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ABSTRACT

- To be able to give the reqdired'serQice to'te]ephone‘
'customers in case of fa11ures, one of the proposed protectlon
‘measures is’ the use of stand-by circuits. Fa1]ures~are.def1nedje.

~as the breakdowns of transmissionvmedia. ;Thelstandfby protection

prob]em can be so]ved in two steps |
In the thes1s the first step, which is the determ1na- .
tion of stand-by requirements is stud1ed Methodologies utilized

in the calculation of blocking probab1]1t1es for obtaining the

j‘traff1cs carr1ed by each route and a S1mp]1f1ed heur1st1c approach

called the “equ1va1ent trunk group approach" which is utilized to

. determine the standfbyirequ1rements are presented D1fferent ‘mathe-

maticei fokmulafions of the prob]em'are given and some special cases

are diecussed; A solution-procedure is deve]opedkand,applied to

a small test network.



6zZET

Telekomiinikasyon sebekesi gené]]ik]e éantral_sebekesi ve
j]etisim sebekesi olarak ikiye ayrilip inceTenmektedjf. Bu ayrim
“telekoniinikasyon sebekelerinin planlanmasi ve eniyilenmesi proble-
minelbUyUk kolaylik getirmektedir | Unce santra] sebekesinin en-
1y11enmes1 problemi ¢oziilmekte, sonra bu prob]em1n c1kt11ar1 g1rd1
- olarak kullanilip iletisim sebekes1n1n en1y1]enmes1 problemi coziil-
mekted1r- Bu calismada hem santra1-sebekes1n1n en1y11enmes1 prob-
leminin ¢iktilari hem de 1]et1$1m sebekes1n1n en1y1]enmes1nden ge--
len bazi1 degerler g1rd1 olarak ku]]an1]maktad1r |

| Ariza durumlarinda telefon abone]er1neA]sten11en diizeyde
- servis verebilmek i¢in Gnerilen koruma 6n1em1érinden biri "Yedek
Bulundurma"dir. Ar];a1ar, i]etisim hatlarindan herhangi birinin
"servis veremez.duruma gelmesi sek]iﬁde tan1m1anmaktad1r.i "Yedek
Bulundurma" prbb]emi iki asamada ¢Oziilebilir. Bu ca11$mada, birinci
aéama olan "gerekli yedek devre sayisinin hesaplanmasi” pkob]emi ele

”»a11nm1st1r. tkinci asama olan yedek optimizasydnu bu ¢alismanin

- kapsam1 disinda kalmaktadir.
| Her yo]da taslnan trafigin hesap]anmas1nda t1kan1k11k

olasiliklarini e]de»etmek icin ku]]an]]an yontemler ve gerekli yedek’



vi

'égy{siﬁ1n‘hesap]anmas1licin ku]]an1]anvbasit sezgisel bjr 'yontem
“olan "esdeger hat yak]és1m1" tan1t11maktad1r; Problemin farkli
imatematiksei’formﬁ]asyonTar1'veri]ip; baz1 6ze) dufum]ar tartisil-
maktadir. GeTistiri]en cﬁzﬁm‘yordam1 kiiglik bir'deneme sebekesine

‘uygu1dnm1$t1r.



DETERMINATION OF STAND-BY REAUIREMENTS
IN TELECOMMUNICATIONS NETHORKS

ABSTRACT

A telecommunications network is a means of interconnecting telephone
customers. It is a stochastic service system, where telephone subscribers

are the customers and the trunks are the service channels.

The optimization of telecommunication networks is essential for two
main purposes. The first purpose is to provide an adequaté service level
to telephone customers, and the ‘second purpose is to provide this service -

in a least costly way.

A‘telecommunications network is generally separated into'a_switching o
network and a *transmission network. A switching nefwork consists of the
switching nodes interconnected by groups of circuits. A transmission
network consists of .transmission systems interconnecting switching nodes. N
Aé a result of this separation and for the sake of simplicity, the
telecommunications network optimization problem is treated as two separate |
problems: The switching network optimization problem and the transmission
; network optimization problem. The switching network dptimization problem

and the initial steps‘bf-the transmission network optimization problem




which provide necessary input for the problem of determining the stand-by

requirements are out of the scope of this study.

To be able to give the required service to telephone customers in

case of failures, one of the proposed protection measures is the use of
stand-by circuits. Failures are défined as the breakdowns of transmissioh
media. The stand-by proction problem can be solved in two steps. The first
step is the determination of stand-by'requiremeﬁts 1nlorder to safisfy

a predetermined service level. The second step is the stand-by optimization
where the optimal routing of these stand-by capacities on.the transmission

E hetwork is obtained.

In the thesis, the first step-determination of stand-by requirements-
is studied. Methodologies utilized in the calculation of blocking
probabi]ities for obtainihg the traffics carried by each route and a
éimp]ified heuristic approach called the "equivalent trunk group approach"
which is utilized to determine the stand-by requirements are presénted;
Different mathematical formulations of the problem are given and some
speéial cases are discussed. A solution procedure is developed and applied

to a small test network.
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I INTRODUCTION

A,ie]ecommunications-network is a'stpchastjégservice‘systgm
"consistingfbf-a ndmber of exchanges, or switching nbdes,,éonnepted
by Tlinks which are groups of té]ephoﬁé trunks.‘71n this stdchastic‘
Asérvicé system, te]ephoneAsubscribérs are the customers and thgf‘-'ﬂ
trunks are the service‘éhanneis. , | |

| The optimization of te]ecommunicatfon netwqfks,{s}éssentia]
for two main purposes. The first purpose is4to‘prdvideﬂan,adequa;é
- service level to telephbne custdmers, and the second purpose‘fs to -
provide this service in é,]east cost]y way; In other, WOkds; sgfis—
faétory service.sﬁou1d be givenito“the;subsﬁribers whilefecodomica1
use is made of fhe facilities providing the service. | : ‘

A te]ecommunicationé network is generally separated into a
,switéhing‘network and a'tr;nsmission network. A switchinglnetwork
consists'of the switching nodeéfintérconnected by‘groups'of.circuits.k
A transmission network consists of the transmission systems inter-,~
connecﬁing'the switching nodes. As a result of this separation and .
for the sake of simplicity the te]ecommunicafions network optimizatidn
problem 15 treafed as two separate problems as mentioned in COST 201

project Report, (1980-81), Evranuz, et.al. (1981).



The first problem isxthe switching‘network ontimization
:prObTem (SNOP) in which'the.optimal trunk group capacities;are.,
' determined by a dimensioning procedure. M1s1r]1 (]982)jbroyides
- an a]gorithm for SNOP and also introduces the,approaches'td this
hrob]em | | | |
The second prob]em is the transmission network 0pt1m1za- :
t1on prob]em (TNOP) in wh1ch the minimum cost fac111ty 1nstallat1on
scheme is sought by determ1n1ng the type: of transm1ss1on system to
be 1nsta11ed on the links. The opt1m1zat1on of the transmlss1on -
network is carr1ed out in a number of ]og1ca1 steps as ment1oned by
_ Nyvert and Noort (1983). Baybars and Kortanek (1981) Evranuz (1982), -
Evranuz and Mirabog1u (1983) have studies on»the'optima] p]anning '
v of transm1ss1on fac111t1es for telecommunications networks
» The steps of the transmission network opt1m1zat1on prob]em
- can be summar1zed as follows. First a network structure has to be
des1gned, S0 that a certain degree of structura] rel1ab1]1ty is
ach1eved and that the routing of circuits will not require maJor
_changes 1n theva]readybex1st1ngvparts of the network. Secondly the
circuit routing is optimized taking intq account the d1vers:f1cat19n
requirements | ’.
The network 1s then analysed in a rather approx1mate manner
to determine whether the service requ1rements are met 1n fa11ure con-
' d1t1ons.k On the basis of this analysis the requ1rements,9n a stand-
- by protection network can be established, which is tq'be optimally |

routed on.the remaining capacities in the network.



l The sw1tch1ng network 0pt1m1zat1on problem (SNOP) and the -~
1n1t1a1 steps of the transm1ss1on network optimization problem wh1ch
provide necessgry input for the .problem of determining the stand-by
requirements are out of the scope of this study. R |

| To'satisfy the service requirements in fai]ufé conditions,
three main protection measures are used in the te]écommunications‘
| network opt1m1zat1on prob]em as ment1oned in COST 201 Proaect Report

(1980-81), Evranuz et. a] ,-(1981a, b) ‘These measures are:

i. -Overdimensioning (oyerprovisioning)
ii. Multirouting (diversification)

'111.' Using stand-by facilities.

" The first protection meésuré can be épp]ied by iﬁcreasingbthe trunk
‘gfbup capaéities obtained as a kesu]t of the sWifching network opti-
'mization prob]em The second measure is considered as a part of the
c1rcu1t routing optimization prob]em The th1rd measure which is
the use of stand—by facilities must be treated as a separate prob]em
| and solved in-two.steps. The first . step which is the determination

of stand-byAkequirements'in order to satisfy a predetermihed serVice

level is studied in the thesis. The second step which is the optimal |

routing of these stand-by capacitiés is not considered in the thesis.

| In Secfion 11, basic concepts of’te1etraff1c engineering are
introduced to provide a better Underétanding of the problem definition
| ;'given in Section IIIﬂD Section II also provides a ]{terature sdtvey'f
on reliability and availability considérations.infte1ecommunica£ion
: nétwofks and -the mefhodologies utilized in the solution procedure of

the probliem.

3
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Section III provides a more concrete descriptioh of the -

telecommunications network optimization problem and the problem

studied in the_thesis, namely the probiem of determiniﬁg the stand- -

by requirements.
~ Section IV starting with the assumptions of the‘mddel des-
cribes the steps of the broblem together with the epproaches uti- |

lized and at the end provides a. brief summary and f]owcharts of

the so]ut1on procedure app11ed

‘In Section V, the test network 1s 1ntroduced together w1th :

~ the numerical resu]tsvobtajned. The append1ces contain the mater1al

"reTated to ‘the computer program and the 1ist of the computer program.



I, RELATED TELETRAFFIC ENGINEERING CONCEPTS =

This sébtion 1ntfoduces the basic cdncegts qfuteletraffiC~i
“engineering for ihe purposes of providing a better‘unﬁérstandihg of
the'problem definition. Basic characteristics of te]ephone»traffié -
are exp]ained and a']iterature surveykis,prgsented cqnterning the
~methodo1og1és used in'these‘cases. Some of these methodologieg are
Qtilized in the_so]ﬂtion pkocedure[ This sectioh a]so.proVidesia |
'_ short summary 6f re]iabi]fty andvavailability cohsiderétioﬂs in tele- .

communications networks.

' 2.1 BASIC DEFINITIONS

_Teiéphone traffié,Awhich‘wil1 be feferred'to.simply as traf-
fic, is definéd as . the éggregate of telephone calls over~avgr6up of
circuits (trunks) with regard to the duration of the calls as well as ,
their number (Mina, 1971a). Thus a traffic relation is defined és- g
the’fota1-£raffié needing fo pass‘from fhe switchfqg node at thé:
traffic's,point of entry to network, to the éwitching node at the

point of exit. An illustration of traffic relation AB is as follows.



'>Traff1c | —— - Traffic,: -
Contr1but1ng Network Accept1ng

Terminals’ : T~ Term1nals

~FIGURE 2.1 - Traffic flow for traffic relation AB

One measure of network capac1ty is the vo]ume of traff1c _.'
'carr1ed over a per1od of time (Bellamy, 1982) Traff1c vo]ume 1s
essent1a1]y the sum of all ho1d1ng t1mes carr1ed durlng the 1nterva1
A more usefu] measure of traffic is the traffic 1ntens1ty (also _
fca\]ed traff1c flow). Traff1c 1ntens1ty 1s obta1ned by d1V1d1ng‘the
traffic volume by the 1ength of time during wh1ch it 1s measured o
Thus traff1c 1ntens1ty represents the average act1v1ty during a per1od
of t1me A]though traffic 1ntens1ty is fundamenta]]y d1mens1on1ess
(time. d1v1ded by time), it is usually expressed in- unlts of er]angs,‘lir
~in honor_of Danish pioneer traffic theorist A.K. Erlang, or 1nvtermsb"w
df huhdfed (century) call secoﬁds peF.hour (CCS) The ra]afionship
between Erlangs and CCS units can be derived by observ1ng that there

are 3600 seconds in an hour.
1 er]ang 36 CCS

The maximﬁm capacity of a single server (arsfngle trunk in telecdmmu-
nicatfons terminology) is 1 erlang, which is to say the server‘is
a]wayspbusy. | ' B ‘ o |
Two important parameters used to characterize traffic are -
the average arrival rate A and the average 'holding timetm.‘ If the

traffic intensity A is expressed in erlangs, then



- A= k.tm K R - . - v ' (2.1)

when X and t, are expressed in 1ike units of’time (e;g., calls ber
'.second and ca]]s per second respect1ve1y) '

It shou]d be noted that traffic 1ntens1ty is only a measure
_of average ut1]1zat1on dur1ng a time period and does not reflect the
relationship between arr1va]s and hold1ng tlmes That is, many short
ca]]s can produce the same traffic 1nten51ty as a few long ones " For
‘the'purposes of this study, as'1nput-data‘traff1c 1ntens1t1es are
taken which gdve the traffic offered to each re]ation.; Monainformation
related to the mathematical theory. of te1epnone traffic_can behfonnd
in Benamy (1982) and Benés (1965).
| A sw1tch1ng network is a co]]ect1on of sw1tch1ng nodes and
~their interconnect1ng switching links without regard to theitransm1ssion
'media on which the switching links are carried. A switching node is
a switching maehine at a specified ]ooation and a switching link is
‘ the total number of'trunks c0nnectinglany'two‘specified switchjng nodes
1rresoective'ofstheir,grouping 1ntodtrunk groups and_direction of -ope-
ration. A trunk‘group is a set of circuits treated as an entity for
dimensioning purposes and.is provided‘to‘oarry a specifjed amount oﬁg
 _traff1o between two»sWitching'nodesf' | |
| The transﬁisston network consists of transmission systems,’
' 1nterconnect1ng sw1tch1ng nodes It is the co]lection of transnission
nodes and their interconnecting transm1ss1on sect1ons (transm1ss10n |
media). A transmission node 1s,a‘]ocat1on in the_transm1ss1on network

where a transmission section terminates and which provides multiplexing,




. demultiplexing or analogue to digital conversion for. the interconnec-

tion of transmission sections. Some types of transmission media are:

analogue cable

- analogue radio
- digital cable K
-- mixed A/D radio

- optical fibre.

2.2 CHARACTERISTICS OF TELEPHONE TRAFFIC

The fundamental relationship coming from the nature df~f

telephone traffic is the following

L
S
3

Offered Traffic = Carried Traffic + Blocked Traffic

.where,the carried traffic is‘a measurable quantity and it is tne
amount of traffic_nhich‘ié;actua]ly.handled by the system. The .
offered traffic which is in fact the input traffic to a spécific
- Tink (trunk group) is usually greater than the-carr{ed traffic. by n
the amount of b]ocked'traffin B]ock1ng or congest1on is the situ-
,at1on that a call encounters an "all equipment busy" cond1t1on on
a given link. So-the b]ocked traffic will either be ]Q§t and
cieéfed.from the_system.or overflow to én.§1ternate route, if there
_exists any.

B - The traffic disfributions which influence the dimensioning
vpronedure app11ed in the switching network optimization problem

(Misirla, 1982) are also of great importance for ca]cu]at1ng the



traffics carried by each route in order to determine the number. of .
equiva]ent.cjrcuits,fqr each}route. | ‘
There are three types of te]ephone,ﬁraffic{smooth, randbm,

and'rough.(peaky)‘(Mina, 1971b).  To distinguish between those geher-

ally the “peekness" concept is used. It is definee as;theﬁvariance— ‘

" to-mean ratio, and denoted as,
vamr = Z = 1 . . (2.2)
. .M R

| " Z s usua]ly ca11ed the peakedness coeff1c1ent or. var1ance -to-mean
.rat1o When the peakedness coeff1c1ent is equa] to un1ty, the
traff1c is def1ned as be1ng random and is character1zed by Po1sson
d1str1but1on In the nonrandom case, the traffic is ca]]ed smooth
if the peakedness coefficient is 1ess than un1ty, and 1s ca]]ed peaky
- or rough if the peakedness coeff1c1ent 1s greater than unity. ‘

‘The traffic offered to-a first choice Tink is considered
as random ‘because a Poisson d1str1but1on of offered traff1c is pro-
duced by the random arr1va] of” ca]]s. The probab1]1ty of arr1va1 of
R e‘new call in the next instant of time is independent of:the number
currently present in the System.v The overflow traffic is-peaky and
the carried traffic is smooth. | )

An alternate routing p]an spec1f1es for every 0r1g1n dest1-
nation node pair, i.e. for every traffic re]at1on, a f1rst cho1ce
and a number of alternate choice routes or paths. Of c0urse, an a
vswftdhihg‘network-it is possibie.to have a uﬁique path for some -

fkaffic relations while having two or more paths'for sbme others.
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~ A simple illustration is the typical organization of a two

‘level hierarchical network up to three choices (wallstrﬁm, 1966). |

’Fhstdbkefmne:{ﬂg'
Secbnd choice routé: {2,3} .

Fina}'route : {2,4,5}

FIGURE 2.2 - unting plan forvorigin déstination péirvAB
2.3 THEORIES AND METHODOLOGIES UTILIZED IN THE
© CALCULATION OF BLOCKING PROBABILITIES =

A te]ecommunitatipns.network is a stochastic service system
constrq;ted of a number df'exchangés, ok switching‘nodes, connected o
" by Tinks whfch are‘groups of telephone trunks. A stream of té]ephdhe '
tréffic is a ser{es of events occurring random]y in tjme, each event i
',being the jnstant of arrival of a caj] requesting.a tfunking'éonnec-
tion frém an origin exchanée to some destinatidn.exchangé. éLike in any
Stochastic service systemsone.of the traffic offered to a link will |
“bé blocked. In case of random (Poissonian) traffié the probabiiity
of-biocking is given by the Ef]ang—B formula. But,.in cases where
the offeréd traffic is not random, which may be the superposition of
'seveya] overf1ow streams or a mixture of random and overflow traffic
'of soﬁe other cémp]éx combinatibn, some approximate techniques ére ~

used. VThe use of such techniques arises the need for some other
" approximate techniques for the calculation of Erlang-B value for

non-integral number of trunks.
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2.3.1  The Erlang-B Formula’

’ The Erlang Loss formula; which is also known as the Erlang-B
formula or the_Er]ang's first formu]a-given'by (2Q3) |
' | o . o ‘ A: O
B(N,A) = /Z 0 5 RO
is fundamental to the study of te]éphoné3trﬁhking probTémg A K.’
Er]éng.Used'B(N,A) to express the probability that a tali wh1ch is
" a member of Poisson stream of paraméter A;.afriVing at a group of'N.
te1eph6ne trunks will be rejected. ':Sdmé»basic propertiés ofbtﬁigf'f
~ formu]a can be found in references, Benes (1965) Cooper (1972),
Farmer andiKaufman (]978) Jagerman (1974), M1s1r11 (1982), M1na“
(19710). Appendix of'Cooper (1972) also proVides'éurVés for fixed
vaiues of N plotted againét iﬁcreaSing values of A;v fhe'blockingi'
probabi]ities for N < 80 and A< 75 can be detefminéd.fromftheSe 5
curves. . | | o . 
*.‘ The ﬁUmerica] computation ofiB(N,A) as given 1in (2.3)”55
'awkwarﬁ Qhen A and N are large since than.both numerator and deno-
minator are 1argé. B(N, A) calculated by the recursive re]at1on
given in Farmer and Kaufman (1978), Jagerman (]974) Rapp (1964),
Szybicki (1964).

B(N,A)
N+ 1+ A« B(N,A)

B(N+1,A) =
(2.4)
B(0,A) = 1
“Jagerman (1974), also provides a proof for the derivation of this

"recursive relation.
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- 2.3.2 Approaches to Calculate Blocking Probabilities -

" for Non-Poissanian Traffic

| _Starting w%th Ni]kihéon‘s (]956) Equivalent'Randdm Theory”
: mény different approiimatibn techniques are'developedrfor the purpose’
of evaluating the blocking probabilitie; for trunk groups whose offe}ed
traffics are peaky or smooth;v Sander§ (1981) very briéf]y summérizes
- some of those techniqﬁes and provides some numericélgresulté for
‘comparative purposes. In this section only Wilkinson's equivalent

f fandom theory, Fréderiéks"and De]brduck's,abprqximations‘are 1ntr0duéed.;
Some other notable studies in this area are by DeSchamps‘(1979). He
- uses the covariaﬁce values between different traffic parcels offéred‘ '
' tb‘the_sdme trunk grOUb, whgnever possib]e; So-this is a mdré’realis-'
tic épprdaCh than'assumjng independency of all traf?ié streams 6ffered
to the same trunk group. Other two studies are by Kuczuro and Bajaj |
£ (1977) and by Manfield and Downs (1979). They all make use of the

moments of the traffic for.their:analysis.

The equivalent randonm théory of Wilkinson (1956);‘is fhe
first technique proposed for the pﬁrpoée 6f ca]culatihg the‘b]ockihg
probabilities for ndn—randOm‘traffics, It is utilized in the early
studies‘iﬁ this area»(Rapp,~1964) and recently by Misirh (1982). -
In case of peaky traffic (Z > 1) the main idea béhind‘the -
: eqﬁivélent randdm theoky is the’fol]owingi The offergd peaky‘traffic

- (M,V) jé considered as overfiow traffic from an imaginary primary
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trunk group, having N* tifcuits, being offered Poisson’Traffic M*. '
" For each pair (M,V) there corresponds a unique pair- (M*,N*) M*‘and.v
N* can-be found in an iterative way. Rapp (1964), provides very |

close starting values

n

V 32z - 1)
(M%/q) - M -1

(2.5)

[

N*

where .
Z=V/M o and .q=1-{1/(M+12)}
~ In a great number of. cases these starting values are such that o

further'iteration steps are needed. But in cases.where M is small

with high valdesAof peakedness Z, Rapp's iteration scheme may take

'-v: large number of steps. ’ -

After_M* and N*.afe obtained, M *and N+N* afé used ins%ead-
- ome and N_respectivé]y in the following calculations, such és oﬁtain;
ing the Erlang-B value and’the means and the variahceé of-carriéd and
ovérf]ow tréffjcs.

 -th caSé of smooth'traffic‘(z <1), equiva]entxrandbm‘theory'

can not be applied and gehera11y Poisson traffic -is assumed.

Peakedness was used by Hayward as the basis for an especially
simple but surprisingly accurate approximation to the b]otking”eXbe—v
rienced by'the overflow traffib'on a éecdndary trunk group (Fredericks,

- 1980).
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In case of Z > 1 the system of N serVerS (truhks) is $p1it 
, up'ih m subéystemé‘eééh with N/m servers and offered traffic M/m,
Where M is the mean'offered traffic in er]angs.. The subéystéms-
éré’stochastica11y equivalent. The'b]ocking values are equé];and
equél,to the b]ocking'df the 6rigiha] system. Fredéricksgcomputeé
the peakedness 2 of the}tfafffc of fered tb each of thesé'groups.
Since m.is an independ variable dhe’may manﬁpulate'i‘SUCh that
| 2‘5 1. If the corfe]atidn.between the'subgroup§'is taken to bé éne,:
Fredericks then showé tﬁét»h.= Z. FMaking the (aﬁittedly,ﬁrong) |
~ assumption that Z = 1 imp]ies}Poisﬁoh traffic to each of the sub-
| systems, the Ek]ang loss functioh*B(N/m, M/m) = B(N/Z, M/Z) &eécribes_»
| the bTockingvvalues. . v o

| In'caseﬁof’smoath tkaffic,,2>< ], fhe abpyé dévé]ophent
éah Beyfnverted. The original system is now-thought'of‘as being
é Subsystem df a greater systeh with mN servers and mM\ér]ang offered |
traffic. _Fredericks 'show that m = 1/Z, which leads agéinxto the -

blocking B(mN, mM) = B(N/Z, M/Z).

. .

2.3.2;3 De]brouék's Apérdximationk
InMisirli (1982) it is mentioned that peaky traffic has . the
.negative binomial d{stributidn while smooth traffic has the binomial
disfributfbn. Because of certain parametric similarities between ‘
‘these two distriﬁutions and their limiting relationships to Poisson
dis;ribﬁtions,fbe]brouck~(198]) méntionS«that it.is possible to

imp]ement a unified approximating procedure~to‘éstimate the main
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corigestion functions associated with lost-calls-cleared trunk groups
offered peaky or smooth traff1cs '

M V and Z are the mean var1ance and the peakedness of the

offered trafflc.A m and v are.the mean and variance of the carried "

traffic. x denoting the number of simu]taneous]y{occobiéd trunks;_
~ was assumed to have pascal distribution. By using the khown'QéTues
‘QMU‘V Z and N (capacity of the trunk group), m, v and B(N M) are.

obta1ned 1n the fo1low1ng manner. Let,

. ' M
P ?,—Ji- s N = —P .
Vo Cl-p .
' I : (2.6)
g=1-p , ng=—m
VUSing4Eq. (2.6)
p(x) = p" () (-0)" o
po) =p" - | (@)
p(x) = q( XX Do - 1), x = 1,2,

' The third equation in (2.7) provides a recursive relation. The
distribution isvtruncated at x = N. '
(x) __Eiél__ LN x
i Z p(n)

0,1,2,....N . (2.8)

using_equations»(2.6) to (2.8), m and v are obtained as follows.
_ng - (n+ N)g > q(N) . S
1-4q - I (2 9)
_hg +m(n + 1)q - LN + 1)(n + N)q . q(Nl

: e
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where q(N) is calculated from‘(2.7) which is also calcu]ated'by< c
- using (2.5) and (2.6). Blocking probability is given by
BNM) =.a(N)(1 + - (2 - | ‘(2.’10)
According to De]brouck the above approx1mat1on can be. extended
to the case of smooth traff1c when the parameters n and q are negat1ve.

He also prov1des some approx1mat10ns for cases where severa] traff1c

; ‘parcels w1th d1fferent - factors are offered to the ‘Same “trunk- group

2.3.3 Approaches to Ca]cu]ate Erlang -B- Va]ue for

Non1ntegra] Number of Trunks

As seen in Sections 2.3.2.1 and 2.3.2.2, poth.the ﬁi]kmnson's
ERT and Fredericks'_approximatfon for the caicu]ation of blocking prd—'
‘babilities for nonpoissonian traffics leads to the calculation of
" ErTang—B'va1ue‘f0r:n0nintegra] numberfdf’trunks.e'ln fact; in such
cases the easiestIWay is to take”the nearest integer vaiue as the
'paraneter‘of the Erlang-B formula. - To be nore precise some‘inter-
o po1ation techniques are inen'in literature for the pdrpose of cal-
culatfng the Er]ang{B-va]ue for nonintegra1 nunber of trunks. Here
: fourﬁof'SQCh techniques are presented and in.Appendix A some numerical

results are given for three of'those’techniques.

2.3.3.1 Ragp s Approx1mat1on

- Recalling the recurs1vevre1ation’of the.Er]ang-B formu]a

given by equation set (2.4), Rapp (1964) states that the recursion
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formu]a can be started by a va]ue 8 where, 0<6< 1 and ﬁe provides :
an approx1mate va]ue for 8(6 M) So if X 1s the non1ntegra1 va]ue
}for number of trunks coming from the approx1mat1ons of N11k1nson or
Freder1cks, X=N+32¢ where N is the 1nteger part of X Rapp ap- l

prox1mates B(G M) as fol]ows

ﬂB(a,M)_: Co * Cy6 + cés? ‘_ . S (2.
N Wheré;ﬁA |
| C, = 1
o | M-+22 |
(1 + M2+
- Cz.= | )

| (1 + ML+ M)+ M]
After obtaining B(§,M) by (2.11) B(X,M) can be easily obtained by

" using the recursive relation.

Szyb1ck1 (1964) Tike Rapp also uses the recurs1ve re]at1on

: and prov1des an approximation for B(6 M) wh1ch is d1fferent than

Rapp's. He takes, |

B(a,M) L(2-08) - MM » "_.l(éfiZ)

5 M+ M2

Szybicki also mentiohisapp‘s approximation and he ¢onc]ude§“

‘that both of theSé interpolations'give quite accurate results.
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2.3.3.3 Jagerman's_Approximation
Jagerman (1974) proposes a different appfoximation téchnique
as an extension of a theorem which is stated in his'ﬂapeb; As in the

| prgvidus téchniques let X ‘denote the'nonintegra]‘value for the humber

of trunks coming from the apphoximations of Wilkinson or Fredericks, 3

X=N+2¢ 'Where N is the integral part of X. Jagerman épproximates

- B(X,M) as follows. S

e B . 8}
B(X,M) = ] B (2°]3)

~ where,

B = B(N,M), By = B(N+1,M), B, = (N + 2,M)

2.3.3.4 Approximation Through a_Continied Fraction

Lévy Soussan proposes a technique for the numerical evalua- *

fion of the Erlang function through a continued fractioh a]gorithm;
~ The basfé’characteristic of this a]gdrithm.is'that it can.befsiﬁp1y '
appiied'either‘when the numbér of trunks is a honihtegra] yd]Ue‘or
“an integral one. But this technique can not be applied for.all
values ofFN and M, Farﬁer'and Kaufman (1978)_also gtétes thisralgo-
fithm\ahd they specify. the casés when this a]gofithm'iﬁ app]itab]e.
Tpvapp1y thé contindohs fraction algorithm first‘the number

of terms in the continued fraction is calculated by

Ko BAPHB0ON L, L | BTRTIE

4= N+ A
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: Abso]ute value of k rounded to the nearest integer va]ue will y1e1d
B(X,M) accurate to the 6 decimal points in the cases where this

a]gor1thm is app]1cab1e B(X,M) is approx1mated by the fo]]ow1ng

-continued fraction.

1+ L
M -X+1
14+ 2
! K2
| P4 e e )
B(X,M) = o |
(X,M) - N - (2a5)

This- a]gor1thm can. be used for va]ues M<X when N 1s a non1nteger

'sma]1er than 15 and a]so for: al] va]ues of M and X sac1sfy1ng M> X;:

2.4 . RELIABILITY AND AVAILABILITY CONSIDERATIONS

| Before discussing the meaning of re]iabi]ity and avei]abiiity
concepts in te1ecommun1cat1ons networks 1t is essential to state some
genera] def1n1t1ons g1ven by Barlow and Proschan (1965)

 "Reliability is- ‘the. probab1]1ty of a dev1ce perform1ng its
~ purpose adequately for the per1od of time 1ntended under the operat1ng
conditions encountered" -

"Po1ntw1se ava1]ab1]1ty is the probab111ty that the sys*em o

n111 be able to operate w1th1n the tolerances at a_g1ven_1nstant of

time".
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| "Interva] availability is the expected fract1on of a g1ven
1nterva1 of time that. the system will be ab]e to operate w1th1n ‘the

" tolerances”. v

2.4.1 Approaches to Determine Availability in

Telecommunications Networks

The usua] s1mp1e re11ab111ty concept whlch 1s ent1re1y
based on the component failure 1s not adequate for a te]ephone

| network In a te]ecommun1cat1ons network both equ1pment fa11ure
and traff1c congestion affect the serv1ce g1ven to users A path

| is sa1d to be fa11ed if 1t cannot be used for connect1ng any pa1r
of te]ephone customers | _

» Lee (1970) def1nes the “network unserv1ceab1e probab111ty“
as- the comb1ned effect of equ1pment fa11ure and traff1c congest1on
A connect1ng path of a network is unavailable if (1) it 1s fa11ed
or 1f (11) it is not failed but,busy. When all paths are unava11ab1e‘.
the'network is said to be unserviceable . The network unserv1ceab]e

' probab111ty at any time t is g1ven by Lee (1970) as fo]]ows

M COM-1 (ﬂ) : :
P(t) = T F.(t)+ ] By (t)( LI~ 1 F, (t)
' q=1 7 n=l k=1 1€Gn(k)
' ' (2 16)
: ' M
o I (1 - Fi(t)) + By(t) T (1 - Fy(t)
1¢Gn(k) iz1. -

‘where M is the number of parallel paths. 0<n<M, Fi(t) is the

failure probabi]ity distribution of path i; BM?n(t) is the conditional

probability that M-n paths are busy in serving telephone calls ‘given
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that the other n paths are failed, P(t) is the network unsercitéab]e
probabiiity at any time t and G s the set containing comb1nat1ons
: (M) whefe G (k) denotes one of these combinations. In equat10n (2 ]6)
the first term is the probab1]1ty that exactly M- paths has failed,
sgcond~term_1s the probability that n paths has failed and the;remain-
ing (M-n) paths are busy,fand,the_]ast term is the probabilify-thatvv
ai] the M paths are busy and.noneﬂof them hés failed. Lee,(]971)~
also discu;ses the use of cdmputer~aided methodS'for‘éa1cu1ating
thg UnServiceéb]e,probabi]ity of a élass of telecommunications. net-
 works. : | | A | »
| | Lajtha (1975) of the Research Ihstitute of thé-Huhgarian
Post Office has stated that there was need for emp1r1ca] data to
measure reliability and ava11ab111ty of " the te]ecommun1cat1ons net-
work " To character1ze reliability they tried to determ1ne the number
- of 1nterrupt1ons, n, for a year for different units and. circuits.
Down Time Ratio (DTR)-is mentioned as a w1de1y used ava1]ab1]1ty"
characferistic | | |

.~ down time

DTR = — ‘
‘ © up time * down time

If A-is the availability defined as the ratio between the
time period during which the element tested can be used for the |

_réquisite purpoée.and the test interval, we have

DTR = 1 - A | - (2.17)

 'Lett1ng L denote the down time (1n hours/year/un1t) for tha 1th

'fault and having n interruptions dur1ng the year. MWe'can write
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DTR as follows.
DTR = ;S Li or DTR :-n)f? | '“', (2;18)v
1 o D ;
Since the te]ecommunications servfce is characterized by*the values
n,. L and DTR LaJtha proposes survey methods to co]]ect stat15t1cs
on these values He concluded that "ava11ab1]1ty in a swltched net- '

work can be character1zed only by the. changes in the probab111ty of
At

estab]13h1ng the connect1on“

" According to COST 201 Study Group (1980- 81) the term1na1

' ava1]ab111ty of two operat1ng nodes is the probab111ty of successful

,-commun1cat1on between the two.

ab111ty as the probab111ty that an operat1ng path exists between any

two term1na1 nodes o |
- Chan (]980) defines the availability of a link as having at
: AR . B

least one idle trunk. He does not consider failure of circuits.

2.4.2 . Grade of Service and Service Quality Concepts.
Wright (1970) mentions three different aspects of grade of
 dervice. These are: o o
nomina1 grade.of service for a group of eircuits

o= nomina]'end—to-endegrade of service

- - nominal network grade of service.

- - Nominal -grade. of service for a group oftcircuits»is usually

~taken as being:equa]~to the congestion function that is used‘to*cal-

culate how many switches are required for some specific traffic. =

‘They def1ne the global network'ava11- o
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| Nominal end-to-end ‘grade of service corresponds to the
average probability that a ca]]er will fail to estab11sh a connec-
tion because of the Timited number of c1rcu1ts
o ~Nominal network grade of service 1s the average of the'
" nominal end-to-end grades of service over the whole network when
we1ghted according to the traff1c in the different re]at1ons
Grade of serv1ce can be referred<to any practicable means_i
.of meaénring congestions Datrois .(1977) gives the‘to1lowing detini-~
: tion§ for grade of servioe and service qua]ity | “Exchange grade of
service ‘is a component of the exchange serv1ce qua11ty, qualifying .
1the normal.exchange reaction to traff1c variations in the ideal situa-
~ tion in which the exchange is completely fault and trouble free".
| "Exchange service qua11ty is a measure of exchange's contri-
‘but1on to the overal] service quality in a specified env1ronment It
coverS'all‘poss1b1e d1sturbances to the call hand11ngjprOCess oausedk
by the'exchanges's reaction to;traffic variations and by its reaction
to fau]ts, fai]ures,'and troub]esdme situatione within the exchange”.
, "Overa11 service quality is a measure of the call_hand}ing
properttes of.a te]ephone network‘as observed'by the ueers for stated
traffic conditions. The overall service:dda]ity,depends not onty-
upon individual exchangee service qualities but also on the network
performance characteristics wh1ch are assoc1ated with subscr1ber and
‘trunk network behav1our" , .
‘For our purposes, grade of service is the probab111ty that
a call arr1v1ng in the network w111 not receive serv1ce In tele-

‘traff1c term1no]ogy ‘this probability is usually referred to as. po1nt—

\
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to—point congestion or‘end-to-end\bTocking.

-2.4.3 Increasing the Reliability and Use of.

Stand-by Faci1ities B

To increase the re]1ab1]1ty of te]ecommun1cat10ns networks
COST 201 Study Group (1979) points out two important facts wh1ch are.

exp1a1ned accord1ng to the 1nteract1on between the sw1tch1ng network

‘ and the transm1ss1on network

1. No part.of a~trunk:group‘oarrying'alternativeTy routed
traffic should have a transmission path sharing a trans-
.'fmission section with eny trunk. group from which it
:reCeives overflow traffic (itS'“bontributing‘groups")'
Cor, if it does, those sections common to the -trunk group .
and its contributing groups should have a high reliabi-
- lity, for example, be protected by an adequete servidé;:

protection network.

. _No.traffic route should have more than a specified
percentége of'ite capacity carried on any one trans-
vnission oath, probab]y}dependind upon the size of the
route and subject to the auojdance.of exceseively cir-

cuitous transmission paths or excessive costs.

To achieve these objectives a rough assessment of re]iabi]ttyﬁ

might be made by the switchingvnetwork_optimization and a fine adjust-

: ment by the transmission optimization.
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“Some épecificffacfors to increase ré]iabi]ity-are the pro- =
“tection measures,fwhich are ovérdimensioning,_ multirouting and use
of stand-by facilities. o

0verd1mens1on1ng is s1mp1y providing more circuits than
' the optimum ones. Mu]tmrout1ng or d1vers1f1catjonv15 cons1dered in
the c1rcu1t routing opt1m1zat1on prob]em To inckéase reliabf]ity
©in fa11ure cond1t1ons the most effective way is to use; stand- by
fac111t1es It is obv1ous that in any system of components, use of
stand by fac1]1t1es 1ncrease the re11ab111ty ‘

In the thes1s, rather than re11ab111ty, ava1]ab111ty concept
w111 be used and it will be related to the predeterm1ned va]ue of the
grade of serv1ce The prob]em is to ensure that for every or1g1n-
dest1nat1on exchange pair, i.e. for every traffic re]at1on, the grade
of service falls within a given: acceptab]e level for fa11ure conditions.
If the‘requ1red gradehof service value is not ach1eved,;stand—by cir-
' cuits are(réquired.‘ Determ1nation of those stand-by‘requjrements is.
. the sﬁbject of this study and the solution pkoceduré-wi]l Be explained

",in>Section Iv.

 BOGAZIC! ONIVERSITES! KUTOPHANES|
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11 DEFINITION OF THE PROBLEM ~

This section has’two main purposes. The f1rst purpose is
:to describe briefly the 1nter-re]at1onsh1p between the sw1tch1ng
| and transm1ss1on mode]s in the context of the overall opt1m1zat1on‘
"mode] ~ The ‘second purpose is to state a more concrete def1n1t1on ,,i
of the problem of determ1n1ng the stand by requ1rements as a’ part

of the g]oba] opt1m1zat10n problem.

»‘13.]7,~ AN OVERVIEW OF THE TELECOMMUNICATIONS NETWORK
AOPTIMIZATION PROBLEM |

:v A te]ecommun1cat1ons network is opt1m1zed in two ma1n steps
‘The first step is the sw1tch1ng network opt1m1zat1on Maln 1nputs
to this ptob]em are the forcasted values of traffic f]on between=
each origin destination pair, mean'eircuit.costs and the required
'serVice level. As a result of the switching network thimi;ation.
phob]emioptimal trunk group capééities'and the routing'pattern?fdr
‘eachAtraftic relation are obtained. | .ﬁ '.
The'second step of the oteral] 6ptimtzation node] is the
transmission'network optimization. Inputs to the transmission net- .

‘work optimization problem are a maximal graph of transmission nodes
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and media optimal trunk group capacities obtained as a result.of the

'switching‘network optimizqtion problem, and also the cost vaTUes and

serVice requ1rements in failure situations. Nivert and Noort (1983)  .

and Lindberg, et.al. (1983) who are members of the COST 201 Project
Study Group describe the steps of the transmission network»Optimiia—

tion problem by the fd]]owing flowchart shown in Figure 3.1.

MAX GRAPH
/ CIRCUITS
COSTS
SERVICE REQ.

| o

NETWORK . R | GRADE OF
STRUCTURE | : |"SERVICE . -
OPTIMIZATION | . - | EVALUATION - |
. , ' —e
CIRCUIT ‘ o | | STAND-BY
ROUTING - | | - | REQUIREMENTS
OPTIMIZATION | - DETERMINATION
STAND-BY
| NETWORK
‘OPTIMIZATION
. i
OPTIMIZED
TRANSMISSION

- " NETWORK -

" FIGURE 3.1 - Flowchart of the Tranmission Network
‘ ‘Optimization Problem .
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By Network Strhcture Optimization; basic struEture of the
transmissionfnetwohk is determined from'a maximal set.of'existihg
or proposed media. As a result some of the edges of the maximal
media graph are de]eted (Evranuz 198])
N By ercu1thout1ng 0pt1m1zat1on optimal routtng of.trunk.'v
' groupsvin the tkansmissidn network is aetermined. The-trUnk groups
-are.  multirouted either if this is required or if this can be done
-at e re]ative1§vlow cost. Different transmission techn1ques such-
ana]ogue d1g1ta] or their comb1nat1on are cons1dered
Grade of Serv1ce Eva]uat1on and Stand- by Requ1rementsk
Determ1nat1on wh1ch are the subJect of the thes1s have the purpose _
of ca]cu]at1ng the end-to-end block1ngs for each traff1c re]at1on
and determ1n1ng the number of stand- by circuits to be added to each
trunk group routed on the failed transm1ss1on media. Grade of Service
Eva]uat1on and Detehm1nat1on of Stand by requ1rements w111 be exp1a1ned
in more deta11 1n the next sect1on | |
| Wh11e determ1n1ng the stand -by requ1rements no cost va]ues
are cons1dered the only. ob3ect1ve was to sat1sfy the requ1red serv1ce.
leve]. ,In the next step which is the stand—by optimization, the

stand-by requirements are routed in the transmission_network at a

minimum cost.
"3.2  THE PROBLEM OF DETERMINING THE STAND-BY -
REQUIREMENTS '

" The subproblems of the transmission network optimizationi

probiem such as network structure optimization and circuit routing
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- opt1m1zat1on are so]ved on the transmission network bwt the prob]em
nof determ1n1ng the stand -by requ1rements is so]ved on the sw1tch1ng b
network wh1]e making use of the resu]ts of the c1rcu1t rout1ng opt1-

Am1zat1on prob]em |
”" _ “The 1nter re]at1on between the sw1tch1ng and the transm1ss1on
networks can be made Clear by thé fo]]ow1ng examp]e COSTvZO]‘PPOJQCt
(1980). -

(a)

FIGURE 3.2 - Rout1ng of trunk group AB on the
Transm1ss1on Network -

F1gure 3.2(a) shows a trunk group of capac1ty ]00 between
the SW1tch1ng nodes A and B Figure. 3.2(b) shows the routing of
‘these q1rcu1ts in the transmission network where X, Y, Z, and W are

transmission nodes.'-The{aitocation of 100 circuits to three trans- -

'mission paths is as follows.

A > WYZ B 20 circuits
A > WYXZ - B 30 circuits
A-WXZ+B 50 circuits

As it can be seen from Figure 3.2(b) there may be more than one

" transmission section between two transmission nodes. This example
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a]so makes clear that usua]]yﬂfailure“of a»transmissioh media dbeé»
not affect a]] the c1rcu1ts of a trunk group |
| In th1s study failures are def1ned as the breakdowns of
‘transm1551on media. 0n1y s1ng1e failures that is one transm1551on
;med1a at a time are considered.” -‘Jb - N
Grade of service eva]uat1on has the purposes of ca]cu]at1ng h
'the end-to-end blocking for each re]at1on and determ1n1ng the h1n1mum
,number_of equivalent c1rcu1ts}for each-relat1on, 1n,fa11ure cond1t1on$.
Determination of stand-by requirements is}tﬁe_ca]cqlation of

~.stand-by circuits required for‘each}t?ansmission mediwnfai1ure,in;,

~ order to achieve minimum number of equivalent circuits for each

‘relation..
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IV, - FORMULATION anp THE SOLUTION PROCEDURE

Thi;vseCtion stateélthefmain assﬁmptions offﬁhé model used
“and provides a detailed descripﬁion of thebsolutfbn procedure.whfch '
"will be separated into two steps, nameiy the Qrade‘of ggrvice eya; |
luation and the determination of stand-by requfremehts. :Three méthe;
mqtica]'fdrmulatibns‘of the model are stated and the special céses |
’that may occur as a result of a failure are‘diécu$sed'withvthqir
related solution procedurés; |

4.]' ASSUMPTIONS‘OF,THE MODEL
The main assumptions of the mode]'can’be‘summarized as

fo]]ows. | |

" 4. Traffic originates from an infinite number of traffic'

“sources, implying Poisson traffic input. .
ii. Lost calls are c1eéred from the syétem with zero holding
time. .
iii. Poissonian traffic is first offered to the first choice

route of the traffic relation to which it belongs to.
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The global: traffic offered to any trunk group is-obtained

by @ombining the indivudally offered streamS-under'the

.assumption of independence.

. 'Any trunk ‘group may be Carrying a mixture of random, peaky,'

and smooth traffics. Mean trunk group blockings are cal-.

culated by‘using the gldba] traffic.

‘Traffic carried or overflowed by thé;precedihg trunk -

groUp%.disregardihg the influence of the following ones,
is used for cdmputing the stream offered to a trunk group

by a particular relation (Can]]ero7and Toniéﬁti, 1981).

Mean trunk group blocking is assigned to each traffic 1

' stream using that trunk group.

Each traffic stream overflowed or carried by a trunk group

is assumed to have the same peakedness with the g]obé]

overflowed and cérried traffics (Butto, et.al., 1976). _

Failures are defined as the breakdowns of transmission

media. Only single failures, one transmission medium

at a time, are considered. When a transmission medium. is

in failure all the cjrcuits routed on it are down (Cost

Project 201, 1980-81, Lindberg, et.al., 1983). - °

The stand—by-requﬁrements}br each trunk group are calcu-

- lated as real numbers and rounded off to yield integral

values.
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A few other assumptions coming from the equivalent trunkv
group approach and the s1mp11f1ed approach will be stated in the~

related sect1ons

4.2 GRADE OF SERVICE EVALUATION .

As ment1oned in the previous sect1on grade of serv1ce eva]ua-
‘t1on is done for two purposes (Cave]]ero and Ton1etti 1981 Nivert
and Noort, 1983; Lindberg, et.al., 1983). |

The first purpose is to calculate the end to end b]ock1ngs
for each traffic re]at1on taking overprov1s1on into account Pr1or
to end to- end b]ock1ngs computat1on the traff1c carr1ed by each route
has to be ca]cu]ated. The second purpose is to calculate the number
of circuits of equiVa]ent'trunkfgkoups for each route, and the_nini- '
mhm‘number of eddiva]ent'circuits for each traffic relation which has

. to meet the required service level in failure conditions.

4.2.1 * Calculation of Traffic Carried by Each Route

) fOptﬁma] trunk group capacities which are the output-of'the
~‘switching network optimization prob1en are changed asva.result'of

_ overproVisioning. hUsing these new va]ues of trunk group capacities,
the rout1ng scheme for each traffic relation, and the means of the

. traff1c offered to each re]at1on the traffic carr1ed by each route
'~.1s,ca1cu1ated. | |
 The traffic offered to each traffic relation was assumed to'be

| Poissonian and offered to the first choice route of this relation.
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The traffic blocked overflows to the next route from the congest1oned
“trunk group and cont1nues in th1s manner. If a caT] arrives to a
\ congest1oned trunk group and there exists no aTternat1ve route to
overflow, then the call does not recave serv1ce and cTeared from R

the system

First Choice Route {5,13}
Second Choice Route {7,8} .-

Final Route {7,11,13}

FIGURE 4.1 - Routing'pattern for traffic reTation AB

In Figure 4. 1, a spec1f1c traff1c re]at1on taken from the
test network that will be introduced in Sect1on Vis g1ven as an
1T]ustrat1on (Traff1c relation 10) » The numbers of the trunk groups
“are also the ones used in the test network.

The traff1c_f10w from A to B is first offered.tovtrunk group
5 thch is the initiaT trunk group of ‘the firét choice route. Some
of this traff1c is carr1ed by trunk group 5 and due to congest1on f
, the remaining is blocked. The blocked amount is offered to trunk
group 7 as overflow traffic which'is,no,more'random but peaky and
the carried amount is offered to trunk group 13 which is the next
and the Tast trunk group of the f1rst choice route This traffic .
1s aTso no more random but smooth The traff1c carried by trunk

group 7 -is offered to trunk ‘group 8 wh1ch is again smooth, but the

traffic b]ocked at trunk group 7 is lost since there is no a]ternat1ve
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route to 0verf1ow‘from,trpnk}gfoup'7.' The traffic blocked at trunk
:group‘B ovefflows to trunkrgroup 11, the blocked amount at 11 is élso -
Tost, and the carried emOUnt is offered to trunk group 13. Accord1ng'
to the given rout1ng pattern trunk group 13 which is the 1ast trunk
jgroup of both the first choice and theifina].route, carries two traffic
streams be]onging to the same~re]ation' o X

| In fact, each trunk group may carry two or more traff1c streams
‘e1ther be]ong1ng to the same traffic re]at1on or not By assumption
(iv), the mean and the var1ance of - the g]oba] traff1c offered to a
“trunk group equals to the sum of the means and the sum of the var1ances
of all the traffic streams offered to that trunk’ group respect1ve]y
'"Thus the peakedness coeff1c1ent 7 is ca]cu]ated as ‘
-z';-_v_gfv_if R S )

M kZmi’

‘where; V and M are the variance and the mean of the global traffic
FeSpeetive]y.' vi andAmi denote the vahiance and the meen of the
f“thftraffic7stream respectively. According to its peakedness value
we -can call the g1eba]vtraffic'as_random, smoeth‘or peaky as mentioned
jn'Sectioh 2.2. | |

For the computation purposes, the trunk‘grdups of the switching

network are numbered in such a way that, if a trunk group is the initial

* trunk group of any first choice route, traffic stream offered to that

-'trunk'group’originateswfrdm the‘traffic-data,‘on the other hand, traffic f

fstreem“offered to trunk groups other than trunk group'T either flows'

from the:preceding trunk groups (as overflowed or carried) or originates’
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from -the traffic data‘ For example, to trunk group § traffic flow
on]y from trunk groups 1 25 3, and 4

The b]ock1ng probab11ities forbeech'tkunk group are'caicu1ated
by us1ng N, the mean M of the g]oba] offered traffic.. The peakedness
'coeff1c1ent Z is used to determine the type of the traff1c If.Z
equa]s,to unity then the g]oba] traffic is random and-the b]dtking'
probability for the trunk group having N trunks 1s g1ven by the-
| Er]ang -B formula. '
B(N,M) = M / ? M @)

N 3=0 j:" -

i
If Z is' greater than unity then the g]oba] traffwc is peaky

and the b]ock1ng probability is ca]culated by us1ng Frederick's. (]980)'
apprOijat1on, which is 1ntroduced in section 2.3.2.2, as the para- |
' meters of the Erlang-B formu]a”N/Z end M/Z are taken instead of N
’and.M respectively. N/Z may not be an 1nteger so another approx1ma—
~tion is needed for ca1cu1at1ng the Erlang-B value for non1ntegra1
numbervof trunks and Rapp's (1964) approx1mat1on~of Section 2.3.3.1 ;
15 utiiized fdr this.purpOSe ih the'tﬁesis If Z is less than un1ty
then the g]oba] traffic is smooth and the b]ock1ng probability. is
dca]cy]ated in the same way it was done for peaky~traff1e.
L The means and the variances of theloverfldw'traffics are
“calculated by the following formulae (Mina']§7]b; Misirly, 1982;
Rapp, 1964; Szybieki,‘1964).v Invcase of smooth or peaky offered
‘traff1cs, the pafameters of B(-,*) are changed according to

:.Freder1cks approximation.
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=
1]

= M.B(N,M) L B e (4:3)

<
1

. M(-M 4 M ) Sy 4.4
° ' ° N+A1+MO"M ‘ - (5:4)

where M/ and V are the mean and the variance of the global overf]ow

traff1c respectively.

The ‘means. and the var1ances of the carr1ed traff1c are g1ven'

by the f0110w1ng formulae. . ’ : e

=
]

<
3]

M1 -.M[B(N-l,M),--B(N,M)j} . B  (4.6)

where Mc and Vc are the mean and the variance of theAglobaT carried
traffic réspective1y | | ‘
Start1ng with the first trunk group, the g]oba] traff1c'
offered to this trunk group is determ1ned, mean b]ocklng is deter-
m1ned, means,and variances of the‘global carried and ‘overflowed

(1ost) traffics are calculated by using the sét of’éqdations

(4:3‘- 4.6), then the means and the variances of each traffic stream.

‘overflowed from o carried by that trunk group are calculated. The

: means of overflowed and carried streams are calculated by simple

‘ratio as follows.

T e 0wy ok (4.7)

| Where k is the number of different traffic streams offered to that

trunk group.

M«j - B(N,M) '. . T (4.5).,-

The variances of overflqwéd and carried traffic streams
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are, obtained by us1ng assumpt1on (iii), i.e., by equating the peaked-

t

-ness of the streams to the peakedness of: the g]oba] overf]owed and

carr1ed traff1cs respect1ve]y as proposed by Butto et a] (1976)

v.. oV .
ic c
— = —— Yi o o, d9=21,...,k - (4.8)
ic 'Mc ' ‘
e ¥i o oLdis=l,0k 0 (4.9)
Mio .,MO o | )

Each,overf1oweo_and_carried traffic stream is offered to its folTowing'
trunk group if there exists such a trunk group. Fbr‘the traffic‘streams

offered to a trunk groop‘the following information is needed.

i. The preceding tronk groop
ii. The related traffic route |

. §ii. The related traffic relation.

‘Thehtraffic carried on a'hoUte‘equals to the traffac carried

on the last trunk-group of that route. Hence, af a traffic stream
~ carried on a trunk groupjhe]ongs to a route whose_lash trunk group
,ie'that trunk group traffic carried by this route is-obtained and
there is nolﬂfo1joW1hg trunk group" for this_stream; The overflow
-~ traffic of a thaffic‘stream s lost if there exists no alternative

, route to overflow from that trunk group. |
At the -end of the procedure exp]a1ned above the b]ock1ng

probab1]1t1es of each trunk-group and the traff1cs carried by each

~ route are obtained.
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4.2,2‘ Calculation of'End?to-End Blockings

The probab1]1ty that a call at any or1nat1ng node does not
reach to its dest1nat1on was- defined as the end ~-to- end b]ock1ng
.There are many. approaches in ]1terature for the ca]cu]at1on of end-
to-end b]ock1ngS‘1n switching networks ‘Some of those are glven
nby Butto et.al. (1976), Chan (1980) Gaudreau (1980), and Horn (]979).
But in th1s study, since the traffics carr1ed by each route are cal-
-\ou]ated, end-to—end b]ock1ngs-are calculated simply by utilizing -
‘Berry's (1970) formula. |
Ce= M (1-8) R (A D

keS,.

. where Ck is the traffic carried by route k;_Sr is the set of the routes
.of:relation r, M. is the mean of the traffic offered to relation ry
and Br is the end-to-end b]oeking'for relation r. Knowing C, and

M. one can easily calculate’'B,. by (4.10).

4.2.3 Equiva]ent'Trunk Group Approach

‘The Equ1va1ent Trunk Group Approach which- is proposed by
Ceve]iero and Tonietti (1981) of COST 201 Study Group is used for |
. hand]ing failures. In 1arge networks it wou1d require very long
computer times to calculate end-to- end b]ock1ngs for every traff1c
re]at1on 1n each fa11ure state. Therefore the computat1ons are -

_ performed in a s1mp11f1ed heur1st1c way based on subst1tut1ng each

trafflc“route by an equ1valent trunk group (L1ndberg,'et.a]. 1983).




40

The main assumption of this approach is the independence of traffic
relations. | -
422.3f1~Ca1éu1ation of_Equivalent_Circuits forréach Route

- - S T D G = ] G O v e . T S Wy s e o o - e T G ap S 0 W R T B o

-

According tojthé Equivalent Trunk_Group‘Approach'fhe end-h'
“to-end blocking of a traffic relation is defined'as\tﬁe']oss_pro-
bability of an equivé]enf trunk group whose capacity i$ the sum
of ﬁhe Capdcitiés of_frunk groups equivalent to the’routéskﬁ§ed
byvthe're]ations; Y |
- If we think of a traffic relation with three alternate
routés,‘as given in ?igureA4.1, the mean traffic M is first offered
to'q1_cir¢uits,4Where q] is the number of equivalent circuits of
: fhe f{rst route’andvCrEr]éngs'are_carriedQ"The_dverflowkisvthen
offered to q, circuits of the equivalent trunk group of the éecond
‘route and etc. Now‘using the Er]anngkformula and since.Ck'§ are
~ Known, tHe qﬁantities qk can be cé]cu]ated froh thg‘following set’

- of equations.

¢, = M1 - B(a.m)] L (e
C; +Cy = M[]'- B(gy+a,.M)] ' - '(4.]1b)1
Cy + C2 + C3 = M - B(qT+q2+q3,M)] o 4  :A (4.11¢c)

1
.Ffom (4.11a) q]; the‘numbér of equivalent cifcqits for the first route,
'fs determined by.using the'recursive relation of the Erlang-B formula

~ given by equation (2.3). From (4.11a) we obtain
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M- C]

'B(q]-,M)_ s—— =8 T aaa
'So the problem is to determine 99> when’M ahd B]'are known
Hav1ng M f1xed Erlang-B va]ue decreases as the number of c1rcu1ts
- increases. Hence by the recursive re]at1on-the 1nteger part of q]
15 determined For obta1n1ng more perc1se values for q] Jagerman S
vapprox1mat1on is used to determ1ne the fract1on part
S1m11ar1y, from (4 11b) q]+q2 is determ1ned s1nce qi is
'prev1ous]y ca]cu]ated 9, 1s obta1ned by s1mp1y subtract1ng From
"(4.]1c) q]+q2+q3f is determined wh1ch’gs in fact, the number of.equi-

‘valent circuits for relation AB, gives A3 which.is the number of

equivalent circuits for the 3" route.

Equ1va]ent c1rcu1ts for traffic. re]at1on rs in non- fa1]ure
cond1t1ons is def1ned as the sum of the equivalent c1rcu1ts of its

‘routes-again ca]culated for non-failure cases.

Q. = 1 q C4a2)
ro kESr ko : o -

where Q denotes the number of equ1va1ent circuits of relat1on r
“and the second subscr1pt 0 denotes the non- fa1]ure s1tuat1on

In failure cases each re]at1on must have an end-to-end
Jblockfng value not greater than a predeterm1ned end-to-end blocking

~value allowed for failure cases (EEB.), that is,

\
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Bp<B N C A

whéfe-BFf'dehotes the énd}to-end‘b]ocking for relation r iﬁ’fai]ﬂre
f,'E denotes‘the méXimum end-to-end blockinglé]IOWEd in case of -
ifai]uféf From now on the éécond subséript fowill denote ‘the féiiure
and correspond to the humber of tﬁe transmission‘ﬁediUm failed.

© Minimum number of eqqua]ent‘circuifs'for a reiation,:which ‘
'1s_denoted'by'ﬁr is'éa]cu]afed by using thelmaxiﬁum eﬁa-to-énd
b]ocking'a1]owéd‘(§) and the mean of thé 6fféréd:traffic (M)‘and

utilizing the Erlang-B. formula.
B=B(Q.M) R S (414)

“Again the recursive relation and the Jagerman's approximation is

utilized to calculate Q..

4.3 DETERMINATION OF STAND-BY REQUIREMENTS

Stand-by requirements are calculated by utilizing the equi-
,Valent'tran<grOUp‘approach (Caye]]ero'qnd,anietti, i981) when
failure f occurs some trunk groupsrhave their'capgcities (eduqed.

If frunk group t whose capacity is redﬁced by the failure is used
in route k, the reduction in equ1va1ent c1rcu1ts of route k is
assumed to be in the same proport1on as the reduct1on of actual”

circuits of_trunk group t. So, the number of equ1va]ent circuits

of route k in fai]ufe f is:

_tf B C o (4.15)

s = Yo -
- Mo
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rwhere N is the capacity of trunk-grouo t in non-failure oondition
and Ntf the capac1ty of the same trunk group when fa1]ure f occurs

If in route k more than one trunk group fa1], it is assumed.
k that the number of equ1va1ent circuits 1s reduced accord1ng to the
"worst" (1 e. the one affected the most from the fa11ure) trunk -group.
Thus the number of equ1va1ent c1rcu1ts of route kK in fa11ure f is |
g1ven by
Ntf)

Us = Ggo-Mn (7=

‘ (4.16)
te Tk to - ( .?

where T, is the set of trunk groups of route'k.r The number of>eoui- '
valent circuits Of.re1ation r in case of failure is gjven'by
. va‘dnequa1ity (4f]$)"is sattsfied
Qrfiﬁr[.; . ! B (“5)

no stand by c1rcu1ts are required for relation r, otherw1se it is
necessary to increase the number of equ1va1ent c1rcu1ts of re]at1on

- r by an amount:

M= G S e
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.:4.3.1   MathEmafical Formulation of tHe Problem

In order to‘jncréése the capacfty of a route in terﬁs of
number of equiva]e@t-circuits, it is'necessary_to increase the
numbér,of operating circuits of failed trunk groups by adding
‘~stand-by circuits. The amount of stand-by circuits that has to
be added to each route is}obtained.by equafion (4.20) which is
"dérived from equation (4.16) | | |
N, + AN,.

S tf
,qkf = Qy, - min { ——-—————Qif}.-

(4.20)

Uf
to

where AN is the number of stand-by circuit that.has_to.bé added
to trunk group t when failure f occurs. So the mathematical formu-

1ation of'the prdb]em is as follows (Cavellero and Tonjetti,»198]),

min '} AN Co N RS
tf | , (P1)
Csote ) [apgemin { _Ef_,f__Ef} - p] = AQpp
AN ¢ > 0

Mg < Nyg = Nef

'_“whefe Trf ié‘the set of trunk groups used by re]afion r and affeCted

by failure f. Problem (P1) is simply the minimization of stand-by

'_’reéuiremeﬁts. The equa11ty‘constraint_1s the qua11tyiof,serV1ce
constraint. Last two constraints provides bdunds'on the variables
:AN£%L w1th the Stand-byvcircuité the trppk group canhgve capacity
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at most equal to 1ts capac1ty 1n non- fa1]ure case. This prbvfdes aﬁ
upper bound for each varlab]e and the nonnegat1v1ty constraint. pro-“
: v1des a]ower bound. ‘Since the equ1va]ent trunk group approach requires
the 1ndependence of re]at1ons, prob]em (P1)~1s formu]ated Just_for ’

a single traff1¢ relation.

4;3.2‘ Reformulation as a Linear Programming (LP) Problem

Problem (P]) is reformulated as an LP problem by e11m1nat1ng
the minimization term in the equa11ty constra1nt - A set of new va-.
riables are defined for the minimization terms and a set of con -
stra1nts are added in the fo]]ow1ng manner to obtain (PZ)

‘min ] AN - N (7
_ tf . R
te:Tr-f ,

b ] lagg - Yy~ Yl = 00
keS o :

< N tf + ANtf ¥t eka ; Yk € Sr

;Ntoyk
AN f 0 |
| ANtfi Nio = Nes

A numerical example for the LP formulation is given in Appendix B.

4.3.3 A Simplified Approach

~ The simplified approach proposed by Cavellero and Tonietti.
(1981) assumes the 1ndependence of the routes .and uses the number of

stand-by circuits added to each route as the’ var1ab]es Then the
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stand by circuits for the trunk groups is ca]cu]ated by us1ng equa-
t1on (4.21)

, N ‘ . -

A = —— - ' : '

Mep s (ke T Oe) -~ N te Ty (4.21)

' ko - ' :

.where ka is the set of trunklgroups of route k affected by f&i]ure\
f. In‘equation (4.21) let |

and ‘ ‘ '
| -sBkt'?.qko qkf Ntf te T, | (4.23)
So (4.21) becomes, .
BN gz 0y« DQuc + Bkt ‘t eT '(4-_..24')

kf

~ Equation (4.24) gives the stand-by capacity‘AN ¢¢ OF trunk
group t in fa11ure f necessary to guarantee an increase of equ1—
A_va]ent capac1ty Aqkf of route k. |
The formulation accordjng.tovthe simplified approach is“as

f6)1ows.

-vbmin I oo o Bqe - S (P3)
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where oy is defined as,

o=l gz ] Ny (4.25)
te.ka o .qko t;ka ‘ e

(P3) can be‘eaSi]y solved by the fo]]owing’a]gdrithm.

'; Algqrithm Simple

;ggglgif Let & = 0.

;ggﬂljgf For every k ¢ Sr ;aiéuiate-;k By using'(4.25). If
4 g Aka'= ¢ et ok 5 wf | \ A

Sﬁgﬂl:i. If A_z Adrf."Stop. Otherwise go to step.4.

in aj - Let

Step 4. * Choose route E,'satisfying ag = W

q = min{AQrf - A, Gf - agel
- Magp=a

¢

A=Atq
o=

and go £o sfep 3.
.Af thé end of the a]gorifhm‘fhe quantitjes Aqkf are khown and the .

stand-by requirements are obtained by equation (472])'
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',4.3.4 Special Cases

~ As auresu1t of a féilure one of the following four Cases
describes the sitdation of a re]ttioﬁ which 15'affected;by the fai-

1dre; Those cases are il]ustfated on the small network given in
Figure 4.2. |
o TABLE 4.1 - Routing Pattern and the

Equivalent Circuits for
the Example '

Route  Trunk Equivalent
No. . Groups  Circuits
1 1 9y
2 2,3 qé
FIGURE 4.2 - Example 3 2,4,5 4

The rout1ng pattern and the number of equ1va1ent c1rcu1ts are g1ven

A in Tab]e 4 1.

Case (i): = Only one'rdute fails. Since no problem of distributihg'
~the equivalent circuits between the failed routes exists,
this is thé simplest case. Let E_ be the route affected

by the failure then

Aqpe= My S | - (4.26)
and
o i Nto : " R . (4.27)
ANpg = — - BOye | ;
,qko . ) :

In the example of Figure 4.2, if trunk group -5 fails onTy

'.rdute 3 js affected by the failure f. Thus the remaining equivalent
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circuits equa1sAto:'

[}
L
_—
[an)
+
L
no
o
+
L
w
—h

Ups

Having

A

s
implies that:the equiva]ent circuits of route 3 must be 1increased by

the amount, L

D3¢ = Qpg 7 Qe
Thus the stand-by kéqUirement of truhk groub's ié obtained as

N
Ny
ANge = == . AGs¢

q30
Case gii): More than one route 1s'1n'fai]ure'and'no,fai]ed trunk group
~ is common to more than one route. Problems in this case.

are solved by A]gorithm‘Simple.

In the example of Figure (4.2) if trunk groups 3 and 4
ffaiis; the second and the third routes are affected. The remaining

equiva]ent”circuits equals to:
o7 . ’ : .

| Qpge = 970 * %25 * 93¢
and ' _
Magr = Qg ™ Qnpr

ak:va]ues given by equation (4.25) are calculated as,
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A]gor1thm Sinple provides the Aq, ¢ and 0q4¢ va]ues Then us1ng
equat1on (4 21) AN3f and AN4f are obta1ned

-Caselgiiigz More than one route fai]s, the same trunk group 1is ¢ommon
to all the failed routes ahd now other trunk group is .
comon to all the failed routes and no other trunk group

-~ fail.

| Algorithm Simp]é cannot be used in this case because of
therdependencebbetween the routes; but, since every route in failure
uses the same failed trunk group t they are aggregated together to

constitute a fictitious route K with equivalent number«bf circuits,'

(4.28)

"wheré Sk% 1; the set pf rqﬁtes of re]atjontr used by tfunk group,E
in failure. Then the fictitious route is treated as é{rea] one and
we have the s1tuat1on in case (i).

In the example of F1gure 4.2 if trunk group 2 fails only, the |
second and the th1rd routes fail. So the routes 2 and 3 can bg re -

placed by the fictitious route E»whose'equiva1ent circuits are given by

%0 = %0 * 930 -
and: .
- _Nof
O 9F Ty - 930
20

- “éhd Asz is-obtained as in case (i).
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. Case (iv): More than one route is in failure, some trunk groups are

‘common ‘to the.fai]ed routes, some others not.

i This is the most genera] case which can be hand]ed nelther

by A]gor1thm S1mp1e nor by us1ng f1ct1t1ous routes

‘In the examp]e of Fiqure 4. 2 such a case occurs if trunk
groups 2 and 3 fail. 2 4s common to the second and the th1rd routes
l wh11e 3 s used only by the th1rd route. ’ | ‘ ‘

. For th1s case what is proposed by Cavellero and Ton1ett1'(1981)‘

is to use the A]gor1thm S1mp]e neg]ect1ng the fact that some of the
;trunk groups are used in more than one route. They ca]l such trunk

groups as "anomalous trunk groups". S1nce the stand-by capac1t1es :

of anoma]ous trunk: groups are d1fferent in different routes using that

~ trunk group; the maximum of those numbehs is accepted as the stand-by -
' capacity for that trunk group. On the other'hahd, using the LP for-
mulation given by (P2) gives more accurate results tn such cases since
~in that formulation the independence of the'houtes is not assumed.

A huﬁeriCa]‘examp]eVis given for this case in Appendix B.

4.4 SOLUTION PROCEDURE

dThis section phoVides a brief sumharykof‘the-so]ution procé-‘
dure applied in the thesis. The ftoWehart 111ustrated in Figure 4.3
~ shows the major ‘steps of_the solution. The operatidns,'denOted by 1 |
through 4-in Figure 4. 3” constitute the grade of service eva]uatioh ,
step, which is exp1a1ned'UKrough1y in Section 4. 2 and a deta11ed

, f]owcnart of th1s step is given by Figure 4.4. The rema1n1ng operat1ons,
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denoted by 5'through 7 in Figure 4.4 constitute theldetermination,

of stand-by requirements step which.is exp]ained'Uuroughiy in Sec- .

_ t1on 4, 3 and a deta1]ed f]owchart of this step is g1ven by Figure 4. 5
| v " The computer program for the solution procedure whose ma1n
”;stepethayekbeen presented. through the f]owcharts, is wr1tten 1n
‘.FORTRAN IV The computer program was run on a UNIVAC ]106 System
for a test network In Appendices C.and- D the descr1pt1on of the

) 11nput data together w1th the rout1ng descr1pt1on is g1ven and the

' exp]anat1on of the computer program is presented in Append1x E The

: ;‘fcomputer program is listed in Append1x F.



< START ' :

| [,READ:INPUT DATA

CALCULATE THE TRAFFIC CARRIED BY EACH ROUTE

A

‘ CALCULATE THE END-TO-END BLOCKINGS FOR EACH RELATION -
“IN:NON-FAILURE CASE

CALCULATE THE NUMBER OF EQUIVALENT CIRCUITS FOR EACH
~ ROUTE AND RELATION

CALCULATE THE MINIMUM NUMBER OF EQUIVALENT CIRCUITS REQUIRED
IN CASE OF FAILURE, FOR EACH TRAFFIC RELATION

'DETERMINE THE TRUNK GROUPS AFFECTED BY:EACH FAILURE

t

FOR EACH TRAFFIC RELATION AFFECTED BY THE FAILURE DETERMINE
THE STAND BY CAPACITIES FOR THE FAILED ‘TRUNK GROUPS

/

CONSIDERING ALL THE RELATIONS REQUIRING STAND-BY CIRCUITS
DETERWINE A UNIQUE STAND-BY CAPACITY FOR EACH-OF THE TRUNK

GROUPS AFFECTED BY EACH EAILURE

{ stor )

FIGURE 4.3 - F]dwchart of the solution procedure
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( starT )

| f/iREAD INPUT DATA

USE INPUT TRAFFIC TO DETERMINE THE FRESHLY
OFFERED TRAFFIC FOR EACH TRUNK GROUP

START WITH TRUNK,GROUP No. 1

Is
there a
trunk group
- with this
number,

YES

DETERMINE'MEAN; VARIANCE,'ANDvTHE‘PEAKEDNESS ‘
OF THE GLOBAL TRAFFIC OFFERED TO THIS TRUNK GROUP

COMPUTE THE MEAN TRUNK GROUP BLOCKING AND MEANS

AND. VARIANCES OF THE CARRIED AND BLOCKED TRAFFICS

ACCORDING TO TYPE OF TRAFFIC AS .DETERMINED BY
o 'PEAKEDNESS | ‘

" ..For

‘ each stream
of traffic:
Is it the last

| INCREASE THE TRUNK
GROUP NO BY ONE

stream?




CALCULATE MEAN AD VARIANCE OF
CARRIED TRAFFIC IN THAT STREAM

Is it

the last
trunk group
- of route?

YES

FOLLOWING TRUNK GROUP

~1Is it
the last

55

‘| THE TRAFFIC CARRIED

IN THAT ROUTE IS

OFFER THE CARRIED TRAFFIC TO THE|

. FOUND

route of.
relation?

Overflow
- possible?

PERFORM OVERFLOW

OYES




CALCULATE THE SUM OF THE CARRIED
TRAFFICS ON THE ROUTES OF EACH RELATION

USING THE TOTAL CARRIED TRAFFIC AND THE
OFFERED TRAFFIC FOR EACH RELATION
COMPUTE THE END-TO-END BLOCKING :

_UTILIZING THE EQUIVALENT TRUNK GROUP APPROACH,
'AND USING THE OFFERED AND CARRIED TRAFFICS OF

" EACH ROUTE COMPUTE THE. EQUIVALENT CIRCUITS BY
THE ERLANG-B FORMULA

CALCULATE THE MINIMUM NUMBER OF EQUIVALENT
" CIRCUITS FOR EACH RELATION REQUIRED IN FAILURE -
'CONDITIONS BY5USING,THE INPUT VALUE FOR

MAXIMUM END-TO-END BLOCKING ALLOWED

STORE. THE RESULTS
TO BE USED IN

DETERMINATION OF -
STAND-BY *
REQUIREMENTS -

FIGURE 4. 4 - Flowchart of the grade of serv1ce
. evaTuat10n step -
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( start )

(/READINPUT DATA

CONSIDER EACH TRANSMISSION MEDIUM
“FAILURE ONE BY ONE .

?

- SEARCH FOR THE FAILED TRUNK GROUPS

-<:::}———+——-*—- CONSIDER EACH RELATION ONE BY ONE

Is theN_ .
~relation
~affected by
~ the failure?.

COMPUTE THE NUMBERYOF,EQUIVALENT
~ CIRCUITS FOR FAILURE CASE

number of equiva™>
lent circuits in fai-
-lure less than the re-

- quired minimum
~circuits

YES

COMPUTE "THE TOTAL AMOUNT OF
REQUIRED STAND-BY CIRCUITS

©
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Is the
‘number of failed

routes greater
than one?

Is it
possible
to define fic-
titious -
routes? ~

NO
~ APPLY- ALGORITHM SIMPLE

| ~ COMPUTE STAND-BY CIRCUITS

all v
the traffic .=
relations

considered?

YES

DETERMINE A UNIQUE STAND-BY CAPACITY.FOR
THE FAILED TRUNK GROUPS COMMON TO MORE -
THAN ONE RELATION TAKING THE MAXIMUM OF-
: . THE OBTAINED VALUES

ATl the™~
failures
considered?

YES



" FIGURE 4.5 -
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WRITE THE STAND-BY

REQUIREMENTS OF THE .

AFFECTED TRUNK GROUPS
- FOR EACH FAILURE

', . ) ’ . .
( stop )
Flowchart of the determination of stand-by

‘requirements step - . o
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V. NUMERICAL RESULTS -

. The so]ut1on procedure presented in Chapter IV 1s applled to
»a test network wh1ch is commonly used by e]even European Countr1es in
the context of cosT (European- Cooperat1on in Sc1ent1f1c and Techn1ca1:
Research) Proaect 201: “Methods for P]ann1ng and- 0pt1m1sat1on of
'Te]econmun1cat1ons Networks" | : /
“In this chapter,lf)rst the testrnetworkeis'introduced and-
~ the input data is’tabuiatedt Then-the results of-grade of servdce o
evaluation such as the.trafffc carried by each}route;,end—to—end |
‘ b]ockdngs for each traffic re]ationiand‘the eouiyalent;circuits.for
each route and re]ationvare'listed ; Minimum number'of equivalentyd
: c1rcu1ts for each relation are a]so ]1sted for d1fferent va]ues of |
end- to -end b]ock1ngs a]]owed, in case of fa1]ure ‘ )
Equ1va1ent circuits for each route, equ1va]ent c1rcu1ts for
each re]at1on and- the m1n1mum equ1va1ent c1rcu1ts for each re]at1on
are used to ca]cu]ate the stand-by requ1rements Stand-by requ1re—
ments for each trunk group and for each transm1551on meduhnfa11ure
are ‘listed for given values of end-to-end blocking, in case of fa1]ure.
A sens1t1v1ty ana]ys1s has been carr1ed out w1th respect to

va]ue of a]]owed ‘end-to-end block1ng, in case of failure. Those re-

* sults are g1ven as the ana]ys1s of the numer1ca1 results
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5.1 - TEST NETWORK =

- The test network used 1n “this study is a sma]] network w1th
6 sw1tch1ng nodes and 15 trunk groups For-each pair of sw1tch1ng
nodes two traff1c re]at1ons are def1ned with each d1rect1on defining
a d1fferent relation. So 30 traff1c relations are def1ned on this
'switching network. The transmrss1on network con51sts of 10 trans-

mission nodes and 21 transmission med1a.»

FIGURE 5.1 - Switching netWork of the test-network‘

o TABLE 5.1 - Or1g1nat1ng and Term1nat1ng Sw1tch1ng Nodes
' : for each Trunk Group and the Number of Circuits

'Trunk Group - Or1g1n(Sw.‘ Terminating  Number of
- "No. " "Node- - "'SW Node Circuits

180
180
240
60
60 .
300
600
60
90
120
180
300
300
60
60

[ — " .
—OWONOOTRWN ~
1

PR W i =t e N W N W > U1 O
POONWAROO=——WNNNDW
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TABLE 5.2 - Traffic Data and the Routing Pattern

)
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Traffic

Mean

- First

Third

) - 0rigin- : ; “Second
~Relation Destination  Offered Route - - Route Route
No. - Node Pair = Traffic :
1 (1.2) 253.99 12
2 (1,3) 148.25 1n - |
3 L(1,4)113.48 10 12,15
4 (1,5) 96.05 9 12,14
5 . (1,6) 85.03 - 8 11,13 -
6 S (2,1) 326.22 7
7 (2,3) - 29.43 5 - 71,M
8 (2,4) 16.91 15 -
9 (2,5) 7.64 14 |
10 (2,6) 4.4 5,13 7,8 7,11,13
11 (3,1) 193.71 6
12 (3,2) © 29.89 4 6,02, SN
13 (3.4) 6.85. 4,15 610 6,12,15.
14 (3,5) 5.92 - 4,14 6,9  .6,12,14
15 (3.6) 352 13 RN
16 (4,1) - 144.89 3,7
17 (4,2) 16.77 3. ,
18 (4,3) 6.66 3,5 3,7,11
19 (4,5) 2.27 3,14 Do
20 (4,6) 1.68 3,5,13  3,7,8  3,7,11,13
21 (5,1) 119.99 2,7 : - '
22 (5,2) 7.44 2 :
23 (5,3) 5.19 2,56 2,7,11
24 " (5,4) 2.23 2,15 o
25 (5,6) 1,97 2,5,13  2,7,8 2,7,11,13
26 (61) - 106.11 1,6 S
27 (6,2) - 4.02 1.4 1,6,12
28 (6,3) 3.3 1 |
29 (6,4) 1.65  1,4,15.  1,6,10  1,6,12,15
30 1.96 1,6,12,14

(6,5)

1,4,14

. 1,6,9°
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(O transmission node
- [ switching node’
— analogue cable

--<--- analoge radio
—.—.— digital cable
-0-0-0 digital radio

—/~/~/ mixed A/D radio
—v—y optical fibre

\ ‘FIGURE 5.2f— TranSmission network of’the test network
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" TABLE 5.3 - List of Trunk Groups to Media with the
Corresponding Number- of Circuits

Traazgézsion‘ " Trunk Groupg S *’..CirCUftsj
1 6.7,8,9,10,11,12 ’113 240,30, 30,60,67, 120
2 6,8,9,11 ©75,30,30,45
‘3;. - -
' - -
5 | - | .? |
6 6,7,9,10,11,12 112,360,30, 60,68 80
7 457,91002  60,60,240,30,60,120
8 23,910,405 90, 96, 30,60, 30 24
10 7,9,10,12 ‘360,30,60;180
" 2,3,9,10;14;157 ©90,144,30,60,30,36
12 1,6,9,11,13 180,188,30,112,60
13 6,7,9,10,11,12 . 112,240,30,60,68,120
14 9 30
15 - '2;3,9,10,14,15 7 90,96,30,60,30,24
16 2,3,9,10,14,15  90,144,30,60,30,36
7 6,7,8,9,10,11,12  113,240,30,30,60,67,120 |
18 6.,8,9,11  75,30,30,45
19 7,9,10,12 240,30,60,120 .
20 - -
21 7,9,10,12 240,30,60,120
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5.2 - RESULTS OF THE TEST NETWORK

The~resuTts obtained by'using'the so]utfon prOcedure'giVen

- in Sect1on IV and the data g1ven in the prev1ous sect1on can be

' tabulated in two main groups The resu]ts of grade of serv1ceveva-’
"luat1on const1tutes the first group where all the. traff1c streams

» offered to each trunk group,means  and var1ances of the g]obal traff1cs
’offered to each trunk group, mean b]ocklngs for each trunk group, traf—
‘f1cs carr1ed by each route, equ1va]ent trunks for each route and re-
lation, and the minimum equ1va1ent trunks for each re]at1on are ]1sted'
The resu]ts of grade of serv1ce eva]uat1on are then used to obta1n the
resu]ts g1ven in the. second group Wthh are the stand by requ1rements

' Stand by requ1rements are obta1ned by the s1mp11f1ed approach

5.2.1 Results of Grade of Service Evaluation

Table 5.4 tabu]ates the information about the traffic streams‘
'offered to each trunk group.. Each traffdc>stream'offered to each '
‘trunk group are numbered so that the number of streams offered to
‘any trunk group can be easily seen from Table 5 4 Types of the
;trafflcs are denoted by cap1ta] ]etters R, C and 0, mean1ng random
- traffic (fresh]y offered Po1sson1an traffic), carried traffjc (smooth)
and 0verf1owvtraff1cd(peaky) respectively C-R means carried'traffic
‘com1ng from. a trunk group whose offered traff1c is random and has -‘
zero b]ock1ng. As ment1oned in Sectlon IV d1fferent types of traf—
| fics;can-be‘Offered to the same.trunk,group. This s1tuat]on'can be

easily detected from Table 5.4.
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‘TABLE 5.4 - Traffic Streéms'Offered!to each Trunk,Group"_ 1;

| Trunk | Stream - T From which Belongs to Belongs to
“Group No. Megnv' Varlaqce Type © trunk- - which - which
' : qroup . route . relation

1 106.11  106.11 ~ R - 43 26
-2 4.02 © 4,02 R - 44 27
1 -3 3.3, -+ 3.35 R - - 46 28
4. 1.65 . 1.65 R: - 47 - 29
5 1.96 . 1.96 R - 50 30
1 119.99 119.99 R - 35 21
2 - 7.44 7.44 R - 36 22
2 3 5.19 5.19 R - 37 23
4. 2.23 2.23 . R - 39 24
-5 1.97 1.97 R - 40 25
1 144.84 144.84 R - - 27 16
2 16.71 16.71- R. - 28 17
3 3 6.66 - 6.66 R - 29 18
4 2.27 2.27 R - 31 19
5- 1.68 1.68 R - 32 20
-1 29.89 29.89 R - 18 12
2 6.85 6.85 R - 20 13
3 5.42 5.2 R - 23 14
4 4 4.02 4,02 C-R 1 44 27
5 1.65 1.65 C-R ] 47 29
6 1.96 1.96. C-R 1 -50 30
1 29.43 29.43 R - 10" 7
2 - 4.14 - 414 R - " 14 10
-3 5.19 5.17 C 2 37 23
5 4 1.97 1.96 C 2 40 - 25
R 6.660 6.659 - C . 3 29 18
L 6 1.68 .1.679  C. 3 32 20
o o1 93 1937 R - 17 11
SR 2 106.11 106.109 C 1 43 - 26
o 3 0.618 2,49 0 4 19 12
6 4 0.142 . 0.572 -0 4 21 .13
5 0.112 0.453 - 0 4. 24 14
6 0.083 0.336 . 0 4 45 27
7 . 0.034 0.138 0 4 48 29
-8 - 0.041 - 0.164 0 4 51 - 30
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Trunk | Stream =~ s ' From which Belongs to Belongs to
Group| No. ~ Mean - Variance Type " "y ne” " which which
: 4o o \ group. route - - relation
1 326.22 326.22 R - 9 6
2 119.98  119.67 ¢ 2 3. 21
-3 144.840 144.838 C -3 27 ' 16
4 0.514 2.043 0 5 11 7
7 5" 0.072 0.287- 0 . -5 15 10
6  0.091 0.360 0 5 38 23
7 0.034  0.137 0O 5 41 25
8 0.116 - 0.462 0 5 30 18
9 0.029  0.117 0 5 33 . 20
1 85.03 85.03 R - 7 5
g - 2 - 0.071 0.032. C 7 15 10
o 3 -0.034 . 0.015 ¢ 7 41 25
-4 0.029 0.013 C 7 T 33 - 20
1 96. 05 96.05 R - 5. 4
9 2 . 0.107 0.038 C 6 24 . 14.
3 0.039 0.014- C 51 30
. ' 1 113.48 113.48 - R - 3 3
10 2 0.135 '0.048 € 6 21 13
"3 0.033.. . 0.012 C 6 48 29
1 148.25 . 148.25. R~ - 2 2
2 0.502 - 0.224 C. 7 11 7
- . 3 0.088 0.040 C 7 .38 23
A 4 - 0.114 - 0.051 C 7 30 18
. 5 27.077 59.321 O 8 8 - 5
6 + 0,022 0.049 0 8 16 .10
7 0.011 0.023 0. 8 42 - 25
8 - 0.009 0.020 0O . 8 34 20
1 253.99° '253.99 R - 1 1
-2 0.589 - 0.210 € .6 19 12
3 - 0.079 - 0.028 C 6 45 27
' 4 11.562 49,525 0 9 6 4
12 5 0.013 0.055 0O 9 25 14
: ‘ ) 0.005 0.020 O 9 . B2 30
7 4.667 . 26.542 O 10 - 4 . 3
8 0.006 0.032° 0 w22 13
9 0.001 - 0.008 -0 10 h 49 - 29
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5\

Table 5.4‘contjnued...

Trunk | Stream ' Lo From which Belongs to Belongs tc
‘Group | MNo.  Mean - Variance Type T T unich which
R ' . ~_group ~route "~ relation

1 3.52 3.52 R - . 26 15

2 4,068 .3.216 . C 5 14 10

: 3 1.935 . 1.530 C 5 40 25

13 4 1.651 1.305 . C 5 32 20

: 5 25.734 8.728 C 11 8 5

6 0.021- 0.007 C 11 216 10

7 ..0.0100. ~ 0.003 'C - 11 42 25

8 - 0.009 . 0.003 C 11 34 20

1 7.64° 7.64 - R - 13 9

2 2.27 2.269 C 3. 31 . -19

-3 5.308 4.048 C 4 23 14

14 4 1.919 1.464  C 4 50 30

: 5 - 11.472 -8.660 - C 12 6 4

6 0.013 0.010 ¢ 12 25 14

7. 0.005 0.003 ¢C 12 52 30

1 16.91 16.91- R - 12 .8

2 2.230 . 2.224. C 2 -+ 39 24

R 3. - 6.708: 5117 C 4 - 20 13

15 - 4 1.616 1.232° C . 4 47 29

5 4,631 3.496 . C - 12 o 4 0 3

6. - 0.006 0.004 C 12 22 . 13

7 0.0013 0.0010 ¢c. - 12 49 29

TABLE 5.5 - Meaﬁs,»Variances and Mean B]ockings of the
- Global Traffics Offered to Each Trunk Group.

lezgnho;, Mean | Variance ~Blocking
1 - 1N7.09 117.0900 ~0.00000
2 136.82 136.8200 ~ 0.00006
3 - 172.16 172.1600- - - 0.00000
4 49,79 . .. 49.7899 0.02067
5 49.070 - 49,0507 0.01747
b ' 300.850 303.9771 0.04661
7 591.900 594.13162 0.02412
8 1 85.163 85.0890 0.31844
: 9 96.195 © 96.1018 0.12038
10 113.648 = . 113.5396 0.04113
m . 176.073  207.9781  0.04960
12 - 270.912 330.4095 0.00779
13 36.948 28.3114 0.00000
14 . 28.627 24.0960 0.00000
15 32.102 - 28.9840 . 0.00000



TABLE 5.6 - Traff1c Carr1ed by each Route and the
Equ1va1ent C1rcu1ts of each Route.
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Route No.

’Traffic Carried Equivalent Circuits

1 . 252.0102 1277.18
2 140.8961 150.09
3 ©108.8130 . 11817
4 4.6306 - 27.99
5 . 84.4877 - 88.12
6 114722 34.19
7 57.9531 58.08
8 25.7338 © 39.04
9. 1318.3507 1336.05
10 128.9159 37.37
17 ©0.4768 7.07
i2 16.9200 38.36

13 7.6400 -27.05

14  4.0677 7.80
15 0.0481 . 1.29
16 - 0.0214 2,05
17 184.6809 195.07
18 29.2721 37.32

19 0.5846 8.00
20 6.7084 11.15
21 0.1295 3.25
22 0.0055 0.76
23 5.3080 . 9.27
24 0.0940 2.27
25 10.0128 1.42
26 3.52 15.88
27 141.346 155.08
28 16.71 40.23’
29 6.5437 17

)

]



,Table‘5.6 continued....'

- . Route No. - Traffic Carriedfv Equivalent Circuits

300
31
32
33 .
TR
3 o ;'. i]
o o
7
38
39
40

1080 333
271275
6507 . 4.24 .
0195 - 0.87.
0087 © - 1.40
.088  130.060
4396 . 19.05 0
.099 | 22 -
.084 .00
2297 25
.9355 .66
41 .0229 .89
.42 0102 .55
43 101.7640 110:06 -
4 . 3.939  7.39
45 .0786 - .06
46 3500 . 16.64
47 6159 400
48 .0312 .78
49 .0013 .37
50 L9195 49
5] 10340 .56
52 .0046 .85

O O - N O IN OO =N

O - P O = O W NO — O DWW

O - OO0 - Wow
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TABLE 5 7 - Equ1va]ent C1rcu1ts “Minimum Equivalent Circuits,
End-to-End B]ock1ngs for each Relation

K - Equiva- = EEB- Minimum Equivalent Circuits in Case
Relation = lent  ~ (in non- | . of Failure According to given EEBg Values
No. Circuits failure . . — e :
. ' Case) | 0.01 0.06 "~ 0.1 ..0.2., 0.3
1. 277.18 - 0.00779° | 275.06 252.04 °234.06 205.04 179.01
2 150.09 0.04960 150.09 = 150.07 = 139.02 121.01 104.05
3 - 146.16 _ 0.00032 130.02 -116.14 107.07 -93.02 80.04
4 122.31 0.00094 | 111.23 99.16 - 91.09 - 79.03  68.03
5 97.12 0.01580 97.12 89.01  81.09- 70.04 60.05
6 336.05  0.02412 " | 336.05 321.05 300.01 263.03 229.02
7 ‘44,44 0.00127 39.23 ~ 33.30 30.07  25.09 .21.10
8. 38.36 0.00000 | 24.73 - 20.40- 18.12  15.03. .12.16
9 27.05 0.00000 13.25  10.41 . 9.07 ~ .7.10- - 5.43
10 -11.14 0.00069 :8.41 6.36 5.28 . 4.09° - 3.13
11 -195.07 . 0.04661 | 195.07 194.05 - 180.03 157.03 -136.04
12 45.32 - 0.00112 40.01 - 34.08  30.21 . 25.18 21.16 -
13 15.16 . 0.00097 - 12.21  9.51 . '8.17 = 6.27 - 5.16
14 12.96 0.00098 | 10.25 8.04 -6.58  5.15 . 4.09
15 15.88 0.00000 | 7.50  5.60 - 4.59  3.39 . 2.56.
16 155.08 0.02412 | 155.08 - 147.03 ~ 136.01 .118.03- 102.03
17 40.23 0.00000 | -24.44  20.26 18.05 ~.14.34 12.12
18 14.50 0.00127 | "12.05 .= 9.32  8.06 6.18  5.05
19 -12.75 0.00000 - 5.61 4,13  3.29  2.36  1.83
20 6.51 - .0.00069 4.66 - 3.32 . 2.64  2.02 1.39
21 130.06 . 0.02418 '} 130.06 123.02 -113.06  98.04 85.01 -
22 19.05 0.00006 -| 13.07 -10.24 8.66 = .7.03 . 5.33
23 12.22 0.00133 10.04 . 7.60 3.36 - '5.05  4.02
24 9.25 0.00006 5.54 4.10  3.25 2.33 ~ 1.78
25 7.20 0.00075 5.17° 3.69 3.06 . 2.17 1.57
26 110.06 0.04661 110.06  109.11  100.11  87.03 ~ 75.03
27 10.45 0.00112 - 8.27  6.25  5.19° 4.03 3.09
28 16.64. = '0.00000 7.28 5.40 4.41  3.28. . 2.44
29 6.25 0.00097 | 4.61 . 3:.29 ~ 2.60  1.99 . 1.38
30 6.90 0.00098 - 5.16 - 3.68 3.06  2.17 . 1.56

As EEB (End- to End B]ock1ng a]]owed in fa11ure case) decreases minimhm
equ1va]ent circuits for each relation Jincreases. -In Tab]e 5 7 equlva-(

]ent c1rcu1ts for five dlfferent va]ues of EEBf are 11sted
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5.2,2»; Stand-by Requirément§ Obtaihéd'by the Simplified .

~ Approach N | ' . |

_Iﬁ this subQSection the sfand4by requifemgnfs calculated by
the simp}ified apprdaCh-are 1isfed; 'Sténd;by requiféments afe cal-
culated for five diffekent‘valdegfof EEB

¢ by usinggfhe minimum equi-

valent circuits for those values listed in Table 5.7.

TABLE 5.8 - Stand-by Requirements

A
- .
i
Y

'} Transmission| Trunk ~Stand-by Requirement for Different EEB. Values .
Media Groups - —_—
' : - 0.00  0.05 0.1 - 0.2. 0.3
6 113 11 %0 54 - 22
7 240 213 2176 - 110 49 .
, .8 30 30 . 30 .22 12
1 9 30 20 . 12°.. 0 0
R 10 - 58 . 44 3 20 7
ah .67 67 5 32 12
12 : 118 93 73 42 14
-6 | 7% - 73 52 16 0
) 8 1 30 30 30 22 12
9 1 19 6 .0 0 0
1 . 45 53 32 .10 -0
6 - 112 110 - 89 53 21
‘ 7 360 333 296 230 169
6 - 9 - 30 27 19 7 0
10 . 60 47 37 - 23 10
a1 . 68 68 5, -~ 33 13
4 12 178 153 0 133 102 ¢ 74
4 . * 60 55 49 . 40 - 34
5 60 53 48 40 34
7 N7 ~ 344 213 176 110 49
- 9 39 - 20 12 0 0 .
10 - 58 . 44 3 20 7
12 B 118 - 93 73 - .42 14
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Table 5.8 continued...

| Transmission| Trunk Stand-by Requirement for Different EEvaVa1Ues
Media | Groups |- : — - ' -
: 0.01-  0.05 0.1 0.2 0.3
2 . 90 80 66. . 46 28
3 96 ‘84 66 39 14
-8 9 30 - 24 16 3 -0
- /10 68 44 35 20 7
v 14 | 24 10 T .0 0
15 ' 19 -4 0 0 0
7. 360 333 29 230 . 169 .
' 10. 60 47 . . 37 23 - 10
12 ‘ 178 153 13300 102 74
2 .90 80 66 46 . 28 .
3 144 - 132- 114 87 62
- -9 . 30 24 . 16 V3 0
ST 10 - 60 47 37 23 10
S 14 24 10 1 0 0
15 - 33 19 1 1 -0
1 180 178 164 142 123
o 6 188 186 165 129" 97
12 -9 19 ) 0 0 0.
: 1 R B A ‘12 - 99 77 - -57 -
13 60 48 235 2 14
6 , 112~ 110 89 .53 21 :
o 7 240 213 176 1o - 49
13 9 30 20 12 0 - 0
10 - 58 44 35 20 7
11, . 68 . 68 . .55 33 13 ...
12 118 93 713 - 42 14
14 9 19 6 0 .0 0
2 . ‘ 90~ 80 66 -46 28
8 .. 96 84 - 66 39 14
o -9 30 24 - 16 -3 0
15 100 | . 58 44 35 200 77
14 24 10 1 -0 0
15 | 19 4 0. .0 0
2 - 90 80 66 46 28
3 144 - 132 . 114 - 87 62
- 16 9 30 24 . 16 - 3 0
‘ - 10 B 60 47 - 37 23 10
14 - 24 10 1 0 0
15 33 19 . N 1 - 0
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* -Table 5.8 continued;...:

Transmission| Trunk- | Stand-by Requirement for Different EEB. Values
"Media | Groups ' : — -
, - 0.01 0.05 0.1 . 0.2 0.3
6 113 1N 9% - 54 = 22
7 240 213 176 110 . 49
8 - 30 30 30 22 712
18 9 30 20 12 o0 - 0
| 0 5. ° 44 35 . 20 - 7
11 67 67 54 . 32 . .12
12 “118 93 73 - 42 14
B - 6 75 73 . 52 - 16 0
19 8 |30 30 30 2 12
9 19 6 - -0 0. 0
1 - 45 53 32100 .0
_ 7 ©240 - 213 176 . 110 49
20 9 1 30 20 12 .0 0
| 10 . 58 44 35 20 7
12 - -n8 - 93 73 - .42 “14
, 7 - 240 213 176 110 49
01 9 30 20 12 -0 0
10 58 44 35 20 7
12 118 93 73 42 14

" As it can easily be deteéted from Tab}e 5.8 the ﬁumber of re-
. quired sténd—by,circuits_decrease askthe}end-to—end b]ocking a]1owed \
-in éase’of'fai]ure increasés;’-51milar]y ndmber'of'rélations requiring
':.'stand-by'faci]itieé decrease ag'the the énq—to—end b]dcking allowed
.jﬁ case of failure increases. The number of're1at10n§'requiring
‘stand¥by'faéilitie5‘with'resbect to five different end-to-eﬁd,blockings
:élldwed in case of failure are listed tbgethér\with the tota1thmber

of ré]étions’affected by the failure of any trahsmissfonwmedium,



* TABLE 5.9 - Number of Relations Requiring Stand-by

Transmissjon Number of : Number of Re]at1ons Requ1r1ng Stand by
' Media Relations - with respect to EEBf
Affected by i

the Failure | o 01 005 0.1 0.2 0.3

1 22 | 10 10 10
17 5 5 4

[=)) ™ -

2 | 10 0 9
2 A T T I A
s | 18 | 1 1 &

10 5 | 6 6 6

= T - S ST R r. S SO V-
ot

noo s 7 6 12

R I T R PR LI

S| 2 | w0 s s

S T I T R T R -

5 | 18 IR TR I "
e |18 1716 12
a8 | 22 | 100 10 10
19 7 | s 5 4

B B T -
©

20 | o5 | 6 6 6 ,
22 | 1 | 6 6- 6 .5 5

TOTAL | 279 | 166 154 130 108 94
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5.3°  ANALYSIS OF THE RESULTS

TABLE 5.10 - Behaviour of Some Global Measures -

: EEB | Number_of ‘ ..PercenFage of“ ,Percentage of*iHPercentage‘of )
"-°f  Unfeasible : Unfeasible ™ Total Stand-by "Affected Relation
Relations .  Relations Requirements - Requiring Stand-t
030 T
oo 7 023 0.99%  0.590
0.05 Bt 0.03 . 0.853¢  0.5520
0.1 0 0-° . - 0.6926 -~ - 0.4659
0.2 0 0 0.4444 0.3871
0.3, 0 0 0.2434 ©0.3369
1 0 0 . o 0

Table 5.10 provides the behaviour of some g]dba] méasures

again acéofdiﬁg to different'va]ues ofvEEBfn(End-to—éqd,b]ocking
allowed in case of féi]uré). In the se¢ond‘c01umn number- of un-
; feaéiﬁ]e ré]ations ére 1f$téd, Unfeasiblé‘ré]ations are defined

“as the relations whose end-to-eﬁd b]otkingéJin;non;failurebcdndjtions'
are»greqfér;than or equa1-to the end-to-end:b]ockings allowed jn:casé :
of féi]ﬁré (i.e. EEBO<i EEB.). Third column gives the»pércentage
.yé]ues for the unfeaéib]e re]ations. ' | | |

b_ | qurthkco]qmn gives the perCéntages of totai standfbyAreF
-duirements,"As end-to-end b1ocking afwaed in case'bf failures in-.

creases the percentage of stand-by requirements decreases.
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Some of ﬁhe re]ationﬁ‘affecﬁed by the failure do nof'require

‘stand-by circuits. This casé occurs if fo zjﬁr as éxp]ainéd-in Sec-
‘tion 4.3. The ke]at{ons whose number of equivalent circuits {n fail-
_ufe cases is greafer than or equal to the minimum_nﬁmber of:equivalent
| ercu{ts do not require stand-by.circuits. The percentages of affected
‘relations reqﬁiring stand-by a]so‘decrease_as‘EEBf inﬁreaées.

| The‘change in the percentage of total sténdfby requireméntsv»
is plotted for different values of EEB | '

£ Figure 5.10 showsvthié re-

" lation.
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VI, CONCLUSION AND EXTENSIONS
FOR FUTURE WORK

In th1s study, the prob]em of determ1n1ng the requ1red

stand by capac1t1es in telecommun1cat1ons networks is stud1ed
Prior’ to th1s prob]em, grade'of_serv1ce eva]uat1on prob]em, wh1ch‘
aims to determinévthe miniﬁum fumber of equivalent ¢ihéuifs"required
in‘fai]uhe cases- is studied,; A Tjteréture sUrvéy on the prdpoSed'f
i methodo1ogies-ahd approximatiohs for calculation of blocking phdbé?v
bilities is presented’ | ' -
‘ - The prob]em of determ1n1ng the requ1red stand- by capac1t1es |
B so]ved by using a simple heuristic approach proposed by Cave]]ero -
.Aand Ton1ett1 (1981) and it is comp]ete]y based on-the equ1va]ent
trunk group 1dea | '

: A}]inearhprogramming fohmh]ation of the problem is‘deVeToped
‘which will giVe}more:accurate results than the Q}mpiified apprdach'
utilized inAthe thesis. In fagt,bih’the first three of the special
. cases discussed, the simp]ified'approach‘givé'the same results with
'i_liheér progrémming. In thé case, where some of the failed trunk
grhupsiare common tdkthe routes of a relation whi]e'somévothers are .

not, the simplified approach overestimates the number of required
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| stand by c1rcu1ts because of the 1ndependence assumpt1on for the ‘
routes wh1ch not true a]ways Th1s s1tuat1on is 111ustrated on a
numer1ca1 examp1e where resu1ts are obta1ned both by the s1mpl1f1ed
‘approach and by 11near programm1ng for a spec1f1c traff1c re]at1on
'of the test network | v | . . |
“The change in the number of tota] stand by c1rcu1ts 1sv.
exam1ned with respect to d1fferent values" of max1mum end -to- end
blocking a]]owed in fa1]ure cases. As expected, the number of re-
. quired stand-by circuits decreases as the maximum end-tofend b]ock1ng"
a]]owed 1n fa11ure cases increases. | : o
The first natura] extens1on of th1s study is perform1ng the
. stand by opt1m1zat1on process L1ndberg (1980) suggests some solu-
t1on procedures to this prob]em, and a]so in L1ndberg, et a], (]983)A
a br1ef descr1pt1on of the stand -by opt1m1zat1on prob]em 1s g1ven |
In the so]ut1on procedure for all cases the s1mp11f1ed ap- -
v aproach is ut111zed but as exp]a1ned above, it would be more realistic
‘ to switch to 11near programm1ng whenever s1tuat1ons as'"hav1ng more
than one route in fa1]ure, with some trunk groups_common and some
‘ others arevnot" occur. In'ali the remaining cases the simp]ified
- approach can be used; | | | g
| Nh11e‘determining the gTObal'tratfic offered-to a‘trunk group
the 1ndependence of the traffic streams. were assumed wh1ch is not true .
in rea]1ty To be more rea11st1c a covar1ance term s1m11ar to the
: one g1ven by Deschamps (1979) may be introduced or a procedure for the
"decompos1t1on .of traffic in 1oss systems s1m11ar to the one proposed

by Manf1e1d and -Downs (1979) may be ut111zed



A failure probability or an’avaiTabi]ity value may be in-
‘troduced for the transmiésion,mediaVWhich~wi11 probably lead to

‘ examination of the transmission medié\ohly having considerably high‘

L fai]ure probébi]ity.

- Finally, a quite different approach to this problem may be
the‘consideration of ‘cost factor at the beginning which may lead to

‘solving,a'dnique pfob]em to obtainvthe'optimum»stand—by network.



APPENDICES o
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APPENDIX A
NUMERICAL COMPARISON OF THE METHODS
FOR CALCULATING THE ERLANG-B VALUE FOR
NONINTEGRAL NUMBER OF TRUNKS o

_Here a numerical comparison of Jagerman's Appkoximation,

"Approijation"Thfough a Continued Fraction and Rapp's Approximation.

‘ ~}'are”1s given.. For a set of 10 values of X and M, where X is eiiher'

integer‘or»anyvrea] number, the computer resu]té are given for
B(X,M) by thoée threeAmethodsUin Tab]e‘A.]. Where X is the number
of trunks'éhd M.is.ihe mean of the bffered‘trafficN(Tab]e'A.Z). B(N,M)
véiues ake tabu]éted wheré N are the‘nearest integer vaiuesvof the
,fnonintegér va]ues.éonsfdéréd in Table A.1. Table A.2 is proUided to
show - the poésib]e érror that ié’madé by simply téking thevnearest' |
integer va]Ue/kather than Using~oné ofvthe‘propOEed approaches for
th1s purpose N is taken as ‘the nearest integer to X.

Look1ng at Table A 1, one can conc]ude that a]] of those:
'methods give a]most the same resu]ts except for the cont1nued frac-
‘Ntion fdr X = 80 aUd M ; 60 - But in Section II, 1t was ment1oned
that the cont1nued fract1on techn1que is not app11cab]e in cases

where 15 < M <-X.
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TABLE A.1 - Numerical Comparison

T e S
120.70  255.20°  0.530460 0.530460 0.530460

10.50  6.75  0.053409 0.053384 0.053384 .
10.82 . 9.50  0.15015 - 0.15012 . . 0.15012

© 3.50 0.90 - 0.024345 . 0.024313  -0.024311
20.00 - 40.00  0.521310  0.521310  0.521310

60.00 - 45.00  0.0054342 . 0.0054603 . - 0.0054342
80.00 . 60.00  0:0021987  -0.44181 ©0.0021986 |

710.50  13.00  0.022790  0.022785 0.022786 |

400  9.00 0.61381 0.61381  0.61381
1550  50.00  0.69833 0.69833 .~ -  0.69833

© TABLE A.2 - B(N,M) Values

N M B(N,M)

121.00  255.20  0.52930 |

11000 6.75  0.040618
4.00 0.9 0.011141
£ 20.00 -13.00 10.018110

16.00 - 50.00 0.68870

Looking at Tables A.1 and A.2 Eimultaneousiy,.it can bévseen

that especially for small values of M rounding off X tojthé.néakest'
“integer 1eads'to quité notable erroré.‘ For examp1e;

B(3.50,0.9) = 0.0243 ~

"~ But,

7 B(4.00,0.9) = 0.0111.



* APPENDIX B
A NUMERICAL ExampLE FOR -
‘THE LP FoRMULATION

As mentioned in case (1v) of the spec1a] cases stated ‘
in Section 4 3.4, the S1mp11f1ed Approach ut111zed in the thes1s
overest1mates the_requ1red stand-by capac1t1es because of the N
"‘assumption of indebendence between.the routes.
| o Consider the fa11ure of .transmission med1um 12 This
failure affects'the trunk groups, 1, 6 9, 11, and ]3 Cons1der1ng
kspec1f1ca11y re]at1on 30, wh1ch has three routes, all of those routes
..are affected by thevfa11ure. The ]1st of the trunk groups 1n the |

routes of relation 30 are:

. 1st Route I 1, 4, 14
2nd Route : 1, 6,9
3rd Route : 1,6, 12, 14

Trunk group 1 'is common to all the routes 6 is common to
~ the 2nd and 3rd routes and 9 is used only by the 2nd route Sov‘ |
this is typ1ca11y the s1tuat1on-def1ned.1n case (1v) of section: . -
" 4.3.4. Using the notation used in Section IV the LP formulation

" for this case is as follows.
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Mg 1,
Nis12 + AN 0

N0

‘»mjn AN],]2 +'AN6,]'2 +

4,0 “902 T 9,002 T 92,12
*a3,0Y3 7 93,12 = A3 50
2 N1 APRELRTS
6.0 yz Ng,12 * 8Ng 12
9,0 Y2 S Ng 1o + g 15

Ny
N
N
Nyo Y3 SNy g * 8Ny 4
Ne 0 Y3 < Ng.q2 * NG 15

<Moo "M

<Nso " Ne,12°

2Ng0 7 Ng 12
AN] 12° ANs 12° AN9 1220
L Ya¥3 20

Now,'if7we‘p]Ug‘inithe-Qalues and order the terms, we obtain,

+ AN

min ANy g5 % aNg 15 * BNg 1o

s.t. 4 49AN

1,12 + 280.8_y2 + 153y3 = 949

180 Y5 - 0

‘ My
300 Yo - AN6 12 5_]12
woa-ﬂm]ziﬂ



AN

1,12 = 180
| AN6 1, <188
-‘ANg 1p < 30
AN1,12’ Mg 127 N9 12 —.0
Y3 2.0
'Solving the above LP yields
BNy 1 = 79.56 = 80 - a
Ns 12=0
: 9;12 = O_;"

But,so]ving.fhe same probiem by the simblified apprdach; we obtain,

Q<
|I

1 4 (180) . 40.09
az'g.____ (180 + 300 + 90) = 1365.38
186 |
.= —— (180 + 300) = 564.706

1 0.85

min {ay,0,,0,} = o,
Thus,

q = min{3.05, 4.49} = 3.05

Aaq qp = 3.05
AN-I ,12 = (N] ’O./q] ,0)(Aq] ']2)
. AN] ]2 = (‘180/4.49)(3.05) ]22 27 ]22’

As .it s shown above LP and the s1mp11f1ed approach g1ve qu1te d1f-

ferent resu]ts in such cases.
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~ APPENDIX C
DESCRIPTION' OF THE INPUT DATA

The descr1pt1on of the 1nput data together w1th the nota- .

t1on used in the computer program 1s as fo]]ows

MR o Number of,Traffic Relations
KN " Number of Routes |
NT R Number of Trunijroups
RACIR) . : Traffic offered to Relation IR. IR = 1,...,MR.

NTCM(IT) :'Capacmty of Trunk Group IT m=, ...,NT.
NRPK(IR) : First Route Po1nter for Re]at1on IR IR -51;...,NR.

KPT(IK)~ : F1rst Trunk Group Po1nter for Route IK
: 'IK“] s KN. o , : , .
LKT(IL)_»NR: L1st of Trunk Groups in Each Route IL =1, .,LKTN.
LKTN - : Number of Elements of List LKT: ,‘ | L A
CRBF : End-to-End Blocking Allowed i Case of Failure.
~MVN : Number of Transmission Med1a . o
MPT(IM) : Med1a Pointer to Trunk Groups IM = 1,,..;MVN.
LMTN : Number of E]ements of Lists LMT and LCM.
-~ LMT(IL) o List of Trunk Groups to Media.
- LCH(IL) .-: List of C1rcu1ts of Med1a for each Trunk Group

MF(IM) : Failure Condition of Media.
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. ~In the aboye Tist of-the inputvdata every parameter and
array 15 underStood easily other than NRPK(iR) KPT(IK), LKT(IL)
which define the routingvpattern. L1st of trunk groups is g1ven
by Tlist LKT and the relations and routes are separated by the use
of pointere NRPK:and KPT. Rout1ng description and the use of those
: po1ntersareexp]a1ned on the test network in Append1x D.

MPT(IM) is a]so a po1nter wh1ch he]ps to f1nd the list of '
”v the trunk groups routed on medium IM from the 1list LMT(IL) Tak1ng
_:IL MPT(IM)v LMT(IL) g1ves the f1rst trunk group routed on th1s

" medium and LCM(IL) g1ves the number of c1rcu1ts of that trunk group

| routed on IM '

| ,.MF(IM)vcan be either zerovor one, whioh‘snows a non-fai]ing

‘ or a fa1]1ng med1um respect1ve]y In the test network'studied 1n )
'th1s thes1s MF(IM) = 1 mean1ng a fai]ing*transmissi0n~medium,'for

»a]] med1a
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| APPENDIX D
ROUTING DESCRIPTION

}ROQting descriptioh'is given by the foT]owing three arrays. -
NRPK(IR)'gives'the‘firSt route used by reTation:IR B
KPT(IK) g1ves the p]ace of the f1rst trunk group used by |
~ route IK on Tist LKT. . ,

‘: LKT(IL) g1ves one after another a]] trunk groups used by
each route..

In the test network of F1gure 5. 1, stud1ed in Sect1on v,

MR =30, NTz15 L o K = 52 |
NRPK = 1,2,3,5,7,9,10,12,13,14,17,18,20,23,26, 27, 28,29,
31,32,35, 36337, 39,40,43,44,46,47,50,53.

KPT = 1,2,3,4,6,7,9,10,12, 13, 14, 16,17.18.,20,22, 25 26,
27,29,31,33,36,38,40,43,44,46, 47,49,52, 54,57 60,
64.,66,67,69,72.74.,77.80,84,86.88, 91,92,95,98,102,
105,108,112,

CLKT = 12//11//10//12,15//9/12,14//8/11,13//7//5/7,11//

15//18//5,13/7,8/7,11,13//6//4/6,12//4,15/6,10/
‘6;12,15'//4,14/6,9’/6,1'2,14//13'//3,7//3'//3,5/‘3,7,11// |



LKT cont1nued
3 ]4//3 5, ]3/3 7,8/3, 7,11,13//2, 7//2//2 5/2 7, 11//
2,15//2,5,]3/2,7,8/2,7,]1,13//1,6//1,4/},6,]2//]// '
1,4,15/1,6,]0/1,6,12,15//1,4,14/],6;9/1,6,]2,14//

" In 1ist LKTVdoub1e $]ashes Sepahaté-the'relationsband sihg]e
_s]ashes separate the routes. and they are determ1ned from the po1nters
- NRPK and KPT. | '

' For examp]e‘1f we want to read the trunk groups on the ~
routes of relation 18. NRPK(18) 29 and NRPK(19) Mean1ng
' that the first route of re]at1on ]8 is the ‘route 29 and th1s re]a-
tion has two routes (31 - 29 = 2)  KPT(29) = 47 and KPT(31) =
Meanihg thatvfromALKT(47)ltouLKT(S]) we haye the 1ist of the trunk

' groups‘of‘helatidn 18.

LKT(47) - LKT(5])
3,5/3,7, 15
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APPENDIX E

EXPLANATION OF THE COMPUTER PROGRAM

The variables utilized in the computer program to designate -

‘the necessary input parameters and data were exp]ained in Appendix C.

The var1ab]es denot1ng the bas1c outputs of the . program and some

add1t1ona] var1ab]es used within the computer program are as fo]]ows

“TMAt.)

()

MT(.)

MK(.)

MR(a)

INF(.)

CNPT(L)” |

OTB(.)

'TA(.)

: Mean of each traff1c stream offered to a

trunk group.

:Variance of each traff1c stream offered to

a trunk ‘group.

: The number of prev1ous trunk group for each

traffic stream

: The number.of the route to. which the‘traffic'>

stream belongs to.-

. The number of the relation to Which the traffic
stream belongs to.. : ‘ _

: Maximum number of streams that .can. be paSS1ng
through each trunk group.

: Po1nter used to determ1ne the p]ace of 1nfor—
.mation related to each trunk group in the
‘ arrays TMA, TMV, MT, MK and’ MR

: The: rea]1zed b]ock1ng probab1]1ty of each

trunk group.

:‘Mean,of_traffic oftered'to each'truhk.group.
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TV(.) f‘Variance'of~traffic’offered to_each trunk
: group. ‘ N
REQV(.)  : Number of equ1va]ent c1rcu1ts for each
traffic. reTat1on :
REQMN(.) :'Minimum number of equivalent circuits for
% . each traff1c re]at1on -
“EEB(.) : The reallzed end-to-end - bTock1ng probab1]1ty
I for_each trafflc relation.
- CR(.) ¢ Traffic carr1ed by each route..
 MFT(.,;) : The matrix stor1ng tne 1nformat1on related to

each fa11ure |

In MFT, the first co]umn except for the Tast row, is used to store"
numbers of the trunk groups affected by the fa1Ture _ This column is
updated for each fa1]ure. The second th1rd and.the fourth columns -
again except for the last row are used . to show whether the fa1]ed
trunk group1515edbytne f1rst, second and th1rd routes of a re]at1on
simply by subst1tut1ng zero or one. For examp]e, if MFT(4 3) = T

it means that the fa1]ed trunk group whose number g1ven by MFT(4 1)
r_ is “used by the second route of that re]at1on. The f1fthncolumn
~simpTy stores the rowwise sum’ of the vaTues in the second th1rd

‘and the fourth co]umns, in order to check the anoma]ous trunk groups.

- The last co]umn is used to store the number of stand- by circuits.

.The last row keeps the total number of trunk groups fa11ed in each
_route of a spec1f1c re]at1on ATT the co]umns other than the first.
~one are updated for each relation. Number of columns of this matrix
is obtained by adding three to the mameumlnumber of alternate routes
- .. that a traffic re]ation may hate'(which isvgiten as three in the test‘

network so MFT has six columns). Number of rows is Obtained'hy adding

N
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one to the maximum number of trunk groups that may be affected’by

a failure (which is giuen as seven in the test network).

CETG(.)

QRF(.)

NF()

ITGFR(.)

| NALFA(,)
lALFA(f)

DELOK(.)

MSER(. )

raNFTG

VETGF(.)»

: Number of equiVa1ent circuits for each route.

: Number of equ1va1ent c1rcu1ts for each route -

as-a resu]t of a fallure

: Number of equ1va1ent c1rcu1ts for each re]at1on

as a resu]t of a fa1]ure

3 Capac1ty of each trunk group as a resu]t of a
failure. ,

: -Pointer to the fai]ures,descrihed in matrix MFT.
:}Fai]ed route_numbers for_a reTation.
: o’vaTues for the routes givenfby-NALFA:
D AQF va]ues for the fa1]ed routes |

: Total number of requ1red stand by c1rcu1ts for .

each transmission med1um fa11ure

:'Max1mum number of trunk groups that may be

affected bj a fa11ure

The objectives‘of the subroutines with ‘their input require-

-~ ments and,issuing\outputs'are given in the’following paragraphs.

SUBROUTINE OVERFL

The mean” and variance of the overf]owing traffic distribu- 

"~ tions are calcu1ated

The necessary 1nputs are the b]ock1ng value,

. the amount of traff1c and the number of c1rcu1ts which are determ1ned'

accord1ng to Freder1cks

approximation in case of nonrandom,traff1c.v
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SUBROUTINE CARRY

4'The meaﬂ.and/thevvarianée,Of thevcarried‘tr§ffic.distribu-v
vtionquEe‘ca1cu]ated.‘ The hecessary inputs are thé amount of»traffic |
blocking vaiues for the actual cjrcuftsﬁahd:for one less than that

value.

' SUBRO UTINE RECUR
| The Er]ang -B va]ue is ca]cu]ated by its recurs1ve re]at1on
vThe 1nputs are the 1n1t1a] va]ue obta1ned by Rapp S approx1mat1on in
case of noninteger number of c1rcu1ts, number of c1rcu1ts amount of

‘traff1ct

SUBROUTINE EQVCIR -

- Determines the number of équjva]eht circuits by makfng'USe :
'_of the recursive relation ofjthe Ef]éng;B_formulalgnd Jagerman‘s |
approximation. The inputsvare the amount of traffic and the\Efianng

- value.

| SUBR&UTINE ALFAC : .

'Determines the alfa ya]ués fof éach;foute as defined by the
simplffied aphroach thé_inputs‘are‘the infOrmation-related t0'thé:
failure such as'matrix.MFT,arrays.ITGFR, NiCM,'ETG;‘and_the numbef

~ of the initial route of the interested relation."

| SUBROUTINE SIMPLE
Pérforms the procedure given by Algorithm Simple. That
-15; determines fhe equiva]ent.Standey-circuits for each route.

~ The necessary inputs are the total stand-by requirements for the
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-interested relation, alfa values obtaihed by SUBROUTINE ALFACvand
1nformat1on re]ated to the equ1va]ent c1rcu1ts of the. routes given

‘by ETG and ETGF

SUBROUTINE SBRC
' Determ1nes the stand- by requ1rements for the trunk groups

J:;affected by the failure and used by a spec1f1c re]at1on The neces-
. sany 1nputs are given by ITGFR, DELQK, NTLM- NALFA ETG ETGF ~NF' |
wh1ch are exp1a1ned prev1ous]y, and the number of e]ements stored 5

in array ITGFR
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APPENDIX F
LISTING OF THE COMPUTER‘PROGRAM
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RETURN
END .
9 UHANK .
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RETURN
END
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4 CONTINUE - ,
RETURN ’
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...4
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Z
,‘
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GO TO 811

B CONTINIUE

811 FGC= N-1 +DELTA
RETUK
END
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