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)
(33)

CU= QiY |w} Q=vU x@=Wt C=@F= u}= |=Q@ R=}v OQwt swO w pw= x@DQt \}=QW |UQQ@
"CU= xOt; 15 =D 12 CqO=at QO xm

xU |w} Q=vU �
u}= "CU= xOW xi=[= pOt x@ R}v pkvwptL x@ \w@ Qt |=yxv} Ry 'CtUk u}= QO

"OwW u}t-=D VwQixOQN =} xOvvmu}t-=D \UwD CU= umtt =yxv} Ry
VwQixOQN OwU 'OwWu}t-=DVwQixOQN\UwDpkvwptL|=yxv} Ry xm|t=ovy
w 35 |x]@=Q CQwYx@ l} |w} Q=vU QO '34 |x]@=Q CQwYx@ QiY |w} Q=vU QO
Oy=wNv |Q}}eD xOvvmu}t-=D OwU =t= 'OwW|t 36 |x]@=Q CQwYx@ wO |w} Q=vU QO

"CW=O

rTR;0 =

D0F + x0��D0(PR + TR)� (KR + TR)D0
Q

� HRQ
2 � x0b0

(34)

rTR;1 = D1(1� �)F + x1��D1((1� �)PR + TR)�
(KR + TR)D1

Q
� (1� �)HRQ

2 � x1b1 (35)

rTR;2 = D2(1� ��)F + x2��D2((1� �)PR + TR)�
(KR + TR)D2

Q
� (1� �)HRQ

2 � x2b2 (36)

Q =

q
(KR + TR)(F � 2PR � 2TR + v)p

HR(v � �)
(37)

b0 = 2(�F + v)�� v(�3F + 2PR + v + 2TR)
F � 2PR � 2TR + v

(38)

Q =

q
(�KR � TR)(�2TR + v � F (�1 + �) + 2PR(�1 + �))p�HR(�1 + �)(v � �)

(39)

b1 = F (�1 + �)(3v � 2�) + v(2TR + v � 2PR(�1 + �)� 2�)
2TR + F (�1 + �)� v � 2PR(�1 + �)

(40)
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"VwQixOQN |Q=Oyov |xv} Ry � h}iND Q=Owtv "3 pmW

"|WwQixOQN Ct}k � h}iND Q=Owtv "4 pmW

"VwQixOQN |yO VQ=iU |xv} Ry � h}iND Q=Owtv "5 pmW

"xOvvmu}t-=D |yO VQ=iU |xv} Ry � h}iND Q=Owtv "6 pmW

"CU= 0 39311 =@ Q@=Q@ =[=kD w 12 7723 Q@=Q@ l} |w} Q=vU QO VwQixOQN x@
xOvvmu}t-=D x=oO}O R= %xm OwW|t xO=O CQwYu}O@ swU |WywSB p=-wU ?=wH 'u}=Q@=v@
Q=Okt |xv}W}@ QO OwU V}=Ri= u=R}t xm ODi=|t j=iD= |v=tR h}iND |xv}y@ Q=Okt
Q@=Q@ xOvvmu}t-=D x=oO}O R= h}iND |xv}y@ Q=Okt 20 pmW j@=]t u}=Q@=v@ "OW=@ OwN
xOvvmu}t-=D |=Q@ 4 915 Q=Okt OwU V}=Ri= ?@U h}iND u}= w CU= 0 069 =@
Cr=L x@ C@Uv R}v VwQixOQN OwU OwW|t Ea=@ h}iND u}= u}vJty "OwW|t
Q=Okt R}v VwQixOQN x=oO}O R= "O@=} V}=Ri= 121 9501 Q=Okt x@ h}iND uwO@
sy=Qi w= |=Q@ =Q OwU V}=Ri= u} QDW}@ xm ODi=|t j=iD= |v=mt QO h}iND |xv}y@
CU= 0 13 =@ Q@=Q@ VwQixOQN |=Q@ h}iND |xv}y@ Q=Okt 21 pmW j@=]t "Ovm
OwU V}=Ri= w Ovm|t x@ QHD =Q OL=w 122 23 OwU V}=Ri= VwQixOQN u; QO xm

"CU= OL=w QiY =@ Q@=Q@ xOvvmu}t-=D
|UQQ@ 10 =D 3 |=ypmW CU= sRq swO |WywSB p=-wU x@ uO=O MU=B |=Q@

"OvwW
"OyO|t u=Wv =Q VwQixOQN |Q=Oyov |xv} Ry � h}iND Q=Owtv 3 pmW
x@ xHwD =@ Q=Owtv 'Ovm|t p=ta= pwYLt Q@ =Q � h}iND xOvvmu}t-=D xm |t=ovy
"OwW|t s}UkD RtQk w R@U 'OQR '|@; |x}L=v Q=yJ x@ xOW xO=O h}iND Q=Okt
w xOvvmu}t-=D OwU 'xOW O=H}= h}iND QF= Q@ xm ODi=|t j=iD= |t=ovy |@; |x}L=v
u}= Qou=}@ nvQOQR CtUk "OwW|t h}iND uwO@ Cr=L R= QDy@ wO Qy VwQixOQN
xDW=Ov V}=Ri= VwQixOQN OwU |rw xDi=} Ow@y@ xOvvmu}t-=D OwU xm CU= ẁ[wt
V}=Ri= h}iND QF= Q@ VwQixOQN OwU xm CU=vat u}= x@ nvQR@U |x}L=v "CU=
u}= Qou=}@ nvQRtQk |x}L=v u}vJty "CU= xOW QDtm xOvvmu}t-=D OwU |rw xDW=O
xDW=O Vy=m xOW p=ta= h}iND QF= Q@ wO Qy VwQixOQN w xOvvmu}t-=D OwU xm CU=
'KS 'KR 'F |=yQDt=Q=B w � Q}eDt C=Q}}eD QF= 10 =D 4 |=ypmW u}vJty "CU=
VwQi xOQN w xOvvm u}t=D |=yOwU Ow@y@ sOa =} Ow@y@ |wQ =Q V w PS 'pR '�

"OyO|t u=Wv 'h}iND O=OQ=Qk O=H}= R= TB
|DWoR=@ pwYLt Ct}k x@ =Q |WwQi xOQN Ct}k C=Q}}eD QF= 11 pmW
|=Q@ w |OwaY F;KR; � |=yQDt=Q=B |=Q@ CWoR=@ MQv u}vJty "OyO|t u=Wv
12 |=ypmW QO =yv; Q=Owtv xm CU= |rwRv HR;KS ; PR; PS ; v |=yQDt=Q=B
xm CU= xOW pta CQwY u}O@ MQv u}= |x@U=Lt |=Q@ "CU= xOW xOQw; 19 =D
xv}W}@ xOvvmu}t-=D OwU u; QO xm CU= xOt; CUO x@ |wLv x@ h}iND MQv =OD@=
j@=]t "OvW=@ xDW=O |ovy=ty O=OQ=Qk QO CmQ=Wt x@ p}=tD hQ] wO Qy w OwW
=@ 12 pmW j@=]t u}=Q@=v@ "CU=[=kD Q=Okt hYv =@ Q@=Q@ CWoR=@ MQv 4 |x]@=Q
u}= "OwQ|t q=@ =yv; |=[=kD OvR=OQB@ O}=@ u=} QDWt xm |WwQixOQN Ct}k V}=Ri=
x_Lqt 11 pmW w 2 |x]@=Q j@=]t =t= 'OUQ|t Q_v x@ |k]vtQ}e =OD@= QO xH}Dv
R}v VwQixOQN x@ |DWoR=@ pwYLtCt}k '|WwQixOQNCt}kV}=Ri= =@ xm s}vm|t
x@ |DN=OQB dr@t Ov=wD|t |WwQixOQNCt}kV}=Ri= ẁtHt QO w Ovm|t =O}BV}=Ri=
u=} QDWt x@ |WwQixOQN Ct}k V}=Ri= R= V}@ =Q q=m CWoR=@ CQwY QO u=} QDWt
?@U V}=Ri= u}= ẁtHt QO "CU= 11 pmW ?OLD Qt= u}= p}rO &OyO V}=Ri=
xm CU= |DQwY QO u}= xD@r= "OW Oy=wN =yu; |=[=kD w u=} QDWt C}=[Q Ow@y@
OwHw |Q=Okt h}iND O=OQ=Qk ?r=k QO VwQixOQN w xOvvmu}t-=D u=}t |ovy=ty

"OW=@ xDW=O
"CU= h}iND hrDNt Q}O=kt |=R=x@ xOvvmu}t-=D OwU |xOvyOu=Wv '20 pmW
=yu; |=R= x@ xm Ov=xOW sUQ |}|L=wv |=Q@ \ki 22 w 21 pmW x=Qtyx@ pmW u}=
QO CU= XNWt xm xvwou=ty "OW=@ Qw;OwU VwQixOQN w xOvvmu}t-=D |=Q@ h}iND
|t=ovy TBU |rw &O@=}|t V}=Ri= xOvvmu}t-=D OwU 'h}iND u=R}t V}=Ri= =@ =OD@=
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"|WwQixOQN Ct}k � CWoR=@ MQv Q=Owtv "12 pmW

"VwQixOQN |Q=Oyov |xv} Ry � CWoR=@ MQv "13 pmW

"VwQixOQN |yOVQ=iU |xv} Ry � CWoR=@ MQv Q=Owtv "14 pmW

"swO Q=R=@ QO VwQi Ct}k � h}iND Q=Owtv "7 pmW

"VwQixOQN O} QN |xv} Ry � h}iND Q=Owtv "8 pmW

"xOvvmu}t-=D O} QN |xv} Ry � h}iND Q=Owtv "9 pmW

"pwYLt VRQ= � h}iND Q=Owtv "10 pmW
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"pwYLt VRQ= � CWoR=@ MQv Q=Owtv "19 pmW

"xOvvmu}t-=D OwU Q}}eD � h}iND Q=Owtv "20 pmW

"VwQi xOQN OwU Q}}eD - h}iND Q=Owtv "21 pmW

u}vJty "OW Oy=wN xDU=m xOvvmu}t-=D OwU R= 'OwW OL R= V}@ h}iND u=R}t xm
"OwW|t XNWt Q=Owtv u}= R= xOvvmu}t-=D |=Q@ h}iND |xv}y@ Q=Okt

xm OyO|t u=Wv h}iND hrDNt Q}O=kt |=R= x@ =Q VwQixOQN OwU '20 pmW
Oy=wN =O}B V}=Ri= R}v VwQixOQN OwU OW=@ QDW}@ h}iND xJQy xm CU= K[=w

"OQm
hrDNt Q}O=kt |=R=x@ VwQixOQN x@ |DWoR=@ pwYLt Ct}k '21 pmW QO
OW=@ QDW}@ h}iND QOkJQy '|v}@V}B j@=]t xm 'CU= xOW xO=O u=Wv h}iND
QDtm |}=yv |QDWt |=Q@ Ct}k u; R= C}a@D x@ w VwQixOQN |=Q@ pwYLt Ct}k
"Ov=OQo|tR=@ VwQixOQN x@ |QDtm Ct}k =@ =Q |QDtm CqwYLt |QDWt w OwW|t

"xOvvmu}t-=D |yOVQ=iU |xv} Ry � CWoR=@ MQv Q=Owtv "15 pmW

"swO Q=R=@ QO VwQi Ct}k � CWoR=@ MQv Q=Owtv "16 pmW

"VwQixOQN O} QN xv} Ry � CWoR=@ MQv Q=Owtv "17 pmW

"xOvvmu}t-=D O} QN xv} Ry � CWoR=@ MQv Q=Owtv "18 pmW
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|=Q@ |OOa p=Ft QO Ow@y@ "O@=}|t Ow@y@ |Q}osWJ Qw]x@ VwQixOQN w xOvvmu}t-=D
=@ Ov=wD|t VwQixOQN xm s}O=O u=Wv u}vJsy "CU= xOW xO=O u=Wv um} R=@ Qy
"OyO V}=Ri= =Q =yu; |=[=kD w u=} QDWt |}=yv C}=[Q |WwQixOQN Ct}k V}=Ri=
CWoR=@ CQwY QO u=} QDWt x@ |DN=OQB dr@t Ov=wD|t |WwQixOQN Ct}k V}=Ri=
ẁtHt QO w OyO V}=Ri= u=} QDWt x@ |WwQixOQN Ct}k V}=Ri= R= V}@ =Q q=m

QO u}= xD@r= "OW Oy=wN =yu; |=[=kD w u=} QDWt C}=[Q Ow@y@ ?@U V}=Ri= u}=
h}iND O=OQ=Qk ?r=k QO VwQixOQN w xOvvmu}t-=D u=}t |ovy=ty xm CU= |DQwY

"ODi}@ j=iD= |Q=Okt
|DWoR=@ CqwYLt |=Q@ |@U=vt |=yQ=R=@ Ovv=wD@ u=WwQixOQN xm|DQwY QO
|QDq=@ Ct}k =@ =Q |DWoR=@ CqwYLt =D Ovvm =O}B OvOQo|t R=@ u=} QDWt R= xm
=yu; |=[=kD V}=Ri= w u=} QDWt C}=[Q V}=Ri= ?@U Qt= u}= 'Ovv=UQ@ VwQi x@

"OW Oy=wN
x@ =Q |Dw=iDt h}iND VwQixOQN xmu}= uDiQo Q_v QO =@ |y@=Wt VQDUo
R= s=OmQy QO pkvwptL |=yxv} Ry 'C}=yv QO "CU= xOW x�=Q= 'OyO x�=Q= Q=O} QN

"CU= xDiQo Q=Qk xHwD OQwt =yw} Q=vU
"CU= xOW |}=U=vW pOt VQDUo |=Q@ uWwQ O=yvW}B wO 'xOv}; C=k}kLD |=Q@
u; j} Q] R= w CiQo Q_v QO xOvvmO}rwD |=Q@ |DvQDv}= VwQi p=v=m l} u=wD|t =OD@=
u=wD|t u}vJty "OwW s=Hv= |Q=Okt |=yh}iND x@ xHwD =@ CqwYLt |Q=PoCt}k
uDiQo Q_v QO j} Q] R= =[=kD u; QO xm OQm xi=[= pOt x@ =Q |DmQ=Wt C=e}r@D EL@
VwQixOQN w xOvvmu}t-=D u}@ C=e}r@D |xv} Ry w OQm Oy=wN =O}B V}=Ri= 'C=e}r@D

"OwW|t s}UkD

"|DWoR=@ pwYLt Ct}k - h}iND Q=Owtv "22 pmW

|D} Q}Ot |=yVv}@ w |Q}oxH}Dv "5
h}iND |xt=vQ@ l} 'u}t-=D |xQ}HvR |=[a= OwU V}=Ri= hOy =@ 'VywSB u}= QO
OyO|t x�=Q= |i}iND VwQixOQN x@ xOvvmu}t-=D u; QO xm CU= xOW O=H}= |Q=Okt
xOW xO=O u=Wv w Ovm|t p=ta= |}=yv |QDWt |=Q@ =Q h}iND u}= R}v VwQixOQN w
VwQixOQN w xOvvmu}t-=D |=Q@ h}iND |xt=vQ@ l} |x�=Q= |ak=wt xJ QO CU=
u=wvax@ 'xOvvmu}t-=D u}vJty "OW Oy=wN OwU V}=Ri= Ea=@ w Ow@ Oy=wN xiQYx@
hrDNt pL=Qt QO C=t}tYD u; QO xmCU= xOW ?=NDv= |R=@ |x} Q_v pOt QO Q@yQ
u}t-=D |xQ}HvR |=[a= xm |DQwYQO CU= xOW xO=O u=Wv `k=w QO "OQ}o|t CQwY

=yCWwv=B
1. economic order quantity
2. replenishment

�References� `@=vt
1. Ertek, G. and Gri�n, P.M.J.I.t. \Supplier-and buyer-

driven channels in a two-stage supply chain", IIE trans-
actions, 34(8), pp. 691-700 (2002).

2. Savaskan, R.C., Bhattacharya, S. and Van Wassenhove,
L.N.J.M.s. \Closed-loop supply chain models with prod-
uct remanufacturing", Management science, 50(2), pp.
239-252 (2004).

3. Goyal, S.K. and Y.P.J.E.j.o.o.r. Gupta. \Integrated in-
ventory models: the buyer-vendor coordination", Euro-
pean journal of operational research , 41(3), pp. 261-269
(1989).

4. Sarmah, S., Acharya, D. and Goyal, S.J.E.j.o.o.r. \Buyer
vendor coordination models in supply chain manage-
ment", European journal of operational research, 175(1),
pp. 1-15 (2006).

5. Chiang, W.C. and et al. \A game-theoretic approach to
quantity discount problems", Decision Seiences, 25(1),
pp. 153-168 (1994).

6. Abad, P.L.J.E.J.o.O.R. \Supplier pricing and lot sizing
when demand is price sensitive", European Journal of
Operational research , 78(3), pp. 334-354 (1994).

7. Qin, Y., Tang, H. and Guo, C.J.I.J.o.P.E. \Channel co-
ordination and volume discounts with price-sensitive de-
mand", International Journal of Production Economics,
105(1), pp. 43-53 (2007).

8. Esmaeili, M., Aryanezhad, M.-B. and Zeephongsekul,
P.J.E.J.o.O.R. \A game theory approach in seller-buyer
supply chain", European Journal of Operational Re-
search, 195(2), pp. 442-448 (2009).

9. Ke, G. and Bookbinder, J.H.J.J.o.t.O.R.S. \The optimal
quantity discount that a supplier should o�er", Journal
of the Operational Research Society, 63(3), pp. 354-367
(2012).

10. Chu, C.-L., Leon, V.J.J.E.J.o.O.R. \Single-vendor multi-
buyer inventory coordination under private informa-
tion", European Journal of Operational Researc, 191(2),
pp.h 485-503 (2008).

11. Corbett, C.J. and De Groote, X.J.M.s. \A supplier's
optimal quantity discount policy under asymmetric in-

38



1/
1|

xQ=t
W'

36
�1

|xQ
wO'

�13
99

u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt formation", Management science, 46(3), pp. 444-450

(2000).

12. Shin, H. and Benton, W.J.E.J.o.O.R. \A quantity dis-
count approach to supply chain coordination", European
Journal of Operational Research, 180(2), pp. 601-616
(2007).

13. Sarmah, S., Acharya, D. and Goyal, S.J.E.J.o.O.R. \Co-
ordination and pro�t sharing between a manufacturer
and a buyer with target pro�t under credit option",
European Journal of Operational Research, 182(3), pp.
1469-1478 (2007).

14. Saha, S. and Goyal, S.J.I.J.o.P.E. \Supply chain coordi-
nation contracts with inventory level and retail price de-
pendent demand", International Journal of Production
Economics, 161, pp. 140-152 (2015).

15. Zarei, J. Rasti-Barzaki, M. and Hejazi, S.R. \Coordi-
nation of pricing policies and cooperative advertising
considering the costs of inventory in a two-level supply
chain: a gametheoretic approach", Sharif Scienti�c Jour-
nal, 34(1), pp.51-61 (2018).

16. Weng, Z.K.J.M.s. \Channel coordination and quantity
discounts", Management science, 41(9), pp. 1509-1522
(1995).

17. Cachon, G.P. and Lariviere, M.A.J.M.s. \Supply chain
coordination with revenue-sharing contracts: strengths
and limitations", Management science, 51(1), pp. 30-44
(2005).

18. Chen, F., Federgruen, A. and Zheng, Y.-S.J.M.s. \Co-
ordination mechanisms for a distribution system with
one supplier and multiple retailers", Management sci-
ence, 47(5), pp. 693-708 (2001).

19. Krichen, S., Laabidi, A. and Abdelaziz, F.B. \Single sup-
plier multiple cooperative retailers inventory model with
quantity discount and permissible delay in payments",
Computers & Industrial Engineering, 60(1), pp. 164-172
(2011).

20. Wang, Q. and Wang, R.J.N.R.L. \Quantity discount
pricing policies for heterogeneous retailers with price sen-
sitive demand", Naval Research Logistics, 52(7), pp. 645-
658 (2005).

21. Li, L., Wang, Y. and Dai, W. \Coordinating supplier
retailer and carrier with price discount policy", Applied
Mathematical Modelling, 40(1), pp. 646-657 (2016).

22. Yin, S., Nishi, T. and Grossmann, I.E.J.T.I.J.o.A.M.T.
\Optimal quantity discount coordination for supply
chain optimization with one manufacturer and multiple
suppliers under demand uncertainty", The International
Journal of Advanced Manufacturing Technology, 76 (5-
8), pp. 1173-1184 (2015).

23. Mohammaditabar, D., Ghodsypour, S.H. and Hafeza-
lkotob, A.J.I.J.o.P.E. \A game theoretic analysis in
capacity-constrained supplier-selection and cooperation
by considering the total supply chain inventory costs",
International Journal of Production Economics, 181, pp.
87-97 (2016).

24. Niknamfar, A. and Pasandideh, S.H. \Modeling and
solving a remanufacthring problem whithin queuing ap-
proach", Sharif Scienti�c Journal, 30(1) pp. 118-111
(2014).

25. Bahrami, Z. and Pasandideh, S.H. \Joint optimization
of the retailer's price, replenishment cycl and production
rate in a VMI system with discounting using game the-
ory", Sharif Scienti�c Journal , 34(1), pp.79-88 (2019).

26. Yang, H. and et al. \The impact of customer returns in a
supply chain with a common retailer", European Journal
of Operational Research, 256(1), pp. 139-150 (2017).

27. Li, W. and et al. \Money-back guarantee and personal-
ized pricing in a stackelberg manufacturer's dual-channel
supply chain", International Journal of Production Eco-
nomics, 197, pp. 84-98 (2018).

28. Chen, B. and Chen, J.J.E.J.o.O.R \When to introduce
an online channel, and o�er money back guarantees and
personalized pricing?", European Journal of Operational
Research, 257(2), pp. 614-624 (2017).

29. Venegas, B.B. and Ventura, J.A.J.E.J.o.O.R. \A two-
stage supply chain coordination mechanism considering
price sensitive demand and quantity discounts", Euro-
pean Journal of Operational Research, 264(2), pp. 524-
533 (2018).

39




