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GHIJ*HKLMNO P+*1MIIQKLRSQKL 1T UV -UU-WXXY
Z[\]^_ ` a bcdef gh`ii j k lim n oHpHN qQH HQN rst0+uHSS ,v* uHN ,+SOHNuHN q1KLPH*L1SR 1N wx QST H yH*uHN QN xQST IRMuQ+I P+N sHOQIIHM*HN OHu*HLR - x QST IRMuQ+I OHLz*HN HQNHT GHIQR{H* - |NxQST HN R*HRHN qKL1MIJQHSH* 1M, - qKL1MIJQHSH* H*L1SRHN HQNH o1OH ,v* } HuHN QL*H* ~H*R*�OH -
rNRy QK�HSN qQH {MH*IR HQN HQN,1KLHI 0 +uHSS � MNu vpH*SHOHN qQH u1NN � y QH MNu +p qQH u1I 0+uHSS H*tO�N{HN �zNNRHN � MT { -G - {M T+uHSSQH*HN � u1II I+y+LS qKL1MIJQHSH* 1SI 1MKL sHOQIIHM*H MNu GHIQR{H*P+N xQST IRMuQ+I )H*I+NHN IQNu � MNu T 1NKLH )H*I+NHN 1MKL QT IHSpHN xQST +uH* QN PH*IKLQHuHNHNxQST HN QN THL*H*HN uQHIH* s+SSHN 1M,R*HRHN -
�M* uQH �p{y - HQNH� �+**H�RH �zIMNO {M {HQOHN � y�*H {M HQN,1KL MNu 1MKL uQu1�RQIKL N QKLR IQNNP+SS -�MI uQHIHT o*MNu yH*uHN LQH* PH*IKLQHuHNH /HOH MNu �+S{yHOH uQI�MRQH*R -
r*IRH* �NI1R{ w 0 1N pHR*1KLRHR uHN q1R{ �x QST H yH*uHN QN xQST IRMuQ+I P+N sHOQIIHM*HN OHu*HLR -��1LHSQHOHNu QIR LQH* HQNH u*HQIRHSSQOH GH{QHLMNO w
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J*+uMKHI sHOQIIHM*

qRMuQ+

RQRSH 2H1*

N1T H 1uu*HII

N1T H

1uu*HII

�)*�IHNR1RQ+N w �T IHR{MNO QN sHS1RQ+NHN -� 0 1N IQHLR 1N uH* sHS1RQ+N � p{y - 1N uH* 1N{MIRHSSHNuHN�1*uQN1SQR�RIpHR*1KLRMNO � u1II uQHIH 0+uHSSQH*MNO NQKLR u1P+* pHy1L*R � ,v* HQNHN xQST � uH* P+NT HL*H*HN sHOQIIHM*HN OHT HQNI1T OHu*HLR y Q*u � 1MKL MNRH*IKLQHuSQKLH qRMuQ+I {M IJ HQKLH*N - � SI+I+SSRH T 1N uQHIH 0+uHSSQH*MNO I+ NQKLR y�LSHN -
�1LHSQHOHNu QIR � uQH GH{QHLMNO QN {yHQ {yHQIJ1SRQOH GH{QHLMNOHN �� ������������ MNu �� ������ �� ������ � 1M,{MSzIHN � y+T QR T1N QNIOHI1TR uQH ,+SOHNuH �0MIRH*SzIMNO� H**HQKLR w
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RQRSH 2H1* N1TH 1uu*HII

N1TH 1uu*HII

N1T H

1uu*HII

N1T H 1uu*HII

*+SHI

OHN*H

1KRItQN
< 0, ∗ > < 1, ∗ >

uQ*HKRI< 1, 3 >

< 1, ∗ >

O1OH

J*+uMKHI
< 0, 1 >

< 1, ∗ >

+yNI
< 1, 1 > < 1, ∗ >

����� QIR HQN IJH{Q� IKLHI �RR*QpMR P+N qKL1MIJ QHSH*N � u1I 1NOQpR � yHSKLH �*RHN P+N s+SSH HQN qKL1MtIJQHSH* IJQHSHN �1NN �r*yHQRH*MNO w uQH GH{QHLMNO ������� Hp HN,1SSI ����� {M H*yHQRH*N � u1I 1NOQpR �yHSKLH �*R P+N s+SSH HQN qKL1MIJQHSH* QN uQHIHT xQST IJQHSR� - ����� QIR HQN IJH{Q� IKLHI �RR*QpMtRH P+N sHOQIIHM*HN � u1I 1NOQpR � yHSKLH �*R P+N xQST HN HQN sHOQIIHM* u*HLR �1MKL LQH* �1NN T1NvpH*SHOHN � � ���� 1SI �RR*QpMR uHI xQST I {M NHLT HN � -
Z i�`��^�l�` f gh`iil`�[�] h`� il��`� �`l�` �
rQNH TzOSQKLH � SRH*N1RQPH QIR � uQH u*HQIRHSSQOH GH{QHLMNO ������� 1M,{MIJ1SRHN � QNuHT T1N uQH GHt{QHLMNO � ������� {y QIKLHN HQNHT qRMuQ+ MNu HQNHT xQST pHR*1KLRHR � uQHIH 1OO*HOQH*R �) *+uM�RQ+N � �MNu u1I �OO*HO1R QN HQNH ������� tGH{QHLMNO T QR sHOQIIHM*HN IRHSSR - ��� �� IRHLHN yHQRH*LQN QN GHt{QHLMNO T QR QL*HT qRMuQ+ � qKL1MIJQHSH* �1NN T 1N y1LSyHQIH QN GH{QHLMNO T QR uHT xQST +uH* uH*)*+uM�RQ+N IRHSSHN -

0 +PQH

qRMuQ+

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

< 1, ∗ >

uQ*HKRI
< 1, 3 > < 1, ∗ >

�QNyHQI w T 1N H*L�SR u1IIHSp H *HS1RQ+N1SH 0+uHSS � yHNN T 1N 1N uH* *QKLRQOHN qRHSSH HQNp H{QHLR � u1IIuQH UwNtGH{QHLMNO {y QIKLHN xQST MNu qRMuQ+ u1{M ,vL*R � u1II uH* qKLSvIIHS P+N ( ��������� NM*������)*��� � QIR -
� QNyHQI w HQNH �OO*HO1RQ+N �+ ��, ) ��� ������ � MNu HQNH GH{QHLMNO uHI �OO*HO1RHI {M ������ QIR�HQNH OHHQONHRH 0+uHSSQH*MNO � u1 u1NN ,v* xQST H � uQH P+N T HL*H*HN sHOQIIHM*HN {MI1TTHN OHu*HLRyv*uHN � 1MKL PH*IKLQHuHNH qRMuQ+I 1NOHOHp HN yH*uHN �zNNRHN -
f gh`iil`�[�] m l� -`�`�^il.l`�[�] /0`�.g�1 �
GHR*1KLRHR T 1N pHQ uH* +pQOHN 0+uHSSQH*MNO uQH �T IHR{MNO QNI *HS1RQ+N1SH 0+uHSS � I+ IRHSSR T 1N,HIR � |N,+*T1RQ+N {M )H*I+NHN � uQH { -G - I+y+LS 1SI sHOQIIHM* 1SI 1MKL 1SI qKL1MIJQHSH* OHIJ HQKLH*RIQNu � �������� � OHL1SRHN y Q*u - . QHI �+IRHR NQKLR NM* ) S1R{ � I+NuH*N �1NN 1MKL {M QN�+NIQIRHNRHN.1RHNp1N�{MIR�NuHN ,vL*HN w
�KR+* ��q � �+SS2y++u .*QPH 2W t �+I�NOHSHI� MNu sHOQIIHM* ��q � o*1pHN U t / QHN� -
r I QIR u1LH* IQNNP+SS � HQNHN rNRQR�RIR2J ( ����� 1SI oHNH*1SQIQH*MNO uQHIH* 32JHN HQN{M,vL*HN w
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RQRSH 2H1*

N1T H 1uu*HII

*+SHI

OHN*H

N1TH

1uu*HII

1KRItQN
< 0, ∗ > < 1, ∗ >

uQ*HKRI< 1, 3 >

< 1, ∗ >

O1OH

J*+uMKHI
< 0, 1 >

< 1, ∗ >

+yNI
< 1, 1 > < 1, ∗ >

oHNH*1SQIQH*MNO pHuHMRHR L QH* � u1II
Persons = Actors + Regisseurs + Owners

QIR - / v*uH T 1N IR1RRuHIIHN HQNH qJH{Q1SQIQH*MNO y�LSHN � �zNNRH T 1N 1MKL )H*I+NHN L1pHN � uQHNQKLR QN HQNH uQHIH* IJ H{QHSSH*HN � S1IIHN ,1SSHN -
GHQ HQNH* �T IHR{MNO QN I *HS1RQ+N1SH 0 +uHSS H*L�SR T 1N } H HQNH 31pHSSH ,v* ( ����� �� �, �)� ������� �
� ���� �� �, �)�� ��� �OO, - T HL*yH*RQO � � � �� ������ �� �, �)� ����� � uQH } HyHQSI uHN )*QT �*IKLSvIIHS � �, �HQNH* )H*I+N *H,H*HN{QH*HN -
f gh`iil`�[�] �[� m l� /0`�.g�1 [�h dgii`� �
�SI u*QRRH 0 zOSQKL�HQR �zNNRH T 1N NM* )H*I+NHN T+uHSSQH*HN MNu QL*H s+SSHN �QN uH* �NyHNuMNOItyHSR� uM*KL s+SSHN �pH{HQKLNH* QT rst0+uHSS� u1*IRHSSHN w

0+PQH

)H*I+N

qRMuQ+

RQRSH 2H1*

N1T H 1uu*HII

N1T H

1uu*HII

*+SHI OHN*H

1KRItQN< 0, ∗ >

< 0, ∗ >

�KR+*
uQ*HKRI

< 1, 1 >

< 0, ∗ >

sHO -

O1OH

J*+uMKHI
< 0, 1 >

< 1, ∗ >

+yNI
< 1, 1 >

< 0, ∗ >�yNH*

. QH �RR*QpMRH ����� MNu � ���� TvIIHN u1T QR 1SSH p HQ )H*I+N 1NOHIQHuHSR IHQN - .1T QR QIR NQKLR �S1* �u1II { -G - NM* qKL1MIJQHSH* u1I �RR*QpMR ����� p HIQR{HN - �M�H*uHT IQNu J+RHNRQHSS P QHSH �MSSyH*RH QNuH* 31pHSSH HNRL1SRHN -
Z[\]^_ ` � b�gm� i`	 l�
�`� n GHR*1KLRHN qQH HQNHN pQN�*HN GH{QHLMNOIR2J MNu uQH �+TJSH� QR�tRHN

(0, 1), (1, ∗)
- /HQIHN qQH uQH GH{QHLMNOI�+TJSH� QR�RHN QN 1SSHN PQH* TzOSQKLHN /HQIHN {M MNu



������ ��� 	 
� ��� 
����� 2

OHp HN qQH {M } HuH* ~1*Q1NRH } HyHQSI HQNHN NQKLRR*QP Q1SHN �MIR1Nu 1N � uH* uQH �+TJSH� QR�RHN H*,v SSR �p{y - HQNHN � uH* IQH PH*SHR{R -
r QN pQN�*H* GH{QHLMNOIR2J w

α β
*HS

rNRQR�RIT HNOH 32J Uw
{A, B, C, D, E, F}rNRQR�RIT HNOH 32JW w
{1, 2, 3, 4}

a � k^ii j

α β
*HS

< 0, 1 > < 0, 1 >

�HuHI
α
IRHLR T QR T1� QT 1S HQNHT

β
QN GH{QHLMNO MNu MTOH�HL*R -

�MS�IIQOH* �MIR1Nu w �N{MS�IIQOH* �MIR1Nu w
� WG 2x U

� W� 2x U

� � k^ii j

α β
*HS

< 0, 1 > < 1, ∗ >

�HuHI
α
IRHLR T QR T 1� QT 1S HQNHT

β
QN GH{QHLMNO � 1p H* } HuHI

β
TMII T QNuHIRHNI T QR HQNHT

α
QNGH{QHLMNO IRHLHN - MNu MTOH�HL*R -

�MS�IIQOH* �MIR1Nu w �N{MS�IIQOH �MIR�NuH w
� WG 2
� �r �x U

� WG 2G �x U

� WG 2x U

� � k^ii j

α β
*HS

< 1, ∗ > < 0, 1 >

�N,+*uH*MNOHN I2TTHR*QIKL � T QR uHN OHOHpHNHN .1RHN 1pH* NQKLR H*,vSSp1* w } HuHI
α
TMII T QRT QNuHIRHNI HQNHT

β
QN GH{QHLMNO IRHLHN � 1p H* } HuHI

β
u1*, NM* T QR T 1� QT 1S HQNHT

α
QN GH{QHLMNOIRHLHN -
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� � k^ii j

α β
*HS

< 1, ∗ > < 1, ∗ >

�HuHI
α
TMII T QNuHIRHNI T QR HQNHT

β
QN GH{QHLMNO IRHLHN MNu MTOH�HL*R -

�MS�IIQOH* �MIR1Nu w �N{MS�IIQOH* �MIR1Nu w� WG 2
� �. W. 2r �x U

� WG 2G �x U

Z[\]^_ ` � b� �`l.�`iil]` � `�l`�[�]`� b� l`\`�^�� � 0�gh[�� � � ^[�`linn oHOHpHN IHQ HQNH u*HQtIRHSSQOH GH{QHLMNO {y QIKLHN uHN rNRQR�RIR2JHN �QH,H*1NR � )*+uM�R MNu G1MRHQS �+ ��, �� ���� ���
	 ������� � 
� ( ����� ��� -
1� oHpHN qQH HQN OHHQONHRHI rst0+uHSS 1N -

�QH,H*1NR

)*+uM�R G1MRHQS

SQH,H*R

�1TH

GH{HQKLNMNOGH{HQKLNMNO

)*HQI

p � ���R IQKL uQHIH* q1KLPH*L1SR T QR 1MIIKLSQHIISQKL pQN�*HN GH{QHLMNOHN u1*IRHSSHN �

an 
`�i`][�] l� � ��`l.�`iil]` � `�l`�[�]`� j
�QH,H*1NR G1MRHQS )*+uM�RSQH,H*R PH*yHNuHR

�� QH,H*1NR
L
SQH,H*R G1MRHQS

B
� MNu )*+uM�R

P
pHNzRQOR G1MRHQS

B
� p HuHMRHR 1p H* NQKLR N+RyHNtuQOH*yHQIH � u1II

P
uQHIHI G1MRHQS 1MKL P+N

L
OHSQH,H*R pH�+TTR w
SQH,H*R

� ) G
G+IKL o+S, r QNIJ*QR{JMTJH
G+IKL o+S, �1PQO1RQ+NII2IRHT
G+IKL �M*QI r QNIJ*QR{JMTJH
q+N2 �M*QI �1PQO1RQ+NII2IRHT

{H*SHOR QN
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�G
� G
G+IKL r QNIJ*QR{JMTJH
G+IKL �1PQO1RQ+NII2IRHT
q+N2 �1PQO1RQ+NII2IRHT

MNu

)G
) G
o+S, r QN IJ*QR{JMTJH
o+S, �1PQO1RQ+NII2IRHT�M*QI r QN IJ*QR{JMTJH�M*QI �1PQO1RQ+NII2IRHT

GHQ �MI1TTHN,1IIMNO H*L�SR T 1N 1MKL uQH 3MJHS �G+IKL � �1PQO1RQ+NII2IRHT � �M*QI� MNu �q+N2��1PQO1RQ+NII2IRHT � o+S, � � uQH NQKLR QN uH* M*IJ*vNOSQKLHN GH{QHLMNO P+*L1NuHN y1*HN -
�NRH* uH* �NN1LTH � u1II uH* )*HQI NM* P+T �QH,H*1NRHN MNu uHT G1MRHQS 1pL�NOR �1SI+ NQKLRMNRH*IKLQHuSQKLH )*+uM�RH��MNuHN MNRH*IKLQHuSQKLH )*HQIH 1MIT 1KLHN �zNNHN� � �1NN H* 1SI �RtR*QpMR {M ���� ��� OHN+TTHN yH*uHN - �NuH*HN,1SSI L1R T 1N LQH* HQN )*+pSHT � u1I HpHN,1SSI u1*1M,LQNuHMRHR � u1II uQH �H*SHOMNO NQKLR �S1JJR -
�n 
`�i`][�] l� � ��`l.�`iil]` � `�l`�[�]`� j

�QH,H*1NR

)*+uM�R G1MRHQS

�)

)G

�G

�H*SHOMNO uQHIT 1S w
�G

� G
G+IKL r QNIJ*QR{JMTJH
G+IKL �1PQO1RQ+NII2IRHT
q+N2 �1PQO1RQ+NII2IRHT

MNu

)G
) G
o+S, r QNIJ*QR{JMTJH
o+S, �1PQO1RQ+NII2IRHT
�M*QI r QNIJ*QR{JMTJH�M*QI �1PQO1RQ+NII2IRHT

MNu
�)

� )
qQHT HNI o+S,
qQHT HNI �M*QI
q+N2 �M*QI

x1IIR T 1N u1I {MI1TTHN � H*L�SR T 1N 1MKL HQN 3MJHS �qQHT HNI � �M*QI � �1PQO1RQ+NII2IRHT � u1INQKLR QN uH* M*IJ*vNOSQKLHN GH{QHLMNO P+*L1NuHN y1* -
/ QHuH* �1NN MNRH* uH* +pQOHN �NN1LTH uH* )*HQI 1SI �RR*QpMR {M ���� ��� OHN+TTHN yH*uHN -�NuH*HN,1SSI L1R T 1N LQH* y QHuH* HQN )*+pSHT � u1I u1*1M, LQNuHMRHR � u1II uQH �H*SHOMNO NQKLR�S1JJR -

K� GHR*1KLRHN qQH NMN u*HQIRHSSQOH GH{QHLMNOHN y QHuH* 1SSOHT HQN - o QpR HI qQRM1RQ+NHN � QN uHNHN HQNH.1*IRHSSMNO uM*KL {yHQ pQN�*H GH{QHLMNOIR2JHN TzOSQKL QIR� �zNNHN uQHIH qQRM1RQ+NHN H�1�RuM*KL GH{QHLMNOI�+TJSH� QR�RHN uH�NQH*R yH*uHN�
�HLTHN y Q* HQNH 1NuH*H u*HQIRHSSQOH GH{QHLMNO w qRMuHNRHN Lz*HN ~+*SHIMNOHN pHQ .+{HNRHN -~+*SHIMNOHN �NuHR {M HQNH* p HIRQTTRHN �HQR QN HQNHT pHIRQTTRHN s1MT IR1RR -
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qRMuHNR 1RRHNuI �+M*IH

�HKRM*H*

�1TH �1TH

�HQR s1MT

�1TH
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rI OQpR L QH* HQNH �,MN�RQ+N1SH �pL�NOQO�HQR� ������
→ �������� �HQN .+{HNR �1NN R*+R{uHTTHL*H*H ~+*SHIMNOHN L1SRHN � - 0 1N �1NN IQNNP+SS 1M,RHQSHN QN �*H1uI� MNu �1RRHNuI� w

�HKRM*H* �+M*IH qRMuHNR*H1uI
< 0, ∗ > < 1, 1 >

1RRHNuI
< 0, 200 > < 0, 5 >

�QNyHQIH w
� |T P+*SQHOHNuHN x1SS QIR uQH {H*SHORH 0 +uHSSQH*MNO uQH �S1* pHIIH*H � u1 uQH �1*uQN1SQR�RHNuH* ����� tGH{QHLMNO uQH ,MN�RQ+N1SH �pL�NOQO�HQR 1MIu*vK�HN - GHQ uH* u*HQIRHSSQOHN sHS1RQt+N y�*H HQN .1RHNp1N�{MIR1Nu � uH* I+y+LS �q U� |N,+ U� .� � MNu �q� � |N,+| � /0 � HNRL�SR �H*S1MpR -
� uQH �1*uQN1SQR�RHN �zNNHN pHQ uH* u*HQIRHSSQOHN GH{QHLMNO NQKLR OHHQONHR MNRH*OHp*1KLR yH*tuHN -
� .QHI �S1JJR NQKLR T HL* � yHNN O*+IIH ~+*SHIMNOHN J1*1SSHS p HQ {yHQ .+{HNRHN �IHSp H �HQR �MNRH*IKLQHuSQKLH s�MTH� 1NOHp+RHN yH*uHN �/0 � |N,+ |� MNu �.� � |N,+ |� -
� / QH �zNNRH T 1N QN uQHIHT x1SS T +uHSSQH*HN � u1II HQN qRMuHNR HQNH I+SKLH ~+*SHIMNO NM* p HQHQNHT .+{HNRHN Lz*R�
�OO*HOQH*MNO uH* �����tGH{QHLMNO {y QIKLHN .+{HNR MNu ~+*SHIMNO w

�HKRM*H* �+M*IH

qRMuHNR

*H1uI
< 0, ∗ > < 1, 2 >

1RRHNuI

�HQR
s1MT

∗
uQH �N,+*uH*MNO � u1II HQN qRMuHNR HQNH ~+*SHIMNO NM* p HQ HQNHT .+{HNRHN Lz*R � �1NN I+NQKLR p HIKL*QHp HN yH*uHN - . QHI TMII {MI�R{SQKL uM*KL 3H�R 1NOHOHp HN yH*uHN -

∗
yHNN T 1N 1M, uQH M*IJ*vNOSQKLH u*HQIRHSSQOH GH{QHLMNO 1MIyHQKLHN yv*uH � TvIIRH uQH
� ��� 1SI �RR*QpMR {M ������� OHN+TTHN yH*uHN - .1NN y�*HN 1SSH*uQNOI �MIR�NuH uH* �*R1RRHNuI �q U� |N,+ U� /0 � x* -U2 wXX� MNu �qW � |N,+ U� /0 � .+ -U� wXX� QN uH* .G TzOSQKL -

K� �1NN T1N uHNN+KL u*HQIRHSSQOH GH{QHLMNOHN OHNH*HSS �MNRH* ~H*yHNuMNO yHQRH*H* � QS,I�+NIR*M�tRH� uM*KL {yHQIRHSSQOH GH{QHLMNOHN H*IHR{HN�
�1 - �HuH |NIR1N{ uH* u*HQIRHSSQOHN GH{QHLMNO y Q*u 1SI rNRQR�R pHR*1KLRHR � { -G -



������ ��� 	 
� ��� 
����� �

�QH,H*1NR

~H*R*1O

)*+uM�R G1MRHQS

SQH,H*R

y Q*u
�
pHSQH,H*R y Q*u

�
OHSQH,H*R

�MKL LQH* �1NN T1N HQNH �OO*HO1RQ+N P+N �QH,H*1NR MNu G1MRHQS p QSuHN w
� QH,H*1NR G1MRHQS

) *+uM�R

SQH,H*R

p H{QHLR

.H* )*HQI �1NN LQH* t} H N1KL qQRM1RQ+Nt 1SI �RR*QpMR {M ���� ��� +uH* {M ��� ��� � LQN{MOHN+TTHNyH*uHN -
� QTTR T 1N QLN {M ��� ��� �� I+ L1R T 1N uQHIHSp H qHT1NRQ� y QH p HQ uH* M*IJ*vNOSQKLHN u*HQIRHSSQOHNGH{QHLMNO - oHLz*R H* {M ���� ���� I+ L1R T 1N T QR uH* �OO*HO1RQ+N HQNH IR�*�H*H 0+uHSSQH*MNO -
0 1N �1NN uQH . QI�MIIQ+N yHQRH* R*HQp HN � yHNN T 1N T+uHSSQH*HN y QSS � u1II HQN )*+uM�R HQNHpHIRQTTRH 0HNOH HQNHI G1MRHQSI �{ -G - �o+S, � s 1u � 2 � pHNzRQOR - � QH* y�*H u1NN HQNH �OO*HO1RQ+NP+N )*+uM�R T QR G1MRHQS IQNNP+SS � uQH QN GH{QHLMNO {M HQNHT �QH,H*1NRHN IRHLR - .1NN �1NN } Hu+ KLuH* ) *HQI y QHuH* ,v* MNRH*IKLQHuSQKLH )*+uM�RH 1MKL MNRH*IKLQHuSQKL IHQN - �NI+NIRHN TMII T1N{MI�R{SQKLH GHuQNOMNOHN RH�RMHSS ,HIRL1SRHN -

H� ~H*OSHQKLHN qQH ~+*t MNu �1KLRHQSH uH* PH*IKLQHuHNHN �H*SHOMNOHN� �1IIHN IQKL uQH PH*IKLQHuHNHN|NRHO*QR�RIpHuQNOMNOHN T QRRHSI �+TJSH� QR�RIO*1uHN 1MIu*vK�HN�
~+*RHQS uH* TzOSQKLHN �H*SHOMNO QN {yHQ {yHQIRHSSQOH GH{QHLMNOHN w
� sHuMNu1N{PH*T HQuMNO MNu u1uM*KL yHNQOH* xHLSH*TzOSQKL�HQRHN - q+ Tv�RH QN HQNH* .*HQtH*pH{QHLMNO QT x1SS K� {M } HuHT qRMuHNRt~+*SHIMNOt.+{HNRtr QNR*1O uH* .+{HNR 1M,OH,vL*RyH*uHN �xHLSH*�MHSSH pHQ �Ju1RHI �� -. QHIH* � IJH�R y Q*u OHOHN rNuH uH* ~+*SHIMNO �rNRyM*,IRLH+*QH � N+ KLT 1S p HL1NuHSR -
� |N HQNH* .*HQH*pH{QHLMNO S1IIHN IQKL uQH |NRHO*QR�RIp HuQNOMNOHN NQKLR T QRRHSI �+TJSH� QR�RItO*1uHN u1*IRHSSHN -
�H*SHOMNO T QR � QS,ItrNRQR�RIR2J w �HQNH ~+*RHQSH QN uH* �MIu*MK�I�*1,R - GHQ uH* �T IHR{MNO QNu1I *HS1RQ+N1SH 0+uHSS y Q*u T 1N 1MKL IHLHN � u1II pHQuH ~1*Q1NRHN u1IIHSp H *HS1RQ+N1SH 0+uHSSH*{HMOHN -
0 1N TMII IHL* OHN1M uQH qHT1NRQ� uH* �NyHNuMNO MNRH*IMKLHN � MT {M HNRIKLHQuHN � T QR yHSKLH*0+uHSSQH*MNO T 1N IQH 1T OHN1MHIRHN R*Q�R -

Z[\]^_ ` � bcdef gh`ii j � ^�hl�^il�
�`� n ^ n �1NN HI J1IIQH*HN � u1II HQNH qJH{Q��1RQ+N �1*tuQN1SQR�RI1NO1pHN HNRL�SR � uQH MNH*,vSSp1* IQNu�
_ n ��` � `mg 	�^�l	 
gm�^�� joHpHN qQH HQN rst0+uHSS ,v* uHN ,+SOHNuHN q1KLPH*L1SR 1N w

•
�HuH* �NOHIRHSSRH L1R �HQNHN +uH* HQNHN ~+*OHIHR{RHN �

•
�HuH* �NOHIRHSSRH QIR ~+*OHIHR{RH* P+N T QNuHIRHNI {yHQ QLT {MOH+*uNHRHN �NOHIRHSSRHN -
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/1I ,+SOR 1MI uQHIH* qJH{Q��1RQ+N� �zNNHN qQH HQNH .1RHNp1IQI 1NOHp HN � uQH uQHIHI rst0+uHSSH*,vSSR�
^n �HQN - �MT QNuHIR HQNH .1RHNp1N� � QN uH* 1SSH 31pHSSHN SHH* IQNu � H*,vSSR 1SSH �1*uQN1SQR�RIpHuQNtOMNOHN -
/ QH T 1N 1N uHT ,+SOHNuHN GHQIJQHS IQHLR � �1NN HI IHQN � u1II HI {M P+*OHOHpHNHN �1*uQN1SQR�RHN�HQNH � ��� ������ �HNuSQKLH� .1RHNp1N� OQpR -

_ n

�NOHIRHSSRH* QIR
�
~+*OHIHR{RH*

�
P+N

~+*OHIHR{RH*W ��

�NRH*OHpHNH*X �U
0 1N �1NN �HQNH �NQKLRtSHH*H� .G 1NOHpHN � uQH u1I rst. Q1O*1TT H*,v SSR w . 1I rst.Q1O*1TTQIR {y1* �+NIQIRHNR �u -L -� N QKLR y QuH*IJ*vKLSQKL � � HI OQpR } Hu+KL �HQN ��� ���� �� 0+uHSS -

Z[\]^_ ` � b�m .`��[�] l� h^. �`i^�lg�^i` f gh`ii j k lim n |N �M,O1pH 2 L1pHN qQH HQN rst0+uHSS ,v* HQNH �SHQNH xQST u1RHNp1N� H*IRHSSR - 3*1NI,+*T QH*HN qQH uQHIHI QN HQN *HS1RQ+N1SHI 0+uHSS -
c l� \^	�.�` f gh`iil`�[�]
�NN1LTH w *+SHI y Q*u 1SI qR*QNO 1SI �+TT1SQIRH 1pOHSHOR
� ���� � ������) *���������� � ���, �) ��������
� ���� � ���, �) �������) �� ������� ������ � ���, �) �������) � �����
����� � ���, �) ��������
� ������� � �������) �����) *����
������� � ������) �����) *���) � �� ��������� � ���� ������) �����) *�������� � ���� ��) �������
�SRH*N1RQPH � MT {M HQNHT qKL1MIJ QHSH* T HL*H*H s+SSHNKL1*1�RH*QIQH*MNOHN 1pSHOHN {M �zNNHN w
� ���� � ���, �) ��������
� ����� ���� � ���, �) �����
Z i�`��^�l�`�
.1 HQN xQST } HyHQSI NM* QN HQNHT qRMuQ+ OHu*HLR yH*uHN �1NN �IQHLH GH{QHLMNOI�+TJSH� QR�RHN QTrst. Q1O*1TT �� �1NN T 1N uQH � �������tGH{QHLMNO QN � ���� T QR LQNHQNNHLTHN w
� ���� � ������) *���) �������
0+uHSSQH*R T 1N xQSTJ*+uM�RQ+N 1SI �OO*HO1RQ+N 1MI � ����) ������� H*L�SR T 1N u1,v* OHN1M uQHsHS1RQ+N
� ��������� � ������) *���) �������
.QH )*+uM�RQ+N IRHLR NMN QN GH{QHLMNO {M sHOQIIHM*HN � y+T QR T 1N LQH*,v* uQH sHS1RQ+N
������� � ���� ������) �����) *����
H*L�SR -
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-`�`�^il.l`�[�] ^i. 0`�.g�`�
--- PH*IKLQHuHNH 0zOSQKL�HQRHN -
•
)H*I+NHN T QR �1TH MNu �u*HIIH � *+SHI MNu OHN*H } HyHQSI QN sHS1RQ+NHN �KR+* p{y - sHOQIIHM*uQH 1SI x*HTuIKLSvIIHS uHN �1THN HQNH* )H*I+N L1pHN - . QH x*HT uIKLSvIIHSp H{QHLMNOHN uH*sHS1RQ+NHN {M uHN GH{QHLMNOIR2J HN *H,H*HN{QH*HN uQH sHS1RQ+NHN �KR+* � sHOQIIHM* � �yNH* w
� ����� ������) *���������� � ���, �) ��������
( ����� � ���, �) ��������
� ���� � ���, �) �� ������� ������ � ���, �) � �����
����� � ���, ��
� ������� � �������) �����) *����
������� � ������) �����) *���) � �� ��������� � ���� ������) �����) *�������� � ������) �������
� ���� ���, �

→
( ����� ���, � �MNu 1N1S+O�

������� ������
→

� ���� ���, �
�M,O*MNu uH* uHR1QSSQH*RHN 0+uHSSQH*MNO IQNu uQH �+NIQIRHN{pHuQNOMNOHN 1N uQH .1RHNp1N� IHL*IKL1*, -

•
.QH PQH* sHS1RQ+NHN ( ����� � � ����� � �� ������� ����� �+IRHN *HS1RQP PQHS ) S1R{ � yHQS uQH �1THNTHL*,1KL 1pOHSHOR IQNu �1SI ( ����� �� � ) ������ ����� � � ���� ��� ) � ���� MNu ��� ������ ��� ) �������� - 0 1N �1NN IQH HQNIJ1*HN � yHNN T 1N IR1RRuHIIHN ����� MNu � ���� 1SI �RR*QpMRH {M ( �����NQTTR MNu T QR �MSSyH*RHN 1M�vSSR �{ -G - ( ����� �� � ) ������ ����) � ���) ������) � ���� � - . QHIHNRIJ*QKLR 1MKL uHT rst. Q1O*1TT � y+ NM* uH* rNRQR�RIR2J ( ����� PH*yHNuHR y Q*u � MNu T QRs+SSHNpH{HQKLNMNOHN OH1*pHQRHR y Q*u w
� ����� ������) *���������� � ���, �) ��������
( ����� � ���, �) �������) �� ���) � �����
� ������� � �������) ������
������� � �� ����� �� �����) �����) *���) � �� ��������� � �� ����� �� ��� ������) �����) *�������� � �� ����� �� �����) �������
���� ���, �

→
( ����� ���, � HRK -

0 1N PH*SQH*R uQH |NRHO*QR�RIp HuQNOMNOHN � u1II NM* qKL1MIJQHSH* u1I �RR*QpMR �� ��� L1pHN I+y QHu1II uQH ���� tGH{QHLMNO NM* T QR qKL1MIJQHSH*N p HIRHLR �MNu 1N1S+OHI� -
•
�MN L1R T1N {QHT SQKL PQHSH �MSSyH*RH QN �� ���� � ����- . QH THQIRHN )H*I+NHN yH*uHN qKL1MIJ QHSH*IHQN - 0 1N �1NN 1SI+ { -G - u1I �RR*QpMR �� ��� pHQ )H*I+N S1IIHN � MNu � ���� y QHuH* QN IHJ1*1RHsHS1RQ+NHN ,v* sHOQIIHM*H �T QR NM* *HS1RQP yHNQOHN )H*I+NHN� SHOHN w
� ����� ������) *���������� � ���, �) ��������
( ����� � ���, �) �������) �� ������� ������ � ���, �) � �����
����� � ���, ��
� ������� � �������) �����) *����
������� � �� �����) �����) *���) � �� ��������� � ���� ������) �����) *�������� � ������) �������
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Z[\]^_ ` � b�m .`��[�] l� h^. �`i^�lg�^i` f gh`ii j � �`l.�`iil]` d`i^�lg�`� n |N �M,O1pH �L1pHN qQH T HL*H*H rst0+uHSSH ,v* u*HQIRHSSQOH GH{QHLMNOHN uQI�MRQH*R - 3*1NI,+*T QH*HN qQH uQH IQNNtP+SSHN 0+uHSSH QN *HS1RQ+N1SH 0+uHSSH -
c �.�`. � `l.� l`i ^i. h�`l.�`iil]` � `� l`�[�] j
�QH,H*1NR w ��1TH � �u*HIIH�G1MRHQS w �GH{HQKLNMNO�)*+uM�R w ��1TH � ~H*�1M,IJ*HQI�SQH,H*R w ��QH,H*1NR � G1MRHQS � ) *+uM�R � )*HQI�
x*HTuIKLSvIIHS wSQH,H*R -�QH,H*1NR

→
�QH,H*1NR -�1THSQH,H*R -)*+uM�R

→
)*+uM�R -�1THSQH,H*R -G1MRHQS

→
G1MRHQS -GH{HQKLNMNO


�`l�`. � `l.� l`i b\[��� lg�^i` Z_�
�]l]�`l�n j
�HKRM*H* w ��1TH � �uu*HII�
�+M*IH w ��1TH � �+M*IH�+�qRMuHNR w ��1TH � �uu*HIIH � qRMuHNR�+�*H1uI w ��HKRM*H* � �+M*IH�+�1RRHNuI w �qRMuHNR�+ � �+M*IH�+�
c l� \���[�] `l�`. �[.
�� il	�`� c�� l�
�.���. j
� QH,H*1NR w ��1TH � �u*HIIH�G1MRHQS w �GH{HQKLNMNO�)*+uM�R w ��1TH � ~H*�1M,IJ*HQI�~H*R*1O w �� QH,H*1NR � G1MRHQS � )*+uM�R�
GHQ uH* �T IHR{MNO uH* {MI1HR{SQKLHN GH{QHLMNOIR2J HN TMII } HyHQSI uH* OHI1TRH qKLSv IIHS uH*sHS1RQ+N ������� 1SI x*HT uIKLSvIIHS 1M,OHN+TTHN yH*uHN - � SI �1MR+T1RQIKLH� �T IHR{MNO H*OQpRIQKL u1T QR w
SQH,H*R w ��QH,H*1NR � �QH,H*1NR � G1MRHQS � ) *+uM�R�y Q*u

�
OHSQH,H*R �G1MRHQS � � QH,H*1NR � G1MRHQS � )*+uM�R � )*HQI�y Q*u

�
pHSQH,H*R �)*+} H�R � �QH,H*1NR � G1MRHQS � ) *+uM�R�

0 1N IQHLR I+,+*R � u1II L QH* } HyHQSI HQN �RR*QpMR *HuMNu1NR QIR � 1SI+ OHIR*QKLHN yH*uHN �1NN - �MIIH*tuHT IQNu 1SSH uQHIH GH{QHLMNOHN UwNtGH{QHLMNOHN {y QIKLHN HQNHT ~H*R*1O MNu �QH,H*1NRHN � G1MtRHQSHN p{y - )*+uM�RHN - |N uH* ~+*SHIMNO yM*uH OH{HQOR ��+MNR*2��1JQR1S� � u1II QN uQHIHT x1SS uQHGH{QHLMNO QN uQH 1M, uH* � U�tqHQRH IRHLHNuH sHS1RQ+N �1SI+ ������� � T QR LQNHQNOH{+OHN yH*uHN �1NN -.1T QR H*OQpR IQKL QN uQHIHT x1SS NQKLR PQHS NHMHI ,v* uQH ������� tsHS1RQ+N �u1 uQH qKLSvIIHS uH* 1M,uH* �N�tqHQRH IRHLHNuHN rNRQR�RIR2J HN � ��� ���� �� 	 ������ MNu ( ����� � pH*HQRI QN ������� HNRL1SRHNIQNu� - r QN{QO u1I �RR*QpMR ( ���� �+TTR LQN{M w
~H*R*1O w �� QH,H*1NR � G1MRHQS � )*+uM�R � )*HQI�
0 1N H**HQKLR u1IIHSpH *HS1RQ+N1SH 0+uHSS y QH T QR uH* M*IJ*vNOSQKLHN u*HQIRHSSQOHN GH{QHLMNO �uQHGH{QHLMNO y Q*u uM*KL uQH �M,N1LTH uH* x*HT uIKLSv IIHS J*1�RQIKL QN uQHIHSpH sHS1RQ+N MTOHIHR{R �y QH uH* {MI�R{SQKLH rNRQR�RIR2J� -
c l� \���[�] `l�`� Z]]�`]^� lg� j
� SI PQH*RH 0zOSQKL�HQR yM*uH HQNH �OO*HO1RQ+N uH* � SQH,H*R�tGH{QHLMNO {y QIKLHN HQNHT �QH,H*1NtRHN MNu HQNHT G1MRHQS {M HQNHT OHOHp HNHN )*HQI p HIJ*+ KLHN - � QH*,v* H*L�SR T 1N uQH ,+ SOHNuHNsHS1RQ+NHN w
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�QH,H*1NR w ��1TH � �u*HIIH�G1MRHQS w �GH{HQKLNMNO�)*+uM�R w ��1TH � ~H*�1M,IJ*HQI�SQH,H*R w ��QH,H*1NR � G1MRHQS � ) *HQI�p H{QHLR w �� QH,H*1NR � G1MRHQS � )*+uM�R�
. QH ��� ��� �tsHS1RQ+N vpH*NQTTR u1pHQ uQH �RR*QpMRH � ��� ���� � MNu 	 ������ 1SI x*HT uIKL SvIIHS {M*sH,H*HN{QH*MNO 1M, HQNHN r QNR*1O QN ���� ���- / QKLRQO QIR LQH* � u1II T 1N HQNH 1NuH*H *H,H*HNRQHSSH|NRHO*QR�RIp HuQNOMNO 1SI pHQ uH* 0+uHSSQH*MNO 1SI u*HQIRHSSQOH sHS1RQ+N H*L�SR � N�T SQKL
p H{QHLR -��QH,H*1NR �G1MRHQS�

→
SQH,H*R �� QH,H*1NR �G1MRHQS�p H{QHLR -) *+uM�R

→
)*+uM�R -�1TH


