
�13
97

u=DU
@=D�

'h}
QWC

}Q}O
tw

`}=v
Y

|U
Ovyt

35
�27

"X
'1/

2|
xQ=t

W'
34

�1
|xQ

wO

O
ri

gi
na

lA
rt

ic
leQO =@ xOvWwQi \UwD |OwHwt C} Q}Ot pOt

u=WwQixOQN Q=@v= u}@ q=m p=kDv= uDiQo Q_v
VwQixOQN OvJ w xOvvmu}t-=D l} OwHw =@

�OWQ= |U=vWQ� |wHWv=O� �|v=oH=@ |v=tR uUL
�O=DU=� Q�wH |Q@m = =[QOtLt

h} QW |DavY x=oWv=O '`}=vY |UOvyt xOmWv=O

VQ=iU p=UQ= u=tR w Q=Okt u}}aD |=Q@ sw=Ot |OQm} wQ xOvWwQi \UwD |OwHwt C} Q}Ot
w u=WwQixOQN u}@ C=aq]= pO=@D =@ xm CU= xOvvmu}t-=D \UwD u=WwQixOQN x@

=@ 1 (EOQ) sDU}U T=U= Q@ O}OH |rOt VywSB u}= QO "OQ}PB|t s=Hv= xOvvmu}t-=D
|OwHwt C} Q}Ot |xr�Ut x@ u=WwQixOQN Q=@v= u}@ q=m |}=Hx@=H u=mt= \QW uOwRi=

ptL w |OwHwt |=yxv} Ry Q@ u; QF= |UQQ@ x@ TBU w OwW|t xO=O xaUwD xOvWwQi \UwD
|v=WwQixOQN ?=NDv= w xv}y@ VQ=iU Q=Okt uOQw; CUO x@ hOy "OwW|t xDN=OQB pkv w
x@ OvwW ?=NDv= Qo}O u=WwQixOQN x@ q=m p=kDv= |=Q@ x]U=w u=wva x@ Ovv=wD|t xm CU=
uDiQo Q_v QO =@ xOW x�=Q= pOt "OwW xv}tm pkv w ptL w |OwHwt |=yxv} Ry xm |}xvwo

w |OwHwt |=yxv} Ry |xU}=kt w CU= xOW pL LINGO R= xO=iDU= =@ VwQixOQN 30
xm OyO|t u=Wv u=WwQixOQN u}@ q=m |}=Hx@=H ZQi uDiQo Q_v QO =@ pkv w ptL

"Ov@=}|t Vy=m |rw@k p@=k CQwY x@ =yxv} Ry

hasanzamani67@yahoo.com
reza.akbari@sharif.edu

'xOvWwQi \UwD |OwHwt C} Q}Ot 'u}t-=D |xQ}HvR C} Q}Ot %|O}rm u=oS=w
"VwQixOQN OvJ 'xDUw}B |OwHwt pQDvm 'q=m 1p=kDv=

xtOkt "1
VwQixOQN |DL w xOvvmu}t-=D 'xOvvmO}rwD x@ j} Q] u}= R= w OyO|t |Y=N
K]U 'Ovvm |R=UxO=}B s_vt Qw]x@ =Q OwN O}rwD |xt=vQ@ Ovv=wD@ =D Ovm|t ltm
xQ}NP |OwHwt w 'OvWN@ Ow@y@ =Q |r=t VOQo 'OvyO Vy=m =Q OwN |OwHwt
|UQQ@ x@ Ov=wD|t xOvvmO}rwD 'QD|�RH C=aq]= uDW=O =@ |DL "Ovvm xv}y@ =Q
|=yxQ}HvR Q=tW|@ |=yOQ@ Q=m Q@ x}mD =@ Q[=L p=L QO "OR=OQB@ |QDWt Q=DiQ
|OwHwt C} Q}Ot swyit '|y=oWwQi |=yu=mt QO |OwHwt C} Q}Ot |=Q@ x[Qa
xDi=} |Q=}U@ OQ@ Q=m |Q=OQ=@v= K]U QO sy w `} RwD K]U QO sy xOvWwQi \UwD

"CU=
CQwY u}= x@ 1958 p=U QO |ot \UwD VMI x}rw= |twyit Q=DN=U
#OW=@ xDW=O xOya Q@ =Q =y|OwHwt pQDvm C}rw�Ut O}=@ |Um xJ %xm OW KQ]t
u}= "Ci=} xaUwD 90 |xyO |] |ak=w CQwY x@ VMI swyit x@ xkqa |rw
p=U 35 xm |}xvwo x@ "CU= xOQmv |UwULt Q}}eD =yxyO CWPo =@ swyit
x�=Q= VMI |=Q@ KQW u}O@ |y@=Wt h} QaD �1993� wv}m =B=m 'h} QaD u}= R= Oa@
|=yQ=@v= QO |OwHwt K]U xOvvmu}t-=D u; QO xm CU= |}xt=vQ@ VMI %OQm
C}rw�Ut T=UL= u; p}tmD w |v} Ro}=H OQwt QO w Ovm|t pQDvm =Q u=} QDWt
=@ w VMI |r@k h} Q=aD Zkv uwO@ po =i '1996 p=U QO u}vJty "Ovm|t

|}xOQDUo Qw]x@ VwQi w O}rwDhrDNt |=yxRwL QO |OwHwt pQDvm |=ypOt xRwQt=
|OwHwtC} Q}Ot w |OwHwt pQDvmEL@ QO s}y=it u} QDhwQat R=|m} "OvQ=O OQ@ Q=m
CyH QO x[Qa |=yxQ}HvR QO =Q |tyt Vkv Ov=wD|t xm CU= xOvWwQi \UwD
p}YiD x@ xr=kt u}= QO xm OW=@ xDW=O |yOCtON K]U V}=Ri= w =yxv} Ry Vy=m

"CU= xOW xDN=OQB u; x@
CQwY x@ u=wD|t =Q xOvWwQi \UwD |OwHwt C} Q}Ot Ov}=Qi |rm Qw]x@
x@ \w@ Qt C=aq]= |=v@t Q@ =Q O} QN |=yVQ=iU OwN 'xOvvmu}t-=D xm |R=mwR=U
CQ=@a x@ "CiQo Q_v QO 'OyO|t s=Hv= |O=YDk= x=ov@ |=Q@ u=} QDWt |=[=kD
xm CUq=m |v} Ro}=H OQo?ka pOt l} xOvWwQi \UwD |OwHwt C} Q}Ot 'Qo}O
pOt u}= QO "OQ=O xOya Q@ =Q u=} QDWt |=[=kD x@ |} woNU=B C}rw�Ut 'xOvvmu}t-=D
'Ovm |yOVQ=iU x@ s=Ok= w pQDvm =Q OwN |OwHwt u=R}t |QDWt xmv; |=H x@

"OyO|t s=Hv= =Q Q=m u}= xOvvmu}t-=D
C}i=iW OwW|t s=Hv= x[Qa |xQ}HvR |] QO xm |D=}rta x@ 2 VMI swyit

pw�Ut xOvU} wv �
"1395 7 5 VQ}PB '1395 5 18 x}LqY= '1394 7 18 Ci=} QO %M} Q=D

DOI:10.24200/J65.2018.5602



"""x
OvW

wQi
\U

wD|
OwH

wtC
}Q}O

tp
OtOvR=OQB|t u}t-=D |xQ}HvR QO |OwHwt |=yxv} Ry uOQm xv}tm x@\ki VMI |xv}tR

CQwY x@ pkv w ptL w |OwHwt |=yxv} Ry uOQm xv}tm x@ j}kLD u}= QO xm
=yVwQixOQN u}@ |xrY=i xmv}= p}rO x@ Qo}O hQ] R= "OwW|t xDN=OQB xJQ=Bm}
xOW ^=Lr pOt QO pkv w ptL |x@U=Lt |=Q@ |rt=a u=wva x@ xOvvmu}t-=D w
xv}tm =Q |OwHwt w pkv w ptL |=yxv} Ry ẁtHt xm s}DUy |Q}Ut p=@vO x@ 'CU=
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gij � 1; i = 1; 2; : : : ; n (10)

x}rkv |xr}Uw R= xO=iDU= C}OwOLt "3"3"2
u}@ xOW ?=NDv= |xv}y@ |=yVQ=iU xm CU= u}= |xOvvmu=}@ C}OwOLt u}=

%Ov=p=kDv= p@=k 2w 1 ẁv |x}rkv |=yxr}Uw =@ \ki xOvvmu}t-=D w u=WwQixOQN
lij +Wij = 1; for j = 1 : : : n (11)

|Q=Oyov |=yxv} Ry%TH
|yOVQ=iU |=yxv} Ry %TA

Ow@tm |=yxv} Ry %Ts
pkv w ptL |=yxv} Ry %TCtr
s=i Q=O} QN VQ=iU Q=Okt %Qi

xQwO l} pw] QO xOvvmu}t-=D |xv}y@ pm}U %T
xOvvmu}t-=D =} j VwQixOQN w iVwQixOQN u}@ q=m p=kDv= |=Q@l} w QiY Q}eDt %gij
=} i VwQixOQN w j VwQixOQN u}@ VQ=iU p=kDv= |=Q@ l} w QiY Q}eDt %Lij

1 |x}rkv |xr}Uw \UwD xOvvmu}t-=D
=} i VwQixOQN w j VwQixOQN u}@ VQ=iU p=kDv= |=Q@ l} w QiY Q}eDt %Wij

2 |x}rkv |xr}Uw \UwD xOvvmu}t-=D
%Q=O} QN Qy s}kDUt |=[=kD Q=Okt %Fi

Fi = Ri � g�ijRi +
nX
i=1

g�ijRi (1)

Q=O} QN Qy s}kDUt Q}e |=[=kD Q=Okt %Xi

Xi = Ri � g�ijFi +
nX
i=1

g�ijFi (2)

pOt |=yxv} Ry |x@U=Lt "2"2
|yOVQ=iU |=yxv} Ry R= pw= CtUk %CU= xOW p}mWD CtUk xU R= hOy `@=D
|=yxv} Ry Qov=}@ hOy `@=D swOCtUk "CU= xOW p}mWD u=WwQixOQN w xOvvmu}t-=D
pt=W =Q pkv w ptL |=yxv} Ry swU CtUk "CU= u=WwQixOQN |Q=Oyov w Ow@tm
xOW p}mWD x}rkv |xr}Uw Qy |=R= x@ Q}eDt w C@=F |xv} Ry VN@ wO R= xm OwW|t
<RH Qy x@ xOQ=w VQ=iU Q=Okt s}UkD K}LY <RH R= x}rkv |xr}Uw O=OaD "CU=
Q}eDt |=yxv} Ry w O};|t CUO x@ l} xi=[= x@ x}rkv |xr}Uw C}iQ_ Q@ xQ}HvR

"CU= Q}Ut OL=w Qy |=R= x@ Q}eDt |xv} Ry QO xrY=i ?Q[ pY=L
|=yxv} Ry ẁtHt Q@=Q@ xv=}r=U|=yxv} Ry xOW x�=Q= |=yO=tv w C=}[Qi x@ xHwD =@
swyit T=U= Q@ xOW O=H}= |R=UpOt xmv}= |=Q@ &CU= xOvvmu}t-=D w u=WwQixOQN
xDW=Po xOvvmu}t-=D |xOya Q@ u=WwQixOQN |OwHwt |=yxv} Ry OQ}PB CQwY VMI

|=yxv} Ry w OwW|t QiY Q@=Q@ u=WwQixOQN |OwHwt |=yxv} Ry u}=Q@=v@ "CU= xOW
"OwW|t x@U=Lt Q} R CQwY x@ xOvvmu}t-=D |OwHwt

|yOVQ=iU |xv=}r=U |xv} Ry "1"2"2
w xOvvmu}t-=D |yOVQ=iU |=yxv} Ry ẁtHt |yOVQ=iU |xv=}r=U |xv} Ry
|yOVQ=iU |xv} Ry =Hv}= QO &CU= u=WwQixOQN |yOVQ=iU |=yxv} Ry ẁtHt
Q}eDt =@ w OQ=O OwHw|}=Hx@=H xm OwW|t xDiQo Q_v QO|v=WwQixOQNu}@ u=WwQixOQN
%R=CU= CQ=@a |yOVQ=iU xv=}r=U |xv} Ry 'u}=Q@=v@ "OwW|tXNWtl} w QiY

TA =
nX
i=1

As1
T

+
nX
i=1

nX
j=1

g�ij(
ABij
T

) (3)

Ow@tm w |Q=Oyov |xv=}r=U |xv} Ry "2"2"2
CQ=@a x@ xmv}= xHwD =@ �7 |x]@=Q� Ow@tm w |Q=Oyov |=yxv} Ry ẁtHt =Hv}= QO
QO Ow@tm \UwDt Qov=}@ (Q�q)2

2�Q CQ=@a w p=U QO |OwHwt \UwDt Qov=}@ q
2�Q
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Ovyt =@ hOy `@=D u}=Q@=v@ %CU= xOW xDiQo Q_v QO |yOVQ=iU |=yxv} Ry u=ty =Hv}=
"OwW|t Q} R CQwY x@ =yC}OwOLt Q}=U uDiQo Q_v QO

F (x) =
nX
j=1

g�ijABij

ST :
nX
i=1

gij = 1; j = 1; 2; : : : ; n
nX
i=1

gij � 1; i = 1; : : : ; n (15)

x@ =Q T w s}vm|t |Q=Po|=H Q} R |x]@=Q QO =Q xOt; CUO x@ gij jwi pOt pL =@
%s} Qw;|t CUO

T '

vuuuuut 2�(AS +
nP
i=1

g�ijABij)
nP
i=1

Ri�(Si+hi)2�h�i Si + X�i (Si+hi)
2�h�i Si

(16)

%s}vm|t xv}tm =Q pkv w ptL |=yxv} Ry Q} R pOt QO T |Q=Po|=H =@

TCS1 =
nX
i=1

As1
T

+
nX
i=1

nX
j=1

g�ij(
ABij
T

)

+
nX
i=1

(R�T �h�S2)
2�(h+ S)2 + (R�i T �S�h2)

2�(h+ S)2Xn

i=1
Xn 1

T �l�ij([X�i TV1 ]+1)�(B1+e�1 Zij)
j=1 1

T �W�ijg�ij([Xi� TV2 ]+1)�(B2+e�2 Zij)

lij +Wij = 1; for j = 1 : : : n (17)

|OOa p=Ft "1"3
OL=w |Q=Oyov w Ow@tm |=yxv} Ry w =[=kD Q=Okt pL G}=Dv w =yQDt=Q=B 2 pwOH QO
Ci=} QO V} wQO |xr=kt R= x}rw= C=aq]= "CU= xOt; VwQixOQN 30 |=Q@ q=m
30� 30 T} QD=t l} u=WwQixOQN u}@ |yOVQ=iU |=yxv} Ry w [7]CU= xOW
|=yxv} Ry Qov=Wv w CU= T} QD=t s=j uwDU R= s=i Q]U Aij(i 6= j) xm CU=
Ci=} QO q=m s= j VwQixOQN R= s= i VwQixOQN xm |v=tR QO CU= |yOVQ=iU
xOvvmu}t-=D R= s=iVwQixOQN xm CU= |Dr=L QO |yOVQ=iU |=yxv} Ry Aii w Ovm
&CU= xOW xDiQo V} wQO |xr=kt R= |yOVQ=iU |=yxv} Ry "Ovm Ci=} QO q=m
R= VwQixOQN l} xm |v=tR q=m |yOVQ=iU |=yxv} Ry xm CU= u; Q@ ZQi
u}=Q@=v@ "Ovm|t |wQ}B CN=wvm} `} RwD R= Ovm|t Ci=} QO q=m Qo}O VwQixOQN
|wQ}B U(0; 2M) CN=wvm} `} RwD l} R= |iO=YD CQwY x@ Aij(i 6= j)

pY=wi u}vJty "CU= xOW x�=Q= CN=wvm} `} RwD u}ov=}t M u; QO xm Ovm|t
xOW xDiQo Q_v QO U(50; 200) u}@ CN=wvm} `} RwD T=U= Q@ xQ}HvR |=RH= u}@

"CU=
Q=Ri=sQv R= xO=iDU= =@ AS1 = 4; 40; 400; 4000 Cq=L |=Q@ xr�Ut
Cq=L w VwQixOQN 30 =D 2 R= |=Q@ l}miD x@ G}=Dv xm CU= xOW pL LINGO

G}=Dv u}vJty "CU= xOW x�=Q= pL G}=Dv w =yQDt=Q=B %2 pwOH QO ASI = 4; 40
x�=Q= 3 pwOH QO AS1 = 4; 40; 400; 4000 Cq=L |=Q@ =yxv} Ry ẁtHt |rm
pwOH QO p}YiD x@ s} Q=O VwQixOQN 8 xm |Dr=L |=Q@ pL G}=Dv w CU= xOW
Ov@=}|t p=kDv= 1 pkv w ptL |xr}Uw =@ xm |}=yq=m %5 pwOH QO "CU= xOt; 4

|}=yv pOt "4"2
pmW x@ |}=yv pOt p@k CtUk QO xOW x�=Q= |=yxv} Ry w =yC}OwOLt x@ xHwD =@

%OwW|t h} QaD Q} R
TCVMI =

nX
i=1

As1
T

+
nX
i=1

nX
j=1

gij � (ABij
T

)

+
nX
i=1

(R�T �h�S2)
2�(h+ S)2 + (R�i T �S�h2)

2�(h+ S)2

+
Xn

i=1
Xn 1

T
�lij�g�ij([X�i TVi ]+1)�(B1+e�1 Zij)

j=1 1
T �W�ijg�ij([X�i TV2 ]+1)�(B2+e�2 Zij)

(12)

ST :
nX
j=1

gij = 1; i = 1; 2; : : : ; n

Lij +Wij = 1 ; for j = 1 : : : n
|x]@=Q QO w O};|t CUO x@ Q} R pmW x@ T Q=Okt 11 |x]@=Q R= uDiQo jDWt =@

%OwW|t pL pOt w xOW xO=O Q=Qk p@k
@TCVMI

@T
= 0)

T '

vuuuuut 2�(AS +
nP
i=1

g�ijABij)
nP
i=1

Ri�(Si+hi)2�h�i Si + X�i (Si+hi)
2�h�i Si

(13)

pL OQm} wQ "3
u}= pL |=Q@ "CU= K}LY OOa |]NQ}e |R} Qxt=vQ@ pOt l} xOW x�=Q= pOt

"CU= xOW xO=iDU= LINGO Q=Ri=sQv R= pOt
pL Cr=L xU |=Q@ =Q VMI |xr�Ut xOW x�=Q= |=y?=wH |xU}=kt |=Q@

%s}vm|t
pL q=m |}=Hx@=H u=mt= C}OwOLt uDiQo Q_v QO uwO@ =Q xr�Ut %pw= VwQ

%R= CU= CQ=@a hOy `@=D xm s}vm|t

TCS1 =
nX
i=1

As1
T

+
nX
i=1

nX
j=1

g�ij(
ABij
T

)

+
nX
i=1

(R�T �h�S2)
2�(h+ S)2 + (R�i T �S�h2)

2�(h+ S)2 +Xn

i=1
Xn 1

T �l�ij([X�i TV1 ]+1)�(B1+e�1 Zij)
+j=1 1

T �W�ijg�ij([Xi� TV2 ]+1)�(B2+e�2 Zij)
(14)

pL =Q |}=yv pOt `k=w QO w xr=kt QO xOW x�=Q= pOt VwQ u}= QO %swO VwQ
Vy=m Qw_vt x@ %swU VwQ "OwW|t xDiQo Q_v QOTCS3 2 pwOH QO xm s}vm|t
x�=Q= pOt QO Q=PoQF= |=ypt=a xmv}= x@ xHwD =@ CtUk u}= QO |}=yv pOt pL u=tR
?r=k QO xr�Ut 'CU= u=WwQixOQN u}@ |yOVQ=iU |=yxv} Ry swO VwQ QO xOW
QO =yQyW u}@ |xrY=i xm Cw=iD u}= =@ OwW|t xDiQo Q_v QO TSP |xr�Ut l}
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"pL G}=Dv w =yQDt=Q=B "2 pwOH
AS1 = 40 AS1 = 4 Si Hi Ai Di VwQixOQN

TCS3 TCS2 TCS1 TCS3 TCS2 TCS1 1 75 6 5 11 2570 1
1192 44 1199 542 1075 305 855 09 855 09 770 5624 3 10 40 1850 2
1596 17 1854 338 1596 17 1349 01 1479 3 1349 01 1 75 8 35 1600 3
2253 439 2569 17 2649 736 2008 471 2169 436 2460 469 8 18 80 600 4
2772 292 3220 829 3748 026 2451 124 2659 04 3571 625 2 5 9 45 2300 5
2948 055 3155 347 4573 802 2481 669 2514 293 4413 267 2 8 5 30 1300 6
3411 938 5961 283 6375 13 2904 388 3201 321 6232 267 2 7 90 3200 7
3974 283 4416 744 8453 995 3422 054 3671 793 8325 064 2 75 7 5 100 2500 8
4555 393 4990 409 10469 89 3994 101 4261 947 10351 66 3 8 90 1900 9
5318 155 5686 017 13621 32 4730 181 4940 252 13508 21 2 5 120 5900 10
6202 855 6607 987 16882 98 5614 644 5883 947 16775 27 4 8 120 2900 11
5955 295 6247 827 18986 84 5296 506 5427 825 18885 58 3 75 9 75 1100 12
7461 39 8070 977 22763 06 6797 25 7222 723 22666 88 1 5 4 140 6800 13
26447 05 8424 333 26447 05 7236 344 7539 16 26356 99 2 7 5 150 3400 14
8606 116 9080 599 30712 77 7902 633 8183 423 30626 54 2 5 6 150 4200 15
8241 166 8668 724 36010 76 7430 596 7677 791 35928 74 2 5 6 5 200 4700 16
8723 867 9205 369 39026 11 7939 459 8256 688 38947 72 6 14 100 700 17
9245 014 10018 89 42992 83 8473 703 9070 887 42917 46 2 6 5 130 3300 18
9863 79 10653 49 47123 53 9096 434 9721 991 47051 56 1 5 7 150 3400 19
11140 31 11942 56 52790 08 10373 32 11031 43 52719 54 2 5 4 160 6000 20
12208 51 12977 13 58749 8 11423 76 12059 41 58681 76 1 5 3 200 7600 21
13230 82 13865 08 66003 04 12381 44 12885 95 65936 65 2 5 4 220 6950 22
13735 88 14310 63 71679 61 12856 34 13302 9 71613 87 3 25 6 120 4350 23
14836 1 15440 06 79099 04 13963 98 14443 28 79034 56 3 6 200 5400 24
15818 19 16437 86943 18 14953 13 15453 01 86880 58 3 5 5 240 4900 25
16024 39 16484 76 91056 22 15159 29 15506 38 90995 6 3 5 9 120 850 26
16359 34 16770 27 103123 1 15470 38 15767 78 103066 1 3 5 5 500 5100 27
17323 36 17713 81 118359 5 16423 05 16705 48 118306 6 2 5 4 5 700 6550 28
18039 34 18385 04 125735 17115 95 17355 76 125684 3 0 5 2 300 8200 29
18735 2 19609 28 141251 5 17808 04 18600 53 141204 1 2 3 5 750 6900 30

"Cr=L 3 QO VwQixOQN 30 ẁtHt |=yxv} Ry |xU}=kt "3 pwOH
AS1 = 4000 AS1 = 400 AS1 = 40 AS1 = 4

TCS3 TCS2 TCS1 TCS3 TCS2 TCS1 TCS3 TCS2 TCS1 TCS3 TCS2 TCS1

861247 9 1204847 1549901 405304 453369 13546776 267674 281933 1328299 247912 257848 1325263 |=yxv} Ry `tH
VwQixOQN 30

0 556 0 777 0 299 0 335 0 202 0 212 0 187 0 195
xv} Ry OYQO
Cr=L x@ C@Uv
|}=Hx@=H uwO@
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Ovyt pwOH QO w Ov@=}|t p=kDv= 2 pkv w ptL |xr}Uw =@ xm |}=yq=m %6 pwOH QO w
|=Q@ |OOa p=Ft "Ov=xOW x O=O u=Wv VwQixOQN 8 |=Q@ s}tYD |=yQ}}eDt %7
R= i VwQixOQN xm CU= swyit u}= x@ (gij = 1) '4 pwOH QO %VwQixOQN 8
q=m xOvvmu}t-=D R= i VwQixOQN |va} (gii=1) w Ovm|t Ci=} QO q=m j VwQixOQN

"Ovm|t Ci=} QO
\UwD 'OwHw CQwY QO j x@ i VQ=iU p=kDv= |va} (lij = 1) '5 pwOH QO

"OwW|t s=Hv= 1 ẁv x}rkv xr}Uw
Wij = 1 Ov@=}}t p=kDv= 2 pkv w ptL |xr}Uw =@ xm |}=yq=m %6 pwOH QO
s=Hv= 2 ẁv |x}rkv |xr}Uw \UwD OwHw CQwY QO j x@ i VQ=iU p=kDv= |va}

"OwW|t

pL |@=} RQ= "4
=D VwQixOQN 2 R= u=WwQixOQN O=OaD xm |]}=QW QO p=Ft 116 |=Q@ xOW x�=Q= pOt
AS1 = 4; 40; 400; 4000 |=yCr=L |=Q@ w Ovm|t Q}}eD VwQixOQN OOa 30
Vy=m QF=CU= sm u=WwQixOQN O=OaD xm|]}=QW QO pL G}=Dv |xOy=Wt =@ "OW pL
x@ C@Uv u=WwQixOQN Q=@v= u}@ q=m |}=Hx@=H uDiQo Q_v QO =@ |OwHwt |=yxv} Ry
'u=WwQixOQN O=OaDV}=Ri= =@ |rw &CU}v Twtrt 'CU}v R=Ht |}=Hx@=H xm |Dr=L
Kw[w x@ 'OwW|t xOy=Wt 1 pmW QO xm Qw]u=ty |OwHwt |=yxv} Ry Vy=m QF=
u=WwQixOQN O=OaD xm |Dr=L |=Q@ \ki xOW pL |=yp=Ft |=Q@ "OwW|t XNWt
xvwoI}y xm CU= |Dr=L R= QDO@ pOt pkv w ptL w |OwHwt |xv} Ry CU= 2
pL |=yp=Ft OYQO 97 QO xOW x�=Q= pOt u}=Q@=v@ "OwWv xDiQo Q_v QO |}=Hx@=H

"OwWv xDiQo Q_v QO |}=Hx@=H xvwoI}y xm Ovm|t pta |Dr=L R= QDy@ xOW
xOy=Wt 1 pmW w AS1 = 4; 40; 400 |=Q@ xOW x�=Q= G}=Dv |@=} RQ= =@
C@Uv xOvvmu}t-=D |yOVQ=iU |=yxv} Ry xm |v=tR q=m |}=Hx@=H u=mt= xm OwW|t

"AS = 4 |=Q@ |OwHwt |=yxv} Ry l}miD "1 pmW

"q=m Ci=} QO |=Q@ =yxQo \=@DQ= "4 pwOH
8 7 6 5 4 3 2 1 gij
0 0 0 0 0 0 0 1 1
0 0 0 1 0 0 0 0 2
0 0 0 0 0 1 0 0 3
0 0 1 0 0 0 0 0 4
0 0 0 1 0 0 0 0 5
0 0 0 1 0 0 0 0 6
0 0 0 0 0 1 0 0 7
0 0 0 1 0 0 0 0 8

"Ov@=}|t p=kDv= 1 pkv w ptL |xr}Uw =@ xm |}=yq=m "5 pwOH
8 7 6 5 4 3 2 1 Lij
0 0 0 0 0 0 0 1 1
0 0 0 1 0 0 0 0 2
0 0 0 0 0 0 0 0 3
0 0 1 0 0 0 0 0 4
0 0 0 0 0 0 0 0 5
0 0 0 1 0 0 0 0 6
0 0 0 0 0 0 0 0 7
0 0 0 0 0 0 0 0 8

"Ov@=}|t p=kDv= 2 pkv w ptL |xr}Uw =@ xm |}=yq=m "6 pwOH
8 7 6 5 4 3 2 1 Wij

0 0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 0 2
0 0 0 0 0 1 0 0 3
0 0 0 0 0 0 0 0 4
0 0 0 1 0 0 0 0 5
0 0 0 0 0 0 0 0 6
0 0 0 0 0 1 0 0 7
0 0 0 1 0 0 0 0 8

"VwQixOQN 8 |=Q@ s}tYD |=yQ}eDt "7 pwOH
X F Q T Retailer

2570 2570 107 5752 1
1850 1850 77 43737 2
4800 4800 66 97286 3
600 600 25 11482 0 041858 4
8550 7950 96 27349 5
1900 1900 54 41545 6
3200 3200 133 9457 7
2500 2500 104 6451 8

33



"""x
OvW

wQi
\U

wD|
OwH

wtC
}Q}O

tp
Ot|=[=kD uOQm hQ]Q@ |=Q@ Ovv=wD|t u=WwQixOQN xm |}=yQ}Ut O=OaD u=WwQixOQN

l} |=Q@ pkv w ptL |=yxv} Ry |iQ] R= |rw "O@=}|t V}=Ri= OvQ@@ Q=m x@ OwN
p=kDv= |=Q@ |QD|vqw] Q}Ut q=m CU= umtt =Q} R "O@=} V}=Ri= CU= umtt q=m
'xOW x�=Q= pOt "O@=} Vy=m u; |yOVQ=iU |xv} Ry |rw Ovm |] VwQixOQN x@

"Ovm|t x�=Q= =Q QwmPt |=yxv} Ry u}@ |R=Uxv}y@
C} Q}Ot =@ |t}kDUt |oDU@=w ,=twta u}t-=D |=yxQ}HvR QO C}kiwt |rm Qw]x@
|}=Q=m u} QDsyt "OQ=O |QDWt C=tON x�=Q= K]U w |OwHwt |=yxv} Ry u}@ \@=wQ
w =yxv} Ry Vy=m |va} OQwt wO u}ty QO x[Qa |=yxQ}HvR QO R}v VMI Vkv w
'x[Qa |=yxQ}HvR QOVMI |R=UxO=}B u}vJty "CU= |yOCtON K]U |=kDQ=
QDj}kO |v}@V}B '|OwHwt Vy=m x@ u=wD|t xm OQ=O hQ] wO Qy |=Q@ =Q |ai=vt

"OQm xQ=W= VwQi V}=Ri= w =[=kD w VQ=iU u=R}t
'Q=@v= C}iQ_ |=yC}OwOLt uOwRi= =@ =Q xr�Ut u=wD|t |D; C=k}kLD |=Q@
xm |v=tR |=Q@ =Q |R=UpOt u=wD|t u}vJty "OQm |UQQ@ xHOw@ w VQ=iU O=OaD
u=wD|t pL u=tR Vy=m Qw_vtx@ u}= Q@xwqa "O=O s=Hv= 'OQ=O OwHw |O}rwD sDU}U
QO =@ =Q pOt u=wD|t u}vJty "OQm pL |Q=mD@= =Qi |=ysD} Qwor= =@ =Q xOW x�=Q= pOt
h}iND uDiQo Q_v QO =@ w |}xQwO OvJ |=ysDU}U w |r=tDL= |=[=kD uDiQo Q_v
w xOWv xDiQo Q_v QO sy =@ =RH= \=@DQ= QO |D}OwOLt xr=kt u}= QO "OQm |R=UpOt
C} wOLt uOQm xi=[= =@ u=wD|t "OvQ=O x]@=Q sy =@ =RH= |xty xm CU= u}= Q@ ZQi

"OQm |R=UpOt =Q xr�Ut R}v =RH= u}@ x]@=Q

"OyO|tVy=m =Q |OwHwt |=yxv} Ry |O=} R Q=}U@C@Uv x@ OW=@ sm VwQixOQN x@
|yOVQ=iU |=yxv} Ry C@Uv V}=Ri= =@ xm OwW|t xOy=Wt Qo}O hQ] R=
QDO@TSP xr�Ut |=v@t Q@ xOW O=yvW}B sD} Qwor= VwQixOQN x@ C@Uv xOvvmu}t-=D

"Ovm|t pta

|Q}oxH}Dv "5
u=WwQixOQN Q=@v=u}@ q=m|}=Hx@=Hu=mt= =@ VMI |xr�Utl} Q=DWwvu}= QO xv} Ry
w xv}y@ |yOVQ=iU pm}U R= Ov=CQ=@a pOt u}= s}tYD |=yQ}eDt xm OW |iQat
ẁtHt xm |wLv x@ u=WwQixOQN u}@ \=@DQ= |=Q@ ?}mQD u} QDy@ ?=NDv= u}vJty

"OwW xv}y@ u}t-=D |xQ}HvR QO xJQ=Bm} CQwY x@ |OwHwt w pkv w ptL |=yxv} Ry
|xr�Ut QO |}=Hx@=H u=mt= |xv} Ro R= xO=iDU= xm OwW|t xOy=Wt |rm Qw]x@
|=Q@ 'OW=@v Q}PBu=mt= u=WwQixOQN u}@ |}=Hx@=H xm |Dr=L =@ xU}=kt QO VMI

|yOVQ=iU |=yxv} Ry x@ xOvvmu}t-=D |yOVQ=iU |=yxv} Ry C@Uv xm |Dq=L
xm |}=H =D OyO|t Vy=m =Q |OwHwt |=yxv} Ry COW x@ CU= sm VwQixOQN
"CU= xOQm =O}B Vy=m OYQO 80 =D |OwHwt |=yxv} Ry AS1 = 4 Cr=L |=Q@
V}=Ri= =@ u=WwQixOQN u}@ q=m |}=Hx@=H u=mt= |xv} Ro R= xO=iDU= =@ u}vJty
O=OaD V}=Ri= =@ =Q} R &s}vm|t =O}B CUO |QD?wr]t G}=Dv x@ u=WwQixOQN O=OaD

=yCWwv=B
1. economic order quantity
2. vendor managed inventory
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