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ABSTRACT

‘The purpose of the study reported herein was to deter~

mine the impact of new telecommunications services on the nation's

telecommunitions metworks. To make this study tractable, attentiomn

was focused on videotex as a new service prototype and upon the
3 ™ . (] l : -
switched local telephone network as the most cruclal access medns

for neW’services}fﬁBoth analytical and simulation methods were:

developped and applied to a simplified local network derived from

data'furnishedvby;BeilACanada. In the case of this simplified

network, it was found that relatively modest increases in videotex
traffic produce serious degradation in network performance, which

could be pértiéliyréffset by iﬁcreasing the capécity>of5the class—5

to class-4 office trunks. Some considerations were given to future.

developments in the local subscriber loop networks in which far

greater capacity would exist, including integrated services digital -

networks (ISDN{s)Véhd;local area networks.

T




RESUME

Le but de 1'&tude dont les résultats sont présentés dans

"le présent document &tait de déterminer 1'impact de nouveaux ser-

vices de té&lécommunication sur les réseaux nationaux de télécom-

munication. ‘Afin de rendre cette &tude faisable, on a choisi le

£

vidéotex comme service prototype et le réseau commuté& t&léphori-
que comme le moyen d'accés le plus sensible aux effets des nouveaux

‘services. On a développé une méthode . analytique et une méthode de

simulation qu'on -a appliquées 3 un mod&le d'un réseau té&léphonique

';éimplifié, déffﬁéfﬂefﬂonnées fournies par Bell Canada. Dans le

cas de ce réseau simplifi&, on a trouvé que méme une augmentation

modeste du trafic de vidéotex descendrait sensiblement le niveau

de performance du réseau.  On pourrait contrecarrer partiellement .-

cet effet_eﬁ_gugméhtant'la capacité des trongcons reliant les bu-

reaux dé ciégéé;syéﬁﬁjburéauk de classé—4.  On'alégaiement consi-
déré Ies-@éféléﬁﬁéﬁénts éventuels dans‘ie.futur deévrééeaux locaux
dgs ébonnéghgﬁiﬁ;uréiént une capacité de ﬁransmission abérﬁé.
Comme exemple; on. a traité des réseaux<numériqugs de services in-

tégrés et des réseaux locaux d'informatique répartie.

e
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1. Introduction

In this report, the authors give the final résulté for
the project entitled "A Study of New.ServiceS‘on Integrated
Computer - Telecommunications Networks", Contract KNumber 20SU-
36100-0-9511, for fhe Government Telecommunications Ageqcy,
Department. of Commu;ications, Governmént of Canada, for 1980-
1981. _This{}{ojeéf'&as based ‘in turn upon a projéct for the
saﬁe Agénéy?éarfiéd oﬁt.ﬁhe preéeeding year (1979-1980) and
eﬁtifled.LA*&Qghn?péi*and Ecoﬁomic'Study on the Impact of In-

troduction of New Services on Existing Telecommunications Net-

‘works“"EFINLiQOa].“

Thé Baéiéﬂﬁurpose of thiéiprdject was to develop tele-

" communication’ network performance evaluation tools, both ana-

'>lytiéélAaé>§eii aé‘éimulation, permitting-evalﬁation of the im-

pact of vafiéﬁévﬁrbpgsed new services.upon the Cﬁﬁadian tele-
commﬁﬁic;tiaﬂébﬁ;£§gék system. To fedﬁce this pfojeét to
manageable~bropo;tions,>the authors centered pheif‘attention
upon one class of new-service that‘may be a kin& of prototype
for the majority'of proposed mnew services,-namely‘videotex.

They likewise restricted their attention to the circuit-switched

.teiephonetngtwdpkgéPQTS as it'was-this subsystem of the overall -

national telecommunications system that seemed to be the most

critical bottleneck in the implementation of new services.



To this end, the authors developed an analytical as
well as a simulation model for the study of circuit-switched
networks. The basis for the analytical model is to be féund
in an értiéle by Lin [LIN'78]. We have, however;;considerably
modified Lin's method. | | |

The next prgblem was to develop a reasonable aspproximation
te a‘“typig;l"Aloqélxtelephone network. This meant obtéining»l
traffic.inténsitj;déta frbm a telephone operating coﬁpany.
Here Bél;;QaHédévmést graciously Providéd us witﬁ aaté from

which we QBStraéted such a."typical" local network.

HTETiGyFéggiiy::wéxhad-to estimate ﬁolding times for videotex "
tfégfié.i.igkégﬁaéggn.éieéned frdm.éénversations;Qith_peoﬁie at.
theuéiéﬁéé%;hg Prééﬁel project .gave us a reasonable initial eé-
ctmaral |

"'Theﬁpfincipal result of this study, givén»in"detail in

the last séction of Chapter 4, is that, to the extent that the

data abstracted from>those provided to us by Bell Canada were
correctly interpreted, the local telephone network is‘surpfisin—
gly. f:égile»witﬁ‘respect'to relatively modest inéfeases in thé
nuﬁ?ggio%F;iﬁé6£;kfﬁ§ers} Thus, an'increase from.lZ of the tﬁ—
tal‘szSQEiber,égpulation to 57 yields extremely éerious degra-

dation of network performance as reflected in a dramatic increase




in the average network blocking probability.

This report breaks down as follows: in Chapter 2, we

give some contemporary definitions of videotex and an overview

of videotex activities throughout the world. The COSTPRO pro-
ject deserves more than the passing mention it received, but.
we felt.videotex merited our first concern. In Chapter 3, we
summarize theyInternational Standards Organization's approach

to network;architecture, the Open System Interconnection‘refe—

_rence;model.f.ThIsdconcept is then applied to develop the con-

cept3of”videoteivnetworks. Then, in Chapter 4,>we outline our

'modellng approaches, present an idealized "typical" local net-

work ‘called by us BELL and'review the results of our two ba-

slc methods “in Sectlons 4 4 and 4 ‘5. "Details of the theory,

'the program for the analytlcal method and the prooram for the

'51mulatlon method are releoated to Annexes I, II and III res-

'pectively Flnally, in Chapter 5, we 9ummarize trends in the

local’ subscrlber loop network.

We wish to stress that the conclusions stated in this

report in no wise reflect-either any policy or official opinion

of the Department of Communications, Government of Canada or

f Bell Canada

e

study thatrare presented for the wisest use by the Canadian

Rather,-they are merely results of an academic

Telecommunications community.




. 2. NEW SERVICES

2.1 Introduction

T

In a previous report [FINL'80a] the authors‘gave

a rapid survey of the then currently emerging new telecommu-

. . . . i . . .
~nications services. Included in this survey were the follo=-

wing:h 
.a= ﬁi&gotsz or.“still image" services;
b;:interabtive television;
ine ,._t   . :;di;e}ﬁﬁgféﬁic fqﬂds_transfgrAsystems (EfTSS;

',d~NCTIS>?iCanadian Tra&e: Information System,

‘realized by the Canadian Organization for the

‘Simplification of Trade Procedures or- COSTPRO: .

e—-electronic mail.

After briefly characterizing these services and after

having taken some pains to define the subclass of services

‘dubbed*by?j‘w:yiéuélainfOrmation system", the authors restric--

ted their éttention to the videotex service and oriented their

basic study around the potential impact of this service on the




circuit-switched public telephone network. Restricting atten-

‘tion to the videotex service was justified as this service

~ attains a certain universality in that, in principle at least,

iﬁ.contains all the other services, except interactive televi-
sion, as special.ﬁéses. Thus, electronic funds trénéfer in-
volves transmission. of specially formatted meésages from remote
entry points to andF?rom a set of distriﬁuted databases. 'fhis
would'éppéar'ggibé;compatible Wi#h videotex. Likewise;'elec~
tronic3mail iﬁQ;lvés franémission of messages to electrénic
mail “postfdfﬁéééiﬁbxes“,‘i.e.,'user databases,_and'again would

appear towbéicoﬁéiétent with videotex.  Finally, the COSTPRO

Canadian Trade Information System or CTIS again involves trans-

missién'bf:éﬁééiéli§'formafted‘messagesvto destributed data-

bases, hence within the purview of videotex.

" ““Indeed,‘according to the scheme presented by the
authors in thei:;previous report, from the point pf.view.of

the circuit-switched telephone network, the above-mentionned

services all involve access to a (class~5) telephone office,

finding a path-througﬂ the network to another~(élass—5).tele—
phone.office to which thedatabases used may be connected jﬁst
aS'aéy‘subscfiBef;would be. Hence, taking as measure of impact
thefﬁéaé¥t;;podéfé?adéeéf-éerviée as function 6f t:gffic inten-

sity, it'makés“little difference whether the service be video-

.

tex, CTls; or whatever. The quantitative results of our impact



study are given. at the end of Chapter IV of the present report.

To return for a moment to the authors hypothesis

concerning the universality of videotex as a prototype of new
(narrowband) services, one must take notice of the. current high

degree of interest in this service as reflected in the numerous

qoﬁfe;ences,”seminars, and other kinds of meeting devoted to
vé?ﬁogg{éépééggsgffVideotex.‘ SQCh assémbliesAseém to.be'heayi-
ly:léaaed.oﬂ;fﬂeiﬁérketing, implementation, and theoretical
aéﬁépi%_df ;ideaiei; but'véry sparse‘as‘far as traffic data
a;é1ég£ééfﬁéazf;A$ong the functioning videotex systemé, however,

one observes the following phenomena:

+ a- videotex services seem to appeal more to special
~. interest business and industrial groups .than to

:the'purely home market;

'bi”thé‘ébplitations of videotex seem to fall into
the categories hypothesized by the authors, i.e.,

EFTS, eléctronic mail, and other specialized appli-

cations;




~mechanism,

The authors' hypothesis thus.has'been at least par-

~tially vindicated by experience thus far obtained. In the

“remainder of this chapter, the authors give the currently

accepted definitions of videotex, summarize the major tremnds
in the application of this new service and resume briefly

the COSTPRO system.

2.2 Definition of Videotex

‘_Aédqfdihé}fofthe CCITT, videotex may be defined as

follows:-.»..jﬁ

“fhﬁiaeaféiﬂé§stemh'afe fext communication systems
ha&ing iﬁméédiﬁioﬁiphé éapébility of a given level of picté%‘
rial répfégéhﬁééggﬁuéﬁdAa repertoire.éf»aisplay»attribﬁfes[
The-fékfléﬁd F£é7?iE;ﬁreéAobtained aréxintended tq‘be-displayed
using the”cﬁrfeﬁf*television (TV) raster §tandards of thej
different coﬁntries.”‘[CCIT'SO]

This definition makes of videotex a true communica-

tions medium .rather than an elaborate storage and retrieval

‘

fTheiﬁéssages;to be communicated may have bothAé

textual as well as a graphic nature. The definition is silent

on the question of interactivity. Thus, the British Prestel

group gives the further definitions [FEDI'791]:




. Videotex - "A communication system in which digi-

tally encoded frames are transmitted for reception

by'a.modified TV set where a2 limited number of frames

are stored and displayed. Most systems have a colour
capacity -employing the fundamentals red, green, blue
(on or off) in any combination thereby giving 8 co-

. ‘
lours (black, white, red, green, yellow, blue,

magenta, cyan)."

Broadcast -Videotex - "The generic name for Videotex.

systems employing one way communication. The entire
set of frames is transmitted repeatedly, the user

specifies and the receiver selects, stores and dis-

plays the required information. Most systems at
present are inserting the information in the inter-
fraﬁe.blanking of a TV signal transmitted over the

Cair "o

Interactive Videotex - "The generic name for Videotex
systems employing two way communication. The user is

able to communicate with the system to specify his:

‘requirements. Single frames are transmitted to the

‘,récéiver; where1they are stored and displayed..." -

These definitions, which reflect the concepts of

N

h . British Telecom (the former British Post Office) and some other




European PTT's, are mnot universally accepted. For example,
P Y :

broadcast videotex is more frequently referred to as teletext

~and in North America videotex is normally taken to be at least

potentially interactive, although a number of implementations .

initially are of the broadcast or teletext type.

S

Historical Note:

"Videotex seems'to be a concept that originated with
the Britishﬁ?ost Office: initiallyﬁreferred to as ”viewdata”,
videotertnas seenias a means of augmenting revenue on domestic
telephone serv1ces, the domestic telephone being'notorionsly

underused. ;The BritiSh called thlS system Prestel. ‘Through

the energetic efforts of ‘the British, the concept appears

to have penetrated the cont1nent and North America, in par-

‘uticularfcanada!‘WIn France, the ANTIOPE progect designed

apparently to use the newly 1ntroduced packet~ sw1tched net—

work,Aoffered initially a broadcast or’teletext form of
Videoter,'foiioned.hy the ambitious Té&létel project which
offers true interactive videoter. ‘In Germany, a form otlthe‘
British videotex was adopted and called Bildschirmtext. Ini

Canadag the Department of Communications advanced a video~

for the latter's Vista project. The Japanese developped in .
1979 their CAPTAINS system (Character and Pattern Telephone

Access Information Network System) which must deal with the

.tex:schemealnameiy’Telidon,-vhich was adopted by Bell Canada -



‘ thorny problems of the Japanese writing system (kanji and the

kana alphabets). Finally, in a dramatic move whose conse-

quences are yet to be fathomed, the American giant, American-

Telephone and Telegraph announced in May 1381 its proposal

for a presentation level protocol (see Chapter 3) as a North

American videotex standard [AT&T'8la] This proposal appears

.

to be largely consistent with the Telidon scheme, but diver-
gent from the;Bfiﬁish'Prestel, less so from the French Télétel.
It would seem to favor the introduction of a modified form of

‘Telidon on a'mass ' scale in the North American market.




3%

.3 Recent Trends in Videotex [VIDE'81)

For the purposes of this study, the authors limited

themselves to the impact of videotex on the circuit-switched

telephone network. The guantitative results of their sfudy
are presented in Chapter 4. In this section, 'they wish to

summarize current trends in videotex in an attempt to give a

qualitative image of future utilization of both the tele-

phone networks -as well as of other telecommunications networks

such -as that dark horse, <cable television.

Concept of Videotex

'thqs_makiﬁgt

. Several.definitions of videotex were advanced in the

previous section in which the communications aspect was stressed,

of*videotex a mnew communications medium, much more

“than a classical retrieval system or computer messaging system.

In actual"praqtice,~it is surprising how much confusion exists

as to what videotex really i1s or is not. Indeed, one might

-érﬁdely say that videotex is naught but a friendly meahs"of

tapping computer services, at this moment primarily of a re-

trieval or messaging nature in which some pictorial elements

may BéApresehtj”?In,ﬁhe}long run, videotex may turn out to be:

the means'of“ﬁfiﬁging‘computer.powervwithin reach of large seg-

ments of the commercial, industrial, governmental and home cons-

tituents of our society. Since the telephone network will




. undoubtedly carry a heavy portion of this traffic, our impact

results presented in Chapter 4 take on an additional importance.

Technical Trends

- Standardi%ation' - There is currently a heated -

contest:raginé¥in'order to define internationally acceptable

standards for videotex. Clearly, such a step is necessary if

we wish to avoid a fragmentation of the user communities - or

to put*iffﬁb;e,siﬁﬁtiy; of the potentially enormous market-

place-along: the_lines of different mandfacturers_individual

standafds' nivefsally accepted standard would permit isers

to acceséian atabase, whatever hlS termlnal equlpment mlght

o be;, The CCITT proposed standard rCCIT 80] seems to 1nclude

the Prestel‘ Telldon and Teletel standards._ Pursulng goals

bestAkneWni‘o atself -the American Telephone and Ielegraph
companyffecenely:announced.it bwnestandard [AT&T'él a, bl
Vhich seenS“to>na§e_a high degree.of compatibility with the
.TelidOn system and mucn less with Prestel. The ATS&T standarde

takes the form of a presentation level protocol as the latter

is deflned by the Internatlonal Standards Organlzatlon (ISO)

,1n the latter s, Open Systems Interconnectlon (OSI) Reference
.Model (see [ISO 79] and'the dlscuss1on‘of this model‘presented
in Chapter 31of this‘report). This sixth-level protbcol in the

seven—level layered architecture proposed by the IS0 is .primarily




responsible for the encoding of text, graphics, and display

control information (see Figure 3 in Chapter 3). (Indeed,

.from the point-of-view of the O0SI model, videotex might be
- considered as defined by such protocol.) Key features of

the AT&T proposed protocol include:

- allowiﬁg for both 7- and 8-bit coding; , -

- djnémicaily redefinable character sets (DRCS). .

j.(taﬁbéﬂdescribed in more detail below);

- colorFmépping to yield a wide range of colors;

" ~‘possibility -of continous scaling of text size;

7: bd§sibi1ity'of'creating macro PDI's (picture

'~ description imstructions);

~ instructions for creating images such as signatures

and logos;-

....— possibility for simple animation.

‘It appears that the Canadian Telidon standard

(viewed as a sixth. level protocol) should be easily rendered

conformable to.tﬁé AT&T proposed standard. In fact, AT&T




. . claims [BERK'80J] to have consulted closely with both the Telidon

group as well as the IS0 subcommittee on videotex.

— Third Party Databases - The German videotex

Bildschirmtext appears to be the first public videotex system

with gateways into other systems, notably a computerized banking

service. This concept of videotex as a gateway to database

systems outside the videotex system proper is referred to as a

"third—pafty:database and is eleborated in more detail in

Chapter 3Q“¢ﬁ§1“

—.Dyhamioélly Redefinable Character Sets (DRCS)

A DRCS is a set. of characters whose encoded descriptions,

contained in the host datéoases;‘moyvbé\downloadéd>to the user
'termihélp -This“is a:powerful option that all the major video-

tex'.coﬁpétifo§o“arétattempting topoffer [AT&T'SI,.CCIT{SO;J

VIDE'81]. -

-~ Picture Videotex - This term is used to describe

the possibility of transmitting digital compressed photographic

images downstream to the subscriber whose terminal logic then

reconstructs_thé‘original‘image. Prestel seems  to be the first

,systéﬁ to o%féfithiéﬂéervice [PRES?SOJ{

'~ Videotex on Cable Television Systems ~ A number

of cable television operators are offering or preparing to




offer videotex on their networks (see the following section on

user trends). Video channels are divided into a number of

videotex and other lower bit rate channels. Access to these

channels uses carrier-sense multiple access methods (CSMA)
making of the cable television plant a potentially serious

compétitor to the*telephéne system as a carrier for computer
N : .

communications traffic.

- Videodisc — Videodiscs are being consideéred as

.a convenient storagé and retrieval medium for videotex

[scuu's81l]. [ It is to be noted that this usage was forseen by
one of the-authoré'four yéars ago L[FINL'77]. Videodisc offers .

g:éat advantagesxasfa;storageAﬁediﬁm»due to .its enormous. infor-

mation storing‘capacity‘and cémpaéthess.: Design pérameters“
for;suchbappliéégiOhs_are>different’frqm thoseibf intertainmentV

videodiscs, however. .There are thus incompatibility problems

to be overcome. --For further discﬁssiqn of this medium .and

~additional references see the article of Finley on visual

.infofméfion'systeﬁs cited in the Bibliography [FINL'80bl].

User Trends

f';A:vast?spétﬁrum of videotex applications are being
planned or alréé&Y"oﬁérational, both in testing situations
as well as in hard-headed commercial ventures. Applications

include banking;_teieshopping, mail order companies, travel

15




agency functions, publishiné (magazines and Newspapers) .
theater or cineﬁa reSerﬁations, stock market information,
agricultural and éducational systems. An excellent cross
section of théée"applications may be found in Proceedings
fo the Videotex'81 conference recently held in Toronto
[VIDE'81]. The foilowing section will also give the reader

~

an excellent idea of the spread of videotex activities

thoughdut'theaﬁqfid}

"Overview of Videotex Activities Worldwide

Giyénigéloﬁ.is a list of Videdtex activipiéskwéfld—
widgluxigiéfiisfiﬁégféompoﬁﬁded from various sdufcéé,_hotably_
tﬁibﬁ;éijAaagifgiﬁkyél]:;iéiQEn tﬁe>fiuid.situafigﬁ;idnevcaﬁj
ﬁag?éléiﬁ tﬂét?ngisFu@Qto~déte or exhgﬁstive.‘ For egch:ﬁré—_

ject are'giVen the hame-of'£he country and if_pgssible,

the city wherein the project is located, the project name, the’

service name’ and the number of users.




. List of Videotex Acitvities Worldwide ' .

f
i

o , : , IR _ Number Starting
Country City/Region Company/Agency Project/Service of Terminate Date
Australia Source Telecomputing The soﬁrce (8,0007) June 19279
AustriaA AuStrian‘PTTf“-V' f'Bildscﬁirmtext ; 300 March 1981
Belgium French‘TeleviSibn?&&} Perceval ? ?
Telecommunications .i. ' -
. Research Center : :
i : _ : S ST A e ' '
Brazil-MV " Sao"Paolo Telesp (Te1e¢ommunih e French‘Iélétel ’ 1,000-1,500 ?

SouEh5_
Headingly,
Manitoba

Canada

LT

Ontafio

Cdlgary,
"Alberta
Saint—
John,; New

Brumnswick

Tofonto &

" Quebec City

Vancouver

Montreal

Manitoba Telephone
System

. Ontario Education

Communications
Authority '

Alberta Governﬁment
Telephones R

New Brunswick -
Telephone Company

Bell Canada

British Columbia
Telephone T

 Télécdble-Vidéotron-. -

Project IDA

Project Telidon

Vidon (Telidon)

"Project Mercury

(Telidon)

Vista

A}:(Ielidou)

Videotex Project
(Telidon)

© ‘Télidon-2

30

55

30

20

500

150

250

Operational,

Opetrational
mid 1981
early 1981

fall 19817

mid 1981

1982




- AR = - Number Starting
Country City/Region Company/Agency Project/Service of Terminate Date
‘Elié;” ManitébafTeieﬁhbngff' Elie Project 150 fall 1981
Manitoba System .o RO " (Telidonm)
Denmark - Danish PTT. ©: Teledat 200 January 198
Finlandvﬂ.  Hé1$inki Heléingiﬁ Téiéeﬁ-OY€“ ﬂ’Teleéét,.A 200 1978
Teletieto Oy~ ' Teleset: ? 1981
P Fréncéliil Vé}@iy  Frenéﬁ PIfJir‘ Téié%éi=f' 3,000 June 1981
Ille-et- ‘French PTT Electronic’ 250,000 1982
, Vilaine : . -Directory '
' Germany . Berlin, Deutsche Bundes-— Bildschirmtext 6,000 1980
o Dlisseldorf ‘post o e
. Holland Amsterdam - VYNU/TVS - - TVS 50 1980
3 L - Dutch PTT ' ' Viditel 4,000 1980
Hong Kong Hong Kong Hong'Kong Viewdata ? 1980
Telephone (Prestel) o
Italy - Sociéta,Italiéﬂa Prestel ? ?
per 1'Eservizio ' ‘ :
Telefonica PA (SIP)
Japan Tokyo Ministry of Posts - CAPTAINS 1,000 1979

& Telecommunications
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. ‘ C List of Videotex Activi'tié‘s Worldwide (continued) .
' co - : i : (a i e

. : R Number Starting
Country City/Region - Company/Agency ...~ -Project/Service of Terminate Date

Higashi- Ministry of Internat - HI-OVIS 165 * 1979
Lkoma tional Trade and ”}ﬁ-" .
Gardns ' Industry S

Sweden if _ Stéﬁﬁholm Swedish1Telé§d@;~; nlﬁDataVisidn_  ]§. 30 . ' 1980-1981

municatioﬁs;

Switzerland Swiss}PIT».ﬁm*‘& Presfelf' 100-150 ' 1979

United e o British-Ielecoﬁ” f.ﬂv,  Preétel' 1.,} 3,000 1978
Kingdom "7 o L ' R

United e S o ,
States Kentucky Department of o ~ Green Thumb 200 1980
Agriculture . ‘ ' '

Texas Dow Jones . S ? 8 1979

' Coral Gables, ATET with = . . Viewtron - 260 1980
. Florida ' Knight-Ridder '
" Dallas, Belo/Dow Jones ~ Park Gitles, - | 35 | 1980

. Texas Texas

P

" Columbus, OCLC

Viewtel 200 1980
Ohio - e . '

San Diego, Home Sexv/Cox =~ . o 7. 50 . 1981

California Cable E ' ‘ ‘

US + Canada Dow.Jones = U ‘News/Retrieval 15,000 ’ 1977
' : o Service o

US; Canada, Source Telecom- The Source . 8,000 | 1979

Australia puting ' ' : ' '



0¢

Country

List of Vidcth% Aét{vikiqs Worldwide (Continued) '

Number

City/Region . Compangy/Agency Project/Service of Terminate

Starting
Date

Venezuela .

o _New ~York Citibank .
: "“Clty ;-:. o

- New York Chemicai:
"City }' : Bankv:r““~

- CompuServ ,‘ - CompuServ Informa- . 7,000
~ . tion Service

bejgcﬁlPronto ' 200

Cétédas- Central Offlce of ‘Orientation &. Infor- ?
BN Statistics &. Inforﬁn ‘mation’ System (uses

mation of the Presi- ,_*Telidon) TN

dency of the Republlc'ﬂ' e

1979

1981

1981

1980




~on this system"

2.4 COSTPRO [C0ST'80]

”The.Canadian Trade Information System (CTIS) is a
set of voluntary standards designed to assist businesses to be
competitive by reducing the overhead costs of managing trade

transaction information"[COST'80]. This represents no more

. . :
and no less than an attempt to rationalize trade informatiorr

documents,'tﬂé‘mé;ﬁiﬁéry for handiing"such documents,.fhe ex-—
change of-suéh-ééé&meﬁts Qia electronic media, in particula;.the
péckgtjswitéﬁéé ﬁéFworks available in Canada, namely Datapac
and‘Infosﬁiégﬁl{Jif is extensively-described in‘a.set:of~docu—

ments published by COSTPRO.

thén'wés presented in*ﬁheir previous report.

 However, to the extént that CTIS terminals access Datapac or

'Infoswitéhf{ia:thé 1déal telephoneinetwork} all&thé arguments

applied'tﬁhvidebteQVépply equally-well“to'CTIS mufatis mutandis .

Therefore, for initial modelling purposes, the impact of this

service will be similar to that of videotex.
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3. NETWORK ARCHITECTURE FOR NEW SERVICES

We can define a telecommunication service as a set . of
resources, e.g., data bases, information processing systems
"and programming languages, to which users have access, either

locally or remotely. These resources form a processing system

which we shall refer, to as service providers. The service

.provider for a telecommunication service may be distributed

into different,lééations as are .the users. The means by

A

which users have access to the service previder is via one or

more telecommunication networks. The means by which different

resources in the service provider communicate in order to

respond. to ‘users! requests.is also via a telecommunication:

“ --;g“nethrkﬁj?T@psjf;elégommupicationmnetworks are the backbone

for present and future telecommunication services. This

"section.aims_ at.exploring. the relationship between the tele-

communication.services and the telecommunication networks

within'théifiémewbrk‘6£»laYered architecture,. a concept which

" has emerge& in~the last decade as a solid framework for computer

‘network organisation. -

3.1 Layered Architecture and Telecommunication Services

A network 'is a collection of nodes interconnecﬁed

by links. A node is characterized by a set of functioms it

22




must perform to assure communication between users of the

network. The users may be, as we have previously pointed

“out, the users of a telecommunication service as well as the

service providers. Some of the basic functions are the follo-

wing [GREE'801]:

Guarantee, that a transmission path exists

using .the . common carrier; -

,Ensuréfthat the message delivered is in bit form

~using Modems;

Moyéfiﬁdividual.messages'using datalink control;

.. Provide economic intermittant use using dial-up,

”,Imulpiﬁrbbbihg, multiplexing;‘packet»and:fést~f

ecircuit-switching;

5.-Séhd messages to the correct node and the correct
subaddress within the node and to bypass failed lines

or stations;

Accomodaté”bﬁffer size: avoid need to_resehd long

 “fmessége§\using packetizing-depacketizing;

7. Resolve missmatches between actual and accomodatable.
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' handling.

flow rates using flow control and buffering;

8. Accomodate end-user intermittency patterns using

Datagram, transactions or session dialogue manage-

ment;

> . -

-9 A#cpmddéte end-user format, code, and language

requirements using protocol conversioms.

©"..Once the functions just listed are provided, communi-
ccation between the users and the service provider is possible.

These funcﬁibﬁéﬁé?e shown in Figure 3.1 as different layers.

wAjpééréméééagéﬁwodld"gdgfrom-layer'to‘layer as it is routed

in:the network. from origin to destination.. Character streams

'»ity?éd,a££Bthheg£érﬁipél usef'degrga'a_Protocol QoﬁVérsion;u
lJth;ﬁ:ﬁé;grégqééﬁge éﬁmberéiand oéﬁerflﬁfqrmatidn added for
‘méﬁégiﬁg»fﬁéfﬁiétpggé;aéfé then préyiéed‘with add?eséeé)saf-
raﬁged in ?;Ckééé;.andxéa fofth.‘-Two interestiﬁg fﬁings are

obvious: the functioms in the same layer occur in pairs, and

the two membersAofAeach pair talk essentially only to each other.

For example, oné modem - -talks to the. other, ignoring both

““details of-the tramsmission -link and the meaning of bits-it-.is

hAs_énbther“éXémplé;:a DLC (Qﬁta link.goﬁtroijif 
element ignores wﬁét;its modem is doing about modulation and

demodulation and-also what the information field within a




frame contains. .A DLC interacts only with the DLC at the

other end to convey the frame successfully from one sending

" nodé to the next”receiving node on the same line, and so forth.

In systeme terminology, tHe service ptoviderAand ser-
vice users are.open eystems. The need for interconnecting
, A n _
open systemsnledhtheiISO (International Organisatien for
Stendatdizatien;ito-decide on creating the SC.l6-snbeomnitte
with:the objeetive to define a standard for "epen.system‘

inteteonneetidnf;,”SC~16 decided to give highest priority to

the‘deVelopment'bfta standard model of architecture which would

constitute”tne framewbrk'for.development of standard network

communication protocols.

The b351c"ob3ect1ve of SC 16 1s to standardlze thed_

rules of‘interactiqn between interconnected systems, AThus,

only the external behavior of the -open systems must conforﬁ

to the OSIm(bpen‘Syetem Interconnection) model proposed by

‘the SC 16, while the internal.organizetion and functioning

of each individual Oben System is out of the ecope of the OSI

standard 51nce these are not v151ble froam other systems with

whlch ;t ig: 1nterconnected [ZIMM 80]

The OSI model is based on the general.principle of

layering. Layerlng is a structuring -technique which permlts

the network of‘Open Systems to be viewed as logically composed

P <2




of a succession of layers, each wrapping‘the lower layers
and isolating theﬁ-from the higher layers as examplified in
Figure 3.1.--The_OSI uses the alternative‘but‘eqﬁi&alant repreF
sentation of layers as shown in Figure 3.2 where successive
layers are représenfed in a vertical sequence, witﬁ_the
physical media for Open System Interconnectioh at the bottom.

' . : : . . | ..'..

"' }Eaéﬁ¥£;g£;£éﬁai system is viewed as being logically

composé&-bfﬁé:éﬁgéessioh-of subsystems, -each of which corres-
'pé@dgltd*tﬁ;iiﬁééréécfidn of the system with a layer. In .
IAfﬁg§.§$Egsiiéﬁiéyéf is Viewed'gs’being logicélly“comﬁGSéd
.of sﬁbs&sté#snéf the'same5rank for all intefconneétéa syétem#.'

Each. subsystem is, in turn, viewed as being made of one or

several entities. ‘In other words, each layer is made of en-

"tities,feaCEfof?whiCB’beldngs to one system. Entities in the

same layer are termed peer entities.

ZHflTﬁéfgégggﬁidea df'layering is’that eachflayef adds‘valué
_to-fhe‘servicéﬁﬁIOQided by the set.of~lower layers .in such a |
way that thg‘highest l;yer is offered the set of ser&icesAneeded
to.run a distributéd system. Except.for fhe highest layer

its own purpose, entities in a given layer =

'whiphfopergté“qur

;diét?ibﬁté' ﬁhe%ihtercdnnécted Open Systems work .collec~

tively to prdVidé the service to the entities in the next higher

leﬁel}uﬁfﬁ?éthééiﬁafdé, the entities in a given layer add value

. to the SerVice:they.receive from the next lower level and offer




0ST Layered Model

e A
O M\M'

/////f/ _ user level e :

L e, -

;/’/ ' ,///” R presentation Tevel ™. o

'.H " ‘ /‘ ’ ) m"_’v__,...-_—-._*\‘ - t. A:"'-
g / . ) . “ ) ' i \\ \_\\
T session 1evé;\T\\\\\\ TN : N
P . " \.

L SN N \ -
e '-_-—‘\\ ’ o Y \

7 transport
coolevel o

- nétwdrk
" data ??;E\
control ...~

o
et

\"’*-s-...._.-——-.—‘....-»

tfphySica1
media-
Tevel ...

e e e s s e

FigUfe‘S.Tlué‘The 0SI Layered Model (See Figure 3.2)

27




‘ . Figure 3.2. - The 0SI Layered.Model (Vertical Arranqemenu)

This diagram shows the International Standards Organization's (ISO's)
Open System Interconnection Reference Model (OSI/RH) Communication between
applications at two different stations 1 and 2 is illustrated with interme-
diate stops at 3 and 4 (as, for example, in a packet-switched neLwork) The
user at level 7 of station 1 only "sees" his homologue at station 2 at the
.same level, the Tower layers being essentially transparent to him. As a mes-
sage of level 7 is transmitted, it descends through the lower levels at each

= of which appropriate information is added. This information is "stripped off"
as the message ascends to level 7 of its destination. -
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this value-added service to the entities in the‘next'higher

level.

Communication between the entities of a given layer

makes exclusive use of the services offered by the next lower

-

laygr. In pafticul%r, communicgtion between entities Qf the
égmé-%ayg:;apd.gf th»samg system, e.g., for sha&ipg resource,
is ﬂ;%f£9§éfééi%§fgﬁé OSi Architecture. GEntities in the |
lowesfll;yef ¢om£ﬁni¢éte through the physical media;' Coo-

pératibhlbétweénithé:entitiés in the same. layer is ruled by

_the Erototbls:of%that'layer which define how. the entities

g the service of the next lower level in

~o\offgx se;ﬁléé to-the next higher level_(Figure{SQZ).

The services pe;formed by a given layer areqoffered

toifhé,highéf;iéyeffat the service access points which re-

present the logical interface between entities of the two con-

tiguous layers. .Communication between these entities are

“ruled not by protocolé but by the interface.

o ' . The 0SI Referenée Architecture consists of the follow-

ing sé%éﬁ*spétificﬂia?érsf(see‘Eigure 3.2).

Physical Layer: Provides for tramsmission of = S

transparent bit streams between data link entities

29




across physical connections;

2, Data Link Layer: Provides specific techniqﬁes for

different communications media (e.g!, telephone

lines) to be used in order to transmit data between

"systg@s despite a relatively high error rate;

3, Net rk'ﬂayer: Provides>a‘conneétion path

~ (network connection) between a pair of tramsport

S entitieés;

Transport Layer: Control of data transportation
'ﬁfq spﬁfgg—gnd#systemAto1deétinationféhd system

-(which need not be performed in the intermédiate

:Se551onkLayef: " Bind and-unbind‘diétfibﬁted acti—

‘vities into a logical relationship that'pontrols
" the data exchange with respect to synéhronization

and structure;

W'Preééntétibﬁ'Lavef:_rPérform functions related to

‘representation  and manipulation of structured

'~ data for the benefit of.application progranms;
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»etc.~[BERT 8035°'

lis HDLC{[CARL 803

'rfor?the;ne

-and providers

Ttationuiaﬁe

7. Application Lever: Provide the distributed infor-—
mation service appropriate to an application, to

its management and to system management.

To perform the services mentioned above, entities in

a layer must cooperate via protocols. Detailed functioning. a

_of each layer_ls deflned by the protocols specific to the =~

:layer in the_framework of the Archltecture model. OSI has

made con31derable effort in the definition of stanoards

~»protocols for each Layer Standards already existing within.

,the CCITT for the phy31cal layer include X. 21, V.26, V.35,

The most popular data link layer protocol B

~}An‘1mportantﬂba31s for thelprotocols in

‘ethe networkﬁlayerrls the X. 25 1nterface {RYBC'S80, WECKYSOJi

layer. ~X.25"Willabelimpdrtant for>bdthuusefs

of new telecommunlcatlon serv1ces because 1t

‘allows the use ofvpgblic‘data networkSpasncarriers of new

services.

Most new services will have to implement protocols

for the three highest layers, namely, session Layer, presen-

”;applicetion?Layef.'éThe services these

thfee‘la§ereﬂqffef;a;e those carried-out by what we have

called the;serv;ee provider. The entities in the éervice

provider made use of the communication services offered by

s




Figure 3.3. - Relationship between Telecommunication Services and Networks

USER

SERVICE

PROVIDER

p

o

NETHORK
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a network (Figure 3.3). Many new telecommunication services
will make use of public data networks to estabiish'communi-
cation between entities or ''service procgssesf in the service
‘provider. In.this caée, the most popular interfacefbetween

the service provider and the puBlic networks Will'probably be
the X.25 interface. 3Some service providers however; will -

have private telecommunication networks to maintain commu- ..

nication between -thelir service processes.

-7 - For most future telecommunication services, the in-
.terface between users and the service provider may not be
direct. The .users -may have to make use of private or public

networks to access. the service provider. : In this case, the

network services such as virtuval circuit or datagram would

¥

be:thé*ﬁost}ppﬁgyar{_

» .The:layered architecture will thus provide a frame-

work for developping new services.

3.2 Architecture for Videotex Sexrvices

In this section, we consider‘planned and possible
network structures for videotex services. This subject was
the main themeof a workshop held at the Département d'infor-

matique et de recherche opératiodnnelle, Université de Montréal,




in June 1980, whose results are summarized in an article by
Ball et al [BALL'80]. We refer the reader to this article

for a more complete discussion.

The users of the videotex service are represented

by user terminals (QT). A typical videotex U.T. is connected

to a communlcatlon medlum, uses a conveptional TV set for

dlsplay and has a Leypad for selec the desirediinforma—'

tion or service.z The terminal prov1des a basic character-

‘orlentedﬁudrvpl'vi

mode (alphamosaic coding), and some systems

more advanced capabllltles as graphics (alphageometric) and

photographic;modes The videotex service provider is a collec-

tion of videotex processing centers also called concentrators,.

videotex interface machines,; videotex switches, or local

access The videotex centers are what we have. previously

called service:processes~and constitute what we will call a

videotex network. . The videotex centers provide effective

interface betWeen the videotex dervices and user terminals.

The simplest possible videotex network consists of a

single computer with a centralized data base.” All users and

1nrormatlon prov1der terminals are connected d1rectly to the

central computer throush dedicated or dial-up. telephone con-
nections. Example of such simple videotex networks-are the

initial Prestel International System in England and various
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Telidon field-trial configurations in Canada.

A more general version of netwroks with central data

"bases as shown in Figure 3.4, designed to serve several

thousand users, is currently used in British Telecom's Prestel

B

and its derivativesﬁ The update center maintains a master

data base and. controls the interaction with information
providers. A number of information retrieval centers arve

connected to thé Ubdate Center through“leasﬁd synchronous

lines; - all the retrieval centers maintain. identical copies

of the_mésférf&été base and provide dial-up ports user ter-

minals. . -

T ' o "As the quantity and diversity of information grow,

the need arises for many independent data bases, which users

select through:a master serviée directory or by gateway:pages

"withiﬁ?aféng#¥d;£é—Base.» This design apﬁroach le%dsltb
theknetwofk b} fiéuré 3.5 whic% i§ an extension"oft?restéi_
Tike sys&éms'iﬁ fwb_directions: This network (1) i;tegrates
indepeﬂdent third-party data bases and (2).inciudes a pdcket-
-switched network. In terms of layefed architecture, the

transport service is provided by a packet-switched network.

At leaSt“tWO_suchﬁideotex systems are"cur:ently planned,"

Bildschirmtext in Germany and a field trial at Vélizy, France.

Independent third-party data bases and possibly other services
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may be accessed by the user. Such services are implemeﬁted
on external computers connected to the public_data network.

An example of such a service is the catalog-lookup and order

processing offered by the Quelle departmeﬁt in Germéhy.

R

. In the netw@rks discussed above, all network func-
- . B - . .

tions are performed in a single computer. In the French

Antiopéféysfem;:netWOrk functions are distributed. Users

are connec;ed_thréugh switched telephone lines to-videotex

centers,

~videotex Centefs,Hvideotex data bases, the update computer

ex master data base, and indepehdeﬁt third-

with the_ videot

A_party détA'ﬁaéeé"é;A}all_connectéd throuéhAthe_Transpac‘pUQ

T blié_data“neﬁﬁork

. Some. design issues for videotex services will now

‘be discussed:

i

Data Distribution: The merits of the two extreme

'solutions ~ complete duplication of all data in each data

base versus partial data bases at different sites - are

Y

tgx:appllcatlgpgl;we have several reasons for maintaining
data bases with partial information. Firstly, independent

third-party data bases will be possible in the videotex net-

work. Secondly, some information providers might prefer to

‘38

which . handle interface functions for the user. The

frequénﬁly:diséﬁSSed‘in<the literature [LIEB'78]. For video- -




raTe——

manage their own data. Thirdly, data bases are frequently'
geographically distributed to reduce communication costs.
Thus, data distribution will be necessary for videotex ser-

vice and the issue is how to realize this gcal in a cost-

’ -
-

effective way and free of performance problems such‘éé data

access bottlemnecks.
. by

. Directory and transparency: Data distribution

' R

requires some kind of metaservice directory.to guide the user

to'thé'deéiied'serviée or application. Another rélated

issue ‘is whether or not the distribution of information. should

be visible. to the user. In videotex networks, both approches

_shoui@ be'made,éﬁailaﬁle toitheiusersyﬁith clear pricing

et
i/

policies. . =

.. The rdle of Vidoetex Centers: ' Basically,. the video-"
“tex centers act as concentrators to save communication costs.

However, as the distribution of videotex service grpws, more

iﬁtelligenée'should be put into the videotex centers. ideally,

they should perform the functions of layer 5 (session layer)

and layer 6 (presentation layer) of the OSI Architecture.
These include: . metaservices, virtual terminal standardization,
access and control, storage management, .software processing and

personnal computing.
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as the one shown in Figure 3.6. Note that tnis architecture

conforms with the layered architecture. The videotex center

The preceeding discussion leads us to conclude that

videotex of the future will have the distributed architecture

would perform function of the presentation layer, i.e.,
coding, verificationyand local videotex services. Larger ‘

videotex processing centers can perform session layer functions

for user queries which require distributed processing. They ..

will route useriqueriés through a high speed packet switched

network to the:apprgpriate service computer, receive the reply,

and return the requested information or service to the user.

I~
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Figure 3.6.

ubc

IRC

PACKET-

PPC

SWITCHED

NETWORK

Abbreviations: P- partial subset of - f
master database . '

PPC- prgprocessing center ;

UT- user terminal ;

- Others as in Figure 3.4 l/

( SESSION LAYER )

/
CODING TERMINAL DISPLAY
(PRESENTATION LAYER) (APPLICATION LAYLR)




characterization,

4. IMPACT OF VIDEQTEX SERVICE OK THE TELEPHONE NETWORK

We have seen in the last section thaf the videotex
cénters are the concentrators of vicdeotex user terminals.
The latter access the former essentiallylthrough‘the tele-
phone netwofk. Thﬁs, the videotex service will generate

LR R
additional_t;affic in the telephone network. This sect;on
aims at e%éiﬁéfiﬁg?thé impéct Qf"viaedtex traffic on the‘

telephone”netWOIk;Ti

L1 Modéling the-TeleDhone network for Performance Analvsis

'”Tbé;methoddgy for evaluating the performance Of

~a communication network has been discussed at length in

Qu}wpfeﬁibqgf}ép“rf*fFINL'80a]. .Fpr“felephong nétworks;

~the principalipe:fﬁrmance measure of inte:est.is the network

gradéjbf—séfViée given in terms of the blocking probability

for an arbitrary ca11 arriving to the network.

To conduct a network performance evaluation pro-.

ject, the following steps have to be carried out: (i) network

~(ii) service characterization .and (iii)
network modeling. ~We have successfully developped theoreti-
cal as well as software tools for carrying out the essentiel

steps in a circuit-switched netwrok performance evaluation

endeavor. Our results are presented in detail in Annexes I,
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IT zand III. The reader is referred to these annexes for
more complete discussion. There we will only summarize

the major results.

. Modeling Method for Performance Ana;iﬁis

.

of Circuit Switched Networks (Annexe 1).

= : ‘

" 'The theory of traffic engineering in a circuit-

switched'networkiis developed in Annexe I. The_network is

“charactériZEdfbyV”ts_configuration and by its routing scheme.

Telecommunication-services are characterized by their mean

holding timesi- Network modeling is usually cérried out by

“an itératiVe_method and the iterative techmnigue which has

"two distinct steps

1L,Liﬁk.Modeling: In this step, assumiﬁg that

the link'bfféféa”E?éffié'is-given, a model, which ﬁill be

.called the link model, is constructed to calculateiall link

blocking probabilities;

aﬁPéth Usage Model: In-this'step,.supposing o

tﬁét:linkf%ibdkiﬁgfﬁfobabilities-are_known, a model, which

will be called path usagce model, is sought to estimate the

liﬂk offeféa tréffic.

-t
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igure 4.1. - Tterative Algorithm for Network Modeling
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Once these two models 5ec6me available, the
state'vector of.the network, i.e., the vector of link bloc-
king probabilities, is obtained by iteration as depicted in
Figure 4.1. At each iteration, the‘liqk blocking probabiliF
ties are calculated by the 1link model using.ﬁhe_ling offered
traffic obtained by-the path usage modei in the previous
iteration. ;‘:f,f%‘ - ‘ E ' - s

Iheili#k model usually adopted is Erlang's'formulal
Hoﬁévér,i?ﬁéfguégéion as tq.whetﬁer Eriahg‘s formulé still
.hol&s‘fof.ghé Egée“in which thevlink is offered a number of
ipdeﬁéndeﬂﬁjéé%éams'of Pqiéson'traffic.Qith~distinct holding

timéfdiétfibutiéﬁs:has not“been raised.-

figfiﬂéhﬁq:e;thg:iﬂdividpé;ﬁimpacj of each traffic
stteéﬁ_gq“;heaiipk‘éannot be studiedisoiélf by'using>Erlangfs
fo£ﬁﬁi§f;Léigéétégféﬁit—sgitchéd neﬁwéfks are esseutiall§ |
cgrriers of"aﬁ.increasing number of heﬁ and old teiecommuni—
cation services'eéch of which generates traffig with distinct
holding time distributions, a link model whicﬁ cén take into
account the»d}ffe?ence between holding time dist;ibutionsApf
diffe%éntwfeiégémﬁﬁnication éerviqés must Be'sought} In
Anné§; I;fwéﬁ§fd5gse,such a link~ﬁbdél using a cioséd Queueiﬁg

network.
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In [LIN'78) it is shown that the routing scheme
for an origin—destination (0-D) node pair is ccompletely des-~
cribed'by an avgmented route tree from which a path-loss
sequence can be generated. The latter specifies ehe alterna-
tive paths, the order in which they are successively attemp-
ted and the conditigns under which a call is blocked. The
augmented route;tree concept constitutes an efficient and
unified.ﬁeE£e£H%er‘eircﬁit—switcﬁed netwo&k characeerization.
"It also assiefe ednsiderably the pathﬁusage modeling. Never-

‘tﬁelese, £Hejee%Egletion envolved in»the path usage modeling
: reﬁeiﬁs’en£fée£ébie and must relie on algerithms similar to

. those which have been developped for the termiﬁalfpair relia-

;}b;iieyép?bble" }hese.elgorithme efevunfortunately not ve;y";
'fpeiﬁp;elte impleﬁeﬁt!  A B;eaktﬁgoegﬁ;haszbeen proQided in .
] [?HgN}ébe%ﬁe}ebiemie suggested'that~recursive-progremmiﬁg.
'eeéﬁniéueeeoeld beﬁeeed.. in;piredff;oﬁ‘ehis‘suégestieﬁ,.we
pr&pgggeiﬁﬁiﬁpégé~i a very eimple'reéursi§e algofithm to cal-

culate path-usage probabilities and node—to—node-blocking'

“piobabilifiee.w

Among various routing schemes which have been
proposed and studied; the successive office routing control

Jﬁfatngfis“perhéps the most adopted, especially in
North American telephone netwerks. 'Given the complete se-

quential roﬁting policies in the SOC, we derive in Annexe 1
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"a very simple analytic formula for calculating ‘pzth usage

probabilities and end-to-end grades o0f service in networks

o

with SOC. To our knowledge, 3t is the first time that exact

formulas are available for this very important class of

networks.

By
~ : - -

A PL/1 Program for Traffic Analvsis in Circuit-

Switched networks (Annexe I1).

';Théitﬁes}yvdeveloped in Annexe I is implemented

© in a PL/l‘compufer-program documented in Annexe II. The

computer program 15 appllcable to circuit- sw1tched networks

w1th SOC, QOC‘KOrlglnatlng Offlce Control) or 00C with splll—

forward (see our preV1ous report [FIN SOa]for the deflnltnon'

of;QOQ)j

- The computer program requires as input: "

- Traffic Intensity Matrix: This is .the table which
specifies, in ccs or erlangs, the offered traffic

for all origin-destinetion pairs.

_TrunkLCfouD‘CaEacity: For. each trunk‘grouﬁ,_the

number .of trunks must be given. This information is

given in a table.
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~ Routing Table: This information is also given

in a table.

The computer output-includes:

e - -

- End-to-end grade-of-service (blocking probability) o
-for all origin-destination pairs.
blocking probabilities for all trunk groups ‘ ‘
ﬁetworks; . - o | L  1

offered traffic for all trunk groups.

carried traffic for all trunk groups. ’

‘_thatfaﬁ_arbitrary call arriving to the network is

.blockéd..

Our computer program is useful for trafiic management

in any cirpuit,switbhed network. It can idehtify bad grades—bf




and complex telephone metworks. The test results and compu-
ter run time for various tests are given in Annexe II, Com-
parisons between the resulits obtained by the computer program

and the simulator (to be discussed shortly) . are aslso given

in Annexe II.

n A i

. A Simulator for Telephone Networks (Annexe III)

The fheory of traffic engineering that we have

deyelopé&fié based on two important assumptions:

1. Each trunk group is offered a traffic having

Poisson arrival.

Thérocdupancies of links are statistically

independént;

fkéé?ﬁpfigﬁ 1 is not reaiistic‘Eééuasé ovéfflow"“”
.,traffic‘isvkﬁ§§g g6t to be Poissén. 'Héwever, Wheﬁ the net--
workvis cdﬁﬁlex. eaéh trunk group is bffered many streams of
overflow'ﬁraffip, the superposition 0of which may become

iTﬁus

‘Poisson. for small netwroks, Assumption 1 may be vio--

- lated.

"Assumption 2 is also not realistic because of the
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when possible.:

routing strategy used. Again, when the network is suffi-

ciently large, Assumption 2 may be acceptable.

We have built a digital simulator for teiephone
networks with a twofold objective. Firstly, we wish to

validate our theory,developed in Annexe I by simulation.

In particular for.small and medium-sized networks, we wish

to assess the.accuracy of our theory. Secondly, the simu-

lator -will - be useful for network management in which accu-

racy is important.and the transient phase is of interest.

It must be pointed out that simulation is very costlyvand

timefﬁponspmihg §5 that analytical theory should be used

»

”The$inpﬁt_and_ouptut‘bf;the;simulator are the same
as for. the computer program discussed in the last section.
Thévsiﬁulatbf'isfof the event-driven type and is>written_'

in the SIMSCRiPTtlanguage. Documentation and the user guide

for the simulator are presented in Annexe III.

We have made a number of runs of our computer -
rogram and simulator with two networks. The first network
prog

is an abstraction of a telephone network segment provided

e



to us by Bell Canada, which we will refer tco as the BELL
network. The original network provided by Bell Canada has
seventeen nodes of which sixteen nodes are class-5 offices

and one node is a class-4 office. All nodes are connected

by high usage trumnk groups so that the network is fully
~connected. The sixteen class-5 offices, we retain only ten
and omit six which_have very small originating traific.

"Thus, our telephone network BELL is a eleven node network.

The second;network 15 the European AUTOVON which we have

dlscussed at length in last year s report [FINL' 803] to

”whlch the reader referred for a detalled descrlptlon. The

ﬂAUTOVON adopts the oCccC w1th splll—rormaro routlno stratecv

hangediit~to SOC.. Thus, the routlng in AUTOVON

"BELL is therefdre a

For each netWOrk about'ten computerLruns of'the

51mulator (SIMRET) and the computer program (ETARET) were
“made. The flrst~rnn was made with the original traffic of
the network. 1In the subsequent runs, traffic’ in the network

is increased or decreased uniformly by a factor F, i.e., each

'-_element’ihithe:traffic intensity matrix is multiplied by

=1 for the first:run;‘F can be inferior

thelsame factor T (F

D).

)
-y
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‘that“vidééfék\figffiébwould:affect‘the telephone nmetwork - :

_concentrated

The results of these runs are shown in Figure 4.2
It can be observed that the network grades-of-service given
by the c0mputér program (analytical method) rand those given

by the simulator are very close. The agreement between our

.

theory and the simulation is indeed very good. Thus,; for

traffic engineeringgpurposes, our computer program (ETARET)

can .be-used.. L R S

4.3‘?Prdtb£yvev0f~Local Telephone Network.:

We have argued in our previous report LFINL'801

‘where we’indicate. that user ‘terminals are:

t:the videotex centers <(VC) The .connection .

beﬁWeén-psgfitgrminals.and VC will be made through?the tele- -

phone network. ~Since a VC, in a distributed videotex net-

work, serves mainly a local area, the impact of the videotex
service on the telephone network will be m%inly at the local

leyel.,,Long_distange:calls,to a VC.wopld:be‘negligible in -

¢t to local calls.

To evaluate the impact of the videotex service

upon the ehtiré;telephone network, we should have an idea
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TABLE 1

Class 5 Office Details

1979 . Installed Lines
‘ Working
Office Lines XBAR - SP-1
01 54370 15542 21950
02 32892 "~ 18748 17307.
03 1450 0 ( 0
04 - : 8948 o - 7 0
g5 - ©- 4467 . 0 5038 .
06 : © 12756 - : 0 13687 . -
07 . .- 31940 .. .. 16656 .0 -
08:" 7 4452 i 0 -0
09 S 43517 17270 0
]O .. RN N . O O
11 26474 0-
12. -0 0.
13 0 -0
14 0 0
15 0 -0
16 0 3600

::.gg:A »S;fﬁéiNOte The,above data nd that of. Tab1es 11" and III were gracwous]y provwded
] to the authors by Be11 Canada They represent data for a “*yp1ca1”

1oca1 network (see tEXt) -
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Table IV

Traffic Intensity Matrix for BELL (see text)
2 34 s 6 7 -8 9 10

11956 2848 1328 . 2238 5844 879 12578 3322 11726
717 420 1007 2534 331 6851 5614 3803 -
: SR - 355 1302 231, 1588
0 0 821 137 819
3743 238 449 364 . 2759
948 2430 -, 910 708
. -..-430 - 0 - 879
2269 373 . - . 3699 3879 .
: . o 918 . 833885 -. .3727°
3545 1182 1062 . 2526 . 6007 - 637 3478 - 3482 -

848 -

Note: . ThiS‘mqtrig
2% Tink bl

J probability. .




Table 1V

Traffic Intensity Matrix for BELL (see text)

To 2 3 A 5 6 7 8 9 10
From _ ’

] _ 11956 2848 1328 2238 5844 879 12578 - 3322 11726

2 10833 - 717 420 1007 2534 331 6851 5614 3803
3 2623 661 - 375 - © 355 1302 231- 71588

4 1384 359 368 - .0 0 0 821 137 819
5. 1800 80 0 0 - 3743 238 449 364 2759

6 5441 2407 . 0 . 0 . 3962 - 948 2430 - 910 7081
7 992 332 349 .~ 0 <:. 376 848 -.. 430 0 879

8 12063 6401 . 1058 915 . 576 2269 373 - 3699 3879
9 5325 55095 272 . 918 88 3885 '
&

: - 3727
0 11837 3545 1182 6007 637 3478 3482 -

Note: This matrixiwas obtained from that of Table III by assuming

2% link b

king probability. . .-
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The data on trunk group capacity were not given

by Bell Canada. The number of trunks in a trunk group must

be derived from Erlang's formula assuming a typical trunk

- blocking probability of 2Z in the busy hour. This ﬂas‘sug~

gested by Bell Canada. Table V shows the number of trunks

-

obtained in this manner.
. X ]

Our model of.a local telephone network corres-
pon&s tq:thét!ofwa typical urban area which might be served

by a(videdtex;cgnter. In the next section, we shall study

the impact of videotex service om this model 0of a local

t

telephon rk.

ﬁsiﬁg;qu; coﬁputerfprogfém EfARET (See Annexeiil)

_ agdfghg-aata ih'faﬁles v aﬁd V, we obtain a value ;f Q:d2
fér1ﬁetwq}k{D;édé—éf—serviéé (Blocking pro%ébility} for

~iouf'bgéfégiﬁéf;f?é'local.£eleﬁhone ﬁetﬁork. Thigygrgde~of—

service agrees with current grade-of-service offered by all

North-American telephone networks.

To stgdy the sensitivity of our network model
with_;éspéé# ﬁg'incfease in traffic,;we must calculate, Witb
thé:;id qﬁhqﬁgucomputer program, the increase in network
blockingvp;ﬁbébility as function of the increase in network

traffic. Figures 4.2 and 4.3 show.the network blocking
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. 135
56
91
265
39
602

- 205

— o~ WM~

546

0 616

"Nofe

Table V

Number of Trunks in BELL (see text)

]35 56

265
137
187

46
98

45

352

39

14
22

15
46

16

50

602 .
~ 313

63

47-

21
98
16

186
208

205
292

13 -

14

45 -

186
204

10

616
208

90

154
352

50
208

204

: Ca]cu]ated us1ng Er]ang S formu]a assuming 2% b]ock1ng probab111ty L
Con” the 11nks . .
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probability as a function of increase in network traffic.
It can be seen that although the current network grade-of-
service 1s excellent, the network is very sensitive to traf-

fic increase. ©For example, an increase of 25% in the traf-

fic entails an increase in network blocking probability
to 0.1 and the network blocking probability is about .25 .
when traffic is increased by 507%. These are, of course,

‘draconian overall increased and merely serve as illustratiodns.
Finer turning showing the precise effect of videotex traffic

will begived

4.Aw¥Result555f Analysis :‘ - » C . :
|
|
|
|

Hév1ng°;ptéinéd § proto£ypg of local te;éphone‘.
w_tryito:asséééxthe impactxof~tﬁé.vidédtéxﬂl?_‘f.’”ﬂfvf
ﬁ}?kic#lar:model’fo;'é_local telép%one ngt;.”.
_mﬁéﬁ‘i§;¥eﬁdergd‘diffiéﬁl£ on two accopnts: 

First; thé“fréffi; pattern generated Ey vidéotex s;rvice

:

in not yet determinmned.

. The first difficulty is»partly reduced>by one of
_oﬁf;fgeorgticéiff;hdings, namely,_tﬁétwthe exact fo;m of
théﬁéiétéﬁbutipn:of videoték user hbiding times is not réQ‘
leﬁaﬁt, only fhe‘traffic intensity as measuréd in erlangs

or CCS is really needed (see our link model in Annexe I1).

o
o




Thus, videotex traffic should have the same qualitative
impact as telephone traffic omn the network. Quantitatiyely,
little is known about videotex traffic. During field

trials of the Prestel system in England, it has been ob-

served that the average videotex user holding time is about

-

5 minutes. If we .guppose, as it has been cbserved in the

telephone“ ervice, auvideotex user makes on the average 2

1nqu1r1es per busy hour then v1deotex traffic per user 1s

‘ . . S

2 X (5/60) 7}166 erlang or 6 CCS. . Squose also that a

'v1deotex center~be de31gned. to serve about 2000

users, tHen the“videotex traffic per vidrotex center is

about 12 OOOjCCS.i»Theses numbers might serve as a guide~-

"In the following
i_telephonetnetwork in,a;lergeirange;irather than at a fixed
level, of videotex traffic. THeeaiﬁ;of the study 'is to esti-'

mate théidénéeity 6f telephoné‘netwark»in order to _assess

the fea51b111ty of 1mplement1n° w1th1n it a v1deotex service.
. M
The second difficulty is also partly reduced by
our discussion of videotex network in 4.2 where we have

argueq“thatiuserﬁterminals are concentrated at the videotex

'centers_whiehxape-the ocutermost nodes in the videotex net-

work. Connections between the videotex centers and user
terminals are made vis the telephone network. Hence, a

Videotex center must be located at a telephone network mnode
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where the local subscriber loops are comncentrated. The
obvious location for a videotex center is to make it
_appear as .an isolated class-5 cffiice. This is the approach
we adopt here.

Thus, -we suppose that the videotex center.is

a class-5 office co-located with the class-4 office in our

local area network model. Every videotex call has to be

routed to -this videotex center via the class-4 office’

through the.

tex center and the class~-4 office is a fictitious trunk

group with_an -infinite number of trunks, i.e. , we assume

“mo; blockin

hh and;§g§>8h§w:ﬁhé capacity of our:

is-&-vis the videotex:service. Figure 4.4

';1ocaldnetwr6kx

:;;howsiphefnetwork B};Eki#g érdgébiiitﬁ as seen.3§'gp afbi%.
-atrary ¢al1;yhi;e'Eigﬁfé_A;S_éths.the'networkiBiocRiné .
‘probébili£§“és ééé£‘b§ videofex calis; The sigﬁificancé

of these two figures is presented in the foiiowing section

(4.5).
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Telephene Network.

Recall that our thothetieal local telephone

A

network BELL Awas a simplification (and an 1nterDretat10n)

of data klndly furn;shed to us by Bell Canada and that our .

hypothes;sdabpnt«vldeotex was based upon 1nrormat10n obtal—%\

. ned' from the Prestel experience. :Thus, while we have evidénce

i
'

'that'our.modela (analytical and simulation) are correct, the

results ebtained_usingvthese.models.are no better than the

data upon“which they'must'operate. With this caveat in mind,

S we now proceed‘to dlscuss the rather 1mpre551we 1mp11cat10ns

and- 415 in: partlcular 4 4

Y

4.5 The Impact of Videotex upon an Idealized Local ) '
|
|

'guref4{4;indicates the;increase in. the average:

'»tnetwork grade of(serv1ce (NGOS) as a functlon of 1ncrease in -
'~v1deotex subscrlbers, or‘app;ox1mate1y:K‘ percent of the total

subscriber;population (2,182 + 218,218 T 17). For;our network

1
i

BELL one noticee‘a dramatic increase in the NGOS: for K=1,
the NGOS is about 0.02, for K=2 it is about 0.04, and for

K= 8, 1t 1s about O 10, ete. More bluntly, an increase in

v1deotex trafflc to 1ncludejuV of the subscrlber populatlon

brlngs the NGOS to 0. 15, 15% this becomes 0.24!}



In the case of BELL, the congestion points are
clear: the trunks relating nodes (class-5) 1 to 9 to node
10 (class-4), thence to the videotex node, 11, become

saturated. Presumably, iﬁcreasing their capacity would bring

the NGOS down to acceptable values for greater videotex .traf-

fec.

ndicates the sum of the weighted mode-to-
vibe (YNGOS) from the class-5 nodes to node
e in the average NNGOS due to videotex.

,Again, one remarks the dramatic increase in this quantity with

‘relatively:.small ‘percentage increase in videotex usage..

Indeed

network might mely fragile as far as tolerating video-

tex when more than 57 of the subscribers usethis service.
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5. TRENDS IN THE LOCAL SUBSCRIBER NETWORKS

5.1 Introduction .

T

In the preceeding chapter, we have seen that pﬁe~local

subscriber - loop network, as represented by oui“highly simpli

»fied_quei;BELLt ;aﬁgbe.extremely sensitive to the.additional

traffic.generated“byinew services such as videotex. .Assuming 'no

; .

blocking at the switches, the culpret is easily identified,'né—

‘mely,tfhéﬁt:u ks Ohneéting the‘qlasé—S'offices to the'éiass—4

"hub" to which the videotex center is in turn itself connected

és.a\$peéial$kiﬁdf‘f'@lass—S office. Thus, raising the capaci-

:ty of;th; >”]cor:esppndingly,gthat of the class-4 hub
.Prgsﬁﬁéblytﬁoﬁld_alleviate the problem, i.e;, make fhé

>

THere;re—~
band-width consuming .new services growé; the local subscriber.
ldop network will need to be revamped.

Thus nowhere are the effects of the current telecommunications

revolution more promissing and more far-reaching than in the ar-

work fha{“aééls with the distribution to and from the subscriberfs

premisses of information: i.e., the local subscriber loop
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plant. Technological innovations such aé microwave, satellites,
LSI and VLSI, and all éigitalopt;cal fiber trucké have had and
will‘continﬁé to have an increasing impact upon long-haul com-
munications wherein many information channels have been multi-
plexed by any one éf a growing multitude of techniques-into
lérger channei groups which are then transmitted over a single

physicai channel. .

Telephony, television and cable television
_have been:difééf:ﬁeneficiaries 0of these innovations énd, in. the
- North American context at least, there has been a noticeable

'iiﬁaréaéé in the,quality‘aﬁd:the rangefdf services offered.

The.ilocal -distribution plant, however, remains a diffe-

"question of exéctly how subscribers would use the awesome capa-
city‘for broad and narrow-band information handling that would

be theirs. Finally, even if we answer this question by the.

70

amortized by some means or another, there remains the non-trivial

.cost-effective (read "profitable") new ser— .
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and software, and many others.

In this ‘section, a brief summary is given of recent
developments in the local distribution plant. While the main

subject of this discussion is the locai%telephone né;work, in

line with.the majo:%phrust of this work, as‘§e‘%ave ééén in the
-brief”rev?ew of vidéétex systems given in Cﬁaptér 2,<one:céq
nd_ldﬂgérféxclﬁdéféébie‘telévisibn_aiétfibution néﬁworks: lbéai'
éoﬁpﬁt;tjﬁé£§p%?é;.;nd even local satellitgﬁ(”roéf—top”),aépli—

i

catibns

_In nétWork?planning,'in pa:ticular in the determiﬁation

.Qfgafédhé:eﬂtfh§i .Tic”ﬁa;i6nalgprogrém for the developmgnt ofg

telecommunications services, trends such as the ones mentioned

-iiﬁ»the.follow1ng;pageé ﬁust.Bé.éaréfully:watéhed} iﬁqligigé :

‘concerning, .amongiothers, the -one versus two-wire access' to

subscribers premisses, access to one network from another, '"gate-

ways " . ..depend upon these trends as well as those:concerning
the guarantee of the delivery of conventional services to which
the public has become accustomed. At a more“élementary level,

network planning tools, such as those developped by the authors,

mustiBégmodifiédliﬁuérder to conduct the-éppropriatevimpact

studies. . Finall .1p'a=field which is undergoing such tfuly

fundamental changes - one suspects that the telecommunications

revolution has but begun - a synthesis of current trends is




. essential as a planning aid. As a result of our current impact

studies, the authors foresee the possibility of suggesting mo-
difications to the current local plant in order that various

proposed new services be better accomodated.

RN

5.2 Towards~thellntegrated Services Digital Telephone Network

,

In a 'recent article, Habara and Aratani [HABA'80] suggest

In Japan, unlike Camnada,

hjand'Telephone Public Corporation»(NTT) is .

_However,, as far

h'dian tele honepnetWOrks are concerned,ﬁihese"

o8

'sented,a developmental strateoy that seems:

to capture current North Amerlcan Lrends as well (see [CHAN 80b]

[BANK 80] [MILL 80]) Indeed, at least one senlor;executlve at

Canada S largest telephone carrier forsees a similar trend in

_Eastern Canada [TERR'80].

The three stages proposed by NTT are the I0110W1D° (sée.

Table VI)

l.._DigitaliZation at the local switch (class 5 office)

-t




A

(adapted from Habara and Aratan1,’ HABA'805,)"

. Subscriber
. Loop Transmis- -
*k;s1on Med1um

Informai1on_
Sources o

Local Network
Construction

Essent1a1]y use ex1st1ng copper aTelephone (st111

1

|

First | . Ex1st1ng subscri- . Digitalize Tocal
Stage “wire plant, but introduce some ; na1og) andinew. ber copper- w1re - switch and Tline
- digital links; switch becomes .services (up to .l cable - ' concentrators.
all- d1g1ta1 : 64 kbits/sec) - Lo : Analog telephone
: : or 64 kbits/sec
new services ,J
Second As above, but introduce optical & - 7% Digital telephone - "As above with op- ISDN with up to
Stage fiber feeder cables where appro-. i . (64 kbits/sec) and . tical fiber cable = 2x64 kbits/sec
priate (new links, to replace ... - ' . < new services (up to- for feeders services. Distri
old or bulky wire, etc. ). Digi--— =+ oo 2064 kbits/sec) ' butive routing
ta11ze telephone. R - ‘ function before
: trunk netwadrk i
Third As above, but introduce large. As above, but with = As above,.with - . ISDN with 2x64
Stage bandwidth optical fiber cable’ new services up to more emphasis kbits/sec servic

Introduce space-division swi-

to subscriber's terminating' about 100 Mbits/sec
equipment ( a "second wire' ), PURPEEEE Co

tical fiber cable
tcher at central office to | PASI P _ AR -
handle broadband (video) sw1tch1ng,. - N |
time-division switch remains as . ‘ B
in prev1ous stages. :

placed on replacing
. wire cable with op-

and a true broad

~band (100 Mbits/

sec) service. Us
wave-Tength muit
plexing and dis-
tributive routin
functions at cer
tral office.ter-
minatingequipme



mixed analog and digital subscriber cables. This

will be realized by the mid-1980's.

2., Digitalization of all subscriber cables; use of pair
gain equipment or optical fibers. This 'will be done

by theigate 1980's and will serve to establish a ba~

sis .for economical introduction of non-telephone sexr-

In rodnetion of‘optical_fiber cable and‘sppropriate

switching facilities for broadband communications.

:The trunks Wlll have to be Lpgraded correspondinglv

'hase is foreseen for ‘the mid- 1980 s..?

’networkiarchitectures-are considered: -star (the-ﬁ

'underlying;hierarchical architecture underlying mos t telephone

‘systems)gi “and” the web (see Table VII) A star structure'

may be preferable in pnase I and II1.

Finally, hierarchical levels in an ISDN are illustrated

in Figure 5.1.

elevision Subsoriber Plant

At this writing, T&l&cible-Vidéotron of Montreal
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~I
Ut

N D1sadvantaqe5

Local 5w1tch at hub
feeders to’ concentra—
tors and to 5ub5cr1—
ber terminals

es Tinks inefficiently

1oca11zed
—Eas11y expanded

Ring network:

Local switch and con-
centrators ar?anged'
in a ring; terminals
in star configuration
off of concentrators

; ¥Hidh effiefency%due to
ﬁ: 1arge Tink capac1ty and

fNetwork design not so easy
" -Expansion is difficult
~1ts” ut111zat1on S
Short average c1rcu1t I : ¢
Tength due %o 1ntra—
ring calls

Mesh:

Combination of above with
Tocal switch and concentra-
tors both in star and ring

configurations

~Network design is difficult

Qunte handling is complicated
B , 1 . ‘

'
: {

*Please see previous yeaf's report'(FINL‘SO),for definition of these

types of networks. L.




Service

\/

Figure 5.1.- Hierarchical Structure of an ISDN

Center
]

(adapted from Habara and Aratani

HABA'80 )
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[DUFR'81] is planning the introduction of a new service,
namely SID, or Systéme d'information 3 domicile (Home Informa-
tion System). A field trial will be conducted in early 1982.

~ The company foresees three phases, the first introducing tele-

text, the second so-called "narrow-casting', the third‘interac%
tive videotext,with%tele—alarm and telemeasuring capabilities.

i

Interfacing with..the telephone companies has been cdhsidereqh"

Such a trend is typical at this time in the cable tele-

industry_'nd‘ié made possible by the develbpﬁent of su-

perior amplifiers permitting extension of cable bandwidth up

~to. 400 inating the ingress noise problems that

ay cable television.. Within, say,.a space
‘cable felevision networks could offer a form

‘Thus the. one-versus two-wire problem must

S;AjJLocai Area Networks

The subject of local area networks is currently the
object of intensive research and development both in industry

as well as in - the. academic environment. Motivating this in-

tensed'nterest“a'e considerations, backed, tec be sure, by eco-

nomic arguments, such as the following:




~ interconnecting & set of homogeneous computers
(miecro, mini or mexi) and terminal devices at rela-

ti#ely,modest costs to permit sharing of distribu-~

ted resources;

- distribut%ng databases and processing according to

local geographic needs;

"—_offloading overburdened centralized com?uters;

In all cases, the qualifier“"localiérea” implies thati

»dé?pver-a>geographiéally restricted area,

often to one-dr‘severalAproximate buildings and not atypically"




'

allows a number of independent data devices
to communicate with each other. A Local Arga
Area Network is distinguished from other ty-

pes of data networks in that the communication .-

is usually confined to a moderate sized geo~ :

graphic area such as a single office building,
. EY

'a warehouse, or a campus, and can depend on .a

physi ommunication channel of moderate to

t

5igh.daté.rate which has a consisténtly low’

networks which interconnect facilities which may

be in different parts of the country, and

o of equipment. ... The applications environment

of the Lotal{A:ea Network .is ihtended to be com-

mercial-and light industrial...” [IEEE'80]. .

Notice that this. definition limits itself fo.data

communications. The author wishes to include in the concept’

of local area network other forms of communication as well,

specifically, video and voice. Sometimes-local networks with
the capacitygfbr~tbese latter are called local (area) broad-

band)networks;or integrated local networks.

The IEEE Computer Society definition cited above
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attémpts to preserve consist

ency with the International

Standards Organlzatlon s (ISO) Open Systems Interconnection

model [180’79, ZIMM'80]. In

ig given to the characteriza

the latter, a lavered

approacﬁ

tion of ‘a (computer) network such

that processes at a given level communicate with their

"peers" at, the same level,

passing through the lower levels,

—

including eventually the media or transmission layer, -as

'needed in alws§ " to them

is transparent. This.

model is;

summarized.iniFiéute>3.2. The IEEE provisionally proposed

model .is shown i

IS0 model 4s indicated in Fi

sis'currently attemptlng to s

thods and hardw

Networks7co§ered by
‘clude Ethernet and its relati

The reader to. asked to note

gure -5.3.

tandardlze protocols,

covered by the deflnltlon quotea above [lEEE‘Sl]

Lhat restrictive defin
ives [XER0'80], among

that the arch 1tecture

«lgure 5.2 and the correspondance with the"

The»IEEE*PrOJect 802 on Local Area Network Scandardsgg

access me- -

.y

peclflcatlons for the class of networks .

ition in-
others.

of & netm

work is spec1f1ed moTre by the lavered protocols and access

””methods’ratherAt an by netwo

work is generally much more

it "

One noticesfthat the

rk topology

restricted than that o

80

geographic scope of a

f the local

local net- -



;éiigher level protocols > A iB C
AN A A
PTI nrotocol ~ Nz v
2 ———-—“—---~~7 PTI
. A
4 - LNDLC nrotoco) : h
7 oLe Sttt LhpLe
S - :
~ _ = Y
Media Access : Media Accegs
e - e T 5%
Pt ) . : o
L P! :P’.-_\ - R
P P
A i ) AT
ﬁz/ -L J N v
.. Passive Tap .® ' 7 Passive Tap -
N s P
~ - T . B
.. .. Physical Media . : B S e
Fioure § =2~ IEEE:Locai Area Nétwork Reference Model"'.

The LNDLC Tayer'is the.local Network Data Link Level. the PTI is the *Protocol
Tyoe Identification level.-The latter serves to identify the nrotocols for the various-

—higher Jevel” servwces indicated-here simply as A, B, and C. The-media interface is split

into two narts:-one is located in-the data terminating eouipnan (DTE), the other may
be remote from the DTE Fwnally, the tap is bv de.1n1t10n pessive (the active part being
Tocated in. P .).imws . : : - :
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subscriber telephone network. It may, however, have a ''gate-
way" or entry point to, and with time and technological impro-

-~ vements, replace part or all of, the latter. For, integrating

.telephony into a local area network .seems highly feasible in

the near future [SHOC'80]. Figure S.ANIllustrates:Ehis-con—

cept in the. case of Ethernet and Figure 5.5 indicates a possi-
Lo “ . -

* ble digital Ethernet.telephone set.

It ié”cleaf{ therefore, that local area networks can

telephone network. Moreover, a specialized local area network

"videotex machine", i.e. a videotex center with

entry points to‘ofher networks, etc.

oy

the’authors and one.other;»

At Laval Uhiversity,_
(o] n‘

‘prlnc1ples 51mllar to Ethernet namely NET/ONE mapufacLured by

Ungermann Bass;[FINL Sla] They are currently examlnlng just

) _ . . ‘ .
such p0551b111t1es ‘as those suggested above. One of the au-

_thors 1is also studying the use of optical fibers in such net-

works [FINL'Slb].

Local atea:networks represent a major technological . .

development of the 1980 s. They will certainly have an effect

upon the 1ea11¢at101 of new services and upon local telephone

and cable television network archtectures.

-t
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: sw1tched networ@..

\~

local
area
trunks network
;inﬁéfne£Workf ; i
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"
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; |ched. telephone
" B network ' ;
" F11e server g host
] G and
y voice recordey computer
: _ S ~ Tocal area network -
: : . (LAN---see text)
processor
integrated telephone and 1oca]
area network interface
Figuré 5.4. - A Local Area Network (Ethefnefj_Sdppbrfihg Voice Traffic - - T

(adopted from (SHOC'80)




to telephone
‘receiver/speaker:

. ‘memory

di

network R keyset
s processor ‘ : — or
control . _ s R T | keyboard

Figure 5.5. - An Integrated Te]ephone Loca] Area Network Interface
(adopted from (SHOC 80) '
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ANNEX I

ModeTling Methods for Performance Analysis of C1rcu:t Sw1tched Networks -

(Méthodes de Mode]1sat1on pour 1'Analyse de Ta Perrormance des Réseaux Te]ephon1ques)




ABSTRACT

This @nnex presents a modeling method for performance evaluation of

: First, a closed queueing network with multiple

circuit—-switched networks
. . ° N e o —

service classes is developed to model network links. Secondly, a recursive

algorithm is proposed for determining the node-to-node grades of service and

path usage proBébiiiﬁiés'in networks of arbitrary switching scheme . Thir—-

dly, an exact analytical formula is derived for determining path usage pro-
babilities and node-to-node grades of ‘service in networks using a successi-

ve office control routing strategy.
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1. INTRODUCTION

Ciréuit—switched networks such as teleﬁhone networks continue to be es-
séntial carriers for an increasing number of éeleg?mmunication services {117.
Existing and future telecommunication services will generate significént ad-
ditionél traffic whose_imfhct on circuit-switched networks will be_impértagt

~and wii} need to-be ?Yé%PQtEd in order to manage effectively netwérk Eapacity4:
planniﬁg;; $ﬂus, péfférﬁénge eyaluation in-éircuit—switéhed netﬁorks_is'é

critical problem for mnetwork managers.

" Network performance evaluation requires that the telecommunications ser-

-vices and the networks be properly characterized and that quantitative models

o_characterize. dequately‘the-interagtipn.between telecommunitation

be.buil

services and networks [2]. - For circuit-switched networks, the telecommunica-

.tion services can be characterized by traffic intensities and thé networks -

~ themselves by parameters such as network configuration; routing plan, and

féuﬁéicontrgiiéééatégy’[3;4i£ Ciféuit~éﬁitchéa.nétwpfkAperforﬁgﬁce ié;measu;
:edhig tef@é»9fi§£%§esl§f?éefvice and link utiliééfion [4]{ Thé forﬁérzaéses—:
ses tﬁeﬁqéalitylofvsefvice the network offers to subscribers while the latter
ipdicatés net@ork effiéiency. Given network and éervice.cﬁaracteristics, ma-

thematical models can be built to estimate network performance [5,6].

pérfdfﬁapﬁe:e#élﬁétibn]pﬁrposé. The same probleﬁ has receﬁtly been treated in
57 and'[C] and this paper follows closely the methodology expOsed.in these

‘

works. The‘contribution of this paper is manifold. First, a model is sought

to represent network links (trunk groups) in such a way that account may be




. " taken of the differences in holding times of different ‘t}}pes of telecommuni-

cation services. To this end, a closed gqueueing network with multiple ser-
vice classes is developed. Our results show that Erlang's formula $till holds

for the case of multiple service classes and provides an analytical tool for

obtaining insight into each service class. Our model ig also an interesting
, . .
example of application of Jueueing network theory to telephony. Secondly,

:ihspired from‘the;work in'[7,8], we propose a very simple recursive algorithm

to calculate path usege probaleltles and 1ode to-node grade of service." Our

aloorlthm 1s also a 81mple solution to the term11a1~pe1r rellablllty problem

[91. The algorithm has been 1mplemented in PL/l and the computer program is

'1ncluded in thws paper. Flnally, a very simple analytical formula is presen-.

“ted to calculete“path‘dsege probabilities and'node—to~node blocking probabi-

‘lities for successive-office routing control strategy. . To our knowledge; this “

‘:ié the firet't;me an ‘exact formula has been proposed for the very important

successive-office control circuit-switched networks.

The organization of this paper is as follows: in Sectioh 2, we present’

some definitions, assumptions and fundamental facts about circuit-switched

networks. In Sectioh 3;‘a closed queueing network with multiple‘olasses of

services is developed to represent network links. In Section 4, the problem

of calculetlng path usege probabllltles is addressed Detailed solution of

& _ 7fﬂthe queuelﬂg n twark 15 glven in Appendlx A and an PT/l 1leementatlon of the

' ”-recur51ve alcorlthm for the termlnal pelr rellablllty problem is presented in

_ Appendlﬁ B.

-i_gv




. 2. DEFINITIONS AND ASSUMPTIONS

A circuit-switched network consists of nodes (offices) interconnected

by links (trunk groups) whose main object is:.to set up a connection between

some originating and destination node pair via one of & number of alter-
native paths. The alternative paths between such an originating-destination

(0 -.D) node.pair; are attempted in a predefined order according to a routing

scheme. The routing scheme is defined by two factors: the routing plan giving .

the set @ffaltéfﬂéf' aths and theé route tontrol strategy which decides the

‘choibequkpatﬁ

) In [5], it;. “sh wﬁ Fhat'the routing scheme for an 0 - D node pair is

cah bé%5énérated‘ _ he latuer spec1f1es the alternatlve paths, the order in

In»anmaugmented rqute tree, a tip is

labeled either with a destination node ¢r with' L which stands for a ficti-

tious "loss node" ‘There is a unique path from the root of the tree to

[53.

eﬁéry tip. If the tip is a destination node, the corresponding path is desi-

gnated by a -Pj and is called a completion path. If tbe.tip is a loss-nede,

the corresponding path is designated by a Lk and is referred to as a loss-

Eath:;

IRt [57, augmented-Toute trees and path-loss sequences for the three fol-

’ l,lowing"prihcipalifodfé EOntrol strategies are discussed: Successive-~Office

' Control (SOC),_Or:Lg:Lnat:Lng Offlce Control (00C) and Orlmnatlncr Office Con-

trol w1th Splll Forward These route control strategies possess special

I-3



properties which can be recognized from the augmented route trees: For S0C
every node except the destination node is connected to a node L, while for
00cC oni& the originating node is connected.to a node L end for 00C with
spill~forward only certain nodes,.called spill—forward nodes, arefconnected

to a node L. .

. :

Under a number of -standard assumptions usually made in telephony [6]

work is the set of link blockina probabilities._ In [6] these aSSumptlons

-and- their implications’are rigorously discussed. An 1mportant impllcation is-

that each link is offered ‘a trafric which is a supetpDSition of independent

streams of POisson trarric. In this paper we will not assume the same holding

time_forgall stream ) n order to take into account of the differences between

various telecowmunication services. , - 'fl' L S

AnalySis_of complex"ircuit~switched\netuorks;is usualiy.carried_out h§

~an iterative method An iterative technique which has often beenfadopted

breaksnthe“networkdmodeling processfinto two distinct steps:”

‘1. Link Modeling: In this step, assuming that all link ff ed traffics
are given, a model, which will be called link model, is constructed to calcu~

late all link blocking probabilities.

2 Path Usaoe ModelvngA In this step, suppos1nD that all 1ink blocking

. ptobabilities Were known “a ‘model, which will be called path usage model, is

sought to estimate all link‘offered traffics.

Once these two models become available, the state vector of the network,

i.e. the vector of link blocking probabilities, is obtained by iteration .

1-4




as depicted in Figure 1. At each iteration, tte link bloekimg probabilities
‘are calcelated by the link model using the link offered trafiics obtained by
the path usage.model it.the previous iteration. In-[5], this iterative al-
gerithm is i&entified as the fixed-point algorithm. Thus convergeﬁce to the
"true"’network state vector is gueranteed-if the link model-and tte;path usage:
model are consistantt H6§éver, these models being based on a ceneiderable

number of ‘assum tione:f4;5Jthichtare sometimes difficult to justify, conver- -

gence is not guaranteed. ' Nevertheless, experience has shown that convergence

- seems to'always5ocequend results given by the iterative algorithm were

satlsfactory;[S'lO] 'The*rest of this paper will be concerned mainly‘with

the bu11d1ng of the llnk model and the path usage model,
owfbeidefinedffie‘linkiie;a collection-of trunke:and_a:j;

-link is free if at least one of its trunk is‘undccupied,'otherwise it is con-

’

A E '15 a. llnx set whose

ctual path for a call Only link sets whlch are sub—

‘sets of pathé wiliube_epne;dered in this article, except for the'sets Vi‘ de—.

‘fined in Section 4.2.

BN

I-5




3. LINK MODEL

Consider now .a link on some path between an 0 - D node pair. Let the

link be offere& M independant streams of Poisson traffic with parameters
Als 225 vuny KM _reséectively. Let the mean holding tires fof each stream
of Poisson traffic‘be  1/§1, l/ﬁz,'..i, l/ﬁM'. These treffic streams cén'bef
‘thqughtfof{§§¥blenéiﬁé t9 M telecommugicatiqn services for which the mean-
holaigg¢£igeéﬁmay Pe_difféfént{ The totai link offered traffic is thus a

Poisson process with parameter given by:

lpi'.of belonging to service

§3.2j fo¢*

whichfaié;offé;edfﬁpg héflink and ‘find all the servers busy overfiow'the link,
-ithe_totél'nﬁmbér éf?ﬁéils‘simultahéously in progress never exceeds N, the

1ink can thus be modeled as a closed queueing network as shown in Figure 2.

Our queuveing model resembles the Central Server Model widely used to model

multiprogrammingu omputer :system [11].. Our model comprises-a central server

with-service.rat ‘and °M "channel" servers with state-dependent service

" rates being of ‘the infinite capacity type. After being served at the central

servef::'?céIIAHééfafﬁtébébility pi of going to the non-central server i
after which it aiwéys>feturns to the central server. Let the total number of

¢alls in our Ciosed‘duéueing network be N. It can be seen that the main




. function of the central server is to generate call arrivals at 2 rate of A~

‘as long as the total number of calls in the link is less than N, i.e., as

long as the total number of calls at the central server is greater than

ZeTo.

The state of our closed gueueing network is described by a vector:

e ) R
—

Our closed queuéing nétwork beldngé to the class ofvsepafable Qﬁéﬁeing.

‘which have eeg:iﬁfensivéiy.étudied'byAquputer scientists [12,13].

networks"

Let” P(n) be the network stationary-state probability. It is ;shown in the

Appendix A (Eq.>A.6) that P(n) admits a separable solution of the form:

B . ng M (p./u )ni ‘ ‘
. _'(l/k) i’ i :
P(g)_\,g‘ G(XN) };E ngtoo o _(‘315)' |
| ) = @/n 2. o/ , | (3.6)
1=D




A is given by Eq. (3.1) and u is defined by:

M , .
1u 2 2 (o /u) . RN R
.. i=l . R ‘ . o

From Eq. (3.5), the probability of finding k calls simultaneous-

Tk
ly in progress‘is obtained as (Eq. A.13): . .

. ‘
a_/k: :(378)

_fErlaﬂé13€?¢ilv ;fofmﬁiaig.As it is.known;that Erlang's formula holds for -

any M/G/c/c; queueing [l&]'systeﬁ, Eq{ (3.8) is not realiy surprisiﬁg. In

-of multiple service.classes. ' Our derivation of Erlang's’-

‘class | i .calls-as:.

i

k} = S(N,k) (a?/k!) _' b -~ (3.9)

Hd
Ea]

. B
Ji
]

where

(3.11)

“bfaihedfffom<thé'queﬁe~§ize distribution in a" M/G/c/c-

hown ‘that 1 defined by Eq. (3.7) is the mean service ' .

the advantage of being diregt.andhéleﬁeﬁtar§}?ﬁFﬁrf:;“5"

s.to derive the marginal distribution of service-

G )P ml L G0y




| : :
3 . Eq. (3.9) can be used to obtain statistical properties related to service

class i..

Eq. (3.8) can be used to obtain the link bloci\-ing probability vy for

s

the link beiﬁg considered:

validation for the case of multiple service classes with ‘different hol_ding

1-9
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4.. PATH USAGE MODEL

"~ 4.1 Arbitrary route control strategy

In this section, we examine the problem of calculating link offered

traffic given link blocking probabilities. Consider a loss-path sequence

Ui, Ugy ooy Uk- and a link j on a path Ui between some O - D node gair,

We will assume that the occupancies of the links are statiscally independant.

S _Let .xj é\l — yj;-where 'yj is the blocking probability of 1link j, .. -

be the'availability of link i. In [6] it is shown that the traffic offered

to link j Aié_given by:

j_= é ?r (U3, «-es Ui_l‘??pgeéted‘ Ui I?ee}

‘. '}Prf{Ui free} (4.2)

where A is.thénoriginating traffic. 1In [6];>aj is called reduced offered

traffic and in [5], c. is called carried traffic. Here we call 'aj link

offered traffic and émphasize that it is this traffic that must be used in
N .

Erlang's formula'to'Calculate the liﬁk‘blocking probability. g R

’yi;;tican;ﬁé:>geﬁjiéom Eq. (4.2) that theﬁhearf of the progiém iéﬁté cal-
cuiatétthe prdbabilityvthaf the path Ui' is ﬁséd‘by a call, which is given
by:

- Pr o {Uy used} = Pr {Uy, ..., U, ; congested IUi free}

.Pr {?i_fFe?} . _ ' (4.3)




We will show now that there is a one-to-one correspondance between the
- problem of determining path usage probabilities and the terminal-pair relia-
bility problem [9]. From an elementary theorem in Probability Theory, we

have:

Pr {U; or Uy ... or U, free} = PrJ{Uimfreé} o

_{+_Pf?{U1 or Uz ... or U, 4 free} -
i Uy or Uy ... Qr~Ui—l free, Ui free}" _':—_:x‘tﬁiéj'

i

‘Conditioning the last term of this equation on path U, being free,

we rewrite.it. as:

‘ﬂ,.gfzfr {U) or Uy ... or U free} =

... or U, . free} + Pr [U, free]
B i

1

ﬂPr"{UjVOr‘UZ¥;If'of‘Ui;- free~lUi free}]  .(4.5)

>

Compgriﬁgf ) ‘(4‘552§ith Eq. (4<3) and noting_that:f

i-1

 :—“P?.{U1 or Up ... or Ui_l:rree_!Ui free}

... U, Abongestéd-}Ui free} = 1 .
'we tan write Eq. (4.5) as:
Pr {Ui used} = Pr {U; or Uy ... oeri free}

- Pr {U; or Uy ... or Ui—i free}. \' ©(4.6)

Thié equatibn means Ehat the problém of determining all the path ﬁsége

probabilitieé,"Prf{Ui'used};~for i=1, 2, ..., is equivalent to solving all
the terminal-pair reliability problems, i.e. calculating all the Pr'{Uler
U ... or Uk free}. For this reason, we will concentrate our attention on

the terminal-pajir reliability problem.




\ : : .
1 . , For any two link sets Li and Lj, define:

A
L.,.. =L. -1,
hE¢D) 3 i

e

{2!2 is in L. and not in L.}.
. J . l .

Then, by definition we have:

3 T £ | -
Pr {B; or U, ... or U,y free U, free} -
.. or Ui—l(i) free} ' (4.7

Let - R . be a function defined on the set of all ‘possible link sets by:

R (U, Up, +vrs U,) = Pr {0y or Up ... or U, free}. (4.8)

Subst_it'uing,.Ec-l:;,. (4.7) into (4.5) and using Eq. (4.8) we obtain:

o (4.9)51*

i>1 . (h10)

Egs. (4.9) and (4.10) provides us with a simple recursive relation for
solving the terminal-pair reliability problem. A computer implementation of

this relation-is given .in Algorithm 1 which is in the form of a recursive -

procedure written in Pidgin ALGOL'[151. -

To measure the'"amount of _computation envolved in evaluating R(Ul’ U,,

Ui) we 1etj:,ni" be the number of recursive calls in Algorithm 1. TFor

. 3 =1 it is obvious fhat: '

| n =1 C(4.11)




PROCEDURE R(U;, Up, ..., Ui):

IF . i =.1 THEN RETURN H x

9
2eU,
i

ELSE

BEGIN

FOR k< 1 STEP1 UNTIL i - 1 DO

Viﬁ““&f Uy

. R'(f' R(Ul’ Uz, -..,~U.

.. Algorithm 1: - recursive procedure for solving the terminal pair

‘reliability problem.




-namely one for R(U;, U

: [7 Alcorlthm l]

sented-;n_Appeank

For i > 1, to evaluate R(U o UL we first make 2 recursive calls
s 1s 17 s

. U

29 ! —l)’ and

i—l)‘

recursive calls. Hence:

gach of them in turn will make ni-l

n, =2+ 2n " - (4.12)

Solving the difference equation (4.12) with Boundary condition (4.11),

we obtain:

P}:{Ul use&}‘;()—{ Xz),
LeU, '

L L

=1 j [ 1( ), 2(1),.

'_'the evaluatlon of Pr. {U used} using Algorithm 1 will necessitate

5 nA[7] a recursive algorlthm [7 ATgorvthm 2] for . the ter—
mlnal palr rellablllty problem is also proposed Wthh requlre 21f1 -1 re-

cursive calls. No serious attempt will be made here to compare the efficency

of our aloorithm'with those in [7] except to observe that our Algorithm 1

appears to be 51mpl r. 1n form A PL/l implementation of Algorithm lvis‘pre—

ther w1th the computer ootput.,o

‘ Under some Cl, umstances, Eq. (4.9) may be simplified:
k=1, 2, ... i - 1, then:

XSL + (1 - i ‘ '}:_2’) R(Ul, UZ’ .oy Ul—l) '
2€Ui : . ~ (4.15)

T-14

i>1 L - C(413)

1, .;_“5:1>(4:14)' .

‘rédﬁrsiﬁé‘calls; uIﬁ [7];féffééursive.algofithmwis propoéed.i”"

;lTﬁrecur51ve calls in-order to calculate Pr {v; used}'_:ig.ffi



v # # S 3
N PPN A

k

_ i1 :
R(U;, Uy, eny U) = R, wvny U ) []]j(l - x )]}1_ .16)
. | : U 3

Re k_

2. When the U 's are disjoint, then:

The second term in Eq. (4.16) is actually equal to Pr'{Ui used} and

we do not need the function R to evaluate the latter.

U, may be devicded into two disjoint

3. If the paths T, U

1> Ugs voes
e, nanedy Oy ) e e By Dy e
.. ,4Ujk) | |
R Ujl;__)' R(Ujk+i ey Y S wan

Although Eqs.(&.iSl-4.17) simplify the calculation, they are’probably

not advantageous for compu;er 1mplementat101 due to the SubStaDtlal ccmputa—'

thon requlred to verlfy the condltlons under whlch thev hold : They should be

‘used only'ln'analytlgal analy51s.' o -?ff  l.> 4 fif‘} .

Successive Office Control Strategy

In SOC, - alternative choice of outgoing links for a calli are permitted
at tandem nodes and the choice at a tandem node is independant of those made
at other tandem nodes, both in the past and in the future. ‘Furthermore; with

SOC, a call is routed to the first tandem node of a path if its first link is

free.”'These;prdpeities will help us to derive a simple analytical formula

for'pétﬁ usage{probaBilitiés for networks with SOC.

Let 'Vi be the set consisting of those first links taken from

where Ul’ U2, vees U ... are successive paths in a |

Ureiyr =00 Yim1qa)e i

path-loss sequence. Let us retain in Vi only distinct links, i.e. lvil < i

1-15




It can be seen that Vi can be constructed solely from the completion

_path P.'s. 1In fact, let Lk‘ be a loss-path found between P, and Pi.

By definition, all 1inks in Lk except the-last cne which is a fictitions

"empty link', are overlapplno links with some completion path, say Ph’ imme-

diately before th Since Pi has no "empty link'", we have:

Lh‘—_\PicPh—Pi S : -

This meansﬁthat he flrst link of Lk( ) is also the first linkK of

k—l( ) Hence 1n constructlng V., ;> we can entlrely ignore the loss- paths

" Frqm Eq.u(é.Bjmye heﬁe:

?t'{Pi used}‘— Pr {Ul( )3 Z(i) "f.Ui_l(i)

congested}.

L (4.18) )

"]fSince'in_SOC:e»link*set U is conoested_if its first link is com-

k(1)

‘ gested from the deflnltlon of the 11nk set. V :itfcan be. seen easilyethat:

Pr {Ul(l)’ 2(1)’-"’ Ui—l(i) congested}:

= Pr {all 11nks in V ,areAcongested}>

H(l—x) S (4.19)

. x eV

Substituting Eq. (4.19) in Eq. (4. 18), we obtaln A

[ﬂ @ - x )] S .20

26P : meV

(4 20) ylelds the desired path usage probabwlltles for networks

with SOC.. The node—to—node grade of servtce (NNCOS) for a netwo*k under




‘ ~ S0C is thus given by:

om—y st B ) .
. NNGOS = 1 —j} (jt{-x£)[} (1 - x )] : (4.21)

As an example,’let ys consider the path-loss sequence generated by o

the augmented rout: tﬂree_{shown in Fig. 3. The e;\}ent ?'P is used occurs \;'f_.

: llnk OA is congested (otherwse Pl' or le

is used), link OC is free (Otherwn.se L8 is used) llnk CA is congested

(otheﬁ;’ise E = 1s used) and llnks CB, BA and AD are free ' Hence:

=gy (s gy

.

" ¥cad¥cp ¥pa Fap | B

= Fga) (L= %p) (1= %0 ) %00 %op ¥pa *ap- (4.22)

as)
[

= {04, AD},

2"
!
d
t

{OB, BA},

d
- 'l
+d
!

= fon, A2

so thati o
e “{0a, OB, CA).

Using V, in Eq. (4.20), we obtain (4.22). This verifies Eq. (4.20)

for the augmented route tree of Figure 3.




5. CONCLUSION

We have provided a.iramework for modeling circuit-switched networks
- which takes advantage of results in Queueing Network.Theory and of most
recently advanced ideas for circuit-switched analysis, namely, the use of
augmented route tfee-and recursive programming technique. By modelihg a -
‘:petwork %épk as a clgggd qggyeing network with multiple service classes,
we have'éffeféd:aIFimplé éﬁd.direét proofiof Erlang's formula for the

situation in which the link is offered multiple streams of Poisson traffic

~with different: eapfholding_times. This result is of special importance

because modern circult-switched networks are carriers of an increasing

number of distinct- telecommunications services. Furthermore, our queueing

¢ petwork mo beemployed to- answer ‘performance - related questions

© concerning each.service class. The ecalculation. of path usage probabilities

d"lbékiﬁg piobabilitiesihaS:alﬁayégbeen‘a_difficult probiem}

"We have demonstra that- the use of recursive programming technique offers
~form of a rgcursiVé5algorithm. The availability of many programming lan-
guages with recursivity facility and computer systems with virtual memory
makes our. algorithm practical for circuilt-switched networks analysis.

Finally, for the very .important class of circuit-switched networks opera-

R

. ting under.Successive office routing control, we have derived an exact .for-
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Figure 1l: Iterative algorithm for network modeling =~

I-19

M



® )y
Py U : _
no | T . .v E
] _——'.*—%"pz . ®

:Clbsed queueing network model for telephone
'« trunk groups. s ‘ '

A

Figure 3: Example of augmented route tree for an 0 - D
node pair with 5.0.C.

1-20



‘ REFERENCES

[1] M. Finley, Jr., and T. Vo-Dai: "4 Fechnical and Economic Study on

the Impact of the Introduciion of Ilew Services cn Existing Telzcom-

= munteation Networks", Final Report submitted to the Canadian Depart-

ment of Communicatiéﬁs under Contract No. 20ST.36100-9-9525, MSS . . -

Serial No. 0ST79-00036, March 1980.

L=

[231 D. Ferrarl- ’%bﬁputer Systems Performance fuaZuabzon Prentice-

N _Hall Inc'* Englewood Cliffs, N.J., 1978.

[31 s. Katz: ”Stabzsuzcaz Performarce Analysis of a Schuwitched Communi—

ffcabzon Ne*work"

. Proc' 5th Int 1 Teletrarflc Concress, pp 566- 579

TiR.I, Wilkinspﬁ:

’U%eory Jor TOZZ Traj]zc Eﬁgzneerzng n bhe U.S. A.

o __1§SIJ;.V91: 35, pp. 421-454, 1956

[5]* P M Lln, J Leon and Chrls R. Steward '%naZusis of Ciwcﬁit—Switched :

-Ne*works ZmPloyzng szgznabtng - Office COﬂbTOZ with Spi Z Forward",

IEEE Trans. on-Comm., Vol. COM-26, No. 6, pp. 754-765, 1978.

)

[61 R. Manfield and T. Downs: "On the One-Moment Anzlysis oF TeZeDrol

o Tﬂd]_/'b@ zvemorks" . TEEE Trans. Comm., Vol. COM-27, No. 8, pp. 1169-

, 1174 1979

,‘ -

[71 W'S *Chan5”UReé?wsiﬁe Algorithm For Computing End-to-End Blocking in
a Rebgork wzth Arbﬂtrarg Routing Flan'', IEEE Trens. Comm., Vol.

COM—28 No 2 pp 153 164, 1980.

I-21



-

[8] M.D. Gaudreau: "Recursive Formulas for the Calculction of Point-io-

v

Point Congestion”, IEEE Trans. Comm., Vol. COM-28, No. 3, pp. 313~

316, 1980.

(9] P.M. Lin, R.J. Leon and T.C. Huang: "4 New Algorithm for Symbolic

System Reli abflauy Analjsas”, 'IEEE Trans. on Reliability, Vol. R-25,

’z
) X [

pp. 2-15, 1976.° -

[107 D. A Calabrese M. wischér,'B;E. Hoiem and E.P. Kaiser: "Modeling

-a Vbaco Ne*work wzth PTeempuaon" IEEE Trans. on Comm., Vol. COM-28, ':

No 1'11980

[11] J.P. Buzen: "Qyéuéing N”t' rk 4odezs of.MuZtiprogramming”, Ph.D.

JIhesis,‘p%vis £ Englneerlng and Applled Sc1ences Harward Univerf_

K51t§,ﬂcéﬁbfi&§é,aMass. 1971 o

x>

'[12];3'i Basket K M Chandy, R.R. Muntz and F. G Palac1os 'Tpena Closed-}

'*5“and?ha ed Ne*works OJ Queves wtuh DaJJerenb CZasses of Cvstmers

_ Jopr ACM Vol 522 ho. 2, pp. 248 260 1975

[13]° H. Kobayashi: "Modeling and Analysis: An Introduction to System Per-
y ng Y oY
Formence -Evaluation Methodogy", Chapter 3, Addison-Wesley Publishing

Company, 1978.

[lé]l}D Gross and C'M Harrls ”~vndamenuals of Queveing Theory", John.

266 272, 1974.

LR

.[15] A.V. Aho, J.E. Hopcroft and J.D. Ullman: "The Design and fnalysis of
Computer Algorithms", Addison-Wesley Publishing Compagny, pp. 33-39,

1974.

1-22




o

(161 J.P. Buzen: "Computational Algorithms for Closed Gueueing Networks

with Exponential Servers', Comm. of the ACM, Vol. 16, No. 9, PP

527-531, 1973. -

I-23




APPENDIX A

SOLUTTION OF THE QUEUEING NETWORK FOR TELEPHONE LINKS ‘

The closed queueing network shown in Figure 2 belongs to the class

of separable networks which have been studied intensively by computer scien-
. .

tists [12,13]. The state of the network is described by a vector:

em) - B LD

M.

t[Al/s(N')i_l“T[jiEei. 1/M'i(ni')3;. S (a3

(-8

(A-5)
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Substituting Eqs. (A-4) and (A-5) in Eq. (A4-3) we obtain:

n
n . i
a/mny ©M ey /ug)

G (W) o, .
i=1 *

(A-6)

P(n) =

W
where G(N) = eg/S(N)

To obtain 'G(N); let us apply the convolution method [16]. Define T
as the probability of finaing k calls simultaneously in progress. From

(A-6) -we -have: | n,

G(N) (_) Z }? , o (A-7)

i=1

where the sum ° E - is oﬁér all possible 1 T

Dy Doy e Ty _such that n

o k.liﬁsingfthe‘algebric relation:

~'}T'ni _kl Z_: o EE

we obtain:

Z M=l | L 10

T TS S
@/m" S Dy ey /e 1K
k=0 i=1 - -

i

N k- -
(/xy” Z (A /w) : ‘ (A-11)
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where yu is defined as:

M

u o= E pi/ui . o : o (A-12)
=1 o o !
Substituting Eq. (A-12) into (A-7) we havef
- - LT )‘ R .

_ /!

S e

k

oM
(A /1)
=1

i

Pr_fni = k} S

(ps/up) /(i) |
y M . o

i | n . I'l_
' 2 am ’ ﬂ (2, /1)) J/njl (A-14)

3=I
j=i

. _K[‘ﬁk"

- ' is over allibectqrs (n,.m, N Moy Tiis ees
Dﬁ) Sﬁéfi:ﬁ-tﬁé‘f: N 1‘10+n1+ .+ n, + n + o+ n, = N — k. The summa-

“tion can be evaluated by the convolution technique and by using Eq. (A—S).

We have:
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‘ = k . | A\ ‘»
® P 00 = (@ /n )/ (kIE(D)

| - : N-k y
~ 2 tamtE g Zﬁl (o, /u,) T"/mt)
o 20 . “itTd '
j=1
i
From this, we obtain: -
o X,
(k)= S(N,k) (a//k:)
M 0
, 1 _
_:§ : (pi/gj)] [m.} : (A-15)
5=l o o
j:i

(a-16)
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APPENDIX B

PL/1 IMPLEMENTATION OF ALGORITEM 1

In this Appendlk, a PL/l implementation of AlQOIlthT 1 is given_

under the form of a PL/1 recursive procedure as:,

"PROCEDURE (U, PATH U, I1,X;P,T) RECURSIVE

"’ The. user stores the augmented route tree in the array U, specifies

completipﬁ>aﬁd‘10551patﬂe_by the array PATH U, the number of-paths By the

integer I link availabilities by the array X. Path usage probabilities -

w1ll be stored-in'the ”tay P if:theieser sets T=Qﬂ

‘-Llnks avallabllltles x .y are.stored in addresées_X(l),

2’

rray. X Path U 1s stored 1n U in a sequence of contl—

ko
'ng at address PATH U(k) nus; the elements PATH U(l)

Listing of‘tge PL/1 recwsiwe procedure for Algotithn;l together
with listing of the main program to evaluate path usege .protabilities of
an augmented route ttee are given in the following. Also included in this
Appepeg%:?e"tuﬁetie;i{teSults for the.eugmented route ttee depicted‘in

Figure. 3 for: -

: Xp = 0.92 , ¥, =012
X, =0.98 X, = 0.82 Xy, = 0.37
XKD = 0.87 R

Numerical results agree with Eq,A(Q.ZO) as should be.
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RIPROCIDUREZ(USPATH_Usl o X4PsT}

SODURCE LISTING

R:PRDCEDURE(U DATH_ Uy I +XePsT) RECURSIVI,

CECLARE (U(*) PATH _U(*)+V(50).,0ATH V(SO))

(1,
i
chc

J-K,L NTY

+) D(*) PR, XL,P1)

DO N=PATH_ U(I) TO PATH U(1+1)~1'

LoxL o= xC-
END; 0 as

=170 I-13

PR =

RETURN(ﬁ?i:

# X(U(N))v_

= PR}

PATH V(l)

“U=PATH U(N)VTO PATH U(N+1) -

PR = R(U'DATH_UII"I’X$PF1);

END

PE & PI;

1% _

DO K=PATH_U(I) TO PEIH_U(I+1)—1 .

ST WRILE TUCKY = Ul Y :
END: -
F.oK= PATH u(1+1) THEN

TviL) = .uu);i__:z- + 1
PATH-V(N+1) = L3
”’R(v PATH_ Volo1l+XsPi11) % XL}

TN
™ vt 4
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ANNEX TI

A PL/1 Program for Traffic Analysis in Circuit-Switched Networks

(Un programme en PL/1 pour 1'analyse de la performance de réseaux Commutés'
Téléphoniques) L '




r};r Dnort

ABSTRACT ' ‘

In this report, the ETARET package is presented. In the first section,
a user's guide is given in which will be found a description of the various
options aVai]ab]e, of the error messages and of input card formats. In the
second section, a programmer's auide is given in which for each program in-
volved the following are specified: a definition of the function reealized
by the program, its logic diagram, &.dictionary of variables used and its

1isting. Finally, an example of the use of this package is q1ven

=2

-;»RESUME“

_ On presente dans ce. raDporu 1e packaoe ETARET. La prem1ere section du
: rapport represenue un gu1de a 1'usager dans lequel on presenbe 1a descrip-

,t1on des optwons d1spon1bles ail' usager, la description des messages d'erreur,

ainsi que 1a descr1pt10n des cartes de donnees Dans la deuxi&me sect1on du

_?on presente An.gu1de du programmeur dans 1eque1 on. donne pour:”

'chaque programme 1eS“Anformat1ons suivantes: une definition de la tache~" 
qu accomp11t 1e programme,»son diaaramme logique, son d1ct1onna1re des noms
des variables emp]oyées a1ns1 aue 1' 1mpr1me du programme. Pour terminer, on

montre, par ] entreste d un exemp]e d‘ut111sat1on chment employer C_e.io’~
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régler des affajfégf

‘_connues,mon retrouve 1

INTRODUCTION

Depuis qu'Alexandre Graham Bell a inventé le té]ébhone en 1876,
cet appareil a connu un essor prodigieux. Aujourd'hui, i1 occupe une

place de premier plan dans la vie de tous les jours.des &tre humains. Que
- Y ! . . e
ce soit pour annoncer uhe bonne ou une mauvaise nouvelle, parler a un ami,

“J.., le téléphone est le moyen de communication qui-

est le plus émployé;_QD'iciAque1ques années, de nauveaux services tel. .

VIDEOTEX serontféfférté'aux usagers via les réseaux téléphoniques. I1

est donc indispensable que ces derniers maintiennent ou améliorent Te

‘niveau de la qualité de leur service. Par conséquent, i1 est trés impor-

: es nouveaux réseaux ou de bien analyser 1 1mpact

reseaux ex1stants

Z;ﬁT exisfeup1ﬁsﬁeuféftechnigues."Parmi 1es plus

 s1mu1at1on et Ta mé hode:ana1ytique. La premiére _",‘i

" nous permet apres avo1r congu un. mode]e du réseau té]ephon1que, de .

1! expér1nenter sur un ord1nateur digital pour en etud1er Te comportement

Pour ce qui est de la deuxiéme, cette derniére nous donne la possibilité

" de paramétriser Te modéle du réseau téléphonique sous Torme d'equations

mathemat1ques © La résoTution de ce modé]e‘mathématique nous permet d'en

‘Kder1ver ]a so1ut1on anaiyu1que qu1 est ut111see pour pwed1re le comporte—

ment dud1t‘reseau .




. L'objectif de ce travail consistera a développer un outil

informatique qui fera 1'analyse des performances d'un réseau té€léphonique

quelconque. La :te'éﬁn'ique d'analyse utilisée sera la méthode an'awtique.




GUIDE DE L'USAGER

A) Introduction , -

ETARET est un'pactage qui effectue ]‘étude analytique d'un réseau

te]ephon1que Sa concept1on est basée sur ]e package STARTUP Les buté

de ce- dernler sont 1 ana]yse des performances et 1a mise & Jour de la table ~

d' achem1nement des reseaux télephoniques qui emp1o1ent la stratégie 00C

avec SPILL FORWARD LOUt en cons1derant les temps d' etab]1ssement des appe]sr

- comme étant neg]1geab]es.

Gf'Da s ETARET,

' formances du package STARTUP En fait, elle ne’ consL1tue que 1e sque]ette>

d'ETARETf&éNZ_'"'L breusAé:mod1f1cat1ons ont ete effectu ges. Parm1 ces

qernieres,i es p]us 1mportantes sonL ]e remp]acement des a]gor1Lhmes d a-

chemihemeﬁL:(generat1on?des arbres) et du ca]cu1 de ]a'probab111be qu'un .

chemin soit utilise.”

Dans STARTUP, 1'talgorithme d'acheminement, en ne permettant qu'uﬁ

noeud SPILL entre chaque Or1o1ne DesL1nat1on, n observe qu une part1e de

_1a def1n1t1on de ]a strateg1e 00C avec SPILL FORHARD et par consequenL ne_ '

' represente qu un’ casftres part1cu]1er d! achemqnemenb dans Tes reseaux ‘

e]ephonloues Quanuﬁa t;a]gor1thme du calcul de probab1]1te, ce dernier.

a étée d e]oppe pour sat1sfa1re les besoins du'cas décrit ci- haut De
plus, 11 11m1be encore p]us les types de réseaux traités puisqu'il n ' au-

torise que c1nq (5) chem1ns entre chaque paire de noeuds Origine-Destination.

I1-3

s n'avons conservé‘dueﬂla partieTanalyse des:per- -«



_‘qu1 est presentee‘f'”“

SPILL FORWARD puisqu1e11e est presentement en déve loppement.

M. VO- DAI liéu'*:'-“ [

a 1 autre (PROBOOC)

Donc, 1'aspect trop restrictifs des algorithmes nous ont forcés & en

développer d'autres.

Etant donné aue 1'un des buts de notre package est de permettre

1'analyse des performances de n 1mporpe quel réseau. Le1ephon1que, nous

avons 1mp]ante les tro1s () stratégies d acheminement 1es plus. connues

Y —

soient: soc ooc et 00C avec SPILL FORNARD “Dans -la version du paokaoe .

 dern1ere ne. cont1ent pas 1a erdteq1e 00C avec |

“Pour ce ouf'est?du calcul de 1a probabilité qu'un chemin soit

utilisé, nous avons 1mp1anpe deux (2) a]ror1thmes qu1 on &té concus par

\"xp11ques dans 1a part1e theor1que de 1'annexe I;

~D1sons LOUt s1np1ement que 1'un de ces a]qor1thmes (PROBOOC) est recurs1f

'et qu 1] peut rea11ser Te ca]cu1 de Ta probab111te pour les tro1s (3)“:.‘

techn1ques d achem1nement’que nous avons menp1onnees precedemment Quant .

11 correspond 3 une formu]e ana1yu1que qu1 Deu Etre
emp]oyee que pour Ta strdteq1e SOC Cependanp, e]]e est tres avantaqeuse

car e11e nous permet de sauver du temps CPU.

F1na1ement, 11 est a noter que tous les autres proqranmes (MAIN

ACTGOS BLKPRB TTPOLa*et SORT 1), pour accommoder les nouveaux a1q0r1thmes,

ont sub1 des mod1f1cat1ons_ La p]us 1mportanpe est survenue dans le pro~~'

'gramme BLKPRB Ce dern1er ca]cu1D 1e GOS d un. 11en en utilisant 1a fornu]e

d' ERLAQG 'De 1a manwere dont cette dorn1ere a &té proarammée, elle 1mpose
une limite quant au nombre de TRUNKS que T'on retrouve dans chaque lien.
C'est pourquo1 nous 1 avons reproqramme&en utilisant un algorithmes.de re-

currence pour Jadmpe formuTe.»
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B) Caractéristiques d'ETARET (options)

ETARET, dans'1a version qui est présentée dgns cé rappért, est
congu pour traitef qufﬁze (15) noeuds, cenf cinq,(105> 1iens ef vingt-cing
(25) chemins entre‘chaqqe_paire de noeuds Oriqine—déétination._ Mémg‘si~
ces chiffres semblent trés restrictifs quant aux réseaukigui‘ﬁeuvent‘étre.

analyses par 1! enLremnse du package, i1 est & noter que ces 11m1Les peuvenL_b\

stre 1evees en mod1f1ant:tdut simplement 1es d1wens1ons des vecLeurs et

des matr1ces emp1oyes dans les programmes du package

" Pour donner plus de flexibilité a 1'usager, ETARET offre les options

' ;2 ENUMERATION DES CHEMINS

r
H

Vff?A”ﬁ%;ffﬁfaé'Téf@agie;d'achehinement;'1eéia1gérithmeélPATHOOt‘ét'*:
e :ﬁf:bATﬁéOC'éb%f;;ﬁé;tzfpour>un réseau dohné;‘foué 1es:chém{ﬁs entre
»Vchaqﬁé paire;dé?nerds Origine-Destination (Arbre dfacheﬁinement).
" Les chemins sohtAgénérés comme une séquence de noeuds a ﬁaftif |
de 1'origine jusqu'd la destination.. L'ordre de la Qénéfation des
Origine-Destination est: 1-+2, 1+3, ..., 1=N, 2=1, 2=3, ..., N=1,
N2, NN

NNPPO’ésf.1a Qé}iab&é QUi;contr61e'1'o§tion d'impreséion des arbres
d‘échemineﬁent"pour chaque paire de noeuds Origine-Destination.
Lorsque,

NPPO - 1, tous les chemins pour chaque paire de noeuds

sont imprimés.
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2.  STRATEGIE D'ACHEMINEMENT

. . Partout ot 1'on a plus d'un chemin pour compléter un appel, il est
nécessaire d'établir une stratégie.d'acheminement pour déterminer

les routes’ poss1b]es ainsi que leur ordre de préférence. - Il existe

| lusieurs régles pour le contréle de']'ap el. Dans cette VETSion
9 S

d'ETARET seulement deux (2) d'entre elles ont &té retenues: S0C

et 00C. " 2
ROUSTR est 1a variab]e qu1 cont1ent la st1ateo1e d' achem1nement

cho1s1e par 1 uu111sateur

Lorsque,.f

ROUSTR % ‘SOC‘ , la stratégie d'acheminement suit

. les régles de SOC.

- “ - ”“'; ;ul;“gg;pﬁ.ROUSTR;+3fOOC3,,_1a,stratégje d'acheminement suit

]esirég1es>d'OOC.~

A part1r de 1a1;ab]e d achem1nement et du GOS (GRADE O?'SERVICE)-f

":‘de chaque‘he TRUNK GROUP), on camne Te terme [pR(D1 usgd\]

'net 1e traT1'_am;ne fpar chaque chem1n de J'arbre d' achem1nement

‘:d,une_pa1re'dé?ndéuds Origine-Destination.




NDPO (Detail Printing Option) est la variable qui contrdle 1'option

d'impression des valeurs qui ont té caluclées i.e la probabilité

d'utilisation d'un chemin et le trafic amené par ledit chemin.

Lorsque,

NDPO < 1, en se basant sur la table d'acheminement,

la PR [Pi used] du i 1&me chemin et son trafic

associé sont imprimeés.

.;ﬂNQPO;+10:31ioption d'impression est supprimée.

“LES UNITES!D TRAFIC

,Les un1te es va]eurs que 1 on. retrouve dans Ta matrwce du trafic

Cependant

;Tes sortwes du programme sont oujqurs indiquées en termes de CCS.

©LUNIT (LQAD\UNiT) est la variable qui géfe_cette.option

Lorsque,

- LUNIT +~3CCS',31eS valeurs que 1'on retrouve dans

 la matrice du trafic sont considérées

" Comme &tant en unites de CCS (HUNDRED
* CALL SECOND). |

CLUNIT < 'ERG', les valeurs que-1'on retrouve dans la

matrice du trafic sont considérées comme

gwant en unité d'ERLANG.
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T i’_'(OVERLOAD)

LA SURCHARGE DU TRAFIC OU LES HEURES DE POINTE (TRAFIC OVERLOAD)

La performance d'un réseau est généralement analysée en utilisant,
entre les paires de noeuds, la va]eur non1na1e du tra|1c Cependant,
ourant une Journee i1l y a toujours des heures de pointe eﬁ par con-
séquenty la surcharge du réseau est tres Trequente. | ‘

_ N | 3
Pour pouvo1r ana]yser les effets des heures de po1nte, nous avons
-1nc1us dans ETARET une option qui nous permet de mod1.1er ]es va-

1eurs contenues dans Ta matrice du traf1c

RATE est 1é variab]e gui contrdle cetté option. Eile nous indique

"s1 1! on se retrouve dans - une cond1t1on normale, de surcharqe

e ods;charqe (UNDERLOAD) du réseau.

N3Chaque element de 1a matr1ce est mu1t1p11e par cente var1ab]e pour
"iformer une. nouvelle matrice. Par Gkemple, s'il Yy a une augmentatwon‘ _
de~1OA du:traLlc.awune heure quelconque de la journée, 1a'var1ab1e
RATE sera initialisée a Ta valeur 1.1.
La spécification de la condition dans laquelle on se retrouve est
faite comme. suit:-
o pATE g
- N Ou’ “ .. ) :. . . - K

q>1 indique que le réseau se retrouve dans

une conditian de surcharge.

q =1 indique que le réseau se retrouve dans une
-condition normale:
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LA SURCHARGE DU TRAFIC OU LES HEURES DE" POINTE (TRAFIC OVERLOAD)

La performance d'un réseau est généralement analysée en utilisant,
entre les paires de noeuds, la valeur nominale du trafic. Cependant,
durant une journée i1 y a toujours des heures de pointe et par con-

séquenti la surcharge du réseau est trés fréquente.

e}
Y -

' POJr pouvo1r ana]yser Jes efrets des heures de pointe, nous avons

1nc1us dans ETARET une option qui nous .permet de mod1|1er Tes va-

. Tleurs contenues:dans la matrice du trafic.

RATE est 1a variab]e qui contrﬁ]e cetté option. Eile nous indique

' 51 1 on se reLrouve dans une cond1u1on norﬂa]e, de surcharce B

ous charoe (UNDERLOAD) du réseau.

";Chaque e1ement de 1a matrice est mu1t1p11e par cette var1ab1e pour '
' former une nouve!]e matr1ce ~ Par exemp]e, s'i1 y a une augmenta’mon~

de 10% du traf1c 3 une heure quelconque de la journée, la var1ab1e‘a

RATE sera 1n1t1a11sée a‘1a valeur 1.1.

La spécification de la condition dans laquelle on se retrouve est

- faite comme suit::

S ou, . SO o .
C7? - -g'> 1 indique que le réseau se retrouve dans

 une condition de surcharge.

g =1 indique que le réseau Se Yetrouve dans une
-condition normales
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”_\ABTAUX est ]a varxab1e qui contro]e cette opuwon E]1e contient

&tgle nombre de repet1t1ons des. ca]cu1s i.e. 1e nombre de condnt1ons . |

9.

_1_;que 1'on veut

q <1 indique que le réseau se retrouve dans une
condition oli la quantité de trafic dans le réseau

“est sous la condition normale.

Finalement, i1 peugéétre intéressant de vérifier 1'effet, sur le

GOS du réseau, de b]usieurs conditions; te]]és que ]a surcharge‘de\T?_

' 10m; de 207_et de‘30% et la sous- charqe de 5/, oe 15% et de 20%.
-Nous avons dpnc>jnc]us dans ETARET une option qu1 permet, pour d1ffe~

‘féhteSiVaTéﬁ;ééﬁéf}a variable RATE, 1aAreprise'de tous les ca]cu}s.

'mﬁer

) LA VARIABLE BPMAX

BPMAX est une variable qui nous indique la probabilité de blocage

maximale pour toutes les paires de noeuds Origine-Destination.




C) Messages d'erreur

Dans ETARET, on retrouve plusieurs messages d'erreurs. Ces

derniers peuvent &tre facilement interpr&té&s par-un usager.

Un message est imprimé quand un de ces événemenis survient:-

A- Les CaY’LES contenues dans les cames

" de donnees sont hors sequence.

B- Une carte décrivant la confiquratioh .
fdu réseau ou de la tab1e d' acheminement -

‘"g“a ete oub]1ee,

fC- La tab]e d'acheminement contient des
" .chemins i1légaux.

Lorsqu une erreur est detectee dans 1es cartes de donnees
ou dans la tabTe d achem1nement (ROUTING TABLE), on Lerm1ne Bk exé-
. cut1on du proqramme ; lout dépendant de ] erreur d]aqnost1quee, un -

des messaqes suwvanus apparait:

A-  “TRAFFIC LOAD UNITS INCORRECTLY SPECIFIED®
‘ EXECUTION TERMINATED"

B~ “"ROUTING STRATEGY INCORRECTLY SPECIFIED
© EXECUTION TERMINATED"

C- "THE ORIGINAL ROUTING TABLE HAS AT LEAST ONE LOOP
IN IT.

LOOP WAS ENCOUNTRED OM THE PATHS FROM _ 70
EXECUTION OF THE PROGRAM HAS BEEN TERMINATED"
. 11-10 ‘



Un autre message d'erreur peut &tre rencontré quand le vecteur
contenant le GOS de chaque lien. (TRUNK GROUP) ne converae pas vers une
valeur. Cette dernié%e correspond & une 1im1ié_ei esf 1niti§1isée_

"~ dans le programme. La forme du message est:

AFTER 20 IIERATIONS ALL ACTUEL TRUNK GROUP GOS COULD NOT BE
DETERMIRED WITHIN AN ERROR BOUND OF

 ,IHE TRUNK GROUP -GOS ARE ASSUMED TO HAVE BEEN DETERMINED
WITHIN AN ERROR BOUND OF

Lorsque cette erreur est rencontrée, on ne termine pas 1'exécution

du programmé.
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D. Description des cartes de données

Dans cette partie du rapport, les cartes de données requises

pour obtenir 1'analyse des performances d'un réseau sont présentées.

C—

.

= Avant de préparer les cartes de données, i1 faut s'assurer gue les

étapes suivantes ont é%té réalisées.

C ETAPE T -

Nghéro£3f4ﬁous les noeuds du réseau de' 1 a NS:-et tous

e Tiens de 1 & NL. NS et NL sont respectivement

le nombre de nceuds et de liens que 1'on retrouve dans.

raphe du réseau.

' ETAPE 2

;x;g_lfAttnibveﬁ é chaque lien un nombre de trongdns (TRUNKS){',

.. ETAPE 3~ -~
~Si vous ne disposez pas d'une teble d'acheminement pour le
réseau alors en préparer une tout en vous assurant qu'elle

" ne cantient pas de chemin il1lé&oal.

L ETAPE 4

Obtenir la matrice du trafic pour le réseau.

ETAPE 5

Choisir la valeur de BPMAX et les options que vous

youlez utiliser.
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CONDITION DU~ RESEAU ,
(SURCHARGE NORMALE SOUS CHARGE)ﬁ

ﬁDMBRE DE CONDITIONS A VERIFIER '

,DESCRIPTION DE LA TABLE D' ACHEMINEMENT
DE LA MATRICE DU TRAFIC ET DU
' NNGOS PONDERE =

el-I1
t_d

'DESCRIPTIQN‘DES LIENS

(/ DESCRIPTION DES CARACTERISTIQUES 0U RESEAU - ; |
(/CARTES DES OPTIONS ' '

FIGURE 1 - SEQUENCE DES CARTES DE DONNEES DU PACKAGE ETARET



La procédure pour traduire ces informations en cartes de
données est simple. La figure 1 nous montre la séquence des cartes

de données du package ETARET. Dans les paaes qui vont suivre, nous

allons vous donner la description de chaque carte de données.

T
=

-
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@ MUrERO DE | | - HUMERO DES
LA CARTE DESCRIPTION ~ COLONMES

1 : CARTES 'DES OPTIONS

A- IMPRESSION DES CHEMINS o -

Sﬁ cétte ption est désirée, on place dans ce s 1.
~Tich ;Teur 1 (NPPO + 1) autrement on '
“"p1ace 1a va]eur 0 (NPPO <« 0).

B- PROBABILITE D'UTILISATION DES CHEMINS AINSI
QUE LE TRAFIC AMENE PAR CES DERNIERS

“'l 51 cette opt1on est deswree, on p]ace dans ce champ- o 2
?f1a va]eur BE (NDPO + 1): autrement on place la valeur
. 0 (NDPO.< D).

CHOIX'DE L'UNITE DU TRAFIC - | |
'A.]— “On’ p1ace dans ce champ la chaine de caractéfeg' . 3a
CUUITEES TS Te trafic est en unités de CCS (HUNDRED

- CALL SECONDS) -

o

2- On place dans ce champ 1la chaine de'caréctéres '"ERG'

si Tle trafic est en unités. d'ERLANG.

. D- CHOIX'DE LA SlRATEGiE D ACHEMINEMENT

1- On p]ace dans ce champ 1la chaine de caractéres 6 a8
'SOC';VS1 1'acheminement du réseau suit les régles
de la stratégie SOC.

s




‘ NUMERO DE ' . B "NUMERO DES
LA CARTE DESCRIPTION - : COLONNES -

2- On place dans ce champ la cha1ne de caractéres
"00C"Y si 1'acheminement du reseau suit 1es req1es
de la stratégie OOC ‘

‘ry
3

2 - "DESCRIPTION DES' CARACTERISTIOUES DU RESEAU
o J’Ajf_Oh p1acé aéns ce champ le nombre de noeuds (NS) - 132
B “l,ique 1 on retrouve dans le qwaphe du réseau.
VJ”Oh place. dans ce champ Te nombre de liens (NL) -3 55
n u retrouve dans Te qraphe du réseau. '
. dans ce champ 1a va1eur max1ma1e perm1se 6 311
_pour 1a probab111te de bTocaqe (BPMAX) .
DESCRIPTION DES_LIENS
~."A4~.Dans ce_champ , On 1nd1cue les. deux (2) noeuds - f; .A;,:1 ad |
Iﬁauxque1h:se rattache un Tien <77 U
2]_1Prem1e fi STl o hi“f“' B -1
2- Deux1eme Noeud _ | - 3aa
B-~ On place dans-ce champ le numéro du lien 5a7
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. NUMERO DE : \ ~ NUMERO DES
LA CARTE _DESCRIPTION ' : © COLONNES

C- On p1ace'déns ce champ , le nombre de {Fongons (TRUNK) "~ 9 & 15

contenu dans le lien. . -

. (34 N) a : DESCRIPTION DE LA TABLE D' ACHEMINEMENT-DE LA :
L (3 L)+ NS NS'IH) MATR‘ ' U TRAFIC ET DU NNGOS PONDERE (NNGOS WEIGHT) .-

> )“‘-,
i .

Dans ce: champ “on indique Te numéro du noeud _ R 132
'i*d":origi‘ﬁé' 1%) ‘
. B- Dans q¢ gh§mp5;on indique. Ye numéro du noeud ‘Lf . 3a4
1 '?4on indique. 1e numero du noeud qu1 ) f.;_ﬁgshé 7
o correspon_.au“pren1er noeud (Noeud adJa ent ou noeud .
A j d' or1g1ne) de Ta route primaire entre une paire de- sy
~noeuds. ORICINE DESTINATION. - o
D- Dans ce champ., on indique le numéro du noeud Qu1 : 8 & 10
correspond au premier noeud (Noeud adjacent au
noeud d‘oriqine) de la premiére route secondaire
_entre une pa1re de noeuds ORIGINE- DESTINATION. "S'i1.
.f - n' ex1ste pas de premiére route seconda1re a]ors on
= place dans ce champ la valeur 0.
_m: E- Dans ce champ , on indique le numéro du noeud qui 11 a 13
. correspond au premier noeud (noceud adiacent au noeud '

d'origine) de la deuxigme route secondaire entre une
paire de noeuds ORIGINE-DESTINATION.
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NUMERO DE

@ .

_ : ' MUMERO DES
DESCRIPTION s COLONNES .

F- SUITE.

S'i1 n'existe pas de deuxiéme route secondaire alors
on place dans ce champ' la valeur O.

= -
%

:::Ff,.Dans ce. champ . on . indique le trafic amené de 14319
T or1q1ne (IS) 3 la destination (ID).

:i G{¥MD§ﬁ§:é§;ch§mp~¢ on indique le factéur de pondération 20 a 25
" du NNGOS pour la paire de noeuds ORIGINE (IS)-
DESTINATION (ID).

:.;EL§4;§¥l:eSt é‘nbéer que dans cetté Version d‘ETARET, un éppe];:
IR ' Bem1ne d'une or1q1ne & une. dest1nat1on peut, |
. chaqueféoeud de son traJet, avo1r, pour pouv01r cont1ﬁuer.
iﬁ5f"son traaét 2 plus tro1S (3) cho1x (1 e qu ) peut a11er

| qxqu;p]us trois (3) noeuds qui 1u1 sont adgacents)

£3 + NL +
(NS (NS-1))1

Sur cette carte, on indigque le nombre de conditions 1az2

~ (surcharge et/ou sous-charge du réseau) que ‘1'on veut

r.— NL + (NS (NS

N 4_pL—(NS (NS-1)) .
T (NBTAUR-T) 3

1))~ CONDITION DU RESEAU

ur
B e)]

Sur cette carte, on indique la condition du réseau 1
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NUMERO DE : : A _ NUMERD DES
LA CARTE - \ DESCRIPTION COLONNES

RATE. BN
1. Si RATE>1 alors on se retrouve dans une

condition de surcharqe. -

—_— J A

'~ 2..S1 RATE =1 alors on se retrouve dans une

* - .. condition normale.

:."3:-ST-RATE<1.--alors on se retrouve dans une

"7 " condition de sous-charge.
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3.

GUIDE DU PROGRAMMEUR

e e e o e e bt . ——

A. Introduction

A pértir du package STARTUP et de 1a théorie présentée

~_dans-Tlannexe.I  .-du rappor*. un programme~utilisant un modéle

Aéhé1ytiqUé, éfété Cohgu Ce dernier est appe1é ETARET (Etude

Analyt1que d un. Reseau Te]ephon1que)

ge;PL/1 a eteé Dmploye pour 1a programmation.

Ce11e c1 S| est ef(ecLuée sur un ordwnabeur IBM 370/158.

A;é;d un réseau té]éphon1que Ce dern1er peut emp]oyer comme eratég1e

m ‘dfachem1nement so1t OOC so1t SOC

S11-200 - - -

;?Tst un package qu1 EIfECLUE ] analyse des pernormances “‘;:_




: . B) Structure des programmes

ETARET est .composé d'un programme principal et de huit sous-

programmes. La figure 2 nous donne un apercu de la disposition des

programmes. Les lignes dans cette f1gure illustrent la structure

des appe]s entre les sous- programmes.

s

Les cases po1nt11]ees renfermant chacune deux Sous- programmes

‘fnd1quent se1on 1a strateg1e d' achem1nement cho1sae, quel est le '

sousfprogrammquu1*est appelé.

“f~tsi“1éf§tfétégie d'acheminement sélectionnée est:

Pour génerer les arbres d achem1nemenu, on ut111se '

’1ehsous programme PATHSOC f

Pour ca]cu1er la: probab111te qu' un chem1n so1t ut111sev

on- emp1o1e 1e sous programme PROBSOC

‘a) Pour générer les arbres d'acheminement, on utilise
le sous-programme PATHOOC

‘ b) .Pour calculer la probabilité qu'un chemin soit uL111se

?:on_emp101e Te sous- programme PROBOOC.

N § 8

* : - .



PRINCIPAL

1

ACTGOS SORT1

A 1

TeOLA | 'BLKPRB

— e e - — e — — i — — o ——

PROBOOC PROBSOC

CALCUL DE LA PROBABILITE
~ QUYUN CHEMIN SOIT UTILISE
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EXPLICATION DES PROGRAMMES

nous ‘avons utilisés pour construire les diagrammes logiques. -

Dans cette section nous donnerons, pour chaque programme du
package ETARET, une définition de la t&che qu'il accomplit, son dia-
gramme logique, son dictionnaire des variables ainsi que son “1listing".

S . -
N .

- La figure 3‘donne Ta signification des symbales logiques que
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SYMBOLES _ STGNIFICATIONS

Le rectangle est employé pour définir une

opération réalisant une action définie

Ce symbole caractérise le diagramme logique.
j'ivl I1 sert & indiquer une décision, un test ou
| une comparaison. Il posséde une -entrée et

deux sorties. (oui,et nOn)T‘ Si Ta condition
... est satisfaite i1 branche au traitement in-
diqué ﬁari}a pqnte.ggi autfement iT braﬁche

.. au traitement indiqué par la porte non.

’

AppéivduAéous-programme qui pdkte Te ndﬁ nom'

;As\\\i\\'
ALEMWRANY

*

Le cercle sert @ indiquer un branchement &

“une autre-partie du.diagramme logique.

Le symbole terminal permet de spécifier des

opérations de départ et d'arrgt d'opérations. _

= L0 FIGURE.3 - .
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Y

e N
e}

1l

Ces lignes se terminant par une fl&che joignent
des symboles des classes précédentes. Elles

servent a indiquer le sens duycheminement de -

1'information. - E1les peuvent &tre horizontales
e

ou verticales. e

FIGURE 3 (FIN)
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1)

ﬁfd achemwnementﬁfhb1s1e, i1 appelle. le sous-programme qui géndre S

‘ :DESTINATIONQ:

Programme principal

définition de la tdche

Le-programme PRINCIPAL du package ET@RET est ce]uiiqui

dirige 1‘ana1yse des performances. Sa premere fonction est de

n.

11re 1es donnees du réseau. Par la suite,‘se]on la stratégie

"1es arbres d achem1nement pour chaque paire de noeuds ORIGINE-

FEnsu1te si les chemins def1n1s par la table'd’ ache—

: m1nement sont sans'erreur, il effectue, par 1'entremise de quel-

ques Sous- programmes 1! ana]yse des perrormances du reseau Pour

term1ne' 1-imprime certa1nes stat1st1ques du réseau telles que i

e eos du réseau et 1a pa1re de noeuds ORIGINE DESTINATION posse—f"';i‘:




INITIALISATION

DIAGRAMME LOGIQUE DU _PROGRAMME PRINCIPAL -

DEBUT
\:

LIRE L'INFO

2~ LA TABLE

RMATION SUR

- 1- LES LIENS (TRUNK GROUP) ™

D'ACHEMINEMENT

%

A

'VEUT VERIFI

LE_NOMBRE DE CONDITIONS QUE L'ON

ER (NBTAUX)

\

" LIRE LA CONDITI
_..SOUS-CHARGE) 1.

ON (SURCHARGE, NORMALE OU
e RATE

,¢udpa;,,;,_i

MULTIPLIER LA MATRICE DU TRAFFIC (TR) PAR

. RATE =

W
i

ES OPTIONS DE L'USAGER ~
““LA DESCRIPTION DU RESEAU

L' INFORMATION SUR LES LIENS
©~ (TRUNK GROUP)

L' INFORMATION SUR LA TABLE
_ D'ACHEMINEMENT

Dl

STRATEGIEa:u“\K, '6UI~
ACHEMINEEENT -

100C"

PATHSOC

L;.

MNNINY

SN

TN

PATHOOC

A

)

- FIGURE 4




_NON EST-CE QUE TOUS LES CHEMINS SONT
‘ EGAUX?

Jout

ACTGOS g |

ot

‘ YECRIRE
1—-POUR CHAQUE CHEMIN

LETRAFIC ACHEMINE PAR CE DERNIER

‘3 LA.PERFORMANCE DU RESEAU e

4= LE GOS DE CHAQUE NOEUD f7f‘“\

Z-LA PORBABILITE QU'UN CHEMIN SOIT UTILISE

2- LA PERFOPMANCE DE CHAQUE LIEN (TRURK GROUP.) ’

SO

(%2

o

=

-
\\\\\\\\\

ECRIRE LES STATISTIQUES DU RESEAU

L~

'DIVISER"LA MATRICE DU TRAFIC PAR RATE

Lr

/", EST-CE QU'IL RESTE DES CONDITIONS
s A VERIFIER?

U e s | NON
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- BP = la non-fiabilite d'un lien

" BPMAXEJ "“

s

.CLDS(IS ID) 1e traf

7 (L)

DICTICNNAIRE DES VARIABLES DU PROGRAMME PRINCIPAL

i

BIGBP variable qu1 contient 1a p1us grande probabjlité de blocage

renconuree pour une paire de noeuds ORIGINE- DESTINAIION

'ORIGINE DES\INATION la probabilité maximale de\b10cagé'j. 

1l

1e trafjcitbta] qui est perdu au noeud I

(en CCS).duﬁQeSt péﬁdufdu noeud IS‘au.noeud:ID

' ‘]é‘fféficF(ehprS) qui est perdu dans Te réseau;;:»f
CTSUM§i7 fie £r§ ic kéﬁ_CCS) proVéhant‘(originating) du féééauy
1e trafic (en CCS) offert au Tien Ln

GOS (Ln) la fiabilité du lien Ln. I1 est & noter que le "GRADE OF
SERVICE"_du lien Ln est &gal a 1-G0S (Ln)

GOSNTK~'; var1ab1e qu1 cont1ent le “GRADE OF SERVICE“ du réseau

ui*nous 1nd1que si un. chem1n defini par 1a table
d’ achem1nement contient une bouc]e (I Con= 1)

Si ICON O alors tous les chemins sont Tegaux

- 1129




v

IRT (Is,1d,I) =structure contenant la table d¢'acheminement du réseau

LNUM(Is,Id) = contient le numéro du lien que se situe entre les

- noeuds IS et ID

LOCATI(Is,Id,N) = contient la position dans le vecteur NPATH ol

5 8 . o \ ~
= commence Xle N'S™ chemin entre la paire de noeuds =

"ORIGINEQDESTINATION IS et ID

LOCATF (Is Id N) ~cont1ent la position dans le vecteur NPATH ol se

igme

' ”11term1ne 1e N chem1n entre la paire de noeuds

- STORIGINE DESTINATION IS et D

o NPATH*(I)ﬁé?;istructure qu1 contient Tes numéros des noeuds const1tuant‘f

= Tes chemins’ duzreseau “Ces dérniers ont ete trouvés a

péfti§7de:Ja;tab1e d'achem1nement

:ijBTAUXé;f étﬁé@ié!qui,contient le nombre de conditions que T'on

CrrTveutsvérifier

NPPO = variable. nous indiquant si Tes chemins -seront impri-

‘més (NPPO =1)

‘ *[_.NE;“ ITiehSNQUe;1{6ﬁ fétrouVe dans'1e,réséau:f
NDPO var1ab1e nous 1nd1quant si pour chaque chem1n 1eur -

probab111te d ut1]1saL1on ainsi que Te tra11c qu 11

' ff§gm¢ne §er0nL imprimés (NDPO= 1). -
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NS = nombre de noeuds que contient le réseau

NTRK (Ln) cont1ent Te nombre de Lrongons qui se retrouvent dans

1e 11en LN
P (1) = cont1ent pour une paire de noeuds ORIGIhE DESTINATION
la probab111§e d' uL111satlon du ITeme chem1n

PLf(ISili;Tw“‘ Fic (en CCS) amené par 1é K& chemin de’ la f

.'; pa1re de‘noeuds ORIGINE-DESTINATION IS et D

1 eme

) FR(I$;ib;K)$ probab111te que 1e K" chemwn de 1a pa1re de noeuds

© ORIGINE- DESTINATION IS et ID soit utilise.

Vg;{abie qu

fcontient.]a cohdition du réseau

us 1nd1quant 1a straueg1e d achemwnement qu1 a ﬁ,,,:,"

(soc' et ooc:)§ \‘

.. SBP™ T service" d'un noeud " -

SDBP__' :1a‘prqbabiiitévde b]ocage poquune paire de noeud§§”'

ORIGINE-DESTINATION (NNGOS)
STR (I) = le trafic tpta1 (ORIGINATING) qui provient du noeud I

TRi(ijZID)J%;sf;ﬁEtdfé'qui contient la matrice du trafic du réseau

WCSSUM = Te : pondéré (en CCS) qui est perdu dans le réseau

il

WGOSNK variable qui contient Te "grade of service" pondéré du

réseau
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WSDBP = 1la probabi11té de blocage pondérée pour une paire de

noeuds ORIGINE-DESTINATION (Weighted NNGOS)

WT (IS, ID) = facteur'par lequel Ta probabilité de blocage du’

trafic qui ést envoyé du noeud IS au nbeud,ID,sera
multipiiée pdur calculer la probabilité de blocage

. pondérée.
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LISTING DU ‘PROGRAMME PRINCIPAL I :

"IIQDTIHIZING COMPTLER © PRINC!PRQCEDUIE OPTIDNS(MAIN)

sou’ce LISTING.

PRINC!PRDCEDURE DPTIDONS({MAIN) 3 o

FEEEFE R R E R LR R R R R R R e Rk P AR R A AT LT eI X E Ty F T L xFH AR/
/% ) : ) R " i %/
¢%* pBJECTIFST. - = ' " ky
1= DIRIGER LtANALYSE 355 DEQFORMAVC:S Druw RESEAU %/ :
" "QUELCONQUE - _ . SEL T
;2- IMDRIMER DES STATISQUES SUR LE QESEAU _ ) /. -

L%y
ckkfpkbt %/

120 1 0
i1 ’ '
115425y 1 EXTERNAL.
T Tt T PATH(5000 T T
; 1551554} - (2) EXTERNAL, |
s LNUM{15,15)) ' (3 7 EXTERNAL, -
(LDCATI(15'15925)’LDCATF(15s15 25)) Flxep(a) CEXTERNALY .
NTRK (105} - FIXED(T7)Y EXTERNAL
(LUNIT#ROUSTR) CHAR{ 3) - EXTERNAL
<w’BP,ERRsSBpsDUMssDBDvDUHi'DU“E’ : : ’ ‘
_ - CSSUM s WSDRPIBPMAXIBIGBP - : o
S T e ‘CTsuMs«cgsuuaGosNrK,«GDSNK.“, emrmmens oo R —
- cLscxsd,sTQ(is),RATE> o v FLOAT (18 e Vo :
PO yNPP FIXED(1)»
DUMl,IDUHE,IDI NBTAUX) FIXEDp(2)
N;NExDsltﬂlll 2) FIXED(3)s
0): . FIXED (2}
: "FIXED(7)s
N -FIXED(4)y
- - - - —m e CHAR (B )3 T e e e
/¥ LIRE ET5ECRIQE'LES DDTIoNS‘ , C : SRR ¥4
370 1 © GET EDIT (NDDDQNDDDgLU\JIT?QOUSTQ) (SKIP«sF (1) v F(1)vaA ( 31sA(3))Y
380 . 1. 0. pur PAGE - EDIT(NPDD NDPG,LUNIT pDUSTR) raex 1) (1) +2(X(1)sA(3)))3

/%t VERIFIER sr LES UNITES DU TRAFIC SONT SPECIFIES EN cCS %/
/% gU EN ERLANG i : . LK/

450 1 0 1F ((LUNITS'CCS') 1 (LUNTT='E2G'))

&7 1RE ET ECRIRE.LES CARACTERTSTIGUES Dy RESEAU Y
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. { OPTIMIZING cpMPILER

TIMBERLEV NT

DPINCIPRQCEDUIE OPTIONS(MAINYS

520 1. (NSsNLsBPHAX)
THUSKIPIF(2),F(3)sF(6sa))5
540 1 1 PUT EDITINSNL*BPMAX)
A (SKIQ.F(E)sF(s),F(7,4));
/¥ INITTALISATION pES MATRICES CREUSES ny
510 1 1 : )
620 1 a :
630 -+ 2 : .
6540 -1 2 0 NS}
650 13 (1+J)=03
660 1 3 JUlE1:
670 1 3 .
680 1 2 , - NS+ 1) =nLFTS
T B90 1. 2 I ?Gos(r+ML)=1;~ . - - - e e e e
700 . 1 2
/% LIRE ET ECRIRE LA DEScRIPTION DES LIEMS </

760 . N T =1 :TOC NL 3 . o )
T TT70 Ler GET" fDrT(xs-rDvLM,rDUMr' - T - - Co
e L : SR (S(ID(1)92(F(2)),F(s),X(l)»F(7)) :
S 21 3 2 yEnrrch-IDsLNvIDUM)

s _ (S(ID:X(1)’2(F(2))fF(B),X(S)-F(T))
g10 .Yy U2 : _

820 .- e

B30 L2

Bao . - .2 .. TR

8BS0 iy <2 g - ) : enlmi

860 2 )

870 . -2

880" 2

/% LIRE RIRE LA DESCRIPTIDN DE LA TABLE D'AC”EMINE~'”T*/*
/¥ NEYENT, DE LA HATQICE DU TQAFIC ET DU rACT UR DE DDN-» %/
i i /¥ DEQATIDN DU - NNGDS = 7 7 _ ¥/

250 1 ! IOU“=NS*(NS-1); .

Q70 1 1 pa I=1 TD '1DUMS : :

380 o2 GET EDIT (ISs1DID M1, IDUM2,IDUMIsDUMy¥)

: . L (SKIP+2(F{2))y3(F(3))y 2(F 6421113
1000 2 T (1S, [DeIDUMIIDUNM,,IDUMIDUM W)
; (SKIPsX(U1142(F(2)143(F(3))42(F (622313
1020 . T a. s 1)=DuMIY . T
1030 2, s 2)Y=T0UM2 L
11020 -2 s 3)=1DUM3:
‘1050 2 s#)=p0% .. T ‘
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'GPTIHIZING CDHPILEQ ~ PRINC? PQnCEDUDE DDTIDNS(MAIN)'f

. . IF LUNIT = 'ERGY THEN
ek Y DU“*ssa . -
T ~ ELSES -
TR(ISsID)=DUH;
IF W = 0 THEN

WT(IS,1IDy=wjy

ELSES} .
ENDS ) - -
VES S 2 33 tt:t**t##kt*t*tt*ﬁ*t*tg¢*ﬁx*ﬁztzttz*t#*tt?*:**tt t#**t**tt***/
r¥ T 8 o g 7,
R/ e
. “GET‘EDIT”TNBTAUX7 CSKIPyF(2)08 . - -
DO 1I=1 TO NBTAUXS
ey
_‘_1_4_._2______:_657 snn‘ (RATE) (SKIooFte.a)h
/*}MULTIPLIER LA HATRICE Du TRaFIC PAR La.VALEUR DE LA~ £/
/*’.CONDITIDN‘-‘ . } D _ _ A L%/

it

/
/

&
*¥x X%

1
. 'H : (CDL(3a) . )
1 2 QUT EDIT (Vt=x=S==_-== ::::=:::=:=:==:::::;:::;:::::::::::::::::;t,
':::-"—"::-—:::::::::l) . e .
: . (SKIPL1),CoL(3a)s2(A));
1 2 T BDUT EDIT {'USER SpECIFIFD DORTIONS!)
. (SKIp(10)sCOL(28),4)3
1 2 —“”f“““~pUTfEDTTT(tf-,w__;n__-_--c-_f-~_-er*

i
—
i
(3]
(&3]



DRIVC DRDCEDUQF DDTIONS(UAIN)’

(SKID(l)‘CDL(ZB)gA)§
"PUT EDIT ('ROUTING STRATEGY 'yt i1 er0Y Ry - -
- ASKIP(6) ,CoL(35)sA+COL(93)sA9X(2)sA(3))}
NPRINT=YYESSH S : .
IF NPPDO = 0 THEN
. NDRINT=|N0 vt _
ELSE ' ~

DUT :DIT ('LIST OF DPATAS REGUIRED ' It aNPRINT)
,A”H(SKIp(3),CDL(WS),A»COL(Qs):A&X(E)-A(B))

- - *TNDQTNT“TYES'V
1 IF .NDPD=0 THEN
) . NPRINT=YNp '3 ) .
1 - ELSES "
1 o DUT,EDIT ('DETAILS DF pATH RELIABILITY AND PATH CARRIED LOAD's
I A‘”yq‘ REQUIRED ' yNPRINT)
L ASKIP(3),Cob(3s)y2(A)YexX{D)sA(3))3 .
1 2 AtpUT EDIT ('vAxIMUM ALLawARLE BLockle PQDBABXLITY(BDMAX)!,r.»,
- oot - s s BDMAX} T o mmmeees = o T T e -
‘ (5<1p(3), DL(BS?yA¢CUL(93)sAsx(E)vF(BqB))s
/% ECRIRE: LA DESCRIPTION DES CARACTERISTLOUES DU~RESEAU~ X/
1 a2 ('NET\H’DQ( DESCQIDTIDN'Q"'--Oun-‘——n—nwnuw»"-. )
T e s ‘“““(CDL(ZB),AySKIp(l):CDL(2B):A)i“‘ T e s e
1.2 NUMBER "OF SVITCHES IN NETWODRK 1! 2teNS)
_ T IP(6),CoL(35)sA4COL(ER)yAYR(2)sFI2))53
12 MBER OF TIUNK GROUPS 1IN NETﬁDRKz*fNL)
T - D(3).CDL(35)9AQX(2)’F(3)) F C
102 - TEVY413rsRATE). - TR .
: - p{3),CnL(z38) 44 ,CDL(&&);A;X( ),F(6;2));
1 o2 - ISTING NUuBER ,'LIN< VUHBER :'SWITCH PAIR!,
R —_ TQUN'{S [} )..— . S e - - s St e e e e meem
ple),Col(r3), A,SKID(1)9CDL(35),AyX(13)'A’X(16)1
Ay SKIP(3) )3 _ . A : '
/¥ ECRIRE LA DESCRIPTION DES |TENS ‘ : B . ¥/
-2010 1 2 e epp I -TO- NL G - - e e el S e e e e e
-.2020 13 K=1+1053
2030 1 3 PUT EDIT (lssSwTG(1). SWTG(K’aNTQK 1)) .
L (§K1p§1),c L(39),F(3), (18) 4 F2)sX(5)eF (215X (18),
- : , (7)) ’ :
2060 1 3 .. ... END} - ) '
2070 T 2 ‘DUT - DAGE EDIT('sercH~TD"SWITCH TRAFFICt, FROUTING TABLE?,
. e T - '-u"w_”----‘-“g‘-"mmmwnnu.",‘ ,'“.wﬂ_w___,..ﬂ__",|)
. el '(CDL(13},A,X(A1)9A95KIP(1),CDL(13)1A1X(41)9A)§
2100 12 +*TOUs t TRAFFIC IN CCS”!CHDICE 1',choxc5 21

E 3ts'RgEIGHT!')




UPTIMIZING

RLEV NTY

| 2
1 3
1 &
St 4
1 4
10 3
1 2
1 2
1 2
1 2
1 2
.{ 5
i 2
1 3
1 3
70 13

COMPILER : PRINCPROCEDURE OPTIONS{UWAINY T -

IRE LA DESCRIDTIDN DE LA TARLE DtACHEMINEWENT DE LA ¥/ .
RICE DU TRAFIC ET pU FaCZTEUR DE DDHDEQATIDN DU MMGDS t/

/% VERIFIE? SeIL FAUT IMDQIuEz LES . CHEMINS : £/

ETHEN
»EDIT(prqu DEFINED BY . DRIGINAL ROUTING "TABLE ' «

Vo e —n-'..-s-..—;-—_-..-.-——-'._.,.au-,,e.-wm—mun..u.u-n-.—l )

T (COL(28) 345 SKIP(1) sCDL(28),A) 5

/% VERIFIER .StIL v A, DANS LA TABLE D'ACHEMINEWENT, DES = */
./?:CHEﬁlNS;I}LEGAUX TR e e T :

el zcov 03 R R - S SRR
TTTTTTIFT ROUSTRY 'oDcv THEN e Tt et mm e e e s
' CALL PATHnDc<NDDD,IcDN,Is.Iol; o

-_ELsE ,
CALL PATHSOC(MDDDsICDN:ISyID)3
TF ICON = 1 THEN :
PUT EDIT(+THE ORIGINAL ROUTING TaABLE HAS AT LEAST ONE LDOP!',
t IN IT',t A LDOP wAS ENCOUNTERER ON THE PATHS t,
, tFROou , 15, D'oID!*ExECUTIPN OF THE PROGRAM HAS '
St s e T »~«-;regu1uATg
. (SKID 2(A),
' F(2),SKID.

!T
oY)
SKIPyx (1} 2)92(A)'X(1),F(2)ex(1)yA9X(1)|
. Xx{1)ye2(AY )y
ELSC DD"“

ERR=0.001%

- CALL AcTcos(EQR.ICDN);

LT FAUTS DQUR CHARUE CHEMIN, IvP:rHEQ sa o %/

/* vEQ
QUE Lg TRAFIC OU'IL AMENE ) . X/

I
e FIAB

. XF;NDDO"1=<0 - - U
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DQIVC PRQCEDUQE DDTIDVS(MAIV)y

LEV NT R

R -
- N _THEN Dp3
. ] N - ;‘l T T —"".——-N-‘-“ - BRI EE BRI — .—-“M—.—M_”'T - ._._,,. ,_,_,_‘_
/% ECRIRE, POUR CHAOUE CHEMIN, SA FIABILITE AINSI QUE LE %/
/¥ _TRAFIC OU'IL-AHENEQW o o . %/ -

4o PUT PAGE EDIT (*PROBABILITY{(PATH USED) AND - PATH'»s
. t CARRIED L DAD(CCS)t, ' :

TN i g w0 e e 01 T g er 20 gy o i e D K3 KR oy £ R e 2 wn e Y § g —

P o e e 5w e 5 i n 0 e b ba e § )

(COL(28)1:¢2(A)sSKIP(1)Y35COL(28)
2LA),5KIP(4) )

------ ‘DD =1 To NS3 : : -
’ : ™ Co J=1 TO NSi . ’
U e e . CIF Y ==

HEN Do

PUT EUITCIFROMY ¢ Iy t TO 3 of y—mmm—
(SKIPI3)eCOLI35)eAeX(3),
F(E)vX(A);A,Xls)vF(ajv
o SKIP({3))}% LT L
~ DO K=1 TO 251 . o .
KOUNTKsLDCATI(IsJeK)3 '
e 2 TF KOUNTK = -0 TREN .
~ - K=251% e e
i ELSE— """ T e

IF NDATH(LDCATF(IQJVK)) = .
- {NS4+1) THEN

PUT EDIT('PR(PATHI yKyt )=ty

PRI« JsK) s tLDAD Y S

! CARRIED BY PAT?!,
COtHY gRg¥E,
PL(TeJeK) 7y . }
—-= T TTTTSKIPOT) s COL(42) 4
AaF(2)sAeF(BasbB) .
RIS Is3I(AYF(2)

““““ N ) S AgF(l0ov2)) 3 |
o) 1 8 . e < — --~>-».'--~:.—‘-~~ e e - ELSE; ) |
0 1 8 : . " . T ENDS% .

0. v 7 ENDS

0 1 6 ELSES

O - -_1 PR 6-._— —— - - __END?_'“ Nt e e e m el - - e e — R e B e S —— P

0 1 5

0o 1 &

.'.0 1 3

7% DETENIR LA‘PERFDRHANCE DES LIENS . = . X4
Puf7pAGe EpIT (rACTUAL TRUNK GROUP pE?FbRHANCE'§
'..u'.,.,..a....-xwua!‘.,,c-..cxccsu9.‘,_.=-u“--:-um..m—mr-f"' N
(cobk(27)sAy SKIP(l),cDL(az);A),

PUT"ED[T*T'LINK NUMBEQ'v'DrF¢RCD LDAD(CCS)'s o
* . .- 1I-38 - - - ’ Mt L T T s e L



EoTIMIZING coMpILER ORINC!PRQCEDURE ODPTIONS{(MAIN)S

?101

- -

Jol et ot ot pn et

b e gk 1b et s

s s e shses U TRUNK GRDUP RELIABIL

1 TRUNk GRQUP ACTUAL G?
(gKIP(B)SCOL(27) +3(AsX!

3 DD 1=1 TO NLs
g _ . BP=l=GnS(I):
4 PUT EDTT(I+FLTG(I)1BPsGIS(I))
., (COL(R27)eX{8)sF(3)eX(13),F(10s2)+X014)>
o ) FUB4B)eX(17)sF(3:86),sKIP(1))3 ‘
4 . END 3 .
3 s ~ PUT .PAGE EpIT ('NETWORK PERFORMANCE!'," - S
forn 5w nn ,_,,_-n___l) ' ' :
: L R (COL(26)+A4SKIP(1),COL(26):A)3 <
3 . PUT EDTT (.SDUQrEl,lDEST[NaTIDN’,iaLDCKING P BABILITY Yy
B MTWEIGHTED BLOCKING PROBABILITY ) 2
(sKIP(S)vCDL(Zﬁ)’B(AsX(S))yh.SKIP(B))E
/7% CALCULER) DURTICHAQUE NPEUD, SDON GOS ET LE GOS pU =~ ok
/% RESEAU T e =8 ‘ : 4 R ¥4
3 - CSQUM 05
3t . - -
3 : .
3 TO NSy - :
S A =1 ST UNG § T T R - y - T e e
‘s I 1T o= J ) :
o . ’SSUM CSSUM4CLSD(T4d)3
) NCSSUMENRCSSUMECLSD(TsylxwT(Ivd} 3
6 CTSUM=CTSURLTR(IY ) S ]
- & CLS(I)=CLS(I)+CLSO(Ivd)3
6 _ STR(I)—STQ(I)+TQ(I.J)y
6 - sme o= CTFTTR(1sd) =00 THEN- - - T
Lo "SDBP o¥ :
6 ELSE" .
SD@D—rLSD(I JY/TR(IsJ)
& - wSDBP=SpBPxwT ([4J)3
vz ECQI:E DDUR UNE DAIRE ‘DE NNOEUDS DRIGINE DESTINATXDN, L%/
/% SA” DQUB&BTLITE DE - BLDCAGE”"“"" o R
& - B ITF WSDBP > sD4AX TREN' .
. o _ T pPpUT EDIT(I4JsSDBPRSDBPs %1
(COLU28) s F(2) X 11)eF(2),
X{15)ysE(1063)eX(15)sE(10:3)
AySKID(1}))3 o . :
FLSE ) L <o
pUT EDIT(IsJeSDBPsWSDBRP) : i
- (COL{zR)YsF{2)eX(11)sF(2),
X(15)4E(10s3)»sX(15)2E(10s3)
-- — - SKID(})); . : T e e s
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T'HIZING CDHDILEQ : PRINC!PRQCEDURE OPTIONS(MAIN) I

L6 e o BN - e
- ELgE?
1 S END
1 4 END
/% ECRIRE PDUR CHAoué NOEUD S3N GOS : * £

1 3

‘HPUT DAGE EDIT ( tNDODE GQADE DF SEQVICE'v“
) . R s |
. : (cobl(25)+vA, SKID(1),CDL(25),A);
1 3 PUTiED;T ('NDDE NUMQER';!DQIGIV TING LOAD(CCS})ty
S + NODE GRADE OF SERVICEt,'NODE RELIABILITY!)
' - O (gKIP(5)sCOLIRS+3(AsX(8))saeSKIP(3))3
R 3 DO I'l ‘TO NS3 . _
=30 1 4t B S IF STR(I)'~—o;oEo“THENM““ T e s e - -

o W00ttt grmt)

O3
pUT EDIT (Is! ' o
(CDL(ag)qF(E)vxtlg):AqX(22)9A9X(21)9

A

,
w

o3 =nos.
e : bos .-~

el SV DA TgBPECLSITY/STR(T 5 s e s -
LL§0U 15 DUM1=7,DEQ0=SBP;
)30 1 5 pUM2=5TR{I)}}§ -
4080 - 1 3% cLs(1)=0,0E0F - :

1 S5~ STRIII=0.,0EQ3 " ,

15 pUT EDIT(IsDUMZ2y5BPDUMY)

R oo e e (COL(R29) 3 F(2)9X(15)sF (104219 X(1T7),
. : F(Q16)»X(13)4F(9s6) )} B
% 2. ENp ST e

/% DETERMINER LA PAIQE DE NUEJDS DRIGIN_BDESTINATIDN DDS- ¥/
7% SEDANT LE PLUS GRAND NNGDS PDNDERE AINST GUE LA .VALEUR %/
/* DE CE- NNGUS.;ﬂf A *

1 2 .CALL sonrx(apmAx,ISvID,BIGeﬁguEXD);

% ECQIQE LE GOS pU RESEAU, Lg PLUS GRaAND NNGDS PONDERE, x/
/% ET LLE. NOMBRE DE NNGOS PoNDERES cXEDANT LA YALEUR CON=. %/
A TENUE DANS. LA

"VARIABLE BPHAX A _ o %/

> v o o @0 gy amm e )

270 1 2ﬁﬁpuv PAGEAEDI

~NETWDRK gTATlsTIcsv,! - '
% ACOLI27) 1A, SKIP(1)sCOLI2T) A)5 . S
EDI ! ("L_AQGEST—?-{EIGHTED N\‘GDS(:':BIGBDQ* ) IS FROM- 13I8+ TO b, IDH
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OPTIMIZING cpoMpiLER -DPINC DQDCEDUQE ODTIDNS(MAIN)
NT
. S (SKIP(10)sCnb(35)sasr(10,3)s2(A,F(2)))3
2 puUT EOTT ('MAXIMUM-ALLOWABLE 23LOCKING PQDSABILIYY(BPHAX)’vBPHAX)
A (SKIP(3)sCOLI35)2asX(1)4F(693))5 . :
2 PUT EDIT (*NUMBER OF WEIGHTED NNGOS EXCEEDING BDMAX IN THE ORIGINAL ty
© 'ROUTING TABLE = 'sVEXD) ' W
(SKIP(3),CcDL(35ys2(Aa),F(3))3 ¢
2 GDSNTK~CSSJ 7C ; : : - T L
2‘~w505NK wcsSUM/CTsum,_~ ot . o T T T Tt e

(‘NET‘DRK GRADE OF SERVICE rs'ggaszK,.“EstTED NET&DQK c}”
*GRADE._DF. SERVICE IstswWGDSNK)
(SKID(3)qCDL(35)sA9F(10 5)9<KID(3)gCDL(35)‘AoA’F(10.5)):

2 puT Ealf

/***x+****t$x+*****x* ttézt#**g*:*tt:*zk*x*****ztt*ttt*t#x**#t$*t$:¢/
VA N - — . ‘ o . Y4

<

% REMETTRE LA HWATRICE DU TRAFIC DANS SON ETAT DRIGINALE . = %/

DDtr11—1 TOD NS3
“pD IT2S1 TD s;~~-
» TR(III.I 2)=TR(111,112)/RATE,

- ‘END’
_END3

[ P
AL T

EO T

1 Q END pQINCs~
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2) Le sous-programme ACTGOS

définition de la tache

| L‘objectif du Sous-progremme ACTGOS est de trouvef,}par

itération, la fiabilité de tous les 1iens"fTRUNK GROUP REtIABILI—

TIES). i:c"}hme‘ dér{vés de 1'exécution de ce derniér, on obtient

e Lraf1c offert par chaque 11en (TRUNK GRDUPS DFFERED LOADS)

Jt“ffet on ca1cu1e.Je traf1c perdu entre chagque paire de noeuds De

1us, pour chaque pa1re de noeuds ORIGINE- DcSlINATION, on cal-

'u1e, pour tous 1es chem1ns qui re11ent ces deux noeuds Teur

probab111te d ut111sat1on ainsi que Te trafic acheminé par ces

--Lthskchem1ns

présente le diagramme logique de ce~sous}pf651ﬁf*i'

L gramme:

11-42




DIAGRAMME LOGIQUE DU SOUS-PROGRAMME ACTGOS'.

( DEBUT )
L

A -
0 )
TGOLA [
Z
| ‘N )
BLKPRE 1 :
. L
- - Y
)
5 _ COMPARER, POUR CHAQUE LIEN, i91)
- $5LEUR FIABILITE ORIGINALE ET REVISEE. ol
*”SONT ELLES EGALES? _ !
“ REMPLACER ;“ POUR® CHAQUE- LIEN, LEUR L ZI ‘I
z"FIABILITETORIGINALE PAR LEUR 33.;: e ) TeoLd
SRR . o . : s :;:

b

RETURN

FIGURE 5
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REMARQUES SUR LE DIAGRAMME LOGIQUE

i)

111)

iv)

’,En genera], 11 a ett

On calcule le trafic offert par chaque 1ien\(TRUNK GROUP OFFERED LOADS) en
utilisant Teur fiabilité originale (ORIGINAL TRUNK GROUP RELABILITIES).

En Uti]isant la formuie ERLANGB, on calcule, pburEphaque lien, TeQr fiabilité
révisée (REVISED TRUNK GROUP RELIABILITIES) ‘

On utilise uné:]imite'djgrreur., Elle a &t& spécifide auparavant,. =~ e

On ca]cu]e 1e traf1iy ffert par chaque 1ien (TRUNKAGROUP OFFERED‘LOADS) en

ut1]1sant 1eur f1ab1ﬁ1te rev1see (REVISED lRUNV GROUP RELIABILIIIES)

est a. noter qu 11 y a au p1us 20 1Lérau1ons qu1 sont executees

émontre que Ta T1ab111te d un 11en convergeo avnc une

TO;Q%:; ;sb1ut1on en prenant en moyenne de 43 9 itérations.

Lors de 1 appe1 du sous programme ACTGOS 1a structure GOS cont1ent un - est1me

de Ta f1ab111té des 11ens
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DICTIONNAIRE DES VARIABLES DU SOUS-PROGRAMME ACTGOS

DUMMAX =
1eurs F1ab111tes or1g1na1e et révisée, on p]ace dans DUM“AX
et 1a‘p1us.grande de ces différences. |
ERR :i? = dont la valeur est utilisée pour deberm1ner 1e

 "'po1nt ot Te§m|1ab111tés d'un 11en calculées 1ors de deux

ouJours 1a va]eur O 001;

GROUP’ OFFERED:LOAD)

Vine ““='Apres avowr‘ca]cu]e pour chaque lien 1a d1fférence entre -

"1eurs f1ab111tes originale et révisée, la var1ab1e J

nous indique si une ou plusieurs différences exédent la

valeur contenue dans ERR.

dans un lien
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Les variables BP, CLSD, FLTG, GOS, NL, NTRK; PL et PR ont

gté définies dans le dictionnaire des variables du programme principal.

apres av01r ca]cu1e pour chaque lien Ta différence entre.

neratmns SUCCGSS]VES sont COI’]S1G€Y‘EES comme étant eua1es

N

qui contwent 1e traf1c ofTert ‘par un 11en (TRUNKitS_

ndus_indique Te nombre.de trongons contenus ..-: -




BP = variable qui nous indique le "GRADE OF SERVICE" du lien
traité. Le trafic offert & ce lien ainsi qué son nombre de

TRUNK sont paésés au sous-programme BLKPRB. Ce dernier re-

tourne la valeur de 1la variable BP -

DUM = variable qui contient la différence entre les fiabilités
/ qur . ,

.originale et révisée d'un lien

% variable qui contient Ta fiabilité revisée d'un lien

oo
)

. [op]
. w
i




CIMBER LEV NT

LISTING DU SOUS-PROGRAMME: ACTGOS

OPTIMIZING cpMPILER

sOURCE LISTING

10 0 ACTGOS DQDCEDUQE(EQQ Icon) g

/ T *x;t****+*‘t*ki$ Ere¥eRhpa¥as

/% ) R
/¥ DBJECTIFS:

LES-LTENS

o .
j/$*$*zx$*+*t#*+x x;*g *g«**x****:*zzx**t**#*i*:x**:t#t*tt*x

1507 Ty ‘O.VDECLAQE CGDSTTOSYsFLTG(105)+CLSD(15415) s
K . Mg’lDL(lSvlS,ES)&D (15+15,25)) -

rQT(!5,15.A)
NL
NTQK(IOS)

- (ICON:J) ]
“(K! S . D)=

350 Lo CALL“TGDLQ'ty 

1
370 D T - Jd=0s s
3go v -1 o Duuuax 01u~

/% CALCULER POUR craQUE L

IEN
s/t ERLANG By SA DRDBRABILITE

as5Q 1 1 NL 3
1 2 - FLEFLTG(I1)Y3
1 2 . N=NTRK(TI)3
1 2 - IF N =0 THEN
5 '“Gog(x)=o; ,
5 ol SE pbs - '
5?8 ;3 *if*-~f'”EF““ﬁf;CALL'sprpB (BDsFLyNYS
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ACTGOS:PeDOCEDJURE(ERRYyICDN) S

1= DBTENIRs pPAR ITFQAT[DN,

T
o

Ox
>

“
el
>

(prFL!DUH EpR,TpGDS,qUMMAx)

mMmammMmT
D Rl e N B il S
AR IO
M mm o mmm
B vEvivie tviviei,

EN UTILISANT LA F

]
DE BLDCAGE

LA FIABILITE DE’ TDUS

«’22-’DBTENIR LE TRAFIC AfFFERT A CHAGUE LieN
3=~ CALCULER LE TpAFIC PERDU"
. DBTCN:Q. POUR CHAQJE CHEMIN,
D! UTILISATIDN AINST OUE LE TQAFIC QutiL AKENE

ENTRE CHAGQGUE NDEUD
LEUR PproSARILITE

— -

Aﬁﬁﬂﬁﬁﬁﬁﬁz
G NU N
et e (N e N}

- W

e

v
1

DRMULE

***t$t¢*‘¥*$* #*t#2+$*it*/

I R L
NN N NN NN N

EXTERNAL »
EXTERNAL,
EXTERNAL
EXTERNAL «

¥/



CTIMIZING cpMpILER ACTGOS:PROCEDJRE(ERRy ICON)

TRGO Bp3
L TrRGD DS(I))Y/TRGQSS
GOS ¢ TRgOS 3
/*¥ VERIFIER SI Le-cRngRE-D'E:QEUQ EST SaATISFAIT %/ .
1 3 cest el Lo LES DUM. > ERR ) R - : R
T M.Mﬁrf,m__m_,THEN DDs . ‘f”_f“- - A R
1 4 Co : Sood=y - S . o
1 ‘ - IF DUH s DUMMAX THEN ) - o
g DUMMAX=DUMS - ' '
ELSES

[ R N
L\ VR R I g

‘5 - - - -
¢} R

- THEN DD

0 2 . . CALL TGDLa:

-0 . .2 7 RETURN3

0 2

0O 1 . S

..‘. O - 1 - E N D , Mateid N

o 0 puUTY - EDIT‘('AFT=R 20 ITERATIDNS ALL ACTuAL TRUNK GRDUP GOS CDULD NDT.. B"

"tE DETERMINED wlTHIN AN ERROR BOUND OF!'+ERRs I THE TRUNK 4"
"t GROUP G0S ARE.ASSUMED TO HAVE BEEN DETEQHINED NITHIN AN'v
'Y ERROR BOUND qF ' sDURMAX)

SKIPsa(A).X(x)yF(s 3>,sxlpvx(1)s3<A).x(1),F(6v3))s;,

Ty 0 RETURNGT
S | 0 END ACTGOS
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i
4

3) Le programme-BLKPRB

définition de 1a tache

Etant donné le trafic offert par un.lien et le nombre de
trongoné (TRUNK) contenus dans ce dernier, le sous—programme BLKPRB

calcule Te GOS dudit Tien (TRUNK GROUP) -

re1ation,{

ns - chdque ]1en C est pourquo1, puisqu 11 peut éﬁré.dé;}~

'r"'montre que B(n a) admeL une re]atTOn de recurrence, e11e a été pro- .

grammeevgn emp}oyant la Tormu1e suivante:

B(nsa) =a B(n-1,a) (1)
- Nza B(n-1,a)

ol B (o,a)‘zlr

st..a. nober que CELte dernwere formu]e peut eure ULT]1S€° ‘.

_ pour_déter_1ner‘N‘1.e. Te nombre de Lrongons ~Dans ce cas on cQ1cu1e
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. . ' d= dac

1-B(n,a) .

‘o ac: est le trafic amené par le lien (TRUNK GROUP CARRIER LOAD)

B(n,a)! probabilité de b?ocaée maximale

. R o 'ﬁ. .
Ensuite, on emploie la formule (1) pour trouver la valeur de N.

+Pour réaliser-cette derniére étape, i1 faut tout simplement augmenter

N jusqu‘éfbéi@ué%B(n,a) < probabilité de blocage maximale.




DICTIONNAIRE DES VARIABLES DU SOUS-PROGRAMME BLKPRB

Les-variab1es FL et N ont é&té définies dans le dictionnaire_

des variables du programme principal.

—

BNA = La non-fiabi]ité d'un Tien i.e la probabﬁ1ité de blocage du

1ien
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LISTING DU SOUS-PROGRAMME BLKPRB a

BLKDQB:DpOcEDJQE(BNAsFLvN)3

pL/1 OPTIMIZING cOMPTLER
SOURCE LISTING

NUMBER LEV NT

10 0 RBLKPRB:PRDCEDURE(BNAFLepn)S . .
N T T I T I T Y
/% * . £/
/* CE SOUS=PROGRAMME REALISE LA FONCTION SUIVANTE?: x/
/% - . x/
- 7% 7 7 ¢cALCUL LA FDRMULE D'EQLANG POUR QBTENIR LE 'Y'GRA= x/
/% DE OF SERVICE'!' p'uN LTEN ' %/
/% : . ’ %/
R L T R AT RS R E RS SRS S22 2 AL A
120 1 O DECLARE (BNAsFLsSIsA) FLOAT(16)
(Ns1) FIXED(T7)
140 1+ 0 aA=F} /36,0E0% :
150 0 " 8NA=1,0E03 T
180 1 0 pD 1=1 TO N WHILE (BNA>), 0E=50)}
190 1 1 SI=A%XBNAS
200 1 1 BNA=SI/(FLOAT(1416)+51)3
210 1 ! ENDS : .
220 1. 0 __END BLKPRBS




4) Le sous-programme TGOL4

définition de la tache

L'objectif du Sous—programme TGOL4 est de calculer le trafic

offert par chaque 1ien (TRUNK GROUP) et le trafic perdu entre chaque
paire de noeuds ORIBINE-DESTINATION du réseau. I1 obtient aussi la

probabilité d'utilisation ainsi que le trafic amené pour chacun

des chemins des arbres d'acheminement du réseau.

La figure 6 présente le diagramme logique de ce sous-programme.
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DIAGRAMME LOGIQUE DU SOUS-PROGRAMME TGOL4-

“ DERUT
N

N

INITIALISATION
-
TROUVER LA PROCHAINE PAIRE
DE NOEUDS ORIGINE-DESTINATION
£y , .
INITIALISATION DES VECTEURS U ET
BORNE-U
\
STRATEGIE
NON D' ACHEMINEMENT our_
'60C |
v '
g Z z
g | |
1 PATHSOC P 4 patHooC
L —
Z )7 _E
T
TROUVER POUR CHAQUE CHEMIN LE TRAFIC
QU'IL ACHEMINE ET ADDITIONNER LE
AU TOTAL DE CHAQUE LIEN QUI SE
RETROUVE DANS LEDIT CHEMIN
. NON EST-CE QUE TOUTES LES PAIRES

DE NOEUDS ON ETE EXAMINEES?

Oul

PRENDRE POUR CHAQUE LIEN LE
TRAFIC QU'IL ACHEMINE COMME
~ETANT LE TRAFIC QU'IL OFFRE

“FIN

TT-RA

FIGURE 6.




DiCTIONNAIRE DES VARIABLES DU SOUS-PROGRAMME TGOL4

Les variables CLSD, FLTG, GOS, LOCATF, LOCATI, LNUM, NPATH,

NS, NL, P, PL, PR, ROUSTR, TR et WT ont 6té définies dans le dictionnaire

des variables du programme principal.

BORNE-U

DM

ID

IS

ITS,ITD

N
L4

Vecteurlnous indiquant la composante ol commence un chemin dans
le vecteur U. Le numéro d'une composante de ce vecteur'corrés-
pond au numéro du chemin pour la paire de noeuds ORIGINE-

DESTINATION. La composante (N+1) contient le numéfo de la pro-

chaine composante & remplir dans le vecteur U. Elle marque Ta

Timite supérieure de ce vecteur.

variable qui contient le trafic amené par le chemin qui est

a 1'étude

variab]eAQUi»contient le numéro du noeud destination

variable qui contient le numéro du noeud sour;e

variables qui contiennent les numéros des noeuds source et des-
tination. Ces noeuds correspondent & des noeuds temporaires

et sont utilisés pour trouver les numéros des Tiens .du chemin

qui est 'a 1'étude.
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KOUNTF = variable bidon qui contient, par 1'entremise de LOCATF, la
position dans le vecteur NPATH du dernier noeud du chemin qui

est & 1'étude

KOUNTI = variable bidon qui contient, par 1'entremise de LOCATI} la
position dans le vecteur NPATH du premier noeud du chemin

qui est & 1'étude

LN = variable qui contient un des numéros des liens du chemin qui

est & 1'étude

TOTAL = variable qui contient la somme de tous les trafics qui attei-

gnent la destination

U = vecteur contenant tous les chemins pourAune paire de noeuds
ORIGINE-DESTINATION. Un chemin est représenté par tous les

numéros des liens qui le constituent.
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LISTING DU SOUS-PROGRAMME TGOL4

‘TIMIZING COMPILER

JMBER LEV NT

TGOLASPROCEDURES
SDURCE LISTING

10 0 TGOLS:PROCEDURES -
/********t****t****:*:*****z*g**:zx:***t*#xx**zztx*tzzxt**t*/
VE: x/
/% DBJECTIFS: = . . ®/ .
,* " 1w CALCULER LE TRAFIC OFFERT A CHAQUE LIEN x/
T s% 7 77 227 CALCULER |E ‘TRAFIC PERDU ENTRE CHAGUE PAIRE DE #/
/¥ NOEUDS DORIGINE=DESTINATION */
’x 3= CALCULER & PoORABILITE D'UTILISATIDN AINSI QUE %/
/¥ . LE TRAFIC AMgNE PAX CHACUN DEs CHEMINS . DES x/
/% . ARBRES D'ACHEMINEMENT DU RESEAU * /
* : . : : %/
;***tttt*********t*********t*t***#*********t**:***t**x******/
1 O DpECLARE (P{25)32G0OS(105)srLTG(105) "
.7 TR(15%15),#wT(15,15),CLSD(15s15), Co
"PR{1S5Y15,325)sPL(15+15425)) FLOAT (181 EXTERNAL,
(NSsNPATH(5000) ) FIXED(2) EXTERNAL,
(NLeLNUM(15415)) _ FIXED(3) - EXTERNAL Y
(LOCATI(15,15525)sL0CATF(15+15,25)) FIxXED(4) EXTERNALY
(DUMs TOTAL) ' FlLDAT(18)y
me - TTUYYNY IS IO ITS s ITDRUCSO )y ™ T T m e mme e s
- ~ BORNE-U(50)) o FIXED(2)
LN FIXED(3)
{J9yK9sKOUNTI ok DUNTF) FIXED(4)
ROUSTR" : CHAR(3) EXTERNALS
/% INITTALISATION DES MATRICES */
330 1 O pbO I1=1 TO NS3i
340 1 d DO g=1 TO Ns3
350 1] 2 CLSD(I2J)=03
360 - 1 2 END3
376 1 1 ENDS
380 1 0O pD 1=1 7O NL3 v
380 T 1Tl v TUTTRLYGUTISOY T T T T T I T T s e e e s -
apo 1 1 e£NDs
/% EXAMINER CHAQUE PAIRE DE NOEUDS ET CALCULER LE TRAFIC £/
s/t OFFERT PAR CHAQUE LIEN ' x/
470 -1 ) DO IS=1 TO NSi
a8 0 1 1 . DO 1D=1 TO NS3
490 1 2 IF 1S5 °= 1D
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600
610
620

&a0
650
660
670
680
690
700

720
740

..... o 770

830
840
850

BBO
&880
900
"910

el
oo
wn e
oo

B70-

[OV 0

e ok gt Pd pk et e
)

s pt

T b pud prd s

sUGIY BB

.L/I DPTIMIZING coMPYLER

NUMBER LEV NT

G

OOL . e P IV P

[

oo

TGOLa&? DPOCEDUQEa

/¥ TQDUVEQ POUR" CHAQUE CHEMIN DES ARBRES D'ACHFMINEMENT~—~m*/

s¥ LEUR PROBASILITE D'UTILISATION

/% ARRANGER LES VECTEURS U ET BORNE.U

*/

x/

03

)
To LOCATFI(1I
J)’NDATH(J

sIDs )1}

L]

K=13
e TBORNE_VC1YyS1 ¥
bo 1= } T 25
WHILE (LOCATI(IS,IDsi) ==
D0 J=LpCATI(IS»IDsI)
Ul )l= LNUM{(NDATH(
K=x+i1}d
END
BORNE_u{1+1)=K3
S T VT T S
N=Twl3
IF ROUSTR = '0a3C! THEN
AATPRAHBDOC(UYBORNE~UINIO) 3
ELSE

CALL pPROBSJC(UsBORNE.UIN) S

e - Ha el o I

s% CALCULERs POUR CHAGUE CHEMINs LE TRAFIC QU{:L AMENE

Do 1=y TD 25}

KOUNTY = LOCATI(ISsID,I)j

T T T 7T IR KODUNTI =

THEN pO &

DUM=TR (I

TOTAL=Tp

KDUNTF=L

CPL(IS,ID

PR{ISLID
VE 3 ADDITTONNEQ A Tous LES LIEus CDNSTITUAMT dV cHEHIN, LE
/% TRAFIC AMENE paAR |LE DIT CHeEMIN -

DO JEKOUNTI TO KOUNTF3

/¥ TROUVER LE NUMERO DU IgN

i1rs
Kedgs
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‘L/I'UDTIMIZING COMPTILER TGOLAa*PROCEDURES

NUMBER LEV NT

1060 1 6 . : ITD=NPATH(K)§
1070 1 6 - : - : LNSUNUMILITSSITD)Y S
s% ADDITIONNER LE TRAFIC AMENE . */
N ~
11320 ) v FLTG(LNITFLTG(LN)+DUMS
1140 1 6 ENDS .
""" 1150 1 5 ENDS -
11860 t 4 . F_LSE;
1170 S . END3
/*¥ CALCULER LE TRAFIC pPERDy EVTQ: CHAQUE PAIRE pE NOEUDS %/
.s% ORIGINE~DESTINATION A ' */
1240 1 3 CLSD(1SsIp) = TR(IS4ID)= TOTALS
1250 1 3 END
1260 1 2 ELSES
1270 1 2 END3s
1280 1 1 END3
- : T T % pRENDREs POUR CHAQUE LIEN, LE TRAFIC QU'IL AMENE COMw - - %/
/¥ ME ETANT LE TRAFIC GUT LUTI EST OFFERT %/
TN .
1350 1 0 poO 11 TO NL3

1360 1.1 IF gosS(1) =0 -T4EN
FLYG(1)=03

1380 11 ELsE _
' C FLTG(II=FLTG(1)/g0s(1)3 o - o

1400 1 1 END3
1810 1 0 RETURNS
1220 1 0O END TGOLaj
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Les sous-programmes PROBOOC et PROBSOC

définition de la tdche

L'objectif de ces sous-programmes est de calculer, pour
tous les chemins qui se retrouvent entre une paire dé noeuds ORIGINE-

n

DESTINATION, leur probabilité d'utilisation.

Selon la stratégie d'acheminement sélectionnée, on utilise
1'un ou 1'autre de ces sous-programmes. Ainsi, si la stratégie
d'acheminement suit la régle 00C, on emploie Te sous-programme PROBOOC

autrement on emploie le sous-programme PROBSOC car & ce moment-la stra-

tégie choisie suit la régle SOC.

La figure 7 présente 1e‘diagf§mme Jogique du‘sous-prOQFamme
PROBSOC. Ce dernier calcule, pour tous les chemins de 1"arbre d'ache-
minement d'une paire de noeuds ORIGINE-DESTINATION, leur probabilité
d'utilisation. La théorie concernant le diagramme logicue est expliquée

dans la section 4.2 de 1'annexe I.

Pour ce qui est du sous-programme PROBOOC, Ta figure 8
illustre son algorithme. Ce dernier est &crit en PIDGIN ALGOL.
Comme pour le sous-programme PROBSOC, PROBOOC calcule pour tous les
chemins de 1'arbre d'acheminement d'une paire de noeuds ORIGINE-DESTI-
NATION, leur probabilité d'utilisation. La théorie concernant 1'al-

gorithme est décrite dans la section 4.1 de 1'annexe 1.
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DIAGRAMME LOGIQUE DU SOUS - PROGRAMME PROBSOC

( DEBUT )

\
TROUVER LE PROCHAIN

CHEMIN

=~ ARRANGER LE VECTEUR V a)

L

CALCULER LA PROBABILITE b)
D'UTILISATION:

PR [Pi soit utilisél =

A X, L ;T[/ (1 - %p )1
p

TeP. meV.,
€_1 IE]

UL /° EST-CE QUE TOUS LES CHEMINS ONT
ETE TRAITES
Ul

{ RETURN )

a) et b) Pour plus de renseignements voir la section

4.2 de -1'annexe 1.

FIGURE 7
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DICTIONNATRE DES VARIABLES DU SQUS-PROGRAMME PROBSOC

Les variables GOS et P ont &té définies dans le dictionnaire
~ des variables du programme principal. Pour ce qui est des varaibles BORNE-U
et U, ces dernidres-ont &té définies dans le dictionnaire des variables

du sous-programme TGOL4. .

M = variable qui contient le numéro de l1a prochaine composante &

remplir dans le vecteur V. M-1 nous indique donc le nombre de

composantes qui sont remplies dans le vecteur V.

N -=variable qui nous indique le nombre de chemins qui existent

entre la paire de noeuds ORIGINE-DESTINATION qui est & 1'étude.

P1 =variable qui contient, pour la paire de noeuds ORIGINE-DESTINATION

qui est & 1'étude, la valeur suivante:

/ ( X (voir section 4.2 de 1'annexel )
1eP, '
i

P2 =variable qui contient, pour la paire de noeuds ORIGINE-DESTINATION

qui est & 1'étude, la valeur suivante:

) K (1=xmp) (voir section 4.2 de 1'annexe I)
meVi '
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v = vecteur contenant, pcur chaque chemin qui précé&de dans 1'arbre
d'acheminement le chemin qui est & 1'&tude, le numéro du premier
Tien qui est différent des numéros des liens constituant le che-

min qui est & 1'@tude. I1 est & notef’que s deux ou plusieurs

chemins ont le m&me numéro du premier lien, ce dernier n'appa-

raitra qu'une fois dans le vecteur.

e S
-

Par exempie, si on &tudie le 5iame chemin (P5) de 1'arbre

d'acheminement suivant:

50
X5 )
O -
©
6 P5

le vecteur V contiendra les numéros des liens XP x3 et xg.
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LISTING DU SOUS-PROGRAMME PROBSOC

/T DPTIMIZING coMPTLER PROBSOC:PROCEDURE(UsBDRNE_UsN) 3

sDURcE LISTING

NUMBER LEV NT

10 0 PpPROBSDC:PROCEDURE(ULBORNE-UIN) .

P L i R T R L g e e IS AT 2 L L R LS

/% £/
/% DBJUECTIFSY ' x/
s % POUR YN RESEAU SUIVANT LeS REGLES DE LA STRATEGIE k7.
/% DUYACHEMINEMENT s0cC o o N . %/
7% 1= CALCULERs POUR TOUS LES CHEMINS QUL SE RETRQU= %/
/% VENT ENTRE UNg PAI2E DE NDEUDS DRIGINE=DRESTINA= #*/
/% TIONs LEUR PRNBABILITE D'UTILISATION x/
VA . .k /
JE xRk e kxR RXF KTk vk Kbk ek per bk R R X k¥ X ek prTh kxR X/

1640 1 0 DECLARE (D(25)9605(105)) ' FLOAT(16) EXTERNALS
. (P YeP2) T o B FLOAT(16)» :

C(1eJdeKoLyN,U(*),g0ORNE_U(=%)) FIXEpDp(2))
(VI1S)sMymm) FIXEp(2)3#
. /% pRENDRE LE PROCHAIN CHEMIN - x/

250 1 O po 1Tt TO N3
/* ARRANGER LE VECTEUR v o . %/

310 1 1 " M'—’]‘,’ TUm T oTm T s - . o - N Tt oot h -

320 1 --1 DD uy=1 TO I=1 wHILE ¢(I>1)s

330 1 2 K=03 )

340 1 2 po L=BORNE_U{J) 1D BDaNE_U(J+1)=1y

. WHILE (K == gORNE_U(rI+11)) 38
"3260 - 1 3 DO K=BORNE_U(I) TO BORNE.U(l4l)=1
: WHILE (U(K)Y == U(L))s

3390 1 & -t END g - SR T e

400 Tt 3 END3 )

420 1 2 DO MM=1 TD Mal

WHILE ((M>1) g (v(MM) = ylL=1)))3
440 1 3 ENDS
460 1 e IF MM=M THEN
. DD3

480 1 3 ViMyi=u(L=1)3

490 13 MEM4 s

500 1 3 END§

510 2 TTT T ELSES T -
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oL/T DPTIMIZING

NUMBRER LEV NT

530

-0
oo 0o

[ ) [o v}
>

~N N~

P GIN
e YsY=%e)

0
810

-t et s

-t s

P e,

o

N - e

COMPILER PROBSOCIPRDCEDURE(USsBORNELUNNI S
END3
Ge DE TOUS
*# FAIRQE LE-PRODUTT DES pRPBASILITES DE RLOCAGE
5* LES LIENS QUI S& RETRAUVENT DANS LE VECTEUR vy
Pa=13 B
- DD MM=1 TD Maty . .
D2=P2*(1=GOS(Vv MMy ) )i
END3S
/¥ FAIRE LE PRODUIT pES FlaBILITES DE TOUS LES LIENS QUI
/¥ CONSTITUENT LE CHEMIN

/%

Pi=1t3 .

DO J=ORNE_U(I) 70 BDRNE_J(I+1)-1’
D1TPLIXGOS(U(g))

END3Y

CALTULER LA PRNORARILITE DtyTILISATIDN DU CHEMIN

k4

P(I1)=pl*D23%

END 3
END PQDBSDC;
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Algorithme du souS-programme PROBOCC

PROCEDURE R (Uy, Up, «..vy Uy, T)

IF i:=1 Then Return X1
~ 1€Vi .

ELSE
BEGIN
FOR K < 1 STEP UNTIL i-1 DO

S R

PI=C1-R (V1, Vo, vevvs Vigs 103 I
LY,

IFT=0  Then
BEGIN

P (i)=PI
R<R(Ups Ups wevvs Uj_q5 0)

END
ELSE R«R(Uy, Up, vovny Uig 5 1)

R« R + PI
RETURN R

END

FIGURE 8
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DICTIONNAIRE DES VARIABLES DU SOUS-PROGRAMME PROBOCC

BORNE-V =

PI =

PROB =

Les varjables GOS et P ont été& définies dans le dictionnaires

des variables du programme principal. Pour ce qui est des variables
BORNE-U et U, ces dernigres ont été définies dans le dictionnaire des

variables du sous-programmes TGOL4.

~ '
v ¢

vecteur nous indiquant la composante ol commence uh chemin
dans le vecteur V. Le numéro d'une composante de ce vecteur
correspond au numéro d'un chemin pour la paire de noeuds |
ORIGINE-DESTINATION. La composante N+1 contient le numéro

de 1a prochaine composante & remplir dans le vecteur V. Elle

marque la limite supérieure de ce vecteur. ‘
I
|
I
|

variable qui nous indique le nombre de chemins qui existent

entre la paire de noeuds ORIGINE-DESTINATION qui est & 1'&tude.

variable qui contient,pour le chemin qui est 5‘1'étude)1a

probabilité d'utilisation de cedit chemin.

variable qui contient, pour une’péire de noeuds ORIGINE-
DESTINATION, la somme des probébilités d'utilisation de tous

les chemins de son arbre d'acheminement.

variable nous indiquant s'il faut emmagasiner la valeur

de PI dans le vecteur V (T=0). _ —
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Jl

= variable contenant la valeur suivante:

,Q,E‘V_i

= vecteur contenant, pour chaque chemin qui précéde dans 1'arbre
d'acheminement le chemin qui est & 1'étude, les numéros des
liens qui sont différents des numéros des liens constituant °

le chemin qui est & 1'étude.

Par exemple, si on &tudie le 5'*™ chemin de 1'arbre d'achemine-

ment suivant:

les vecteurs V et BORNE-V auront la forme suivante:
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X

X2

x3

x5

X6

BORNE-V
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10

140

370
380

400
. 410
420

480
ag0
500
510

LISTING DU SOUS-PROGRAMME PROBOQC

350

— st

e s ey

"NUMBER LEV NT

N == e b

m 9
Z Ow

o

“/Ooorwlzms coMPILER

PRIBNOCIDRAOCEHDURE(U+BORNE_UsNT)

S0URCE LISTING

PROBODC:PROCEDVRE(UyBURNELUSN,T)

RECURSIVES

RECURSIVES

/*‘x*t##tt**tt**xx*#x*#*t****#***t****x#*#*t**t:************/' .

/% * /
/¥ OBJECTIFS?Y: x/
/% D2oUR UN RESEAU sUIVANT LES QEGLES DE LA STRATEGIE ¥/
7%, DYACHEMINEMENT pDcC Lox/
/¥ 1~ CALCULERy POUR TOUS LES CHEMINS QUI SE RETROU= %/
/% VENT ENTRE UNE PAIRE DE NOEUDS ORIGIME~DESTINA= %/
/% TIONs [EUR PRABABILITE D'UTILISATIUN ‘ %/
/% %/
/*x****t********t:t::***t***ttx**xt*ttx***x*t*:********z**t*/
DECLARE (P(25)31G0S(105)) FLOAT(1g) EXTERNAL
(UIsPI»PROR) FLOAT(16) s : : :
- T FIXED(1l)s
(TsJeK sl aN, (*),v(gO),RDQNE uix),
BORNE_V(50 FIXED(2)3
/¥ FAIRE LE PRDODUIT DES FlIABILITES DE TOUS LES LIENS QUI */
/% CONSTITUENT LE CHEMIN x/

]

1
I

/% TION EST

IF N=<1
THEN DOg

H
=30RNEUIN)
UI=yrx6GD0S{U(T

PROB=UT S
IF T=0 THEN

ELSE

/¥ S1NON

Qo
Qan

"

po il
-t O e
aum

ARRANGER LES vegCTEU2S V ET BORNELV

P(NI=PRDB}

ELSER

v

HQO

v
1 T
o J

TOD
1)

)y =
N
BO

)

“s% STIL NtY A OUryN

13
-1
QN

CHEMIN ALNRS SA PROBABILITE DtUTILISA=
EGALE AU DRDDUIT CALCULE PRECEDEMMENT
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oL/l OPTIMIZING

NVUMBER LEV NT

520 T 3
540 1 4
550 T 3
570 1 4
580 1 ¢
530 1 4
600 1 3
81D 1 3
520 1 2
630 =
. 690 1 1
700 1 1
720 1 2
730 1 2
740 1 2
750 1 1
""" 770 1 1
780 1 1
790 1 O
800 1 O

coMPILER PROBOOCtPROCEDURE (Us BORNE U N9 T) RECURSIVES

TD SORNEIJ(N+1)a]
2= U((J)Y )3 . -
END3 .

_ELSE}S .
" END>»
BORNE_V(I+1)=3
END3
¥ CALCULER LA PRORABILITE DryTILISATION DU CHEMIN x/

D1=(1=PROBOBC(VyBARNE_V«N=141))3UT}

1IF T=0
THEN DO
P(N)=PT? .
PROB=PROBOAC(Yy30RNE. UIN=l,0) 3
END3
ELSE

PrROR=PROBONC(Us3I0RNE UN=1,4113
“ODROB=PROEB+PIS : C : .
ENDS
RETURN(PROB) 3
END PRORBDOCS
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Les sous-programmes PATHOOC et PATHSOC

définition de la tache

L'objectif de ces sous-programmes est de trouver, d'emmaga-
siner et d'écrire (si indiqué) les chemins entre’ toutes les paires

de noeuds du réseau. Il1s vérifient aussi si les chemins contiennent

des boucles (circuits).

Les chemins qui sont trouvés par ces sous-programmes sont emma-
gasineés:
1) comme-une séquence ordonnée de numéros de noeuds, et

2) selon leur ordre de préférence.

Finalement, tout dépendant de la stratégie d'achemirement choisie,

on utilise 1'un ou 1'autre de ces sous-programmes.

Ainsi, si la stratégie d'acheminement suit la reégle 00C, on
emploie le sous-programme PATHOOC autrement on emploie le sous-pro-
gramme PATHSOC car & ce moment la stratégie sé]ec{ionnée suit la

régle SOC.

Les figures 9 et 10 présentent respectivement les diagrammes

lTogiques des sous-programmes PATHSOC et PATHOOC.
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DIAGRAMME LOGIQUE DU SOUS—PROGRAMME PATHSOC

DEBUT

[ INITIAL ISATION i

= &

oul j//r EST-CE QUE LE NUMERO DU NOEUD
/" SOURCE EST PLUS GRAND QUE LE NOMBRE DE

|

ICON = 0

.. ,
= {  RETURN )

o ‘ FIGURE 9

\\\ NOEUDS DANS LE RESEAU?

L NON™
METTRE LE NUMERQ DU NOEUD SOURCE -
DANS LA STRUCTURE TEMPORAIRE DES ‘ o
CHEMINS |

; 20
. EST-CE QUE LE NUMERO DU NOEUD DESTINATION \\> NON

EST PLUS GRAND QUE LE NOMBRE DE NOEUDS
DANS LE RESEAU?

EST-CE QUE LE NUMERO DU
OUI /' NOEUD DESTINATION EST DIFFERENT
DE CELUI DU NOEUD SOURCE?

INITIALISER LE NUMERO DE
CHEMIN A 1

I
DETERMINER, POUR LA PAIRE DE NOEUDS

ORIGINE-DESTINATION, LE PROCHAIN
NOEUD INTERMEDIAIRE DU CHEMIN.

METTRE LE NUMERO DU NOEUD TROUVE
DANS LA STRUCTURE TEMPORAIRE DES
CHEMINS

v

EST_CE QU'IL Y A DES CHEMINS
NON ALTERNATIFS i.e D"AUTRES PROCHAINS\__OU

NOBUDS INTERMEDIAIRES . /// o if
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©

CES NOEUDS AINSI QUE LA POSITION

NON

METTRE, DANS LA PILE, LE NUMERO DE

00 L'ON EST RENDU DANS -LE CHEMIN

e

Z N
EST-CE QUE LE NUMERO DU NOEUD
TROUVE EST EGAL A CELUI DU NOEUD
‘ DESTINATION?

®

Qul

OUI

DETERMINER, POUR LA PAIRE DE
NOEUDS ORIGINE-DESTINATION, LE
PROCHAIN NOEUD INTERMEDIAIRE

{DU_CHEMIN,

METTRE LE NUMERO DU NOEUD
TROUVE DANS LA STRUCTURE TEMPO-
RAIRE DES CHEMINS

I .

EST-CE QUE CE NOEUD A DEJA
ETE RENCONTRE SUR LE CHEMIN?

]
®

( RETURN )

Oul

\

METTRE LE CHEMIN, QUI SE
RETROUVE DANS LA STRUCTURE

TEMPORAIRE, DANS LA STURCTURE

PERMANENTE DES CHEMINS

NOTER SON ADRESSE DE DEPART

ET SON ADRESSE.DE' FIN ET

INCREMENTER DE UN LE NUMERO
DU CHEMIN

,

EST-CE QU'IL Y A ENCORE DES
NOEUDS DANS LA PILE?

‘:>

NON

RETIRER LE DERNIER NOEUD QUI -
A ETE PLACE DANS LA PILE
AINSI QUE LA POSITION OU L'ON
ETAIT RENDUE DANS LE CHEMIN

\»

METTRE LE NUMERO DE CE NOEUD
DANS LA STRUCTURE TEMPORAIRE
' DES CHEMIN

II—74<:—‘{’:>

. FIGURE 9 (SUITE)




ETE RENCONTRE SUR LE CHEMIN?

EST-CE QUE CE NOEUD A DEJA >>

g

®

Ul

-

ICON =1

RETURN

o

INCREMENTER DE UN LE
NUMERO DU NOEUD
DESTINATION.

NON

)

EST-CE QU'IL Y A DES \\\
CHEMINS ALTERNATIFS 4.e
D'AUTRES PROCHAINS NOEUDS

INTERMIDIATRES

“IMETTRE, DANS LA PILE,

LE NUMERO DE CES NOEUDS.
AINST QUE LA POSITION
ou L'ON EST RENDU DANS

LE CHEMIN -
J

FIGURE 9 (FIN)
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DICTIONNAIRE DES VARIABLES DU SOUS-PROGRAMME PATHSOC

I

ID

INDPATH

IPATH

ITS

Les variables ICON, IRT, IWR, LOCATF, LOCATI, NPATH et NS

définies dans Te dictionnaire des variables du programme prin-

s

<

variable qui contient le numéro du noeud source qui est &
1'étude. Si un chemin i11égal est formé, elle contient,
Torsque le contrdle est retourné au programme appelant, le

numéro du noeud source dudit chemin.

variable qui contient le numéro du noeud destination qui est
a8 1'8tude. Si un chemin il1l1égal est formé, elle contient,
lorsque le contrdle est retourné au programme appelant, le

numéro du noeud destination dudit chemin.

variable qui~cont1ent, 1a position dans 1le vecteur NPATH de

la derniére composante qui a €té remplie.

structure temporaire qui contient les numéros des noeuds cons-

tituant le chemin qui est en construction.
variable contenant le numéro du noeud source temporaire. Ce

dernier correspond & un noeud qui se situe & la fin d'un 1ien

sur le chemin en construction. Il peut &tre atteint en partant
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NC =

PILE
(matrice
de 2
calonnes)

PTR =

du noeud source.

variable nous indiquant le nombre de noeuds + 1 qui, jusqu'ici

ont &té rencontrés sur le chemin en construction

variable nous indiquant le numéro du chemin qui est en cons-

truction.

pile ol 1'on emmagasine, selon 1'ordre inverse de leur préférence,
les destinations secondaires du noeud source et des noeuds

sources temporaires (noeuds intermédiaires). De plus, pour
chaque destination emmagasinée, on stocke la position ol 1'on

est rendu dans la construction du chemin i.e la valeur de 1la
variable M.

pointeur nous indiquant la prochaine composante & remplir dans

Ta pile i.e le sommet de la pile.
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OGRAMME PATHSOC

PATHRSOC !pROCENURE(IWRIICONSISIID) S

S LISTING

I qui. ;
T, Jusqu'yes

N .
| ROCEDURE(I*Rs1CAN,IS,10)3 ~
‘ : Rk b ARk F ARk ke R b F xRk b p F XA X R F R A R R X E L X AT XXX LA XXTRR/
| ’ %/
est LTIFS: - x/
€N cons-. . DR UN RESEAU SUIVANT LzS REGLES DE LA STRATEGIE L Y ¢
ACHEMINEMENT gOC - */
! Y= TROUVER: STOCKE®R ET ECRIRE {ES CHEMINS ENTRE x/
| TOUTES LES PAIRES nE NDOEUDS Dy RESEayUy ET */
j 2= VERIFIER sl CgS CHgMINS CONTIENNENT DES BOU= X/
i CLES . */
7eu# _i**x***t***tt*t**t*#***:***t:xztx***xxttx*tt**t*******/
préfs ; . '
'?nce, IET (NS eNPATH(S5000) 4 1RT(15,15,281)) FIXgp(2)-- EXTERNAL Y
S noe o (LDCATI(15,15925)s 0CaTF(15+13+25)) FlxeDtla} EXTERNALS
uds i (14RsICON) FIXED(1)y :
o _INDPATH FIXED(4))y
'7US, pOU‘ . (T3 JesKyMyTISsIDsNCsTITS,DTRywDRK,
r , IPATH(15),PILE(20v2)) F1Xep(2)3
. . . 1 h
on o 7 i
1'on IITYALUTSATION - e x/
2Ur de la Ll oD 153
= T 1]
“DD J=1 TO 153
i DO K=1 TO 2S3 R
; LOCATI(TI,4JeK)y=01}
| LOCATF(TI.J9K)=q3
: JE‘"_ENDi‘ Tt e - -
. { END3
P1ir dans 3
IPATH=013
=13
=13
R=13%
- 23
¥ TRDUVER LE PROCHAIN NpEUD SNURCE %/
b0 WHILE (IS <= NS)3
STRUCTURE */

s% pLACER "LE NUMERD pU NpEyUD SDURCE DANS LA
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CoMpPILER

DATHSDC:DQDCEDURE( ITWRY»JCONSsISID) S

i e
. /% TEYDDRAIRE DES CHEMINS i
550 3 1 IPATH(1)=ISSE
/¥ TRDUVER LE PRpOCHATN NNEUD HESTINATION X/
510 101 DD WHILE (ID <= NS)3
/¥ INITTALISER LE NUMERDO DU CHEMIN A 1} T X/
570 1 2 NC=13
/¥ VERIFIER SI LE NOEUD pESTIVATIODON EST gGAL Ay NOEUD */
/% SOURCE x/
740 1 2 IF ID 7= 1Is THEN
- DO}
760 1 3 IF IWR A= g THEN _
_____ < Tt me=c - pyUT EDTT (tFROMr,ISstTotsID) - - -
) . (S(Ip(S)vCGL(34)a2(X(l)‘A'X(l)!F(E)))3.
790 1 3 ELSES
/¥ DETERMINER LE PrOcHAIN NOEUD INTERMEDIAIRE DU CKEMIN x/
. 7% ET DLACER SON NyMgRO pANS LA STRUCTURE TEMPORAIRE DES %/
/¥ CHEMINS . : X/
270 3 ITs=1RT(IS,IDs Y1)
*8RO. 1 3 S IPATH(NM)I=TITS S
/% s'IL vy A DES CHEMINS ALTERNATIFS ALORS METTRE DANS LA */
7% PILE LE NUMERO DES AUTRES NDEUDS INTERMEDIAIRES AINSI x/
/¥ QUE LA POSITION QU L'aN EST RENDU DANS LE CHEMIN : x/
960 1 3 DD 1=1 To pi .
370 1 8 WORK=IRT(IS4sJDya=1)3
880 1 8 IF WDRK == 0 THEN
DO .
1000 1 5 DILE(DTR,1)=w0RK;
1010 1 5 PILE(DTR,2) M3
1020 1T 3 SDTR=PTR+13
1030 1 3 END 3
1040 1 4 i ELSES
1050 1 & END 3
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1060

- -

N N »r s

e il N el
~NOONTEe NN DOD

-
L

1430

'."N
£ o
oE Vv

e
o

- e
W wmaoau
[o,00/] [ HAV
QQ OO0 oo QO

s b

000DO0O 000

awun
oo

e -

e R ol S

o e 0O o U

NUMBER LEV NT

CO~N~N~N~N OO

'._}Ap.[ DPTIMIZING cOMPILER

PATHSDC :pROCEDURE(IWRsICONSISSID)

M=33

D0 wMILE (M A= 2)3 '
DO WRILE (ITS == 1D)3§ -

/% S'IL Y A DES CHEMINS ALTERYNATIFS ALORg METTRE DANS LA
/% PILE LE NUMERQD pES AUTRES upREUDS INTERMEDIAIRES AINSI
/¥ QUE LA POSITION DU LtpgN EST RENDU DaANS LE CHEMIN

po I=1 1vp 2%
WORCK=IRT(
IF &0ORK =

|

1

{

|

1
1]
ot
L
m

/% DETERMINER LE PrOcHAIN NDEJD INTERMEDIAIRE DU CHREMIN
/¥ CHEMINS

IRT(ITS

R ( ,ID'I);
R{M)=ITS3

—“1u

ITs
IPA

©s% VERIFIER SI LE NOEUD A DEJA-ETE RENCONTRE SUR LE

/¥ CHEMIN

Do I=1 10 M )
WHILE (ITS "= [PATHKITI))S

- ENp ¥
IF I < v THEN
e 003 . . .
’ ICON=13
PUT EDIT (1ERREUR *+%x ICON =
(SKIP(2)¥X(10)sAWF(S5S
RETURNS .
END3
ELSES
U IVE S
END?
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DL.!I DPTIMIZING cpOMPILER

NUMBER LEV NT

UN CHEMIN A ETE TrROUVE ,
TROUVE DANS LA sSTrRUCTyRE

/%

/% PERMANENTE DES CHEMINg.
s/t SON ADRESSE DE FIN EY IN
=3
1660 1 4 pD I=1 Tp
1670 1 5 NPATH
1680 1 _5_ END}
1700 1 4 ‘IF IwR ==
) PUT E
1730 1. 4 ELSES
1750 1 & ’ LOCATI(Is
1760 1 4 LOCATF (IS
TUETTOTTTIU TG T INDPATR=T
1780 1 4 C=NC+13
) DO}
L \ 7+ RETTRER—LE DERNTER- NOgUp"
- . /¥ AINST QUE LA PpSITION DU
/¥ MIN, METTRE LE NUMERD DE
/% TEMPORAIRE DES CHEMINg
1910 1 S - pTR
1920 1 5 1Ts
o 1930" N 1 i 5 U T T T e e T e s e e e _ M=p
1840 1 § 1PA
/% VERIFIER ST LE NOEUD A D
/% CHEMIN
- : 0 1 0 1 . S Ba e M e s W e s — s —— b ah & |. . = o .D. O_
2030 1 6 gND
2040 1 5 1F
2060 1 6
2070 1 6
2090 1 6
2100 1 6
2110 1t 5 o LS
2120. 1 S MEM
2130 7 1 5 TTENp YT
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PATHSDC PRDCEDUQE(IWQ!ICDV IS!ID),

METTRE LE CHREMIN OQUI Sg RE-
TEMPORAIRE,
NOTER SON ADRESSE DE DEPART ET
CREMENTER LE NUMERD pU CHEMIN

Mmi3
{IUDPATH+I)=IpATH{ 1)}

0 THEN
DIt ((IPATH(I) DD 1
(COL(38)s15(F (3

=y TD M=1))
IBRE

=INDPATHM+L S
:INDPATH+M 1;
M=13 S

QUI

LY'ON ETAIT RENDU

CE NOEUD OANS LA STRUCTURE

EJa ETE RENCONTRE SUR LE

IPATH(I));

I=y
NRILE
R )
1 ¢ M THEN
Do
ICDN=I§
PUT EDIT

TO M
(ITS ==

('ERREUR ¢x%xx

(SKIP{2)4X(10)sAyFI(5
RETURN S

ENDS

E3

1y

DANS LA STRUCTURE: -

ICON =

x/

£/

x/
x/

x/
%/

A-ETE "PLAGE  DANS LA PILE — %/ -
DANS LE CHE=

x/

x/
x/

e b=t

CON)



pLs1! OPTIMIZING cOMPJILER PATHSOC:DROCEDURE(IWRsICONsIS2ID) S

NUMBER LEV NT

2140 1 4 . ELSE -
2160 1 4 END3
2170 1 3 END3
2180 1 2 ELSES

2190 1 2 ID=ID+13
2200 1 2 END3

2210 1 1 IS=15+13

2220 1 1 ID=13

2230 1 1 ENDS

2240 1 O ICON=03

2250 1 0 END PATHSNCS




EIAGRAMME LOGIQUE DU SOUS-PROGRAMME PATHOOC

DEBUT
[ INITIAL ISATION
o
‘F\ .

& /// EST-CE QUE LE NUMERO DU NOEUD SOURCE
ouI EST PLUS GRAND QUE LE NOMBRE DE NOEUDS
DANS LE RESEAU?
S iICON =0 [ METTRE LE NUMERO DU NOEUD SOURCE DANS -
' LA STRUCTURE TEMPORAIRE DES CHEMINS

—_— ©

EST-CE QUE LE NUMERO DU NOEUD

OuI DESTINATION EST PLUS GRAND QUE LE NOMBRE  )-MON
DE NOEUDS DANS LE RESEAU?
BTN i \\4
Lo ' EST-CE' QUE LE NUMERO DU '
- , 0l NOEUD DESTINATION EST DIFFE- \WON
: RENT DE CELUI DU NOEUD SOURC
) . Y .
INITIALISER LE NUMERO DU CHEMIN A 1 = (:ii)

X

DETERMINER, POUR LA PAIRE DE NOEUDS
| ORIGINE-DESTINATION,LE PROCHAIN NOEUDS
INTERMEDIAIRE DU CHEMIN

Y

o : METTRE LE NUMERO DU NOEUD TROUVE DANS LA
= STRUCUTRE TEMPORAIRE DES CHEMINS.

4
NON <;EST—CE QU'IL Y A DES CHEMINS ALTERNATIFS

:ff “ i..€ D'AUTRES PROCHAINS NOEUDS INTERMEDIAERES

FIGURE 10
11-83 .



)

METTRE DANS LA PILE, LE NUMERO
DE CES NOEUDS

_y
b

=

EST-CE QUE LE NUMERO DU NOEUD
NON TROUVE EST EGAL A CELUI DU NOEUD .

DESTINATION?

. Vv
DETERMINER, POUR LA PAIRE DE
NOEUDS ORIGINE-DESTINATION,

DU_CHEMIN

LE PROCHAIN NOEUD INTERMEDIAIR% TEMPORAIRE, DANS_LA STRUCTURE

METTRE LE CHEMIN, QUI SE
RETROUVE DANS LA STRUCTURE

N

PERMANENTE DES CHEMINS.

METTRE LE NUMERO DU NOEUD
‘TROUVE DANS LA STRUCTURE
TEMPORAIRE DES CHEMINS

L

NOTER SON ADRESSE DE DEPART:

: /
0U1 EST-CE QUE CE NOEUD A DEJA
ETE RENCONTRE SUR LE CHEMIN?

CHEMIN.

4>> CREMENTER DE UN,LE- NUMERO DU

(%

NON

.. RETURN

NOEUDS DANS LA PILE?

NON

RETIRER LE DERNIER NOEUD QUI .
A ETE PLACE DANS LA PILE. .

N

METTRE LE NUMERO DE CE NOEUD
DANS LA STRUCTURE TEMPORAIRES
DES CHEMINS

FIGURE 10 (SUITE)
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ET SON ADRESSE DE FIN, ET IN-°

EST-CE QU'IL Y A ENCORE DE5;> '



)

INCREMENTER DE UN LE
NUMERO DU NOEUD DESTI-

NATION

<)

INCREMENTER DE UN LE
NUMERO DU NOEUD SOURCE

v

INITIALISER A 1 LE
NUMERO DU NOEUD DESTI=
NATION

INSERER, DANS LA STRUCTURE
PERMANENTE DES CHEMINS, LE
CHEMIN FICTIF QUI INDIQUE
QUE L'APPEL A ETE PERDU

Y

DU NOEUD DESTINATION

INCREMENTER DE UN LE NUMERO

. FIGURE 10 (FIN)
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DICTIONNATRE DES VARIABLES DU SOUS-PROGRAMME PATHOQOC

Toutes les variables, & 1'exception de la variable pile, ont

‘Ta méme signification que celle donnée dans le dictionnaire des variables

du sous-programme PATHOOC.

T -
-«

PILE = pile ol 1'on emmagasine, selon leur ordre de préférence, les
(vecteur) ,
destinations secondaires du noeud source.

LOST = variable contenant la valeur NS + 1. Elle est employée pour

construire le chemin fictif. Ce dernier est utilisée lorsqu'un

appel est perdu.
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LISTING DU SOUS-PROGRAMME PATHOOC

DOTIMIZING ¢cpMPILER PATHDOCIPROCEDURE(IWRITCONYISHID) S

SDURCE LISTING

JUvwre2 LEV NT

0 'DATHDOOC:PRICEDURE(TWNRIICONGIS,I1D)3

v -

/At kbR kAN EREFEXN Kk kg kxS X pr b e prFpp ik Feprbr iz rn e FTNK/

/% %/
/¥ T PDUR UN QESEAU SUIVANT LgS REGLES DE LA STRATEGIE: - %/
/% DYACHEMINEMENT pOC */
/% 1= TROUVERs STOCKER ET ECRIRE LES CHEMINS ENTRE */
/% TOUTES LES PATRES »>E NDEUDS Du RESEaAuU, ET x/
/% 2= VERIFIER 8! (CgS CHEMINS CONTIENNENT pES BDU=- £/
Vz3 CLES x/
/%

/*****************t*****t ***t****t******t**#**:**t*t*****t*/

1 O DECLARE (NSsNPATH(5000),1RT(15,1544)) FIXED(2) EXTERNAL s
(LDCATI(15415325)91.0CaTF(15915,25)) FlxgDd(a) EXTERNAL«
(I%¥RyICON) . FIXED(1)»
{1y INDPATR) FIXED(&a)s
tJeK) FIXED(2)
(MsISgIDqNC ITSypTRs L DISTewDORKY
- PILE(20)4IPATH(15)) - FIXED(2)3 -
/% INITTALISATION . x/
1 O pD 1=} TO 153
1 L DO y=1 TD 153 ' .
1 2 - “po K=1 TO 253 - - - it L
r 3 LOCATI(T.JeK}=0}
3 : LOCATF(I,JsK)=03
1 3 ENDS
1 -2 END3
1t 1 _ENDS
1 0 INDPATH=03
1 0 18=1i o
1 0 1D=13§
1 0 pTR=13
1 O LOST=NS+13
/¥ TROUVER LE PRDCHAIN NpEUD SQOURCE */ -

490 1 O pD WHILE (IS <= NS)3
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oL/1 OPTIMIZING

NUMBER LEV NT

560 - 1 1

620 R

. 680 1 2

750 1 @&

770 1

800 1 '3

.890 r 3
300 1T 3

S70 1 3
280 1 4
990 1 4
1010° 1 5
1020 1 3
1030 1 5
1040 1 4
1050 4

coMPILER PATHNOC:PRNCEDURE(IWRYICONYyISYID) S

s% PLACER LE NUMERQD pU NQOEUD SDOURCE DANS LA STRUCTURE
7% TEMDORAIRE DES (CHEMINSG
IPATH(1)=153 v
7% TROUVER LE PROCHAIN NpEUD HESTINATION
DD wHILE (ID <= NS)3
/% INITTALISER LE NUMERD DU CHEMIN A 1}
NC=13
/% VERIFIER SI LE NOEUD pESTIVATION EST EGAL AU NOEUD
/% sDURCE }
IF ID "= 15 THEN
DD%F R THEN o
c W i
IDUT EDTT (t7FROMet,1Ss1TQty1D) .
: (SCIPy2(X(L)aaeX(1)yF(2)))3
ELSES
} ‘ R EMIN
MINER LE DrQOcHAIN NOEUD INTERMEDIAIRE pu CW
f: EETSEZéEp SON NyMERDO pANS LA STRUCTURE TEMppnAIaE DES
/¥ CHEMINS
ITS=IRT(IS,IDe1)3
IPATH(2)=1TS3
: E LORS METTRE DANS, LA
*# g'IL vy A DES CHEMINS ALTERVATIFS A
:* gILE LE NUMERO pES AUTRES NDEUDS INTERMEDIATIRES

Do 1=1 To 23 .
HORKZIRT(ISsIDy4s=1)1
I1F WDRxk == 0 THEN
DO
PILE(SDTR)=wWDORK
pTR=PTR+13s
ENR
ELSES

¥/
x/

%/

x/

x/
X/

x/
%/

x/

%/
%/



PL/I OPTIMIZING cpoOMPILER PATHDUC DRDCEDURE(IWPvICDNgISvID)

NUMBER LEV NT

1060 1 3 -3: )
1080 T 3 DD NHILE (M ~=2)3 . -
1090 1 4 DO WHILE (ITS == ID)j
/¥ DETERMINER LE PROCHAIN NOEJD INTERMEDIAIRE DU CHEMIN - ET %/
sx METTRE SON NUMERO DANS LA STRUCTURE TEMPORAIRE pES T *%/
/% CHEMINS ' ‘ . x/
1170 1 S ITSTIRT(ITSeIDs1)3
1180 1 8 I T (My=ITSS
s% VERIFIER SI LE NOEUD a DEJa ETE RENCONTRE SUR LE */
/¥ CHEMIN ’ %/
1250 1 5 Do I=1 TO M 1
. , WHILE (ITS = 1PATH(I))} .
1270 1 6 - © ENp3 _ - T :
1280 1 5 . . IF I <€ u. THEN :
D03
1300 1 6 1coN=13
1310 1 6 = m e okl mem— PyYTTEDIY (YERREUR ***“ICDN*=**;ICDN)
. (SKIP(2)sX(10)sAsF(S))}-
1330 1 6 RETURN?1 o
1340 1 6 END}
1350 1 3 ELSEs -
1360 1 S UESVE T
1370 1 5 END 3
/% UN CHEHIN ‘A ETE TQUUVE . METYTRE LE CHEMIN QUI SE RE=- %y
7% TROUVE DANS LA STRUCTURE TEMPORAIRE, DANS La STRUCTURE %/
s DERMANENTE DES CHMgMINS., NOTER SON ApDRESSE DE DERART ET %/
,¥ SON ADRESSE DE FIN ET INCREMENTER LE NUMERD pU CHEMIN x/
1670 1 4 meemem e e pg [ETCTD MegEoT T e S
1480 1 3 - NPATH(IVDPATH+I)-IDATH(I);
1690 1 5 END$
1510 1 4 IF 1wk == 0 THEN
PUT EDIT ((IPATH(I DO I=1 TO Mwi))
(COL(2),y1 (ch)));
15a0 1 4 ELSES
1560 1 4 LOCATI(ISesIDsNC)=INDPATH+1S
1570 1 4 LOCATF(ISsIDeNCI=INDCPATH+M=1}
1580 1 & INDPATHTINDDATH4M=13
1590 1 & - TUNC=NCHys T = ee e e mmmem i e e e -
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plysl OPTIMIZING

NUMBER LEV NT

1610. 1 &
1700 1 S
1710 1 5
1720 1 5
1730 1 5
1740, 1 S
1750 1 4
1770 1 8
1780 1 3
- 1790 1 2
1860 1 2
1870 1 2
1880 1 2
1920 1 2
1840 1 2
1950 1 2
1960 1 2
1870 1 2
1980 1 2
2000 1 1
2010 1 1
2020 1 1
2030 1 O
2040 1 0

coOMPILER

PATHOOC:!DRACENDURE(TIWRs TCONY IS ID)

IF PTR == 1
DD

THEN

s+ RETIRER LE DEBNIER NOgUp QJUI A ETE PLACE DANS La PILE %/
¢* ET METTRE LE NUMERD pg CE VOEUD DANS LA STRUCTURE TEM= %/
/% DORAIRE DES CHEMINS

we [} O
W g
we ~ N0

Vi)
i |
N0
~—ma
o~ -
1 T oo
-~
wno
e

EN

ELSE
M

N OZXH—~T

END 3§

ELSEY

/% INSERER)Y

DANS LA STRyUcTURE PERMANENTE DES CHEMINS,
/% CHEMIN FICTIF QuUl INDJQUE QUE L'APPEL A ETE pERpU

NPATH{INDPATH+I)=Ig?H
NPATH({INDPATH+2)=L0OST
IF I¥WR == 0 THEN
PUT EDIT ((NpATH(T1) DO I=
: (CcopLt(2)e2(F(3)))
ELSES A
LOCATI(ISs 1D NCIY=INDPATH+1
LOCATF{ISsI1D4NC)=INDPATH+2}
INDPATHT INDPATH+2S
ID=ID+13
END3s
IS=s1S+1li
ID=yt3s -
ENDS
ICONTO3S
END PATHOOCS
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7)

Le sous-programme SORTI

définition de la tache

L'objectif du sous-programme SORT1 est de trouver la paire de
noeuds ORIGINE-DESTINATION possédant la plus grande probabilité
de blocage pondérée (WEITHTED NNGOS) ainsi que la valeur de cette .
dernigre. De plus, i1 détermine le nombre de NNGOS pondérés qui |
dépassent la valeur de BPMAX i.e. La probabilité de blocage maxi-

male autorisée.

La figure 11 présente le diagramme logique de ce soﬁé-programme.
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DIAGRAMME LOGIQUE DU SOUS-PROGRAMME SORT1

DEBUT

INITIALISATION

\

2 .
TROUVER LA PROCHAINE PAIRE DE NOEUDS

ORIGINE-DESTINATION

] v
_ EST-CE QUE LA VALEUR DE SON NNGOS EST PLUS
Ul GRANDE QUE LA PROBABILITE.DE BLOCAGE
AUTORISEE (BPMAX )?

ADDITIONNER 1 A LA VARIABLE QUI _
CONTIENT-LE NOMBRE DE NNGOS PONDERES
QUI DEPASSENT LA VALEUR DE BPMAX

t _ ~C R

A AN

J

EST—CE QUE LA VALEUR DE SON NNGOS EST
QUI PLUS GRANDE QUE LA VALEUR MAXIMALE DU NNGOS NON
TROUVEE PRECEDEMMENT? '

A\

CONSERVER LES NUMEROS DES NOEUDS QUI v
CONSTITUENT LA PAIRE ET REMPLACER LA VA-
LEUR MAXIMALE DU NNGOS TROUVEE PAR LA VA-
LEUR DU NNGOS DE LA PAIRE.

L ' S : /

T
EST-CE QUE TOUTES LES PAIRES DE NOEUDS \ nop
ONT ETE EXAMINEES? -/
DUI

o FIGURE 11
RETURN 11-92 _




DICTIONNAIRE DES VARIABLES DU SOUS-PROGRAMME SORT]

Les variables BPMAX, CLSD, NS, TR et WT ont été définies

- dans le dictionnaire des variables du programme principal.

BIGBP variable qui_contient la plus grande probébi]ité de blocage

1

pondérée, rencontrée pour une paire de noeuds ORIGINE-DESTI- .

NATION (LARGEST WEIGHTED NNGOS).

DUM = variable qui contient la probabilité de blocage pondérée de

la paire de noeuds ORIGINE-DESTINATION qui est & 1'étude

(WEIGHTED NNGOS)

1]

1S,ID variables qui centiennent respectivement les noeuds source
et destination de la paire de noeuds ORIGINE—DESTINATION qui

posséde la plus grande probabilité de b1dcage pondérée du réseau.

NEXD variable qui contient Te nombre de NNGOS pondérés qui ex&dent

la valeur contenue dans BPMAX.
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LISTING DU SOUS-PROGRAMME SORT1

/1 DPTIMIZING cpMRILER

HJMBER LEV NT

10 0

140 1 o]

320
330.°
‘340

-8 s e

360 1

380 1
380 1

P R W emc

410 1
430 1

450
460
470
480
490
500
510

8 h b gt Pl o ok

wpPLLOUY &

sOuRcE LISTING

SORT)!DRDCEDURE(BPMAXs IS,

SORT13PROCEDUIE(BPMAXITIS,TDyBIGBPNEXD) S

ID,BIGBD,NEXD)i

/**:::***t**xt*::*z**x*:*t******:*xxz*z**:ttt*:*t***txtx*x*:/

/%
% B FS:

;x o JECIE TROQUVER LA PATRE DE NDEUDS PDSSEDANT LE PLUS
/% e GRAND NNGNRS PONPERE AINSI QUE LA VALEUR DE CE
7% NNGOS ) -

7% 2= DETERMINER LE NQoMBREe DE NNGDS PONDERES pUI

7% DEPASSENT LA VALEUR DE BPHMAYX

/%

* /
x/
.k
*/
*x/
x/
x/
X/

/A AR R kR RN R R F Ak R vk F b L XK E XX F X R Rk b ¥R L X kXX E XX KKX/

DECLARE (TR(15s185),#T7(15,

NS T
(DUMsBPMAX,BI1GBPR)
(I+J92ISe1ID)

NEXD

/% INITTALISATION

/¥ EXAMINER TOUS LEs NNGpS ET TROUVER
/¥ pLUS ELEVE AVEC Sa PAIRE DO=-D QUI

18)y2LSD(15s185))

CELUI QUI EST LE
LU EST ASSQOCIE

0.0E0 THEN

BOMAX THEN

NEXD=SNEXD+ 1§

DO 11 TO NS5
) DD J=t1 TO NSj;
IF I =% J THEeN
oJo k]
IF TR(1vJ) n=
DO
1F l‘\uM >=
ELSE
1F pyM »>=
p9s =
8IGSR
15=1
1D=y
ENDI
ELSE
END S
ELSES
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{ PL/1 OPTIMIZING GOMPILER
l
2

NUMBER LEV NT

520
530
540

3

> .

3 END}
1

0

Ll

END 3
T TELSEY T

SORT1{PROCEDURE(RPMAXy IS, TD+BLlGBPINEXD)

—

550 END 3 -
560 END SORT13 .

~. \
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5)

d'utilisation du package ETARET.

g

4. EXEMPLE D'UTILISATION

Dans cette section du rapport, nous vous présentons un exemple

et

Togiciel pour réaliser 1'analyse des performances d'un réseau télé-

phonique.

Le réseau que nous voulons analyser, est un réseau fictif -qui a été
dérivé des données (partielles) que la compagnie BELL nous a fourni. I

est constitué de dix (10) noeuds et de 40 liens.

Aprés avoir réalisé les cinq étapes décrites dans la section II-D.

rapport, nous avons 1'information suivante:

la structure du reseau (figﬁre 1?);

Te nombre de troncons pour chaque. 1ien (Table 1);
Ta matrice du trafic (en CCS) (Table 2);

la table d'acheminement (TABLE 3), et

les options choisies pourie réseau:

. 11-96

Ce dernier vous montre comment employer



a) 1'impression de tous les chemins;

b) 1'impression de 1a probabilité d'utilisation

des chemins ainsi que le trafic amen& par ces derniers;

c) la matrice du trafic sera entrée en unités d'ERLANG;

d) 1'acheminement du réseau suit les régles de la stratégie

SOC, et

e) la valeur de BPMAX: 0.02

Pour terminer, on détermine le nombre de conditions (sous-charge,

normale et surcharge du réseau) que 1'on veut vérifier ainsi que les

valeurs de ces conditions.

La table 4 illustre la séquence des cartes de données pour ce
réseau. La figure 13 illustre, pour le réseau décrit précédemment,

les sorties du package ETARET.
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vers 1 2 3 4 5 "6 7 & 9 10
_de | ."“
1 - 546 135 56 91 265 39 602 205 616
2 - 35 17 45 131 14 313 292 208
3 - 22 0 0 22 63 13 90
4 - 0 0 0 47 7 64
5 I - 187 15 21 14 154
6 | - %6 98 45 352
7 - 16 2 50
8 - 186 208
9 N | | - 204
10 | - | -

Table 1: Nombre de trongons
pour chaque lien.

I1-99




vers 1 2 3 4 5 6 7 g g 10

de
1 - 11956 2848 1328 2238 5844 879 12578 3322 11726
2 10833 - 717 420 1007 2534 331 6851 5614 3803
37 2623 61 - 375 0 0 355 1302 - 23] 1588
4 1354 359 368 - 0 o o - R E VA [
5 1800 860 0- 0 - 3743 238 mo e 2759
6 5441 2407 0 0 3962 - 048 2430 010 7081
7 922 332 349 0 376 848 - 430 0 '779
8 12063 6401 1058 915 576 2269 373 - . 3699 3879
o 5325 5595 272 162 426 918 83 3885 - 3727

10 11837 3545 1182 1062 2526 6007 637 3478 3482 -

vers 1 2 3 4 5 6 7 8 9 10
de :
1 - 2,50 3,50 4,0 5,90 6,10 7,10 8110 9,10 10
2 1,50 - 3,90 4,70 5,00 6,10 7,10 8,0 9,50 10
5 1,00 200 - 4% 10 10 7,50 8,10 9,50 10
4 1,00 2,0 300 - 0 10 10 810 3,70 10
5 1,00 2,50 10 0. - - 6,10 7,00 81C 9,10 10
6 1,50 2,50 3,90 10 5,70 - 7,50 830 9,10 10
7 1,00 2,50 3,00 10 510 6,0 - 8710 9,50 10
8 1,00 2,50 3,00 4,50 5,0 6,0 7,50 - 9,0 10
9 1,50 2,0 3,00 4,90 510 6,50 10 810 - 10
00 2 - 3 a4 5 6 78 9 .

. Table 3: Table d'acheminement
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DISPOSITION DES DONNEES SUR CARTES v
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DISPOSITION DES DONNEES SUR CARTES
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5 4 10 0 0 0,00 1.00
56 6 10 o0llpg,04 1,00
5 7 T 10 0 1p,45 1.00
. . 5 8 6 10 0O 185,99 1,n0
N 5 9 9 10 0 11,84 1,00
- 5ig 10 0 0O 0,00 1,00
. (L3 t 1o o0lbp 32 1.an
6 2 2 10 0 7Tp,40 1.00
o H 3 3 to 0 0,00 1.0n0
T 6 4 10 0 0 0,00 1,00
e 6 5 S5 10 0lo3z, 96 1,00
3 H 7 7 10 0 23,56 1,00
w 6 a8 10 0 63,02 1.00
. 5 9 9 10 O 2%,49 1.00
* 1o 10 0 0 0.00 1,00
71 1 10 0 24,42 1,00
4 7 2 2 10 0O 9,18 1.00
.7 3 3 10 0 9,85 1.00
7 4 10 y] ] n.00 1,00
7T 5 5 10 0 6,62 1.00
1 7 6 6 10 0 26,35 1,00
7 B H 10 G .36 1.00
7 9 910 0 2,44 1,00
T1n 10 0 0O 0.00 1,00
| 1o 1 10 0dag 38 1.00
B2 2 10 0l9n,32 1,00
# 1 3 10 0 36,16 1,00
B a4 4 10 0 22.80 1.00
1 s 5 10 0 1lp.a8 len0n
6 6H 10 0 67. 51 1.00
8 7 7 10 0 11,94 f.nn
B 9 9 10 0lo7,92 1.00
“ Bl 10 0 0 N.,00 l.no
. 9 ) 1 10 0 Yz2.28 1.00
'} 3 2 2 10 0lb5s_9s 1.00
C 9 3 3 10 0 6,43 1.0n0
N 9 4 4 10 0 3,80 1.00
9 5 5 10 0 1p.10 1,00
9 6 6 10 0 25,27 .00
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NUMRBER. oF SWITCHES IN NgTWORK 1 10

NUMBER pF TRUNK GROUPS IN NETWORKS 40

RATE H . 100
EXISTING NUMBER
LINK NUMBER SWITCH PAIR OF TRUNKS
: 1 1 2 546
2 1 3 135 .r
3 1 4 %56
4 1 5 91
- 5 1 6 265
6 1 7 39
r— 7 1 8 602
e 8 1 9 205
L 9 1 i0 616
12 2 5 45
13 2 6 131 «
15 2 B 313
16 2 9 292
17 2 10 208 .
18 3 4 22 !
19 3 7 22
20 3 B 63
21 3 9 13
22 3 10 90
23 .3 B 47
24 4 9 7 ‘
25 4 10 64
26 5 6 187
c7 5 7 . 15
28 5 B 21
29 5 9 14 . .
30 5 1o N ' 154 . ’
31 6 7 46 .
32 6 a 98
33 6 9 45,
3a 6 10 352
35 7 8 16 !
36 7 .9 2
37 7 10 50
38 8 9 186
39 8 ‘10 208
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