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Abstract. A proper design of multi-hop cellular networks (MENs a key step
before its deployment. It helps determining wherénstall the nodes and how
to configure their interfaces while guaranteeindl fuser coverage and
satisfying traffic and QoS requirements with minimeost.Few proposals can
be found in the open literature that deals with MEN design problem.
Furthermore, these proposals assume the existehee physical topology
where the locations of the nodes are fixadthis paper, we consider the design
of MCNs assuming unfixed topologies (i.e., locatiofimodes are not known a
priori). We start with proposing a new multi-objeet optimization model for
designing MCNs. This model simultaneously optimizego conflicting
objectives, namely network deployment cost andugihput while guaranteeing
users’ full coverage and the requirements of prensid(expected amount of
traffic/lusers and QoS)lo resolve the optimization problem, we start wath
exact resolution using CPLEX, and then we develdasaand simple greedy
algorithm.

Keywords: Multihop, Cellular Networks, Design problem, Multbjective
optimization.

1 Introduction

In the last decades, several applications have gadesind have been taking more
space and importance in our lives, such as mulienegbplications. Indeed, the
exponential growth of mobile telephony, among athélas created a huge need for
new services. These services have specific reqainesrin terms of bandwidth and
Quality of Service (QoS). Thus, wireless networkspecially cellular networks,
should be designed to support these requirememtsellular networks, data rates
noticeably vary depending on the positions of usershe cell due to signal
fluctuations and interferences. In addition, thaldyu of the received signal is much
more affected by path attenuation, mainly in theecaf non-line-of-sight. The
capacity and the coverage are two major challemgellular networks. So a new
architecture that solves these problems will celyabe of great interest. Multihop
Cellular Networks (MCNs) has been proposed as #mnacdive solution [1]. This
architecture consists of using relay stations (&&) work as intermediate nodes of
communication to receive and transmit data to tb&tidation. In some cases, when
necessary and when conditions permit, users theasatay act as relays. Otherwise,
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relaying is performed by dedicated equipments taet part of the network
infrastructure. Thus, the communication can bei@admver multiple hops instead of a
single hop between a mobile station (MS) and a lsiadon (BS). The MCNs
emerged mainly in order to improve the performaand cells capacity of cellular
networks. Each MS has 2 interfaces: a 3G inteffac®mmunicate directly with BSs
and a WiFi interface to communicate with RSs; e&®% has a 3G interface to
communicate with BSs and a WiFi interface to comicate with MSs and
neighbouring RSs. It has been shown [1] that MC&¢kice interference and provide
better coverage and higher throughput.

Major research efforts have been focused on dpigjodesign solutions for
cellular networks and WLANs. However, we can'’t 3ptilese solutions because these
networks strongly differ from MCNs (e.g., 1-hop aomomication vs. multiple-hop
communication). The design of a MCN basically imed choosing the best
installation location (given a set of candidateaktiams), the type of network nodes to
install (Base Station “BS” or Relay Station “RS'hdatheir number. It involves also
deciding the channels or codes to be assignedhrengadwer to be applied to nodes’
interfaces while at the same time providing guareditcoverage to users and adequate
connectivity with minimum cost.

Most of related work on the performance improvenma&EitICNs assumes a fixed
topology. In fact, in the open literature, we caawoss several contributions that
compute the throughput for a given MCN topology awadle locations [7- 9]. It has
been proved that the number of deployed RSs hasgact on the performance of the
network. In this context, the impact of the celiites and the number of relays in the
system performance was studied and evaluated in A2Jnumber of existing
contributions assume that the relay stations agerstalled and try to optimize some
parameters, such as traffic load [12] and delay. [€8ntributions in [3-5] studied the
most convenient locations of BSs in a cellular ssrwinent without the use of RSs. So
et al. [6] investigated relay placement with theumsption that the BSs are pre-
installed (positions known a priori). More spedfig, in the context of a single BS
(i.e., cell), they proposed an approach to computainimum number and the best
positions of relays, to use in a micro cell, in@rtb maintain the pre-specified uplink
and downlink demands of the end users. Howeves, whirk did not consider the
constraints of interferences.

The cost of deployment and throughput are the nmogbrtant criteria in MCNs
design. To provide better throughput, more nodesirie be deployed. However, the
more nodes we use, the more expensive the deplaywikkribe. Therefore, a single
objective optimization model cannot reflect theetmiature of the problem. In this
paper, we define an optimization model to decide rifost convenient locations for
BSs and RSs simultaneously. Its objective is tanmize the network deployment cost,
to maximize the network throughput, and to guammients’ coverage. Our model
allows the design of MCNs from scratch (e.g. a matwork deployment or a new
geographic area) or the expansion of existing lellnetwork (e.g. to increase the
capacity). In opposition to existing schemes, wdrask several issues (e.g., multi-
channel, placement of BSs, placement of RSs, aedénences) at the same time by
exploiting the relationship between them.
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Since the problem is NP-hard, exact solutions,gufin example CPLEX, are not
feasible for realistic size networks. Thus, we ps®pa simple heuristic to produce a
feasible solution (a solution that satisfies ak ttonstraints). Our model takes into
account physical interference to make it more séali. The complexity of the studied
problem makes the model hard and non-linear. Afftezarization, we solved the
problem using CPLEX. Then, we proposed a greedyisteufor larger instances. It
aims at placing RSs and BSs in the most approppasition sites to guarantee
wireless connectivity and users’ coverage at amuinn cost.

The key contributions of the paper can be summaree follows: (1) a novel
multi-objective optimization model that optimizegot conflicting objectives: cost and
throughput. It can be used for both deployment @y MCN and expansion of an
existing MCN; and (2) a heuristic algorithm to sobhhe model for real-size networks.

The paper is organised as follows. In Section Ie wresent the proposed
mathematical formulation of the MCNs design prohlémSection 11l we describe the
approach used to solve the proposed model. SeldiGummarizes our preliminary
experimental results. Finally, Section V concludbe paper and presents future
works.

2 Problem Definition and Formulation

2.1 Problem description

A MCN consists of a number of BSs and RSs. To retaymunications between
MSs and BSs, RSs are linked to BSs through wirdieks; they are also interlinked
through wireless links. However, BSs are interlohkesing wired connections. RSs
have the same structure as BSs, but they are sraalieless costly since they provide
far less functionalities than BSs. The MCN can 2is#fferent types of RSs: fixed or
mobile.

In our model, we consider a wireless network witted RSs, multiple channels
and multiple heterogeneous radios. Each node (BSprRVIS) has 2 interfaces: a 3G
(UMTS) and a WiFi interface to use according to #hailable resources and the
distance between the sender and the receiver. W&\ilsi radio if the distance and
the capacity allow it; otherwise, we use the 3Gerfisice. Each node has multiple
wireless channels (12 channels in IEEE 802.11athvhre orthogonal to each other,
and multiple orthogonal codes for 3G interface (WMA: Wideband Code Division
Multiple Access), to allow simultaneous communicas.

Let S be the set of potential sites (PS) (positiafere BSs or RSs can be
installed); and P the set of positions of traffimcentration in the area of study called

traffic spots (TS). The design problem aims at:qglpcting a subsel! U € of PSs
where nodes (BSs or RSs) should be installed. Mieigns that these nodes cover the
considered TSs, and their capacities can satigmtsl request; (b) selecting a subset

BU Syt BSs among PSs, where the connectivity is assaneldall traffic generated
by TSs can find a way to reach one of these BSbj{@nmaintaining the cardinalities
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of N and B small enough to satisfy the financiad #ime performance’ requirements of
the network planner.
2.2 Terminology

Before going any further, we describe the termigglthat will be used to define
our model (see Table I).

Table I. Inputs

Variable: Descriptior
cP The installation cost of BS i0S
cl The installation cost of RS iOS
dd, j) The distance between two nodes i and j
TRWifi The maximum trasmission range of WiFi interfa
TR3C The maximum transmission range of 3G inter

Coverage matrix.a; =1 if 2 devices are installed i

n
the positions PRSand P$Sand can communicate with
aij each other (given the devices maximum transmissi

range), or if 1 device is installed in the positRP8 and
can communicate with a TS 0 otherwise.
ioPO S jOsS

152}
o
=}

Coverage matrix with respect to Wiqu-\fV'f' =1if2
devices are installed in the positions; B8d P$and
can communicate with each other (given the devjces
Wi maximum transmission range of WiFi signal), or if 1

I device is installed in the position P@&nd can
communicate with a TSia WiFi signal; O otherwisel
iOPOS jOS

Coverage matrix with respect to 3GF¢ = 1 if 2

devices are installed in the positions; B8d PSand
can communicate with each other (given the devjces
3G maximum transmission range of 3G signal), or if 1

y device is installed in the positon P&nd can
communicate with a T;Svzia 3G signal; 0 otherwise.
ioPOS jOS

o Traffic capacity matrix of the wireless link

I ioPOS jOS
Traffic generated by T,S DiOP
6

6 should verify the following constraing < ¥ ¢;
s
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Prax The maximum transmission power of
Power_WiF | The discrete set of the power values that a Wiior
i can use
pi?G Received power (3G signal) from 1@ PSto P$
3G Transmission power (3G signal) of 8 P$
pWiF Transmission power (WiFi signal) of T& P$
TR Transmission range of noc
TRi3G Transmission range of node i using 3G interface
TR Transmission range of node i using WiFi interface
£k Traffic flow routed from T} or RS; to BS or R using
1) k
f.c Traffic flow routed from Ty or RS; to BS; or RS using
L code c
X A binary variable that takes 1 if  is assigned to F;
I 0 otherwise
. A binary variable that takes 1 if a RS is instalie
J PS; 0 otherwise
b A binary variable that takes 1 if a BS is insed in
! PS; 0 otherwise
A binary variable that takes 1 if ; can transmit it:
t; traffic to RS/BS; i.e. if TSis covered by one or more
PSs
A binary variable that takes 1 if there exists selgiss
y,'j‘ link between PSand P$or between TSand PSwhich
uses channel k; O otherwise
A binary variable that takes 1 if there exists a
zi? connection between 2 PS i and j or betweepard
PS§ which uses code c; 0 otherwise
U A binary variable that takes 1 if de j is the farthes
! node from i such thatjy= 1; O otherwise

2.3 Mathematical Formulation

The objective functions aim at minimizing the cost the infrastructure
deployment and maximizing the throughput of netwoil/e define three objective
functions.
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Objective functions:

k

£

maxy ¥ ¥ - (@)
ksN DSIP [ S@j

p®

mn ¥ ¥ —— ()
0SOP 1S Prax

min ¥ CPb, +C{r, ©
s

where (a) maximizes the flow capacity ratio of Wiliiks to maximize WiFi
throughput; (b) minimizes the power received by tlogles (RSs and BSs) to limit
interferences and cell overlapping to maximize Bféughput; and (c) minimizes the
deployment cost.

In this paper, we convert this multi-objectives rabb an aggregated form using a
single objective model by using a weighted sunmhefthree objectives. The goal is to
resolve the model using common single objectiveltgi®n methods. In future work,
we plan to resolve the proposed model using mubijgctive resolution methods [14].

min(a,* $(CPh +CIR) +a*M* 3 ¥
s 0S0P 1S Prax

f.K
—a*MT Y 3y
OPOS PN @

wherea; +a, +a; =1, andM 007 is a penalty coefficient.

M ' must respect this constrairl '>10° * Z‘(Cib +C).
0s

In our model,M =M '=10".

Constraints:
2z ay *(ry +by) =t oiop (1)
s
Xj <ay ™ (rj +by) 0iODPOS,0jOS @)
rj+by <1 Ojos @)
2 X 2t 0jopP (4)
s
k k : .
fi <@ ™V O0i0sSOP,00S  OksN (5)

YIRS A=Y S+ TS Oi0sS (ioP)  (8)
ksN lgg csL Eg ksN OSIP csL O9IP
]
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Y XA RS sMry
ksN [0S
JOP

Y TRCHRESM*( +h)

k<N OSOP
YT+ Y T fe=40,
keN [0S =L S

H+sz|j+zzfuc:z an"'z th

ksN OSIP csL OSOP

YHH Y S - fi <M, *(-h)

S0P kN (S0P <L
f. < M2 Q
le
< Pmax
gij

P<M*Y ¥ zf
csL s

PiC <My* £

R<M* ¥ ¥ zf

csL IS
P_WiFi
I
d(i,n)” .k
T Yin 2 SIRyin
R Rl 78
d(mn)*

PWF O power_Wifi

PWIFI <M * Z Z yll
ksN IS

riSZZZC’.JbJU

x y PS
fu —M4 ylj
yi< i
ijC s MS Zij
,Jcs fi
Z a”
s
2 ay sMg*
s

Wifi

k
yij au

0i0s (iopP)

0ios (iopP)
0ios (ioP)
OiOPnS
0ios
0ios

gigosgopPOgos
giopPOsS

0i0sOP,0jOsS

gigpOds

oigpOs
OiopPOsS

Eix,inS; X, yO

oigsopP

oiosgop

oigorpPOs

Networks

@)

(8)
9)
(10)
(11)
(12)

(13)

(14)

(15)

(16)

Oi,mOPOS,OnOS,Oks N (17)

(18)
(19)

0 (20)
(21)
(22)
(23)

(24)
(25)

(26)

@7)
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z sg”?"G giopOs (28)
£ M1, M, M3, My, Mg OO (29)
%; 'Ii!h-yi;(-yijlzi]glzij'uiijj D{OJ} (30)

Constraint (1) ensures that each TSi is covereak lbigast one RS or BS. Constraint
(2) ensures that TSi or PSi can be assigned tooRlgjif one RS or one BS is
installed in PSj and this node covers TSi or P®ingraint (3) prevents to have RS
and BS installed in the same PSj. Constraint (fukttes that each TSi should be
assigned to at least one PS;j. Constraint (5) ptevatink flow from exceeding the
capacity of the link; it also states that a linkviseen 2 nodes i and j using a channel k
can exist only if there are 2 nodes installed theosinected and assigned the same
channel. Constraints (6) - (10) define the flowaake for each node. Since we
consider only the uplink, the flow received by a B&sn't go out. This traffic is
absorbed locally using a new variatfjevhich is defined by constraints (11) and (12).

Constraint (13) ensures that the emission powera ofiode cannot exceed the
maximum emission power (Pmax). Constraint (14)estahat if there is no 3G

connection between two nodes i andP® must be equal to zero. Constraint (15)
forcespi?G to be equal to zero when there is no flow betweem modes i and j.

Constraint (16) forcep° to be equal to zero when there is no flow betweasteri
and other nodes. Constraints (17) and (18) lingtititierference on WiFi link. We use
a physical model of interference [9] since it isrmeealistic than a logical model. For
example, if yK, =1 (there exists a wireless link between PSm and ®Ssetween
TSm and PSn which uses channel k) and constraitiglsatisfied, then a successful
transmission is feasible between PSi and PSn oram&iPSn. For each node i, the
smallest value in Power_ WiFi that satisfies (17) sslected (constraint (18)).
Constraint (19) forceBWiFi to be equal to zero when there is no flow betwemdten
and any other node. Constraint (20) stipulates éhah node must reach at least one
BS via one or multiple hops. Note that this comditis already covered by the flow
conservation (6)-(10) and the sink constraints {12). The traffic must start from
MS to reach one BS. It is generated by MS if thiS is covered by one PS
(constraints (10) and (11)); in this case, thefivafaverses several nodes (constraint
(6)) until it reaches one BS (constraints (7)-(99, these constraints guarantee that
every MS is linked to a BS. Constraints (21)-(24}esthat when there is no WiFi link

(respectively 3G link) between two nodes i anql-j €0, Zi‘J? =0), the flow must be

equal to zero (ijk =0, fijc =0); and inversely, when the flow between two nodes i

and j is equal to zero, that means there is no Wki between these two nodes.

Constraints (25) and (26) stipulate that for eastieni, if there is no node that covers

it ( X a; =0), then the traffic cannot be sertf € 0); and inversely, if we can’t send
s

the traffic of a node i to another node, that methese is no node that covers i.
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Constraint (27) (resp. constraint (28)) is logicahstraint to relate the WiFi (resp.
3G) coverage to the existence of wireless link leetwtwo nodes i and j.

Metrics:

pi?G computes the received power from, 8PS to P$[11]

. 3G _ .
pi?G :;W* liotal 1T EC/zi? z0; P~ =0 otherwise (31)
1+7E
("R,
No
where W is the WCDMA chip rate which is equal t8483Mcps, R is the bit rate of
user i,v; is the activity factor of user i at physical lay#ine recommended values of

this variable are 0.67 for speech and 1.0 for d%%) is the energy per user bit
0

divided by the noise spectral density, ang, is the total received wideband power
including thermal noise power in the base stafigg.is formulated as follows:

Itotal = Z Pi3G +n (32)
i0dF

where F represents the set of nodes i that transrifie same BS or RS.
gj used in constraint (15) is the propagation facfothe radio link between T&nd
PSor PSand P§
_ 1
9 = A@wy
10 10

where A(d(i.j)) represents the channel attenuatiordB) [17]. In this formula d(i,j)
must be expressed in Km.

(33)

143.83 + 38.35 * log (d{ifor urban areas
A(d(i)) = (34)
16.31 + 38.35 * log (d§ifipr rural areas

The received power of each node i is computed |sifs:

P = maxpi® OioPOS (35)
ios

Equations (36) and (37) compute transmission raoig&ViFi and 3G interfaces
respectively. The transmission range of node i iste®f the distance between this

node and the farthest node j with which it commatss (K, fijk #0orlk, fijC #0).

TR =max;p (d; * yi) OiOPOSk<N (36)

TR*® = maxp (d; * z{) OioPOScsL 37)
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Model linearization:

Constraints and metrics (17), (31), (35), (36) asit) @re not linear. In the following, we
propose an approach to make them linear. The gotw produce a linear model for MCN

design.
We replace constraint (17) by the following constisa

P_y§ sM*yf 0iOPOS,jOSk<N
p_y; —R" <1-yf OiOPOS, j0SKksN
p_yK—PYF > M* (yk -1) OiOPOS, j0Sk< N
P_ Y
— .
%25”%“ OimOPOSNOSk<N
pt— =2
d(m n)
) PiWiFi |f y|5< =1
where p_yj =
0 if y=0

We replace constraint (31) by the following constsa

p_zj<M*z OiOPOS, jOScsL
p_z -R*<1-7 OiOPOS,jOScsL
p_z -R* 2M*(z -1 DiOPOS, jOScsL

pi?'G:;W*(ZP_Zﬁ*ﬂ*ZE) OiOPOS,jOScsL
1+ i0F

E
()R
0

R¥if z =1
where p_zj =
0 if z =0
We replace constraint (35) by the following constisa
R = p° 0jos,0i0POS
R =pF*q OjOS,0i0POS
> g <1 0jos

s

(17-1)

(17-2)

(17-3)

17-4)

(31-1)

(31-2)

(31-3)

(31-4)

(35-1)

(35-2)
(35-3)
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1 if pi®=pi® OIOS
whereg; =
0 else
We replace constraint (36) by the following conistia
TR > d; * y¥ OiOPOS, jOSksN  (36-1)
TR,-Wm =Y dj *yy gigPOs (36-2)
s
Y u; <1 OigoPOS (36-3)
s
1 if dy*yfzdi*yl" O0SkmsK
whereu; =
0 else
We replace constraint (37) by the following constisa
TR > d; * zf OorPOS,jOScsL  (37-1)
TR*® =y dj * v giopPOS (37-2)
os
T vl oigpPOsS (37-3)

s
1 |f dij*zi?zd“*zi? DlDS,C,nSL
wherey; =
0 else

3 Problem Resolution

In the beginning, we solved the problem using thear solver CPLEX. However,
since the problem is NP-hard, CPLEX can only sdifer small sized networks. An
exact resolution is not feasible for realistic siegworks. Thus, we have developed a
constructive greedy heuristic to solve this probkma to obtain a good solution (not
optimal) within a reasonable amount of computinggti

The heuristic inputs consist of the positions deptial sites (PSs) and traffic spots
(TSs), and the expected traffic per TSs. The pregpduristic aims at placing RSs and
BSs in the most appropriate position sites. Aftetning the proposed heuristic, we
obtain, as outputs, RSs and BSs positions and tinairacteristics (coverage range,
channel and code assignment, power applied to maad#'s interface, traffic received
and sent by each node and the paths traffic trafeym TSs to BSs).

The operation of the proposed heuristic consisi& steps: (1) RSs are first placed
since they are cheaper and they are biased towarlishop communications; and (2)
BSs are installed. Step (1) takes into accountothjective functions (a) and (b). It
satisfies the constraints of coverage and intemfaeThis step includes two sub-steps:
(a) RS is placed in PSf there exist TScovered by only one RSand if there is
enough resources to satisfy; #®mand; and (b) for each P& set Eis created of TSs
which are not yet assigned to any RS, and coveyetiis P$ Then, these sets &e
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sorted in decreasing order of their cardinalitiext, the first set Hs considered and
then a RS is installed in PNl TSsUE; are assigned to this RS while satisfying
resource and interference conditions. After the, TSs belonging to more than one set
Ej and have been already assigned, are removed fromthiers sets EThe process
(1-b) is repeated until all TSs are assigned.

The main objective of Step (2) is to ensure thahawde can reach at least one BS
via one or multiple hops. This step includes twhb-steps: (a) a RS replaced by a BS
if it is not covered by any other RS or PS to eaghat each MS can reach one BS in
one hop or more; note that the maximal numberogiin to reach a BS from a TS
must be limited since the verification of the smintfeasibility does not scale with the
number of hops (in our simulations,assumes 2); and (b) next, for each, RSet F,
that consists of covered RSs, is created. TheFsete sorted in decreasing order of
their cardinalities. The first sef 5 considered and then RS replaced by a BSAIl
RS4IF; are assigned to this BS while satisfying interfieezand capacity constraints.
The RSs belonging to more than one searfel have been already assigned, are
removed from the other setg Fhe process (2-b) is repeated until alaFe processed.
If there are RSs not assigned to BSs or to othey, R® add BSs in the appropriate
position sites (we mean by that, we repeat stephy2greating sets of RSs not yet
assigned and in the range of PSs instead of otBer fen install BS in PS when
necessary). The pseudo-code of the proposed grgdyithm (GA) is shown in
Algorithm 1.

Algorithm 1:  Greedy — Main

Input . positions of PSs and TSs; TSs’ traffic
Output : positions of RSs and BSs, nodes’ transmission rasiganel assignment
Step 1

a- for each T$covered by only one P8p
if available resources satisfy Td&@mandhen
place RSn PS
assign the appropriate channel
end if
end for
b- for each P&o
create a sef E
end for
sort Ein decreasing order of their cardinalities
consider the first sef Hnstall RSin P$
for each TS1E; do
if available resources satisfy TS’ demainen
assign TS to RS
assign the appropriate channel
for each ksuch thak Z1 g
iTSOE, such thak Z i then

remove TS from E
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end if
end for
end if
end for
c- repeatthe step (1-byntil all TSs are assigned

Step 2
a- for each R&o
if RS not covered by any RSuch thak #i then
replace RBy BS
end if
end for
b- for each Rgdo
create a set F
end for
sort K in decreasing order of their cardinalities
consider the first sef Freplace RSy BS
for each R&IF; do
if available resources satisfy RS’ demameh
assign RS to BS
assign the appropriate channel
for each kg such thak #i gq
if RSLIF, then
remove RS frém
end if
end for
end if
end for
c- repeatthe step (2-byntil all RSs are assigned

Step 3
for each nodedo
compute the transmission rangé of
end for

In this study, channels are divided in two groupbkannels to handle traffic
between TSs and RSs or TSs and BSs, and chaneelsaiselay traffic from RSs to
other RSs or to BSs. In the case of 3G, we dividecbdes similarly in two groups:
codes serving to handle traffic between TSs and d?S$Ss and BSs, and codes used
to relay traffic from RSs to other RSs or to BSs.



14 Souha Bannour, Abdelhakim Hafid, Mariam Tagthou

4 Experimentations and results analysis

4.1 Experimentation

In this paper, we suppose that the codes are attab@nd there is no interference
in 3G links. In our experiment, the positions osRd TSs, and the traffic of each TS
are randomly generated. The installation costB&ss 5 times bigger than the cost of
a RS installation due to the functionalities oftetey the BSs compared to RSs and
their capacities. We use two radio interfaces (Veikd 3G) with capacities of 54 Mbs
and 2 Mbs respectively (that means each value tn'xmz} is equal to 54). The number
of channels is 12 and the number of codes is 25@. dlgorithm is coded in C++
programming language.

4.2 Results and analysis

In this section, we study the performance of theppsed greedy algorithm by
comparing its results with those given by CPLEX.

In this study, we increase gradually the numbecarididate locations while all
other parameters are maintained fixed. We solve pgigblem for medium size
instances € 1.5km*1.5km) using (a) CPLEX and (b) the greedy algorithm ntiee
compare the objective values returned by each solk@ each problem size, we
generate randomly 10 different instances. Fig. dwshthe average of the objective
values obtained by CPLEX and the proposed greegyitim with the number of TS.

0,00

10 14 16 20 22 26 30
-1,00

-2,00

-3,00 \
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Fig. 1. Comparison between results given by both solvers

"Optimal value" means the best value of the objectiunction obtained by
resolving the problem. In our case, since we trynivimize, more the optimal value is
small, more the result is satisfying.

Comparing the results yielded by CPLEX with thodgamed by our greedy
algorithm, we observe that CPLEX produces smallgedaive values (thus better
solutions); however, the greedy algorithm produessilts that are not too far from the
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optimal results (returned by CPLEX). In conclusitim proposed algorithm returns
acceptable solutions; this being said, we develdpedyreedy algorithm just to show
the feasibility of the model; we plan to developrensophisticated resolution methods
that produce near optimal solutions.

For 30 TSs, CPLEX takes approximately 6 hours solke the problem. However,
the proposed algorithm gives a solution in few selsceven for instances of 50, 80 and
100 TSs. In these situations, CPLEX does not refalutions (i.e., response time tends
to “infinity”).

5 Conclusion

In this paper, we considered the MCN design probléve proposed a multi-
objective MCN design model which is unique. Thelgsedo minimize the total cost
deployment and maximize the flow capacity ratiadhd network while satisfying the
coverage, the interference constraints and theraggirements. To show the validity
of the model, we developed a simple heuristic 8l the model. We are currently
developing a Tabu search algorithm to produce optmal solutions.
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