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Q}e p} wLD COt 's�=O QwQt |OwHwt sDU}U 'u}t-=D |xQ}HvR %|O}rm u=oS=w
"u}t-=D QO C}a]k sOa 'uwU=wB |=[=kD 'QiY

xtOkt
u} QDQ=O}=B=v R= |m} u=v}t]= p@=k |xOvvmu}t-=D ZQi xm OvOkDat |NQ@ "CU=
xOvvmu}t-=D xm OQ=O|t u=}@ ZQi u}= [3]"CU= |OwHwt sDU}U Qy QO C=}[Qi
C=R}yHD |@=QN "CU= TQDUO QO OwW s=Hv= |WQ=iU xm u=tR Qy w xDUw}B Qw]x@
|OQ=wt xrtH R= |U=}U |=yu=QL@ w ?=YDa= 'O=wt Ow@tm 'xOvvmu}t-=D QO |O}rwD
QmP u}t-=D QO C}a]k sOa uDiQo Q_v QO swRr |=Q@ ẁ[wt C=}@O= QO xm OvDUy

"Ov=xOW
C=ar=]t xm OyO|t u=Wv u}t-=D QO C}a]k sOa ẁ[wt C=}@O= Q@ |QwQt
|=ysDU}U %OQm s}UkD s=a |xDUO wO x@ u=wD|t =Q xRwL u}= QO xOWs=Hv=
|}=ysDU}U VQ=@v=�O}rwD |=ysDU}U [4]"|OwHwt |=ysDU}U w VQ=@v= � O}rwD
|r=L QO 'Ovvm|t |UQQ@ =Q u; x@ \w@ Qt |OwHwt w O}rwD Ov}=Qi xm OvDUy
|=Q@ xv}y@ |yOVQ=iU CU=}U uDi=} p=@vO x@ ,=DOta |OwHwt |=ysDU}U xm
w OQ}o|t Q=Qk swO |xDUO QO Q=DWwv u}= "OvDUy xOvvmu}t-=D =} VwQixOQN
u}t-=D QO C}a]k sOa uDiQo Q_v QO =@ |OwHwt |=ysDU}U |xar=]t x@

"OR=OQB|t
Q=Okt pOt C=}[Qi R= 'u}t-=D QOC}a]k sOa ẁ[wt C=}@O= QO x}rw= C=ar=]t
C}a]k sOa |xr�Ut C=ar=]t u}= "Ov=xOQm xO=iDU= 8�EOQ� |O=YDk= VQ=iU
|UQQ@ ON/OFF |=yxQwO |=Q@ |Q=t; hrDNt |=y`} RwD CLD =Q u}t-=D QO

u}t-=D |xQ}HvR <=[a= u}@ l}ORv |ovy=ty x@ R=}v u}t-=D |xQ}HvR |=Q=m C} Q}Ot
'OvQ=O OwN OwU |R=Uxv}W}@ QO |aU u}t-=D |xQ}HvR <=[a=?re= xm =Hv; R= w OQ=O
|=yOv}=Qi u=}t R= [1]"CU= pmWt Ov}=Qi l} u}t-=D |xQ}HvR <=[a= u}@ |ovy=ty
1xOvvmu}t-=D |@=} RQ= w ?=NDv= OQwt QO |Q}os}tYD u}t-=D |xQ}HvR QO hrDNt
C=}@O= QO "CU= 3|v}t-=D |xQ}HvR Qy QO 2|Q}os}tYD |=yOv}=Qi u} QDtyt R= |m}
|=yxv} Ry Vy=m �hr= &CU= xOW QmP 4|Q=BU uwQ@ |=Q@ xOta C} Rt wO ẁ[wt

[2]"u}t=D |xQ}HvR 5|Q}PBh=]av= C}r@=k V}=Ri= �? 'O}rwD
Q=Qk |UQQ@ OQwt =Q u}t-=D |xQ}HvR QO C}a]k sOa xm |}=ypOt u=}t u}= R=
uDiQo Q_v QO =@ u}t-=D |xQ}HvR p�=Ut |[=} Q |R=UpOt QO |aU 'OvyO|t
"OvQ=O xQ}e w u}t-=D Ov}=Qi 'p} wLD COt '=[=kD Ovv=t |}=yQDt=Q=B QO C}a]ksOa
CU= xH=wt u}t-=D QO 6C}a]k sOa =@ xm `t=H u}t-=D |xQ}HvR l} Q=DWwv u}= QO

"CU= xDiQo Q=Qk |UQQ@ OQwt
xr�Ut |R=UxO=U |=Q@ 'u}t-=D |xQ}HvR C=}@O= QO xOWs=Hv= C=ar=]t QDW}@ QO
QO xm C=}[Qi u}= R= |m} "CU= xOW xO=iDU= R=UxO=U |=yZQi |QUl} R=
7u=v}t]= p@=k |xOvvmu}t-=D ZQi 'CU= pw=ODt u}t-=D |=yxQ}HvR R= |Q=}U@
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tu}= x@ u�t]t=v u}t-=D Ov}=Qi "CU= u�t]t=v u}t-=D Ov}=Qi w s�=O QwQt |OwHwt

Q}PBTQDUO VwQixOQN C=WQ=iU VQ}PB |=Q@ CU= umtt xOvvmu}t-=D xm CU=vat
Q}PB=vTQDUO w uOw@ Q}PBTQDUOu=tRCOt pw] xar=]tu}= QO "OW=@ Q}PB=vTQDUO =}
"Ov=xOW ZQi sy R= pkDUt |}=tv |iO=YD Q}eDt wO CQwYx@ xOvvmu}t-=D uOw@
|x]kv 'xr�Ut |R=UpOt QO C}a]k sOa w C}at=H u=tRty uDiQo Q_v QO
C=}@O= QO xOW s=Hv= C=ar=]t Qo}O =@ Q=DWwv u}= QO xOWx�=Q= pOt |xOvvmR}=tDt

"CU= ẁ[wt
w 'OW Oy=wN x�=Q= Q=DWwv u}= QO xO=iDU= OQwt C=}[Qi w =yO=tv xt=O= QO
u; R= TB "OwW|t x�=Q= x}=B |OwHwt sDU}U |xv} Ry `@=D p}rLD w x} RHD TBU
QO Q=DWwv |Q}oxH}Dv w |OOa G}=Dv ?}DQDx@ w xOW G=QNDU= xr�Ut |[=} Q pOt

"OwW|t x�=Q= u=}=B

xr�Ut C=}[Qi w =yO=tv
%CU= xOW xO=iDU= xr�Ut |R=UpOt |=Q@ Q} R |=yO=tv R= Q=DWwv u}= QO

|OwHwt |yOVQ=iU CU=}U R= xm |t=ovy VwQixOQN QO |OwHwt C}akwt %Sr
"OwW|t xO=iDU= x}=B

|OwHwt |yOVQ=iU CU=}U R= xm |t=ovy xOvvmu}t-=D QO |OwHwt C}akwt %Ss
"OwW|t xO=iDU= x}=B

|t=ovy '|v=tR OL=w?ULQ@ 'VwQixOQN x@ xOvvmu}t-=D R= QF-wt pkvwptL u=tR %Lr
"CU= TQDUO QO VwQixOQN xm

|t=ovy '|v=tR OL=w?ULQ@ 'VwQixOQN x@ xOvvmu}t-=D R= QFwt pkvwptL u=tR %L0r
"CU}v TQDUO QO VwQixOQN xm

"|v=tR OL=w ?ULQ@ 'xOvvmu}t-=D x@ |HQ=N |xOvvmu}t-=D R= pkvwptL u=tR %Ls
"VwQixOQN QO u=tR OL=w QO =[=kD COW |xOvyOu=Wv uwU=wB `} RwD QDt=Q=B %�r

"VwQixOQN QO OOHt VQ=iU |x]kv %Rr
"OL=w ?ULQ@ VwQixOQN QO VQ=iU |xDW=@v= |xR=Ov= %Qr

"VwQixOQN QO |v=tR OL=w l} QO |OwHwt OL=w Qy |=R=x@ |Q=Oxov |xv} Ry %hr
VQ=iU |xR=Ov= R= |@ Q[t CQwYx@� xOvvmu}t-=D QO OOHt VQ=iU |x]kv %Rs

"�|OwHwt OL=w ?ULQ@ VwQixOQN QO
QO VQ=iU xR=Ov= R= |@ Q[t CQwYx@� xOvvmu}t-=D VQ=iU |xDW=@v= |xR=Ov= %Qs

"�|OwHwt OL=w ?ULQ@ VwQixOQN
"xOvvmu}t-=D QO |v=tR OL=w l} QO |OwHwt OL=w Qy |=R=x@ |Q=Oxov |xv} Ry %hs
"VwQixOQN QO |v=tR OL=w l} QO |OwHwt OL=w Qy |=R=x@ Ow@tm |xv} Ry %�

QO =[=kD OL=w l} |=R=x@ Ow@tm w |Q=Oxov Q=_Dv= OQwt |xv} Ry %c(Ss; Sr)
"x}=B |OwHwt sDU}U

QO =[=kD OL=w l} |=R=x@ Ow@tm w |Q=Oxov Q=_Dv= OQwt |xv} Ry %c0(Ss; Sr)
"CU}v TQDUO QO xOvvmu}t-=D xm |t=ovy 'x}=B |OwHwt sDU}U

xm |t=ovy |UQQ@ CLD sDU}U |=Q@ Ow@tm w |Q=Oxov |xv} Ry \UwDt %C
"CU= TQDUO QO xOvvmu}t-=D

xm |t=ovy |UQQ@ CLD sDU}U |=Q@ Ow@tm w |Q=Oxov |xv} Ry \UwDt %C0
"CU}v TQDUO QO xOvvmu}t-=D

"u=tR OL=w ?ULQ@ xOvvmu}t-=D uOw@ TQDUO QO u=tR COt |}=tv `} RwD QDt=Q=B %�
"u=tR OL=w ?ULQ@ xOvvmu}t-=D uOw@v TQDUO QO u=tR COt |}=tv `} RwD QDt=Q=B % 
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u}= "CU= 9|v; CQwYx@ q=m OwQw w QiY p} wLD COt '|a]k =[=kD xOWs=Hv=
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"Ov=xOQm
xm Ov=xDW=O |aU u=kkLt R= |NQ@ 'u; R= Oa@ w |Oq}t 90 |xyO QN=w= QO
C}a]k *sOa|=Q=O *|OwHwt|=ysDU}U QO xm =QEOQpOt|xOvvmOwOLtC=}[Qi
[12�10]C=ar=]t u}= R= |O=OaD QO "OvWN@ Ow@y@ xDiQo Q=Qk xO=iDU= OQwt u}t-=D QO
p} wLD COt w |iO=YD |=[=kD uDiQo Q_v QO =@ u}t-=D QO C}a]k sOa |xr�Ut
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OwQw R= TB w OvwW|t CW=@v= sy |wQ |OwHwt Ow@v Cra x@ xm CU= |}=y=[=kD
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OwHw 11xkwat VQ=iU l} \ki x_Lr Qy QO xm ZQi u}= =@ w [15]'|r@k |xOWx�=Q=
|=Q@ hOy `@=D |R=Uxv}tm |=Q@ j}kO |rOt u; R= TB "OvOQm xO=iDU= 'OW=@ xDW=O
`} RwD w '12xDiQCUO R= VwQi '|a]k p} wLD COt 'uwU=wB |=[=kD =@ |}xr�Ut
OW ZQi u}vJty pOt u}= QO [16]"OW x�=Q= ON/OFF u=tR pw] |=Q@ 13|}=tv

"OW=@ xDW=O OwHw xkwat VQ=iU l} QFm =OL x_Lr Qy QO xm
u}t-=D QO C}a]k sOa |ak=w |=ysDU}U QO xJQo = 's}Dio QDV}B xm u=vJ
x@ ẁ[wt C=}@O= QO |mOv= C=ar=]t 'OQ=O OwHw QiY Q}e p} wLD COt w
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VwQixOQN l} R= pmWDt |} wOwO u}t-=D |xQ}HvR l} xm CU= QmP u=}=W
xar=]t =Q |tDU}U Q=DWwv u}= QO xOW x�=Q= pOt "CU= xOvvmu}t-=D l} w
Ow@tm w QiY Q}e p} wLD COt 'xO=U uwU=wB Ov}=Qi l} =[=kD u; QO xm Ovm|t
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xm |r} wLD COt 'CU}v TQDUO QO xOvvmu}t-=D xm |]}=QW QO u}vJty "CU=
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QO C}a]k sOa ẁ[wt C=}@O= QO xOWs=Hv= C=ar=]t |t=tD Qo}O |wU R=
O}m -=D '|D@=kQ Q=R=@ QO 'xRwQt= xm |DQwY QO "Ov=`t=HQ}e Cq=L x@ \w@ Qt u}t-=D
w xOvvmu}t-=D `t=H VQov QO "CU= `t=H Cr=L QO u}t-=D |xQ}HvR x@ VQov Q@
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"OvwW|t xDiQo Q_v
QO `t=H Cr=L QO =Q u}t-=D |xQ}HvR xm [18w17]OvQ=O OwHw |OOaDt C=ar=]t
|R=UpOt QO =Q u}t-=D QO C}a]k sOa C=ar=]t u}= R= l}I}y =t= 'OvQ}o|t Q_v

"Ov=xOQmv ^=Lr OwN
u; QO xm xDiQo Q=Qk |UQQ@ OQwt `t=H u}t-=D |xQ}HvR l} Q=DWwv u}= QO
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128



O=vk
QwBR

wQy@
wQi

|O
=HU

|Oy
tO}U [17]"OQm |U} wvR=@ R}v 5 |x]@=Q CQwYx@ u=wD|t =Q 4 |x]@=Q


(Ss) = hsSs
�

(1�GSs+1(Ls))� hsLs(1�GSs(Ls));
Ss > 0 (5)

Q=@v= QO uwJ xm CU= |y}O@ OW=@ QiY =@ Q@=Q@ Ss Q=Okt xm|t=ovy 'u}vJty
Oy=wN QiY =@ Q@=Q@ R}v 
(S0) Q=Okt u}=Q@=v@ OwW|tv |Q=Oxov |OwHwt xOvvmu}t-=D

"Ow@
L+ � R= TB 'Ovm|t QO=Y VwQixOQN xm |WQ=iU x}=B |OwHwt sDU}U QO
w xOvvmu}t-=D Q=@v= K]U QO xm CU= |iO=YD |Q}N-=D � � OUQ|t w= x@ |v=tR OL=w
|WQ=iU Qo = "�OyO|t MQ 'OW=@ |OwHwt R= |r=N xOvvmu}t-=D Q=@v= xm |]}=QW QO
u; x@ |Q=Oxov |=yxv} Ry w OwW|t |Q=Oxov 'OUQ@ V=x]w@ Qt |=[=kD R= p@k
l} 'OUQ@ V=xOvvmhQYt |=[=kD R= Oa@ VQ=iU u}= Qo = u}vJty "OQ}o|t jraD
jraD u; x@ VQ=iU uO}UQ u=tR =D Ow@tm |=yxv} Ry w OwW|t xO=Di=TB |=[=kD
x@U=Lt 6 |x]@=Q j@] VwQixOQN QO Ow@tm w |Q=Oxov |xv} Ry u}=Q@=v@ "OQ}o|t

[17]%OwW|t

�Sr (t) = �
Z Lr+t

0
(Lr + t� �)gSr (t) dt+

hr
Z 1
Lr+t

(� � Lr � t)gSr (t)dt; Sr > 0 (6)

|xv} Ry \ki VwQixOQN QO 'OW=@ QiY Q@=Q@ Sr Q=Okt xm |t=ovy CU= |y}O@
%u}=Q@=v@ "CW=O Oy=wN OwHw Ow@tm

�0(t) = �(Lr + t) (7)

|xv} Ry \UwDt 'OW=@ t Q@=Q@ xOvvmu}t-=D QO |iO=YD Q}N-=D Q=Okt xm u}= ZQi =@
j@=]t u=wD|t VwQixOQN QO |OwHwt OL=w l} |=Q@ =Q |OwHwt |Q=Oxov w Ow@tm

[17]%OQm |U} wvR=@ 8 |x]@=Q

�Sr (t) = e��(Lr+t) h+ �
�

Sr�1X
k=0

(Sr � k)
k!

(Lr + t)k�k+

�
�
Lr + t+ Sr

�

�
(8)

u}=Q@=v@ 'Ovm|t Q}}eD Ls =D QiY R= xOvvmu}t-=D QO |iO=YD Q}N-=D Q=Okt xm =Hv; R=
'=[=kD OL=w l} uOQmxOQw;Q@ Qw_vtx@ VwQixOQN QO |Q=Oxov w Ow@tm pm |xv} Ry

"OwW|t x@U=Lt 9 |x]@=Q j@=]t '�Sr (Ss)

�Sr (Ss) =
Z Ls

0
gSs(Ls � t)�Sr (t)dt+

�
1�GSs(Ls)

�
�Sr (0)

(9)

u}vJty
�Sr (0) = �Sr (Ls) (10)

[17]"CU= Q=QkQ@ 11 |x]@=Q Ss nQR@ Q}O=kt |=Q@ 'u}= Q@ uwRi=
�Sr (Ss) � �Sr (0) (11)

"=[=kD OL=w l} |=R=x@ Ow@tm w |Q=Oxov pm |xv} Ry \UwDt %K
"|UQQ@ CLD |OwHwt sDU}U pm |xv} Ry \UwDt %TCtotal

|v}ov=}t CQwYx@ =yxv} Ry u}= c0(Ss; Sr) w c(Ss; Sr) G=QNDU= |=Q@
s=ovy 'xt=O= QO "OwW|t u=}@ x}=B |OwHwt sDU}U Q_=vDt |=yxv} Ry R= uwRwt
'� '�r |=yQDt=Q=B R= ,=t}kDUt '|OwHwt sDU}U |xv} Ry |v}tND `@=D G=QNDU=
uOQw; CUO x@ QO =yQDt=Q=B u}= ,=a]k OvJQy 'OwW|tv xO=iDU= Lr w hr 'Ls 'hs
|=Q@ "Ow@ Ovy=wN QF-wtxv} Ry |v}tND `@=D QO xH}DvQO w x}=B |OwHwt sDU}U |xv} Ry
1990 p=U QO |O=yvW}B VwQ R= x}=B |OwHwt sDU}U |xv} Ry uOQw; CUO x@
QO xm |} wOwO sDU}U l} `t=H w j}kO `@=D 1993 p=U QO [17]"OwW|t xO=iDU=
xOvvmu}t-=D xD@r= w Ovvm|t xO=iDU= s�=O QwQt sDU}U R= xOvvmu}t-=D w VwQixOQN u;

[19]%OW u=}@ u}vJ CU= TQDUO QO xQ=wty

C = 1
Qs �Qr

Rs+QsX
j=Rs+1

Rr+QrX
k=Rr+1

c(jQr; k) (1)

O=yvW}B 1990 p=U QO xm |WwQ Ovv=t 'Q=DWwv u}= QO xOW xDiQo Q_v QO C=}[Qi
%R= CU= CQ=@a [17]'OW

OL=w l} \ki 'OwW|t OQ=w sDU}U x@ uwU=wB Ov}=Qi j@=]t xm '|QDWt Qy "1
"Ovm|t =[=kD q=m

"OwW|t xO=O MU=B FIFO CQwYx@ Ci=TB |=y=[=kD "2

x}=B |OwHwt sDU}U |xv} Ry `@=D p}rLD w x} RHD
`@=D |x@U=Lt |=v@t [17]1990 p=U QO |O=yvW}B VwQ R= xO=iDU= xm =Hv; R=
Q=Okt |x@U=Lt |ovwoJ =OD@= 'CU= Q=DWwv u}= QO xOWx�=Q= |v}tND |xv} Ry
pOt |v}tND |xv} Ry `@=D TBU w OwW|t u=}@ xOWO=} VwQ QO c(Ss; Sr)
CQ=@a R= xm =HQy VN@ u}= QU=DQU QO "OW Oy=wN x�=Q= Q=DWwv u}= QO xOWx�=Q=
VwQ C=}[Qi =@ |OwHwt sDU}U OwYkt 'OwW|t xOQ@ s=v x}=B |OwHwt sDU}U

"CU= [17]xOWO=}
p=tDL= `} RwD l}�15nvrQ= `} RwD |r=oJ `@=D gSs(t) xm OwW|t ZQi =OD@=
nvrQ= `} RwD 'OW=@ K}LY OOa l} =t=o `} RwD pmW QDt=Q=B x=oQy u;QO xm CU=
|atHD `} RwD `@=D =QGSs(t) u}vJty "CU= Ss w � |=yQDt=Q=B =@ �"OwW|t xO}t=v

%s} Q=O u}=Q@=v@ "s} Q}o|t Q_v QO gSs(t)

gSs(t) = �Ss tSs�1

(Ss � 1)!
e��t (2)

GSs(t) =
1X

k=Ss

(�t)k

k!
e��t (3)

x_Lqt 'xOvvmu}t-=D |=Q@ =[=kD OL=wl} x@ \w@ Qt |Q=Oxov |xv} Ry |x@U=Lt |=Q@
|RmQt Q=@v= QO O}=@ |t=ovy xOv}; QO =[=kD l} x@ \w@ Qt VQ=iU xm OwW|t
|va} 'VQ=iU uO}UQ R= QDQ}O VQ=iU u; |xOvvmhQYt |=[=kD xm OwW |Q=Oxov
j@] x=ov; s}yO u=Wv 
(S0) =@ =Q xv} Ry u}= Qo = u}=Q@=v@ "OUQ@ xOvvmu}t-=D x@ 'L0

%CW=O s}y=wN 4 |x]@=Q


(S0) = hs
Z 1
Ls

(t� Ls)gSs(t)dt (4)
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|rO
t=Q xr�Ut j}kO hOy `@=D 1 |x]@=Q Cr=L u}= QO "OyO|t xOvvmu}t-=D x@ Qr

Qo = 'OUQ|t Rr x@ VwQixOQN |OwHwt C}akwt xm |t=ovy =t= "OyO|t u=Wv
VwQixOQN x@ xOvvmu}t-=D R= QF-wt pkv w ptL u=tR OW=@v TQDUO QO xOvvmu}t-=D
w Lr |=Hx@ L0r R= xO=iDU==@ "L0r = Lr + 1

 %=@ Ow@ Oy=wN Q@=Q@ ,=@} QkD
'CU= xOW xO=iDU= 1 |x]@=Q QO C |x@U=Lt |=Q@ xJv; =@ x@=Wt |WwQ =@
CUO x@ �C0� CU}v TQDUO QO xOvvmu}t-=D xm |Dr=L QO xr�Ut hOy `@=D

"O};|t
`@=D 'OwW|t xO=iDU= Lr |=Hx@ L0r R= hOy `@=D |x@U=Lt QO xm |t=ovy
|iO=YD Q}eDt l} u}ov=}t R=xO=iDU= ' ẁ[wt u}= Cra "CU}v j}kO Qo}O hOy
uOw@v TQDUOQO u=tR COt u}ov=}t 1

 "CU= x]@=Q u}= QO u; OwN |=Hx@
h} QaD 'OUQ|t Rr x@ VwQixOQN |OwHwt C}akwt xm |}x_Lr R= 'xOvvmu}t-=D

"OwW|t
l} |=R=x@ Ow@tm w |Q=Oxov pm |xv} Ry '|]QW Cq=tDL= |xO}= R= xO=iDU= =@

"OwW|t x@U=Lt 18 |x]@=Q CQwYx@ =[=kD OL=w
K = PON � E �uOw@ TQDUOQO Cr=LQO |xv} Ry�+

POFF � E �uOw@v TQDUOQO Cr=LQO |xv} Ry� (18)

l} |=R=x@ Ow@tm w |Q=Oxov pm |xv} Ry u=wD|t 18 =D 16 w 1 \@=wQ R= xO=iDU= =@
"OQm |U} wvR=@ 19 |x]@=Q CQwYx@ =Q =[=kD OL=w

K = �
� +  

�
" 1
Qs �Qr

Rs+QsX
j=Rs+1

Rr+QrX
k=Rr+1

c(jQr; k)

#
+

 
� +  

�
" 1
Qs �Qr

Rs+QsX
j=Rs+1

Rr+QrX
k=Rr+1

c0(jQr; k)

#
(19)

=Hv; R= "OQ=O|t u=}@ =[=kD OL=w l} |=Q@ =Q |v}tND |xv} Ry `@=D 19 |x]@=Q
=Q sDU}U pm |v}tND |xv} Ry `@=D 'CU= �r =@ Q@=Q@ u=tR QO =[=kD u}ov=}t xm

"OQm u=}@ 20 |x]@=Q CQwYx@ u=wD|t

TCtotal = �r
Qs �Qr

" 
�

� +  

Rs+QsX
j=Rs+1

Rr+QrX
k=Rr+1

c(jQr; k)

!
+ 

 
� +  

Rs+QsX
j=Rs+1

Rr+QrX
k=Rr+1

c0(jQr; k)

!#
(20)

|OOa G}=Dv
CLD sDU}U |xv} Ry `@=D |=Q@ xOWx�=Q= u}tND C}i}m VHvU |=Q@ VN@ u}= QO
u}= QO xOW xO=iDU= p�=Ut "OwW|t xO=iDU= |R=Ux}@W C=Oy=Wt R= '|UQQ@
umtt C=@}mQD s=tD R= p�=Ut u}= O}rwD |=Q@ "CU= xOW x�=Q= 1 pwOH QO VN@
QO "CU= xOW xO=iDU= �� =5'20 w �r =0 1'1 &Qs =1'4 &Qr =1'4�
w  = 0 5 &hs = 0 1 &hr = 1 &Lr = Ls = 1 Q}O=kt p�=Ut u}= s=tD

"Ov=xOW ZQi C@=F CQwYx@ � = 0 05
xOvvmu}t-=D VQ=iU |x]kv |xv}y@ *Q}O=kt w xv}y@ *hOy `@=D xr�Ut Qy |=Q@
uDi=} |=Q@ "CU= xOW x@U=Lt |v}tND |xv} Ry `@=D R= xO=iDU= =@ VwQixOQN w
|DWoR=@ VwQ R= VwQixOQN w xOvvmu}t-=D VQ=iU |x]kv 'hOy `@=D |xv}y@ Q}O=kt

QO |Q=Oxov |xv} Ry `tH R= x}=B |OwHwt `t=H sDU}U |xv} Ry xm u}= x@ xHwD=@
u}=Q@=v@ 'O};|t CUO x@ VwQixOQN QO Ow@tm w |Q=Oxov |xv} Ry w xOvvmu}t-=D
w Ss xOvvmu}t-=D VQ=iU |x]kv xm |Dr=L QO '=Q x}=B |OwHwt sDU}U pm |xv} Ry
[17]"OQm u=}@ 12 |x]@=Q CQwYx@ u=wD|t 'CU= Sr VwQixOQN VQ=iU |x]kv
c(Ss; Sr) = �Sr (Ss) + 
(Ss) (12)

" Qo = "OwW|t ẁQW 13 |x]@=Q j@=]t �Ss Q=Okt uOQm =O}B =@ |R=Uxv}y@ Ov}=Qi
[17]%x=ov; 'OW=@ lJwm C@Ft Q=Okt l}

G �Ss(Ls) < " (13)

[17]"OwW|t x@U=Lt 15 w 14|DWoQ@\@=wQ R= xO=iDU= =@ �Sr (Ss) Q=Okt u}vJty
�Sr (Ss � 1) = �Sr�1(Ss) +

�
1�GSs(Ls)

���
�Sr (0)� �Sr�1(0)

�
(14)

�0(Ss) = GSs(Ls)�Ls �GSs+1(Ls)�
Ss
�

+ �Lr (15)

Q=DWwv u}= QO |UQQ@ OQwt |xr�Ut |[=} Q pOt
COt 'OW=@v TQDUO QO xOvvmu}t-=D xm |t=ovy '|UQQ@ OQwt |OwHwt sDU}U QO
u=tR C@=F Q=Okt `tH R= L0r "Ow@ Oy=wN L0r w Lr ?}DQDx@ pkvwptL u=tR
QO u=tR u}ov=}t w �OW=@ TQDUO QO Qo =� VwQixOQN w xOvvmu}t-=D u}@ pkvwptL
CLD sDU}U QO xOvvmu}t-=D Cr=L "O};|t CUO x@ � 1

 � xOvvmu}t-=D uOw@v TQDUO
xOvvmu}t-=D Cr=L 1 pmW "Ow@ Oy=wN xDUw}B u=tR hwmQ=t |xQ}HvR l} |UQQ@

"OyO|t u=Wv |UQQ@ OQwt |OwHwt sDU}U QO =Q
�POFF � uOw@v TQDUO QO w �PON � uOw@ TQDUO QO |OL Cq=tDL= %1 x}[k

%OwW|t x@U=Lt 17 w 16 |=yx]@=Q j@=]t xOvvmu}t-=D
PON = �

� +  
(16)

POFF =  
� +  

(17)

CUO x@ Q} R u=tRty CqO=at pL =@ w |oO=Ux@ POFF w PON Cq=tDL=
[20]"O};|t8<:� � PON =  � POFF

PON + POFF = 1
Rr x@ VwQixOQN |OwHwt C}akwt xm |t=ovy 's�=O QwQt CU=}U T=U=Q@
|xR=Ov=x@ VQ=iU l} VwQixOQN 'OW=@ TQDUO QO xOvvmu}t-=D xJv=vJ OUQ|t

"xOvvmu}t-=D Cq=L hwmQ=t Q=Owtv "1 pmW
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|Oy
tO}U R= xOt; CUO x@ Q}O=kt =@ hOy `@=wD |=Q@ xOt; CUO x@ Q}O=kt 'xwqax@

|v}tND xv} Ry `@=D |=]N jr]t QOk Q}O=kt w xOW xU}=kt |R=Ux}@W C=Oy=Wt
p�=Ut jr]t QOk u}ov=}t R}J=v Q=Okt "CU= xOW x�=Q= 2 pwOH sWW uwDU QO
sDU}U |=Q@ xOWx�=Q= u}tND xm Oy|t u=Wv Q=DWwv u}= QO |UQQ@ OQwt |}xvwtv

"Ovm|t pta |WwBsWJ p@=k |}=]N =@ |UQQ@ CLD |OwHwt

|Q}oxH}Dv
OQwt u}t-=D QOC}a]k sOa =@ x=Qty `t=H |} wOwO u}t-=D |xQ}HvRl} Q=DWwv u}= QO
|OwHwt |=ysDU}U |wQ uwRwt u}ov=}t |xO}= R= xO=iDU= =@ "CiQo Q=Qk |UQQ@
xm OyO|t u=Wv Kw[wx@ '|OOa |=yp=Ft "CU= xOW x�=Q= xv} Ry |v}tND `@=D 'x}=B
|xr�Ut 16 R= l} I}y QO 'xm |Qw]x@ Ovm|t pta |r=a Q=}U@ xOWx�=Q= u}tND
x@ �0 21 pO=at |}=]N u}ov=}t w 'OUQ|tv �1 x@ =]N |UQQ@ OQwt |}xvwtv

"O};|t CUO
`t=H |tDU}U ' ẁ[wt C=}@O= QO Q=@u}rw= |=Q@ Q=DWwv u}= 'OW xQ=W= xm u=vJ
COt 'u}vJty "CU= xO=O Q=Qk |UQQ@ OQwt CU= u�t]t=v u; u}t-=D Ov}=Qi xm =Q
=@ xyH=wt s=ovy pta QO xm =Hv; R= "CU= QiY Q}e |iO=YD Q}eDt l} p} wLD
'OwW|t xO=iDU= |a@vt OvJ CU=}U R= u}t-=D QO C}a]k sOa |=Q=O |=ysDU}U
OvJ =} wO Cr=L QO u}t-=D QO C}a]k sOa |=Q=O xJQ=Bl} |=ysDU}U |UQQ@
OvJQy 'Q=DWwv u}= QO xOWx�=Q= pOt "CU= xOv}; |=Q@ OvtWRQ= |k}kLD |a@vt
|D; C=k}kLD |=Q@ |U=U= Ov=wD|t 'CU=xOQm |UQQ@ =Q |} wOwO pOt l} xm

"OW=@

"|}xvwtv p�=Ut "1 pwOH
� �r Qs Qr xr�Ut xQ=tW
5 0 1 1 1 1
20 0 1 1 1 2
5 1 1 1 3
20 1 1 1 4
5 0 1 4 1 5
20 0 1 4 1 6
5 1 4 1 7
20 1 4 1 8
5 0 1 1 4 9
20 0 1 1 4 10
5 1 1 4 11
20 1 1 4 12
5 0 1 4 4 13
20 0 1 4 4 14
5 1 4 4 15
20 1 4 4 16

|R=Ux}@W QO ,=vt[ "CU= xOW xO=iDU= [17]1990 p=U |O=yvW}B VwQ QO xOWx�=Q=
|R=Ux}@WCa=U 10000 pO=at |R=Ux}@W |xOy=Wt Qy |=Q@ =QH= u=tR |xr�Ut
sDU}U uOWsQo u=tR |R=Ux}@W |=Q@ Ca=U 200 u}vJty w xOW xDiQo Q_v QO

"CU= xOW xDiQo Q_v QO

"xOW x�=Q= |v}tND xv} Ry `@=D |=]N w |OOa G}=Dv "2 pwOH
=]N jr]t QOk |R=Ux}@W xv} Ry `@=D |v}tND xv} Ry `@=D R�s R�r xr�Ut xQ=tW

0 00757 1 00436 1 01196 0 �1 1
0 00859 1 63369 1 61965 0 0 2
0 00289 3 06478 3 05591 4 1 3
0 00296 4 39046 4 37747 5 2 4
0 00236 1 10659 1 10395 0 �1 5
0 00073 1 75388 1 75261 0 0 6
0 00023 3 12227 3 12155 4 0 7
0 00113 4 43705 4 44208 5 1 8
0 00156 1 79982 1 80263 �1 �1 9
0 00006 2 50938 2 50952 0 �1 10
0 00299 3 58381 3 59451 2 0 11
0 00179 4 98697 4 97804 4 0 12
0 00006 2 32021 2 32036 �1 �1 13
0 00046 3 04498 3 04638 0 �1 14
0 00012 3 99710 3 99662 3 �1 15
0 00014 5 56882 5 56957 4 �1 16

0 0021029 %=]N jr]t QOk u}ov=}t
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1. supplier
2. decision making
3. supply chain
4. outsourcing
5. 
exibility
6. uncertainty
7. reliable supplier
8. economic order quantity
9. instantaneous
10. backorder
11. outstanding
12. lost sale
13. exponential distribution
14. dyadic
15. erlang distribution
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