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Maximal covering location-allocation problem with M/ VK
quening system and side constraints
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1. Introduoction

Stochastic location peoblems can be divided inus theee eain stremns: median, center ancd
covering-type mirels. The fIrst median-tyoe location madel with mobiic servers 15 the stochaste
gucte wodel (SOM), Inooduced by Gzonywn e &l [7]0 Thos model wae spiended o locate o Jaeibily
with & servers by Data and Berman [5] A review of ofber exlensions of the SOM s given by
Bemman gnd Krass [2]. Warg er al. [25] comsidesed the proalern of oominge fised fasilides ;n which
fe plyjecive was W ennincee costomers’ wlal vel and waiting costs, They impesed & restricion
\ | geperulived e model

o the slioenile exoeeted walting time ot 2 faciliee. Bormen and Drczner &)

proposed by Wang ot 2l [237 alloswing the Taeilitizs o mer as an AV sosiems with eack cusinme
selectmy the clisesl cenier,
Boffey et al. [10] considered locating a single service centsr operating as an A9 F 20N queuing

svstern, Mardanov ot al [153] congidered 2n extension of tais problem (oo A0F S svstemne with g
constraint oo the probability of 2 costumer heing o

A gecon Lype of stochastic localivn msds is the coier lovsion medel, A model of this ope i3 e
raaltiple-sever center location preblem mmoduced by Abeooliar oo al. (1] in whizh the obecuve 15
o minimize the maximuam tire spenl oy oany customer, inaludie g travel time snd waltng tme, w1 8
sorvice site.

Adoolian et al. [2] considezed an application of this problem o @ Web Service Frovider [WSPL
The prablem was ic find the location of facilizies, the aumber of servers at each focility, ond
costomer allccation ‘o & new WEIP competing with 2 corpentar tast arovides ithe sume service,

The thixd type of stochaste loesvon models is the covering lecstion madsl Ths guswing waxims’
evailebilicy lecalion preblem s & modsl of this rvpe which has been prepossd by Waranow anc
Kevelle [14] mowhich zack Sac:lily gperates as an 8GN quenng sysiom.

* Comesmonding wulawer

B E TR e T PRI e

| =m
* Dizparmment of Mathemrar ze, Ferdowe Univessioe of Rashand, Walel Ahac Bive., Masliled 41775 0150, T
Bl wghizocH ke e iy
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Warianov and Seva (18] vonsiderad 2 probabiliciz maxmmal covering maodel wilh constraints on
waiting e and gueue lenath. They modeled the problem far hoth o single server facilivg, and far
mult server faciliti=s, m servers for each facilty. An extension with eack lueility sotng as an
M sysiem with finite capacity was considersd v Marlanow and Rios [17] Tiis vodel was
uzed for locating swilches in ATM™s (Auomanis Teller Machines). Marisnov and Sema [19]
considered (e location set covering probiem with consiraing on gueas length and on wailing Hine
They smudied modzls with fixed and variable nunizer of servers at cach serviee center. Maranoy
14T considered locaton of g ocenlers, cach woth e servers, ir arder o omaxim a] expesied
dzmand oves a region, Cerres o all |11 proposed o clustering search for the probabilistic noaximal
ceveriny locaton allocation probiem with an AEA47 svatem and with constramts on warling ime or
pazae lengih, Bilva and Semra [34] prosemied s masimel eovering lecation prebles for ity
cocucs. A GHASP tupe hzwjutic |.'||uu-_xluu: was proposed wosoive this problims, Shevand:

Mahloogi |22] considered = fuzey queu'ng location medsl for congesied systerns. They' utilized
fuzzy sot theory to develop a queuing maximal covarimg locatar-allocation model.

Herz, we LJI"-]~|‘]’ a coverng-tvpe model having fixed facilites. The o bicotive s to maximize
lhe population covered. We allow one or moare servers in each facilitv, Eacl dernand point shoold
e semviced only by ome service center snd there are some consitzings on the number of ceniers and
servers i cach center and o0 the total nuober of seovers that can 5e placed in each center, Demand
pets should be sssigned 10 centers so that the average waiting dme i each cenler dozs not exceed
a predetormined amount. In addidion there is a constraing, on the ol cost of establishing centers
and locating servers.

The remainder of the naper is organized a2 flows. In Section 2, we defire e nolatbions vsed
throvzhour the paper and prosent a marmernetical fummlatlion Tor the preblem. In section 3. we first
develop 8 hevristic alaonthin, and then present twa local search algorithms to impreve the solution,
Computational resuits ard some concluding remarks are presented in Sections 4 azd 5.

FII i

Model Formulation

L ordes to foomulats the probleim, we vse the Rellowing nalsticns:
*he et of all existing demaiul pu;i:lls [1i]=al
fothe set af all vandidate cent s gl o)
f=m)

i the maximum comber of new conters

]

@, 0 population al point §
Noo othe set of cendidale centers that are withio @ covering radivs from i ie

R R whete B 15 the covering radios, and &, s the Eaclidean disiece

No=lied: dig
between node ¢ and candidate center [/
A maximum number of servers in all centers
L maximum number of servers in cach cenler
£ ommaxinum allewsble waitlog tme 2 conter
Fu roostof placing 2 server at center )
Fe o eost of placing a service center af candidate location |
O maximum allowzble cost for esteblizhing cercers and locating servers
A rarmival 1302 &t sorvice center
4, ¢ service rale for service center §

i I:Ji.,r_a,& b2 aversge waiting time at a service center with srrival rale 4 . service raie g and with &

s S R P il
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S

We alse defipe variables zs folloas
kot the romher of o0wrs Al center §

L LT mews mervive CENIEr IS locaisd arsite re AG O, LR LES

1 ifacall Tom pon § iz answered by conler and 0, otheraise.

M, the prablem san he smted g foliows:

B Max ? 3 Ei T

.{_.'

I Y
ol a ol wial i1

I
Xy & ¥, wicli. jel, (2
Nuoan {3)

|:L||-
l JEK (4
I|'-I e .'I. o v o= .:-'.]
WA e e st T icd (i

I this randal, the objective 15 1o muxdmnice the 'D."l')Ll"Iu'i.-l.‘- covered. Congiranis (1) ensure t’l=-"
ezeh demand point 7 s allozated tooal mnst ano sery ICE conler | {:DI"'bl s (21 ensure that point s

onlv servized by an csleblis! ned center 7. Coastsaints (30 E=IH]'\I &4 2t most g eeniers, 214 corstraints

{49 Timic the number of servers gt all selected facilibes. Comstraims (30 ensie that b anest &

sorvess are placed ot each centes seastralnts (8) gUArHmies thal e averaue wailing Tme o €ach
ceater docs not excved 2 predetermined ameovnt, 7. Coagiraimt (T ensuies Liat the toe] costE of
J

locating service caniers and plasing 2ervors at cenlers does 1ot exoeed a piven smount O

W owe ansume that the ar-iving calls r-n;-r demand puints are Mucson ].‘lJ'i.l:l'w-'-‘."" with imbensiny
hem o can be shown te Do miven by f = % £x (Marianov and Serra [ 18]

rs
i E

Pt ig
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Moe it Tor the stabiliny condition o Fod, we muos? bave 5 4

s
Fasterrack and Drezrer [227 snowed that if 4 0% Jarpe hem the sove formula can be wrinten

BN

| . 1
LTS (1N
'-"-'|'.L']'3-.

:':.'—I . T

agad b Bermar and remper [6) and Abochan et all 777 oo 0

This ralat an is also T ey )
walbng time. In Scefon oowe will show dhar by selesiing a snoable 20 270 o be mwde lurpe loca

large &, whick ensoles ue o use (007, 25 well, Substitutiag (10} for (8) mekes e problan biehly
nonlinzar, anc for larpe & wo arc coov abls to solve small msances with comzmercial solls
packages sech as CDLEX

Moz tha for fxed valves oF poand &0 5702 0 k) s 2 sinctly meressing unction o 4,15 2 s the
value of A which mahes e constraim P2 w80 = 0 bindiag, then 224 ie s Tnear egueivalent of
WL k=, & showe oy Marangy ol Sene (18 (ser also Manacov and serce [19], and

Abaslien o al [Z]) However, here we propase andthes approach to handle the waiting time

constraint without  moed ‘o know the cxzor vame of A We then propose analgeriinm hased on

depamposing the protizn intg amaller sob-areblems, sieilar w ke seiation methods sagpesied in
the Leraturs for the capacitziad pernedizn probiene (see e.g., Baldacor eral, |£], Lorenz 2nc Sonne
[ 13]% Each sub-problen: haz oniv one corstraint, The orocidure sients with an approsimets valie
for A_ snd @ slarting soludon Zor £ Lt then thcs bo improve this approsimte sohoion onsl a

sLopping orferem is met.
3. IHeuristic Procedore for Solving Problem P

Before presening the algorthm, we stare 2ad prove 2 lemuma.

Lomma 3.0 8 @04 g b s deficed by (150 and if (ﬁ:.J.-I ut =4 .}:- 0. for A, and i, then

A TI o e p— 38
mEE e A (1]
Prowl. Sze the appendix,
N, l&tr_ffx,_;;,kal = - Lo - s not difficulr to see thal & 5 an mereasing [unction ol A
i b gl - A
¢ ,
s —laipi)=00 Asa, let A. bho thwowaloe of A for which Gl ;.'J:]I-_ 7. Then,

(4

i ; y Th Bt ; o wr .'|‘L
A% Apand (A2, powls rare equivalem end we have d; = — T —uwi ko Kkly o — 1.
i + T i
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asnnal covering Iecation allocasien pehlen 2

Bt At e 0 then

O the other hand, for faed valees of goand £ 00 4 satisfies 2 <4,

pode O3, pk )2 e, This means that A4 G5 fzasible Tor WA kb E L ar couiva’enly A

calishes the censtruimd 4 € 4 New i 0 ok ]€r, then 2, van be ased as 2 starting

carithm, Dihemwise, we nead o conseuct an inital sohution

soounion for the s

3.1, Newristic Algorithm

For 20v cemelidule certer ;o will ¢ servers, we define sub-prablzr v (o) as @l

v z [radsd )} = Adex 3 LY

DL L T et 128 g s L

where A, = ?;’_r;,, canid MO, p ) T given By {10)

e bt

Suppose the: we hove dercmmined the locston of ¢ =11 <52 ol centars and want to delenmine

she lewativn o the ., eenler fror amang the eandidate locations. If we removs the demand points

5 017 wentld be set3fed for any new facility. o

covered by the previous g — 1 cuniess, constiz

addition, il we lenone the constraings (2-(5) and (7), and cansider thers only implicity, ther 1he

.

problam car. be decorprses into smaller sub-problens vk .1 Detils e the alparizhm are shown
e kg, L.

e s sclecrec as ¢ soTvice cenier wil b osprvers, then it is addec o 7 and sny deonard

enint assioned 10 f 05 rermeved rom 4 Define £.oogs the set of demant pois
] - -

9

5 JIn e nelghbarhood

o, Le. e B, wiich are not ye! assigned oz conor, I a demand pomtd 2 e {.} is assigred o j,

then it is removed from £, oand wided 160

eg" cemter i chnsen from smong cendidzte cemlers which have The maxmmuim vane af

- (e edt ) This process 5 pemtirned vomil eitherg = o, o1 the number of sonvers, Tfi:. :
A LEE JE LT Pl

is larper than &, ar all demand poants are coversd {F =g ), or the Whial eest exceed: O

Here, £° . i (he maximum mumber of servers taal can be Jocaled 22 g" center. The number of
cervers s cerier £ 5., the vatue of objective fusetion, z{v,(r 1. and the set of demand polats thai
are essigned to centyr g, 7). are determined in lines (4)-(17). In He (7% 10 the Brst conditien s net
satisfied, then (ere 1= no demand pent tha car be covered by 7. If the second condilion does oo
hold, then ineressing ¢ will not improve tae objechee value. 1€ the third condition 1= a0 salisDed.
then ¢ has the mesnian numaber of servers, and we cannnt incrvase £ 17 the fourth cond:bon docs
not hold, then mersasing § canses the total cost o excead C

oo P LR
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3 T - L ) TR s Tt .
(5 het WS =0 o=y isdiden il Wored o =8 e
i =i aatve v AT e e AL =2 I.-:;"lj
- "oty R (g Vel - o I P o B e 0
(7 Bille (4, 2@ aog M) 20 and T, ond coms ((F = Fr )<l oo

(5] et e M = =l |'.f‘_.__|
(&) oA s A
19 g = tha

Ty : 5 Y. | Y RS S
Remove e node assigeed e | from 1

Enalr

wife

nit
F oM S ML or sasi (p Fe oy Fe oy s G Them

&1
et

El-

12 Enci ol

. " ) .
[1&) L M =M. i.=1 andupdsie {
(171 £wa far

N P | Iy o= . frd
(I8} " =arsmey P jed L R =R
1 | I T - I ¥ .'_,.1,!_'..'—:"(1.5.]'_-!:.':.'. 5w e

(2.0 Endwlile

Figurel. A heoristic zlgorithm for selving problem 2

3.1.1 Selving Sub-Problem v (7]

For i=1 e -2, WA, g,/ £ is linear. 25 mentioned earlier, and the preblem ean be casily

a ? -'u."r.-l_f.-

solved. Torr &3, let & and A be the wvalues of A that sausty Wi

:'!!If]{_}l:.i';,_-'t)'_-l e e rospoctivedy, I WI:_’:-;'.'-."-"_ ,J'_IJi' £ then we have ,J_j__"' £Al: Let us deline

A oodw’ L Elseswe have 4y =4 . Lel 5 be s given siep size. and deciease /._ bv g, 1f the
feasibi'ily conditan is nol salisficd 2t /"',:G" - &, then again ﬂir‘.::T:‘:.‘-I':.i.'.j::EI]_‘l}' setting 5. «— 2, . Al
4

contmue this process wntil 4, — }_L;_-' -3 satisfics }L"l:_/i.--;if.~-'_.

so that we can replace

[
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Mexomal covering location-sl seation preblem

Wit porler, by A=i and solve v (7]

W dhelne tig subeproblem o 06,50, with g wwven sep size & similar too v r) but with

Wi e rler replaced by L2 A 4+x
i 0E s s (L= My R x,
il

ol . ]
S6 s fxZd 4+
X, = 'l.'l.f] Tisd e N, e

I w0, then w.0n3) cives a feasible solunon for v (00, Suppus2 -3 0 1 selunon e e Ao e s

e , ) ; B L %
fessible Jorv, (), then we cheek the next solution with 5« 5+ = . Dtherwse, we sel g e 7 -2
L - =

This process 5 continued until the number of erstiors 15 arzer than Mache, or the selotion Joes
Aol inprove after Maveoans CteTations. Fig 2 shows the sizps of the slgeridun for solviag - i)

(r=3.

+ 4 . r} - . ) P
Lot A7 b ive wdues of S dhon sonfier 'r-"';“"{'. T

iy dF |'J'|.A’1.:._;'.J'-'..?If=.-:' Y —
L el 3 L R

a7 E o= /".

]

f3)  Else

Dhe

-‘,I
L Bl 1
gy iy Bl L ; .
drdiier X F = shaion o o (20
(13 Define 5 ar o stee seoe and st Je=1 and cowmt=i!
: e e TirS Mo ong couar Macuaail oo
(I7iLer [A’- JJa b= sefweion of w (18]
(a2 i feawiile jor |'_I:|"} Hign
m £
(FLE =
2
{200 Else
E =_.I._f___'h . f=0
i
i
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(25 End i
PRI NPT

B
(25 Klse

201 cowmEEoonnr=

(270 End il

28 Tl d

S End while

fR Returm ..J-.zl-__."--

Figure 2. A hewristic alporithm for solvieg sub-problem o (7] vz z)

To salve the knapsack sub-preblem o (o), we nse a branch-zand-hound algorntm (Ra'2s 3]0 with

Dizntzig's upper bounds (see Martellc aad Toth 217}
3.2, Local Search

Here, we propose two Joesl scarch procedores to improve the selutdons obained using the
heurssrc. In the firso loca. search procedore (local search 1, we oy 1o wansfer ¢ servers R=<izk, |

from: @ selected cemter § o e center ¢ osach that the value of the objective funcoon 2 improved.
Center ¢ ocan be chasen from previous seiected facilities, or from candidoe Teeilines not vel
seleied, Loval seaocnh should e performed se thal venter v woves (he masomom ©
candidats conters that can accept ¢ additional servers, Fig 3 shows the details of Tocal search 1.

i @mung all

N

(11 Foroall jed do

oy " — i -
(20 Set o =3, =0, .. =0
fiy For o v dn

ced vl o= ar ko=l s

D L A == St S N i SR I

Ee A S ) FI=T LU N B =, ﬁ-'; J)-zv, ";.'J_ L ithen
; £ = ere T e 4

it Fow = Z0v ik = td) -zivfn, i

it L =r . ft =i

e —
e Fnadir

B End for

FHG e for

AL v, = iHiew

PR S

v IL."ﬂ.- _'"'n:-u rm“‘

A 2 then

PN
(33, End if

46 End i

(F70 Ened o

a—

Figure 3. A procedure Tor local seazch |
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Pdax imal convering locatizo-slocaton piahle 9

"

Nove that z(v £k 3 (the value of the abiective functiony (k)0 s zero i &, =010 s amiong

canters not vet selected ard if =%, , then Jis eplaced by rand I 7 &, and leeal zeaseh shockd

[ -

b carvied ot se thal the samber of selectad Tacinines does not excesd p.
In loeal search 2, we oy o distibate £ servers (22 S0k 1|1 ameng two service centers s oand T

snthat the ehjectrve fancticn is mproved. As before, mamd ™ omay be shosen from provicos
selecizd centers or from the certers not ver selecied: or one may be from selected centers and the
ather froow contors not vet selocted,

4. Computational Results

We first compare the solutions ohtzired usiag the houristic algenthr: with that of comerstive
method Tor two small siey problems with 5 oacd [0 pomis, ken Goer e 2i-pode proolern of
Marisnov and Serre [13] Wo assimed s F)oand £ wers 192 same for ezch demand point aed frr

each candiclate center, and were defined as (L0005 Gmes the popuiation snd 10 minutes, ressectvely
Crvering radins () was wken 1o be 2.5 and sverage service Wimes were 140 and 7.5 minules for the

5 and 10 point problems, respeetively (w = 0,0 — 81 Py and Fowere set g 100 and 200, for «01

cancidate confors,  and O was sel to AOD . The algorithms were eoded in MATLADR 6.3 and all
cranputations were perfonmed on g Pentium: 1V processer with 2.83% GHe snd 2.30 GB of RAM,

These prollems were solved for three coses, (1) selocciing one venles with one server, [2)
soleoting af most rwo cenlers sach with ong sorves, and {3) selecting one center with at mosl nwa
severs. The results are saewn in Table 2.

Tahte 1. Comparison of tie resuls for enamerative mmethod ad e heunistic

fe =1 p= l ko2 k=1, p=2 i k=2 k _=21.,p=] ,

5 Eoemezrative b Erntmesanes Hewrisiic Enumenlive Luristic f
_retarel | etk alrorm L. Mzthoc alamebin ’

5 50.57 | 100 10g 10010 5
1o £1.34 100 104 , 100 103 4

I order o test the eiliviensy of (e algorithm we bave iried wosolved some randianly penziatea F
problems. Dala for cthar problems were taken rone QR-Hbrary (Boasley [91) for the p-median anid
- coverng problems.

In el exzmples, thye dislanves were considered to be Euclidsan and covermg radli weig defued 2
Lo be 2.5 for 100 and 200 poants, 230 for 224 pednts, and 1000 for other problenss. The number of
candidate conters, @, was when fo be euual to the number of demand points, w; e, sach demand
poinl was 2lso assumed to be a candidate faciiity location.

=

i

Soand £ were the same for a1l demand points snd wil candidate centers. The daity call rawe. 7,

was taken to he 003 times the population, and maxhnom waiting time i cack eandidate center.

.3

.,..
SERTH . bt PN TS S H A

4 5

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

&

11 Woczn Moshadas and | azhizadeh Kakhki

was 5ot o he 0 minines,

W aso assumed et the average costs of establishing a serviee conter and locating sorvors wire
the samee Tor 210 eandidate centers, and were 200 and 100, respectively, The parameiers were sCt as

felloawe: O = 2800, Maxlr =50, Mavoops: =20, s=10and 5, =3,

i 1 £ 1 3 - 3 — i -y T 5Tl - A ¥ e " _..
Motz that defining 4 as A E" (total arrival rate), and o as g, Jwonld yield A= -
- &=l

which is large for & large value of E; hence, the siability condition “~_ ., is satisficd.
e
Lable 2 shews the results for values of & equal i 1,3 and 5, and for different values of & In
sach casz, first 1he percentage of pepalation coversd without & lerel sesrch, and then solurons with
two local searches 1 and 2 are shown, The hyphen, "=, means that the local seares confor imprave
the solution. For §_ =1, since cach serviee contor can omly have ane server, we have p o & . Far

T

=dand L —3, p wasscttobe 3. For cases markad with 2®, powas se1 1o be 5.

W nax Bt L,
In Table 3, salutions with Ay, sel egual to 150 are shown, The CPU colump shosws the maxinmere

CPU tme for & piven &, The Orst row oresents maxinnam CPU consemed time withous using 2

jocal search, the second row with local search?, and fhe thard row sath local search 2

The followings are the main resuits:

(1% Comperses aof the results for emnmerative method and the proposed heuristic (anle 1)
shows thar 1002 of population iz covered in cases (21 and {3). The woatal cos: of estzalishing
centers and locating servers in lnres cases are 300, GO0 snd 400, respoctivehy, For [ less
than #00, we obtain the same solutions for cases (1) and (2% Thereforz, selectng one
sepvece center with an ioost two servers provides a betier solution,

(23 In aimusi all cases with lixed values of £, and A . increasing p lmproves the selutien

The same 5 troz for Gxed valoes of pund &, butwitl different values of &,

The resulzs in ables 2 and 3 ndicate that for faed values of A and p, merzasing &

—
rd

2 Y

improves the solutions most of the tme. But in some cases, percentages of population

covorod do nol change, snd sometfimes even decrease. MNote that by increasing &, &
decreascs; henee, the svstem can not cover more demand poins.,

{4} Comparison of the results in tables 2 and 3 shows that increasing s, results in a docrense

in the percentane of population covered.
(5} Using @ lowsl search wan imorove the solutons, but docs net guarantee oprimality. Por
instznce, in Table 3. 93.839% coverage is obtained for p=jou, with & =3 and k=157

This is bageer ihan Ui resclts obtained weib Eo.=5ard &=15",

":.-].:d.,
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Table 2. Carnpateionel vesnlts Toe single and multi-server systems with 0y, = 100

3 k=5

- (L1

E=1%  L_i5" k= CPRU
47 9141 uI4)  9T24 0688 22
18 |03 - - TR
A8 oo - . . .

2413 A3 1 ELAT EBL4y BLAY Q312 @412

L e O TH e[

oo 7430 A6 1640
. S48 1646

-
1
N
.
—
: =
e | | =
|
n
L
1]

e

P
i

3

[

i

- .- —_— - I Hm..--lv
3923 87 | 2304 2304 2304 36231 3623 7.0

4559 3133 128 | 8RO SL00 9226 (00 649 | &30 9226 Y226 100 100
. - - . 243 | 8750 8150 - Y 755 [H7S0 - . - . 3
- - - - 28 | 9239 4685 - - 160 | 5685 - - - - IOKTH
S 87229220 714% 4348 1908 07 | 8722 2723 & 9471 7 300 R7ZI 9948 9048 U5
- - - - - auy - . 5 . . 1089
. . 03 |se6s - .. . 1sa3
4847 1932 415 BD2R 8028 BO2R 9373 £5.5 | BOOR K028 8028 9373 0341 171
[z
L - - - : 44.5 . s - . 1350 - - - 333.3
FTOR2GR THEY STUT 3822 605 | 6477 6477 6477 HISH G6L | 6477 67 8556 ¥5.56  128.4
- - . ) N - : . 1ta | - : ; - - 172.3
- - : . 66 | - - - - 1725 | - . . ; - 2684

= problens selvad with g3

-d
o
[==]
=1
[
[

i
'
|

i

on
1

i)

e

=

Lh

|
'
1
oo
Ir

-1

E1S

D b e e b
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P S QI P Fe—— Pp—

7..__.[_—3.4 Im::n_ T : ko =Y Ao =5 .
eode | F=3 w.u..m E=10 ¥=i5 f—29 CPU | k=3 k=5 F=10 k=15 CPU |j-5 k=10 k=15 k=i5" k=200 CPU
100 | 78.01 7420 3058 1420 845 06 |77.42 7742 9242 9383 12 | 7742 9242 9242 9342 9242 23
; s HNBT 1438 . 12 | 7239 on31 - . 15 |oo3i - . 9339 9251 32
; ; Sl ; 0.6 |8552 9000 - ; a6 |ooao - = t . 4680
200 | 78.57 8222 4326 2219 1358 22 |71.46 BI47 8147 8876 39 |BlA7 8147 8147 8463 8176 63
- - : . - 4.3 . 3 : 5.0 s . - BASS ; 8.6
N . . - " £y LR e g . 36.5 i e g0 AT : . 119
124 | 2304 3623 4705 4166 2920 40 |2304 2304 23014 3623 56 | 23014 2304 2314 3623 3623 69
: : : . 2921 82 | - : : X 3.0 : : . . ] 9.8
: ; 3 2 : 40 | - - 2. i 141 . ) o : 17.7
402 | 87.46 9463 6691 3989 2741 114 (8310 8310 9226 100 63.7 | BII0 9226 9296 100 9612 1087
e : > : i 222 | 8750 87.50 2 : 733 | 87.50 3 a : 96,15 124.5
; . 3 3 . 115 9230 9685 - - 10925 | 9685 - . 3 - 1302
500 [87.22 9220 6430 3769 2553 174 |87.27 8722 8452 8948 703 | 8722 8722 8722 8722 9087 954
. . . : - 30| - g 4 ) 188 : - . : - 043
. 5 o = : e Tkl = a2 : 156 | BBSs i - - 1258
708 | 80.28 90.67 7022 4285 30.03 388 | 8028 8028 8028 R7.74 758 | 8028 8028 8028 8895 5598 1673
: ; i : =5 e I : . ey es | . & : L . 2027
5 : o ko L ERGT o - 9232 93997 | - h - ; .  am38
AIR | 64.77 8238 7182 4652 3344 547 | 6477 6477 6477 7577 835 | 6477 6477 06497 7577 T480 045
. - . AT e 1HS| 4 ; X ’ 1396 | - ; E 5 . 1558
o & g - i 54.% 1 " = TR.O5 IhR2E, F = = TR.05 ; [EipRich

* problems salved with p=3
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5. Conclusion
We sonsidered the masimon cevering locabon-glocation problom wath an ML queuiny
syatem with somne consTaints on the nomber of conters, folal mumber of sorvers and on the number
of sorvers fooaach coenter, Addiniona’ corsirninis werz zlso considered on the averags waiting ome v
each center, on the totsl coss of cswblishing service centers, amd un locating servers, We frss
presented & mathemarica] mcds! ard noted that when the mumher ef scrvess ineseazed, the problem
become hiphly condinear and was dffien o salve. To solve the problem, we proposed @ hoeor 3Tic
procedure buzed on ducompesing the problens o swailer seb-prodlens, Two local scarch
algintibons were considered o inpreve iz seoatiows, Fimally, sorme problems with randem data, 85
well as problems adopied fans the Titersiome wers solved o test the efficiency of the proposed
wilrs, The vesihs ndicated thet an cwpoovenient it pereenizgs of poaclahion covernsd could D
chitzined nemg the Jegal search grocsduses, b chis of eourss, at the expensz of algher cohsumed
[Pl dimes.
Appendix
ez, cordider the following prepositar.
Proposition. Foravy & {8 = 1}, @ ca0 be caleulated as follows:
X r_1] |
- Ll —l [ A
i l o
el A
Praof. We use laduztion.
Lot i ) R s Ty ) . )
Ford=1, 5 =% 20 & _y Now, consider a oy e E fora given & and
S T i S (-1 -9} 2
- A 0
I SN
dowg,, = 3L K
il Lt
B delinition of 4, . we have,
L. "
T s k=1%o
vy =lei—ly, = 1-k—{ * -
A Al —r=1r 5
I FA ] e X ] i L in o
- it 0 S S - A&
_||\.r... ._."'._.__'\.--r——'_= __—_;.:
Sk —r-1p 2t Slk-ti 2 Sk otk
Proof of Lemma 3.1,
For =1 and =2 and il slability comditions (2= « ] and i-ﬁ. |, Tespoctively) hold, we have
& 2u
. " A A £ A
.'1":.’!..1'4'.”'- s - T = — - L= - — = - - =Ty
r s . ol A w=ARp A Ad) g oAb el -4
',_lh—z'.nllf |
oAy
PR A Fa
Wis pi)= 7 — S s
‘. Y [ A = A2 Al 2wl
p i = = ) e
. A Lid—a J
Thus, the eguality halds fur thess owe cases. Now, for k2 3, WL w0 &) car be writler as; i
:
T
;
¥
i
i
' B
£ E
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Wi u il &
A= - e = = ; - .
’ L O T # ! k-1 y
FYTERI | iy L e )
J e . I . . Lo i
R e R Ay (s 5 TL =1 ;
. piors A L — A

R ] ; 5

T,' : ‘H'/'Z'_ LLu— A M+ s

S TE .

— ——— (- l=0

Ther.
=Tk -1 )
?‘ & .'- - ‘”. 2\—.
T:T“" —r=1]

kg = A} '\;‘ K (i =]

A i k--1)

D=

] z'."rl" — I - l —1T b |
= - A - T
L%u.— Y =T —i-1) I
whiva impiies:
| Y ! PR L | i iyl 1'_] .f—
I“"..-".‘.| 5 o

— X = u
Lo B ¥ R

b1 Fdl P -
- Tt IJI T -':..h ] +
=11k -

Sk —r-1)

D=
Ok —r=11"

Tab=r=l
A 1

l.-‘-—]]
(e—r11"

.'L'—J

Setring asids the wmms for y=4-1 snd =2 -2 fromthe first swn, r= 4 and f=k—1 Dom the
socond {omel, ¢ =& 1 fomthe third, and ¢ =1
Th=1li ikl 25 (F=1}

2l [k —i+1) i e AR

"y . 'T
bl

A7 . i

Zrom the fourth, yields:

of gl

bkl ok

Ry rearranging the terms, £ can be writen as:

k=g
'L!.—!—l:[

A g A 2R - (1= )

D=

L

P f?-‘\l_‘—.'+]]

+hkL ]=

1

(z—1) "

Ty

.J.—

. i|
Fal el A-;Tl,'[

|: &

=

3 | [u[.f;..f.".r.-"\

A

And finallv, if EE gt =2 =0 then

t+1))

L ER T P l

k-

e Fo / ¥
Y e )| T | N T TA |
A a2 -

it )| AR RT
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