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&x}rw= O=wt lQ=OD C@=F |xv} Ry %ARaw

&x}rw= O=wt VQ=iU Q=Okt %qRaw
&x}rw= O=wt |Q=Oyov |xv} Ry %HRaw

&C}i}m uO=O CUO R= |xv} Ry %CLoss
&C}i}m uO=O CUO R= |xv} Ry pm %L

&x}rw= O=wt pkvwptL w x}yD |xv} Ry pm %TCRaw
&O}rwD |xv} Ry %Cmfc

&O}rwD |R=Ov=x=Q |xv} Ry %Amfc
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%O};|t CUO x@
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P (t) =

8>>>><>>>>:
Pmax � < �Star

Pmin + Pmax�Pmin
�SL��Start (�SL � t) �Start � t � �SL

Pmin t > �SL

(8)

�Start R= QDtm Eij QO QDW}@ Ot;QO ?Um Qw_vtx@ OvQ=O p}=tD u=WwQixOQN
VwQixOQN\UwD xOWCi=} QO |xrwtLt Qy u}=Q@=v@ "OvvmCi=} QO =Q OwN |xrwtLt
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%OwW|t x@U=Lt xrwtLt Qy VwQi R= VwQixOQN Ot;QO u; ?ULQ@ xm OQ=O
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%R= CU=
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R= j VwQixOQN Ot;QO x=ou; ' �Start � Eij + �� � �� � �SL Qo = "2
%R= CU= CQ=@a i |xrwtLt
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Pmax(�Start � Eij +
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�Start
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�
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�Start
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%CW=O s}y=wN u}=Q@=v@ "OW=@ �max R=

m � �Run
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+
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"OwW|t |}=yv |q=m =@ \=@DQ= QO |}=yxv} Ry ptLDt xOvvmO}rwD 'u}= Q@ uwRi=
|q=m |Q=Oyov |=yxv} Ry w 'x}rND w |Q}oQ=@ 'O}rwD |=yxv} Ry pt=W =yxv} Ry u}=
|q=m |OwHwt \UwDt CU= sRq |Q=Oyov |xv} Ry |x@U=Lt |=Q@ "CU= |}=yv
|xv} Ry pmC}=yv QO "OwW x@U=Lt 16 |x]@=Q x@ xHwD =@ xOvvmO}rwDC}=U QO|}=yv
CUO x@ 17 |x]@=Q R= xOvvm O}rwD C}=U QO |}=yv |q=m p} wLD w |Q}oQ=@ w O}rwD
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j=1

dret�j
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j=1

dret�jT
nP

�

T
2

NX
j=1

dret�j(1� D
P
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n

) (16)

TCmfc(n; T ) = CmfcD + Amfc
T

+HmfcImfc (17)

pm 'u=WwQixOQN x@ xOvvmO}rwD R= pwYLt OL=w Qy VwQi Ct}k x@ xHwD =@
%OQw; CUO x@ xOvvm O}rwD Ot;QO pm R= xv} Ry pm QUm =@ u=wD|t =Q xOvvm O}rwD OwU
TPmfc(m;n; T ) =

CretD + TCRaw(m;n; T )� TCmfc(m;n; T ) (18)

|xv} Ry 'O} QN |xv} Ry pt=W |}=yxv} Ry ptLDt u=WwQixOQN s=tD Qo}O |wU R=
xOW xrwtQi 19 |xrO=at QO xm OwW|t |}=yv |q=m |Q=Oyov |xv} Ry w VQ=iU
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TCret(n; T ) = CretD + n
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j=1

Aret�j +
NX
j=1

Hret�jdret�jT
2n

(19)

u=WwQixOQN |xv} Ry pm uOQm sm R= u=tR OL=w QO u=WwQixOQN pm OwU xH}Dv QO
%O};|t CUO x@ 20 |xrO=at x@ xHwD =@ =yu; Ot;QO R=

TPret(n; T ) =
NX
j=1

nX
i=1

Rij(n; T )� TCret(n; T ) (20)

u=WwQixOQN w xOvvmO}rwD OwU pm `tH R= u}t-=D |xQ}HvR pm OwU 'C}=yv QO
u=}@ Q} R CqO=at =@ u=wD|t =Q |OwHwt � O}rwD CU=}U u}=Q@=v@ "O};|t CUO x@
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Subject to :

P � D (22)
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Eij < �Start i = 1; : : : ; n j = 1; : : : ; N (24)

T > 0 (25)

m;n > 0 m;n 2 Z (26)

"u=WwQixOQN w xOvvmO}rwD |OwHwt "4 pmW

m xQwO Qy QO xOvvm O}rwD x@ x}rw= O=wt |=yp} wLD Q=Okt uwJ "OwW|t s=Hv= ��
"CU= xDiQo Q=Qk |UQQ@ OQwt �2016� u=Q=mty w =Rwi |xr=kt QO pOt u}= "CU= Q=@
w xO=O xaUwD =Q pOt u}= TBU w xDN=OQB pOt u}= K} QWD x@ Q[=L |xr=kt QO
p} wLD u=R}t "OvwW|t xU}=kt sy =@ h}iND Qw[L sOa w Qw[L QO pOt wO G}=Dv

%O};|t CUO x@ 12 |x]@=Q R= xQwO Qy QO

qRaw = DT
m

(12)

xm |v=tR QO xrwtLt uU |x@U=Lt |=Q@ s}v}@|t 4 pmW QO xm Qw]u=ty
pwYLt u}rw= O}rwD u=tR u}@ |v=tR |xrY=i OwW|t VwQixOQN C}=U OQ=w
xm u}= x@ xHwD =@ "OwW|t x@U=Lt OwW|t p=UQ= xrwtLt xm |v=tR w xDU@ R=
x@U=Lt u}vJ u=WwQixOQN s=tD |=Q@ pw= |xrwtLt uU qret�j = drer�jT

n

%OwW|t

E1j = drer�jT
nP

(13)

'4 pmW x@ xHwD =@ j = 2; 3; : : : ; n pw= |xDU@ R= Q}e |=yxDU@ |=Q@ Q=Okt u}=
%OwW|t x@U=Lt u}vJ

Eij = drer�jT
nP

+ (i� 1)
�
T
n
�

NX
j=1

dret�jT
nP

�
(14)

"OwW|t x}rw= O=wt =@ x]@=Q QO |}=yxv} Ry ptLDt |}=yv |q=m O}rwD |=Q@ xOvvmO}rwD
O=wt |Q=Oyov |xv} Ry 'x}rw= O=wt p} wLD |xv} Ry 'O} QN |xv} Ry pt=W =yxv} Ry u}=
15 |xrO=at QO =yxv} Ry u}= ẁtHt "CU= C}i}m uO=O CUO R= |xv} Ry w x}rw=
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32�30 w u=WwQixOQN Ot;QO |x@U=Lt |=Q@ 29�27 |=ypwtQiVN@ u}= QO
u}= QO xOvvmO}rwD OwU "CU= xOW xO=iDU= u=WwQixOQN |=yxv} Ry |x@U=Lt |=Q@

"OwW|t x@U=Lt p@k Cr=L Ovv=t Cr=L
u=R}t w =yp=UQ= O=OaD xm =Hu; R= Ci=} QO u=wD|t |[=} Q pOt x@ xHwD =@
xmCU= K[=w 'OwW|t u}}aD pOt\UwD O}rwD |xQwOl} pw] u}vJty '=yp} wLD
u}vJ |xv}y@ ?=wH OW=@ QO=k xm |tD} Qwor= "CU= \rDNt w |]NQ}e ẁv R= pOt
|oO}J}B Qo}O u=}@ x@ "OQ=Ov OwHw OQw; CUO x@ pw@k p@=k u=tR QO =Q |}xr�Ut
l}DvS |Q=mD@==Qi sD} Qwor= R= u; pL |=Q@ =Pr "CU= Np-hard ẁv R= xr�Ut u}=

"OwW|t xO=iDU=

� O}rwD |xJQ=Bm} pOt wO Qy |=Q@ |rm C=i}iND uDiQo Q_v QO "5"3
|OwHwt

s}y=wN |UQQ@ x}rw= O=wt |=Q@ |rm C=i}iND p=ta= =@ =Q pOt wO Qy VywSB u}= QO
|xvt=O n R= pmWDt Ct}k CU}r l} xOvWwQi hQ] R= '|rm h}iND QO "OQm
=@ w CU= Q=Okt l} 'VQ=iU pm |=Q@ q=m OL=w Qy Ct}k "OwW|t x�=Q= |Q=Okt
u}}aD u}vJ q=m OL=w Qy O} QN |=yxv} Ry "O@=}|t Vy=m VQ=iU |xR=Ov= V}=Ri=

%OwW|t

C =

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

C0 q0 � qRaw < q1

C1 q1 � qRaw < q2

: :

Cn�1 qn�1 � qRaw < qn

Cn qn � qRaw
Ct}k xJQo = 'CU= j@]vt |r@k |=ypOt =@ h}iND Cr=L |=Q@ |OwHwt pOt

"OwW s}_vD VQ=iU u=R}t =@ j@=]t CU= sRq =ypOt QO xOW ^=Lr

|OOa p=Ft "4
QO p=Ft u}= TBU "OwW|t xOQw; pOt wO Qy |=Q@ |OOa p=Ft l} VN@ u}= QO
"OwW|t xU}=kt G}=Dv w pL pOt wO Qy |=Q@ h}iLD uwO@ w h}iND =@ Cr=L wO
|wQ pOt Q=@Da= uO=O u=Wv Qw_vt x@ R}v w pOt syt |=yQDt=Q=B QF= |UQQ@ Qw_vt x@

"OwW|t s=Hv= C}U=UL p}rLD |rY= |=yQDt=Q=B |NQ@
w VwQixOQN xU w xOvvmO}rwD l} pt=W xm =Q |L]UwO u}t-=D |xQ}HvR l}
O}rwD |=Q@ u}t-=D |xQ}HvR u}= QO "O} Q}o@ Q_v QO CU= |vOW OU=i pwYLt l}
x}rw= O=wt "CU= R=}v OQwt |vOW OU=i |x}rw= |xO=t ẁv l} =yvD |}=yv pwYLt
C}i}m C@=F MQv =@ w xOW OU=i u=tR |] QO OvwW|t xOvvm O}rwD C}=U OQ=w xm
"OwW|t xOvvmO}rwD |=Q@ |}=yxv} Ry O=H}= ?Hwt Qt= u}= "OvyO|t CUO R= =Q OwN

"CU= xOW xO=O V}=tv 1 pwOH QO x]w@ Qt |=yxO=O
KQW x@ Ct}k O=yvW}B 'x}rw= O=wt O} QN |=Q@ C=i}iND p=ta= CQwY QO

"CU= xOW Ci=} QO x}rw= O=wt |xOvWwQi R= 2 pwOH
Qy =@ l}DvS |Q=mD@==Qi sD} Qwor= R= xO=iDU= =@ p=Ft pL R= pY=L G}=Dv
u}= QO "CU= xOW x�=Q= 3 pwOH QO ?rDt Q=Ri=sQv R= xO=iDU= =@ pOt wO

22 |xrO=at "CU= � sDU}U pm OwU |R=Uxv}W}@ � pOt hOy Qou=Wv 21 |xrO=at
23 |xrO=at "OW=@ pm |=[=kD u=R}t |xOvvmOQw;Q@ O}=@ O}rwD u=R}t xm Ovm|t u}t[D
w OW=@ C}i}m K]U pk=OL R= QD=Qi |Di=} QO |x}rw= O=wt C}i}m xm Ovm|t u}t[D
Vy=m u=tR ẁQW R= p@k O}=@ =yxrwtLt s=tD xm Ovm|t u=}@ 24 |xrO=at C}=yv QO

"OvwW xO=O p} wLD u=WwQixOQN x@ CN=OQB |=Q@ |QDWt p}=tD
Ot;QO |x@U=Lt |=Q@ 14�9 |=ypwtQi VN@ u}= QO xYqN Qw] x@
18 pwtQi 'xOvvmO}rwD |=yxv} Ry |x@U=Lt |=Q@ 17�15 |=ypwtQi 'u=WwQixOQN
w u=WwQixOQN |=yxv} Ry pm ?}DQD x@ 20 w 19 |=ypwtQi w xOvvmO}rwD Ot;QO pm
w u=WwQixOQN OwU `tH 22 w 21 \@=wQ "OvyO|t u=Wv =Q u=WwQixOQN OwU pm

"CU= xr�Ut |=yC}OwOLt x=Qty x@ xOvvm O}rwD

O=OaD |Q@=Q@=v ZQi =@ |OwHwt � O}rwD |xJQ=Bm} pOt "4"3
�2 pOt� u=WwQixOQN |Di=} QO |xrwtLt

'OvDUy wQx@ wQ |Dw=iDt \}=QW w =[=kD '=yxv} Ry =@ l} Qy u=WwQixOQN xm =Hu; R=
"CU}v Q@=Q@ sy =@ u=WwQixOQN Ci=} QO C=aiO O=OaD xm OwW|t ZQi pOt u}= QO
'4 pmW x@ xHwD =@ pOt u}= QO u=WwQixOQN s=tD |=Q@ pw= |xrwtLt uU u}=Q@=v@

%OwW|t x@U=Lt u}vJ
Eij = drer�jT

njP
(27)

u=tR x@ xHwD =@ j = 2; 3; : : : ; n pw= |xrwtLt R= Q}e |=yxrwtLt |=Q@ uU Q=Okt
VwQixOQN |=Q@ i |xrwtLt p=UQ= u=tR 28 |xrO=at QO "O};|t CUO x@ p=UQ=

%CU= xOW xO=O u=Wv j

Tij =
NX
j0=1

E1j0 + T
nj

(i� 1) (28)

x@ OwQw u=tR QO =yv; uU j > 1 pw= |xrwtLt R= Q}e |=yxrwtLt |=Q@ u}=Q@=v@
%OwW|t x@U=Lt u}vJ u=WwQixOQN C}=U

Eij = Tij �
NX
j=1

E1jej (29)

|xv} Ry ẁtHt "CU= i p=UQ= R= p@k =D j VwQixOQN Cq=UQ= O=OaD ej u; QO xm
|}=yv pwYLt |Di=} QO VQ=iU Q=Okt "O};|t CUO x@ 15 |x]@=Q R= R}v x}rw= O=wt
xHwD =@ xOvvm O}rwD C}=U QO |}=yv pwYLt |OwHwt \UwDt w u=WwQixOQN \UwD

%OwW|t x@U=Lt u}vJ '4 pmW x@
qret�j = drer�jT

nj
(30)

Imfc = 1
T

�
TD
2 (2T � DT

P
)�

nX
i=1

NX
j=1

(T � Tij)qret�j
�

(31)

w 'xOvvm O}rwD C}=U QO |}=yv pwYLt =@ \@DQt |xv} Ry pm Qou=}@ 17 |x]@=Q
32 |xrO=at R= u=WwQixOQNpm |xv} Ry "OyO|t u=Wv =Q xOvvmO}rwD OwU 18 |x]@=Q

%O};|t CUO x@
TCret(n; T ) = CretD +

NX
j=1

nj
T
Aret�j +

NX
j=1

Hret�jdret�jT
2nj

(32)
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"�1 pOt� u=WwQixOQN |Di=} QO
h}iND p=ta= =@ h}iND p=ta= uwO@

2 2 m

2 2 n

0 0877 0 0877 T �p=U�
182100 241870 TCRaw
107900 108970 TCmfc
428768 428768 TCret
420000 420000 TRmfc
599994 599994 TRret
130000 70149 TPmfc
171232 171232 TPret
301232 241381 TP

|}=yv pwYLt |xrwtLt O=OaD |Q@=Q@ ZQi =@ =yp=Ft pL R= pY=L G}=Dv "4 pwOH
"�2 pOt� u=WwQixOQN |Di=} QO

h}iND p=ta= =@ h}iND p=ta= uwO@
3 5 m

2 2 n1
4 4 n2
3 3 n3

0 0966 0 0966 T �p=U�
181800 243000 TCRaw

104190 103690 TCmfc

429080 429080 TCret
420000 420000 TRmfc

844190 844190 TRret
134010 73310 TPmfc
415110 415110 TPret
549120 488420 TP

'|O}rwD |xQwO pw] =yvDxv Cr=L u}= QO "OQm xOy=Wt � OW xDW=OQ@ u=WwQixOQN
p=ta= =@ |=yuwDU |xU}=kt =@ x@=Wt |xH}Dv "CU= xOQm Q}}eD =yp=UQ= O=OaD xmr@

"OwW|t xO}O R}v 4 w 3 pwOH wO QO h}iND
\UwD |Di=} QO |=yxrwtLt O=OaD uOw@v Q@=Q@ u=mt= ZQi uDiQo Q_v QO =@
pm w OYQO 0 16 x}rw= O=wt x@ \w@ Qt |xv} Ry pm '�swO pOt� u=WwQixOQN
Vy=m OYQO 3 48 xOvvmO}rwD C}=U QO |}=yv pwYLt x@ \w@ Qt |=yxv} Ry
"�5 pwOH� OwW|t OYQO 3 08 u=R}t x@ xOvvmO}rwD OwU V}=Ri= ?Hwt xm O@=}|t
u=R}t x@ u=WwQixOQN C}=U QO |}=yv pwYLt x@ \w@ Qt |xv} Ry pm u}vJty
"O@=}|tV}=Ri= OYQO 40 69 u=R}t x@ R}v u=WwQixOQN pm Ot;QO w OYQO 0 072
pm OwU 'xv} Ry V}=Ri= u=R}t x@ C@Uv Ot;QO V}=Ri= u=R}t |vwRi Cra x@ C}=yv QO
pOt xm OyO|t u=Wv p=Ftu}= "O@=}|tV}=Ri= OYQO142 56 u=R}t x@ u=WwQixOQN
u=WwQixOQN OwU Q@ C}=yv QO w OwW|t u}t-=D |xQ}HvR pm OwU V}=Ri= Ea=@ swO
O}rwD MQv x@ =[=kD MQv C@Uv Q}}eD QF= Q@ p}rLD "OW=@ xDW=O C@Ft Q}F-=D Ov=wD|t
"CU= OW xO=O u=Wv 6 w 5 |=ypmW w 7 w 6 pw=OH QO sDU}U pm OwU Q@ (�)

"|OOa uwtR; |=yQDt=Q=B "1 pwOH
Q=Okt O=tv

[5000 3000 4000] dret�j
60000 P

25 CLoos
8 Cmfc
35 Cret
50 Pmax

0 Pmin

0 5 k

40 ARaw
750 Amfc

[50 50 50] Aret�j
10 HRaw
15 Hmfc

[2000 2000 2000] Hret�j
1 Qmax

0 8 Qmin

0 �

0 1096 �SL
0 0822 �Start

20 CRaw

"x}rw= O=wt |=Q@ |O=yvW}B |=yCt}k "2 pwOH
x}rw= O=wt VQ=iU =@ Qy Q=Okt x}rw= O=wt OL=w Qy Ct}k

(qRaw) (CRaw)

[1; 350) 20
(350;1) 15

swRwtwQm Qy w xOW xDiQo Q_v QO swRwtwQm 10 x}rw= C}atH O=OaD VywSB
pw= uS &OvDUy pOt s}tYD |=yQ}eDt =yuS "CU= xOW p}mWD uS 5 R=
=D swO uS 'xOvvm O}rwD \UwD x}rw= O=wt |Di=} QO |xrwtLt O=OaD swRwtwQm Qy
sHvB uS w u=WwQixOQN \UwD |Di=} QO |}=yv pwYLt |xrwtLt O=OaD sQ=yJ
u} QDW}@ w [1 1 1 1 0] Q}eDt Qy |=Q@ Q=Okt u} QDtm "CU= O}rwD |xNQJ O}rwD
p=tDL= "CU= xOW xDiQo Q_v QO [100 100 100 100 1] Q}eDt Qy |=Q@ Q=Okt
QO Q=QmD O=OaD "CU= xOW xDiQo Q_v QO 0 2 VyH p=tDL= w 0 8 ?}mQD
xOt; 4 w 3 pw=OH QO =QH= Q=@ 20 R= pY=L G}=Dv "CU= 100 =QH= Q=@ Qy

"CU=
'u=WwQixOQN x@ =yp=UQ= O=OaD w x}rw= O=wt |=yCi=} QO O=OaD 3 pwOH QO
OwU C}=yv QO w =yv; OwU 'u=WwQixOQN w xOvvm O}rwD |=yxv} Ry |=RH= w xQwO pw]
|=yxrwtLt O=OaD |xOvyOu=Wv R}v 4 pwOH QO xOW C@F G}=Dv "CU= xOW C@F pm
x}rw= OQ=wt |Di=} QO |=yxrwtLt O=OaD w xQwO Qy QO VwQixOQN Qy x@ xOW p=UQ=
xOQw; |OOa p=Ft |=Q@ "CU= h}iND uwO@ w h}iND =@ Cr=L |=Q@ xQwO Qy QO

"CU}v pO=at h}iND uwO@ w h}iND =@ Cr=L |=Q@ O=OaD 'xOW
4 w 3 |=ypwOH QO h}iND p=ta= uwO@ |=yuwDU QO G}=Dv |xU}=kt =@
x@ =yp=UQ= O=OaD uOw@ Q@=Q@ C}OwOLt xm |Dr=L QO � =Q OwU V}=Ri= Q=Okt u=wD|t
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"C=i}iND p=ta= =@ pw= pOt QO pm OwU =@ � |x]@=Q "5 pmW

"C=i}iND p=ta= =@ swO pOt QO pm OwU =@ � |x]@=Q "6 pmW

p=ta= =@ Cw=iDt � |=Q@ pw= pOt x@ C@Uv swO pOt OwU V}=Ri= OYQO "7 pmW
"C=i}iND

x@ s}tYD |=yQ}eDt Q@ � Q=Okt 'OwW|t xOy=Wt 7 w 6 pw=OH QO xm u=vJ
pw=OH QO xOW xO=O u=Wv G}=Dv x@ xHwD =@ 'p=Ft u}= QO "OQ=Po|t Q}F-=D xOt; CUO
|=yxrwtLt O=OaD w O}rwD |xNQJ u=tR '� Q=Okt V}=Ri= =@ xm CiQo xH}Dv u=wD|t
Q}F-=D R}v sDU}U pm OwU Q@ � Q=Okt u}= Q@ xwqa "Ov@=}|t V}=Ri= |HwQN w |OwQw
|va} ' � Q=Okt V}=Ri= =@ OwW|t xOy=Wt 6 w 5 |=ypmW QO xm u=vJ "OQ=Po|t
QN; uwDU "O@=}|t V}=Ri= sDU}U pm OwU '=[=kD MQv x@ O}rwD MQv uOW l}ORv =@
=Q Cw=iDt |=y� QO pw= pOt x@ C@Uv swO pOt OwU hqDN= OYQO 7 pwOH

"�7 pmW� OyO|t u=Wv
C=Q}}eD x@ C@Uv pm OwU C=Q}}eD 9 w 8 |=ypmW QO R}v w 9 w 8 pw=OH QO
CU= |y}O@ "CU= xOW C@F x}rw= O=wt C}i}m uDiQ CUO R= |xv} Ry w p=wR MQv

p=ta= =@ pw= pOt x@ C@Uv swO pOt R= pY=L G}=Dv C=Q}}eD OYQO "5 pwOH
"C=i}iND

C=Q}}eD p=Ft QO C=Q}}eD Q=Okt
T (2)�T (1)

T (1) � 100 10 148

TCRaw(2)�TCRaw(1)
TCRaw(1) � 100 �0 16

TCmfc(2)�TCmfc(1)
TCmfc(1) � 100 �3 48

TCret(2)�TCret(1)
TCret(1) � 100 0 072

TRmfc(2)�TRmfc(1)
TRmfc(1) � 100 0

TRret(2)�TRret(1)
TRret(1) � 100 40 69

TPmfc(2)�TPmfc(1)
TPmfc(1) � 100 3 08

TPret(2)�TPret(1)
TPret(1) � 100 142 56

TP (2)�TP (1)
TP (1) � 100 82 29

"pw= pOt QO � C=Q}}eD x@ C@Uv pm OwU C=Q}}eD "6 pwOH
D P � m n T TP

12000

120000 0 1 2 2 0 0865 301348
60000 0 2 2 2 0 0877 301232
40000 0 3 3 2 0 0906 301139
30000 0 4 4 3 0 1049 301199
24000 0 5 5 3 0 1123 301564
20000 0 6 6 4 0 1143 302066
17143 0 7 8 5 0 1654 302775
15000 0 8 11 6 0 2066 303764
13333 0 9 16 9 0 2924 305258

"swO pOt QO � C=Q}}eD x@ C@Uv pm OwU C=Q}}eD "7 pwOH
P � T TP (2) TP (2)�TP (1)

TP (1) � 100
120000 0 1 0 0958 553110 83 54
60000 0 2 0 0966 549120 82 29
40000 0 3 0 0982 533011 76 99
30000 0 4 0 0998 599000 98 87
24000 0 5 0 1149 690590 129 00
20000 0 6 0 1226 818534 170 97
17143 0 7 0 1440 916205 202 60
15000 0 8 0 1731 1080955 255 85
13333 0 9 0 2120 1281160 319 69
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"C=i}iND p=ta= =@ swO pOt QO x}rw= O=wt C}i}m uDiQ CUO R= |xv} Ry w p=wR MQv C=Q}}eD x@ C@Uv pm OwU C=Q}}eD "9 pwOH
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545954 546410 547005 547633 548325 TP
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|xv} Ry w O=Ui MQv =@ pw= pOt x@ C@Uv swO pOt OwU V}=Ri= OYQO "10 pmW
"C=i}iND p=ta= =@ Cw=iDt C}i}m uDiQ CUO R=

QO <=[kv= M} Q=D w O=Ui ẁQW u=tR C=Q}}eD x@ C@Uv pm OwU C=Q}}eD "11 pwOH
"C=i}iND p=ta= =@ pw= pOt

TP (1) T n m �Start �SL = � NO

258096 0 0195 2 1

0=25�

0 055 1
276354 0 0269 2 1 0 088 2
285653 0 0341 2 1 0 110 3
291104 0 038 2 1 0 137 4
294550 0 0639 2 2 0 164 5

284234 0 0270 1 1

0=5�

0 055 1
294002 0 0455 2 1 0 088 2
298268 0 0600 2 2 0 110 3
300368 0 0743 2 2 0 137 4
301245 0 0884 2 2 0 164 5

239765 0 0446 2 1

0=75�

0 055 1
299440 0 0663 2 2 0 088 2
301232 0 0877 2 2 0 110 3
301505 0 1040 2 3 0 137 4
301505 0 1040 2 3 0 164 5

OwW|t xOy=Wt xm u=vJ "CU= xOy=Wt p@=k O=Ui ẁQW u=tR w <=[kv= M} Q=D
OwU '<=[kv= M} Q=D x@ O=Ui ẁQW u=tR uOW QDl}ORv w <=[kv= M} Q=D V}=Ri= =@
ẁQW u=tR uOW QDl}ORv w <=[kv= M} Q=D V}=Ri= =@ =Q} R O@=}|t V}=Ri= sDU}U pm
?Hwt w OwQ|t VwQi QDW}@ Ct}k =@ |QDO=} R u=tR COt QO pwYLt u; x@ O=Ui
w O=Ui ẁQW u=tR xm CiQo xH}Dv u=wD|t u}=Q@=v@ "OwW|t xQ}HvR pm OwU V}=Ri=
ẁQW u=tR V}=Ri= =@ |va} "OQ=O s}kDUt |x]@=Q xQ}HvR pm OwU =@ <=[kv= M} Q=D
u}t-=D |xQ}HvR pm OwU 'u=WwQixOQN Ot;QO V}=Ri= p}rO x@ <=[kv= M} Q=D w O=Ui
QO pw= pOt x@ C@Uv swO pOt OwU hqDN= OYQO 13 pwOH QO "O@=}|t V}=Ri=
"CU= xOW xO}Wm Q} wYD x@ 13 pmW QO w xOW C@F Cw=iDt |=y �Start w �SL

uDiQ CUO R= |xv} Ry w p=wR MQv C=Q}}eD x@ C@Uv pm OwU C=Q}}eD "8 pmW
"C=i}iND p=ta= =@ pw= pOt QO x}rw= O=wt C}i}m

uDiQ CUO R= |xv} Ry w p=wR MQv C=Q}}eD x@ C@Uv pm OwU C=Q}}eD "9 pmW
"C=i}iND p=ta= =@ swO pOt QO x}rw= O=wt C}i}m

|xv} Ry w O=Ui MQv =@ pw= pOt x@ C@Uv swO pOt OwU V}=Ri= OYQO "10 pwOH
"C=i}iND p=ta= =@ Cw=iDt C}i}m uDiQ CUO R=

TP (2)�TP (1)
TP (1) � 100

CLossk

0 9 0 7 0 5 0 3
83 54 553110 0 0958 0 1 25
82 29 549120 0 0966 0 2 50
76 99 533011 0 0982 0 3 75
98 87 599000 0 0998 0 4 100

xm CU= K[=wQB "O@=}|t Vy=m sDU}U pm OwU x}rw= O=wt p=wR MQv V}=Ri= =@ xm
'|Q=Oyov |=yxv} Ry p}tLD w |OwHwt uDiQ u}@ R= CyH x@ p=wR u=R}t V}=Ri= =@
\w@ Qt |=yxv} Ry 'xOW OQ=w xOvvmO}rwD x@ xm |}=yxv} Ry Q}=U w O} QN '|yOVQ=iU
"O@=}|t Vy=m sDU}U pm OwU xH}Dv QO w O@=}|t V}=Ri= xOvvmO}rwD C}=U x@
x@ \w@ Qt |=yxv} Ry R}v x}rw= O=wt C}i}m uDiQ CUO R= |xv} Ry V}=Ri= =@ u}vJty
xm CiQo xH}Dv u=wD|t u}=Q@=v@ "O@=}|t Vy=m sDU}U pm OwU w V}=Ri= xOvvmO}rwD
"OQ=O Twmat |x]@=Q C}i}m uDiQ CUO R= |xv} Ry w p=wR MQv =@ sDU}U pm OwU
CLoss w k QO 'pw= pOt x@ C@Uv swO pOt OwU hqDN= OYQO 10 pwOH QO

"CU= xOW xO}Wm Q} wYD x@ 10 pmW QO w xOW C@F 'Cw=iDt |=y
C=Q}}eD x@ C@Uv pm OwU C=Q}}eD 12 w 11 |=ypmW w 12 w 11 pw=OH QO
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UwDw O=Ui ẁQW u=tR =@ pw= pOt x@ C@Uv swO pOt OwU V}=Ri= OYQO "13 pwOH

"Cw=iDt <=[kv= M} Q=D
TP (2)�TP (1)

TP (1) � 100
�Start

0=75� 0=5� 0=25� �SL = �

106 84 61 77 67 79 0 055
72 75 61 45 65 03 0 082
82 29 61 33 65 60 0 110
85 62 65 13 66 53 0 137
87 75 66 67 68 69 0 164

w O=Ui ẁQW u=tR =@ pw= pOt x@ C@Uv swO pOt OwU V}=Ri= OYQO "13 pmW
"C=i}iND p=ta= =@ Cw=iDt <=[kv= M} Q=D

|Q}oxH}Dv "5
l} QO Q}PBO=Ui sqk= |=Q@ |OwHwt � O}rwD |xJQ=Bl} pOt l} VywSB u}= QO
xOW x�=Q= x}rw= O=wt |=Q@ |rm C=i}iND uDiQo Q_v QO =@ |L]UwO u}t-=D |xQ}HvR
pwYLt w x}rw= O=wt xm u}= ZQi =@ |OwHwt � O}rwD pOt l} QDy@ CQ=@a x@ "CU=
?U=vDt w C@=F VywSB u}= QO O=Ui MQv "CU= xOW x�=Q= 'OvQ}PBO=Ui wO Qy |}=yv
xOv=t|k=@ Qta pw] x@ xHwD =@ |}=yv pwYLt |Q=PoCt}k u}vJty w CU= u=tR =@
O=OaD |iQ] R= "CU= umtt x}rw= O=wt O} QN |=Q@ |rm C=i}iND R= xO=iDU= "CU=
u=WwQixOQN R=}v w xR=Ov= x@ xHwD =@ "OW=@ Cw=iDt Ov=wD|t u=WwQixOQN x@ =yp} wLD
OwHwt |=yVywSB R= s=Om I}y QO uwvm =D =t= CU= |y}O@ Q=}U@ |[Qi u}vJ

"CU= xOWv ^=Lr
=@ pOt u}= "CU= |]N Q}e ẁv R= xr�Ut u}= |=Q@ xOW x�=Q= |[=} Q pOt
uDi=} hOy 'C}=yv QO "CU= xOW pL ?rDt \}Lt QO l}DvS sD} Qwor= R= xO=iDU=
|xrwtLt O=OaD w s=NO=wt |Di=} QO |xrwtLt O=OaD 'O}rwD |xNQJ pw] xv}y@ Q}O=kt
sDU}U pm OwU |R=Uxv}W}@ Qw_vt x@ u=tRsy Qw] x@ |}=yv pwYLt |Di=} QO

"CU=
O=wt p=wR MQv V}=Ri= =@ xQ=wty xm OyO|t u=Wv xOW s=Hv= C}U=UL p}rLD
O=wt x@ \w@ Qt |=yxv} Ry |rm Qw] x@ w xDiQ CUO R= C}i}m |xv} Ry u=R}t 'x}rw=
xm OW XNWt R}v xOW s=Hv= C}U=UL p}rLD =@ u}vJty "O@=}|t V}=Ri= x}rw=
Ot;QO 'OW=@ lJwm u; |=[kv= M} Q=D |DQ=@ax@ =} |}=yv pwYLt Qta pw] QOkQy
sRq u}=Q@=v@ "OwW|t QDsm sDU}U pm OwU C}=yv QO w u=WwQixOQN x@ \w@ Qt
|=y|Qw=:vi R= xO=iDU= =@ w |Q=Oyov |=Q@ ?U=vDt |=yCU=}U |Q}oQ=mx@ =@ CU=

QO <=[kv= M} Q=D w O=Ui ẁQW u=tR C=Q}}eD x@ C@Uv pm OwU C=Q}}eD "12 pwOH
"C=i}iND p=ta= =@ swO pOt

TP (1) T n3 n2 n1 m �Start �SL = �

433060 0 0225 3 4 2 2

0 25�

0 055
456080 0 0289 3 4 2 2 0 082
473050 0 0352 3 4 2 3 0 110
484804 0 0465 3 4 2 3 0 137
496900 0 0565 3 4 2 3 0 164

459808 0 0342 3 4 1 2

0 5�

0 055
474680 0 0498 3 4 2 2 0 082
481210 0 0693 3 4 2 3 0 110
496015 0 0750 3 4 2 3 0 137
502100 0 0832 3 4 2 3 0 164

495945 0 0546 3 4 2 2

0 75�

0 055
517300 0 0779 3 4 2 2 0 082
549120 0 0966 3 4 2 3 0 110
559680 0 1059 3 4 2 3 0 137
566100 0 1088 3 4 2 3 0 164

QO <=[kv= M} Q=D w O=Ui ẁQW u=tR C=Q}}eD x@ C@Uv pm OwU C=Q}}eD "11 pmW
"C=i}iND p=ta= =@ pw= pOt

QO <=[kv= M} Q=D w O=Ui ẁQW u=tR C=Q}}eD x@ C@Uv pm OwU C=Q}}eD "12 pmW
"C=i}iND p=ta= =@ swO pOt
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"CU= u}W}B |=yVywSB Q}=U R= QD?U=vt C}ak=w QO w}Dm =w}O=Q O=wt w u} Rv@
%OQm p=ta= pOt x@ =Q Q} R OQ=wt u=wD|t pOt |xaUwD Qw_vt x@

&u; |xv}y@ u=R}t s}_vD w s}tYD Q}eDt u=wvax@ O}rwD MQv uDiQo Q_v QO "1
&xOWv |v}@V}B C=Q}taD w |Q=Oyov Cra x@ O}rwD QO hkwD uDiQo Q_v QO "2

|] QO p=wR MQv Q}}eD p=Ft u=wvax@ 'C@=F |=Hx@ Q}eDt O=Ui MQv uDiQo Q_v QO "3
&OW=@ pw@}=w =} |}=tv '|tD} Q=or '|]N CQwYx@ u=tR

x�=Q= w |OwHwt Vy=m Qw_vtx@ u=WwQixOQN u}@ pO=@D u=mt= uDiQo Q_v QO "4
&QDxR=D CqwYLt

&pwYLt u}OvJ uDiQo Q_v QO "5
'Ct}k x@ xDU@=w |=[=kD Ovv=t |@}mQD |=[=kD `@=wD hrDNt `=wv= uDiQo Q_v QO "6

&|OwHwt x@ xDU@=w |=[=kD
p}=Ut =@ j}irD w pkv w ptL u=ow=v w pkv w ptL |=yC}OwOLt uDiQo Q_v QO "7

&|@=} Q}Ut
"|Q=mD@= VwQ l} |xaUwD =} |Q=mD@==Qi |=ysD} Qwor= Qo}O R= xO=iDU= "8

pwYLt Qta pw] V}=Ri= w p=wR MQv Vy=m Qw_vt x@ |R=UxQ}NP w |Ov@xDU@
C=t=Ok= sDU}U pm OwU V}=Ri= |rm Qw] x@ w sDU}U |=yxv} Ry Vy=m CyH QO
MQv xJ Qy OyO|t u=Wv R}v C}U=UL p}rLD G}=Dv xwqax@ "OQ}o CQwY |U=U=
|va} "O=O Vy=m VQ=iU Q=@ Qy QO =Q VQ=iU u=R}t O}=@ OW=@ QDW}@ x}rw= O=wt p=wR
|=yxv} Ry =D O=O V}=Ri= =Q xOvvmO}rwD \UwD VQ=iU Ci=} QO C=aiO O=OaD O}=@
|=yxv} Ry w O=Ui uDiQo Q_v QO =@ =ypOt QO Qt= u}= "O@=} Vy=m p=wR R= |W=v
OQwt =yQ}eDt Q}}eD =@ OwU C=Q}}eD Q}=U |iQ] R= "OUQ|t Q_v x@ |y}O@ u; R= |W=v
u=wD|t =[=kD MQv x@ O}rwD MQv uOQm l}ORv =@ =Q sDU}U pm OwU "CiQo Q=Qk |UQQ@

"O=O V}=Ri=
Q}e |=yC}OwOLt p=ta= xm Ci=} QO u=wD|t pOt u}= G}=Dv R= xO=iDU= =@
'O=Ui w |Q=Oyov |=yxv} Ry Cra x@ O}rwD |xQwO QO =yp=UQ= O=OaD |=Q@ sRq
'xOvvmu}t-=D x@ VQ=iU Q=Okt s}_vD s=ovy QO u}vJty "OwW|t OwU Vy=m Ea=@
Ea=@ Ovvm|t ^=Lr =Q xOvvmu}t-=D h}iND |=yCU=}U xm |}=ypOt R= |Q}oxQy@

"OwW|t pm OwU QO |}x_Lqt p@=k V}=Ri=
Ovv=t Q}PBp=wR O=wt u}t-=D |xQ}HvR QO u=wD|t VywSB u}= QO xOW x�=Q= pOt R=
OwU V}=Ri= Qw_vt x@ xOw@ Q}PBp=wR =yu; CqwYLt xm |}=}t}W O=wt w |}=Pe O=wt
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