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xOt; CUO x@ |WwQixOQN Ct}k x@ C@Uv |�RH jDWt R= xm xOW x�=Q= C}@ wr]t

"CU=
Qj = �@V (Prj)

@Prj
= Pr�"j j = f1; 2g (1)

uj = U + V (Prj)� trDj(x) j = f1; 2g (2)
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C@=F xr�Ut u}= "OQ=Ov |Q=DiQ u}vJ R}t;Z}a@D pOt xm |r=L QO Ovm|t |wQ}B

64



2|
xQ=t

W'
38

�1
|xQ

wO'
�14

01
u=DU

tR�
h}

QW
C}

Q}Ot
w`}

=vY
|U

Ovyt |D@=kQ \}Lt QO =Q u=} QDWt C}@ wr]t |R=Uxv}W}@ w OwU |R=Uxv}W}@ h=Oy=
R}t;Z}a@D |Q=PoCt}k Ov}=Qi j} Q] R= =Q |QDWt Q=DiQ |xr�Ut w xDiQo Q_v QO
j} Q] R= =Q |D@=kQ |rO=aD Q}O=kt TBU w xOQm p=ta= pOt QO C}@ wr]t `@=D w
|O=yvW}B pOt pL |=Q@ "Ovm|t u}at nQ@rmDU= pOt w |L]UwO |R} Qxt=vQ@
QO w xOW xO=iDU= |L]UwO pOt |R=UxJQ=Bm} |=Q@ Qm =D uy=m VwQ=m VwQ R=
Q}O=kt w |U} wvOm Rto Q=Ri=sQv \}Lt QO xr�Ut xJQ=Bm} pOt |R=U|]N =@ C}=yv

"CU= xOt; CUO x@ CqO=aD
xOW xDiQo Q=m x@ |OOa p=Ft R= xOt; CUO x@ G}=Dv |UQQ@ w xr�Ut pL =@
R= |QDWt |}=}i=QeH |xrY=i w Ct}k |=yQwDm =i R= l} Qy xm Ci=} QO u=wD|t
u=} QDWt w OQ=O Q_v OQwt Q=R=@ QO pwYLt |=[=kD u=R}t QO|}=RUx@ Q}F-=D VwQixOQN
u}=Q@=v@ "OvwW|t ?PH w xDN=OQB ?=NDv= x@ jwi |=yQwDm =i u=}t xU}=kt T=U= Q@
|UQQ@ =@ "CU= Q=OQwNQ@ |Q=}U@ C}ty= R= Q_v OQwt |=yQwDm =i |wQ ?U=vt pQDvm
=@ xU}=kt QO R}t;Z}a@D Cr=L QO xm CiQo xH}Dv u=wD|t xOW x�=Q= |w} Q=vU wO Qy
|QDsm Ot;QO =[a= w CU= QDsm |WwQixOQN Ct}k Q}O=kt R}t;Z}a@D Q}e |w} Q=vU
seQ|ra xm OvW=@ xDW=O Q_v QO O}=@ u=Q}Ot |]}=QW u}vJ QO "Ovvm|t Ci=} QO
QHvt u=} QDWt C}@ wr]t w C}=[Q K]U R}v w VwQi sHL V}=Ri= 'Ct}k Vy=m
Oy=wN COt |vqw] QO u=} QDWt j} Q] R= xOW l =QO= C}i}m w |Qw;OwU V}=Ri= x@
|x�=Q= =@ u=tRsy CQwY x@ Ovv=wD|t R}t;Z}a@D Q}e |w} Q=vU QO xm |r=L QO "OW
OwU u}= 'Q=R=@ QO |D@=kQ\}=QW x@ xHwD =@ =t= "OvvmCi=} QO |QDW}@ OwU QDq=@Ct}k
?rH CyH QO |D} Q}Ot C=O}ytD CU= sRq w xOw@v sDU}U |=k@ ut[Dt QDq=@
|DUQO x@ sy |D@=kQ C=_Lqt =D OwW s=Hv= |QDWt C}@ wr]t V}=Ri= w C}=[Q
`iv C@=kQ COW uOw@ QDq=@ Cra x@ R}t;Z}a@D Cr=L xm u; p=L "OwW p=ta=
|xr}Uw x@ |QDWt uO=O CUO R= lU} Q =t= OQ=O x=Qty x@ u=} QDWt |=Q@ |QDW}@
R}v u=Q}Ot u}=Q@=v@ "OQ=O OwHw R}v =@kQ p} wLD u=tR w Ct}k QO lJwm C=Q}}eD
CyH QO =Q |@U=vt |=yCU=}U 'Q=PoQ}F-=D |=yQwDm =i uDW=O Q_v QO =@ Ovv=wD|t

"Ovvm P=ND= h=Oy= x@ p}v
R}v w Q}Ut ?=NDv= |xr�Ut 'C=e}r@D |=yCU=}U xOW xQ=W= OQ=wt Q@ xwqa
=Q |O=yvW}B pOt Ov=wD|t u=} QDWt C}@ wr]t QO Qo}O |=yQwDm =i uDiQo Q_v QO
xm u}= x@ xHwD =@ "OW=@ xDW=O |QD`}Uw OQ@ Q=m w xDN=U QDl}ORv |ak=w \}=QW x@
'xOW OwOLt |WwQixOQN K]U x@ u=} QDWt Q=DiQ p=ta= QO Q[=L VywSB RmQtD
Rm =Qt w =yCmQW =@ |WwQixOta Rm =Qt pt=aD |xwLv u=wD|t |D; |=yVywSB QO
Qo}O R= "OQw; CUO x@ |R}=tDt G}=Dv w |UQQ@ =Q u=W}= Q=DiQ |R=UpOt w u}t-=D
hrDNt |=yCU=}U R= xO=iDU= O=O x�=Q= u=wD|t j}kLD |xaUwD |=Q@ xm |D=O=yvW}B
CUO R= VwQi w Ci=TB Cr=L QO Ow@tm |=yxv} Ry uDiQo Q_v QO w |yOh}iND

"CU= xDiQ

"|D@=kQ |Q=PoCt}k QO wQ}B OwU Q@ Q=DiQ uDiQo Q_v QO Q}F-=D "5 pmW

'xOt; CUO x@ |QDWt Q=DiQ uDiQo Q_v QO uwO@ `@=wD uOQm xv}y@ =@ xm |Q}O=kt =@
xOQwNQwW=y Cr=L QO 'CU= XNWt =yQ=Owtv QO xm u=vJ "CU= xOW xU}=kt
QO =t= &CU= xOW x@U=Lt |QDWt Q=DiQ w C@=kQ ?}mQD =@ wQ}B w Q@yQ Ot;QO Q=Okt
"CU= xOW x@U=Lt |D@=kQ C=[wQit =@ =yvD wQ}B w Q@yQ Ot;QO Q}O=kt |ovQ Cr=L
'�|QDWt Q=DiQ� uDiQo Q_v QO =@ u=WwQixOQN OwU 'xOW x@U=Lt Q}O=kt x@ xHwD =@

"OwW|t xOy=Wt Q@yQ |=Q@ Ot;QO Ci= w CW=O Oy=wN |Q}osWJ Ow@y@
pm OwU xm =QJ 'Ow@ Oy=wNv Q@yQ |}=yv QQ[ |=vatx@ Ot;QO Vy=m u}= =t=
pO=@D w xv=Q=mty Cr=L x@ Q}}eD w O=OQ=Qk Oka =@ u=wD|t w O@=}|t V}=Ri= sDU}U

"O}WN@ Ow@y@ =Q Q@yQ Ot;QO 'u=WwQixOQN w VwQixOta u=}t C=aq]=

|Q}oxH}Dv "5
Q_v QO =@ |WwQixOQN sDU}Ul} <=[a= u}@C@=kQ QF= |UQQ@ hOy 'Q=DWwv u}= QO
|WwQixOQN sDU}U l} =DU=Q u}= QO "CU= xOw@ |QDWt C}@ wr]t w Q=DiQ uDiQo
VwQixOta u=}t xm OW xDiQo Q_v QO VwQixOQN wO w VwQixOta l} R= pmWDt
|R=UpOt |=Q@ "OQ=O OwHw C@=kQ u=WwQixOQN u=}t u}vJty w u=WwQixOQN w
R= l} Qy u; QO xm 'R}t;Z}a@D Q}e �hr= %CU= xOW xO=iDU= w} Q=vU wO R= xr�Ut
u=} QDWt x@ u=WwQixOQN w OvDUy OwN OwU |R=Uxv}W}@ p=@vO x@ xQ}HvR |=RH=
CqwYLt u=WwQixOQN u; QO xm R}t;Z}a@D �? &OvyO|t x�=Q= u=Um} Ct}k
"OvDUy OwU |R=Uxv}W}@ |B QO w Ovv=UQ|t |QDWt x@ =Q VwQixOta R= |Di=} QO
|xv}y@ Q}O=kt C}=yv QO w |WwQixOQN w |WwQixOta |xv}y@ Ct}k 'xr=kt u}= QO
Rm =Qt R= u}vJty w |WwQixOQN Rm =Qt x@ |WwQixOta RmQt R= |r=UQ= pwYLt sHL
|O=yvW}B pOt "O};|t CUO x@ |O=yvW}B pOt j} Q] R= u=} QDWt x@ |WwQixOQN

�References� `@=vt
1. Pun, H., Chen, J., DeYong, G. and et al. \Special is-

sue on `New consideration of pricing in supply chains' ",
Taylor & Francis (2019).

2. Ziari, M., Ghomi-Avili, M., Pishvaee, M.S. and et al.

\A review on competitive pricing in supply chain man-
agement problems: models, classi�cation, and applica-
tions", International Transactions in Operational Re-
search (2021).

3. Liu, X., Lin, K., Wang, L. and et al. \Pricing decisions
for a sustainable supply chain in the presence of poten-

65



"""=
@|

QDW
tQ=

DiQ
Q@|

vD@t
|Q=

PoC
t}ktial strategic customers", Sustainability, 12(4) p. 1655

(2020).
4. McGuire, T.W. and Staelin, R. \An industry equilibrium

analysis of downstream vertical integration", Marketing
Science, 2(2), pp. 161-191 (1983).

5. Ghomi-Avili, M., Naeini, S.G.J., Tavakkoli-Moghaddam,
R. and et al. \A fuzzy pricing model for a green com-
petitive closed-loop supply chain network design in the
presence of disruptions", Journal of Cleaner Production,
188, pp. 425-442 (2018).

6. Choi, S.C. \Price competition in a channel structure
with a common retailer", Marketing Science, 10(4), pp.
271-296 (1991).

7. Boyaci, T. and Gallego, G. \Supply chain coordination
in a market with customer service competition", Pro-
duction and Operations Management, 13(1), pp. 3-22
(2004).

8. Xiao, T. and Yang, D. \Price and service competition
of supply chains with risk-averse retailers under demand
uncertainty", International Journal of Production Eco-
nomics, 114(1), pp. 187-200 (2008).

9. Wu, C. and Mallik, S. \Cross sales in supply chains: an
equilibrium analysis", International Journal of Produc-
tion Economics, 126(2), pp. 158-167 (2010).

10. Zhou, Y.-W. and Cao, Z.-H. \Equilibrium structures
of two supply chains with price and displayed-quantity
competition", Journal of the Operational Research Soci-
ety, 65(10), pp. 1544-1554 (2013).

11. Fang, Y. and Shou, B. \Managing supply uncertainty un-
der supply chain Cournot competition", European Jour-
nal of Operational Research, 243(1), pp. 156-176 (2015).

12. Mahmoodi, A. and Eshghi, K. \Price competition in
duopoly supply chains with stochastic demand", Journal
of Manufacturing Systems, 33(4), pp. 604-612 (2014).

13. Fallah, H., Eskandari, H. and Pishvaee, M.S. \Com-
petitive closed-loop supply chain network design un-
der uncertainty", Journal of Manufacturing Systems, 37,
pp.649-661 (2015).

14. De Nijs, R. \Behavior-based price discrimination and
customer information sharing", International Journal of
Industrial Organization, 50, pp. 319-334 (2017).

15. Cui, W. and Li, L. \A game-theoretic approach to
optimize the Time-of-Use pricing considering customer
behaviors", International Journal of Production Eco-
nomics, 201 pp. 75-88 (2018).

16. Esteves, R.-B. and Cerqueira, S. \Behavior-based pric-
ing under imperfectly informed consumers", Information
Economics and Policy, 40, pp. 60-70 (2017).

17. Pishvaee, M.S., Razmi, J. and Torabi, S.A. \Robust
possibilistic programming for socially responsible sup-
ply chain network design: a new approach", Fuzzy Sets
and Systems, 206, pp. 1-20 (2012).

18. De Nijs, R. and Rhodes, A. \Behavior-based pricing with
experience goods", Economics Letters, 118(1), pp. 155-
158 (2013).

19. Shen, Q. and Miguel Villas-Boas, J. \Behavior-based ad-
vertising", Management Science, 64(5), pp. 2047-2064
(2017).

20. Choe, C., King, S. and Matsushima, N. \Pricing with
cookies: behavior-based price discrimination and spatial
competition", Management Science, (2017).

21. Ziari, M. and Sajadieh, M.S. \A Behavior-based pricing
model in retail systems considering vertical and horizon-
tal competition", Computers & Industrial Engineering,
152, p. 107054 (2021).

22. Esteves, R.-B. and Reggiani, C. \Elasticity of de-
mand and behaviour-based price discrimination", Inter-
national Journal of Industrial Organization, 32, pp. 46-
56 (2014).

23. Candler, W. and Townsley, R. \A linear two-level pro-
gramming problem", Computers & Operations Research,
9(1), pp. 59-76 (1982).

24. Bialas, W. and Karwan, M. \Multilevel linear program-
ming", State University of New York at Bu�alo (1978).

25. Bard, J.F. \An e�cient point algorithm for a linear
two-stage optimization problem", Operations Research,
31(4), pp. 670-684 (1983).

26. Bard, J.F. \An investigation of the linear three level
programming problem", Systems, Man and Cybernetics,
IEEE Transactions On, (5), pp. 711-717 (1984).

27. Bialas, W., Karwan, M. and Shaw, J. \A parametric
complementary pivot approach for two-level linear pro-
gramming", State University of New York at Bu�alo,
(57 (1980).

28. Chen, Y. and Florian, M. \On the geometric structure
of linear bilevel programs: a dual approach", Center De
Recherche Sur Les Transports Publication, 867 (1992).

29. Papavassilopoulos, G. \Algorithms for static stackelberg
games with linear costs and polyhedra constraints", In
1982 21st IEEE Conference on Decision and Control
(1982).

30. Gao, Z., Wu, J. and Sun, H. \Solution algorithm for the
bi-level discrete network design problem", Transporta-
tion Research Part B: Methodological, 39(6), pp. 479-495
(2005).

31. Tuy, H., Migdalas, A. and V�arbrand, P. \A global op-
timization approach for the linear two-level program",
Journal of Global Optimization, 3(1), pp. 1-23 (1993).

32. Shi, C., Lu, J., Zhang, G. and et al. \An extended branch
and bound algorithm for linear bilevel programming",
Applied Mathematics and Computation, 180(2), pp. 529-
537 (2006).

33. Hansen, P., Jaumard, B. and Savard, G. \New branch-
and-bound rules for linear bilevel programming", SIAM
Journal on scienti�c and Statistical Computing, 13(5),
pp. 1194-1217 (1992).

34. Allende, G.B. and Still, G. \Solving bilevel programs
with the KKT-approach", Mathematical Programming,
138(1-2), pp. 309-332 (2013).

35. Grossmann, I.E. and Floudas, C.A. \Active constraint
strategy for exibility analysis in chemical processes",
Computers & Chemical Engineering, 11(6), pp. 675-693
(1987).

36. Ali, S.M., Rahman, M.H., Tumpa, T.J. and et al. \Ex-
amining price and service competition among retailers
in a supply chain under potential demand disruption",
Journal of Retailing and Consumer Services, 40, pp. 40-
47 (2018).

66


