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Abstract It is an element certainly required for the cost reduction of a company that
forward and reverse logistics chain are unified and constitutes a resource closed-loop supply
chain (CLSC). In this study, the inventory control which unifies inventory of distribution
centers (DCs) of forward logistics and processing center of reverse logistics in the CLSC
environment is proposed. The inventory system model for newly—constructed CLSC considers
the JIT(Just-In-Time) delivery from the processing center to the manufacturer, including the
making of decisions on whether to wait for the arrival of end-of-life products or to
back-order necessary products for manufacturer when the supply of end-of-life products at
the processing center via the returning center is insufficient for the demands of the
manufacturers. The validity of the proposed model was verified using the genetic algorithm
(GA). In order that a parameter might investigate the effect which it has on a solution, the
simulation was carried out for priGA(priority-based GA) on three kinds of parameter
conditions. Moreover, mhGA (modified hybrid GA) to which a parameter is adjusted for every
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generation, the simulation was carried out to a four—kind numerical example.
Key Words

Study on Reducing Logistics Costs and Inventory Control System according to facilities integration in the Closed-Loop

Supply Chain Environment

.M

ofpy

0

Auzt 4

131

A

A

bl B B

ol A Fagh o
[e)

11 9

0|

=

=

zd A

(¢}

s

[e)

NEAZL S 7129 EA
1 8

~ZeH]-H7]¢] Fxo A "o} 2t

}C]_'

z:gl_

AA e vEA7L A H o ok

HAA

Ho

o}J
=

linear

LIRS Bt

1A, 42,
integer

5
Rl

o]
o

HA
ol A

RevA
6}

29
loop mixed

&

1

.

LPE 9 (closed

Kannan et al.[2]

<
T

g

A

A g8
LEEALE

3

Hdez AxY ¢

A AFE-(reuse),

)

H7=
(recycle), °lUA| 3|4 (recovery)?] 4RS A}

A E

Abol 28] (upcycling) 714
(reduction),

Eum X
w5 m
o) o0 oF
= N Jul§
ﬂ,_ﬂn y
i w
. el
. AR
Wmﬂ;ﬁrﬁf
Llﬂm_@.Aﬂ
o ~
dr,_ovﬂo%mn__
_— ﬁE -~
Ko o
on K| T
~ 5 BB
deﬂmz_
g =T M
e
A S =
=T
_Eﬂme
= g
= o .
2oy g =
B2 <

MOE W T
- ol <R =B
™ oK — e
—_
< 5w =
B No = T
ﬂﬁim
%_ZTEoﬁﬁ
it oF oy
_,Ao#a/
Lw N
ﬂ“ﬁoﬂoﬂo
9
ﬁmﬂ,_z:.o#o
U‘W&po ,ﬂe
T T
S
OJ@IJI__O
"o M
ﬂomﬂ%oge
R
@WHQ
=
W &N 3,
o R

AR &

GRS A
5

5

L

polek e,

0]

A<t
Aol

Zhao and Liu[5]9} Lindu and Linbo[6]

FolA el e 52404, L)

ok

IR

WA/ HE,

<)

)
=

z
T

=S
13

o

H o]
H

k]

F A%

o]
o

o]

-

EF(forward logistics)

z;‘ok

o %

317 & (green logistics),

]

olell, & ANA
%

I

7

]

logistics)®l

O

o
&

A

3

o= F

3l
=

5ol N E ALEAAe] BEol

0

N
o}J

I =

=TT

1) oleleh. mekA

0]

3}

closed-loop supply chain) & T

mjp

_82_



Journal of the Korea Industrial Information Systems Research Vol. 19 No.5, Oct. 2014

ok 7w SgE 3w A A EFAF G

g (Mixed Integer Linear Programming: MILP)S

& ]§]'0]'M
oje} o 711 AFdME =88 A 34
< gt vESA AAEAE Min et all3, 4],

A7aEe] o

o5 YL FPAL BE ngaz

Fleischmann et al[8]%} #Z2 o}
tHFolg ot ols RS 3}
W AandeE A 1EskA] ekt

upehA, B Ao <Fig. 1>3 o] AJAdo =

7t B79 i ZERAAEA B A3s o
th w7 AEHE SEseEzN $9u8y A
FAHES Y F AL Aoty EWFER T
A Aarp FEsk S A ZAHManufacturer) ol
ALFE ol 53 A AFS wE wof =
AlEle] g SRt ANIdEFeE 3T
(Returning center)S &3} ] 2] Al

(Processing center)® HY AYFTASE AR F
|

A TFed AEo

Suppiier
L
. ______ |
G 1 DCs !
Lo 1
Manufacturer | _ _ _ | =T s_m_ng_;:
: center

2. ERAUNIUS B WD BIALY B
Y7

T8 FEAR FAAA FE YESA BRI
<Fig. 1>oA9 Zo] =Z=ujAE(DCs)e el AlE
(Processing center)d] £330 2 EZstauelA~8S

$9T & QA AUk
FHERRY wulaHs gy

ol AeAE =

(———-

- —---- EY
1 i 1

of L Romier 11
| Returning | g---- Customer
| center

A FERS AN $2Y B
1=l

st-In-Time ®1% (Just-In-Time

Delivery)oleh & 4 913, =oj4lEle] A5 § e
Ao mA 719 AA BRuES Agse A

ot}
Zmf 2K Retailer) ol A &= 3]5-AE 9] oIaks & o
7F itk whebd A ate] gl wulel dgE

Eghskar gl
=&Y FEAL AN =RAPEAEE AT A
LA AT B2 O 22 AkE 7T
« ke VIgE AJA ARFE F AolA
AAY W =vidAbe A A2 AE
o srEFe FANM 2T
« A2 A wigE ARgo] e AlEe] HYE

_83_



Study on Reducing Logistics Costs and Inventory Control System according to facilities integration in the Closed-Loop
Supply Chain Environment

Bt gelg
SEREE I
ek,

sha, 244

N: #H71A

S TFA

T Azt

a: A AL o] &
b EjAE el 8=
ue 2 ke

.
19 op
oo of
of

R
wi AL A je
di AZEAY 1L
R A58 ) 858 Ago] By AlEY 552

=
Y~

Lo

oo

off

i

DCs / Provessing cenler

Sales
Manufacturer products
- T
[iventory Returned
™ products
.
N
Y
LY
%
\\
.
N -
e \\
e \\
; Disposad
Disposal | . .
P producis

Index

Sales -
products Retailer /
Ed .
________________ Returning center
Relurred
products

Backorder
(Sules Products)

next amrival

(Renrned Producis)

<Fig. 2> Integrated Inventory Control System

i AZAE (F1,20, D)
JoEmAE (F1.2 )

k212,

K)

£ 2R (12, L)
T AYAEG =12, T)
k35 (k=12 K)

t AAE (1,2,

parameters
I A=A
J: =l 5
K 2nd 5

L 204 %

K 348 5

It AL

)

i AZAY oA =ujAlE kA S g
Ei EOAE el A A k 7A] SgH] S
Fu A kA AN phA e5uE
gt bz PIA EFAE kA S S
Crm AFAE koA AANE o7t 504
Eoi AP A jolA A71H N A 501 &
i AR Y jolA AR} A S5 4
Coi TFA SIM AZAL A S5H &

Ay mujAE ol e g

e 2 ko] $gH &

& AYAE o egug

Mt BFAE Lo $9u e

Ay m=u e oo AT H ]

A% AP AE jo ATLFANE

v H71&

_84_



Journal of the Korea Industrial Information Systems Research Vol. 19 No.5, Oct. 2014

decision variables
Xfo: NA ¢ oA AZAF A
o] &
X A ¢ AR
o] &
X0 aN A ¢ oA 2ulE koA AuRE [ 7R
o &5
X0 ANA ¢t A 28z PlA F5AE k' 7A
o &5
X0 AA ¢ oA e BFAE kYA
Ao FF
Xt AA ¢ olAe] A AE jolA #7115 N A
o &5
X0 aN A ¢ oA A ME joll A AZAL [ 7HA
9 &5
Lor N ¢ A B3R SoIA AZAL [ 744
S

Yot AR oA mujAlE o] A
FEHD: N ¢ A9 A ME jo] Ak
Ao Bl AE F 9L 3 A 1 ofyd 0
220 AR AE J7F $9S 3 A4S 1, ordw 0
U0 2l A it £ 3 A4S 1, oUW 0
20 BFAE k7 9L 8 A9 1 olUH 0

oA j 7R

ol el 2 k7

el AlE j7k

=f +f2
I J K K L
= [E Edﬁvi;(t) + E E C?M?k )+ E ZCZzﬂ“fz (t)
) Ck=1i=1

t=1li=1j=1 j=1k=1
L 1 ol z 2 02 L 1_ol 2

+]ZIC./ 2 () + ,Zlc_i i (t)*]Zl ‘ZICJ 2 ()25 (t)
= i= =lj=1

K K K K
+ Z 023223 (t)+ Z cz_rlzz_rd (t)— Z E 02322_3 (t)zzfl )]
k=1

k=1 k=1g" =1

objective function

L K K J J
+ 2300 P a0+ D0 Y )+ D&l (1)
. ’ ji=1

E=1j=1

JoI I
+ E Nl )+ D) Eab (t)+cf“yf2 (t)-&-c].ﬂyf? )]
fo¥: =1

........................................................................ "
elwd R (D& SRER(EDY
ANFETR] eEueT 7 AEe U,
cojdEsh Az MEe]  Auelge e s
gk ejnjolnt

subject to
wulds AP e §E dehlE Aok

J
L4y =1+ Y (0 +y ™ (1)
- =
< ujer; Vi k,t
J
........................................................................ @)
A} slpAlE o] &8-S UERE Aok
K K
Exfk(t)Jr Em?k (t) < uk+vk' Y 7,0,t
k=1 k=1
........................................................................ 3
Abgol B AlF] deEE veEhlle Aok
K K
(t) S ]Zlu’c—’_ Z wk Vt ........................... (4)
0= k=1
Zuf e Al AE e Aags vehlis Aok
" I . K )
TGV I ORI (G VEDIENO
i=1 k=1
— 23O +al () +a% (1) =y )+ (1)
Vj7j7t
.......................................................................... )
AW vlgx21d
ary; (8,5, () iy (8, (8)2y ()23 (8)
T (0,256 20 Vigiklkj.t
............................................................. ©
AT
z";f(t) 0,1} vy
2 (1)E{0,1} Vv
u,(t)E{0,1} VEk
v ({01} VE
............................................................................ )
A Ao AALGH L 3]5E AF dig
el AT 59 AE #4S AAEeE 908
7 o] A AMY7A 9] wjEH]golH, o] H]go] E&
B Ay AEHE ARESHA ¥ oE A Al
wjEaks ol Frh ol Aol osl, AldRgulgo] =
= A AlEe dHE glola, dAe HE Ahe
238 4= 9ok
T3y FFAQ HEYA EAE, 018548 &
A2 A2 8} NP-hard &4 % sty A4 W5
7 A Ao 23 AeAY TAe TR ¢
A e HAS AZESOE o] & AEA AT

_85_



Study on Reducing Logistics Costs and Inventory Control System according to facilities integration in the Closed-Loop

Supply Chain Environment

lellAl & 4 AN 2 =] gidew sta e
Ao FrRA A= ARt AlFroly ARE R 7L 7
starA e Sk Aol Erkeith uebA o]
Al sHoR A4FeH HAusts FH g
& olgsto] AL HHE AEst s ik

alN M

rio

3. 2RI Bz M35 J|HY
cpg A el syl A darE] F(Genetic

Algorithm: GA)2> 43} EAl F+83 A&

A Qa, JAaARd AAV a3 84 F 3ol

THYL. B =%-o A& Gen[9]e] Alekat £ <=

39 (priority-based encoding)S < &

st JMEE stolBgle FHA & 3E S (modified

hybrid Genetic Algorithm)& 713ttt 4593

AIGL FAA AAYHe] itshH =

g 7] "o =F UEYA A

&5 gith

B U

3.1 H&d stojlee|=E |REXR g2 &
(modified hybrid Genetic Algorithm:
mhGA)

o
o
=2
ML
ﬂ
)
i
ofr
o,
Y
BN
o
sk
A
pas
O,
rg

s
o
M
=
[e3
3
P
>
e
o,
[e]
>
o

o
ot J

ot 1>
1%
1o,
oxl
=)
ki
il
fo

= r_(‘_l‘

RS

o2

Q‘L

ls

POy

|o

fitl

ol g
S~

HE i rlo W -
we, ol
4 =
o N

1ol rfr

12 o o N N go 1o nfl

=

ol
oo
o
2
D)
BN
>

f Lo

oy Mu
oft
of

ol

£

f

L)
=
=

T %
|

o

¢

J

YN
==

E
=
Lo,
o2
=
EY
=51
r U
o
S
>
ofo
_O|L
8
o
1=
i)
=)
o
Ll
>
=

T

sl
Al
ASl BHIZRESES A

PO
;i

Im o Sk
M

Y

a2

o)

N o
f

2 (Fuzzy Logic Controller:
L HAZ2 AEEHE o] &3}

x| 24
FLOI[10]S =<1}

32
T

o)

o

O A@AYS AGDAD AR BEHA e
%% okl 4

@ @Altiel Fgrrxeh dAAte] A
HstH (S e )l digske AlolszhE
<Table 1>¢] #HA| Ho|E&ES o]&3lo] AA G

<Table 1> Fuzzy Table

NR NL NM NS ZE PS PM PL PR
NR NR NL NL NM NM NS NS ZE ZE
NL NL NL NM NM NS NS ZE ZE PS
NM NL NM NM NS NS ZE ZE PS PS
NS NM NM NS NS ZE ZE PS PS PM
ZE NM NS NS ZE ZE PS PS PM PM
PS NS NS ZE ZE|PS|PS|PM|PM PL
PM NS ZE ZE PS|PS|PM|PM|PL PL
PL ZE ZE PS PS|PM|PM|PL|PL PR
PR ZE PS PS PM PM PL PL PR PR

Q@ @9 Ao gl waEIY EAdWol&S
H3lERS <Table 2> 5% HOlES o] &34
())& T8 F, ofd Ao® waksd AW
ol g9 WzlEs Altsitt
nxFE-o] H3bE Apc(t) =1 -z(i, J)
=omole] WMalE Ay, () =r-z2(.))
n,nA-SAS

<Table 2> Look-up Table

4 -3 -2 41 0 1 2 3 4
4 4 3 3 2 2 1 -1 0 0
3 3 3 2 2 41 41 0 0 1
2 3 2 -2 41 -1 0 0 1 1
-1 2 2 41 -1 0 0 1 1 2
0o -2 1 41 0 2 1 1 2 2
1 101 0 0 1 1 2 2 3
2 -1 0 0 1 1 2 2 3 3
3 0 0 1 1 2 2 3 3 4
4 0 1 1 2 2 3 3 4 4

@ ofdh 4& ol gsel treATle wAET B4

Mol &g etk
(t+1) =p(t) +Ap ()N
pM(t + 1) = pj,[(t) + Ap)[(t))\

. Forgetting Factor

_86_



Journal of the Korea Industrial Information Systems Research Vol. 19 No.5, Oct. 2014

<Fig.3>< mhGA9 At 355 Yehla o —_— f oz 2 4 s 1 2 3 4
Chramnscme:lg 7["]-1!213;5‘525
Y
start :
-
Processing Returping

‘ Set GA parameters ‘ center)

‘Generate the initial population‘ 122 IZ I; -

| 1018 12

| Crossover and Mutation ‘ 120 1b

3 15 13 18
Y | 1810 11

' ‘ Evaluation ‘
' |

Selection ‘

<Fig. 4> priGA Chromosome Encoding

<Table 3> priGA Decoding

<Fig. 3> mhGA Flow

32 M =2ld REX L0l F
(priority-based Genetic Algorithm:
priGA)[11]

DGAE <Fig 4>9 2ol I5AE() A2l
Dol & ARGE Dol e dAAE 44T
ok 7k frel deht Qs $Aks $AEAE v
Wi, $AEddel 27 gk daA Aole x 33 WA
(FJOZRE Aeta, dPoR BE Fhze )

e di7bA] whEsie [12] gk 3 5AE e A Al WMX(Weight ~ Mapping  Crossover) — W2},
B o Zx= zb7be] £33 ey ulgo 34 <Figh>3t Zeo] ddor A AJAES HAs, A
Elol A A A 2o wn 4 veEhd ZRIES LEF A i uInh W o
<Fig 4>¢] dAAH HuoHeg9= a5 FEs 9 ARH 2 AL F 4 oA
of k4 A

ol 3|5l 12 Ay 42 £58 o HAug = s ol ol AR uE A

LA 854 19 &2 40, A AE 4= go] = BA

o2 sl HYAHE wE b &3 40

| Ak webd FAE 104 A= AE 42 400]

Fuo] 3FAE Y] &L 0o] Ha, e MY

71 A AE 47F AEEa o] 2 W
o

o

_87_



Study on Reducing Logistics Costs and Inventory Control System according to facilities integration in the Closed-Loop

Supply Chain Environment

a cur-point
1 2 g o+ & ﬁ‘l“F 3 =) 2 11
palent1'|‘|0|3|2|4|1I9|5I1’T|7|3|5|
i 8 ° 4 H

parent?!ﬁt |311E |11§2|:|?§m§9§
to@ # 4 \e\/ L
!10|a|2|4\1|9|:f4| 1R
i 4 R
|5§5|s|1§3E11|5|11|7\3|5E

CLlrlalo] py 54757
DD D R S

5 ] 0 8 g om i
IZI4I1I9I3\5IGI’-1|71
i

par=n22|ela|g§1;3|11|7|m|9|2|4|

1

parent '|'| 10 l

| m | M

<Fig. 5> Weight Mapping Crossover

=, <Fig. 6>3 2ol

5 Ga5e) sol(d= Bof 39
QE o= Mesty, dey =9 FHdAE wst
t}.
1 2\1/3 4 = & .’L # s 11
Darentlm!s[2|4|é TN I 335[
2 3 4 S kol 7 a
offsprlngi013|11l4|1|918|2l |3|si

<Fig. 6> Swap Mutation

4. AMlE23olH
41 AMl=8lold HH
2 A A’k mhGAY] 4%

o

pAR dl o =

ato] watel Edwole FES 77 o
priGAS} ¥]a5}9]

CTable 4>% 47 #2049 BRGA, A2 ©
I, L, A EAACHA, A, Al
B, #719470e] 52 vkt

cuuERe QRERel s Aue BHe

HolF7] 9J3te] <Fig. 7>olA UMEY= &
EA=g

Z7] AAA AAF 10, Aldig 1000, WMX wL23H-&
7} EAWOlES <Table 3> o] 37k4] z7dow
303] AlEdoldE AASATE mhGA ¢ WA&¥

=Wl & A }E} 2457wzl priGACA
HAv 89 & 3 (0703) 22 AAste] AlE#H o]
e AAH
<Table 4> Numerical Example
T size |, . .
lisms™ T i 2 < 4
Suppher | 1 1 i i
Mandfactucer | 1 1 d ]
OCs 3 5 a0 jati]
Retaiier 5 to 54 130
Customer |31 2c 100 2¢0
Raturning - o
santer g 1C 50 €0
Pracessing 3 a 30 a9
cantar
Disposat 1 2 14 20
Supplisr

Manufacturar

JaluoEnd

spu@a!

<Fig. 7> Network Model of Numerical Example

42 Aol Azt

Alekel wdlsl mhGAS FEAS #Ss] st
<Table 5>°lA pnGAsz} mhGAS M| 3s3 L,
<Table 6>°lA ztzte] EFo)Ae H &y E3wd

oA el &FH-82 Husk3
<Table 5> He}uE]7} &fol] m]x

_88_



Journal of the Korea Industrial Information Systems Research Vol. 19 No.5, Oct. 2014

B AQFE mhGAS dss S8t flaiA WMX
wWAREI wEEAWolES Z47F (0.3, 0.3), (0505),
0.7,03) Al 74 z7stell priGASH 2t Aldhebet shet

HE7F 245 mhGAE Abol=7F b 47bA] 3]
do] A&kl AEHAE AASY 1 A

priGA°I A= (0.7,03)9] dhepulE] 2ol A Han &
o & 7 £ UL, priGASH mhGASHe] 1] ulo]
A= mhGAS] 49-7F Bt Hango] A HHHE
T3 g AATE AbH o] Ale]=7F AZGFE priGA
B} mhGAS] df9] Ho] FolA+= AL 7JA&lA

g 4 ATk

<Table 5> The Results of Simulation

Parameter priGA mhGA

Size Impl'mfen};nt

Do Pu Cost Cosl Rate (%)
03 03 647,100 3.79
1 0.5 05 647,020 623,482 3.78
0.7 03 646,540 3.70
03 03 1329142 4.75
2 0.5 05 1329626 1268910 4.78
07 03 1328704 4.71
03 03 9039984 6.89
3 05 05 9051810 8457580 7.03
0.7 03 9012768 6.36
3 03 17487230 10.01
4 0.5 05 17478244 15,896,220 9.95
7 03 17398926 945

<Table 6> Comparison of Each Logistics Cost
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