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|xrLQt |ovy=ty Cr=L u}= QO "=yO=OQ=Qk R= xO=iDU= =@ |ovy=ty %swU Cr=L
xOWv xDNwQi |q=m CWoQ@ O=OQ=Qk w xOW xDNwQi |q=m h}iND |=yO=OQ=Qk =@ p@k

%R= CU= CQ=@a u}t-=D |xQ}HvR u}= QO C=t}tYD pL=Qt "OwW|t j}irD

[13]"u}W}B pOt R= |O=yvW}B pOt Cw=iD "1 pwOH
hqDN= KQW [13]u}W}B pOt |O=yvW}B pOt
OQwt Q=mwR=U |ovy=ty Q=mwR=U (VMI) u=} QH |ovy=ty Q=mwR=U ?}mQD

xO=iDU= (VMI) u=} QH w VwQi h}iND� O=OQ=Qk Q=mwR=U =@
�|DWoQ@ |q=m h}iND

=[=kD ẁv pkDUt w |r=tDL= V}=Ri= =@ &Ct}k x@ T=UL w |r=tDL=
Ct}k R= Vy=m =[=kD Q=Okt q=mCt}k

Ovm|t =O}B
s}tYD Q}eDt VQ=iU Q=Okt VwQixOQN VwQi Ct}k

XN=W |xv} Ry pm
|rY= XN=W u=wvax@ Q=_Dv= OQwt OwU

xU}=kt |OwHwt
|=yxv} Ry � Q=_Dv= OQwt Ot;QO w

u=wvax@ xDiQ CUO R= VwQi '|Q=Oxov
|aQi XN=W

=[=kD `@=D xv} Ry |R=Uxv}tm OwU |R=Uxv}W}@

sDU}U |L=Q] "CU= C}ty= R�=L Q=}U@ 'Ovm ltm ?U=vt O=OQ=Qk ?=NDv= w
s=Hv= u; VQDUo w [13]u}W}B u}kkLt |R=UpOt |xwLv x@ xHwD =@ =Q |O=yvW}B

"CU= xOW x�=Q= u}W}B pOt R= |O=yvW}B pOt Cw=iD 1 pwOH QO "s}yO|t
u}= QO "OvwW|t ?}mQD sy =@ =yO=OQ=Qk w VMI =t |O=yvW}B pOt QO
pOt u}= QO Qo}O CQ=@ax@ "CU= VwQi Ct}k u}}aD pw�Ut VwQixOQN pOt
OQwt u}t-=D |xQ}HvR uqm h=Oy= =@ VwQixOQN |Dt}k C=t}tYD |R=Unvy=ty

"OQ}o|t Q=Qk xHwD
l} QO =Q s}tYD u=@}DWB Q=R@= u}= |xOvyOp}mWD |=yVN@ =t 'xt=O= QO
=@ w VMI \}Lt QO VwQixOQN l} w xOvvmO}rwD l} R= pmWDt u}t-=D |xQ}HvR

"s}yO|t K}[wD =yO=OQ=Qk R= xO=iDU=

8|Q=PoO=tv w |r}rLD VN@ "3
l} =@ |Ow} QBlD pOt "CU= 9|L]UwO u}t-=D |xQ}HvR l} R= pmWDt pOt
w MwUvt pwYLt xQwO |=yDv= QO xm OwW|t ZQi "OwW|t xDiQo Q_v QO pwYLt
xOvvmu}t-=D OwU w OwW|t xDiQo Q_v QO OwOLt=v xOvvmu}t-=D C}iQ_ "OwW|t \=kU=
|=Q@ =Q |}xQwO QwQt CU=}U xOvvmu}t-=D "OwW|t xOwRi= VQ=iU Q=Okt QO V}=Ri= =@
"OQ}PB|t |v=tR |xrY=i Qy QO |OwHwt XNWt K]U x@ uO}UQ w Q=@v= uOQmQB
VwQixOQN x@ jraDt VwQi |xQwO |=yDv= QO xOv=t|k=@ |=yq=m |Q=Oxov |=yxv} Ry
xO=O V}=tv 2 pwOH QO xm OvwW|t xDiQo Q=m x@ |}=yO=tv 'pOt Q=QkDU= |=Q@ "CU=

"CU= xOW
"OwW|t xDiQo Q_v QO 10Ct}k x@ T=UL w |r=tDL= CQwYx@ pOt QO =[=kD
|r=tDL= |iO=YD Q}eDt l} w 11VwQixOQN Ct}k ?Q[pY=L CQwYx@ `@=D u}=
D(p) = d(p)y CQwYx@ VwQixOQN |=Q@ =[=kD ,=YNWt "OwW|t xDiQo Q_v QO
xm CU= |a]k |=[=kD d(p) w 'VwQixOQN Ct}k p u; QO xm OwW|t h} QaD
|QDW}@ Vkv QDq=@ |=yCt}k Qo}O CQ=@ax@ &CU= |ivt `@=D =@ Ct}k x@ T=UL

"Ovvm|t |R=@ =[=kD Vy=m QO
@d
@p
� 0 (1)
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ovy

=ty
|=Q@

s}tY
Du=

@}DW
BQ=R

@=|
L=Q]"OwW|t u}}aD p�sc u}t-=D |xQ}HvR pm |=Q@ xv}y@ Ct}k Cr=L u}= QO

@�
@p

= @d(p)
@p

(p� c)k + d(p)k � @d(p)
@p

(p+ h)A� d(p)A

P �sc = b(hA+ ck) + a(k �A)
2b(k �A)

= a
2b + hA+ ck

2(k �A)
(10)

p@=k VwQixOQN |=Q@CU= umtt OwW|t u}}aD 10 |x]@=Q T=U=Q@ xm xv}y@Ct}k
j} wWD u}t-=D |xQ}HvR lQD x@ =Q w= w xOW w= OwU Vy=m Ea=@ xm =QJ 'OW=@v pw@k
xv}y@ Ct}k u}= u}}aD x@ =Q VwQixOQN xm |Q=mwR=U R= xO=iDU= 'wQ u}= R= "Ovm|t
"OwW|t xO=iDU= |ovy=ty u}= O=H}= |=Q@ =yO=OQ=Qk R= "CU= |QwQ[ Ovm j} wWD

VwQi h}iND O=OQ=Qk =@ |ovy=ty Cr=L "3"3
'u}t-=D |xQ}HvR |xv}y@ Ct}k R= xO=iDU= QO VwQixOQN uO=O Q=Qk Q=Wi CLD |=Q@
O=OQ=Qk R= xO=iDU= =@ "Ovm x�=Q= VwQixOQN x@ =Q |Dt}k |=yj} wWD O}=@ xOvvmO}rwD
|er@t xOW xDNwQi |q=m O=OaD Qy |=R=x@ xQwO u=}=B QO xOvvmu}t-=D 'VwQi h}iND
Ct}kVy=m x@ =Q VwQixOQN 'xOvvmu}t-=D?}DQD u}= x@ "OR=OQB|t Q=O} QN x@ r pO=at
xOvvmu}t-=D Q=_Dv= OQwt OwU `@=D |k} wWD Q=mwR=U x@ xHwD =@ "Ovm|t j} wWD VwQi
QO xOW h} QaD |=yO=tv x@ xHwD =@ "Ovm|t Q}}eD 11 |x]@=Q j@=]t VwQixOQN w

%=@ CU= Q@=Q@ xOvvmu}t-=D |wU R= xOW x�=Q= Q=_Dv= OQwt h}iND '1 pwOH
L(d) = E[S(q)] = (q) � d(P )

Z q=d

0
G(y)dy (11)

Q@=Q@ p�sc |xv}y@ Ct}k =@ w O=OQ=Qk R= xO=iDU= R= TB VwQixOQN Q=_Dv= OQwt OwU
%=@ CU=

�r = d(p�sc)[(p�sc � w)(K �A)� hA] + rL(d) (12)

%=@ CU= Q@=Q@ xOvvmu}t-=D Q=_Dv= OQwt OwU
�s = k(w � c)d(p�sc)� wd(p�sc)A� rL(d) (13)

|q=m OL=w Qy C@=@ xOvvmO}rwD xm |er@t� r O=OQ=Qk s}tYD Q}eDt Cr=L u}= QO
OwU `@=D xm OwW|t u}}aD \QW u}= =@ �OR=OQB|t VwQixOQN x@ xOW xDNwQi
O=OQ=Qk uwO@ Cr=L =@ xU}=kt QO O=OQ=Qk u}= R= xO=iDU= =@ VwQixOQN w xOvvmu}t-=D

"Ovm =O}B Ow@y@
Maximize the objective function (pro�t)

max�i(p�sc)

subject to :

�i(p�sc) � �i(p�r) i = r; s

r � (p�r � p�sc)[(a� b(p�r + p�sc � w))(k �A) + hAb]
L(d)

r � b(p�r � p�sc)(w(k �A)� kc)
L(d)

(14)

xOWv xDNwQi |q=m `=HQ= O=OQ=Qk R= xO=iDU= =@ |ovy=ty Cr=L "4"3
`=HQ= O=OQ=Qk R= xO=iDU= =@ R}v w CU= xOvvmu}t-=D =@ q=m C}mr=t xm u}= x@ xHwD =@
xOv=t|k=@ |q=m O=OaD Qy |=R=x@ xQwO u=}=B QO xOvvmu}t-=D 'xOWv xDNwQi |q=m

"Ovm|t u}}aD =Q |WwQixOta Ct}k xOvvmu}t-=D "1
xOvvmu}t-=D R= pwYLt O} QN Ct}k T=U=Q@ =Q |WwQixOQN Ct}k VwQixOQN "2
XNWt CSL12 R}v =Q |QDWt x@ |yOT} wQU K]U u} QDsm "Ovm|t u}}aD

"Ovm|t
"Ovm|t u}}aD CSL T=U=Q@ =Q Q=@v= |OwHwt K]U xOvvmu}t-=D "3

VOwU |R=Uxv}W}@ Qw_vtx@ =Q |OwHwt K]U VwQixOQN RMI \}Lt QO
w u=tR OQwtQO xOvvmu}t-=D VMI \}Lt QO xm CU= |r=L QO u}= "Ovm|t u}}aD
|yO T} wQU K]U uOQw;Q@ w VwQixOQN |xDU=wN T=U=Q@ '|yOVQ=iU Q=Okt
|wU R= xOWs=Rr= CSL C}OwOLt |xr}Uwx@ "OQ}o|t s}tYD �CSL � |QDWt x@

%Ovm|t u}}aD VwQixOQN |=Q@ =Q Q} R |q=m Q=Okt xOvvmu}t-=D 'VwQixOQN
q = d(p) �G�1(Csl) (3)

|ovy=ty sOa Cr=L "1"3
`@=D 'OwW|t pkDvt VwQixOQN x@ xQwO |=yDv= QO xOv=t|k=@ |OwHwt lU} Q uwJ

%OwW|t u=}@ u}vJ VwQixOQN OwU
�r = (p� w)(q � E[q �D]+)� hE[q �D]+

�r = d(p)(p� w)(K �A)� hd(p)A

= d(p)[(p� w)(k �A)� hA] (4)

%R= CU= CQ=@a VwQixOQN |xv}y@ Ct}k
�r = @d(p)

@p
(p� w)(K �A) + (K �A)d(p)� @d(p)

@(p)
hA (5)

CQ=@a VwQixOQN |xv}y@ Ct}k x=ov; 'OwW h} QaD a� bp CQwYx@ d(p) Qo =
%R= CU=

P �r = (a+ wb)
2b + Ah

2(K �A)
(6)

u}= xm 'Ovm u}}aD =Q |}q=@ Ct}k OwN OwU V}=Ri= |=Q@ CU= umtt VwQixOQN
OwU `@=D "OwW|t u}t-=D |xQ}HvR p=v=m pm w xOvvmu}t-=D OwU Vy=m x@ QHvt xr�Ut

%R= CU= CQ=@a |ovy=ty sOa Cr=L QO xOvvmu}t-=D
�s = wE(q ^D)� cq
�s = k(w � c)d(p)� wd(p)A (7)

pt=m |ovy=ty Cr=L "2"3
R= CU= CQ=@a pt=m |ovy=ty Cr=L QO u}t-=D |xQ}HvR pm Q=_Dv= OQwt OwU `@=D

%xOvvmu}t-=D w VwQixOQN OwU`@=wD ẁtHt
�sc = �r + �s (8)

%R= CU= CQ=@a R}v u}t-=D |xQ}HvR |xJQ=Bl} OwU `@=D
�sc = PE(q ^D)� cq � hE[q �D]+

�sc = d(p� c)k � d(p+ h)A (9)
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O=@;

p=tm
|aN

v|
U}a

'|k
wUQ

=yJ
p=tm |R=Ux}@W x@ |OwQw |=yxO=O "1"4

�xOvvmu}t-=D VwQi Ct}k� w �|D=}rta |=yxv} Ry� '�=[=kD� p}@k R= |}=yQDt=Q=B
\@=wQ T=U=Q@ Ct}k w xv} Ry |=yQDt=Q=B "OvDUy |R=Ux}@W |OwQw |=yxO=O
CU= |iO=YD =[=kD Q=Okt "OwW|t u}}aD |r}rLDVN@ CqO=at QO xOWXNWt
|iO=YD Q}eDt OQ=Ov=DU= h=QLv= w u}ov=}t |=yQDt=Q=B w p=tDL= `} RwD R= xO=iDU= =@ w

%OwW|t |:tm Q} R |=yw} Q=vU |OQmrta |=yXN=W TBU "OwW|t u}}aD
T=U=Q@ VwQixOQN |xv}y@ Ct}k "|ovy=ty sOa Cr=L %QiY w} Q=vU �hr=
"OwW|t u}}aD p@k CqO=at R= xO=iDU= =@ xOvvmu}t-=D Ct}k w xv} Ry |=yQDt=Q=B
|xv}y@ Ct}k "u}t-=D |xQ}HvR |xv}y@ Ct}k =@ |ovy=ty %l} w} Q=vU �?

"OwW|t u}}aD xv} Ry |=yQDt=Q=B T=U=Q@ u}t-=D |xQ}HvR
=@ h}iND dr@t |xvt=O "VwQi h}iND O=OQ=Qk + l} w} Q=vU %wO w} Q=vU �G
dr@t u}}=B w q=@ OL CqO=at u}= "OwW|t u}}aD 14 =D 11 \@=wQ R= xO=iDU=
u}ov=}t |R=Uxv}W}@ hOy =@ h}iND dr@t ?=NDv= "OvyO|t u=Wv =Q h}iND
w[a wO Qy Q=_Dv= OQwt OwU "OQ}o|t CQwY w[a wO Qy Q=_Dv= OQwt OwU
'OwW|t hrDNt |=yw} Q=vUQ} R x@ QHvt xm 'h}iND |=yCt}k |xvt=O pm |=Q@

"OwW|t u}}aD
"xOWv xDNwQi |q=m �CWoQ@� `=HQ= O=OQk + l} w} Q=vU %xU w} Q=vU �O
CqO=at u}= "OwW|t u}}aD 17 =D 15 \@=wQ R= xO=iDU= =@ h}iND dr@t |xvt=O
"OvDUy xOv=t|k=@ |q=mC@=@ VwQixOQN x@ xOWx�=Q= dr@t u}}=B w q=@ OL Qou=Wv
CQwY w[a wO Qy Q=_Dv= OQwt OwU u}ov=}t |R=Uxv}W}@ hOy =@ dr@t ?=NDv=
x@ QHvt xm '=yCt}k |xvt=O pm |=Q@ w[a wO Qy Q=_Dv= OQwt OwU "OQ}o|t

"OwW|t u}}aD 'OwW|t hrDNt |=yw} Q=vUQ} R

|R=Ux}@W pOt |=y|HwQN "2"4
OQwt OwU R= Ov=CQ=@a 'OvwW|t|@=} RQ= =yw} Q=vU s=tD QO xm |OQmrta |=yXN=W
w =yw} Q=vU s=tD |=Q@ =yXN=W u}= "xOv=t|k=@ |OwHwt 'xDi=}jkLD Ot;QO 'Q=_Dv=
xO=iDU= =@ |ovy=ty w '|ovy=ty '|ovy=ty sOa Cr=L =@ w '|@=} RQ= =yw} Q=vUQ} R

"OwW|t xU}=kt =yO=OQ=Qk R=

|R=Ux}@W Q=R@= "3"4
u}=x@ 'Ovm|t sy=Qi =Q u}t-=D |xQ}HvR OQmrta R= 14|rwrat w Cra lQO |R=Ux}@W
=Q �|OQmrta XN=W� =y|HwQN s=Om �|ovy=ty Cq=L� =y|OwQw s=Om xm ?}DQD
|=yw} Q=vU |R=Ux}@W |=Q@ 15pUm = |xOQDUo |xLiY R= "OyO|t Q=Qk Q}F-=D CLD
=@ Q@ Q=m w CU= xO=U Q=}U@ xOQDUo C=LiY R= xO=iDU= "OwW|t xO=iDU= hrDNt

"Ovm|t Q=QkQ@ \=@DQ= |DL=Qx@ =yv;

|OOa p=Ft "5
Cq=L "OwW|t x�=Q= |OOa p=Ft l} Q=R@= u}= |xO=iDU= |xwLv R= QDy@ lQO |=Q@
xO=O xaUwD xOQDUo |xLiY l} R= xO=iDU= =@ |ovy=ty sOa w |ovy=ty hrDNt
|=Q=O y |iO=YD Q}eDt w d(p) = a � bp R= CU= CQ=@a =[=kD `@=D "OwW|t
C=aiO O=OaD "CU= 1 =@ Q@=Q@ u}ov=}t =@ y � u(v1; 2 � v1) CN=wvm} `} RwD

Q=O} QN x@ �� CU= xOvvmu}t-=D |Q=Oxov |xv} Ry R= |OYQO xm �� V pO=at |er@t
j} wWD VwQi Ct}k Vy=m x@ =Q VwQixOQN xOvvmu}t-=D ?}DQD u}= x@ "OR=OQB|t
Q} R KQW x@ O=OQ=Qk u}= =@ VwQixOQN w xOvvmu}t-=D Q=_Dv= OQwt OwU `@=D "Ovm|t

%Ovm|t Q}}eD
%=@ CU= Q@=Q@ p�sc xv}y@ Ct}k =@ VwQixOQN Q=_Dv= OQwt OwU

�r = d(p�sc)[(p�sc � w)(K �A)� hA] + V d(p�sc)A (15)

%=@ CU= Q@=Q@ Cr=L u}= QO xOvvmu}t-=D Q=_Dv= OQwt OwU
�s = k(w � c)d(p�sc)� wd(p�sc)A� V d(p�sc)A (16)

VwQixOQN x@ xOvvmO}rwD \UwD xm |er@t� V O=OQ=Qk s}tYD Q}eDt w} Q=vU u}= QO
xOvvmu}t-=D OwU `@=D xm \QW u}= =@ �OwW|t CN=OQB xOv=t|k=@ |q=m OL=w Qy C@=@
=O}B Ow@y@ O=OQ=Qk uwO@ Cr=L x@ xU}=kt QO O=OQ=Qk u}= R= xO=iDU= =@ VwQixOQN w

"OwW|t u}}aD 'Ovm
Maximize the objective function (pro�t)

max�i(p�sc)

subject to :

�i(p�sc) � �i(p�r) i = r; s

V � (p�r � p�sc)[(a� b(p�r + p�sc � w))(k �A) + hAb]
(a� bp�sc)A

V � b(p�r � p�sc)(k(w � c)� wA)
(a� bp�sc)A (17)

|R=Ux}@W VN@ "4
xm CU= Q}O=kt R= |}xvt=O |xOvvmu}}aD O=OQ=Qk s}tYD |=yQ}eDt u}}=B w q=@ OL
uOQm |:tm "CU= |ovy=ty uwO@ Cr=L R= QDW}@ Q=O} QN w xOvvmu}t-=D OwU u; QO
|:tm =@ "Ovm|t ltm O=OQ=Qk OQ =} VQ}PB QO u=oOvQ}os}tYD x@ OwU `@=D C=Q}}eD
hrDNt |=yQDt=Q=B Q}O=kt OQwtQO Ovv=wD|t =[a= '|OQmrta |=yXN=W uOQm
|=yxv} Ro uwtR; w O}rwD u=mt= '|R=Ux}@W R= xO=iDU= =@ "Ovvm |Q}os}tYD |O=OQ=Qk
*|@=} RQ= |R=Ux}@W "OwW|t sy=QihrDNt |=yw} Q=vU T=U=Q@ |Q}os}tYDhrDNt
Q_v QO =@ w |O=OQ=Qk hrDNt |=yw} Q=vU CLD =Q hrDNt *|OQmrta |=yXN=W
'|r}rLD VN@ QO xDi=}xaUwD \@=wQ "Ovm|t Q}PBu=mt= '=[=kD C}a]k sOa uDiQo
|xQ}HvR |=[a= 'hrDNt |=yw} Q=vU "OvDUy |R=Ux}@WVN@ x@ |OwQw |=yxO=O
ltm |ovy=ty x@ uO}UQ |=Q@ |O=OQ=Qk |=yQDt=Q=B?U=vt Q}O=kt u}}aD QO =Q u}t-=D
|R=UxO=}B R= V}B =Q hrDNt |=yw} Q=vU |@=} RQ= |R=Ux}@W u}vJty "Ovvm|t

%OwW|t pY=L Q} R O}=wi Q=R@= u}= =@ u}=Q@=v@ 'OR=U|t umtt sDU}U
C=t}tYD |R} Qxt=vQ@ x@ QHvt xm '�"""13Qo = OwW|t xJ� p}rLD w x} RHD |=QH= �

&OwW|t QDy@
&|ak=w sDU}U uOQm hkwDt uwO@ hrDNt |D=}rta |=yxv} Ro |xU}=kt �

"C=t}tYD `kwt x@ |=QH= w PN= u=mt= xH}DvQO w |Q}os}tYD u=tR Vy=m �
"OwW|t x�=Q= 1 pmW QO |R=Ux}@W s=o x@ s=o OQm} wQ
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"|R=Ux}@W VN@ s=o x@ s=o OQm}wQ "1 pmW

"hrDNt |=yw} Q=vU CLD |OQmrta XN=W |xU}=kt "2 pmW
Qt= u}= Cra "CU= 1336 57 Q@=Q@ umtt Q=Okt u} QDsm QO Cq=L Q}=U =@ xU}=kt

"CU= xQ}HvR |=[a= pkDUt C=t}tYD PN=
Cr=L =@ xU}=kt QO 'pt=m |ovy=ty Cr=L QO VwQixOQN OwU 2 pmW j@=]t
p@=k OL R= QDsm |Q=PoCt}k u; Cra xm 'xOW |ivt w xDi=} Vy=m '|ovy=ty sOa

w g(y) = 1
2�2v1 %=@ CU= Q@=Q@ y |r=oJ `@=D "OwW|t xDiQo Q_v QO 100 Q=QmD

%?}DQD u}= x@ G(y) = v1�y2�2v1 %=@ CU= Q@=Q@ |iO=YD Q}eDt |atHD `@=D

k �A = CSL(2� CSL)(1� v1) + v1;
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