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45 6789:;7 <=>> ? @ABC DEF<< 89E AF<=>GD9=<F; C DEF<<
HIJK+ILMNOP Q,+2NJJRLMSTRLM 2U VW .VV.
XYZ[\] ^ _ `abcd ef^gg h i jgk l mInIO oRI IRO pqr1,sITT -t+ sIO -,TPIOsIO o2LMQI+M2TS 2O uv RTU I wI+sIO RO vRTU JSNsR,J Q,O qIPRJJIN+IO PIs+IMS . v RTU JSNsR,J PIMx+IO IROIU HIJRSyI+ . zOvRTU IO S+ISIO oLM2NJKRITI+ 2N- . oLM2NJKRITI+ I+M2TSIO IROI m2PI -t+ { IsIO RM+I+ |I+S+}PI .
pOSw RL~ITO oRI yNI+JS IRO IRO-2LMIJ 1 ,sITT � NOs tnI+TIPIO oRI s2OO � w RI NOs ,n oRI s2J 1,sITT I+rP}OyIO ~xOOSIO � NU y .H . yN U,sITTRI+IO � s2JJ J,w,MT oLM2NJKRITI+ 2TJ 2NLM qIPRJJIN+I NOs HIJRSyI+Q,O vRTU JSNsR,J *I+J,OIO JROs � NOs U 2OLMI *I+J,OIO 2NLM RU JITnIO vRTU ,sI+ RO QI+JLMRIsIOIOvRTU IO RO UIM+I+IO sRIJI+ q,TTIO 2N-S+ISIO .
�N+ sRI �nyw . IROI� ~,++I~SI �xJNOP yN yIRPIO � w}+I yN IRO-2LM NOs 2NLM sRs2~SRJLM O RLMS JROOQ,TT .�NJ sRIJIU m+NOs wI+sIO MRI+ QI+JLMRIsIOI 0IPI NOs �,TywIPI sRJ~NSRI+S .
p+JSI+ �OJ2Sy u 1 2O nIS+2LMSIS sIO o2Sy �v RTU I wI+sIO RO vRTU JSNsR,J Q,O qIPRJJIN+IO PIs+IMS .��2MITRIPIOs RJS MRI+ IROI s+IRJSITTRPI HIyRIMNOP u

1 ,QRI

K+,sNLIJ qIPRJJIN+

oSNsR,

SRSTI 3I2+

O2U I 2ss+IJJ

O2U I

2ss+IJJ

�*+}JIOS2SR,O u �U JISyNOP RO qIT2SR,OIO .� 1 2O JRIMS 2O sI+ qIT2SR,O � nyw . 2O sI+ 2OyNJSITTIOsIO�2+sRO2TRS}SJnIS+2LMSNOP � s2JJ sRIJI 1,sITTRI+NOP ORLMS s2Q,+ nIw2M+S � -t+ IROIO vRTU � sI+ Q,OU IM+I+IO qIPRJJIN+IO PIU IROJ2U PIs+IMS w R+s � 2NLM NOSI+JLMRIsTRLMI oSNsR,J yN JK IRLMI+O . � TJ,J,TTSI U 2O sRIJI 1,sITTRI+NOP J, ORLMS w}MTIO .
�2MITRIPIOs RJS � sRI HIyRIMNOP RO ywIR ywIRJK2TSRPI HIyRIMNOPIO �� ������������ NOs �� ������ �� ������ � 2N-yNTxJIO � w,U RS U2O ROJPIJ2US sRI -,TPIOsI �1NJSI+TxJNOP� I++IRLMS u
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1,QRI �LS,+

qIPRJJIN+

oSNsR, �wOI+

SRSTI 3I2+ O2UI 2ss+IJJ

O2UI 2ss+IJJ

O2U I

2ss+IJJ

O2U I 2ss+IJJ

+,TIJ

PIO+I

2LSJrRO
< 0, ∗ > < 1, ∗ >

sR+ILSJ< 1, 3 >

< 1, ∗ >

P2PI

K+,sNLIJ
< 0, 1 >

< 1, ∗ >

,wOJ
< 1, 1 > < 1, ∗ >

����� RJS IRO JKIyR� JLMIJ �SS+RnNS Q,O oLM2NJK RITI+O � s2J 2OPRnS � wITLMI �+SIO Q,O q,TTI IRO oLM2NrJKRITI+ JKRITIO ~2OO �p+wIRSI+NOP u sRI HIyRIMNOP ������� In IO-2TTJ ����� yN I+wIRSI+O � s2J 2OPRnS �wITLMI �+S Q,O q,TTI IRO oLM2NJKRITI+ RO sRIJIU vRTU JKRITS� . ����� RJS IRO JKIyR� JLMIJ �SS+RnNrSI Q,O qIPRJJIN+IO � s2J 2OPRnS � wITLMI �+S Q,O vRTU IO IRO qIPRJJIN+ s+IMS �2NLM MRI+ ~2OO U2OtnI+TIPIO � � ���� 2TJ �SS+RnNS sIJ vRTU J yN OIMU IO � .
X g�^��\�j�^ d ef^ggj^�Y�[ f^� gj��^� �^j�^ �
pROI UxPTRLMI � TSI+O2SRQI RJS � sRI s+IRJSITTRPI HIyRIMNOP ������� 2N-yNJK2TSIO � ROsIU U2O sRI HIryRIMNOP � ������� yw RJLMIO IROIU oSNsR, NOs IROIU vRTU nIS+2LMSIS � sRIJI 2PP+IPRI+S �* +,sN~SR,O � �NOs s2J �PP+IP2S RO IROI ������� rHIyRIMNOP U RS qIPRJJIN+IO JSITTS . ��� �� JSIMIO wIRSI+MRO RO HIryRIMNOP U RS RM+IU oSNsR, � oLM2NJKRITI+ ~2OO U 2O w2MTwIRJI RO HIyRIMNOP U RS sIU vRTU ,sI+ sI+*+,sN~SR,O JSITTIO .

1 ,QRI

oSNsR,

qIPRJJIN+ !"#$%&'
< 0, 1 >

< 1, ∗ >

sR+ILSJ
< 1, 3 > < 1, ∗ >

�ROwIRJ u U 2O I+M}TS s2JJITn I +IT2SR,O2TI 1,sITT � wIOO U 2O 2O sI+ +RLMSRPIO oSITTI IROn IyRIMS � s2JJsRI VuOrHIyRIMNOP yw RJLMIO vRTU NOs oSNsR, s2yN -tM+S � s2JJ sI+ oLMTtJJIT Q,O ( ��������� ON+������)*��� � RJS .
� ROwIRJ u IROI �PP+IP2SR,O �+ ��, ) ��� ������ � NOs IROI HIyRIMNOP sIJ �PP+IP2SIJ yN ������ RJS~IROI PIIRPOISI 1,sITTRI+NOP � s2 s2OO -t+ vRTU I � sRI Q,O U IM+I+IO qIPRJJIN+IO yNJ2UUIO PIs+IMSwt+sIO � 2NLM QI+JLMRIsIOI oSNsR,J 2OPIPIn IO wI+sIO ~xOOSIO .
d ef^ggj^�Y�[ k j� -^�^�\gj.j^�Y�[ /0^�.e�1 �
HIS+2LMSIS U 2O nIR sI+ ,nRPIO 1,sITTRI+NOP sRI �U JISyNOP ROJ +IT2SR,O2TI 1,sITT � J, JSITTS U 2O-IJS � zO-,+U2SR,O yN *I+J,OIO � sRI y .H . J,w,MT 2TJ qIPRJJIN+ 2TJ 2NLM 2TJ oLM2NJKRITI+ PIJK IRLMI+SJROs � �������� � PIM2TSIO w R+s . / RIJ ~,JSIS ORLMS ON+ * T2Sy � J,OsI+O ~2OO 2NLM yN RO~,OJRJSIOSIO/2SIOn2O~yNJS}OsIO -tM+IO u
�LS,+ ��o � �,TT3w,,s /+RQI 2W r �,J�OPITIJ� NOs qIPRJJIN+ ��o � m+2nIO V r 0 RIO� .
p J RJS s2MI+ JROOQ,TT � IROIO pOSRS}SJS3K ( ����� 2TJ mIOI+2TRJRI+NOP sRIJI+ 33KIO IROyN-tM+IO u
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1,QRI �LS,+

qIPRJJIN+ m *I+J,O

oSNsR, �wOI+

SRSTI 3I2+

O2U I 2ss+IJJ

+,TIJ

PIO+I

O2UI

2ss+IJJ

2LSJrRO
< 0, ∗ > < 1, ∗ >

sR+ILSJ< 1, 3 >

< 1, ∗ >

P2PI

K+,sNLIJ
< 0, 1 >

< 1, ∗ >

,wOJ
< 1, 1 > < 1, ∗ >

mIOI+2TRJRI+NOP nIsINSIS M RI+ � s2JJ
Persons = Actors + Regisseurs + Owners

RJS . 0 t+sI U 2O JS2SSsIJJIO IROI oKIyR2TRJRI+NOP w}MTIO � ~xOOSI U 2O 2NLM *I+J,OIO M2nIO � sRIORLMS RO IROI sRIJI+ JK IyRITTI+IO � T2JJIO -2TTIO .
HIR IROI+ �U JISyNOP RO J +IT2SR,O2TI 1 ,sITT I+M}TS U 2O { I IROI 32nITTI -t+ ( ����� �� �, �)� ������� �
� ���� �� �, �)�� ��� �PP- . U IM+wI+SRP � � � �� ������ �� �, �)� ����� � sRI { IwIRTJ sIO *+RU }+JLMTtJJIT � �, �IROI+ *I+J,O +I-I+IOyRI+IO .
d ef^ggj^�Y�[ �Y� k j� /0^�.e�1 Y�f begg^� �
�TJ s+RSSI 1 xPTRLM~IRS ~xOOSI U 2O ON+ *I+J,OIO U,sITTRI+IO NOs RM+I q,TTIO �RO sI+ �OwIOsNOPJrwITS� sN+LM q,TTIO �nIyIRLMOI+ RU pqr1,sITT� s2+JSITTIO u

1,QRI

*I+J,O

oSNsR,

SRSTI 3I2+

O2U I 2ss+IJJ

O2U I

2ss+IJJ

+,TIJ PIO+I

2LSJrRO< 0, ∗ >

< 0, ∗ >

�LS,+
sR+ILSJ

< 1, 1 >

< 0, ∗ >

qIP .

P2PI

K+,sNLIJ
< 0, 1 >

< 1, ∗ >

,wOJ
< 1, 1 >

< 0, ∗ >�wOI+

/ RI �SS+RnNSI ����� NOs � ���� UtJJIO s2U RS 2TTI n IR *I+J,O 2OPIJRIsITS JIRO . /2U RS RJS ORLMS ~T2+ �s2JJ y .H . ON+ oLM2NJKRITI+ s2J �SS+RnNS ����� n IJRSyIO . �N�I+sIU JROs K,SIOSRITT Q RITI �NTTwI+SI ROsI+ 32nITTI IOSM2TSIO .
XYZ[\] ^ � `�ek� g^	 j�
�^� l HIS+2LMSIO oRI IROIO nRO}+IO HIyRIMNOPJS3K NOs sRI �,UKTI� RS}rSIO

(0, 1), (1, ∗)
. 0IRJIO oRI sRI HIyRIMNOPJ~,UKTI� RS}SIO RO 2TTIO QRI+ UxPTRLMIO 0IRJIO yN NOs
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PIn IO oRI yN { IsI+ |2+R2OSI { IwIRTJ IROIO ORLMSS+RQ R2TIO �NJS2Os 2O � sI+ sRI �,UKTI� RS}SIO I+-t TTS �nyw . IROIO � sI+ JRI QI+TISyS .
p RO nRO}+I+ HIyRIMNOPJS3K u

α β
+IT

pOSRS}SJU IOPI 33K Vu
{A, B, C, D, E, F}pOSRS}SJU IOPI 33KW u
{1, 2, 3, 4}

_ � i\gg h

α β
+IT

< 0, 1 > < 0, 1 >

�IsIJ
α
JSIMS U RS U2� RU 2T IROIU

β
RO HIyRIMNOP NOs NUPI~IM+S .

�NT}JJRPI+ �NJS2Os u �OyNT}JJRPI+ �NJS2Os u
� WH 2v V

� W� 2v V

� � i\gg h

α β
+IT

< 0, 1 > < 1, ∗ >

�IsIJ
α
JSIMS U RS U 2� RU 2T IROIU

β
RO HIyRIMNOP � 2n I+ { IsIJ

β
UNJJ U ROsIJSIOJ U RS IROIU

α
ROHIyRIMNOP JSIMIO . NOs NUPI~IM+S .

�NT}JJRPI+ �NJS2Os u �OyNT}JJRPI �NJS}OsI u
� WH 2
� �p �v V

� WH 2H �v V

� WH 2v V

� � i\gg h

α β
+IT

< 1, ∗ > < 0, 1 >

�O-,+sI+NOPIO J3UUIS+RJLM � U RS sIO PIPInIOIO /2SIO 2nI+ ORLMS I+-tTTn2+ u { IsIJ
α
UNJJ U RSU ROsIJSIOJ IROIU

β
RO HIyRIMNOP JSIMIO � 2n I+ { IsIJ

β
s2+- ON+ U RS U 2� RU 2T IROIU

α
RO HIyRIMNOPJSIMIO .
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� � i\gg h

α β
+IT

< 1, ∗ > < 1, ∗ >

�IsIJ
α
UNJJ U ROsIJSIOJ U RS IROIU

β
RO HIyRIMNOP JSIMIO NOs NUPI~IM+S .

�NT}JJRPI+ �NJS2Os u �OyNT}JJRPI+ �NJS2Os u� WH 2
� �/ W/ 2p �v V

� WH 2H �v V

XYZ[\] ^ � `� �^j.�^ggj[^ � ^�j^�Y�[^� `� j^Z^�\�� � 0�efY�� � � \Y�^jgll mIPInIO JIR IROI s+IRrJSITTRPI HIyRIMNOP yw RJLMIO sIO pOSRS}SJS3KIO �RI-I+2OS � *+,sN~S NOs H2NSIRT �+ ��, �� ���� ���
	 ������� � 
� ( ����� ��� .
2� mInIO oRI IRO PIIRPOISIJ pqr1,sITT 2O .

�RI-I+2OS

*+,sN~S H2NSIRT

TRI-I+S

�2UI

HIyIRLMONOPHIyIRLMONOP

*+IRJ

n � �}�S JRLM sRIJI+ o2LMQI+M2TS U RS 2NJJLMTRIJJTRLM nRO}+IO HIyRIMNOPIO s2+JSITTIO �

_l 
^�g^[Y�[ j� � ��^j.�^ggj[^ � ^�j^�Y�[^� h
�RI-I+2OS H2NSIRT *+,sN~STRI-I+S QI+wIOsIS

�� RI-I+2OS
L
TRI-I+S H2NSIRT

B
� NOs *+,sN~S

P
nIOxSRPS H2NSIRT

B
� n IsINSIS 2n I+ ORLMS O,SwIOrsRPI+wIRJI � s2JJ

P
sRIJIJ H2NSIRT 2NLM Q,O

L
PITRI-I+S nI~,UUS u
TRI-I+S

� * H
H,JLM m,T- p ROJK+RSyKNUKI
H,JLM m,T- �2QRP2SR,OJJ3JSIU
H,JLM �,+,TT2 p ROJK+RSyKNUKI
o,O3 �,+,TT2 �2QRP2SR,OJJ3JSIU

yI+TIPS RO
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�H
� H

H,JLM p ROJK+RSyKNUKI
H,JLM �2QRP2SR,OJJ3JSIU
o,O3 �2QRP2SR,OJJ3JSIU

NOs

*H
* H
m,T- p ROJK+RSyKNUKI
m,T- �2QRP2SR,OJJ3JSIU

�,+,TT2 p ROJK+RSyKNUKI
�,+,TT2 �2QRP2SR,OJJ3JSIU

HIR �NJ2UUIO-2JJNOP I+M}TS U 2O 2NLM sRI 3NKIT �H,JLM � �2QRP2SR,OJJ3JSIU � �,+,TT2� NOs�o,O3� �2QRP2SR,OJJ3JSIU � m,T- � � sRI ORLMS RO sI+ N+JK+tOPTRLMIO HIyRIMNOP Q,+M2OsIO w2+IO .
�OSI+ sI+ �OO2MUI � s2JJ sI+ *+IRJ ON+ Q,U �RI-I+2OSIO NOs sIU H2NSIRT 2nM}OPS �2TJ, ORLMSNOSI+JLMRIsTRLMI *+,sN~SI��NOsIO NOSI+JLMRIsTRLMI *+IRJI 2NJU 2LMIO ~xOOIO� � ~2OO I+ 2TJ �SrS+RnNS yN ���� ��� PIO,UUIO wI+sIO . �OsI+IO-2TTJ M2S U 2O MRI+ IRO *+,nTIU � s2J InIO-2TTJ s2+2N-MROsINSIS � s2JJ sRI �I+TIPNOP ORLMS ~T2KKS .
�l 
^�g^[Y�[ j� � ��^j.�^ggj[^ � ^�j^�Y�[^� h

�RI-I+2OS

*+,sN~S H2NSIRT

�*

*H

�H

�I+TIPNOP sRIJU 2T u
�H

� H
H,JLM p ROJK+RSyKNUKI
H,JLM �2QRP2SR,OJJ3JSIU
o,O3 �2QRP2SR,OJJ3JSIU

NOs

*H
* H
m,T- p RO JK+RSyKNUKI
m,T- �2QRP2SR,OJJ3JSIU

�,+,TT2 p RO JK+RSyKNUKI
�,+,TT2 �2QRP2SR,OJJ3JSIU

NOs
�*

� *
oRIU IOJ m,T-
oRIU IOJ �,+,TT2
o,O3 �,+,TT2

v2JJS U 2O s2J yNJ2UUIO � I+M}TS U 2O 2NLM IRO 3NKIT �oRIU IOJ � �,+,TT2 � �2QRP2SR,OJJ3JSIU �s2J ORLMS RO sI+ N+JK+tOPTRLMIO HIyRIMNOP Q,+M2OsIO w2+ .
0 RIsI+ ~2OO NOSI+ sI+ ,nRPIO �OO2MUI sI+ *+IRJ 2TJ �SS+RnNS yN ���� ��� PIO,UUIO wI+sIO .�OsI+IO-2TTJ M2S U 2O MRI+ w RIsI+ IRO *+,nTIU � s2J s2+2N- MROsINSIS � s2JJ sRI �I+TIPNOP ORLMS~T2KKS .

L� HIS+2LMSIO oRI ONO s+IRJSITTRPI HIyRIMNOPIO w RIsI+ 2TTPIU IRO . m RnS IJ oRSN2SR,OIO � RO sIOIO IROI/2+JSITTNOP sN+LM ywIR nRO}+I HIyRIMNOPJS3KIO UxPTRLM RJS� �xOOIO sRIJI oRSN2SR,OIO I�2~SsN+LM HIyRIMNOPJ~,UKTI� RS}SIO sI�ORI+S wI+sIO�
�IMUIO w R+ IROI 2OsI+I s+IRJSITTRPI HIyRIMNOP u oSNsIOSIO Mx+IO |,+TIJNOPIO nIR /,yIOSIO .|,+TIJNOPIO �OsIS yN IROI+ n IJSRUUSIO �IRS RO IROIU nIJSRUUSIO q2NU JS2SS .
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oSNsIOS 2SSIOsJ �,N+JI

�ILSN+I+

�2UI �2UI

�IRS q2NU

�2UI

�������
��$#&	� 
"$!'& �&%�$!&!

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

pJ PRnS M RI+ IROI �-NO~SR,O2TI �nM}OPRP~IRS� ������
→ �������� �IRO /,yIOS ~2OO S+,SysIUUIM+I+I |,+TIJNOPIO M2TSIO � . 1 2O ~2OO JROOQ,TT 2N-SIRTIO RO �+I2sJ� NOs �2SSIOsJ� u

�ILSN+I+ �,N+JI oSNsIOS+I2sJ
< 0, ∗ > < 1, 1 >

2SSIOsJ
< 0, 200 > < 0, 5 >

�ROwIRJI u
� zU Q,+TRIPIOsIO v2TT RJS sRI yI+TIPSI 1 ,sITTRI+NOP sRI ~T2+ nIJJI+I � s2 sRI �2+sRO2TRS}SIOsI+ ����� rHIyRIMNOP sRI -NO~SR,O2TI �nM}OPRP~IRS 2NJs+tL~IO . HIR sI+ s+IRJSITTRPIO qIT2SRr,O w}+I IRO /2SIOn2O~yNJS2Os � sI+ J,w,MT �o V� zO-, V� /� � NOs �o� � zO-,z � 01 � IOSM}TS �I+T2NnS .
� sRI �2+sRO2TRS}SIO ~xOOIO nIR sI+ s+IRJSITTRPIO HIyRIMNOP ORLMS PIIRPOIS NOSI+PIn+2LMS wI+rsIO .
� /RIJ ~T2KKS ORLMS U IM+ � wIOO P+,JJI |,+TIJNOPIO K2+2TTIT n IR ywIR /,yIOSIO �JITn I �IRS �NOSI+JLMRIsTRLMI q}NUI� 2OPIn,SIO wI+sIO �01 � zO-, z� NOs �/� � zO-, z� .
� 0 RI ~xOOSI U 2O RO sRIJIU v2TT U ,sITTRI+IO � s2JJ IRO oSNsIOS IROI J,TLMI |,+TIJNOP ON+ n IRIROIU /,yIOSIO Mx+S�
�PP+IPRI+NOP sI+ �����rHIyRIMNOP yw RJLMIO /,yIOS NOs |,+TIJNOP u

�ILSN+I+ �,N+JI

oSNsIOS

+I2sJ
< 0, ∗ > < 1, 2 >

2SSIOsJ

�IRS
q2NU

∗
sRI �O-,+sI+NOP � s2JJ IRO oSNsIOS IROI |,+TIJNOP ON+ n IR IROIU /,yIOSIO Mx+S � ~2OO J,ORLMS n IJLM+RIn IO wI+sIO . / RIJ UNJJ yNJ}SyTRLM sN+LM 3I�S 2OPIPIn IO wI+sIO .

∗
wIOO U 2O 2N- sRI N+JK+tOPTRLMI s+IRJSITTRPI HIyRIMNOP 2NJwIRLMIO wt+sI � UtJJSI sRI
� ��� 2TJ �SS+RnNS yN ������� PIO,UUIO wI+sIO . /2OO w}+IO 2TTI+sROPJ �NJS}OsI sI+ �+S2SSIOsJ �o V� zO-, V� 01 � v+ .V2 u�� � NOs �oW � zO-, V� 01 � /, .V� u�� � RO sI+ /H UxPTRLM .

L� �2OO U2O sIOO,LM s+IRJSITTRPI HIyRIMNOPIO PIOI+ITT �NOSI+ |I+wIOsNOP wIRSI+I+ � RT-J~,OJS+N~rSI� sN+LM ywIRJSITTRPI HIyRIMNOPIO I+JISyIO�
�2 . �IsI zOJS2Oy sI+ s+IRJSITTRPIO HIyRIMNOP w R+s 2TJ pOSRS}S nIS+2LMSIS � y .H .
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�RI-I+2OS

|I+S+2P

*+,sN~S H2NSIRT

TRI-I+S

w R+s
�
nITRI-I+S w R+s

�
PITRI-I+S

�NLM MRI+ ~2OO U2O IROI �PP+IP2SR,O Q,O �RI-I+2OS NOs H2NSIRT n RTsIO u
� RI-I+2OS H2NSIRT

* +,sN~S

TRI-I+S

n IyRIMS

/I+ *+IRJ ~2OO MRI+ r{ I O2LM oRSN2SR,Or 2TJ �SS+RnNS yN ���� ��� ,sI+ yN ��� ��� � MROyNPIO,UUIOwI+sIO .
� RUUS U 2O RMO yN ��� ��� �� J, M2S U 2O sRIJITn I oIU2OSR~ w RI n IR sI+ N+JK+tOPTRLMIO s+IRJSITTRPIOHIyRIMNOP . mIMx+S I+ yN ���� ���� J, M2S U 2O U RS sI+ �PP+IP2SR,O IROI JS}+~I+I 1,sITTRI+NOP .
1 2O ~2OO sRI / RJ~NJJR,O wIRSI+ S+IRn IO � wIOO U 2O U,sITTRI+IO w RTT � s2JJ IRO *+,sN~S IROInIJSRUUSI 1IOPI IROIJ H2NSIRTJ �y .H . �m,T- � q 2s � 2 � nIOxSRPS . � RI+ w}+I s2OO IROI �PP+IP2SR,OQ,O *+,sN~S U RS H2NSIRT JROOQ,TT � sRI RO HIyRIMNOP yN IROIU �RI-I+2OSIO JSIMS . /2OO ~2OO { Is, LMsI+ * +IRJ w RIsI+ -t+ NOSI+JLMRIsTRLMI *+,sN~SI 2NLM NOSI+JLMRIsTRLM JIRO . �OJ,OJSIO UNJJ U2OyNJ}SyTRLMI HIsROPNOPIO SI�SNITT -IJSM2TSIO .

I� |I+PTIRLMIO oRI |,+r NOs �2LMSIRTI sI+ QI+JLMRIsIOIO �I+TIPNOPIO� �2JJIO JRLM sRI QI+JLMRIsIOIOzOSIP+RS}SJnIsROPNOPIO U RSSITJ �,UKTI� RS}SJP+2sIO 2NJs+tL~IO�
|,+SIRT sI+ UxPTRLMIO �I+TIPNOP RO ywIR ywIRJSITTRPI HIyRIMNOPIO u
� qIsNOs2OyQI+U IRsNOP NOs s2sN+LM wIORPI+ vIMTI+UxPTRLM~IRSIO . o, Ut�SI RO IROI+ /+IRrI+nIyRIMNOP RU v2TT L� yN { IsIU oSNsIOSr|,+TIJNOPr/,yIOSrp ROS+2P sI+ /,yIOS 2N-PI-tM+SwI+sIO �vIMTI+�NITTI nIR �Ks2SIJ �� ./ RIJI+ � JKI~S w R+s PIPIO pOsI sI+ |,+TIJNOP �pOSwN+-JSMI,+RI � O, LMU 2T n IM2OsITS .
� zO IROI+ /+IRI+nIyRIMNOP T2JJIO JRLM sRI zOSIP+RS}SJn IsROPNOPIO ORLMS U RSSITJ �,UKTI� RS}SJrP+2sIO s2+JSITTIO .
�I+TIPNOP U RS � RT-JrpOSRS}SJS3K u ~IROI |,+SIRTI RO sI+ �NJs+NL~J~+2-S . HIR sI+ �U JISyNOP ROs2J +IT2SR,O2TI 1,sITT w R+s U 2O 2NLM JIMIO � s2JJ nIRsI |2+R2OSIO s2JJITn I +IT2SR,O2TI 1,sITTI+yINPIO .
1 2O UNJJ JIM+ PIO2N sRI oIU2OSR~ sI+ �OwIOsNOP NOSI+JNLMIO � NU yN IOSJLMIRsIO � U RS wITLMI+1,sITTRI+NOP U 2O JRI 2U PIO2NIJSIO S+R�S .

XYZ[\] ^ � `abcd ef^gg h ��^ � ^ke 	�\�j	 
ek�\�� l mInIO oRI IRO pqr1,sITT -t+ sIO -,TrPIOsIO o2LMQI+M2TS 2O u
•

�IsI+ �OPIJSITTSI M2S ~IROIO ,sI+ IROIO |,+PIJISySIO �
•

�IsI+ �OPIJSITTSI RJS |,+PIJISySI+ Q,O U ROsIJSIOJ ywIR RMU yNPI,+sOISIO �OPIJSITTSIO .
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02J -,TPS 2NJ sRIJI+ oKIyR�~2SR,O� �xOOIO oRI IROI /2SIOn2JRJ 2OPIn IO � sRI sRIJIJ pqr1,sITTI+-tTTS�

�OPIJSITTSI+ RJS
�
|,+PIJISySI+

�
Q,O

|,+PIJISySI+W ��

�OSI+PIn IOI+� �V
1 2O ~2OO ~IROI /H 2OPInIO � sRI s2J pqr/R2P+2UU I+-tTTS u /2J pqr/R2P+2UU RJS yw2+ ~,OJRJSIOS�s .M .� O RLMS w RsI+JK+tLM TRLM � � IJ PRnS { Is,LM ~IRO ��� ���� �� 1,sITT .
XYZ[\] ^ � `�k .^��Y�[ j� f\. �^g\�je�\g^ d ef^gg h i jgk l zO �N-P2nI 2 M2nIO oRI IRO pqr1,sITT -t+ IROI ~TIROI vRTU s2SIOn2O~ I+JSITTS . 3+2OJ-,+U RI+IO oRI sRIJIJ RO IRO +IT2SR,O2TIJ 1,sITT .
a j� Z\	�.�^ d ef^ggj^�Y�[
�OO2MUI u +,TIJ w R+s 2TJ oS+ROP 2TJ �,UU2TRJSI 2nPITIPS
� ���� � ������) *���������� � ���, �) ��������
� ���� � ���, �) �������) �� ������� ������ � ���, �) �������) � �����
����� � ���, �) ��������
� ������� � �������) �����) *����
������� � ������) �����) *���) � �� ��������� � ���� ������) �����) *�������� � ���� ��) �������
�TSI+O2SRQI � NU yN IROIU oLM2NJK RITI+ U IM+I+I q,TTIOLM2+2~SI+RJRI+NOPIO 2nTIPIO yN ~xOOIO u
� ���� � ���, �) ��������
� ����� ���� � ���, �) �����
X g�^��\�j�^�
/2 IRO vRTU { IwIRTJ ON+ RO IROIU oSNsR, PIs+IMS wI+sIO ~2OO �JRIMI HIyRIMNOPJ~,UKTI� RS}SIO RUpqr/ R2P+2UU �� ~2OO U 2O sRI � �������rHIyRIMNOP RO � ���� U RS MROIROOIMUIO u
� ���� � ������) *���) �������
1,sITTRI+S U 2O vRTUK+,sN~SR,O 2TJ �PP+IP2SR,O 2NJ � ����) ������� I+M}TS U 2O s2-t+ PIO2N sRIqIT2SR,O
� ��������� � ������) *���) �������
/RI *+,sN~SR,O JSIMS ONO RO HIyRIMNOP yN qIPRJJIN+IO � w,U RS U 2O MRI+-t+ sRI qIT2SR,O
������� � ���� ������) �����) *����
I+M}TS .
-^�^�\gj.j^�Y�[ \g. 0^�.e�^�
... QI+JLMRIsIOI 1xPTRLM~IRSIO .
•
*I+J,OIO U RS �2UI NOs �s+IJJI � +,TIJ NOs PIO+I { IwIRTJ RO qIT2SR,OIO �LS,+ nyw . qIPRJJIN+sRI 2TJ v+IUsJLMTtJJIT sIO �2UIO IROI+ *I+J,O M2nIO . / RI v+IU sJLMTtJJITn IyRIMNOPIO sI+qIT2SR,OIO yN sIO HIyRIMNOPJS3K IO +I-I+IOyRI+IO sRI qIT2SR,OIO �LS,+ � qIPRJJIN+ � �wOI+ u
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� ����� ������) *���������� � ���, �) ��������
( ����� � ���, �) ��������
� ���� � ���, �) �� ������� ������ � ���, �) � �����
����� � ���, ��
� ������� � �������) �����) *����
������� � ������) �����) *���) � �� ��������� � ���� ������) �����) *�������� � ������) �������
� ���� ���, �

→
( ����� ���, � �NOs 2O2T,P�

���� ���, �
→

� ���� ���, �
�N-P+NOs sI+ sIS2RTTRI+SIO 1,sITTRI+NOP JROs sRI �,OJRJSIOynIsROPNOPIO 2O sRI /2SIOn2O~ JIM+JLM2+- .

•
/RI QRI+ qIT2SR,OIO ( ����� � � ����� � �� ������� ����� ~,JSIO +IT2SRQ QRIT * T2Sy � wIRT sRI �2UIOUIM+-2LM 2nPITIPS JROs �2TJ ( ����� �� � ) ������ ����� � � ���� ��� ) � ���� NOs ��� ������ ��� ) �������� . 1 2O ~2OO JRI IROJK2+IO � wIOO U 2O JS2SSsIJJIO ����� NOs � ���� 2TJ �SS+RnNSI yN ( �����ORUUS NOs U RS �NTTwI+SIO 2N�tTTS �y .H . ( ����� �� � ) ������ ����) � ���) ������) � ���� � . / RIJIOSJK+RLMS 2NLM sIU pqr/ R2P+2UU � w, ON+ sI+ pOSRS}SJS3K ( ����� QI+wIOsIS w R+s � NOs U RSq,TTIOnIyIRLMONOPIO PI2+nIRSIS w R+s u
� ����� ������) *���������� � ���, �) ��������
( ����� � ���, �) �������) �� ���) � �����
� ������� � �������) ������
������� � �� ����� �� �����) �����) *���) � �� ��������� � �� ����� �� ��� ������) �����) *�������� � �� ����� �� �����) �������
���� ���, �

→
( ����� ���, � ISL .

1 2O QI+TRI+S sRI zOSIP+RS}SJn IsROPNOPIO � s2JJ ON+ oLM2NJKRITI+ s2J �SS+RnNS �� ��� M2nIO J,w RIs2JJ sRI ���� rHIyRIMNOP ON+ U RS oLM2NJKRITI+O n IJSIMS �NOs 2O2T,PIJ� .
•
�NO M2S U2O yRIU TRLM QRITI �NTTwI+SI RO �� ���� � ����. / RI UIRJSIO *I+J,OIO wI+sIO oLM2NJK RITI+JIRO . 1 2O ~2OO 2TJ, y .H . s2J �SS+RnNS �� ��� nIR *I+J,O T2JJIO � NOs � ���� w RIsI+ RO JIK2+2SIqIT2SR,OIO -t+ qIPRJJIN+I �U RS ON+ +IT2SRQ wIORPIO *I+J,OIO� TIPIO u
� ����� ������) *���������� � ���, �) ��������
( ����� � ���, �) �������) �� ������� ������ � ���, �) � �����
����� � ���, ��
� ������� � �������) �����) *����
������� � �� �����) �����) *���) � �� ��������� � ���� ������) �����) *�������� � ������) �������

XYZ[\] ^ � `�k .^��Y�[ j� f\. �^g\�je�\g^ d ef^gg h � �^j.�^ggj[^ b^g\�je�^� l zO �N-P2nI �M2nIO oRI U IM+I+I pqr1,sITTI -t+ s+IRJSITTRPI HIyRIMNOPIO sRJ~NSRI+S . 3+2OJ-,+U RI+IO oRI sRI JROOrQ,TTIO 1,sITTI RO +IT2SR,O2TI 1,sITTI .
a �.�^. � ^j.� j^g \g. f�^j.�^ggj[^ � ^� j^�Y�[ h
�RI-I+2OS u ��2UI � �s+IJJI�H2NSIRT u �HIyIRLMONOP�



������ ��� 	 
� ��� 
����� VV

*+,sN~S u ��2UI � |I+~2N-JK+IRJ�TRI-I+S u ��RI-I+2OS � H2NSIRT � * +,sN~S � *+IRJ�
v+IUsJLMTtJJIT uTRI-I+S .�RI-I+2OS

→
�RI-I+2OS .�2UITRI-I+S .*+,sN~S

→
*+,sN~S .�2UITRI-I+S .H2NSIRT

→
H2NSIRT .HIyIRLMONOP


�^j�^. � ^j.� j^g `ZY��� je�\g^ X]�
�[j[�^j�l h
�ILSN+I+ u ��2UI � �ss+IJJ�
�,N+JI u ��2UI � �,N+JI�,�oSNsIOS u ��2UI � �ss+IJJI � oSNsIOS�,�+I2sJ u ��ILSN+I+ � �,N+JI�,�2SSIOsJ u �oSNsIOS�, � �,N+JI�,�
a j� Z���Y�[ ^j�^. �Y.
�� gj	�^� a�� j�
�.���. h
� RI-I+2OS u ��2UI � �s+IJJI�H2NSIRT u �HIyIRLMONOP�*+,sN~S u ��2UI � |I+~2N-JK+IRJ�|I+S+2P u �� RI-I+2OS � H2NSIRT � *+,sN~S�
HIR sI+ �U JISyNOP sI+ yNJ2ISyTRLMIO HIyRIMNOPJS3K IO UNJJ { IwIRTJ sI+ PIJ2USI oLMTt JJIT sI+qIT2SR,O ������� 2TJ v+IU sJLMTtJJIT 2N-PIO,UUIO wI+sIO . � TJ �2NS,U2SRJLMI� �U JISyNOP I+PRnSJRLM s2U RS u
TRI-I+S u ��RI-I+2OS � �RI-I+2OS � H2NSIRT � * +,sN~S�w R+s

�
PITRI-I+S �H2NSIRT � � RI-I+2OS � H2NSIRT � *+,sN~S � *+IRJ�w R+s

�
nITRI-I+S �*+,{ I~S � �RI-I+2OS � H2NSIRT � * +,sN~S�

1 2O JRIMS J,-,+S � s2JJ M RI+ { IwIRTJ IRO �SS+RnNS +IsNOs2OS RJS � 2TJ, PIJS+RLMIO wI+sIO ~2OO . �NJJI+rsIU JROs 2TTI sRIJI HIyRIMNOPIO VuOrHIyRIMNOPIO yw RJLMIO IROIU |I+S+2P NOs �RI-I+2OSIO � H2NrSIRTIO nyw . *+,sN~SIO . zO sI+ |,+TIJNOP wN+sI PIyIRPS ��,NOS+3��2KRS2T� � s2JJ RO sRIJIU v2TT sRIHIyRIMNOP RO sRI 2N- sI+ � V�roIRSI JSIMIOsI qIT2SR,O �2TJ, ������� � U RS MROIROPIy,PIO wI+sIO ~2OO ./2U RS I+PRnS JRLM RO sRIJIU v2TT ORLMS QRIT OINIJ -t+ sRI ������� rqIT2SR,O �s2 sRI oLMTtJJIT sI+ 2N-sI+ �O�roIRSI JSIMIOsIO pOSRS}SJS3K IO � ��� ���� �� 	 ������ NOs ( ����� � nI+IRSJ RO ������� IOSM2TSIOJROs� . p ROyRP s2J �SS+RnNS ( ���� ~,UUS MROyN u
|I+S+2P u �� RI-I+2OS � H2NSIRT � *+,sN~S � *+IRJ�
1 2O I++IRLMS s2JJITnI +IT2SR,O2TI 1,sITT w RI U RS sI+ N+JK+tOPTRLMIO s+IRJSITTRPIO HIyRIMNOP �sRIHIyRIMNOP w R+s sN+LM sRI �N-O2MUI sI+ v+IU sJLMTt JJIT K+2~SRJLM RO sRIJITnI qIT2SR,O NUPIJISyS �w RI sI+ yNJ}SyTRLMI pOSRS}SJS3K� .
a j� Z���Y�[ ^j�^� X[[�^[\� je� h
� TJ QRI+SI 1xPTRLM~IRS wN+sI IROI �PP+IP2SR,O sI+ � TRI-I+S�rHIyRIMNOP yw RJLMIO IROIU �RI-I+2OrSIO NOs IROIU H2NSIRT yN IROIU PIPIn IOIO *+IRJ n IJK+, LMIO . � RI+-t+ I+M}TS U 2O sRI -, TPIOsIOqIT2SR,OIO u
� RI-I+2OS u ��2UI � �s+IJJI�H2NSIRT u �HIyIRLMONOP�*+,sN~S u ��2UI � |I+~2N-JK+IRJ�TRI-I+S u ��RI-I+2OS � H2NSIRT � * +IRJ�n IyRIMS u �� RI-I+2OS � H2NSIRT � *+,sN~S�
/ RI ��� ��� �rqIT2SR,O tnI+ORUUS s2nIR sRI �SS+RnNSI � ��� ���� � NOs 	 ������ 2TJ v+IU sJLM TtJJIT yN+qI-I+IOyRI+NOP 2N- IROIO p ROS+2P RO ���� ���. 0 RLMSRP RJS MRI+ � s2JJ U 2O IROI 2OsI+I +I-I+IOSRITTIzOSIP+RS}SJn IsROPNOP 2TJ nIR sI+ 1,sITTRI+NOP 2TJ s+IRJSITTRPI qIT2SR,O I+M}TS � O}U TRLM
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nIyRIMS .��RI-I+2OS �H2NSIRT�
→
TRI-I+S �� RI-I+2OS �H2NSIRT�n IyRIMS .* +,sN~S

→
*+,sN~S .�2UI


