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EKKALUK EKSOOK : ACCESS NETWORK TOPOLOGY DESIGN FOR

CELLULAR TRANSMISSION SYSTEMS. THESIS ADVISOR :

ASST. PROF. CHUTIMA PROMMAK, Ph.D., 72 PP.

ACCESS NETWORK DESIGN/ TRANSMISSION SYSTEMS

Voice and data traffic communication in cellular systems have inevitably

affected everyone's life. The business competition to support customers demands is

intense. Hence, convincing customers to rely on the quality of cellular service providers
is necessary. Creating a quality system commences with network topology design. The
factors which network designers need to consider are: 1) the ability of the network to
accommodate current traffic demand and support traffic growth in the future, 2) the
reliability of the network, and 3) the effective topology design considering the network
budget limitation.

This thesis proposes the access network topology design for cellular
transmission systems. We aim at designing reliable network topology and adequately
supporting traffic requirements both in the present and in the future. Moreover, the
network can be practically designed and subjected to network design constraints. This
thesis considers the reliability of the networks by the principle of Graph Theory
together with Operational Probability, and the ability of the network to support traffic
growth by Lifetime Index. We also formulate the objective functions and network
design constraints that maximize network reliability and Lifetime Index using an
Integer Programming approach. As the result, the objective function can be well

applicable to the practical network topology design. The reliability of the network is



optimized. Therefore, the network topology from the formulation gives the optimum

quality for the design.
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nsl G dszneudieunnau u—v Senns 1l G IuilunslienTeq (connected graph) 61 U
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a d { 1o
nigageaiiios 2 9aueens il G avudiu u way v Al
9
a a g
30 u—v 1nadu vzFenns M G 1 ilunslaiaaeu (disconnected graph)
] Y 2 o 7 Yo aw 4 o
vzirulan ngunsml aunsminndszgnaldnuauisenernumsesnuny
[ 1 Yya 1 A oA 9 1 9 Y] A = <
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Ao mingils1elaseiiela o duldawmannsvesnshienToslungufnsmludd siemnse
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a31'1471 9n 9 Tuaveslaseiieiu q azanuninaanedodisnula uazaoiuzinn q Tualu
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4
Ar081ugu n1s Teumion 1wsegdu 'l lueina udrldesldanasuiedisoase 1510
1 9 Y 9 =\ QSJ‘ Y % A 9 9 = 1 9
111509 VBNANHI A NUTURT oY UIZHNIAIURIMToA1UNBY 390817 1491015 Tou
~ dyd 1
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4

= A Aa 3 @ A
LEAUDINANITNAAD (sample space) NUIYDI LEANUANIYN (elements) WUNAANT N

ee
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I 9 ng; A (] o =\ 9 4 [ [
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9
INATUHTDANITNLAAZAIVDL sample space (38031 sample point NI B outcome
s o M Y o A a &
mamsai (events) Tuuensus bildaulowansuaionvszimaiuain

1 b4
N1INANDIYY LmLi’lﬁ'u(li]wﬁ°]JNﬁ"n!ﬁﬁ]ﬁ]i]%tﬂ@%uiﬂﬂﬂ’liﬂﬂﬁ'ﬁ]\i’q’n 1515 UNIFAVOINAVINE I
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A 1 <3|
3322 HewaNuu1y
a P Aa A a A
WL UUN 1 1Uﬂ1ﬁﬂﬂaa\1!cﬁ\1quﬁlﬂ NMINTIWITONINITUINAND VIS

A d? Y 1 1 oaj = a d? Y o . Y
mmm"lﬂmﬂmﬁmam Lmzwmmaz@mmuﬂammﬂmu”lmm 1 DU (equally likely) (4a391

Y
v A

] 1< t4 ° Y
mmu”ﬁ]ztﬂummmglmimﬂzﬂm’mwﬂﬂmu

p(A) = A (-1
n(S)
lile
A vnedavamsaila 9

n(A)  MIeIIIUIUAINTNUDY A
S HIED sample space
n(S) wmedIIMIUANITENVDT S
] | 4
P(A) winedennuinziluveungmsal A
=1 dy Y 1 ] [~
3323 napdesdulumamaminnuiinnzily
7’ o <
- HaMIANLENINIU IABAAYIA (mutually exclusive events) 1UNT
' s o a 1 7 o <3 <3
naavsgula 9 mansal Anazivgmsal B azi3end1 imamsaifinenainiulagdaaia n
) 1 v
aolllo ANB=¢ unweanui1 A 7o B vu Lifinsaisiuswes vienanldin Adu B

e lusauiu

A o 7 A Y <
'i‘]J‘VI 32 Llﬁﬂ\imﬁ]ﬂ"ﬁm Auazm@;mim B ‘VILLEJﬂﬁﬂﬂﬂ‘L!IﬂEJLﬂWU"Iﬂ

u

v ¢ s 2 I ) < Y Y
mm&amim Auazms{!mim B LﬂulﬁﬂﬂWﬁmﬂL!ﬂﬂﬁnﬂﬂUIﬂﬂlﬂﬂﬂﬂmlaﬂ %"1@:11
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_ n(AuB) )

P(AUB) _—n(S) (3-2)
1)

n(AuB) =n(A)+n(B) msie AnB=0
Favfu

P(AUB) _n(A)+n(B)

n(s)
n(S) n(S)

yude

P(AUB) =P(A)+P(B) (3-3)

81 ALA LA fluanisel nivanisaila q fifly mutually

. Y
exclusive events L1Q1

P(AUVA UA U...UA) =P(A)+P(A)+P(A)+...+P(A) (3-4)

oA ] Y <
- 1gMIain luuenaniuTagav1a (non-mutually exclusive events)
1 J L4 1 I ' @
lumsneaosgule 9 mansal Auazivanisal BaziZenin mamsain ldtenainnulag

1< =3 4 ™ 1 o 3 I { 1 @
PAvIA NABLE AN B # ¢ Wunuiennud1 A nu B du Wwwanilingaisiunu

A 4 4 A A @
51U 3.3 uaaungmsal Auazimgmsal B Nnsgisaunuy
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P 7 s & A A A o Y} P
ﬂ"ll‘l’iﬁ]ﬂﬁﬂ! Auazmqmsm B L‘].I“L!L‘Viﬁ]ﬂﬁﬂ!ﬂﬂﬂﬁﬂ!ﬁ?ﬂﬂullﬁﬂﬂg1@31

p(aug) - NAVE)
n(S)
n(Au B) =n(A)+n(B)—n(AnB)
Saru
P(AUB) _Nn(A)+n(B)-n(AnB)
n(s)
_n(A) N n(B) n(AnB)
“n(S) n(S) n(S)
Yude
P(AUB)  =P(A)+P(B)-P(ANB) (3-5)

4 4
3324 ﬂauwﬁmummmqmm

a 1 9 I PPN dg’ 3
Tunmsnaseuragula g o1 A iumgmisaiiihayulunisnaaeaiv

E4
v o

= 9 I} £ A =
complementary Y94 AUgULNUAIY A" FIUAVUTUUAAIU

1) AUA'=S
) ANA =g

TORPETR
P(AUA)  =P(S)
P(A)+P(A) =1
P(A) =1-P(A)

130

P(A) ~1-P(A) (3-6)

] [~ A A
3.3.25 ﬂamuthﬂmmumwu%

1 I o {1 I 1
Glumimmmummﬂummmﬂmm% AuuudumsmanuuIg
[~ 1 A o A w 1 o d 1 v 9 dy <
WunounenINInaass Tﬂﬁl‘ﬂﬂ\ihlﬂﬂﬂﬂwaﬁwﬁﬁlﬂ €] UBNINITINAQBILY ualuvotazdu

[ ] I~ s = A = s = Y a d? Y
m’a‘mmmmm%tﬂums&gmﬁmwmmﬁmﬂmmﬂmﬂmimwuﬂmﬂﬂmuum
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ﬂ'J']lJ1!']%3L‘].]U!ﬁﬂﬂ1§ﬂﬂl@ﬁlﬁﬂﬂ1§ﬂ! BLiJ’[’)VIﬁ']‘]J'J'ILﬁﬂﬂWﬁﬂ! A Ulﬂ

a d? Y A 1 ] 3 4 s}d' 1 4 a d? 9 =S
Lﬂﬂsllullﬁ'llifJﬂ'J'lﬂ'J"IiJuYﬂgL‘]JuGU@QLWﬁ!ﬂ"Iiﬂ! B ﬂWfJ“lﬁN’f)uul‘U'Nlﬁﬁﬂﬂ'ﬁﬂ! A INAVULAT LVYU

9
v A

unuale P(B| A) wazaninsaivua laaail

P(B| A) _P(ANB) g0 peay <0 (3-7)
P(A)
22181
P(ANB) =P(A) P(B| A)
Haziilednn
) ANnB =BnA
N EREREAILT!
P(ANnB) =P(BnA)
=P(B) P(A|B)

Y i1
=2 1 =

{ '3 ¢ a o ' 4
lunsainfimanisaivate q mamsal aduaetilesiued1elitou v

swualdidlu AL A, A, A Tagh A ifadeu A, uaz A, ianeu A, aerileslilifes

P(ANANA N..NA) =P(A)P(A, | A)P(A | A NA,)..
P(A\IANANAN.NAL) (3-8)

/A & a 1T @
33.2.6 mgmasiniiludaszaenu
1 I 4 1 4 [ 1w A 1
anuiaziluvesngmsainaazmgmsaio lidawadenu ¥ienan
Y1 a 4 (= A 1 4 1 1 =\ 4
lanmainamansal A lulinansgnunszioudsigmssl B uaegala 1515enmgnisol
da'l A Y
puuiIngMsaiodse vz 14
P(AnB) =P(A) P(B| A
< oA ) A "o
i A uay B iflumgmsainiludaszaonu
P(B|A) =P(B)

Y
[

U
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P(ANB) = P(A) P(B) (3-9)

AAa 4 J a 4? 1 A v A 1
‘luﬂi NUIHANTITUYATY ) 1HANIT Lﬂﬂﬂlu@@tuﬂﬂﬂuiﬂﬂ‘ﬂll@]ﬁ%

q

H 4
mgmssinnavwiludaszaenu fmualimilu AL A, A, A, 321d

P(ANA, nA N0 A)  =P(A)P(A)P(A)..P(A,) (3-10)

a o 1 d‘d‘ 9 [ a U d‘ A 9 [} Y o A
\111&’)5]ﬂaluﬁ")u‘ﬂLﬂEJ’J"’U’ENﬂiJﬂ']iW%'liﬂ!'lﬂ?ﬂ?"lll!slf’f)ﬂ’f)llﬂ‘llﬂﬂiﬂiﬂelﬂﬂ 'lﬂmummm
2 ' AN Y Yy v 0 a ¢ = & o
‘VIE]‘BQﬂi?ﬂllﬁ%ﬂ’)?ﬂﬂTﬂ%Lﬂuﬂlflﬂﬂ?lTJlI']"’UNﬂu UININTUATICHUALANHUNDUIAULUUNI

A s A 3 ~ A v Aa 2o a v Y
ﬂmﬂﬁqﬁﬂﬁLW@ﬁ'lllagl‘]JUﬂiﬂuﬁluﬂ'ﬁlﬂﬁfJ‘]JW]fJUﬂ']CVILﬂ@GU‘H @Qfﬂgﬂ'ﬁﬂ']ﬂﬁlucﬁam@ﬁ@llﬂ

a d v d' A [y v v v
34 m‘i’Jlﬂi]z?‘iﬂ1ﬂ’J13J!‘liE)ﬂf’JulﬂsllENIﬂ‘N°lﬂtlg‘lJiNﬂN 9

Y 2 = ] < awv dy Y o =
vnnanmsvesngunivuaznguanuiiziu audsed lddimsanyinas
~ ~ ' ' Y =K A o J o ' A a 7
nfSeumeugiialasansinnduszudedyaransaagarsnuglseveans il e ns sy
1 A A Yya 1 A A YA 1 ] I 1 1 = ~
Manurede Ingldiewmanusede lademanuinziuveslnsaineglsmi 9 filua
1 1 :;I a 1 d' [ 9 d! a d? 9 d' 1 ] 9 =K
nnTualulassieglsraiuansoaaaedemsnuld Fazinadulaoglielas et
< o { 4 4
WuldawnanmsvesnsiiunsisonTog (connected  graph) Favanede TuannTualu
=1 a d' o d‘ usj Y o a =
NINEIIORUUAAY (walk) toiimaron Teann o Tualunswhivldaunsoimsaasaens
Auld
Y

Tuauadeit lavimsanyuazlSeudionusdieInsitesuou 7 gUuu ae g
Y 9 Y . ! . . !
au lduyuneatny (spanning tree topology) gﬂimmmmmu (single ring topology) gﬂiNN—

k4 F4
UHIUNAETFULLD THAS I (multiring with common-node topology) gﬂﬁmmmumwﬁmmu
iUV IV (multiring with three-cycle topology) ttaz JUs1muUNay &9 Iduiweonuuy aw
sunuufe gUTuuURaNszrIeglTwmIutaz s wdu lduuuneadau ((hybrid single
. . g ¥ ] oY qY Y
ring-and-tree  topology) 315192 IMA WU UIdUve UT Az s 19du Tduuneady
4

(hybrid multiring with three-cycle-and-tree topology) L% ] Unaumunatedunny Tuasiuuag
gﬂ'i' 1duliuuneatnu (hybrid multiring with common-node-and-tree topology) Falurave
1 Yy I XK a EAR A A 9 1 1 1 Y o
ao lvzuaasldimiudanszuiumsinnzimanudene laveaInsaegisnme q Tagldnins

4 Y 1 I Y 4 @ 1 4
Uszgnanannguinivuazanuitvzudidlieiu iemiduuuainndene ldves

A Y
Tasavens 7 gilun aeil Taefmiuald
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{ 1 [l 4 o J

G(V,E) Aonsliunuglinlasehedntalussuudodyarouyagans

A zﬂ' [
% AoIrAURY IuATEUUTD Tyl
E Aosavauduveylulnsie
n=V | Ao uauTuaveslasine

A ' <3| Y A o 4 d'dy Yo 9y
p asmanuziluveuduvouniiaulduazluni 1dsmua 1du

Y I a @ . ~ 1 ' I o Y
YOUNMAUIIUDATLINNU (independent) tazliaanuiazilulumsiinuminu
1 ] < { ' o
q=01-p) dAemanuunzduveuduvenn iaunsaiinula
1 ] I { 09.:’ o
R(G) aoa1aueziui luannTualunsid G 9 awisoiinig
a VA Y] 9/& = 1 A A 9 1 qg/l
Aaaodomsnula Farunens Annuiene laveelassiieiues

a ' A 9 ' 9 9/ Y
34.1 ﬂ1§Wi]'lim']ﬂ']ﬂ'T]lllf]f'f]1@%@Q2ﬂ51@@u1ﬂllﬂﬂ%@ﬂm1n

RNC G:

RNC RNC

1

A i~ - A

310 3.4 s Taseenuudu lfuonead

U

110317 3.4 vzmiun nsvesgliedulduuuneatwazilunsvii¥enToe 18
A4 oy v Y gy Y o = 0o q ¥ a 1 A
worduvenveezliednlduuuneadwitinuassanal sz ld TuannTuadadedoas
k4
nuld daiuisieasdldn RG,) = P{duveuswau n-1 duiuamnlnd} uaz

= Y
@eu'ldn

R(Gy)=p"" (3-11)



22

342 msnnsanasnnude ldveegliinumiu

319 3.5 galsnTasenenuuIwmIY

{ <] 1 1 [ 4 =
910307 3.5 wiud nsvesgliraiuaziiiuniviyonTee1d aeensdife 1)
v Y o v v ¥y A R MY o o =
iduveunnduiiou uaz 2) duveuduladunilsogluannz iyl daiu s9sag)
Y
1an
R(G,) = P{iduveudruiu nidusihanldandnd 3+ P{duveusiuiu
n—1 @usiiau vag duvey 1 dushaulildamdng 3
n n n-1
=p'+'C,p'q
nl

LRSI

R(G,) =p"+np"q (3-12)

] 9
343 ﬂ']'i'Wi]"liﬂ!']ﬂ"Iﬂ'J']llL‘dlf'ﬂ115]}"“i’]\‘12‘]J51Q?QLLW?HﬁTN%ﬂLLUUL%MﬂJ@U?'Jll
] 9
ﬂ’e)uﬁﬁ]z‘wmim1Tﬂ’iw”|Elg‘lJiN’Ntm’Juﬁm"ffjmmmﬁuﬂlmim LNING
] =< o dy 9 A 1 A A F) 1 1 Y
ﬂa']'Jﬂ\1Vfaﬂﬂ’liHJE]\1G]‘L!"U'[3]\3ﬂ’liWi]'lim']ﬂ'lﬂ'J'lllL"lf@ﬂ'ﬁ]UlﬂGU'E]\°ITﬂiﬁm’lﬂzﬂi’lﬂﬂﬂlﬁﬁuuﬂﬂlﬁu

Y
VOUITINA
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d‘ 1 ) d'd 9 '
317 3.6 31519 TATaBNU NN TIE UV U I

vinmstiuduvey i— j lugUsraumwildawsoniegiinnsiie
I 1 1 Ao 1 A Ao £
poniluaesdiu Tasdruusniiaulua n, uazduiaeslismiulua n, &3 n +n, =n
1wlamn
R(G,,) = pP{luannluagiuisanaaenuldiifoiduven i—j ¥iau
alnd 3+ gP{ TuannTuagmwnsonaaenuldieduven i— j hisunsashau’ld }
= PR(G, )R(G, ) +(1-P)R(G,)

n, -1

=p{p" +np"gH{p™ +n,p" "} +q{p" +np""q}
=p{p"+n,p" g+ np"'q+nn,p"*q’}+q {p" +np"q}

=p"+np"q+nn,p" g’ (3-13)

wimsuaouldegmmizannls n waz n, Tas n, =n—n, 91dn

R(G,,) =p"+np"'g+n(n-n)p" g’ (3-14)

taziieMMIHIAgIgAnNauN3

Rmax(Gr+) = R,(GI’+) :O
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Ay MAaNuTene lagegazinaduiuduveus i lduisTuaooniluaes
a2 Taguaazaiuianuiu Tuaminy
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MINTongiths e At manurene ldvesTasaiegls1eamiueausy
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Y
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U

) Y =< o 9) 1
fvive i k 11899 91uu Tua luduvensiy
= AN Y ) '
c,,c, nwens Tuan lilasgluduvessu

h=n+l-k=c, +cC,

k k
RGns)  =R(G,)IR(G,,)p" +R(Gy)(kpq) (3-15)
nnmsigaidsduaziiui danuieie ldgegarzinatiuideiiio S1udu

AU
v

- A 1w v o Y
I‘L!ﬂ I, ] AITUAUNINUY muui}z"lﬂ

RGus)  <R(G,R(G,)P" +R(G,)(kp"q) (3-16)

2 2
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h h

L i .
= p“{p? L q¥ +{|0h +hp"“q}{kp*"a}
= pk{p“+hp“‘lq+ p" 2’} +{p" +hp" 1q}{l<|ok “q}

h-242 ~k

= p"{p* +kp“ g} + hp"a{ p* + kp*" q}+ p q’p

n+ n n - n+1_k 2 n—
=Pk} {(+1-KPg + k" 2]}+%p o
2
= p"+ (1D P+ + 1Kk + T g
o n+1)°+2k(n+1) -3k e
L aprg (U ZOD T3
waziilehinmsmaigegannanns Tasmeyiusvesiuds k
Rmax (Gmr—3c) = R’(Gmr—3c) =0
12147
K="+l
3
ATy
2
R(Gr ) =p" +(n+1)p" q+(”;1) P’ (3-17)

a ' A Y 1 z 1
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5 1-2-3-7-6-10-9-5-1 83.6 2090.00
6 1-2-3-7-11-10-6-5-1 94.9 2372.50
7 1-2-3-7-11-10-9-5-1 97.9 2447.50
8 1-2-6-7-11-10-9-5-1 92.9 2322.50
9 1-2-3-4-8-7-6-10-9-5-1 114.6 2865.00
10 1-2-3-4-8-7-11-10-6-5-1 125.9 3147.50
11 1-2-3-4-8-7-11-10-9-5-1 128.9 3222.50
12 1-2-3-4-8-12-11-7-6-5-1 117.9 2947.50
13 1-2-3-4-8-12-11-10-6-5-1 127.6 3190.00
14 1-2-3-4-8-12-11-10-9-5-1 130.6 3265.00
15 1-2-3-7-8-12-11-10-6-5-1 118.4 2960.00
16 1-2-3-7-8-12-11-10-9-5-1 121.4 3035.00
17 1-2-6-7-8-12-11-10-9-5-1 116.4 2910.00
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20 2-3-4-8-7-6-2 63.6 1590.00
21 2-3-7-11-10-6-2 68.5 1712.50
22 2-3-4-8-7-11-10-6-2 99.5 2487.50
23 2-3-4-8-12-11-7-6-2 91.5 2287.50
24 2-3-4-8-12-11-10-6-2 101.2 2530.00
25 2-3-7-8-12-11-10-6-2 92 2300.00
26 2-3-7-11-10-9-5-6-2 90.5 2262.50
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31 3-7-11-12-8-4-3 80.1 2002.50
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37 6-10-11-7-6 52.3 1307.50
38 6-10-11-12-8-7-6 75.8 1895.00
39 7-11-12-8-7 49.7 1242.50
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nbRings=39; // number of candidate rings

nbNodes=12; // number of nodess

nbTypes=3; // number of equipment types

RingCost=
[940,1475,1555,2250,2090,2372.50,2447.50,2322.50,2865,3147.50,3222.50,2947.50,3190,3265,29
60,3035,2910,3562.50,815,1590,1712.50,2487.50,2287.50,2530,2300,2262.50,3037.50,3080,2850,
1305,2002.50,2655,3205,1090,1857.50,2445,1307.50,1895,1242.50];
EqCap=[7,21,63];

EqCost=[10,30,70];

TrafficDemand=[1,3,2,2,3,1,30,4,3,2,7,2];

n=

[
[1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0]
[1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,0,0,0,0,0,0,0,0,0,0]
[0,1,0,1,1,1,1,0,1,1,1,1,1,1,1,1,0,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,0,0,0,0,0]
[0,0,0,1,0,0,0,0,1,1,1,1,1,1,0,0,0,1,0,1,0,1,1,1,0,0,1,1,0,1,1,1,1,0,0,0,0,0,0]
[1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,0,0,0,0,0,0,0,1,1,1,1,0,0,0,1,1,1,1,0,0,0]
[1,1,1,1,1,1,0,1,1,1,0,1,1,0,1,0,1,1,1,1,1,1,1,1,1,1,1,1,1,0,0,1,1,1,1,1,1,1,0]
[0,1,0,1,1,1,1,1,1,1,1,1,0,0,1,1,1,1,1,1,1,1,1,0,1,1,1,0,1,1,1,1,1,0,1,1,1,1,1]
[0,0,0,1,0,0,0,0,1,1,1,1,1,1,1,1,1,1,0,1,0,1,0,1,1,0,1,1,1,1,1,1,1,0,0,1,0,1,1]
[0,0,1,0,1,0,1,1,1,0,1,0,0,1,0,1,1,1,0,0,0,0,0,0,0,1,1,1,1,0,0,0,1,1,1,1,0,0,0]
[0,0,1,0,1,1,1,1,1,1,1,0,1,1,1,1,1,1,0,0,1,1,0,1,1,1,1,1,1,0,0,0,1,1,1,1,1,1,0]
[0,0,0,0,0,1,1,1,0,1,1,1,1,1,1,1,1,1,0,0,1,1,1,1,1,1,1,1,1,0,1,1,1,0,1,1,1,1,1]
[0,0,0,0,0,0,0,0,0,0,0,1,1,1,1,1,1,1,0,0,0,0,1,1,1,0,0,1,1,0,1,1,1,0,0,1,0,1,1]
l;



Tlsunsumemsszaawalumsmainevly CPLEX

int nbRings=...;

range Rings=1..nbRings;
int nbNodes=...;

range Nodes=1..nbNodes;
int nbTypes=...;

range Types=1..nbTypes;
int EqCap[Types]=...;

int EqCost[Types]=...;
float RingCost[Rings]=...;
int TrafficDemand[Nodes]=...;
int n[Nodes][Rings]=...;

int TotalCost=25000;

// decision variable
dvar int r[Rings] in 0..1;

dvar int t[Nodes][Types] in 0..1;

maximize

sum (j in Rings) r[j];

// constraints
subject to
{
forall (i in Nodes)
ctl:
sum (j in Rings) n[i][jI*r[j] >= 1;
forall (i in Nodes)

ct2:
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sum (j in Rings) RingCost[j]*r[j] + sum (k in Types) EqCost[k]*t[i][k] <= TotalCost;
forall (i in Nodes)
ct3:
sum (k in Types) t[i][k] == 1;
forall (i in Nodes)
ct4:

sum (k in Types) EqCap[k]*t[i][k] >= TrafficDemand[i];
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