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GHIJ*HKLMNO P+*1MIIQKLRSQKL 1T UV -UU-WX UX
YZ[\]^ _ ` abcde fg_hh i j khl m nHoHN pQH HQN qrs0+tHSS ,u* tHN ,+SOHNtHN p1KLPH*L1SR 1N vw QST H xH*tHN QN wQST IRMtQ+I P+N rHOQIIHM*HN OHt*HLR - w QST IRMtQ+I OHLy*HN HQNHT GHIQRzH* - {NwQST HN R*HRHN pKL1MIJQHSH* 1M, - pKL1MIJQHSH* H*L1SRHN HQNH n1OH ,u* | HtHN QL*H* }H*R*~OH -
qNRx QK�HSN pQH zMH*IR HQN HQN,1KLHI 0 +tHSS � MNt uoH*SHOHN pQH t1NN � x QH MNt +o pQH t1I 0+tHSS H*sO~NzHN �yNNRHN � MT z -G - zM T+tHSSQH*HN � t1II I+x+LS pKL1MIJQHSH* 1SI 1MKL rHOQIIHM*H MNt GHIQRzH*P+N wQST IRMtQ+I )H*I+NHN IQNt � MNt T 1NKLH )H*I+NHN 1MKL QT IHSoHN wQST +tH* QN PH*IKLQHtHNHNwQST HN QN THL*H*HN tQHIH* r+SSHN 1M,R*HRHN -
�M* tQH �ozx - HQNH� �+**H�RH �yIMNO zM zHQOHN � x~*H zM HQN,1KL MNt 1MKL tQt1�RQIKL N QKLR IQNNP+SS -�MI tQHIHT n*MNt xH*tHN LQH* PH*IKLQHtHNH /HOH MNt �+SzxHOH tQI�MRQH*R -
q*IRH* �NI1Rz v 0 1N oHR*1KLRHR tHN p1Rz �w QST H xH*tHN QN wQST IRMtQ+I P+N rHOQIIHM*HN OHt*HLR -��1LHSQHOHNt QIR LQH* HQNH t*HQIRHSSQOH GHzQHLMNO v

0 +PQH

J*+tMKHI rHOQIIHM*

pRMtQ+

RQRSH 2H1*

N1T H 1tt*HII

N1T H

1tt*HII

�)*~IHNR1RQ+N v �T IHRzMNO QN rHS1RQ+NHN -� 0 1N IQHLR 1N tH* rHS1RQ+N � ozx - 1N tH* 1NzMIRHSSHNtHN�1*tQN1SQR~RIoHR*1KLRMNO � t1II tQHIH 0+tHSSQH*MNO NQKLR t1P+* oHx1L*R � ,u* HQNHN wQST � tH* P+NT HL*H*HN rHOQIIHM*HN OHT HQNI1T OHt*HLR x Q*t � 1MKL MNRH*IKLQHtSQKLH pRMtQ+I zM IJ HQKLH*N - � SI+I+SSRH T 1N tQHIH 0+tHSSQH*MNO I+ NQKLR x~LSHN -
�1LHSQHOHNt QIR � tQH GHzQHLMNO QN zxHQ zxHQIJ1SRQOH GHzQHLMNOHN �� ������������ MNt �� ������ �� ������ � 1M,zMSyIHN � x+T QR T1N QNIOHI1TR tQH ,+SOHNtH �0MIRH*SyIMNO� H**HQKLR v
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0+PQH �KR+*

rHOQIIHM*

pRMtQ+ �xNH*

RQRSH 2H1* N1TH 1tt*HII

N1TH 1tt*HII

N1T H

1tt*HII

N1T H 1tt*HII

*+SHI

OHN*H

1KRIsQN
< 0, ∗ > < 1, ∗ >

tQ*HKRI< 1, 3 >

< 1, ∗ >

O1OH

J*+tMKHI
< 0, 1 >

< 1, ∗ >

+xNI
< 1, 1 > < 1, ∗ >

����� QIR HQN IJHzQ� IKLHI �RR*QoMR P+N pKL1MIJ QHSH*N � t1I 1NOQoR � xHSKLH �*RHN P+N r+SSH HQN pKL1MsIJQHSH* IJQHSHN �1NN �q*xHQRH*MNO v tQH GHzQHLMNO ������� Ho HN,1SSI ����� zM H*xHQRH*N � t1I 1NOQoR �xHSKLH �*R P+N r+SSH HQN pKL1MIJQHSH* QN tQHIHT wQST IJQHSR� - ����� QIR HQN IJHzQ� IKLHI �RR*QoMsRH P+N rHOQIIHM*HN � t1I 1NOQoR � xHSKLH �*R P+N wQST HN HQN rHOQIIHM* t*HLR �1MKL LQH* �1NN T1NuoH*SHOHN � � ���� 1SI �RR*QoMR tHI wQST I zM NHLT HN � -
Y h�_��]�k�_ e fg_hhk_�Z�\ g_� hk��_� �_k�_ �
qQNH TyOSQKLH � SRH*N1RQPH QIR � tQH t*HQIRHSSQOH GHzQHLMNO ������� 1M,zMIJ1SRHN � QNtHT T1N tQH GHszQHLMNO � ������� zx QIKLHN HQNHT pRMtQ+ MNt HQNHT wQST oHR*1KLRHR � tQHIH 1OO*HOQH*R �) *+tM�RQ+N � �MNt t1I �OO*HO1R QN HQNH ������� sGHzQHLMNO T QR rHOQIIHM*HN IRHSSR - ��� �� IRHLHN xHQRH*LQN QN GHszQHLMNO T QR QL*HT pRMtQ+ � pKL1MIJQHSH* �1NN T 1N x1LSxHQIH QN GHzQHLMNO T QR tHT wQST +tH* tH*)*+tM�RQ+N IRHSSHN -

0 +PQH

pRMtQ+

rHOQIIHM* !"#$%&'
< 0, 1 >

< 1, ∗ >

tQ*HKRI
< 1, 3 > < 1, ∗ >

�QNxHQI v T 1N H*L~SR t1IIHSo H *HS1RQ+N1SH 0+tHSS � xHNN T 1N 1N tH* *QKLRQOHN pRHSSH HQNo HzQHLR � t1IItQH UvNsGHzQHLMNO zx QIKLHN wQST MNt pRMtQ+ t1zM ,uL*R � t1II tH* pKLSuIIHS P+N ( ��������� NM*������)*��� � QIR -
� QNxHQI v HQNH �OO*HO1RQ+N �+ ��, ) ��� ������ � MNt HQNH GHzQHLMNO tHI �OO*HO1RHI zM ������ QIR�HQNH OHHQONHRH 0+tHSSQH*MNO � t1 t1NN ,u* wQST H � tQH P+N T HL*H*HN rHOQIIHM*HN zMI1TTHN OHt*HLRxu*tHN � 1MKL PH*IKLQHtHNH pRMtQ+I 1NOHOHo HN xH*tHN �yNNRHN -
e fg_hhk_�Z�\ l k� -_�_�]hk.k_�Z�\ /0_�.f�1 �
GHR*1KLRHR T 1N oHQ tH* +oQOHN 0+tHSSQH*MNO tQH �T IHRzMNO QNI *HS1RQ+N1SH 0+tHSS � I+ IRHSSR T 1N,HIR � {N,+*T1RQ+N zM )H*I+NHN � tQH z -G - I+x+LS 1SI rHOQIIHM* 1SI 1MKL 1SI pKL1MIJQHSH* OHIJ HQKLH*RIQNt � �������� � OHL1SRHN x Q*t - . QHI �+IRHR NQKLR NM* ) S1Rz � I+NtH*N �1NN 1MKL zM QN�+NIQIRHNRHN.1RHNo1N�zMIR~NtHN ,uL*HN v
�KR+* ��p � �+SS2x++t .*QPH 2W s �+I�NOHSHI� MNt rHOQIIHM* ��p � n*1oHN U s / QHN� -
q I QIR t1LH* IQNNP+SS � HQNHN qNRQR~RIR2J ( ����� 1SI nHNH*1SQIQH*MNO tQHIH* 32JHN HQNzM,uL*HN v
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0+PQH �KR+*

rHOQIIHM* n )H*I+N

pRMtQ+ �xNH*

RQRSH 2H1*

N1T H 1tt*HII

*+SHI

OHN*H

N1TH

1tt*HII

1KRIsQN
< 0, ∗ > < 1, ∗ >

tQ*HKRI< 1, 3 >

< 1, ∗ >

O1OH

J*+tMKHI
< 0, 1 >

< 1, ∗ >

+xNI
< 1, 1 > < 1, ∗ >

nHNH*1SQIQH*MNO oHtHMRHR L QH* � t1II
Persons = Actors + Regisseurs + Owners

QIR - / u*tH T 1N IR1RRtHIIHN HQNH pJHzQ1SQIQH*MNO x~LSHN � �yNNRH T 1N 1MKL )H*I+NHN L1oHN � tQHNQKLR QN HQNH tQHIH* IJ HzQHSSH*HN � S1IIHN ,1SSHN -
GHQ HQNH* �T IHRzMNO QN I *HS1RQ+N1SH 0 +tHSS H*L~SR T 1N | H HQNH 31oHSSH ,u* ( ����� �� �, �)� ������� �
� ���� �� �, �)�� ��� �OO, - T HL*xH*RQO � � � �� ������ �� �, �)� ����� � tQH | HxHQSI tHN )*QT ~*IKLSuIIHS � �, �HQNH* )H*I+N *H,H*HNzQH*HN -
e fg_hhk_�Z�\ �Z� l k� /0_�.f�1 Z�g cfhh_� �
�SI t*QRRH 0 yOSQKL�HQR �yNNRH T 1N NM* )H*I+NHN T+tHSSQH*HN MNt QL*H r+SSHN �QN tH* �NxHNtMNOIsxHSR� tM*KL r+SSHN �oHzHQKLNH* QT qrs0+tHSS� t1*IRHSSHN v

0+PQH

)H*I+N

pRMtQ+

RQRSH 2H1*

N1T H 1tt*HII

N1T H

1tt*HII

*+SHI OHN*H

1KRIsQN< 0, ∗ >

< 0, ∗ >

�KR+*
tQ*HKRI

< 1, 1 >

< 0, ∗ >

rHO -

O1OH

J*+tMKHI
< 0, 1 >

< 1, ∗ >

+xNI
< 1, 1 >

< 0, ∗ >�xNH*

. QH �RR*QoMRH ����� MNt � ���� TuIIHN t1T QR 1SSH o HQ )H*I+N 1NOHIQHtHSR IHQN - .1T QR QIR NQKLR �S1* �t1II z -G - NM* pKL1MIJQHSH* t1I �RR*QoMR ����� o HIQRzHN - �M�H*tHT IQNt J+RHNRQHSS P QHSH �MSSxH*RH QNtH* 31oHSSH HNRL1SRHN -
YZ[\]^ _ � a�fl� h_	 k�
�_� m GHR*1KLRHN pQH HQNHN oQN~*HN GHzQHLMNOIR2J MNt tQH �+TJSH� QR~sRHN

(0, 1), (1, ∗)
- /HQIHN pQH tQH GHzQHLMNOI�+TJSH� QR~RHN QN 1SSHN PQH* TyOSQKLHN /HQIHN zM MNt
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OHo HN pQH zM | HtH* }1*Q1NRH | HxHQSI HQNHN NQKLRR*QP Q1SHN �MIR1Nt 1N � tH* tQH �+TJSH� QR~RHN H*,u SSR �ozx - HQNHN � tH* IQH PH*SHRzR -
q QN oQN~*H* GHzQHLMNOIR2J v

α β
*HS

qNRQR~RIT HNOH 32J Uv
{A, B, C, D, E, F}qNRQR~RIT HNOH 32JW v
{1, 2, 3, 4}

` � j]hh i

α β
*HS

< 0, 1 > < 0, 1 >

�HtHI
α
IRHLR T QR T1� QT 1S HQNHT

β
QN GHzQHLMNO MNt MTOH�HL*R -

�MS~IIQOH* �MIR1Nt v �NzMS~IIQOH* �MIR1Nt v
� WG 2w U

� W� 2w U

� � j]hh i

α β
*HS

< 0, 1 > < 1, ∗ >

�HtHI
α
IRHLR T QR T 1� QT 1S HQNHT

β
QN GHzQHLMNO � 1o H* | HtHI

β
TMII T QNtHIRHNI T QR HQNHT

α
QNGHzQHLMNO IRHLHN - MNt MTOH�HL*R -

�MS~IIQOH* �MIR1Nt v �NzMS~IIQOH �MIR~NtH v
� WG 2
� �q �w U

� WG 2G �w U

� WG 2w U

� � j]hh i

α β
*HS

< 1, ∗ > < 0, 1 >

�N,+*tH*MNOHN I2TTHR*QIKL � T QR tHN OHOHoHNHN .1RHN 1oH* NQKLR H*,uSSo1* v | HtHI
α
TMII T QRT QNtHIRHNI HQNHT

β
QN GHzQHLMNO IRHLHN � 1o H* | HtHI

β
t1*, NM* T QR T 1� QT 1S HQNHT

α
QN GHzQHLMNOIRHLHN -



������ ��� 	 
� ��� 
����� �

� � j]hh i

α β
*HS

< 1, ∗ > < 1, ∗ >

�HtHI
α
TMII T QNtHIRHNI T QR HQNHT

β
QN GHzQHLMNO IRHLHN MNt MTOH�HL*R -

�MS~IIQOH* �MIR1Nt v �NzMS~IIQOH* �MIR1Nt v� WG 2
� �. W. 2q �w U

� WG 2G �w U

YZ[\]^ _ � a� �_k.�_hhk\_ � _�k_�Z�\_� a� k_[_�]�� � 0�fgZ�� � � ]Z�_khmm nHOHoHN IHQ HQNH t*HQsIRHSSQOH GHzQHLMNO zx QIKLHN tHN qNRQR~RIR2JHN �QH,H*1NR � )*+tM�R MNt G1MRHQS �+ ��, �� ���� ���
	 ������� � 
� ( ����� ��� -
1� nHoHN pQH HQN OHHQONHRHI qrs0+tHSS 1N -

�QH,H*1NR

)*+tM�R G1MRHQS

SQH,H*R

�1TH

GHzHQKLNMNOGHzHQKLNMNO

)*HQI

o � �~�R IQKL tQHIH* p1KLPH*L1SR T QR 1MIIKLSQHIISQKL oQN~*HN GHzQHLMNOHN t1*IRHSSHN �

`m 
_�h_\Z�\ k� � ��_k.�_hhk\_ � _�k_�Z�\_� i
�QH,H*1NR G1MRHQS )*+tM�RSQH,H*R PH*xHNtHR

�� QH,H*1NR
L
SQH,H*R G1MRHQS

B
� MNt )*+tM�R

P
oHNyRQOR G1MRHQS

B
� o HtHMRHR 1o H* NQKLR N+RxHNstQOH*xHQIH � t1II

P
tQHIHI G1MRHQS 1MKL P+N

L
OHSQH,H*R oH�+TTR v
SQH,H*R

� ) G
G+IKL n+S, q QNIJ*QRzJMTJH
G+IKL n+S, �1PQO1RQ+NII2IRHT
G+IKL �M*QI q QNIJ*QRzJMTJH
p+N2 �M*QI �1PQO1RQ+NII2IRHT

zH*SHOR QN
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�G
� G
G+IKL q QNIJ*QRzJMTJH
G+IKL �1PQO1RQ+NII2IRHT
p+N2 �1PQO1RQ+NII2IRHT

MNt

)G
) G
n+S, q QN IJ*QRzJMTJH
n+S, �1PQO1RQ+NII2IRHT�M*QI q QN IJ*QRzJMTJH�M*QI �1PQO1RQ+NII2IRHT

GHQ �MI1TTHN,1IIMNO H*L~SR T 1N 1MKL tQH 3MJHS �G+IKL � �1PQO1RQ+NII2IRHT � �M*QI� MNt �p+N2��1PQO1RQ+NII2IRHT � n+S, � � tQH NQKLR QN tH* M*IJ*uNOSQKLHN GHzQHLMNO P+*L1NtHN x1*HN -
�NRH* tH* �NN1LTH � t1II tH* )*HQI NM* P+T �QH,H*1NRHN MNt tHT G1MRHQS 1oL~NOR �1SI+ NQKLRMNRH*IKLQHtSQKLH )*+tM�RH��MNtHN MNRH*IKLQHtSQKLH )*HQIH 1MIT 1KLHN �yNNHN� � �1NN H* 1SI �RsR*QoMR zM ���� ��� OHN+TTHN xH*tHN - �NtH*HN,1SSI L1R T 1N LQH* HQN )*+oSHT � t1I HoHN,1SSI t1*1M,LQNtHMRHR � t1II tQH �H*SHOMNO NQKLR �S1JJR -
�m 
_�h_\Z�\ k� � ��_k.�_hhk\_ � _�k_�Z�\_� i

�QH,H*1NR

)*+tM�R G1MRHQS

�)

)G

�G

�H*SHOMNO tQHIT 1S v
�G

� G
G+IKL q QNIJ*QRzJMTJH
G+IKL �1PQO1RQ+NII2IRHT
p+N2 �1PQO1RQ+NII2IRHT

MNt

)G
) G
n+S, q QNIJ*QRzJMTJH
n+S, �1PQO1RQ+NII2IRHT
�M*QI q QNIJ*QRzJMTJH�M*QI �1PQO1RQ+NII2IRHT

MNt
�)

� )
pQHT HNI n+S,
pQHT HNI �M*QI
p+N2 �M*QI

w1IIR T 1N t1I zMI1TTHN � H*L~SR T 1N 1MKL HQN 3MJHS �pQHT HNI � �M*QI � �1PQO1RQ+NII2IRHT � t1INQKLR QN tH* M*IJ*uNOSQKLHN GHzQHLMNO P+*L1NtHN x1* -
/ QHtH* �1NN MNRH* tH* +oQOHN �NN1LTH tH* )*HQI 1SI �RR*QoMR zM ���� ��� OHN+TTHN xH*tHN -�NtH*HN,1SSI L1R T 1N LQH* x QHtH* HQN )*+oSHT � t1I t1*1M, LQNtHMRHR � t1II tQH �H*SHOMNO NQKLR�S1JJR -

K� GHR*1KLRHN pQH NMN t*HQIRHSSQOH GHzQHLMNOHN x QHtH* 1SSOHT HQN - n QoR HI pQRM1RQ+NHN � QN tHNHN HQNH.1*IRHSSMNO tM*KL zxHQ oQN~*H GHzQHLMNOIR2JHN TyOSQKL QIR� �yNNHN tQHIH pQRM1RQ+NHN H�1�RtM*KL GHzQHLMNOI�+TJSH� QR~RHN tH�NQH*R xH*tHN�
�HLTHN x Q* HQNH 1NtH*H t*HQIRHSSQOH GHzQHLMNO v pRMtHNRHN Ly*HN }+*SHIMNOHN oHQ .+zHNRHN -}+*SHIMNOHN �NtHR zM HQNH* o HIRQTTRHN �HQR QN HQNHT oHIRQTTRHN r1MT IR1RR -
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pRMtHNR 1RRHNtI �+M*IH

�HKRM*H*

�1TH �1TH

�HQR r1MT

�1TH

�������
��$#&	� 
"$!'& �&%�$!&!

�� 
�����'&' ��
�� 
�����'&' ��
�� �& �&����%' 
�
�� �& �&����%' 
�
�� ��� ��
�� ��� ��
�� ��� ��

qI OQoR L QH* HQNH �,MN�RQ+N1SH �oL~NOQO�HQR� ������
→ �������� �HQN .+zHNR �1NN R*+RztHTTHL*H*H }+*SHIMNOHN L1SRHN � - 0 1N �1NN IQNNP+SS 1M,RHQSHN QN �*H1tI� MNt �1RRHNtI� v

�HKRM*H* �+M*IH pRMtHNR*H1tI
< 0, ∗ > < 1, 1 >

1RRHNtI
< 0, 200 > < 0, 5 >

�QNxHQIH v
� {T P+*SQHOHNtHN w1SS QIR tQH zH*SHORH 0 +tHSSQH*MNO tQH �S1* oHIIH*H � t1 tQH �1*tQN1SQR~RHNtH* ����� sGHzQHLMNO tQH ,MN�RQ+N1SH �oL~NOQO�HQR 1MIt*uK�HN - GHQ tH* t*HQIRHSSQOHN rHS1RQs+N x~*H HQN .1RHNo1N�zMIR1Nt � tH* I+x+LS �p U� {N,+ U� .� � MNt �p� � {N,+{ � /0 � HNRL~SR �H*S1MoR -
� tQH �1*tQN1SQR~RHN �yNNHN oHQ tH* t*HQIRHSSQOHN GHzQHLMNO NQKLR OHHQONHR MNRH*OHo*1KLR xH*stHN -
� .QHI �S1JJR NQKLR T HL* � xHNN O*+IIH }+*SHIMNOHN J1*1SSHS o HQ zxHQ .+zHNRHN �IHSo H �HQR �MNRH*IKLQHtSQKLH r~MTH� 1NOHo+RHN xH*tHN �/0 � {N,+ {� MNt �.� � {N,+ {� -
� / QH �yNNRH T 1N QN tQHIHT w1SS T +tHSSQH*HN � t1II HQN pRMtHNR HQNH I+SKLH }+*SHIMNO NM* o HQHQNHT .+zHNRHN Ly*R�
�OO*HOQH*MNO tH* �����sGHzQHLMNO zx QIKLHN .+zHNR MNt }+*SHIMNO v

�HKRM*H* �+M*IH

pRMtHNR

*H1tI
< 0, ∗ > < 1, 2 >

1RRHNtI

�HQR
r1MT

∗
tQH �N,+*tH*MNO � t1II HQN pRMtHNR HQNH }+*SHIMNO NM* o HQ HQNHT .+zHNRHN Ly*R � �1NN I+NQKLR o HIKL*QHo HN xH*tHN - . QHI TMII zMI~RzSQKL tM*KL 3H�R 1NOHOHo HN xH*tHN -

∗
xHNN T 1N 1M, tQH M*IJ*uNOSQKLH t*HQIRHSSQOH GHzQHLMNO 1MIxHQKLHN xu*tH � TuIIRH tQH
� ��� 1SI �RR*QoMR zM ������� OHN+TTHN xH*tHN - .1NN x~*HN 1SSH*tQNOI �MIR~NtH tH* �*R1RRHNtI �p U� {N,+ U� /0 � w* -U2 vXX� MNt �pW � {N,+ U� /0 � .+ -UV vXX� QN tH* .G TyOSQKL -

K� �1NN T1N tHNN+KL t*HQIRHSSQOH GHzQHLMNOHN OHNH*HSS �MNRH* }H*xHNtMNO xHQRH*H* � QS,I�+NIR*M�sRH� tM*KL zxHQIRHSSQOH GHzQHLMNOHN H*IHRzHN�
�1 - �HtH {NIR1Nz tH* t*HQIRHSSQOHN GHzQHLMNO x Q*t 1SI qNRQR~R oHR*1KLRHR � z -G -
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�QH,H*1NR

}H*R*1O

)*+tM�R G1MRHQS

SQH,H*R

x Q*t
�
oHSQH,H*R x Q*t

�
OHSQH,H*R

�MKL LQH* �1NN T1N HQNH �OO*HO1RQ+N P+N �QH,H*1NR MNt G1MRHQS o QStHN v
� QH,H*1NR G1MRHQS

) *+tM�R

SQH,H*R

o HzQHLR

.H* )*HQI �1NN LQH* s| H N1KL pQRM1RQ+Ns 1SI �RR*QoMR zM ���� ��� +tH* zM ��� ��� � LQNzMOHN+TTHNxH*tHN -
� QTTR T 1N QLN zM ��� ��� �� I+ L1R T 1N tQHIHSo H pHT1NRQ� x QH o HQ tH* M*IJ*uNOSQKLHN t*HQIRHSSQOHNGHzQHLMNO - nHLy*R H* zM ���� ���� I+ L1R T 1N T QR tH* �OO*HO1RQ+N HQNH IR~*�H*H 0+tHSSQH*MNO -
0 1N �1NN tQH . QI�MIIQ+N xHQRH* R*HQo HN � xHNN T 1N T+tHSSQH*HN x QSS � t1II HQN )*+tM�R HQNHoHIRQTTRH 0HNOH HQNHI G1MRHQSI �z -G - �n+S, � r 1t � 2 � oHNyRQOR - � QH* x~*H t1NN HQNH �OO*HO1RQ+NP+N )*+tM�R T QR G1MRHQS IQNNP+SS � tQH QN GHzQHLMNO zM HQNHT �QH,H*1NRHN IRHLR - .1NN �1NN | Ht+ KLtH* ) *HQI x QHtH* ,u* MNRH*IKLQHtSQKLH )*+tM�RH 1MKL MNRH*IKLQHtSQKL IHQN - �NI+NIRHN TMII T1NzMI~RzSQKLH GHtQNOMNOHN RH�RMHSS ,HIRL1SRHN -

H� }H*OSHQKLHN pQH }+*s MNt �1KLRHQSH tH* PH*IKLQHtHNHN �H*SHOMNOHN� �1IIHN IQKL tQH PH*IKLQHtHNHN{NRHO*QR~RIoHtQNOMNOHN T QRRHSI �+TJSH� QR~RIO*1tHN 1MIt*uK�HN�
}+*RHQS tH* TyOSQKLHN �H*SHOMNO QN zxHQ zxHQIRHSSQOH GHzQHLMNOHN v
� rHtMNt1NzPH*T HQtMNO MNt t1tM*KL xHNQOH* wHLSH*TyOSQKL�HQRHN - p+ Tu�RH QN HQNH* .*HQsH*oHzQHLMNO QT w1SS K� zM | HtHT pRMtHNRs}+*SHIMNOs.+zHNRsq QNR*1O tH* .+zHNR 1M,OH,uL*RxH*tHN �wHLSH*�MHSSH oHQ �Jt1RHI �� -. QHIH* � IJH�R x Q*t OHOHN qNtH tH* }+*SHIMNO �qNRxM*,IRLH+*QH � N+ KLT 1S o HL1NtHSR -
� {N HQNH* .*HQH*oHzQHLMNO S1IIHN IQKL tQH {NRHO*QR~RIo HtQNOMNOHN NQKLR T QRRHSI �+TJSH� QR~RIsO*1tHN t1*IRHSSHN -
�H*SHOMNO T QR � QS,IsqNRQR~RIR2J v �HQNH }+*RHQSH QN tH* �MIt*MK�I�*1,R - GHQ tH* �T IHRzMNO QNt1I *HS1RQ+N1SH 0+tHSS x Q*t T 1N 1MKL IHLHN � t1II oHQtH }1*Q1NRHN t1IIHSo H *HS1RQ+N1SH 0+tHSSH*zHMOHN -
0 1N TMII IHL* OHN1M tQH pHT1NRQ� tH* �NxHNtMNO MNRH*IMKLHN � MT zM HNRIKLHQtHN � T QR xHSKLH*0+tHSSQH*MNO T 1N IQH 1T OHN1MHIRHN R*Q�R -

YZ[\]^ _ � abcde fg_hh i � ]�gk�]hk�
�_� m ] m �1NN HI J1IIQH*HN � t1II HQNH pJHzQ��1RQ+N �1*stQN1SQR~RI1NO1oHN HNRL~SR � tQH MNH*,uSSo1* IQNt�
^ m ��_ � _lf 	�]�k	 
fl�]�� inHoHN pQH HQN qrs0+tHSS ,u* tHN ,+SOHNtHN p1KLPH*L1SR 1N v

•
�HtH* �NOHIRHSSRH L1R �HQNHN +tH* HQNHN }+*OHIHRzRHN �

•
�HtH* �NOHIRHSSRH QIR }+*OHIHRzRH* P+N T QNtHIRHNI zxHQ QLT zMOH+*tNHRHN �NOHIRHSSRHN -
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/1I ,+SOR 1MI tQHIH* pJHzQ��1RQ+N� �yNNHN pQH HQNH .1RHNo1IQI 1NOHo HN � tQH tQHIHI qrs0+tHSSH*,uSSR�
]m �HQN - �MT QNtHIR HQNH .1RHNo1N� � QN tH* 1SSH 31oHSSHN SHH* IQNt � H*,uSSR 1SSH �1*tQN1SQR~RIoHtQNsOMNOHN -
/ QH T 1N 1N tHT ,+SOHNtHN GHQIJQHS IQHLR � �1NN HI IHQN � t1II HI zM P+*OHOHoHNHN �1*tQN1SQR~RHN�HQNH � ��� ������ �HNtSQKLH� .1RHNo1N� OQoR -

^ m

�NOHIRHSSRH* QIR
�
}+*OHIHRzRH*

�
P+N

}+*OHIHRzRH*W ��

�NRH*OHoHNH*X �U
0 1N �1NN �HQNH �NQKLRsSHH*H� .G 1NOHoHN � tQH t1I qrs. Q1O*1TT H*,u SSR v . 1I qrs.Q1O*1TTQIR zx1* �+NIQIRHNR �t -L -� N QKLR x QtH*IJ*uKLSQKL � � HI OQoR | Ht+KL �HQN ��� ���� �� 0+tHSS -

YZ[\]^ _ � a�l ._��Z�\ k� g]. �_h]�kf�]h_ e fg_hh i j khl m {N �M,O1oH 2 L1oHN pQH HQN qrs0+tHSS ,u* HQNH �SHQNH wQST t1RHNo1N� H*IRHSSR - 3*1NI,+*T QH*HN pQH tQHIHI QN HQN *HS1RQ+N1SHI 0+tHSS -
b k� []	�.�_ e fg_hhk_�Z�\
�NN1LTH v *+SHI x Q*t 1SI pR*QNO 1SI �+TT1SQIRH 1oOHSHOR
� ���� � ������) *���������� � ���, �) ��������
� ���� � ���, �) �������) �� ������� ������ � ���, �) �������) � �����
����� � ���, �) ��������
� ������� � �������) �����) *����
������� � ������) �����) *���) � �� ��������� � ���� ������) �����) *�������� � ���� ��) �������
�SRH*N1RQPH � MT zM HQNHT pKL1MIJ QHSH* T HL*H*H r+SSHNKL1*1�RH*QIQH*MNOHN 1oSHOHN zM �yNNHN v
� ���� � ���, �) ��������
� ����� ���� � ���, �) �����
Y h�_��]�k�_�
.1 HQN wQST | HxHQSI NM* QN HQNHT pRMtQ+ OHt*HLR xH*tHN �1NN �IQHLH GHzQHLMNOI�+TJSH� QR~RHN QTqrs. Q1O*1TT �� �1NN T 1N tQH � �������sGHzQHLMNO QN � ���� T QR LQNHQNNHLTHN v
� ���� � ������) *���) �������
0+tHSSQH*R T 1N wQSTJ*+tM�RQ+N 1SI �OO*HO1RQ+N 1MI � ����) ������� H*L~SR T 1N t1,u* OHN1M tQHrHS1RQ+N
� ��������� � ������) *���) �������
.QH )*+tM�RQ+N IRHLR NMN QN GHzQHLMNO zM rHOQIIHM*HN � x+T QR T 1N LQH*,u* tQH rHS1RQ+N
������� � ���� ������) �����) *����
H*L~SR -
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-_�_�]hk.k_�Z�\ ]h. 0_�.f�_�
--- PH*IKLQHtHNH 0yOSQKL�HQRHN -
•
)H*I+NHN T QR �1TH MNt �t*HIIH � *+SHI MNt OHN*H | HxHQSI QN rHS1RQ+NHN �KR+* ozx - rHOQIIHM*tQH 1SI w*HTtIKLSuIIHS tHN �1THN HQNH* )H*I+N L1oHN - . QH w*HT tIKLSuIIHSo HzQHLMNOHN tH*rHS1RQ+NHN zM tHN GHzQHLMNOIR2J HN *H,H*HNzQH*HN tQH rHS1RQ+NHN �KR+* � rHOQIIHM* � �xNH* v
� ����� ������) *���������� � ���, �) ��������
( ����� � ���, �) ��������
� ���� � ���, �) �� ������� ������ � ���, �) � �����
����� � ���, ��
� ������� � �������) �����) *����
������� � ������) �����) *���) � �� ��������� � ���� ������) �����) *�������� � ������) �������
� ���� ���, �

→
( ����� ���, � �MNt 1N1S+O�

������� ������
→

� ���� ���, �
�M,O*MNt tH* tHR1QSSQH*RHN 0+tHSSQH*MNO IQNt tQH �+NIQIRHNzoHtQNOMNOHN 1N tQH .1RHNo1N� IHL*IKL1*, -

•
.QH PQH* rHS1RQ+NHN ( ����� � � ����� � �� ������� ����� �+IRHN *HS1RQP PQHS ) S1Rz � xHQS tQH �1THNTHL*,1KL 1oOHSHOR IQNt �1SI ( ����� �� � ) ������ ����� � � ���� ��� ) � ���� MNt ��� ������ ��� ) �������� - 0 1N �1NN IQH HQNIJ1*HN � xHNN T 1N IR1RRtHIIHN ����� MNt � ���� 1SI �RR*QoMRH zM ( �����NQTTR MNt T QR �MSSxH*RHN 1M�uSSR �z -G - ( ����� �� � ) ������ ����) � ���) ������) � ���� � - . QHIHNRIJ*QKLR 1MKL tHT qrs. Q1O*1TT � x+ NM* tH* qNRQR~RIR2J ( ����� PH*xHNtHR x Q*t � MNt T QRr+SSHNoHzHQKLNMNOHN OH1*oHQRHR x Q*t v
� ����� ������) *���������� � ���, �) ��������
( ����� � ���, �) �������) �� ���) � �����
� ������� � �������) ������
������� � �� ����� �� �����) �����) *���) � �� ��������� � �� ����� �� ��� ������) �����) *�������� � �� ����� �� �����) �������
���� ���, �

→
( ����� ���, � HRK -

0 1N PH*SQH*R tQH {NRHO*QR~RIo HtQNOMNOHN � t1II NM* pKL1MIJQHSH* t1I �RR*QoMR �� ��� L1oHN I+x QHt1II tQH ���� sGHzQHLMNO NM* T QR pKL1MIJQHSH*N o HIRHLR �MNt 1N1S+OHI� -
•
�MN L1R T1N zQHT SQKL PQHSH �MSSxH*RH QN �� ���� � ����- . QH THQIRHN )H*I+NHN xH*tHN pKL1MIJ QHSH*IHQN - 0 1N �1NN 1SI+ z -G - t1I �RR*QoMR �� ��� oHQ )H*I+N S1IIHN � MNt � ���� x QHtH* QN IHJ1*1RHrHS1RQ+NHN ,u* rHOQIIHM*H �T QR NM* *HS1RQP xHNQOHN )H*I+NHN� SHOHN v
� ����� ������) *���������� � ���, �) ��������
( ����� � ���, �) �������) �� ������� ������ � ���, �) � �����
����� � ���, ��
� ������� � �������) �����) *����
������� � �� �����) �����) *���) � �� ��������� � ���� ������) �����) *�������� � ������) �������
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YZ[\]^ _ � a�l ._��Z�\ k� g]. �_h]�kf�]h_ e fg_hh i � �_k.�_hhk\_ c_h]�kf�_� m {N �M,O1oH �L1oHN pQH T HL*H*H qrs0+tHSSH ,u* t*HQIRHSSQOH GHzQHLMNOHN tQI�MRQH*R - 3*1NI,+*T QH*HN pQH tQH IQNNsP+SSHN 0+tHSSH QN *HS1RQ+N1SH 0+tHSSH -
b �.�_. � _k.� k_h ]h. g�_k.�_hhk\_ � _� k_�Z�\ i
�QH,H*1NR v ��1TH � �t*HIIH�G1MRHQS v �GHzHQKLNMNO�)*+tM�R v ��1TH � }H*�1M,IJ*HQI�SQH,H*R v ��QH,H*1NR � G1MRHQS � ) *+tM�R � )*HQI�
w*HTtIKLSuIIHS vSQH,H*R -�QH,H*1NR

→
�QH,H*1NR -�1THSQH,H*R -)*+tM�R

→
)*+tM�R -�1THSQH,H*R -G1MRHQS

→
G1MRHQS -GHzHQKLNMNO


�_k�_. � _k.� k_h a[Z��� kf�]h_ Y^�
�\k\�_k�m i
�HKRM*H* v ��1TH � �tt*HII�
�+M*IH v ��1TH � �+M*IH�+�pRMtHNR v ��1TH � �tt*HIIH � pRMtHNR�+�*H1tI v ��HKRM*H* � �+M*IH�+�1RRHNtI v �pRMtHNR�+ � �+M*IH�+�
b k� [���Z�\ _k�_. �Z.
�� hk	�_� b�� k�
�.���. i
� QH,H*1NR v ��1TH � �t*HIIH�G1MRHQS v �GHzHQKLNMNO�)*+tM�R v ��1TH � }H*�1M,IJ*HQI�}H*R*1O v �� QH,H*1NR � G1MRHQS � )*+tM�R�
GHQ tH* �T IHRzMNO tH* zMI1HRzSQKLHN GHzQHLMNOIR2J HN TMII | HxHQSI tH* OHI1TRH pKLSu IIHS tH*rHS1RQ+N ������� 1SI w*HT tIKLSuIIHS 1M,OHN+TTHN xH*tHN - � SI �1MR+T1RQIKLH� �T IHRzMNO H*OQoRIQKL t1T QR v
SQH,H*R v ��QH,H*1NR � �QH,H*1NR � G1MRHQS � ) *+tM�R�x Q*t

�
OHSQH,H*R �G1MRHQS � � QH,H*1NR � G1MRHQS � )*+tM�R � )*HQI�x Q*t

�
oHSQH,H*R �)*+| H�R � �QH,H*1NR � G1MRHQS � ) *+tM�R�

0 1N IQHLR I+,+*R � t1II L QH* | HxHQSI HQN �RR*QoMR *HtMNt1NR QIR � 1SI+ OHIR*QKLHN xH*tHN �1NN - �MIIH*stHT IQNt 1SSH tQHIH GHzQHLMNOHN UvNsGHzQHLMNOHN zx QIKLHN HQNHT }H*R*1O MNt �QH,H*1NRHN � G1MsRHQSHN ozx - )*+tM�RHN - {N tH* }+*SHIMNO xM*tH OHzHQOR ��+MNR*2��1JQR1S� � t1II QN tQHIHT w1SS tQHGHzQHLMNO QN tQH 1M, tH* � U�spHQRH IRHLHNtH rHS1RQ+N �1SI+ ������� � T QR LQNHQNOHz+OHN xH*tHN �1NN -.1T QR H*OQoR IQKL QN tQHIHT w1SS NQKLR PQHS NHMHI ,u* tQH ������� srHS1RQ+N �t1 tQH pKLSuIIHS tH* 1M,tH* �N�spHQRH IRHLHNtHN qNRQR~RIR2J HN � ��� ���� �� 	 ������ MNt ( ����� � oH*HQRI QN ������� HNRL1SRHNIQNt� - q QNzQO t1I �RR*QoMR ( ���� �+TTR LQNzM v
}H*R*1O v �� QH,H*1NR � G1MRHQS � )*+tM�R � )*HQI�
0 1N H**HQKLR t1IIHSoH *HS1RQ+N1SH 0+tHSS x QH T QR tH* M*IJ*uNOSQKLHN t*HQIRHSSQOHN GHzQHLMNO �tQHGHzQHLMNO x Q*t tM*KL tQH �M,N1LTH tH* w*HT tIKLSu IIHS J*1�RQIKL QN tQHIHSoH rHS1RQ+N MTOHIHRzR �x QH tH* zMI~RzSQKLH qNRQR~RIR2J� -
b k� [���Z�\ _k�_� Y\\�_\]� kf� i
� SI PQH*RH 0yOSQKL�HQR xM*tH HQNH �OO*HO1RQ+N tH* � SQH,H*R�sGHzQHLMNO zx QIKLHN HQNHT �QH,H*1NsRHN MNt HQNHT G1MRHQS zM HQNHT OHOHo HNHN )*HQI o HIJ*+ KLHN - � QH*,u* H*L~SR T 1N tQH ,+ SOHNtHNrHS1RQ+NHN v
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�QH,H*1NR v ��1TH � �t*HIIH�G1MRHQS v �GHzHQKLNMNO�)*+tM�R v ��1TH � }H*�1M,IJ*HQI�SQH,H*R v ��QH,H*1NR � G1MRHQS � ) *HQI�o HzQHLR v �� QH,H*1NR � G1MRHQS � )*+tM�R�
. QH ��� ��� �srHS1RQ+N uoH*NQTTR t1oHQ tQH �RR*QoMRH � ��� ���� � MNt 	 ������ 1SI w*HT tIKL SuIIHS zM*rH,H*HNzQH*MNO 1M, HQNHN q QNR*1O QN ���� ���- / QKLRQO QIR LQH* � t1II T 1N HQNH 1NtH*H *H,H*HNRQHSSH{NRHO*QR~RIo HtQNOMNO 1SI oHQ tH* 0+tHSSQH*MNO 1SI t*HQIRHSSQOH rHS1RQ+N H*L~SR � N~T SQKL
o HzQHLR -��QH,H*1NR �G1MRHQS�

→
SQH,H*R �� QH,H*1NR �G1MRHQS�o HzQHLR -) *+tM�R

→
)*+tM�R -�1TH

YZ[\]^ _ � a�l ._��Z�\ k� g]. �_h]�kf�]h_ e fg_hh i �	� h�.._h^ _.� kllZ�\ �f� �]^ _hh_� [�� �_� k_�Z�\_� m
{N tH* }+*SHIMNO xM*tH HQN �+KL*HzHJR ,u* tQH �T IHRzMNO HQNHI qrs0+tHSSI QN HQN *HS1RQ+N1SHI 0+stHSS 1NOHOHo HN - .1oHQ xM*tH ,u* tQH GHIRQTTMNO tH* pKLSu IIHS P+N 31oHSSHN ,u* GHzQHLMNOHN 1M,tQH �oMNO PH*x QHIHN -
�N1S2IQH*HN pQH � xHSKLH �RR*QoMRH HQNH* I+SKLHN 31oHSSH pKLSuIIHS IQNt - GHIKL*~N�HN pQH {L*H GHsR*1KLRMNO 1M, oQN~*H GHzQHLMNOHN - /HSKLH MNRH*IKL QHtSQKLHN w~SSH TuIIHN pQH t1oHQ oHR*1KLRHN�
1� -�Z�gh_\_�g_ � k�Z]� kf� i

R
�]� �_k�_ Y��� k^Z�_ v

� Gr
< amin, amax > < bmin, bmax >

A
L1R pKLSu IIHS1RR*QoMRH

AK1, . . . , AKi

�
B
L1R pKL SuIIHS1RR*QoMRH

BK1, . . . , BKj

� oHQtH rHS1sRQ+NHN �yNNHN xHQRH*H �RR*QoMRH L1oHN -
R
L1R �HQNH �RR*QoMRH -

. QH rHS1RQ+N
R
L1R t1T QR tQH �RR*QoMRH

AK1, . . . , AKi�1�
bmax = 1

v . QHI QIR HQNH �1MI pQKLR P+N
B
� UszMs

n
sGHzQHLMNO �HQN �1Nt �

A
� L1R

n
)*+PQNzHN�

B
� � tQH NM* zM QLT OHLy*HN� -

.1NN OHLR | HtHI
b
tQH GHzQHLMNO LyKLIRHNI HQNT 1S HQN -

BK1, . . . , BKj

IQNt pKLSu IIHS tH*
31oHSSH

R(BK1, . . . , BKj, AK1, . . . , AKi)
� 1M, tQH

R
1oOHoQStHR x Q*t �QT xHQRH*HN x Q*t tQHIH

1MKL HQN,1KL 1SI
R
oHzHQKLNHR� -

0 1N �1NN
R
I+T QR 1MKL QN tQH 31oHSSH ,u*

B
T QR 1M,NHLTHN �POS - �+MNR*2 MNt �1JQR1SQN 0 +NtQ1S� - {IR

bmin = 1
� OHLR | HtHI

b
tQH GHzQHLMNO OHN1M HQNT 1S HQN � t1NN x Q*t 1SI+| HtHI 3MJHS T QR tHN HNRIJ*HKLHNtHN /H*RHN H*xHQRH*R - {IR

bmin = 0
� I+ OQoR HI 3MJHS � tQHNQKLR QN HQNH* GHzQHLMNO

R
zM HQNHT

a
IRHLHN � LQH* L~RRHN tQHIH pJ1SRHN tHN /H*R

null
- �HN1KLtHT � x QH L+ KL tH* �NRHQS I+SKLH* 3MJHS QIR � S+LNR HI IQKL +tH* 1MKL NQKLR � tQH 31oHSSHNzMI1TTHNzM,1IIHN -

�o �
amax = 1

1N1S+O -
�K�

amax = bmax = 1
�
amin = 1

- . 1NN �1NN T 1N
R
MNt
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QN tQH 31oHSSH P+N

B
TQR 1M,NHLT HN �w1SSI
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� �1NN tQHIH 31oHSSH t1NN

b �
I HNRL1SRHN � zM tHNHN HI �HQNH /H*RH tH* P+N

AoHQo HR*1OHNHN pJ1SRHN HNRL~SR - w1SSI 1MKL
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OHN1M HQN
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AK
MNt

BK
IQNtt1T QR pKLSu IIHS1RR*QoMRH P+N

R(BK1, . . . , BKj, AK1, . . . , AKi)
-

�pR*HNOOHN+TTHN TMII T1N N+KL ,+*tH*N � t1II HI �HQNH 0 HL*,1KLoHzQHLMNOHN
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OQoR � tH*HN�Nz1LS *HSHP1NR QIR -�
o �

R
�]� ]Z	� Y��� k^Z�_

R1, . . . , Rk

v
�1�

R
L1R NM* I�1S1*H �t -L -� N QKLR T HNOHNxH*RQOH� �RR*QoMRH �z -G - HNK+TJ1IIHt v �+MNR*2� �+NsRQNHNR � )H*KHNR� � MNt | HtHI

a
OHLR | HtH GHzQHLMNO T QR HQNHT oHRQTTRHN
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