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’.AB_STRA‘CT

»The alm in sw1tch1ng network optlmlzatlon problema
is to obtaln optimal link capa01t1es so that the =
resultlng network cost is mlnlmlzed-and a certaln
7satlsfactory level of serv1ce is supplled to the
_eubscrlbers. Since the problem ‘has a. large 51ze
and encompasses nonllnearltles, approxzmate

'solutlons suff1ce.»’

In the preseht_studg;'the'optimizatioh problem}
its'oharacteristics, and reIated teletrafflc'
'conoepte>are presented; A solution. procedure is

developed by con51der1ng the ex1st1ng approaches

and 1s applled to some small scale example networks L

'to show its functlonlng and to set a comparlson '

v~ba51s for future study. .
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*bZETf

"5Aboneler ara51ndak1 telefon baglantllarlnl saglayan
'telekomunlkasyon (u21let1§1m) §ebeke51, 1let1§1m ve
santral $ebeke51 blarak 1k;ye agrlstlrlllp incelen-
fmektedir._Sahtraii$ebekeéi; birbir;e:ihe'devreler
.iie-baglanm;§.Santrallérdén'Oiﬁgmaktédlr. tletigim
$ebekési.iseAsahtra}iar; baglayan iletigim éistem-
lerini 1ger1r. Teiekbmﬁnikasydn.sébekeSinin'eniyi? B
,lenme51 (optlmlzasyonu) 1k1 etapta dusunulmektedlr.‘
»Santral gebeke51n1n en1y11enmes1 olan b1r1nc1 kade-V
menln glktllarl 1k1n01 optlmlzasyon kademes i ‘olan
 1let1§1m §ebeke51n1n en1y11enmesz problemlne glrdl
 olarak kullanllmaktadlr. Bu gallgma santral $ebeke—:‘
~lerinin enlyllenme51 1le 11g111 olup 11et1§1m §ebe-
:.kelerlnln enlyllenme51 ga11§man1n kapsamlnln d1§1nda;

’kalmaktadlr,

e

Santral §ebekeler1n1n enlyllenme51ndek1 hedef en1y1
 (opt1ma1) hat kapa51teler1n1 tagln edlp santrallar »
“arasi’ baglantllara kag devre konulacaglnl bulmaktlr.
 Boyle bir hesaplama yaplllrken §ebeke mallyetlnl en-
Lazlamak ve abonelere yeterll blr serv1s sevzye51
>3saglamak amaglanmaktadlr. Problemln boyutunun buyuk B
 olmas1 ve - dogrusal olmayan 111§k11er1 lgerme51 ne— ‘

»denljle-ancak gakla§1k~gozumler elde_edllmektedlr.'

.Bu gallgmada enlyllenecek olan santral §ebeke51
‘probleml, ozelllklerl ve. konuya aydlnllk getlrebl-[
fjlecek gerekll ba21 uztraflk kavramlarl tan1mlanm1$; 
S tair. Ayrlca, mevcut gozum yaklaslmlarlnl ‘da.; gozonun- ?
de bulundurarak bir - gozum yordam1 ge11$t1r11m1§t1r, |
'~Ce11$t1r11en metodun 1§1e11§1n1 gostermek 191n gozum-

'yordaml, kuguk boyutlu bazl érnek §ebekelere uygu-

‘  :lanm1§t1r. Bog@ece, 11erk1 gallgmalar 1g1n de kargl—’

'lastlrma kriterleri meydana get1r;lm1$t1r.

("N
e
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S CHTER T
 INTRODUCTION

AL telecommunlcatlons network. is the means of lnterconnectlng telephone customers.
A nat]onal network lncludes exchange (local) networks where each exchange ared !
'vnetwork is pr:marlly concerned ‘with local calls. A local central offlce 1nter~x
fconnects 1oca1 subscrlbers and has connect:ons to other local central offices -
;1so that ‘a call wh:ch or:glnates in one central offlce can be passed to another
‘central off:ce for completlon. The central office can also have connectlons to’
'toll offlces wh:ch,are the gateway to the long-dlstance network.;In}short,
f‘telephone'service,;being'eithervlocal orflongeddstance, jsbof;two'types{
he telecommun:cat:ons network Optlmlzatlon is malnly an 1nternatlonal problem.,
'The problems arJSJng in the Jnvestment plannlng of the telecommunlcatlons
= network for Turkey resemble Jn technlcal aspects the problems faced by other
'countrles _when plann:ng theJr own Jnvestments. The Jnvestments made on the
'Turklsh telecommunlcatlons network have ‘been unsatlsfactory in terms of serv:ce'
'supplled s:nce the subscrlbers .are. l:able to rece:ve the all trunks—busy s:gnalf
ltoo frequently Due to the stress of monetary constralnts in Turkey, 1nvestment

plannlng has . become an even more cruc:al problem. .

The optlmlzatlon of telecommunlcatlon networks ]S v1ta1 for telephone trafflc

'network des:gners in: terms- of lnvestment value and system functlonlng. The ,

lnetwork represents -a large proportlon of the cap1ta1 assets of a telecommunlca;.,
AV;tlonS admlnlstratlon and JtS operat:ng cost The success- of a telephone system
depends on the way it handles subscr1bers telephone calls. A telephone
".subscrlber must be able to make a call whenever he. des:res at a cost whlch 1s
not. prohlb:tlve. The telephone adm]nlstrat:on must prov1de th]S level -of serv1ce
_"through investments in plant equ:pment, dependlng on the number of subscrlbers
.and the volume of trafflc The: maJor exPenses of the. telephone admlnlstratlon
‘7are the invested cap:tal and the lnterest on it. Thus, profltablllty depends

to a large extent on the system 8 not belng over—englneered On the other hand,



under—engineeringithe-system is unacceptable fromvthe'point of view of customer ‘
'serVJce. That is, too-few sw:tches and Jnterconnectlons would thder the growth-
in the number of subscr:bers and cause productlve tJme 1osses ln waiting while ‘
too ‘many sw1tches and Jnterconnectlons would increase the costs of the adm:n:s-/
ldtratJon. To: resolve the trade off between cost and serv:ce, the Jnvestment Jn
plant equnpment must . be mlnlm]zed subJect_to a constraint. set concernlng the

service levels.
‘The bas:c purpose of teletrafflc theory is to f]nd the cond:tlons under - whlch
adequate service ]S given to the subscrlbers whlle the fac111t1es prov1d1ng
the service are economlcally used.  The necessary c:rcults to enable exchanges,
,fnn a moderately 1arge cJty may represent a cap:tal Jnvestment of 'several
mzll]ons of dollars. Therefore,,even a small percentage of :nvestment reductlon,_
chleved by employlng a dJmensaonlng procedure, amounts to. s:gnlf]cant sav:ngs
’»f:n total lnvestment cost. Thls result can verlfy the fact. that Jn switching '
. network optlmlzatlon problems, an. approx:mate solutJon sufflces. Currently
tllized methods do not aim to attaln the exact solut:on due to the structure

f0f the problem wh1ch genera11y has a 1arge s:ze -and many 1nterdependanc1es

between the varlables._‘

"A telecommunlcatlons network can be separated Jnto a sw:tchlng and a transmnss:onu
Anetwork The swatchlng (swatched) network comprlses the" sw:tchlng nodes Jnter—
: connected by groups of c1rcu1ts whlle the transmission network cons:sts of ‘
" transtSSJOn systems Jnterconnectlng the swltchlng nodes. The trad;tlonal trans—~
sfmlSSJOn faczllty in a. telecommunlcatlons network is cable. Recently, the use’
of radios and satallltes ‘have been lnltlated The Optlmlzatlon of telecommun:- &'.
catlon networks is approached in two stages [6]. In the f1rst stage, the . _ u
sw:tchlng network is Optlm]zed by apply:ng a d]menslonlng procedure. The ba51c
' output of the sw:tchlng network optxmlzatlon problem is the lank capac1t1es,
‘ whlch are used as. 1nputs to the transmlsslon network optlmlzatlon problem In.
" the transmlss10n network optlmlzatlon problem, ngen the 11nkw1se c:rcu:t
“requlrements, the m]nlmum cost fac111ty installation scheme lS sought by
‘determining the type of transm:ssxon system to be’ Jnstalled on the ljnks.Trans—
_mission network optlmlzatlon is’ totally out of the scope of this study. Only

.:%swltchlng network opt:mlzatlon is analyzed in the thes:s.

 With the‘aim of;defining_switchingrnetwork optimization'problem clearly,-in -



’Chapter IT the necessary aspects of‘teietraffie theory are introduced. A brief ’
review of the relevant'lfterature on»swdtching network optimization'is givem.

in Chapter‘iII;.Then; Strdcturally the problem,is;definedgim'Chapter IV’along
witH the generai input requiremeﬁts ahd the resuitihg outputs. Chapter vV
includes the fundamental theorles used in the solutlon procedure, ‘the specific
assumptlons of the developed model, and the ‘solution algorlthm for the sw1tch1ng
network 0pt1mlzatlon problem Numer1ca1 results of the developed algorlthm are
_dlscussed ‘in Chapter VI wh:le the llstzng and explanation of the computer

| program are Jncluded in Append:ces D and H. A B



CHADTEP II
CEPTAIN PELATED ASPECTS ﬂF TELETRAFFIC THEORY

| ,'II_.I'..‘FVUNDAMENT'AL» VDEFINIT_IONS | o

, Telephone traffic lS deflned as the aggregate of telephone calls over a group
‘of circuits w1th regard ‘to the duratlon and’ the number of calls. The product
of the number of calls dur:ng a period of tlme by the average hold]ng time

l”ylelds trafflc flow. In trafflc theory, the unit of tlme is one hour. Traff:c

v flow, expressed in hour—calls, is termed as traffic Jntens1ty. ‘The quantity of

'.trafflc used in- d1mens10n1ng methods is the trafflc 1ntenslty wh:ch represents

the ‘average number of s:multaneous calls. Although trafflc 1ntens:ty is a’

dlmenSJiness quantlty, it ls called the ' erlang after ‘the Danish mathematl-

cian, Erlang, who is the founder of the telephone traffic: theory.IOne erlang
represents a clrcult occupied for one hour. In the United States ‘the term

"unit call" (UC) or 1ts synonymous term. "hundred—call-second" (CCS) whlch

: expresses the sum of the number of busy c:rcults provxded that the busy trunks_'
‘were observed once every. 100 seconds, is generally used The relatlonshlp

‘ between the erlang and the UC or. CCS can eas:ly be establlshed as:
| 1geriahg-=’36 uC - 36 Cos L

‘Telephone trafflc 1s carr:ed between exchanges or sw:tchlng centers by c:rcults'
'_Whlch are also termed as Junctlons or trunks in the llterature. An exchange'
destlnled for subscrlbers in the same exchange area does not use the’ Junctlon
' ‘network.vTandem swltches, employed in a telecommunlcatlon network functlon,

' solely as sw:tchlng polnts for trunks between - local central offlces. Therefore,

no traffic or:gxnates or termlnates at a tandem sw:tch.

To obtaln fe351b1e connectlons between sthchlng centers, a procedure known -
as alternate routlng is utlllzed in the telecommunlcatlon networks Under

-alternate routlng, traffic offered to a direct- (erst cho:ce) route between-



?twofexchangeSIand meetfng7congestionv(blocking) isboffered to a‘second chodceﬂ
'w(overflow) route. Networks whichvallow:alternate routing of traffic are termed
.”sw1tch1ng or- sw1tched because sw:tchlng operatlons are requlred to alternately
routé ‘a call A 11nk ‘whose trafch can be" sw1tched to an alternate route(s),
“]S called a thh usage link. A1l of the links inm the network excludlng the
high usage llnks are termed as flnal l]nks. The set of all flnal 11nks

'constltutes the backbone of the network

The network routlng hlerarchy permxts the traff:c wh:ch is blocked on a h]gh
:usage link to be: switched through other Junctlons. If a connectlon falls on a
final l]nk then the call is "lost". and the caller must try to place the call
"agaln. The sw:tchlng process, Jnduced by alternate rout:ng, tends to’ smooth o
-out ‘the’ peaks of traff:c loads which' occur throughout the network at dlfferent
tJmes of the day [16] Maknng use of alternate routlng, rather than allow:ng
only" d]rect Junctlons between -each’ exchange pa:r, can decrease the total cost
'VSJnce less equ:pment w111 be requ:red to service the overall trafflc load on
the network Sav:ngs in total Jnvestment for tandem networks with a constant
’,grade of serv1ce are about 10 Z in the case of large networks [2] The ma:n ;-
'advantage of alternate rout:ng networks is the greater traff:c carrylng
capacxty of large groups of JUDCC]OHS by comb:nlng many small parcels of traff:c
“on"the second and/or h]gher order cho:ce routes. Admln]stratlvely, an alternate .
‘route ‘trunk" 1ayout may be" eas:er to monltor day by day than a large number of
5separate and Jndependent Jntertoll groups since a close check only on- the
;servmce given on the final routes can be suff1c1ent to insure that a11 customers

Jare be]ng served satlsfactorlly [34]

For given congestlon standards and SpEC]flC levels of offered traff:c there ,ﬁ
are opt1ma1 values for ‘the proport:ons of trafflc routed v:a dlrect and '
Valternate routes. The pr]nclpal factors tendlng to. lncrease tbe proportlon of
trafflc on dlrect Junctlons are the generally lower. Junctlon “and- sw:tchlng
’costs. On - the other hand JncreaSJng the trafflc on the. tandem network enables
'the direct Junctlons to operate at a greater traffic eff:c:ency, and the aggre-
: gatlon of a number of sma11 traff:c parcels results in eff:c:ent use of the
alternate routes. Bas1cally, all the ex15t1ng dlmenslonlng procedures seek to
ifatta:n the 0pt1ma1 routlng of traff:c, cons:der:ng 11nk and/or route block:ng

Aprobabllltles.



“11.2. NATURE OF TELEPHONE TRAFFIC

An understanding'of the*distribution of\telephone‘traffic‘with respect. to time -
and destination is essentlal in determ:n:ng the amount of telephone fac111t1es
requlred to serve the subscrlbers needs. Telephone trafflc varies accord:ng
to location, season, month, week day, and hour These varlatlons may be
cons:dered to be prlmarlly systemat]c ‘since thelr occurance can be predlcted
thhln reasonable 1Jm1ts. However, the varlatlon that occurs within an hour ]S B
:not systematlc The random nature of the: traff:c d]strlbutlon w:thln an hour
is- based on the assumptlon that subscrlbers orJanate calls Jndependently Other
Jmportant traff]c fluctuatlon sources are the dlfferlng telephone usage rate ‘
of subscr]bers and the length of ‘conversation. With the anut traff]c fluctuat]ng,
telephone traff:c network de51gners utll:ze the traff:c Jntens1ty value obta:ned
fby con51der1ng the busy hour in the busy season or mult]hour enaneerJng
techn:que (see Chapter III) to supply sat:sfactory service. ‘Sound demand .
forecastlng, where customer demands are- spec:fled probablllstlcally between
pairs- of Junctlons by . the utlllzatlon of the f:rst two- moments, is- essentlal '

for a rel:able network des:gn.

The traff:c dlstrlbutlons wh]Ch Jnfluence the dlmenSJQang procedure of the
network "can be dlv:ded Jnto three main categor:es with respect ‘to the o
varlance-to-mean ratlo vmr [20]. When vor is equal to unity, the. trafflc ls
deflned as beJng random and is character:zed by POlSSOﬂ dnstrlbutlon. In the
Hnonrandom case, the trafflc is called smooth if Jts vmr | Js less than unlty and .
Jt is named. rough ‘or peaked ]f its vmr is greater than un]ty. Although random
trafch is rarely found in pract]ce, it is extens:vely used for Jts 81mp11c1ty.-
In. the case of smooth trafflc, the utlllzatlon of Po:sson dlstrlbutlon overes-
tJmates the number of trunks whlle for rough traff:c, ]t results Jn an underes— S
' t:mat:on..Consequently, Equ:valent Random Theory due to Wllklnson [34] or
;:Frederlcks formula [30] is- employed to deal w:th rough trafflc that is -
-encountered commonly in networks w:th alternate routlng. The - error in using
f‘Ponsson dlstrlbutlon for smooth trafflc ]S rather small and may be regarded as
- a safety factor. : EE
aTo clarlfy the nature of telephone traff:c in a network the offered and. the.'
'carrled trafflc must be dlfferentaated “The carrled trafflc, h]ch is obta:ned

from trafflc measurements, lS the volume of trafflc actually handled by the

‘system. The offered trafflc is greater than ‘the carrled traffic. by the amount -



of lost or blocked. trafflc,_lf any. Thus, the relatlonshlp between. offered and

carried traff1c ]S expressed by,
Offered Traff:c Carrled Trafflc + Lost Trafflc

AThe lost traffic can. be.thought of~as thatlportion of the traffic which would '
uoverflow to an aux:llary route. if the" channels of the route under study are
"occupled The characterlstlcs of the trafflc offered to the routes. in a. network
are of fundamental Jmportance xn the: calculatlon procedure. The freshly offered |
i traff:c to the first chonce llnks is cons:dered ‘as being random. A’ POJSson
d:strlbutlon of offered traffxc is produced by a random arr:val of calls. The
‘Jmplled assumpt:on is, that the probablllty of a new call arrlval in the. next :
QJnstant of time lS ]ndependent of the. number currently present in the system.’

, When thls randomness ‘and the correspond:ng JndependenCe are dlsturbed, then .
the resultlng dlstrlbutlon w111 no longer be P01sson. In overflow trafflc, .
:f.there will be more occurances of" 1arge numbers of calls and also 1onger Jntervals :
when few or no .calls are present [341. The vmr of the overflow trafflc ns
| 1greater than- un:ty, 31gn1fy1ng peakedness whereas- the vmr of the carrled
'!'trafflc is less than un:ty, sxgnlfylng smoothness. Peaked traffic requires
‘;_more paths whlle smooth trafflc requlres less paths than random trafflc does

“to operate at a Spec1f1ed grade of service.
" “fIiI-.'~3,'.'G,RADE OF SERVI,C.E,;"*Q? > R

The . concept of block:ng refers to the fact that a call encounters an all-equlp; :
tment-busy cond:tlon on a g]ven llnk (llnk blocklng) or Jn a glven switch A

-(sw:tch blocklng) Llnk blocklng probabllzty, expressed by the Erlang—B formula .
f_developed by Erlang. is the probablllty that all of the trunks of ‘the cons:dered
link .are busy. Llnk blocklng probablllty ]S a dlrect funct:on of the amount of
.vltrafflc offered to that link and the number of trunks constructed for: that llnk
L:The offered and carried trafflcs of a trunk group are dlfferent ma:nly due to.

" the exlstence of. 1link block:ng. Each sw:tch blocklng is characterlzed by two
dlfferent block:ng probabllltles,bnamely the Jncomxng and the outgo:ng blocklng
- probab:lltles [11] o
'niIn a c1rcu1t-sw1tched telecommunlcatlon network optlm:zatlon, generally the
Jnterest is on the overall blocklng probablllty which is also called po:nt to—'

'"p01nt congestlon or end—to—end blocklng. The po]nt—to-pOJHt congestlon value,



}derived from the individual bloéking probabilities of each link with orvwlthout
l regard to swltch block:ng, refers to the probability that a call at any

ﬂ or]glnat]ng node of the network does not reach its dest:nat:on due to network
':problems. A h]ghly related concept to overall blockJng is the grade of serv:ce
i'whlch is defined as the measure of service given in an exchange from the po:nt
,of v1ew of JnsuffJCJency of the telecommunlcatlon network system. Grade of
serv:ce ‘is the proportlon of the unsuccessful calls relat:ve to the total
number of calls. The conventlonally accepted value for grade of service is
0.01 [19]. ‘ '

As telephone networks grow and evolve over tlme, new sw:tches and transm:ss:on B
‘faCJlJtJes are Jntroduced w1th the requared capabllltles. For ease of
’calculatlon, most of the current network d:men51on1ng procedures a1m to ensure"

the SpeCJfJed blocklng levels to be met on final trunk groups durlng normal

network condltlons, ‘at which abnormally hzgh demand values and fa:lures are
| not taken 1nto conslderatlon, rather than the polnt to—po:nt congestlon .

,'crlterlon. The basic obJectlve is that each subscrlber should be able to

B communlcate w:th the. other subscrlbers w1th a h]gh probablllty, except perhaps

dur]ng certaln abnormal perlods.



L CHA TER IT1
APPROACHES TO' SKITCHING NETHORK
OPTIMIZATION PPOBLEM

‘iThe hlerarch1ca1 sw1tch1ng network opt:m:zatlon problem has. been a substantnal’
‘research area. New polnts of vxew and encouraglng Jmprovements ‘have been
accompllshed Yet due to the lack of ‘a unlversally acclaimed testlng network
to test and compare ‘each proposed method none of  the solution methods emerges~
as. being dlstlnctly superlor to the others. Besides, some of the methods have
' been restrlcted in: the sense - that they were planned for only spec:al network
'deSJgns.-The strong trade-off between accuracy and ease of appllcat:on is a
-drawback 1n the subJect where  even. the level of -accuracy is st:ll open to
.research Con51der1ng the vast: sums of money expended to meet ‘the current and

ffuture commun:catlon needs w1th a hlgh degree of effxc:ency, and the cont:nu:ng

A-'developments in “the desngn of swltches and transm:ss:on fac:l:tles, the

_.sustenance of the research on telecommunlcatlon network optlmlzatlon is
\obv10usly vital. The approaches and the dlscoverles of the ex15t1ng researches

can be lnfluentlal gu:des for future study.'

>0ver the past 30 years, there have been at least two baslc approaches to the
h:erarchlcal sw]tchlng network optlmlzatlon problem [16]

D

hIII I THE PROBABILISTIC APPROACH TO SWITCHING NETWORK
OPTIMIZATION PROBLEM

The flrst approach ‘to the desxgn problem Jncorporates spec:flc probablllty

: d:strlbutlons for each parcel of trafflc " where a parcel is merely that portion:
of trafflc wh]ch follows spec:f:c routes 1n the network leferent parcels can
.zexperlence dlfferent blocklng probabll:t:es on the same trunk group. ‘That. is, .
a. g:ven trunk group may accomodate customer orlg:nated random trafflc and also’

~overflow. traff:c wh1ch is peaked



The pioneerfng work representing“the’probabilistic approach, ‘which has had ;'
w1despread use throughout the telecommunications Jndustry, was set in 1954 by
Trulttj[32] The generally accepted name of the method reflects the fact that
veconbmic'conslderatlons are also part of the analys:s. The method is termed
 the economic—hundred—call—second (ECCS). It .is based on the concept of

economic load'on the last trunk. This method was introduced by Truitt for the
s:mplest routing hierarchy whlch consists of ‘a triad of junctions with only |
one overflow pOSSlblllty and one specific time of day (single;hour),‘The design

‘variables are thevspeC]flC,SlZeS of all trunk groups of the network.

Further Jmportant extenslons of the ECCS—method occured in three dlrectlons.
Farst, accurate reflnements concern:ng the overflow distributions were made
following the equivalent random theory of Wilkinson [34]. Then, more compllcated”‘

‘network hierarchies werefintroduced by Rapp [27] and other following researchers.

'VCurrently,"Jncorporatlng these two extens:ons to the1r work three researchers ’
: have produced different solutlon technlques. There are three main optlons ‘as - |
to. how the problem may- be formulated It can be (a) clrcultvbased (b) trafflc
based, or (c) block:ng/clrcult ‘based [6] Baslcally, these three solutlon ,
.'procedures are Jteratlve. Berry [l], (21, rather than decompos:ng ‘the network
into a hlgh usage and a backbone part, cons]ders the network ‘as a whole. In:t:al
-,values of traffic flows on all p0551b1e routes for all traffic relatlons are
”fselected such" that all poxnt to-point grade of serv1ce constraints are met:
"Accordlngly, the offered traffic to all trunk groups and the trunk sizes are
rcalculated Then the new values of the traff:c flows on all of ‘the routes are
-provided by the use of.a search method The search method, employed by Berry,
A:1s the gradlent prOJectlon method due to Rosen [28] Berry s method is trafflc
~ based

AIn contrast to Berry, Blaauw (41 applles decomeSJtlon to the network. Blaauw S, yN
Tmethod zs blocklng/clrcult based In thls case, flrst ‘the optlmlzatlon problem
Axs con51dered wlth fixed h]gh usage group sizes, Jmplylng that the h]gh usage .
Atrunks are separately optlmlzed in advance by some method ‘The optlmlzatlon of
the high usage ‘trunks can be achieved by Pratt s [26] procedure, which w111 be
ldJscussed in detail in. the follow:ng chapters of the thesis. Then, the- opt1m1—

| zatlon problem is consldered as a dlmen31on1ng problem for the network as a

jwhole The selectlon of new values for the hlgh usage trunk group s:zes, to
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start a new Jteratlon, has been dependent on heurlstlc procedures. The poznt-
rto—po]nt blocklng functxons deve10ped by. Blaauw and extens:vely used in the,>'i

‘constralnt set of his. mathemat1ca1 programmlng problem are not exact.

Thebsolution procedures of Blaauw and Pratt [26l'may be considered as dual'
,_methods since during one Jteratlon Pratt f:xes the -backbone part of the network
to optlmlze the hxgh usage . part. Pratt utJllzes the decompos1t1on concept in:
' the solutJon procedure which is chqut based The Optlmlzatlon equatlons for :
the high usage trunks are formulated by d:fferentlatlng the total" cost functlon
w:th respect to each’ Jndependent var:able The backbone part of the network is
flxed,by,selectlng ]nltial values for the.blocklng probabllltles of»the llnks
fforming»the backbone. Pratt‘s‘model assumes that traffic other than that_‘
boriginated at a‘node and'destjnied for another node‘is‘background traffic
Which'ls'constantt'Therefore,“the variation.in'the number of-trunks for.the
link under conslderatlon is solely due to the variation in the related hlgh
'usage traff;c values Pratt [ method has been w1dely employed to dimension
actual telephone networks, l:ke ln the French PTT program. One dlsadvantage of

fthls method is that it does not guarantee the p01nt—to-p01nt grade of serv:ce .

’ .constralnts to be always satlsfled The models due to Berry ‘and Blaauw do not :

vaSSe&;th]S shortcom;ng. On the other hand,- in terms of CPU-tlme Pratt' s -
E model _seems to be: tentatlvely the most advantageous between the three methods,'>
v,to be followed by Blaauw s model o ' S
'Theithird extensioniof ‘the ECCS—method,-fntroduced by kapp~[27] and Eisenberg
~~[8], involves the Jncorporatlon of trafflc overflows and constra:nts on the
blocklng probab]lltnes for more than one tlme of the day Jn the. same cost
i.mlnlmlzatlon model W1th this " extens:on the. new method obta:ned commonly
known as the multlhour englneernng method dlffers from the ECCS—method Only
when the peak load hours on most of the routes counc]de, the mult:hour
englneerlng ‘method reduces ‘to the ECCS—method By thls new procedure, networks
‘:are eng:neered for more than one hour of po:nt to—po:nt traffic data Therefore,‘
‘multlhour eng:neer:ng is a techn:que for- desmgn:ng trunk networks when the

‘ hours of’ peak trafflc loads between varlous pairs of swltchlng centers do not

co:nc:de.

Although the underlylng theoretlcal baSlS for mult]hour eng:neerlng has been

’developed by Rapp, he proposed an. approx:mate techn]que rather than attemptlng
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to construct an Opt]mal _solution. Elsenberg (81, a]m:ng to get an exact

; Solutxon, concentrated his studles on a network structure where only one overflow
poss]blllty is accomodated The algorithm dev1sed by Elsenberg opt]mlzes the

- high usage trunk group s:zes one at a tlme, in a fixed but arbitrary sequence
untll no further cost reductions can be obtalned It is rEported that such an

- a1gor1thm has the undeSJrable property: that’ ]t does not generally converge to

-a unique. solut:on [9] It can converge to any one of a famlly of suboptlmal
solut:onS, depending on the 1n1t1allzat10n of the algorlthm and on the specnflc'

forder in which the calculatlons are performed

;To ellmlnate the dlsadvantage of Elsenberg s algorlthm, Elsner [9] derlved a

ﬂdescent type computatlonal algor:thm for the multlhour englneerlng problem For

‘the solutlons, Elsner concentrates on the same network structure as conSJdered

‘by Elsenberg. The essential. d:fflculty of the multlhour eng:neerlng problem
arises. from the fact that the network cost functlon is not dlfferentlable e
'everywhere in its domaln. However, the algorlthm presented by Elsner is assured
of convergence to the m:nlmum cost nonlnteger solutlon by the convexity of the
cost funct:on and by the partlcular execution scheme of the search process The
X nonlnteger mlnlmum cost solutlon is subsequently rounded to ‘the. nearest

allowable lnteger solut:on to glve a reallzable network

dFor the cases examlned by Elsner and Elsenberg, it lS revealed that the ut:ll—
zation of the multlhour englneerlng technlque produced networks whose costs
,'averaged approx1mate1y 7 percent below those achleved by the usage . of 51ngle-‘
hour methods. Even though the mult:hour englneerlng technlque appears to promlse
consxderable cost benef:ts in future network des;gns, a number of problematlc
aspects have to be settled before the techn:que can ga1n acceptablllty for use
in the fleld Some of these aspects include ‘the determlnatlon of the number
“‘Hof hours to be used - Jn the englneerlng of a network and the actual select:on
hof those hours, ‘the determlnatlon of how multlhour englneerlng can-be accom- '
,pllshed in a- large scale network w]th more than one overflow alternat:ve, ‘and
tlnally ‘the determlnatlon of how the trunk adm]nzstratlon will best be carrJed

-out 1n a mult:hour env:ronment.
:The model proposed by Kortanek Lee, and Polak [16] can be appllcable in both

'SJngle-hour and mult:hour Optlmlzatlon problems. helr baslc contrlbutlon is.

the Jntroductlon of a llnear programmlng problem approxlmatlng the nonlxnear
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problem in the case of" probablllstlc demand whereby creatlng stlmulatnon for

further research on linear programmlng approach The fact that blocklng _

V probab:llty curves are convex, proven by Messerl: (171, is utilized in theJr
formulatlon. In ‘their study, it is shown that a dlfferent use of -the- class:cal
concept of marginal capac:ty of an addltlonal trunk at a prescrlbed block:ng
probabll]ty leads to a llnear programmlng model wh:ch can be used to, compute
the sizes of the hlgh usage trunk. groups. Thls new approach permlts direct.

.appllcatlon of duallty theory and senslt1v1ty analyses to the des:gn of sw:tchedAy

7 probablllstlc telecommunlcatlon networks. The model is applled to a larger scale

network than’ those exampllng the preceding multlhour eng:neerlng models, but

A st:ll there is only one overflow alternat:ve for a specific exchange pa:r The

researchers state thelr anx1ety on the Jssue of whether the proposed l:near

program prov:des optlmal solutions ‘having Jntegral numbers of thh usage trunk
group. s:zes. To. ensure the appllcablllty of 11near programmlng approach further

'research is requlred :

| III 2 THE DETERMINISTIC APPROACH TO SWITCHIN”‘v
| ‘ NETWORK OPTIMIZATION PROBLEM

Considering’the demand as‘deterministic rather:than‘probabilistic'constjtutes k
the-basis oflthe'second major .approach to the switching network design'problem;
‘Thls approach was Jntroduced by Kalaba and Juncosa [14] ln 1956. Their study
lS based on a llnear programmlng model for a class:cal routlng problem hav:ng
varlable link capac:tles. In spite of severe determlnlstlc assumptlons, the -
:ploneerlng lJnear programmlng model of Kalaba and Juncosa -can theoretlcally B

' accomodate all concelvable routing p0531b111t1es since theJr traffic var:ables
are lndexed by an orlgln—destlnatlon point palr and also an lntermedlate o

. sw1tch1ng po1nt over all poss1ble tr:ads._ he traff:c parcels belng determln-
istic xn the Kalaba—Juncosa model slgnlfy that trafflc orlglnated at a certa:n
'Junctlon and term:natlng at another Junctlon is a glven constant. SpeC]flcatlonS
for ensulng future perlods are p0551ble but multlhour conslderat:ons .have not .

B

'lbeen lncorporated to the:r formulatlon. .

i »About 5 years after the Kalaba—Juncosa ‘model, a- series of papers wrltten by .
' Gomory and Hu on communlcatlon network flows are reported ‘to have appeared in
the SIAM Journal [16] Thelr work, occurlng over-a 4-year per]od, significantly

expanded the Slze of the llnear programmlng network models that- could be treated
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computatlonally. They were able to comblne features of generallzed llnear ’
programmlng deCOmp081t10n technlques w1th eff:c:ent Ford—Fulkerson methods for
l‘solv1ng network subproblems. Gomory and Hu also stressed the Jmportance of
~including communlcatlon demands  indexed by tlme, such as time of day. They -
‘proceeded under the expected assumpt]on that the ‘time var:able assumes only a
lf]n]te number ‘of values, but alternatlvely one can employ a contlnuous 1oad

curve w:th tJme—of day varang demand.w
111.3, THE OVERVIEW OF THE"serCHiNG NETWQRK;OPTIMIZATION'PROBtsm-_

' Based on dlSCUSSlons w1th englneers Jn the fJeld Kortanek Lee, and Polak

. report that both the determlnlstlc and the probablllstlc approaches have had

slgn]flcant 1mpact in the actual de51gn of sthchlng networks. The completely
_determlnlstlc approach has been found partlcularly 1mportant in del:neatlng :
first ch01ce and alternate routes between pa:rs of Junctlons, to be used in
‘deflnzng a network hlerarchy Once a network hlerarchy is. establlshed
'economjes of scale are then achlevable accordlng to the optlmal use of the -
:':underlylng probablllty dlstrlbutlons of orlglnatlng and. alternately routed o

customer trafflc.

,IIILQ;_APPRoAcHEs”TO‘THEycALCULATION_oE"BLOCKING PROBABILITY
tlThe‘calculation-of'congestion"is essentlally'dnseparable:from the switching
*network optlmlzatlon problem, yet due to its sxgn1f1cance and complexlty,_lt
*has been a con51derab1e research area by 1tse1f The cost sav:ng lmpllcatlons
Vof an accurate computatlnn of blocklng probabllltles in network design are
jenormous 51nce the marg:nal llnk,dlmen51on1ng condltlons usually require the .
7 calculatlon of fante d]fferences of blocklng probabllltles. Investlgatxons
:corcernlng the blocklng probab:llty of. individual parcels have been made by ‘

WJlklnson [34], Katz {151, and more recently by Deschamps [7]

Although most of the current swltchlng network optlmlzatlon procedures only
ensure that the: prescrlbed blocklng levels be met on flnal trunk groups recently
the necessxty of satlsfylng end-t o—end block:ng probablllty constralnts is o
yempha51zed [13] Individual trunk block]ng 1evels may not be lndlcatlve of end-‘
Tto-end congestlon levels. ngh blocklng on flnal groups may not necessarlly '

. 1mp1y the ex:stence of a call congest:on problem for the overall system while
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s]gnlflcant end—to-end congestlon may ex:st even though most final trunk groups
are experlenCJng relatlvely low blocklng 1evels. Thus, ]t JS suggested that the
procedure for measurlng ~and spec:fylng ‘the traffic grade of serv:ce should be
‘based on an ‘end-to-end connection probablllty. However, .the exact computatlon
of end—to—end congestion is extremely complex because the routJng of a call

is usually selected from _many alternate paths.

The conventional method, firstdpresented by Lee [24] in 1955, fs thelconstruction
‘of'a probability linear graph and then the-tracing for all paths connecting
_every. or:gln—destlnatlon node palr. Such a solutnon for large scale networks
~with more than 51mple two or three link arrangements can obv1ously be-
v]mpractlcal Ba51cally utlllznng the same approach, Blaauw 3] has derlved
recursive relatlons to automate the tracxng phase of the solutlon procedure.-'
" Through the recur51ve relations, it is expressed that with -a small error,. thel
end-to-end blocknng probablllty can be written as a lJnear functlon ‘of the-
blocklng probabllltles of the hlerarchlcal trunk groups. The coeff:c:ents of -
‘the recurs:ve relat:ons are solely dependent on the blocknng probabllltles of -
'fthe h:gh usage trunk groups, therefore are known beforehand L
Dev:atlng from the conventlonal use of a probablllty llnear graph Deschamps
t[7] presented -an algor1thm based on the analytnc approx:mat:on method of. Katz.
:The new algorlthm belng recurs:ve rather ‘than lteratlve, 1ntroduces two new
.features which" take theoretlcal results 1nto account Estlmates of the ,:rf.;
covarlances between different traffic parcels and between overflow and carrledA
,portlons of traffic are conSJdered and formulas are used to flnd ‘the block]ng
B probab:lltles of f:rst—routed traff:c. Fundamentally, the end- to-end block:ng -
iprobablllty 1s approx:mated by summ:ng the losses over all flnal 1Jnks and ’
: over all parcels for each routé and then d1v1d1ng th:s value by the offered
,’trafch of the partlcular route.. ’
vOn the ‘other hand Gaudreau [11] dev:sed an algorlthm whlch is not susceptlble
to’ any of the expl:c:tly made calculatlons of the procedure due to Deschamps.

vThe recursmve formulae presented by Gaudreau generate all the requ:red paths

' fwlthout maklng use of a probab:llty linear graph 'In this method .the end-to—

end blocklng probabllltles are expressed as functlons of the individual link
':blocklng probabllltles, so that for the appl:cablllty of the algorlthm link

block:ng probab:lltles, Jmplylng the number of trunks on each 11nk have to be
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known Jn advance A new contrlbutlon of thls algorlthm JS ]tS capabnl]ty to
;take into account switch blocklng probabllltles, if. necessary, in the overall’

calculatlon. Extensxons of Gaudreau's work to more general rout]ng schemes
have been carrled out by Chan [5]
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CHAPTEP IV
DEFINITION OF THE PRﬂBLEH

IV.I. CHARACTERISTICS OF THE éROBLEM'

-The swntchlng network is represented by a welghted d:rected graph to fac:lltate'
-the. formulat:on of the mathematlcal method- for dlmens10n1ng the network with

" capital Jnvestment plann:ng purpose. The nodes of the graph designate sw:tchang ‘
’ centers wh11e the links stand for c:rcults. The welght associated with a link

is the.cost factor, which expresses ‘the costs per circuit for that SpelelC;ﬂ

T Tink. R ' o " E L

‘lpThe'problem to.be solved is abhierarchicallnetwork optimi;ation where demand
Isvprobabilistic. The existence_of%blocking:onléach'iink’necessitates.special

. analysfs to obtain the specified:serwfce valuesibétween eachlexchange pair.The
obJectlve is to obta]n the number of. c:rcults between each sw:tch:ng center !
while m]nlmlzlng total Jnvestment cost -and meet:ng the overall grade of service
criteria. In the mathemat:cal model the deflnltlon of Jnvestment cost is.
’illmlted to the incremental cost of prov:d:ng a trunk on the direct 11nk between“
two exchanges and the lncremental cost of prov1d1ng a trunk along the unlquely

pec:fled alternate route(s) connect:ng the two sthch:ng centers. In add:tlon

" 'to the cost’ per c1rcu1t for ‘each link, the unit sw:tchlng Jnvestment cost per-

'erlang is 1nc1uded to the cost value as a crude approx1matlon for sw:tch:ng
Jnvestments stemmlng from sw1tch1ng calls from one trunk group to another Gradea
of service cr:terlon, the cruc:al aspect of the problem bes:des cost mlnlmlzatlot
is'a broad ‘term that spec:fles the overall network behav:or as eXperlenced by
the customer. In englneerlng terms lt depends on service unavallabzllty, network
resll:ence, rellablllty, and transmlsSIOn performance [671. The mathematical’

* model to be constructed for swltchlng network optxmlzat:on encompasses grade of

‘serv1ce cr:terla dependlng only upon serv:ce unavallablllty under normal

'condltlons. In the solutlon procedure of the thes:s, the po:nt to—ponnt blocklng

.

probab111t1es~are culculated,,lnstead,of resortlng to the easier method,of
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cons:derlng final llnk blocklng probabllltles, to represent -the grade of
service value. Therefore, -a contr:butlon ]S made. on the subJect of ensurlng

grade of serv1ce values,’as many recent- researchers emphasxze but very few’

eXlStJng dlmenszonlng procedures fathom.

The necessary data and parameter 1nputs for the mathemat1ca1 model are as'

follows.

_ 1) The descr:ptlon of the sw:tchlng network in terms of the locatlon and

'number of exchange nodes and tandem nodes, w:th their spec:flc hlerarchles.
“ji) Routing rules to'enable‘signifying'distinct routes for each exchange pair.

§ii) Traffic matrix representing the amount of forecasted or estimated traffic

flow values between each exchange ‘pair.” .

-iv)'Cost parameters whlch roughly depend on dlstance, number of subscrlbers,

_and the number of c1rcu1ts.
' ¥)-Grade of service parameter to be met under normal conditions.

The determ:natlon of the. aforementloned data, belng a tough Job requlrlng
-thorough scrutlny and care, ]S a subJect on which many researchers are working,
but it is excluded from the content of the.thesis. It is assumed that the.

anut requ:rements of ‘the dlmenSJoang method are ava:lable.v;

*The dlrect outputs of the dlmenSJOang method are. the sizes of‘each trunk

group and the approx:mate cost of -the: sw:tchlng ‘network. The by- products of
',the method .are the amount of translt traffic at tandem nodes, ‘the reallzed
dtrafflc routes for each trafflc relat:on the final llnk blocklng probabllltles,
the grade of serv1ce ach:eved for each trafflc relat:on, and some marg:nal

parameters like marg1na1 overflow and marg1na1 occupancy.

Theoretlcally, the dJmensloang method of the thes:s is capable of eng:neerlng
networks with overflow pOSSlbll]ty number be]ng hlgher than one for each
:exchange palr. As an appllcatlon, the overflow pOSS]b]l]ty number is chosen to

be at most two. Cons:der]ng the fact that most of the d1mensxon1ng ‘procedures .
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are based on one overflow. pOSS]b]l]ty, another contr1but10n of the thes:s

results.
flV.Z;_exAMbLEs ON NETHORK STRUCTURE‘”

'To clarlfy the character:stlcs of the problem and to deplct the d]St]nCt
rout:ng h:erarchy cons:dered in th:s study, a s:mple Jllustratlon may be,:;“
helpful at this stage. The followlng elementary network can lay the foundatlons

of the test network to be ut]llzed and 1ntroduced Jdn Chapter VI.

- First Choice Route ;‘il}'p
Second Choice Route = fz,ﬁ}
Final ‘Route o= {2,4,5}

' High Usage Links - {1,3}; ‘

'1Direct'Link, = {1} .
Final Links -

_?;2,4;5}‘

‘ FigurefIV;lg BaSic Routing Pattern'

¥

: In Flgure IV 1, there is only one exchange pair. Calls are processed from node
'"A" to node. "B" with or wi thout. the utlllzatlon of the two ‘tandem nodes denoted

; by'"C" and "D". The example network has two overflow pOSSJbllltles, thus, 1t

: »has two alternate routes beslde the dlrect connectlon. Due to topologlcal - -

‘ condltlons, in some cases the construct:on of the hlgh usage links may not be B
fphys:cally viable. The dlmen51on1ng theory can deal w:th such situations by

‘.Adlrectly supply:ng the trafflc flows ‘to. the alternate route. Moreover, the

, solutlon procedure ls accomodated to handle cases where one or more hlgh usage

: '11nk(s) result to ‘be totally uneconomlcal after apply:ng the dlmenSJoang method .
‘The Jllustrated graph is directed since the incoming and. outg01ng calls are ,

transmltted through seperate llnks.‘

While planning the switching network investment, the decisibnymaker may wish to



compare and evaluate a network structure conta:nlng only one. overflow

,possablllty for each exchange palr w:th the prev10usly descr:bed more complex,f

routing pattern.

-

. First Choice Route =
"Final Route = {2, 3}
‘Dlrect LJnk-H]gh Usage LJnk {1}

Final Links . . = {2,3}

. L e BERRT
Figure 1IV.2. Trlangular_Routrng Pattern-

" To help maknng comparlsons, it is found useful to include also the tr:angular'
: routJng pattern. W]th]n the solutlon procedure and the computer programs,’
'3provasnon is made for such an optlon, as will be elaborated in the follow:ng
sectlons. The simplest port:on of a network with - tr:angular alternate routnng[

pattern, hav:ng only one exchange palr, is dellneated by Flgure Iv. 2. :
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~ CHAPTER V ~
FORMULATION -

V.1, FUNDAMENTAL THEORIES UTILIZED IN.THE SOLUTION PROCEDURE

In'the formulation of the switching network optimization problem,. two theoreti—ff'4

:'cal concepts are extensavely used.. Most of the formulae and relatlons, employed '
in d]men31on1ng the f]nal links of the network ‘are closely dependent on the. .
" two theoretlcal concepts,'namely the Erlang-B formula and the’ "Equ:valent _

'tRandom Theory" (ERT)

VV;lil.»THE‘ERLANG%B.FORMULA“ |

'Varlous mathemat:cal formulae, called trunklng formulae, have been developed

. by mathematlcaans from whlch the quantlty of serv1ce channels can be determ:ned'F

}Trunklng formulae can be d]V]ded into two maln categor]es as those applylng,
to thé case of - "fu11 avallablllty and those apply:ng to the case of" “11m1ted
-ava:labxl:ty" [22] The deflnltlon of - full ava:lab:l:ty is given by the [
*Nomenclature Comm:ttee of the F]fth Internat1ona1 Teletrafflc Congress, 1967

-_Item number. 1133:

’"Full availabilitu exists when anu‘free inlet can'reach any .
e free outlet of the de51red route regardless of the state of

he sustem.

—iThJS def:nltlon clearly Jmpl]es that full avallablllty means zero Jnternal
' blockxng, so a more expens:ve sthch than that whlch can be used under l)mlted

ava]lablllty is requ:red

The Erlang—B formula, known ‘also as the Erlang loss formula is a full avalla-'
b]llty trunking: formula. The factors. affectlng the varlatlon in the trunklng

'formulae, chosen for appllcatlon, are malnly the dJstrlbutxon of the anut
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traffic and call holding t]me, the number of orlglnatxng traff:c sources, and '

g:the method of dJSpens:ng wlth 1ost calls.

The ]nput traffic can be smooth, ‘random, or rough (peaked) character:zed
’AreSpectlvely by the anomlal PO]SSOH, or the negat:ve blnomlal formulae.
-‘Theoretlcally, the call holdlng time dJstrlbutlon may elther be constant or ,-
" follow the negative exponent:al law.- The number of orlglnatlng traff:c 'sources
can either be l:mlted or infinite. It is expressed that in’ llnk systems, 'such
as crossbar or. CrOSSpolnt systems, where the subscrlbers llnes ‘are. arranged
in small line groups, hav:ng 50 lines or less in a line group, the assumpt:on
‘of llmlted traffic sources implying’ smooth traff:c, is usually appl]ed [22]

On the other hand, Jn step—by-step systems where the . subscribers' lines are-
_arranged Jn groups of 100 lines or more, the assumptlon of 1nf1n1te sources,

jmplying random trafflc is applled

'The dlfferences of the trunk:ng formulae depend to a large extent on the
assumptlon with whlch lost calls, Wh]Ch arise when all the serv:ce channels

: are occup:ed, are dealt w:th The three assumptlons related w:th dJspensatJon

are named lost-calls—cleared (LCC) 1ost—calls—held (LCH), -and lost—calls-

: delayed (LCD) The LCC assumptlon Js valid when the users are patlent The o
:patlent user,_when rece:vxng the busy signal Jndlcatlng that all of the channels
'are busy, hangs up and tr:es to place the call later on, probably when the’

congest:on per1od is over. Such ‘lost calls dlsappear from the system w:th ‘zero

h'holdlng time ]f the time to set-up the’ call is neglected The ‘LCH assumptlon,

'on the other hand, denotes the ]mpaCJEHt user. In this case, on rece:v;ng the
’fall channels busy s:gnal, the call:ng party contlnues to retry his call '
1mmed1ately whlle the congestlon per:od is still pervalllng. The thlrd assumpt:on'
h~concern1ng d:spensat:on, LCD ,applles to wa:tlng systems such as dlal ~tone
serv:ce ‘and calls to operators where the caller waits” for service. In this

case, theoretlcally the - delay can ‘be lnflnlte. In almost all countrles exceptlng
fthe U. S., the LCC assumpt:on underlles ‘the trunklng formulae used.

Hav:ng descrlbed the dlfferent assumptlons of the trunk:ng formulae ln general
at this stage the underlylng spec1f1c assumptlons of the Erlang-B formula can _,v-w

be set and evaluated

~4) Traffic originates_from an-infinite number of traffic‘SOurces,fimplying‘
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 poisson .traffic input.

. The assumption of an infinite number of originatingvsources implies an'infinitebl
: number of call arr:vals, each w1th an Jnflnltely small holdlng time. To ‘apply .
'thJs assumpt]on to real traffic, it has to be further assumed that the conver—
satlon t]me of one subscriber is composed of elementary short calls orlglnated
by different subscrlbers [21]. Moreover, this assumptlon lmplles that. the
_-probabnllty of call arrJvals is constant and does not depend. on the state of -
‘occupancy of the system, whlch is not really true. In ‘the extreme case, suppos-
ing that half of the subscrlbers are conversing with the other half, then the

; rrlval of another call is 1mpossxb1e. Thus,.clearly the probablllty of a call

- arrlval depends on the state of the - system. Therefore, although random traff:c

s, rarely found in practlce due to the SJmplchty of its characterlstlc

functlon, ]t has been used as the anut process in c1a351ca1 trafflc theory.

11) Number of serv1ce channels is l]mlted Cons:derlng real systems, thls

assumptlon is obv:ously valld
"iii) Lost calls are cleared from the system with zero holding'time,

',Thls ls the LCC assumptlon prevnously explalned Suppos:ng that the system 1sl"
not a waltlng system, then for evaluation: purposes, the LCC assumptlon needs'
to be compared with the LCH assumptlon. Although there are lmpatlent users,,
Jmplled by the LCH assumpt:on,»who have the- hab:t of contlnulng to red1a1 the
unsuccessful calls immediately after rece1v1ng the busy 51gna1, in the hope =
 that a gap can ‘be found the standards of servace are not set for such very
';1mpat1ent users. The Jmpatlent user can ‘be though:as a traffjc v:olater who
does not walt while “the red. stop 11ght ]S perva:l:ng 1221. Therefore, the LCC.
assumptlon prov1des ‘a better crlterlon for the admlnlstratlon of 'service than.'

-the LCH assumptlon.

1v) The Erlang-B formula is expressed to. be val:d for any dlstrlbutlon of call
) holdlng tlme [22] - h

The- Erlang-B formula, encompa551ng the four baslc assumptlons, is expressed

mathematlcally as. follows, [22]._7>



B = — P (V1)

The value of the. Erlang-B formula represents the link blocklng probab:llty or
: the probablllty of congestlon. ‘The. derlvatlon of the Erlang-B formula is

'closely_related to the Erlang dlstrlbutlon-glven_by expresslon (V.Z), [221.

T A A e

B(Y,N,A) = ——— S | 25 )
oAby o |

0 it

SR

j:

'; The Erlang dlstrlbutlon represents the probablllty of flndlng Y calls 1n
'progress s:multaneously The Erlang dlstrlbutlon is a truncated P01sson _
‘dlstrlbutlon whose ta11 is cut at the value of N For Po:sson traff:c lnput,»
the call and time congestlons are equal As call congestlon, the value of .'
equat:on (v. l) g]ves the proportlon of lost calls or the proport:on of calls
'Whlch fail at first’ trlal As tlme congestlon, it represents the proportlon

of t1me during whlch all the channels are SJmultaneously busy
'v.1.2. THE EQUIVALENT RANDOM THEORY (‘ERT) B
.kThe equxvalent random theory, developed by WJlklnson, prov1des ‘an, approx1mate -

" method for estlmatlng the number of trunks requlred to handle peaked trafflc _

:loads. Overflow traff:c wh1ch ls rough (peaked), is offered to other llnks in’

a network Wlth alternate routlng pOSSlbll]ty. However, the assumptlons made Jn,'

the derlvatlon of the Erlang—B formula clearly express that the input. trafflc e

should be random, as was stated Jn the previous sectlon. If the. Erlang—B
*formula is used when the: anut traff:c is rough then an underestlmatlon of
" the llnk capaCJtJes results. In such cases, the ERT ls applled to obtaln more

rellable results.

. The. bas:c obJectlve of the ERT Js to express the nonp01sson anut traff:c 1n =

fterms of 1ts equlvalent Poisson’ parameters so that the Erlang—B formula can be
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used correctly- COHSJderlng Flgure v. 1, the objective is to express M and V in -

terms of POJsson parameters.

‘Mo‘:

Peaked‘offered traffic s 5OverfloW'traffie-'

Figure V.1. Repreeentationiof a Link Requiring ERT -

' 'Wlthln the ERT, it is assumed that the trafflc offered to the link under

cons:derat:on ls that traffic whlch overflows an lmaglnary llnk w1th an xmagz-'

'nary number of- trunks when ]t is. offered an Jmagnnary amount of random traffic =

to result in overflow traff]c equlvalent to the peaked traffic offered to. the:
' spec;f:c 11nk conSJdered ‘In essence, the underlylng assumptlon of the ERT is

lzllustrated by Flgure V 2.

- Imaéinary Link t . = Real Link t

A N*

lEquiValent'Part" " Real Part - S B

: Figure'V{ZT;RepresentatiOh ofla'LinklunderfERT'

iThe basls of Wllklnson s model ]S that the rough trafflc (M, V) may be regarded"
" as overflow1ng from an equ:valent group of N* c:rcu:ts wh:ch are offered an
k‘equlvalent random traff:c A*, To obtalnﬂthe values .of N* and A#; Wilkinson has

derived the follow1ng two formulae;

= [
fl

SaB, AY w.3)

O A*
N*+1-A*+M

<l
]

M - M ')"’_ S way
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Where,‘ ) . _ _ E
B(.,.) is the Erlang-B formula and .

M and V are of known values.

;The underlylng 10g1c of expresszon (v.3) is that the amount of overflow;ng

xtraff:c can be found by multlplynng the amount of offered trafflc with the llnk o

block:ng probablllty. The proof of express:on (V 4), wh:ch is ‘the . formula for N
-calculatlng the variance of overflow traff:c, is glven by W]lkJnson 1n :

Reference [34]

Solving for A* and N* by the use of. formulae (V‘3)>andl(V 4) is obvdously'
'tedlous. In the thesis, for solutlon purposes the approx:mat:ons due to Rapp

are used Rapp s approx1mate expresslons are gnven by (V 5) and (V 6)

3

w=ve3tclon o sy
I PO et

W B im0 ey
T S SN R

'V}Z.'ASSUMPTIONS OF THE MoDEL;?'

~In addltlon to the assumpt:ons of the Erlang—B formula, presented in sect]on
IV. 1. 1., the. follow:ng are. Jncluded w:th:n the assumpt:on set of the developed

d]menSIOang method

]) Varlatlons in the number of trunks for the llnk under consnderatlon are
o only due to the varlatlon ‘of the high- usage traff:c values. The dlrect .
B V:mplzcatlon is that when opt]mlzatlon procedures are app11ed any varlatlon
,Jn the number of c1rcu1ts on a spec:fnc link, shared by ‘several. trafflc"
parcels,'ls due solely to the var:at:on in the values of traff:c o
overflow1ng from the relevant hlgh usage lznk Thls assumpt:on, named as

fconstant background trafflc [12], underl:es Pratt s method of dlmenS1oang.

ii)'No trafflc is offered to the - d:rect lznks from other trunk groups S0 that

'-he traff:c input of the d:rect llnks is random.
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'}' ) “Smooth traffic is approx:mated by random trafflc g]Vlng r:se to overd:men—
' s;onlng w1th1n the theoret:cal model as compared to real llfe actuallzatlon.-_
v’lv) In sw1tch1ng network opt:m:zatlon problem, rellablllty under abnormal .
conditions is not aimed to be guaranteed SO that protectlon measures such
as expllc:t overd:mens:onlng, dlverSJflcatlon, and use of stand—by '
qulpments [6]. are not included to the model. It is assumed that the value.
‘and cholce of protectlon measures are to be determlned after_thersolut1on
of switching netmork'optimiéation problem before proceeding with transmis-
‘sion. network opt:mlzatlon problem for the overall Optlmlzatlon of a telecom~ -

‘munxcatlon network.

rv)'The opt1mlzatlon of the trunk’ group: sizes is 'to.be made w1thout taklng

account of modularltles,

T vi) The ‘total cost functlon,‘whlch is def:ned in section V.3:2.1 is
w'constructed w1thout con51der1ng the poss:ble ex:st;ng erlang capac:ty of
’the tandem. sw:tches. It 1s assumed that for comparatlve purposes, the
"sw1tch1ng cost funct;on can ‘be approx:mated ' i
- L e
'“Vii):The trunk group capaclty s:zes, whlch are calculated as real numbers, are

'.rounded—off to yleld Jntegral values.

_,V.3.,METHODOLOGYf~
"The mathematlcal formulatlon of sw:tchlng network’ optlmlzatlon in- closed form

,:1s glven by Blaauw [4]

min [ G N (ALB) +0E S CN T T o
Do keFk IR - .~2€Fh ERR S : ; S ’

subject'to
| ‘ a

k’ ¥k used by 3)75 Emax B Vjv o _ "pl'".‘- (v.8)

.E (b
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EJ( Y employed Withln the constraint set,.are the recursive: formulae of Blaauw
to representiﬂuaend—to—end blocklng probablllty, which is dependent on the
'Jnd1v1dua1 final 11nk block]ng probabilities, for each calllng pa:r j. The mod—
el given by .7 and (v.8). is formulated in terms of blocklng probability and
‘circuit requ:rement varlables. The necessary decompos:tlons to solve this
problem - can be found in Blaauw's paper [4] This model will not be further
discussed since the mathematical model of the the31s is based only on- c:rcuxt
'»requlrement varlables. ‘Blaauw's model is 1ncluded to present a closed form of

a .switching network opt;m]zat:on problem s:nce a neat closed form of formulatlonv

based expluc:tly on circuit requlrements is hard to supply.-
'V.3.1. INITIALIZATION .

.The sw1tch1ng network, to be optimized, is spllt lnto a h]gh usage and a _
'backbone part. In performlng the calculat1ons, the cho:ce sequence of the 11nks o
v‘]S v1ta11y Jmportant because the d]menSJonlng of a certa:n link--depends upon
the Jnformatlon con31der1ng the prevxous llnks._For example, links which are
offered fresh traffic must be calculated before the 11nks which are offered
degenerate overflow traff:c. Thus,'the computat:ons are carrled out by con51d—.

ering -the’ hlerarchy of the nodes and - the network - structure.

The fUnct1on1ng of the d1mens10n1ng procedure, whlch is fundamentally based on
‘economxc crlterla for hlgh usage llnks and blocklng constralnts for’ ‘final 11nks,
~will be descrlbed in terms of three d]fferent llnk types. High usage 11nks,
_links whlch are offered overflow trafflc, and llnks whlch are offered the - |
'carrled trafflc of the 11nk(s) Just precedlng them. To deferentlate these,
three llnk types more clearly,.lt is helpful to- con51der the s:mple network of
htFJgure IV 2 In the trlangular network link 2 _ ]S the llnk wh;ch is’ offered the‘
overflow trafflc of llnk 1 whlle llnk 3is the lxnk whlch 1is offered the .
‘carrJed traffic of llnk 2. Even though l:nks 2 and 3 are both flnal llnks, due

. to the existence of f1na1 link. blocklng probab:l:tles and the d]fferences 1n

) calc\latlng thelr offered. trafflc values, such a d:fferentlatlon is essentlal

for the appllcatlon of the dlmenSJOang procedure..-

< In addltlon to Jnltlallzatlon concernlng the network structure, parametrlc
'Jnltlallzatlons are requ:red ‘The marg:nal occupancy, H, of a 11nk is a function
‘of the marg:nal capac1ty, B, and marglnal overflow, Ys parameters of the 11nks

in the rest of the network as can be observed ‘through the equatlons Jn
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Appendiﬁ A.T. fHowever, he B and Y parameters cannot be calculated unt:l the
value of H for the overflow1ng link is known. To- resolve this apparent

' dilemma, an -iterative method ‘of solution is requ:red To lnltlate the Jteratlve '
' procedure, B and ¥ are 1n1t1allzed with typlcal start:ng values for B and y-
belng in the ranges 0.7-0.8 and 0.6-0.8, respect:vely [26] Another 1teratlon d
is 1mp11ed since the final link blocklng probabllltles have to. be preaSSJgned
.The dlmenslonlng of the final links is dlrectly dependent on their: blocklng A
probablllty values. Preferably but not necessarily, as will be elaborated in
section IV.3.8, the initial final llnk blocklng probablllty values are chosen-

so as to satlsfy the 1mposed grade of serv:ce parameter.
v.3.2. DIMENSIONING OF HIGH‘USAGE:bINKS
S v.3.2.1. The Optimization Problem

It should be~ noted that throughout the opt:m:zatlon problem any one of ‘the }
'quant1t1es N, a, Ac b is'a function of two- Jndependent varzables under the .

‘specified routlng cond:t:ons. Deletlng the link subscrlpts, the follow1ng can .

~ be taken as examples.

‘N(A, a)

"N’ -
v_a =,a(A,'N)”v _
:Ac '—f'AC(A‘, ‘3) . y

' -In the theS]S, for the dzmens:on:ng of hlgh usage 11nks, Pratt s method ls ‘
: used [26], [31]. Omlttlng the link subscr:pts, the follow1ng def:nltlons, "
originally due to Pratt, are extens:vely ut]l:zed w1th1n the dlmensxonlng

‘procedure.

"+ Marginal Occupancy = H.= (— Sy, = = G———)
T L g A N A

,The marg:nal occupancy (marg1na1 efflclency) of :a 11nk reprESents the addltlonalf
trafflc which may be carr:ed on it per unit increase in its. c:rcults, at
fconstant offered trafflc Conversely, the decrease in the’ overflow1ng reJected

traffic per unlt increase in c:rcults is measured by the marglnal efflczency.
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Marginal Capacity = B = (—35) : |
| aN °

: The marg:nal capac:ty of a f:nal link represents the additional traffic wh:ch

‘may be offered to ]t per unlt Jncrease ln its c:rqutS, at constant congestlon

‘1evel.;

Margfnal:owerflow = Y‘;.(*EEON

The marg:nal overflow parameter represents the rate at wh:ch trafflc overflows o

‘ from a link at constant size that ]S subJected to’ changes in offered trafflc.
To represent the optlmlzatlon problem for the c1rCu1t based sw1tch1ng network

1n1t1a11y the total cost has to be eXpressed in terms of the dec:s:on varlables

B and parameters of the problem.

I CoeNp+ T CuuN o+ T CT..T, R .(v.9).1

, v k- et
.£th, - kefk L 1€Fi_

- The obJectlve is to determlne su:table values for all the varlables denoted by

'N k’ and T., subJect to the overall grade of serv:ce constra:nts. The cost

lp.functlon,‘C, JS a functlon of L Jndependent varlables represent:ng the h]gh

v usage links s:nce the determ:natlon of N determ:nes the overflow, a, and hence

2 2, ‘ B
'the varlables T and Nk based on the spec:fled flnal llnk blockJng probab:lltles.;

jFundamentally, ‘the- d]mens10n1ng of the thh usage links is dependent on the

" cost ratio of the h]gh usage 11nk and’ the relevant final link set. The end—to-
" end blocklng probab:l:ty constralnts for’ ‘each reiatlon are guaranteed to be’
’-satlsfled by ‘the dlmen31on1ng of the flnal links. The flrst necessary cond:tlon
"that must be satlsfled to evaluate the m1n1mum network cost is that the flrst

' der:vatlve of the ‘cost functlon, C w1th respect to the Jndependent varlables,
'NQ, must be zero. Naturally, the other necessary and sufflclent cond:t:ons “for:
'optlmallty concerning the ‘signs of the second or higher order derlvatlves must

be fulf:lled Thus, the mlnlmum network cost is found by solv:ng the set of L
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optimization equations, corresponding to the L independent variables.

(~ac-') o : o R ,
—Jiny=0 . WeR,meR,né2 . (Vil0)
N ‘

N : . ,
- To obtaln the partial’ derlvatlves of (V. 10), chaln rule is used The exp11c1t
'mathematlcal form of the fJnal links as a function of the high usage ‘1links- is f
not. ava:lable. However, the resultlng part:al derlvatlves are 1n such forms

that’ direct subst:tutlon of the prev:ously deflned margxnal parameters is

v1ab1e.'

Pratt’ [26] has shown that equatlons (V 10) can be represented ina closed form,

".as paraphrased by express:on (v. 11)

—r_ s X x +: cr.y. Ve F (V.11)
H keF, B, Cer, VY . L
L TR Tk L i

" The computation of the:partial'derivatives andithe{nnderlying_reasoning Of.d‘

Vequation (v.11) are presented in”Appendix»A'separatelp'forvthe two networks'of“
“Flgure IV 1 and FJgure Iv. 2 At thls po:nt, to 111ustrate how .the marg:nal o
parameters appear in the open form of equatlon (V.11), ‘the follow1ng expressnonsf'-‘
can be helpful. For ‘the tr;angular network of Flgure IV. 2 the folloWJng . '

equatlons are obtalned

___;=~CDLI o 'nhereg'
T CD, = _Z_ +._2 ¥ CTT P o i (V.12)

) ——-__=VCD1 k '.-where;.f
T
A cz' G ~ Cg v . L S
CD,= — 4 — Y4 + ——.y, +CT +CT, .y, = .. S (Vl3)
1 Y3 T Y3 T gt - -

5.
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It should be noted that whlle the SJmple trlangular network requ:res only the-

concepts of marg1na1 eff:clency and marginal capac;ty,‘the more complex. network o

v requires the additional concept of marginal overflow.
' V.3.2,2{ Economic Criteria

There are two economlc crlterla to be checked based on the cost ratlo and the
fcalculated marglnal eff:cency parameter for the routlng of traffic on a hlgh
_usage link. Equatlon (v. 12) is the opt]mlzatlon equat:on for the. basic’ trlan-

gular pattern. It represents the minimum network cost cond:tlon that occurs -

when the cost of carry:ng one add:tlonal traff:c unit (marg1nal cost per erlang)“

" on the h]gh usage llnk is equal to the marglnal cost of one trafflc unit over—_ -

1f10w1ng to the final cho:ce tandem network [31]. Slmllarly, equatlon (V 13) 1st'

" the opt:mlzatlon equatlon for the bas:c network of two overflow possibilities.

Based on th:s lnterpretatlon of the optlmlzatlon equatlon, then the high usage-

link would only be v1ab1e if,

C ST
1 <1

: CD1

Hence,:lf Hi‘{ﬁl . o ‘ _

-For any sw:tchlng network, the 1n1t1al economlc test can be formallzed to be
‘;as (V 14) The hlgh usage link £ would be v1ab1e if, .» ' o
CQ '

ACDQ

-HQ, in thls context, measures the cost ratlo of routlng the requnred trafflc
. over the hlgh usage llnk 2 as compared to the rest of the network If H >l

then that hlgh usage l]nk 2 should not be constructed

Assumlng that the flrst economlc cr:ter:on is satlsfled mean:ng that the value"

of the marg:nal eff1c1ency parameter calculated by uSJng equat:on (v. 11) is 1ess"

”Athan unlty, then it is requlred to determine the type of traffic offered to’

that hlgh usage llnk. 1f the traff:c ]S non-Po:ssonJan, then a further econom:c
criterion is calculated by uSIng the equ:valent link parameters ‘A* and’ N
."calculated by the use of ERT. Thls cr1terlon establlshes a llmlt on the marg:nal

eff1c1ency,_ le, of a. llnk which is offered degenerate trafflc where'
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CHpgy = AYIBOW, A*),'B(N**l»'A*V)] S ;‘ (v.15)
The second'economic criterion.is expressed.as'[311:

Her measures the’ change in traffic. overfloWJng from- the equ:valent link when
the latter is Jncremented by one . c:rcult Sher:dan [31] ‘states ‘that HL:

- a measure of the sen51t1v1ty of the degenerate traff:c,'reJected from the
:equnvalent link. To justify routlng traff:c on 11nk L, Jnequallty (v. 16) must

~ be SatlstEd Trafflc falllng to satlsfy Jnequallty (V. 16) w111 not be routed
on 11nk 2.:

v.3. 2 3 The Relatlonsh:p Between the- Marg:nal EfflC:ency Parameter and
“the ngh Usage Link Sizes '

jHav:ng obtained the numerlcal values of the marglnal efflcency parameter for
_leach hlgh usage link; it is necessary to translate the parameters 1nto ‘_
quant:tles of circuits on the llnks. The transformat:on is made by ut:l:z:ng
~the def:n:tlon of the marglnal eff]c:ency parameter. Since the marg:nal
efficiency parameter lndncates the ‘decrease Jn overflow trafflc per. unit ‘

- increase in c:rcu:t number under constant offered traff:c, ]t can be representedA

-zas in eQuatlon (v. 17) _1{
H= - [A.lB(INfll,:A)'-.-‘ A,B(N.‘,.l.\)‘lj . . vy R
"Edgatiohv(v;lf)bis replaced>byAan;equdvalent expression.glveu Pyikvslé)}
H=A ‘[BV(N',_A;) - B(N+1 ’_A)_l o o ] : L . '(V_';ls) -

;Two,problems'may arise‘whilevusjng egpressions(v.lS)-to solve_for'N,ggiven the‘

‘amount’of offered traffic and the- calculated value of the marginal efficiency

-t From this point onwards, the subscrlpt "2" w111 ‘be omitted in presentlng
_ the formulae, but it should be remembered that all the formulae apply

11nkw15e. :
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parameter.,If the input traff:c is- rough, then as previously explalned Jn
: sectlons V.l.1 and v.1.2 , the ERT has to be applied prlor to the usage of
the Erlang—B formula whlch appears. twice in eXpressaon (v. 18) Then_equatlon

S (V.18) may be. rewrltten as in (V 19)

e MBRLA - BN, A1 C(v.19)
vHaving calculated the values'of’A* and N*'byvapplyiog'edUatlohs (v. 5)‘and (v. 6),
‘and knowing the numerlcal value of H from equatlon (V 11), the value of N can
be obta:ned by using expreSSJOn (V.19) within an lteratlon scheme. Equat:on
(v. 19) ]S the general form of deflnlng the marg:nal effJCJency parameter. If
_the anut traffic is not rough,. then: by equating N* to zero and taklng ‘the
.vlnput trafflc value as A*; equation (V.19) Js Stlll appllcable.'
:Thus, the first problem whlch ‘can arise wh11e ut]l]ZJng express:on (V 18) is
‘resolved by replacnng it with equatlon (V 19) The second application problem
iarlses since the Erlang—B formula is def:ned for only Jnteger valued N. Wlth]n
’;the iteration scheme to. ach:eve N through the usage" of equation (V.19), equallty ’
‘can- be guaranteed only if the link sizes are -real valued. To resolve the
problem of convergence for: lJnk s:zes when u51ng the value of the maranalwA
-eff]C]ency parameter B(.,A) Js replaced by a polygonal funct:on B(. A) as )
.fdeflned by (v 20), (167 . : an

o B = —D(N X + (N+1)B(N A) SNBAWLA) . (v.20)
Cfor 1 N=0,1, B
where - - B(0,A) =1

. D(N,A) = B(N A) - B(N+1 A)

Nlis.the,;nteger part, [X], of X.

~ For each nonnegatlve lnteger N D(N A)>0 Messer11 [17] glves a proof that for
.Aany flxed A>0 D(N A) is strlctly decreaSJng in the nonnegatlve Jnteger '

varlable N,
D(N+1, A) < D(N,A) -~ N=0,1,....
It ;shoul’d}b’ehoted that

B(R A) B(R, A)



"for each ‘nonnegative integer R.
The polygonal funct:on B( A) is achleved by flttlng a llne between each two )
consecutlve p01nts deflned by. the integer valued Erlang—B formula. The dernvatlon
of (V. 20) is trivial; however, for the sake of completeness it is included in -
‘s,Appendlx B The convex:ty and monotonicity propertles of the polygonal functlon
.B(.,A) is revealed by the graph Jllustrated in F)gure V. 3 which is orlglnally :

glven in Reference [16]

B(NA)
F 3 .

_  —IN0.B0,A)
B(0,A)=B(1,A)

>N

i

: Flgure v.3. The Polygonal Functlon Determlned by ‘the Erlang—B Functxon

N on Nonnegatlve Integers

, Equatlon (v. 20) is appealing due to 1ts s:mpllclty, but lf necessary a more
.'elaborate approx1mat1ng funct:on tan be developed In short ~the second’ problem
';1n apply:ng equatlon (v.18) is overcome by substltutlng B(.,A) for B(.,A)

E Therefore, by. conslderlng equatlons (V. 19) and (v. 20) s:multaneously, the number

;of trunks to be prov:ded for each hlgh usage 11nk can be attalned
v.3.3. DIMENSIONING OF,LINKS'WHICB AREfOEFERED OVERFLOW TRAFFIC
‘The - trafflc overflow1ng from the h]gh usage links’ constltute the offered trafflc

to some of the flnal links 1n the network. To dlmenSIOn such f:nal 11nks, the

flrst step to be performed is to flnd the value of the offered trafflc parcels o
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~in terms of their mean and variance. WJlklnson [34] has derlved the follow:ng

~ two formulas to calculate the mean and variance of traffic overflowing from ’
a certaln link with N circuits. - ‘

PR<s
it

0 iA‘VB(N,‘A)T‘ - ERrE R ’.—(v._21)“

A
N+1-A+M
.. -0

<}
]

M [1-M 4+ Y

; wilkinson has also shown that the negative binomial distribution, with two
parameters chosen to agree with the mean and varlance, g:ves a satisfactory fit
~ to the d]str:butlon of traffic overf10w1ng a group of trunks. Evidence is given’

._that the principal fluctuatlon characterlstlcs of overflow—type of non—random

' trafflc are- descr1bed by theJr mean and varaance. :

dIf”the'input traffic-A is rough -then the ERT is applied’prior to using equations .
(v. 21) and (V 22), as the need was- stressed in section V.1. 2, S:nce the 1Jnk

,whose overflowxng trafflc ‘is sought has been dlmensxoned _the value of N for _

'that h]gh usage link is known. Then, proceedlng Jn the r:ght—hand ‘side d1rectxon

of the ERT representat:on of a llnk glven in. Flgure V 2, the structure deplcted

in Flgure V. 4 is obta]ned

At Nren M

Z.Flgure V.4, Closed Form Representlng a ank After
the Appllcatlon of ERI ’

_r:It is now assumed that the eunvalent random traffic A* Js offered to a link

V whose number of c:rcu:ts equal (N*+N) to produce. M and V [34]. Us:ng ‘ ,
quatJons (V 21) and (V 22) with-the equlvalent random parameters, the follow:ng
two equatlons result to calculate the Jndlvldual overflow traff:cs from. the

, relevant h]gh usage 1]nks. _'

M= AY BAW AN, A (V.23
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Vo = My (- M, +— ) | | (v.24)
: N1+N+1-A*+Mo L SR

It is now poss:ble to obta:n the comb;ned overflow trafflc ’whlch ]S really the
offered trafflc to the fJnal link to be dimensioned. ‘Since the overflows of. '
the h]gh usage llnks are Jndependent of one another, the i-th. semi-invariants
of the ]nd]V]dual overflows can be comblned to give the correspond:ng '

semi- Jnvarlants of their total. In terms of the overflow means and varlances,
 the corresponding parameters of the comb)ned 1oads are expressed by add:ng the
jndividual means and varJances correspondrng to the h]gh usage llnks Wh]Ch v I

overflow to the f]nal llnk under study.

' ”The comblned overflow traff:c is really the offered traffic to the conSJdered
flnal lJnk. Therefore, the offered trafflc in terms of its mean and varlance

has been calculated Slnce overflow ‘traffic is peaked the varlances of each

o nd:v:dual overflow1ng trafch parcels will be greater than.their means., Then

obv10usly, the combined overflow trafflc wxll ‘also exh:b:t a peaked nature. The
"ERT is applled.to attain-the equ:valent,random parameters characterlzlng the
'rough‘offered traffic before the final’lfnk“is dinensioned‘ A* and'N* are.
‘calculated by us:ng equatlons (v. 5) and (v. 6) ‘since the values of Mand V for t
‘that final llnk are now known. Then, through the usage of the approxamate ‘
‘polygonal form of the Erlang—B formula,_the value of Nis obta:ned by.an ﬂg“‘
Jteratlve scheme. It should be noted that the block]ng probablllty for each
f:nal llnk had been prESpeleled 'so. that whlle comput:ng N, the value of
B(.,Aﬁ) is taken as. xnput The Jteratlons to obtaln N are based on express]on _

(v. 25) Wthh follows dlrectly from (V 20)

ﬁ(x*.sx,,‘A*)_:f,_— D(N*+N A*) (X*+X)+(N*+N+1)B(N*+N A g
e = (NN) BQNRNAL, AY) L (v.2s)

" where, ‘) STl . _ v
X* is the real—valued equlvalent number of trunks glven by the real value whlch‘

results from equatlon (v. 6)
'_‘In express:on (V 25), the values of B(.,A*) A* N*, and X* are known Thus,

’the values of X and N can. eas:ly be. found through 1terat1ons. Once N and X are-‘

_known, lt means that. the flnal llnk ]S d1mens:oned
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V.3:4. DIMENSIONING OF LINKS WHICH ARE OFFERED CARRIED TRAFric"

The f1na1 llnks, whlch are not offered overflow traffic, are offered the trafflc

carr:ed by the f]nal 11nk(5) Just preceding them To d]menslon such flnal 11nks,,

the flrst step to be performed lS to find the value of the offered trafflc
parcels in terms of the:r mean and variance. W]lklnson [34] gives the follow:ng
formulas to estimate the mean’ and varlance of the carrled load when a random

traff:c of A erlangs is offered to a group of N trunks, assumlng ‘that the over—
'flow1ng calls do not return.

Vc.,='Mc(1 'TLC) EEERTE R o S v .(V.Z-])
'where,f

V:L represents the trafflc load carrled by the last trunk of the 11nk and ]S

rexpressed as in (V 28)

L, = A[B(N—l »A) - B(N A)] o - l;' e o (v;28)’_,{

As -can ‘be. ea311y observed from equation (V. 27) and as’ Wllklnson Jndlcated L
can be. written in terms of the varlance—to—mean ratlo (vmr) of the carrled

‘ trafch.b;
L. -=1-vmr
fIn the cases’ where the offered trafflc of the link, whose carrJed trafflc ]S:

to be calculated, is’ rough then equat:ons (V 26) and (V 28) are revwritten by
'.consxderlng the appllcatlon of the ERT ' )

i<
il

Af;ifs(h*+x;fA*)j:jl.:ﬂ N R 2 1))

I

L A*[BN#+N-1,4%) - BON&N, A1 . (V.30)

"Thus, by using equations (V(28),‘(V 29);'and'(v 30), theHCarried traffic of
,the relevant link is found in terms ‘of its mean and varlance. It is expressed
~ that carried trafflc is characterlzed by b:nomlal dlstrlbutlon [34J It is

.ev1dent by cons:derlng equatlons (V 23), (V 24), (V 28), (V 29), and: (V 30)
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that the sum of the mean of the carried trafflc and the overflow traff:c is
equal to the mean of the offered. trafflc, however, ]t is not S0, w:th the

varlances since there is dependence,

It is now poss:ble to obtaln _the comblned trafflc wh:ch is really the offered
traff:c to the final llnk to be d]menSJOned Since the traffics ‘carried by
vdlfferent final links are lndependent from one another, theJr respect:ve means
and variances can be summed to obtain the mean and variance of the combined

“ carrned traff:c. Thus, the value of - the offered traff]c to the final link to
be dJmeQSJOned has been calculated.. Slnce ‘the variance of each individual
"carried traffic parcel is less than Jts mean, the combined. carried traffic w111
also exhibit smoothness. Then, that ‘final 1link is offered smooth traffic B
implying thatithe ERT is'not required ‘To dimension such final llnks, the value‘}
of B(.,A) 1s taken as input as was: dnscussed in sect:on v.3. 3 The Jteratlons
to obtain N are based on expre5510n (V 20) slnce in thlS case N* and X* are>‘;

Sequal to zero.
v.3.5. UPDATING THE MARGINAL PARAMETERS

Once the dimehsioning‘stebs,.explained through'sectiohs v.3.2., v.3.3 , and~
V.3.4 ,'haue been campiecéd’fdf all the links in the'network the_ﬁumber.of
Acircujts to be provided for each link'is'obtaihed' As’ft'&as emphasiaed-in f
sectlon V. 3.1 > the marglnal capac:ty and marglnal overflow parameters were
g]ven startlng values to. dJmenSJOn the hlgh usage llnks. Therefore, the’ "
’dJrnensJoang has to contlnue unt:l these marglnal parameter values and the
assocalated network cost stab)llze. In order ' to start a new d:mensaonlng ‘
Jteratlon to dJmenS]On all of the 11nks agaln, the updated values of B and. Y
haxre to be known. ' '

L

v;3.5:1, Updating the Marginal Caoacfty’Parameter

“To update the marg:nal capaCJty parameters of the flnal llnks, the f0110w1ng
argument glven by Sherldan {311 )S used. By def]n:t:on, the marglnal capac1ty

parameter. can be expressed as in equation (V.31).

ey, P, N 4510
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.ConSJder a fJnal choice link W]th N c:rcults, whose%offered traffic“has_nean '
M and variance V. The loss experlenced by (M V) is,P, where P .is -defined ‘as .

' fellows [31]

=P, <, N) = AL BON,A (v.32)
M A

~Since the marginal eapacity, "B, measures the additional - traff;c that may be

"o ffered to:a fJnal choice link when the 1atter is 1ncreased by one circuit and

the loss’ probablljty held constant, B can be defined by the following equation. -

PGS, T, M) =P=PM, Y, M (v.33)
M. o M ' - '
'The open form to find the updated 8 value, ]mplled by equatlons (V 32) “and
(V 33) due to Sherldan [311, is paraphrased ‘as equatlon (V 34)

A'* B(N'*4N+41, A'*) _ A% B(N*4N, A%) . wa
jwhere,".
;_A'* is the equ:valent random. traff:c correspond:ng to anut trafflc (M+B)

CN'* ]S the number of eunvalent c:rcults correspond:ng to lnput trafflc (M+B)

The values of M V and N are known, therefore, A* and N* .can eaSJIy be:'
calculated by the use -of equat:ons (V S) and (V 6) However, the value of A'*
and N'* are dependent on the. value of B. Consequently, equatlon (v.34) 1is not
dlrectly solvable for 8 Wlth]n the computer program, the new value of 8 is

: found by an lteratlve technlque SJmJlar to one d]menSJOnal search
"V.3.5,2,“Updating‘the Marginal‘Overflow Parameter -
The marglnal overflow parameters of all hxgh usage 11nks except:ng the dlrect

,-llnks are utilized w1th1n ‘the d:men31on1ng procedure. To update the’ marglnal

overflowuparameters, the follow1ng-argument g:ven;by Sheridan [31] Js;used.The
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- marginal overflow of a link consisting of N*+N circuits with offered traffic
being A* is expressed by (V. 35), which follows dlrectly from the deflnltlon of
hns parameter given in sectlon V. 3 2.1. ’

A* NR4N) = ° iy aE
Y( ) ( - )N N o (v.35)
9A* | | | |
The right-hand side of'equatfon'(V;BS)'oan be deeomposed as-in (V.36).

(e = I o (V.36

3Ax T M T 3A*

Then, utilizing the definition of the marginal overflow parameter again,

'expression (V.37) is obtained from (V.36). -
Y(A*’:N*+I§) = Y(MsVsN)Y(A*aN*) » . N _— o (V'3’7)

'ance N stands for the lxnk be:ng d:men51oned w1th offered trafflc (M V), ]tS :

marglnal overflow is as: follows."”»

Y(M V,N) = —-——-———-—_. Y(AT, W) (v.38)
o Y(A* N*), . .

Thefmarginal overfiow terms on the right-hand“eide of equation v. 38)'re1ate
- to Po:sson traffic and thus: are dJrectly calculable. To caICulate such terms
dexpress:on (v. 39), whlch is really the open form of the deflnltlon of marg1na1

' overflow parameter is used within the computer program

v(A*¥, R) = (A*+1)[B(R,A*+1)] - A*B(R,A*) . (V.39) |
At thls stage, the values of A* N*; andrN are known Therefore, By'using .
3 equatlons (V 38) and (V. 39), ‘the new values for the marglnal overflow parameters

are found
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>V.3.5.3. Termination of the Update Phase * L .

‘To determlne Whether an optlmum network based on the prespecafled final 11nk
blocklng PrObabllltleS is achieved or not, the results of two success:ve
dlmenSJOnlng lteratlons are: compared As Sheridan states, ‘the comparlson can

be made ln terms of the differences in the values of one of’ the follow:ng

Jtems from one 1teratlon tO another.

‘i)'Marginal capacity’parameters}
i3) Marglnal overflow parameters
"4ii) Link d)mens:ons R

jv) Total network cost

- The stopplng criterion employed in-the computer program is based on the”
d:fferences of the link capacntles. However, - the results of the test problems
1nd1cate that the above mentloned four checks turn out to be - eunvalent When

one of them is satlsfled ‘the remaining. three are also sat:sf;ed as can 'be seen
by observ:ng the results presented in sectlon VI 1. When network stablllzatlon
]S attalned the d]menSJonlng iterations and thus the updat:ng of the marg:nal
parameters is terminated. The currently dimensioned network is- optlmal w1th »
respect to the prESPECIf]ed f:nal Llink blocklng probabllltles. When the algorlthm
converges, the outputs of this stage are the capac:t:es, reallzed blocklng

probabllltles of each link and the approxxmate total network cost. R A
'V.3.6. CALCULATION OF GRADE OF SERVICE -

Up to thlS stage, the end-t o-end blocklng probability constralnts were not
_Jmposed to the model Therefore, the algorlthm as such does not guarantee the
overall grade of serv:ce levels to be sat:sfled ‘The. grade of serv:ce levels
to’ be met for each trafflc relatlon will be ensured by a further operatlon

: w1th1n the algornthm 1n the constralnt set of the l]near programmlng problem,
| which- ]S d:scussed in sect]on V. 3 8. However, to see what ‘the real:zed grade;
| of’ serv:ce levels are under the. current d]menszonlng scheme, they are

: calculated to supply add]tlve lnfprmatlon. Th;s step can aid in glv:ng an ldea
about the effect of approxnmatlons Jntroduced to the. model as a consequence of

L roundlng—off to obtaln Jnteger trunk group slzes.
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The real:zed grade of service levels can be calculated byleJther us:ng :
Gaudreau s or Blaauw s method Slnce the constra]nt set of the l]near brogram—,'f
" ming problem for flndlng -each fJnal 1lnk block;ng probab:llty depending on the
grade of serv:ce 1eve1 to be achleved is based on Blaauw 5. method, it was seen f
fit to:choose Blaauh' method to calculate the reallzed grade of serv:ce levels R

?lthough-it intrOduces some extra approx1mat10ns to the model

Even though the theory and methodology of Blaauw s’ procedure can be found in. "
' Reference 31, ]t will be helpful to summar1ze the main points. The ba51c
assumptlon made by Blaauw is" that the f]nal l]nk block:ng probabll:tles and
‘the . end—to—end blocklng probabllltles are small. Flrst Blaauw- derlves some
approxnmate recursive relatlons to. calculate the end—to-end blocklng
probab:l]tnes experlenced by each trafflc relatlon. Then he proves the valldlty
of these relatlons. His proof is very appealing and is presented in the follownng '
llnes only w:th small changes in hls or:g:nal notatlon in order to 1ntroduce

the reasonlng beh:nd h1s method and the nature of the approx:mat:ons he makes.-v -

~ The folloWlng,derivations‘are,based onlﬁjgurexV.S. devised by Blaauw’[3];-”

v

Enp,n
'h F]gure v. 5 Representatlon of the Paths Connectlng watchlng Center

P to Sw1tch1ng Center g

The end—to-end blocklng probablllty for the traff:c relatlon (p,n), represented
by Ep ﬁ, ]S des:red to be calculated Suppose that the 1ink d]rectly connectlng -
nodes p and np is-a hlgh usage llnk -and its blocklng probablllty ]S indicated"
by b ObVJously, if ‘there ex15ts no high usage llnk from node P to node

P,n
np,. ‘ p the blocklng probab:l:ty ]S set equal to one. There are two ways to
form a connectlon between node p and n. If on the. h]gh usage llnk from node p -
to np, there is a free trunk, then the connectlon w111 be formed v:a thls trunk h

group and further through any path from node np to n’ supposxng that np and n

w“




are different nodes. The SECOHd way to form. ‘the connectlon between nodes P and ‘
n arlses _when the hlgh usage link between P and np'ls completely occupied but ‘the
link from node p to p+l has ldle capac1ty. Then the connection is formed v1a the

link t between nodes p and P+1 and then further from p+1 to n over a certaln route.

Then, :1—E p(path from p to'n exusts)

p,n

p{[(free trunk on p to np exdsts) | A
"(path from np to n ex:sts)] ‘; '_V”
A_[(all trunks from P to np‘occupled)A

’~_(free trunk on p to;p+l ex15ts) .A

(path fronvp+1‘toan exists)]}

Substjtuting thehapptopriate.blocking ptobabilities; equation'(V.AO)’results.

1B = Q% )(-E 45 (1-b

P, . P,n n ,n) pLN R P,p+1)(1-Ep+l,n) o : (V.AO)"-
T 2 - - ,
Rewriting (V.40), équationi(V.Al) is obtained.
e LdE E S e aE ey :
. Pen "cﬁ-'Pahp?'prnfbpynp(bP,P+l+Ep+1,n bp,p+lgp+1,n) S (V'A;)
.ANeglectlng the product of b p+l by p+1 n’ equatlon (V 42) follows dlrectly
’from (V 41) C
- E = lJE | )E :‘ +b_- b.  .+E ' S o . ‘ . £l
- Pond ‘ ( p,n ) n ,n_'p,np( p,p+l p+1_',‘n)t, o o (VAZ) ,

p P

',The-value-ofrEp;lfh is calculated through a s1m11ar reasonlng and then.
. Al 4 .

:dsubstltuted R into (V. 42) to obta:n the numerlcal value of Ep,n'
) Equatlon (v. 42) represents the recursnve ‘relations that Blaauw derlved to
'icalculate the end-to-end blocklng probab;l;t:es. The OmlSS]On of the product.l
‘rterm is: ver:fled by the maln assumptlon of Blaauw, Jmplylng that the productf
is small since each block:ng prohab:llty is assumed to be small Furthermore,”d

u,the rlght-hand s:de of (V. 41) 1s naturally smaller than the rlght—hand s:de A



of (V 42) whlch shows that ‘the end—to -end blocklng probabllltles, calculated
by the usage of Blaauw's recursive relations, are hlgher than what they. really
are. Then, obv1ously the links are somewhat overdxmens:oned but the small

approx:matlon error can. be accepted as a safety factor.

Blaauw expresses that the end—to-end blocklng probabllltles can be wrltten as
linear functions of the final link blocklng probabllxtles SUppOSlng that the
block]ng probabllltles of the h]gh usage links are . known. As can be observed
from equat]on (V 42), the coeff:cnents of the 11near functlons are solely
dependent on the high usage 11nk blocking probab:lltles. Blaauw has employed-
some . proven propertles to der:ve an efflclent way for the . calculatlon of the -
’coeff1c1ents, rather than usxng the mathematlcal recurs:ve relat:ons glven in o
Reference [3] but not 1nc1uded in- the thes:s. The slmple rule, dev:sed for the..
case where the h]gh usage llnks are not crosslng each other, is stated as .

follows,

"Introduce in the. scheme of llnks ‘a cut through the hlerarchlcal 7
:trunk group; the coeff1c1ent of the blocklng probabllltu of this
vhlerarchlcal trunk group 1n the express;on for the end-to—end

:'blocklng probabllltu is equal . to the product of the blocklng

prObabllltleS of the hlgh usage links which are cut." I S

‘This s1mp1e rule sets the basis’ for the method utilized’in the thes:s ‘to ‘,'
calculate the end—to—end blocklng probab:lltles for each trafflc relatlon. To
'glve more 1ns:ght, the rule is appl:ed to two examples in sectlon c of the

Append]x.;_g'
V.3.7. CALCULATION OF GRADIENTS

-The dlmenSJOnlng procedure and ]tS outputs were based on the values of the -
prespec1f1ed final link blocklng probabllltles Therefore, to. termlnate the -
algorlthm, there has to be a check to decide 1f the final 11nk blocklng
fprobablllties need to be changed If such.a change is not requlred then the
'overall ‘dimensioning procedure is terminated and an Optlmal d1mens:on1ng scheme
“has been achleved However, if a change in the current values of the ‘final llnk
blocklng probabilities is observed to be necessary, then the algorlthm contlnues. <

Thus, in order to make the decision of stopp:ng or cont:nu:ng, ‘an optlmallty



1 check is. essentlal To perform this Opt]mallty check, ]t is suggested in

: Reference [6] to determine the gradlents of total network cost with respect
to. each final link’ blocking probablllty. The baslc mathematlcal theory to

approx1mately determine the values of the mentloned gradlents, sketched in

’Reference [6]’ is to be presented hereby in a more detaxled fashlon.-

To’ determane the gradlents of total cost with respect to the flnal link
‘blocklng probabllltles, the flrst assumptlon made ls that the s:zes of all
high. usage trunk groups are fixed. ‘Since the fresh input traffic- values are™
taken "as data wnthout subJect to changes in the dJmenSJoang procedure, th]S
assumpt:on ]s valid for direct links. However, the anut traffic for second

or h]gher overflow lxnks is dependent on the block:ng probabilities of the.
prev:ous links..When such’ block:ng probabllltles are changed, as they are
intended to, then the degenerate anut trafflc to the remaining h]gh usage
links is subJect to some change. If there is a considerable change in the
-degenerate input trafflc values,bthen the sizes of the h]gh usage llnks can no.
longer» be f:xed ‘With the Jnclusnon of this’ assumpt:on, the global optimum ]S
not guaranteed to be reached. W]thln the derlvatlon of - the grad:ents to obta:n
-;thelr numerlcal values, thlS assumptlon is lmpllC]tly used wh:le in the

redlmens:onlng steps for the l:nks, ]t is slackened

'1The second assumptlon ]S that the var:atlon in the amount of traffic flow1ng
'through the tandem sw1tches produced by a varlatlon in the fxnal link blocklng
: probabllltnes 1s 1ns1gn1f1cant enough to be cons:dered as null Even though
this assumpt:on also leads to an approx1matlon, conSJderlng that the 1link
blocklng probabllltles are small and vary ‘within a tlght Jnterval whxle the
amount of trafflc flowing through such tandem sw:tches is cons;derably hlgh
the approxlmatlon error ]S tolerable. . ' ’
Utilizing the aforementloned two bas:c assumptlons and conslderlng the' cost
functlon represented by expre351on (V 9), the gradlents of total cost with

respect to the final llnk blocklng probablljtles are glven by equatlon (V 43)

tel..

TR T A S _,
by e 'S8
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FolloWJng the deflnltlon of 1Jnk blocklng probablllty, the final lJnk block:ng
probabllltles can be expressed as in (V.44).

b = —% - e p.' (V.4b)
Substitution of (V.44) into (V.43) yields equation (V.45).

aN o N

o k 4 L T o o
CE——), =CA( ' ' o - A
ORI
But;f :3"' | ' | ‘ I S |
: )
(*—-Eﬁ = - f}F-
b3k H

VFlnally, the gradients of total network cost’ with respect to “the f:nal link

blockzng probabllltles is obta:ned asin equatlon (v. 46)
=G o (V.46)

where, .

- Hy is the marginal occgpaﬁcy of 1ink'k.

fIn equatlon (v. 46), the numerlcal values of Ck and Ak are known. The value of
. Hk can be evaluated by uslng equation (V. 19) Thus, by us1ng equatlons (v. 46)
and- (V 19) s;multaneously, the gradlents of total network cost. w:th respect to

flnal 11nk blocklng probabllltles are evaluated numerlcally.,;
°V.3.8. UPDATING THE FINAL LINK BLOCKING PROBABILITIES -

Due'toptheAjotetdepeodeneevhetween_the:finalllink blockingfpfohabilitles'ahdg.
4link"sizes,’those.blocking probabilities had been"initialieed'atithe beglhning..
of the algorlthm. At the first overall d1mens10n1ng Jteratlon, having the

grade . of service crlterla sat:sfled is not necessary because such constralntsv
are lncluded to. the model WJthln the 11near programmlng problem, whlch w111 bet

.Jntroduced in the follow:ng paragraphs. At the end of the first: overall
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'dimensionfng iteration, the 11near programmlng problem is strlctly employed -
without being cond:tloned on any stopping crlterua. Therefore, the assurance"
of the grade of service crlterla are guaranteed in all of the overall‘

dimensioning iterations. follow1ng the initial one. In this aspect, the ]nlt]al
rvalues of the final link blocklng probabllltnes are not cruc:al In the computer -
lprogram, ‘the initial f]nal link blocking probablllty values are chosen in a

way that the grade of service criterion is roughly ensured for each traffic.

‘relatlon.

_After the First overall d:menslonlng lteratlon, the linear programmnng problem
is used only if a change in the current values: of ‘the final link blocklng _
probabll:t:es ]S required. The obJect:ves in implementing the llnear programmlng =
problem to the dlmenSJOang algorithm can be summed as follows. First, it ]S ﬂ:;
almed to. guarantee the grade of service crlterla and then to f:nd the opt]mal
final link blocklng probab:l:tles to replace the current values whlle
re:teratlng. The llnear programm:ng problem, whlch is orlglnally Jntroduced -

in Reference [6], is paraphrased and extended as follows,-‘»

PR 'tii.‘(ig—)bl . o | | S R (V.(»l)
- keFp o ey ko Lo : S
:_subject to; \ |
. g EJ (bk) <E . | ¥ :.4 : '(v‘:/f‘*s)
'bklf 1 E Vk B " | ] (_v;49)~_
bllcﬁ.,zidld?o,(’l:g-h ¥k e L (v.50)

fIn the 11near programmlng problem, the dec1510n varlables are the flnal 11nk

’ block:ng probab:lltles, denoted by b, . The coeffJCJents of the dec:slon varlables*

in the: obJectlve functlon are the grzdzents that were d:scussed Jn the prev1ous‘
!lsectlon. The numerical values of the gradlents had been calculated so .that they’
vhare avallable for use at th]S stage. It should be noted that the gradlents are
of negatlve magni tude. Thus, the new values for bk w111 be as high as poss:ble,

and in- general the constralnts ngen by (V 48) ‘will hold as equallty.~
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EXPr3553°n (v.48) Tepresents the grade of service criteria’ to be sat]sfled forr
,each ‘traffic relatlon. The left—hand side. of (V 48) is actually nonlinear."

7 However, the ‘nonlinear relatlonshnps are expressed as approx1mate lJnear _
relatlons due to Blaauw. Thus, toform the constralnts .given by (V. 48), the
concepts presented in section V.3.6 are ut]llzed It ]S not poss:ble to use
]Gaudreau s formulae to represent the end-to- —end blocklng probabllmtles in the-
constralnt set of the- lJnear programmlng problem s:nce Gaudreau's method of
'calculatlng end-to—end blocking probab]llty requires the numerical values of |
each flnal link blocklng probabll]ty In Gaudreau s method the final llnk ’
'blocklng probabllltles can not be cons:dered as dec151on var:ables of a llnear‘
programmlng problem, therefore ‘Blaauw's method JS chosen. The: follow:ng
constraints represented by (V.49) merely express that blocklng probablllty cand
- not be greater than one: By equatlons (. 50), a lower bound is establ:shed for"lr
:each f1na1 link blocklng probablllty. Equating the final- 11nk blocking _' |
_ probablllty to zero is obviously not reasonable w1th1n the- context ‘of equatlon'
) (V 1) As a lower bound 0. 001 was - con51dered suffxcnent, mean)ng that on a
'flnal 1ink out of every 1000 calls belng processed only one call is lost "In

a dlfferent study, if necessary, the value of the lower bound can be changed
w]thout Jncurrlng dlfflculty. Slm]larly, the value of E max’ deslgnatlng the -
percentage of tolerable fa]llng connectlons and taken as equal ‘to 0 01 in the -~

1the515, can eas:ly be changed s:nce Jt ]S suppl:ed as an anut.

The solution of the linear programming problem yields the new final'llnk"

7 blocklng probabllltles ‘'so- that the grade of servace cr1ter1a are satlsfled

‘thh the new final lJnk blocklng probab:l:tles, the’ d]menSJOang Jteratlons

'are 1n1t1allzed once more. At the end of ‘the dlmehSlon:ng Jteratlon, the ach:eved
'grade “of . service values .may not exactly equal 0 01 due to- round:ng—off '
approx1matlons incurred WJth]n the d:mens:onlng steps. However, the dev:atlon

?may somewhat be controlled by comparlng the real:zed fJnal link. blocklng

-,Aprobab111t1es w:th the values prov:ded from ‘the l:near programm:ng ‘problem. If

"the d]fference between the real:zed and requ]red ‘blocking probabllltles of a
certaln llnk is greater than the tolerable dev:at]on value of llnk blocklng
| probab:llty, whlch 'is taken as 0.005 in the ‘thesis, then the s:ze of that 11nk '

]S lncreased

7 The - -linear programm;ng problem is: solved by a package program named MATPRD

: (A Mathematlcal Programmlng Package) whlch had been adapted by Dr.A. Gunduz
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Uiusoy,;Nur Kesen (6zmizrak), and"Bﬁnyat Balaban in DeCember 1979 at ‘the
fndustrialfengineering'department‘of Bogazigi'University1[33]. Naturally, the

- linear programmJng problem can be solved by any other LP package program. Then,
the - subrout]nes providing the connection between the dimensioning steps and

the linear programming problem, which are presented in Appendlx D and H, need’

to be adJusted
v.3.9. TERMINATION OF THE OVERALL DIMENSIONING ITERATIONS

To stop ‘the overall d]men51on1ng Jteratlons and therefore to terminate the
algor:thm, ‘the gradlents that were obtained in two success:ve stages are
compared The" comparlson is made Jn'terms of two' cr:terla. For the first check,y
'the square of the gradlents of total cost w:th respect to the f:nal link blocklng
,ﬁprobabllltles are summed, and then the square Toot Js taken. Let this value be
named as the overall grad:ent or total grad;ent factor. From one overall
d:menSJOang JteratJon to the other, if overall grad1ent values differ by not
more than 5 Z, then the algorlthm is termlnated 5% is seen suff:c:ent in

thls study, but this -value can eas:ly be changed if necessary. When the behav:or
‘of the overall gradlent value is analyzed throughout the example problems, it

is seen that at first it Jncreases from one overall d:men51onlng lteratlon to
'_the other then: starts decreas:ng to be followed by an increase in its value
after ‘several 1teratlons. It was observed that once the overall gradlent

1ncreases from the decreased value, then ‘the solutlons obtained at the further

et

'-lteratlons are not better than the prevnous ones. Therefore to converge

,qulcker and to prevent cycllng whlch may-ar:se, a second check is 1ncorporated:
‘after the fifth overall dJmensloang Jteratlon is completed From then onwards,:

’;Jf the overall gradlent value of the current overall dJmenslonlng 1teratlon ]S SR
Vgreater than the value obtalned in the prev:ous xteratlon, then the algorlthm

is term:nated
The. two checks, ‘given in the prev:ous paragraph constltute the optlmalzty

A checks c:ted in sectlon V 3.7. It should be noted that the nature of the checks
and the comparlson values, llke 5% and f]fth JteratJon are really. SubJeCtIVE»
_and depend on some experlence with the SpeC]f]C computat:ons. S:nce ‘the global
*opt:mum is not guaranteed by.the algor1thm and .an approx1mate solution is
.sought, the important aspect is to obta:n some decrease in cost, if poss:ble,

while arr1v1ng at a feaslble solutlon.rPaSSJng the two checks successfully



‘Jmplles ‘that the f]nal 1Jnk blocklng probab:lltles need not be changed anymore.

The algorlthm terminates with an approxlmately optimal dimensioning for all

f the links.
v.3.10. EIMAPLEMENIATIONTOE THE ALGORITHM

- To clarlfy the dlmen510n1ng procedure explaxned in the previous. sections of
~ Chapter V, two flowcharts are glven in th:s section. The first flowchart,
111ustrated in Flgure V. 6, shOWS the major. steps of the dlmenSJoang algorlthm _

.in a closed form.

.All the operatlons, denoted by 1 through 7 in F:gure V. 6 have been thoroughly
expla:ned within the thes:s. Modules 1 and 2 are v:ewed in section V 3.1
‘whlle sections V.3. 2 to V.3. 5 concern module 3. Sections V.3.6 and v.3.7
contain the explanatory mater1a1 for modules 4 and 5, respectlvely. Operatlon
7 is analyzed in sectlon V.3.8 'while the check denoted by 6 is dlscussed in
sect:on V.3.9. A very . Jmportant point can be c1ar1f1ed through the flowchart .
of Flgure V.6. There are two main Jteratlons w1th1n the dlmen51on1ng algor:thm
which are discussed in the theSJS. One of them, named dimensioning Jteratlon,
]S the iteration scheme occur:ng w1th1n module 3. The overall dlmen510n1ng |
jteration is brought about by returnlng from.module 7 ‘to module 3, whlch is. -

clearly seen in Figure V. 6

The d]menSJOnlng steps of module 3 are rather complex. The functlonnng of’ thls

1.modu1e is represented by the flowchart glven as Flgure v.7.

The computer program for the dlmenSJOnlng procedure, whose ma:n steps have been Ll
jpresented through the flowcharts, is- wrltten in FORTRAN Iv. The computer program |
'Jfor the example. cases. were run on a, UNIVAC 1110 system. The descr:ptlon of the
'computer program, in terms of the subrout:nes and essentlal varlable deflnltlons,;
is presented in Appendix D The llstlng of the computer program is in Appendlx
'H. To dellneate the structure of the computer program, Flgure V.8. Jsllncluded.

“in thls sectlon.
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1{ Split the network into high usage and ‘backbone parts

.2 : f‘Initiaiization

-

3 ’Dimensibn‘ali the‘links‘to/obtain obtimal link sizes

.Calculéte énd-to—endfblockings

4 for all traffic relations
) 5 R - Detérminé”thé gfadientsxof;total

cost wrt the final link blockings

‘. Total. = | :
: o NO
Cost Optimal. -

-Seléc; new values for
fiﬁél'link»bibcking

,probabilitiesu

Figuré”V;6. Flowchatt of the Solution‘ProCedurg-

52




, ‘ ,‘Start }A N

Read 1nput trafflc and GOS parameters for
each traffic relation and all relevant cost .
- coefficients

Choose a link index according to
routing structure

it a high
usage lin

Celculete its marginal occupancy (H)

;‘.Db not construct that

high ﬁsageilink

is this"

The traffic
. input of this.
¢ link is directly
~ offered to the
link f0110w1ng
lt

high usage.
- 1link offered

deoenerate
traffic

“NO

" Do not construct -_that.
"~ high usage 1link

Dimension the high usage link using
" the calculated H value
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is

this ’ YES

hlgﬁ usage link a
direct link_

- 1its offered ™\
raffic. smoot

YES .. .

- Apply ERT

-

4 Calculate the new Y vaiue for that link

CaIculéte the blocking probability bf_tﬁét link -

'Célculéte_the meanjand variance
- of the traffic offered from the .
"dimensioned link to other links

" 'is

" the
. offered
X faffic.smOOth

YES

- Apply ERT

v

Dimension. the final links by u51ng their offered
trafflc and blocklng probabllltles
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- 7Ca1cq1ate—the new B value for that link

Calculate the realized blockiﬁg ’
probability of that 1link '

. Are

~all the NO

- links
imensione

Increment the
link index

?

YES

is |

~ network . ° NO ..
stabilization.
. achieved

Initialize the- " -
link index '

?

YES

With xeépgct to the specified final link
_blocking probabilities, dptimal dimensioning" .

" is obtained

=

WRITE
the

' resuﬁts '

3Figuré V.7. Flowchart fbr‘the‘Dimensiqning §f~the_Links
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MAIN PROGRAM

forvens | | overeL | | pme . || Emr carrY | leamave | [ BETAUP | |aTco2 | |marcos PRIORS
ERLANG MATPRO

o

N,
“CARP

Figuré,V.S;vThe Programetrucrorex‘

'

* The names of the subroutlnes of the MATPRO package program wh:ch are utlllzed in the sw1tch1ng
' network optimization program are as follows.,' _ ' v 4 '
‘ LINP, LP, DOANLP, ADDCON CHACC CHBSIS CHSLCK COPY DATA FIRSTB IEXIT, IPRINT ISOPT

- NEWVEC 'REDUCE,_ REVERT SEEKX SEEKY, SPRINT

a 3 *x Subrout:ne PRIORS uses the subroutlnes DIMENS OVERFL DIM ERT CARRY BETAUP MATCOZ
' ERLANG and CARP as shown for" the maJn program. ‘



CHAPTEP v I
NUl"‘ERICi‘L REQULTS /\iD DISCUQSTO‘\I

dlmen51on1ng procedure presented in the prev1ous chapters of the thes1s
applled to some small sized example networks to obtaln numer1ca1 results
| to establlsh the functlonlng of the d1men51on1ng a1g0r1thm. The dimen -
ning results will be tabulated 1n thls sectlon. ‘The results concernlng one
imple network are glven in some deta11 to clarlfy the dlmen51on1ng ‘steps

i the usage of the varlables appearlng 1n the computer program.
L. EXAMPLE PROBLEM

an example problem, the 51mp1e network 1llustrated in Flgure VI 1 is

ns1dered

~ Figure Vl.l.-Erample_Network;.

e network of Flgure VI 1 has two overflow p0551b111t1es for each calllng

1r, thus, the prlorlty glven by IPRI ki is three As can be observed from

- All ofbthe'wariables used inethis‘chapter are_explainéd_in Appendix D.
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floure, there are four traffic relations- glven by (A B), (D B), (D C),
1 (A D) in terms of node SPec1f1cat1on. The four node ‘pairs can equlvalently
described by the four dlrect links connectlng ‘them. That 1s,'1nstead of
B)’ @, B>’ (D,C) and (A D), (1), (2),. (3), and. (A) are used respectlvely -
nsrderlng Slmp11C1tY in Programmlng. Therefore, by traffic relatlon 1, ‘

€ trafflc flowing from SWltChlng center A to switching center B is 1nd1cated ‘

e values of the necessary 1nput varlables, matrlces, and arrays whrch have

ten explalned in Appendlx D are. g1ven 1n the follow1ng 11nes.

ahle_VI;l. The‘Specificarion'ef,IALT(j;r) fer_the Example ?rdblem

& W
o ™ W0 0

M NN W

[n Table VI 1, 1ndex j corresponds to trafflc relatlons wh11e r corresponds
0 the number of 11nks formlng the . alternate route for that traffrc relatlon.
\ single element of IALT(J,r) represents the link formlng the r—th link of -

e,

_he alternate route for the J—th trafflc relatlon. o _f S

'able VI.2. The Specification of IFIN(j,m) for the Example Problem

J 1 2.3 4
1 5100 12 0
2 7 10 12 .0
3 7 10 12 13
Y 5 .

10 110

. 51ng1e element of IFIN(J,m) represents the link formlng the mrth 11nk of the
Elnal route for the j-th traffic relation. Zero entry for IFIN(J,m) means that -
there is no ‘such further link since the connectron between the trafflc relatlon

nas,already been supplled by the spec1f1ed‘}1nk numbers. -
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b4 the example network the following equalities need to be made to specifyy

1e varlables.‘

no :

NA' 7 ." NAA  NALT = 2

CONF=13 N

il
o~

NT = 4

he. 1n1t1al B values for ‘the flnal 11nks, denoted by 5 7,10,11, 12 and 13 in
he netw0rk ‘are set equal to 0. 8 while- the 1n1t1al Y values for the. second |
verflow 11nks, denoted by 6, 8 and 9 in the network, ‘are equated to O. 5 As
nitial flnal link blocklng probablllty values, 0. 005 is a551gned to the flrsth
ink of each final route. and 0.01 is taken for the remaining f1na1 links. That

s, except for-links 5 and 7 whose blocking . probabllltles are 0 005 1n1tlally, ‘

he blocklng probab111t1es for all the other llnks represented by IFIN(J,m)

re glven as 0.01.

he values of 1nput trafflc, cost and grade of servxce parameters are '

ndlcated as follows.

rable VI.3. The'SpecifiCationvof'A(j)ifor.the Example Problem .

R o (erlangs)
Relation|" A(J)
'j"
1 .2.00 R
2 - 3.00
3 .|  4.00
4 0.75

An- element of A(J) represents the forecasted or estlmated trafflc flow value

Eor each trafflc relatlon J.
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Iable'VI;Q; The Speeification of C(t) for thelExanpleANetwork -

(TL]trunk),

ank (b
1 1500
2 1200
3 11000
4 1300
5 1700
6 1800
7 1900
8 2000
9 1750
10 1900
11 - 1850 : \ o ,
12 . Carso | T
13 1100 . o . o

An element of C(t) represents the cost. of supplylng one c1rcu1t on link t.

_The un1t sw1tch1ng cost in the two tanden nodes‘are taken as: .
CT1= CTZ'—f 50 "'I‘L/erlang.:' -
rré;eeeeh.traffic'relaticn:j;,thebdesiredgrede 6f~§ervice is;O.Q1.-Ihat;rs;i.
EEB = .o,qi' |
Wlth.the‘lnputs glven in advance, the dlmen51on1ng stepe are 1n1t1ated Some

,pertlnent results of the three dlmen81on1ng 1terat1ons of the flrst overall

d1men51on1ng 1terat10n are. glven as follows.»_
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ible VI.5. The Value o f the'Marginal Occuﬁaﬁcy Péraméter.(ﬁ)

Link  Dimensioning Iterations
LR R 2 3

.33 200 .23
.25 16 19
18 0 12
.29 13 14
.38 26 .26
33 25 .25
.38 30 .29

© B W

‘able VI.6. The Valuevﬁf~thé-Margina1‘Capacity'Patameter (®)

Link - ,_'Dimenéioning'iteratidns

.500  .620 . .620 | -
Co | sz g1 a2 |
100 | .580 . 626 - 624
| 24 000 s00 |
Cfiz | 690 616 .616
3 |'.s08 w306 504

Fabig-Vi;7§ The V@Iﬁg of the Margiﬁal’dcéupéncy Parameter (Y) o

JLink fDimepsionihg‘Itératipné '
e 1 2. 3

| 1.000  1.000 1.000|
8 | .798  .746  .746
| .69 .628  .628
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lable VI.8. The Value of the Realized Link Blécking PrébabilitieSf'

Link |- Dimeﬁsiohing Iteration
t 1 2 . 3

1 5000 .2105  .2105
2 -2061° 1101 1101 |
3 L1172 L0628 0628
4 | 4286 .1385 1385

5 | .0027  .0058  .0058
6 | 1.000 1.0000 1.0000
7 .0048  .0129  .0129
8 4130 L3473 L3473
9 L2279 - .1992° (1992

10 | .0128 " .0254 0254

11 | .0075 - .0110  .0110 .
12 [ .0199°  .0061  .0061
13 | .0063  .0115.  .115:

Table VI. 9 The Real-Valued and Integer Valued Link Capac1t1es at the
S First Overall Dlmen51on1ng Iteratlon ' : .

Link 1 _ Diméﬁsioning ' 1Ité?ation'b e
e |1 2 3
¥ § [ X N [.Xx . X
102300 2 f3.023 3 (300 0 3
2 1430 4 | 5.8 5 | 4.84 5
'3 {640 -6 | 7.8 7 |7.21 7
"4 o8 1 | 166 21550 2
5 560 - 6.0 3.99 4 | 3.99. - 4-
6 Jos o |02t o {o0.20 - o
7o lsags 6 | 433 4 w3 4
'8 |2.30 2 | 240 .2 | 245 2
9 lase s |'s.26 5 | 5.30 5 |
10 |7.60 "8 | 6.33 . 6 |6.33 6
1 - |4.89 5 | 4ar 4 |aar s
12 |88 . 8. | 7.65 8 |7.65 8
133|482 5 | 46 4 | 426 4
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;ble'VIllO. The'Resulting~Network~Costs

Dimensioning |- . (TL) .
Iteration . TCOSTT . TCOST2+. '
1 93954 93980 _
2 88272 84943 e R -
3. | 87238 . 84943 E

\t thlS stage, rather than proceedlng with the tabulatlon of results, some

:elevant 1nferences will be 1ncluded

,1)

_ii)

By con31der1ng Table VI 5 and VI. 9, it.is observed that for a glven h

1nput trafflc as. the marg1na1 capacrty parameter decreases 1n value

'the 11nk size of that hlgh usage link’ 1ncreases, as expected

The flrst column of Table VI 6 and Table VI 7 show that at the end of

.the f1rst dlmen51on1ng 1terat10n, the B and Y values have changed from
1the1r 1n1t1allzed values of 0.8 and 0.5, respect1ve1v. The comparlsons

Jconcernlng the -last two columns of Table VI.6 and VI. 7 separately w1th1n

e;themselves 1nd1cate that stab111ty is achleved 1n ‘terms of the marglnal n

.- parameters.

'111)

Theoretlcally, the flnal 11nk blocklng probab111t1es dlsplayed in

* Table VI. 8 for llnks 3, 7 10 11,12 and 13 should have been exactly

fequal to the 1n1t1a11y spec1f1ed 1nput blocklng probabllltles. The'

‘ dlfference between the reallzed and spec1f1ed blocklng probab111t1es

o stems from the roundlng—off approxlmatlons. However, 1t is seen that

- the varlatlon is not. pronounced

'-iv)h

Table VI. 9 glves the opt1ma1 link capac1t1es under the spec1f1ed final

‘1ink blocklng probabllltles. The results of the second and th1rd

dlmen51on1ng 1terat10ns 1nd1cate that’ network stab111ty is establlshed

;TpOSTlfand'TCOSIZ are‘defined in"AppendixlD;, S
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' V) Table VI.10 ShOWS the network costs effected by the d1men51on1ng steps
of the three 1terat1ons. The ana1y51s of the. last two rows indicates g

, QEtWOTk stab111ty as in the case of marglnal parameters and link sizes.

t is to be noted that three 1terat10ns for convergence 15 rather qulck The
Letwork cost has been decreased by 9.6 7 from 93980 TL to 84943 TL. However,
‘he grade of- serv1ce constraints have not been actlvely 1mposed while obta1n1ng
he above mentloned network costs. Changes in the values of the final link-
)1ock1ng probabllltles have to be made to insure the grade of serv1ce levels
and to p0551b1y decrease ‘the network cost from the current value of 84943 TL
The reallzed grade of service ‘levels at the end of the thrrd dlmen51on1ng '

1terat10n are calculated and listed in Table VI. ll

Table VI. 11. The Reallzed Grade of Serv1ce Levels at the Flrst Overall
- Dimensioning Iteration. : . :

Relation |- gos(j)
1 .003
2 .002
3 - .002
4 1 .006

_The reallzed grade of serv1ce levels for all traff1c relatlons are less than
0. 01 the target value. Thus, on the whole - 1t 1s p0531b1e to increase the
values of the flnal llnk blocklng probab111t1es. Consequently, the 11nk capac—.t,
ities and the total network cost are expected to decrease. To effect the changes

Vllnear programmlng is applled The total gradlent factor Wthh will be 1nf1u-i‘

'entlal in. termlnatlng the- overall d1men51on1ng lteratlons, is 686463 The -

’results of the LP problem are g1ven by Table VI.i2.
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Table VI.12. The New F1na1 L1nk Blocklng Probab111t1es at the Second
R Overall D1men51on1ng Iteratlon

Li?k' _BLOK(t)
5 ©.0010
7 | .oot0
10 - .0010
11 | .0702
12 . .2325
13 | . .2225

The f1na1 link blocklng probabllltles have changed con51derably, as Table VI.12
dlsplays, from the. 1n1tlally spec1f1ed values. The overall dlmen51on1ng iter- -
’atlon belng now equal to two, the llnks are redlmen51oned The results of the
.second overall dimensioning iteration just prior . to ca111ng the LP problem :

are summarlzed 1n the follow1ng tables

Table VI 13 The Real-Valued and Integer Valued Llnk Capac1t1es at the‘_-l
f Second Overall Dlmen51on1ng Iteratlon S

S DT I
1 ©3.00 3
2 Ca.84 |5
3 1|1
4| 1.59 2 |
5 5.31 | 5
6 | 02 | 0 }
N 599 | "6 a
8 2.48 | 2
SCTRRR BRRCI VA -
10 o 8.92 | 9
11 2.85" 3
12 3.3 | 46 |
13 .88 | 2 X
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Table VI.14. The Rea11zed Grade of Service Levels at the Second
‘ : Overall D1mens1on1no Iteration

Relation |  GOS(j)
P
1 012
2 .006
B T I SR A
b o .008

At the end of the second overall d1men51on1ng 1terat1on, the total gradlent
factor: 1ncreased from 686463 to 2513355 while TCOSTl and TCOST2 are computed
to’ be 85994 TL and 85111 TL, respectlvely. Comparlng Table VI. 9 ‘with Table
VI. 13, it 1s observed that at the second overall dlmen51on1ng 1terat10n ‘the
link capac1t1es of 11nks 5 7 and 10 have 1ncreased wh1le the llnk 51zes of

11, 12 and 13 have decreased Thls result is expected 31nce the blocklng .
probabllltles of llnks 5, 7 and 10 are decreased ‘while the blocklng probab111—
t1es of 11nks ll 12 and 13 are 1ncreased as a consequence of the LP problem.
The difference of the realized grade of serv1ce levels from 0.01 1s due to-
roundlng—off approx1mat10ns. The observed dlfferences are acceptable. The
dlfference between the total gradlent factors of the. flrst .and second overall
.d1men51on1ng 1terat10ns 1s greater than 5% therefore, the dlmen51on1ng steps
.are contlnued ‘The results of the LP problem and the third. overall d1men51on1ng

iteration -are presented in Table V.15, VI 16 and’ VI 17.

.:Table VI 15 The New F1nal Llnk Block1ng Probabllltles at the
: Thlrd 0vera11 D1men510n1ng Iterat1on

1Li?3:v BLOK(t)
s .| Los12
7 | o Losue
0 - | T .0300
St | 00
12 N ) vv'.";'.ooldi .
s o 168
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able VI. 16 The Real

-Valued and Integer Valued Link Capacrtles at the
erall Dimensioning Iteration

Third Ov
Li?k  ’ X N
1 300 3
2 4.84 5
3 7.2 7
b 159 | 2
5 2.09 2
6 0.16 | - 0
7 0.8 | 1
8 1.79 2
9 4,61 5.
10 4.58 5
11 " 5.29 5
12 8.49 | 8
13 1.89 | 2

Table VI 17. The Reallzed Grade cf Serv1ce Levels at the Thlrd B
' .Overall D1men31on1ng Iterat1on . .

Reiation -GOS(jj_’
3 Do
1 L0120
2 013
3 .010
4 . .010°

At the end of the thlrd overall d1mensron1ng 1terat10n, -the’ total network
costs TCOSTI and TCOST2 are decreased to 72620 TL and 73530 TL Vrespectlvely.
The total gradlent ‘factor decreased from 2513355 to 1882231 The dlfference

‘between the gradlent factors is greater than 5% » SO the dlmen51on1ng steps

-

l

'are contlnued p0531b1y to achieve an rmprovement The results of the LP. problem‘

>and the’ fourth overall d1mens1on1ng 1terat10n are delrneated as follows.
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able VI 18. The New Final L1nk BlOCkan Probabllltles at the Fourth :f
. Overall. D1men51on1ng Iteratlon

'Li?k BLOK(t)
5 | .0010

| L0444
10 | . L0010

1 | L0702
c120 0 | L2704

13 | L0950

Table VI 19 The Real-Valued and’ Integer Valued Link Capac1t1es at the ,
Fourth Overall Dimensioning Iteratlon :

Lia = N
1 3.00 3
2 4.8 | s
3 7.0 |7
4o 1.59 2
,5 : '5.31 | 5’
‘6" ; 0136 .'k | 0
7 1.86 | 2
.8 223 | "2
9. | 533 | 5
10 - 8.29 8
1 2,87 3
12 Csio1 |3
13 2.17 2

Table VI 20 The Reallzed Grade of Service. Levels at the Fourth Overall
Dlmen31on1no Iteratlon

;;Relatlon‘“ o Gbs(j)‘\
BT R
B - .016
2 ~.015
o3| Lo
4 . .008
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B N . . - . . . 3 . . \ . .
1e total network. costs resulting at the fourth overall/dimensioning iteration

re 75742 TL and 73829 TL. The total gradient factor is calculated to be
701361. At- the f1fth dlmen51on1ng 1terat10n, the gradient becomes 5278569.
1en,’accord1ng to the stopplng cr1ter1a explalned in sectlon V.3.9, the

1menslon1ng 1terat10ns are termlnated

shortcomlng of the dlmen31on1ng algorithm is 1nd1cated by the. results. At
ach overall d1mensxon1ng 1terat10n, the f1nal 11nk blocking probabllltles

re calculated so as to 1mpose a decrease in total network cost 'However, due
o the roundlng—off and theoretlcal approx1mat10ns 1nherent in the. algorlthm,'

decrease 1n total cost’ may not be realized as can be deduced by the results*
f “the. third and fourth overall ‘dimensioning 1terat10ns. In the th1rd overall'
llmens1on1ng 1terat10n, TCOSTZ is 73530 TL- whlle in the fourth 1terat10n 1t 1s
73829 TL. However, the dlfference is not very. 51gn1f1cant Rather than’ acceptlng_
che. results of the last overall dlmen51on1ng 1terat10n as the opt1ma1 results,
it would be better to: analyze all the’ results of the . overall dlmen51on1ng -
1terat10ns. 1if the’ total cost of- one case is 51gn1f1cant1y lower than those of
others, then the results of that 1terat10n are con51dered to. be: optlmal 1f
the ‘total costs are approx1mately equal-: for some iterations, then it is advis- ~
able: to compare the reallzed grade of service levels and make the ch01ce ac-
cordlngly In terms - of the grade of service levels, the reSults of the th1rd
overall d1men31on1ng 1terat10n are superlor to those of the. fourth and fifth
1teratxons. Therefore, for the example problem the results of the thlrd overall
dlmen51on1ng 1terat10n ‘are opt1ma1 with. optlmal network . cost equallng 73530 TL.t
By.. the 1mplementat10n of the LP problem w1th1n the dlmen51on1ng 1terat10ns,"
the grade of. serv1ce constralnts are’ guaranteed Furthermore, in the example;u‘
problem the netw0rk cost" 1mproved by l3 AZ from 84943 TL to-73530 TL. When '
the overall dlmen31on1ng steps are cons1dered 21 8% of an 1mprovement is v

lnduced by the procedure from the 1n1t1al network cost of 93980 TL
VI.2. RESULTS"O_FTHE EXAMPLE PROBLEM FOR.DIFFERENT CASES

The 1nput parameters are the same as- those for the example problem dlscussed'

in sect1on VI.1. First, the case 1n whlch prlorlty equals one is cons1dered :
Slnce thlS network structure con51sts of solely d1rect llnks between the
trafflc relatlons, there 1s only one d1mens1on1ng 1terat10n. The blocklng prob-“

ab111t1es of the four 11nks 4dare set equal to 0. 01 and accord1ngly dlmen51oned
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resultlng link 51zes are 7,8,10 and 4 trunks for. 11nks 1 2, 3 and 4
pectlvely ‘Under this d1mensxon1ng scheme, the total network cost is 35300
Total network cost is significantly lower than the cost obtained for the
mple problem in whlch prlorlty is equal to three. However, the two cases /

: not really comparable 1n terms of cost since the network of the example

;blem is structurally ‘more re11ab1e than the network correSpondlng to..

Lorlty one.
e example network which corresponds to- prlorlty two 1is 111ustrated in-

pendlx E. For thlS case, only the initial and f1na1 results will be glven

1o comparlson purposes.

-

1b1e VI.21. Results of the First Overall D1mens1on1ng Iteratlon for .
o Prlorlty 2 of the Example Network .

Li?k S BLK(t)TK "1fxo N R SO
1 2105 | 285 |3
2 L1101 | 4.70 5
3 0627 | 6.62 | 7
4§ 4286 | 1a8 | 1
5 0046 | 4054 s
6 oz | osar |4
7 L0129 | 433 |4
-8 0060 | 5.74 | 6
9 0058 | 8.56 | 9.
_TCOST1 = 68311 TL. |
T2 = 70152 TL.

TCOST2

{
i

,.,BLK(t)‘are_thg.realized lihk.b}ocking prooabilities.o
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Table V? 22 The REallzed Grade of Service Levels at the First Overall
'Dlmen51on1no Iteratlon for Pr1or1ty 2 of - the Example Network

‘Relation R
R GOS(3)
J - .
1 .002
BT .002
3 .. .00l
4 -007~V4"

Table VI.23. Optimal ReSultsffof Ppiéfi;y 2 of‘the.Eﬁémple Network

" Link-
.

=

BLR(t) | X

.2105 | 2.85

a10r | 4.0
L0627 | 6.62
L4286 | 1.18
0012 | 5.81
ous | 3.74
0018 | 5.99"

- .1875 | 3.07

03770 | 679

Nw ooy N W

lo ® w oo v Frw N =

"The’bptimal ne:ﬁorkfcqété are giVén'by-TCOST1>and TCOST2.. .

~ TCOSTL = 64381 TL.
 TCOST2 = 66154 TL.

The number of the overall dimensioning iterations. for convergence is 3.
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ble VI 24, -The Grade of Service Levels for Pr10r1ty 2 of the Example
Network at Optlmallty :

Re1§tlon GQS(S)_
1 .008
2 004 ’
3 .012
4 006

he grade of service constralnts are approx1mately satlsfled by the opt1mal
1men51on1ng scheme as Table VI. 24 111ustrates The network cost is hlgher

‘han the one obtalned under prlorlty one but lower than the cost obtalned

mder prlorlty three, as expected The network structure correspondlng to the

second prlorlty is less rellable than the structure implied by the th1rd

)rlorlty. The 1n1t1a1 ‘network cost. has been lmproved by 5 77

The 1n1t1a1 and £1na1 results correspondlng to. fourth prlorlty are spec1f1ed

by the follow1ng four tables

Table VI 25, ReSultS of the Flrst Overall Dlmenelonlng Iteratlon for :
Prlorlty 4 of the Example Network o -

8 .'Lti:nk..‘ BLK(t) - »‘ X e N
Y .2105 | 3.06 3.
T2 | L2061 | 404 | 4
C3| 1991 | s.99 s
4 1385 | 2,40 | 2
.5 0504 | 239 | 2
6 0580 |- 2.40 | 2
7 0192 | 5.32 | 5
8 o160 | 7.24 |7

9 0111 | 9.07 9
'*,TCOSTl,=.66764. TL.
| TCOST2 = 63503 TL.
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?ble VI 26. The Realized Grade of Service Levels at the First Overall
- Dlmen510n1ng Iteration for Prlorlty 4 of the Example Network

Be?§F*9n 1 GOS(j) -
1 013
2 006
3 .007
b 015

Table VI.27. Optimal Results for Priority 4 of the Exaﬁple Nétwofk

~ ' Link

R BnK(p)' x| owo
1 2105 . | 3.06 | 3.
2 L2061 | 4.04 | 4
3 1991 | 4.99 | S
4| o.a3ss | 2.60 |2
s L0506 | 2239 | 2
6 0580 | 2.38 2.
7. |21} 333 ) 3
8 L0126 |- 7.46 | 7
9 .0035 |.10.43 | 10

65744 TL.
614403-TL.

TCOST1
i TCosT2

Table VI 28. _The Grade of Servxce Levels for Prlorlty 4 of the Example
: Network at 0pt1ma11ty T . :

| Retacion | Cés(j) 
3 , -
1 011
L2 016
3 o7 |
e 015




reSults relatlng to the case of pr10r1ty f1ve are not llsted 1n thlS sectlon

ce by resembllng prev1ous results, they do not lead to new points of’ dlS-'
;sion. It will be more meaningful to tabulate the prlorltv five results in

: follow1ng sectlon for the blgger test network. After performlng the dlmen—'
Jnlng steps for the case with’ priority f1ve, the - resultlng example network

,t is- 79055 TL ,whlch 1s 1ess than .the network cost of pr1or1ty three by

37 and more than ‘the cost of pr10r1ty two by 16. 3Z . Thls result can be
r1f1ed by the observatlon that in terms of network structure, the network o

prlorlty five is more rellable than that of prlorlty two but less reliable

an_ that of prlorlty three.- -
3. RESULTS OF THE TEST NETWORK

1e test networkvis_somewhat higger than the example network,.but:still it is
st in ‘the vicinity of an. actualISWltching network of a-moderately large”city
r region. For example, the network of Istanbul contalns 30 sw1tch1ng centers-
nd 3 tandem sw1tches. The aim: of considering a relatlvely small test network'.
s .to have computatlonal ease “At thlS stage, the emphasis -is on demonstratlng
nd- ver1fy1ng the. functlonlng of the dlmen51on1ng procedure. The test network

1ay supply a comparlson yardstlck for further future studles.

Ehe descrlptlon of the test network and the necessary 1nput values are given
n. Appendlx F. The grade of serv1ce ‘levels Wlll be tabulated in this- section .
ahlle the 11nk capac1t1es ‘and the blocklng probabllltles are llsted in

\ppendlx G The follow1ng table relate to prlorlty three case. .

\t the flrst ovrall dlmen51on1ng 1terat10n, except for trafflc relatlon ll

‘he reallzed grade of . serv1ce levels are ‘less than 0 01,-1mply1ng that some

Elnal 11nk blocklng probab111t1es can ‘be 1ncreased so that network cost can

iecrease The network . cost is 227930 TL at the first overall d1mensxon1ng

Lteratlon and 216201 TL at 0pt1ma11ty Thus, 5. IZ of 1mprovement has’ been
realized by the utlllzatlon of the LP problem. For convergence, 3 dlmen510n1ng

Lteratlons and 2 overall d1men51on1ng 1terat10ns are made w1th the CPU tlme

seing 44.602 seconds,

For priority two case, the following grade of service levels are reallzedr
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3ble VI 29 The Reallzed Grade oOf . Service Levels For Prlorlty 3 of the
= Test " Network .

:'Relétion ' R . GQS(j)

-3 - .| | First Overall == .
Dimensioning "  Optimal
Tteration - - Iteration

.001 ©.003
009 | 012
003 | . .o02
001 .| - .oo0
007 L o1z
004 010
003 L 007
001 ¢ - .002
S.002 . | 010
S.006 | . .012
017 | .013
005 . 014
009 . | .004

W.0 N O W N

o
DR O

—
W

Table VI 30. The Realized Grade of Serv1ce Levels For Prlorlty 2 of The
Test Network ' .

Relation L GOS(J)
A I »Flrst Overall: .
) ' Dimensioning ~°° Optimal _
Iteration - . Iteration

013 | .009
o5 | 015
L0037 | .o03
o2 .008.
17 | .06
010 - | - .013
007 | o120

001 .00t

T02 | o010
-.013 . . | .o14
o015 - | o2
016 .015
o015 - | .on

O 0N VR W RN

PR
N= o

—_
e
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Total cost decreased from 193761 TL to 189246 TL. The network cost is less'than'

‘that obtaxned for priority three case, as expected. 2 dimensioning iterations -

and 4 overall dlmen51on1ng 1terat10ns have been’ necessary "In thls case, the
CPU time is 1 mlnute and 4, 480 seconds. Even though there are less number of
11nks than in the previous case, the CPU time has ‘increased. Thls result can

be JuStlfled by notlng that in thlS case the LP is called two t1mes more than :

in the prev10us case.

Table VI. 31 The Realized Grade of Serv1ce Levels for Prlorlty 4 of the
: Test Network ' : ) o .

/;Relation‘ GOS(J)
R : . Flrst 0verall .
3 Diménsioning - Optimal
Iteration Iteration
1 S.003 |0 Loo7
2 o+ | w02 | Lo03
3 . | woos | o .oon
g i _'_,004 ' B .004__
5 w003 | 010
6 005 1 Loo7
7 002 - f . .007 -
8 005 .008
.9 L0086 o Lo10
, 10° 021 . R RN 1} b S
11 017 1 '.010»’":
19 023 | o0 o
13 023 | . .o16 -

ﬁ Ih'the}casevof priority four, the total cost decreased”from 212517 Tﬁ to
207898 TL. The network cost of pr10r1ty four 1s less than that of prlorlty
: three, but it is greater than the cost correspondlng to prlorlty two case.r

: The network’ cost of this case is 9(32 worse than the cost of prlorlty two.

In the example problem, the dlfference between prlorlty two ‘and four was not o

marked but in the test network the necessity and advantage of .the optlmlzatlon

of the hlgh _usage llnks are clearly indicated. Thus, it can be observed that

the d1mens1on1n° procedure is effectlve 1n guaranteelng the grade of serv1ce
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:1evels W1th1n approximation errors and 1mprov1ng the network cost. 4 overall
dlmen51on1ng iterations. are carrled out with the CPU time being 52. 423 seconds.
.The decrease in CPU time as compared w1th pr10r1ty two - case is attrlbuted to

uthe omlss1on of hlgh usage link optlmlzatlon steps.

For ‘the problem correspondlng to priority f1ve, Table VvI. 32 1s prepared “In
43, 969 seconds.of CPU’ tlme, 3 dlmen51on1ng 1teratlons and 2 overall d1mens1o— :

ning 1terat10ns are performed The resultlng network cost is 202175 TL.

Table VI 32 The Realized Grade of Serv1ce Levels for Prlorlty 5 of the
Test Network

Due to the lack of a clearly deflned testlng network used by researchers to
..'demonstrate the exlstlng d1mensron1ng algorxthms for sthchlng network
optlmlzatlon problem, the dlmen51on1ng procedure developed and presented in
the thes1s could not be compared and valldated accordlnglv. ‘Through the 4
examples “and results, it was a1med to clarlfy the functlonlng of the - '

‘idlmen51on1ng procedure The small example problems lndlcate that the

77

I N A
. ' ~. First Overall , ’ :
A 'Dlmen51on1ng "~ .Optimal
. Iteratlon o Iteration
1 Cc.013: L .o006
2 03 L oo
3 L0060 . | .002
4 .08 | .005
5 Coo13 | o1
6 .10 | Loo09
7 C.007. | 006
8 006 | ..002
9 003 |- .009
10 “ho27 | Lo1s
1 ©.034 | oo |
12 o3 | o6 |
13- 030 0 f o ois ]



;rocedure is rap1d in terms of the number of dlmen51on1ng 1terat10ns to
ichieve convergence. It should be remembered that the optimal results are

approx1mate since there are theoret1ca1 apprOXImatlons and roundlng—off errors

+ithin the d1men51on1ng methodology.

A‘further"point requiring explanation is the deviation'of the'realized'grade

of- service values from the target value of 0.01% Observ1ng the tables glven in

th1s sectlon, it can be seen ‘that the values of the grade of serv1ce levels

at optrmallty are in some cases 1ess than 0.01 while 1n the others hlgher'

than 0. 01 with the hlghest 1eve1 belng 0.017. The dev1atlon is due to roundlng—‘

off approx1mat10ns made for the final 11nks. Horn [13] states that providing

certain (nelghbourlng) trafflc relatlons with better connectlon probablllty

than other (dlspersed) pairs- is to be expected In [13] 1t is proposed that

the connection probab111ty obJectlve should be stated ‘as a d1str1but10n. That

is,‘c1t1ng from Horn: ) o |

"_ 1"5b5tgof.the traffic demand shouid experience bettér‘than.k%
‘ congestion, 90 % should receive better than Y% ,. and 95 %

~should recelve better than z% congestlon._

The connectlon probablllty obJectlve suggested by Horn 1s more: flex1b1e than '
'con51der1ng just a certain target value and seems more approprlate for real
systems. Furthermore under ‘such a connection: probab111ty objective, the
reallzed grade of serv1ce values, glven by the dlmen51on1ng procedure of the

present study, do not pose connectlon problems.
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~_ to serve the exchange sw1tches located at Q d15t1nct p01nts, under srngle or

o oweteRvIL
EXTENSIOES FOP FUTURE STUDY

.it\can be'observed that*the dimensioning procedure developed»in the thesis
‘meets its design obJectlves, however by an extended algorlthm, it may be
p0551b1e to further reduce the network cost A more eff1c1ent algorlthm whlch
‘also portrays real cases more closely may. be dev1sed To obtain such an algo-
:Arlthm, some of the assumptlons underlylng ‘the. present model need to be relaxed.
-Accord1n01y, some exten51ons for future study are discussed’ 1n ‘the follow1ng

paragraphs.""

vIt is: obv1ous that the number of tandem switches to be utlllzed w1th1n the '
sw1tch1ng network and. the1r respectlve locatlons are cruc1a1 de51c1ons.-1f the
g number and locatlon of the tandem sw1tches are ‘not . carefully determlned then -
“the 1nvestment value W111 unnecessarlly 1ncrease and the system will functlon
.1neff1c1ent1y In the d1men51on1ng procedure of the thesis, the number and
‘locatlon of the tandem sw1tches are taken as: 1nput. Therefore, prior. to u51ng b
the d1men51on1ng procedure, ‘a separate optlmlzatlon phase is needed to supply .
.thls structural 1nformat10n by consxderlng service supplled beS1des flxed and
”varlable investment . .costs.. For the 1n1t1a1 optimization phase_of_locat1ona1‘k
‘.dec151ons, a mult1cr1ter1a approach may - be utlllzed The problem can be defined

as se1ect1ng a. subset of P 31tes at whlch to establlsh tandem switches in. order

,multlcrlterla con51derat10ns. For the solutlon of thlS problem, Reference [29]

_-may be used as a startlng p01nt.t

By analy21ng the d1men510n1ng procedure explained in the previous chapters,“;
'b1t can- be noted that the traffic between an: exchange sw1tch and "a- tandem switch
con51sts of trafflc destlnled for a sw1tch different from the tandem sw1tch
.'That 1s, it is assumed by deflnltlon that no traffic orlglnates or terminates
-at a. tandem switch. If tandem sw1tches are also cons1dered as. traff1c exchange
p01nts besrdes swrtchlng traffic to other sw1tches, then the dlmenSIOnlng algo-

'rlthm of the thes1s would not be- exactly appllcable. In that case, a 11nk
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fconnect1ng an exchange and tandem switch would be viewed as both a flnal and‘

‘a h1gh usage link. However, ‘the dlmen51on1ng method is based on economic
criteria for hlgh usage links-and blocklng con51deratlons for. f1nal links. .
Thesé “two ‘considerations can not ‘be’ made s1mu1taneously in the’ current dimen—
51on1ng procedure Blocklng con51derat10ns need to- follow the economlc con51der-
.atlons. If a llnk is functlonlno both as a h1gh usage and a final cholce 11nk
then a solutlon approach may be obtalned by separat1ng that 51ngle 11nk into-

a hloh usage and a final ch01ce part. and then cont1nu1ng with the dlmen51on1ng

accord1ng1y. However more effect1ve approaches to handle such problems may

ex1st

In ‘the the51s, to calculate the blocklng probablllty of rough traff1c, the'
:equlvalent random theory was applled prlor to us1ng the Erlang-B formula. As
~an alternatlve, the. simple method for approx1mat1ng the. blocklng of rough
r,trafflc due to- Frederlcks‘ [30] can be employed Under this technique, the o
Erlano—B formula in the case of rough 1nput traff1c is g1ven as B(N/vmr,
"Alvmr). If this form of the Erlang—B formula is used, then the calculatlon of
A* and N e nece551tated by the equlvalent ‘random theory,v1s not performed
Some examples are g1ven 1n Reference {301, show1ng computat1ona1 time for the
equlvalent random theory approach and Frederlcks technlque The . CPU t1me for
Freder1cks technique is comparably less than that requlred for the equlvalent
‘random theory. However, 1t should be remembered that Frederlcks technlque is
imore approx1mate than the equlvalent ‘random theory approach The varlatlon 1n'
 the results of the two methods as .given in Reference [30] is not very pro—
nounced Therefore, after some more research on the varlatlon of the»results.
for dlfferent cases than those three g1ven 1n {30] and acceptlng to'loSe'.
‘somewhat- from accuracy, Frederlcksf method ‘may be more approprlate for largef _
:netmorkslwhere'computational'gainAls 51gn1f1cant. '
-In the - thes1s, smooth trafflc is: assumed to be approxrmated by P01sson dlstrlbu-

tlorl. In Reference [30], it 1s expressed that for smooth trafflc, there are L
Frederlcks Bretschne1der S, Delbrouck s, and. Hayward s approx1mat1ng methods. |
"However an algor1thm that- operates sat1sfactor11y has not been establlshed v
Syet.. It is 1nd1cated that further research: on the subJect is requlred.

: The‘spec1f1cat10n of some threshold values for the sw1tch1ng network entities

'may be necessary after con51der1ng the: actual network. For example, 1t may be _
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demanded that certaln 11nk sizes should be greater than some number. Such
constralnts can be readlly 1ncorporated to the d1men81on1ng algorlthm in the
form of checks. In some cases, if 1nput traff1c 1s relatlvely small, it may be~-
demanded that dlrect 11nks should not be prov1ded The d1men51on1ng algorlthm '
and 1ts computer program 1s constructed to handle such cases. Therefore, it is
only necessary to place ‘such threshold requlrements. As a further study, he'
threshold values may perhaps be generated automatlcally w1th1n the algorlthm._-
An 1mportant shortcomlng of the d1men51on1ng procedure developed in the thesis
is that 1t does not account for modularlty. Modular trunklng is becom1ng common -
'w1th the 1ntroduct10n of d1g1tal sw1tches and transm1551on fac111t1es. Under
modularlty, fewer but larger trunk groups are to. be resulted [13] Modularlty
con51derat10ns can ‘be 1ncorporated to the d1mens1on1ng method by roundlng—up

and roundlng-down the number of c1rcu1ts obtalned, con31der1ng the’ module s1ze.
1if module size’ 1s supposed to be one under such a scheme, then the d1men51on1ng
procedure of the thes1s results However, 'a more reflned approach, encompa551ng-
pmodularlty in d1men51on1ng, can be developed in further stud1es. Whether modu—
larlzatlon W1ll be 1ntroduced w1th1n the d1men51on1ng steps or after the dlmen—

51on1ng algorlthm converges 1s an 1mportant subJect to be analyzed

The dlmen31on1no procedure explalned 1n the the51s is a 51ng1e—hour method
based on the concept of economlc load on the last trunk (ECCS). The network 1s
‘ de51oned to carry only a s1ngle hour s load However, in. practlce the load on
. the h1gh usage and f1na1 11nks varies from hour to hour. The questlon arxs1ng
:rln 51ngle-hour englneerlng is which of the hours of loads should be. used to

) en01neer the group It would be uneconom1cal to dlmen51on a hlgh usage llnk
lfor its 1nd1v1dual group busy hour if thls hour does not co1nc1de w1th the
‘busy hour of the alternate routes. If the hours of peak trafflc loads between
various palrs of sw1tch1ng centers c01nc1de, ‘there is no Such problem and ‘

_ dlmen51on1ng can “be” made on the bas1s of the s1ngle busy hour. However, for

| the sw1tch1ng centers ‘in reSLdence and bu51ness areas,_the hours correspondlng
. to peak traffic loads would be dlfferent, 1mp1y1ng a problematlc case: for thej
"appllcatlon of. 51ngle-hour engineering methods. Then, it would be advrsable to’
d1men51on the network for more than one ‘hour of end—to—end trafflc data by
vu31no mult1hour engineering.’ Although in References [8] and [9] multihour

|
| ffic network is e edf |
Aeng1neer1ng procedures, whereby a|least cost tra ic networ nglne red for

more than one set of end—to-end loads being subJect to the constralnts that
L - ' ' ~§- IR T }’1

H . . - . R |
' L. .
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blOCkln" on any flﬂal choice trunk group should not exceed a spec1f1ed value,_
are descrlbed some aspects of the procedure still need c1ar1f1cat10n through
research The problematlc aspects of multlhour englneerlng are summarized in
Chapter 111, 'and how to 1ncorporate end-to-end grade of service criteria to
the procedure is not really clear.. However, further research may resolve such

problems. Then, by u51ng multlhour englneerlng to dimension sw1tch1ng networks,

add1t10na1 decrease in total network cost can be achleved

The optlmlzatlon of sw1tch1ng networks should really be dynamlc llke other
anestment plann1ng problems. Telephone networks are cont1nually expandlng and
also new equlpment is belng 1ntroduced to -the svstem. Such a s1tuat1on raises

the 1mportant issue of de51gn1ng netw0rks -‘which are opt1ma1 over a per1od of
tlme. The 1nvestment plannlng problem of the networks should really be’ thought
in terms of m1dd1e and long range The dec1s1on concernlng how the target network
w1ll be reached in the course of years is very 1mportant However, due to the_
size of the problem and the nonllnear characterlstlcs, sw1tch1ng networks are
‘modeled as belng statlc. A tlme—phased approach is not' used in the the51s. If

1n a future study, a tlme-phased sw1tch1ng network opt1mlzat10n is solved the

results would be more reallst1c and appllcable.

The d1mensron1ng procedure developed 1n the the51s may be accepted as a prelim- .
1nary study More exact algorlthms with more de51rab1e characterlstlcs may be .-
developed through further research even’ though the present’ dlmen31on1ng proce— - -
_dure has add1t1ona1 advantages over. the other ex1st1ng methods,’ as g1ven in .
Chapter IV The d1men51on1ng method of the thesis" has to- be compared w1th

7t1ng or future methods to completely evaluate and rank 1t.
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 CHAPTER VIIT -
CONCLUSION

A dimensioning procedure is developed to aid in the lnvestment'planning of
sw1tch1ng networks. The theoret1ca1 reasonlng given throughout the thesis

and. the numer1cal resilts of the spec1a1 apllcatlons indicate that ‘the grade

fof service: constralnts almed to be prov1ded for the subscrlbers are satlsfled'

" and the ‘network cost 1s optimized within acceptable approx1mat10n errors.. The
method is developed by maklng use. of the appropriate port1ons of some' cur-
rently avallable methods. Ba31cally, for the dlmen51on1ng of high- usage links -

hPratt s method [26], [31] is used whlle for the dlmen31on1ng of f1na1 11nks,

, Wllklnson s [34] formulae and equlvalent random theory are utlllzed Especxally
1n “the updatlng_phase of the marglnal parameters,: Sherldan s [31]1 arguments

have been applied. Blaauwls((3] linear'expressions ‘have been employed’to d

: calculate the grade of serv1ce levels._The 1ncorporat10n of a llnear program—

mlng - problem to the heurlstlc dlmen51on1ng procedure, orlglnally suggested

‘ by a group currently work1ng on Cost 201 (European Co—operatlon in Sc1ent1f1c _

s and Techn1cal Research) prOJect [6], has been Spec1a11y rewardlng.

By the dlmen51on1ng procedure a hierarchical SVitching network with proba'- N
:bll1st1c input traffic 1s opt1m1zed The dlmen51on1ng procedure is a 51ng1e—A5
. hour englneerlng method whlch is based on- economlcal con51derat1ons. Modularlty

" -and t1me—phased aspects of the investment: problem have not been 1ncorporated

to: the d1mens1on1ng algorlthm.-»“ ‘: _ ':v . “-*f oL

‘The contrlbutlons of ‘the dlmen51on1ng procedure developed in the’ theSIS can be
| summed under two ba51c p01nts ".Rather than guaranteelng Just the final 11nk

-:blocklng probab111t1es as in Pratt' s original method, this dlmen51on1ng proce—
dure guarantees the end—to-end blocklng probab111t1es to be w1th1n a desirable |

limit. Besldes,'w1th1n the theoretlcal frameWOrk of the d1men51on1ng algorlthm,

a restrlctlon on ‘the number of allowable overflow p0551b111t1es is. not 1mposed
|

Even though these are con51derab1e 1mprovements, a more ref1ned algorlthm may |

. be. dev1sed by also cons1der1ng ‘the exten51ons 1ntroduced in the prev1ous chapt%
. . : *
|
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APPENDIX A

DERIVATION OF TFE ODTINI7ﬁTION
EOUATION FOR EXAMDLPPY CASES

AT, TRIANFULAR ROUTING }

‘All'the'equations‘that will follow aré‘bésed on -the network of'FigureiA.l,

FigurevA,l, Firét Exaﬁple‘Nefwork :
Thé'costrqf fodtiﬁgithé iﬁpdt traffié denotédVEy A1 ér1angs over the ne£w0rk, ‘
R LR S ST R 1.7 _ .

v.;. c;5c1.N145c2.N2+-c3.§31-¢11.?T‘V,

C is a functlon of one. 1ndependent varlable Nl,.51nce only link 1 is a hlghr

usage 11nk ‘Thus,

$C> '
L 0
e

3C. ) N, T ,

N ¢1+CzcﬁT)+C ( )+CT( )

1

JERRRENNOE B
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: ﬂ'aﬁ2i=_ ,‘aal"'/ . 3N3 | da. . AT
0= c ic =)y G) ot C ( ) (=—) . + cT (
2 a a) ,?2 N, | 1 | L by aNl '41 | T aN

)

However, T T (a A )E a; for"this simple triangular network since‘it is
assumed that the add1t10na1 tandem traffic flow1ng throuoh the tandem switching
center is due to the add1t10na1 overflow from the: flrst eh01ce 11nk A1 is
considered to be constant A

If_ : T‘T,'—," a;,

L '.éT— - da, -
- . s 1
then == ="(xz=), =
aNl aNl AlAM.

Consequently, the follow1ng substltutlons are made by u51ng the deflnltlons

glven in section V 3.2.

Bal : o
(55 ), =-H
N, AT T
( EEE ), = 1
a~ar' bkd- 5kh-

The ‘above equatlon holds -since the change in the offered trafflc of 11nk k is -

glven by the change in as for r equa11ng 1 or 3 in this case.

“Thus,

C..H, . C..H :
0-=c, - é 1 g. L er n
¢ e .C'> SRR . o o ST
ToRtE ey @
1o By By T R e
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A, 11. TWO OVERFLOW POSSIBILITIES

Allvthé equations that will follow are based on the network of Figure A.2.

cf——t—qJp]

ngure A.2. Second Exémple Network |

The cost of routing thé'iﬁput traffic denoted'by Ai'eflangs overbtheAnetworkvf
is C. ‘ | o | ' ' K |

5 S o

[

C is. a functlon of two 1ndependent varlables,'Ni

are the high usage links. The optlmlzatlon equatlon of 11nk 1 is glven by

(A 2) and that of 11nk 3 is- glven by (A 3)

and Né, sinceilink 1 and 3

(——— )y =0 : S . L (AL2)
N, N, T 0 T

. BC;“T T e S R
(==—). =0 o S S o o - (A.3)
My M SRR S

To obtaln the Open form of the optlmlzatlon equat1ons the partlal der1vat1ves

are taken ) B . . aﬁ‘ C 3 '
< . e )
o 5%‘9{_')’“3 " are (ﬁ% oyt :§3< -a—ﬁf .
oG e
+CTC(;;51:- )N3+ oy g—:‘%)“a |
o1



obviou91y,‘_rﬁ T ?N‘=’0 T

L 13
The add1t1onal tandem trafflc flow1ng through the tandem swrtchlng center.’ "C"
is due to the add1t10nal overflow from the flrst ch01ce 11nk However, the -
add1t10na1 ‘tandem trafflc f10w1ng through the tandem sw1tch1ng center "D"

depends on both of the two overflow values a ‘and a

2°
BN, - da, 3N, - 3ay  da .
0=C,+C, (—) (=), + C,( )y ( )y € ). -
1 21 del b2,-aN1 A1j  4 da3 b&_aal"N3 Bhl Al
| aﬁs da, da, da,
+Co (=), ( Yy Ge= ), + CT. .G )
'5 3a3v.h5 3a; ‘N, 'aN | CON A
T da. . “ﬁe
3 1
+ CT_( ) =)
. “D'3a; N, vanl A

-In addltlon to the two substltutlon equat1ons 01ven 1n sectlon A 1, the follow—

ing def1n1tlon has to be 1nc1uded

faa

92,
= g =Y
- 3a1 N3> 3
Therefore, R - .
C..H, C,.H, . C..H .
R WA S TR ssBy
0=C -3 ~—% Y3 ~Tpg. Y3~ ClgH - CTD 1 Ys

T 2 N T SR |
L "2 "4 0 U5 R T T g

BB e et s (8.4)

A 31m113r reasonlng is used to obtaln the second optlmlzatlon equatlon._~

It should be noted that,

S B.NZ‘M R
 (mxg )y =0
. 7,3N3 'Nl o



f A1 ‘and N1 are constant, then allis not Varying Hence, this implies that'
[Z is constant for a spec1f1ed blocklng value. A 51m11ar reasonlng applles for .
onsidering the additional tandem trafflc f10w1ng through the tandem switching
;enter‘"C" as be1ng null for this case. In turn, A3 is kept constant 51nce the

,ower_portlon of the.networkyls not liable to variation. -

N, aN_ . ar

el ' 4 .. 5 D .
( ) = C, 4-C ( ) ( ) + CT ( == )
1‘ 73" 3N37 1 Cs aN | 1 ot aN 1;
SRR N 2a ON_ da
. - 4 %3 '5 3
0=C,+C,( =— ) (5= ), + C( =) ( =)
: ,3 4%.3a; b, p) VA3 5 3a3 b © AN, ‘A,
'aa3
+ CT (== )
D ana A,
rhéréfofé,i
"C | . | N - o )
_3 _ _3 _J; LT PR L

Proceeding in this manner bY“taking the derivatiﬁe of the cost function With | .
respect to the 1ndependent varlables in order to find the optlmlzatlon equatlons,
is obv1ously tedlous. Especrally, when there are a oreat number of high usage -
11nks, the number of der1vat1ves to be taken d1rect1y increase. Therefore, in-
appllcatlons 1nstead of taklng derlvatlves, equatlon (v. ll), wh1ch yields

ea511y to computerlzatlon, “can be ut1112ed To clarlfy the usage of equatlon

(v, 11),-some further explanatlon is necessary+ As an example problem, ‘second
example 1llustrated by F1gure A. 2 1s cons1dered since 1t is more complex and-

complete than the flrst example. _ .f

For the design offhiéh'usage link 1, consider_Fignre A.3.h

f The- underlyrng ba51s relatrng to the dlscu351on which will henceforth
1ssue 1s due to Sherldan [31] In. th1s section of the thesis, his

resolutlon scheme is app11ed to a partlcular example.
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. _'Figure A.3. Marginalv0verflows_in.the Design of;LinkV1

ThlS marglnal overflow representatlon may be explalned as follows. If it is
requ1red to dlmenSLon link 1 in terms of Hl’ cons1der one marg1na1 erlang
offered to the overflow network Thus, one erlang is offered to 11nk 2 and -
then to 11nk 3 from wh1ch an amount of Y3 is reJected to link 4. To link 5 o
only the trafflc from 11nk 4 is offered, therefore it is offered Y3 Ut11121ng
‘this explanatlon equatlon (V ll) can ea51ly be calculated Rewr1t1ng equation
(v 11), ‘
.Ck S
= « XI,+ L . CT,.. Y

T

Iss?-‘ |

=L
L keFE

o

In the ekample.considered, -

':?éé {,2;-4,.5_}'* fo-f‘»'rf
={ c,'b_} "

'TheTValues of;XTk;'the-additionalftraffic on link k, can easily'be'found;;l
K=t o X =Yy ,ix%:?Yf

Slmxlarly, the values of Y. T the addltlonal trafflc flow1ng through the tandem -

sw1tch1no center 1, can be: obtalned.
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]

substituting these values to equation (V.11), equation (A.I.4) is achieved.

C c c_

102 "4 5 : : “ :
m— = . 14— . Y, +t5= . Y,+CT, . 1L+CT, ..Y,
-Hl. 82 , 84  3 85 3 .C . D 3_

[o‘calculace.the,marginal Qécupancy,of link 3 hsing-the "marginal -erlang"

representation, consider ‘the illustration of Figure A.4.

. Fighre A4, Marginalvaerflbws in'thé'Désign_of Lihk 3v_

Thé_ﬁafginalleflang is:first Offeréd to-link 4 and then to link 5.

In this case,

Hencé;;aftef substitutioﬁvtO'equatiqn (v.11), quation=(A,5)-tesh1ts; » _
thatidnr(v.ll)_i; the generalization ofvthé'optimization equations which

can be used to describe any type of alternate routing network.
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APPENDIX B
DERIVIJTIOI\' OF THE DOLVGONllL FUI\CTION

o derive'the polygonal approximating fuhction” the‘following simple'feasoﬁingﬂ
nd relatlonshlps are suff1c1ent Let the abc1ssa of the two consecutlve B
nteger valued p01nts be - represented by N and N+1. The corresponding ordlnates_f
f these two p01nts are B(N A) and B(N+—l A), respectlvely. ' '
‘hus, thefslope of theeline-between these two(pbints'isigieen by
- B(N+1, A)' - B(N, A)= -D(N, A)

Jhilegtheiy—intercept.is giveﬁ by'_l

B(N, A) - [B(N+1, &) -B(N, A)] N

= (N+1) B(N, A) -N B(N+1, A)

:ubstltutlng the expreSSLOns for the slope and the y—1ntercept into the well E

cnown formula of ‘a 11ne, equatlon (V 20) results.
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APPENDIX C

EXM"PLES oN END TO-END BLOCKTNG
PROBABILITY CI‘LCULATION o

Firstg the trianoular network of Figure A'l .1s con51dered The network is

redrawn as a 11near graph, as 111ustrated by Flgure A. 5

ijignre‘A.S. Linear Graph'of’the Firat Example

L1nks 2 and 3 are the f1na1 links. Let the coeff1c1ents of the end to-end
blocklng probab111ty functlons be denoted by CF Then follow1ng ‘Blaauw's a
reasonlng, ‘the end—to—end blocklng probab111ty for the trafflc relatlon (A B)
is represented by (C. 1) o ’ ‘ '

E, 5= CFA’.T-bA's'I + CFT,B'bI‘,Bz R o Y(CA.l)

A,T . T,B"
follow1ng the s1mp1e rule that Blaauw. glves, ‘the cut is. formed In thlS case,

The’ obJectlve 1s to f1nd the values: of the coeff1c1ents CF and CF Then,
only one hlgh usage 11nk 11nk 1, is cut so that equatlon (C 2) results.'

A,B- . AtBA A)T . A’B ,.TsB

As a second example, con31der the network glven by Flgure A 2 The corre—

_spond1ng 11near graph is de11neated by Flgure A.6.
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. Figure A.6. Linear Graph of Second Example

: Llnks 2 4 and 5 are the final: links. The end-to-end blocklng probablllty for\‘_

the trafflc relatlon (A B) is represented by (C 3)

EA;B"CFA,C bA,c*'C?c,D bc,D*7¢FD,B ?D,B S ";_1‘Qf}2”

The coeff1c1ents are found by taklng the product of the hlgh usage 11nk blocklf

probab111t1es for those hlgh usage 11nks which are cut.

. CFA,CF 7= 'ijV,B»‘

CF. . =b-.b

CEcp D,B " "A,B ’C,B.

_Substltutlon of the coeff1c1ents 1nto equatlon (C 3) y1e1ds the equatlon to

obtaln the end to-end blocklng probablllty of (A B)
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AP”E“IDIX D
EXDLANATION OF THE COMDUTER DPOGW\P’

The - computer program developed for the appllcatlon of the d1men51on1ng proce-
dure cons1sts of 31 subprograms be51des the main program. Of the subprograms,
19 are the subroutlnes of -the MATPRO package program whose explanatlon can be )
found in Reference [33].vIn this: sectlon, the ma1n program and the remalnlng

12 subprograms w111 be" presented

Whlle using the main program, there are f1ve optlons. The optlons denote the
network structure that can be handled by the computer program. The optlons

are 1nd1cated by the variable IPRI For IPRI equallng one, the network conta1ns
only d1rect links to supply connect1ons between the exchanges. If IPRI equals .
two, the network 1is ‘allowed’ to have one overflow p0531b111ty, and the trafflc
for any exchange - pair- can pass through only one tandem switch. When IPRI is

set to three, then the network 1s allowed to have two overflow p0551b111t1es.~
The network structure in the case where IPRI equals four is the same as IPRI
be1ng equal to two. "The dlfference is that in thls case, ‘the blocklng proba—'
b111ty values for the h1gh usage 11nks are set equal to 0 20 without perform1ng
any’ optlmlzatlon for the high usage links. Such a case is con31dered because ‘
thlS appllcatlon resembles the current scheme of the Turklsh PIT while supp1y1ng
trunks between sw1tch1ng centers ‘When, IPRI is equal to f1ve, the network 1s
aga1n allowed to have one overflow p0531b111ty, but” the traffic can pass through
two tandem sw1tches for completlng the connectlon. The followlng flgure can f~

clarlfy the def1n1t10n of IPRI
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'Jgure A.7. The Correspondence Between the Value of

IPRI and the Network Structure

The var1ab1es ut1112ed in the computer program to de51gnate the necessary 1nput

'parameters and data are as follows. - .

-'.

K(;) h5Vb=g'Input trafflc values for each exchange pair ;”~ L
BETA(;)_ = :The marg1na1 capac1ty parameter of a 11nk )
= The spec1f1ed or determlned blocklng prObab111ty value of a f1na1

BLOK(.)

t instead of specifying input:traffic between two’nodes as a matrix,’it is
represented ‘as an. array for 51mp11c1ty. The trafflc values are 11nkw1se
specified. If there does not exist a direct llnk between the ca111ng paxr,

_’then a: dummy 11nk 1s 1ntroduced for 1ndex1ng
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c(.) .=
cTl, CT2-
EEB - =

GAMAC.)
IALT(.,.)=

IFINC. ;)=

" IPRI

-~ NAA ___

The‘cost offsupplyinorone circuit on a link ‘

_ The cost of .one erlang flowing through the tandem switches 1 and 2

The desired end to-end blocklng probab111ty for each traffic

relat10n+ :

" The marglnal overflow parameter of an overflow1ng 11nk
“The matrix: con51st1ng of the numbering of the llnks which form

- the alternate route -for each trafflc relation --

The_matrlx‘con51st1ng of the numberlng of the 1inks which form
the final route for each traffic relation
The priority (option);number

The index to show the highest numbering of the first’link in the

‘final route

The 1ndex to show the. highest numbering of the second overflowing

—.11nks -

NALT =

NL Coo=

- The index to show' the highest\numher of ‘links in the‘alternate |
o . route ‘ » ‘ o : o .
'NF s = . The index to showlthé.number of links'in’the network

- The_index to show the highestunumber of links in‘theifinal route,

‘The index to show the number of exchange pairs calling one another

‘The variables denoting the basic outputs'of the program are as follows. .

:’3LK(.):‘
GOS(.)
GRAD(.)

It

CHIT =
N( .:) .
. TCOSTL

TCOST2

111, TT2

The . reallzed block1ng probablllty of each link -

‘The realized grade of service. value for each trafflc relatlon

The gradlent of total network cost w1th respect to final 11nk

_,blocklng probabllltles
The marg1na1 occupancy parameter
. The number of 1nteger valued trunks on a 11nk
v-Total 1nvestment cost under’ current dlmen51on1ng, consrderlng
:rreal-valued trunk capac1t1es S

,,Total 1nvestment cost under current dlmen51on1ng, conslderlng

1nteger valued trunk capacltles
The amount of. tran51t traff1c flowlng through the tandem sw1tches
1 and 2 '

The number of real—valued trunks on a 11nk

» f’ The Value:of:EEB,isftaken equal for allltraffic.relations§ o
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It may be helpful'to include the definitions for some additional variables

used ‘within' the computer program. -

ASTF(,);'=~ The}equivalent random"traffic'for a link

CARM(a) = The mean of the_carried.traffic on a;link :
CARV(.)‘7= ‘The variance‘of4the;carrfed traffic on a link . )
llE 7 = The index showlng>the number of'the—oyerall-dimensioning
| v -iterations = ' R ‘

ITER =,:The 1ndex show1ng the number of the dlmen51on1ng 1terat10ns
NSF(l)ﬂ = The4number of equ1va1ent group of circuits for a 11nk ‘
CFFM(») . = The mean of the offered trafflc on a link v |
OFFV(.) = _The varlance of the offered trafflc on a link .4
OVM?(.) lﬁf The mean of the overflow traffic on a llnk o

_ OVVP(.i o= .The varlance of the overflow trafflc on a 11nk

The objectives of the subroutines and functions with their input requirements

and‘ieSuingnoutputs are given in the follouing paragraphs.
' SUBROUTINE BETAUP -

The functlon of thls subroutlne is to calculate the new values of the marglnal
capac1ty parameters for the final 11nks, as was dlscussed in sectlon V. 3 5.1.

" To attain.the new 8 value, the mean of. ‘the offered trafflc, the varlance—to—'
mean ratlo, the number of. c1rcu1ts, the number of equlvalent c1rcu1ts, the .
'eamount of equlvalent trafflc and the current value of B for the l1nk under

’v1ew are taken as 1nputs.~
- FUNCTION CARP

7 CARP calculates the values of terms such as A /N' wh1ch are requlred for thef
bErlang-B formula. CARP 1s only called from FUNCTION ERLANG 0bv1ously, the
1nputs to CARP are the .amount of trafflc (A) and the number of c1rcu1ts (N)
SUBROUTINE CARRY '

lhe.mean and‘uariance_Of'the carriedjtraffic distrihutions"are found in this’

subroutine. The amount of equivalent random traffic;jthe'numberrof circuits,

102



‘che number of equlvalent c1rcu1ts, and- the blocklng probablllty of the link

belng analyzed are the necessary 1nputs.
SUBROUTINE DIM

~ The functlon of DIM is to calculate the number of c1rcu1ts to be prov1ded on:
each final- 11nk Therefore, through subroutlne DIM the f1nal llnks are dlmen51-
oned The amount: of equlvalent random trafflc, the number of equlvalent c1rcu1t
" and the’ spec1f1ed final link blocklng probability are con31dered as 1nputs to
ksupply the 1nteger valued and’ real-valued number of c1rcu1ts for that f1na1

llnk
* SUBROUTINE DIMENS -

,The h1gh usage llnks are d1men51oned through the appllcatlon of DIMENS which
malnly uses the value of the marg1na1 occupancy parameter that has been
'.calculated in the main program. The,amount of equ1valent random traffic, the
fnumber-of"equivalent'circuits and the marginal occupancy parameter are taken
as inputs to prov1de the 1nteger valued ‘and real-valued number of circuits
“for that h1gh usage link. A .

FUNCTION_ERLANGﬂ.

In this functlon, the 11nk block1ng probab111t1es are calculated by u31ng the
Erlang—B formula._The ‘inputs ‘are’ the number of c1rcu1ts, the number of-

' equ1va1ent.c1rcu1ts, and the amount of equ1valent~random trafflc Naturally,
if the offered ‘traffic of the 11nk under study is: random, then the number of
'equlvalent circuits is zero, and the .amount of equlvalent random trafflc is

' really the ‘amount of offered trafflc.
FSUBROUTINEjERT o

The equ1valent random theory is applled in subroutlne ERT The outputs of ERT
" are the amount of equ1valent random trafflc and the number of equrvalent

c1rcu1ts expressed as integer valued and real-valued To determlne the outputs,

~ the mean ‘and varlance of the offered trafflc are used
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SUBROUTINE GAMAUP -

The function of this SUbroutine is to calculate the new values of the margina1>
overflow parameters for the second overflow ‘links, as was discussed in section
V. 3.5.2. To obtain the new y value, the number of c1rcu1ts, the number of
equ1valent circuits, and the amount of equlvalent random trafflc of that hlgh

usaoe link are utlllzed as 1nputs.
~SUBROUTINE MATCO2 .

MATCOZ'is one of'the‘two subroutines supplying the connection between the main
program and the LP problem. Wlthln MATCO2, LINP whlch is a subroutlne of the
MATPRO package program is called so that -the solutlon of the LP problem is
Lnltlated The. new values for the final link" blocklng probabllltles, wh1ch

are the declslon varlables of the LP problem, are returned ‘to MATCOZ and from‘.
there to the main program. MATCOZ is employed for those network structures
'w1th one overflow p0551b111ty Wlthxn the subroutlne, the objective function
coefflclents, the coefficient matrlx for the~constralnts, and the rlght—hand _
side-vectors of _the constraints'are generatedband through'the values assigned‘t
-to varlable TYPEC' the type of 1nequa11t1es are spec1f1ed 1n order to use the’
MATPRO package program.vTo perform ‘these steps, the 1nputs are denoted by NF,
NT, NALT NAA IALT(.,.) GRAD( ), BLK( ), and EEB whlch have ‘been prev1ously

| deflned._ ' _ - e
SUBROUTINE MATCO3

MATCO3 is the second subrout1ne supplvlng the connectlon between the main l
_program ‘and the LP problem. Slmllar to MATCOZ MATCO3 calls LINP to 1n1t1ate
ithe ‘'solution of the LP- problem. MATCO3 1s employed for network structures w1th
two overflow p0551b1l1t1es. The new values for the f1nal link blocklng proba-
‘b111t1es whlch are returned to MATCOB from the MATPRO package program are the
joutputs of the subroutlne. The obJectlve functlon coeff1c1ents, the coeff1c1ent
matrix and the rlght—hand side vectors for the constralnts, and' the type of -
1nequallt1es are generated w1th1n MATC03 The way of generatlng the data inputs
of MATPRO is different in- MATC03 and MAICOZ due to the d1fferences in the
network structures. The necessary 1nputs to MATCO3 are de51gnated by NF, NT,
"NL, NALT, NAA IFIN(.,.), IALT(.,.), GRAD( ), BLK(. ) ‘and EEB. '
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SUBROUTINE OVERFL -

The mean and variance of the overf10wing~traffic distributions are. calculated
in this subroutlne. ‘The amount "of equivalert random traffic, the number of

c1rcu1ts, and the number of equlvalent c1rcu1ts are ‘the. necessary lnputs.
SUBROUTINE PRIORS

Subrout1ne PRIORS is de51gned for IPRI equaling f1ve. The d1men51on1ng steps d
for the other four pr10r1ty cases are handled within the main program w1th0ut
separating them -into. dlfferent subroutlnes because there are some 1nteract10ns
between the cases. Con51der1ng ease of calculatlon, it was seen fit to handle
the case where pr1or1ty equals flve 1n a separate subprogram. In this case,_
the dlmen51on1ng steps to obtaln the link’ capac1t1es are carrled out by PRIORS.
Then. the oradlent calculatlons are performed in the main program, and MATCO2

1s called from the ma1n program The 1nputs requ1red from the maln program to
perform the dlmen51on1ng steps in- PRIORS are AC.), c(. ), CTl CT2, IALT(.,.),
BETA( ), GAMA(.), - NA "NAA, NT NF NALT, and the spec1f1ed f1na1 11nk blocklng

probab111t1es.
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 APPERDIX E
- EXAMPLE NETHORKS

The example metworks corresponding to priority two and five are illustrated

in Figure A.8 and Figufe A.9, respectively.

Tigure A.9.1Thé EXAmple Network for IPRI Equaling Five
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APPENDIX F
TEST I ET‘JOPKS

The test network wh1ch has a blgger size than the example network is drawn

for prlorlty equallng three

R nguretA.lQ; The Test Network for:IPRI~Enneiing Three

|

Theﬁfoilewing two fables'éive £he;déserip£ion ef‘the traffic:reletibns,
IALT(J,r) and IFIN(J,m) specifications for. the neewofk of Figure A.10.
-The arrows showlng to Whlch 11nk ‘a hlgh usage 11nk overflows. are omitted in
Flgure A 10 .not to compllcate ‘the 111ustrat10n ‘but the overflow routes can .

ea511y be deduced by con51der1ng IALT(J,r) and IFIN(J,m)



[able A;l. The Deectiptioﬁ of'the Traffie>Reiations

Traffic Reiatidn
" (Direct Link) Number

o Nodes Spec1fy1ng -
~ Traffic "
' Relatlonf

(A,B) .
 (D,BY
,0) 0

4,0y

(B,A) .
(0,4)
(c,B) ' -
(E,B)
(B,E)

(E,D) .

“(D,E)

(€A

(4,0

°°'\140".m‘.l>ul'\:'—l

v

e e
W N O
4 e
—+

‘+7'The flrst component is the source wh11e the second is- the s1nk.

tt Ana1y21ng the network of F1gu5e A. 10,.1t is ‘seen that direct links do
‘not exlst for the. trafflc relatlons (E ,D), (D E), (C A) and (A C). Dummy"
’llnks, denoted by 10,11,12 -and 13 are 1ntroduced just to descrlbe the

the trafflc relatlons 11nkw1se.
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able A.2. The Specification of IALT(j,r)"

r

14 s
16 157
16 17
14 a8
19 20
21 20
22 1S
L2315,
26
23 18
16 26
25 20
14 17

W N U AW N e[

N o i

s
Jw

TabléiA.3. The Spégification of IEiN(j,m)

.m,_

1421 - 28

16 . 27 28
16 21 29
T 21 30

19 0 31 32
21 31 3

23 . 27 . - 28
24 2717 33
23 27 30
16 . 27 .33

25 31 32

14 . 21 29

- B R O L P U S R I
]

Kol
N O

L
(W%)

22 27 28 .
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For_thé‘test“ﬁéﬁwork,'the follpviﬁg equalitieévneed'tb be made for the

.variables.

NA -

NF

25
33

S

]
N

NAA =.26° . NALT.
NL =3 . NT

13

The input.traffic, cost, and grade of service parameter values are taken as

shown. in TébleVA.A'and A;S."‘

,-Table{A;d;vThe Specification ovanpu; Traffic

A

. (erlangs)

i
N e

e
_w
R

© M NV W N

=
o .

©3.50
© . 2.00
3.00

5.00

©3.50"
5.00

2.50

- 4.00.
4.00
0.75 ¢
*.O;fs_.
0.50
£ 0.50
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Table A.5. The Spec1f1cat10n of Cost Coeff1c1ents for the. Llnks

(TL/trunk)
-Link e .
t- c(t) -
1 2250
2 - 12500 -
3 ~ 1300
4 | 1900
.5 2250
| 6 1900
: 7 1800
I 8 1100
9 | - 1100
10 ot
11 of
12 ot
13 of ©
14 1000
15 1400
16 900
17 1400
| CT1 = CT2 =50 'TL/erlang
: =0.01

fThe 11nk number1no shown by Flgure A 10 is kept the same for a11 the pr10r1ty

cases. Slmllarly, the 1nput values glven by Table A. 4 and A 5 are not changed.

'EEB

Alek,; r:C(t)

18 900
19 1100
20 | - 1200

21 900
22 - 1400

23 2100

24 - 1400

25 11100
26 2100

27 i ‘800

28 | 1100

29 - 1100
30 1900

3 800

32 1000

1300

‘For prlorlty two case, IALT(J,r) are taken as in.Table A.2. For thls prlorltv,.

IFIN(J,m) spec1f1cat10n 1s not requlred 31nce f1na1 routes be51des the alternate

'routes are not to,be ut111zed For prlorlty four case, the data and 1nput

spec1f1cat10ns are exactly the same as those of prlorlty two case

For prlorlty f1ve case, NALT is changed to 3 and NAA to 33 The spec1f1cat10n
of IALT(J,r) is glven by Table A.3. So, the f1na1 11nk set of the pr1or1ty

‘three case constltute the alternate routes of: the prlorlty f1ve case.

“t No cost is incurred since these are dummy links.-
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S APPENDIX 6
. SOME. PERTINENT RESULTS OF THE TEST NETHORK

Table AL6;-0ptima1 Resultés for Pribrity’3 of thevTest‘NétWOtk’

bk | BIR(e) X N
1 .4021° 2.55 '3
2 ©1.0000 .08 .} o
3 - .2061 . 4,02 4
4 .2849 - 461 |5
5 ~.5765 1.98. 2
6 .3983 4,17 | 4
- 7 2822 2,63 3
8 L1172 6.43 6
9. 1172 - 5:90 | 6
10T 1.0000 .00 0 -
11t - 1.0000 . .00 0
12t ©1.0000 .00, 0
137 1.0000. .00 1 o
14 .0059 10.49 . - 10
15 .1675 10.13 10
16: " 0054 ©10.34 10
17 43577 - - +1.50 2
18 ;1499 5.96 -6
19 .0091 7.21 7
.20 . 1914 10.48. | 10
.21 .0128 7.36 7
.22 L0175 < 4.12 | 4
23 . .0107 . 5.44 5
C 24 - .0759. | '0.53 1
25 - .0016 | | 4.50 A
26 - .5166 3.13 3
27 .0019 - 15.39 - .| 15
28 . .0375 7.19 |7
C29 .0098 - | 531 . [ .5
30 .0052 - | T 6.32 6
31 .0062 19,47 9
32 - .0591 | 13.90 @ | 14
.33 .0127 - 11.44 11

‘T ‘Lipk§_10,11,12 énd513 shown in ﬁables A.6

112

to A.9 are dummy links..



Table‘A.7.:OptimalyReSulﬁs,for.Priority 2 of the Test Network

\

Link

BtK(t)i”A?"

R T T T N R T o N N SR WY S
oL R WRN PO 0N O R W N O

O 0O N oUW CN e

L7778
1.0000

L2061

.6757

7778

5297
4717
L1172

1172
1.0000

1.0000
1.0000

©1.0000

.0017
~.0093
0054

.0092

L0102
L0076
L0136
L0113
L0154
. .0034

.0759

.0016

.0066

- 3.70

1.18

.00

2.48
1.23

6.29-

3,47

2.47 -

. .5.88"°

.00

.00
00

.00

16.22

17.04

. 10.34
6.21
‘12,11

~8.20
16.45

8.260 |
5.4
6.8
o 0.53
4.50
11.37.

©C O O O N W RN O -

T = TR W R PR
O PN O N O

R R

' 11 -
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Iable A.SQ Optimél,Results'for friority A'bf‘the Test Nethrk

Link
-t

. BLK(t)

2

L S e
T S T R =Y

MNONRLN N R N e e e
e R S R R A R

WO 00~ O WP W N e

-

L1541

-.0952
2061
.1919°

- .1541

.1919

1499
1991

1991

©1.0000
.. 1.0000
1.0000
1.0000
L0127

.0341

.0025
~.0031
.0067

.0544

£.0083 -
‘. .0281

L0159
0052
©.0448

.0016 -

.0077

C o 5.42°
4.06

" 4.04

5.91
5.42
~5.91

4.43

4,99
599

.00
.00

.00
.00
7.21-
©10.99.
© 74T
8.49 '
©.10.37
‘ 12901t

16.90

45
3,22
747
©-3.00
- 4.50
12.46

N0 O OO B e oW

o
® N

-t
o

=
<N N

SOWoN W oae

12

C114




‘able A.9. Optimai'Results'fbr Priority 5 of the Test Network

Li:KH BLK(t) - X N
N L4021 2.75 3
2 -1.0000 0.15 [
g 12061 3.91 4
4 .2849 5.15 5
5 .4021 3.10 3
6. .2849 5.19 5
7 .2822 2.72\ 3
8 - 1172 6.36 6
i 9 1172 5.97 6
| 10 ~..1.0000 .00 0
11 - 1.0000 .00 0
‘12 11.0000 - .00 0
13 1.0000 | .00 0
by 0122 .| 9.08 9
16 .0054 10.21 10
19 .0257 5.0 |5
21 0285 - | 5.3 [ 5
22 0175 | a8 | s
23 o107 | 5.8 | 5
24 0159 of 1 |1
25 0127 349 | 3
27 0012 | 34.20 | 34
28 0022 | 16.47 16
29 0020, 7.37 |7
30 0035 10.50 | 10.°
31 ©.0012 20.13 20
32 .0024 9.35 | 9
33 .0031 _ 763 |1

t Links 15,17, 18 20 and 26 are not. ex1stent 1n

spondlng to prlorlty flve.

s

the network‘structure corre-
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