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|Q=Oxov CU=}U |R=Uxv}y@ Qw_vtx@ |]N |R} Qxt=vQ@ pOt l} u}kkLt "OW=@
'xt=O= QO [8]"OvOQm x�=Q= |iO=YD |@=QN MQv =@ |}xir-wtlD sDU}U |=Q@ C=Q}taD w
|R=Uxv}W}@ T=U=Q@ xv=Q}oW}B Cv |=yC}r=ai R}J=v w xOta |=yu=tR u}ov=}t
'hwmQ=t s}tYD Ov}=Qi |]N |R} Qxt=vQ@ |R=UpOt j} Q] R= xir-wt |Q}PB|UQDUO
=@ |Q}PB|UQDUO |R=Uxv}W}@ Qw_vtx@ |[=} Q pOtl} u}vJty "CU= xOW u}}aD
|}=yxir-wt |=Q@ |LqY= Cv |=yxv} Ry w |}=QH= |=yC}OwOLt `=wv= uDiQo Q_vQO

[9]"OW x�=Q= |ovwRi= C}Y=N =@
u}t[D Qw_vtx@|tD} Qwor= 'C=R}yHD |xv=Q}oW}BCv s=Ok= O=OaD u}}aD Qw_vtx@
x@ xHwD =@ [10]"CU= xOW x�=Q= '|QU sDU}U l} QO 'xir-wt Qy |Q}PB|UQDUO
C@=F MQv w |W}=Ri= |@=QN MQv |=Q=O 'QwmPt sDU}U QO OwHwt |=yxir-wt xm u}=
=@ w =yxv} Ry |R=Uxv}tm T=U=Q@ C=Q}taD w |Q=Oxov |v=tR pY=wi 'CU= Q}taD
u} QDy@ uDi=} Qw_vtx@ "CU= xOW u}}aD xQwO Qy QO hkwD u=tR C}OwOLt x@ xHwD
x�=Q= |]N K}LY OOa |R} Qxt=vQ@ pOt l} '|}xQwO |xv=Q}oW}B Cv |=QH= u=tR
u=wvax@ C=R}yHD |Q}PB|UQDUO |R=Uxv}W}@ uDiQo Q_v QO =@ TBU w [11]OW
[11]"OW s=Hv= C}U=UL p}rLD 'pOt |wQ =yQDt=Q=B QF= |@=} RQ= Qw_vtx@ 'hOy `@=D
\UwD xv=Q}oW}B Z} waD |=yCU=}U Q@ hkwD |=yxv} Ry QF= w xHOw@ C}OwOLt
pm |R=Uxv}tm |=Q@ 'Qw_vtu}O@ "CU= xDiQoQ=Qk |UQQ@ OQwt [12]u}kkLt R= |NQ@
C=Q}taD w Z} waD 'Q}taD |=yu=tR uDiQoQ_vQO =@ w sDU}U Q=_Dv= OQwt |=yxv} Ry
x�=Q= |]NQ}e\rDNt K}LY OOa pOtl} '|U=U= C=Q}taD Ow@y@ pt=a w |U=U=
C}OwOLt x@ xHwD =@ w |Q}PB|UQDUO |R=Uxv}W}@ Qw_vtx@ u}vJty "CU= xOW
CUO x@ xv=Q}oW}B Cv |v=tR |xrY=i 'xv}y@ Ci= |xv=DU; u}}aD =@ w Q}taD |xv} Ry
Q}taD C}r=ai |}=Q=m uDiQoQ_v QO 'QwmPt VywSB QO ZQi u} QDsyt [13]"CU= xOt;
h} QaD =@ "CU= Q}taD O=OaD V}=Ri= =@ Q}taD |=yu=tR V}=Ri= w pt=m CQwYx@
pOt wO 'Q}PB Q}taD |}xir-wtOvJ sDU}U l} QO Z} waD w |Q=Oxov C}r=ai wO
QO [14]"CU= xOW x�=Q= xv=Q}oW}B Cv |xv}y@ |Ov@u=tR Qw_vtx@ O}OH |R=Uxv}y@
|QU=QU u=v}t]=C}r@=k |R=Uxv}W}@ w pm |xv} Ry |R=Uxv}tm '|O=yvW}B |=ypOt
'=yV}=tR; G}=Dv x@ xHwD =@ TBU "CU= xDiQo Q=Qk Q_v Ot OwOLt |v=tR ji= l} QO
"Ov=xOW xU}=kt Qo}Om} =@ xDiQ Q=mx@ |=ysD} Qwor= w xOW s=Hv= C}U=UL p}rLD
u=Qm w xN=W sD} Qwor= ?}mQD [14]'|O=yvW}B |=ypOt |QU=QU |xv}y@ pL Qw_vtx@

[15]"CU= xOt;QO =QH= x@ �pL |SwrwODt� u=wvax@ =} wB |R} Qxt=vQ@ =@
T=U=Q@ |[=} Q |=ypOt xaUwD 'p=L x@ =D xDiQo CQwY C=ar=]t QFm = QO
xDi=} C}LHQ= |Q}PB|UQDUO Q}_v Qo}O |=yQ=}at Q@ 'u=v}t]= C}r@=k w xv} Ry
Q}e w O=L EO=wL RwQ@ ?@U sDU}U pt=m hkwD 'xO}J}B |=ysDU}U QO "CU=
j=@]v= Qw_vtx@ 'Q[=L Q=DWwv QO "OwW|t u}ovU |=yxv} Ry p}tLD w u=Q@H p@=k
OwW x�=Q= O}OH |rOt OwW|t VqD '|OQ@y=Q `}=vY QO u; OQ@ Q=m w |rta \}=QW =@
=ysDU}U u}= C} Q}Ot h=Oy= =@ '|}=QH= |=yC}OwOLt VWwB ut[ xm |}xvwo x@

"OW=@ Q=oR=U R}v

56



1/
1|

xQ=t
W'

33
�1

|xQ
wO'

�13
96

u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt 'u; uOw@ wv x@ xHwD =@ 'sDU}U |@=QN MQv w Qta QO C=Q}}eD |x@U=Lt Qw_vtx@

Qta x@ xQ=W= Xi;j "OwW|t xDiQo Q_vQO QiY =@ Q@=Q@ xir-wt Qy |=Q@ |}=OD@= uU
"OQ=O j xQwO u=}=B QO i |xir-wt Qta x@ xQ=W= X 0i;j w 'J xQwO ẁQW QO i |xir-wt
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COt pw] QO xOW xDiQo Q_v QO xHOw@ w x=t 0 02 =@ Q@=Q@ �tb;m |va}� |v=yo =v

"CU= |rwB OL=w 850000 =@ Q@=Q@ |R} Qxt=vQ@
pL OL w xN=W QopL w LINGO.14 Q=Ri=sQv \UwD xOW x�=Q= |OOa p=Ft
|Ov@u=tR "OyO|t u=Wv 0 7133 =@ Q@=Q@ =Q hOy `@=D Q=Okt xv}y@ pLx=Q "CU= xOW
xQwO Qy |=OD@= QO xir-wt Qy QF-wt uU w xv=Q}oW}B Cv |=yC}r=ai |xv}y@ |r=wD w

"CU= xOW x�=Q= 4 w 3 |=ypwOH QO ?}DQDx@ �x=t�

Xi;j = (1�msi;j�1) (1� rei;j�1) (1� ri;j�1)X 0i;j�1

+msi;j�1
�
m1;iX 0i;j�1

�
+ rei;j�1

�
m2;iX 0i;j�1

�
;

i = 1; 2; :::; N ; j = 2; 3; :::; J
X 0i;j = Xi;j + T

J
; i = 1; 2; :::; N ; j = 1; 3; :::; J

msi;j + rei;j + ri;j � 1; i = 1; 2; :::; N ; j = 1; 3; :::; J
JX
j=1

NX
i=1

[(msi;jMSi) + (rei;jRei) + (ri;jRi)]

+
JX
j=1

S

" 
1�

NY
i=1

(1� (msi;j + rei;j + ri;j))

!#
+

JX
j=1

NX
i=1

h
Fi�i

��
X 0i;j

��i � (Xi;j)�i
�i

+ (Cbtb;m)
JX
j=1

NX
i=1

�i
��
X 0i;j

��i � (Xi;j)�i
� � GB

msi;j ; rei;j ; ri;j = 0 or 1; i = 1; 2; :::; N ; j = 1; 3; :::; J
Xi;j ; X 0i;j � 0; i = 1; 2; :::; N ; j = 1; 3; :::; J (20)

"CU= xOW x�=Q= |OOa |r=Ft |Oa@ VN@ QO '|O=yvW}B pOt uOW QDuWwQ |=Q@
"=yxir-wt xv=Q}oW}B Cv |=yC}r=ai |xv} Ry w |@=QN MQv `@=D |=yQDt=Q=B "1 pwOH

CQwB=U nv} Q@r@ nv} Q@r@ xkrL nv} Q@r@ VwB QO Q=Wi x_iLt Q=Wi x_iLt xir-wt|vwRrL |QwLt |WRer V}=U |QwLt Vmt q=@ q=@
8 7 6 5 4 3 2 1 i

2 09 2 68 3 55 2 14 2 53 2 43 1 88 1 73 �i

0 0012 0 0015 0 0028 0 0032 0 0034 0 0038 0 0035 0 2200 �i

74232 48568 46752 73860 57876 44880 39204 14868 Fi

24348 21356 14130 13554 8277 7398 5438 3639 Ri

18558 12145 3535 3389 2070 1920 1380 930 Rei

3481 3051 2022 1936 1182 1057 777 521 MSi

"=yxir-wt |xv=Q}oW}B Cv |=yC}r=ai s=Hv= u=tR w Ow@y@pt=wa "2 pwOH
CQwB=U nv} Q@r@ nv} Q@r@ xkrL nv} Q@r@ VwB QO Q=Wi x_iLt Q=Wi x_iLt xir-wt|vwRrL |QwLt |WRer V}=U |QwLt Vmt q=@ q=@

8 7 6 5 4 3 2 1 i

0 0061 0 0054 0 0066 0 0099 0 0045 0 0059 0 0054 0 0076 ta;3;i

0 0080 0 0096 0 0095 0 01527 0 00625 0 00833 0 00700 0 00980 ta;2;i

0 0040 0 0043 0 0045 0 0088 0 0025 0 0035 0 0033 0 0060 ta;1;i

0 55 0 45 0 44 0 25 0 30 0 45 0 42 0 33 m2;i

0 68 0 75 0 65 0 58 0 65 0 57 0 66 0 78 m1;i
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�xir-wt� i j

8 7 6 5 4 3 2 1 �x=t�
�� �� �� �� �� �� �� �� 1
�� �� �� �� �� �� �� �� 2
�� �� Z} waD �� �� �� �� �� 3
�� �� �� �� �� �� �� �� 4
�� �� �� �� �� �� �� �� 5
�� Z} waD Z} waD Q}taD Q}taD Q}taD �� �� 6
�� �� �� �� �� �� �� �� 7
�� �� �� �� �� �� �� �� 8
�� �� �� �� Q}taD |m}v=mt T} wQU Z} waD �� 9
�� �� Z} waD �� �� |m}v=mt T} wQU �� �� 10
�� �� �� �� �� �� �� �� 11
Q}taD Z} waD |m}v=mt T} wQU Q}taD Q}taD |m}v=mt T} wQU �� �� 12
�� �� �� �� �� �� �� �� 13
�� �� Z} waD �� Q}taD |m}v=mt T} wQU �� �� 14
�� �� �� �� �� �� �� �� 15
�� �� �� �� �� �� �� �� 16
�� Z} waD Z} waD �� Q}taD Q}taD �� �� 17
�� �� �� �� �� �� �� �� 18
�� �� �� �� �� �� �� �� 19
�� �� Z} waD �� �� |m}v=mt T} wQU �� �� 20
�� �� �� �� Q}taD |m}v=mt T} wQU �� �� 21
�� �� �� �� �� �� �� �� 22
�� �� �� �� �� �� �� �� 23
�� �� �� �� �� �� �� �� 24

"OW xO=O u=Wv Civ
xv}tR u}= QO |D; C=ar=]t 'xOW x�=Q= pOt uOw@ |]NQ}e w |oO}J}B x@ xHwD =@
x@ |@=}CUO Qw_vtx@ |Q=mD@==Qi w |Q=mD@= pL |=ysD} Qwor= |x�=Q= x@ u=wD|t =Q
Qw_vtx@ 'u}= Q@ xwqa "OQm hw]at O=} R |xir-wt O=OaD =@ |}=ysDU}U QO xv}y@ ?=wH
|Q}oQ=mx@ w sDU}U Q=DN=U Q}}eD u=wD|t 'C}ak=w x@ |O=yvW}B pOt uOW QDl}ORv
C=Q}taD w |Q=Oxov `@=vt QOC}OwOLt w u=v}t]=C}r@=k Q}_v |Qo}O |=yC}OwOLt

"CiQo Q_v QO =Q

|Q}oxH}Dv "4
Qw_vtx@ |]NQ}e \rDNt K}LY OOa |R=Uxv}y@ pOt l} Q[=L |xar=]t QO
=@ |}xir-wtOvJ sDU}U l} QO xv=Q}oW}B C=Q}taD w |Q=Oxov |=yC}r=ai |Ov@u=tR
pw] QO sDU}U QO xir-wt Qy |=Q@ =yC}r=ai |r=wD u} QDy@ "OW x�=Q= |]N Q=DN=U
OQ@ Q=m "OW u}}aD |Q}PB|UQDUO |R=Uxv}W}@ T=U=Q@ OwOLt |R} Qxt=vQ@ ji= l}
x=oW}q=B QO |}xir-wtOvJ sDU}U l} QO |OOa p=Ft l} j} Q] R= |O=yvW}B pOt
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8 7 6 5 4 3 2 1 �x=t�
0 0 0 0 0 0 0 0 1
1 1 1 1 1 1 1 1 2
2 2 2 2 2 2 2 2 3
3 3 0 3 3 3 3 3 4
4 4 1 4 4 4 4 4 5
5 5 2 5 5 5 5 5 6
6 0 0 1 5 1 8 2 1 6 6 7
7 1 1 2 5 2 8 3 1 7 7 8
8 2 2 3 5 3 8 4 1 8 8 9
9 3 3 4 5 1 4 2 9 0 9 10
10 4 0 5 5 2 4 2 2 1 10 11
11 5 1 6 5 3 4 3 2 2 11 12
5 4 0 1 3 1 9 1 3 2 4 3 12 13
6 4 1 2 3 2 9 2 3 3 4 4 13 14
7 4 2 0 3 9 1 2 5 5 14 15
8 4 3 1 4 9 2 3 5 6 15 16
9 4 4 2 5 9 3 4 5 7 16 17
10 4 0 0 6 9 1 2 1 9 8 17 18
11 4 1 1 7 9 2 2 2 9 9 18 19
12 4 2 2 8 9 3 2 3 9 10 19 20
13 4 3 0 9 9 4 2 2 8 11 20 21
14 4 4 1 10 9 1 6 2 2 12 21 22
15 4 5 2 11 9 2 6 3 2 13 22 23
16 4 6 3 12 9 3 6 4 2 14 23 24
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