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O}rwD |=yxv} Ry ẁtHt pt=W O}rwD |=yxv} Ry "CU= R}v O}rwD |=yxv} Ry pt=W
u=v}t]= |xQ}NP |xt} QH |=yxv} Ry w =yVQ=iU Q}N-=D |=yxv} Ry '|R=UxO=t; w
Q_v QO hrDNt C=[wQit Q}F-=D V}=tv u}vJty w CLY |UQQ@ Qw_vt x@ "CU=
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ẁtHt w Oa@ |xQwO |OwHwt u=wva x@ xQ}NP |=Q@ xOW O}rwD CqwYLt |x}rm u}@

u=} QDWt |=yVQ=iU =} |DUOu}}=B CqwYLt O}rwD |=Q@ xOW p=UQ= |OwHwt
|=Q@ |OwHwt R= xDi=}p=kDv= CqwYLt pm xm Ovm|t u}t[D 7 C}OwOLt "CU=
|OwHwt K]U R= QDsm O}=@ u=} QDWt |=yVQ=iU w |DUOu}}=B CqwYLt O}rwD
|}=yv |OwHwt K]U j=@]v= sOa Qou=}@ 8 C}OwOLt w OW=@ pwYLt l} |x}rw=

"CU= pwYLt u; R=}v OQwt u=v}t]= K]U R= pwYLt l}

ILp �
NOpP
j=1

ITOp;j � NPP
p0=1

BOMp;p0>0

NLp0P
l0=1

ITLp;p0;l0

+
NLpP
l=1

LTIp;l = FLp

8p 2 P

(6)

NPX
p0=1

BOMp;p0>0

NLp0X
l0=1

ITLp;p0;l0 +
NOpX
j=1

ITOp;j � ILp 8p 2 P

(7)

FLp � SSp = PILp �NILp 8p 2 P (8)

|=yxDUO O}rwD |=Q@ u=wD|t =Q |O}rwD |xDUO l} xm OyO|t u=Wv 9 C}OwOLt
"OQm xO=iDU= pwYLt u; |}=yv |OwHwt =} =yVQ=iU u}t-=D '|DUOu}}=B CqwYLt
xDUO l} VR=OQB |=Q@ R=}v OQwt C=a]k =} O=wt xm OyO|t u=Wv 10 C}OwOLt

"OwW|t u}t-=D |DUOu}}=B pwYLt |O}rwD |=yxDUO R= =} x}rw= |OwHwt R=
NPP
p0=1

BOMp;p0>o

NLp0P
l0=1

LTLp;l;p0;l0

9



u=Q=
mty

w|
RH

s_a
ts

=yr=
/"""

=}wB
|Ov

@xwQo
|=Q@

|[
=}Q

|R}
Qxt=

vQ@p
Otl

}

LTLp;l;p0;l0 � bigM � Y LTLp;l;p0;l0
8p; p0 2 p
8BOMp;p0 > o

8l 2 Lp
8l0 2 Lp0

(26)

pwYLt l} R= xDUO wO VR=OQB C} wrw= xm CU= u; Q@ ZQi VywSB u}= QO
x]@=Q u}= Qou=}@ 27 C}OwOLt "CU= QDlJwm xQ=tW |=Q=O xm CU= |}xDUO =@
O}=@ 'OvwW VR=OQB u}W=t l} |wQ Q@ |O}rwD xDUO wO xJv=vJ 'xwqa x@ "CU=
wO |r=wD Qou=}@ 28 C}OwOLt "OwW XNWt u}W=t R= xO=iDU= |=Q@ =yv; |r=wD

"CU= u}W=t l} |wQ Q@ Cw=iDt CqwYLt R= |O}rwD |xDUO

CTp;l � STp;l0
+bigM � (2�Xp;l;m �Xp;l0;m)

8p 2 p; 8l; l0 2 Lp
l < NLp � 1; l0 > l

8m 2Mp

(27)

CTp;l � STp0;l0 + bigM

� (3�Xp;l;m �Xp0;l0;m � Y SPp;l;p0;l0)
8p; p0 2 p
8l 2 Lp
8l0 2 Lp0

(28)

CTm:i � STm;i0 + bigM

� (3� Y PMm:i � Y PMm;i0)

8m;m0 2M
8i; i0 2 Im
i � NPMm � 1
i0 > i

8r 2 R
(29)

CTm:i � STm0;i0 + bigM

� (3� Y Rm;i;r � Y Rm0;i0;r � Y SRm;i;m0;i0)
8m;m02M
8i; i0 2 Im
8r 2 R

(30)

OwHwt `@vt wO |wQ Q@ |D=Q}taD |=yC}r=ai |r=wD O}=@ 'x@=Wt CQwY x@
C}OwOLt Ovv=ty 29 C}OwOLt "OwW XNWt |D=Q}taD |=ywQ}v w =yu}W=t |va}
u}W=t l} |wQ Q@ |D=Q}taD |=yC}r=ai s=Hv= C} wrw= xm OyO|t u=Wv 27
C}r=ai wO s=Hv= ?}DQD Qou=}@ 30 C}OwOLt "CU= C=Q}taD u; xQ=tW T=U=Q@
s=Hv= C=Q}taD |wQ}v l} \UwD xm CU= hrDNt u}W=t wO |=Q@ |D=Q}taD

"OvwW|t
w |O}rwD |=yC}r=ai s=Hv= |r=wD u}}aD =@ \@DQt =yC}OwOLt R= swU xDUO
\@DQt 41 =D 31 |=yC}OwOLt "CU= |D=Q}taD |=ywQ}v w =yu}W=t |wQ Q@ |D=Q}taD
Ovm|t u=}@ 32 w 31 |=yC}OwOLt "OvDUy =yu}W=t |wQ Q@ =yQ=m |r=wD u}}aD =@
|xawtHt R= O}=@ u}W=t u; C=}rta u} QN; w u}rw= 'OW=@ p=ai u}W=t l} Qo = xm
u=Wv 34 w 33 |=yC}OwOLt "OW=@ (f0; NP + 1g) |R=Ht |O}rwD C}r=ai
C=Q}taDl} =} |O}rwD |=yxDUO pk=OL xmCU= p=ai u}W=tl} |v=tR xm OyO|t
36 w 35 |=yC}OwOLt "OvwW s=Hv= u; |wQ Q@ |R} Qxt=vQ@ ji= |] QO xv=Q}oW}B

STp;l � Tbegin 8p 2 p
8l 2 Lp (17)

CTp;l � Tend 8p 2 p
8l 2 Lp (18)

STm;i � Tbegin 8m 2M
8i 2 Im (19)

CTm;i � Tend 8m 2M
8i 2 Im (20)
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m=1

Xp;l;m

8p 2 p
8l 2 Lp
8m 2M
8i 2 Im

(35)

NPX
p0=1
p0 6=p

NLpX
l0=1

Y SPp;l;p0;l0+
NLpX
l0=1
l0 6=l

Y SPp;l;p;l0+
NPMmX
i=1

Y SMA
p;l;m;i

=
NMX
m=1

Xp;l;m

8p 2 p
8l 2 Lp
8m 2M
8i 2 Im

(36)

QDy@ |[=} Q Q_v R= 'OwWv s=Hv= |O}rwD C}r=ai l} xm CU= u; Q@ s}tYD xm |v=tR
C}OwOLt "Ovvm Q=}DN= QiY Q=Okt C}r=ai u; |r=wD u}}aD x@ \w@ Qt |=yQ}eDt CU=
u=wD|tv 'OwWv s=Hv= u}W=t |wQ |O}rwD |xDUO VR=OQB Qo = xm OyO|t u=Wv 37
T=U=Q@ 'xwqa x@ "OQm |R} Qxt=vQ@ u; R= Oa@ w p@k |D=Q}taD =} O}rwD C=}rta ẁv I}y
Cw=iDt u}W=t wO |wQ Q@ |O}rwD C}r=ai wO VR=OQB xm |DQwY QO '38 C}OwOLt

"OQ=Ov OwHw =yv; |r=wD |R} Qxt=vQ@ x@ |twRr 'OW=@ xOW |R} Qxt=vQ@
NP+1X
p0=1

NLp0X
l0=1

Y SPp;l;p0;l0 +
NP+1X
p0=0

NLp0X
l0=1

Y SPp0;l0;p;l+

NPMmX
i=1

Y SMA
p;l;m;i +

NPMmX
i=1

Y SMB
p;l;m;i �

NMX
m=1

Xp;l;m

8p 2 p
8l 2 Lp
8m 2M

(37)
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8p 2 P
8l 2 Lp
8m 2M

(52)

C}OwOLt "OvDUy VQ=iU l} p} wLD u=tR xOvyOu=Wv 54 w 53 |=yC}OwOLt
xm Ovm|t XNWt 56 C}OwOLt "CU= VQ=iU l} OQmQ}O u=tR Qou=}@ R}v 55

"Q}N =} CU= xDiQo CQwY Q}N-=D VQ=iU l} p} wLD QO =};

CTi;l � DTi;j + bigM � (1� Y LTOi;l;j)
8p 2 P
8l 2 Lp
8j 2 Op

(53)

LTOi;l;j � bigM � Y LTOi;l;j
8p 2 P
8l 2 Lp
8j 2 Op

(54)

DTi;j � di;j = TRDi;j
8p 2 P
8j 2 Op (55)

TRDi;j � bigM � Y TRDi;j 8p 2 P
8j 2 Op (56)

|=yu}W=t C=Q}taD w |Q=Oyov |=yxv} Ry pm x@U=Lt =@\@DQt hOy `@=D swOVN@
=D CU= R=}v 61 =D 58 |=yC}OwOLt QO VN@ u}= QO "CU= sDU}U hrDNt
"OwW x@U=Lt u}W=t Qy xv=Q}oW}B C=Q}taD wO u}@ |LqY= C=Q}taD O=OaD \UwDt
|=y|@=QN O=OaD\UwDt 'Ovm |wQ}B pw@}=w `} RwD R= u}W=t|@=QN Q=DiQ xm|DQwY QO
C=Q}taD wO u}@ xR=@ pw] xOvyOu=Wv x "OQm Oy=wN |wQ}B 57 |x]@=Q R= u}W=t l}

[27]"CU= xv=Q}o}B
F (x) =

�
x
�m

��m 8m 2M (57)

xR=@ |] |LqY= C=Q}taD O=OaD \UwDt |x@U=Lt |=Q@ 61 =D 58 |=yC}OwOLt
tLm u=tR R= xOW s=Hv= |LqY= C=Q}taD O=OaD \UwDt "CU= xOW xOQw; [tLm; tNm]

59 C}OwOLt "CU= xOW x@U=Lt 58 C}OwOLt QO xv=Q}oW}B C=Q}taD u}rw= =D
C=Q}taD O=OaD "CU= |r=wDt xv=Q}oW}B C=Q}taD wO u}@ |LqY= C=Q}taD O=OaD Qou=}@
xOW x@U=Lt 60 C}OwOLt QO tNm u=tR =D xv=Q}oW}B C=Q}taD u} QN; R= |LqY=
l} |=Q@ xv=Q}oW}B |D=Q}taD C}r=ai ẁv I}y [tLm; tNm] xR=@ |] xJv=vJ "CU=
x@U=Lt 61 C}OwOLt QO |LqY= C=Q}taD O=OaD \UwDt 'OQ}ov CQwY u}W=t

"OW Oy=wN
F
�
CTm;i � tLm

� � NCm;t + bigM (1� Y PMm;i) +

NPMmX
i0=1
i0<i

Y PMm;i0 � bigM
8m 2M
8i 2 Im
8t 2 Tm

(58)

F (CTm;i � CTm;i0) � NCm;t+

bigM (2� Y PMm;i � Y PMm;i0) +
NPMmX
i00
i0<i00<i

Y PMm;i00�

bigM

Y Rm;i;r � 1� bigM�
(2� YMGm;i;g � Y GRg;r)

8m 2M
8i 2 Im
8g 2 G
8r 2 R

(47)

\UwD |D=Q}taD |=yC}r=ai R= xwQo Qy xm Ovvm|t u}t[D 46 w 45 |=yC}OwOLt
|t=tD xm Ovm|t u}t[D 'xt=O= QO 47 C}OwOLt "OwW s=Hv= |D=Q}taD s}D l} =yvD
s=Hv= xOWXNWt |D=Q}taD s}D\UwD xwQol} xOvyOp}mWD |D=Q}taD |=yC}r=ai
|D=Q}taD C}r=ai wO u=tRsy s=Hv= OyO|t u=Wv 49 w 48 |=yC}OwOLt "OvwW
=yv; s=Hv= u=tR xrY=i xm CU= Q}PBu=mt= |DQwY QO =yvD |Q=m Ci}W l} |] QO

"OW=@ Ci}W l} pw] R= QDsm sy R=

STi;m � CTm0;i0 � SD + bigM�

(2� YMGm;i;g � YMGm0;i0;g)
8m;m0 2M
8i; i0 2 Im
8g 2 G

(48)

CTm0;i0 � STi;m � SD + bigM�

(2� YMGm;i;g � YMGm0;i0;g)
8m;m0 2M
8i; i0 2 Im
8g 2 G

(49)

hOy `@=wD =@ \@DQt |=yC}OwOLt "6"3
|}xv} RyVN@ wO pt=W hOy `@=D 'CU= xOW xOQw; "1"3VN@ Q} R QO xm Qw]u=ty
CqwYLt |R=UxO=t; w O}rwD |=yxv} Ry u}}aD =@ \@DQt pw= VN@ "CU= hrDNt
w O}rwD |=yxv} Ry =D CU= R=}v 'O}rwD |=yxv} Ry pm |x@U=Lt |=Q@ "CU= hrDNt
hrDNt |=yVQ=iU p} wLD u=tR u}vJty w |O}rwD hrDNt |=yxDUO |R=Ov=x=Q
pm "CU= xOW xO=OX}YND C=@U=Lt u}= x@ 56 =D 50 |=yC}OwOLt "OwW u}}aD
QO u}W=tl} Q@ pwYLtl} O}rwD |=yxv} Ry OL=w ?Q[pY=L R= O}rwD |=yxv} Ry
hrDNt |=yxDUO VR=OQB |=yxv} Ry "OwW|t x@U=Lt xOW VR=OQB pwYLt O=OaD
|=yC}OwOLt QO O}rwD |=yxDUO |R=UxO=t; |=yxv} Ry "OwW|t x@U=Lt |O}rwD

"CU= xOW x@U=Lt 52 w 51

Cprop;m � LSp;l � PCp;l + bigM � (1�Xp;l;m)
8p 2 P
8l 2 Lp
8m 2M

(50)

Csetp;m � SCp;l + bigM � (2�Xp;l;m � Y SP0;1;p;l)
8p 2 P
8l 2 Lp
8m2M

(51)

Csetp;m � SCp;l + bigM�0BB@3�Xp;l;m �
NPX
p0=1
p0 6=p

NLp0X
l0

Yp0;l0;p;l �
NPMmX
i=1

Y SMB
p;l;m;i

1CCA
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|U
Ovyt %OQm T} wvR=@ Q} R CQwYx@ u=wD|t =Q 61 =D 58

Am;q �
�
CTm;i � tLm

�
+Bm;q � NCm;t+

bigM (1�ANCm;t;q) + bigM (1� Y PMm;i) +

bigM
NPMmX
i0
i0<i

Y PMm;i0

8m 2M
8i 2 Im
8t 2 Tm; i = t

8q 2 Q
(62)

Am;q � (CTm;i � CTm;i0) +Bm;q � NCm;t + bigM

(1�ANCm;t;q) + bigM (2� Y PMm;i � Y PMm;i0) +

bigM
NPMmX
i0
i0<i00<i

Y PMm;i00

8m 2M
8i 2 Im;8i0 2 Im0
i0 < i

8t 2 Tm; i = t

8q 2 Q

(63)

Am;q �
�
tNm � CTm;i

�
+Bm;q � NCm;t+

bigM (1�ANCm;t;q) + bigM (1� Y PMm;i) +

bigM
NPMmX
i0
i<i0

Y PMm;i0

8m 2M
8i 2 Im
8q 2 Q
t = NPMm + 1

(64)

Am;q �
�
tNm � tLm

�
+Bm;q � NCm;t+

bigM (1�ANCm;t;q) + bigM (1� Y PMm;i)

8m 2M
8i 2 Im
8q 2 Q
t = NPMm + 2

(65)

\UwDt `@=D R= xOW xOR ?} QkD Q=Okt xOvyOu=Wv ANCm;t;q Q}eDt 'q=@ xrO=at QO
Q} R |=yC}OwOLt Q}eDt u}= Q=Okt |x@U=Lt |=Q@ "CU= |LqY= C=Q}taD O=OaD

%OwW xDiQo Q_v QO O}=@ R}v
QX
q

ANCm;t;q = 1 8m 2M
8t 2 Tm (66)

�
CTm;i � tLm

� � QX
q

Cm;q�ANCm;t;q + bigM (1� Y PMm;i)

+bigM
NPMmX
i0
i0<i

Y PMm;i

8m 2M
8i 2 Im
8t 2 Tm; i = t

(67)

�
CTm;i � tLm

� � QX
q
q>1

Cm;q�1 �ANCm;t;q+

8m 2M
8i; i0 2 Im; i0 < i

8t 2 Tm; t = i

(59)

F
�
tNm � CTm;i

� � NCm;t + bigM (1� Y PMm;i) +

NPMmX
i0
i<i0

Y PMm;i0 � bigM
8m 2M
8i 2 Im
8t 2 Tm
t = NPMm + 1

(60)

F
�
tNm � tLm

� � NCm;t + bigM

 
1�

NPMmX
i

Y PMm;i

!
8m 2M
8t 2 Tm
t = NPMm + 1

(61)

|Q}os}tYD |=yQ}eDt OwOL =@ \@DQt |=yC}OwOLt "7"3
?r=k QO u=wD|t =Q |O=yvW}B pOt QO xOW xDiQo Q=m x@ |Q}os}tYD |=yQ}eDt
u}= "OQm s}UkD 1 w QiY |=yQ}eDt w K}LY OOa |=yQ}eDt 'xDUw}B |=yQ}eDt

"CU= xOW XNWt VN@ u}= |=OD@= QO =y|Ov@xDUO

|O=yvW}B pOt |]N ?} QkD "4
\UwDt O=OaD xm =Hu; R= "CU= |LqY= C=Q}taD O=OaD \UwDt `@=D 4 pmW QO
'OW=@|t xv=Q}oW}B C=Q}taD wO u}@|v=tR xrY=i R=|]NQ}e|a@=D|LqY= C=Q}taD
xO=iDU=|O=yvW}B pOtpL|=Q@|]N|[=} Q |=ypOtpL|=yl}vmD R= u=wD|tv
QO F (x) `@=D u=wD|t '|]N pOt l} |x�=Q= w pmWt u}= `iQ Qw_vt x@ "OQm
pmW QO xm Qw]u=ty "OR ?} QkD |]N xmDxmD CQwY x@ =Q 61 =D 58 CqO=at
xR=@ Q x@ `@=D u}= xvt=O '|]N xmDxmD ?} QkD Qw_vt x@ 'CU= xOW xO=O V}=tv 4
u=Wv Eq =@ (q 2 f1; 2; : : : ; Qg) q xR=@ Qy |}=yDv= Q=Okt "CU= xOW s}UkD
=@ \NxQ=B l} =@ xR=@ Qy QO u=wD|t =Q |@=QN O=OaD \UwDt `@=D "CU= xOW xO=O
CqO=at 'T=U= u}= Q@ "OR ?} QkD |]N CQwY x@ Bq -=O@t R= ZQa w Aq ?}W

"|LqY= C=Q}taD O=OaD |]NQ}e `@=D "4 pmW
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t = NPMm + 2 (73)�
tNm � tLm

� � QX
q

Cm;q�1 �ANCm;t;q � bigM
NPMmX

i

Y PMm;i

8m 2M
8i 2 Im
t = NPMm + 2

(74)

l} |xv=Q}oW}B Q}taD wO u}@ |v=tR |xrY=i xm Ovvm|t u}}aD 74 =D 71 CqO=at
"OQ=O Q=Qk ?} QkD |=yxR=@ R= l} s=Om QO u}W=t

C}U=UL p}rLD w |OOa p=Ft "5
|UQQ@ 'pw= hOy "Ovm|t p=@vO =Q syt Q=}U@ hOy wO Q[=L |xar=]t R= VN@ u}=
|O=yvW}B xr�Ut |R=UpOt Ov}=Qi QO 'xOW xDiQo Q_v QO hrDNt C=[wQit Q}F-=D
|rta p=Ft l} QO |O=yvW}B pOt OQ@ Q=m |UQQ@ x@ xt=O= QO 'wQu}= R= "CU=
C@Uv |O=yvW}B pOt C}U=UL |UQQ@ 'hOy u}twO "CU= xOW xO=O X}YND
w O}rwD u=R}t 'O}rwD s=tD= u=tR 'O}rwD |=yxDUO |xR=Ov= pt=W pOt syt |=yQDt=Q=B x@
VN@ QO C}U=UL p}rLD G}=Dv "CU= |D=Q}taD |=yC}r=ai |=Q@ |R=UxO=t; u=tR

"CU= xOW x�=Q= |Oa@

|OOa p=Ft "1"5
=@ |}xDUO O}rwD pt=W syt Q=}U@ ZQi wO '3 VN@ QO xOW x�=Q= |[=} Q pOt QO
x@ "CU= xOW KQ]t |D=Q}taD |=yC}r=ai |Ov@xwQo u}vJty w Q}eDt w Q@=Q@=v xR=Ov=
|O}rwD sDU}U l} OQmrta '|O=yvW}B pOt QO C=[wQit u}= Q}F-=D |UQQ@ Qw_vt
u}= QO O}rwD Ov}=Qi "CU= xDiQoQ=Qk |UQQ@OQwt u}W=t xU R= pmWDt h]avt
s=tD 'OwW|t xOy=Wt xm u=vJ "CU= xOW xO=O V}=tv 5 pmW QO |O}rwD sDU}U
"Ov=xOW |Q=Pos=v P7 =D P1 R= |}=yv CqwYLt =D x}rw= O=wt R= ?}DQD x@ CqwYLt
'xDN=U xt}v CqwYLt P6 |r= P3 'x}rw= O=wt ?}DQD x@ P2 w P1 pwYLt wO
u=wva x@ =yvD xv P5 pwYLt u}vJty "OvDUy sDU}U |}=yv pwYLt wO P7 w P5
OQwt R}v P7 pwYLt O}rwD |=Q@ |rwYLt u=wva x@ xmr@ 'CU= |}=yv pwYLt l}
|}xawtHtQ} R |wQ Ov=wD|t =yvD pwYLt Qy CW=O xHwD O}=@ "OQ}o|t Q=Qk xO=iDU=

"OwW VR=OQB TQDUO QO |=yu}W=t R=
R= Q]U Qy "CU= xOW xO=O u=Wv R}v 2 pwOH QO O}rwD Ov}=Qi =@ \@DQt C=aq]=
'p=Ft u=wva x@ "CU= sDU}U pwYLtl} =@\@DQt C=aq]= xOvyOu=Wv pwOH u}=
u=tR "OvDUy TQDUO QO 3 w 2 |=yu}W=t �swU Q]U QO� P5 pwYLt O}rwD |=Q@

"|O=yvW}B sDU}U QO O}rwD Ov}=Qi "5 pmW

bigM (1� Y PMm;i)� bigM
NPMmX
i0
i0<i

Y PMm;i

8m 2M
8i 2 Im
8t 2 Tm; i = t

(CTm;i � CTm;i0) �
QX
q

Cm;q �ANCm;t;q+

bigM (1� Y PMm;i � Y PMm;i0) + bigM
NPMmX
i00
i0<i00<i

Y PMm;i00

8m 2M
8i 2 Im; 8i0 2 Im0
i0 < i

8t 2 Tm; i = t

(68)

(CTm;i � CTm;i0) �
QX
q
q>1

Cm;q�1 �ANCm;t;q+

bigM (1� Y PMm;i � Y PMm;i0)� bigM
NPMmX
i00
i0<i00<i

Y PMm;i00

8m 2M
8i 2 Im; 8i0 2 Im0
i0 < i

8t 2 Tm; i = t

(69)

�
tNm � CTm;i

� � QX
q

Cm;q �ANCm;t;q+

bigM (1� Y PMm;i) + bigM
NPMmX
i0
i<i0

Y PMm;i

8m 2M
8i 2 Im
8t 2 Tm
t = NPMm + 1

(70)

�
tNm � CTm;i

� � QX
q
q>1

Cm;q�1 �ANCm;t;q

�bigM (1� Y PMm;i) + bigM
NPMmX
i0
i<i0

Y PMm;i0

8m 2M
8i 2 Im
8t 2 Tm
t = NPMm + 1

(71)

�
tNm � tLm

� � QX
q

Cm;q �ANCm;t;q + bigM
NPMmX

i

Y PMm;i

8m 2M
8i 2 Im (72)
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=vY

|U
Ovyt "O}rwD sDU}U CqwYLt x@ \w@ Qt O}rwD C=aq]= "2 pwOH

|OwQw C=}rta
pwYLtsHL CU}r |xv} Ry u=tR |xv} Ry u=tR u}W=tO=wt |R=Ov=x=Q |R=Ov=x=Q O}rwD VR=OQB

1 P1
59 24 10 0 5 1 317 18 13 0 75 2

1 P2
20 30 12 2 1 421 30 14 2 5 3

1 P3
22 26 10 0 6 2 518 20 10 0 9 3

1 P4 18 20 11 2 5 1 6

1 P5
28 25 8 3 1

720 15 8 1 5 2
2 P6 18 15 12 1 2 3

"O}rwD sDU}U |=yu}W=t C=YNWt x@ \w@ Qt C=aq]= "3 pwOH
C=Q}taD O=OaD xv}y@ C=Q}taD xQwO C=Q}taD |xv} Ry `} RwD |=yQDt=Q=B u}W=t

|R} Qxt=vQ@ ji= QO Ccrm Cprm �m �m

2 830 88 900 980 2 7 985 1
4 550 31 670 750 3 25 645 2
1 2175 20 870 1050 2 1980 3

ji= QO 'OwQ|t Q=_Dv= xm Qw]u=ty "OQ}o|t CQwY u}W=t l} |wQ |R} Qxt=vQ@
xv=Q}oW}B C=Q}taD l} w Q=yJ 'wO ?}DQD x@ swU w swO 'pw= u}W=t |=Q@ |R} Qxt=vQ@
|=yxwQo |R=UxO=t; C@=F |=yxv} Ry uDiQo Q_v QO sOa x@ xHwD =@ "CU= xOW s=Hv=
x@ xv=Q}oW}B |D=Q}taD |=yC}r=ai x}rm '|O}rwD |=yC}r=ai u}vJty w |D=Q}taD

"CU= xOW s=Hv= pw= s=o QO xOW |R} Qxt=vQ@ |=yu=tR QO w xv=o =OH CQwY
Q_v QO C=Q}taD s}D s=Ra= w |R=UxO=t; |=Q@ |OL=w 80 |xv} Ry xm |DQwY QO
pm 6 pmW G}=Dv hqNQ@ "Ow@ Oy=wN xv}y@ G}=Dv |xOvyOu=Wv 7 pmW 'OwW xDiQo
"CU= xOW s=Hv= xwQo 5 QFm =OL QO Cr=L u}= QO xv=Q}oW}B C=Q}taD |=yC}r=ai
u}= "CU= xOW x@U=Lt 87563 89 Q@=Q@ Cr=L u}= QO sDU}U |=yxv} Ry pm
x}rm Qo = Ow@ Oy=wN 88143 3 Q@=Q@ sDU}U |=yxv} Ry pm xm CU= |r=L QO ẁ[wt
CQwY x@ |Ov@xwQo u=mt= ZQi uDiQo Q_v QO uwO@ sDU}U |D=Q}taD |=yC}r=ai
|=yVQ=iU xDWPo |=yCi}W |] QO Qo = 'Qo}O |wU R= "OvwW s=Hv= xv=o =OH
p=Ft pL G}=Dv |xOvyOu=Wv ? whr= 8 |=ypmW 'OW=@ xOW sDU}U OQ=w 4 pwOH
QO "CU= sDU}U pwYLt Qy |=Q@ |O}rwD xDUO l} =yvD uDiQo Q_v QO =@ xOW x�=Q=
|=yC}r=aiCv=o Q=Owtv xOvyOu=Wvhr= 8 pmW 'QDj}kOV}=tv Qw_vt x@ 'Ck}kL
u}= QO "CU= |O}rwD C}r=ai u} QN; s=Hv= u=tR =D |D=Q}taD |=yC}r=ai w |O}rwD
|=yxDUO xOvyOu=Wv ?}DQD x@ u}Jx]kv w Q=OQwW=y 'xO=U |=yp}]DUt 'Q=Owtv
|=yC}r=ai w O}rwD |R=UxO=t; |=yu=tR 'sDU}U hrDNt CqwYLt R= |O}rwD

CU= |v=tR OL=w 0 9 w 0 6 ?}DQD x@ u}W=t wO u}= |wQ pwYLt u}= VR=OQB
Q_v QO xv} Ry |rwB OL=w 10 u}W=t wO Qy |wQ Q@ pwYLt OL=w Qy O}rwD |=Q@ w
5 |=yuwDU QO u}W=t wO u}= |=Q@ R}v |R=Ov=x=Q |=yxv} Ry w u=tR "CU= xOW xDiQo
l} x@ P5 pwYLt O}rwD OL=w Qy |=Q@ CW=O xHwD O}=@ "CU= xOW XNWt 6 w

"CU= R=}v P3 pwYLt OL=w
Cra x@ O}rwD Ov}=Qi |] QO u}W=t Qy CU= xOW ZQi 'OW u=}@ xm Qw]u=ty
Q=DiQ CU= xOW ZQi j}kLD u}= QO "OwW|t hkwDt xv=Q}oW}B C=Q}taD =} |@=QN
�m > 1 pmW QDt=Q=B w �m > 0 T=}kt QDt=Q=B =@ pw@}=w `} RwD R= =yu}W=t |@=QN
|=Q@ Cprm w Ccrm C=Q}taD |=yxv} Ry w Qta |=yQDt=Q=B 3 pwOH QO "Ovm|t |wQ}B

"CU= xOW x�=Q= u}W=t xU
QO =yu}W=t R= l} Qy xv=Q}oW}B C=Q}taD |xv}y@ |xrY=i 1 |xrO=at T=U=Q@
Tbegin = 520 Q@=Q@ Q[=L u=tR xm |DQwY QO "CU= xOW xOQw; sWW uwDU
ji= pw] QO xv=Q}oW}B C=Q}taD O=OaD |xOvyOu=Wv 2 pwOH uwDU u} QN; 'OW=@
|R} Qxt=vQ@ ji= pw] xm OwW xQ=W= O}=@ "CU= (Tend = 2175 20) |R} Qxt=vQ@
"CU= swU u}W=t xOW |R} Qxt=vQ@ xv=Q}oW}B C=Q}taD s=tD= u=tR Q@=Q@ p=Ft u}= QO
uwO@ |O=yvW}B pOt \UwD xOW x�=Q= p=Ft pL G}=Dv |xOvyOu=Wv 6 pmW
|O}rwD |=yC}r=ai u}vJty w Cv |=yxwQo |R=UxO=t; C@=F |xv} Ry uDiQo Q_v QO
ji= |] QO xm CU= |}=yC}r=ai |xOvyOu=Wv pmW u}= R= h}OQ Qy "CU=
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"|R=UxO=t; C@=F xv} Ry uDiQo Q_v QO uwO@ |O=yvW}B pOt \UwD xOW x�=Q= p=Ft pL G}=Dv "6 pmW

"|R=UxO=t; C@=F xv} Ry uDiQo Q_v QO =@ |O=yvW}B pOt \UwD xOW x�=Q= p=Ft pL G}=Dv "7 pmW

"6 w 5 CqwYLt |=yVQ=iU =@ \w@ Qt C=aq]= "4 pwOH

x}rw= |OwHwt sOa |xv} Ry |OwHwt
=yVQ=iU

pwYLtj=@]v= u=v}t]=
|xv} Ry |xv} Ry Oawt |xR=Ov=Q}eDt C@=F p}wLD VQ=iUOQmQ}O OQmQ}O
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0 35 10 � � � � 3
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Q_v QO x@ xHwD =@ '7 pmW =@ xU}=kt QO "CU= |R} Qxt=vQ@ ji= pm QO |O=yvW}B
l} xQ=tW u}W=t xv=Q}oW}B C=Q}taD u}rw= s=Hv= u=tR |O}rwD |=yC}r=ai uDiQo
xOW h} QaD |xr�Ut "CU= xOW s=Hv= 912 u=tR QO Q}N-=D |v=tR OL=w 52 3 =@
xOW pL |O=yvW}B pOt \UwD pwYLt Qy |=Q@ xDUO wO QFm =OL uDiQo Q_v QO =@
QO xOW x�=Q= p=Ft pL G}=Dv |xOvyOu=Wv ?}DQD x@ ? w hr= 9 |=ypmW "CU=

|wQ Q@ xOW s=Hv=C}r=ai u}rw=hr= 8 pmW QO p=Ft |=Q@ "OvDUy xv=Q}oW}B C=Q}taD
u=wD|t hr= 8 pmW x@ xHwD =@ "CU= sQ=yJ pwYLt R= pw= |xDUO M1 u}W=t
x@ =yQ=m s}UkD u=mt= R= xO=iDU= uwO@ CqwYLt pm p}tmD u=tR u} QDsm Ci=} QO
O}rwD |=yxv} Ry pm u}vJty "CU= |v=tR OL=w 912 =@ Q@=Q@ QDlJwm |=yxDUO
|xr�Ut pL G}=Dv |xOvyOu=Wv ? 8 pmW "CU= xOW x@U=Lt 803707 Q@=Q@
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"QDW}@ VQ=iU sHL uDiQo Q_v QO =@ |O=yvW}B pOt \UwD xOW x�=Q= p=Ft pL G}=Dv "10 pmW
"7 |r= 5 CqwYLt |=yVQ=iU x@ \w@ Qt C=aq]= "5 pwOH

x}rw= |OwHwt sOa |xv} Ry |OwHwt
=yVQ=iU

pwYLtj=@]v= u=v}t]=
|xv} Ry |xv} Ry Oawt |xR=Ov=Q}eDt C@=F p}wLD VQ=iUOQmQ}O OQmQ}O
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|D=Q}taD C}r=ai wO X}YND |=Q@ CYQi C=Q}}eD u}= x@ xHwD =@ "CU= xOW s=Hv=
QO xv=Q}oW}B C=Q}taD |xv} Ry "CU= xOW sy=Qi xwQo l} x@ swO w pw= u}W=t
p@k x@ C@Uv |LqY= C=Q}taD |xv} Ry =t= 'CU= Q@=Q@ ? 8 pmW =@ Cr=L u}=

"CU= xDi=} Vy=m 474 44
C=Q}taD |=yC}r=ai |Ov@u=tR Q@ =yVQ=iU sHL Q}F-=D QDW}@ |UQQ@ Qw_vt x@
C=aq]= "CU= xOW Ci=} QO 7 pwYLt R= xi=[= VQ=iU l} xm CU= xOW ZQi
w hr= 10 |=ypmW "CU= xOW xOQw; 5 pwOH QO O}OH |=yVQ=iU x@ \w@ Qt

OyO|t u=Wv hr= 9 w hr= 8 |=ypmW |xU}=kt "CU= COtOvr@ w COtx=Dwm ji=
u} QN; p}tmD u=tR xDUv=wD pwYLt Qy |=Q@ |O}rwD |xDUO wO uDiQo Q_v QO xm
OyO|t u=Wv |D=@U=Lt G}=Dv xwqa x@ "OyO Vy=m 862 4 x@ 912 R= =Q pwYLt
sDU}U |=yxv} Ry Vy=m Ea=@ wO x@ l} R= |O}rwD |=yxDUO O=OaD V}=Ri= xm
pwYLt VR=OQB wO s=Hv= p}rO x@ "CU= xOW 722698 x@ 803707 R= |O}rwD
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"OQmQ}O |xv} Ry C=Q}}eD x@ C@Uv 6 pwYLt p}wLD u=tR "12 pmW

"O}rwD |xv} Ry C=Q}}eD x@ C@Uv O}rwD w Q}N-=D |=yxv} Ry pm "13 pmW

"O}rwD |xv} Ry C=Q}}eD x@ C@Uv O}rwD w Q}N-=D |=yxv} Ry pm "14 pmW

|Q}oxH}Dv "6
j}kLD u}= QO |O}rm |=yxDi=} R= |QYDNt KQW w j}kLD u}= |Qw;wv R= |}xYqN

%CU= Q} R KQW x@
x]@=Q QO u=tRsy |Q}os}tYD Qw_vt x@ \rDNt |]NQ}e |R} Qxt=vQ@ pOt l} �
|=yC}r=ai |Ov@u=tR u}vJty w |D=Q}taD |=yC}r=ai |Ov@u=tR w |Ov@xwQo =@

&CU= xOW xO=O xaUwD h]avt O}rwD sDU}U l} QO |O}rwD
w Q}eDt |=yxR=Ov= =@ |O}rwD |=yxDUO pt=W xv=}=Qo`k=w C=}[Qi xOW x�=Q= pOt �
|=yC}r=ai 'u=v}t]= |OwHwt w CqwYLt x}rw= |OwHwt 'S=Dvwt C=}rta 'Q@=Q@=v

"OQmQ}O |xv} Ry C=Q}}eD x@ C@Uv O}rwD |=yxv} Ry pm "11 pmW
sHL hr= 10 pmW x@ xHwD =@ "OvDUy O}OH p=Ft u}= pL G}=Dv xOvyOu=Wv ?
|O=} R C=Q}}eD u}W=t u}= C=Q}taD |xt=vQ@ CU= xOW Ea=@ pw= u}W=t |q=@ |Q=m
hPL hrDNt |=yxDUO VR=OQB p}rO x@ u}W=t u}= |=Q@ pw= C=Q}taD "OW=@ xDW=O
1253 82 u=tR QO p}HaD |v=tR OL=w 399 89 =@ swO C=Q}taD w CU= xOW

"CU= xOW s=Hv=
xU |O}rwD |=yxDUO VR=OQB p}rO x@ swO u}W=t pw= C=Q}taD u=tR u}vJty
u} QN; p}tmD u=tR xwqa x@ "CU= xOW s=Hv= Q}N-=D |v=tR OL=w 283 =@ pwYLt
O=OaD OyO|t u=Wv ? 9 pmW =@ xU}=kt QO ? 10 pmW "CU= 970 pwYLt
w swO C=Q}taD u}vJty "CU= xDi=} Vy=m xwQo 3 x@ xwQo 4 R= |D=Q}taD |=yxwQo
xwQo l} QO |Q=m Ci}W l} QO uDiQo Q=Qk p}rO x@ swO w pw= |=yu}W=t swU

"OvwW|t |R} Qxt=vQ@ |D=Q}taD

C}U=UL p}rLD "2"5
QO xOW xDiQo Q_v QO hrDNt |=yQDt=Q=B C}U=UL p}rLD x@ VN@ Q} R u}= QO
QO xOW x�=Q= |OQ@ Q=m xr�Ut Qw_vt u}= x@ "CU= xOW xDN=OQB |O=yvW}B pOt
|=Q@ |O}rwD xDUO wO QFm =OL w 2 VQ=iU pwOH uDiQo Q_v QO =@ "1"5 VN@
QDt=Q=B wO x@ C@Uv pOt C}U=UL "CU= xDiQo Q=Qk xar=]t OQwt pwYLt Qy
=yvD OQwt Qy QO "CiQo Q=Qk |UQQ@ OQwt �O}rwD |=yxv} Ry� w �Q}N-=D |=yxv} Ry�
ZQi C@=F =yQDt=Q=B Qo}O w CU= xOW xO=O Q}}eD 6 pwYLt =@ \@DQt |=yQDt=Q=B

"Ov=xOW
|t}kDUt Q}F=D Q}N=D |=yxv} Ry 11 pmW =@ j@=]t %pwYLt Q}N-=D |=yxv} Ry "1
'6 pwYLt Q}N=D |xv} RyV}=Ri= =@ OwQ|t Q=_Dv= "OQ=O Q}N=D w O}rwD |=yxv} Ry Q@
u=tR Q@ OQmQ}O |=yxv} Ry Q}F=D "O@=} Vy=m pwYLt u}= p} wLD u=tR COt
6 pwYLt Q}N=D |xv} Ry V}=Ri= "CU= xOW xO=O u=Wv 12 pmW QO OQmQ}O

&OQ=Ov C=Q}taD |=yxv} Ry ẁtHt QO |Q}F-=D
hOy `@=D C}U=UL |xOvyOu=Wv 13 pmW %pwYLt O}rwD |=yxv} Ry "2
V}=Ri= =@ "CU= pwYLt O}rwD |=yxv} Ry C=Q}}eD Q@ C=Q}taD w O}rwD |=yxv} Ry
u}vJty "CU= xDi=} V}=Ri= O}rwD |=yxv} Ry u=R}t pwYLt O}rwD |=yxv} Ry
pwYLt O}rwD |xv} Ry Q}}eD x@ C@Uv =Q C=Q}taD |=yxv} Ry C=Q}}eD 14 pmW

"OyO|t u=Wv
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C=Q}taD |=yxv} Ry Vy=m x@ |D=Q}taD |=yC}r=ai |Ov@xwQo CU=}U R= xO=iDU= �
"Ovm|t ltm xv=Q}oW}B

|Ov@u=tR p�=Ut |xawtHt R= xOW x�=Q= pOt xm =Hu; R= '|D; C=k}kLD u=wva x@
u}= nQR@ w\UwDt O=a@= u=wD|tv 'CU= Np-Hard p�=Ut |xDUO QO wCU= O}rwD
|=yVwQ R= CU= sRq p�=Ut u}= pL |=Q@ u}=Q@=v@ "OQm pL Rto Q=Ri=sQv =@ =Q xr�Ut
xv}y@ x@ l}ORv =} xv}y@ |=y?=wH x�=Q= C}r@=k =yVwQ u}= "OQm xO=iDU= |Q=mD@==Qi
O}rwD |=yxv} Ry |UQQ@ x@ j}kLD u}= QO xwqa x@ "OvDUy =Q=O pw@k p@=k u=tR QO =Q
C}r@=k |UQQ@ x@ u=wD|t hOy `@=D |xaUwD |=Q@ CU= xOW xDN=OQB C=Q}taD w

"CN=OQB =yu}W=t u=v}t]=

Q_v QO =Q |D=Q}taD |=yC}r=ai |R=UxO=t; u=tR '|LqY= w xv=Q}oW}B C=Q}taD
&OQ}o|t

|xmDxmD ?} QkD OQm} wQ 'CU= |]NQ}e |LqY= C=Q}taD O=OaD `@=D xm =Hu; R= �
&CU= xOW xO=O xaUwD pOt |]N

&CU= xOW |R=UxO=}B Rto Q=Ri=sQv QO |O=yvW}B pOt �
|UQQ@ OQwt |R=UpOt Ov}=Qi QO xOW xDiQo Q_v QO syt |=yQDt=Q=B w C=}[Qi �

&CU= |O=yvW}B pOt CLY |xOvyOu=Wv |OOa G}=Dv "CU= xDiQo Q=Qk
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