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In times of crisis and war, the supply and delivery of relief items to the front
line is of utmost importance. The locations of support forces play a key role in
facilitating these deliveries. Evaluating the efficiency of these locations can
help improve logistics processes and enhance the speed and accuracy of relief
services. The aim of this research is to assess the efficiency of support force
locations to identify their strengths and weaknesses, analyze the impacts of
geographical position on the delivery process of relief items, and provide
suggestions for optimizing these locations. In this research, a mathematical
modeling approach is presented to determine efficient locations for deploying
support forces using Data Envelopment Analysis (DEA). Additionally, a
mixed-integer linear programming model is proposed for routing prioritized
support items. The proposed model allows for the adjustment of manageable
inputs to improve outputs according to the principle of managerial accessibility,
while also maintaining the current levels of unmanageable inputs if they cannot
be reduced based on the principle of natural accessibility. Subsequently, routing
for the distribution of these prioritized support items is provided using a mixed-
integer linear programming model. The proposed model has been used to
evaluate 25 potential locations prepared to provide ground support services to
assist friendly forces in contested areas, with the aim of ending the conflict in
favor of friendly forces. Sixteen viable support locations have been identified.
Finally, routing for the distribution of support items to these 16 locations has
been presented. The results of this research are of significant importance for the
decision-making of commanders in future battles. Finally, implementing an
optimal routing system for sending prioritized support items can help improve
the efficiency of military operations, increase the ability to respond to changing
battlefield conditions, and preserve the lives of ground forces. As a strategic
tool, this system can play a key role in the success of future battles.

Cite this article: Abolghasemian, M. & others, (2024). Locating-routing problem for the distribution of priority support items to ground forces in
wartime conditions. Enginiiring Management and Soft Computing, 10 (1). 262-292. DOI: https://doi.org/

© The Author(s)
BY__NC DOI: https://doi.org/

Publisher: University of Qom



mailto:m.abolghasemian.bt@gmail.com
mailto:hamidbigdeli92@gmail.com
mailto:nader.shamami@gmail.com
https://doi.org/10.22091/JEMSC.2022.7795.1164
https://orcid.org/0000-0002-1341-7855
https://orcid.org/0000-0002-0339-0847
https://orcid.org/0000-0002-0339-0847

JEMSC.QOM

o &of , ey
YOYA-YFVO : Sis Il UL (J" Q.J“JL'.‘-)-; ("I Ml.)‘.’.“”

o8 o831

39 (w0 ) S 4 )19 gl gl (Sluiy P &3 393 (b0 (U g0 Ahno
o> gl g

I Fu oz {7 ool g3 SV

'ﬂsolmf; 206 g

m.abolghasemian.bt@gmail.com :astLl, .ol 1ol 65 T sk 5 abile 5 o8iils (505 5 ol Sl %4 (s (ol (aa3S (51575

hamidbigdeli92@gmail.Com :asblf, .ol 1 el g5 T s 5 abile 5 o315 o555 5 ke SAas 3 8 5kt shous okt 5 ¥

nader.shamami@gmail.com :asbl, .01, 0l T sk 5 oabile 5 oSl o5 55 5 ple Slallas oy 5 skl ¥

o>

Yo OleM!

.g_wi)umjdwg;wu\(m»%44.6;\4,,\Cw\dt_wljwu‘&,glﬁ@,_;p
Lol ol 2 THS ob5ohtiols Ldlu sl cpl Jagemd 53 @olS 285 Sluzis clas S5 o
ol a8 eSS golel Sledst 1 55 85 5 Ce o Sl 5 St GadnT 5 5 5p 4 Ll s
o T Cans 5 &5 blG glalis ) shien Slazty slag 5 (6,515 GO G TOE b5, Gaios
53 a0l (2T (sl Dlslgiing €11 5 3libl oY1 Iyl T 3y oLl b 50 506
Ci}cld,.«qblfkghb&a&:d&‘j ol Giledie oK sty adg o 3l enlinal b Guis o
2l e 6 ot nty gl Slaidy 361 o e 51 e sl 1) Sty slas
(e Sy g e Jeol b 4S5 15 1) LBl codislgiin Jde . Caslods 1) T 34 Lolses
ol sl 1 as3555 0155 515 A5 i b s 5 3 5mr Sy 53 1y e nils Sl
oy ol 3l oslial b o 315 &5 5 g g0 pela 53 1 LT ol 0013 2187 a6y o i
L@,wh\;u;;wﬂg,gjb&jmmwrwuté;;%&gﬂaﬁwg@%rw
Sledst 61y g (Sl (sl 04l O YO Ll (6l i) 50 dobe o alas § &y s o SLalotl
ol Sl dxte O VS L Clod s oolitul caidlio 350 Jous 53 (355 Slag 0 4 e Slutiy
23 G pl 31 ol 5 ok 5] OIS NS ol Sty 361 5 5 (gl s plonil e ol
e o5 G (5lmerly olgins Il 13y 5 2 (2 VU Coanl et T (glas 15 55 Olabile b e
U5 oI sl Slles ST 5 5 4 15 oo codds oy Il Gloaiy o361 Sl (51 g
G Ol g pllss ol ST LS ns slos s Ol o 5 S Dlie e gl b a3l

S Ul oy T (glad 0 S g 53 (SldST 2 il 5 oo K 351 2!

VR8N 108l 50 S yb
VR Y7020 18 D5k g b
VO 7Y i T b

AR AR RS W TRt

ojlgads’
(Sly 306
(ilwaig

aosls id g oo
(sl ¢ 2 TS

Sl

Ko Ll 5 53 e a1 40 1oy I3l Sty 081 55 ALOSem ol s i) V1) 5l ¢ galed tea ¢ JUE £35n Ol ! 28Uk

https://doi.org/ .Y#Y-Y4Y : 2o (V) 1 00 P A 5 ooligs ke

RCEENPY o

@ROIE

NC

o8 oKl 1,50



mailto:m.abolghasemian.bt@gmail.com
mailto:hamidbigdeli92@gmail.com
mailto:nader.shamami@gmail.com
https://orcid.org/0000-0002-1341-7855
https://orcid.org/0000-0002-0339-0847
https://orcid.org/0000-0001-6590-7638

dondio (1
2l LOT LUl 5 s 35 5 calie a3 925 Blodd 511 ailete ¢ glba SUl5 5 LB &S Conl  2lad b s
sede Slads (ol s And a5l 3 oS g4 23 3) 50 ¢ 21 (60 Sl s (6 s QST g a0
Jols S (GLd 53 b e Plos ol g0 6T oS 55 5 0l3 00 (2 TS 53 cladiy o (6,148 ,50
4S5 0L jiee (S5 el 4l 58 B ol 05l OIS0 i b K0 5 Joged (ol L 65 s 6l p s (8
e Alis b LU 53 WL (g 3 5dome b b e 4 el Lot diws (YY) i gla) S
e Sgel 4 Ob e anas 5 OBged aigy OB ol JUs 0 Olojen ' panads —gladibe 358 J
4 O 5 o 42 58 45 (51055 4 Sl o S 3 (140 game il ¢ parnaind dlis oler Az
(Il 3 gl e 35 ge adlaie 53 O e LA Lol 6l g I Slaigs slia 5 258 Jil> O 2
.(rnrn;,b&w,@)@wjusﬁw,ﬁ;,ym@;)g.\w@;ph}:wsuﬁ,wﬁww

i3y 50 ol s Aliens (sl 3 S5 55 535035 52 5 b s Jlas 55 ST Cmmy s )8 (6l SIS 5 SKgy 90
L O o 5T Sl oo OT 53 o 350 0 438 )3 o jbmntin (68 rmndl 4enS s 8 &) g0y
s (e b s et (S 0033 3 80 55 el g gome Sl (612 392 g0 LS LG Ol 1 OIS
53 0bjen b 10 dhadn oy oty oS 0e ol e Slad e 135 o o3lial b e SL ) sladde 51 ST
XY L 56K 9) Lps o e 1S OO ks 40 5 oS plesl Laosls is g lons (sladite

S5 S ol O ST ool 6l omlie sl 61 JLis & G ol 5o JS ) 5k
S 513 0 [arass 5l (6 S pandl Lol (6355 Slas s 4 Sl sl (s3lbel @31 JLal 5 Sty (slag
0¥ Coal el 5 U Rl 5 Dllas 55 S go 0, ke Lot 53 188 il 5 Cola Cgr Sl Slag
,;wu;a;u,\,:d.qugj\@Lotwdu,n;@?|,L§L;uo\§ﬁ&:m,}md\6lﬁ.g,\;\f@,;uu)ﬁ;
Q&MQLAJ',;fmk;uﬁﬁfuﬂqgG,'j:ﬁ,:ss‘&k,uuﬁp@};&u,ﬁa&bﬂﬁjaww
ww@\,@ﬁef&@a&;,wcu.mn‘o\)@,@fdu,)w@@\wmgﬁjwu
(S i Sladst 53 45 0313 (6 2y Syl adlate 6 4 4T ol il g 0l s 03 28 g 85 80 53 S e sl
355 alinaie g I S e 55008 fsay Slles K5 atlaie 5 (VY wosl (g 5 JIK) A4S 2L 55
Sl 5l OB 8 s (11 (I (a8 Sl s (T YY O1)C0n 5 5 peem) ilod 3L 5
Col cmlis o 35055 il Ll o ol cditas S5 LLOWE aen Lol ol galdel sV aSSL 5 Lol
Sl Gl 03,575 6l S Sy Il & 3l aans g5 adS 4 168 4 | alibel 3061 Ol oS
XY O 5 63 5) 558 a8 8 haiys s 5 Calides

! Location-Allocation



Y7o ”c'rc’a‘/vuz"ajj.J;fj’ui;’ébjwul.'yQﬁJi.u

Oljas Gl 53 3,5 p Ol gt dliate HlB ) (iyls Solime lajli cCalibes bl 457 Cundly ol 4 4> 5 L
a5y 51 g el H 55l S5 Sl sl L ol s 3 58 g s a5 LOWE 53 3 50aS” Olje b bl L Lo
,L;.s;C;A;).us@j:w;uw)&“,;o\ﬁbwtw,;\)@wL;w\ss@ltﬂw\,uww
Lol 55 g0 osianl LG 4 g3lal YIS L (M1 b (lolis S Olas 4 Sppo cpl 53 (Y01 (01,80
oty ST Ghlia (sl 51 (i bl g ool Sn kil 3 gkos (31l mlin ST Ko 5loa bl ol |
(XN (S il oyl K05 il 3 0T JulS™ 8 Sy sl 5 Lol aais oS5 bl JolS™ 03 ,STe5,557 2 slr
25 St K68 Gl Cannyss Ol e B 1015 g iz j 131 mlie Cysgdon Jsa pulal ol
OF Y (g SL s ol
slgriy 4 Ly o5 Ol (ol (6 sgar el 5 (263 055 55 (3l sade malr i It ¥ osle b Gillas
AVY e s Kos b ool Jle Sloph 8 3 63k gele sk 5 mhon glas 5 Slziy 5 g5 Oyl55 &S 2
S 4 0Ll OF) Ol 5 (led) Colodny (Sn b MBI o (51555 oy 58 4 WWAANY/00 550
BLoI 1y o5 (il sla S 5rs Guliod pl 258 o0 Jokoo Ol (sitel 5 (25 05 55 (55518 5 oale 5 sla ;5
S
5P S g Chmuaed (5 o G35 pole oS U 5 s gla) e S 3 Ulg -
SIESTER
(st 63T 5 Sl 53 (b Sl mhaw o SV 1 la )5 -
Slads ol (sl dgs 035 (A6 sl 2 (oo 18 JS plons (bl p Lo b 4 e 5 b (G555 sl o
351 Sy ¢ 893 Oob 5 g ol 05 515l eanl (Sl S 55 5 s st w2355 86T T oy 355558
So5052 3 (2503 5 M 53 35 Sy 5 ) B ea Sty S o Lo (pbilejle g3 lin Sl
S das e OLES (i o odn T (glacKir 1 glad & 5 GlacKir anllls . Ldlb o l5y 55 5 Sl 55 Coenl g
(3,5 pdde Lot 55 5L 5k SAS S e (oS sty iend) a3y Sl Slaty sbabls
cb 4 03B ss Jol 5185 ok OLlis 8 5 Ol b ladile b S o Cules Oln il 1 Lag
Conle LK &85 55 on s by ok T (sla Bl 53 135 il gt Ole o oS 3 OT (12l 5 Slles (slaats
4" elos gy Sl gip (8 58 g0 S N5 5 RS Lo g b RSy s D sy 53 oS AL a2ils Dkaoli S
Sty Slle pilis ¢ G & 55 2S5 RS e das 13 5 30 o 1y 035k K03 slal 15 e
;um\;ﬁ;yduw,‘&u.L;»,'Lgr@dﬁ\,gﬁw\cw@W@;:wuowﬁ;y@j)aub
23 SYsb Sl slaeyss sl Dllee IV 55 S ame 8 (655 pobe I Slrty pUIS S 5 bl (1 055
5L, IS s 31 (6l pe g 6l DLl b (g 5luctiadl 5 (glanly 53 pol ) Bl o 5L Juol 9 5 Ldlis
5 @bl Lajl cget DIbig b ablie 5 agrlsn 1 (035 Sg 5 el Jos (5315T Li 5 Dlles KaT

.w\ﬂj&Y>qbJ.iu\@b.wt.:o@%)sb-\'ébu):kgjbﬁé f%‘ S sl



Ko Ll 3 oo (slos i 4 I3 ool ety 030 7 NS s alins vz

5 3LT IS ol 3l 3,055 S 5 b Olsieny Jlles 5 SOl (gla 330 L Saalen -
Ao Soms 2alS 5 la 22 Sl g o i ) shatens Sluiy
Ml S5 s sy e baddje s Al gy psmdb e 5 SW Sl 4 S e Y
WDlas e 53 Slinly 265 Joy claiy T 5
Lo (3 8 s Ol 03 adpal b pskis (pais ek )3 QLIS Bl 5 SIdg 2als by o3 -Y
5 3date IS0 b go 53 0B 5 Dl g s 5 e 8 Sl (SO oS Jar 63T 5l s 0 0 5
S S ks 4 G5 oS,
st 5 S e ol )| Sk (S8 65755 L d B 03 g g o 5 N Dk s 4y olies 5 glatess —F
Olejer 5 5T poa 855 0K DMl 5 Sl jgomd @Ml ¢ gl (o yo
L;\.A_gjsﬁ6:.1\.«.>-C}G\Q‘}Lﬁﬂ.JLWJ‘L;\J.fLAYKJNdbub.Wa‘)bcy\{)JcMc)u\.})\waJﬁ
St U o 2 5 et G 33 5 b o e sl 4 Ol gl 53 5 T Ceal bl ot Lo 3 (63 5
DI ke ol G sla)sT 8 o fege (pl gl 35 0 et
S S0 Pl Syl 5 el ek S (S S esbmedir (6,8 el 5 S0y S 41—
e Lot 4y Jlsl 5 (g5loesleT
GLOG STH jlasl acwlows gl s bosls b g Jdoss Jibe Sleslizal b Lo dlive (gilud e —
(St g Jlsl g o5l
(80558 N Syl g S s 506 ST s ) shatety gl s s (Siludls =
Aol Ol G ol 2l Jorl oo 5 Goo ) g A8 el 4D Gl ity 9 (I8 Sle (gl B )0
4 S (68 s oS il a5 Sl (53 50 andllan 6K 3 o3lgiin s S LK s OT Sl s

A dal g & ST Oladss (gl Slalgiias of jan

G Wbt 5950 (Y

Lod1s (i g2 Julond (S yo 38 (5 105 Sl (1Y

5545 Conlodd gy 5 Ol Oliioes low g ilides (gladde cbaosls idig Jow 2oy 4 2T, 6,8 e5lul gl
S L gh gr g osls 25 o el gl 517550 5 008 S 575505 5 85 Giole Jis
4033k (53318 § 5 5l e 5 Ames s S 5 s3pskr 3 T Pl o sl o sl S
(o el ot (651 500l 1 Ja 5 45T LB I slas gozmn (6,8 S b rsy ol 53 Al n it 5 ub ulide
Gl lg LT oS 555 0 Gateiin ¢ g THS (6 m &5 b (ot stalp gy 05 on ol LIS (650 (gomie 5
daosls iy o (ol Ooa s jls 515 0T 5l 2ol b Colas § 515 LT Lst g, e L;ﬁfw

2CCR (Charnes, Cooper, Rhodes)
3 BCC (Banker, Cooper, Charnes)



Yrv ”c'rc’a‘/vuz"ajj.J;fj’ui;’ébjwul.'yQﬁJi.u

Ghls & Guoly Cwla o s 4 sy b 0T 5 G b 6;—5(»«@ dols b s &G 2T e
LG gladols liyls &G 5 Lao o 2T 4 oty Kos 5 sl Pl LB ol (il &S5 (sbee T,
9 Gwl) 395 0 (i ) OYslee Doy gt CCR Jub jgmme (654955 odd b o 20 pf K g g

KAE AR BIEONY

)
m
min Z ViXio
=1
m s
Ss.t Z ijij_z uryrj >0
j=1 r=1
n
Z_ UrYro = 1
j=1

UiZO i=1,...,m
u. >0 r=1,..,s

Ao g5 02U 5 £l T (63555 5o Xij DMU; alows sty 0l 5 61T 5 5 5l Y (1) SYslee 45 gazes 53 o8
Je 03 525 b S 5 ole S ABL ga el T (535,54 0dbesls 05V 5 o7 (3 5 4 odosls U3 s Uy DMU;
sloml e Jue &5 5L pmeb Je 13 XNy A = 1 s Jie 4 Slalie Cds U3 05,5 9L1 L CCR
Sodn w0 gy e 1 5 55 0 FES S G amb ot (500l e 53053 GAIFIL Sl e g L is S
Al byl o doly bl 53 BCC Joke aigs luie B0 5 COR Jks ding 5ldie Ofcp S o 2355 oo g2

(XYY LK 5 (6w o 38) ol 535 (V) iy o] gon oSST

Oscc = Occr =1 ()

Aoty Sy g ol e 3 L Ofce =1 81 ks 3 F1Cwl 1S BCC a5 018l 48 gams 55 ol ) S Al
Aty S5 5 S1Cw BCC ol oyl cos doly SKnclea (1= 0%) 55 dale LS b5l o
il i aan ST 5T SS la e 505 =1 b,d 55 BCC Jde s (0%,2%,51,57) wug olsr
398 Caple 55 S THEL ediasOlis 45" weli o BCC (86 1) b, S domly oy sem o) b 5 il 5l 3 5

C_MM‘J.L)))(“) JJW&UG.A)?ULSJ)))BCC &J@‘J-&éb).ﬁ (Y'Y“ GQ‘)&QAJWUJT) C;wv‘

)
m
min Z ViXio + U,
i=1

m s
s-t z Ui —z MY +v,=20 j=1,.,n
1= =

r=



Ko Ll 3 oo (slos i 4 I3 ool ety 030 7 NS s alins Y7A

u,. >0 r=1,..,s

e s 5153T U,
bl Cos sladsly STHS Sbsol sl a8 dmn baosls iy Jlows 5o & Jas 93 BCC 4 CCR slade
o2 CCR Jae 53 . CwlgT (s wlie pmms 0900 3 Jeke 33 (ol o ool Soalis 5,8 o 15 oslizals 4
s i 055 S5 5 Al a4 edde ol 3 e ol e 1 (6,8 s sl ples o7 55 o0
BCC Jute > Lol 3 g5 g0 awloen 01591 ol 31 onlanal b lads| g ﬁ:q@bb o7 &T)Km“ﬁ"}‘i'u‘ o5l
L;ﬁfma: .\:-1),4:4{‘&14,.@\)a.w@gﬁ:ﬁadx%w@jlgﬁﬁwéubl,SJQ@y;
teanloee O3 gl ol 51 oslimal b badol s 505 a0 G dorls 0T STHS e 5 558 g0 0313 Lamades ke 035 &5

Y4 CO‘)&MjW)};)J}&@

G iy (Y
U g g g TS (s el 5> St Jlaws o fagn S (S 015 (a0 15 5 Sla gt |5
@uj‘,p@;}:,ﬂ&aﬁ,;@&;@ydgww.@\af,\;umumd&wum&_,uf,gs
g 0313 o g ab g e dolie 4 Sl SMged 3 b Sl Calibes Slaldae 53 55 50 SV &S W T o 55 4
Gl ly Cods dix L (2E-LRP) ebawss 0K oL e s (5l ke &S5 (Y0 Y0) 0LKn 5 5 e (gl
oo St UNSGA-I 2, S S cdite o (sl el o5de Llosls s AL o3l pazr S ptal
Oloj e 5 4 3a OLbuy flama (6l oo andllas ol 55 (YY) O n 5 Kinr Lo §7 3 me locg
b S Al ke sl e (slasla Sl eslizal o3 8 aiys b b U I ol sladles LSy
OT 534S ol " gloy g (gl 1053 OIKe b s Alins & O oty ardllas ol )3 ozl | alius . los S 451 )
2l Sl s plowl o 53 55 B frlas (b e 5 B S e S ge Saiule UK ol Slacanss
5855 oty £ sl OT o ol 655 riauis‘ S 5 0dkd €1l Lalises e sue (6 5asl p S ¢ slat
EMages 3% Szt Lols (MP-2ELRP) _ombaus 53 (glo ) 53k SIS0 S g ol s alis &K (Y4 YY) 001,000
oo gl 093 oS 5 ‘.;wij\ S At o (lyr Hlosls &) el 53 55 adiidhnsy b e S5ladig
SAad g V.:wij\ S Clods slgiiy Sdadiz abls s O3 plsjl LT r;i),iu 5 k-means gauas s
6wt ﬁ)ﬁ\;\,;m@ujdua,,w;@uu\s—agﬁslﬁ 255 S e w0l ke panass sl pk-means
OLSan 5 U o sile Calorts o3linul 5L aig sla fomoly 8L 5 55355 (Gl e s (g1 3 ol
S b g alian 51 15 (S 53 (S Sl (a5 sutown L 48l o 2E-LRP Jue &5 555 anlllas 3 (Y2 1Y)
Calien (HHE L 62 pol 2 e Kl ST Sy S okalgiig Jie o (12 S a5 a0 eda s

4 Location routing problem (LRP)

® The two-echelon location routing problem (2E-LRP)

6 Multi-Period Two-echelon Location Routing Problem (MP-2ELRP)

" Two-echelon location routing problem two-dimensional loading restrictions (2E-LRP2LR)
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8 Multi-objective two-echelon location routing problem (MO-2ELRP)

® Two-echelon biomass resource location routing problem (2E-BRLRP)

1% Two-echelon stochastic multi-period capacitated location-routing problem (2E-SM-CLRP)

11 Two-echelon dynamic vehicle routing problem with proactive satellite stations (2E-DVRP-PSSs)
12 Multi-depot two-echelon Joint delivery location routing problem (MD-2E-JDLRP)

13 Green two-echelon close and open location-routing problem (G-2E-COLRP)
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4 Vehicle routing problem (VRP)

S Multi-trip vehicle routing problem with time windows, service-dependent loading times, and limited trip duration (MTVRPTW-SDLT)
16 Multi-trip vehicle routing problem with time windows (MTVRPTW)

17 Multi objective-Multiple vehicle routing problem (MO-MVRP)

8Collaborative multi-depot vehicle routing problem with dynamic customer demands and time windows (CMVRPDCDTW)

1 Multi-Trip Open Vehicle Routing Problem (MTOVRP)

20 Multi-depot Vehicle routing problem (MDVRP)
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2 Multi-stage vehicle routing algorithm based on task grouping (MSVR-TG)
22 \/ehicle Multi-trip routing problem (VMRP)
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