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

2 Branch-price-cut

® Multi Objective-Multiple vehicle routing problem (MO-MVRP)

*Collaborative multi-depot vehicle routing problem with dynamic customer demands and time windows (CMVRPDCDTW)
% Resource Sharing (RS)

® Multi-Trip Open Vehicle Routing Problem (MTOVRP)

 Multi-depot Vehicle routing problem (MDVRP)

8 Multi-stage vehicle routing algorithm based on task grouping (MSVR-TG)
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! Capacitated Multi-Trip Vehicle Routing Problem with Time Windows (CMTVRPTW)
? Distribution center

£,


http://dx.doi.org/10.71773/jamlu-2024-1-2220
http://jamlu.liau.ac.ir/article-1-2220-fa.html

[ Downloaded from jamlu.liau.ac.ir on 2026-02-02 ]

[ DOI: 10.71773/jamlu-2024-1-2220 ]

¥O-00 (VF ¥ AV 0T slas )8 55 Sllas 53 Guioed alees

A “® A
A\_ B SR (Zey =B
N N =5
s A
e W

(o5 18t (Bl 510 p13) (Kl adis Jolos b Olojon o o 5 il JSC8 51 s Y S

Sas 2 Ol 4 o SV g w5 5 55T mer Sr DC o5 o)l oK wsjla (s @
K3 s s bw g (5557 par Slles 5 4l dhws & LwsDC 4 w55 Slles ol
Ollee 5 hdw 5 w5 Olles i filos b b 4 s Sl (Sae i o2 3,8 D0
38 Do K3 i s b5 (65T par ol Ol 5 i oy S8 b (65T por
ke 4 s o4 Naie iz 4 il O St dlayl Sl b Sy g ol 55 &
s o )3T & 5 odbeendi o L b 53 4 Gl &5 lases oy oal 53 803
355 5r 03litl Ob s 25 250 5 J& 5 Jo slaay 2l 6l By cpl Lsd e JLo)
.((-35 <J-)

WDC & (o5 5 Olad & g 5 L300 25k 4l Loy b s m5 5 Sllas s, WDC el @
(o s o) 35 o plonit T 51 Lol (65T oo Sl ek o33l

LDC & w5 ly Slijlin gpame o5l 4 STam WDC 1 (6557 per Slijlin §pame @

sl
.~ uDC qéjjsgﬁou,uw@qu;lpﬁuDC jls)jT@?QL&)&wtw .
ogos aslsl 55 & 355 a5 S b 53 giledde gl Il 4w b sgd o ol Bp Sl ae B 5 L o
3 ool Gaiod ledie 4 by o (S 3l ol 03V OT 31 o Wl o3 g on 0303 3 ab sy o (5 Lwd ke
Syhesls = bl pkte 5 b sl (aas sazs (B e
B de gacxo (A
=1, 1DC w55 510 L& 4 goze 11
V= Vol o8 5 a5 810 bli alS ac gomms V
A=\,..,a LoksS 4 gams tA

K=Y K s Jiles 40 pome 1K

! Split Delivery
A


http://dx.doi.org/10.71773/jamlu-2024-1-2220
http://jamlu.liau.ac.ir/article-1-2220-fa.html

[ Downloaded from jamlu.liau.ac.ir on 2026-02-02 ]

[ DOI: 10.71773/jamlu-2024-1-2220 ]

...cﬁﬂmQujﬁiﬁ,uw\;’g&p;ﬂu@&w&gw%J#w;‘o\,&ﬂjsﬂjﬁy

1 gyl (&

DC:i afjsgm@))}b@bjcﬁ%l[ei,li]
k WW}W@JE:QVI(
K 4l dows 555 o b :Qw

W s b o 18T Jate 31 K s alow g oty 5 Shes oy s 10"

oS50 08 ot Gy

DC; L blas Olajlaw g 05 2V

DC, L blze Dlijliw 055 Ol 1AW,

._5).3 LSJJTC“’:DCi )‘ "\f.b S&LAJ)LL» J‘Mipi

.3 5l 030> J;_jz_? DCi

1S 5 e S o (&

los (uail w5 S 5 i 8 55 p G (nl 53 (55 el (Lo e

eigg)e.aﬁﬁ.o °

03 5] ajfcu_i a;jlk @@};\@\AM\?&ﬂMé&)FW:X;

C-M”‘j"'*’j‘f’ajj"gﬁ‘

4&»%6&”&20 .

k %@}b}}'l o;oMGJJT@?QYWQ‘J‘:ﬁZZ;i
K adis oy Lo i 0 8 a0 s sod B Y gummen Ol a2

oS s B K adi dos O 0L s/

|08 4555 ek adis by b YL as i L

|0 4 sl pak i by () 6,8k Ot

BDC 3 Slojpd bgov 9 Slhylaw S35 20z 4 g o (Sl S (1-0

Min > > a¥cx; + > > Fixed cost“x

(i,])eAkeK keK j
st.
k _
;;xu =) Vi el
L +h +Mx; <M +L] vk
hik =p; —d, vk
h=. vk

fY

)

()

)
()
®)


http://dx.doi.org/10.71773/jamlu-2024-1-2220
http://jamlu.liau.ac.ir/article-1-2220-fa.html

[ Downloaded from jamlu.liau.ac.ir on 2026-02-02 ]

[ DOI: 10.71773/jamlu-2024-1-2220 ]

0 =00 (VP ¥)AY T (slas )5 55 Slhas 5 Guos dles

L <Qv* vk ®)
L <Qw " vk )
DX ) vk W
J

D X = > X = vh el, vk @
i i

U —us +N*x <N - Vi jii# i, j=y (O
eiizxiigsikgliizxiﬁ vh el,Vvk o)
Xt e {o) Vi, j.k an

s Jlos 31 oslizal 458 038 €S s 5 ol b Colas JS O3 03,8 48 & (1) s b
L35k asTpar sl Ll eSS L 5 &K DC o8 a8l 0T Sl (Y) Suspioms 55l5 5 o0
Cyspdome 33155 0 [ oS i 08 51508 o adis s a5l Ol ol 4 (F) Cys gudome 1353 00
(0) Lz giomn s o O T 0, 4y 3555 o 1y 4l abs 2 6,80 Ol N i Gillae 55 (F)
4 by 55 (V) 5 (7) Slayssdous 5 € 5 3005 5osTpa 4 () 0 8) Ols o 5 o8 ol 0T Foolis
5 o Db by ptoen Sl (F) 5 (1) Sy subome il o K 4l dos 355 5 oamem g g3dbome
5K DC o8 a5 5 osTpar Slles & o (55 a5 L @l )3 s ol Loy S5
(05 S o B b L Ol Sl dle (08 gl g5 ey 00sd o planil B dowy G Lo g
oeile o b 5l w5 DC gl ou@ﬂ@?,po\}fﬁ>@,ﬂjl..\5@¢5f DC & ol ki
5 oo b S0 L a3linal oy g 55 Al dhews 2 45 Ll OT 0t eai (A) 3 gutoms ST 5l
Cygdon Sy () dlaly (ol Kb 55 Sl o L Bl Vo 8 ol by @ 03Y) 355 2ol e
Sl 51 (10) Sysgdoma 53 b OT 51l o8 S5 3955 5l oy s s 45 Lino s 65l 0L
dsd BB Slej oy 55 K s by Oy B s (V) Congiome S o0 6,5 Sl 35 5505

Bl r e (S e Cade odias LS (VY) o yled Sy gome « sl ys il 0 DC,

Moo Wi 31 law Sl g 9 ade cp i 4 wolaw e 4 bgs o (Silw S (Y-0
g Bos 4l oy L5 (65T parr Sl 5 s dlows &K L 5 DC 4 5 Slhee ol oS
by GosTaer Slas 5l idu 5 w55 Slles W filus S b oty Sl oSCon i o0 2,5

(split delivery i) 5,8 &) o S5 i alows Lo 55 (5557 par 0ilecdly Oljon 5 45 ahws &5

Min > > a'c;x; + Y Fixed costx| (oY)

(i,j)eAkeK keK j

s.t.

v


http://dx.doi.org/10.71773/jamlu-2024-1-2220
http://jamlu.liau.ac.ir/article-1-2220-fa.html

[ Downloaded from jamlu.liau.ac.ir on 2026-02-02 ]

[ DOI: 10.71773/jamlu-2024-1-2220 ]

...cﬁﬂmou;rh}i,,g,uuﬂ;:usp;iﬂuga&w&gw%J#W,:‘g\,&ﬂjsﬂmy

in‘;:Zx;‘i :yik Viel ,Vk eK (\F)
j¢i, j¢i’
jeV jeV
Dz =p VpeP ,vd eD
k eK

(\0)
Zz:i:qi VpeP ,vd €D (%)
keK
ZZ 5 <Qu VpeP ,vd eD (V)
ZZ‘; <Qv* VpeP ,vd eD OAN)
Z';;i gpiyik VpeP ,vd €D (\a)
z:i gqiyik VpeP ,vd €D (¥+)
yExs elahzl zh = VieV,VjeV,i#jkeK,i,j>y v

OT Sl (VF) s pomn 3315 5 on 4l oy Sl 58 5 i (slacts 2 (55l 42aS & (1) oa o6
3 gn o dalie & sb0len 358 2o OT Sl il 358 00 3,15 S DC 0 5 K 4 adis a2 4
L g ol SesDC S5 5 sl 3 g0 5 Calibes adis foloy Jow 5 DC 6,8 a3l sl (515 5 5ukoms
DC a otis 5T par Slislin plad ol 0T Sl (10) Sy pidons 258 35k s alows &5 51 i
255 0T 4DC o St i ples o al OT 8 eass (19) Sy goms wliia s 40 5 3550 ($05T por
JS Ol O 53 o8 ol sy Jilos S b Cusgitome [SSL 55 (VA) 5 (W) Cussidomn 53 545 s 03l
Sy 3 somn 5 5 o iy Al Slme Sob B Sk s 6 a5 odd 5 5 06T e Lol
¢S Lw g DC 6 S o (ol law @35 L 9) DLl 5T per o OT Kl 55 (Y+) 5 (09)
Bl odd 35k adis ey OT Law g DC o 5 0T &8 ol B Gy 50 03 g5 ol 4 abns

.M;@ouﬂsbdﬁw‘5uﬁ;:,.u\>(~r\)¢,i;},\m¢,,_\¢,;

(o =3k 9 50 i flog (2b pen Sl (M-
55 Sler w GosTper (1 WDC wsjl 5 &8l 4 e 5 L 5L adl hles (ol s il 2
T ladie o7 558 g0 o 5L s Jolos (ol s lliws 65 &l (blonks 350 555 (512 457

el ol Oy aslsl s

Min > > a¥cx; + > Fixed cost x (YY)

(i,j)eAkeK keK j

st.

¥F


http://dx.doi.org/10.71773/jamlu-2024-1-2220
http://jamlu.liau.ac.ir/article-1-2220-fa.html

[ Downloaded from jamlu.liau.ac.ir on 2026-02-02 ]

[ DOI: 10.71773/jamlu-2024-1-2220 ]

0 =00 (VP ¥)AY T (slas )5 55 Slhas 5 Guos dles

szi'; =\ Vvj =¥Y,..,n (Yv)

ke i

iixﬁ <) Vj =¥,...,n (YF)
ke i

ZKdvini‘j‘ <Qu* vk e K (Y0)
i j

ddw, D> x; <Qw” vk e K (Y$)
i i

zx\j <) vk (Yv)
=

Zx\j = vk (YA)
JZ_:,Xiku —quki <) Yu =V,...,n; vk (Ya)
xluk_e{o,\}l vi,j.k )

Jibos Sl oslinal 4y 38 038 a8 (pomen 5 0l (b Cilae J§7 Olje 055 4eST 4 (YY) o o
it e 4 5 b 55 oa 35L 5L S DC o8 ol OT Kby (TF) Sys gilons 330 5 o0 4l
Bl Bl Bl 5 o g G ST 0,8 o (YF) Cusgdoes ulul 5L

(YV) dslel 31 0 oo adis blos 555 5 somm b b 0L 4 3 5 40 (Y9) 5 (YO) (glacys guous
Cadgdome 1358 5l Ol L5 o 5L S Lo oslinal ) 53 4l ahny oS ol OT 0SS e
35 0T & Gl 5 bls ) alis abuwy oS ol 5o 0 8 i s ol Ols 0,8 48 das e Olis (YA)
(ol 53 ol Sl i s 2 508 8 (6 0Ly ptome ST (Y) el Gl (gl ) 355 o)
LSl r el S e £ 0 a0l (F1) )lad Cys gudoms

4ol Sl adi bl S slei (55 Olislaw e 4 4 5 L 5L add fileg (o e DI 5o
3 ads ey gl e Sl 3 S 4t 5 b 5 g Syl DLl w5 S w55 S e e
o el LT @8 Sliolin Ol 51 i wDC wﬁTC"* Sl Slislaw Ol odd 53 dtu
aaysa el ki 4 ol pl g el 5L s (58 Al Cod) all Jiles 5 pi ol
5035 Olin g e Ul )3 & glaiedle (SIS (I cpomen 5 05lS b 228 ) 51 6,8 e
by s 8 5o b odle o0 Olgie 0 los S sl ) 350 e 3 0dbas § i 55 sbDC ales
B UL Al Bl gl Jobe G a1 4 4l by Caliien U Comige 4 ar g
25 035 S o AT NV pame Lo 5l ey il e Ol 4l e DL (sosT e
25T oo Lol ot}:ﬁgww\@f.gbﬁ@}:;y;\ Sl (55T paor 4 4l Ol 31 Ll 5

3 g osliial e 2s 53 ol Ola 3 &S Sla il 5101y

* Multi-depot VRP
o


http://dx.doi.org/10.71773/jamlu-2024-1-2220
http://jamlu.liau.ac.ir/article-1-2220-fa.html

[ Downloaded from jamlu.liau.ac.ir on 2026-02-02 ]

[ DOI: 10.71773/jamlu-2024-1-2220 ]

e Y s Dljon ol 5 bl r bbb Sanl ki bl ol e 4 Joe s 5 OIS 5 (6 i st

5ol add alewy a W3l abad oy ST e 5 0ds = WDC mc)ydlﬂ.acwurl{):\.ﬂ

S 5 4i n o3lizal S liw é,ﬂc,? Gy a8t SUIL als blos ob e Jis Jde &5 )3 s
2 il Ola LT (ol plesl i 5 o3 0ds 3jl L DC o 5T Oles 4l filog (51T oo
S pb g 0303 e 5 Ol (65T ez sl A8 iz SLIL i oLy (e Js 40 g0 il il
L LDC Ll s om0 Slijlin b dis Jites miy ST 03 S Gladss floy T 4 5 L
oo oataDC S 51 a8 035 5L s <SG adi flus g5 ool O o s e S (6057 e
Sl s O s ol Sla T S o In 6T e filag L 35 8 (o 02 Ola 4 Sulgi 55 5 355 o0
odalie oy 38 oy Ol 4 olg 53 SV puame (55T e $12DC (3l il Sl ey oS
YUY Dl 3 )b e SVlie 55 oS Sl diy 55U s (Al g9 5 Il ) 53 s 7 550 0
Sl a3 s Ly b e Olsie Cod Jdo S me 4 alsl 53 18] wd bme &S15 5 o Law g

Min> > Fixed costx’; + Z dexi— D dex )

keK j j)eAkeK (i,j)eAkeK
Z DX =\ Vj rv)
keK i
22X = 22X V] )
keK i keK i
k Ly k k i
L¥ +q; —(-x{ )M <L j (F)
g <L <D % Qe Vi (o)
keK j
LS <) > xiQwt Vj %)
keK j
ijj S|K Vj ™)
i
Xi? € {%\} vj (*A)

Jlos 31 oslinal a3 038 waS” iman 5 0db b Sdlus S 15 03,8 aaS 4 (F)) Cots w0

(FF) S g .5 55 o d35L L SG Lo 5 S DC ja 48" ol 0T Kby (1Y) Cusgidoma 351 oo i
g ol o 8 5l 83959 bl > plas 4 AS o el o o 5 53 Ol Jolw dslee
s 4 (19) 5 (FB) (lacysgious LS o (5,8 gl adis dowy o 5l 55 o5 sloul 51 (FF) Cus gidoma
36 ol s s IS sl Sy (FV) Sy pitomn 315 5 0 4l Jiloy 555 5 smmm o b O &

LB oo el (Gl ke g 0tnd OLES (FA) 0 led S poes (g 3 .S S Ll oo Ol

¥5


http://dx.doi.org/10.71773/jamlu-2024-1-2220
http://jamlu.liau.ac.ir/article-1-2220-fa.html

[ Downloaded from jamlu.liau.ac.ir on 2026-02-02 ]

[ DOI: 10.71773/jamlu-2024-1-2220 ]

0 =00 (VP ¥)AY T (slas )5 55 Slhas 5 Guos dles

S 9y O Do e > 05595 1T
L;ur;wiu SVRP dle o 53 g aulsnon Al o o)y (bome & G 31 5w ol 5o
SIS Slapns s SN 2ty [V8] ol ot oslial Sl (S3lwancd 5 40 sien (e i (5,801 3
ﬁ)jﬁtdw\)’@ggﬁdhduﬁ,ﬁAwdju,uﬁs;;?ﬁVRP B35 sl filee s 4,84,
Mo )‘ 4.:5)\ Lgl"’j:"‘.)li v:bi | ;é LY r)y ‘W ol 034 A8 gloas (G gZrlw Lg)\g:;\\ﬁ
}dt,u%(uu&;\&uuﬁt{@wsw&gww,)QL:LQ;JJS;*M‘L;,&:{M;LSL%;{);J\
sl LVRP filas (sl 0dsim s Jor (slas S0 55 i AL 4dls ol e 0 1y (Slowlous Ol 03 Y 5
o5 ol 53 6olgti (6,5 6“&)@‘ oA 3 g5 55l 580l gl i) e Gy
Juﬁam%l‘“m};,lﬁL;,u.6Mv;i,jijlﬂv.wJu,“u%n*ai:;;;&,\iﬁﬁ”iu
LS o AW a8 Wlods 030> wj}‘cosjfwﬁﬁdxfa&,\i.x? Lgbujg.u) dpsl Sl 65 g YNV
l)o;%ﬁwwléﬁ(oliw:\.w:n) nxn WBJ)&@?S&\Q—QLQJ;JJBLSL&M
>J§L.:«.:ﬁgakicM%QTé;}jéwJ:SGDLBMGl@;Jo;JAL;\J{cM:@QW
SISl sla B,y ple b awglie )3 adlas oyl 5o (A'G'S)(\% e ’J&wﬁ@%ﬂ&uﬁ)ﬁ‘ SRS
b S b 4 Gl 55 53550 aadlle gl e 02,81 Cald 4 a5 b el 0 o3l L
S S b s S 355 g0 0303 FRAEX & 487 5L i (VU - 4 42 5 b (FRAEX 135 YIS
Csls p bl o dhols FRAEX Sllehl alul 487 ol OT Cails a5 cpl 0 il &7 (614K a1 .
Glasb 5 a1y i JS FEOEX & cul oks caw ol cpar Gl KuSK 0 &SKs5 hgs b
ST 4 e anads g g pl tled anass ol $G w4l a5 03 S Gl e (5 5SS
L)JS'oU;QLA)JJLQJZ&AM@JCAbg_,.;jdv\a)o.\.&c\ibQT&\:—QE,’L&.&;&\:—M@@M‘)
VP 4 O Sk L Gk ! 3 55 L FRAEX 51 (1 ST L ol 3,8 o g0 VL o1

o1 1o FEAEX s s 5 ol o5 S 6l o) 4 4l

05 30 Ol o Mol Codgume (SaleS> Sl g oLy S V-1 -
jgl.&—)}ﬁuQ.ﬁjl:ﬂuﬁ&bﬁalﬁa;ﬁﬁggw:l.\;ﬁéuu.a)éoﬁ@&j’aj\u:égdi):
.CM‘OM&JMM‘J‘)JQT)\:}@gbﬁ@J%yE)dMésO;JAJJQEJLLAJ‘MQJ)W

S5 el S piio @
WQ)W&"J&)}CJJ;@}?Q&)‘J}A}fzo}‘}uﬂafbg K ase a i ng:;z.a;\lyik

J}&Lsa

! Network flow-based

2 Hybrid genetic heuristic

® Iterated local search (ILS)
“Pruning technique

v


http://dx.doi.org/10.71773/jamlu-2024-1-2220
http://jamlu.liau.ac.ir/article-1-2220-fa.html

[ Downloaded from jamlu.liau.ac.ir on 2026-02-02 ]

[ DOI: 10.71773/jamlu-2024-1-2220 ]

...cﬁﬂmou;rh}i,,g,uuﬂ;:usp;iﬂuga&w&gw%J#W,:‘g\,&ﬂjsﬂmy

Ssbip o Dy b b 530,83 4 & SMis s 8 5 s Kbl s an s S1ix,
ol e

K ass 50 08 omalolod,

b Ol K bl (35 5 55 by iC

el Il K S0 F o 5L limitation

Min > > d, vy + D CX, (r4)
ik

keK
St.
zyik =1\ Vk (F9)
K
D Yy < limitation *x, vk (FV)
t
Vi Xy €40} (FY)

Q:;W.:)\Jﬁ@uf:@\@_ﬁjuy&ghafﬁd@jﬁ&jbw@(fﬂgﬁiﬂcb
QTﬁQ}g(?\)Qajw.aﬂaabu@bJQP&QJ%I{LSJ&AU?JAS@\QTJQQ(FJ
(Gl o a5 S L5 55 (FV) Loy | 53) ook el o 1 b 555 8 4 0k 0315 amaed Ob i 3lias &5 ol

.w@uwtjéﬁfmmduﬂ;uu\;g(ﬁ‘)cﬁ;)w.;p%

Cmgmlt

03,5 S 5 85 4 by e O zie (cladtas b (gl ol 5, @S5 53 ol e 4 izl 2o ol o
:ﬁ},aMjsj.n&ﬁu.}u)’A.l.plé.af}a‘_;ha;b);&-\'y@jg.;ﬁ@wwolﬁ):aw-\"s&j}
5 bl Sl 95 a e Sle) Aol un Hgbte 4 (Bl e ol jadeiie OT SLal g Soliatbes g 5 S
u.pl:-M}Jwa)))a)b.\-g:ﬁpbé‘j&%@Lﬁ)wbcoﬁe:‘a&@‘ﬂ-fﬁ)d}bﬁ)@»
LQﬂ‘bMWWM}bﬁdg&%Gu)MbcwuMJ&L&ﬂLﬂ&‘j%iw.\ajo&J;w'
ngu%‘_gl.a)ljé\(jc(j))dgi‘_giﬁoslz\‘\’f“)u.w)j;)yd}i@j):L;Usa.a\.a‘_g‘ﬁb'r?odu_@js
,{‘5;;7,,‘5)&;,.\ﬁ)}ﬁt&,)aul.mp@m;;lﬁ#Oi\‘_;\j._?\ﬁJ;\iM;\;CPLEX,\;;LA
4;1}1553)Go)Ué.:S\.Q..»lc.uao:‘:WjJﬁa»th,;%@&;}&bg\ﬁ-:L?H\Lg\jé.\;id.i}s-
AL ST w58 e 53 S 0 gl e b Sl 1 (23U w5 S ey Sl I Jel S

a5 bl b blas o3y 5305 Fov JIYes 550 slaw L VRP Lls Jo bew 4553 4 a5 L
JJ}AC,S}&G)":‘SLGaJ‘J)JASQTJBC,.w\w;Q)MBQT&‘ﬁj&bJWjH\Jﬁ@‘SM@
Jf.L‘""A oJ))JSQ‘wWQ}M‘J’@ o;?"'—*"' J}u\> Qlijum LLL J\H\JJ ‘Cj‘,’.‘)" s
A e il o Sl S Sl moly s els S5 sl sl b b e
J.>-L§LAUL‘5) s u,iu\.:job}.u ajf.:‘u\.x.? U‘i‘ Lg‘_,:%u‘y— u’;e‘.itb)bg .y BARON CPLEX

A


http://dx.doi.org/10.71773/jamlu-2024-1-2220
http://jamlu.liau.ac.ir/article-1-2220-fa.html

[ Downloaded from jamlu.liau.ac.ir on 2026-02-02 ]

[ DOI: 10.71773/jamlu-2024-1-2220 ]

0 =00 (VP ¥)AY T (slas )5 55 Slhas 5 Guos dles

S S S a all ys S Calas ke 8 slal gb e blew £5 opl Gl il
S5 ke sl L VRP Aw&dlﬁrﬂyoujvJﬁ;,;.wuﬁ@umu,y&uﬁuﬁ\
3hee otalie 4 5 bilen das o 0L (slamglie g0 1 VRP 655 53 (om0 02580 o b
31 e 685 oS 5 2S5 (ILS) TS5 ows (g gmminr 2255800 93 s Vo st slad ol
Voo sgdo d dles sbaul domiliz 5558 W5 dlas (5l ol b S o Jsb Oloj (ol AD) 4ids B
1TAGS (2, 8 48 ol Sl 3l 3 dals ole i Ol 5 5l 5L 3500 Ol ek 08
et Ol Alas (61 (6 S Sl Oloj e 53 5 Sl Ll 95 5 K3 gy 95 4 S (S bl

A

800 | - u]LS

+ HGSDAC

700 | = e A-G-S

600

500 L

>4 J> 0l
*>
*

400 u

300 u

*
He

*
200 + u

100
UL a ¥V »

00— wnsssunlll o o o o o o o &0 o eses
0 200 400 600 800 1,000

Wl sl

Wl slal oll y s o 0l e Y (IS0
013 8 (Sispans 4G V8 415 01,5 035d0me (FRAEX 29,5 (slin 1 65800 o2, Sl (51! g
25t ol 8138 on 1B AN I 5 S 0 0 00 355 Bl Catien e A
e 2B S35 51 b 3 B8 vosr ek e 4l Gl o 5 Jib Sl I
S L g o) Sl (B8 s 5 0 s (G5 et (o el (lp Slate e 548
@Bl 2 s sk a5 a0 8 p 538 r e S L(G 5 G co s (Jled) Lo
P e G B e 5 sb Dl il g S s g 2,8 1 F 4BV IS K e
Logsosr Ol S m e sdsh Olasu 55 23 Y, 5 X, iaha Ll
osba s X SXSX el teels Yy 0 Xy 5 Ve s X Y s Xy Y s X oS
a5, e AL S VD s 5 S 508 e oK 00, K15 Y, <Y, <Y, Ol
3y ol b ,8 sl Voaikie p3a oKT sl Y, <Y, <Y, 5 X, <X, <X, S50~

OYYS s duT 5 5T 555 53 3 g0 Ol e 3l 4T a5 b 033,50 s (6 80 08 o Cond e alin

! Iterated local search (ILS)
2 Auto moving grid search (AGS)

¥4


http://dx.doi.org/10.71773/jamlu-2024-1-2220
http://jamlu.liau.ac.ir/article-1-2220-fa.html

[ Downloaded from jamlu.liau.ac.ir on 2026-02-02 ]

[ DOI: 10.71773/jamlu-2024-1-2220 ]

...Q\Jﬂmou;rathﬁ,ut;ﬂq&pﬂﬂuga&w&gw%J#W;‘g\,&ﬂjéﬂjﬁy

PR Y S ol el ¥ g Sy 4 4l o w3 8 15 0l e el (ol 035 3550
RGO PV-SIN P - i L0

?U,A):JQT}ijTjj))Ao\i,::wékw.f ij\?

oyl oylads oylads oylads
(S fin Sldas (S feinn 3| das (S feinn 3| das (S inn 3l
4>t 4>l >l 4>l
Y4 Y \ q \ o \ \
q:94 \¥ Ve f4 7 Y
Y i YYy ARl Y#4 \% Y Y
\ \# 14 VY VFY A Y ¥
&
\ 2 5 B
? 4 7 8
CT e e Jles
3 10 13 14
11 12 15 16
B

Ol (5 iy I S0
O, i 5 B d Jld 53 ow) g 380 OS5 Slislaw Jide Ol op i 058 o0 odalin &S 5 bl
o S YV 350> 5l ag Ol Mg 4,56 CPLEX L0 s 035 NP-hard « a5 b .ot 0,6
IS 02 SIS (b bl s el B ¥ 35 0 SV (sl aigy g & ko Dl 4 ol
S Ssb 4 pleior oo 0,8 SIAT PV S o b sla w3 & 1) 46 2 53 35 e O 2 sl s
Al s St b o (o ol 503y SouS Dpslome 53 ol wts K s 488 15 0L e
K-means L cuuas = Lgl.aar.z_)jiﬂjl oslatul dwy o0 &SQ&.\QME o L;lﬁ:xftg:ﬁj)&:;w&u'
el 5 Glann 5 S ol b Bl 53 o U s o )3 ad 5 K 53 1 o 4 K005 blE o ol
S 2 Olo 4 3,1 3 g g b g S )5 el 03ls L1 3 bl sl s 0 9dous &S Sl OT 5405 39
3505 0T Jo OGI CPLEX cusgions 0t 55 L a8 5,50 513 (5 2n 0 8 WV 31 Lt g K s o
5o LF TV OVl as gazes 1 oslizal b 0L i oUWV (guluains SOSe b ablie (gl ¢ ol plo ol
G 03 1) RS 4 6055 0L e (blE 795 a o ol ey Sl (38 5 55 LS s 0 b

b4 S L 3PVl xie Ob tie sl 5,108 o5 5 das e )l 3oy S

O


http://dx.doi.org/10.71773/jamlu-2024-1-2220
http://jamlu.liau.ac.ir/article-1-2220-fa.html

[ Downloaded from jamlu.liau.ac.ir on 2026-02-02 ]

[ DOI: 10.71773/jamlu-2024-1-2220 ]

0 =00 (VP ¥)AY T (slas )5 55 Slhas 5 Guos dles

AY-4 @u;‘sua;wwm;mgsj.:,;@,-}:afww slaws CPLEX 5 Jte ol (gl 21 5 late
ol 0ds |l 681 5 b 4 CPLEX s ise ja (slaesls 5 ois 8 s YA-IA OA-Y0 10-1Y
Gtz ol 53 gbte s (el CPLEX ji5) abable o gutoes 5505 5925 Aul 3 ol 53 oS ol S
o;&béﬁm leJ.m 3l Ao ax-b a3 il Lol ol 0313 dnw 5 szil: <, JJg.Lj)
Wl ol 3 S 53 e 0 S Ol 4 Sla o ST S (gosbar 38 e e e 0 S Dl 4 o
‘J’-J’-Tg‘jrjﬁ AJ?VV cd}‘ a;vv \Ab‘)\}av\.&s_ﬁjﬁ (S 922 Q)}«ém_ou\.aTC..wbdu_ J.é\}sm.w
by 5 4o g 4 Bl o CPLEX 151 &8 cl (ol o S YV ol S5 4 03Y ol 03 §
sdbo 53 Jole Ol 5ot J CPLEX 1550 65 55 0 SV (gla as ol 51 S a7 o oS
5 6 0 8L Ol Sy pn 53l (5 20 YV 1 28 0T (sla 0 5 sl oS ola 4l gl ool
J> @l O Jsuxr 5o el Jo CPLEX L i 1) b s s 9T (sl 5 03,57 mazs les
DL ok 43 S i s A VF 1 51 S a i i g ol L Gillae ol ol 031 05 2, SN

RGN PR AP EY

15 e e Jeoe

“p “» “» s
?Ua)u 4:>U5)L~5: 4::-\3‘:)\&;1' 4::-\3‘:)\&;1'
S S S S
+/4\4 Y . q /O o +/440 \
V/YFY \F . \e . 7 . Y
VO Y/¥VA AR V/4Y0 \4 +/VFY s
\# . \Y V/ONY A V/YOV ¥
5 e T O L2 50 pan
A/ XYY - Y/¥VA o 4/4¥Ff - Y/440 &

JS 3 B 5 5 03 b Bl e YWY L il abiss oo 55 ke e Ot b i JS 4 e per
Sy Al YOIV Ll S e 4l filey Cb s sa ol (b Cales s au s o 2 cads Loy
osls OLaS ¥ Ji& 534U A s (Wlodid sl s a5 olile BL 0L j2in sldad o 51 ey 355 00 denloee
) ol

025 or e ¥ s s 1) i Dl 4 b a5 (LSl 5355 Jlel 51 (6,8 sl ) st o

15 2 LW pea £ g0

Lol s oles

NN FoF YO el

do-ly YV ASY & b asb

a1 Y N O @ asb

dl50 V8 510 NF Y el
O


http://dx.doi.org/10.71773/jamlu-2024-1-2220
http://jamlu.liau.ac.ir/article-1-2220-fa.html

[ Downloaded from jamlu.liau.ac.ir on 2026-02-02 ]

[ DOI: 10.71773/jamlu-2024-1-2220 ]

...Q\Jﬂmou;rathﬁ,ut;ﬂq&pﬂﬂuga&w&gﬂ%J#W;‘g\,&ﬂjéﬂ?my

G
:1\zone Zone 2:0 Zone5:1 Zone 6:14
Zone 3:2 -
Zone 4:2 Zone 7:10 Zone 8:2
o e Jez
Zone9:1 Zone 10:0 Zone 13:2 Zone 14:0
Zone 11:12 Zone 12:19 Zone 15:2 Zone 16:1
o

4 a5 edile 3L 0L nie slaas W (&

Sy 015 o cinls 0l 3557 ol meazd Lo U1y O (155 1 (5 2 Lo e Sl oy &7 e 55 L
Wl dsls oS b &S s alis ds gy K51 Ll S Sl S LLAE Sl g ol
Y’Y3\'\/LgLAL;!LESL;\J.gjl{a.x;;fJQLgLAjJ:jé-Mbﬁ:@&u)@}U:ﬁosw.N\dg:w)j}»
L35k Sl (s 4 e adi lag 51K p anas L s ol 5o ipd 85 i 55 iy
25 g0 el O g b Gillas (15 51 4 o obiledl sl

odiion ;5T 5 SO 4 conlis 4l filoy s 5l uy b 450 .0 J9o>

“p “B R “R
A?Uejl.a.ﬁ: A?UGJLQ.@ 4:>UUL,..: A?UAJLQ..::

e e e e

YT LA SN0 AF A asl | YAY [ VY 50 O A asl | VA | AV S Ddasl | V/OAFF | F ¥LY ) asl

S5 sl g Com V£
Loty i S maz andllas 3550 S5 55 (ool Gl S 4 g 52 Sl w s b
JS aa cCilae ol Ve e 4 e co s B8 5 s b el ek 3,5T 5 (g dols YEOVY
PV b aysa ST mman S pb e 3557 g dls YOV Ll 0L 2t 5 sSl slpr odd tley
bl 1 OT S 458 a0 i 53 oipljel adis abows 2 (il o (Jg dls Vooe 55 1) s
23 3 an A a4 ol g 4 5a Sl Sl edeT st o s Olgs coplpl L J g ey Y YVE
Laa 3o Ol 53 3 5ug e yd YA/OA Uslae &5 55 dal s Jgo dolg YOVIVO L Usles cwv)y 5 3590 &S L5

el olh ol YO YVI s 4 FAYALD Sl e o 2alS 15 g Ol e ol 45 Sl

oY



http://dx.doi.org/10.71773/jamlu-2024-1-2220
http://jamlu.liau.ac.ir/article-1-2220-fa.html

[ Downloaded from jamlu.liau.ac.ir on 2026-02-02 ]

[ DOI: 10.71773/jamlu-2024-1-2220 ]

0 =00 (VP ¥)AY T (slas )5 55 Slhas 5 Guos dles

Caplus ks ¥-£
S35 2 Dlei ol 51 a5l (U Ok 4 dles ozl Hldie 3 i b G 1 i ol o
}V' 4{0"-).:.:55Q)ﬂ)é@ﬁ&b)&‘ﬁcbﬁ))‘)jﬁ#ﬂ@‘d\ﬂ.:}&@w)ﬁw‘)fﬁ}h

) ol 0nls OLES £

51280
4, 312632
3 . .
;i\ 302730
$O=adi oLy sluns PV=adis s sl Vomadis bluy sliws
s plog dluws

adts flag Sl 2als O 5o 4y Ol i 0 (ISS
o ads bloy 2alS Ojge 534S Gl odd ot aldt filug sldad 53 odd oy p Ol il & 4> 55 L
o bladly Salolis o cul Joa Lol el 2alS” IS a3 555 0 5l 5 Sl ST filag slbas &S pl 02
IS au5m 558 0w Jole ol a8 555 Jlo )l pwlie blos Sl oS 1 6558 033 285 Sl oo
Loy 5o 55 abamSle b5 Ay ol 4l folog sliad 21531 oS s o OLES gl ¢ oo bl 2530 i

35 gn dlone Lo 3 1y gy Tl 0 80 o 55 i alows PV 4T 5500 3 (ol s B dal

S 5 4o § SN 0

Ol oo 5 obls p CoblB U Slaj ooty b (Sanl s ol 4t ol e (51 (S35 i a3
33 63,15 ety Slidos U ool glacs slis (g3lgitny Jhe IS &y gm0 .13 5wl O 2t 4 Y gz
b 5 S50 (ol e s f 5 am sl dls e b LT it 51 0B ) 5 Shee b 55
b (St S8 51 (S8 55 G5lwosly 5 (e 5 5L (Al b s Jlo 5 5L (b s Jile Olojos
D500 sled 4 ey Gaos il b auglis 53 Lo dlie Jude Lol (slas 55T 5 51 ol Ob i sluss

o35 dnw 5 4B flog S b 5 Aol e Siluaigr bt Sl eslial b oy S s Jo sl
Jos g g n Sla s b amlie )3 ol sy o das e 0L badite gl 2] ) ol b
-l 5 adl 2alS &5 5 Jo baayja 5 Oloj cadi fluy ol s (Siludig bpl 5 osdle . AS
PV el b esilting diba el Gzt gl Gl s bl on RS 0L e a4 Y gz o i 3 b
V7 4 0L o (5 e Gl ) (e 4 g S8 i o g 5 Sl g Calite ol o

Condy 4 S b e Sl ) 53 5 s St (s laat jp (GileaiaS & 536 4l

oy


http://dx.doi.org/10.71773/jamlu-2024-1-2220
http://jamlu.liau.ac.ir/article-1-2220-fa.html

[ Downloaded from jamlu.liau.ac.ir on 2026-02-02 ]

[ DOI: 10.71773/jamlu-2024-1-2220 ]

...cﬁﬂmou;rh}i,,g,uuﬂ;:usp;iﬂuga&w&gw%J#W,:‘g\,&ﬂjsﬂmy

)JL;J%ﬁ)}g\j‘cbu@\6@;@Q\j@cd\ﬁb.@lcjjf\.lﬁ&AKM)JV/\/&I\J}Q-}A
Sty W15 oo Y pmmms Olojon s 5 il CbB L Sloj oot b (Keal adis frluy (ol s
S 550 g dlgiy ST Sladsw 6l ABL 0L i Culsy (il 3l 5 Jom slaas 5o (s5lwaaS (6l 5 ol
oo ap8 a3 S s s filus pliel 5 )Rl sl bl badi by 6lp ol e Jbe S5

g sl adi bloy e b s dlas &K LS5 5 0L zie Lol ol 5 Jlaz| ldie &S oyl

&b

[1] Darehmiraki, M. (2012). A new innovative algorithm to solve the vehicle routing problem. Journal of
Operational Research in its Applications, 9(4), 1-7 (In Persian).

[2] Dolatnezhad samarin, A., Mir Hoseini, S.A., Yousefi khoshbakht, M., (2012). A mixed integer
programming model and an efficient method for the fuel supply problem of oil product supply
points with a time-dependent time window. Journal of Operational Research in its Applications,
14(1), 15-37 (In Persian).

[3] Rezaei Kallaj, M., Abolghasemian, M., Moradi Pirbalouti, S., Sabk Ara, M., & Pourghader Chobar, A.
(2021). Vehicle routing problem in relief supply under a crisis condition considering blood types.
Mathematical Problems in Engineering, 2021, 1-10.

[4] Nedjati, A., Izbirak, G., & Arkat, J. (2017). Bi-objective covering tour location routing problem with
replenishment at intermediate depots: Formulation and meta-heuristics. Computers & Industrial
Engineering, 110, 191-206.

[5] Bertsimas, D., Delarue, A., Eger, W., Hanlon, J., & Martin, S. (2020). Bus routing optimization helps
Boston public schools design better policies. INFORMS Journal on Applied Analytics, 50(1), 37-49.

[6] Babaei, M., & Rajabi-Bahaabadi, M. (2019). School bus routing and scheduling with stochastic time-
dependent travel times considering on-time arrival reliability. Computers & Industrial Engineering,
138, 106125.

[7] Koch, H., Bortfeldt, A., and Wéscher, G., (2018). A hybrid algorithm for the vehicle routing problem
with backhauls, time windows and three-dimensional loading constraints. OR Spectr, 1-47.

[8] Tirkolaee, E. B., Goli, A., Bakhsi, M. and Mahdavi, I. (2022). A robust multi-trip vehicle routing
problem of perishable products with intermediate depots and time windows, Numerical Algebra,
Control and Optimization,7(4), 417-433.

[9] Lenstra JK, Kan AR. Complexity of vehicle routing and scheduling problems. Networks. 1981
Jun;11(2):221-7.

[10] Laporte G, Nobert Y. Exact algorithms for the wvehicle routing problem. InNorth-Holland
mathematics studies 1987 Jan 1 (Vol. 132, pp. 147-184). North-Holland.

[11] Kumari, M., De, P. K., Narang, P., & Shah, N. H. (2023). Integrated optimization of inventory,
replenishment, and vehicle routing for a sustainable supply chain utilizing a novel hybrid algorithm
with carbon emission regulation. Expert Systems with Applications, 220, 119667.

[12] Neira, D. A., Aguayo, M. M., De la Fuente, R., & Klapp, M. A. (2020). New compact integer
programming formulations for the multi-trip vehicle routing problem with time windows.
Computers & Industrial Engineering, 144, 106399.

[13] Huang, N., Li, J., Zhu, W., & Qin, H. (2021). The multi-trip vehicle routing problem with time
windows and unloading queue at depot. Transportation Research Part E: Logistics and
Transportation Review, 152, 102370.

[14] Wang, Y., Sun, Y., Guan, X., Fan, J.,, Xu, M., & Wang, H. (2022). Two-echelon multi-period
location routing problem with shared transportation resource. Knowledge-Based Systems, 226,
107168.

[15] Hasanpour Jesri, Z. S., Eshghi, K., Rafiee, M., & Van Woensel, T. (2022). The Multi-Depot
Traveling Purchaser Problem with Shared Resources. Sustainability, 14(16), 10190.

[16] Nozari, H., Tavakkoli-Moghaddam, R., & Gharemani-Nahr, J. (2022). A neutrosophic fuzzy
programming method to solve a multi-depot vehicle routing model under uncertainty during the
covid-19 pandemic. International Journal of Engineering, 35(2), 360-371.

of


http://dx.doi.org/10.71773/jamlu-2024-1-2220
http://jamlu.liau.ac.ir/article-1-2220-fa.html

[ Downloaded from jamlu.liau.ac.ir on 2026-02-02 ]

[ DOI: 10.71773/jamlu-2024-1-2220 ]

0 =00 (VP ¥)AY T (slas )5 55 Slhas 5 Guos dles

[17] Jiao, L., Peng, Z., Xi, L., Guo, M., Ding, S., & Wei, Y. (2022). A multi-stage heuristic algorithm
based on task grouping for vehicle routing problem with energy constraint in disasters. Expert
Systems with Applications, 118740.

[18] Karimi, L., & Nawrin Ferdous, C. (2022). Branch and Price Algorithm for Multi-Trip Vehicle
Routing with a Variable Number of Wagons and Time Windows. Algorithms, 15(11), 412.

[19] Mardaneh, E., Heydar, M., & Loxton, R. (2022). Branch-and-price for clash-free periodic supply
vessel planning problem with split delivery and variable service time. Available at SSRN 4213089.

[20] He, D., Ceder, A. A., Zhang, W., Guan, W., & Qi, G. (2023). Optimization of a rural bus service
integrated with e-commerce deliveries guided by a new sustainable policy in China. Transportation
Research Part E: Logistics and Transportation Review, 172, 103069.

[21] Hu, H., Qin, H., Xu, G., Huang, N., & He, P. An Enhanced Branch-and-Price-and-Cut Algorithm for
the Multi-Trip Vehicle Routing Problem with Time Windows. Available at SSRN 4395200.

[22] Liu R, Jiang Z. The close—open mixed vehicle routing problem. European Journal of Operational
Research. 2012 Jul 16, 220(2), 349-60.

o0


http://dx.doi.org/10.71773/jamlu-2024-1-2220
http://jamlu.liau.ac.ir/article-1-2220-fa.html
http://www.tcpdf.org

