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Indices:

c

Raw material.

Product.

Cross-dock.

Remanufacturing center.

Disposal center.

5

Customer.

Supplier.

Vehicle.

Transportation mode.

Time period.

Scenario.

factories (Plants, manufacturing sites)
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3.1.2. Parameters

@9, olod T LS dwd
\ CPVI :\/Iaximum capacity of vehicle | | aliugcud b 2Slas capacity
CPScst Maximum capacity of supplier | i, cacs el cud b 2STos capacity
Y s for supplying raw material ¢ o 03L o 4l olge (sl
in time period t.
CPDSpd Maximum capacity of cross- Nyamme gl Slo W, b b capacity
Y dock d for deliverable product
p.
CPSDpd Maximum capacity of cross- | c¥sase gy Sl ol S cud b capacity
f dock d for returned (pickup) e
product p. S
CPRpr Maximum capacity of Sl 35 0 bl capacity
o remanufacturing center r for
product p.
CPDpn Maximum capacity of disposal | wluls ;5. cud b capacity
4 center n for disposing of
product p.
CPFfp Maximum capacity of Gads o culs 5l S e s b | capacity
\% manufacturing sites f for

product p.
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TRScsfat Cost of shipping per unit of odg Colu 4y adgl slge Jom aiyse | COSE
raw material ¢ from the .
A supplier s to factory f by d= bt
transportation mode a in time
period t.
TRDSpfdt Cost of shipping per unit of 6oy ol jl Jpame Jo anse | COSt
a product p from factory f to
crossdock d in time period t. Sl
TRDSRpdrt Cost of shipping per unit of @ Sls Gl S 5l Jgame Jo azze | COSt
product p from cross-dock dto | | .
\ e . . 6)1*’)@
remanufacturing center r in
time period t.
TRRprft Cost of shipping per unit of @ ksl 5l Jgame Jo asa Cost
0\ product p fror_n oy culu
remanufacturing center r to
factory in time period t.
TRRDprnt Cost of shipping per unit of @ ol 5l Jyame Jom azyie Cost
product p from s
VY remanufacturing center r to )
disposal center n in time
period t.
Y FXFf Cost of opening factory f. g ol ;o Zldl e Cost
v¢ | FXDSd Cost of opening cross-dock d. | Sls Lul,S zlussl aiyse Cost
' FXRr Cost of openi_ng Sl zledl a s Cost
remanufacturing center r.
's FXDn Cost of opening disposal Sluls sl an e Cost
center n.
W | FXVI Cost of purchasing vehicle . | Jo> aliug oy, 4o Cost
A | FXSst F:os_.t of ord.ering to suppliers | i i )law auje Cost
in time period t.
PScst Price of per unit of raw adgl slge oy o ol Cost
V4 material ¢ purchased from
supplier s in time period t.
PRDSpdt Cost of processing per unit of | Sls Lul,S )8 Jgame U35ls, anye | COSt
v deliverable product p in
crossdock d in time period t.
PRSDpdt Cost of processing per unit of | s =15, Jeame jbjlop ause Cost
A returned product p in
crossdock d in time period t. aied
PRRprt Cost of remanufacturing per Sk an e Cost
vy unit of product p in

remanufacturing center r in
time period t.




Yy

PRDpnt

Cost of disposing of per unit
of product p in disposal center
n in time period t.
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Cost

YY

PRFpft

Cost of manufacturing per unit
of product p in manufacturing
sites f in time period t.
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ERNPY

Cost

Yo

DMNpmté

The demand of customer m
for product p in time period t
under scenario. &

& pin dLaLcu

demand

2

CDSm' m

The geographical distance
between customer m’ and
customer m.
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distance

Yy

DSdm

The geographical distance
between cross-dock d and
customer m.

distance

YA

CTlm' m

The time required for vehicle |
to move from customer m’ to
customer m.
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time

¥4

CDTldm

The time required for vehicle |
to move from cross-dock d to
customer m.
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time

Apmt

Rate of returned product p
from customer m in time
period t.

Rate

Y

Bcp

Amount of raw material ¢
required for producing per
unit of product p.
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Rate

Yy

Eprt

Rate of remanufaturable
product p shipped from cross-
docks to remanufacturing
center r in time period t.
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Rate

Y

Om

The average time for loading
and unloading products in
location of customer m.
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time

Yf

JBDSd

The number of jobs created
when the cross-dock d is
opened.
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jobs
created

Yo

JBRr

The number of jobs created
when the remanufacturing
center r is opened.

Gkl 5o oads oloul Jads olass

jobs
created

\td

JBDn

The number of jobs created
when the disposal center n is
opened.
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jobs
created




JBFf The number of jobs created Colos 52 50 0ad slo! Jads slaas jobs
YV when the manufacturing site f e created
. G5
is opened.
Hpmt The cost of holding per unit of | Lil s Jeame s oS 4 cost
YA product p in the warehouse of .
L . (€5 aannd
customer m in time period t.
SHpmt The penalty for facing a Sl 50 35S day > cost
va shortage for product p in the
location of customer m in time
period t.
¢ T™W Maximum time allowed to Jo alewg iy sl Sl oloy | tiMe
return vehicles to cross-docks. | ¢, oS @ window
ETmt The earliest time allowed to S e 4y Slme o o yiog; | TIME
A visit customer m in time window
period t.
FTmt The latest time allowed &y do s> g e ey 3T | tiME
fy without penalty to visit e window
R R . G e A
customer m in time period t.
FT'mt The latest time allowed with a | o1, a2 U jlxe oley o5 time
Y penalty to visit customer m in . window
. . Srae & e,
time period t.
e |V Pena_lty for_ per unit exceeding | b oz 5l 55l ac > tir_ne
the time window. window
FI The amount of fuel consumed | s>y ;2 Ghib Bras Co g Jode | Con
fo by the vehicle | per unit of .
alols
distance. o
ENScsfat CO2 emissions resulted from | slge Jo> 5l 56 San¥T jlais S
shlppl_ng each unit of _raW g cals & L,
\it2 material ¢ from supplier s to
factory by transportation mode
a in time period t.
ENF CO2 emissions resulted from | 5l usly o 51 ol Sau¥T jlode e
fv consumption of per unit of :
P P g oo
fuel.
fA | ®E Probability of scenario & 92,b Jlosi|
fa | M A big number. Sy oas
EMFfp Sy Saly oad agi (SaVl ke | cen
A
G ol 2 50 Jsame (e
EMDSdp PRIV S RV RV g
O




EMSDdp N PPRVARVS . OCHVI ARV Sy
oY
Sk sl ST S e il n | aexe
EMRrp ol ond adgs (FaVl jlade G
oy
sl o Aol cshasee
EMan wl; o0l .A.Jy ‘;M\” )‘JJLO S
of
Sluls e uu)b); Gfa.om
DRFif The distance between the f a5 50 cwll dibais oy alols | clozx
o0 residence area i and the
factory f
DSFs The distance between the ol 98 00isS i (s alold | eloss]
o ;
supplier s and the factory f f ool
ov | DCRer S3kail 35 0 5 g Sl alols | il
a DRNrn s itk S o alols | il
Slwls
. DRFrf Colo g 553l 35 0 o alold | cdlus
SNg
g DFCfc Sy kil g oy Culu o alold | cdlu
u J oS Jo alwy (San¥T ol
£\ i J Joo Jolosg sl 51 solinl s
Al Cj J Jom by bl
o TRE;j S jteglsS o olul> ase
J vy Ui adlais jo oSlo
o Fj aly o b (Bras g lade
LS, Jom ey lawgs alold
Binary Variables
Yimmes If vehicle | moves from customer m" to customer | alivg bowgs SN gamme Joo & jg0 50
m in time period t under scenario & b e -
QR O
XSeste If supplier s is selected to purchase raw material ¢ Slge (sl oS el sl & jg0 0
in time period t under scenario alej 0,55 50 4
XDS, If distribution center d is opened 09 sl w595 35 50 S
XR, If remanufacturing center r is opened 09 sl o5lusl 35 0 51
XD, If disposal center n is opened 09 sl wluls 35 0 3




XFs If manufacturing site f is opened o9 sl ol colw o 3]
XV, If vehicle | is purchased 39 5l 5 e aliwg ST
X4 If vehicle I is allocated to distribution center d welaiz! 565 35 1 4 Joo alewg 51
b
Y jite 3y ol 51| QUS Joo alnsg ST
oS oS o 1 cwldl ailaie 4 f
Yierts S rs s Bl o bl I
gl g ooy 50 | alsg b 5Ll
Ytz FresSileik S0 om plmle I
sibiw 5 ooy o T alaws b wlals
Yirttg Sl 5 @5Lasl 550 e olomler IS
sl 5 oo 50 | alews b sl
Yitets ls ads cole o plomlr SIS
gl g oloj oo | alasg b (55900
Variables
AVTppee | Arrival time of vehicle | to the location of customer | sz e & Joo alewg 395 ol
Qumes Amount of exceeding time window allowed to Sl oy 5l el e lej e
service to customer e & oo el
DLygmes | @mount of delivered product p to customer Srie 4y (bgov Jgame lade
PCpigmee | @mount of product p returned Sy Jpame laie
Ypimee Total deliverable product p in vehicle Al 10 Jog5 b Jgame gy
Jo>
Y pimee | Total returned product p in vehicle Joo alwg o iS5 Jyame ggazme
Qpmts The amount of product p stored in the warehouse of | Ll s soss 6 J0gS Jsaxe e
customer &t
Bpmte The amount of facing a shortage for product p Jyame 3gaS laie
Npmes Inventory level of customer S yin (639290 lans
YScsfaté The amount of raw material ¢ purchased from ol 5l oo (gl 3 adgl olge lade
supplier to factory eialys b 4 saiss
YDS, ¢qre | @mount of product p shipped from plant to cross- @ a5 5l odds Jo Jgpame jlaie
dock s o5
YDSRy, 4, | @amount of product p shipped from crossdock d to @ Sl wl)S 5l ead Jo Jgame Jlaie

remanufacturing center

Skl




YRy fee The amount of product p shipped from 4 gilosls 5l 0ad Jor Jpare e
remanufacturing center r to plant sl s
YRD,ypee | @mount of product p shipped from remanufacturing | « jLu;b 5l ons Jo> Jgpame jlaie
center r to disposal center Elols
NELix The number of employees who live in area i and Saj 1 dilais ,0 a5 LSS slaw

work at factory f in time period t.
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Max LDFy = min f1 + min f2
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3.1.4. Objective functions

Min Z1: Economic

Z wg *x FXSg * XScste

cs,té

cost Slejojb 408 0aisS el 5l (6,035 i law 4t s g gomme

§ gl

z FXDS, * XDS,
d

d oyme ol e any e

Z FXR,  XR, [l 550 iliS asa
T
z FXD, + XD, N gds 35 0 SuliS 4o

n
z FXV, * XV,
l

| Jor aliws 0y )5 4ty 30

f

floads colo (2la8 ause

wg * PScst & YScsfatf
cs.f,até

U Slj 03k 108 0aiiS (ali 51 C adsl olse (ali 4y 5o

zD'g * PRDSpdt * DLpldmtf
pldmté

Sy oLl jo (g i 4 hgms g SV guame (b3lo Al s

'(D'f * PRSDpdt * PCpldmtE
pldmté

928 slayLil 5o (e 5l (85 SV gazma Sl i se

@Ws * PRRyyt * YDSRpqrie
pdrté

S3bsl 35y 5 DY gazme 5lujl 4 jo

wg * PRDppe * YRDprpee
p,rnté

&8 55 0 yd SV garme gds ainie

(3 PRprt * YDSpfdtf
p.f.dté

6¢J9; LgLa: u.:Lu ) stm &Jy 4oy

wg * TRScsfat = YScsfatf
csf,até

A oz o o &l IS 4 0aiiS peli 5l adsl Slge o ary o

'(D'f * TRDSpdt * YDSpfdtf
p'f’d't'f

ol Slojojl yo (g0 il a bo wls 157 51 Y game Jox 4t jo
§ Gyl

z @ * TRDSRyare * YDSRyare
pdrté
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z @Wg * TRRprpe * YRpree
p,T,f,t.f

g ol 4 (g3leil 35 50 5l Y gaze Jo i 0

Z @g * TRRDpprpe * YRDppes
p,rnt,é

&3 35 0 4 bl S 0 5l SYgame Jo> anie

Z Wg * Hpme * Apmee
pm,t,&

M s yio [l o P SV gamme (5,105 an 3o

wg * SHpmt * .Bpmtf
pmté

shortage costs

@ * U * Qupee
Lmpt,é

the costs associated with exceeding the delivery
time window.
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i,j,f.t J
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Min Z»: Environmental
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Table 3

The customer demands for each product in each time period and scenario.
DMNppuzs =1 E=2 £=3

t=1 =2 t=3 t=4 =1 t=2 t=3 t=4 t=1 t=2 t=3 =4

p=1 m=1 0 0 0 0 0 0 0 0 0 0 0 0
p=1 m=2 418 410 426 406 439 431 447 426 461 453 469 447
p=1 m=3 424 420 434 430 445 441 456 452 467 463 479 475
p=1 m=4 438 418 420 418 460 439 441 439 483 461 463 461
p=1 m=>5 412 424 412 430 433 445 433 452 455 467 455 475
p=2 m=1 0 0 0 0 0 0 0 0 0 0 0 0
p=2 m=2 440 416 418 406 462 437 439 426 485 459 461 447
p=2 m=3 404 424 432 428 424 445 454 449 445 467 477 471
p=2 m=4 424 424 426 404 445 445 447 424 467 467 469 445
p=2 m=>5 406 412 424 404 426 433 445 424 447 455 467 445
p=3 m=1 0 0 0 0 0 Q 0 0 0 0 0 0
p=3 m=2 402 402 406 412 422 422 426 433 443 443 447 455
p=3 m=3 412 412 412 428 433 433 433 449 455 455 455 471
p=3 m=4 422 424 402 438 443 445 422 460 465 467 443 483
p=3 m=>5 420 428 416 430 441 449 437 452 463 471 459 475




Table 6
The routes traveled by each vehicle in each time period for each scenario.
E=1 £=2 £=3

[= r= d=2-m=5-m= d = 2—m = 3—-m d =2-m=5-=m
1 1 3-d=2 =4-d=2 =4d4-=d=2

[= t= d=2-m=5—m=4— d = 2—m = 5-=m d=2-m=2-m
1 2 m=2-=d=2 =2=d=2 =3=d=2

= t= d=2-m=4->m= d=2—m=4-m d=2-m= 3-m
1 3 2—d =2 =3-=d=2 =4—=d=2

= t= d=2-m=3—-m= d =2—m = 3—=m d =2—-m=5-=m
1 4 4—d=2 =4=d=2 =4=d=2

[= t= d=1-m=5->m= d=1l-m=4-m d=1-m=4-=m
2 1 2—=d=1 =5=d=1 =3=d=1

[= t= d=1-m=3-m= d=1-m=2-=m d=1-m=3-=m
2 2 4—d=1 =3=d=1 =4=d=1

[= t= d=1-m=3-m= d=1-m=3—=m d=1-m=2-=m
2 3 4—d=1 =5-d=1 =5=d=1

[= t= d=1-m=5-m= d=1-m=5-=m d=1-m=5-=m
2 4 3—-d=1 =3=d=1 =3=d=1

[= t= d=3-m=5-m= d=3—-m=5-=m d=3-m=5-=m
3 1 4—d =3 =2-d=3 =2-d=3

[= t= d=3-m=4-m= d=3-m=4-=m d=3-m=5=m
3 2 2—d=3 =3—=d=3 =4-=d=3

[= t= d=3-m=2-m= d=3-m=2-m d=3-m=5=m
3 3 5—-d=3 =5-=d=3 =3=d=3

[= t= d=3-m=4->m= d=3—-=m=4-m d=3-m=3-=m
3 4 2-d=3 =2-d=3 =2-d=3
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Table 4

Dimensions (indices values) for the simulated problems.

Problem [expxdxrxnxmxxsxlxaxtx{
PR1 [1 x2x2x2x2x3x2x2x2x2x2
PR2 [2 2% 3x2x2x4x3x3x2x3x3|
PR3 [3x3x3x2x2x5x4x3x3x4x3
PR4 [4 %3 x3x3x3x6x4x3x3x4xdid
PRS [4 x4 x4x3x3x6x4x4x3x5x4
PRG [4 x4 x4x3x3x7x4x4x3x5xD5|
PR7 [4 x5 x4 x4x3x8x4x4x4x5xj|
PR8 [5%5x4x4x4x9x4x4x4x6 x5




