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ABSTRACT We 1nvestigate the considerations of design issues for a broadband ATM network. Three kinds of
network design requirements are considered : user grade-of -service(GOS) requirements, network manager requirernents,
and system designer requirements. In this work, we are focusing on the balancing problems among performance
measures, We suggest that design parameters for a broadband ATM exchange would be tuned within the acceptable
sets by a layering concept on the performance objectives,
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I. Introduction

Recently, the communication network is
confronted with a new trend of changes, which
widely is appeared from local area network
to long haul network. This trend is mainly
caused by the emerging high- performance
processing system and by the provision of
network intelligence. There 13 an emerging
demand for broadhand services with more than
150 Mbits /s, which requires high speed
switching and processing as well as high speed
transmission, These changes would be realiz
ed by constructing the broadband integrated
service digital network(B-ISDN). As it is
known, asynchronous transfer mode(ATM)
1s adequate for both circuit-mode and packe-
t-mode information transfer capabilities in
B-ISDN[1].

Until now, it has been widely studied on
the evolving network architectures for broad
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band video serviece and switched multi-meg-
abit data service(SMDS) as well as the flexible
multi-services such as multi-party conference
service and bidirectional distribution service
with subscriber control{2, 3]. The reference
configurations and functionalities for B-ISDN
are also proposed in and open architecture
approach|[41. There are some approaches to
construct B-ISDN infra-structure with a tra
nsport network using ATM cross-connect
system based on a virual path concept[5, 6].
The switching network architectures and those
implementation technologies are studied in
depth, Also the investigations for bandwidth
and resource allocation, ATM traffic control,
signalling, and operation and maintenance in
B-ISDN are actively done[8, 97.

Throughout the investigations, the network
requitrments and functionalities for B-ISDN
are studied partly on the topics of broadband
service, .network and swithc architectures,
swithching technologies, signallings, and oper
ation and maintenance. Now we consider the

809



S B a9 g Vol 16 No. 9

overall network requirements and functionalities
with three different views from a user, a
network manager, and system designer. As
1t 1s noted, the network user s normally nt
erested m how fes/ ind how good 1 quality
the Informations 1s transferred. A network
manager 1s mainly nterested in how efficiently
and reliably the network 1s provided, Ifrom
the point of a system designer’s view, the main
interest 1s how simply and well the network
elements are 1mplemented and controlled, In
addition, a user, a manager and a designer
are commonly mterested o implementing the
network eastly and economucally while they are
using, managing, and designing the network,
respectively.

Here, we remind of the performance obec
tives for a telecommunication network in order
B ISDN

performance objectives are classified

to balance requirements, Network
mto o
user oriented aspect. d network manager o
ented aspect, and a system designer orlented
aspecti 10 In a0 user otiented aspect, there
connection types, prionty classes, ccess types

etc) and the user network interfaces, Inoa

network manager oriented aspect. there e

bandwidth management (e votud path and
g 8 I

NETWORK OBJECTIVES

virtual circuit management etc.), network
performances(e.g., error, delay, throughput, and
so forth, In a system designer oriented aspect,
there are multiplexing and switching techniq
ves, traffic control mechanism, virtual nath
identification / virtual circuit identification (
VIPL/ VCly translation, and so on,

Is this paper, we mvestigate the considera
tions of design requirements for a broadband
ATM network with a hierarchical view of the
network performance ohjectives mentioned
above, Especully, we are focusing on balancing
problems among different design views, Rased
or these classifications, we analyze design
considerations implementations {or a broadband

ATM exchange.
[I. Broadband ATM Network Requirem
ents

ATM

network optimaliy and efficientiv, three perfo

i order to construct the broadband

rmdnce obectives are considered as shown in
e 1 1o . Those are user performance obje
clhives, network manager obectives, and svstem
desigmer obectives, User performance obectives
world  be considered as measures of quality
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delay, and availability, Network manager
objectives are mainly focused on overall netw
ork efficiency and reliability while he is oper
ating and managing the network, Designer
objectives are primarily on a simplicaty while
he 1s designing and controlling the network
elements. These objectives are dependent on
each other.

Based on these performance objectives, we
classify three kinds of network performance
requirements as user grade-of service(GOS)
requirements, network manager requirements,
and system designer requirements as shown

in Fig 1. These classifications are done on the

Service qualities : loss, delay, throughput,

efficiency, and availability

In addition, there i1s an mncreasing need for
the user self controllability such as user self
controlled bandwidth management and user
defined addressing / naming, Here, the user
requirement means to access the network with
a satisfactory grade -of service level in terms
of transmission quality, access delay, and
avallability, In Table I(a), we summarize the
user grade-of service requirements.

Table 1. Classifications of Network Requirements
(a) Uscr Grade Of-Service requirements

user -network boundary based on a layered
concept of reference model. The user GOS
requirements, the network manager requirem
ents, and the desiner requirements would be
applied to area outside, on, and insied the
network, respctively. In the viewpoint of -
plane, the user GOS requirements would be
used for supporting teleservices. the network
manager requirements for suppoting network
transport services and the system designer
requirements for supporting bearer-services.

First, we consider the user GOS requitrments
for broadband ATM network. In the user GOS
aspect, there 1s a wide range of considerations
as follows.

Service attributes

e service class : timing, bit-rate, connection
mode(”)

e priority class

» direction : uni-directional, bi-directional
symmetric and asymmetric

* connection type : point-to- point, multi-point,
and distribution

Requirements
. -}

Frror

Delay

Bundwidth

7 A \'zil’];li)lh’[’};‘”

Transparency
i
Efficiency
Priority
i
- S—
Direction
Bi-dire
A

Connection Mode |

Connection Type '

Interface Type

Acress blocking ratio

Transrmussion everbead

fterms

Bit and cell loss mlkmr
Transaction error raue
7 Link Tumiﬁer (iel;’u - 1

End to end delav

Cell connection delay

Celt Lmn'sfcr rate

Call access rate
all hlockmg rartil(»rm .
Tmmrléz transy rafc‘nr; ]
Semantic transparicy

Processing overhead
Prionty lerfrvelr S

Cell loss level

7 lm Ulrtutl(mdl
vontsymmetric and asymmetric)
(fr)farn-c'twrlgr(;i 1cm<;d v )

Connectionless

 Pomtwpont T
Multi -point, destribution
Liser net,@ork l[l{(l’fd:&

(R, 5-.T . U-interface)
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Next, we consider the network manager
requirements. Network manager would primarily
support the user GOS levels by taking in
charge of network operation and management.

Network managements are classified as follows

Network management

network operation, administration and mail
ntenance (OAM), fault management, resource
management, configuration management

Traffic management

bandwidth management, routing, performance
monitoring

Subscriber management

service management, addressing / naming,

accounting, security management

The network management requirements would
be considered as network elements, network

itself, and their services. They are functioned

(b)) Network manager requirements

Requirements [ Iterns

Provisioning of |

Servcie Classes and types
User GOS level Service qualities

User network interface

”W”WSuhscnbe;m ﬁiTﬂmI's‘»\;l zl(i(iresglr;g: service naming
Management Accounting ans security
I Barrlidgmdth T l%dﬂdwuith Z!“()(,‘(;Il(m(S[il[lst](iil]
Management : assigned, reserved, permanent )
Performance monitoring
- ];affk 7 b Vi,mk level fl;)»;f urnrltml
Management Path level load control

Systerm functional control

Network OAM

4‘ Routing and access control
! Network operation control
|
H

Rrsource and service control

CMTTR, MTTE

Fault Tolerance

Redundancy and relabihty

Configuration Subnetwork dimensioning

Function, class, priority grouping
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by network / system operation control, traffic
flow rate control, user access control, service
class control, and network / system configura-
tion control, In Table I(b), we summarize the
network manager reqirements,

Finally, we consider the network designer
requirements, Network designer objectives
mainly provied the network management levels
for network configuration, operation, and traffic
control. The designer 1s also responsible for
the provision of user GOS levels. The designer
requirements are concerned with the following

items ; in the following items :

System grouping and partitioning
System types and functional classes
Channel bandwidth control

Flow -rate and congestion control

(b Network designer requirements

Requirements ltems

Provisioning of Tining, bit-rate, mode

User GOS level Cell loss, delay, priority
|
| Myl connection, drection

Provisioning of Network | Acess, bandwidth control

management level System and circuit control

] Fault detection, by pass

VCE/ VP assignment

System dimensioning Local and transit system

and types \ Multiplexing 7 distribution

Interface / interwokrking

Database system l
Multiplexing and SDM., FDM, TDM, WI‘)]\&”

Switching Circuti and pachet switching

Flow rate and Congestion ; Prioritized cell clipping

control i Backward acknowledgement

J Admission control |
7W(Vf(nnhlrnznorlb;] ) b Wé‘(*ﬂ M;;tmg (;;umbe;l;lg o
Capahility Replication, masking. filtering

Address / priority grouping
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~Multiplexing and switching
Combinatorial capability. . Design Considerations for a Broad-
band ATM Network

In Table I(c), we summarize the network

designer requirements, As explained above, The target ATM network would be const-
there exist relationships among these require ructed by considering network requirements
ments. Hence, we illustrate overall relations mentioned above, Here, we note that each item
among network requirements in Fig. 2. in Table | may have a number of selectable

User
Grade-Of-Service
Requirements

Network Service
Types and Classes

User-Network Interface

Subscr

Traffic

etwotk

Managements Managements
Bandwidth Managament Managements Sarvice Management
Routing Control Neotwork OAM Addressing and Naming

Accounting Management

Fault Management Security Management

Resource Management
Configuration Management

VCP/VPI Assignment
Performance Monitoring

Network
Dimansioning Control

System
Configuration Control

System Grouping /
Partidoning

Channel
Bandwkith Control

System
Designer
Requiremenis
Multiplexing o mblnaltlgyr
and (sorting, masking,
Switching o opig)

Flow and Congestion
Control

Fig. 2. Overall Relations of Network Requirements
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parameters. A user may request one from
various levels of requirements for his loss and

delay performances. Also, the user may want

to choose one from various connection types
and modes, priority levels, and handwidths,
Network manager mav want to choose one
from various bandwidth management algorit
hms, traffic control mechanisms, priorty con
trols, and routing mechanisms, etc. I[deally, the
target broadband ATM network would be
designed to support all the levels of network
requirements whose numbers are normally
given by the combination of the requested
parameters in user performance, network
management, and system design. Total network
requirement levels might be approximately
more than thousands.

On the other hand, there exists a need that
the optimal performance parameters are tuned
with the network objectives, Some performance
measures may be sometimes negatively related
with each other, For example, in the pomt of
network manager’s view, it widely requires
an efficient use of the network elements such
as transmission links, network terminating
cquipments, multiplexing ./ switching systems,
and other processing systerns, But the network
efficiency might cause the system (o be com
plex and unstable. In a case, it may cause the
degradation of user service qualities{e.g., access
complexity, loss, delay, etc.). Thus, the perf
ormance objectives for B-ISDN should be finely
tuned with others.

Some examples for basic design considerat

ions are followings.

Network efficiency
In a shared network, there is basically a
trade off relation between an efficiency and

a loss /delay. A network efficiency would be
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degraded as the traffic becomes more loss-
sensitive and delay sensitive, To provide a good
efficiency, it i1s well recognized that the netw
ork would integrate the complementary types
of traftics(that 1s, loss / delay - sensitive traffice
and lsss / delay msensitive traffics). It means
that the network would provide at least two
different classes and all the network elements
woruld be designed for supporting more than
two prionty classes. In other word, the ATM
transmission and exchange systems would be

designed to provide at least two priority classes.

-Buffering overhead

Message buffering would provide good
performances on loss and efficiency measures
within an allowable delay. It also provides a
good timing mechamsm for transmission syn
chromzation and source clock recovery. But
it 1s only useful for the delay insensitive tra
tfic. As 1t 18 known, the delay varance in a
real-time traffic brings complex synchroniz
ation algorithm. Also, it causes the complex
flow control and congestion control problems
mmside the network, It can be said that the
hutfering technique requires much processing
times tor high speed channel to provide the

N . - .
good loss and efficiency performances.

Reliability

Provision of better rehability would cause
network mefficiency and complexity. There
exists a balancing problem for the redundant
network construction in networklevel, the sta
nd by operation i system level, and the fault
tolerant implementation in functional modules,

In a basic design principle for the ATM
network, it 18 mmportant to classify the perfo
rmance objectives o4 limited set. The set

would be often taken by service classes, fun
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ctional grouping. and user grouping, etc., Also,
a number of logical networks could be defined
on the same physical network, Each network
would support a limited set of the prortized
non blocking service, one way distribution
service, low cost messaging service and so on,
Eventually the target B ISDN network to
integrate all services would be realized when
performance objectives reach in a unified set
with the support of ATM technology. In
addition, the target broadband ATM network
would be competitively designed in comparison
with other independent special purpose netw

orks.

IV. Implementation Considerations for
a Broadband ATM Exchange

The optimal implementation of a broadband
ATM exchange is performed by compromising
the trade-off relations among the performance
measures while technologies and algorithms
are supported. Many studies have been taken
for these performance balancing problem.
Currently, the divide by conquer rule is very
popular for accommodating performance obje
ctives which are difficult to integrate in the
same network, There 1s a well known modular
implemntation in the design of an exchange
system by using a number of functional
modules such as circuit switching module,
packet switching module, video switch module,

and so forth, while

video distribution module,
each module has different performance objec
tives and requirements partly due to the tec
hnology and cost. This modular implementation
may be sometimes done based on the service
class and sometimes based on the technology.

Now, we suggest a systematic approach for

Cammunt " "
Path Control System
Appiication S~
User Transaction Sm?gmty
Peer-to-Peer Control
L}
' Call Control
y Exchange
Network System
Manager
Virtual Path Path-Level
-+ Control
Nodal
_L Procassing
Unit
Dasigner Virtual Circuit
. Caell-Level
Control Transmission
Physical Circuit Facility
4

Fig. 3. Coverage of Network Implementation Level

the implementation of a broadband ATM
exchange so that design parameters would be
tuned within the acceptable sets. These para
meters are separated by taking the layered
concept on three performance objectives as
shown in Fig. 1 Each design parameter would
be mdependently chosen on that for other
performance objectives. Here, the network
manager has a role to compromise user obje
ctives and designer objectives, Here, the net
work manager has a role to compomise user
objectives and designer obijectives as well as
his own objctives,

In Fig. 3, we show the coverage of hierar-
chical implementation level a broadband ATM
exchange, in which 1t can be classified into
communication path level, network control level,
and system -level like U, C- and M plane,
In this figure, user perspective is focused on
the application service entity and the service

dependent system between peer-to peer
communication sessions by using the application
transaction control and cali control. Network
manager's interest is centered on the exchange

system and the nodal processing unit to set
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Table [I. Implementation for provisioning uscer GOS level

Items ! User side

Error lgnore
Retransmission, vecovery
Delay and Source clock
tirming recovery algonthim
Bandwiith Bt rite compression
Muldtgile ¢ banned
Avalability Access queneng
Service scbedling

Fificiency Siripie protucol

Service Class woreing i

ane e

Manager sude ‘ Designer side
e routing ’ Simple discard
Performance momtoring ! Butfer for overflow
oty e Agvent ! t’t‘rl&i!;’ Ir:;n;ﬁ’lﬁ o
Constant latency
Cell sequencing
\1{1]\ hink ' Modi:le: *~<';x*;;nrl<>n hllswir(m cell
Acces control tvpxe and control level
Pertoriatce tegn i
|
Nl path moviaionng i Changeover, by pass
|
Fronlt shoonoss and i NMaodade of fanction dunlication
Tt oneg } Faul reportin
!
Do honing : Bt fenn
Catll el Flesouree shanng
Nebworh neconenton Real tmie resource
reconfipnration
~1i Combinatoral capabihty
dsinbted detaiie csortng, Maskig, groupig !

Furction seperation

up a virtual path and a circuit at the call |
path and ceoo level control, The designer 1s
primarily interested in the nodal processing unit
and the transmission faciity by controlling the
virtual and physical circuit at the path  and
cell level. A simple example of this implem
entation approach is illustrated m Table [,
We show the mmplementation considerations
for user GOS performance measures on a
broadband ATM exchange, in which we con
sider user, network and system designer’s views
according to their implementation levels given
by Fig. 3.

In this table, each design parameter for a
user, a manager, and a designer 1s only con
fined within their implementation levels. First,
in a loss performance, the user takes the
peer to peer session control on the application

service entity at transaction level and call level,

816

I o variation of the loss performance, the
network manager keeps trak of monitoring a
loss and decudes the change over or re routing
of the netwaork systent and transmission facility
to nuuntain the loss requirement, At the sys
tem designer side, error cell would be simply
discarded and loss statistics are reported to
the network manager, The design parameters
for other GOS measures would be sunilarly
separated according to the implementation level.
Thus, the total network design parameters
would be acceptably reduced.

As described m Table [, we try to show
the design balancing among  user, network
manager, and designer performance measures,
It requires the harmony with implementation
perspectives, Inorder to reduce the acceptable
sets, for the network design parameters the

mplementation coverge for one side would be
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taken not to override with that of other sides,
even though it is mainly dependent on the

network objectives and a designer interest,

V. Conclusions

In this paper, we have investigated perfor
mance objectives for a broadband ATM net
work, Three kinds of design requirements have
been considered whith a hierarchical layered
concept : the user grade-of -service requireme
nts, network manager tequirements, and system
designer requirements. In this work, we have
discussed the balancing problems of impleme
ntations of three performance objectives. By
applying a layered concept to three perform
ance objectives, we have suggested that net
work design parameters would be reduced with
acceptable service 1o implementation perspec
tives. We have shown that a user grade of
service level would be implemented i harmony

with a user, a manager, and a designer view,
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