
�13
97

u=DU
tR�

'h}
QWC

}Q}O
tw

`}=v
Y

|U
Ovyt

42
�31

"X
'2/

2|
xQ=t

W'
34

�1
|xQ

wO

O
ri

gi
na

lA
rt

ic
lexr=v=mwO u}t-=D |xQ}HvR QO =}wB |Q=PoCt}k

O=ONQ \}=QW QO pwYLt C@=F Q=Okt =@
|iO=YD |=[=kD w pqDN=

�O=DU=� �|OQo P u}Or=s=UL O}U
�OWQ= T=vWQ� � |QwQ[ =}vQi

TQOt C}@ QD x=oWv=O '=ysDU}U w `}=vY |UOvyt |xOmWv=O

|O=YDk= OwmQ Q=JO u=Q}= QwWm '?Qe |wU R= |}=ys} QLD p}tLD =@ 'Q}N= |=yp=U |]
|xQ}HvR Ov}=Qi x@ uO}UQ ?}U; x]U=wx@ xm Ow@ |a}=vY xrtHR= |R=UwQOwN `}=vY "OW
u}t-=D |xQ}HvR C}ty= p}rOx@ "OW EO=L |}xOta |=yCQ=UN u; Q@ |R=UwQOwN u}t-=D
|xr=v=mwO u}t-=D |xQ}HvR j}kLD u}= QO 'u=yH CavY QO u; G=wQ w |Qw;OwU QO xr=v=mwO
Q_vQO 'OvQ=O xOvWwQi l} w VwQi p=v=m wO l} Qy xm '?}kQ |xOvvmO}rwD wO =@ |RmQtDt=v

Q=JO xOvvmO}rwD l} '|}xQwOOvJ |xr�Ut u}= |=yxQwO R= |NQ@ QO "CU= xOW xDiQo
xv=Q=mty |R=@ w xOW xO=iDU= Vv pO=aD 'xr�Ut u}= QO "OwW|t O}rwD |xv} Ry QO pqDN=

=@ xr�Ut pL R= pY=L G}=Dv "CU= xOW |iQat pqDN= =@ xr@=kt |SD=QDU= u=wvax@
|Qw;OwU |xOvyOu=Wv '�91 w 90 |=yp=U� wQOwNu=Q}= CmQW R= xOW|Qw;OQo |=yxO=O

O}rwD |xv}y@ Q=Okt Qou=Wv 'C=W}=tR; R= pY=L G}=Dv "CU= xv=Q=mty |R=@ QDW}@
"CU= pqDN= u=QwO QO swO |xOvvmO}rwD |WwQixOta Ct}k |xv}y@ |xR=@ w u=oOvvmO}rwD

zegordi@modares.ac.ir
farnia.zarouri@modares.ac.ir

'pqDN= '`HQt Ct}k '|Q=PoCt}k 'xr=v=mwO u}t-=D |xQ}HvR %|O}rm u=oS=w
"=y|R=@ |x} Q_v

xtOkt "1
|Q=oR=U=v |UQQ@ ut[ '=yu; |] xm xOW s=Hv= xr=v=mwO u}t-=D |xQ}HvR QO |r=v=m
OQm} wQ 2004 p=U QO &Ov=xO=O x�=Q= =y|Q=oR=U=v Vy=m |=Q@ =Q |}=yO=OQ=Qk '|r=v=m
w xOvvmO}rwD u}@ |ovy=ty w |r=v=m |Q=oR=U=v xar=]t Qw_vtx@ '=y|R=@ |x} Q_v
xOvWwQi xm|]}=QWQO C=aq]= l =QDW= O=OQ=Qk 2006 p=U QO [2]"OW x�=Q= xOvWwQi
�2011� |B w u=} [3]"OW |iQat 'CU= CqwYLt Ct}k x@ |Q=Okt uOwRi= x@ QO=k
OQm} wQ 2008 p=U QO [4]"OvOQm xO=iDU= O=OQ=Qk ẁv u}= R= OwN xr=kt QO R}v
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VQ=iU Q=Okt u}}aD 'xOvWwQi s}tYD Q}eDt w CU= (q0irt) xOvWwQi VQ=iU u}t-=D
=Hv; R= "CU= (pirt) |WwQixOQN C}tk u}}aD w (qirt) xOvvmO}rwD Qy R= pwYLt
Vv pO=aD R= 'OvDUy u=Um} CQOk |=Q=O |Q}os}tYD QO xQ}HvR |=[a= s=tD xm

"CU= xOW xO=iDU=

|[=} Q pOt "3
|OwHwt O=R=t wCU=|}xQwOOvJ j}kLD |xr�Ut 'OW u=}@ 2VN@ QO xm Qw]u=ty
`HQt Ct}k Q}F-=D OwHw p}rOx@ w p}rO u}tyx@ "OwW|t pkDvt Oa@ |xQwO x@ xQwO Qy
Q=Qk xO=iDU= OQwt xr�Ut |R=UpOt |=Q@ =} wB |[=} Q pOt '=yxQwO |=[=kD u=R}t Q@
"OwW|t K} QWD xt=O= QO p}YiD x@ xQ}HvR |=[a= lDlD |[=} Q pOt "OQ}o|t

"CU= xOW h} QaD |R=UpOt VN@ QO xOWxO=iDU= |=yQDt=Q=B pm 1 pwOH QO

=[=kD `@=D "1"3
[30]%OwW|t u=}@ 1 |x]@=Q CQwYx@ xQwO Qy QO =[=kD `@=D

Dijt = dijt + "ijt (1)

"xr�Ut |=yQDt=Q=B h} QaD "1 pwOH
&j; k = fr; dg p=v=m T}Ov= j; k &VwQi |DvU p=v=m T}Ov= r &s}kDUt p=v=m T}Ov= d

&i; l = f1; 2g xOvvmO}rwD T}Ov= i; l &t xQwO QO s=j p=v=m QO s=i |xOvvmO}rwD pwYLt |=[=kD Dijt

&pijt Ct}k x@ C}U=UL ?} Q[ �ijt &t xQwO QO s=j p=v=m QO s=i |xOvvmO}rwD pwYLt |Q=_Dv= |=[=kD dijt

&t xQwO QO s=i |xOvvmO}rwD `HQt Ct}k rit &Q=R=@ R= 's=j p=v=m QO s=i |xOvvmO}rwD pwYLt Q=R=@ syU �ij

&s=l p=v=m |Dt}k p@=kDt QF= ?} Q[ ylkt &t xQwO QO s=j p=v=m QO s=i |xOvvmO}rwD pwYLt Ct}k pijt

&t xQwO QO xOWxOy=Wt Ct}k \UwDt pit &�OvW=@ QiY =@ Q@=Q@ =yCt}k |t=tD xm|DQwYQO� Q=R=@ xwkr=@ |=[=kD �

xOW xOy=Wt w `HQt |=yCt}k hqDN= x@ C}U=UL ?} Q[ gy 's=j p=v=m QO s=i |xOvvmO}rwD pwYLt |xwkr=@ |=[=kD �ij

&y = 1; 2 pqDN= R= Oa@ w p@k u=QwO QO ?}DQDx@ &pijt = 0 xm|DQwYQO

&x_i=L QF= � &pqDN= |Qv}=@ Q=OQ@ '

&t xQwO QO i |xOvvmO}rwD O}rwD Q=Okt oit &=[=kD `@=D |iO=YD u=tr= "ijt

&t xQwO QO i |xOvvmO}rwD x@ xOvWwQi VQ=iU Q=Okt qirt &t xQwO QO i |xOvvmO}rwD pwYLt Q=Okt Qit

&t xQwO QO i |xOvvmO}rwD Q=@v= |OwHwt Q=Okt Iit &t xQwO QO i |xOvvmO}rwD \UwD xOvWwQi VQ=iU u}t-=D p@=k Q=Okt q0irt
&t xQwO QO i |xOvvmO}rwD Q=@v= C@Ft |OwHwt Q=Okt I+

it &t xQwO QO d p=v=m x@ i |xOvvmO}rwD |Y}YND pwYLt Q=Okt qidt

&t xQwO QO i VwQi |DvU p=v=m Q=@v= C@Ft |OwHwt Q=Okt I+
irt &t xQwO QO i VwQi |DvU p=v=m Q=@v= |OwHwt Q=Okt Iirt

&t xQwO QO i xOvvmO}rwD |=Q@ pwYLt OL=w O}rwD |xv} Ry cit &t xQwO QO i xOvvmO}rwD |=Q@ pwYLt OL=w O}rwD |xv} Ry Q}}eD �cit

&xOvWwQi xDiQCUOR= VwQi OL=w |xv} Ry br &xOvWwQi Q=@v= OL=w |xv} Ry hr

&i |xOvvmO}rwD |xDiQCUOR= VwQi OL=w |xv} Ry bi &i |xOvvmO}rwD Q=@v= OL=w |xv} Ry hi

&t xQwO QO i VwQi |DvU p=v=m hOy `@=D �irt &t xQwO QO xOvWwQi hOy `@=D �rt

&t xQwO QO i |xOvvmO}rwD hOy `@=D �it &xOvWwQi pm hOy `@=D �r

"i |xOvvmO}rwD pm hOy `@=D �i &u}t-=D |xQ}HvR hOy `@=D �sc
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}k%OwW|t u=}@ 14 |x]@=Q CQwYx@ R}v s=i |xOvvmO}rwD hOy `@=D

�it =

8>>>>>>><>>>>>>>:
witq0irt + pidtDidt � Citoit
�hi(qidt �Didt)� bi(qirt � q0irt);

Didt < qidt

witq0irt + pidtqidt � Citoit
�bi((Didt � qidt) + (qirt � q0irt));

Didt > qidt

(14)

xOvvmO}rwDhOy `@=D 'zidt = qidt�didtCQwYx@ |OwHwt?} Q[uDiQoQ_vQO =@
%OwW|t xO=O u=Wv 15 |x]@=Q CQwYx@

�it =

8>>>>>>><>>>>>>>:
witq0irt + pidt(didt + "idt)� Citoit
�hi(zidt � "idt)� bi(qirt � q0irt);

"idt < zidt

witq0irt + pidt(didt + zidt)� Citoit
�bi(("idt � zidt) + (qirt � q0irt));

"idt > zidt

(15)

%CU= 16 |x]@=Q CQwYx@ i xOvvmO}rwD hOy `@=D |[=} Q O}t=
E(�it) =witq0irt + pidtdidt � Citoit � bi(qirt � q0irt)

+

zidtZ
�1

pidtx� hi(zidt � x)f(x)dx

+
+1Z
zidt

pidtzidt � bi(x� zidt)f(x)dx (16)

19 |x]@=Q CQwYx@ xOvvmO}rwD hOy `@=D [34]'18 w 17 |=yx]@=Q x@ xHwD=@
%�CU= xOW x�=Q= ? CUw}B QO x]@=Q C=@F=� OwW|t |U} wvR=@

�(zidt) =
+1Z
zidt

(x� zidt)f(x)dx (17)

�(zidt) =

zidtZ
�1

(zidt � x)f(x)dx (18)

E(�it) =witq0irt + pidtdidt � Citoit � fhi�(zidt)

+(pidt + bi)�(zidt) + bi(qirt � q0irt)	+ pidtE("idt)

(19)

%CU= Q} R KQWx@ i |xOvvmO}rwD |[=} Q pOt |=yC}OwOLt
Cit = cit + (1� ')�cit (20)

Iit = qidt �Didt (21)

I+
it�1 = max(Iit�1; 0) I0 = 0 (22)

q0irt = max(0;min(qirt; Qit � didt)) (23)

qidt = Qit � q0irt (24)

oit = max(0; Qit � I+
it�1) (25)

qidt � 0; Didt > 0; pidt � 0 (26)

[28]%OwW|t h} QaD
rit = �ri(t�1) + (1� �)pi(t�1) 0 � � � 1 (3)

`HQt Ct}k u}}aD QO QDt=Q=B u} QDsyt 'OQ=O s=v 8x_i=L QF= xm � '3 |x]@=Q QO
"CU= p@k |=yxQwO |=yCt}k R= u=} QDWt |x_i=L `k=w QO 'x_i=L QF= "CU=

%OwW|t h} QaD 4 |x]@=Q CQwYx@ 'pi(t�1) \UwDt Q=Okt
pi(t�1) =

(pir(t�1) + pid(t�1))
2 (4)

[31]%CU= Q=QkQ@ Q} R \}=QW xQ=wty 'C=}@O= j@]
@dijt
@pijt

< 0 i = f1; 2g; j 2 fr; dg (5)

@dijt
@plkt

> 0 i; l = f1; 2g j; k 2 fr; dg; ij 6= lk (6)

Q=Okt u}= "OwW|t dijt Q=OktVy=m?Hwt pijt Q=OktV}=Ri= '5 |x]@=Q T=U=Q@
pkDvt xOvvmO}rwD u}= Qo}O p=v=m x@ =} 'xOvWwQi x@ =} 'Qo}O |xOvvmO}rwD x@ =} Vy=m
"CU= plkt Q=Okt V}=Ri= |=R=x@ dijt Q=Okt V}=Ri= Qou=Wv 6 |x]@=Q "OwW|t

hOy `@=wD "2"3
%CU= 7 |x]@=Q j@=]t t xQwO QO i VwQi |DvU p=v=m hOy `@=D

�irt =

8>>>>>>><>>>>>>>:
pirtDirt � witq0irt
�hr(q0irt + I+

irt�1 �Dirt);
Dirt < q0irt

pirtq0irt � witq0irt
�br(Dirt � (q0irt + I+

irt�1));
Dirt > q0irt

(7)

xOW x�=Q= hr= CUw}B QO x]@=Q C=@F=� OwW|t |R=UxO=U Q} R CQwYx@ 7 |x]@=Q
%�CU=

E(�rt) =
2X
i=1

pirtE[min(Dirt; q0irt)]� witq0irt
� ((hr + br)F (q0irt)� br)[(q0irt + I+

irt�1 �Dirt)]
(8)

%CU= Q} R KQWx@ i VwQi |DvU p=v=m |=yC}OwOLt
Iirt = I+

irt�1 + q0irt � (dirt + "irt) I0 = 0; t = 0; 1 (9)

I+
irt�1 = max(Iirt�1; 0) (10)

wit < pirt (11)

qirt � 0; Dirt > 0; pirt > 0 (12)

Q=Okt w t xQwO Q=@v= |OwHwt Q=Okt |x@U=Lt x@ ?}DQDx@ 10 w 9 |=yx]@=Q
CQwYx@ xOvWwQi OwU pm |[=} Q O}t= "OR=OQB|t t�1 xQwO Q=@v= C@Ft |OwHwt

%OwW|t u=}@ 13 |x]@=Q

E(�r) =
2X
i=1

TX
t=1

E(�irt) (13)
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u=DU
tR�
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QW
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Q}Ot

w`}
=vY

|U
Ovyt w xOQm |R=@ Qo}Om} =@ XNWt |oDiy xt=vQ@ x@ xHwD=@ =ys}D t |xDiy QO "4

CQwYx@ w �hOy `@=D Q=Okt� CQOk Q=}at x@ xHwD=@ '|R=@ |xOvQ@ ?=NDv=
=@ Qo}Om} =@ t |xDiy QO j w i |=ys}D xm|DQwYQO "OwW|t u}}aD |iO=YD
p;xO}= |x]kv f w Ovvm |R=@ f(xtj) w f(xti) ?U=vD `@=D =@ w xtj w xti V}=Q;

%um x@U=Lt 29 |x]@=Q j@] =Q i s}D OQ@ Tv=W |[=} Q O}t= 'OW=@

pti =
f(xtj)� f̂

f(xtj) + f(xti)� 2f̂ (29)

OOa u}= Qo = &um ?=NDv= [0; 1] u}@ |iO=YD OOa l} 'xOvQ@ u}}aD Qw_vtx@
�xOvQ@� xOvR=@ j s}D w �xOvR=@� xOvQ@ i s}D OW=@ pti |w=Ut =} �QDnQR@� QDlJwm
`@=D Q_vx]kv R= s=t |xDiy =D i s}D xOt;CUOx@ ?=wH u} QDy@ "Ow@ Oy=wN |R=@
u=Wv Bti = [bti1; bti2; :::; b2in] CQwYx@ =Q ?=wH u}= w um ?=NDv= =Q hOy

"xO@
=yum} R=@ |}=Hx@=H w xO}UQ u=}=B x@ pYi 'OW=@ mod(t; L� 1) = 0 Qo = "5
|ak=w n}r l} QO� wQ@ "1"5 s=o x@ Q=mu}= |=Q@ "OwW s=Hv= O}=@ =yx=oW=@ u}@
=yum} R=@ |}=Hx@=H �mod(t; L� 1) = 0) =}� |r=wDt xDiy L� 1 Oa@ R}v

"wQ@ sWW s=o x@ CQwYu}= Q}e QO "�OQ}PB|t s=Hv= =yx=oW=@ u}@
Mi = fmjm 6= |xawtHt '(i = 1; :::; L) s=i s}D |=Q@ "1"5
d = 1; :::; n |=R=x@ w xO=O p}mWD =Q i; f(Btm) < f(Bti )g
QDsm OOa u}= xm|DQwYQO &um ?=NDv= [0; 1] xR=@ QO |iO=YD |OOa
Mi R= |iO=YD CQwYx@ |U}Ov= 'OW=@ Tr XNWt xv=DU; Q=Okt R=
|O}OH |Ov@u=tR pwOH TBU "um btid u} Ro}=H =Q btmd w um ?=NDv=

"wQ@ sWW s=o x@ w xO@ p}mWD
Q}e QO 'CU= xO}UQ u=}=B x@ sD} Qwor= 'OW=@ t � S � (L� 1) xm|DQwYQO "6

"wQ@ sDiy s=o x@ CQwYu}=
"xO@ p}mWD =Q t xDiy QO s}D O}OH V}=Q; '(i = 1; :::; L) s=i s}D |=Q@ "7
u}= QO "OwW|t xO=iDU= SWOT T} QD=t R= '=ys}D O}OH V}=Q; u}}aD |=Q@
p}rLD w |rN=O pt=wa u=wvax@ s}D OwN ha[ w Cwk \=kv p}rLD 'sD} Qwor=
pt=wa u=wvax@ O}=@ �p@=kt s}D ha[ w Cwk \=kv� CYQi w O}OyD \=kv
|=R=x@ '(t + 1) |xDiy QO i s}D O}OH V}=Q; "OQ}o Q=Qk Q_v Ot |HQ=N

%O};|t CUOx@ 33 =D 30 |x]@=Q Q=yJ R= |m} R= |wQ}B =@ d = 1; :::; n
(S=T equation) : xt+1

id =btid + ytid( 1r1id(xtid � xtkd)
+  1r2id(xtid � xtjd)) (30)

(S=O equation) : xt+1
id =btid + ytid( 2r1id(xtid � xtkd)

+  1r2id(xtid � xtjd)) (31)

(W=T equation) : xt+1
id =btid + ytid( 1r1id(xtid � xtkd)

+  2r2id(xtjd � xtid)) (32)

(W=O equation) : xt+1
id =btid + ytid( 2r1id(xtkd � xtkd)

+  2r2id(xtjd � xtid)) (33)

t xDiy =D i s}D V}=Q; u} QDy@ fbti1; bti2; :::; bting w T}Ov= d '=yv; QO xm
"CU= [0; 1] xR=@ QO CN=wvm} `} RwD R= |iO=YD Q}O=kt r2id w r1id "CU=

'?}DQDx@ 24 w 23 |=yx]@=Q "Ovm|t x@U=Lt =Q xQwO Qy O}rwD |xv} Ry 20 |x]@=Q
pwYLt Q=Okt w s=i |xOvvmO}rwD \UwD 'xOvWwQi x@ xOWxDNwQi pwYLt Q=Okt
25 |x]@=Q "Ovm|t ?=UL =Q s}kDUt p=v=m x@ s=i|xOvvmO}rwD |xOWxO=OX}YND
CQwYx@ xOvvmO}rwD OwU pm |[=} Q O}t= "Ovm|t x@U=Lt =Q xQwO Qy O}rwD Q=Okt

%OwW|t u=}@ 27 |x]@=Q

E(�i) =
TX
t=1

E(�it) (27)

CU= xOvWwQi w xOvvmO}rwD hOy `@=wD `tHpY=L 'u}t-=D |xQ}HvR pm hOy `@=D
%OwW|t u=}@ 28 |x]@=Q CQwYx@ w

E(�sc) =
2X
i=1

E(�i) + E(�r) (28)

xr�Ut |=yw} Q=vU "4
|=yp=v=m u}@ |Dt}k C@=kQ OwHw 'j}kLD u}= RmQtDt=v |xr=v=mwO u}t-=D |xQ}HvR QO
u=Um} CQOk |=Q=O |Q=PoCt}k QO xQ}HvR |=[a= CU= xOW ?Hwt VwQi
sy R= pkDUt CQwYx@ 'wOQy 'xOvWwQi w xOvvmO}rwD xm CU=vat u=O@ u}= "OvW=@
xO=iDU= Vv pO=aD R= j}kLD u}= QO T=U= u}=Q@ "Ovvm|t |Q=PoCt}k u=tRsy w
QO pqDN= Q=JO pw= xOvvmO}rwD Qw@ Rt |xr�Ut QO xmu}= x@ xHwD=@ "CU= xOW
|SD=QDU= u=wvax@ 'xv=Q=mty |R=@ |UQQ@ x@ Q=DWwv u}= QO xOW O}rwD |xv} Ry
=@ xQ}HvR |=[a= '|R=@ u}= QO "s} R=OQB|t u; C} Q}Ot w pqDN= =@ xr=kt
=Q OwN |=ys}tYD 'xQ}HvR |rm OwU |R=Uxv}W}@ hOy =@ w Qo}Om} |Q=mty
|=[a= hOy `@=wD `tHpY=L '|R=@ u}= QO xr�Ut hOy `@=D wQu}=R= &Ovvm|t P=ND=
xOWh} QaD |=yw} Q=vU QO xr�Ut pL |=Q@ xDiQQ=mx@ pL VwQ "CU= xQ}HvR
K} QWD p}YiD x@ xt=O= QO xm CU= |v=tQyk n}r sD} Qwor= 'CtUk u}= QO

"OwW|t

|v=tQyk n}r sD} Qwor= "5
|iO=YD w 'C}atH Q@ |vD@t |Q=mD@==Qi |=yVwQ xrtHR= '|Q=mD@==Qi VwQ u}=
xr�Ut pL |=Q@ 'sD} Qwor= u}= "OQ=O OQ@ Q=m xDUw}B |R=Uxv}y@ p�=Ut |=Q@ xm xOw@

%Ovm|t |] =Q Q} R |=ys=o
"xO@ Q=Qk �xDiy T}Ov=� t = 1 "1

TBU "um u}}aD =Q (s) n}r Qy pwYi O=OaD u}vJty w (L) n}r xR=Ov= "2
"um O}rwD |iO=YD CQwYx@ =Q =y?=wH R= �s}D O=OaD� L |xR=Ov=x@ |}xawtHt
O=OaD� 1 � n Q=OQ@ =@ w OQ}o|t Q=Qk xHwD OQwt s}D l} u=wvax@ ?=wH Qy
u=ty s=i s}D ?U=vD `@=D "OwW|t xO=O u=Wv �xr�Ut |=yQDt=Q=B =} =yQ}eDt
s}D |xOt;CUOx@ ?=wH u} QDy@ u=wvax@ w xOw@ (f(xti)) ViOy `@=D Q=Okt

"OwW|t xDiQo Q_vQO s=i
O=OaD� XNWt |}=yxDiy |] '|[Qi n}r l} QO =ys}D u}= xmu}= x@ xHwD=@ "3
VwQ x@ |oDiy |xt=vQ@ l} 'Ovvm|t C@=kQ wOx@ wO CQwYx@ �Q=QmD |=yxkrL

"um O}rwD �p=@Dwi n}r Ovv=t� 9C@=F |xNQJ l} QO |Ov@u=tR
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|OOa p=Ft "7
xDiQo Q_vQO u=Q}= CavY R= |r=Ft 'xv=Q=mty |R=@ w Vv pO=aD =@ xr�Ut pL |=Q@
C=a]k xawtHt u}t-=D QO pqDN= ?Hwt =ys} QLD 's} QLD |=yp=U QO "CU= xOW
Q=O=w =Q wQOwNu=Q}= Ovv=t |DmQW '|rqDN= u}vJ "OW |DavY R=}v OQwt |xrYivt
=@ =B}=U CmQW '|iQ]R= "OQm OwN CqwYLt VwQi Ct}k O=} R Q=}U@ V}=Ri= x@
'wQOwN Q=R=@ x@ =ywQOwN u}= uDN=U OQ=w w |v}J |=ywQOwN O}rwD \w]N O} QN
"OW wQOwNu=Q}= CqwYLt w OwN |v}J CqwYLt u}@ O}OW C@=kQ O=H}= ?Hwt
|}xr=v=mwO u}t-=D |xQ}HvR u=wD|t 'u=Q}= CavY QO xO=ONQ |=yO=O} wQ x@ xHwD=@
|xOvWwQi 'O=R; Q=R=@ w u=oOvvmO}rwD '=B}=U w wQOwNu=Q}= 'u; QO xm CiQo Q_v QO =Q
pqDN= Q=JO xOQ=w |=ys} QLD p}rOx@ xm xOw@ pw= |xOvvmO}rwD wQOwNu=Q}= "Ov=xQ}HvR
u}}aD wQOwNu=Q}= u=OvtQ=m CQwWt =@ 'p=Ft u}= |=yxO=O "OwW|t O}rwD |xv} Ry QO
x@ s=Ok= Q=@l} x=t Q=yJ Qy \UwDt Qw]x@ CmQW u}= 'u=OvtQ=m |xDiox@ "CU=xOW
xU x@ p=U Qy wQu}=R= "Ovm|t OwN CqwYLt Ct}k Q}}eD Qw_vtx@ xUrH p}mWD
w �pqDN= Ow@v p=U� 90 |=yp=U 'xr�Ut \}=QW x@xHwD=@ "CU= xOW s}UkD xQwO
Q_v OQwt pwYLt "Ov=xOW ?=NDv= =v@t |=yp=U u=wvax@ �pqDN= O=ONQ p=U� 91
xDW=O |v=Um} ,=@} QkD VwQi Ct}k xm xOW ?=NDv= |}xvwox@ 'Qw@ Rt |=yCmQW R=
O}rwD |xv} Ry '=ys} QLD O=} R Q=}U@ Q}F-=D p}rOx@ xm 206 wSB wQOwN wQu}=R= "OW=@
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=Q =B}=U 'O=} R |}xv} Ry hqDN= u}= "CU= QDW}@ xv=Q=mty |R=@ |w} Q=vU x@ C@Uv
x@ xHwD=@ xm CiQo xH}Dv u=wD|t u}=Q@=v@ "Ovm|t ?}eQD wQOwNu=Q}= =@ |Q=mty x@
|SD=QDU= u=wvax@ Ov=wD|t xv=Q=mty |R=@ 'Qo}Om} =@ |Q=mty x@ xOvvmO}rwD wO p}=tD

"OQ}o Q=Qk xO=iDU= OQwt u; C} Q}Ot w pqDN= =@ xr@=kt

37



"""xr
=v=mw

Ou
}t- =D

|xQ
}HvR

QO=
}wB|

Q=Po
Ct

}k

C=Q}}eD x@C@UvVv pO=aD QO xQ}HvR |=[a= OwU\UwDt C=Q}}eD|UQQ@ "2 pmW
"wQOwNu=Q}= O}rwD Q=Okt

C=Q}}eD x@C@UvVv pO=aDQO xQ}HvR |=[a= OwU\UwDt C=Q}}eD|UQQ@ "3 pmW
"=B}=U O}rwD Q=Okt

'xv=Q=mty |R=@ QO xr=v=mwO u}t-=D |xQ}HvR OwU \UwDt C=Q}}eD |UQQ@ "4 pmW
"u=oOvvmO}rwD O}rwD Q=Okt C=Q}}eD x@C@Uv

u=QwO QO �=B}=U� swO |xOvvmO}rwD |WwQixOta Ct}k u}}aD "2"8
pqDN=

|=yxQwO QO 'u=twD uw}r}tOL=w QOw2t 'pqDN=u=QwO QOw2t|xv}y@ Q=Oktu}}aD|=Q@
'f[17; 18]; [16; 17][15; 16]g |=yxR=@ QO '?}DQDx@ sWW w sHvB 'sQ=yJ
; [20; 23]; [17; 20]; [14; 17]g w f[21; 23]; [19; 21]; [17; 19][15; 17]

|Dt}k p@=kDt QF= ?} Q[ C=Q}}eD x@C@Uv OwU \UwDt C=Q}}eD |UQQ@ "1 pmW
"p=v=m

OwU Vy=m ?Hwt xDiQCUOR= VwQi |xv} Ry V}=Ri= '=[=kD V}=Ri= p}rOx@
|wQ |iQoW Q=}U@ Q}F-=D C@=kQ QYva xm CW=O u=}@ u=wD|t u}=Q@=v@ "CU= xOW
lOv= Q}}eD =@ xm |}xvwox@ OQ=O xQ}HvR |=[a= OwU w =yp=v=m |=[=kD Q=Okt
u}= Q}F-=D CLD COWx@ xDiQCUOR= VwQi w |Q=Oxov |=yxv} Ry 'QYva u}=
u=}@ C=W}=tR; R= pY=L G}=Dv "O@=}|t Q}}eD R}v pY=L OwU w xDiQo Q=Qk C=Q}}eD
xOW OwU Vy=m ?Hwt xDiQCUOR= VwQi |xv} Ry `k=wt QDW}@ QO xm OQ=O|t

"CU=

u=oOvvmO}rwD O}rwD xv}y@ Q=Okt u}}aD "1"8
Vv pO=aD QO xQ}HvR |=[a= OwU Q=Okt C=Q}}eD 'O}rwD |xv}y@ Q=Okt u}}aD Qw_vtx@
2 |=ypmW QO u=oOvvmO}rwD R=l} Qy O}rwD Q=Okt C=Q}}eD x@C@Uv 'xv=Q=mty |R=@ w
w p@k u=QwO QO wQOwNu=Q}= |rai O}rwD Q=Okt '2 pmW j@] "CU= xOW p}rLD 4 =D
wQOwNu=Q}= O}rwD Q=Okt 0 2 w 0 4 V}=Ri= xm|r=LQO "CU= xv}y@ pqDN= R= Oa@
"OR=U|t O=R; Q=R=@ O}=a =Q OwU u} QDW}@ 'pqDN= R= Oa@ w p@k u=QwO QO ?}DQDx@
s}UkD |=Q@ wQOwNu=Q}= w O=R; Q=R=@ u}@ |ki=wD |=yO=OQ=Qk Oka O}=@ 'CtUk u}= QO
|m} Ov=wD|t xr�Ut u}= "OQ}o Q=Qk |UQQ@ OQwt O}rwD V}=Ri= Q=Okt R= pY=L OwU
xO=O u=Wv =B}=U O}rwD Q=Okt 3 pmW QO "OwW |krD |D; |D=k}kLD |=yCYQi R=
?}DQDx@ 'O}rwD Q=Okt 0 4 w 0 2 V}=Ri= 'OwW|t xOy=Wt xm Qw]u=ty "CU= xOW
O}rwD Q=Okt 0 2 V}=Ri= xm|r=LQO "CU=B}=U `iv x@ pqDN= R= Oa@ w p@k u=QwO QO
"CU= xv=Q=mty |R=@ x@\w@ Qt 4 pmW "CU= xOvWwQi `ivx@ =yxQwO |xty QO =B}=U
xm |r=LQO "CU= |rai O}rwD Q=Okt wQOwNu=Q}= O}rwD |xv}y@ Q=Okt 'Q=Owtv u}= j@]
u}O@ "OyO C@Ft Q}}eD 0 2 Q=Okt x@ =yxQwO |xty QO =Q OwN O}rwD Q=Okt O}=@ =B}=U
Q=Ry ?ULQ@ xv=Q=mty |R=@ w Vv pO=aD QO u=oOvvmO}rwD O}rwD |xv}y@ Q=Okt '?}DQD

"CU= 6 pwOH Q=Qkx@ 'OL=w

?ULQ@ xv=Q=mty |R=@ w Vv pO=aD QO u=oOvvmO}rwD O}rwD |xv}y@ Q=Okt "6 pwOH
"OL=w Q=Ry

6 5 4 3 2 1 xQwO
15 15 5 15 5 21 21 21 Vv 'wQOwNu=Q}=
36 34 26 12 12 12 Vv '=B}=U
15 15 5 15 5 21 21 21 xv=Q=mty 'wQOwNu=Q}=
17 16 13 12 12 12 xv=Q=mty '=B}=U

38



2/
2|

xQ=t
W'

34
�1

|xQ
wO'

�13
97

u=DU
tR�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt

"=B}=U |WwQixOta Ct}k C=Q}}eD |UQQ@ "5 pmW

Q}O=kt u}}aD |=yVN@ QO 'xH}Dv u}= "CU= Q=PoQ}F-=D Q=}U@ |=yxv} Ry R= xDiQCUOR=
|=yxv} Ry p}rOx@ pY=L OwU '=yVN@ u}= QO &CU= OwyWt R}v Qit w w2t xv}y@
QO xmu}= seQ|ra "CU= xOW Q}}eD Q=JO xDiQCUOR= VwQi |=yxv} Ry w |Q=Oxov
xr=kt u}= QO 'Ov=xHwD|@ xDiQCUOR= VwQi |=yxv} Ry x@C@Uv u=Q}Ot 'OQ=wt ?re=
syt |Q=Oxov |xv} Ry |xR=Ov=x@ R}v xDiQCUOR= VwQi |xv} Ry xm OW xO=O u=Wv
x@ C@Uv w xDW=ov= xO}O=v =Q syt |xv} Ry u}= O}=@v u=Q}Ot u}=Q@=v@ "CU= Q=PoQ}F-=D w

"OvW=@ xHwD|@ u;

|Q}oxH}Dv "10
|=Q=O xm CiQo Q=Qk xHwD OQwt |RmQtDt=v |xr=v=mwO u}t-=D |xQ}HvR 'j}kLD u}= QO
=Q OwN pwYLt 'u=oOvvmO}rwD R= s=OmQy "CU= xOvWwQi l} w ?}kQ |xOvvmO}rwD wO
|=[=kD "OQ=O|t x[Qa |QDWt x@ �|DvQDv}=� s}kDUt w VwQi |DvU p=v=m j} Q]R=
u=Um} CQOk p}rOx@ "CU= `HQt Ct}k x@ xDU@=w w |iO=YD 'VwQi |=yp=v=m
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1. Samsung, HP, IBM , Sony, Dell, Lenovo, Panasonic, Pioneer

Electrics
2. two-part tari� contract
3. brand
4. adaptation { level theory
5. assimilation theory
6. cooperative game
7. league championship algorithm (LCA)
8. memory e�ect
9. single { round-robin method
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