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wrew= u}}=B OL R= QDy@ |v}}=B OL xm pOt l} w OwW|t xDN=OQB xv}y@ CQwYx@
w =yu}}=B OL |xU}=kt |=Q@ u}vJty "OwW|t x�=Q= R}v 'OyO|t CUO x@ =HQm w
x�=Q= |}xOW KqY= |R=Ux}@W sD} Qwor= nQR@ w \UwDt |xR=Ov= QO xr�Ut pL
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&CU= xOW xDiQo
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&f1; 2; :::; lg =yu}W=t |xOvQ=tW %r

&C@Ft nQR@ OOa l} %M
&s=i Q=m C=}rta s=Hv= u=tR %pi

&i Q=m p} wLD Oawt %di
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xm LB =
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"CU= d[i] � d[i+1] =yi s=tD |=Q@
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u}W=t 5 hkU =D w Q=m 30 hkU =D p�=Ut CU= QO=k =yv; |O=yvW}B u=QmwxN=W
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|R=Uxv}tm |=Q@ =Q |tD} Qwor= [11]|Ov=Q w u}mQ; "CU= Q@=Q@ Q=m u; VR=OQB
u=tR R= |QUm =@ Q=m Qy uRw =yu; QO xm |r�=Ut x@ \w@ Qt Q=OuRw Q}N-=D
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Tij =

8>>>>>>>>>>>>>>>>>>>><>>>>>>>>>>>>>>>>>>>>:

8>>>><>>>>:
jP
i=1

Pti � di;( jP
i=1

Pti � di > 0
( if Pti � mi;

8i = 1:::j

0 otherwise8>>>>>>>>><>>>>>>>>>:

Pti +
j�1P
i=1

Pti � di;( Pti

+
j�1P
i=1

Pti � di > 0
( if Pti 6� mi;

8i = 1:::j

0 otherwise

(12)

Xi;j 2 f0; 1g (13)

Ovm|t u=}@ 10 C}OwOLt "Ovm|t xv}tm =Q =yQ=m pm OQmQ}O ẁtHt 9 |x]@=Q
C}akwt l} QO Q=m wO w CU= Q=m l} s=Hv= x@ XDNt C}akwt Qy xm
s=i Q=m Qo = |va} "CU= Q=m VR=OQB C@ wv |vat x@ C}akwt� OwW|tv s=Hv=
u}= x@ 11 C} wOLt "�CiQo Oy=wN =Q 1 Q=Okt OwW s=Hv= C@ wv u}t=j QO
C}OwOLt "OwW s=Hv= Ov=wD|t C}akwt l} QO =yvD Q=m Qy xm CU= |vat
u}= ?r=H TwULt Q}}eD =yvD pY= QO w CU= pOt u}= pL |xOwr=W 12
"OyO|t CUOx@ =Q=m |QDt=Q=B `k=w QO w CU= X}YND sD} Qwor= pOt =@ pOt
'OwW VR=OQB C@ wv u}t=j QO Qo = =Q i Q=m OQmQ}O pk=OL syt QDt=Q=B u}=

"OyO|t
"OyO|t =Q u}}=B OL pOt xm OW Oy=wN xO=O u=Wv xr=kt CUw}B QO

O} Q@D |R=Ux}@W sD} Qwor= "3
xOW xDiQo �1953� T}rB wQDt R= xOWO} Q@D |R=Ux}@W sD} Qwor= |rY= |xO}=
hrDNt |=RH= R= pmWDt |tDU}U u=wvax@ =Q xO=t sD} Qwor= u}= QO w= [13]"CU=
=tO |H} QOD Vy=m =@ =Q O=wt uOWOQU p=wQ sD} Qwor= u}= "CU= xOQm |R=Ux}@W
l} Q}m Oa@ p=U 30 "Ovm|t |R=Ux}@W |}=tO pO=aD |x]kv l} x@ uO}UQ =D
=Q sD} Qwor= u}= u=wD|t u; T=U=Q@ xm OvOQm O=yvW}B |WwQ Vv=Q=mty w l} QD=B

[14]"OQ@ Q=mx@ |R=Uxv}y@ p�=Ut |=Q@
?=wH� S0 w �x}rw= |=tO� T0 l} =@ SA sD} Qwor= wHwCUH OvwQ u}= QO
l} "CU= (SB) ?=wH u} QDy@ w (Sc) ?=wH u}rw= =OD@= xm xOW ẁQW �x}rw=
hOy `@=D "O};|t CUOx@ (Sc) QY=va |[a@ Z} waD =@ (SN ) |o}=Uty ?=wH
SN 'OW=@ QDy@ Ec R= EN Qo = "OwW|t xO=O u=Wv Ec w EN =@ Sc w SN |=R=x@
|rw "OwW|t O}rwD O}OH SN Oa@ Q=QmD QO w OwW|t xDiQ}PB O}OH Sc u=wvax@
p=tDL= =@ SN w OwW|t xO=iDU= T}rB wQDt Q=}at R= 'OW=@ QDO@ Ec R= EN xJv=vJ
�E = EN � Ec u; QO xm "OwW|t xDiQ}PB O}OH Sc u=wvax@ exp(��E

T )

QO &OwW|t xDiQ}PB O}OH SB u=wvax@ Sc 'OW=@ QDy@ EB R= Ec xJv=vJ "CU=
O=OaD x@ =tO K]U Qy QO Ov}=Qi u}= "Ov=t|t |k=@ Q}}eD uwO@ SB CQwYu}= Q}e
=D =tO Vy=m `@=D R= xO=iDU= =@ w |t=Q; x@ T QDt=Q=B w OwW|t Q=QmD |YNWt
p�=Ut |=Q@ |ivt Ctqa R= "O@=}|t Vy=m 'OwW Q=QkQ@ hkwD \QW xm |t=ovy
xO=iDU= |R=Uxv}W}@ p�=Ut |=Q@ T}rB wQDt Q=}at QO C@Ft Ctqa R= w |R=Uxv}tm

[15]"OwW|t

|Q}os}tYD |=yQ}eDt
Q}e QO w '1 OOa OwW s=Hv= k Q=m R= Oa@ i Q=m |Dkw xm CU= |} wOwO Q}eDt %Yi;k

&i 2 f1; 2; :::; n� 1g; k > i 'OQ}PB|t =Q QiY OOa CQwYu}=
'1 OOa OwW VR=OQB s=r u}W=t \UwD j Q=m |Dkw xm CU= |} wOwO Q}eDt %Zi;r

&r 2 f1; 2; :::; lg 'OQ}PB|t =Q QiY OOa CQwYu}= Q}e QO w
&i Q=m |}=yv p}tmD u=tR u}}aD |=Q@ xDUw}B Q}eDt %Ci

&i Q=m OQmQ}O u}}aD |=Q@ xDUw}B Q}eDt %Ti
QiY Q=Okt CQwYu}= Q}e QO w '1 Q=Okt 'OwW s=Hv= Q=m u}t=j s=i Q=m Qo = %Xi;j

"OQ}o|t =Q

\rDNt K}LY OOa |[=} Q |R} Qxt=vQ@ pOt "3"2
minimizing =

Xn

i=1 Ti (1)

s:t :
mX
r=1

Zi;r = 1 8i (2)

Ci � Pi 8i (3)

Ci � Ck + Pi �M � (1� Yi;k)�M � (2� (Zi;r + Zk;r))

8r; i 2 f1; 2; :::; n� 1g; k > i (4)

Ck � Ci + Pk �M � Yi;k �M � (2� (Zi;r + Zk;r))

8r; i 2 f1; 2; :::; n� 1g; k > i (5)

Ti � Ci � di 8i (6)

Ti; Ci � 0 8i (7)

Yi;k; Zi;r 2 f0; 1g (8)

|xawtHt "CU=yQ=m pm OQmQ}O ẁtHt u; Q=Okt xm "CU= hOy `@=D 1 |x]@=Q
|R=wt |=yu}W=t u=}t R= u}W=t l} |wQ O}=@ Q=mQy Ovm|t XNWt 2 C}OwOLt
QDnQR@ Q=m Qy p}tmD u=tR xm OR=U|t u�t]t 3C}OwOLt |xawtHt "OwW VR=OQB
Ovvm|t u=}@ sy =@ 5 w 4 |=yC} wOLt |xawtHt "CU= Q=m u; VR=OQB u=tR R=
wO u; u=tRsy VR=OQB R= 'OvwW VR=OQB s=r u}W=t l} |wQ k w i Q=m wO Qo = xm
C}OwOLt "OvwW|t VR=OQB s=r u}W=t |wQ C@ wv x@ =yQ=m w OwW|t |Q}owrH Q=m
=Q pOt s}tYD |=yQ}eDt 8 w 7 |=yx]@=Q "Ovm|t x@U=Lt =Q =yQ=m OQmQ}O u=tR 6

"Ovvm|t h} QaD

xr�Ut u}}=B OL |x@U=Lt |=Q@ |O=yvW}B pOt "4"2

minimizing =
nX
i=1

nX
j=1

Ti;j �Xi;j (9)

s:t :
nX
i=1

Xi;j = 1 8j = 1:::n (10)

nX
j=1

Xi;j = 1 8i = 1:::n (11)
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x�=Q=|QDW}@ \=kv O=OaD w OwW|t OQU QDQ}O sDU}U OW=@ xDW=O |oQR@ Q=Okt � xJv=vJ
Oy=wN xr�Ut pL u=tR V}=Ri= ?@U OwN xm OvwW|t |UQQ@ ?=wH |=[i R=

[17]"OW
xOWORt=v |=y?=wH VQ}PB Q=mwR=U "5"1"3

?=wH R}v w CU= xOW Ec pO=at |iOy `@=D x@ QHvt |Q=H ?=wH O}vm ZQi
%Qo = |R=Uxv}tm Cr=L QO OW=@ xDW=O =Q EN hOy `@=D Q=Okt xOWO=H}= |o}=Uty
OwW|t |Q=H ?=wH u} Ro}=H |o}=Uty ?=wH '�E = EN � Ec � 0 "1
CQwYu}= Q}e QO 'OwW|t xO=O Q=Qk SB = SN w EN � EB xJv=vJ w

"Ovv=t|t |k=@ Q}}eD uwO@ EB w SB
u}@ |iO=YD OOal} =@ y = exp(��E

T ) Q=Okt '�E = EN �Ec � 0 "2
|o}=Uty ?=wH 'OW=@ QDnQR@ |iO=YD OOa R= Qo = "OwW|t xU}=kt l} w QiY
O}rwD |Qo}O |o}=Uty ?=wH CQwYu}= Q}e QO &OwW|t xDiQ}PB Sc u=wvax@

"OwW|t
SA sD} Qwor= hkwD |=yQ=}at "6"1"3

xv}y@ |x]kv x@ C@Uv |DN=vW xvwoI}y |Q=mD@==Qi |=ysD} Qwor= xmv}= x@ xHwD =@
"CU= R=}v hkwD |=Q@ |Q=}at 'OvQ=Ov =y?=wH uOw@xv}y@ |xHQO |rm Qw]x@ w |rm
l} x@ uO}UQ %OQm u=}@ u}vJ =Q hkwD \QW =DU}= Cr=L QO u=wD|t |rm Qw]x@
CU= x}rw= |=tO R= |mJwm Q=}U@ QUm xm Tf 'xOWu}}aD V}B R= |}=yv |=tO
xOWu}}aDV}B R= |xv}W}@ Q=Okt l} x@ uO}UQ =} (Tf = � � T0; � � 0 01)

[18]"=yQ=QmD pm |=Q@
xr}Uwx@ w OQm Q=Qi |rLt |xv}y@ \=kv R= u=wD@ =D Ovm|t sy=Qi |Q=R@= SA VwQ
"Ci=} CUO |rm |xv}y@ |x]kv x@ XNWt p=tDL= l} =@ QDO@ |=y?=wH VQ}PB
|R=Ux}@W |=Q@ sRq |=ys=o [17]"CU= SA OQm} wQ Cwk \=kv R= |m} `[wt u}=

%CU= Q} R CQwYx@ xr=kt u}= QO SA

|OwQw |=yQDt=Q=B "1 s=o
(T0; �;maxiteration;maxiter 2; set T = T0)

|x}rw= ?=wH |=R= x@ hOy `@=D Q=Okt |x@U=Lt S0 w x}rw= ?=wH ?=NDv= "2 s=o
"E0

Ec=E0; EB=E0) OwWxDiQo Q_vQO ?=wH u} QDy@ u=wvax@ x}rw= ?=wH "3 s=o
"(Sc = S0; SB = S0;

xm |wLvx@ VyH =} `]=kD Qorta R= xO=iDU= =@ SN |o}=Uty ?=wH l} "4 s=o
xJv=vJ "OwW O}rwD 1 w QiY u}@ |iO=YD OOa "OwW O}rwD OwW|t QmP -=@k=aDt
0 5 R= QDmJwm OOa u}= xJv=vJ w `]=kD Qorta R= OW=@ 0 5 R= QDoQR@ OOa u}=
EN hOy `@=D Q=Okt "OwW xO=iDU= |Q=Pou=}t VwQ w VyH Qorta R= OW=@

"OwW x@U=Lt
"OwW x@U=Lt �E = EN � Ec Q=Okt "5 s=o

OwW xDiQ}PB |vwvm ?=wH u=wvax@ |vwvm |o}=Uty ?=wH '�E � 0 Qo = "6 s=o
"OwW pkDvt 9 s=o x@ sD} Qwor= w (Sc = SN ; Ec = EN )

"OwW O}rwD [0; 1] |xR=@ QO |iO=YD OOa l} '�E � 0 Qo = "7 s=o
|vwvm ?=wH u=wvax@ |o}=Uty ?=wH 'exp(��E

T ) > rand[0; 1] Qo = "8 s=o
QO &OwW pkDvt 9 s=o x@ sD} Qwor= w (Sc = SN ; Ec = EN ) OwW xDiQ}PB

SA sD} Qwor= |=yQDt=Q=B w =RH= "1"3
?=wH Q=DN=U V}=tv "1"1"3

CQwYx@ u}W=t 3 |wQ Q=m 6 VR=OQB |=Q@ p=Ft |=Q@ �=yQ=m |r=wD� ?=wH Q=DN=U
%CU= Q} R

6 4 7 5 2 8 3 1
=yv; X=YDN= w =yQ=m uOQm =OH |=Q@ =yQ=m O=OaD R= QDnQR@ O=Oa= Q=DN=U u}= QO
=@ |w=Ut w QDlJwm O=Oa= |Q}oQ=Qk C}akwt w OvwQ|t Q=mx@ Q_v OQwt u}W=t x@
x]w@ Qt u}W=t |wQ =yv; VR=OQB C@ wv |xOvyOu=Wv CWo}=H u}= QO =yQ=m O=OaD
w 5 Q=m 'pw= u}W=t |wQ 4 w 6 Q=m xOWxO=Ou=Wv ?=wH Q=DN=U |=Q@ ,qFt "CU=

"OvwW|t VR=OQB swU u}W=t |wQ 1 w 3 Q=m w 'swO u}W=t |wQ 2
x}rw= ?=wH ?=NDv= "2"1"3

CWo}=H CQwYx@ x}rw= ?=wH '?=wH Q=DN=UV}=tv QO xOWu=}@?r=]t x@ xHwD =@
xOt;CUOx@ CWo}=H u}= |=Q@ w O};|t CUOx@ OOa n + m � 1 R= |iO=YD

"OwW|t xDiQo Q_v QO x}rw= ?=wH u=wvax@ w OwW|t x@U=Lt hOy `@=D Q=Okt
x}=Uty ?=wH Q=mwR=U "3"1"3

|o}=Uty ?=wH ?=NDv= "OQm xO=iDU= |o}=Uty O=H}= |=Q@ VwQ wO R= u=wD|t
T=U=Q@ X=N |}x]@=[ j@]Q@ =} |iO=YD CQwYx@ Q}PBu=mt= |=y?=wH u}@ R=

[16]"OQ}PB|t CQwY xr�Ut Qy x@ XwYNt |Q=mD@= VwQ
w |}x]kv lD 1`]=kD |=yQorta R= |o}=Uty ?=wH O=H}= |=Q@ xr=kt u}= QO
R= xO=iDU= =@ Q=m u}= Q=@ Qy QO xm OwW|t xO=iDU= �GA� l}DvS sD} Qwor= 2VyH

"OwW|t s=Hv= |iO=YD CQwYx@ `]=kD Qorta =} VyH Qorta
'|R=UTwmat 'Z} waD C=}rta xU pt=W OwN VyH Qorta %VyH Qorta �

"OwW|t xO=iDU= u; |Q=Po u=}t VwQ R= xr=kt u}= QO xm CU= |Q=Pou=}t w
swRwtwQm pw] w l} u}@ |iO=YD OOawO VwQ u}= QO %|Q=Pou=}t VwQ �
OOa w |@=NDv= uS |xOvyOu=Wv |rw= OOa xm 'OwW|t O}rwD Or=w l} |=yvt
"OwW|t xO=O Q=Qk C}akwt u; QO uS u; xm CU= |D}akwt |xOvyOu=Wv swO

sD} Qwor= uwJ w CU= R=}v Or=w swRwtwQm wO x@ `]=kD Qorta QO %`]=kD Qorta �
CWo}=H x=Q R= swO Or=w swRwtwQm 'Ovm|t Q=m swRwtwQm l} =@ xW}ty SA

Qorta Oa@ w OwW|t xO=iDU= x}rw= ?=wH O}rwD Ovv=ty n+m� 1 |iO=YD
O}OH swRwtwQm wO w OQ}o|t s=Hv= Or=w |=yswRwtwQm |wQ |}x]kv lD `]=kD
?=wH =@ |twRwtwQm w OwW|t x@U=Lt O}OH swRwtwQm Qy Q=Okt "O};|t CUOx@

"OwW|t xO=DUQi |Oa@ C=U}=kt x@ QDy@ ?=wH u=wvax@ QDtm
=tO Vy=m w x}rw= |=tO ?=NDv= "4"1"3

umtt w O@=}|tVy=m QDO@ |=y?=wH VQ}PB p=tDL= 'OW=@ u}}=B x}rw= |=tO xJv=vJ
pkDUt |}=yv ?=wH s}y=wN@ Qo = "Ov=t@ |k=@ |rLt |xv}y@ ?=wH QO sDU}U CU=
u=mt= =D OwW|t xDiQo Q_v QO O=} R |i=m |xR=Ov= x@ x}rw= |=tO 'OW=@ ẁQW ?=wH R=
?=wH CQwYu}= Q}e QO "OW=@ xDW=O OwHw |o}=Uty |=y?=wHO=R; ,=@} QkD Z} waD
x@ CmQL w =tO Vy=m |x]@=[ "OW Oy=wN l}ORv ẁQW ?=wH CtU x@ |}=yv
%OwW|t xDiQo Q_v QO Q} R pmW x@ |a@=D CQwYx@ ,qwtat sDU}U uOWOQU CtU
Tr+1 = � � Tr 0 5 � � � 0 99 r = 1; 2; :::; n
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|U
Ovyt R= xOt;CUOx@ u}}=B OL 'u}=Q@=v@ "OQ=O xv}y@ ?=wH =@ |QDtm hqDN= |O=yvW}B

|Qo}O Q=}at "CU= j}kLD |xv}W}B QO OwHwt u}}=B OL R= QDsyt |O=yvW}B pOt
\rDNt K}LY OOa |R} Qxt=vQ@ pOt xm CU= p�=Ut pL u=tR OQ=O C}ty= xm
xm|r=L QO OQ=O |O=} R |r}N u=tR x@ R=}v lJwm |xR=Ov= =@ p�=Ut |=Q@ |DL
pL sy =Q nQR@ |xR=Ov= =@ p�=Ut Ov=wD|t |QDtm |r}N u=tR QO |O=yvW}B pOt
SA sD} Qwor= w \rDNt K}LY OOa |R} Qxt=vQ@ pOt x@ \w@ Qt G}=Dv u}vJty "Ovm
OyO|t x�=Q= =Q ?wN |r}N ?=wH O} Q@D |R=Ux}@W sD} Qwor= xm OvyO|t u=Wv
?=wH x@ \UwDt w lJwm |xR=Ov= =@ V}=tR; OQwt p�=Ut s=tD QO xm |}xvwox@
CrqO O} Q@D |R=Ux}@W sD} Qwor= ?wN |}=Q=m Q@ Qt= u}= w O@=}|t CUO xv}y@

"OQ=O
pOt QO V}=tR; OQwt p�=Ut x@ \w@ Qt G}=Dv 3 =D 1 |=ypmW w 2 pwOH
C=k}kLD QO OwHwt u}}=B OL w '|O=yvW}B pOt '\rDNt K}LY OOa |R} Qxt=vQ@

?=wH =@ u}W}B C=k}kLD QO OwHwt u}}=B OL w |O=yvW}B pOt hqDN= "1 pmW
"u}W=t 2 =@ |R=wt |=yu}W=t |xr�Ut |x}vy@

?=wH =@ u}W}B C=k}kLD QO OwHwt u}}=B OL w |O=yvW}B pOt hqDN= "2 pmW
"u}W=t 3 =@ |R=wt |=yu}W=t |xr�Ut |x}vy@

?=wH =@ u}W}B C=k}kLD QO OwHwt u}}=B OL w |O=yvW}B pOt hqDN= "3 pmW
"u}W=t 4 =@ |R=wt |=yu}W=t |xr�Ut |x}vy@

pkDvt 10 s=o x@ sD} Qwor= w Ovv=t@ |k=@ Q}}eD uwO@ Sc w Ec CQwYu}= Q}e
"OwW

Q}e QO &OvwW xO=O Q=Qk SB = Sc w EB = Ec 'Ec < EB Qo = "9 s=o
"Ovv=t@ |k=@ Q}}eD uwO@ SB w EB CQwYu}=

4 s=o x@ sD} Qwor= 'OW=@ maxiter2 R= QDtm =tO u}= QO =yQ=QmD =OaD Qo = "10 s=o
%|x]@=Q R= xO=iDU= =@ =tO CQwYu}= Q}e QO &OOQoQ@

Tr+1 = � � Tr 0 5 � � � 0 99 r = 1; 2; :::; n
"OwW =QH= |Oa@ s=o w OwW x@U=Lt

maxiteration R= QDtm pm |=yQ=QmD O=OaD Qo = %hkwD \}=QW |UQQ@ "11 s=o
xv}y@ ?=wH u=wvax@ SB w EB CQwYu}= Q}e QO &OwQ@ 4 s=o x@ sD} Qwor= OW=@
SA sD} Qwor= QDt=Q=B s}_vD R= xr=kt u}= QO [15]"OwW hkwD sD} Qwor= w VQ=Ro
'CU= xDiQo CQwY u=Q=mty w |QO=v \UwD xm |twta R=@ x=oQ=m p�=Ut |=Q@

[19]"OwW|t xO=iDU=

|D=@U=Lt G}=Dv "4
OOa O}rwD sU}v=mt R= SA sD} Qwor= w xOWx�=Q= |=ypOt xU}=kt w |UQQ@ |=Q@
VR=OQB u=tR "OwW|t xO=iDU= Q} R KQW x@ xr�Ut |=yQDt=Q=B |=Q@ |iO=YD K}LY
|xR=@ QO =yQ=m p} wLD Oawt w [1; 99] |xR=@ u}@ |iO=YD K}LY OOa Q@=Q@ pi
Q@=Q@ P xm OwW|t ?=NDv= [P � (1 � T � R=2); P � (1 � T + R=2)]

T;R w (P =
Pn
i=1

Pi
m ) =yu}W=t O=OaD Q@ s}UkD =yQ=m VR=OQB u=tR ẁtHt

xm [20]OvDUy f0 4; 0 6; 0 8g w f0 2; 0 6; 1g |xR=@ x@ \w@ Qt ?}DQDx@ R}v
"Ov=xOW xDiQo Q_v QO R = 0 6 w T = 0 4 xr�Ut u}= QO

pOt |=Q@ w GAMS(ver.24.1) Q=Ri=sQv R= |rY= pOt |=Q@ xr=kt u}= QO
=@ QDw}Bt=m |wQ MATLAB 2012a Q=Ri= sQv R= SA sD} Qwor= w |O=yvW}B
�Intel r CPU 2 6 GHZ and 4 GB of RAM memory� C=YNWt

"CU= xOW xO=iDU=
=QH= Q=@ GvB xr�Ut Qy |=Q@ xm 'SA sD} Qwor= |=QH= R= pY=L G}=Dv xt=O= QO
xm |O=yvW}B pOt w \rDNt K}LY OOa |R} Qxt=vQ@ pOt G}=Dv =@ 'CU= xOW
pOt ?=wH |}=Q=m VHvU |=Q@ "OwW|t xU}=kt 'CU= xr�Ut |=Q@ u}}=B OL l}
R}v w u}W}B C=k}kLD QO OwHwt u}}=B OL =@ xU}=kt w u}}=B OL u=wvax@ |O=yvW}B
[21]"CU= xDiQ Q=mx@ 'OwW|t |iQat Q} R |x]@=Q QO xm GAP Q=}at SA sD} Qwor=
� GAP = �(Ti � T �)

T � � 100 (14)

sD} Qwor= ?=wH =}lJwm |xR=Ov= =@ p�=Ut QO xv}y@ Q=Okt Qou=}@ T � '14 |x]@=Q QO
Q@=Q@ xr�Ut Qy |=Q@ Ti Q=Okt "CU= nQR@ w \UwDt |=yxR=Ov= =@ p�=Ut QO SA

"OwW|t xDiQo Q_v QO xU}=kt OQwt OQ=wt R= l} Qy |=Q@ xOt;CUOx@ Q=Okt
xQ=wty |O=yvW}B pOt R= xOt;CUOx@ ?=wH xm OyO|t u=Wv 1 pwOH
\rDNt K}LY OOa |R} Qxt=vQ@ pOt R= xOt;CUOx@ |xv}y@ ?=wH R= QDlJwm
u}}=B OL |O=yvW}B pOt ?=wH CiQo xH}Dv u=wD|t 'Qo}O CQ=@a x@ "CU=
C=k}kLD QO OwHwt u}}=B OL G}=Dv x@ xHwD =@ u}vJty "CU= x]w@ Qt |xr�Ut
pOt ?=wH xm Ci=} QO u=wD|t |O=yvW}B pOt ?=wH =@ u; |xU}=kt w u}W}B
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x�=Q=

"lJwm |xR=Ov= =@ p�=Ut |=Q@ SA sD} Qwor= w u}W}B C=k}kLD QO OwHwt u}}=B OL '|O=yvW}B pOt '|[=} Q |R} Qxt=vQ@ pOt x@ \w@ Qt G}=Dv "1 pwOH
sD} Qwor= ?=wH \UwDt C=}@O= QwQt u}}=B OL |O=yvW}B pOt OOa |R} Qxt=vQ@ pOt O=OaD=QH= 5 =@ O} Q@D |R=Ux}@W \rDNt K}LY

GAP OQmQ}O GAP u}}=B OL GAP VR=OQB u=tR OQmQ}O VR=OQB u=tR OQmQ}O =yQ=m =yu}W=t��� pm ��� pm OQmQ}O ��� �x}v=F� pm �x}v=F� pm
0 00 157 39 81 94 5 38 85 0 82 96 0 16 157 5

2

0 00 62 62 9 23 59 68 0 87 25 0 17 62 6
0 00 158 43 35 89 5 40 51 0 88 94 1 08 158 7
0 00 178 38 2 110 34 83 0 92 116 1 7 178 8
0 00 205 38 78 125 5 35 12 0 94 133 9 48 205 9
0 00 216 32 18 146 5 29 17 0 97 153 51 01 216 10
0 00 1166 18 01 956 17 07 1 01 967 10375 1166 12
0 00 73 90 41 7 86 3 0 91 10 0 14 73 5

3
0 00 66 78 79 14 75 76 0 92 16 0 3 66 6
0 00 54 85 74 7 7 81 48 0 94 10 3 15 54 7
0 00 92 77 93 20 3 73 91 0 97 24 6 1 92 8
0 00 211 51 18 103 45 50 0 98 115 371 66 211 9
0 00 352 41 19 207 36 36 0 99 224 2485 352 10

"nQR@ w \UwDt |xR=Ov= =@ p�=Ut |=Q@ SA sD} Qwor= w u}W}B C=k}kLD QO OwHwt u}}=B OL '|O=yvW}B pOt x@ \w@ Qt G}=Dv "2 pwOH
sD} Qwor= ?=wH \UwDt QO OwHwt u}}=B OL |O=yvW}B pOt O=OaD=QH= 5 =@ O} Q@D |R=Ux}@W u}W}B C=k}kLD

pm OQmQ}O GAP ��� u}}=B OL GAP ��� pm OQmQ}O =yQ=m =yu}W=t
1296 14 58 1107 11 73 1144 15

2

1517 17 24 1255 5 15 89 1276 20
2758 4 15 75 2324 13 79 2378 25
4626 9 93 4166 5 7 8 4265 30

5102 8 15 55 4309 5 13 52 4413 35
9032 2 10 69 8067 8 89 8229 40
10747 4 10 31 9639 5 7 98 9890 45
13908 4 7 72 12834 5 59 13131 50

657 32 37 444 3 27 7 475 15

3

1315 23 37 1007 7 19 09 1064 20
1616 22 01 1260 3 16 58 1348 25
2031 21 52 1594 15 51 1716 30
2372 21 07 1872 3 12 98 2064 35
5719 13 55 4944 8 27 5246 40
7390 14 88 6290 7 10 58 6608 45
9748 14 16 8367 3 10 48 8726 50
378 53 44 176 45 5 206 15

4

959 6 36 90 605 5 30 8 664 20
1487 30 03 1040 5 24 82 1118 25

2499 8 22 88 1927 8 15 59 2110 30
2800 8 21 33 2203 3 15 2 2375 35
5012 2 15 87 4217 10 5 4486 40
5342 2 17 02 4432 8 11 24 4742 45
6249 8 19 61 5024 3 13 02 5436 50
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|U
Ovyt OOa |[=} Q pOt |x�=Q= w |R=wt |=yu}W=t |Ov@u=tR |xr�Ut x@ x=ov ẁv "2

=Q=m |[=} Q |R} Qxt=vQ@ pOt l} uOWxi=[= w u; |=Q@ O}OH \rDNt K}LY
"OQ=O |Y=N C}ty= ẁ[wt u}= |xv}W}B x@

|xR=Ov= QO p�=Ut ẁv u}= wCU= |Ov@u=tR p�=Ut QO pt=a u} QDsyt pL u=tR "3
|=yxR=Ov= QO |O=yvW}B pOt "OvQ=O O=} R |r}N pL u=tR x@ R=}v sy \UwDt
x@ \rDNt K}LY OOa |R} Qxt=vQ@ pOt x@ C@Uv sy lJwm |DL w \UwDt
|R=Ux}@W sD} Qwor= w |O=yvW}B pOt R= xO=iDU= =@ "OQ=O R=}v |QDtm pL u=tR
u}= QO "Ci=} CUO |@ wN |=y?=wH x@ |QDtm u=tR QO u=wD|t xOW|iQat
|D; C=k}kLD |=Q@ u=wD|t CU= xOW xDiQo Q_v QO xr�Ut |twta Cr=L xr=kt
xQ}e w u}W=t |@=QN |DL =} =yQ=m R=Ht `]k u=tR pFt xr�Ut Qo}O |=yZQi

"OQm |UQQ@ =Q

"OyO|t u=Wv Q} R |=yQDt=Q=B =@ =Q SA |xOWKqY= sD} Qwor= w 'u}W}B
T0 = 10; � = 0 98; maxiteration = 600; maxiter2 = 20

C=O=yvW}B w |Q}oxH}Dv "5
hqDN= nQR@ |=yxR=Ov= =@ p�=Ut QO OwW|t x�=Q= pOt \UwD xm |v}}=B OL "1
u}}=B OL u}= 'u}=Q@=v@ "OQ=Ov xOWO} Q@D |R=Ux}@W sD} Qwor= ?=wH =@ |O=} R
xHwD =@ 'Qo}O |wU R= "OQ=O nQR@ |xR=Ov= =@ p�=Ut QO |@ wN |r}N C}i}m
R= 'CU= QDy@ u}W}B C=k}kLD QO OwHwt u}}=B OL R= u}}=B OL u}= xmv}= x@

"CU= Q=OQwNQ@ |}xS} w C}ty=

=yCWwv=B
1. crossover
2. mutation
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CU= uwDU w Q]U Q@=Q@ xOvyOVWwB \w]N O=OaD pk=OL |=Q=O T} QD=t u}= xm
%Ow@ Oy=wN Q} R Q=Okt Q@=Q@ q=@ T} QD=t j@] pm OQmQ}O TB

Total Tardiness (Proposed Model) = 2 � p1 + 2 � p2 + p3

�(d1 + d2)

xr�Ut umtt |=y|r=wD s=tD =@ |O=yvW}B pOt hOy `@=D Q=Okt |xU}=kt |=Q@ uwvm =
=} =y|r=wD R= l} Qy x@ \w@ Qt Q}O=kt s=tD R= QDtm Q=Okt u}= xm OwW|t xO=O u=Wv

"CU= K}[wD u}= |xOvyOu=Wv 1 CUw}B pwOH "Ow@ Oy=wN =yv; =@ |w=Ut
Q}=U xm OwW|t x@U=Lt Q} R CQwYx@ 1 � 2 � 3 |r=wD |=Q@ pm OQmQ}O

"CU= p=wvt u}ty x@ R}v =y|r=wD
T3 = p3 � d3 = 0; T2 =p3 + p2 � d2; T1 = p3 + p2 + p1 � d1

Total Tardiness = T1 + T2 + T3 = 2 � p3 + 2 � p1 + p2

�(d1 + d2)

p2 < p1 < p3 xm|Qw] x@ Q=m 3 =@ xr�Utl} xm OwW|t ZQi Q=@u}= %swOCr=L
=@ pm OQmQ}O Q=Okt CQwY u}= QO "OQ=O OwHw 'pi < di w d2 < d1 < d3 w

"OwW|t x@U=Lt Q} R CQwYx@ |O=yvW}B pOt R= xO=iDU=

Tji=

2664 0 p2 + p1 � d1 p2 + p1 + p3 � d1
0 p2 + p1 � d2 p2 + p1 + p3 � d2
0 p2 + p3 � d3 p2 + p1 + p3 � d3

3775
%pw= Cr=L Ovv=t T} QD=t u}= pL |=Q@
%=Q} R p2 + p3 � d3 %2 uwDU |xv}tm

p2 + p3 � d3 < p2 + p1 � d1 ) p3 � p1 < d3 � d1 ) �
p2 + p3 � d3 < p2 + p1 � d2 ) p3 � p1 < d3 � d2 ) �

%uwJ &CU= u; swU |x}=QO swU uwDU |xv}tm
p2 + p1 + p3 � d3 < p2 + p1 + p3 � d1)�d3 < �d1)d3 > d1

p2 + p1 + p3 � d3 < p2 + p1 + p3 � d2)�d3 < �d2)d3 > d2

%|v=DUQ=Ht sD} Qwor= p=wQ j@] uwvm =

Tji =

2664 0 p1 � d1 � p3 + d3 d3 � d1
0 p1 � d2 � p3 + d3 d3 � d2
0 0 0

3775

CUw}B
"OyO|t =Q =yQ=m pm OQmQ}O |=Q@ u}}=B OL |@=wH |O=yvW}B pOt %x}[k

=@ xr�Ut l} OyO|t =Q pm OQmQ}O u}}=B OL |O=yvW}B pOt xmv}= C=@F= |=Q@
xO=O u=Wv 'OwW|t xDiQo Q_v QO p} wLD Oawt |=Q@ hrDNt |=yCr=L QO Q=m 3
|r=wD |xv}y@ Q=Okt R= QDtm Ot; Oy=wN CUOx@ xr�Ut |=Q@ xm |Q=Okt xm OW Oy=wN

"Ow@ Oy=wN u; =@ |w=Ut =}
w p2 < p1 < p3 xm|Qw] x@ Q=m 3 =@ xr�Ut l} O}vm ZQi %pw= Cr=L
=@ pm OQmQ}O Q=Okt CQwY u}= QO s}W=@ xDW=O 'pi < di w d3 < d1 < d2

"OwW|t x@U=Lt Q} R CQwYx@ |O=yvW}B pOt R= xO=iDU=

Tji =

2664 0 p2 + p1 � d1 p2 + p1 + p3 � d1
0 p2 + p1 � d2 p2 + p1 + p3 � d2
0 p2 + p3 � d3 p2 + p1 + p3 � d3

3775
x@ xHwD =@ Q=mu}= |=Q@ xm OwW|t pta |v=DUQ=Ht VwQ x@ T} QD=t u}= pL |=Q@
|xv}tm O}=@ Q=m u}= |=Q@ xm OwW O=H}= QiY R}v 3 w 2 uwDU QO O}=@ q=@ T} QD=t

"OQm sm uwDU u; |=yx}=QO R= w Ci=} =Q uwDU Qy
%=Q} R p2 + p1 � d2 %2 uwDU |xv}tm

p2 + p1 � d2 < p2 + p1 � d1 ) �d2 < �d1 ) d2 > d1

p2 + p1 � d2 < p2 + p3 � d3 ) d3 � d2 < p3 � p1 ) � < +

%uwJ &CU= u; swO x}=QO swU uwDU |xv}tm
p2 + p1 + p3 � d2 < p2 + p1 + p3 � d1)�d2 < �d1)d2 > d1

p2 + p1 + p3 � d2 < p2 + p1 + p3 � d3)�d2 < �d3)d2 > d3

%|v=DUQ=Ht sD} Qwor= p=wQ j@] p=L

Tji =

2664 0 d2 � d1 d2 � d1
0 0 0
0 p3 � d3 � p1 + d2 d2 � d3

3775
\w]N O=OaD |xv}tm xm|v=tR =D |v=DUQ=Ht VwQ C}Y=N j@] q=@ T} QD=t QO
xt=O= |v=DUQ=Ht VwQ OwWv uwDU =} Q]U O=OaD =@ Q@=Q@ =yQiY |xOvyOVWwB

%O};|t QO Q} R CQwYx@ VwQ u}= |] q=@ T} QD=t xm "O@=}|t

Tji =

2664 0 0 0
d2 � d1 0 0

0 p3 � d3 � p1 + d1 d1 � d3

3775
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u=DU
tR�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt "pw= Cr=L "1 CUw}B pwOH

|r=wD pm OQmQ}O |=Q@ x}=B pOt xU}=kt pm OQmQ}O |=Q@ xOW x�=Q= pOt
1� 2� 3 2p1 + 2p2 + p3 � (d2 + d3) > 2p1 + 2p2 + p3 � (d1 + d2)

1� 3� 2 2p1 + 2p3 + p2 � (d2 + d3) > 2p1 + 2p2 + p3 � (d1 + d2)

2� 1� 3 2p2 + 2p1 + p3 � (d1 + d3) > 2p1 + 2p2 + p3 � (d1 + d2)

2� 3� 1 2p2 + 2p3 + p1 � (d1 + d3) > 2p1 + 2p2 + p3 � (d1 + d2)

3� 1� 2 2p3 + 2p1 + p2 � (d1 + d2) > 2p1 + 2p2 + p3 � (d1 + d2)

3� 2� 1 2p3 + 2p2 + p1 � (d1 + d2) > 2p1 + 2p2 + p3 � (d1 + d2)

"swO Cr=L "2 CUw}B pwOH
|r=wD pm OQmQ}O |=Q@ x}=B pOt xU}=kt pm OQmQ}O |=Q@ xOW x�=Q= pOt

1� 2� 3 2p1 + 2p2 + p3 � (d2 + d3) > 2p1 + 2p2 + p3 � (d1 + d3)

1� 3� 2 2p1 + 2p3 + p2 � (d2 + d3) > 2p1 + 2p2 + p3 � (d1 + d3)

2� 1� 3 2p2 + 2p1 + p3 � (d1 + d3) > 2p1 + 2p2 + p3 � (d1 + d3)

2� 3� 1 2p2 + 2p3 + p1 � (d1 + d3) > 2p1 + 2p2 + p3 � (d1 + d3)

3� 1� 2 2p3 + 2p1 + p2 � (d1 + d2) > 2p1 + 2p2 + p3 � (d1 + d3)

3� 2� 1 2p3 + 2p2 + p1 � (d1 + d2) > 2p1 + 2p2 + p3 � (d1 + d3)

%|v=DUQ=Ht sD} Qwor= p=wQ j@] TB "OvQ@=Q@ swU uwDU |=yx}=QO xty

Tji =

2664 0 0 0
0 0 0
0 p3 � p1 0

3775 or Tji =

2664 0 0 0
0 0 0
0 p3 � p1 0

3775
or Tji =

2664 0 0 0
0 0 0
0 p3 � p1 0

3775
CU= uwDU w Q]U Q@=Q@ xOvyOVWwB \w]N O=OaD |xv}tm |=Q=O T} QD=t u}= xm
Q} R Q=Okt Q@=Q@ =yQ=m pm OQmQ}O =yCr=L |xty QO "OQ=O xv=oOvJ |xv}y@ ?=wH w

%CU=
Total Tardiness (Proposed Model)=2� p1+2 �p2+p3�2� d
xr�Ut umtt |=y|r=wD s=tD =@ |O=yvW}B pOt hOy `@=D Q=Okt |xU}=kt |=Q@ uwvm =
=} =y|r=wD R= l} Qy x@ \w@ Qt Q}O=kt s=tD R= QDtm Q=Okt u}= xm OwW|t xO=O u=Wv

"CU= K}[wD u}= |xOvyOu=Wv 3 CUw}B pwOH "Ow@ Oy=wN =yv; =@ |w=Ut
p2 < p1 < p3 xm|Qw] x@ Q=m 3 =@ xr�Utl} xm OwW|tZQi Q=@u}= %sQ=yJCr=L
=@ pm OQmQ}O Q=Okt CQwY u}= QO "OQ=O OwHw 'pi < di w d1 < d3 < d2 w

%OwW|t x@U=Lt Q} R CQwYx@ |O=yvW}B pOt R= xO=iDU=

Tji =

2664 0 p2 + p1 � d1 p2 + p1 + p3 � d1
0 p2 + p1 � d2 p2 + p1 + p3 � d2
0 p2 + p3 � d3 p2 + p1 + p3 � d3

3775
%pw= Cr=L QO VwQ Ovv=t T} QD=t u}= pL |=Q@

%=Q} R 'p2 + p1 � d2 %2 uwDU |xv}tm
p2 + p1 � d2 < p2 + p1 � d1)�d2 < �d1)d2 > d1 ) �
p2 + p1 � d2 < p2 + p3 � d3)p3 � p1 > d3 � d2)�

%O};|t QO Q} R CQwYx@ |v=DUQ=Ht VwQ |] q=@ T} QD=t

Tji =

2664 0 0 p3 � p1
0 d1 � d2 p3 � d2 � p1 + d1

p1 � d1 � p3 + d3 0 0

3775
"CU= uwDU w Q]U Q@=Q@ xOvyOVWwB \w]N O=OaD pk=OL |=Q=O T} QD=t u}= xm

"CU= Q} R Q=Okt Q@=Q@ q=@ T} QD=t j@] pm OQmQ}O TB

Total Tardiness (Proposed Model) = 2 � p1 + 2 � p2 + p3

�(d1 + d3)

xr�Ut umtt |=y|r=wD s=tD =@ |O=yvW}B pOt hOy `@=D Q=Okt |xU}=kt |=Q@ uwvm =
=} =y|r=wD R= l} Qy x@ \w@ Qt Q}O=kt s=tD R= QDtm Q=Okt u}= xm OwW|t xO=O u=Wv

"CU= K}[wD u}= |xOvyOu=Wv 2 CUw}B pwOH "Ow@ Oy=wN =yv; =@ |w=Ut
p2 < p1 < p3 xm|Qw]x@ Q=m 3 =@ xr�Utl} xm OwW|t ZQi Q=@u}= %swUCr=L
R= xO=iDU= =@ pm OQmQ}O Q=Okt CQwY u}= QO "OQ=O OwHw 'pi < di w di = d w

%OwW|t x@U=Lt Q} R CQwYx@ |O=yvW}B pOt

Tji =

2664 0 p2 + p1 � d p2 + p1 + p3 � d
0 p2 + p1 � d p2 + p1 + p3 � d
0 p2 + p3 � d p2 + p1 + p3 � d

3775
%pw= Cr=L Ovv=t T} QD=t u}= pL |=Q@
%=Q} R "p2 + p1 � d %2 uwDU |xv}tm

p2 + p1 � d < p2 + p3 � d) p1 < p3 ) �
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x�=Q="swU Cr=L "3 CUw}B pwOH
|r=wD pm OQmQ}O |=Q@ x}=B pOt xU}=kt pm OQmQ}O |=Q@ xOW x�=Q= pOt

1� 2� 3 2p1 + 2p2 + p3 � 2 � d = 2p1 + 2p2 + p3 � 2 � d
1� 3� 2 2p1 + 2p3 + p2 � 2 � d > 2p1 + 2p2 + p3 � 2 � d
2� 1� 3 2p2 + 2p1 + p3 � 2 � d > 2p1 + 2p2 + p3 � 2 � d
2� 3� 1 2p2 + 2p3 + p1 � 2 � d > 2p1 + 2p2 + p3 � 2 � d
3� 1� 2 2p3 + 2p1 + p2 � 2 � d > 2p1 + 2p2 + p3 � 2 � d
3� 2� 1 2p3 + 2p2 + p1 � 2 � d > 2p1 + 2p2 + p3 � 2 � d

"sQ=yJ Cr=L "4 CUw}B pwOH
|r=wD pm OQmQ}O |=Q@ x}=B pOt xU}=kt pm OQmQ}O |=Q@ xOW x�=Q= pOt

1� 2� 3 2p1 + 2p2 + p3 � (d2 + d3) = 2p1 + 2p2 + p3 � (d2 + d3)

1� 3� 2 2p1 + 2p3 + p2 � (d2 + d3) > 2p1 + 2p2 + p3 � (d2 + d3)

2� 1� 3 2p2 + 2p1 + p3 � (d1 + d3) > 2p1 + 2p2 + p3 � (d2 + d3)

2� 3� 1 2p2 + 2p3 + p1 � (d1 + d3) > 2p1 + 2p2 + p3 � (d2 + d3)

3� 1� 2 2p3 + 2p1 + p2 � (d1 + d2) > 2p1 + 2p2 + p3 � (d2 + d3)

3� 2� 1 2p3 + 2p2 + p1 � (d1 + d2) > 2p1 + 2p2 + p3 � (d2 + d3)

"CU= uwDU w Q]U Q@=Q@ xOvyO VWwB \w]N O=OaD xv}tm |=Q=O T} QD=t u}= xm
%Ow@ Oy=wN Q} R Q=Okt Q@=Q@ q=@ T} QD=t j@] pm OQmQ}O TB

Total Tardiness (Proposed Model) = 2 � p1 + 2 � p2 + p3

�(d2 + d3)

xr�Ut umtt |=y|r=wD s=tD =@ |O=yvW}B pOt hOy `@=D Q=Okt |xU}=kt |=Q@ p=L
=} =y|r=wD R= l} Qy x@ \w@ Qt Q}O=kt s=tD R= QDtm Q=Okt u}= xm OwW|t xO=O u=Wv

"CU= K}[wD u}= |xOvyOu=Wv 4 CUw}B pwOH "Ow@ Oy=wN =yv; =@ |w=Ut
Q_v QO =Q p�=Ut hrDNt |=yCr=L s=tD xm xOWu=}@ Cr=L Q=yJ x@ xHwD =@
|xv}y@ ?=wH =} u}}=B OL xW}ty |O=yvW}B pOt xm CiQo xH}Dv u=wD|t 'OQ}o|t

"OyO|t =Q xr�Ut

%uwJ &CU= u; swO |x}=QO swU uwDU |xv}tm
p2 + p1 + p3 � d2 < p2 + p1 + p3 � d1)�d2 < �d1)d2 > d1

p2 + p1 + p3 � d2 < p2 + p1 + p3 � d3)�d2 < �d3)d2 > d3

%|v=DUQ=Ht sD} Qwor= p=wQ j@] p=L

Tji =

2664 0 d2 � d1 d2 � d1
0 0 0
0 p3 � d3 � p1 + d2 d2 � d3

3775
%O};|t QO Q} R CQwYx@ |v=DUQ=Ht VwQ |] q=@ T} QD=t

Tji =

2664 0 d3 � d1 d3 � d1
d2 � d3 0 0

0 p3 � p1 0

3775
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