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Abstract

In this research we look at a dynamic maximal covering location problem, where the structure of the service providing
facilities consist of independent units that have the ability to move, and these units are called modules. The main goal
of the problem is to provide maximum service to people who are in crisis and need basic help. The model of this
problem first determines the location of the facilities, and with the occurrence of each crisis according to the needs
that are created in each demand area,the modules responding to the same needs are sent to the facilities of those areas
and are deployed in the location, from which they are moved away after the task of delivering service ends. The
innovation in this paper is-that the modules may become unavailable for any reason and cannot cover the demand
assigned to them. For this reason, modules in addition to providing main services to demand points, in case of failure
of some of these modules and their unavailability, the surrounding modules can cover the demand of points that have
been neglected by providing backup service and compensate for this deficiency, which the amount of main and
backup demand that each module responds to is determined by the model. The main goal of this research is to assign
the maximum amount of main and backup service to people who are in crisis, which is of utmost importance to the
livelihood of these people. In this research we first created a mathematical model of mixed integer linear
programming. Afterwards we conducted a case study on Tehran's third district, where all the factors and parameters
related to the model were considered with special attention to the real conditions of the studied area. After introducing
the model and parameters related to district three, we solved the model by GAMS software. Furthermore, we
implemented Bender's decomposition algorithm as an ultimate solution to the model. And finally, we performed a
sensitivity analysis on some parameters of the model. We observed that the changes in the parameters affect the
backup service more than the base service.

Keywords: Backup Service, Benders decomposition algorithm, Capacitated Modules, Dynamic Maximal Covering Location
Problem, MCLP, Modular Facilities

Introduction

In this research, a dynamic maximum coverage location modeling problem has been addressed, in which, while
providing the main service of the modules to the demand points, in cases where the full capacity of some of these
modules is not available, the surrounding modules can cover the demand of the neglected points by providing backup
service and compensate for this deficiency. The goal of this research was to provide maximum service to people who
are affected by a crisis and need basic services during an incident.
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Methodology

A mathematical model of this problem was created and implemented and run on a case study to demonstrate its
effectiveness against real-life examples. This study was conducted on Tehran's District 3 and all factors and
parameters related to the model were considered with special attention to the real conditions of the study area. To
solve this model, we ran it once with the GAMS software and again used the Benders decomposition algorithm, and
the answers to both were very close to each other. In the next step, to generalize and expand the model, other examples
were given that were generated with random numbers. These examples were also solved with the help of the original
model and the Benders decomposition algorithm model.

Result

As aresult of solving generated examples using the original GAMS model and the Benders decomposition algorithm
in this paper it was observed that the Benders decomposition algorithm not only delivers answers that are very close
to the original answer, but also solves the model in a shorter time. The Benders decomposition algorithm can also
solve large examples that the original model is unable to find an answer for.

Then, by making changes to the problem parameters and examining the answers obtained from each case, we
concluded that by increasing the income from the deployment of modules at the facility location and also reducing
the coverage radius of these modules, we will have the greatest increase in the value of the model's objective function.
Also, the coverage of the support service is more sensitive to changes in parameters than the basic service. When
designing a problem, great attention should be paid to these values and the balance they create in the model, and these
values should be placed in the model in such a way that, in addition to meeting the needs and.observing the existing
constraints, they can provide the best possible answers.

Conclusion

This model was created to provide services to people in crisis during disasters. The nature and structure of this model
is flexible because the facilities are composed of modules with the ability to move; meaning that when an incident
occurs, according to the needs that arise in each area of demand, the modules that rém:%épond to those needs are
dispatched to the facilities related to those areas and leave that area after the service'is completed. Therefore,
government organizations and private bodies (such as urban crisis management-organizations and policy-making
planning organizations) that are active in the field of relief during floods, earthquakes, or even wars can use this
model and for this purpose they need access to modules with the ability to move.

In this study, the probability of failure for the modules has not been considered, and it is possible to develop the
present mathematical model in future studies by considering the probability functions and scenario planning for
module failure. Also, in this model, it is possible to conduct more studies on the values of the parameters and better
sensitivity analysis on them. And finally, it is possible to make changes in the method of solving the model; for
example, the model can be run in the GAMS program with another Solver, or instead of the exact solution method
used in this study (Bender's decomposition algorithm), a metaheuristic method can be used to solve the model and
the answers can be compared.

doddo . )
(el (SUo oy Cuibge 53 (SloniS el (A5 45 Coblosgy Sllados S gl ;3 (bl (£3d90 ()8 Sl i SV S
GBS 5 ) (slos S il sl Sl 24 ot Al Sy 5 0l e 5 N garme ] g i (e 23l Baa
el Gy ST b altine (a3 S 15 anlllas 550 lal los 54T QLIS Hapde aAltes So Bk (o (sogat 5 (g
Lo Cgnaz o Sl clisS St Sy o S 5l 53k ol JLis & 0,8 S iy ST (ol oS aliens S, 5o
ol 6olans Jlas 55 Il P8IV wilos, L3510 45 Mg ylocrsz Shans 5 £53 b | o ool geasly (gLolis iy 05y 12STum iy
by Lol G e Aaiilny oo 4y azg b a5 Wigd po DLl ool oo nl G 1 g 9500 28,5 )15 0 s sl S
Sy im0 8en it ,S00Ss 5l 5 o2l Alols lanly &) Mg Lawgs Lol alais ja iy aims L3 e cow 1, bl 5 ool

Ol 3 &S] ol el olou!l g QT o3guze 3l asine slalold ;o aS a0 ;0 das o Jibg Wlg o], gl 05 L

IV] 05 oo ol g glats el ooy oy yas

kol Jow 5l iz sloJow g oais aisls y lay a5 Calises oaBly Loyl 109381 L o5 Loyl yl jo colainl £45 4y a9 (Lo )35 50
05“604 4..3; ).lcu o gs“"ﬁ)'b 4\4;6...@ g.)}{...er....s 6‘,: s@bul&o 6Lbuﬁmy5n)5 L5>)" o Ll 00 QL?U‘ U’“‘“"?" J"S"'\? @Lsulio aliwe
werosgase Loy g glaalaie (g lidlo  cwlow (S 58 LYo 4 O STl e e Olea 55k 51 2,8 cpl (Jl> cpl b
Sgazme wgdzell Dleas gl Sl (5,8 L o e 1 slp a5 0 S0g ;) i axlge wijla 1) Laasll oUlg a5 Slas slaco LB o
LV] g adlal Jow 4 b cud b sl cosgase e ol DMpd 5SS o agy ool Sl Gleas ST 0,8
S,lg0 S 50 0uiS (650,20l p 0490 iz 10 0,90 SG sl 4 ) QTM;S}S&Q}'J By bl ay 1) Jow asyl (gl conl 5Ls Gyl a8
Lolas Slblwgs pl s 4o éel.{l olowl slaely (3 Sge 51 (SO g ge Lol Ik jo yo Gllug ol cely a5 5)ls 8925 ole Cuxdos g

S5 bl SIS e (slo g0 aiz Ll ] aniS (o 0,50 Wiz 4 |y 650,20l (331 a5 sl al 5L 45 s olowyl



e b by Jles 6l ] oo ola ay Bloe il 51 oo 45L5 K5 487 S oo ao "Ly b sl 90 oz Joe 0 a4y |, ao i
L¥] 058 ralr b a6l Slacsls 51 50 Gloj az 45708

sle o=y Q—.{‘ iloads S calizee 6La:u‘l;.>'q PREXEEP WBS o S, Y game b Sleas (541_& Es a5 Mg Ao Lu).m

aS aasb s @L&:J}‘j M‘y‘so L‘bo—l \.\....5‘50 L5 o2 3 e g .»)fu.xia 3 e a Jg5le ailoaal Josle |y Jupand y onimo JSCis
G S 35,5 0,8 0SS a5 e gsle slaad g g aied olul> 5 &S > 10 (6 ,aeln 381 Jsb j0 aliee SN (o 50
S ygele ‘BLQJ‘ }l o "\*"‘9’&5“ S gloo sl ‘g_;lﬁ'}lﬁ Mg g DU o [V’] a8 o LSis 1,y asils 590 L5 4 Jerdo Jupud 2
"""5"&5‘ Godxie bYo ay calize bl glolas aSiils SO 50 (63,40l 05‘ Jsb yo o aas 45)5L>QLQ.Q gl e )f.so d.‘oL..n 4 09>
owsaol:dl.al.a.s)odfdljwba\}yb saj‘oML;gom‘sLa:QlSw)oMJf)odLo‘QWDELMAJ5§.;.1|)Q...\.;5|..\.3.;I,.:.;J
fely 00t ol 058 4 3 45 LLolES 4 wilyhy 1 Wiad s calien (sl 0)50 sk 0 osd Ly luaals () iy o aiilys o Lo Jgile

g oe LA & (a3l 0920 g Cud)lo )0 it Sely 5005 (oo | Jtend (60,8 Slali (s 50 b 53le ool ol asas

L lny ol anbe Wl oo wimd oo )l Slass (ano LDl 5 S0l 5l g (Gl lalyd 50 &5 (e 3 Logas (35 Yoile
e 5 95 b el cil oads Ol OMgend olaS5L sl a5 W uilS slo oo (3 @gliin slaojlail b calizes slo Jg5ks yols olazs]
My i
alizee (5o, 90 10 aSul iored Dged o238 Lo Joile ol Dglate sl yloda LIy O 95 o0 03408 S92 g o Jora ] j0 a5 Llolss
oA et e 3l sl lee o 1) e Jg5le ol sl oo w0 0 7y Lol bla sla S joiglaie &alg> a5 Sley (55,400 5 38
hole Blus jo Jlad b )y o S Slo Jgile O o 5 et 4 0l &l Sleds b 5ls b cenliss g 0,5 Lasl> O
Ll 00,5 lul Y)Y”"Lo Mg 23y S Tas b So Jilus b & 1) ppo a3l G 5 o ol 40 g
FSis ol Jgsle 5l aS Mg SL e 0590 0 YoV Jlo o gl g ooly Jle a5 coul slallas Jow o Slarwg pol> Guiod
Som &S cwl goldl 4y gl cwas Jow cpl ol Bon ARG PRV plxl wias o @)l ) OYgame b Sleas l sols g45 a5 wilows
st b sl dlie cpl jo eolpiiny Lol Jow ;o O s Al LSS 5y G Lol b 4B L e S slas
V] woel s a3 8,190 ol e ol Jow 50 aods ob
0Nl |y J..ﬁ )’| QLIB.)‘..\:.? as U)L..e W) Qlia o
Sryreby 33l Job ;o Slejo e 10 10 ouls ools olasl o Jgsle g45 g olass @
L Sy o colaisl sl gl 4 bla slole jarass wsys @
Jol> Glab! il Hleo o fla S5 s S o Al a5 W5 ls 5L lisS a4 Sleas (6 Sy a4 (g0l 3l g wrs 0 7, Sl a5 S
5048 Gl ool Wl oo S 42%@15.“ Lol 5.0l gliun Coonl 05ty o0ls Frwly (o l5ue JiSTas ay ol 31 (] sl jls aSol 51 )8
A ST g Sogies Az disd )5 Lo s 3l Cwas saims &l Clugwl L 1o ol Jg5le L¥o 4y aS 09l sloul |yl a5 S s
T390 o0 4z 0aile rwly o Yo lidad z,5 o yiws 51 o 4 009 by Jo5le cpl (iudies cou Ll a5 Lol 31 ooy
bl cds g9 ol Goyb 5l SeVlos a5 ol o Jgile Lawgs iy Cuns @l &0 4 4l allie Jow drwg yol> 5ubo5 (5,9l9
ol i el A aiiS by Cwas g aid )T 18 dlhe Cod G wiloald 48 T ouyol Gk caias &l sla Jgile lawgs a5 oLl
bl 1 ke e 055 o e 518 ol o3 e e ol 5l Sani 55 o 1 L Jyle Lo oo 5 59 51k
9wk dlie Joo U5 JlSle jo (Gluess (plaitiy Cwas dil)l g5050 4 az g5 bl oo parass Oleiiy 5 Al Sleas aill 4 g3l o
DS o o maylo a8 slajls g laal 4 daxgi bl a5 90 alivs 4 |y Jow ol a5 wles,S ol ol sazas LSis sl
Joe Loty Cons 5 Tl Cuas 1055 o ol o 55 59 42 e o eoas 10l Bakod SLolSe Juks 50 S (e &
FLRRV-X) S Hgo LSI‘“‘)'“" ;‘ [PARV-X) <° Jj)l.‘o Ja....:g.w 4.;[.' Slevs aQ ‘) u.u...uy w5.|3‘ IR ;iu).u 6LQ).~°‘)[) 4 =\.‘>5.s Ls ooy oals d.:.wy
0y (5 S CBL o las aee 1,8 Gl bl EMgd Gidigy cod glalols bl jLasl o 1) 095 caile Sl cod b sl Jase wilgl g5k
Cwodd glads a5 0ad oo (Byre o gl SO Jow cpl jo cplpln w5 oy bl mSlas jidsy Bas 4 )l wlgs oo il oails

Mg g Jool j0 a5 SLolas blis a5 (5 )5k 4.0 15 o p 50 4l Cons glad 4 Cod | (5 S0 1S (>l elad ol o)ls b Loy

' Dynamic Maximal Covering Location Problem

* Maximal Covering Location Problem of Modular Facilities

" Multi-Period Maximal Covering Location Problem with Capacitated Facilities and Modules for Natural Disaster Relief Services
‘ Main Service

° Backup Service
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' Benders’ Decomposition
" Jacques F. Benders

" Optimality Cut

! Feasibility Cut

° Extreme Ray
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' Partial evaluation

" Efficient discarding

" Greedy-add

* Simulated annealing

° Tabu search

" Capacitated maximal covering location problem
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