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ABSTRACT

The importance of remanufacturing used products into new ones
has received growing attention throughout the literature. In this
paper, a closed loop multi-echelon inventory system is proposed.
The supply chain includes a manufacturer, several retailers and a
collector. The model is dealing with deteriorating in all parts of
chain. Deteriorating items are depreciated by the time. The model
is developed under conditions of deterministic demand and
deterioration rates and no shortages. The purpose of this study is
to determine the order size, replenishment, and cycle length of
time to minimize the total cost of supply chain. The golden section
search algorithms developed to derive the optimal solution. To
illustrate the results and the effects of model's parameters, a
numerical example and sensitivity analysis given. The results show
that the sensitivity of the cost function with respect to parameters
such as raw material's prices, use product's prices and
deteriorating rate is high, and estimates should be done carefully.
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s e oLas JS TC* =3.0716 x 106 4 C* = 2282022 _ 5 9292

Em dlse jo ;s 3l Ve (N Jolars caalsl o ail o

O duwld & 55 41 a9 b Comlins Jdxi ) Jgor

sl e =Wy 109 G, Cy  m omy, ng
(O B A ), 4)) 3.0716 2.0163 2.0422 3 2 1
(0 B A @), 4) X2 3.236 1.4403 14613 3 2 1
(0B A @, Af) X3 3.3677 1.1749 1.1975 3 2 1
(0 B A aj, ) x4 3.4815 0.9322 09597 2 1 1
(04, B A aj, ) X5 3.5823 0.8254 0.8474 2 1 1
SIS 4 3o @ Az gl b Comlis Jodoxd Y oo
Folily 7c (= St )(x 109) ci, o n n,  ng
(chR;, chm, chr, chrj, chy) 3.0716 2.0163 2.0422 3 2 1
(chR;, chm, chr, chrj, chj)x2 3.1025 1.8803 1.9063 3 2 1
(chR;, chm, chr, chry, chj) X3 3.1315 1.7703  1.7962 3 2 1
(chR;, chm, chr, chrj, chj) X4 3.1588 1.6862 17122 3 2 1
(chR;, chm, chr, chry, chj) X5 3.1842 1.6763 17023 3 3 1
Oob duwld & 38 4 axgi b Comwbws Judxi Y Jgu
% e =GRy X109 Gy, Gy m om mg
(cdR;, cdm, cdr, cdry, cd;) 3.0716 2.0163 20422 3 2 1
(cdR;, cdm, cdr, cdry, cd;) X2 3.0916 1.9903 2.0163 3 2 1
(cdR;, cdm, cdr, cdry, cd;) X3 3.1004 1.9582 19842 3 2 1
(cdR;, cdm, cdr, cdry, cd;) X4 3.115 19323 19582 3 2 1
(cdR;, cdm, cdr, cdrj, cd;) X5 3.1285 1.9063 19322 3 2 1
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C1 7k TC(C' = C“’”ub )(x 10%) C, s om n,  ng
10 30716 20163 20422 3 2 1
20 3.1794 1.8902 19162 3 2 1
30 3.2302 1.8902 19162 3 2 1
40 3.2811 1.8803 19063 3 2 1
50 33319 1.8643 18902 3 2 1

aolg y» dgi a3 4 ax gl b Cowlus Judo B Jour

Gy plsly Tc(C = Clbwub )(x 10°) Ciy Cap ng Ny Ng
20 30716 20163 20422 3 2 1
40 3.1708 19063 19322 3 2 1
60 3213 1.8902 19162 3 2 1
80 3.2552 1.8803 19063 3 2 1
100 3.2974 1.8803 19063 3 2 1

Pl dlgo cuoud 4 4z i b ol Judxi F Jgu

P el TC(C* = C”’+C“b )(x 10°) Ch Cip n, m, ny

400,410 3.0716 20163 20422 3 2 1

500,510 3.7641 17703 17962 3 2 1

600,610 43973 1.6603  1.6862 3 2 1

700,710 5.0284 15762 1.6022 3 2 1

800,810 5.6579 14921 1518 3 2 1

3 g0 3y 3 Cand & 4295 ) Copmln Joli ¥ Jgoz

Py all  TC(C = SR y(x 106) Ciy Cop M My Mg

90 30716 20163 20422 3 2 1

180 3.2437 1.8803 19063 3 2 1

270 3.3588 1.8543  1.8803 3 2 1

360 3.4738 18222 18482 3 2 1

450 3.5887 17962 18222 3 2 1
ddgi Fp Azl b Comlus Ll A Jous

um . TC(C = C”’+ wy(x106) G sy oM My ng
9000 3.0716 20163 20422 3 2 1
10000 3.0631 20524 20816 3 2 1
12000 3.0497 208 21015 2 2 1
15000 3.0356 21511 21768 2 2 1
20000 3.0193 21551 21855 2 1 1

T 3Liges E5 4 4z b Coplns ol A Jgox

ud oty TCC =By (x 108 G, Civ ™M my mg
3000 3.1313 1.8902  1.9162 21
4000 3.1328 1.8902  1.9162 2 1
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1.8902 1.9162

W W W W W
[NS 2N NS REN NS I NS I S
—_ = = =

& 325 4 O
SYLS (509290 S, s (omp 2 adlia o] 5o
Sy S ol ey il el 00 G 4o Sianls
Slos Ll gy el 0uls 4B sy o5 ,800 5 (i 5 0aiS
Ayl Slye 5 AT VIS (g e, o les Jyame ol
A ol g 0ad 8,5 5 50 KAS L 0 jliges 5l ol
Colps 5o el 0ulds dwle Al8los O H90 @ o)Ll 51 SO 2

20,5 g0 Al )Ll plad aly5e poz 5l (IS Ak i &b
@b grtn o ,o8l (dus Wb (o9 (ot pué @ 4z g b
S ookl 3 )50 aige (n ;S (50 S 4y jslaie 4
$9) Sl el g goue Jla sl oslaal L el jo 285
s asloy ol s Jos i an ilide gl el
A s 00d &l e b ol o Lal S i a5 45 len
T 9 G55k Sl w3 Sl el lge aed ol
Ol ez 0 Al g aiile ol Cawlus ool
A @ a2y b Sl ad 03,5 Jloel (st B0 Loyl
GYLS w3 Cend an S plS Slge w3 Caed i
Sazme ooliinl g DY gasme S5l (U5 auie 5, Tk
Sl s Fsedly jshite 4 355 e arog w0 bag]
aslol o aS oS Jlosl Jaw yo 1) als e s Jow 50,5
alys 8y oan] o 5 sleate; plyie 4 Lol 5l (S
@ aly clols asle Lols Glire glgl 55 4 @
Joe )0 0mf 5 (6957 g0 a4y alily slold e 8

3aS gt e 2L Jua S

Caad iz glo Joe l eolaiul @
TC = [(n.sm) + (chm.2?=1 v dt) +
(cdm. [(um- Xiz1 t) — XitiqiD +
(Coum-Xitq ti)] + [(ChRi-foc IR; dt) — (Agy) —

30 oMb dwld F5 Gl b oS el asie ¥ g I @
Of Jds o5 whige Gl IS anje wilie sla )Ll
o 22l M 5 C polis s pdyolad &5 Gl

sanie Gl b as wes e lis ¥ o5 ¥ Jolas @
5 a8l SRl U5 anse waly e adanls 5 o)l
sranie Gl Sl es b oo Grals S lej
ST 5N S5, iz 8l adanls 5 eSS

5 C1 Gl Gl 4 a5 aao e (La5 £ 0 Jshr oy @
2 il Al ol e el e JS anie (G
Pl € 4 cons syt o LCY Gl @ anje
Sges anlp 4 i azg Wb ogyenl 5l 205
.5).5 O Hyge

S Sy 4l al @ Glgien S A 9V glar anlie 5l @
S e U5 aie el olge Ceaid Gl b
Tros @ plply wiboe SiS5l Slge Cwed ISl
D9yl adsl Slge 0> aje ax e a5 ol by,
4 s olge > b anslio o iS5k olge 5l eolaul
Dy daly> Sl o

ool el adgr 5 Glidlas cwl asteie A Jeu 5l @
9T &Sl el 355 (o0 JSomw Oley (RIBl g JS e
Sabse GRS s 25 Gl L g

et slag i il L 45 aima e ol V) 5 e Jlax

Sl azgi bk oo (Rl piew 4t po Gliges 5 olse

e oIl as cul pasie Jeaz 99 (nl )0 g 25 o

a Slol slaaise Jloel el 5liges &5 g dlge cutS 3l

IRV PE NS

Y oyladh —YY e 2FAB by wadsh S yroke 3 galiee it (slloll o 4y



s g0 L (Gt btlS (GYLS 5y i dil> ol o puzmif 40 539290 Jto

Lt 00590 Loyl 9 59 5 drgasmo

ot O YAY) Lo jaazmo oy Ldgas sopmal (65 652 w5V [A]

P55 TS ORS00 b (Salonls eMl (g0 ge dinge e

Bl (owipe allins 4555 &ploj &ty Lol cov
Ya-fy e Ad e)l.c..i) NO Al} “'\LJﬁJ w).lh\.a 9

s (N TAA) (e conialts tamemme ¢ jlanl) taumw (oolol  [a]
0255 3| il SLlE L jpdyolud o8l (552 50— a5

Yool e wf&.nsésuww GLLQJIJ.J 4 s
M-V o F o)l

[10] Lee YP, Dye CHY. An inventory model for
deteriorating items under stock-dependent
demand and controllable deterioration rate,
Computers & Industrial Engineering, Vol. 63,
(2012), pp. 474-482.

[11] Musa A, Sani B. Inventory ordering policies of
delayed deteriorating items under permissible
delay in payments, International Journal of
Production Economics, Vol. 136, (2012), pp.
75-83.

[12] Wee HM, Jong JF. An integrated multi-lot-size
production inventory model for deteriorating
items, Management and Systems, Vol. 5,
(1998), pp. 97-114.

[13] Shah YK, Jiaswal MC. A periodic review
inventory model for items that deteriorate
continuously in time, International Journal
Production Research, Vol. 15, (1977), pp. 179-
190.

[14] Sicilia J, Rosa MG, Acosta JF, Pablo DL. An
inventory model for deteriorating items with
shortages and  time-varying demand,
International Journal of Production Economics,
In Press, (2014).

[15] Maihami R, Nakhai Kamalabadi 1. Joint pricing
and inventory control for noninstantaneous
deteriorating items with partial backlogging and
time and price dependent demand, International
Journal of ProductionEconomics, Vol. 136,
(2012), pp. 116-22.

[16] Mishra VK, Singh LS, Kumar R. An inventory
model for deteriorating items with time-
dependent demand and time-varying holding
cost under partial backlogging, Journal of
Industrial Engineering International, Vol. 9,
(2013), pp. 1-5.

[17] Yan C, Banerjee A, Yang L. An integrated
production—distribution model for a
deteriorating inventory item, International

((qi.Pl) + cdg;. (q; — C. Di))] + [nr (Ar +
ch,. (fOT1 ITparer dt + fTle ITparea dt) +
(Ps. 1y Ty) + cdy [(ur. Ty) — (. To)])| +
[nrj (Srj +

chyj. (fOTZ I7j parer dt + fTT; Ity partz dt) +
(T5.uq.Cy) +

cdy;. [(nd.ud.TS) - (um.Wr]-.Z?=1 tl)])] +

by 4+ (e 77 )+ (0y.2) +

(ed;. (Q; - Wj-um-Tﬁ))”

&1y
Jas (VYA aygrmo 5,10 1390 o o5y 5,008 Vs [V]
Ogy Al o (Gabanls BBl sl mls y9,0 509290 S5
S o li )3 @ e LSl (Jleil LA L 3geeS
CFAF a0 )lact Fe e ool oSl b sasiails
AV

S 3 555t OTAD) L o s s [Y]
A 5o L Gassanls GLaVLS gl plys @90 4 539790
Hedlom 4755 (slo)ly Sl ©jg0 4 0908 dze (255
wame Fo)lad ¥V ol el o pae g mlio owaige
NFA-AYY

[3] Ghare PM, Schrader GH. A model for an
exponentially decaying inventory, Journal
Ofindustrial Engineering, Vol. 14, (1963), pp.
238-243.

[4] Raafat F. Survey of literature on continuously
deteriorating inventory model, Journal of the
Operational Research, Vol. 42, (1991), pp. 27-
37.

[51 Goyal SK, Giri BC. Recent trends in modeling
of deteriorating inventory, European Journal of
Operational Research, Vol. 134, (2001), pp. 1-
16.

[6] Li R, Lan H, Mawhinney JR. A review on
deteriorating inventory study, Journal of
Service Science and Management, Vol. 3,
(2010), pp. 117-129.

[71 He Y, Wang SHY, Lai K. An optimal
production-inventory model for deteriorating
items with multiple-market demand, European
Journal of Operational Research, Vol. 203,
(2010), pp. 593-600.

Yooyl — YV udr - I¥AD 5ub g Co pow 9 @buo (owiiies (Mol s &y



A 30 b tiiawlB (YIS (5l s il (ol 0 g 43 595250 Jo

0390 L ple 9 59 b dsguxo

R ¢4

[27] Ramezani M, Bashiri M, Tavakkoli-
Moghaddam R. A new multi-objective
stochastic model for a forward/reverse logistic
network design with responsiveness and quality
level, Applied Mathematical Modelling, Vol.
37,(2013), pp. 328-344.

[28] Yuan K, Gao Y. Inventory decision-making
models for a closed-loop supply chain system,
International Journal of Production Research,
Vol. 48, (2010), pp. 6155-6187.

[29] Mitra S. Inventory management in a two-
echelon closed-loop supply chain with
correlated demands and returns, Computers &
Industrial Engineering, Vol. 62, (2012), pp.
870-879.

[30] Yang PC, Chung SL, Wee HM, Zahara E, Peng
CY. Collaboration for a closed-loop
deteriorating inventory supply chain with multi-
retailer and price-sensitive demand,
International Journal of Production Economics,
Vol. 143, (2013), pp. 557-566.

[31] Chung SHL, Wee HM, Yang PCH. Optimal
policy for a closed-loop supply chain inventory
system with remanufacturing, Mathematical
and Computer Modeling, Vol. 48, (2008), pp.
867-881.

Journal of Production Economics, Vol. 133,
(2011), pp. 228-232.

[18] Adel AA. Theory and methodology on the
global optimal solution to a General Reverse
Logistics Inventory Model for deteriorating
items and time-varying rates, Computers &
Industrial Engineering, Vol. 60, (2011), pp.
236-247.

[19] Rau H, Wu MY, Wee HM. Integrated inventory
model for deteriorating items under a multi-
echelon supply chain environment,
International Journal of Production Economics,
Vol. 86, (2003), pp. 155-168.

[20] Sajadiech MS, Akbari Jokar MR. Optimizing
shipment, ordering and pricing policies in a
two-stage supply chain with price-sensitive
demand, Transportation Research Part E, Vol.
45, (2009), pp. 564-571.

[21] Cardenas-Barron LE, Teng JT, Trevino-Garza
G, Wee HM, Lou KR. An improved algorithm
and solution on an integrated production-
inventory model in a three-layer supply chain,
International Journal of Production Economics,
Vol. 136, (2012), pp. 384-388.

[22] Wang KJ, Lin YS, Yu JCP. Optimizing
inventory policy for products with time-
sensitive deteriorating rates in a multi-echelon
supply chain, International Journal of
Production Economics, Vol. 130, (2011), pp.
66-76.

[23] Zanoni S, Zavanella L. Single-vendor single-
buyer with integrated transport-inventor
system: models and heuristics in the case of
perishable goods, Computers & Industrial
Engineering, Vol. 52, (2007), pp. 107-123.

[24] Sazvar Z, et al. A bi-objective stochastic
programming model for a centralized green
supply chain with deteriorating products,
International Journal of Production Economics,
Vol. 150, (2014), pp. 140-154.

[25] Wee HM, Lee MC, Yu J, Wang CE. Optimal
replenishment policy for a deteriorating green
product:  life cycle costing analysis,

International Journal of Production Economics,
Vol. 133, (2011), pp.603-611.

[26] Chung CJ, Wee HM. Short life-cycle
deteriorating product remanufacturing in a
green supply chain inventory control system,
International Journal of Production Economics,
Vol. 129, (2011), pp. 195-203.

Y oyladh —YY e 2FAB by wadsh S yroke 3 galiee it (slloll o 4y



