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Abstract

Objective: In this study, different ways of delivering goods to customers are created and
therefore the vehicle routing decisions are added to this issue. In this case, customers
must be divided into clusters and each customer assigned to one means of transportation
in order to minimize the cost of orders between customers. In this study, the problem of
integrated supply chain scheduling is determined by timely delivery of orders, scheduling
orders on a machine in a manufacturing system and batch shipment, allocation to multiple
heterogeneous transport modes according to capacity, and finally order delivery. To
customers in the time window, it aims to minimize the total cost of distributing orders and
the constant and variable costs of fuel and carbon emissions of the vehicle and the total
time delay of customer orders.

Methods. The problem programming model is a mathematical model of complex
nonlinear integer and has been used for solving multi-objective meta-algorithms MOPSO
and NSGA-II.

Results: The results show that NSGA-I1 algorithm performs well.

Conclusion: This research reduces the costs of production, distribution, inventory
maintenance and fuel consumption. It can aso help reduce product inventory and
mai ntenance costs.
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Algorithm 1: Pseudocode of NSGAII

Input:N’, g, fi,(x) > N'member evolved g generations to solve f;, (x)
Initialize Population P’;
Generate random population —size N';
Evaluate Objectives Va ues;
Assign Rank (level) based on Pareto — sort;
Generate Child Population;
Binary Tournament Selection;
Recombination and Mutation;
for i=1togdo
for each Parent and Child in Population do
Assign Rank (level) based on Pareto — sort;
Generate sets of hon-dominated solution;
Determine Crowding distance;
Loop (inside) by adding solution to next generation starting from
the first front until N'individuals;
end
select points on the lower front with high crowding distance;
create next generation;
Binary Tournament Selection:
Recombination and Mutation;
end

—_
—
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3. Fitness sharing 4. Binary Tournament



et (ol oo 9 82395 55 Hmms (ol 00035 (Skislo s A Sy 4B Juko dnnsgd w

N> gwlod Lol
L)w)al_n L)-’I ol A_J.aa JﬁLw9 )] odlaw! J‘y bww 9 009 \V*C uu..:)JLo ;gq u‘9> uwl.o.: Cawno UAOU

B Sl Mg ) Sgots (g le cul Bl Y A Jlog dlass &S (90 5 9 cul (gt Vsl

Y ) ¥ ¥ Al Jalwg

ol ccd )b s p Sygo 4D g Bgu e 031 enast ¥ adis dusg 4 b yiie linl o Y S5 4 a5 b
Voadi adiwgarg) odlo 009V 9 ) (slogsblaw cplply ey oo 1 4l dliaog 42 ng o s 4 Cugs
A U aygmo ol 8 53 cdoyoo S )law by Cugi ol ojlal 4l iy cud )l 51008 o0 by (apass
Wgd oo 0313 olaidl Y dlls dlowg 4 o yoylaw oxle 8L o ¥ adds dliwg 4 ) pdle 4 by (sla yolaw Sl
Do 03> Harass ol yide (5)lbe (B Jes hlwg Jlg5 Coley b iy (ren 4

ol VFC g yile S a8 dau oo (et 4 dloawg & g o anass Jlgi Oles Gioled ped yisy

odnliio YU oyl ;3 05 o sl YU o yilo (olwl o adis flwg 4 b gy oyl javass Jlg

9 pAaaSS s ey onl JIY e S B 0 (sytie 9 3)15 13 50 gyt I S8 s (g yiie 45 3950
ol V=0-Y &0ty 4 blug lawgs by g b pl BMs

0l 03 ud gl ;T iy oS Cuwl lex ioled 5 jldle (gl S 0ad e A (Bolal Coxes S la

= Coxe> Lgta.c‘ B .)9.\»&0 o).,}.) 9 Ml}m U—l RS é"‘?’ )L\a.,o 9 u|9> u..uLo.» Cuxa> )] ya.c » dl).: o

Cmor 7503 slael | G ud bawgs o Cumex I (olael 5 B9 00 <5 po olinl (gilociipo i )sXl ol

Gl Cumen slacl 51 S ja gl oladjl dold dpuloee (gam pl8 a0 S5 |y Jol dpas closis Golao

S slasl I SG o sl (olojl dols 5 oad S5 gio)l (ladgen 5 $9d e Oy0 g 9 035 S 5

Sydse pll 2l silocsye 9 AL



g )] b)lcms AY b)sb‘\‘"iﬂ (RO S g0

M OPSO i 555!
3Ly 50y aile dagl 3 48 lainys S oll 1 1, TPSO 5501 (1430) | iS5 @)la gl T 5
ol Iy plaie ot die g gcus g B, e8> ¢ Bl (sld ;0 00D drwgh b sdalie resdiuwd
Sy o0 gk Gloj A )3 1) 295 Cmbge 0k 1 ] 53 4 Amy o

by 3 S o L syl MOPSO )50l 55 Lol S oo Jis |y 355 Gam il 0,3 i cdbincS5 PSO
Bbest bwgi 4iwd y b Bhest Lol > | 355 Ppest 4twd y 53 0,5 o (ol pl a8l Bk Bus @ p»
g )] S S5 5 5 eadadg b ol el el D580 3Rl am slylS5 el S0d slaatio
Ol 2 Laclya asds 5 0ad (o) ol s Sacler 5 Kad e dunlie JuSy b IS 9o aidlo by
] (e il (i | (2l gl slae] & g S5 2 50 B gile cul b gt Bl S5
S oy gy g0ty (2B )]

D90 ol YV dlaily jlpll 0)3 Cusbge (Sl @l jlade plk 1S5 5l any

H(i, k)

density(i, k)

fit(i, k) =

Algorithm 2: Pseudocode of the standard MOPSO algorithm

Begin
for each particle in the swarm
Initialize its position & velocity randomly
end for
Initialize External Archive (EA) (initially EA empty)
Quiality (leader)
do
for each particle in the swarm
select a particle (leader) from EA
Evaluate the fitness function
if the objective fitness value is better than the personal best objective fitness value
(pbest) in history
then
current fitness value set as the new personal best (ppest)
end if
update the particle velocity
update the particle position
end for
update leader in EA
Quality (leader)
until stopping criteriais satisfied
report the result of EA
end begin
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et (ol oo 9 82395 55 Hmms (ol 00035 (Skislo s A Sy 4B Juko dnnsgd €

Poest 3105 (Jxd Cuxdgo ST egim glo)iS5 5 095 00 0ol Ppest Olgicds 0,3 p2 adgl CumByo dal )
ade Loyl )51 asle oo (8L oS (g0 T 0)3 Phest «ypo (ol o )3 29:d g0 (030l (e CuaBgo S A)E
AL Phest olgiedn it ladie Ly Cubge g 39 oo dmslone gl (Sl @b polie cdl anbls s> o9
d9-b e L5 Phest Glpiean (Bolaai jgbas il | (S byl 0 (SNl polie ST Coleg 0 0 sals

AT
g (YY) hlSen 5 JLuS' S slaingsy JINSGA-IL s MOPSO 265l gl ool a5 el

el 033 485 000 (Y VA) (Vg 5 (B 5 (V++9) T Ssabrgnls

o S92 gew>
2 e o gt pl Dgd o 031> Do b Joly cuaS ¢ JolST slaein o) (o e (g9 i I edlatul b
olsal Jsoly So qgainple; i sl JolS sailo; dbul o cunss dls po )3 290 0 ] Al o 40
Jooly o Qbl (98 9o wlali g2 Ao ge Cuglyl 0acl ulul  Jooly cnl 53 b )l (Jlgi g 3980

29 0 dulre 1) Oygod YLl a5l

P1=1_ (Y‘Ylﬂ.‘a{‘)

n
i=1 T;

Ll J>o|) Jf ‘3){)7’.') uLo) Ti FLY L;:l>

S rm y90 ol 3 98sn Pl (ol pre dlins 05 (sl (6)505 (e o gCane pgd dl>pe ) (e
oo 9 03b Ll )law 93 adsle Soe )3 W9 o Jlasl Jooly cul 59y lomsSan 9 B2)5 o299
ol S adlss S gl g Sno Slas 5 ol oo 3,5 oo 518 (1 HUS 50 5yl (ass g 29 0
Ol 95 o dulie yj b & Ao pl Sl QbS] B b o weSee dlid pl o 5 0l o]
Oy gy ol Jlaas] i b)law 5 pide yow dije b gladi alowg o Lee

P _ﬂ*w9“§*fé‘”d‘95‘°x41ﬁ“94%°m)‘flad)m»al.\,:
), =

(VY b
Ol e dlass Jo auja S

L il s S5 55 (sl 90 03l 5 (gl oSl ) e slaoly Gipdy sl (Jb
(S5l S S dgib o 03l ialS  Sializdge s ol 4 olswwd (gl lod olylas g 03,5 £, YU adgl (clod

1. Goksal, Karaoglan & Altiparmak 2. Ai & Kachitvichyanukul
3. Earliest Due Date (EDD) 4. Simulated Annealing Approach



0 )] b)lca.s AY o,,ad\"ﬂﬂ (RO S g0

ol el Jo ool ) e e el o 5] g iy Jolas ol 3 Iaoly o (AT (555 5 IS
L s goud ol Sl i ot Jooly ST eyg0 cnl )3 iS00 (8 Joly (niSole g 038 Jod )

Ded e &b pdy 5 Jlet!
PZ — e—AfTem (Yaa d.la.;l)

SlBae Bl duuloe (gly cdianis diue S glyp Canl (L8 soly g bas Jsoly o Bua b cglas Af
Iy o> Term jiolyb opl p 0gMe ouiS' oo o3kl f = (Fy X 8) + (Fy X (V = 8)) &jp0a (g5 JSl g,
c—ellan ol w3 ,6500 ol K oS Temy = +/A X Temy,_y daly wlol p oiy6350 55 dod amd g0 Lt

ol 0us pudais Temgy = Ve adol slod gla yiolojl wlul y 090 0 00> ials

B 0! )y i
9y 8 (5 > Loy sl i) €S 2y ol 5Skes )3 (ang LLS b piysSl (lo il s
| )_fb UL»L..\: Sl OT dl_m):.nl)li d])_g DA_A:}NJQU._ )L).iia )’] )JL.A Oadsdy el d}b% LS‘)-? d)l&';.g])é

lods ety s 5 ool (b9, 5l 5 e psUl sl ol Jlgte lebs I g 228 &0 o2 )55 (sl el

NSGA-11 g MOPSO (glaeits 19531 (gl yiol b (61,0 dinger dlie .Y Jouo

NSGA-II MOPSO
W yldo W 5l,l Wty i)yl
o~ Npop o- Npop
) C, 2 N,
-1y M, 2id wt
Yoo It \ C,
VYo C,
) It

Ao 43903 Wl g

L Gollae dinS co19Ss slagjer sk 5l (Bolad slaodls I (e gorme oyl g Jso ) hnogs 4l

dload (2Ll (YA) lSen 5 (5 (VIA) Vo2 5 28 slapingly @ a2 b g 05 gpda ¥ Join
slaglej il g dege o Jo> laglej ( biloy sloplej yel)ly s bLI)I Ldsas (imggy ol )

23,5 0> ol slame 929 oy ind 2k s 3ib Juo sl o s g opgesl (paiy ulsl 2 SB35

1. Kirkpatrick, Gelatt & Vecchi



et (ol oo 9 82395 55 Hmms (ol 00035 (Skislo s A Sy 4B Juko dnnsgd

"

(VWA V2 5 aly3) sl o 68,5 55 )3 oo (slolej sl i~ ULt v (P o+ D)) oy

Ao (Blai godly & Jous

Ulab] célgsy & j98 Slows g #olyk
UVergY--] P gyt Golaw ) (3jb ol P
U[Ves¥] i oyl o5l i
Uy 510-] Syt oy JBg o> glaglej t,t;
vIy- Erae jud p > Cogw anie Ci
el Sras > p)S Ll e Ce
Uy.-y0--] Jush )l o el aye FC
UD:ego-] J ol b o Jsl ayjm I, Ti
U[fg).-] 1 e 53 4l dloung s por (:Sileo Vij
U-/a- 4+/\0] e § a8y Jolos Col e o
UDa:- 5] Sk ose i bolug )3 Wy
Ulre gv--] 0,5 93 oy dbold d;
Yoo Sy M
Uly,v] J srte lp W Sloj ooty ol 2> L twsj
U[Vv 58] J Gomte Gl W Sloj ooe; (VL 2> Eow,

2 s s e laieas (PY 5 PY) Sas8 5 (PA L PY) 55 slayl 5 5 aliess i &gy el yslis

Capy ¢6 yio S oaimo s C Jods ol 5 b 4,8 a3 55 9 b 8 Jgis illas cilie clacls

e Coglio dy by pe Jolge (gl ol jlado By g 392 90 4dE ailusg Slaai Ny  g43 Jiig Joo Jluog b lo
Ay £95 93 9 (o 10+ L PY dliis p> ¢ Jlio jobay .l 4t dlwy pdaw colue doa  JBs (SKlasl)

b wlidl g (b Sloj ooy dw by g dlivg dw dlawi 4 S5 2 VP g Ve lacud b L als

. .. ,p s .
pilosly sloidin 1) 305 (Shy aw (Vorv) (g 03 ol cadumis sl ) 3 See (b)) 6l

Py Bl 4 95l dxe g ogliel gla ool oy Aol o

b At d by ool cBleSs mse @

D9 Sl 1 odslcwndd )b ol oS o

1. Zitzler, Deb & Thiele



v Y o,lewd VY 290 IVAA ( dmio Cuy e
ol 4l dlowrg b (2l yawne dliane Cuiid 0 Jou>
Flww
PA PY Pl Po P< PY PY P
Yo Yoo Y- Yo- Yoo Y. Vo~ \a- c
VY. 5o A B Yoo Voo AR Voo Cap,
> 5 ¥ > ¥ y ¥ ¥ Ny
\ial V/AY Y/ Y/ \AR% y/5. Y0 y/5. By
Ve VY- VY- Y. vo- Ve Y. \$- Cap,
I ¥ ¥ ¥ Y ¥ Y Y N,
Y/Y Y/5Y A1t \VARY YV Y/ \vANY Y/ By
v Yo \a- Yo- Y. Yo- Y. Cap,
¥ Y Y Y Y Y Y N,
Y/¥V Y/¥V ¥/0 YV YIVO YV ¥IVO By
Yoo Yo. Y.. Yoo v- Yoo Cap,
Y Y Y s Y Y N,
YIVD YIV- YivY YIVD /-0 ¥IVO By
Ya- oo va- f.. Cap,
\ Y 3 Y Ny
¥/ YV Y/ ¥/\¥ By
f.. Ya- va- Capy
\ Y 3 Ny
\ \ f/-0 B
o o ¥ ¥ Y Y ¥ Y o slro oy dluss

(YoA) o) o (J 1o

e sl 3l Bigim cnl el p3Y (3 Shes Jline aw JBhs cbianiy (la ) dnalie Gl ol

F* g oaalcawdds 695,b slaclys dcgamo lgicds Q (g o Lo ymi pj oo 4 45 Cawl oid odlianl 5 Slas

il $)b age

RNI = —
n

RNI € [0,1]

1S o (635051031 1y o ol Slasi IS 4y selcanday Cogliol (slagnly

(V% b,

Sl yip RN 585 polie g Cawl Cunes 03181 N g Cglrol (sla J>oly de gazee o3l snias ;Lis [Q

1. Ratio of Non-Dominated Individuals

2. Tan, Lee & Khor



el (2L g0 9 R385 M gi 1w w.ob“ 05§ syl LSy adagd Juw drwgd A

St s & odolcunsay slaguly (39 S35 23 £So)ll el e ul 2 (MID) Jlowy! abolds (nSilie

D9 o duwlro y 5 dlre 31 5 00 oolaiiwl g5yl 28ly

lQl
MID = X |Q|d ; Z f(L) *(L) (YV abayl,

Gan &b oyl M ylaie £ 65 sl Jloy) o §) 5,y asgoome ) gty sl alols dj celoles )
el Ggllan MID 5Sas8 pyolio 5 sl pli ool 1

S5y ol sla Lsoly ajs Sis%a lne cl 3,5 Lbyme |y Udsy o (VAAQ) T il 1T (SP) alold lne

ol 5 g pbds

) ol (YA alal,
p= LY 0 -ay
Q| &
=1
lol

d; —mmkeril{Z| @ fm}andd—lled

Gl iy SP 5868 yolie el (o
ol saalCanndy (Bguly 5,3 T) (6550 wolinl (sl ol (ym dlolb samdLis jlne () F(MD) g4 55 1as

ol il oaS ol 168 Wiy e Jhme ) sl il claasols gyl Gan algs (ST (Ve o)) gsadls 4 4y

anl ods Jloy 395 aiald ;> Bun b Jlade ya o] ;> a5 Wb S yme i MD

. . )
MD = \/ Zl ) [maxiekflé—mn'liekflé] (T’°\ d‘b{l)

flznax_flgnm

D oo 03 e 5 ) 4 o5 palie el pK Bun U e JBlis fmin
F S5 S WM g jlne dagi oSl 5 Slas (5550511 5 Juols gl ool LS gsly (sl mizman

RNI + (2 x MID) + (2 x SP) + (2 x MD)

WM = (Ve dal,
7

1. Mean Ideal Distance 2. Spacing Metric

3. Schott 4. Maximum Diversity

5. Kalyanmoy



A )] b)lca.s AY b)sb‘\“'iﬂ (RO S g0

e gylixe cpl 5l eolatwl (gl ol yiy L@ﬂ 059 b soly Calesls je8 g 05 yidu Cuedl & axgi b
Ll poglae WM 5 S s8 polio cgy opl 5l 98 Jloy RDI alaly b b baylize

o J>
ol Ban gy ol 5 2980 odlital | slsl Cudgazme 535 g Sl i lie! Galel sl iy el
"985 eginysle gt e LS| o b iudgine Sygody Blanl ylu g s 43,5 i 3 wli g0
palyd 1y gio)b e Jooly (13,51 Cand 4 (gl (nouds oS wimd o 1)) 5,809, ol ) (Slord JooS5 a5es (Y- 1Y)
el Wb e dunlio NSGA-Il 30,61 2ol 5 0uds 1,2l GAMS22.3-MINLP > (oolpiin Jio S o0

Sygmodn o) 5l oaelcmndn Fwl g oad Iyal (o LSalls oSl il )3 g oo odnlie & Jgao ) dunldo

&l jmi” =min {f), ., [/} 4bl ) .caoli Jsoly ol Bun lude fij &S 395 e 033 2y = () f7); Vi
Dgu oo dule Blaal coles
Sa 95 05101 )3 NSGA-I1 o4 951 b (348> (g dumnylio T Jou
REFE Epsilon Constraint NSGA-II Sl
GAP
ol A | Timeminy | O P N S il
5 DEYYD WYASALY Ve AR VYYASALY s Y
AR av¥yy \FOFYNSY ) AV¥YyY \FOFYASY ¥ ¥
Yy AYEYO VFYOAYYY VY INPRA VFYOAYYY I 5
AV IRY I \rd VYFAV/A | VOSYAYY /¥ VA VIYYOY VOFYAYYY \s A
A AN ERIALA 5o VWEYOAY | VOASVOYA/VD AN WEYOR | VOASVHYA A Ve
R Ry Ry 4 & VFEYYA/S | \VOSYAYY/AY ) VFEYA- VYOFVAYY Ve VY
JIVY | /XY - VAYEEV/E | Yo AYOPAR/PY VYD VAYYSA | Y- IWWOSAY AR V¥
AN IR § q. YYAAVF/Q | VAVYYVEY/AA VAN YYAAYD | YIYYYVFD V¥ \Vd
* * * * * VIYY YFYAQD | YYFY--YO YA YA
* * * * * AL YYEOYA | YYIIYYD- Y- Yy
JVE | NS ¥£/va VY oSbe

Ban Hlasd ) Gua SO L sl ddumgd dliue 4SSl &) ds g b cudgiome ol (Bg, 3l oolaiwl (4l y
sl sdalcanday Jude 51,500 Gan aill o Jlude 295 0 a3LS! lacudgiome 4 S5 Chun ¢ 48,5 s > Lol

5 odolcusday jlae )31 5T 0T o Cawd & g fTMT lyls oS Sely plio 5l g (5,50l 526K y> Bam ]

1. e-constraint 2. Mavrotas & Florios



et (ol oo 9 82395 55 Hmms (ol 00035 (Skislo s A Sy 4B Juko dnnsgd ve

3 ol slcwsds bzl pigy dwslis (sl 298 o0 Al o «uills aoer (bl Colis ‘fjmi" b o] S,
NSGA- (¢jldiars (slbisbgy oy okt s i owms GBlyodl 45 o ] s SIS5 5 Jgi S 5o 9

il 5 gy Aol Cpl o Ui |y Wl oo Cowd 4 o] Cudgame oo, bawgs 45 Jele 93 Colanal o 11

Z i =2
Relative Gap(%) = NSGA-II epsilon

MES
Zepsilon ( +

it obeasl By 9 NSGA-IL o258l (gl Ban @b i polie die 22lie Zepsiton 9 ZNsGA-11

B9y 9 Sl a8 Gloj )3 (st oliel slarely (alitwd 4 3B NSCA-IT 02,6801 & Jgao (polal
Jemoly oy s B bagiio (3] gt 93 53 ol 0395 3 aliie 93 o 4y 0B Cudgde yokanl 348>
22355 el s el <Y g3 G w5 el g V5 ) Gim b sl 535 > 9 NSGA-II ui,51
ol e 23550 3,Skas 5 35 Vg 5] 45 S35 ot b st 3 oy ool Sl NSGA-I

OiBe 3 ghie ol (Sl ed e aidlyyy (ot SN B oy (e liel 4 oS jsboay asldl
2> MOPSO (5,5 Sl 5, Sl aelsl )3 g i iy i S8 lasl b oyl i dize 5 )l Jlno a2 i3
2 0l Byme (63 Sdos slajline | ey )oSUl zuzma (Dbl (sl 298 o0 (1)) NSGA-IT o )sSUl b auylie
Lot )s-Sl gl o dome (sg2 g S 2Lyl gl 808 SLIA 5V sl Jgaa 13 @lis 5 ol ool (A5 iy
Sl o NS e dlie (e o2 gCun Hpa> )3 e 5 (e Srgas jea pis b ) L

Cawl 04 03> UL..J q JﬁJ‘? 5 CJLJ 9 00 odlaw! U..S)J )L:;uo )I cCAL\J )I C.Aéb Lo Y

e (592 gl (9 By ol Al Y Jgun

NSGA-I| MOPSO o bl
MD SP MID RNI MD SP MID RNI

VWYY \RRY 474 ¥IA ofe e\ vy AARNARD S YOFA ofeesy Py
AYQ ¥+ OAYAQ DY ofeeeq <I¥Y ASAAYS YVYY o[y Py
I8y YAYYAYY ADY ofeeeF y/a¥ AAVESA . VoY - ofeeNY Py
VF/AY AARI'RAY YYA ofeesy Y/a0 ARSAIAIAEA VoYY o+ VA P¥
VY/EY FYIVYY ¥aa ofeee Y/ea YYYAYIQ VVAY R Po
¥/o¥ AYYYYYD V< AY ofee¥ Y0y SNYASYS WS ofe Y Ps
Volo¥ YAYAAYQ ra ofees¥ Y/v¥ YAAYAYAR Yv&- ofeeNY Py
VW/FY AARTAZARY ¥av oo\ \VARS YAYOYAYY YAYY RRA 1 PA

sla ol slaws bld e e (go3scmms Cle ol o 0l lis O USG5 gV Jods 0 a5 job jlen
s smofis] )3 oglis el 4l 48 313 i (glaoll 5 g (gys MOPSO (RNI) ogs oglial
il 0313 451 (g5 by o], MOPSO by cuaslie > NSGA-I1 « MID e Llod 1 ccasl dngs b



\A|

)] b)lc.n.s AY 2,9 dyas (RO S g0

NSGA-I cg; iyl )15 55,5 dgen g8y 6t STy 53cSnsS ol b o265 SP alold jlno o
Col MD lro b bl ;3 NSGA-I 43,63 51 sz ool ags 4 08 MOPSO cyles )5 3 (8 3,Slas

Ao oo i 1y bgul 6 yius oS

Mean ldeal Distance Ratio of non-Dominated
Individuals
—+— NSGA-II —#— MOPSO
—+—NSGA-Il —=—MOPSO
Yo
N N N [eoY
Y.. e — [y A /
\l“l J/'
A S — _
\ e [eoye ~ ad
o k,./.\ / \O\V M/
\/' /
o 1 2 3 4 5 6 7 8 = L S R SR S R
= 14
Problem Problem
Maximum Diversity Spacing Metric
—— NSGA-II —=— MOPSO —+—NSGA-I  —=—MOPSO
Yelo Fovrrnnn
O/«
Feorvoons
Vofes o\\’\//\\ / /' —a
Yeoveons - v
o ././/.—./"—‘Z'/J AEERRRRR ‘//\ /
Jee ; . ; : , : : , —a , ,W
(=]
g \ v ¥ ¥ s 5 v A £ YooY Y Y 8 s v A
®©
Problem @ Problem

e S92 g (93 (53 5es sl )lro 13505 .0 JSu

oo (93 9Cms (wlw! p ks oS dus o A Joua

NSGA-II MOPSO
Problem

MD SP MID RNI MD SP MID RNI

SINY VEYYYEY 5.y RS 4 A7ANS ARRRAYAILY ARRR ofeeNY Py
a/-y ARRIVAY Yev ofeee¥ VIEY YOYYYVAY YVYF ofeesy PY
VoYY Ye+eYA<D by ofeeNY /vy FYAMNS ARATA o« %Y Py
VIYY Yay-Add ya. YRR Y/vY FFAYYAY VeVY of+e¥0 P¥
V- Nt FY¥ RN Y/AF AOYYYYY ATAIARN ofee¥. Pa
£IV0 YVYY.v.5 AYY ofeee¥ AR AV vy WY ofee¥Y Pr
Y/ MITYYVY yav ofeee yIvY VYA YY VEYA o+ VA Py
o/ay FAADODY ARA A ofessy \VATd A ¥ASDS K0 ofee¥Y PA




et (ol oo 9 82395 55 Hmms (ol 00035 (Skislo s A Sy 4B Juko dnnsgd Al

s A Jgdz > @l 5998 e Jlasl Vb o )o50l 93 sl g2 g (oo o giamer 2D ()2 12
13 e 3,5kes MOPSO 2)s5l RN bl e o (653 50amss sy el wilan ol s &l & IS5
Jsoly MOPSO Ly dasliie )3 (s y3-boary NSGA-IT 535,55 MID jLie Llodd 515,15 Cilises (cloojls]

) e 539 e (ST 5SS ool by o2 oS P elold Jons s 1 anl 03 1) 558
4S5 Cal MD jlixe b dlasly )0 NSGAIT 5,63 51 yigg Jooly adgs a4 ;08 MOPSO colys 5o ol a8l du0

A3 o i 1y el o piws

Mean |deal Distance

Ratio of non-Dominated I ndividuals

—— NSGA-II —=— MOPSO —+—NSGA-Il  —=—MOPSO
Y. ey
Yoo A RN 7 F/.\_/.\
Vo _/ ofeny = \_//'
Yoeoo /\Q | —y
e o _— \
N - deey.

b T = S —— R~ N
Bev fesedd — - Y
. ! v v ; : : . . ofeves T T T T T T T

S z
s \ Y Y ¥ o e v A £ \ Y Y ¥ o 5 % A
Problem Problem
Maximum Diversity . )
Spacing Metric
—+— NSGA-II —#— MOPSO —o— NSGA-II —=— MOPSO
\Y72n
Ve 2 Fevernan
Y/ A v //'\
Vol /./A .......
Mee ~ Y N | oyveeeeoo.
Fle- o v L v
¥/ /./-\'/J\V] VYoeovonnn -
e N D S
/ T T T T T T T 1 = T T T T T T T 1
&
g \ Y Y ¥ 3 5 \ A & \ y Y ¥ I\ 5 \ A
Problem Problem

o (S92 glume wlwl 2 (63,50s (5 sluno 13905 T JSu

Lo y950 bawgia 3 )Shos oxo (so2gcame (13,5 48L2N L (WM) (559 slme 98 Jgior 4 425 b (prican

ol Foslhas jlxe ol a8 e .ol 4l Souay




vy ] b)lca.s AY o,,a‘\\"ﬁ (RO S g0
39 )l,;M Ao o A ,J,Je
Weighted Metric With local search Weighted Metric Without local search
Problem
NSGA-I| MOPSO NSGA-I| MOPSO
YYOOVYY FYOVVYY ARANARN 1 FYYAOAY Py
AY-Q. Y¥ANAS- YVASY - WEYND- PY
.- SAYY NSttt O5FOSD Vavoass . v Py
DAFYY D AFFAYY VFEYOY - YAVOYFY-Y Py
Vorsay VWeEVYAY - AFFYyY. FAOAS Y Pa
OFFY VY \EA < AS VEYOVEYD 1yyaaay. Ps
YYYYVFD yyaaavya YEYANOF INAVARRAY Py
AARNARTNA YAV« VY Yaavayy INAARTAA PA
Weighted Metric Without local search Weighted Metric With local search
T NSGAE e MOPSO ~+ NSGA-l = MOPSO
Z """" Avvveeen
b F— S A
S V4
Feenans Fovevnonn -
FYoevooone Yeverens .
. A =,
W ‘\f‘ T T T T T T T
§ \ 5 5 v A § LR S S S N N A
Problem Problem

39 @ lre duglie (o909 .Y S

2y g0 3,k MOPSO b awslio ;5 NSGA- 13,6l WM jLixo sdelcawsds gols 4 4595 b

1330 lisabl g > (g3t lel o 31 ecs2,Slac slislns 3| Sl ol 5385 dunllic laion

2 el g o Ll 50,6l o (gl b pe 03 dlasd 4y PA s ¢yl o ogMe .05 odliiwl P — value <+/+0 4
oo 00 L dmsls cptin (lauSile a5l opl Gun o(gylel LT cony 3 &)1V 9 Ve cla Jous
SMS! Ll (o 4] b At (ggluns S35 L ol ol (sloSibio LT o 20 03,0 (g E5090 ol 42 5 g
02 aSINY Jou 53 5 0ad Jelow Minitah VA Jl3dle i b (g3 bl pslaie cpds 315 3529 (gyblias 5 5L
L awlis ;o MD jLixs ;3 ks MOPSO 4,55l 5, Slas 0oy A0 (liebl o )0 ol cpl 4 4595 b o]
hS ooleiis Jvo (sl NSGA-I p,651 &S 5,8 by )lgs oo <9y ol 3 ecanl 0395 yiag NSGA-IT o565

.J)]J Lg);wlm




et (ol oo 9 82395 55 Hmms (ol 00035 (Skislo s A Sy 4B Juko dnnsgd

PA dlivs (3 ,Shos 5l ylne Fluole gl Vo Joda

MOPSO

ACT (seconds) GD MD SP MID RNI PA
Yo YAY - YYYY s IRV YaAA ofe ey )
\4) YAASADS Y YAYYY YVY¥A of oo Y
oY VAL FFYYY Y ayaay ARRN of ooy Y
AQ V-YANSAS v Qf..y V050 ofeeY ¥
s YOSOAY+A v VDY Y54 ooy >
VW YYAOA« Y VWYASY VWYoY of ey 5
A VFYAAYY . Y F\V0 WY ofeey \
W) FIFYOFVY \ Y1y ¥ayy oo A
WA ¥AAMAAA Y £aY.q FYYY ey 4
W VFYFAYYY Y YYaA-4 Vass ofeed Ve

PA diis (63 ,50os s bro (Flawlowe zls )Y Jgas

NSGA-I1

ACT (seconds) GD MD SP MID RNI PA
Yo YEYAASA a YAAYY oYY ofeo¥ )
A AV+ ¥ VO YYYYY Yosr of ey Y
N FeoFNS VY YIVY ¥ ofee¥ Y
) i 0 Teyay o8s oee¥ ¥
N AREATATARK VWY YEEYA oYY ofes¥ I\
YA VFIVIYD A D+OAY SA- ofeo¥ 5
A yyayay AR VYY ¥ay ofee¥ \
AY arvaya Ve YYYYA ¥a)y ofesy A
Yo \ARARA A\ Y¥EVY YA ofeo¥ a
AY V¥E5ND AR YADY ¥¥a of e Ve

i)l Vb gla s> 4 a5 L
u1: mean of MOPSO
Hz: mean of NSGA-II

Difference: uy - U2



Yo )] b)lca.s AY o,,a‘\\"ﬁ (RO S g0

Two Paired Sample T-test (yg03] gl Y Jou

algorithm Alternative Null P- T- SE )
performance | hypothesis hypothesis | value |PF| value | Mean | StP& | Mean |Algorithm
GD
- YOOIYEY [ VIVY--VY [ Y¥YAQ-AY [ MOPSO
Hepy—pe > | Hopy—pe =+ ofoes a £IvY
better YMB-F | MFY-A | WYY | NSGA-II
RNI
- [ e XY | /oo eVEY | o/ \WAY | MOPSO
Hyipy—py <« [Hopy—pe =] ofoer | VF | -¥/f0
better fevsfe | ofeA\YA | +/oo¥AS | NSGA-II
MID
- YA av¥ YYAY MOPSO
Hipy—pe > [Hopy—pe =+ | /o | & | SI¥
better ¥4 Q.15 B« NSGA-II
SP
- ey TYOAA | vFara | MOPSO
Hoipy—phe =] /ooy | Y] FIY.
better DOYY VYO . YOvYs NSGA-II
MD
better ALY NIve Y/5-¥ MOPSO
Hopy—py=-] Voo | 2] -aM
- A Y/EY VY NSGA-II
ACT
- ) \R7A# Voo MOPSO
Hopy—pe =1 Jay | Ve | VA
better A \RAs va/n NSGA-II
S o

o 9y bl (sanple) (2955 e g pamass s b omel 0,295 (sdilej 42,lSe alte (g ol
dy dag L Reals Jbig Jos dlsg (piin 4 00351y (gland g0 Jlojl s 498 piae S )3 (gl
Lagh)liw @jg ladiia JS (2)5 4ieS Baa b Sloj 0z 53 glbyidie & )i s coles )2 9 cud)bs
e (gjmyanliyp Juo ad Ll ol pidie (sla byl 3,8 23 Gloj SS9 ()5 Uil g g puite cladiza
e el ey wilgie JBgdes hlog sl blisee ([t 8 s dae (L) Jae S eadple
o ool o=l slpl e Blus (ol (uyp (B el pol opl o5 il ansly Llaglss (g fos aja
ORIl g Glyiie o e lis J5o5 )3 38 23 (izmed g 0l 02255 13 s> 9 @iy sladizse halS
b S sladiyjo g Y g (035290 alius (] SoS & g0 ien b Sl e T satecols,
ol g 6y90 40 GRPEl 4 (JBgdox B g LAl 4 b B)lhe ()135Tg 53 cuslio (532580l 0> alS
G556 5 sl S ¥l pble Al i glie s 13 )i by aimed A5 L2l poxie plie | cuslis
OIS a5 g JEMS A (NS el (o yite Wlo hliseo Jalge (Bl (slid )3 05 dnlgs Jolato Jo>



et (ol oo 9 82395 55 Hmms (ol 00035 (Skislo s A Sy 4B Juko dnnsgd \a

2 Jlio jolod g an g uwl; 0,20 slacl dad x8lio 4y WU g WSl atsly abisee dlate lual cowl Sew
3 Sl oo Jol @ cplpli g o0 oo (S 9 @8 A Gl 4 0,8 03 ploj S (Bl (g
2 Cadgie e |y (Koo Glaal g S Gl Lol Gaa flged ) Gua S Wlgh o Cu pie pismad (Cuwl
2 s
Byino 5 ($09290 (5N xuje Ay sladlia yials 4 Cul (Sao idgh ol (o pte o)
Sb el Sy 6)laeS ladoin g Y gase (039350 Alie (pl SaS A lgT o it e e CA g
Je L35 g wlouls )8 ‘L‘;\ﬂoﬁ_&}l.a A le e ég[;.o Obe 0 oylaw by picren A dales e égl;.o
A daled sl
Caol 3YL NSGA-IT > Sloe
0595 YL 55 5 o & brye sl e g el 0,285 g le 4,kSe (5 S renss 4 bgrpo Slave
28 S5 (8ly Gld a9 3 drwgi |y (et glae (e e loans )b S A Ly, ul ) s
gd e ey pj dlge LdgR Cnl dere yolated:
2 2955 Sl 09y (=l Sl Al (alad et Cale (4l hluwg S > loj dlox ) b el
ol (il Ly (0L 500l o) o pte Ly 5 otz 512,50, b 1 (sl s
D9 48,5 )5 5 wyee
@iy B9y b dulie g oadallyl Juo Jo (sl o) S8 slapi )sSUl plo jloslinal

&Qbw

Jle 13 S8l (il ie 95 s (ITVF) Glus Gluge ibas i tasl ol jie tdl & wdljs ol
YEFNIW (VP pinio oo (p 305 &8y iadlllas 3590) jow JBgfox waldll 2 (e 9,395 (b oo

o&uisly il : oyl a5 . floyfif 5 putrlis) dbdotis g dita ST clds jo iy pin ) oI (VWAY) dizee o Ll> £ gdp0 (g iy
Sals

s (gl addars Jae Sl (VWAA) (ule L alsl ool fhoste S ¢ dum duw { o daso o B L8] log \lnl>

LY (ol Jgammatia 5 (Slojgaiiz jrw Al dils ol 0,055 &b )3 ($3g2 90— (s - SblSe

MV =AY (VY ¢ iein Sy pdo . SAAuld



Yy ) b)low.Zc‘Y D)sb‘\‘”qﬂ (RO S g0

NEENEY (WA pixio Cg o b 6 yglans sl oy slvo,oms b

L ool 0,505 ajsb 9 3d g ool o)L (6 3y20l 0 ((VYAA) . gy 6,55l ¢y guaie ¢ oo U oo cpiie (Solo

M =YY (V)Y o ieio Cy o (S5 w305 (6505 'y

References

Ahmadizar, F., & Farhadi, S. (2015). Single-machine batch delivery scheduling with job release
dates, due windows and earliness, tardiness, holding and delivery costs. Computers &
Operations Research, 53, 194-205.

Ai, T. J., & Kachitvichyanukul, V. (2009). A particle swarm optimization for the vehicle routing
problem with simultaneous pickup and delivery. Computers & Operations Research,
36(5), 1693-1702.

Asgharizadeh, E., Jafarngjad, A., Zandieh, M., & Joybar, S. (2017). Explaining the model of
traffic modeling in vehicle routing problems based on the green transportation paradigm
(Case study: Zamzam Company). Journal of Industrial Management, 9 (2), 217-244.
(in Persian)

Atashpaz-Gargari, E., & Lucas, C. (2007, September). Imperialist competitive algorithm: an

algorithm for optimization inspired by imperialistic competition. In 2007 IEEE congress
on evolutionary computation (pp. 4661-4667). |EEE.

Bashiri, M., Jdlili, M. (2014). Genetic algorithm in single-objective and multi-objective space
(concepts and tools). Tehran: Shahed University Press. (in Persian)

Chen, Z. L. (1996). Scheduling and common due date assignment with earliness-tardiness
penalties and batch delivery costs. European Journal of Operational Research, 93(1), 49-
60.

Chen, Z. L., & Vairaktarakis, G. L. (2005). Integrated scheduling of production and distribution
operations. Management Science, 51(4), 614-628.

Cheng, T. C. E., & Kahlbacher, H. G. (1993). Scheduling with delivery and earliness penalties.
Asia-Pacific Journal of Operational Research, 10(2), 145-152.

Cheng, T. E., Gordon, V. S, & Kovalyov, M. Y. (1996). Single machine scheduling with batch
deliveries. European Journal of Operational Research, 94(2), 277-283.

Codllo, C. A. C., Lamont, G. B., & Van Veldhuizen, D. A. (2007). Evolutionary algorithms for
solving multi-objective problems (Vol. 5, pp. 79-104). New Y ork: Springer.

Deb, K., & Pratap, A. (2002). A fast elitist non-dominated sorting genetic algorithm for multi-
objective optimization, NSGA-II.

Demir, E., Bektas, T., & Laporte, G. (2012). An adaptive large neighborhood search heuristic
for the pollution-routing problem. European Journal of Operational Research, 223(2),
346-359.



el (2L g0 9 R385 M gi 1w w.ob 05§ syl LSy adagd Juw drwgd YA

Dondo, R., & Cerda, J. (2015). The heterogeneous vehicle routing and truck scheduling problem
in amulti-door cross-dock system. Computers & Chemical Engineering, 76, 42-62.

Dong, J., Zhang, A., Chen, Y., & Yang, Q. (2013). Approximation algorithms for two-machine
open shop scheduling with batch and delivery coordination. Theoretical Computer
Science, 491, 94-102

Eberhart, R., & Kennedy, J. (1995, November). Particle swarm optimization. In Proceedings of
the |EEE international conference on neural networks (Vol. 4, pp. 1942-1948).

Fahimnia, B., Farahani, R. Z., Marian, R., & Luong, L. (2013). A review and critique on
integrated production—distribution planning models and techniques. Journal of
Manufacturing Systems, 32(1), 1-19.

Feng, X., & Zheng, F. (2013, December). Integrated Job Scheduling with Parallel-Batch
Processing and Batch Deliveries. In International Conference on Combinatorial
Optimization and Applications (pp. 72-83). Springer, Cham.

Geismar, H. N., Laporte, G., Le, L., & Sriskandargjah, C. (2008). The integrated production
and transportation scheduling problem for a product with a short lifespan. INFORMS
Journal on Computing, 20(1), 21-33.

Gharadi, A., & Jolai, F. (2018). A multi-agent approach to the integrated production scheduling
and distribution problem in multi-factory supply chain. Applied Soft Computing, 65, 577-
589.

Goksal, F. P.,, Karaoglan, 1., & Altiparmak, F. (2013). A hybrid discrete particle swarm
optimization for vehicle routing problem with simultaneous pickup and delivery.
Computers & Industrial Engineering, 65(1), 39-53.

Golden, B., Assad, A., Levy, L., & Gheysens, F. (1984). The fleet size and mix vehicle routing
problem. Computers & Operations Research, 11(1), 49-66.

Gu, J, Gu, M., & Gu, X. (2015). A mutualism quantum genetic algorithm to optimize the flow
shop scheduling with pickup and delivery considerations. Mathematical Problems in
Engineering, 2015. https://doi.org/10.1155/2015/387082.

Hajian, S., Afshar Kazemi, M. A., Seyed Hosseini, S. M., Toloui Ashlaghi, A. (2019).
Presenting a multi-objective model for the location-routing-inventory problem in the
multi-cycle green supply chain network of multi-period and multi-product for perishable
goods. Journal of Industrial Management, 11 (1), 83-110. (in Persian)

Hall, N. G., & Potts, C. N. (2003). Supply chain scheduling: Batching and delivery. Operations
Research, 51(4), 566-584

Hamidinia, A., Khakabimamaghani, S., Mazdeh, M. M., & Jafari, M. (2012). A genetic
algorithm for minimizing total tardiness/earliness of weighted jobs in a batched delivery
system. Computers & Industrial Engineering, 62(1), 29-38.

Herrmann, J. W., & Lee, C. Y. (1993). On scheduling to minimize earliness-tardiness and batch
delivery costs with a common due date. European Journal of Operational Research,
70(3), 272-288.



ya ) b)low.Zc‘Y D)sb‘\‘”qﬂ (RO S g0

Ji, M., He, Y., & Cheng, T. E. (2007). Batch delivery scheduling with batch delivery cost on a
single machine. European journal of operational research, 176(2), 745-755.

Kayanmoy, D. (2001). Multi objective optimization using evolutionary algorithms (pp. 124-
124). John Wiley and Sons.

Karimi, N., & Davoudpour, H. (2017). Integrated production and delivery scheduling for multi-
factory supply chain with stage-dependent inventory holding cost. Computational and
Applied Mathematics, 36(4), 1529-1544.

Kim, E. S,, & Oron, D. (2013). Coordinating multi-location production and customer delivery.
Optimization Letters, 7(1), 39-50.

Kirkpatrick, S., Gelatt, C. D., & Vecchi, M.P. (1983). Optimization by simulated annealing.
Science, 220(4598), 671-680.

Kumar, R. S., Kondapaneni, K., Dixit, V., Goswami, A., Thakur, L. S., & Tiwari, M. K. (2016).
Multi-objective modeling of production and pollution routing problem with time window:
A sdf-learning particle swarm optimization approach. Computers & Industrial
Engineering, 99, 29-40.

Lee, C. Y., & Chen, Z. L. (2001). Machine scheduling with transportation considerations.
Journal of scheduling, 4(1), 3-24.

Li, C. L., & Vairaktarakis, G. (2007). Coordinating production and distribution of jobs with
bundling operations. |1 E transactions, 39(2), 203-215.

Li, G., Lu, X., & Liu, P. (2016). The coordination of single-machine scheduling with
availability constraints and delivery. Journal of Industrial & Management Optimization,
12(2), 757-770.

Li, J, Wang, D., & Zhang, J. (2018). Heterogeneous fixed fleet vehicle routing problem based
on fuel and carbon emissions. Journal of Cleaner Production, 201, 896-908

Mavrotas, G., & Florios, K. (2013). An improved version of the augmented e-constraint method
(AUGMECONZ2) for finding the exact pareto set in multi-objective integer programming
problems. Applied Mathematics and Computation, 219(18), 9652-96609.

Mazdeh, M. M., & Rostami, M. (2014). A branch-and-bound algorithm for two-machine flow-
shop scheduling problems with batch delivery costs. International Journal of Systems
Science: Operations & Logistics, 1(2), 94-104.

Mazdeh, M. M., Zaerpour, F., Zareei, A., & Hgjinezhad, A. (2010). Paralel machines
scheduling to minimize job tardiness and machine deteriorating cost with deteriorating
jobs. Applied Mathematical Modelling, 34(6), 1498-1510

Mazdeh, M., Heydari, M., & Karamouzian, A. (2016). An integrated model of scheduling, batch
delivery and supplier selection in a make-to-order manufacturing system. Decision
Science Letters, 5(2), 189-200.

Moons, S., Ramaekers, K., Caris, A., & Arda, Y. (2017). Integrating production scheduling and
vehicle routing decisions at the operational decision level: a review and discussion.
Computers & Industrial Engineering, 104, 224-245.



et (ol oo 9 82395 55 Hmms (ol 00035 (Skislo s A Sy 4B Juko dnnsgd A

Mula, J., Peidro, D., Diaz-Madrofiero, M., & Vicens, E. (2010). Mathematical programming
models for supply chain production and transport planning. European Journal of
Operational Research, 204(3), 377-390.

Noroozi, A., Mazdeh, M. M., Heydari, M., & Rasti-Barzoki, M. (2018). Coordinating order
acceptance and integrated production-distribution scheduling with batch delivery
considering Third Party Logistics distribution. Journal of manufacturing systems, 46, 29-
45,

Pundoor, G., & Chen, Z. L. (2005). Scheduling a production—distribution system to optimize the
tradeoff between ddivery tardiness and distribution cost. Naval Research Logistics
(NRL), 52(6), 571-589.

Rahimi, S., Abdollahpouri, A., & Moradi, P. (2018). A multi-objective particle swarm
optimization algorithm for community detection in complex networks. Svarm and
Evolutionary Computation, 39, 297-309.

Rasti-Barzoki, M., & Hejazi, S. R. (2015). Pseudo-polynomial dynamic programming for an
integrated due date assignment, resource alocation, production, and distribution
scheduling model in supply chain scheduling. Applied Mathematical Modelling, 39(12),
3280-3289.

Sadeghi Moghadam, M.R., Momeni, M., Nalchiger, S. (2010). Integrated Supply Chain
Planning, Production and Distribution Using Genetic Algorithm. Journal of Industrial
Management, 1 (2), 71-88. (in Persian)

Schott, J. R. (1995). Fault Tolerant Design Using Single and Multicriteria Genetic Algorithm
Optimization (No. AFIT/CI/CIA-95-039). Air Force Inst of Tech Wright-Patterson Afb
Oh.

Seifi, M., & Tavakkoli-Moghaddam, R. (2008). A new bi-objective model for a multi-mode
resource-constrained project scheduling problem with discounted cash flows and four
payment models. International Journal of Engineering, 21(4), 347-360.

Shahbandarzadeh, H., Najmi, M.H., Ataiee, A. (2017). Provide a mathematical model based on
the problem of routing a capacity vehicle with time windows for waste collection.
Journal of Industrial Management, 9 (1), 147-166. (in Persian)

Solomon, M. M. (1986). On the worst-case performance of some heuristics for the vehicle
routing and scheduling problem with time window constraints. Networks, 16(2), 161-174.

Sterna, M. (2011). A survey of scheduling problems with late work criteria. Omega, 39(2), 120-
129.

Tan, K. C., Leg, T. H., & Khor, E. F. (2002). Evolutionary agorithms for multi-objective
optimization: Performance assessments and comparisons. Artificial intelligence review,
17(4), 251-290.

Toth, P., & Vigo, D. (Eds). (2002). The vehicle routing problem. Society for Industrial and
Applied Mathematics.

Wang, G., & Cheng, T. E. (2000). Parallel machine scheduling with batch delivery costs.
International Journal of Production Economics, 68(2), 177-183.



M ) o,lo.».f&‘\Y b)sb‘\‘”iﬂ (RO S g0

Wang, H., & Lee, C. Y. (2005). Production and transport |ogistics scheduling with two transport
mode choices. Naval Research Logistics (NRL), 52(8), 796-809

Xiang, W., & Lee, H. P. (2008, June). Ant colony intelligence in agent coordination for
dynamic manufacturing scheduling. In 2008 7th World Congress on Intelligent Control
and Automation (pp. 3527-3532). IEEE.

Yin, Y., Cheng, T. C. E,, Cheng, S. R., & Wu, C. C. (2013). Single-machine batch delivery
scheduling with an assignable common due date and controllable processing times.
Computers & Industrial Engineering, 65(4), 652-662

Zarei, H., & Radti-Barzoki, M. (2018). Mathematical programming and three metaheuristic
algorithms for a bi-objective supply chain scheduling problem. Neural Computing and
Applications, 1-21.

Zhong, X. and Jiang, D. (2015). Parallel machine scheduling with batch delivery to two buyers.
Mathematical Problemsin Engineering.

Zitzler, E., Deb, K., & Thiele, L. (2000). Comparison of multiobjective evolutionary algorithms:
Empirical results. Evolutionary computation, 8(2), 173-195.



