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ABSTRACT

\

\

|
The aim in; the transmission facilifiee planning preblem
fo£ a telecommunication network :is to decide on the
" routing of the trunk groups over the transmission.netwofk
and ﬁypes and capacities of faciiities, so that, for. a
giyen set of trunk group requirements," the resulting
installation cost is minimized and a certain degree of

reliability is maintained.

In the present study, the optimization preblem and 1its

characteristics are presented. .In fhe formuleti‘en, of the
problem, a new dimension, technoiogy of the . eystem, is
introduced. This leads to a multi-fixed eha?ge cost
' function with concave continuous'pertions. The concevity
reflects the ecoﬁom%es of scale of the investment cests.

Also, alternatiye‘péﬁhs in routing the trunk groups are

\

considered to assure a certain satisfactory degree of
’ |

- reliability. é
\

i
i

Three binary mixed integer programming models are deve-

loped and applied to aitest network to show their functio-

nality and to set a comparisbn basis for future study.

Keywerds : - Investment Planning

- Telecommunications Network

(iv)



OZET

" Aboneler arasindaki telefon badlantilarini sadlayan tele--
komiinikasyon §ébekesi; séntral ve iletigim gebekesi olarak
ikiye ayrigtirilap incelenmektedir. Santral §ebekesi,’bif—
birlerine devreler ile badlanmis santrallardén olugmakta-
dir. Iletisim gebekesi ise santrallari baglayan iletigim
sistemlerini igerir. Telekomiinikasyon sebekesinin eniyi-
lenmesi (optimizasyonu) iki etapta -dﬁgﬁnﬁlmektedir.
Santral gebekesinin eniyilenmesi olan birinci kademenin
glkﬁllarl ikinéi optimizasyon kademesi olan iletisim sebe-
kesinin eniyilenmesi problémine gi;di olérak kullanilmak-

tadair.

iIleti§im sebekelerinin eniyilenmesindeki hedef santrallar
aras;nda doJan talebi iletecek eniyi (optimal) dagitim
yollarini saptamak ve segilen iletigim sistemlerinin kapa-
sitelerini belirlemektir. Bu hesaplamada, jonksiyon devre
sayisi taleplerinin enkiiglik (minimum) maliyetle karsilan-
masl ve abonelere yeterli bir éervié ve glivenilirlik séé—

lamak amag¢lanmaktadir.

gallgmada, probleme yeni bir boyut getirilmig.ve sistemle-
rin teknolojilerinin segimi de formiilasyonda igerilmigtir..
Bu boyut, problemin &nemli bir &zellidi olan ve yatirim

(v)



maliyetlerindeki 6lgek ekonomisini temsil eden ig¢biikey ma-
liyet iglevinde sigramalara yol agﬁaktadlr; Literatiirdeki

séigisel ve .yaklagik ¢oziim yordamlari bu boYutu, genellik-
le ele almamaktadir.

Bﬁ'problemi'gézmek amaciyla li¢ tane 0,1 karmasik tamsayi
- programlama modeli geligtirilmigtir.

'Bu modeller lrlanda telekomiinikasyon sebekesinin bir bdlii-

minli olusturan bir test gsebekesi igin géll§t1r11m1§ ve

mukayeseli olarak deJerlendirilmiglerdir.

(vi)
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CHAPTER I

 INTRODUCTION

A telecommur;i'cations‘ network is the means of inter—cdnnec-—
ting telephone customers on demand. It comprises telephbne
exchanges 4(switching nodes) inter-connected by trans-
'missvi'ori, éyétems (links). A national network can be consi- .
dered [_as.ia: number of inter-linked discrete sub-networks
and ‘alsd' being composed of a switched network and a trans-
m.i'ss;ibn network. ‘

The’-_s.wiit‘ched‘network c.Qmprises switching nodes ‘inter-con-
nectéd_:—by"groups of circuits (trunk groups) which carr‘y

the 'p'aré:éls ~of telephone traffic.

The -transmission network consists of transmission systems

int et#ccm ecting switching nodes.

In real-l_ifé telecommunications networks the planning pro-
cess consists of two major steps. The first step of the .
planning - process termed as trunking analysis (Baybars,

et.al., 1981), (Nivert, et.al.,1983) translates  the



“origihating traffic demahd'ihto trans- mission channels or
trﬁnksui.e.-deterﬁines linkwise .circuit requirements. This
andlysis employs a network hiererchy which petmits blocked
trafflc on a direct' route to be switched through other
junctlons, eventually reachlng ‘the - 1ntended destination
_(altetneteerOuting); The output of the trunking analysis
isia-liStfof trunks between all point pairs.e

Thefﬁseoondf'stepv of ‘the ‘planning 'process considers the
SO—coﬁﬁuted; trunks.' as ihputs to a facilities plenning
model: by referrlng to them formally as circuits. The task

- at thls stage may be termed the transm1551on fac111t1es

plannlng problem in telecommunlcatlons network: given -

p01nt—pa1r c1rcu1t requirements, find a minimum cost faci-
llty 1nstallat10n plan by specifying the type of trans—
mission systems and the links themselves on which the. sys—i
rtems_areito be 1nstalled ‘as well as the number of circuits
to be'ihstelledion'each such liok. Formally, this optimi-
’Zationtbrobiem is a fixed?charge multi-commodity flow syn-

thesis problem .

The overall purpose of this thesis is to develop a

transm1551on network optlmlzatlon model. Three different’



models are developed and tested for comparison ‘against.

each other.

In Chapter II, a general'definition of the problem ié pré—
sented. A brie£ review. of‘the relevantiliteratgre on the
transmiésiOﬁ'neﬁwork~optimization is given in Chapter 111.
The~spécifié‘a55umptions and the f&rmﬁlqtions of the deve;‘
ldpédilmoaéls are described ih Chapter 1IV. _The general
inéut’jfequirements and the discussions on the numerical
resui;s aré included in Chapter Vv, while thé Appendices

contain the related computer outputs- and some mathematical

calculations.



~ CHAPTER II -

. . N

PROBLEM DEFINITION \

A telecémmunications neﬁﬁork is a cbllection of j\inctﬂions.
(orf'pbiﬁts) some or all which are :joined by direct commu- \
nica‘é,ién klz-';hks. It can be picf__or’ially ‘revprésented '\by\ a
graph'_:“n_hose b"verti‘c’es“"v and - "edges;' corr‘es.pond to ‘t‘he
‘."poiriﬁ‘s';. and the "liﬁké“ of the netwbrk, re\speétively. For
insta;'me; the graph. of ‘Figure_ I1.1 represents a r‘eal—lif’e
tél‘e‘communica'tior}é network witﬁ 8 points and' 15 dife@:tl

links..

Sy . : o .
\ .
‘\ .



A lihk iS;a‘collection of;facilities known as transmissibn
equipﬁent, Which'.wﬁen' taﬁen together comprise various
transmiésion' sys£ems; The main components of a' trans-
mission syétem;are the circuits. One of the traditional
transmiséioﬁ facilities is the cable consisting of“a large
numbéfiqf wifes. In real-life telephone networks there do
notvexi5£ direct4communication lines between all>pairé of
poihté;:ihat-is, in;graph theoretic terms, telephone net-
 worksfafe5gtypical1y non-complete graphs (Baybars, et.al.,
l981)g'ﬁbWévérithe graph is connected énd therefore,_it is
pbésiblé  tov dial any>7point' from = any .spécific point.
Traffic;jin.the formiof voicé teleéhpne.calls, originate -
at a v"jdnct‘ion A, such as a.. city,. to'. be trans'niitted to
aﬁothérljﬁnctibﬁ B} termed the destination;.lf'between two
points a direct cbmmunication link does not'exist,vthén_
thé ééii is'trénsmittgdlthrough a sequence of links. For
kinstahdé,”infthe‘nétwérk ofVFigure II1.2 the traffié for
| A g can be also transmittéd

throﬁgh‘thé communication4lines represented by links L

the pair of points P, and P

AC
.  Depending on how dense (in terms of the number

CB

Of'liﬁKS)”the‘hethrk,is_},theré may be a few or many such

and L

sequénCés of links ‘which could carry the traffic of a
'specific link. Such sequences  will be _refefred to. as
‘alternété rQutés;\

.
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Furthermore, if . the. . customer ‘demand - for 'some ' pair
A(PA,PB),Aexceeds the capacity of direct. PA ~.to -PB
communication 1link, excess demand can be switched to an

alternate route.

The éize30f the problem grows exponentially with the. num-

bér:of:?alternate routes” for each demand relation.

Routing‘implies‘that more than one set of circuits can be
binéﬁailédléh a link to meet the7requireménts of several
reiaﬁioﬁs.,Hdwevér, thé fixed cost bf installing a system
isfiﬂégéneral éo high‘and there is.so much economies of
scaléi_iﬁvolve&\ in installing a larger fsystem‘»that, it

often is less expensivé to route them then otherwise.

a

. st
PR
I

Figure II.2 Alternate Routes



The structure and dlmen51ons of the transmission network
are governed by the need to route c1rcu1ts in the most
cost-effect;ve manner and to give the customet a prescri-
bed“standa:d« of service in terms of the proportion of
succeszudealls‘during the busy hours of the;day. Other
factors.that;can degrade the'quality of service perceived
by the customer are caused by equ1pment failures and con-
gestloa due to unforeseen surges of traffic due to custo-

mer’ behav1our,

Thefmain_objectivelof the transmission network optimiza-
tion is thus to route the trunk groups requirements in

suchdanwayﬂthat the overall system cost will be minimum.

Some ‘related aspects and principles are presented below in
ordereto;give,a;better understanding of the transmission

ISYStemdtechnology;~'

-tII.l Technological Aspects of Transmission Systems

TiansmiSSion*systems”exist to'provide circuits for trans-
m1tt1ng speech and other ~signals between the nodes of a

telecommunlcatlons network.' A c1rcu1t prov1des for the



\ R
transmis}isien of these'signals in both directions. If the
.circui-ﬁ uses a sepvar'ate transmission path for each direc-
'tiori'v," theh.ﬁ eaCh of these unidirectohal; paths is called a
chanr‘le’l'. In general, a complete channel consists of sen-
dingv,kequi‘pmen't at a terrnir;al st'ation, -a transmission link,
which:'ﬁ‘iay'containr repeaters'at intermediate stations, and

re‘c_:ieiv'ivng’_ equipment at another terminal station (Flood,

1975) .

_Beth .ftirans&xi'ssien channels and ‘the signals they convey may
be vc‘l.‘a'srsi,f‘ied in two broad classes: analogue and .digital.
Ananalogue signal is a continuous._ function of: time; at
,aziyii.‘rista'r{td.it».may have any value _betwe‘en“limits set by
th i“".imaxim\im: power that can be transmitted. Speech signals
are"ah Obvious .example. Av, digital signal can only vh’ave»'
dlsc\rete Values. The most common digital 51gnal is a-
blna‘r:y 51gnal hav:.ng only two values (e.g. 'mark' and
spac;e 'or "l" and '0 ) A telegraph signal is thus a di-
gltal\ 51gnal. A television waveform is a mixture of ana-r“

!
i
1

logue.: and digital signals, since it transmits both the

picture, contents and synchronising pulses.

‘To transmlt an- analogue s:.gnal w:.thout error the channel‘

must. be_a:gllnear ystem. Any departure from llnearltyf

.



‘_causes nonllnear distortion of an analogue signal. Cable_

systems and radlo -relay systems equipped w1th llnear amp-
1ifiersnare examples,of analogue channels. A digital chan-
vnel does;not‘require to.be linear,,since its output pro-
vides a-number of diScfeﬁe conditions correséonding to the
input slgnal; An example_of.a digital channel is a tele-
grapngolrcuit,'whose output signal is provided by the ope-

ration of a relay. '

'iﬁ-d@éé?not follow that analogue slgnals must always  be
ttansmlftedg over analogue channels and digital signals
ovefftl.aigital | channels. Data communication = and
v01ce—frequency | telegfaphy over telephone lines are
examples of transm1tt1ng digital signals over analogue
’channels. Analogue 31gnals may be coded for transm1551on
over: dlgltal channels by means of analogue to-digital con-
verters. An example is the transm1531on of speech by means
of pulse—code modulatlon over lines equlpped with regene-

rators,

If,a~linkzcan provide adequate transmission over a band of
frequencies-which is.wider than that of the signals to be
sent, 1t can be used to prOV1de a number of channels At

‘;ithe sendlng termlnal the 51gnals of dlfferent channels are



»

A—s’-‘"’"“
i i

10

combined to form a composite signalef wider bandwidth. At
the réceiving terminal, the signals are éeparated and

retransmitted over separate channels. This process 1is

‘known as multiplexing. The separate channels that enter

and"leave_the'tefminal stations are called baseband chan-

nels and the transmission link, which carries the multi-

plex;YSignél, is called a broadband channel or a bearer

channél.



CHAPTER III

LITERATURE SURVEY

Capécify;ekpénsidh modelsvhavenbeen extensively uged for
 coﬁﬁﬁﬁ§§a£i§h network applications (Lusé; 1982).
Geﬁeiéx;§;1 in .invesfment. plénning -and capacity expansion
,prébléﬁs;fthe major -decisions are:

‘ V(ijiih?éstment'and/or expansion"capacities

:Kii} time‘of investmenté and/or ekpanéions

b‘(iiij;iﬁvestment‘aﬁd/or expansion locations.
,Thé?ffirsﬁ.'issue, to 'bé considered 1is the capacity of

investment.

The  sécoﬁdﬁ issue .is‘ théf time of investments. In  this
’stﬁa§, €ﬁekprob1em is solved for a target network which is
jaiméaféoAbé a;hieved,after a certain time period anq is
'cénSidefed' static Qhereas in - real-life it -“should bé
dynaﬁid. But in,tﬁe case of unsgtisfied demémi in othér
Qbrds‘ a wéiting list or backorder (as in"inventory

¢

11
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sYstemS), the modeltoan’be visualized as a static one..So

the.- dec1510ns on the tlme of 1nvestments and/or expansions

are not relevant,ln thls type of'formulatlon;-

_ DeoisiooS“on~ invesfment- and/or expansion location have
vital 'importance i.e. "which link's cépaoity in the
transﬁ1s51on network w1ll " be  expanded" constitutevvthe
thlrd 1ssue. So, the questlon "which link's capacity" in

communlcetlons networks replaces the "at whioh location"

questlon of general investment location problems

Fu?the;ﬁore;i,a, new dimension: which is.'generall§ not
'ébhgiéétea is introduced vin' this study. This is the
”technology or type of the transmission system (Luss,
_1982). In 1nvestment plannlﬁg models, the investmentrcost
functlon belng usually concave, ,exhibits economiesv of
scale; P0pular'cost functions are | |

(1) the power cost functlon

f(x) Kx2 (O<a<l) B ;{}0
((ii5utﬁe f1xed charge cost function B
R : 0 o f if  x=0
E(x)= |
| 'AV-YI-»BxT,I"k1 N if x}O

v’(iii) of-some,oombination;offthe two. .
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quéveri in 'some‘uépplicétioqé such as’ telecommunicétion
hetﬁorkS; tﬁe coét-function is .not continous. It is easily
’seénjthét;when;diffgrent téchnologies are considered, the
costrffﬁhction displayed is gquasi-concave, ,i;e. it is
COncavé 'iﬁrfﬁhe .range covered by any single technology
fFigﬁrejIIi{l). The bbjective function might have‘jumps.at
»£hé éép#gitieé”of the sfsteﬁs.This point as gmphasized in
Lusé“sgéiééllént paper [8], is not so simple to overcome.

It‘éaqseé:additional difficulties in solution procedures.

'{,COSt 4

- e

—— o g—

>

Capacity

'~;;FigurefIII;l Cost_function



14

In another study, Ulusoy: (1981) developed a. heuristic
’élgofithm wﬁiéh takes économies of scale into account. He
considered that a unique technology will be applied. So he

accepted an objective function such as:

1.5 %.. . 0&X.. £140
RGN 5 ) ij
£..= 41.2x,. + 42 140< %, . < 220
i3 7773 . ‘ ij ==
[0-6x5 174 220 x5

'Also;in‘ULUSOY's'paper only oneiroqte is considered for
 eachf félatién, so the réliability qf the system is not
inélﬁagé;; Fixéd 'cﬁa:ge is consideréd together with the
impééf bf different_fixed charge'levels whicﬁ-carries the

ingredients of a heuristic.

Evfaﬁﬁé <i982), Nivert et.al. (1983) presents  studies in.
which:féuriStié'algorithms'have been developed for lérge
scalé, hééwd#ks. ih ‘those stqdies,, fixed éhargés” are
coﬁsidéred»aég the links and different ;échnolbgies are

'représentéd by parallel edges. =
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Iln-‘ thisv:;_:"_t‘rhesis‘,» . the | pfol‘)lemr of transmission network
optimizet'ien_ will be tfeated as a .binaty mixe(.i’_'integer
‘pfoblem; 'I'he first questioe 'that .comes to the n.lind is "Why
is ai’.i".iht‘eger 'prdg,ramming model not considered 2". It
seein:s. ur;yl"_ea‘_seneble to skip. the possibili‘ty, for instance,
to 1nstall tw0'systems with thirty units ef 'capacity
_inste’a;é‘;o‘f;‘; one system with ninety units of capacity if the

required units are thirty-five.

) _,As' seen 1n f‘igure' I1I1.2 _the _characteristics .of the
vsele’etea: _'cost‘. functions are such that the costs incurred
byaddlng a se_coné capacity of thirty units and rusing five
unltsof ‘tlha',t' sy.steﬁt is much 'highet than selecting a
system Qith _’ninety" units. The breakdown point of the two
systems ,‘i.s-' at point y(30,875)». Until‘ and including thirty
unlts, system I 1s cheaper. In the' range Dbetween
_thittyeohe and ninety units system II is the cheapest;
,ffoxﬁl‘ﬂisety-%one system 111 is’the;:l'ess costly.

' So t"d cdhsi’der a second system unit of the same ‘systemA
type'ivwi'lrl: net be an optimel solution. It will oniy
‘>i'r>1c'1.;ease ythke.size of the problem as well as the computer

- time. S
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The cost functions (Baybars, et.al., -1981) which are

Cos’E

multiple‘fixed,chafge in nature are graphically presented
on Figure 1III.3 are shown below. These are the cost
functions - utilized in the example problem solved in

Chapter V of the thesis.

- {s30000 + 3100x 0 <x £30

B(x)=| .
1870000 + 1077x . 30<x <90

4 B

B | 1
- o i ]
Stsor o e 1
_— , , "
. ~ S i

: SR ;

30 6 %0 A Ny cqra_c_‘.{j

Figure III.2 Cost Functions
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Opposité' ;bj;the; operational planniné Aﬁethods, the model;
developéd:.‘by ~ Claus et.al. (1981) allows a global
cost;épei@alvnetﬁoik wﬂich iéﬁsubjeét to a certain éet of
éonstréiﬁt§;  His 'papgr describesi a‘ p;actical plannihg
probieh,; takén f:om the work ’of the “Netﬁork Planhing.
Dépér#méﬁtuof the Telecommunication'Administration of the
"'DeutSE£e fBunde;post". The actual planning problem is to
~utiiiiéfaﬁd;to exteﬁd.tﬁe»capacity of an existing burried
”cab;éi;ﬁé£ho;k _in sgch a way that all (futdre) t:affic

requirements are met by minimal costs.

".The;matﬁéﬁatiqai'structure of the entire planning pioﬁlem
fis'%é l@iﬁ§djinteger_ pfgg%am.. The decision vériables are
firétf}disérete digital systeps'(PCM)’set up on ekiétihg
: cable iines_and secﬁnd, new'éable links required in the
futﬁreg,Eufthefmorej_ﬁhé,formulation takes account of the
,circuié;”capacity of the system ‘and path diversifiéétion‘

réqgiréd fot,reliabiiity~reasons.
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FORMULATION:-

(1) Cost functlon-

" e\ D on o
,rkmln cost = (Zz 4 S STa v,
FEE i\ 13 13 et jmie 131D

+ 3100000 Pyj + 3> = 100000 Vij)
LR ¢ i
J X

(2) ;Restriction,of capacity: The flow on link (i,j) must
bé smallet than or equal to the existing circuit cap'a.cifﬁy.
‘plﬁ,é“:’ua- n'ew'_ci‘_'rcuit capacity achieved either by a new cable
and/orr by PCM systems (no PCM on new links).

’ LK + 27 + 7.,

Fij €85 CPig T %3

One: PCM—system enables 27 addltlonal c1rcu1ts to be set up

on an 'exlstlng copper cable.’

(3) ’:Twé—no‘de édnnectivity: For reliability reasons, each

sourcefhaving more than a -cer':tain amount G of traffic
must“hé v"conhect’ed via at least two node-disjoint paths
i.e.. the flo'onn this 1link _mubsf‘. not exceed 65% of the
total. réquiréments.

- xK. ¢ o0.65 sK
173 ' :
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- For two or more parallel existing llnks,kit yields:
. k - . N

X . 45m1n s¥; ik, .

53 L Llj] + 27 Pj

where '

kL k 2 . x 2
Lij'- m;n[O.GSS ;Kij] + min[0.658 ;Kij]

oL . . . . .
Kij = the circuit capacity of the first link .
2 o .
K = the circuit capacity of the second link

(4) Wlow conServatlon

: k=1,...,n
For p0551ble tran31t nodes

ZX}:] - Z Xk =0 Jé Tk ' l¥], k?J'"“‘.ln

,Transit- nodesf TkA are only- line~related nodes. The

”c1rcu1ts for all relations k remain. seperated along the
entlre path The elements k are manually selected to av01d

-unreasonable llnks.

k
to be longer than 25 km. due to the low-frequency

(5). Length Restrlctlon- Cable paths w, are not allowed

' tranSm1s51on technlque. o = SR

_ . X | | .
ﬂ¥3525 1yiige.- €T - o o
| tha_t.’ meens ,ﬂ(wk) £25
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where n.

i3

3

O Fiy

G  =lower bound for traffic splitting

= 1 if at least one PCM system is installed

fixed charge component

20

number of commoaities

iqteger 0,1,2...

number of circuits demanded

flow 6f commodity k from node i to node j

existing circuit capacity on link (i,3)

= number of circuits to be newly installed on

link (i,3)

1 if a new link must be installed bétweén
(1,9) |

0 otherwise

number of PCM sYstems between (i, J)

between (i,3)
0 otherwise

total flow on link {(i,3)

k k
2 xlj + Ek_xji

k.
cost per circuit on link (i,j) per km.

set of possible transit nodes for commodity k -
distance between nodes i and j

path between node k and center C
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Claus used a CDC Cyber 1Z5 fo¥ his calculations. Apek‘III
was uSéd as ~é mixed-integer program. The problem: wifh
seveh nodes 'is: calculated | in 470 seconds in
straightfor&ard use, in 200 seéonds‘ {with addition
constféint ‘éaying that an existing liﬁk shall only be

'extenaéd'by PCM or new cable plants.

Baybafs:eﬁ.al. (1981) considered the transmission network
optimi?étibn'problem on switching network. However, most’
‘Eurbpeén.‘ countries ~consider. additional transmission»
Cenféfé7 as, well vthe transmission. éeﬁters, at switching
»ceﬁtéiS?(gvrahuz, 1982), (Nivert, et.al.,1983) . This new
; né£wo¥Efié called as transmission nétwork and it contains
all_?éggicTs_bf §witching netwérk. Indeed, the switching
fnéfwofki{s\;oméhow»a'hypothetic network and it shows the
: toéolégy ‘6> switching ‘centers and trunk groups which |
conneéﬁbéhe’,_In real:lifef the trunk groups are routed
,viartfanSmission npdés. The switching network is shown inﬂi

Figure:ili,3)a, and the cofresponding transmission network

)
4

is shown in F;gure‘III.3.b.
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-~ Figure III.3:a ' : Figure 1II.3.b

'I’he.transmls‘,'51on network in Flgure III 3.b contains the
transmss:.on node E plus four transm1551on nodes at every '
four sw:.tch:.ng center. As seen in the Flgure I11.3.b, part
of the. trunk groups are routed via E The other part of
the trunkgg’roups bet_:ween A and B has a direct link a.S'la
’seconri 'p‘at‘n.jv ;'This»epp'lication» increasee the connectivity
(or availebiiiﬁy)'. On.'the other hend, the link between A
and E carries some parts of trunk groups of AB, AD and AC
If that _11nk is cut, those portions of trunk ‘groups
between the‘} cbncerned relations are lost.

.At sw1tch1ng centers,. the traffic is switched. HoweVer, at
transmission nodes there is no fac111ty of ’ swltchlng but

Jus_t multlplexz.ng, (CosST PROJECT 201, 1980/1981).
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.Alternative,‘ rout’ing is defined for switching networks. By
multirouting' (it is also called as diversification), a
trunk group will be routed in more than one path. So, if

one of"th’e:l'inks on a path is cut, not all of the trunk

groups for - that relation will be lost. The formulation

(Bayb;irs,' et.al., 1981) - takes the alternative routing

possibilities into account. to increase the grade of

service, but not the multi-routing in transmission. To °

in'crelc“is'érv the reliability,Baybars and > Kortanek put-. a
constyr_‘alint‘tio §\_1arante'e that not all transmission systems
wil]_._' be ‘ 65 the samé -~ type, but fhis is rather a weak
“rprcrat;é‘t”ivon,mevasu're. They also spécify the links as high

v )
iinks and final choice 1links. 'In transmission

usage:
networks} such a distinction on the transmission media is

mea‘r'xingle-és since a_' link may carry high usage an?d' final

\%nk groups at the same time,

|

choice tr

e g S



 CHAPTER IV

. MATHEMATICAL MODELS

‘As stéted iﬁ’chapter_II, the prbblem-is to find a.minimqm
aost»t;ansmission network which will‘satiéfy the circuit
requifements calculated by § previous mddel "called as
trﬁhkihgm analysis (COSf PROJECT 201, 1980/81). So, the .
6utput”6f*ther£irst phase of the ;elegommunication network
o?tiﬁization problem constitutes the.input Of_thé second
phase. ~ | | |
‘THe ?i£fanémiséidn »neﬁwork  problem  has . all the.
.chérééﬁé:iétics 6f‘ a mixgd—intéger Aérgblem,b In_  this
chéé;éﬁ;tﬁrée models will be‘dévelOPed ana the_differen&gs

!.bétwegn”these models will be pointed out.-
The,ptopérties;related with the problem are as follqws:
v(i)fThe'mbdel,is deterministic.

- (ii) The flows are considered as undirected.

24
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(iii) The problem is considered static.

(iv) The network topology (nodes and distances) is
- given;neither new links nor new switching equipment are_to

be installed.

(v)‘Each link cost associated with the installation of

transmission systems is assumed to be a concave function

of the 1link size. (marginal cost decreases as size

increases); Th1s'assumpt10n is based upon the fact that

~the cost functlons assoc1ated with 1nstalllng transm1551on

systems are concave, reflecting economies of scale.These

‘functions _may; be decompcsed_ -- approximately .-— into a
fixedichargefand a ;ariable part. The fixed charge part
.reptesents the initial investment cost of installing a
transm1551on system on a link for the first time whereas

the: varlable cost part represents the cost of 1nstalllng

the C1rcu1ts of that system. It's furthermore assumed that

‘both of these costs depend on the length of the 1nd1v1dual

i
llnks (Evranuz, 1981), that is the actual dlstance between

the two p01nts jolned by that link - (Figure IV 1).
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Variable | L . T‘cz\nL K Maranal
- Cost R k ' u:i?‘
Cost

=

Link Size . Link Size

Figure IV.1 Cost Functions

_(-v’;i)' There are alternate transmission systems such“as

\ cables, satellites, microwave radios.

i

(vii) In order to ensure  system reliability, the flow

e

\ bet'webé'h' two demand points should not only be directed via

|
\\V_a>cértéin“ path; in case of failure of a link, the demand

\onthat féiation ‘should have the capabilit;f to flow partiy .

;‘s_on; ':a‘nother‘ route. 4 (This application is called: as
} : .

:‘multi—'rout'ing ).
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(Viii).'Meséage flows- have . definite deatinations and.
oriéihs- each flow concerned w1th some demand relatlon is
con31dered as a dlfferent 1tem. Thus-the restrlctlon that
the flows from certain sources must be sent to certain
51nks, | makes ’the< problep ai multlcommodlty problem

(Baypa;s, 1981), (Hu, 1970).

IV.1 Model I

'In addltlon to the above propertles,.cne aseumbtion will
_ be ancluded' there w1ll be no prespec1f1ed routes for each
fflow requ1rement _Sc,ia maximum graph wh1dh spec1f1es the'
topology cf the~netﬁork will Dbe con51dered (Hu,l970). This
"maxiﬁdm:gtaph is:macﬁally'selected-and is a subset of the
'complete graph The purpose is to route the flows in such
‘a way that the cost of 1nstallat10n will be minimum whlle
r_satlsfylng’all>the generated demands between the nodes?

‘rega:dlessjof the paths.
Formulation:

| | s._ :2‘5"'5
Mln Z—EéFlj ,ijr+,§sciJ;913



* " where

gV

Inputs'are;

(i3)

(pa)

denotes

denotes

denotes

. denotes

denotes
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thg
the
the
the

the

“.sink N_
q

- J=p
j*p,a N(p,q)
j=q

N (i3)
Y (ij),s -
v (ij),s
v (ij), (pq)

Y (i), (pa)

arc A, .
.1]

'demand‘relation

source node Np
sink node N

system type

‘demand value from‘source'Np to the

fixed charge of installing a system

1Y

s on the arc Aj:

ij
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c?. = variable unit cost of installing
one circuit of system s on the arc
Aij

' P® = capacity of system s

‘Decision Variables are;

Y?j = 0,1 integer.variéble indicating
whether communication systems will

be installed on the arc Aij or

not.

vP3 = arc flow on arc A with source

ij
: N and sink N .
p 2% q
uS, = total arc flow on the arc A, .,
13 . ‘ 1]

over system s.

The objective function is the sum of the fixed costs of

installihg transmission systems and wvariable costs of

*installihg circuits on the links of the network.

Constraintl(l) provides conservation of flows:

: é_requirément should equal the demand

the - sum of flows diverging from a source Np and

related with a requirement should equal the demand

the,éumbcf flows‘merging»to’a sink Nq and related with



<

y

- the flows_'related -with a certein, requirement = on

1ntermed1ate nodes should not be lost

Constraint (2) is the redundant equation specifying the
relation between the decision variables on the links.
CQnsﬁreint_(B)‘limits the arc flow over syetem‘s on a link

(i3).

vConsfraintzn,(4) is the nonnegativity and integer

constraints.

Thé;eine e§‘£he'problem is too large to consider; eince
the\brenien;assumes»a maximum graph,'each demand relationA
e?éi&ééeed'eaCh' iink.d‘The relationship between each two
edje'enetlinks are eensidered for each relation.

S

Iv.2 Model II
e
‘{ _ |
Model II is a simplified version of the problem and
asSumes; a network W1th predetermlned routes - for ._each

;demand relatlon; In order to avoid dependency only on one

uroute,4'a rellablllty constralnt is added to thef model

»



wh1Ch guarantees that at least a spec1f1c percentage
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of

'the c1rcu1t demand will be routed on another route.

Formulation:

Mln 7 = 2 F;

*

S

: 135 lj 1j

("”i“)r“_ g

(5)  Y;

Y? cl .
s 1J
2B -
91.(\61. Pq
= d
ba
n
k™ 4
&k dg
S S
< P i
= 0,1
7/0

."f, The author w1shes ‘to acknowledge Mr..

help and guldance in -the development of thls model. RIS

Y (i9)

Y(pq)

Y (pa):n J.

v (ij).sl o \
|
|

V(l])ls 14

Y (pq),n

CGetin. Evranuz's
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where n denotes “the alternatlve path

kn is rellablllty parameter associated with the
alternative path n.
qun is the set of links (ij) belonging to the
! - .
h

n path of the relation pq.

Decision Variables are:

: Y?j = 0,1 integer variable indicating
whether communication systems will be
installed on the arc A or not.

-3
euij = total arc flow on the arc A 1§’

over system s.

.\,
RS ¢S
v =

pq~ arc flow over. path n beloﬁgin% to

relation (pa)

3

e

Constraint (1)

specifies that the sum of flbws on arc
A,. over sYétem s is the sum of flows of relation (pq)
iz o . } '
having an alternate route passing by (i3)

Constralnt (2) 1nd1cates that the sum of flows of relation
_ pq over all its alternative routes should satlsfy its:
demand. ‘- .
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Constraint (3) is the reliability constraint providing
that the flows be distributed among the alternative paths
on a prespecified percentage, regardless of economies of

scale.

Constraint (4) is the capacity constraint.

IV.3 Model III

A slighg;variation made to model II results in model .III;

namely, the variable cost is not considered.
Formulation:

. Minz =2 F3. ¥

ig 13 i3
(1) Z v, .7/'déq" | o Y (pa)
~ N ,e.s S _ .
(2‘)., P%nélquﬁé:p Yij A, ,(.13)

pq lV(p.q).n

3 W < xMa
(31 Vpg S K
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\

(4) ¥ji=oor1 ' ¥ (i3
v;q' 7/'0. ‘ | } o | Y (pqa)/n

As it is seen on the formulation, the decision variable
s ,

u’ .
13

the model does not give the information about the

of model. II is not considered here. In -this case,

distribution of flows over different types of systems on a
link. ane a system is installed, the variable costs being
not considered in this model, tne number of circuits used
do notiaffect‘the'incurred system cost. So, the existencer

of the variable nij is not necessary for this model.

Constréint'.(l)' states that t?e ‘sum "of flows of. the:
alternatlve paths concerning a certain demand relation
should at ‘least equal that deman (Since additional flows -
don't-charge any variable cost, there can be more thanAthe
.demandeéicircuits in the capacity range’instélled).

Constraint (2) states that the sumjof all flows on a link

tAij should at most equal the total capacity of the link.

The dlfference is that- ¢ .in model II the total’ﬂflOWS

should equal the demand whlle in model III it can- be equal

or greater slnce an addltlonal flow in the capac1ty ranget77

doeS' not ‘cause .any addltlonal cost once a system is

instelled;~o




CHAPTER V
NUMERICAI, RESULTS

The mathematical models presented and developed in‘chapter
IV  are solvéd by means of the functional mathematical
programming package called FMPS [11] on Univac 1106 Data

Processing System which uses a branch and bound algorithmi..

V.1 TEST NETWORK

rThe4£ést;ﬁétwork represented in Figure V.1l is a part of
thef;ifisﬁx.Télecommunication Network and it is‘ commonly
used'by eleVén‘Euerean Countries in the-qonte#t of‘COSf;‘
(Eutbpéén_vico?OPeration in Séienéifié vand' Technical
Reseaféﬁ): >PROJECT 201? _J"Methods for - Planning and
A Opti@iéétion.of Telecommunicafion Networks". The switching
‘nOdes éﬁdythé:fransmission nodes are denoted on the test
ﬁeﬁwérﬁ_ih Figure V;l by squares ([ _]) and cirdles_(o),
| respééﬁiQely,' The switching ﬁodes numbered as 1,253,4,57
and~6‘a:e.the oriéinating ahdhﬁerminating nodes of trunk
gréup$,>wheréas‘the transmission nodes denoted by 7,8 apd.
9 éénstitute théb junctions (or' multipleking nodes over

which the'tfunk groups are routed).
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The sixteen links between nodes are denoted by 2 through P

alphabetically.

V.2 INPUT DATA

All'inpﬁt;data is taken from COST PROJECT 201 except  for

the system. capacities and the related cost figures. These’

figpres'uprovide a better analysis ~and "are taken from-

Baybars»et.al.‘(l98l), because of the limited number of
~ alternative trahsmission'systng'ijl the original problem
of Irish Telecommunication netwo:k.

b
.
M \'\
\:

V.2.1 Distance Matrix ' \

\.
\
1
\

The symmetric distance matrix given in Table V.1

. ‘ '
indicates the length of each existing 1link Dbetween the

1
- source i and the sink J. o
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10 ¢

Figure v.1 Test Network
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Table V.l. Distance Matrix (Kilometers)

1 2 3 4 5 6 7 8 9

¥

1 11 64 26

2 | 75 124 o 20

3 15 X 40 15 46
4 | ;?r L 30 -

5 | 144 a0 30

6 »  15 o 90 75 1
7 |1 | 90 | :
8 |64 | 75 o8 b
9 26 20 46 o8 j
o | 14 30 .30 |

V.2.2 System Costs and Capacities:

System- capacities and the related «cost figures are
‘:tébulatedv in Table V.2. The costs are the Turkish Lira ;-é
cdnversion of Baybars's cost -figures,’ based on the

Ieichangevraté_qf-l US$=200 TL.-.



The multlpllcatlon of the unit costs by the correspondlng
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‘lengths. of the llnks is detalled in Appendix A.

The operatlng

negligible . with

costs of the

respect to

transmission systems being

the va:iablé “costs (oral

communication - Miss Arlanoglu from Netag) are not taken

into account in this study.

Table V.é_Capacity and Cost Figures

Variable Cost/km -

' Capacity Fixed Cost/km
System 30 10.600.000 - 62.000
I
lsystem 90 17.400.000 21.500 -
II

Ve2.3 Demand Matrix

The demands between switéhing centers are shown in  Table

V.3..As stated in Chapter 1V,

the links Dbeing undirected,

thé demands on the same link but in opposite directions

are to be additioned.

‘
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‘Table V.3. Demand Matrix

erminating
. ‘Node 1 é 3 4 5 6
Originatih
Node
1 23 18 40 52 35
2 49 30 6 6
“,3;=f5;-g~ 30 16
4 i - 30
5 | 18

'Ve2.4 Alternatiive Paths

Thls 1nput sectlon 1s're1evant only for the second and

:thlrd type mathematlcal models, the first one belng a

\
max1mum graph\ W1thout spec1f1ed routes. The demand

vorlglnated between two nodes can be routed via dlfferent

paths and thus allocatlng the demand onto varlous paths to

increase the rel1ab111ty, in case. of failure -of one llnk“
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on a path, only a: portion of trunk gféups willvbérlost. In
. this'tesﬁ network, Eonsiderihg‘the three shortest paths,
three aitgrnétivéjpéths which are not necessarily disjoint
are.seleéted'ﬁanualiy'for'eaéh relafibn. Thesé.patﬂs are

tabulated in Table V.4.

Table VL4;fAltérnative Paths

Originatiﬁé;; Terminating

node ~ '~ - node Path 1~ Path 2 . path 3

g 2 1,9,2 . 1,8,9,3,2° 1,7,6,3,5,:

1 3, 1,7,6,3 " 1,9,2,3 1 1,8,9,:

1 ! 1,9,2,10,4 1,7,6,3,5,4 1,8,9,3,2,5,
1 5  1,7,6,3,5 ~1,8,9,3;2,5  1,9,2,10,
1 6 . 1,7.6 1.8,6 1,9,3,
2% 3 2,3 - 2,9,3 . 2,5,

T 4 -2,10,4 2,5,4 2,3,5,
2 5 2,5 2,10,5 - 2,3,
3 6

3,6  '3,9,8,6 3,9,1,7,
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© V.3 SOLUTIONS

The three models presented in chapter.IV are attempted to -

bhe solved.
V.3.1 Model I

The 51ze of thls model w1th maximum graph applled to the
test network 1s very large to handle. The program was
unable to find any fea51ble solutlon by the end of 20
mlnutes of CPiI time on the Unlvac 1106 system. Although
‘thepe;lmlts 'of‘ the FMPS parameters sueh as FCUTOFF,
IZTABi%;hIEﬁDNQbE are progressivelly inéreased‘injseveral\

“no. feasible solution is obtained. Since the

usage time is so limited and the machine is
N B .

;ratherbs&ew,vgetting’a»solutien for this model is given up.

V.3.2 MOd%i:iI

Vo
- As -meht;ehed in Chapter IV, this model is completely

! / .
dlfferent z‘rom the .first model. For every trunk group
relatlon three-alternatlve paths are spec1f1ed over which
the trunk‘groupsvrequlrements w111 be routed. The model
can select vone; two -or three paths accordlng to thev‘:

.
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reliability  cqnstraiﬁts and cost optimization. The model
also determines'ﬁhe amounts of trunk groups which\wiil be
routed over each path. |

The model is run for three different feliability measures.-
The first run do not consider a reliability constraint.
The barametefs used in the second and ;hird are 70%tand'
40%, réépectivel&. These figures are selected in—order to
’guaranteebthé distribution ofithe demand at least over two
and‘fhreeffoutes. The model should.be tested with several
différéni’ éafameter values in order to make ‘é._better‘
analysis; _The feliapility measure values . employed here
cofreéééndftb différent leyeliof serQice. Thevrelatidnship :
, governing: this bcbrrespondence is. rather complex, and no
'éttemptrfhaé] been - made to translate each reliability
measufe toAité:COrresponding_ievel of servicé‘value. The
only ﬁint wé'han here_is_thatian increaéing reiiability~

fmeasure'impliesAan increasing level of service.
v.3.2.1 Solution 1

Inithe first run, no reliability éonstraint is considerea_
'The_model’is:frée to choose the paths. The goa; isvto meet
‘the demands ih'the most economical way; In the problem,
thére 'ére_ 32,:integer.AVafiébles, 59  continuous variabies

¢
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6.
4
Q
| P
D
‘ -
\
A _
\_
X 10 <)
— A
‘4

Figure V.2 Network Generated by Solution I
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and 57 constrainﬁs. Flgure V.2 shows the network generated
after 13.08 minutes of computer tlme. The optimal results

‘are found in branch numbered 829, at iteration 2422.

Main results concerning system type choice are listed in-

Table V.5.

Table V.5. System Choice-Solution 1

o System Chosen Used .. . Unused
Link- . Source v Sinko Type ' Capacity Capacity Capacity
‘A 1 7 11 90 83 - 7

B 1 8 II 20 '+ 80 10

c 1 9 1T 90 %0 0

D 2 3 1T 90 900 o

E 2 5 - - - -

F 2 9  II % - 90 0

G 2 10 II 90 90 A )

H 3 11 .90 . 46 a4

T 3 11 90 90 o |

J 3 1T 20 86 4

K- 4 . - - - -

L 4 10 II 20 64 26

M .5 10 I 30 26 4

N 6 7 11 90 83

o) 6 - - - | -
8 o  II %0 80 10

g
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~ As seen from.Figure Vlziand Table V.S; 13 links out of 16 link
are used;\SYSteﬁ II:is chosen for all‘links except for the lin
M. The seéond type transmission sy;tems ére mostly preferred i
order to get the bénefit of economies of scale. 5 relations ou
of 9 are routed in two péths in this solution. The minimum tota

cost minized equals 10.485.978.414 TL.-.The distribution of th
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trunk groups on the alternative paths is shown in Table V.6.

Table V.6. Distribution of Trunk Groups—-Solution 1

Sburcef'-‘ Sink

Path 3

Demand Path 1. Path 2
1l 2 72 - 40 32 -
1 3 48 - - 48
B e 40 40 - -
1 \_ 5 52 45 > 7
R SRS 35 35 - -
PR R 60 57 3 -
2 |\ a4 24 24 - -
2 '\_.~f5i 20 - 19 1
3 6 48 45 - 3
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"V.3.2.2 Solution 2

The second run includes the reliability constraint which
gnarannaaa}the use of at~1east two paths for every" trunk
group~relations. This is aahieved by speciinng that the
flow on ‘each path will be at most 70% of the demand The
optlmal results found at 1terat10n 4829, branch l;Ol,vat
the and_qf720.24 minutes of computer time are listed in
Tabie’V.?vand'Tabla'V.B and the reéul;ing network is shown
in Flgure V.3. The.objéctiVe function value is equal to
12. 109 445 402.—TL.. The ‘ number of constraints was
',1ncreased7from 57 of solntinn'l to 84 at this solution.

This tima( tné‘number of unused.edges nroppéd,from 3 to 2.
Morea~inpnrtantiy, fWo vtransmission systems are used
tngéﬁhaf.on_thé iinks C, F, and J. Only nne link K has
-anly syatem~f with 30 capacity. In the solution, there is
no reiafion for 'which all three paths are .used. 8
relatlons use the first choice paths, 4 relations use the

econd ch01ce paths and 6. relatlons use thlrd ch01ce paths.
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- Table V.7 System Choice-Solution 2

» o System Chosen Used Unused
Link Source  Sink  Type Capacity Capacity Capacity
A 1 7 11 90 85 5
B 1 8 II 90 70 20
c 1 9 1,11 30,90 30,90
D - 2 3 11 90 90
E 2 5 - - - -
F 2 9 1,11 30,90 26,90 4
G 2 ‘10 II 90 90 0
H- C3 5 II 90 46 44
I 37 I 90 20 0
g 3 I, 11 30,90 24,90 6
K 4 5 1 30 19 11 j
. a4 10 . . oII 90 45 45
M 5 10 1T 90 45 as
| 6 7 3 90 85 5
|0 6 - - - -
p e 11 90 70 20 -J
' |
!
3
3
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Table V.8 Distribution of Trunk Groups-Solution 2

Source Sink Demand Path 1 Path 2 Path 3
1 2 72 36 36 © -
1 3 48 14 - 34
1 4 40 28 12 -
1 5 52 20 - 32
1 6 35 25 - 10
2 3 60 < 40 - 20 -
2. 4 24 17 - 7
2 5 20 - .13 7
3 6 48 - 34 ~ - 14

\ V.3.2.3 Solution 3

Vot o '

i

1. ‘

\The "third run increases the measure of reliability by
sspecifying that each path can carry at most 40% of the
,éemand. So the usage of all the 3 paths are required but
éhe distribution among these paths are to be determined.
The size of the problem is the same as of the second
'éblution. Total cost .amo‘u_nts to 15.652.868,633.-TL at the
end of 8.57 minutes of computer “time, at <iteration 1982,

e

e



’5.1
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‘and branch 499, - The resuitihg

network and

the

corresponding results are shown in Figure V.3 and Table -

V.9 and Table V.10.

Table V.9 System Choice-Solution 3

R - 'System Chosen Used Unused

Link Source: Sink '~ Type -Capacity Capacity  Capacity
A 1 7 11 90 90 0

B - 1 8 11 90 75.3 14.7

c 1 9 1,II. 30,90 11.7,90  18.3
D 2 3 I1 90’ 90 0

E 2 5 11 90 77.3  12.7

F Py 9 II 90 90 0

G 2 10. 11 90 54 36

H 3 5 II 90 85.3 4.7
1 3 1,11 30,90 12.7,90 - 17.3
s 3 I,II 30,90 30,90 0O

K 4 5 II 90 38 52

L 4 10 1 30 26 .
M 5 10 I 30 28 2

N. 6 7 II 90 90 0

o 6 1 30 - 29.7 0.3
P 8 9 1 90 83.7 6.3
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\

In ‘the solution all 1links are used. Unexpectedly, the
number of " links Which use only the first transmission

system are increased from ‘1 to 3. The number  of links

using both systems are 3.

Table V.10 Distribution of Trunk Groups-Solution 3

Source . - . Sink | Demand Path-1 - Path 2 Path‘3
1 72 29 . 27.7 15.3
1 3 a8 17.3 11.7 19
1 ' 40 16 - 16 - 8
1 25 | 52 21 10 21
1 6, B  10.3 10.7 14
2 3 60 S 23.7 12.3 24
2 A 24 10 10
2 5| 20 8 7 5

1 3 6& a8 19 19 | 10
i '
x

\

!

|

R < : .
V.3.3 Model IIT :

It is a>modifiéd,Vefsion of model II.'The aim is to test-
.the' siéﬁificanéé of variable portion of . transmission
systems costs. So the model i§ changed as stated in

¢

-
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Chapﬁer IV. The si;éi>of the_jmodgl is decreased. It
gconsists.nqw‘of 32 integer variables with 20 continuous
variables. The model with 40% réliability measure is run
ana the'b new dbjectivé fﬁnction value © amounts  to
'14.123.400.000 TL. The network is presented in Figure V.4

‘and the results are listed in Tables V.11 and V.12.

Table V.1l System Choice-Model III

_ . System Chosen , Used* ‘Unused
Link Source ‘Sink Type .Capacityv Capacity Capacity
A 17 13 S 90 | % 0
B 18 I %0 . 75.5 - 14.5
c 1 9 I,I1 30,90 . 11.5,90 18.5
D 2 3 IT . 90 90 0
E ‘2. 5 ‘11 90 88 2
F 2. .9 i S 90 , 90 0
G 2 10 RS 90 54 36
H 3 \ I 90 85 s
1 3 \ R % ¢ 30,90 13,90 17
J 3 A I,II 30,90 30,90 0
K- 4 5 X o1x . . 9% 38 52
L & 10 i 1 30 26 4
M 5 10 ' 1 30 28 2
N 6 7 1 S 90 90 0.

0 6 8 1 30 30 0
P g 9 II 90 83.5 6.5

.

% The capaéities can be determined either by the program or bﬂ

|

 summation of the link flows.
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.

Table V.12 Distribution of Trunk Groups-Model III

Source ~ Sink Demand Patﬁ 1 " Path 2 Path 3.

1 2 .72 29 21.5 21.5
1 3 48 17 12.5 18.5
1 4 4 16 . 10.5 13.5

1 5 52 21 S 20
1 6 35 10 11 14

2 3 60 | 23.5 12.5 24
2 4 24 10 .10 : 4

2 5 20 .8 8 4

3 6 ag 19 19 | 10

|

V.4 OVERALL DISCUSSION

e i

As - expected, improved reliability costs more. As the

e

number Ef paths increases, in other terms the upper limit
of the%‘flow on, a. path decreases, the ﬁotal cost
1inCreaéés;wi£h £wo—forced paths, thg total «cost is
;inéreasea.'by"IS% cbmpared with the case of ohe—férced
péth. For.the th:ée;foréedApaﬁhsf ﬁhe"cosg’is ihcreasedr

.
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28% with“respect‘to the second case and 48% with respéct'

to the first case.

The variations. in the system choice depending -on the.

reliability measures are summarized in. Table V.13 and

Table.V.l14.

Table V.13 System Choice QOmpariéon of The Three Solutions

st - nd

Link - 1% run - 27" .run
‘A I - 11 II
B . II. S 11 I
c B T 1,11 I,II
D ;i . IT 11
"E ,_l o : - II
F I 1,11 CIT
G I 11 1I
. H II - IT IT
T 1T - i1 1,11
g B S I,1I 1,11
K - I 11
n I S 21 11
Mo I CII I
N 1 11 11
o - - .
Y i : 1

II
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Table V.14 Comparison. of The>ThresSSolutions

d d

| 18t run(no) 2P run(g70) - 3T% run(240)
Cost (TL) 4 '485.978.414- 12.109.445.402 15.652.868.633.-TL.
CPU time (mln) n: ' 3.277 - 5.739 2.340
Iteration no. = 2422 : 4829 | 1892
499

Branch no. R . 829 1.101

Another important point is that there is no change in the
valuesfvof;*binary variables of - the 40% reliability
constraint wi?h and without variable costs. That is all

transmissignﬂviystemS. selected are the same in both

, solutidns'bﬁt; he number of circuits which are put in each

‘decreases by.6.4%vif variable costs are not considered. As

e'xpected; in the\ run with variable costs, the model  looks

sYSteni are dif\erent. The ‘percentage of unused capacity

for'cheapest~patés as much as possible, whereas in the run

i

withoﬁt “vériable\ costs the model tries to distribute

\

evenly the clrcults requlrements among paths.:

'It ‘is. ea51ly seen that. 'if the variable costs are applled

-on the used capac1t1es of the last run then. the total

'varlable costs amounts to l 569. 800 000 TL. approx1ma£ely
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(Appendix B). The total costs increasing to 15.721.400.000

TL.- will exceed the total costs of the third run by

68.532.000 TL. - The dlfference between the evenly routed
fflows in model ITI ‘and the cheapest routed flows in model-
II Dbeing around 0.44% for the case discussed is,
negligible.fSo,:the third model brings ahemall variable

cost increment, but saves a lot of computer time with its

size decreased.

The‘comparieon_of the three solutions of model II shows

that the transmission node numbered as 7 is a redundant .
one. Slnce in all the three cases it only transmits the.

flows between 11nk A and N .and it does not have .the -

vmultlplexlng functlon » the result will not change if it
is taken,fout;rlfhe eiimination of one node and,'one iink
will' alSodddecreaSe, the size of the model; two integer
’variablesrand two continuous variables may be taken out.

Finally,: consideration. of one ,linkj instead of ‘two will

cause‘a’deereaSe‘of.total system cost.




CHAPTER VI

CONCLUSION \
\
AND

SUGGESTIONS FOR FUTURE WORK

In this thesis, the problem of optimal plasning for
tele‘covmijnunication's networks are studied. For
tele‘eorvr'xmu‘nicetions networks, the planning prec_:ess consists
of two..m.ajor s_t.ages’: The first stage defined as switvching_
netwcfk optimization probiem, translates the orlglnatlng-
trafflc demand 1nto transm1551on channels or trunks. The
qutpu@: of this stage is the 1list of trunks between all
svutchlng cente'rs. 'The second stage of the planning
process con51ders the trunk group requlrements as - inputs
to a fa0111t1es p\lannlng model by which the routlngs of
. trunk .[groups over.l the transmission networks and the

ci:a'pa‘cit-ies of facilities are determined.

Ini an ' investment—eﬁpans ion planning problem, the major
issues are the capaf\cit ies, i:imes, and locatior_xs of the
. . ] . i : .

L i .
investment-expansion | decisions. In this preblem ~ the

59 - .
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A

capac1t1es are defined as the number of trunk groups and
the locatlons are con51dered as links on which facilities
are installed. The problem is not formulated as
time—phaSed,‘ and  is solved for a tardet netﬁork which
refiectsbﬁhé demand at the end of the planning horizon.
Thié'is'npt a real dfawback for the case of a country such
asrTu;kef which faces a great deal of unsatisfied demand.
The. mcdels developed can be  easily modified to be
timé—gﬁééed, but the necessary computer time will " be
furﬁhér;incyeasedg |

jInr thiéJ:étudy, another dimension, fechﬁology' or type of
‘tran=m1551on systems, which isigenerally not cqnsiéered in’
othe studlgs is introduced. The cost function reflecting
ecopq?ies‘rofl scale in investment costs are‘ concave.
Fﬁrthbrmore, the introduction - of technologies of
trans%iséidn:-system causes jumps at these ‘concavé cost
fthté?hs~and.makes fhe problem harder to bé solved. Most

of th? heurlstlc procedures (Evranuz, 1981), (Ulusoy,

l981),£ (Yaged, 1971) do not take the technologles of

[}

\
transmission systems on the same link into account.

" The formulation also takes the reliability constraints

int6° account. The trunk groups can’ be_'required ~to be ,f



routed in more than‘ one path to guarantee that not all
trunk groups are lost when an edge is cut. Thls feature 1is
used before tnr Claus et.al. (1981), only for a vSPeCIal
type network f(a stat—tyoe network). The way of their
‘formulation‘ might causer‘some' problemsi for a general

network..

'Three'different mode}s have been deveioped anaAnumerically
vtested_' on’' a network which is a part of Irish
3Teiecommdnications Network. An _}ihpdrtant point- to
:empha31ze is that more rellablllty costs more; To ensure
zthes rellablllty, addlt;onal transmission systems are
| needed‘snd trunk groups are routed in longer paths. This
may;oausefthe‘increases in the ratios of capacities used

on the_systems}

Another point is that the variable costs can be neglected
When'compéred to fixed costs; this will provide the same
or very similar installation pattern and will take less

computer time.

'Thé'problem can be defined as capacity expansioﬁs planning
problem by taklng the existing networks into account. The

- same model can also be used for this purpose. When thls is

.



62

.the case, the cost of existing capacities should be taken

‘as zero.

Cne wéy to‘tesﬁ the'reliability (or 'availability) is to
:evéluaté the grade of service that will be practised in
caséioﬁ,failures. In that case, the trade-off retween the
costs of reliability and increases in grade of ‘service
shodid ‘be looked for. To increase the reliabiiity in
failgré,'cases, thé- overprovision"(provide more cir;uits
than: optimﬁm value) and”'stand—by facilities might ©be
Eonsideréd.rj ’ |

To’achieve_mbre'evenly distribution of the circuits and
cénééqﬁéﬁtly better reliability, it Ean”be_suggested first
to’dbtimize the structure.of the transmission network and
then'finding the optimum circuit routing on that network

structure.

Finally,u to handle Dbigger real lifg' networks the
deﬁeidpment of more accurate and. efficient heuristic

" algorithms should be developed.
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APPENDIX A

COSTS OF'TRANSMISSIQNS
ON

DIFFERENT LINKS



\

Table A.l Costs of System'I (TL)

Link -’vLength - Fixed Cost : Vafiabie Cost

(xm) (106 TL/km) (0.62 TL/km)
A i 1,166 ’ 6.82
B 64 ‘ 6,784 . 39.68
c 26 2,756 . 16.12
D 75 S 7,950 . 46 .50
E 144 15,264 ' 89 .28
F- 20 - 2,120 _ 12.40
G 14 : 1,484 ’ 8.68
H 40 4,240 - 24.87
I is 1,890 ~ a.30
J 46 . ' 4,876 - 28.52.
K 30 3,180 18.60
L 30 3,180 18.60
Mo 30 S 3,180 v 12.60"
N 90 9,540 o 55.80
o 75 8,250 . 46 .50

P _ a8 10,388 : 60.76
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Table A.2 Costs of System II (TL)

Link ' Length Fixed Cost Variable Cost

’ (km) (174 TL/%m) (2.15 TL/km)
A 11 1,914 2.36
B 64 11,136 13.76
c 26 4,524 5.59
D 75 13,050 16.12
E 144 25,056 30.96
F. 20 3,480 4.30
G 14 2,436 3.01
H 40 6,960 8.60

1 15 2,610 3.22

g 46 8,004 . 9.89
K 30 5,220 6.45
L 30 5., 220 6.45
M 30 5,220 6.45
N 90 15,660 19.35
o 75 13,050 16.12
P o8 17,0582 21.07




70

APPENDIX B

-COST COMPARISON OF MODEL II, SOLUTION 3

WITH MODEL III.
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Table B.l Variable.Cost Calculations for Model III (TL):

Link Amount (Circuits) Unit Cost | Cost
a %0 2.36 212.85
B 75.5 13.76 1,038.88
c 11.5, 90 16.12, 5.59 188.07
D 90’ 16.12 503.10
E 88 30.96 1,451.25
F 90 4.30 2,724.48
G 54 3.01 387.00
H 85 - 8.60 _ 162.54

1 13, 90 9.30, 3.22  .731.00
J 30, 90 28.52,.9.89 - - 117.80
K 38  6.45 290.25

L 26 18.6 - 855.60
M .28 18.60 890.10
N 90 19.35 245.10
o 30 46.50 483.60
p 83.5 21.07 520.80

15,698.26 * 100,000

1,569,826,000 TL.-.




APPENDIX C

COMPUTER OUTPUTS
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II SOLUTION 1



16/83 SR : iil}.gif'-7:.a:1:i";§7szi R

TION 1 - ROWS PRIMAL~-DUAL OUTPUT
BER ..NAME.. AT ..ACTIVITY.. SLACK ACTIVITY .LOWER LIMIT .UPPER LIMI
"1 COosT ~ FR 104859.78414 -.10486406 .- . KOKE . . NON
=2 Cl- - “EQ R A
-23-.C2 .. - EQ . ' e S e - .
4 C3 “ EQ . - e -
-5 C4 - -~ EQ .o e s : RS : .
6 C5 EQ . . . . A .
7 C6 EQ . . - _ .. S .
8 C7 EQ . . y o : s
o (C8 EQ . - S ‘ .
10 - C9 O EQ B . R .
11 C10 - - EQ . - ST -
12 Cil1 - EQ . ' . z . .
©13 Cca2 EQ . S, - SR } .
~14 cC13 ~ EQ . . , BRI .
-15 C14 EQ N . S i . -
16 C15 O . . S .
-17- €16 - EO S . Y e : .
18 D1 " EQ ~ 72.00000 . .~ 72.00000 72.0000
19 D2 EQ 48.00000 . - - 48.00000  48.0000
20 D3 EQ 40.00000 . . 40.00000 ~  40.0000
21 D& - EQ 52.00000 e ~52.00000 52.0000
22 D5 ~ EQ 35.00000 . . ~ 7 35.00000 35.0000
23 D6 ©EQ 60.00000 . ' 60.00000:  60.000¢C
24 D7 EQ 24.00000 - . . 24.00000 24.0000C
25 D8 " EQ 20.00000 .- . .. 20.00000 - 20.000¢C
26 DO - ED - 48.00000 . ©48.00000 - 48,0000
27, RL - BS 40.00000 32.00000 - - NONE 72.0000
28 R2 BS 32.00000 40.00000 - NONE 72.0000
20 R3 . . BS . 72.00000- . NONE 72.000¢0
30 R4 - BS . 48.00000 NONE - 48.0000
31. R5 BS . . 48.00000 . NONE - “48.00040
32 R6 UL 48.00000 . o NOXE £48.000Q
33 R7 UL 40.00000 . ' NOXE 40.0000
34 R8 ES . C 40.00000 - : NONE £0.0000
35 RO . BS _ . . 40.00000 NONE = 40.000(
36 R10 - BS " 45.00000 7.00000 ' . NOUE © 52.0004
7 R11 - BS . 52.00000 : - NOXE 52.000C
38 R12 BS ~ 7.00000 45.00000 . . NOXNE 52.000¢
39 R13 UL 35.00000 - . , KONE 35.000¢
40 PRl4 BS S 35.00000 = NONE 35.000¢
41 R15 -+ RS . o 35.00000 o "NONE . 35.000¢
42 R16 . BS ©57.00000 £ 3.00000 NOXNE 60.000¢
43 R17 .- BS 3.00000 - - 57.00000 _ NONE - - 60.000¢
44 R18 BS . - 60.00000 ~ NONE ~ 60.000¢
45  R19 BS -~ 24.00000 .o -~ .. NONE - 24.000(
46  R20 BS - . ’ - 24.,00000 ° . NOXE 24.000¢

47 R21 - BS T . '24.00000 NONE 24.000¢



IoN 1 - RC’WS

ER
48
49
50
51
52
53
54
55 -
56 |
57
58
59
60
o1
62
63
64
65

6/83

. .NAME.. .

R22
R23
R24
R25
R26
R27.
Pl
P2
P4
P5
p7
P8
P10
P11

‘P13

P14

"P16

P17
P19
P20
P22
P23
P25
P26
P28
P20
P31
P32
P34
P35
P37
P38
P40
P4L]
P43
P44
P46

P47

AT

BS
" BS

BS
BS
BS
BS

UL

BS
UL
BS
UL
UL

UL

UL
UL

UL

UL

UL
© UL

UL

UL;
BS
- UL

UL
BS
BS
BS
RS
BS
BS

"BS
UL

UL

- RS

UL

- UL

UL

"BS

L ACTIVITY..

19.00000
1.00000
45,00000

3.00000

-7.00000

~44.,00000
~4.00000
f26'OOOOO
-4.00000

-7.00000

_10.00000

24.00000
1.00000

19.00000"

3.00000

45.00000

7.00000

10.00000

44 ,00000-

4.00000

26.00000
4,00000

‘.

7 .00000

10.00000

SLACK ACTIVITYi.

€.

-

PRIMAL_DUAL OUTDUT

. LOWER LIMIT

e

- NONE.

"Nongv

';vgNONE{;_W
- NONE

- NONE

NONE

- . NONFE -

NONE

~ NONE.
*  NONF.
_NONE

NONE

- NOKE

NONE
NONE
NONE

" NOKE .

NONE

. NONE

NONE

‘NONE
. NOKE
.NONE

NONE
NONE

WONE

"~ NONE

NOXE
NONE
NOME
NOXE
NONE
NOKE
KONE

- NONE
NONE

NONF
NONF

’UPPERYLIMIT

24{00000
24.00000
24.00000
48.00000
48.00000
48 .00000
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'ION 2 - COLUMNS PRIMAL-DUAL ouTPUT
SER  ..NAME.." AT ..ACTIVITY.. .INPUT COST: .LOWER LIMIT .UPPER
86 YAl . IT . - . 1166.00000 e 1
87 YA2 IT 1.00000 1914.00000, ' . . 1
89 YB2 ~ IT  1.00000 . 11136.00000} . T U0 70 1
90 YCl:.i ;- “IT . 2756 .00000 T S R |
91 vyc2 IT  1.00000 4524.00000\ - e b A
92 "yDl = . IT . 7950.00000 { - . el 1
93 ¥YD2 IT  1.00000 13050.00000 1. U R |
94 YF1 ' IT . '15264.00000 | . e ' 1
95 YE2 iT . 25056 .00000 . < 1
96 YF1 1T . : 2120.00000 t\ ’ : S §
97 YF2 IT 1.00000 3480.00000 . 1
98 YG1 IT . | 1484.00000 | . ... 1
99 YG2 S IT  1.00000 2436.00000 % P 1
00 YH1I - IT . : ~4240.00000 - - . 1
01 YH2 ~IT  1.00000 f960.00000 . 1
02 YI1i -7 IT . , ~ 1890.00000 N P o 1
03 YI2 - IT . 1.00000 2610.00000 . . 1
04 YJ1 IT . » 4876 .00000 o v 1
05 vaz2 "IT . 1.00000 8004.00000 S i
06 YKL - iT . . ' 3180.00000 , e 1
07 YK2 IT . - 5220.00000 B, 1
08 YLl -~ IT . 3180.00000 L 1
09 YL2 - IT  1.00000 5220.00C00 A 1
10 vyM1 IT  1.00000 31R0.00000 o, 1
11 vM2 - T . ‘ .. 5220.00000 B 1
12 vl 1T .o - 9540.00000 S 1
13 YN2 - IT  1.00000 " 15660.00000 o . 1
14 YOl iT 8250.00000 L 1
15 Y02 IT 13050.00000 ' 1
16 YP1 T . 10388.00000 1
17 YP2 IT  1.00000 17052.00000 1
18 UAL LL . 6.82000 .

12 UR2 : RS  83.00000 a 2.36300 - .

20 UBI1 LL . 39.,68000 .

21 UR2 BS 80.00000 13.76000 : .

22 UC1 BS . , 16.12000 T

23 UC2 ' BS 90.00000 : 5.59000" ' ’

24 UD1 BS . 46 ,50000 : L

25  UD2 ~ BS 90.00000 ; 16.12500 .

26 UEl - LL . \ 89.28000 .

27 UE?2 BS . 30:.96000 o S

28  UF1- " BS o 12.40000 -~ . . .

29 UFr2 '~ BS 90.00000 ' 4.30000 :

30 UGl TLL . : 8.68000. .

31 UG2  BS 90.00000 : 13.01000 - .

32 UH1 L . . - 24 .87000 . .

N
LIMIT

.0000(4
.006000
.00009
.0000(4
.00000
.0000

.0000

.00000

.00000
.00000
.00000
.00000
.0000¢
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.0000e2
.00000
.000CO
.0000N
.00000
.00000
.00000

KONE

NOKE

NOKE

ISONE

NONE

NONE
NONE

NONE

NOKE
- NOKE
. NONE
- NOXE
" NONE
- NOXNE

I NONE
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~TION 2 - COLUMNS

MBER
133
134

:?;1-35 -

136
137
138
1139
140
141
142
143

144 .

145
1146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169

170

171
172
173
174
175

176

‘uP2

..NAME..

UH2 -

UIl

v12

uJl
UJ2
UK1
UK2

ULl

UL2

. UM1

UM2
UN1
UN2
U0l
Uo2
UP1

Vil
v1l2
V13
V21
V22
V23
V31

V32

V33
Y41
V42
V43
V51
V52
V53
Vel
Ve 2.
V63
V71
V72
V73
V&1
V&2

V83

val
Vo2
ves

AT
BS

" BS

LL

~'BS

LL

“ LL
- LL

BS
BS

. BS .
- LL
BS

LL
BS
LL

" BS

BS
BS
LL
LL

BS.

BS
BS
BS
AT
BS
BS
BS
BS
BS
LL
BS
BS
LL
BS
LL

BS

LL
BS
BS
BS
BS

BS

..ACTIVITY..

46.00000

90.00000 "

86 .00000

64.00000
26.00000

83.00000

80.00000

40.00000
32.00000

'

48.00000
4G.00000
45.00000

7.00000
35.00000

57.00000
3.00000

24.00000

19.00000
1.00000
45.00000

3.00000

. PRIMAL-DUAL OUTPUT

.INPUT COST.
- 8.60000
9.30000
7 3.22500 . -
28.52000"

. 9.89000 -
18.60000

6.45000

18.60000
6.45000
18.60000
6.45000
'55.80000
19.35000
46.50000
16..12500
60.76000

21.07000 -

.LOWER LIMIT .UPPER

|
LIMIT1
 NONE -
NONE
"'NONE
NONE
'NONE .
KONE
NONE
NONE
NONE
NOKE
‘NONE
NONE
NONE
NOKNE
NONE
NOKE
NONE

. NONE

NONF,
NONE
NONE
NONE
NONE
KONE
NONE
NONE
NONE
KOKE
NOWE.
NOXE

NONE

KONE

NOXE

- NOVE

NONE
NOKE
NONE
NONE
NONE
KONKE
NONE
NOKE
NONE:




78

MODEL II SOLUTION 2



'TON 1 - ROWS

3 E

. :NAME. .

CcOoST
Cl
Cc2
C3

- c4
5

Ccé6
c7
c8
Cco
Cc1l0
Cli
cilz2
C13
cl4
C15

.C1l6

Dl
D2 -
D3
D4
D5 -

- D6
- D7

D8
Do
Rl
59
R3
R4
R5
R6
R7
R8
RO
R10
R11
R12
R13
R14
R15
R16
R17
R18
R19
R20
R21

1

EPRIMAL—DUALfoUTPUT“f’”‘“*'”

AT ..ACTIVITY.. SLACK ACTIVITY  .LOWER LIMIT .UPPER LIMIT

FR
EQ
EQ

- EQ

EO
EQ
ED
EQ
EQ
O
EQ
EQ
EQ

. EQ
TED

EQ

e NN o BRVo BNGS NN ¢ Iy ¢ B s Mg A9 B

0N

SR OEOROROEOBORORS]

121094.45402

72.00000
48.00000
40.,00000
52.000G60
35.00000
60.00000
24 .00000
20.00000
48.00000
36.00000
36.00000

.00000

}—
>

.00C00
.00000C
.00000

P B
S IR o IV aY

20.00000

32.00000

25.00000

10.00000

4£0.00000-

20.00000

17.00000

7.00000

T

-112109+06

14.00000
14.00000
50.00000
20.00000
34.00000

16.00000
28.00000
16.00000
36.00000

4.00000

25.00000
15.00000

2.00000
22.00000
42.00000

17 .00000

10.00000

~ NOFE

-+ 72200000
© . 48.00000
. 40.00000

52.00000

77'35.00000
i 60.00000
.24 .,00000
©20.00000
. 48.00000

NOME

NO¥E "

NCOXE

NONE .

NCYE

AT

AN
~ NONE

NOXNE
- NOXE
NOXE
NONF
NOXE
KONE

NOXNE .

NONE

" NOXE .

KNONE
NOYFE
KNOXNE

NONE

72.00000
48.00000
40.00000
52.0000C
35.00000
60.0000C
24.00000
20.0000¢
£8.00000C
50.0000C
50.:0000C
50.000GC
34.0000C

- 34.0000C

34.0000C
28.0000C
28.0000C
28.0000C
36.0000C
36.0000C
36.0000C
25.0000C
25.0000C
25.0000C
42.0000C
42.0000C

- 42.0000C

17.0000C

17.0000¢C

17.0000C



TON 1 - ROWS.

ER ..NAME..
48  R22
49 R23
50 R24
51 R25.
52 R26
53 . R27
54 Pl -
55 P2 ..
56 P4
57  P5
58 P7 .
59 P8
60 © P10
61  Pll
62 P13
63 Pla
64 P16
65. P17
66 Plo
67 . P20
€8 P22
69 - P23
70 © P25
71 P26
72 P28
7 P20
74 P31
75 P37
76 P34
77 P35
78 P37
79 P38
80 P40
81 P41
82 P43
83 P44
84 P46

85 P47

AT

BS
BS

BS
UL

BS
BS
UL

- BS
_UL.

BS
UL

UL

UL
UL
UL
UL

BS

UL

UL

un

UL

BS
UL

UL

BS
UL
RS

UL -
BS.

BS
UL
BS
UL

BS,

UL
UL
UL

BS ..

.. ECTIVITY..

13.00000
7.00000

34.,00000.

14.00000
-5.00000

-20.00000

.

-44.00000

-

-6.00000

~11.00000

~45.00000

-45,00000

-5.00000

-20.00000

-4.00000

PRIMAL-DUAL OUTPUT

SLACK ACTIVITY  .LOWER LIMIT

14.00000 .

1.00000

7.00000

1 34.00000

20.00000

5.00000

20.00000

44 .00000

6.00000 °

11.0000¢0C

45,00000
45.00000

5.00000

.

20.00000

4.00000

NONE
NON

. NONE'®
~ NONE
 "NONE
"~ -NONE
. NONE
" NONE

NONE

'NONE.-
NONE
NONE -

NONE

. NONE
 NONME
'NONE

NONE

~ - “NONE
_NONE
- NOKE
" NONE
"NONE
NONE
“NONKE

NOKE

NONE |
NONE
- NONE
_KONE
NMONE

NOKE
NONE
NONE

NONE |
- NOXF,
NOKNE
NONE
. KOKE

 .UPPFR LIMIT

12..00000
14.00000
14.00000

' 34.00000

34.00000

©34.00000



6/83

"TON

3ER.
86
87
88
‘89
90
91 -
92
93
94
95 !
96
97
98
‘29
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
110
120
121
122
123
124
125
126
127
128
129
130
131
132

2 - COLUMNS

..NAME..

YAl
YA2
YB1
YB2

YC1

YC2
YD1
YD2
YE1
YE2
YF1
YF2
YG1
YG2
YH1
YH2
YIl
Y12
vI1
YI2
YK1
YK2
YLl
Y12
YM1
YM2
YR
r%g-

YOl

Y02

YP1
YP2
UAL
UR2
UB1
UB2
UCcl

. uC2

UDL
UD2
UF1
UE2

‘UFrl

UF2

UGl

UG2
UH1

AT
L IT
IT.
. IT.

- IT

IT

S IT

IT

IT

1T
iT

IT
IT

iT
1T
IT
IT
IT
IT
IT
IT

IT

IT
1T
T
IT
IT
IiT
iT
IT
iT
iT
IT
LL
BS
LL
BS
BS
BS
LL
BS
LL
BS
BS
BS
LL
BS

_LL

. ACTIVITY. .

'1.00000

1.00000

1.00000

1.00000

1.00000

1.00000
1.00000

1.00000 '

1.00000

1.00000
1.00000
©1.00000
1.00000
1.00000

1.00000

1.00000

1.00000

70.00000

30.00000 -

90.006000

20.00000

26.00000
90.00000

190.00000

.

PRIMAL-DUAL. OUTPUT

S INPUT COST. o
1166.00000 _ .
1914.00000
6784.00000

11136.00000

2756.00000 .
4524 .00000

7950.00000
13050.00000
15264 .00000
25056 .00000

2120.00000

3480.00000

1484 .00000

2436 .00000

4240,00000
6960.00000°

. 1820.00000

2610.00000

4876 .00000
- 8004.00000

3180.00000
5220.00000,
3180.00000

5220.00000
3180.00000
5220.00000

9540.00000-

15660.00000
8250.00000
13050.00000
10388.00000
17052.00000
6.82000
2.36500
32.68000
13.76000
16.12000
5.53000

46 .50000
16.12500
89.28000

30.26000°

12.40000

4.30000

8.68000
3.01000
24.87000

LOWER LIMIT

el e I e e e e e e e R e e e S i e Sl el e

.UPPER LIMIT_
1.00000
1.00000°
.00000
.00000-

.00000.
.00000
.00000-
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000C
.00000
.00000
.00000
.00000
.0000G
.000Cso
.00000
.000600"
0000G.
.00000
.00000
1.00000
NONE!
NOKNE,
 NONE'
NONE.
NOXNE.
NOKE,
NONEJ
OKE,
wcx:‘

}

i

,_hOkn\
- NONE!
Iow"‘
LONE
NOXE,
: -]

!



2/16/83

ECTION 2 - COLUMNS

UMBER . NAM
UH2
UIl"
U122
136

133

134

- 135

137
138
139
140

141

142
143

144

145
" 146
147
‘148
149
150
151
152
153
154
155
156

U
~

[F Ry T R S N R )
DO G Ut
PN DO D

UJl1
ug2
UK1
UK2
ULl
UL2

UMl

UM2
UK1

- UN2
" U0l

Uvo2
Url

E..

UPp2 ..

V1l
V12
Vi3
V21
V22
v23
V3l

o~ /Q/ P

4T - T -t

VU LU S N L) W
[FS RN S)

RN

A A
« e T

e
ox)

| SRR OV I LG 2N FE RN W B o6 B S

<
[o IR
BN

V71
V72
V73
V81l
V82
V&3
Vel
ve?2

Vo3

AT
BS

BS
_BS

BS
BS
BS

_BS

LL

BS

LL
BS

L

BS
BS
BS
LL

- BS

BS
BS
LL
BS
LL
BS
RS
BS
LL
BS

LL

BS
BS

‘pg -

ot
mn v n

LL

BS
BS
AL
BS
BS
BS
LL
BS

46 .00000

90.00000 .

24 .00000
90.00000

19.00000 -

45.00000

45.00000

85.00000

70.00000
36.00000

36.00000°

14.00000

34.00000
28.00000
12.00000

'20.00000
132.00000
25.00000

10.00000
40.00000
20.00000

17.00000

7.0C000

13.00000

7.00000
34.00000

14.00000

’

..ACTIVITY.. .INPUT COST.

8.60000

©9.30000
. . .3.22500
28.52000

9.82000

18.60000

. 6.45000

- 18.60000
' 6.45000

18.60000

6.45000
~.55.80000

12.35000

46 .50000
16.12500

60.76000
21.07000

b RIMAL-DUAL OUTPUT © . .. ¢ iy

.LOWER LIMIT

ST T IO e

".UPPER LIMIT
. NONE
- NONE
~ NONE
NONE
NONE
. NONE
 NONE
NONE
NONE
NONE
. NONE
NOKE
NONE
NONE
NOXNE
NONE
NONE
NONE
NONE
NONE
NONE
NONE

NONF.
NONE
NONE,
. NOKNE
NONE

"
1

-
|
H



.83

MODEL II SOLUTION 3

i



ON 1 - ROWS-. . .- .

DO UMNUMAWNHD OD IO D WN Y

O

3
4
5
6
7

}

A

L
2
&
25
36
37
L8
39
0
21

33

15 |
i

17

. NAME..

COSsT
Ccl
c2:
Cc3-
c4

- C5
" C6

C7
Cc8
co.
Cc10
Cll
ciz2
Cx3

Cl4

Ccl5
Ccl6
1531
D2
D3
D4
D5
D6
D7

D8

D9
R1
R2
R3
R4
RS
R6
R7
R
RO
R10
R11
R12
R13
R14
R15
R16
R17
R18
R19
R20
R21

e

AT

~FR

e

EQ
EQ

~ED

EO
EQ
EQ
ED

O
EO

EQ
EQ
EQ
EQ

 FQ

EQ

“FQ
- EO

EQ
EQ

EQ.

EQ
FQ
FO
FQ
EQ
UL
RS
BS
BS
BS
UL
Ur,
UL
RS
UL
RS.
UL
BS
BS
UL
BS
BS
UL
Ul
UL
BS

. .ACTIVITY..
156528.6R633

72.00000

48.00000
40.00000
52.00000
35.00000
A0.0H000
24 .00000
20.00000
48.00000

20.00000 -

27.66667
15.33233
17.33333
11.666A7
19.00000
16.00000
16.00000

£.00000
21.00000
10.006G60
21.00000
10.33337

10.66667

14.00000
23.66667
12.33333
24 .00000
10.00000
10.00000
4.,00000

r

SLACK

PRIMAL-DUAL -OUTPUT .-~ =~

1.33333

13.66667
1.66667

'7.33233
£.00000
11.00000

3.66667
3.33333

.33333

. 11.66667

6.00000

ACTIVITY

* .LOWER
-.15652+06 :

7

L e

72.00000 .
48.00000 -

40.00000

52.00000
35.00000
60.00000

24 .00000

:20.00000 -
J48.00000

"NONE
. NOKE

NONE

NONE

NONE
NOKE"

MONTE.
iN O;_\ I,

NOKE
NONE

NONE

NONF

NONE

. WONE

NONE

NONF .

NOKE
NONE

NONE .

NONE
© NONE
MONE

LIMIT .UPPER LIMIT
NONE '

NONE

72.00000

.48 ,00000

40.00000
52.00000

35.00000

A0 . 00000
24 .00000
20.00000
48 .00000
20.,0000C

©29.0000C

22.,0000¢

- 12.0000¢

19.0000¢
19.0000¢
16.0000(C
16.0000¢
16.0000¢
21.0000¢
23.0000¢
21.0000¢
14.0000¢
14.0000¢
i4.,0000¢
24 .,0000¢

24,0000

24 .0000!

- 10.0000

10.0000t1

10.0000i



ON 1 - ROWS. .. PRIMAL-DUAL OUTPUT -

 ..NAME.. AT ..ACTIVITY... SLACK ACTIVITY *.LOWER LIMIT .UPPER LIMIT

R

8 R22 UL 8.00000 . ' 'NONE '~~~ 8.00000
9 R23 U TUBS 7.00000 - 1.00000 - . NONE - -~ . 8.00000
0 R24 ~ . BS 5.00000 '~ 5.00000 ' NONF° -~ R.00000
1. R25 -mmrminoULT 0 19000000 s g e <7 NONE =+ 19.00000
2 R26 UL 19.00000 ST . NONE - 19.00000
3 ' R27 ~ BS 10.00000 - 9.00000 - . - . - NONE 19.00000
4 P11 'BS B Vo . .- . " NONE = - .

5 P2 . BS . HE . ... NONE . .

6 P4 UL A : .. © 7 NONE .

7 PS5 - BS . ~-14.66667, 14.66667 . . NONE’ .

8 P7 BS . -18.333331 = 18:33333 _ NONE .

9 P8 UL . . ;\ . c. o i 'NONE ;

0 P10 . BS . S . . NONE .

I P11 UL e \ . : R NONE .

2 P13 UL - - ~ NONE = .

3 Pl4 BS -12.66667 12.66667 -  NONE .

& P16 BS . o . , .~ NONE - .

5 P17 UL . o ‘ . S ~ - = NONE .

6 P19 " BS . o ' K NONE .

7 P20 - - BS’ ~43.,00000 43.00000 - . . - NONE .

8 P22 UL . . . NONE .

o p23 . . BS © -4.66667 . 4.66667 , - . NONE .

0" P25 BS -17.33333 17.33233- - NONE = -~ .

I P26 UL . ' . : .+ .. XNOFE - .

2 P28 UL . . - NONE .

3 p2° UL . . , © . NONE .

4 -P31 UL . . S © 7 NONE .

5 P32 BS ~-52.00000 ' 52.00000 ’ ~ NONE ..

5 P34 BS -4.00000 - 4,00000 ; - NOKE .

7 P35 UL . E . o .~ NONE - .

8 P37 - UL - . . . : '~ NOKXE 3

o p38 i . ' . T "NONE - .

D P40 UL . . : NCKE .

1 P4l UL . ' ) : ; NONE )

2 D43 BS . -.33333 . .33333 S NOXT. .

3 P44 UL . . _ NONE .

4 P46 UL . . ' .~ NONE .

5 P47 BS -6.33333 6.33333 . NONE .



ION 2 - COLUMNS

IR

I A A

=

=t
O D I OUT D W N D0 0N

| Il s

AR
= O

NN N
BN

25
26
27
28
29
30
31
32

. .NAME..
YAL
YA2
YB1

"TYB2

YC1

-YC2

YD1
YD2
YFL
YE2
YF1
YF2 .
YG1
YG2 -
YH1
YE2
Y1l
YI2
YJl
YJ2
YK1
YK2
YL1 .
YIL.2

CYM1

YM2
YINL
X2
YOl

- YO2

VP1
YP2
UAL
UA2
UB1
UB2
16/eh}
uc2
Upl -
UD?
UE1
UE2
UF1
UF2
UGl -
UG2

UH1

se Bimilve B s NS ISR NS B S i
ncton

AT
IT

1T

IT

e

IT
IT

SIT
-IT

IT

T

iT
IT
IT
IT
IT

IT

IT

IT-

IT
IT
iT
iT

™

B4R e300 k3 1) -

BS

BS

LL

BS

I.rL |

‘BS

LL

BS
LL -

BS

LL

. .ACTIVITY..
1..00000

1100000
1100000
100000

1.00000
- ’
1.00000

1 .

M
1.Q0000

T
1.00000
.00000
.00000
.00000
.00000
.00000

bt bt et

.00000
.00000

-

et

}.-J

. 00000

.Q0000
.00000

ot

1.00000
a0.00000
75.33333
11.66667
90.00000
20.00000
75.33333
90.00000

54.00000

.

o e e

.INPUT COST. "
1166 .00000
1914.00000 - -
. 6784.00000°
©11136.00000

2756 .00000
4524 .,00000

7950.00000 :
13050.00000 -

15264 .00000
25056. 00000
2120.00000
34R0.00000
1484.00000

2436 .00000

4240.00000

6960.00000

1890.00000
2610.00000

4876.00000

R004.00000
3180.00000
5220.00000

3180.00000°
5220.00000

3180.00000
5220.0C000
2540 .00000
15660.00000
8250.00000

--13050.00000

10388.00000
17052.00000
6.82000
2.36500
39.68000
13.76000
16.12000
5.59000

46 .50000
16.12500
82.28000
30.96000

- 12.40000
~4.30000

8.68000

~3.01000
24.87000

'PRIMAL—DUAL-OUTPUT;u’,T

* .LOWER LIMIT

VUPPER LIMI"
' 1.0000¢
1.0000¢
"1.0000¢
1.0000¢
1.0000¢
1.0000¢
1.0000¢
1.0000(

. 1.0000¢
1.0000¢
1.0000¢
1.0000¢
1.0000¢
1.0000¢
1.0000¢

- 1.0000¢
1.0000¢
1.0000¢

1. 0000
1.0000¢
1.0000¢
1..0000¢
1.0000¢

. 0000
.00001
. 0000!
L0000
. 0000!
.0000!
. 0000!
.0000!
.0000:!
KON
NON.
MO
NON
NON
NON
ON
xoN
NO
NON
NON
NONM
NOX
NON
NON

e B T ST



-6/83 ) -.>VA-:.“-.1": PN

'TON 2 - COLUMNS

ER  ..NAME..
33 UH2
34 -UI1 0
35 UI2
367 °UJ1 -
37 UJ2
38 UKl
39 UK2
40 UL1
41 UL2
42 UMl
43 UM2
44  UN1
45  UN2
46 UO1
47 UO2
48 UP1
49 UP2
50 Vil
51 V12
52 V13
53 V21
54 V22
55  v23
56 V31
57 V32
58 V33
59 .V41l
RO &742
61 V43
62 V51
63 V52
64 V53 -
65 V61
66 V62
67 V63
68 V71
69 V72
70 V73
71 v8l
72 V82
73 v83
74 vol
75 vo2
76 veos

AT

BS

. BS
BS
. BS

BS
LL
BS

'BS
BS

BS
BS
LL
BS
BS
BS
LL
RS
BS
BS
BS
BS
BS
BS
BS
BS
BS
BS
BS
BS
BS
BS
BS
RS
BS
BS
RS
BS
BS
BS

- BS
BS-

BS
BS
BS

..ACTIVITY..

85.33333

12.66667
90.00000
30.00000
90.00000"

- 38.00000
'26.00000

28.00000

20.00600
29.66667

83.66667

29.00000
27.66667
15.33333
17.332333
11.66667
19.00000

"16.00000

16.00000

8.00000
21.00000
10.00000
21.00000
10.33333
10.66667
14.00000
23.66667
12.33333

24 .00000
10.00000

10.00000
4.00000
8.00000

7.00000°

5.00000

©19.00000 .

192.00000
10.00000

.INPUT COST. -

8.60000

~79.30000"

3.22500

.28.52000 .

9.89000

18.60000
6.45000

18.60000
6.45000

.18.60000

6.45000

"55.80C00
19.35000
-46.50000

16.12500

60.76000
21.07000

| PRIMAL-DUAL OUTPUT. -

"LOWER' LIMIT  .UPPER L

NOKE
NONE~

NONE -
NONE
 NONE

IMIT:

NONE

NONF.
NONE -

'NONE

-~ MONE -

NONE
MONE

'NONE

NONE .
NONE
NONE
NONE
NONE
NONE

NOKE

-NOKWE
MNONE

NCNE
NONE
NOKE
NONE

AN
PR IR

"NOXNE.

NONE
NONE
NONE
NONE

(el hiad
N iv .




87

MODEL II1I



ER  ..NAME..

DDLU D W=

- =
DN = QO

-~ -

st NS WS S e eed
WA= DO DI NS

24
35
26
27
28
39
30
2]
22
i3

1A

=T

16

17

3R

10

]
i2

14

15

16
17

e
e

S
RS

- .

1 - ROWS

COST
cl
c2
a3
ca .
lola}
ch
c7
c8
co

c1o0
1l
c12

C13

. Cl4

C15
Cc16
Dl
D2
D3
D4
D5
DA
D7 .
=t
Do
R1
1)
rRT
R4

‘RE

a2

R6

R7
R8

‘o

R10
R11
R12
R13
R14
R15
R16 .

R17. .

R1R

R19 -

R20
R21-

- FR

FQ

T EO0
FQ

EO
EQ
EQ
FO
FO
EQ
EO
FO
EQ
FQ
FO

FO

EQ
EQ

CED

EQ
FO

CEQ

EQ
FO
FO
AU

BS

RS
RS
BS
BS
AU

‘BS

ES

AU

BS
BS
RS
BS
AU

BS.

BS
AU
AU

. AU

RS

141234

.00000

72
49
40
57
35
60
24
20
a8
2¢
21
21
17
12
1R
16
10
13
23
11
20
10
11
14
23
12
24
10
10

.00000
.0N000
.00N00
.00000

.00000

.00000
.00000

.00000°
00000

.00000
.50000
.50000
.00000
.50000
.50000
.00000
.00000
.50000
.00N00
.00000
.00000
.00000
.00000
.00000
.50000

.50000

.00000

. 00000
.00600
elolelale

- 72.00000
48.00000 -
40.00000 .

52.00000
35.00000

#0.00000.

24.00000

£ 20.00000 ¢

48.00000

7.50000

7.50000

©2.00000

6.50000

.50000

5.50000.

2.50000

10.00000

©1.00000

4.00000
3.00000

,50000
11.50000

6:00000

PRIMAL-DUAT, OUTPUT

AT ..ACTIVITY.. SLACK ACTIVITY . .LOWER LIMIT

-.14123+06 NOKF

-

72.00000
48.00000 "
' 40.00000

52.02000

35.00000 -

T 80.00000 7
24.00000 .
-20.00000
CAR,00000

.
NONE

MNONTE

HNONE

FONE

NONFE

NONF
NONE

NONE
© NOWE.

NONF

NONE

NONE .

NOKE

NONF

NONE
NONF

NONE

NONE
NONE
NOKE

- NONF.

.UPPER LIMI"

ISON}

29.0000¢
ja)

Nelslolele
29.0000¢
19.0000¢

-12.0000¢
T19.00600¢

16.00007
16.0000¢

1A.0000¢C

21.0000C
21.0000¢
21.0000C

14.,.0000C

14.0000¢
14.0000(
24.00000
24.0000¢
24 .0000¢C
10.0000¢
10.0600C

~10.0000¢



i 1. - ROWS .

. .NAME. .
‘R22

R23

R24
R25 . .
R26 -

Pl iR
P2

P4
P5

v
S IRSS]

oG I S

Y Y
W W ) Wyl

[SO N )]

Y Y od
P D
- O

© pas

.

gy
1=

AT
AU
AU
BS&

..AU
VAU
R27

BS

" BS
BS

UL,
BS
BS

AU

AU
AU
ulL
AU
AU
AU
BS
kS
UL
BS
BS
AU
AU
AU
UL
BS
BS
AU
AU

AU |

UL
AU
AU

- AU

UL
BS

LACTIVITY ..

8.00000
8.00000

L 4.00000

19.00000
19.00000
10.00000

-14.50000 -

=-18.50000

.
-
-

~44.00000

-5.00000
-17.00000

.
-

-52.00000
-4 . 00000

-

-6 .YSOOOO

PRIMAL- DUAL OUTPU’I‘

- SLACK ACTIVIT’Y.

. 4.00000 -

1 9.00000

14.50000

;18.50000

_44.,.00000

5.00000

17.00000,

-

52.00000

4.00000

50000

.LOWER. LIMIT
. NOKE
__ NOKE . . .
CNONE. -
NONE ..

-~ NOWE™ -
 NOKE

NONE

NOKF

NCYF

HOKE

‘NOKE
NOKE.
. NOKRE"
. NOY¥E

NONE

NONE
~ NONE _
" NOKF.

NONE

NONE

NONF

. NOXE

NONF

NDNE

NOorT

- NONE

NO¥T

.._—,

‘( =28

vn?"“

A I

L NONT

H{0) 36
NONE
}’O\)f -
ronT
b N 3TE

Y ¥

N O.‘Tf“.

Nor’T

.UP

. NOX¥E .

PFR LTI"I
© 8.0000
8.0000
8.0000
19.0000

719.0000

19.0000



7/83 . .

[ON

"R
36
37
38
30
30)
)1
D 2
>3
D4
35
D6
37
18
20
)0
11
)2
)3
4
15
153
)7

8
) -

NHOODLIAADRWNHOODTAT W I=O

2 - COLUMNS

-..NAMF
YAL

’YAZ__;

YB1

YB2 .

Yol
Ve
YD1
vD2
YEL
YE2
YF1
YF2
YGL
YGa2
YH1
YH2
YIl-
YI2
-LTl' )
Yo
YK1
YK2
YLI.
Y12
¥M1
YM2
YN1
YE2.
YOl

Yoo .

YP1
YP?
UAL
UA2
UBl1
UR2-
ucl
uc?2
UD1
Uun2
UE1l
UE2
UF1
UF2

- UGl

UG2.
UH1

AT .

T

S IT

IT
IT
IT

I

1T
IT
IT
IT
IT
1T
IT
IT

- IT

IT

LIT
IT

IT

17
IT-
IT

IT
IT

1T

IT
IT
IT
IT

IT

IT
iT
A L
RS
LL
BS
BS

.BS
BS

BS
LL
BS
BS
BS

" AL

BS
LL

. JACTIVITY..

1.00000
1.00000
1.00000
1.00000

1.00000

1.00000

1.00000
1.00000

1.00000
1.00000
- 1.00000
1.00000

1.00000 -

1.00000
1.00000

1.00000
1.00000
1.00000.
1.00000
an.0anno
75.50000"
11.50000
an. 00000
00.00n00

8R . 00000

~90.00000

54.00000

-PRIMAL- DUAL OUTPUT .

.IRPUT‘COST.

1166 .00000;
1214.00000 .

6784 .00000

11136.00000 .

2756 .00000

4524 .00000,

7950.00000
13050.00000
15264 .00000
25056.00000
2120.00000
34820.00000
1484.00000

2436.00000 .

4240.00000
6960.00000

1820.00000 .
2610:00000 .
4876 .00000

8004.00000

3180.00000
5220.00000
2180.00000

5220.00000

© 3120.00000

5220.00000

©540.00000

15660.00000
8250.00000
13050.00000

10388.00000

17052.00000

LOWLR LIMImi

'

. .
UPDEP Lrvig
: .00004¢
.0000¢
.00000
.0000(
.0000640
.000010
.00000
.00001
.0N00Q
.00000
.00000
.00004Q
.00000
.0000¢
.00000
.00004
.00004
.00000
.00000
Nelslelsks
meisisiele
.00009
.00000
_annﬂ

A

//
%'H!“%JN}JPJHFJFJWVJFJH!JFJHPAF‘P}JFIHFJFJH%ékJHi~F+H




CTION 2,

IMBER
. 133
134
135

- 136

137
138
139
140
141
142

143

144
145

1,46 -

147

148

149
150
151
152
153
154
155
156
157
158
159
160
161
162
1R3
164
165
1AA
167
1e8
169
170
171
172
173
174
175
176

...NAME..
.yH2
‘ULl -
UI2

UJL

UK1
UK?2
ULl
uL2
UMl
UM2 -
UN1 - .
UN2
Uol .
Uo2
UP1

L UP2

V11 o
vi2 -
V13
V21
V22
V23
V31
V32
k!
V41

, V42

Va3
V51
V52
V53
VAl

VA2

Va3
71
v72

-~

SV 2

val
V8?2
V&3
vael
vo2
va3i

psive Js)
nwn

taeliosliveMivcMiveliuvllvs Rl vo Mo R
U)U)VJJZ/)(DU)UJUJU)'DU).

- COLUMNS

-AT
" BS

BS

BS
- BS
BS
LT,
'BS

BS
BS
BS
BS

LI

BS
BS
BS
IJIJ

'BS

BS

'BS
. BS
BS

BS
BS

BS

BS
BS

BS. .

jov]
n

N

t

o
”

Bye Bivo RN
nwn

: DRIyAL -DUAL OULPUL,;,,-i,:f»g-¢g;w~~m
..ACTIVITY..' . INPUT COST. .LOWER LIMIT UPPER LIMI
85.00000 . . e . NON
13.00000 . - L e e . MON
©a0.00000 - - ELTAE SR L mEE TR e NON
-30.00000 .- ise.osee. i e ieioe . .. NON
90.00000 LA N (1.
- . e - NON
3R.00000 . ' s o o NON
26.00000 . . NON
. . _ . ‘ , NON
28.00000" . . T NON
C . . : R : NON
A . : . : _ NON
90.00000 . o ’ NON
30.00000 . S _ NON
. . = . . - IQON
) : .o L NON
83.50000 . A - ‘ NON
29.00000 X e : NON
" 21.50000 S ” T ' C . NON
21..50000 P , L . MOX
17.00000 ] FERIE NON
12.50000 . o . : KO
18150000 .o L B o)
16.00000 ' L. NON
10.50000 . 1NON
13.50000" . : NI oW
21.00000 . O
11.00000 NON
20.00000 ) - NOX
i0.00000 . .o B 10N
¥1.00000 . . I 5o
14.00000 . . NOM
23.50000 . . NOY
12.50000 ) ' : .o NOX
24.00000 . . ‘vc:
10.00000 . : . ' N
10.08000 . ' v . , ~ NON
4,00000 . L . , 1on
"8.00000 . ' L MON
8.000Nn0 . . . o . NON
4.00000 L CoTT L - NON™
19.00000 / L S e)s
12.00000 . o R E -NONR
10.00000 . ‘ L .. Nom
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