number
ofsimultaneous VC connections between endpoints.

Atwo-part label within the ATM headeruniquely
identifies the VP, and the vcwithin the VPto which that
cellbelongs. The label contains a VPidentifier anda VC
identifier. Boththe VPandvc identifiers haveonly local

Figure 1. BISDN network reference model.

significance on the linkbetween ATM nodes. Routing
consists oftranslating the VC/VP identifier values ofthe
incoming VC/VP linkintothe corresponding VC/VP identi­
fiers for the outgoing VC/VP link. The translation isbased
on routing tableslocated in the vc switch (vc switching
only), VPswitch (vp switching only), or VC/VP switch (vc
andVPswitching).

Signaling and Meta"""lIn, VCConnection•• BISDN
supports two typesofaccess signaling configurations ­
point to point, and point to multipoint. In a point-to-point
accesssignaling configuration, only onesignaling entity
(e.g., a TE or B-NT2/PBX, bysubscription) on an interface
communicates with the service node. Apoint-to-multi­
point accesssignaling configuration may have multiple
signaling entities on an interface communicating with the
service node.

Connections canbe set upand released using
special connections between a TE andthe service node,
called the signaling vcconnections. In a point-to-point
signaling configuration, a point-to-point signaling VC con­
nection is assigned at subscription time. In a point-to­
multipoint signaling configuration, two signaling VCS are
dynamically assigned to a TE, at activation time, using a
predefined vcconnection, called the metasignaling VC
connection. Oneis the point-to-point signaling vcandthe
other is a broadcast vcusedforcall offering bythe ser­
vice node.

ATM Adaptation Layer
The ATM adaptation layerprovides the adaptation

functions needed to implement two-way mapping between
the higher-layer protocol dataunitsandthe information
fields ofATM cells. Asa resultofthe rolethat the ATM
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Figure 2. OAM architecture of the ATM network. The ATM
layer has two levels of connections - ve connections,
which are the basic type of ATM connections; and VP con­
nections, each of which contains a bundle of ve connec­
tions that are switched as a unit. F flows manage the
layers' functions. The F1, F2, and F3 flows correspond to
the regenerator section, multiplex section, and path of the
physical layer, respectively. F4 and F5 flows correspond to
the ATM layer VP connection and ve connection levels,
respectively. The F4/F5 flows are Independent of the physI­
cal layers used In the BISDN. They provide the encl-to-end,
segment OAM and management capabilities of associated
VPjVe connection-based services. The management plane
coordinates the layer management capabilities and, In
essence, provides the Q3 Interface.

adaptation layer plays, its functions depend on the ser­
vices supported. To minimize the numberofATM adapta­
tion layerprotocols neededfor the different services, the
ATMadaptation layerwaspartitioned intotwo sublayers,
and the services to be supported werecategorized into
fourservice classes.

The lower ATM adaptation sublayer, called the
segmentation and reassembly sublayer, segmentsthe
information received by the upperlayerintoATMcellsat
the transmitting end,and reassembles the original infor­
mation at the receiving end.The segmentation and
reassembly sublayer canalsoprovide additional func­
tions, as needed, forsomeservices (e.g., bit-error detec­
tion). The upperATM adaptation sublayer, called the

convergence sublayer, provides additional service­
specific functions, such as multiplexing, timing recovery,
andcelllossdetection.

Services to be supported bythe ATMadaptation
layer are basedon the following characteristics:
- Timing relationship between sourceanddestination,
- Bitrate, i.e., constant bit rate,or variable bit rate,and
- Connection mode, i.e., connection-oriented or connec-

tionless.
The fourservice classesandtheir characteristics are:
- Class A- Source-destination timing, constant bit

rate,connection oriented (also called circuit emula­
tion), such as constant-bit-rate voice andvideo.

- Class B- Source-destination timing, variable bit rate,
connection oriented, suchas variable-bit-rate audio
andvideo.

- Class C- No source-destination timing, variable bit
rate,connection oriented, suchas signaling and
connection-oriented data.

- Class D- No source-destination timing, variable bit
rate,connectionless mode, suchas Switched Multi­
megabit DataServices (SMDS).

Acombination ofonesegmentation and
reassembly sublayer protocol andoneor more conver­
gencesublayer protocols represents an ATMadaptation
layertype. It provides a service access point to the
higherlayers. Sofar, ATM adaptation layertypes 1,2,
3/4, and5 have beendefined by ITV-T.

The following is a briefdescription ofthe func­
tionsperformed byeachATMadaptation layer type. ATM
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adaptation layertype 1 (ML 1) wasdefined to support
Class Aservices. It transfers service dataunitswith a con­
stantbit rate anddelivers themwith the samebit rate;
transfers timing information between sourceanddestina­
tion; andhandles errors (e.g., lostor misinserted cells).

ATM adaptation layertype 2 (ML 2) supports
Class Bservices and provides functions similar to thoseof
type 1,exceptforthe transferofservice dataunitswith
variable bit rates. It alsodiffers in the use ofcelllossprior­
ity (CLP) , which protects high-priority cells, such as those
thatcarrythe partofthe signal used forend-to-end syn­
chronization. CLP and its use are described later in this
paper. The specification ofML 2 is still at an early stage.

ATM adaptation layertype 3/4 (ML 3/4) supports
Class Cand D dataservices. Its attributes are defined
according to the particular service provided:
- Assured/non-assured - Assured service guarantees

error-free delivery ofallATM adaptation layerservice
dataunitsusingflow control. The non-assured service
may loseor mishandle someATM adaptation layerser­
vice dataunits.

- Message/streaming mode- In the message mode,
ATM adaptation layerservice dataunitsare received in
their entirety, whereas instreaming modethe ATM
adaptation layerservice dataunitsare received inone
or moreincrements, called ML interface dataunits.

- Multiplexing - Multiple ATM adaptation layertype
3/4 connections canbe multiplexed ontoa single vc
connection.

The SMOS, defined by Bellcore, is an earlyconnectionless
dataservice that canbe implemented overATM using
ATM adaptation layertype 3/4.

ATM adaptation layertype5 addressesClass C
services, including signaling, and provides functions sim­
ilartoATM adaptation layertype3/4. The major differ­
enceis thatATM adaptation layertype 5 has less overhead
anddoesnotsupportthe multiplexing or streaming mode.

Frame relay is an earlyconnection-oriented data
service that canbe implemented overATM usingATM
adaptation layertype 5. In this case,ATM adaptation layer
provides an underlying connectivity, and the ATM net­
work provides channels forthe frame relayservice.

............ The newservices envisioned for BISON
andATM's ability to flexibly allocate andde-allocate band­
width increase the functions requiredforsignaling in the
BISON network.5 BISON signaling is expected to provide
call andconnection control forconversational services

with multimedia, multiparty connections (e.g., video­
conferencing), dataretrieval services (e.g., document
browsing), messaging services forvoice-mail systems,
and distribution services (e.g., television services with
orwithoutusercontroO.

Currentsignaling protocols are basedon a one­
to-one mapping between calls andconnections. The
BISON multimedia services requiremorethan onecon­
nection to be associated with a call; theyalso requirethe
capability to add,delete, and modify connections during
a call. ITU-T SG 11 (fonnerly called ccrrrSG XI) is now
extending the existing ISON signaling protocols (Q.931
and ISUP) to BISON (Q.93B and B-ISUP).c.-. Control ..... Connection Control. Some BISON
services, suchas multimedia, would benefit from the abil­
ityto control the connections associated with a call inde­
pendently ofcontrolling the callitself." Call control is
responsible forestablishing and releasing calls, managing
call parameters (reference value, permissions, call state)
andcallconfiguration, andinteracting with connection
serversin performing user-server negotiations. Connec­
tioncontrol establishes connections that meetthe quality
ofservice, that is,performance attributes, requested by
the user;modifies the attributes ofactive connections
(e.g., changing the quality ofservice, adding an end­
point); manages information regarding connection state
andconfiguration; and releasesconnections. The ability to
control callsandconnections independently would allow
independent routing ofconnections within a call; addition,
modification, and deletion ofconnections during a call;
andmodular implementation ofservices.

Network Manegemem ..... GAM
Management ofBISONs is largely basedon tele­

communication management network concepts offault,
performance, configuration, security, andaccounting
management. Functions defined forthese management
categories are accessible at the network management
systemsinterfaces (i.e., Q3) ofBISON equipment. ATM's
flexibility inconnection bandwidth allocation androuting
provides someunique advantages to BISON management.

The BISON network management architecture
canbe depicted in terms ofthe BISON Protocol Reference
Model, discussed earlier. Associated with eachlayer is
an DAMchannel, or flow mechanism. These F flows pro­
vide layermanagement functions (seeFigure 2).The F1,
F2, and F3flows correspond to the regenerator section,
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Table I. OAM Functions In the ATM Layer

Fault Petfonnance Configuration
management management management

Alann surveillance Bit-error performance Network element
(e.g.•AlS. RDI) monitoring andreporting configuration status
Connectivity Cell loss/mis-insertion Network topology status
verification monitoring andreporting andupdate
Continuity Cell transfer delay
monitoring measurement andreporting
Loopback

multiplex section, and pathofthe physical layer, respec­
tively. These OAM flow mechanisms are specific to the
physical layerofthe transmission systememployed in
the BISON (e.g., a SONET/SOH lightwave system). F4and
F5flows correspond to the ATM layerVPandvcconnec­
tionlevels, respectively. The F4/F5 flows are indepen­
dentofthe physical layers used in the BISON. Theypro­
vide the end-to-end or segmentOAM andmanagement
capabilities ofassociated VP/VC connection-based ser­
vices. The management plane coordinates the layerman­
agement capabilities and,inessence, provides the Q3
interface.

The F4/F5 flows are among the moreinterest­
ingaspectsofthe BISON OAM and network manage­
ment.7 These flows use dedicated cellsto carryout fault
management, performance management, andconfig­
uration management ofthe ATM layer. TableI presents
a short listofthese functions. Although these functions
currently are defined only forpoint-to-point connec­
tions, in the future, similar OAM capabilities will be
established formultipoint connections. For the most
part,these functions can support non-intrusive in­
service monitoring and testing, as well as out-of-service
testingforestablished virtual connections, or specified
segmentsofthoseconnections. Mostimportantly, these
ATM OAM channels are handled in the same manneras
the user channels. There, OAM connections canbe
established and released on demand; channel band­
width canbe either asymmetric or symmetric, andcan
vary according to need; and routing to (distributed)
OAM processors can be mademoreflexible. These fea­
tures ofATM OAM addflexibility to the BISON network
management plan, greatly enhancing such capabilities
as network protection and restoration, service manage­
ment,andend-eustomer control.
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Traffic Management and Congestion Control
The BISON networks mustbe designed to trans­

porta wide variety oftraffic classeswhose requirements
fortransfercapacity and network performance vary
broadly. Traffic management andcongestion control
capabilities that are adaptable to a wide variety oftraffic
typesare critical to achieving BISON network perfor­
mance objectives. To date,this topic has posed a signifi­
cantchallenge in the design ofthe BISON network.

The genericfunctions that have been defined for
managing andcontrolling traffic andcongestion in BISON
(seeFigure3) include:
- Network resourcemanagement - Provisioning capa­

bilities (e.g., reservation protocols) to allocate network
resourcesforseparatetraffic flows basedon service
characteristics.

- Connection admission control- Procedures carried
outby the network, whenit establishes or renegoti­
ates a call, to determine whethera vcor a VPconnec­
tionwill be accepted or rejected. These procedures
use callsourcetraffic descriptors, quality-of-service
parameters (discussed in the following section), and
current network resource allocation.

- Priority control- The user may generatedifferent
priority traffic flows by invoking CLP in the cellheader.
If the network is congested, or becoming congested, it
may discard low-priority traffic to protectnetwork per­
formance forhigh-priority traffic.

- Usage/network parameter control- Actions takenby
the network to monitor andcontrol traffic coming into
the user accessandnetwork access, respectively. These
include detecting malicious, as well as unintentional,
violation ofnegotiated parameters forthe call, and polic­
ingactions (such as celldiscard, celltagging forlower­
ingpriority, or rescheduling) in the caseofviolations.
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Other traffic management andcontrol functions,
suchas congestion detection and notification, anddefini­
tion oftraffic parameters, are beingactively studied.

Network Performance and Quality of Service
The user traffic parameters discussed earlier

also include quality-of-service parameters. These param­
eters,which comprise cellloss ratio, celltransferdelay,
cell delay variation, andcellblock error ratio, are mea­
suredon an end-to-end connection basis. They represent
the overall network performance with respectto a given
connection.

Auser may request,at most, two different
quality-of-service classesfora single virtual connection,
which may only differ with respectto the cell loss ratio
objectives. The CLP bit in the ATM cellheadercanaccom­
modate two cellloss ratio objectives fora given virtual
connection. Forexample, on a variable-bit-rate connec­
tion carrying video, the cellscarrying synchronization
information mustbe protected. Within the connection,
thesecellscanbe designated to have a higherCLP (i.e.,
CLF = 0) than cellsthat do notcontain synchronization
information (i.e., CLF = 1).The CLP bit canalsobe used
inside the network to provide different qualities ofser­
vice fordifferent connections. Here,forexample, the

network canuse the CLP bit to protect signaling connec­
tionsagainst network congestion.

The cell transfer delay is the time it takesfora
cellto travel from oneend ofthe connection to the other.
This timecanvary. Variability canbe added at the cus­
tomerpremises or in the network (e.g., due to variable
queueing delays in intermediate ATM multiplexers and
switches). Services overvirtual connections canbe dis­
tinguished andcontrolled bytheir tolerance to delay and
delay variation. Forexample, a circuit emulation service
would havetightboundson delay anddelay variation,
andthe ATMvirtual connection supporting this service
would have to meetthese delay bounds. Onthe other
hand, a dataservice would have less stringentdelay
requirements. Cell transferdelay canbe accommodated
bysegregating traffic classesin switch nodequeueswith
constant-bit-rate traffic receiving higherpriority.

The cell block error ratio is the ratio, fora given
timeinterval, ofthe total numberofcellblocks that con­
tainan error to the total numberofcellblocks trans­
ferred in the end-to-end connection. Using thisexample,
a circuit emulation service may be ableto tolerate a rela­
tively high erroredblock ratio compared to a dataser­
vice, wherea verylow erroredblock ratio is mandatory.
In the lattercase, received bit errors are handled in the
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service ATM adaptation layerusingerror correction or
retransmission.

Work is progressing on both defining and also
measuring other quality-of-service and network perfor­
mance parameters, to expand service management capa­
bilities in the BISON.

Evolution of Network C.......lltl••
The basic structure, protocols, andfunctions of

the BISON network described earliercreatea highly flexi­
bleframework with a wide rangeofcapabilities. This
framework allows BISON networks to beginwith basic
services andevolve in a consistent, efficient manner
along the pathofbroadband applications andservices.8

The capabilities ofthe BISON network will evolve in sev­
eral areas, including interfaces and transportprotocols,
and signaling andcontrol.9 Regulatory policy maydictate
that somecapabilities be provided by regulated carriers
and others by unregulated entities. For the purposes of
this section, however, these capabilities will be consid­
ered together.

Interfece and T.....sport C8p8bIIItIe.. The needsof
the earliestbroadband applications, such as wide-area
networking and LAN interconnect, are beingmettoday by
the initial broadband services, such as frame relay and
SMOS. While these may notfitthe classic definition of
BISON services, theyare sometimes carriedoverATM
backbone networks, and thus provide the firstend-user
interfaces forATM backbone networks. Framerelay and
SMOS users typically haveaccesslineswhose rates range
from 56kbits/s to 45Mbits/s.

Asnetwork interfaces and protocols evolve,
networks will offer ATM services directly to end users.
These early ATM services will complement frame relay
and SMOS byproviding accesslinerates in the rangeof
30to 155 Mbits/s.Thiswill permitthe combination of
frame relay, SMOS, andATM services to covera wide
rangeofuser needs.

Early ATM services will include a rangeofproto­
coladaptation functions forframe relay, SMOS, andother
packet-based andcircuit-based protocols. 10 Initially,
ATM networks will transportthese additional protocols
throughthe network transparently. Asthe network
evolves, moresophisticated intemetworking functions
will permit communications between network custo­
mers subscribing to different protocols, or eventermi­
nating on different typesofnetworks.
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In the resulting environment, the BISON network
will need to work with SMOS andframe relay service­
specific networks. The BISON service nodewill also pro­
vide SMOS andframe relay services, initially overservice­
specific interfaces, and lateroverintegrated BISON access
interfaces, at speedsof 155 Mbits/s, andgreater. The goal
is to implement a seamless service interworking environ­
ment, so that end users ofSMOS andframe relay services
are not affected bythe choice ofservice-specific or BISON
network equipment in the end-to-end connection.

Figure 4 shows an example ofa two-node BISON
network interworking with SMOS andframe relay net­
works. BISON customers are served byoneofthe BISON
service nodes." Some SMOS customers are served by
SMOS switches, others bya BISON service node. SMOS cus­
tomerson an SMOS switch communicate with customers
on a service nodethroughtrunk-side connections
between the two typesofswitches. Frame relay cus­
tomerscan also terminate on a frame relay switch or a
service node, with the two switches interconnected on
the trunk side.

Network capabilities are continually evolving.
Direct ATM accesslinerates will extend to bothhigher
and lower speeds. The extension to higher speeds, such
as 622 Mbits/s, andbeyond, will be driven bythe contin­
uinggrowth inbroadband traffic andthe amount ofband­
width required forend-user applications. The extension
to lower speedswill be driven by the move to ATMas a
native protocol forend-user equipment, andalso by
the desire to eliminate the expense ofprotocol inter­
working devices.

While someearlyapplications may consist of
traffic that is primarily bursty (such as LAN interconnect
traffic), or primarily continuous bit rate (such as trans­
parentcircuit emulation), many applications will quickly
move to a mixture ofburstyandcontinuous-bit-rate
traffic. ATM networks will be required to handle this mix­
ture oftraffic efficiently, maintaining low delay for
continuous-bit-rate traffic, while allowing highuse for
burstytraffic, with verylow celllossrates in bothcases.
Developers ofATM networks mustpaycareful attention
to quality-of-service parameters, congestion control, and
BISON switch fabric design.

S.....II........ Control C.......lltl... The BISON sig­
naling andcontrol framework supports a wide rangeof
advanced and sophisticated services. The network will
deploy these signaling andcontrol capabilities as end-
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Interface

BISDN [
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user applications demand them andas theybecome bet­
ter defined in standards. Initial ATM-based signaling and
control capabilities will combine connectionless services
provided bySMDS andconnection-based services pro­
vided byframe relay andATM. Also known as permanent
virtual circuits, the earliest connection-oriented ATM ser­
vices will be basedon semi-permanent provisioned con­
nections, changed throughservice orders rather than
through signaling messages.

Early ATM services will be accompanied bycus­
tomernetwork management capabilities. These end-user
network management capabilities will use the network's
internal telecommunication management network-based
functions, but theywill provide additional interfaces
directly to end users.These interfaces will allow end users
to monitor the statusoftheir subnetworks andto request
provisioning changeselectronically. End-user network
management capabilities will be partofstandard protocol
interfaces, suchas Simple Network Management Proto­
col, rather than broadband signaling protocols.

Ata laterstage, switched virtual channel capabili­
ties andservices will be added to ATM networks, permit­
ting end users to set up andtear down virtual circuit con­
nections using signaling messages in realtime. Initial
switched virtual channel capabilities, based onthe rrur
Q.93B and B-ISUP specifications, will support basic point­
to-point calls. Inlaterphases, more sophisticated capabil­
itieswill be introduced to takeadvantage ofATM's flexi­
bility. These capabilities include dynamically configur­
able, point-to-multipoint (ormulticast) connections,
add/drop,and multimedia calls with multiple underlying
connections. Sophisticated calling features similar to
thosenow associated with voice calls will also be intro­
duced. Advanced Intelligent Network" services, includ­
ingflexible service creation andexecution, will be
extended to cover BISDN calls.

Conclusions
The basic structure, protocols, andfunctions of

the BISDN network have beendefined to createa highly
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flexible framework with a wide rangeofcapabilities.
Based on this framework, elements ofthe BISDN network
are now beingdeployed that are capable ofproviding ini­
tial broadband services, network management, and OAM.
However, significant challenges remain. Standards and
strategies mustbe defined forcomplex multimedia ser­
vices andapplications, andforenhanced network man­
agement, OAM, traffic management, andcongestion con­
trol. Once these challenges have been met,the combina­
tionofthe bandwidth andtransport flexibility provided
byATM, andthe customized service intelligence provided
byAdvanced Intelligent Networking, will leadto a highly
flexible, customizable communications environment that
cansupport a wide rangeofsophisticated end-user ser­
vices andobligations.

References
1. CCI7T BISDN Recommendations 1.121R, 1.150, 1.311, 1.321, 1.327,

1.361,1.362,1.371, 1.610.
2. W.R Byrne, et aI., "Broadband ISDN Technologies andArchitec­

tures,"IEEE Network Magazine, January1989, pp.23-28.
3. Bellcore, "Broadband ISDN Switching System Generic Require­

ments,"TA-NWT-Q01110, Issue 1,August1992.
4. J.-Yo LeBoudec, "The Asynchronous TransferMode: ATutorial,"

Computer Networks andISDNSystems, North-Holland, 1992,
pp.279-309.

5. M.Veeraraghavan, D.M.Rouse and R Kapoor, "Signaling Archi­
tecturesand Protocols forBroadband ISDN Services," GlobeCom
1992 Proceedings, Orlando, December6-9, 1992.

6. J. I. Cochrane and M.D.Soneru, "Switching, Signaling, and Control
forMultimedia Services," ComForum'90 Proceedings, Decem-
ber 1990.

7. J.Anderson andM D. Nguyen, "ATM Operations and Maintenance
Implementation Aspects," IEEE Communications, Vol. 29,No.9,
September 1991, pp.79-81.

8. M.DeMaio and H.J.Kafka, "Broadband Services andApplica­
tions," AT&TTechnicaljournal, Vol. 72,No.6, November/Decem­
ber 1993, pp.23-28.

9. M.DeMaio, et aI., "AT&T Network SystemsService Net-2000
Broadband Networking Plans," GlobeCom 1992 Proceedings,
Orlando, December 6-9, 1992.

10. W.R Byrne, et aI., "Evolution ofMANs to Broadband ISDN," IEEE
Communications Magazine, Vol 29,No. I, January1991, pp, 69-82.

38 AT&TTECHNICAL JOURNAL. NOVEMBER/DECEMBER 1993

11. M.A Pashan, G.D.Martin, and M.D.Soneru, "Technologies for
Broadband Switching," AT&TTechnicaljournal, Vol. 72,No.6,
November/December 1993, pp. 39-47.

(Manuscript approved November 1993)

Marlus D. Soneru is a technical manager in the SWitchingArM

Platform Department at AT&T Bell Laboratories in Indian Hill
(Naperville), Illinois. His group designs and develops software
for the infrastructure, interprocessor communications, initiali­
zation, and measurements of the ArM platform. Mr. Soneru
received an M.S. in electrical engineering from Polytechnic
Institute of Bucharest, Romania, an M.S. in computer science
from the University of California, Los Angeles, and a Ph.D. in
computer science from the Illinois Institute of Technology,
Chicago. He joined AT&T in 1973.
Jon Anderson is a member of technical staff in the Global
Systems Engineering and Architecture Department at AT&T
Bell Laboratories in Holmdel, New Jersey. He works on
advanced transport network architectures and global stan­
dards development. Mr. Anderson joined AT&T in 1986, after
receiving a B.S. in mathematics from Oregon State University,
Corvallis; an M.S. in mathematics from Rensselaer Polytech­
nic Institute, Troy, New York; and a Ph.D. in applied physics
from the Massachusetts Institute of Technology, Cambridge.
HenryJ. Kafka is a technical manager in the New Business
Opportunities (NBO) and Visual Communications Department
at AT&T Bell Laboratories in Indian Hill (Naperville), Illinois.
He is responsible for the systems engineering and architec­
ture of interactive video products, and their applications to
emerging broadband ArM technology. Mr. Kafka received a
B.S. from Northwestern University, Evanston, Illinois, and an
M.S. from the University of Illinois, Urbana-Champaign, both
in electrical engineering. He joined AT&T in 1979.


