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xOv}; C=ar=]t QO Ov=wD|t QDW}@ |=y|UQQ@ "OwW xOQw;Q@ |DL=Qx@ \}=QW u}= xm

"OQ}o s=Hv=

hrDNt |=yCr=L QO Ow@tm p=tDL= |UQQ@ "5"3
|@=} R=@ Rm =Qt QO Ow@tm O=H}= p=tDL= |}=yCr=L QO '|UQQ@ OQwt u}t-=D |xQ}HvR QO
Cq=tDL= u}= uOw@ Q@=Q@ ZQi =@ =QCmQ=WtK}HQD pwtQi 'p@kCtUk QO "OQ=O OwHw
Ow@tm p=tDL= CtUk u}= QO "OvDU}v Q@=Q@ Cq=tDL= u}= xm u; p=L 's}OQw; CUO x@

"OwW|t xU}=kt Qo}Om} =@ w x@U=Lt xar=]t OQwt VwQ xU QO
C=a}=[ w CU= \=@DQ= QO G l} =@ R Qy '�CmQ=Wt sOa� pw= |xv} Ro QO
p=tDL= =@ CU= Q@=Q@ Cr=L u}= QO R QO Ow@tm p=tDL= "Ovm|t Ci=} QO u; R= =Q
p@=k |x]kv x@ Rwvy sy G |OwHwt w OW=@ xDW=Ov OwHw R QO |OwHwt xm u}=

%R= Ow@ Oy=wN CQ=@a p=tDL= u}= 'uOw@ pkDUt ZQi =@ "OW=@ xO}UQv CW=OQ@

PSO1 =P (IRi<0 and IGi�CPi)=P (IRi<0)�P (IGi�CPi)
(13)

p=tDL= =@ CU= Q@=Q@ R Qy QO Ow@tm =@ xyH=wt p=tDL= 'xO=U CmQ=Wt CQwY QO
|r=N "OW=@ |r=N sy CC Q=@v= w OW=@ xDW=Ov OwHw R u}= QO |OwHwt xm u}=
xO}UQv CW=OQ@ p@=k |x]kv x@ =yG R= s=OmI}y xm CU=vat u}O@ CC Q=@v= uOw@
Ow@ Oy=wN CQ=@a R Qy QO Ow@tm p=tDL= 'jwi Cq=tDL= pqkDU= ZQi =@ "OvW=@

%R=

PSO2 =P (IRi < 0 and ICC � 0) = P (IRi < 0)

� P (ICC � 0jIRi < 0) = P (IRi < 0):P (ICC � 0)

=P (IRi < 0):
nY
i=1

P (IGi � CPi) (14)

xDW=O OwHw G l} \ki Qo = xm OyO|t u=Wv 13 |x]@=Q w 14 |x]@=Q |xU}=kt
QO Ow@tm =@ xyH=wt p=tDL= xQ=wty CQwYu}= Q}e QO "OvQ@=Q@ p=tDL= wO u}= 'OW=@

"Ow@ Oy=wN CmQ=Wt sOa R= QDsm xO=U CmQ=Wt
'Ow@tm =@ xyH=wt CQwY QO Ov=wD|t R l} |O=yvW}B VwQ QO xm =Hv; R=
p=tDL= R= CU= CQ=@a Ow@tm p=tDL= 'OQ}o@ p} wLD =yG R= =Q =y|DWoR=@ ,=t}kDUt
u}= "CW=OQ@ p@=k K]U x@ =yG R= s=OmI}y uO}UQv w CC w R Q=@v= uOw@ |r=N

%CU= QDsm |r@k VwQ wO R= p=tDL=

PSO3 = P (IRi < 0 and ICC � 0 and IG � CP )

= P (IRi < 0):P (ICC � 0)
nY
i=1

P (IGi � CPi) (15)

|O=yvW}B CmQ=Wt QO Ow@tm p=tDL= xm CiQo xH}Dv u=wD|t |rm CQwYx@ u}=Q@=v@
%CU= CmQ=Wt sOa R= QDsm xO=U CmQ=Wt QO w 'xO=U CmQ=Wt R= QDsm

PSO3 � PSO2 � PSO1 (16)

"O};|tQO 10 |x]@=Q CQwYx@ |QDQ@ \QW 'Cr=L wO

TC3 � TC2 ) CO
�r R10 xfR(x)dx

QR
+
g
R1

0 xfG(x)dx
QG

�
+ rCh

�Z 1
0

xfSo2(x)dx�
Z 1

0
xfSo3(x)dx

�
� rCso

�Z 1
0

xfSo3(x)dx�
Z 1

0
xfSo2(x)dx

�
+Ct

�
r
Z 1

0
xfR(x)dx+g

Z 1
0
xfG(x)dx�n3:Cap

�
+Cs(n2�n3)�TCinf +gCe

Z 1
MP

(x�MP )fG(x)dx

(9)

fSO2 =fSO3 ) CO
�r R10 xfR(x)dx

QR
+
g
R1

0 xfG(x)dx
QG

�
+ Ct

�
r
Z 1

0
xfR(x)dx+ g

Z 1
0

xfG(x)dx� n3:Cap
�

+ Cs (n2 � n3)�TCinf + gCe
Z 1
MP

(x�MP )fG(x)dx

(10)

u=}@ 11 |x]@=Q ?r=k QO CmQ=Wt sOa Q@ |O=yvW}B pOt |QDQ@ \QW u}vJty
j@=]t |QDQ@ \QW 'VwQ wO u}= Ow@tm p=tDL= uOw@ u=Um} ZQi =@ xm 'xOW

%O};|t CUO x@ 12 |x]@=Q

TC3 � TC1 )COr
Z 1

0
xfR(x)dx=QR + r(Ch � CSO)

(
Z 1

0
xfSo3(x)dx�

Z 1
0

xfSo1(x)dx)

+Cs(n1�n3)+Ct
�
r
Z 1

0
xfR(x)dx�n3:Cap

�
+ Ch

�
r
Z 1

0
xfR(x)dx� g

Z 1
0

xfG(x)dx
�

� TCinf (11)

fSO1 = fSO3 )COr
Z 1

0
xfR(x)dx=QR

+ Ch
�
r
Z 1

0
xfR(x)dx� g

Z 1
0

xfG(x)dx
�

+ Ct
�
r
Z 1

0
xfR(x)dx� n3:Cap

�
+ Cs(n1 � n3) � TCinf (12)

xm =QJ &CU= |yOVQ=iU |xv} Ry '=ypwtQi u}= AJ CtU |=yVN@ R= |m}
=y|DWoR=@ w CW=O Oy=wNv OwHw |yOVQ=iU |=Q@ |}xv} Ry CmQ=Wt Cr=L QO
"OvwW|t x}rND =} CW=OQ@ 'RmQt u}= \UwD R=}v u=tR QO CC x@ C=aq]= p=kDv= =@
QDsm xJQy xm OQ=O Q=Qk C=aq]= p=kDv= |xv} Ry R}v pwtQi wO u}= CU=Q CtU QO
Q@ |O=yvW}B VwQ xm u}= |=Q@ "OwW|t QDW}@ CmQ=Wt C}rw@kt p=tDL= 'OW=@
R=HtQ}e R} QQwO w C=aq]= p=kDv= |xv} Ry O}=@ OW=@ xDW=O |QDQ@ xO=U CmQ=Wt
"OW=@ QDsm xOW QmP |=yxv} Ry ẁtHt R= �ODi=|tv j=iD= xO=U CmQ=Wt QO xm �
p=kDv= |xv} Ry xm CU= sRq CmQ=Wt sOa Q@ |O=yvW}B VwQ |QDQ@ |=Q@ u}vJty
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1|

xQ=t
W'

33
�1

|xQ
wO'

�13
96

u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt "xr}Uw C}iQ_ w =yxv} Ry "1 pwOH

C}iQ_ xv} Ry
xr}Uw Qy ptL uO=Di=x=Q s=Oyv= |Q=Oxov Ow@tm |yOVQ=iUx}rkv Q=@ OL=w xr}Uw

(Ce) (Ch) (CSO) (CO)
(Cap) (Ct) (CS)

500 20 50 20 30 50 40

"xar=]t OQwt p�=Ut C=YNWt "2 pwOH
|wHwt CW=OQ@ Qy Q=Okt

CP MP
O}rwD u}ov=}t RmQt|}=OD@= (QG) xv=RwQ

10 40 35 45 2 31 G1
10 28 25 30 2 21 G2

|wHwt x}rND Qy Q=Okt x]kv hQYt u}ov=}t RmQt|}=OD@= (QR) VQ=iU xv=RwQ
10 35 5 2 12 R1
10 38 8 2 21 R2

"|UQQ@ OQwt |=y`} RwD ?}mQD "3 pwOH
hQYt/O}rwD `} RwD Om

R2 R1 G2 G1 xr�Ut
N(2 21; 0 1) N(2 12; 0 1) N(2 21; 0 1) N(2 31; 0 1) NN

U(1 9; 2 5) U(1 7; 2 4) U(1 9; 2 4) U(2; 2 6) UU

U(1 9; 2 5) U(1 7; 2 4) N(2 21; 0 1) N(2 31; 0 1) NU

N(2 21; 0 1) N(2 12; 0 1) U(1 9; 2 4) U(2; 2 6) UN

w xO=U CmQ=Wt 'CmQ=Wt uwO@ VwQ xU QO =yOw@tm w =yxv} Ry xU}=kt "4 pwOH
"xQwO OY |=Q@ |O=yvW}B pOt

Ow@tm Q}}eD OYQO u}ov=}t xv} Ry Q}}eD OYQO u}ov=}t Omx@ �G� x@ �G� x@ �?� x@ �G� x@ �G� x@ �?� xr�Ut�?� �hr=� �hr=� �?� �hr=� �hr=�
�520 �280 �57 �52 �90 �80 NN

�374 �295 �26 �50 �91 �82 UU

�477 �322 �39 �59 �92 �80 UN

�330 �219 �47 �43 �90 �83 NU

�425 �279 �42 �51 �91 �81 u}ov=}t
|O=yvW}B CmQ=Wt �G� xO=U CmQ=Wt �?� CmQ=Wt uwO@ �hr=�

OwOL �?� x@ C@Uv w �279 OwOL �hr=� x@ C@Uv �G� VwQ \UwDt Qw]x@
xDUv=wD \UwDt Qw]x@ �?� VwQ u}vJty "CU= xO=O Vy=m =Q =yOw@tm �425
XNWt pwOH u}= QN; Q]U QO "Oy=m@ �hr=� VwQ x@ C@Uv =Q =yOw@tm R= �42
QDW}@ �?� x@ C@Uv �G� QO Ow@tm Q}}eD OYQO 'xv} Ry Q}}eD u=R}t hqNQ@ xm CU=

"CU= �hr=� x@ C@Uv �G� QO Ow@tm Q}}eD OYQO R=
|=QH= =@ OyO|t u=Wv R}v p�=Ut u}= QO |}xv} Ry hrDNt |=yxwQo |UQQ@
Rm =Qt |yOVQ=iU |=yxv} Ry QO ?}DQDx@ Vy=m Q=Okt u} QDW}@ '|O=yvW}B pOt
OQwtQO "ODi=|t j=iD= =yQ=@v= QO |Q=Oxov w Ow@tm 'O}rwD Rm =Qt QO R} QQwO 'hrDNt
\UwDt Q}O=kt =@ |}xr�Ut |=Q@ =Q pOt |=QH= xm |}xv} Ry 'C=aq]= p=kDv= |xv} Ry

|R=Ux}@W G}=Dv "4
ltm =@ u; Q}F-=D |UQQ@ Qw_vtx@ 'xO=Di}v j=iD= pta QO |DmQ=Wt u}vJ xm =Hv; R=
|R=Ux}@W "OW |R=Ux}@W CCl} w R wO 'G wO pt=W|}xr�Ut wrQ=mCvwt VwQ
|iO=YD <RH Q=DiQ |UQQ@ Qw_vtx@ |oDN=U \}Lt l} O=H}= |=Q@ CU= |WwQ
hrDNt swra QO xm CU= |R=Ux}@W |=yVwQ R= |m} wrQ=m Cvwt "xar=]t OQwt
=yv; |xty 'hrDNt swra QO wrQ=m hrDNt |=yVwQ Cw=iD seQ|ra "OQ=O OQ@ Q=m
T=U=Q@ R}v xar=]t u}= QO [20]"CU= |iO=YD O=Oa= jrN u; w OvQ=O x@=WD xHw l}
QO O}rwD Q=Okt� |iO=YD |=RH= R= s=OmQy |=Q@ =OD@= 'wrQ=m Cvwt VwQ |rm pwY=
u=wvax@ xm OW O=H}= |iO=YD OOa 100 OwOL �=yR QO hQYt Q=Okt w =yG

w 1 pwOH j@=]t xr}Uw C}iQ_ w xv} Ry |=yQDt=Q=B "OvOW h} QaD |UQQ@ |=yxQwO
CW=OQ@ p@=k Kw]U 'Rm =Qt QO hQYt w O}rwD u=R}t u}ov=}t xrtH R= =yQDt=Q=B Q}=U
x}rw= |OwHwt w Rm =Qt QO CW=OQ@ w x}rND Q=Okt 'VQ=iU x]kv 'CW=OQ@ x@ sRq w

"Ov=xOW xDiQo Q_v QO 2 pwOH j@=]t
u}= QO xm 'OW=@ XNWt =yp=tDL= `} RwD O}=@ |iO=YD O=Oa= O}rwD |=Q@
QO "CU= xOW xO=iDU= p=tQv w CN=wvm} |=y`} RwD R= hrDNt ?}mQD Q=yJ xr=kt
?}DQDx@ hwQL u}= xm xOW h} QaD |iQLwO ?}mQD l} CQwYx@ Om 3 pwOH
"CU=yv; |@=} R=@ MQv w =y|DWoR=@ O}rwD MQv p=tDL= |=y`} RwD |xOvyOu=Wv
xOW xO=iDU= p=tQv `} RwD |=Q@ N w CN=wvm} `} RwD |=Q@ U =y?}mQD u}= QO
"CU= xOW x�=Q= R}v =y`} RwD u}= R= l} Qy |=y|oS} w 3 pwOH QO "CU=
hQYt w O}rwD u=R}t x@ \w@ Qt |iO=YD O=Oa= =y?}mQD u}= R= s=Om Qy QO
u}= T=U=Q@ "CU= xOW O=H}= xQwO 100 |=Q@ hrDNt Rm =Qt QO =y|DWoR=@
x}yD x}rND w CW=OQ@ |=yxt=vQ@ xar=]t OQwt |=yVwQ R= l} Qy |=Q@ 'Q}O=kt
C=@U=Lt w =yxt=vQ@ |x}yD '=yxvwtv O=H}= "CiQo s=Hv= xv} Ry C=@U=Lt w
R= "CU= xDiQo s=Hv= Excell2010 QO VBA R= xO=iDU= =@ |oty xv} Ry
R= s=OmQy 'Ov=xDU@=w xOW O=H}= |iO=YD O=Oa= x@ |R=Ux}@W G}=Dv xm =Hv;
Ot; CUO x@ l} Qy |=Q@ Ow@tm w =yxv} Ry u}ov=}t w =QH= Q=@ 100 =y?}mQD

"�4 pwOH�
uwDU xU "CU= xOW XNWt |UQQ@ OQwt |xr�Ut Om 4 pwOH pw= uwDU QO
CmQ=Wt� ? VwQ R= |W=v |xv} Ry Vy=m u=R}t |xOvyOu=Wv ?}DQDx@ |Oa@
x@ C@Uv �|O=yvW}B CmQ=Wt� G VwQ '�CmQ=Wt sOa� hr= p@=kt QO �xO=U
OvyO|t u=Wv pwOH O=Oa= "CU= ? VwQ p@=kt QO G VwQ w 'hr= VwQ
�hr=� x@ C@Uv �G� QO xv} Ry Q}}eD u=R}t u} QDsm 'p�=Ut R= xwQo Qy QO xm
wO OwOL �hr=� x@ C@Uv �G� =yxwQo u}= xty QO u}vJty "CU= xO=Di= j=iD=
QO xOW x�=Q= G}=Dv u}ov=}t T=U=Q@ "CU= xDW=O Ow@y@ �?� x@ C@Uv �G� Q@=Q@
C@Uv xv} Ry Vy=m �91 \UwDt Qw]x@ |O=yvW}B pOt 'pwOH u}= QN; Q]U
CmQ=Wt x@ C@Uv u}vJty &CU= xOQm O=H}= xQ}HvR pm |=Q@ CmQ=Wt sOa x@
u}ty QO |} wU R= "CU= xO=O Vy=m �51 \UwDt Qw]x@ =Q =yxv} Ry 'xO=U
sm �81 OwOL =Q xQ}HvR pm |=yxv} Ry Ov=wD|t R}v xO=U CmQ=Wt |DL '\}=QW

"Ovm
|xU}=kt |=yXN=W R= Qo}O |m} u=wvax@ R}v |@=} R=@ Rm =Qt QO Ow@tm u=R}t
u}= |Oa@ uwDU xU QO xm xOW xDiQo Q_v QO CmQ=Wt |=QH= R= |W=v Ow@y@ u=R}t
x@ C@Uv CmQ=Wt ẁv wO Qy QO O=Oa= u}= T=U=Q@ "CU= xOW xO=O V}=tv pwOH
xm OyO|t u=Wv pwOH QN; Q]U "CU= xDi=} Vy=m Ow@tm u=R}t 'CmQ=Wt sOa
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OwH

wtC
}Q}O

tQO
CmQ

=Wt
|r=t

DL=
|R=

Up
OtCr=L xU u}= |=yxv} Ry |xU}=kt "CiQo s=Hv= |R=Ux}@W |Qw;`tH RmQt l} =@

sOa x@ C@Uv |O=yvW}B VwQ |OYQO 80 R= V}@ |xv} Ry Vy=m |xOvyOu=Wv
"CU= xO=U CmQ=Wt x@ C@Uv |OYQO 45 OwOL w CmQ=Wt

u}vJty 'OwW|t hPL Rm =Qt |yOVQ=iU |=yxv} Ry |O=yvW}B pOt QO
|xv} Ry \ki pOt u}= QO "O@=}|t Vy=m COWx@ Ow@tm w Rm =Qt R} QQwO |=yxv} Ry
Q_v QO =@ xv} Ry u}= OQw;Q@ "OwW|t xi=[= Qo}O VwQ wO x@ C@Uv C=aq]= p=kDv=
C=aq]= p=kDv= |xv} Ry Qo = |DL xm OyO|t u=Wv xOt;CUO x@ |=y\UwDt uDiQo
^=Lrx@ |O=yvW}B pOt 'OW=@ sy CmQ=Wt uwO@ Cr=L |=yxv} Ry OYQO 90 =D
Ov=wD|t =RH= \UwD xv} Ry u}= CN=OQB sOa 'p=L u}= =@ "Ow@ Oy=wN xHwt |O=YDk=
u}=Q@=v@ "OW=@ |O=yvW}B |DmQ=Wt |xv} Ro ?=NDv= |=Q@ |@U=vt |O=YDk= jwWt
|@U=vt VwQ Ov=wD|t xv} Ry u}= Vy=m |=Q@ |DrwO |=yltm w =yxv=Q=} CN=OQB

"OW=@ =RH= Q}=U =@ CmQ=Wt QO u=Q}Ot VR}ov= |=Q@
"CU= xOW KQ]t |R=wt |xQ}HvR wO |=Q@ \ki w xO=U CQwYx@ xr=kt u}= pOt
RmQt OvJ =} xQ}HvR OvJ |=Q@ =Q pOt u}kkLt '|Oa@ C=ar=]t QO OwW|t O=yvW}B
|UQQ@ =@ Ovv=wD|t u}vJty u=v; "Ovvm xar=]t =Q u; \}=QW w xO=O xaUwD |Qw;`tH
|} wU R= "OvyO Q=Qk xar=]t OQwt QDj}kO =Q u; |rta `v=wt w CqmWt |ak=w OQ=wt
QO pkvwptL |R} Qxt=vQ@ R= QDxO}J}B |DmQ=Wt pOt u}= QO pkvwptL |R} Qxt=vQ@
|UQQ@ xOv}; C=k}kLD QO |@U=vt ẁ[wt u=wvax@ Ov=wD|t w CU= |r@k |=ypOt

"OwW

C=aq]= |xv} Ry Qo = OyO|t u=Wv u}tND u}= "CU= xOW OQw;Q@ 'Ovm|t Q}PBx}HwD
CmQ=Wt |xv} Ry OYQO 40 w CmQ=Wt uwO@ Cr=L |xv} Ry OYQO 90 OwOL =D

"Ow@ Oy=wN Q}PBx}HwD Qo}O Cr=L wO x@ C@Uv |O=yvW}B pOt 'OW=@ xO=U

|Q}oxH}Dv "5
|R=wt wQTB u}t-=D |=yxQ}HvR |=RH= |=Q@ |O}OH |DmQ=Wt pOt Q=DWwv u}= QO
x@ xHwD =@ "CU= xOW KQ]t =yv; u}@ QO =y|DWoR=@ p=kDv= w |Qw;`tH Qw_vtx@
|=yxv} Ry '=yxQ}HvR u}= Q=QkDU= QO u=Q}Ot |Q}os}tYD |=Q@ xv} Ry Vy=m C}ty=
|[=} Q CQwYx@ O}OH pOt w xO=U CmQ=Wt 'CmQ=Wt uwO@ *hrDNt |=yxv} Ro
O}rwD u=R}t xar=]t OQwt |xQ}HvR QO xm =Hv; R= "CU= xOW xU}=kt w |R=UpOt
|R=UpOt |r=tDL= |=ypwtQi =@ =yxv} Ry 'CU= |a]kQ}e =y|DWoR=@ hQYt w
uwO@ VwQ wO x@ C@Uv |O=yvW}B pOt |QDQ@ \}=QW |UQQ@ Qw_vtx@ "Ov=xOW
wO "CU=xOW xU}=kt Qo}Om} =@ pm |xv} Ry |=ypwtQi 'xO=U CmQ=Wt w CmQ=Wt
u}= wO Qy QO xm xOW x�=Q= |O=yvW}B VwQ OQwtQO |Q}os}tYD |=Q@ |}=yv |xrO=at

"OW=@ QDW}@ C=aq]= p=kDv= |xv} Ry R= O}=@ =yxv} Ry R= |O=OaD ẁtHt =ypwtQi
uwvm =D Q=m u}= xm =Hv; R= '|O=yvW}B pOt |ak=w |=yxv} Ry |UQQ@ Qw_vtx@
xOvvm|@=} R=@ wO w xOvvmO}rwD wO |=Q@ wrQ=mCvwt VwQ R= xO=iDU= =@ 'xDiQov s=Hv=

=yCWwv=B
1. cooperation
2. collaboration
3. vendor managed inventory (VMI)
4. collector managed inventory (CMI)
5. vendor managed replenishment (VMR)
6. collaborative planning, forecasting, and replenishment (CPFR)xtHQD �Twmat� x@ OQ=wt |Q=}U@ QO Reverse |xS=w� reverse supply chain "7
x@ xOvvmhQYt R= =yq=m w O=wt u=} QH x@ xm =yxQ}HvR u}= C}y=t x@ xHwD =@ =t= 'xOW
QO �Twmat� |=Hx@ u; R= '�wQTB� |UQ=i |xS=w OwHw =@ w OR=OQB|t xOvvm|@=} R=@

�"CU= xOW xO=iDU= CQ=@a u}= xtHQD
8. open loop and closed loop
9. gate-keeping
10. joint inventory management
11. centralized return center (CRC)
12. local collection points (LCP)
13. can-order (CO)
14. must-order (MO)
15. return generator
16. recovery center
17. collection center
18. must peak
19. can peak
20. lead time
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