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�>DGH��m�`���cW]� H9HADGCEHAJ�� JMW4���ED~�=�s� D~� HKX DGCEH9DYL O6HULY� W]�`�n� WILNDGL D~�EJMHAJ�� DGC��aW4� H=� STDGH%LND~�.�!D��
\)HKLNHACcOMX D6�.�EHAC W]�[L HKD CEHKJv�aJM�=�IHKC��6C��UW]�EX F=�IC��<HKJ OMD~�AHKLI�Y�[LMW]��� HAC L HAOM�8OL�'HKD C��Y  HAD��
SED�� HAC L D~�IC[WIX HUL��m���EDGXYS¢¡ STHAJ6S��EJA�.�!STDGH��<HKJ OMD~�AHKL�� HKLA�.�EJMD HJ� HKCEHAC!STJNHKD\� STD~� HAC[LND��aC[WZXGHAC
\)HAX O.£��Y��� HKJNHL�.�ECEHKCk¤
�>DGH ONJ-WISEDPOMD��aCEHAXGX HS� JMW4���ED~�=�s� D~� HKX DGCEH=�KSTDGHz�4� O'W]�_�.��¥�¦_§ HUS����EC_�8OND~�IC��ED~� HAXGD CEH.¨S�IHKC[WZCECcO
 +DGJ-S|�aXYQILML O L D6�.� DGC HADGCEH[©6HAD~�EH F=�ICw� D~� HKX DGCEHY� VcOA�`� HAC��IXGDGHKSTHKJNCk�aF4�aC STHACEHKC>ª HKSEH VcOA�`� H
HKD C[HAC«�aHY +DYLNLNHACw¬'HADGX SED HUL HKJS� JM� HAD OE�� HAJMCED~���%OJ¤`�>D HG� JMW4���ED~�8��� D~� HAXGD CEH>XGQaLNL O LND~�.� D C
SEJNHKD��m�[LA�.�ECED O OMH%W]�`� OMHADGX HKCk®

•
STDGH>�<HAJNONHY§«� D~� HKX DGCEH4�

•
STDGH�©6WIL ONHKJNDYLND HKJM�EC_���EC[S

•
STDGH�¯EJ-W]�=� HKCcOS� D~� HAXGD CEH=¤
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� C STHAC �m� LM�.�EC[DPONO��<HAJNONH�§r�s� D~� HKX DGCEHI� WZXGX HKC � HJ�EJMHAJMHv� D~� HAXGD CEHY� V OM�`� HKCk�#STDGH4L D6�.�)W4�[LC�
LA�.�EXGD HJ�IXGD~�.� � D O��1� HAJ-WROMD��aCEHAC]W4�`���<HAJNOND6�8HUL«� H�� WaLNLNHAC�¤��>DGH¢©6WaL OMHAJMDGLNDGHAJA�EC�� DYL OSTDGH
� D~� HAXGD CEHY� V OM�`� H=�[STDGH STDGH9V`�.�ECED O O-L OMHAXGX HG�Y +DYLA�.�EHACc�<HAJNONH�§Q� D�� HAXGD C[H��[C[Sc¯[JMW4�4� HACcOS� D\�� HAXGD C[H0SEWIJML ONHKX X OJ¤p� DGH«� D~� HAXGD CEHY� V OM�`� HKC D~� �m�[LA�.�ECED O O�¯EJ-W]�4� HKCaOv� D�� HAXGDGCEH0WIJM� HAD ONHAO
SEWICEC LM�.�EXGDGHY�IXGD6�.�!W4�`�p¯[JMW4�4� HACcONHKCk¤
� N<N 25�B@<=74<?�¤ OMJMWaSTDPOMD��aCEHAXGXGH>� J-W]�_�ED��8�s� D~� HKX DGCEH

color sum & fog

alpha test, depth test, stencil test

vertex pipeline

fragment pipeline

frame buffer

texturing

frame buffer blending

application (CPU)
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primitive assembly, culling,
perspective division, viewport mapping

transform, 
lighting,

texture coordinate generation

rasterization

fragment
texturing

texture as
render target

un-lit vertices

(position, colors,
tex coords, ...)

lit vertices

(position, colors,
light values,

tex coords, ...)

 un-textured
fragments

(interpolated
values)

 textured
fragments

(color value
for fragment)

changed
pixel in
frame
buffer
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�>D Hc� DGC��aW4� H SEHAJI� J-W]�_�ED��8�s� D~� HKX DGCEHQ�EC S LC�=� DPO�W4�_�.� STDGJNHJ�cO�STHAJv�<HAJNONHY§¢� D~� HAXGD CEH
LND C S SED Hm�[C8� HAXGHY���.�aOMH8OMHAC��<HAJNOND6�8HUL10@�aSTDGH6STDGHm�6Cr  HKC[S`�EC_�>�� HKJ SEWaLz� J-W]���ED~�8�s�[�2�:WZC
3�4�57698;:�<>=?:>@BA�CED7FHGJI1DLK�4�GNMO57P�4�Q>RTS�4+QJPVUHGW4�57SXMY4�576H4�6,CZFH6H[\MY57]_^XGJ4�5 `�^H57]a4�6HQJ57b
6cI1D74�6ed�I1FH]efH6X4+S�4�6
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6g[1I16H6�4+576/KE4+GNMJ4�heI1FHPVUji%4�5 MO4�GW4lkZ57m
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SED Hw� JMW4���ED~�r� WIJ OMH��� HAJA�ID~�TOL¤b¯pEJSª HUSTHAC �<HAJNONH�§u  HAJ-STHKC SEW]� HAD:CEHJ� HKC STHKJ1���cL D OND~�IC
DGC STHKJE©+HJ�IHAX W]�_�.�w¯[WIJM�r  HAJNONH=�]¬#HY§cOA�EJM�
	1�r�IJ-STD C WRONHKCv�[C[S4Q]�EC[X D6�.�EHKLi�� HKJM�aHY� HACk¤=� DGH
�<HKJ OMH�§�� D�� HAXGDGCEHG����EJNO>W]��� STHKC��<HKJ OMD~�AHKLS���aX��aHAC[STH �1� HAJ-WROMD��aCEHAC S`�EJ.�.�k®

•
¬'JMWIC[L;���aJM�4WZOND~�IC0SEHAJ��<HAJNOND6�8HUL D CSTHKC�� X D~���EDGC�� Vr�[W=�8Hw¡ OMJMWIC[L;���aJM�4WZOND~�IC�£

•
� HAXGHY�_�.�cOA�EC��aLC�/� HKJNHL�.�ECr�EC�����EJ6STDGH>�<HAJNOND6�8HKL>¡ X D~�4�cOMD C��r£

•
� JA�AHJ���4�EC_� F4�aC�¬#HY§ OM�EJM�
	1�r�IJ-STDGC[WROMHAC¢��EJ4STDGH«�<HAJNOND6�8HULc¡ ONHY§cOA�EJMH��Y�8�aJMSED C[WZONH
�IHKCEHAJ-WROMD��aC�£

•
\ DGHKSTHKJC��q�[LMW]��� HAC[LNH8OA�AHKC STHKJ HKD C_�AHAXGCEHKC¢�<HKJ OMD~�AHKL��Y� � JMD~� D ONDGFIHKC�¡ �EJMD�� D ONDGFIH
WILMLNHY���[X���£

•
� XGD�� DGC[WROMD��aC%CED6�.�cO LND~�.�cOM� WZJMHAJk� JMD~� D ONDGFIHKCk�O�4¤ ��¤KHKD CEH V HAD ONH STHAJp� JMD�� D ONDGFIH L D6�.�cOC�
�[WIJNHG  QZJMH4�r  HKX~�.�[H C[D~�.�cO��IHJ�AHAD6�.�ECEHAO�  HKJMSTHKC!LM�IXGXi¡ �Y�EXGX DGC��8£

•
�>D F DYL D~�IC STHAJ:`4�[�
	1�r�IJ-STDGC[WROMHACG§|���>�EC[Sv� S`�[JA�.� SED HG¡ F DGHAJNONHL£����=�I�=�IHKCEH�	1�4�I�
�q�ICEHKCaOMH>  ¡ � HKJMLM� HL� OMD FaH%STD F DYL D~�ICq£

•
�m�_�ED XYS`�EC_� STHAJ'STJNHKD\� STD~� HAC[LND��aC[WZXGHAC��<HAJNONHY§r�
	1�r�IJ-STD C WRONHKC>W4�`�8� D\§THAX���	[�r�IJ-STDGC[WROMHAC
STHUL��Y  HAD�� STD~� HAC[LND~�IC[WIX HKC�¯[JMW4� H>�S��� HAJ-L>¡ F DGHY ��q�IJNO��4W4���EDGC��8£

�>DGHKLNH FIHKJMLA�.�EDGHKSTHKCEHAC��1� HAJ-WROND~�IC[HACL DGC[S��J���IXGHAD6�.�W]�_�.� STDGH�� D~� HAXGD CEHY� V OM�`� HKCk� DGC STDGH
LND6�.� STDGHKLNHAJv�[�[LA�.�ECED O O4STHAJw� JMW4���ED~�8��� D~� HAXGD CEHc�IXGD HUSTHAJMC XYQILML OL¤ �>D H��m�[LM�aW4� H0STD HUL HUL�[�[LA�.�ECED O ONHUL+L DGC[Sc� JMD�� D ONDGFIHAC��]�ESTDGH W4�`� SEHAC«�J  HKD\� STD~� HAC[LND��aC[WZXGHACc¯EJ-W]� H��S��� HAJ+W4�`�
�aHY�EDGXYSTH8O� ��[JMSTHKCG�EC[S���EJ#SEHAJMHACG�z�.�r���EC��cOMH[¡ STDGHi�<HKJ OMD~�AHKL.£=ª HY  HADGXGL SED Hi� HAXGHY���.�aOA�EC��cL;�
� HKJNHL�.�ECr�EC��IHKC0S`�[JA�.���aH�����[J O� ��EJ-STHAC�¤

�2��� ����� "#�T!Z(��r(+�T!��g.! 

�>DGH«� D~� HKX DGCEHY� VcOA�`� H STHAJI©6WIL ONHKJNDYL DGHAJA�EC���¡ JMWaL OMHAJMD��UWROMD��aC�£��[WRO STD H��m�`���cW]� H4� STD H!W]�`�
SEHAC��Y  HAD�� SED�� HAC L D~�IC[WIX HKC«¯EJ-W]� HG�S��� HKJ6W]���aHY�EDGXYSTH8OMHAC�� JND~� DPOMD FaHAC!D C�¯EJ-W]�=� HACcONH��Y�
�KHAJMX HJ�IHKCk¤#"IHUSTHKLp¯EJ-W]�=� HKCcOp�=�IJMJNHULC�q�IC[SED HKJ O�� D O<HADGCEHY� � DGXGS`�_�EC��cOm¡�� D�§THAX £'SEHKL�¯EJ-W]� H�S��� HAJ-Lp�EC[Sv +D J-S%C W4�.�v�1�EJ.�.�EXYW]�`� HKC STHKJn¯EJ-W]�4� HKCaOp� D~� HKX DGCEH�� DPO STHJ��HACcOMLM�EJMHJ�.�EHKC`�
SEHAC�¯[WZJA�r  HKJ O:STHKL�� DGXGS`�_�EC��cONHUL��4�4�v�EDGCED HKJ OL¤L�>DGH�� HUWZJA� HKDPOA�EC�� STHAJn� HKLMW]� OM�EHKDPO WZXGXGHAJ
¯[JMW4�4� HACcOMH4� D C SED H�HADGCEHv� JND~� DPOMD FaH��AHKJNXGHY�IO[ ��EJ-STH4�q� HY +DGJM�cO LA�.�EXGD HJ�IXGD~�.� S[WILm¥� HAD6�.�`�
C[HAC=¨�STHAJ�� JND~� DPOMD FaH%L HKX��[L OJ¤
� C¢�m���[D XYS`�EC�� ^ L HJ�EHAC V D H H�§THJ�I�[XGWIJNDYLM�.� SED H�©6WIL ONHKJNDYLND HKJM�EC_� HADGCEHKLG�>JNHKD HL�.�IHULY¤q� DGH�aJMW4����� J-WZC[SEH8ONHKC%$1� WISTJ-WROMH JMHY�EJ-QILNHACcOMD HKJNHKC STDGHm¯'XYQ4�.�[HAC�SEHAJ<HADGC��KHAXGCEHAC�� D XYS`���EC_�aOMH
D~� ¯EJ-W]� H��E��� HKJJ¤TV HAD Cr�EC WIXGLM� SEWaL W4���IHJ�ED XYSTHAONH1�>JMHADGHJ�.�I�Y�Q�KHAD6�.�ECEHAC�¤8� WZCECc�'&aCEC`�
OMHAC� +DGH DGC%STHKJ �m�_�ED XYS`�EC_�>SEWIJM�aHKL ONHAXGX O#d)(�¯[JMW4�4� HACcONHn� HAD STHKJ ©6WaL OMHAJMDGLND HKJM�[C��+HAJA�AHJ���ZO
  HAJ-STHKCk�aF=�IC SEHACEHKC>ª HKSTHUL HKD C[HY� STHKJE�4WZJA� D HKJ OMHACQ� DGXGS`�_�EC��cONH1�Y���aHY�IJ-STCEHAOE  QZJMH4¤ �/�
© WZC[S`� HAJMHAD6�.� STHKL�� JMHADGHJ�.�aHKLJ�q�aD��EO%HKL�� DGXGS`�_�EC��cONH=�'STDGH4CED6�.�aO�� HJ�EJ9F4�aX XYL O-QZC[SED��+*-,�.
,0/21�3�4#5�6 STHKLn�>JMHADGHJ�.�IHUL X DGHY�aHACk¤]�>D H�� CcO-LM�.�EHKDGS��EC��_�O��[Jn  HKX~�.�EH�� DGXGS`�_�EC��cONH DGC SED HUL HJ�
� HKJNHKD~�.��C��`�.�I¯[JMW4�4� HACcONH HAJA�AHJ���ZO�  HAJ-STHACk�O�=�EX DGHY�IO:SEHAJz� J-W]���ED~�r�RWZJNONHz�[C[SI� WICEC F4�IC
� J-W]�_�ED��r�RWZJNONHG�J��� J-W]���[D��r�RWZJNONH9WZC STHAJ-L W]�[LC� WZXGX HKC¢¡ VcOND6�.�r E�aJ Om� X DYWILND C_�]�s� JM�=�EXGHY�Q£�¤

7 4�576H498%<�:�;�:p=<:�=o:e57QJMa4�576H4g4�576Xn?I1POUH4em
4�b
]a4>MOGW57QOPVUX4,vZ57m
FXG+qE^H574�4�>as�574�6\M@?\b
6 ^H4�GBAGJIDCHUH57[�[1I1GNMO4
m
4+s�4�57PVUH6X4�M i%4�GJ^X4+6�[1I16H6 A�s
t utFEGW4�574�PV[HRVfc4�576H42CZGJ57]a5 MJ5 ?\4 i�57GW^�^H4�Gc6H574�GNM^XFHGJPOUe57UHGW4�kEPV[HCHFH6X[�MJ4l576
vcb
GJ]�?\b
6jK�4�GNMO57P�4�Q
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� N<N 25�B@<=74<?Lq�� HADYLM�ED HKX HADGCEHAJ1©6WIL ONHKJNDYL DGHAJA�EC��

\ DGHG�Y�EF=�IJS� HKJNHKDPO-L HKJM  Q]�[CaOL�r +D J-S>ª HUSTHG� JND~� DPOMD FaH S��EJA�.�0D��[JNH��z�.�r���EC��cOMH SEH�¦[CEDGHAJNOJ�
 S�4� HAD4ª HKSTHKJz�z�.�r���EC_�aO CEHY� HAC0L HKD CEHKJz���aLND OND~�ICw  HAD ONHAJMHm� D~�IHKC[LA�.�[W@� OMHACw +DGH[�4¤ ��¤=¯ WZJM�
� HACQ�[C[SQ¬'H�§ OM�EJM��	[�r�IJ-STDGC[WROMHACI�[W]� HAC«� WICECk¤r� HULC  HAD ONHKJNHKCw ��EJ-STHAC4D~� STHAJS� D~� HKX DGCEH��
VcOA�`� H�¥AXGD��=�aOMD C_�L¨���EJiª HKSTHKC��E�.�8�_�EC��cO[� HAXGHY�_�.�cOM�[C��aLM  HKJ OMH1� HAJMHJ�.�[CEH8OL¤
q�[C[Q4�.�[L O��[W]� HAC STD H HKJM�KHY���IONHAC�¯EJ-W]�=� HKCcONH W]���aHAJ D��EJMHAJ����aLND OND~�IC��aHADGCEH�  HKDPOMHAJMHAC� D~�IHKC[LA�.�[W@� OMHACk¤S� DGHu�Y� LNQZOM�AXGD6�.�EHAC � D~�IHKC[LM�.� W@� ONHKC L OMHY�EHKC �EDYLC�EHKJ Cr�EJ DGC]STHKC �z�.�8�
���[C��cONHAC��Y�[JS�<HKJC��_�4�EC����TLC�aX XGHAC W4� HKJ C[W4�.�!STHAJ�©6WaL OMHAJMDGLND HKJM�[C��>��EJ�ª HUSTHKL�¯EJ-W]�=� HACcO
�J�EJ��<HAJM����4�[C��4L OMHY�EHKCk¤
�>D H��J�[LMQROM�KX D6�.�EHKCv� D~�IHKC[LA�.�[W@� OMHAC STHAJn�<HKJ OMD~�AHKL<XYWILML HKC�LND~�.� CED6�.�cO STD JMHY�cO W]��� STDGHm¯EJ-W]�4�
� HACcOMH1�� HAJNONJ-W]�aHACk� SEW�HKLS�F� HAC L D6�.�cONXGD~�.�Q  HKLNHACcOMX D6�.�Q  HACED~�IHKJE�<HKJ OMD~�AHKL WZXYL�¯EJ-W]�4� HKC`�
OMHw�ID~�TOJ¤|� DGCEH4DGC[STDGF DGS`�[HAXGX HQ� HAJMHJ�.�[C8�[C��!SEHAJ>�Y� LNQZOM�AXGD6�.�EHAC¢� D~�IHAC LM�.�[W]� ONHKC ��EJ�ª HUSTHKL¯[JMW4�4� HACcO

•
  QIJNH0D��'¯ WZXGX H STHKJ DGC STHAJ�� D~� HKX DGCEHY� VcOA�`� H�¥AXGD��=�aOMD C_�L¨�� HAJMHJ�.�ECEHAONHKC � HAXGHY�_�.���
OM�EC��cLC  HAJNONHI�IJA�EC[S[LNQZOM�AXGD6�.�u� &4�IXGD6�.�k� DYL O9W4� HKJ D�� � X X~�IHJ� HKD C[HAC W]�`���aJM�EC S STHKL
HAC��aJM� HAC�©+HL�.�EHAC��KHAD OMW4�`��  WIC[STHUL��EJMW4�cONDYLM�.�0CED~�.�cO6JMHKWIX DYL DGHAJA�[WIJ

•
DGL O D~� ¯[WIX XGH STHKJ WZC[STHKJNHKC �Y�[LMQROA�AXGD~�.�EHKC � D��aHAC[LA�.�[W@� OMHAC �IJA�EC[S[LNQZOM�AXGD6�.� CED6�.�cO
� &=�IXGD~�.���[SEW W4�[LNLA�.�EXGD HJ�IXGD~�.� STDGH��6Cr  HAC[S��EC�� 	 HAC[CaOMCEDYLNLNH>�� HAJ>SEHACu�6X~�4�aJND OM������[L��J�EJm� HAJMHJ�.�ECr�EC_� STDGHKLNHAJ+\)HAJNONHG�[W4� HKC�� WICEC

�[�[L%STDGHKLNHY� � JM�EC S  +DGJ-S)SED HQ� CEC[W]�_� H«�IHY�4W=�.�aOL� SEWILML%LND~�.� STDGHQ�Y�[LMQROA�AXGD~�.�[HAC¢� D\�
�aHAC[LA�.�[W@� OMHAC D~� � HAJMHAD6�.� ��� *���� 3�/2, STHACc�z�.�r���EC��cONHKC0Cr�EJ XGD C[HKWZJ QZC STHAJMCk¤��D O+SED HUL HKJ� CEC[W]�_� H DGL Oc�J���$� HADYLC�EDGHAX STHAJ�¯[WIJM�r  HAJNO HADGCEHKL�¯EJ-W]�=� HACcONHULY� S[WIL HY§EW]�cO0DGC]STHKJ
�D O OMHu�Y +DYLA�.�EHAC �Y  HAD��E�.�8�_�EC��cONHKC HADGCEHAJQ� JND~� DPOMD FaHX DGHY�IOJ�i�aX HKD~�.� STHJ� WIJND OM��� HAOND��
LA�.�EHAC	� DPONONHAX STHKJ�¯ WZJA�8  HAJNONH���[J!STDGHKLNHu� HADYSTHAC��z�.�r���EC��cONH=¤S�>DGHKLNHKL 	[�aC��AHJ�TO0STHKJ
� CcONHKJM�q�IXYWROMD��aC  +D J-S WZC WZX~�4� W]��� WZXGX HQ�E�.�8�_�EC��cONH0HAJA  HKDPOMHAJNOJ�#LM� SEWaLNL�W]�`�[� WILNDYL STHKJ
q� LNWZOM���s� D~�IHKC[LM�.� W@� ONHKC)SEHAJ��z�.�r���[C��cONH���EJ[ª HKSTHUL�¯EJ-W]�=� HKCcO q�[LMWROM�Y��� D��aHAC[LA�.�[W@� OMHAC
� HAJMHJ�.�EC[H8O1  HAJ-STHKCu�'&aCECEHAC�¤q�>D H � CcONHKJM�q�IXYWROMD��aCu +D J-S SEW4� HKD�� HKJMLM� HJ�cONDGFcDYLA�.�u�4�aJNJMHY�cO
S`�[JA�.���aH�����[J OL� LC� SEWaLNL9S��EJA�.� STDGHQ� HAJ-LC� HY�cOMD F DYLM�.�EH V D6�.�cO�� HUSTDGC��ZOMHAC �<HAJA�AHKJNJA�EC��aHAC
W4�[LC�aHY�aX D6�.�EHACc  HKJMSEHACk¤
�>D HUL H V ONJ-WRONHJ�IDGH X DGH�� HKJ O D~� � X X~�IHJ� HADGCEHAC4LNHY�EJn�=�TONHm©+HULC�[XPO-WRONH=�ISEW9LND~�.� F D HKX H6SEHAC��r�[W]�
JMH q�[LMWROM�Y��� D��aHAC[LA�.�[W@� OMHACk�b +DGH��Y��� � HKDGLM�EDGHAXi¯ WZJA�8  HAJNONHI�EC[S ¬'H�§ OM�[JC��	[�r�aJMSTDGC[WZONHAC
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DGCSTHAJm©6HY�IHKX Cr�EJ+X DGCEHUWZJ+QZC[SEHAJMCc�EC S!SED He� CcONHKJM�q�IXYWROMD��aC!LM�4� D O O-WRO-LNQ=�.�EX D6�.�0SEHAC��4�aJC�
JMHY�cOMHAC \)HAJNOv��[J[ª HUSTHKL�¯EJ-W]�=� HACcO�� HAJMHJ�.�ECEHAOJ¤n�6C STHAJMH q� LNWZOM���s� D~�IHKC[LM�.� W@� ONHKCk�� +DGH
�J��� � HKDGLM�EDGHAX#STDGH D CSTHKJ�� D~� HKX DGCEH�� VcOA�`� H>¥AXGD��=�cONDGC��L¨G� HAJMHJ�.�[CEH8OMHAC�� HKX HJ�_�.�cOM�EC_�aLM  HKJC�
OMH4� QIC[STHAJMC LND6�.�Qª HKS��r�.��,�* �D3 � XGD CEHUWZJL¤|� DGH � CaOMHAJA���aXGWZOND~�IC XGDGH�� HAJNO9D C STDGHKLNHY� ¯ WZXGX���EJª HUSTHKL�¯EJ-W]�4� HKCaO9XGHKSTD~�IXGD6�.� HKD CEHQ� CEC[Q4�EHAJA�EC�����EJ SEHAC JND6�.�cOND~�IHKC \)HAJNOJ¤ "aH4C[W4�.� V D��
OA�[WROMD��aCu�RWZCEC STD HUL HI�6CEC Q]�EHKJM�EC_� LC�«�EC��IHKCr��IHKC[S LNHADGCk� S[WILML STDGHv� WZJ-L OMHAXGX��[C��aL��8�[W@�
XGD OMQRO4LM��EJA�[WZJ L DGC��cOJ¤�� DGH!HADGC��AD~�IH � &4�IXGD6�.���IHKDPOL�'STDGHKLNHc¯_�IX~�IH«�J� FIHKJM� HKDGSTHKCk�#DYL O STDGH
HKCcOMLM�EJNHL�.�EHAC STH VTDPOA�[WROMD��aC¢�J� �_�I�aHY�EHKCk¤ \)HAD ONHAJMH � &4�aX D6�.���aHAD ONHAC HAJ &F� CEHAC L D6�.� HKJML O
S��EJA�.��� DGC`����[JM�EC_� STHAJ�� JA�4�aJMW4��� DGHAJA�[WIJM�aHAD O STHAJ[� J-W]�_�ED��8�s� D~� HKX DGCEH4¤

�2��� �a!��  �� ��.l" &)(+*,��-+(�./�

�>DGH�¯EJ-W]�4� HKCaO�� D~� HAXGD CEH�WZJA� HKDPOMH8O6W]�`�<STHKC�¯[JMW4�4� HACcONHKCk�ESTDGH>� HKD#STHKJm©6WIL ONHKJNDYL DGHAJA�EC��
HKJM�KHY���IOE  HAJ-STHAC�¤8�[�`�p� WILNDYL STHKJE� HAD STHKJ�© WIL ONHAJMDYL DGHAJA�EC��9DGCcONHAJA�q�IXGD HKJ OMHAC \)HAJNONH=�8  HAJM�
SEHAC���EJnª HUSTHKLm¯[JMW4�4� HACcOS���IX~�IHKC[STH �1� HKJMWZOND~�ICEHKC!S��EJA�.�_�IH���_�EJ OL®

•
� JA� DPONONX~�EC�� STHKJ6HACcOMLM�EJMHJ�.�EHKC[STHKCc¬'H�§ OM�EJM�/¯[WZJA�r  HKJ OMH WIC��[WIC[S0SEHAJ+DGCaOMHAJA���aX DGHAJM�
ONHKCt¬#HY§cOA�EJM�
	1�r�IJ-STD C WRONHKC ¡ OMH�§ OM�[JNDGC��8£

•
	1�4���[D C[WZOND~�IC STHAJ#HAJA� D O OMHAX ONHKC�¬#HY§cOA�EJM�s¯ WZJA�8  HAJNONHp� DPO STHAC DGCaOMHAJA���aX DGHAJNONHKC>¯[WZJA�`�
  HAJNONHAC��EC[S�� HAXGHY���.�aOA�EC��cL;� \ HKJ OMHAC¢¡ ���aX��aJ6LC�_�w£

• 	 HJ� HKX\�/� HAJMHJ�.�ECr�EC_�IHAC¢¡ ���=�8£
•
�1�EJA�.������EJA�EC��+FIHKJMLA�.�EDGHKSTHKCEHAJ|¬'HKL OMLJ�ASTDGH STDGH<HAC[S��4EX OND~�IH V D6�.�cOM�[WIJM�aHAD O#STHKL�¯EJ-W]�]�� HACcONHUL�� HUL OMD���� HAC�¡ WZX~���[W�ONHUL OL�[STHJ�TOM�!ONHUL OL�[L ONHAC��8DGX ONHUL O�£

•
	1�4���[D C[WZOND~�IC b �DYLM�.�r�EC��)STHKLv��EJ4SEWaLv¯[JMW4�4� HACcOI� HKJNHL�.�ECEH8OMHAC�¯[WZJA�r  HKJ OMHKL
� DPO STHY� �EDGLM�EHKJND~�IHKC ¯ WZJA�r  HKJ O9STHKL%HACcOMLM�EJMHJ�.�EHKC[STHAC � DGXGS`�_�EC��cONHUL9D�� ¯EJ-W]� H
�S��� HAJ�¡ � J-W]� H>����� HKJ��EX HKC[STDGC��8£

�[�_�.�«�[D HKJ LND C[S STD HUL H>FIHKJMLA�.�EDGHKSTHKCEHAC �1� HAJ-WROMD��aCEHAC��Y�_�IXGHAD6�.� STDGH[� D~� HKX DGCEHY� VcOA�`� HAC��TD C
SED H%LND~�.� STDGHKLNHAJm�[�[LM�.�[CEDPONO STHAJ�� JMW4���ED~�=�s� D~� HKX DGCEHG�IXGDGHKSTHKJNC!XGQaLNL OJ¤
	 W4�.�«� HUWZJA� HKDPOA�EC���WIX XGHAJE�<HAJNOND6�8HULz�EC S STHKJ W4�[L D~�ECEHKC HACcO-L OMHY�EHKC[STHACc¯EJ-W]�4� HKCaOMH4�cDGL OSED H��Y  HAD�� SED�� HAC L D~�IC[WIX HQ�[���EDGXGS��EC�� STHAJ�F4�IC SEHAJ��6Cr  HKC[S`�EC_�u�� HAJA� D O OMHAX ONHKC STJMHAD��
SED�� HAC L D~�IC[WIX HKC \ HKXPOi�=�4���EXGH8O Oi� HAJMHJ�.�[CEH8On�EC[SI�RWZC[C W4�`� STHY� � DGXYSELM�.�[D JA��WZC_�IHY�KHAD~�ZO
  HAJ-STHKCk¤
\ DGH L D6�.�]STDGH HKD C��KHAXGCEHAC�� D�� HAXGDGCEH�� VcOM��� HAC D�� �>H8O-WZDGX>FaHAJA�[WZX ONHKCk�E +DGJ-S �� HKJ �t�TSTD
� HUL OA�IHKX HJ�ZOJ¤Z�[� O��ID~�TO HKL F D HKX H �t�TSTD��ESTDGH SEWaLS�<HAJA�[WZX ONHKC /H*-, /H1 VcOM�`� H%L ONHJ�EHAJMCk¤`¯EHKJNC[HAJ
�aD��EO6HKL+W]���.� �t�TSTD��[STDGH>� HY�EJMHAJMH9VcOM�`� HKCt�IXGHAD6�.���AHKDPOMD���� HAHKD C�
��[LNLNHAC�¤
� C �m���EDGXYS`�EC��� LNHY�EHKC V D Hc�Y�[LMW]��� HAC�� WILML HKC[S STDGH HADGC��KHAXGCEHAC�� D�� HAXGD C[H�� VcOM�`� HKC STHKJ
OMJMWaSTD OND~�ICEHKX XGHACu� J-W]���ED~�8��� D�� HAXGD C[H D~���[� HKJM�[X D6�.�b¤

(
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q�t� HY�aD C[C SEHAJm� CcO; +D6�.� X��EC_�I� WZJ-S`  WIJNHY��� HKLA�.�EXGHY�EC[D��IONHAJ�� J-W]���ED~� OMHADGXPOMHAC LND~�.��� HY�`�
JMHAJMH HKD��aHAC[L OMQIC[STD~�IH4� LM� HJ�ADYWZXGDGLND HKJ OMHz� JA�4�KHKLMLC�aJNHKC9STD H�� JM� HAD OJ¤@�>D HBq +DYLM�.�[HACEHKJM�aHY�ECEDYLML H
 ��EJ-STHKCu�Y +DYLM�.�[HAC STHKC � JA�4�KHKLMLC�aJNHKCc�� HAJ HY§cOMHAJMCEH�� WROMHACr���[LML H W]�[LM�IHAOMW4�[LM�.�cOL¤_� DGHKL
  WZJ��Y�_�IXGHAD6�.�0HKD C�� HKDGL OM�[C��aLC��� HY�aJNHKC��AHKC[STHKJS¯ W]�cOM�aJJ�ESEW

•
� HKD#H�§ OMHAJMCEHAC��>WZONHKC8�_�[LNLNHAC��aHY�IHKCr�� HKJB�E�ED���� DGCcONHAJMCEHKC�� WROMHACr���[LMLNHAC��IHADGCEH%LM�
���4�EHKCt¬'W4�aOMJMWZONHKC«� &4�aX D6�.�!LNDGC[S��EC[S

•
STHAJ�� WIC[S`�EJMHAD ONH9HY§ ONHAJMCEHKJ[�S�[LNLNH«¡ Q �8�EDGF WIX HKCcOm�Y�EJ��6C��UW]�EX STHAJ1�[WZJ-WZXGX HKX HKCt�>W]�
ONHAC[X HKDPOA�EC��IHKC�£>� JMHAC��KHAC W4�`� HAJMXGHY�ZO L DGC[S�¡ S`�[JA�.�)STD H CED6�.�cOG� HAXGDGHY�ED~�0HKJM��&4�r�[WZJMH
� D C��s� C��KW4�EX#STHKJ �E�ED~�[LA£�¤

� DGC D CcONHKJNHULNLMWZCcOMHKLp� HKDGLM�EDGHAXTW]� L SED HUL HKJ  HAD O DYL O STDGH��=��EJ<SEW4� WIX D~�IHS�<HAJA�[QIXPOMCEDGLMLNH�� LNHY�[J
XGHADYL OA�EC��cL;� Q4�ED��aH�©6HKWZXGD O �Q� C��aD CEH�� ���s¤
� CSTDGHKLNHAJ  HKDPOm  WZJMHAC��[Q4�`¦_� HADGC��AHKX C[H>� JM�=�AHULNLM�IJMHAC!STHAJm� D�� HAXGD C[H W]�_�.�!DGC��aHY +DYLNLNHY�
©6W4��� HAC �EJA�4�aJMW4�I� DGHAJA�[WZJL¤b� DGHKLNHw� JA�4�IJ-W]��� DGHAJA�[WZJA�IHKDPO� ��EJMSEH1ª HUS`�`�.� CED~�.�cO��� HAJ
�[�2� L[�J�EJm�<HKJC����=�EC��Q�aHKL ONHKX X OJ� LC� S[WILML6L DGH��aHADGCEH�� HKSTHJ�TOM�[C��w��EJ STD Hv�6Cr  HKC[S`�EC_�aLC�
HKCaO; +D6�.� X��[C��v� WRO OMH4¤

� � � � (+.���
�g(�*�������� �g.! 2� .

�/� ©6W4��� HAC STHAJw¯��aJ O-LM�.�[JND O OMH DGC STHKJ! >WZX~�EXGHAD ONHAJM�V� C[S`�[L ONJMD Hc�4�aCECcONHAC D���� HAJI� HY�EJ
¬'JMWIC[LNDGL OM�aJNHKC"�8�EC S SEW4� DPO W4�_�.��� HY�[JQ¯��EC��cOMD��aC[WZXGDPO-QRO#� DGC HADGCEHY� �E�ED�� JMHKWIX DYL DGHAJNO
  HAJ-STHAC�¤i�>WaS`�EJ.�.�  ��EJ-STH HKL LM�.�EXGDGHY�IXGD6�.��� &4�aX D6�.�k� STDGHt�IHULNW4�%ONHt� J-W]���ED~�8��� D�� HAXGD C[H
DGC HADGCEHY� �E�ED~���J� JNHUWZXGDGLND HKJNHKCk�EWZC L O-WRO Om +DGH>�EDYLC�[HAJ STDGH�¯��[C��cOND~�IC[WIX D OMQZO W]�`��� HY�EJMHAJMH
�E�ED~�[L6W4�`� ONHKD XGHAC��Y���v[LNLNHAC�¤
�>HAJi�n�aJ OMHADGX STDGHKLNHAJz� CcO; +D~�.� X~�EC��>  WZJL�ZSEWILML W]�����IJA�EC[S STHAJz�8[JM�KHAJMHAC V D~�IC[WIX�  HY�aHS�[C[S
STHJ� \)HY�]� WIX XGHAC F D HKX HKJ H�§ ONHKJNCEHKJw�>WZONHACr��� LNLNH���&4�EHKJNH�¬ W]�cONJ-WROMHAC��[C[S SEW]� D O4W4�_�.�
��&=�EHAJMHw� HAJMHJ�.�ECr�EC��cLC�aHKLA�.�r +D C[SED��=�IHAD ONHKCt� &4�IXGD6�.�  ��EJ-STHKCk¤k� DGC V HAD ONHKCEH2� HY�cO�SED HUL HKJ
� CcO; +D6�.� X��EC_�v  WZJL�cS[WILML SED Hw¡�  HAC[C!W4�_�.�«�aHAJMD C��aHL£i� JM�=�IJ-W]��� D HKJM� WZJA�IHAD O STHKJ �D C[DGW]�
OA�EJNDYLND HKJM�EC_�v�EC S �E�[D��`�+�1�TOMD�� DGHAJA�EC����Y��� �1�`� HAJ�¦ HAX�¤

� � � ��$�%g(	�X&)!�$'&�-�� �

\ DGH[� HAJMHAD OMLE�4� HAC HKJM  Q]�[CaOE ��EJMSEH4�IFaHAJA  HKC[STHAONH STDGH6OMJMWaSTD OND~�ICEHKX XGH1� J-W]���ED~�8��� D�� HAXGD C[H
STDGFIHKJMLNH �t�TSTD��b��� SEWaL[�<HKJM�[WIXPOMHAC SEHAJ HADGC��AHKX C[HACu� D~� HAXGD CEHY� V OM�`� HKC �J� � HAHADGC�
_� LNLNHACk¤
�>D HUL��[WZO+LND6�.�!W4�_�.�0DGCSTHACt�[�2� L��Y�[J VcONHJ�EHAJA�EC��4STHKJ[� JMW4���ED~�=�( WIJMS�  WIJNH>CED HUSTHAJA�IHY�
LA�.�EXYW]�IHKCk�r  HKX~�.�[H SED HUL HUL@	[�aC��AHJ�TO+HY� HAC`� WIX XYL��� HAJMC��4��� HAC��[W4� HKCk¤
�1�EJ.�.� STDGHz� HKL OMQZC STD��[���IJNOMLA�.�EJMHAD ONHAC STHz� CcO; +D6�.� X��EC_� STHAJn� J-W]���ED~�8�	 >WZJ-S`  WZJMHp ��[JMSTHKC
D~��� HKJE� HJ�EJE¯_�EC��cOND~�IC[WIX D OMQZONHKC D C!STDGH�� J-W]���ED~�r�RWZJNONHAC4DGCcONHJ�IJMD HKJ OL�4  HAX6�.�EH S`�EJ.�.�4D~�v�� HAJ CEHJ�EH �u� SED SEHACc� Cr  HKC[S`�EC��aHACQ�J���aQIC��IXGD6�.�Q�IHJ� W=�.�cOz ��EJ-STHACk¤L�/��� HAJS�[Q]��¦_�IHKJ
OMJMWZO W]�_�.� SEWILi� JM�=�EXGHY��W4�`�;�ISEWaLNL L D6�.�4STD Hm¯_�EC��cOND~�IC WZXGDPO-QRONHKC CED~�.�cOi� HAXGD HJ�ED~�%D C �t�TSTD
� W4�aOA�IJMDGLNDGHAJMHAC X DGHY�aHACw�EC[S HKL LM�4� D Oz�Y� HADGCEHAJ JMHY�aHAXGJNHL�.�cONHAC��n§`�EX~�aLND~�IC4STHAJS�6C��UW]�EX STHKJ
�t�TSTD�� W4��¤

�U_
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�1�EJ.�.�)SED HI� DGC`����EJA�EC��STHKJ>�EJM�=�IJ-W]��� D HKJM� WZJMHACu� JMW4���ED~�8��� D~� HAXGD CEHI +DGJMS �ECcONHAJ9WIC`�
SEHAJMHY� W]�_�.�STDGHKLNHKL[� JA�4�EXGHY� �IHKX�&cL OL¤_�6C L O-WRO O SEWIL[�<HAJA�[WZX ONHKCF4�aCu�m�[LA�.�ECED O OMHAC STHKJ
� D�� HAXGD C[H � D O �t�TSTD��Y��� HKHADGC�
_�[LML HKCk�S +D J-S SEWaLQ�<HAJA�[WIXPOMHAC]STHKJ��[�[LA�.�ECED O O!SED JMHY�cO
� 1����F1�4
	�	 * /H1 � ¤S� DGHKL��aD��TO STHKJQ�6Cr  HAC[S`�[C�� � / �H/H, � 5 * � 3 � HY�EJ 	1�ICcONJA�IXGXGH«�� HAJ SEWaL�<HKJM� WZX ONHAC STHKJ�� D�� HAXGD C[H4� WZXYL HKL�� DPO9HKD CEHKJw¡��Y  WZC_�aLNXGQ4�`¦_�8£m� HJ�IJMHAC��AONHKC �6C_�KW]�[X<F4�IC
�u� SED�ª HJ� WIXGLv� &4�aX D6�.�   QIJNH=¤ �>D H �t�TSTDo�:STDGHQ� JA��EHKJ�SEWaL��<HAJA�[WIXPOMHAC STHKJmª H8OA�8O��EJA�]�
�aJMW4��� DGHAJA�[WIJNHKC«� D~� HKX DGCEHY�s�[�[LM�.�[CEDPONONH%L ONHJ�EHAJNONHKCk��  HAJ-STHAC LC�=� DPO��� HAJ 
_[LML D~�_¤

�a�� � $�� *B�"�( &g(�-+(�"��"

V`�]� HAJMC�LND~�.��SED H�� Cr  HKC[S`�EC���ª HKS`�`�.��HKCaO-LM�.�[HADYSTH8OL�>STDGH�� JA�4�aJMW4��� DGHAJA�[WIJM�aHAD O STHKJ
� J-W]�_�ED��8�s� D~� HKX DGCEH%,�* �D3 � �J�0Cr�TOA�AHAC����ID~�TO6HKL��J  HKD � &4�aX D6�.���aHAD ONHAC�¤
� D CEH � &=�IXGD~�.���aHAD O DYL OL� S[WILML STDGHG� J-W]�_�ED��8�( WIJMS`  WZJMH+LC�@ S�4�[X STDGH CEHJ�EH��EJM�=�IJ-W]��� D HKJC�
� WZJMHi� D~� HKX DGCEH WIXGL'W]�_�.�%SED H<OMJMWaSTD OND~�ICEHKX XGHi� D~� HKX DGCEH JNHUWZXGDGLNDGHAJNOJ¤8\)HACEC HADGCEHz�6Cr  HAC[S��EC��
SED H�� JA�4�aJMW4�I� DGHAJA�[WZJA�IHKDPO+CED6�.�cO Cr�TOA�AHKC  +DGX X��b +D J-S WIC[L O-WRONO STHKJ1�[JM�=�IJ-W]��� D HKJM�[WIJNHKC
� D�� HAXGD C[H HKD C�� W4�.�0SED H>ONJ-WISTD OND~�IC[HAXGX H>FIHAJA  HAC[STHAOJ¤r� DGHKLNH � &aLM�EC��v�[WRO+STHKC«�n�IJNONHKD X��TSEWILML
W4�_�.� QZX ONHKJNH�� JA�4�aJMW4�I� H F4�aC HKD CEHKJ��4�EOND~� DGHAJNONHKC � D�� HAXGDGCEHQ�EJA�]¦EOMD HKJNHKCk�| +DGH L DGH W]�`�
SEHAC XGH8OM�AONHKC � HKCEHAJ-WROMD��aCEHAC STHKJ9CED~�.�cOM���EJA�4�aJMW4��� DGHAJA�[WIJNHKC � JMW4���ED~�8�RWIJ OMHAC)H�§TDGL ONDGHAJM�
OMHACk¤n�>HAJv�IJA�4�IH 	 W4�.�cONHKD X STDGHKLNHAJ � &aLM�EC�� DYL OJ�:SEWILML L OMWZO O�HKD C[HAJ�� D�� HAXGD C[H0D~��� HKJM�[D C�J  HKDk� D~� HKX DGCEHUL6W]�`�<STHJ� �E�ED~�!DGCcONHJ�IJMD HKJ O�  HAJ-STHAC���[LMLNHACk¤
� D CEH9WIC[STHAJMH � &4�aX D6�.���IHKDPO DGL OJ�TSEWaLNL STDGH>� JMW4���ED~�=�( WIJMS�  WIJNH W4�[LMLM�.�EXGDGHY�IXGD6�.� STD H CEHJ�EH
�[JM�=�IJ-W]��� D HKJM�[WIJNH�� D�� HAXGDGCEH JNHUWZXGDGLND HKJ OL¤ \)HAC[C)HKD C[HI� C8  HAC S`�EC��STDGHv� JM�=�IJ-W]��� D HKJC�
� WZJA�IHAD O CED6�.�cO#Cr�TOM�KHAC> +DGX X��J  HAJ-STHKC W4�TOM�=�4WRONDYLA�.� HKCcOMLM�EJNHL�.�EHAC STH Vr�[WaSTHAJM��� JM�=�IJ-W]��� H��[J STDGH«�[JM�=�IJ-W]��� D HKJM�[WIJNHKC � D~� HAXGD CEHY�s�[�[LA�.�ECED O ONH��IHKXGWaSTHAC��'STDGH0STDGHc¯_�EC��cOND~�IC WZXGDPO-QRO
SEHAJ>ONJ-WISTD OND~�ICEHKX XGHACt� D�� HAXGD C[H /�	���5 * /21�/H,_¤ 	 W=�.�cONHADGXGD�� DYL O1� HAD:STD HUL HKJ[� WIJNDYWZCcONH�STD Hv���4�OMHACcONDGHAXGXp�IHAJMDGC��IHKJNH��[�[L;��_�EJM�[C��aLM�IHULM�.�r +DGC[STD~�4�IHKDPO6STHKJ HJ���EXGD HKJ OMHAC OMJMWaSTDPOMD��aCEHAXGXGHACt� D��� HAXGDGCEH4¤i� D C �IJA�4�aHAJI�n�IJNONHKD X6STDGHKLNHAJ�� WIJNDYWZCcONH!DYL OGª HKS��r�.� STHKJw�IHAJMDGC��IHKJNH  WZJ-S`  WZJMH��
�/���EXGHY� HKCaOMD HKJM�[C��aLMW]�`��  WZC S|� SEW Cr�EJ9HADGCEHw� D~� HAXGD CEH«�EC[S CED6�.�cO��Y  HAD W]��� STHJ� �E�ED~��[CaOMHAJA�IHJ�EJMW=�.�cOS  HAJ-STHAC��� LNLNHACk¤
b�EJ  HAD OI�aHY� HAC STD H�� HADYL ONHAC � JMW4���ED~�r� WIJ OMHAC`�( 6HKJML ONHKX XGHAJ STHAJ HKJML ONHKC�� WZJMDGWICcONH STHAC�n�aJM�J���_� SEW SED H9OMJMWaSTD OND~�ICEHKX XGH�� D~� HAXGD CEH[ª W]�EJMHAXYWZC_� HACcO; +D6�.�IHAX Om�EC[S �4�TOMD�� DGHAJNO[ ��EJ-STH
�[C[S Cr�EC HADGC`� W4�.� STDGHw�EJA�4�aJMW4�I� DGHAJA�[WZJMH�� D�� HAXGD C[H HAJA�aQIC��8O> +DGJMS|¤�� L%DYL O�ª HUS`�`�.� �Y�
FaHAJA���TOMHACk�ES[WILML+STD H \)HAD ONHKJNHKCaO; +D6�.� X��[C��4STHAJ OMJMWaSTDPOMD��aCEHAXGXGHAC�� D�� HAXGDGCEH9D CW4�[L HJ�r�[WZJMHAJ
 HAD O HKD C��aHKL ONHKX X O  +DGJMSk¤O� WZC[C� +D J-S��[CaOMHAJ:WZC[SEHAJMHY�?W]�_�.�%D~�  6DGCr�EXGD~�.�9W]��� STDGHE�aHAJMD C��aH��
JMHAC� >WZJ-S`  WZJMH��( 6HAJ-L ONHAXGX~�EC��aLM�4�cL OMHAC>F4�IJ-W]� LNLND~�.�cOMX D6�.�>STDGHz�J  HKDPOMHi� WZJMDYWZCcONHn�J�ECEHY�_� HKC[S
�1� HAJA�[WIC[S«�aHY +DGCECEHKCk¤
� XPOMHAJMH«�6Cr  HAC[S��EC��IHKCk�#STDGH4C��`�.� �IHKD CEH 	 HKCECcONCEDYL F4�aC STHAJ��[JM�=�IJ-W]��� D HKJM�[WIJNHKCu� D��� HAXGDGCEH��[W4� HKCk�_�)&ICEC[HACt� HAD�� HADYSTHKCu� WZJMDGWICcONHAC��=�ECEH � C[STHAJA�EC�� W4�[LM�IH���_�EJ O1  HKJMSTHKCk�
S[W�W4�[L 	[�=�I� WROND~�EDGX D OMQZOMLM�IJAEC[STHKC STDGH OMJMWaSTD OND~�ICEHKX XGH1� D�� HAXGD C[H�  HAD ONHKJM�[D C0F4�IXGX~�4�4��� HAC
OMJMWIC[LM�[WZJMHACcO��Y�EJm�<HKJC��_�4�EC����aHKL ONHAXGX O� +DGJ-S|¤

� �
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�>D H��EJA�4�aJMW4��� DGHAJA�[WIJNHc� J-W]�_�ED��8�s� D~� HKX DGCEH��[WRO4HY§TW4�cO STDGH LNHAX~� H VcOMJM���cOA�EJJ� SED HLNHAX��
� HAC � DGC��cW]� HAC��EC S STD H!L HKX�� HAC��[�[LM�aW]� Hw +DGH STDGH ONJ-WISEDPOMD��aCEHAXGX H«� J-W]�_�ED��8�s� D~� HKX DGCEH4¤
�>D HULm� HY�aJMEC STH8O>LND6�.�F4�IJ6WIX XGHY��DGC STHAJ�¬'WZOMLMW4�.�EH=�[SEWILML6LND~�.� SED HUL H�V ONJA���cOM�EJm� HAJMHAD OML
� HY  Q]�EJNO��[WROL¤
�>HAJ4B6CcOMHAJ-LM�.�EDGHKS��Y +DYLM�.�[HAC STHKJ��EJM�=�IJ-W]��� D HKJM� WZJMHAC �EC[S ONJ-WISTD OND~�IC[HAXGX HKC � JMW4���ED~�8�
� D~� HAXGD CEH DYL O+WZXYLM� CED6�.�cO SEWIJNDGC«�J�0LM�_�.�EHKCk� � 4 � SED HG� D~� HKX DGCEH OM�EOJ�ELM�IC[STHKJNC0SEWZJMD C�� � * /STDGH��6Cr  HAC[S��EC��4SEWIL��<HKJM� WZX ONHAC STHKJ�� D�� HAXGDGCEH L ONHY�[HAJNOJ¤

� � � *g!�$  2!�� � � (��T! &B�Y!��	� & �
� �j.g(>"L"#�

q�[JI� D C`��_�EJM�[C�� STHAJw� JM�=�IJ-W]��� D HKJM�[WIJM�aHAD O� ��EJ-STHAC��Y  HADm�[�[LA�.�ECED O ONH �r� HUL OMHY�EHKC[S
W4�[Lmª HJ  HKD XYLI� HY�EJMHAJMHAC�� D�� HAXGD C[H�� VcOM�`� HKC � STHAJw� J-W]���ED~�8��� D�� HAXGD C[H!W4�[LC�aHY  Q]�EX OJ¤�q���
HKD CEHKC�  HKJMSTHKC0STDGH>� D~� HKX DGCEHY� VcOA�`� HAC

•
¬#J-WZC[LC���IJA�4WROMD��aC0STHKJ��<HAJNOND6�8HKL DGCSTHAC�� XGD��_�ED C_� Vr�[W4�AHw¡ ONJ-WZC L;���aJM�4WROMD��aC�£

•
� HKX HJ�_�.�cOM�EC_�aLC�s� HAJMHJ�.�[C8�[C�����EJ>STD HG�<HKJ OMD~�AHKL�¡ X D~�4�cONDGC��r£

•
� JM�KHY���=�EC�� F4�IC ¬#HY§cOA�EJM�
	1�r�IJ-STD C WRONHKC¢��EJ SED H��<HAJNOND6�8HULc¡ ONH�§ OA�EJNH����r�IJ-STDGC[WROMH
�IHAC[HAJ-WROND~�ICq£

DGC�¯��aJM� HADGCEHUL'LM�4�aHAC[WICECcONHAC1¥Y�<HKJ OMH�§%Vr�[WISEHAJ-L�¨z�EJA�4�IJ-W]��� DGHAJA�[WZJL¤�q��� WZC STHAJMHACG  HAJM�
STHKCSTD HG� D~� HAXGD CEHY� V OM�`� HKC

•
� JM� D O OMX��EC_� STHAJ+HKCcOMLM�EJNHL�.�EHAC STHAC�¬#HY§ OM�EJM�s¯ WZJA�r  HKJ OMH>WZC_�[WZC[S!STHKJ+D CcONHKJM�q�IXGDGHAJM�
ONHACt¬'H�§ OM�[JC��	[�r�aJMSTDGC[WZONHAC ¡ ONHY§ OM�EJMD C_�8£

•
	[�=���EDGC[WROMD��aC SEHAJ HKJM� D O ONHKXPOMHAC�¬'H�§ OM�[JC�/¯[WIJM�r  HAJNONHp� D O'STHKC9D CcOMHAJA���aX DGHAJNONHKC�¯ WZJA�`�  HKJ OMHAC��EC[S�� HAXGHY�_�.�cOM�[C��aLC� \)HAJNONHKC¢¡o���aX��aJ LM���Q£

• 	 HY� HAX��/� HKJNHL�.�ECr�EC��aHAC ¡ ���4�r£
DGCt¯��IJA� HKD CEHUL+LC�=�IHKC[WZCECcOMHACw¥Y� D\§THAX Vr�[WISEHAJ-L�¨G�[JM�=�IJ-W]��� D HKJM�[WIJJ¤

� � � �9!��r�%"�� �j.B %j�T!��Y-�"#��. &)(�*,� -+(+.j� �� "����1��.

� DGC)V`�[WISTHKJ DYL O HADGC � JA�4�aJMW4�����Y�TSTH4��  HAX6�.�EHUL S`�EJ.�.� STDGHv� Cr  HKC[S`�EC��!W]�`� SED H�� JMW]�
���[D��r�RWZJNONHQ_� HKJ OMJMW4�IHAC  +DGJMSk¤ "aH C[W4�.� STHY�����=� SEWIL�� JM�=�IJ-W]����WIXGL��<HAJNONHY§ Vr� WISTHKJ�TSTHKJ WZXYLi� D\§THAX Vr� WISTHKJ STHJ�cXYWZJMDGHAJNOi ��EJMSEH4� /21 �H/ � � � HKL STDGHiª HY  HADGXGD��aHACQ�=� HKC W]�`���aHY�UQ]�EX��OMHAC�� D~� HKX DGCEH�� VcOA�`� HACk¤
� C��IHKC��4��� HACHKD CEHv�6Cr  HKC[S`�EC_�Q E�aX X ONH X HUSTD��aX D6�.� STDGHv¯_�EC��cOND~�IC[WIX D OMQZO>STHKJ1� HAXGHY�_�.���
OA�EC��9DGC�¯_�IJA��HADGCEHUL Vr�[WISEHAJ-L<L HKX��[L On�EJA�4�IJ-W]��� DGHAJMHACk¤@� WZCECI��[LML ONH6STDGHm�6Cr  HAC[S`�[C��
DGC0STHJ��Vr�[WaSTHAJ � � ��� � � 5 * � 3!W4�_�.�0STDGHG�6JA� HKDPO6STHKJE� D~� HAXGD CEHY� V OM�`� HKC«¥J¬'J-WZC[LC���IJA�4WROND~�IC8¨

� ^
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�[C[S¢¥Y� JA�AHJ���4�EC_�!F=�IC ¬'H�§ OM�EJM��	[�r�IJ-STDGC[WROMHAC=¨w�� HKJNC[HY��� HAC��'SEW HKD C �<HKJ OMH�§ V`�[WISTHKJ
SED HUL H>� D~� HAXGD CEHY� V OM�`� HKCt�4�4���EXGH8ONO+HAJ-L HAOM�8OL¤
� WIS��EJA�.���:S[WILML�STDGH!V`�[WISTHKJ SED H!HACcOMLM�EJMHJ�.�EHKC[STHKC�� D~� HKX DGCEH�� VcOA�`� HAC STHAJ OMJMWaSTDPOMD��aCEHAX��
XGHAC¢� D~� HKX DGCEH /H1 �2/ � � /H,_� HKCaOM� WZXGX HKC W4�_�.� STDGH �t�TSTDo� SED Hv� JM_�EHAJ9SEWaL1�<HKJM� WZX ONHAC��#* / �H/21� D�� HAXGD C[H�� VcOM�`� HKC��IHUL OMHY�EHKJ OG�[W4� HKCk¤��>D H �t�TSTDz  HKJMSTHKC XGHKSED��aX D6�.� C_�r�.� W]� L9	[�=���[W@�
OMD��[D XGDPO-QRO-LC�aJMEC STHAC¢��EJ%STHKC ¯[WZXGXn�ECcONHKJML OMEOM�8OL�#SEWaLNL HKD CEHw� C8  HAC S`�EC��STDGHw� JA�4�IJ-W]�I�
� DGHAJA�[WZJA�IHKDPO ,�* � 3 � FaHAJA  HKC[STH8OL¤
�>DGH Vr�[WISEHAJM��� JA�4�aJMW4��� H���EJG�<HAJNONH�§ Vr�[WISEHAJG�EC[S ��EJ>� D�§THAX Vr�[WaSTHAJG�[W4� HKC �aJM�[C[Sr�
LMQROA�AXGD~�.�0HADGCEHAC!Q]�EC[X D6�.�EHAC��m�`��� W]���EC[S Q4�ECEXGD~�.�[H � &=�IXGD~�.�_�IHAD ONHKCk¤r� HUSTDGC��ZO+S`�EJ.�.�0STDGH¬ WRO-LNW=�.�EH4� SEWILML��<HAJNONHY§ Vr� WISTHKJQ�EC[S � D�§THAX Vr�[WISEHAJw�IJA�EC[SEFIHAJ-LA�.�ED HUSTHAC[H�� D C��cW]� HAC
�[C[S��m�[LM�aW4� HKC�� W]� HACk�ELND C S!LNDGH X~�4�aDGLA�.�EHKJM  HADYL H>CED6�.�aO W4�[L OMW]� LM�.�r�[WIJJ¤

�a��� � $�� � �j.g( � � "�(#$ .

�<HKJM  HAC STH8O9HADGCEHw�6Cr  HAC[S��EC�� �F5�/H* �D3 � /2* � * � �<HAJNONHY§)Vr�[WaSTHAJG�EC[S � D�§THAX Vr�[WaSTHAJw¡ STD HUL +DGJ-S STHAJI©+HY�aHAX�� WZXGX LNHADGC�£9SEWICEC �'&aCECEHAC SED HQ� HADYSTHKC Vr�[WaSTHAJM��� JM�=�IJ-W]��� H�DGC HADGCEHJ��aHY +DYLNLNHAC ©6W4��� HAC STDGJNHJ�aO>� D ONHADGC[WIC[STHAJ��4�4���v�ECED~�ADGHAJMHACk� SEWSTDGH LND~�.�¢� DGC��aW4� H STHUL
� D\§THAX Vr�[WISEHAJ-L W4�[L+STHKC��[�[LC�cW]� HAC STHKL��<HKJ OMH�§!V`�[WISTHKJML+W4�EXGHAD ONH8OL¤T\ HKDPOMHAJMH � &4�aX D6�.�`��aHAD ONHKC0STHKJ�	1�4�����EC[D��RWROMD��aCQ�Y +DYLA�.�EHACw�<HKJ OMH�§ Vr�[WaSTHAJS�EC[S«� D\§THKX Vr� WISTHKJE  HAJ-STHAC D C
	9W4�ED ONHAX#d F=�IJA�IHUL OMHAXGXPOL¤
� D CEHKC �[� HKJM�[X D6�.�>�� HAJ STDGH 	1�4�v�EDGC[WROMD��aC%F4�aC��EJA�4�IJ-W]��� DGHAJA�[WZJMHAJ|�EC S%OMJMWaSTDPOMD��aCEHAXGXGHAJ
� D�� HAXGD C[H4D C)W]�cOM�EHKX XGHAC � JMW4���ED~�r� WIJ OMHACHKJM�[WIXPOMHAC V D H S`�EJ.�.� SEWaLG� X~�`�.�TSTDGW4�IJ-W]����D C
�[���EDGXGS��EC�� `_¤
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� N<N 25�B@<=74<?�� 	1�4�v�ED C WROND~�ICc�EJA�4�IJ-W]��� DGHAJA�[WZJMH�� OMJMWaSTD OND~�ICEHKX XGHG� D�� HAXGDGCEH

color sum & fog

alpha test, depth test, stencil test

vertex pipeline

fragment pipeline

frame buffer

texturing

frame buffer blending

application (CPU)

t
e
x
t
u
r
i
n
g

u
n
i
t
s

primitive assembly, culling,
perspective division, viewport mapping

vertex shader
(VS)

transform, lighting,
texture coordinate

generation

rasterization

pixel shader
(PS)

fragment
texturing

vertex texture
(only VS)

OpenGL
Ueberbuffer

texture as
render target

un-lit vertices

(position, colors,
tex coords, ...)

lit vertices

(position, colors,
light values,

tex coords, ...)

 un-textured
fragments

(interpolated
values)

 textured
fragments

(color value
for fragment)

changed
pixel in
frame
buffer

�Kd
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� DPO L ONHKD��aHAC[STHKJ�	[�=�I�[X HY§ D OMQZO:SEHAJ SEWIJM�J�[L OMHAXGX HKC[STHKC Vr�KHACEHKCk�ZXYQILML O<L D6�.� HADGCv� DGC��KHAX~�ED XYS
�4� O6CED6�.�aOm� HJ�EJ+D C HKD CEHJ� ©+HKC[STHKJC�/�[�[JA�.�EXYW]���E¡ LND C_�IXGH>�[WILMLA£��`� HUL OMHY�EHKC[S W]�[L

•
� &cLM�.�r�EC_� STHUL�¯EJ-W]� H>�S��� HKJMLJ�

•
V HAOM�AHKC F4�ICt� J-W]���ED~�r�RWZJNONHAC����<WZJ-W]� HAONHAJMCw�EC[S

•
�m� HAJNONJ-W]�=�EC�� SEHAJ��J� JMHAC[STHKJNC STHAC \)HAX O�DGC ¯_�IJA��F=�IC �<HAJNOND6�8HUL WIC STDGH�� J-W@�
���ED~�r�RWZJNONH

F=�IXGXGL OMQIC[STD~� � HAJMHJ�.�EC[HACk¤�� DGHKLNHAJw¯ WZXGX OMJND O O��Y�_� � HKDGLM�EDGHAX�� HAD~� ©+HAC[SEHAJMC F4�aC LM�ED HY�
�aHAXGC[STHKC�¯ XYQ4�.�EHKC!W4�`�;¤

�j�+� � �j-�"#((�X* � � ���� "#!��"L�  (���.

�>DGH¢� HAJMHJ�.�[C8�[C�� ���[LML!SEWZCEC]D C � HJ�EJNHKJNH ©+HAC[SEHAJM�s�1�EJ.�.�EXGQ4�`� H W4�`���IHAONHADGX O�  HAJ-STHAC
¡ ���EX OND �[WILML.£�¤�¯pEJ6STDGH��m�`� OMHADGX��[C��w�ID~�TO6HKL��aJM�[C[SELMQROM�KX D6�.���Y  HAD#VcOMJMWZONHY�aD HKCk®

•
STDGH HADGC��KHAXGCEHAC �1�EJA�.�[XGQ4�`� H JMHAC[STHKJNC DGC STHAC ¯[JMW4� Hu�S��� HAJL� WIX XGHAJ-STDGC��aL��=�4�I��EDGCEDGHAJMHAC L DGHIª HY  HADGXGL D~�EJQ� HAJMHJ�.�EC[H8ONHUL�� DGXYS � D O STHY� F4�IJA�EHKJND~�IHKC � C��[WIXPO STHUL
¯EJ-W]� HQ�S��� HAJ-L9WZC[L OMWZO O STDGHKLNHAC �J� X�&cLM�.�EHKCk� SEWaL9HAC[S��4EX OND~�IHw� D XYS HAJA�ID~�TO%LND~�.�
LM�4� DPO6S`�[JA�.� �m� HAJMXYW]�IHKJM�[C����EC S � DGLA�.�r�EC��4STHAJ�� HAJMHJ�.�[CEH8OMHAC�� DGC��AHKX��EDGXYSTHAJ

•
STDGH HADGC��KHAXGCEHAC��1�EJ.�.�EXYQ]�`� H JMHAC STHAJMC D C SEHAC�¬'H�§ OM�[JMLM� HKD~�.�[HAJ WIC[L O-WRONO D C STHAC
¯EJ-W]� Hm�S��� HAJL�aSTHKJ XGH8OM�AONH[�1�EJ.�.�EXYW]�`�b� HKJNHL�.�ECEHAO W]�`�k� WILNDYL<STHAJ D~� ¬#HY§cOA�EJ-LC� HAD��
�.�EHKJ W]���aHAXGHY�ZOMHACB� C`���IJA�4WROND~�IC[HAC SEWIL:HKC[S`�4[XPOMD��aH�� DGXGSI�EC S LM� HAD6�.�EHAJNO STD HUL HUL:D��¯EJ-W]� H>�S��� HAJ

�>DGHKLNH VcOMJMWZONHJ�IDGHACt  HAJ-STHACt�4� O W]���.�u�4�=���EDGCEDGHAJNOJ¤�¯pEJ STDGH��J  HKDPOMH�VcONJ-WROMHY�aD H�HAJA�IHY� HAC
LND6�.�!HKD C[D��aH 	 HY�EHKJM�[C��IHKCk�ESTDGH9D�� ���IX~�IHAC STHAC!F4�aJM�aHKL ONHAXGX OS  HAJ-STHAC�¤

�j��� &g(�� �j�T!Z(  � ���  l-+( � � �2� (>"#��.

�n�aJ STHKJ>� D C�����EJA�EC�� STHKJ��EJA�4�IJ-W]��� DGHAJA�[WZJMHAC � J-W]���[D��8�s� D�� HAXGDGCEHw�4�aCECcONHAC)D~� ¬'H�§r�
OA�EJ-LC� HAD6�.�EHAJ<W4���IHKX HJ�ZONHE�>WZONHAC W]� LNLA�.�EXGD HJ�IXGD~�.�>� HADTSTHKJ�¬'H�§ OA�EJNDGHAJA�EC��>F4�aC�¯EJ-W]�=� HKCcONHAC
�F*-1�/	� � FIHKJM  HAC[SEH8O�  HKJMSTHKCk¤TVr�IXGXPOMHAC STDGH�� WROMHAC W]�[L STHY� ¬#HY§cOA�EJ-LC� HAD6�.�EHAJ WZC!WZC[SEHAJMHAJV ONHAXGXGH FaHAJA  HKC[STHAO[  HKJMSEHACk�q  WIJ SED H HADGC��AD~�IH � &4�aX D6�.���aHAD OJ� STHAC¢¬#HY§cOA�EJ-LC� HAD6�.�EHAJ�� DPOM�
OMHAXYL%STHKJ �E� B�D C STHKC V�� L ONHJ�4LC� HAD6�.�EHAJG�J�¢�=�4�EDGHAJMHAC �EC[S)SEWZC[C¢ +DGHKSEHAJG� DPONONHAXYL%STHKJ
�E� B�WZC STDGHKLNH VcONHKX XGH>�Y���� HAJNONJ-W]�aHACk¤E�B� HAC[LND6�.�aOMX D6�.���[WRONONH%STDGHKLNH1¥ 	 �ZOMX�&cLC�[C��L¨G�J  HKD
	 W4�.�cONHKD XGH4®

•
HAJA��&=�aOMH �E� B��(�#WaL OE�EC[S4LM�4� DPOE  HKCED��aHAJ  HAD Oi��EJ WIC[STHKJNH �E� Bm�s�[�`���aW4� HKC ¡� +DGH
�Y�_� � HADYLC�[D HKX STD H�¥�	G[C[L OMX D6�.�EHe� CcONHKX XGD��aHAC��.¨ DGCV`�ED HKX HKC�£

•
�Y  HAD~�4WZXGD��aH �m� HAJNONJ-W]�4�[C�� STHAJ��IHKLMW]� ONHKC � WROMHAC �� HAJ STHAC D~� �<HKJM�aX HKD~�.� �J�EJ
� J-W]���ED~�r�RWZJNONH XGWIC��aLMW]� HACV �TL ONHY�v���[L>¡ D CSTHKJm©+HY�aHAXk�m���n�/�S�[LA£

¬'JA�ZOM� STHAJ D���� HAJS  HAD ONHAJ L OMHAD~�IHKC[STHAC�� HKLA�.�8 +DGC[STD~�4�aHAD ONHKC F=�IC �E� B��EC[S0V �TL OMHY���_�[L� &`�.�cONH>�4WZC STHKC B[��  HY���� HAJ6STDGH �E� B   HAD ONHUL OA�IHY�[HAC[S0FIHKJM� HADYSTHKCk¤
� °
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�D O�� D C�����EJA�EC�� STHAJS�<HAJNONHY§ V`�[WISTHKJ `_¤ _��ID~�TO HULS� D O OMX HKJM  HADGXGH>W]���.� STDGH � &=�IXGD~�.�_�IHAD O
D~� �<HKJ OMH�§ V`�[WISTHKJ W]���:STHKCu¬#HY§ OM�EJ-LC� HAD6�.�EHKJ��Y���J���IJMHAD�� HACk¤�� HKJm�<HAJNONHY§ Vr�[WaSTHAJ��RWICEC
WIXGLM�G�EJM�>�<HKJ OMH�§I� HJ�EJMHAJMH � WZXGH6W]�`� STHKC�¬'H�§ OA�EJMLM� HAD6�.�EHAJ[¡ X HUL HKC[S_£��J���IJMHAD�� HACI�EC[S4W4�`�
� WILNDYL SEHAJm�aHAXGHKLNHACEHKCc� WRONHKC��Y��� � HKDGLM�EDGHAX STDGH>���aLNDPOMD��aC!SEHKL��<HAJNONHY§0FaHAJ-QZC[STHKJNC�¤
�1�EJ.�.� SED Hw�aHY�EXYWZCcONH�� DGC`����[JM�EC_� STHAJ LM�4�aHAC[WICECcONHKC �m� HAJA����� HAJ����Y >¤'V`��� HKJM�_��� HKJJ� +DGJMS HKL�� &=�IXGD~�.�¢  HAJ-STHACk�k� WROMHAC W]� L9STHY� ¬#HY§cOA�EJ-LC� HAD6�.�EHAJ%LM�4�cWZJ WZXYLG� DGC��aW4� H���EJ
STDGH��aHKLMW]� ONH�� J-W]���ED~�8��� D�� HAXGD C[H��Y�FaHAJA  HKC[STHKCk� WIXGLM� WZXYL1©6HAD~�EH%F4�aCt�<HAJNOND6�8HUL[�J�D C`�
OMHAJA�EJNHAONDGHAJMHACk¤n�>D HUL�� HUSTHY�EONH8OL� SEWaLNL HKLI� &4�aX D6�.� LNHADGC� +D J-S|� Vr�AHKCEHAC��/� HJ�4� H8OMJNDGH!W4�`�
STHKJ�� J-W]�_�ED��r�RWZJNONH L HKX�� L OS�Y�«� HAJMHJ�.�[CEHACk¤r�/� � HY�aHAC[LMWROA�>SEW4�Y�c���[LML OMH[�EDYLM�EHAJ D���� HAJ
STDGH��4�=�I�[X HAO ONHu� HJ�4� H8OMJNDGH!S��EJA�.� STDGH��E� B � HKJNHL�.�ECEHAOI�EC S WIC STDGH � J-W]���ED~�r�RWZJNONH
�� HAJNONJ-W]�aHACw  HAJ-STHAC ¡ W]���#STHAJ�� JMW4���ED~�r� WIJ OMHm�4�aCECcONHKCQ�IHKD CEH , /���/2,��<HAJNOND6�8HUL HKJM�KHY���IO
  HAJ-STHAC��ELC�aC[STHAJMC Cr�EJ�� HAJMHAD OML6H�§TDGL ONDGHAJMHAC STH FIHAJ-QZC STHAJNOS  HAJ-STHKC�£�¤
� WIL�� HY� HAJA�IHKC[LC  HAJNONH�WZC SED HUL HKJ�� CaO; +D6�.� X��[C�� DYL OL� SEWILML LC�=� D O HADGCEHw©�_�.�r�4�=���EX~�EC��
�� HAJ STDGHi�IHULNW4�%ONHz� J-W]�_�ED��8�s� D~� HKX DGCEHi� &4�aX D6�.�G +D J-S|�J�4�ECEH STD H �E� B��EC S9STHAC V �TL ONHJ�v���� L1�J�EJ>�>WZONHKC8_� HKJ OMJMW4�4�EC��c�Y� FIHAJA  HAC[STHKCk¤b� HKCEC   HAC[C STDGH�XGH8OA�8OMHI� D�� HAXGD C[H�� VcOM�`� H
� WROMHAC WZC STDGH HKJML ONHw� D~� HAXGD CEHY� V OM�`� Hc�� HKJM� D O OMHAXGC � WICECk�'DGL O�STDGHQ�EJ-W]�cONDYLA�.�EH%	[�aC[L HY�
�8�EHKC��4�ESEWaLNLpª HUSTH>� D~� HKX DGCEHY� VcOA�`� HAC WICIª HKSTH9WZC STHAJMH>�>WZONHAC��� HAJNONJ-W]�aHACc� WICECk¤

�/� � � (+. �
� �/! �Y. �@�j.! ��.

� L DGL O[�EJMDGC��AD~�EDGHAXGX ,�* �D3 � � &=�IXGD~�.�k�[D CEC[HAJA�[WZX~� /2*-,0/ ��©+HKC[STHKJC�/�[�[JA�.�EXYW]��� Lm�>WZONHKCt�Y +D��LA�.�EHAC OMD HY� HAJMHACt�EC St��&4�[HAJMHACt� D~� HKX DGCEHY� VcOA�`� HAC)W]�[LM�Y�EOMW]� LM�.�EHKCk¤�� L>DYL O��Y��� � HADYLC�[D HKX
,�* � 3 � �Y�EXYQILMLND���� HADGCEH ¬'H�§ OA�EJ0DGC HKD CEHKJ«� HAXGD HJ�ED~�IHAC�� D�� HAXGDGCEH�� VcOM��� H)WIXGL«� D C_�aW]� H �J�FaHAJA  HKC[STHAC��ESTD H D�� �H/25�6D/H, ©+HKC[STHKJC�/�[�[JA�.�EXYW]��� HKD Cu©+HKC[STHKJC�� DGHAX DYL OL¤_�>HAJ1� WROMHAC[W4�[LC�
O-W]�[LA�.�0DYL O D���� HAJ C8�[J��Y +DYLM�.�EHKC���/H1 ��� 3�* / �)/2,0/2, �1�EJA�.�[XGQ4�`� HAC�� &4�aX D6�.�k¤ 	 Q4�EHAJMHKL��J�STHKCu� JMEC STHACc��EJ STDGHKLNHG� DGC[LM�.�[JMQIC��r�EC�� HAJM� W]�EJMHAC V DGH9D�� 	9W]�ED ONHKX w ¤

� w
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� HKJNHKDPO-L D C 	9W]�[DPOMHAX `I ��EJ-STHACSTDGHG� HKDGSTHKCu¬ �r� HAC!F4�aC Vr� WISTHKJC�s� JA�4�IJ-W]��� HAC

•
�<HAJNONHY§!Vr�[WaSTHAJ��[C[S

•
� D�§THAX'Vr� WISTHKJ

F=�IJA�IHUL OMHAXGXPOi�EC S D C STDGH1� J-W]���[D��8�s� D�� HAXGDGCEH6HADGC��aHY�IJ-STCEHAOJ¤F"aHKSTHKJ STHKJz� HADYSTHAC Vr� WISTHKJ O �8�
� HAC!HAJ-LNH8OM�AOS� HJ�EJNHKJNH1� D~� HKX DGCEH�� VcOA�`� HACk¤�� DGH%Vr�[WISEHAJ HAJA�[WZX ONHKC0STDGH�� D C_�aW]� HKS[WRONHKC0STHKJ
ª HJ  HKD XYL HAJ-L ONHAC0HAJ-L HAOM�AONHACc� D~� HKX DGCEH�� VcOA�`� H>�EC[Sc�IHJ� HKC0STDGH9L HKX�� H>�6JNO F=�ICc�[�[LM�aW]� HKS[W@�
OMHAC��Y�[JM_�.�b�ESTDGH%STDGH�ª HY  HADGXGL XGH8OA�8OMH9HAJ-L HAOM�8OMHG� D�� HAXGDGCEH�� VcOM��� H��Y�EJA_�.�r�IHJ� HKC« �EJ-STH=¤
�>DGH Vr�[WISEHAJ��4�=�����ECED~�ADGHAJMHAC�� DPO SEHY� ©6HKL O+SEHAJ[� J-W]���ED~�8��� D�� HAXGD C[H>�� HKJm©+HY�aDGL ONHKJ��4¤
� LE�aD��EOS� HY�[JNHKJNH>FIHAJ-LA�.�ED HUSTHAC[H[�6JNONHKC F4�aCQ©+HY�aDGL ONHKJNC«� D O��ECcONHAJ-LA�.�ED HUSTXGD~�.�EHKCQ� D~�IHKC`�
LA�.�[W]� ONHAC��` E�=� HKD=ª HUSTH�©+HJ�IDYL OMHAJ-WZJNO HADGCEHJ� � HUL OMD���� ONHAC��<HKJM  HAC[S��EC��4�J  HL�.���Y���aHY�IJ-Sr�
C[H8O6DYL OL¤
V`�]� HAJMC CED6�.�aO WIC[STHKJML<WIC��IHJ�IHY� HAC LND C[S WIX XGHm©+HY�aDGL ONHKJn�<HY�cOM�aJNHKCv� HKL ONHJ�EHAC S4W]�[Lqª HJ  HKD XYL
F DGHAJw�EC W]���[QIC��ID~�IHKC�	1�4���q�ICEHKCcONHAC�¤��>DGHKLNH 	[�=�I�q�IC[HACcONHKC��EHKD��aHAC D C � HADYSTHAC Vr�[W]�
SEHAJNO �8� HAC	�q��
b��� �EC[S� ���J >¤ Q �8�ED FRWIX HKCaO��q���b��� �EC[S	��¤p� DGH 	1�4���q�ICEHKCaOMHAC STHKJ�<HJ�cOM�IJMHAC LM� HKD~�.�EHKJNC SEW4� HKD#LC�4� HAJMC0C[D~�.�cO6WZC[SEHAJ-L+WZC��aHY�IHJ� HKCc¯ XGD HJ�4�4�=��� W4�KW4�EX HKCk¤

�a��� �9(�.! � &,� ���g. % � �B�  � &,�T!Z�  (�� "#�T!

�>DGH�� D C_�aW]� HKS[WRONHKC�  HKJMSTHKC�STHJ� Vr� WISTHKJ<D C LC� HY�KD HKX XGHACt¡ C8�[J<X HULC�[WIJNHKC�£�� D C_�aW]� HAJMHY�aDGLC�
OMHAJMC��Y�EJ��<HAJM����=�EC����IHUL OMHAXGXPOL¤�� DGH>� HKJNHL�.�ECEHAONHAC�� JA�IHJ�ECEDYLNLNHG��[LML HKC F=�4��Vr� WISTHKJ+D C
LM� HY�ADGHAXGXGHI¡ C8�[J LA�.�EJMHAD~���[WZJMHL£��[�[LM�aW]� HAJMHY�aDGL ONHKJz�aHKLA�.�EJNDGHY� HACw  HAJ-STHKCk¤=�>D HG�6C_�KW]�[X STHKJ
� D C��cW]� H����EC[S �m�[LM�aW4� HKJNHJ�IDYL OMHAJ>�ECcOMHAJ-LM�.�EHKDGSEH8O LND~�.� �Y +DYLA�.�EHAC¢�<HAJNONHY§ Vr� WISTHKJ>�EC[S
� D\§THAX Vr�[WISEHAJL¤

�a��� � � �a- �Y!��"�( $ .

�>DGH HKD C_�AHAXGCEHKCc� DGC��cW]� H��n�EC[S��m�[LM�aW4� HKJNHJ�IDYL OMHAJS�[W]� HAC!SEW]� HAD �)/H*-, /�� HUL OMH9VTHY�4WZCcOND~�b�
Sk¤ �k¤ HUL DYL O CED6�.�aOz� HKL O F=�IJA�IHY�aHY� HACk�RDGC«  HAX6�.�EHJ� ©+HJ�IDYL OMHAJE  HKX~�.�EH[� D C_�aW]� H[�_�Y >¤r�m�[LC�
�cW]� HL OMHY�cOJ¤z�>DGHKLNH��<HKJM�[D C[S��EC��  +D J-S HAJ-L O4S`�EJ.�.� � HJ�cXYWZJ-WROMD��aCEHAC �EHAJA�IHUL OMHAXGXPOL¤i�>WaL
V`�[WISTHKJC�s� JA�4�aJMW4�I� �v�[LML9F4�aJ��<HKJM  HAC S`�EC�� STHKJ�ª HY  HADGXGD��aHAC ©+HY�aDGL ONHKJ�� DPO��>HY� XYWZJ-W@�
OMD��aCEHAC«� HKL ONXGHY�aHACk� DGC«  HAX6�.�EHY� � DGC��aW4� HKJNHJ�IDYL OMHAJ HKLS  HKX~�.�[H[� DGC��aW4� H HAJA  WZJNONH8OE�EC[S0D C
  HAX6�.�EHJ� �m�[LM�aW4� HKJNHJ�IDYL OMHAJ+STDGH�� JMW4���ED~�r� WIJ OMH1  HAX6�.�EH>�m� LC�cW]� H HKJM  WZJNONHKC«�RWZC[Ck¤

�a��� �'$ .B� "���.l"L� � �  (��;"#�T!

� W STDGHG� C��KW4�EX STHKJS� D C��cW]� HAJMHY�aDGL ONHKJ LNHY�EJ+L OMWIJM�w� HKLA�.�EJ-QZC��cO DYL O��[C[S0SED HUL H>©+HJ�IDYL OMHAJ
DGC STHKJp©6HY�IHKXICED6�.�cO W4�[L JMHAD6�.�EHKCk����� WZXGXGHz� DGC��aW4� HKC��Y� OMJMWIC[LM���aJ OMD HKJNHKCk�KSTDGH HKD C V`�[WISTHKJ
��� :��2:��V=�:+<%QO576H^ ?\4�GW4�576Xn?I1POU�MZI1FHQJm
4�^HG��XPV[�M���C�4�57PVUH4�GWs+4�D7D74�6rq1I1FXnH^H574E^cI1Q#CZGJb
m
GJI1]a]�s+FXm
GJ4�5 np4+6 [1I16X6

� I
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� N<N 25�B@<=74<?p���<HKJ OMH�§ V`�[WISTHKJ��>WZONHAC 
_�[LML

vertex
shader

program

input registers
v0 ... v15

output registers
o0 ... o11

temporary registers
r0 - r11

float
c0 ... c255

integer
i0 ... i15

boolean
b0 ... b15address register

a0

predicate register
p0

constant registers

texturing units
accessed via

texture sampler
registers
s0 ... s3

� HAC�&IOND~�ZOL���ID~�TO HUL9HADGCEHQ�aJM�=�IHw�6C_�KW]�[X F4�aC �4�IC L O-WZCcONHKC ©6HY�IDYL ONHAJMCk¤ \ DGH STHKJ 	 W4� H� HAJMHAD OML STHY�EONXGD~�.�I�4W4�.�cOJ�L�'&aCECEHAC��4�IC L O-WZCcONHz©6HY�IDYL ONHAJ:W]� LNLA�.�EXGD HJ�IXGD~�.�>�aHAXGHKLNHAC�  HAJ-STHAC�¤
�>D H>� D C��cW]� HAJMHY�aDGL ONHKJ STHKJ Vr�[WaSTHAJ6QIC[STHAJMC!D C STHAJm©6HY�IHKX|� DPOnª HUSTHY�   HKDPOMHAJMHAC«�<HKJ OMH�§
���J >¤�¯EJ-W]�=� HACcOJ�#S[WL DGH STDGHw� D C_�aW]� HKS[WRONHKC STHAJ�ª HJ  HKD XYL9HKJML ONHKC)HKJMLNH8OA�8OMHAC � D~� HKX DGCEH��
VcOA�`� H HACcOM�[WIXPOMHACk¤`�>D H��4�aC[L OMWZCcOMHACQ©+HJ�IDYL OMHAJz  HAJ-STHKCQ�EDGC��IHJ�IHAC�,�* �D3 � LNHAX~�[L OMQZC STD��v�IHY�QIC[STHAJNOJ�ZLM�IC STHAJMCv�v[LML HKC HY§`�EX D~�AD O F4�aC SEHAJz� C8  HAC S`�EC��>�aHKQZC STHAJNOp  HAJ-STHKCk¤]� L<DYL O LC�4�
� D O��'� HKC[LND~�.�cONXGD6�.�k�TSEWILML LND6�.�0STHKJ � C_�[WZX O6STD HUL HKJ�©+HY�aDGL ONHKJ ,�* � 3 � � D Opª HUSTHY�   HKDPOMHAJMHAC�<HKJ OMH�§v�_�Y >¤=¯[JMW4�4� HACcO QZC STHAJMC�� WICECk¤4� W%STDGH�� X HKD C L OMHm� DGC��EHAD OJ�cSTDGH STDGH[�6Cr  HAC[S`�[C��
�J���  HKD~�.�[CEHAC WZC STDGH�� JMW4���ED~�8�RWIJ OMH1�� HAJNONJ-W]�aHACc� WICECk�EHKD C[H>� JND~� DPOMD FaH DGL OJ���)&ICEC[HAC
LND~�.� STDGH>�4�aC[L O-WZCcONHKCc©+HJ�IDYL OMHAJ 3�� �D3 � � /2, � F=�IC�� JMD�� D ONDGFIHG�Y��� JMD�� D ONDGFIH%QIC[STHAJMCk¤
� HAD STHKC��4�aC[L OMWZCcOMHAC�©+HJ�IDYL OMHAJMC]L ONHY�[HAC SEJNHKD>FaHAJ-LM�.�EDGHKSEHACEH � WROMHACcO �r� HKC��J�EJ��<HAJM�
����=�EC���¤k� L>�aD��TO��=�IC[L OMWICcONHw©+HY�aDGL ONHKJJ� SED HQ�<HJ�cOM�IJMHAC W]� L�¯ X DGHY�=�4�4���4W]�UW]�EXGHAC)L DGC[S|�
�=�IC[L OMWICaOMH1©+HJ�IDYL OMHAJL�TSTD HG�<HJ�aOA�IJMHAC W]�[LS�cWZC��KHAC  W]�EXGHAC!L DGC[S|�`�EC Sc�=�IC[L OMWICcONH1©6HY�IDYLC�
OMHAJL�aSTDGH LM� WIXGWIJNH������r�IXGH�� LA�.�EH+\ HKJ OMH��>L DGC[S|¤8� DGH[�6C_�KW]�[X STHKJ FIHKJC����=�[WZJMHACI�4�aC[L OMWZCcOMHAC
©+HJ�IDYL OMHAJ+DYL O�ª H9C[W=�.� V`�[WISTHKJ O �r���EC[S�� WRONHKCcO �8���ECcONHKJMLA�.�EDGHKSTXGD6�.�k¤

� � � "#� � * $2!��Y!�� � �  (��;"#�T!

B[� OMHY�����aJMQIJNH q +DYLM�.�[HACEHKJM�aHY�ECEDYLML H LC� HAD6�.�EHKJNC �EC[S LM�[QROMHAJ� +DGHKSEHAJ9XYWISTHKC¢�J� �'&IC��
CEHKCk� L OMHY�EHKC STHKC Vr�[WaSTHAJMC HADGCEHv� HJ�IJMHAC��AONHv� C��KW4�EX F4�IC ONHY���q�IJ-QZJMHACu©+HJ�IDYL OMHAJMCu�Y�[J�<HKJC����=�EC���� STDGH LM�@ S�4�EXk�aHAXGHKLNHAC WIXGL W]�_�.�t�aHKLA�.�EJMD HJ� HKCt  HKJMSTHKCt�'&aCECEHAC�¤ q� � HJ�IDGCEC
STHUL6Vr�[WaSTHAJM��� JM�=�IJ-W]���4L LND C S!SED He� C��[WIXPOMH%STDGHKLNHAJm©+HJ�IDYL OMHAJ��EC[STHY¦[CEDGHAJNOJ¤
� 4�576	��
�� �
< 57QWM4�576e4�576Hs�4�D76H4�G�� 4�GWM�4�576H4�Q S;4�QWMO57]a] MO4�6���� CHQ+q�57] A4�m
4�6HQVIoMJs s�F�KE4�[�MJb
GJ4�6rq ^H574

QO57PVUgI1FHQ�]a4�UHGJ4�GW4�6�� 4+GNMJ4+6,4�576H4�Q�����CHQ s�FHQOI1]a]a4�6HQO4>MJs+4�6
�o4�576������� :�� ���� X:�<"! :�<>=Z57QJM 4+576#�BI1UHGWUH4�5 MJQJi%4�GNM�qc^X4+G%6�FHG ^X574%$;FXQJM�&16H^H4iTI1UXG b ^X4+G n�I1D7QOPOU/I16H6H4�UX`

]a4�6g[oI16H6

� 




� �p�����;�����;���

� N<N 25�B@<=747?�^�� D\§THKX'Vr�[WaSTHAJm� WROMHAC�
_� LNL

pixel
shader

program

input registers
v0 ... v9, vFace, vPos

output registers
oC0 ... oC3, oDepth

temporary registers
r0 - r31

float
c0 ... c223

integer
i0 ... i15

boolean
b0 ... b15

predicate register
p0

constant registers

texturing units
accessed via

texture sampler
registers
s0 ... s15
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� WIL��+STJNHULNLC�/©+HY�aDGL ONHKJ>DYL O%HKD C �<HJ�aOA�IJ%W4�[LG�aWIC��AHKC  W4�EXGHAC¢�EC[S STDGHACcO STHKJ9JNHKXGWZONDGFIHAC
�+SEJNHULNLND HKJM�[C��_�r  HAX6�.�EH D C 	9W]�[DPOMHAX ° ¤ �AdI� HKLA�.�EJNDGHY� HAC� +DGJMSk¤
� WIL�� JNHUSTD6�AWROMH��/©+HY�aDGL ONHKJ DGL O HADGC �<HY�cOM�aJ%W]�[LG�q�r�IXGH�� LM�.�[HAC \ HKJ OMHAC �EC[S STDGHACcO%HKD CEHKJ
� HKLM�IC STHAJMHAC�¯��aJM��SEHAJ[¯ X~���aL ONHJ�EHAJA�EC���� SED H9DGC 	9W]�ED ONHKX ° ¤ ^���� HULM�.�EJMDGHY� HAC� +D J-S|¤
�>DGH«¬#HY§ OM�EJM� VEW]���EXGHAJM�s©+HJ�IDYL OMHAJ STDGHACEHKC)STHJ� q�_�IJMD � W4�`� SEHAC ¬#HY§ OM�EJ-LC� HAD6�.�EHKJJ¤k�>D HUL
LNDGC[S��IHADGCEHu©+HJ�IDYL OMHAJ� +DGH STD H WIC[STHKJNHKC�©+HJ�IDYL OMHAJL� SEW L DGHXGHKSTD~�IXGD~�.� ©+HY� HAJMHAC��KHAC W]�`�
SED H �Y� FIHKJM  HAC STHAC[SEH�¬'H�§ OA�EJNDGC�� B CED O0SEWZJ-L ONHAXGXGHACk¤S�6C[WIX��=� �Y� STHKC � D C_�aW]� H��v�EC[S
�[�[LM�aW]� HAJMHY�aDGL ONHKJNC¢�� LNLNHAC STDGHQ¬#HY§ OM�EJM� VEW]���EXGHAJM�s©+HJ�IDYL OMHAJ F4�aJ>�<HAJA  HKC[S`�EC_� STHY� XYW@�
JMDGHAJNO�  HAJ-STHKCk�`����SEHAC�¬ �r� STHAJm¬'H�§ OM�[J�¡��Y  HAD�� STD�� HKC[L D~�IC WZX��ESTJNHKD\� STD~� HAC[LND��aC[WZX��b¤Y¤J¤A£
� HUL OA�Y�EXGHY�aHACk¤

�a��� ��$�%j(�� � �" $2!�� . ���j!�� �  l(�� "#�T! �g. %	� . � "L!�� � "�( $ .j��.

� HKD�� � HUL HKCc�EC S V`�.�EJMHAD~� HKC!F=�ICt©+HJ�IDYL OMHAJMC!LND C S0FaHAJ-LM�.�[D HUSTHACEH �t�TSTD�¦_�RWROMD��aCEHACSTHUL
�#HKLNH��z�_�Y >¤ V`�.�[JNHKD�� FIHKJM� WZX ONHAC LE� &=�IXGD~�.�k¤ � DPO>SED HUL HKC �u� SED\¦_�RWZOM�IJMHAC!DYL O HUL��]� O[� &=�]�
XGD6�.�k�b�4�4���EXGD~�ADGHAJNONH �1� HAJ-WROMD��aCEHACk�_��EJ STD HI�4WZC C_�IJA� WIX HKJM  HADYLNH�� HJ�EJNHKJNHB� C[L ONJA���cOND~�]�
C[HACt�EJ-Q]�_�.�cOMH4� D CHKD C[HAJa� C[L ONJA���cOND~�ICW]� LC�J�[STJA_�.�IHKCk¤`¯EHAJMCEHKJ��ID~�TO6HKL6W4�_�.� �t�TSTD\¦�� W]�
OA�IJMHACk�ESED H%SEWaL��<HAJA�[WZX ONHKC F4�IC�� H�� HY�[X HKC QIC[STHKJNC��'&aCECEHAC�¤
	 D~�.�cO>WIX XGH STHKJ �t�TSTD�¦_�RWROA�IJMHAC��'&aCECEHKC W4�`�bª HKSTHJ� ©6HY�IDYL ONHAJ[���Y >¤4ª HKSTHKJj� C[L ONJA���cOND~�ICWIC��IHJ  HKC[STHAO[  HKJMSEHAC��EC[SC[D~�.�cO>WIX XGH �t�TSTD�¦_�RWROA�IJMHAC��'&aCECEHACt�J�[LMW]��� HACFIHKJM  HAC STH8O
  HAJ-STHKCk¤=¯pEJE�IHAC W]�EHm� C��aW4� HKCw�Y� STHKC4HAJMXGW4���TONHKC%	[�aC[L OMHAXGXGWZOND~�ICEHKC��4�IC LC�EX ONDGHAJMHAC V DGH�[DPONONH%HKD CEH HKCaO-LC�[JNHL�.�EHAC[SEH9V`�[WISTHKJC�/©+HY� HAJMHAC�� � ^���¤
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� WIL#V` +D��J�AXGD C��+DYL O#HADGCEH LNHY�EJ XGHADYL OM�EC��cL;� Q4�ED~�IH � &=�IXGD~�.���aHAD OJ�8SEWaL|�<HAJA�[WIXPOMHACG� HKD�� �#HKLNHAC
F=�ICv©6HY�IDYL ONHAJMC��J� FaHAJ-QZC[STHKJNC�¤L�>D H�� Q]�`¦_�cL OMHACB� C[L OMJM�_�aOMD��aCEHAC WZJA� HKDPOMHACI� DPOn�<HY�cOA�IJMHAC
�EC S X HUL HKC WZXYL�� DGC��cW]� H0LM�4� DPO W]�_�.� �<HJ�cOM�IJM�/©+HY�aDGL ONHKJJ�|� HKL ONHJ�EHAC[S W]�[L[ª HY  HADGXGL F D HKJ
	1�4���q�ICEHKCaOMHAC �q� 
q� �q� ����Y >¤EQ �=�[D FRWZXGHACcO��b� �b� �|� � HADGCk¤
	 �IJA� WIX HKJM  HADYLNHz +DGJMS STDGH!	[�=�����aCEHACcONH ��SEHKL�� DGC��aW4� HKJNHJ�IDYL OMHAJ-L F4�IC STHKJ2� C[L ONJA���cOND~�ICW4�_�.� WZXYL6HKJML ONH9	1�4���q�ICEHKCaOMH ��� HJ�[WZC[SEHAX OJ� STD H 	[�=�I�q�IC[HACcONH 
 WZXYL��J  HKDPOMH 	1�4�����4�
CEHKCcONH 
G�[LM >¤ �D O:V` +D��J�AXGD C��[�'&IC[CEHAC>� HAD~� � HKLNHAC%SEHKL �<HY�cOM�aJML SED H HADGC��AHKX CEHKC 	1�4�����4�
CEHKCcONHACFaHAJNOMW4�[LM�.�cO�  HAJ-STHAC��TSTHAJ S`�EJ.�.�STHAC � C�� WZX O>WZC[SEHAJMHAJB	1�4���q�ICEHKCaOMHAC HAJ-LNH8OM�AO
  HAJ-STHAC�¤��>W4� HKDk +D J-S�ª HKS`�`�.�STHAJa� C_�[WZX O6STHKL��aHAXGHKLNHACEHKC�©6HY�IDYL ONHAJ-L ,�* �D3 � FIHKJMQIC[STHKJ OL¤
B[��Vr +D~�Y�AXGDGC����Y�)FIHAJA  HAC[STHKC  +DGJMS)WZC)STHAC ©+HJ�IDYL OMHAJMC[W]� HAC �IHAONJMHACECcO%S`�EJ.�.� HKD CEHKC
�i�[C��cO)HKD CEH��m�`���UQ]�EX~�EC�� F4�aC FcDGHAJ �EDGCaOMHAJMHADGC[WZC STHAJ-L OMHY�EHKC[STHKC �E���.�[L O-W]� HAC�WIC��IHY�
�[QIC��ZOL�= S�4� HAD8ª HUSTHAJ STDGHKLNHAJ��E���.�[L O-W]� HAC0HADGCEH 	1�4���q�ICEHKCcONH6DYSTHACcOMD\¦_�KD HKJ OL¤`� HKJ��S�_�.���
L OMW4� H WIC4STHAJ HAJ-L OMHAC VcONHKX XGH[�aD��EO WZCk�4  HKX~�.�EH 	[�=�I�q�IC[HACcONH C[W=�.� STHY� � HUL HKC WIXGL HAJ-L OMH
	1�4���q�ICEHKCaOMH FaHAJA  HKC[STH8O�  HAJ-STHAC LC�aX X��RSTHAJn�S�_�.�[L OMW4� H WZC STHAJn�J  HKDPOMHAC V ONHAXGXGH4�@  HAX6�.�EH
	1�4���q�ICEHKCaOMH WIXGL��J  HKDPOMH9FIHKJM  HAC[SEH8O�  HKJMSTHKC!LM�IXGX|�[LM >¤
�>D H>� C��aW4� H �����  � 
 �v �[JMSTHG�J��� � HADYLC�[D HKX|� HJ +D JA�IHKCk�TSEWILML STD H 	1�4���q�ICEHKCaOMH !WZXYL
HKJML ONH 	[�=�I�q�IC[HACcONH STHKLG©+HJ�IDYL OMHAJ-L ���!D CcOMHAJA�EJNHAONDGHAJNO1 �EJ-STH=� STDGH 	[�=�I�q�IC[HACcONH �WZXYL�J  HKDPOMH4� STDGH 	[�=�I�q�IC[HACcONH 
 WZXYL4STJMDPONONHt�EC S STDGH 	1�4�����aCEHACcOMH � WIXGL F DGHAJNONH4¤i� HKD��
�#HKLNHAC� �EJMSEH WIXGLM�4STDGHG©6HAD~�EHAC`���aX��aH%STHAJ��<HJ�cOM�IJM��	[�=�I�q�IC[HACcONHKCQ�IHULC�EDGHY�aHAX O�  HKJMSTHKCk¤
�>D H>� C��aW4� H ����� � � � �I �[JMSTHG�J��� � HADYLC�[D HKX|� HJ +D JA�IHKCk�TSEWILML STD H 	1�4���q�ICEHKCaOMH �0WZXYL
HKJML ONH 	[�=�����aCEHACcONHSTHULw©+HY�aDGL ONHKJML ���)DGCaOMHAJA�EJMH8ONDGHAJNO� �EJMSEH��[C[S STD H 	1�4���q�ICEHKCaOMH
� WIXGL��Y  HAD ONH=� STJND O OMH��EC[S F DGHAJNONH=¤b�>DGH 	1�4���q�ICEHKCcONHAC �t�EC[S��� �EJ-STHAC)SEW]� HAD:CED6�.�cO
FaHAJA  HKC[STH8O�  HAJ-STHACk¤
\)HACEC W4� � C[SEH STHAJ 	[�=�I�q�IC[HACcONHKCEX DYL ONH4STDGH L HKX�� H 	[�=�����aCEHACcONH�� HY�[JC� W=�.�)W4�`���IHY�
����[J O DGL OJ���)&ICECEHKC STDGH¢ +D HUSTHAJA���IX ONHKC��m� L;����[JM�EC_�IHAC STDGHKLNHAJ 	[�=�I�q�IC[HACcONH   HJ�4�IHY�
XYWILML HKC   HAJ-STHAC�¤#Vr�4� D OG�RWICEC)SED H 	1�4���q�ICEHKCaOMHACEXGDYL OMH W4�_�.� �rEJA�AHKJ9WZXYL>F DGHAJ  HKD~�.�[HAC
  HAJ-STHAC�¤ Vr� �RWZCEC �J��� � HKDGLM�EDGHAX ����� � � � � W]��� ����� � ���EC[S ����� � 
 � � W4�`� ���	� � 
 �
FaHAJA�8[JM�AOS  HAJ-STHAC�¤
� WIL Vr +D��J�AXGD C_� DYL O HKD C[Hc¯��[C��cOND~�IC[WIX D OMQZO�F4�aC�� JMW4���ED~�r� WIJ OMHACk�'STD H �E� B L�CED6�.�cOv�Y�[J
�<HKJC����=�EC��!L OMHAXGX HKCk¤|�m�`� HADGCEHAJ9�E� B ���[LML>HADGCEH LM�IX6�.�EHI¯��EC��cOMD��aC[WZXGDPO-QRO9S`�EJ.�.�u� HY�`�
JMHAJMH � C[L OMJM�_�aOMD��aCEHACI� DPO HADGCEHY��HACcOMLM�EJMHJ�.�EHKC[STHAC�©+HL�.�EHAC��KHAD OC� �HY�[JM� HKSEWIJC� C[W4�.�_�IHY�[D X��
STHAO1  HAJ-STHAC���  Q4�EJMHAC[S W]���E� JMW4���ED~�8�RWIJ OMHAC Vr +D~�Y�AXGDGC��Q�4�[CEH��Y� LNQZOM�AXGD6�.�EH�©+HJ�.�[HAC��KHAD O
S`�[JA�.���aH�����[J O�  HAJ-STHAC��RWZCECk¤

� ��
 � �  (+�T!��j.B � � & ��$l-��a"�� �T!�"

� HAD~� �#HKLNHAC F4�aC¢©6HY�IDYL ONHAJMC �RWZCEC STHKJNHKC � C_�[WZX O W]�_�.� STDGJMHY�cO%CEHY�aD HKJ O>  HAJ-STHAC�¤#Bm�
STDGH 	 HY�IDGHAJA�EC����J�FIHAJA  HAC[STHKCc +DGJ-S!SEHY� ©+HY�aDGL ONHKJNC[W4� HAC HADGC �D Cr�[LM�AHKD~�.�[HAC F4�aJMWIC`��aHKL ONHAXGX OJ¤��6XGXGH9	[�=�I�q�IC[HACcONHKC!STHUL�©+HY�aDGL ONHKJML�  HAJ-STHKC0SEW4� HKDk�IXGHAD6�.�EHAJA�4W]�aHAC CEHJ�IDGHAJNOJ¤
¯[HAJMCEHAJn�RWZC[Cv� HAD~� �#HKLNHAC F4�IC�©+HJ�IDYL OMHAJ-L SEHAJMHAC��m�[LM�IX~�TO;  HAJNO��aHY�EDGXYSTH8On  HAJ-STHACk¤]� W]�J�
 +DGJMS)STHJ� ©+HJ�IDYL OMHAJMC[W]� HKC STDGH  HAD6�.�EHKC��IHAO ONH � �� F4�aJMWIC��IHUL OMHAXGXPOL¤|� HKJ��m�[LM�IX~�TO;  HAJNO +DGJMS«��EJnª HUSTH9	1�4�����aCEHACcOMH>HKD C��KHAXGC��IHY�[D XYSTH8OL¤
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� HKD�� V`�.�EJMHAD~� HKC F4�IC>©+HJ�IDYL OMHAJMC1�RWICEC%SEWIL'V`�.�EJMHAD~� HKC HKD C_�AHAXGCEHKJ 	[�=�����aCEHACcONHKC1�[CaOMHAJM�
SEJM_�.�cOm  HAJ-STHAC�¤_�6C[WIX��=���Y��� Vr +D~�Y�AXGDGC��w +D J-S SEW]� HAD STHY� ©+HY�aDGL ONHKJNC W]� HAC��IHAONJMHACECcO
S��EJA�.�HKD C[HACu�i�[C��cO HKD CEH � DYL OMH%F4�aCt�EDGL1�Y�F DGHAJ��E���.�[L O-W]� HAC WIC��IHJ�[QZC��IOJ�[SED H WZC��aH��
� HAC��=  HAX6�.�EH@	[�=�����aCEHACcONHKC D��  DGHAXGJNHJ�IDYL OMHAJ � 4 � ��� � 3�5 * � 3«�aHKLA�.�EJNDGHY� HAC�  HAJ-STHAC LM�IXGX HKCk¤
�1�[CEH%STDGH��<HKJM  HAC S`�EC�� F4�aC � WILM�cDGC��I +D J-S0D���� HAJ SED H � WaLC�aH � 
 �  F4�IJ-W]� LC�aHKLNH8OM�AOJ¤
�/� � HY�aHAC[LMWROA�w�Y��� Vr +D~�Y�KX DGC�� F=�IC $1�EHAXGXGJNHJ�IDYL OMHAJMC DYL Ov� HKD�� � WILM� D C_�F4�IC  DGHAXGJMH��
�aDGL ONHKJNC �)/2*-,0/c�<HAJNOMW]� LM�.�r�EC�� F=�IC 	[�=�����aCEHACcONHKC �EC[S �)/2*-,0/«�<HKJNF DGHAX�� QZX OND~�4�EC_�F4�IC
	1�4���q�ICEHKCcONHAC � &4�IXGD6�.�k¤p�>DGH 	1�4���q�ICEHKCcONHAC WZC��cW]� HAC 	�� � �H/H, D���� HAJ4DGC STHKJw©+HAD��
�[HAC`���aX��aH � F4�aJ 
 F4�IJ�� F4�IJ 0L ONHJ�EHAC ¡ ���Y >¤[Q �8�ED FRWIX HKCaO�� F=�IJ � F=�IJ �0F=�IJ �r£�¤

�a�+�2�  �"L"�(  �g.! 

� WILp�<HKJM�[WIXPOMHAC%HKD C[HAJ� C[L OMJM�_�aOMD��aC��RWZCECv� DPO<STHY��VEQRO OMD��=�EC��cL;� �t�TSTD�¦_�RWROM�aJ FIHKJMQIC[STHKJ O  HAJ-STHKCk¤ \ DGJ-S STHJ� 	 W]� HKC HADGCEHKJg� C[L ONJA���cOND~�IC STD H  HKD~�.�EHKC��IHAO OMH��� ��� WZC_�IHY� QZC��IOJ�S[WZCEC  +D J-S SEWaL1©6HKLM�EXPO-WRO9STHAJ�� C[L ONJA���cOND~�IC � �F1 STHY� V`�.�[JNHKD�� HAC �4�4���q�ICEHKCcONHACr  HADYL H
W4�`� STHACw� HAJMHAD6�.��__¤ _��EDYL �4¤ _1� HULM�.�EJ-QZC_�aOL¤IVr�4� D Oi +D J-S[ª HKSTH!	1�4���q�ICEHKCaOMH4�ZSTDGH�� X HKD CEHKJ
WIXGL _�¤ _9DYL OL�cS��EJA�.�0STHAC \)HAJNO __¤ _%HAJ-L HAOM�8OE�EC[S>ª HUSTH 	1�4���q�ICEHKCcONH4�cSTDGH[�IJ &4�aHAJMH+WZXYL �=¤ _
DYL OJ�[S`�[JA�.� STHAC \)HAJNO �4¤ _�¤

�a�+� � �Y!Z(>"�� � �%"�(���� �/�	� *,�T!�� "�(#$ ./��.

�>DGH WZJMDPOA��� H8OMDGLA�.�EHAC �1� HAJ-WROMD��aCEHAC WZJA� HKDPOMHACG�EJ-W]�cONDYLA�.� W4�[LNLA�.�EXGD HJ�IXGD~�.� W]���r¯ XGD HJ�4�4�=��� W]�
 W]�EXGHACk¤J� DGHi� HADYL OMHAC,� C[L ONJA���cOND~�IC[HAC9L DGC[S9VL� �u�[�V� C[L OMJM�_�aOMD��aCEHAC�
n�EC[S WZJA� HAD ONHACG�aX HKD~�.�`�
�KHAD OND~� W]�`�:WZXGX HKC FcDGHAJ!	1�4���q�ICEHKCcONHAC!STHAJm©6HY�IDYL ONHAJL¤
V`�4� DPO+LND C[S STD H>FIHKJC����=�[WZJMHAC4WIJND OM��� HAONDYLM�.�EHKC �1� HAJ-WROND~�IC[HACw�4�EOND~� WIX_��[J STDGH1� Cr  HKC`�
S��EC��6DGC�� JMW4���ED~�=�/� HAJMHJ�.�ECr�EC_�_� SEW+STDGHKLNHi� HAJMHJ�.�ECr�EC����EJ-W]�cOMDGLA�.�>Cr�EJ'W]�[Lk¯ XGD HJ�4�=�4���4W@�
� HKJNHL�.�ECr�EC��IHKC � HKL ONHJ�EHAC �EC S � WaL O9D~��� HKJ>��EJ WIX XGH F D HKJ>�<HY�cOM�aJC��	[�=�����aCEHACcONHKC STDGH
LNHAX~� HB�1� HKJMWZOND~�IC W]�[LM�IHY����EJNOS  HAJ-STHAC���� LNLJ¤
�>HKLM  HAD ONHAJMHAC �aD��EO HKL���EJ�WIX XGH WZJMD OM��� H8OMDGLA�.�EHKC �1� HAJ-WROMD��aCEHAC��#STDGH«��EXGD6�.�EHAJA  HKDGLNH D��� J-W]�_�ED��8�/� HAJMHAD6�.�1�<HKJM  HAC[S��EC���¦[C[SEHACk�KHACcOMLM�EJMHJ�.�EHKC[STHY� C[L ONJA���cOND~�ICEHKCk¤A\ Q4�EJNHKC[S W]�`�
C_�IJA� WIX HKC �HY�[JM�J  HL�.�=�s� JA�4�KHKLMLC�aJNHKC LC�aX~�.�[H �1� HKJMWZOND~�ICEHKC��[Q]�`¦�� S`�EJ.�.� STDGH 	[�=���ED��
C WROND~�IC�� HY�EJMHAJMHAJ � C[L ONJA���cOND~�IC[HAC C W4�.���aHY�EDGXGSEH8O�  HKJMSTHKCc�v[LML HKCk�TL OMHY�EHKC!LND H9W4�`� LM� HY��KDGWIX DYLND HKJ OMHAC � JMW4���ED~�=�s� JA�4�KHKLMLC�aJNHKC STDGJNHJ�aO>�J�EJ��<HAJM����=�EC��_¤k�>DGHKL>�RWZC[C LND6�.�)W4�_�.� D C
�J��� ¬'HADGX HKJM�EHJ�EXGD~�.�EHKC�� HULM�.�r +DGC[STD~�4�aHAD OMLC� B CaOMHAJ-LM�.�[D HUSTHACQ�4WICED\� HUL OMD HKJNHKCk¤
�<HKJ OMH�§%Vr�[WaSTHAJ �EC[SG� D�§THAXcV`�[WISTHKJ��ECcOMHAJ-L OATOM�KHAC9D~� \)HKLNHACcONXGD6�.�EHAC%STDGHi�aX HKD~�.�EHKC%WZJMDPOA�`�� HAONDYLM�.�EHKC � C[L ONJA���cOND~�IC[HACk¤b¯pEJ HADGCEHv�=�4���EXGH8ONONH �#DGL ONH WZXGXGHAJ��ECcONHAJ-L OMTOA�8ONHKC � C[L ONJA���8�
OMD��aCEHAC��=�IC[LM�EX ONDGHAJMHACV D HG�ED O OMH%HADGCEH HACcO-LC�EJMHJ�.�[HAC[STH%Vr� WISTHKJC�/©+H�� HKJNHKC�� � ^���¤
�o4�576H4 ����������� �V=�<�� 
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Vr�@ S�4�[X D�� � D\§THKX Vr�[WaSTHAJ6WIXGL W]�_�.�!D�� �<HAJNONHY§ Vr� WISTHKJ��ID~�TO6HKL6SED H � &=�IXGD~�.�_�IHAD OJ�EW4�`�
� WILNDYL<F4�aCQ¬#HY§cOA�EJM�
	1�r�IJ-STD C WRONHKC�HKD C[HAC � HUL HJ�Y���aJND��0DGC STHKC«¬#HY§ OM�EJ-LC� HAD6�.�EHKJ S`�EJ.�.���Y���
����[JNHKCk¤#�/� � D�§ HKX#Vr�[WaSTHAJ+L ONHY�cO6SEW4�Y� HKD C[H�©+HKD��[H F=�IC0FIHAJ-LA�.�ED HUSTHAC[HAC � C[L ONJA���cOND~�IC[HAC
�J�EJ��<HAJM����4�[C��_�`  Q]�EJMHAC S D~� �<HAJNONHY§!Vr�[WaSTHAJ+Cr�EJ+HKD C[H�� C L OMJM���cOMD��aC«��EJ HADGCEHAC HADGC`� W]�
�.�EHKC�¬'H�§ OA�EJM�J���IJMD��u�Y�EJ��<HKJC����=�EC��4L ONHY�cOL¤
\)HAD ONHKJNH � C`���aJM�4WZOND~�ICEHKC �J�EJ STHKC FIHKJC����=�[WZJMHAC ¬#HY§ OM�EJM�O� C L OMJM���cOMD��aCEHAC �EC[S SEHAJMHAC
¯_�EC��cOND~�IC[LM  HADYL H HACcOMCEHY��� HKCVTD HG�ED O OMH%HADGCEHAJ+HKCcOMLM�EJNHL�.�EHAC STHAC Vr�[WISEHAJM�s©+HY� HAJMHAC��!� ^��s¤

� ��� � !Z��- �"�(�� � � %j!�� � �L(��T!��g.! 

	 �IJA� WIX HKJM  HADYLNH�  HAJ-STHKC ©+HY�aDGL ONHKJ0STDGJNHJ�cOc�� HAJ0D��EJMHAC 	 W]� HKC]WZC��aHKLM�EJA�r�.�[HACk� WIXGLM��J��� � HADYLC�EDGHAX9SEWaL0ONHY���q�IJ-QZJMH ©+HJ�IDYL OMHAJ�� DPOSTHY� � C[STH�§ ^��� HAJ ����¤E� L�� HKL ONHJ�cO
ª HUS`�`�.� W]�_�.�4STDGH � &=�IXGD~�.���aHAD OJ�4©6HY�IDYL ONHAJ D CQ�[���[QZC_�ID~�4�IHKDPO F=�IC HADGCEHJ� �+STJMHKLMLNJNHJ�IDYL OMHAJ
W4�[LC�J�r  Q4�EX HKCk¤E�>DGH)� C[SEH�§TCr����� HKJ!SEHKL�©+HY�aDGL ONHKJML DGL O S[WZCEC]SED H Vr����� H)W4�[L!STHY�
� C�� WZX O STHKL��+STJMHKLMLNJNHJ�IDYL OMHAJ-Lz�EC S0HKD C[HAJ��4�aC[L OMWZCcOMHAC  W]�EX�¤
�>D HE©+HY�aDGL ONHKJMWIC��aW4� H �	� ��
�����S�IJMHAD�� O��Y��� � HADYLC�[D HKX@��EJ���
���+W]�������m�EC[S���EJ ��
����+W4�`�
���I�Y��¤�� HKJS�cWZC��J�KW4�EX D~�IH=�cLM�RWZXYWZJMH V��.�EX HKD\� HKC��KQ4�EXGHAJ ��
��TL ONHJ�aO DGCc� HADYSTHAC Vr� WISTHKJ O �r� HAC
�J�EJ��<HAJM����4�[C��_�Oª HUS`�`�.�!Cr�EJ+DGCECEHKJM� WZX~�0HKD CEHKJ V`�.�EXGHAD�� H4¤
�/� �<HAJNONHY§4Vr� WISTHKJi�ID~�TO HKLz�Y�[LMQROA�AXGD~�.�4W4�_�.� HADGCEHACQ�+STJMHKLMLNFIHY�cOA�IJm¡ ©6HY�IDYL ONHAJ � �r£�¤4� DGH��
LNHAJc�aWZC_�Y�KW4�EXGD��aHu�<HY�cOM�aJc�RWICEC � DPO HADGCEHKJ!LM� HJ�ADGHAXGX HKC � C[L ONJA���cOND~�IC]W4�`��� WILNDGL HADGCEHKL
¯ XGD HJ�4�4�=��� W FaHY�cOM�aJML��aHAXYWISTHKCu  HAJ-STHACk�q S�4� HADqª HKSTH 	1�4�����aCEHACcOMH STHKLG¯ XGD HJ�4�4�=��� W]�
FaHY�cOM�aJML��4WROA�EHY�4WZONDYLM�.���IHKC[W]���IHKJM�[C[STH8Om +DGJ-S|�[HJ�EH%L DGH%DGCSTD H HACcOMLM�EJMHJ�.�EHKC[STH9	1�4�I�
�q�ICEHKCcONH+STHKLn�+SEJNHULNLNFIHJ�aOA�IJ-Lk�aHAXYWISTHKC� +DGJMS|¤)b�EJn�+STJNHULNLNDGHAJA�EC�� W]�`�b� WaL DYL:STHKLn�+SEJNHULNLC�
FaHY�cOM�aJMLp��� LNL:D~��� HKJB/2*-,0/!	1�4���q�ICEHKCaOMH SEHKLn�<HJ�aOA�IJ-L:W]�[LM�IHJ  Q4�EXPO�  HAJ-STHACk¤IV`�IXGX`�Y���
� HADYLM�ED HKXESTDGHS�J  HKDPOMHAC 	[�=�����aCEHACcONH STHULn�+STJNHULNLNFIHJ�cOM�IJ-L�� � WIC[L O-WRONO<SEHKL V`�.�EXGHAD�� HAC_�KQ]���
XGHAJ-L ��
4FIHKJM  HAC[SEH8O�  HKJMSTHKCk�ELM� DYL O ��
4S��EJA�.� � ��� 
w�J� HAJ-L HAOM�AHKCk¤

� ��� � � -��B� � �'$ .l"#!�$ -�-��

� HAD SEHAC9� C[L ONJA���cOND~�ICEHKCc�J�EJm¯ X��[LMLM�4�ICcOMJM�aX XGH1�v�[LML�� HUW4�.�cONHAOm  HKJMSTHKCk�TSEWILML+LND~�.� STDGHKLNH
CED6�.�cO � HAXGD HJ�ED~� OMD HY�[D C[HADGC[WZC[SEHAJ:LM�.�[W=�.�cONHAXGC9XYWILML HKCk¤K\)HAX6�.�EHE� W]§TD��4WZXGH V��.�[W4�.�cONHKX��[C��aLC�
OMD HY� H HKJNXYW]�_�TO DYL OJ�THACcOMCEHY��� HKC V DGH��EDPONONH9HKD CEHKJ HACcOMLM�EJMHJ�.�EHKC[STHAC!Vr�[WISEHAJM�s©+HY� HAJMHAC�� � ^���¤
\)HACEC4STDGH � C[L ONJA���cOND~�ICEHKCv�J�EJi¯ X��[LMLM�4�ICcOMJM�aX XGH D~�EJMHS� CaO-LM�.�[HADYS`�EC��aHACI�EC[S�D��EJMH��6C��UW]�EX
F=�IC0V`�.�[X HKD\� HKC[S`�EJ.�.�EXYQ]�`� HKC 4 � � ���D3 5 * /�� 5 * �D3W]���'STHAJ�� WILNDYL F=�ICQ�=�IC[L OMWICaOMHAC«©6HY�IDYL ONHAJMC� HKL OND~��� HKCk� LC�EJMD6�.�aOm�4WIC!F=�ICL OMWROMDGLA�.�EHKJ[¯ X��[LMLM�4�ICcOMJM�aX XGH4�ESEW STHAJm� JM�=�IJ-W]���4W]�EXYW]�`�
STHUL V`�[WISTHKJML[� HKJNHKDPO-L[� HAD~� VcO-WZJNO STHUL Vr� WISTHKJC�s� JA�4�IJ-W]���4L�� HY�RWZCECcO DGL OJ¤ Vr�4� WZXYSHADGC
CED6�.�cOC�s�4�aC[L O-WZCcONHUL1©6HY�IDYL ONHAJ DGC)SED H�� CcOMLA�.�EHKDGS`�[C��IHKC HKD Cr� HY�Y�=�IHKC  +DGJMS|� LM�EJMD~�.�cOG� WIC
F=�IC S�� C[W]� DYLM�.�EHKJ�¯'X~�[LMLC�=�ICcONJA�IXGXGH4¤

� ��� � � $l. %j(�"�( $ .B�Y-

� X<&r�.�aHD C HKD C[HY�
Vr�[WISEHAJM��� JA�4�aJMW4��� �'&IC[CEHAC DGC��m��� QZC��aD��=�IHAD O F4�aC STHY� � JA�IHY���
CEDYL HKD C[HKLQ�<HKJM�aX HKD~�.� LQ�Y  HADGHAJ0LC�RWZXYWZJMHAJ«� J &4�aHAC W]� LC�aH�����EJNO«�TSTHKJ CED6�.�cO0W]�[LM�IHY����EJNO
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  HAJ-STHKCk¤ � W]�J�  +D J-S W]�[L��Y  HAD1¡ CED6�.�aO�C��ZO;  HAC[SED��aHAJA  HKDGLNH�FaHAJ-LM�.�[D HUSTHACEHKC�£�� DGC��aW4� HY�
JMHY�aDGL ONHKJNC«ª HY  HADGXGL HKD C[H 	1�4���q�ICEHKCcONH W]�[LM�IHJ  Q4�EXPO��EC[S)STDGHKLNHI� HADYSTHKC+	1�4���q�ICEHKCcONHAC
� D ONHKD C[WIC[STHKJ FaHAJA�IXGD~�.�[HACk¤p�>W4� HKD L ONHJ�EHAC STDGHc��[X D6�.�EHAC �<HAJA�IXGHAD6�.�[LM�4� HAJ-WROND~�IC[HAC����J�EJ�<HKJC��_�4�EC���¤ � C[L O-WRONO�STHKL��<HAJA�IXGHAD6�.�EHKLG�RWICEC D�� 	1�IC[STD OND~�IC WZX W4�_�.� HADGCEHQ�q�8�aX H � LA�.�EH
	1�IC L O-WZCcONH WZXYL�� HKSTDGC��4�[C��4STD HKCEHAC�¤
� HKD@ª HKSTHJ� 	1�IC STDPOMD��aC[WZX`�RWICEC HADGC�� X~�`�.� F4�aCB� C L OMJM���cOMD��aCEHAC4WZC_�IHY�aHY� HACI  HKJMSEHACk�ZSTHKJ
W4�[LM�IH���_�EJ Ow +DGJMSk�n  HKCEC SED Ht� HKSTDGC��=�EC��)HADGCaOMJND O OL�i�EC[S HADGC � X��`�.�b�<STHAJ W4�[LC�aH�����[J O
 +DGJ-S|��  HACEC STDGH�� HUSTDGC��4�EC_� C[D~�.�cO+HADGCcONJMDPONOJ¤

�a�+� � � (�� %/�T! � $ -��g.! � &�- $ ���

� D C�HADGC`� W4�.�EHKJ \ DGHKSTHKJM���aX��[C��aLM�EX~�r�.�[����EJNO STHKC%HADGC��aHKLA�.�EX��cLNLNHAC[HACG� X~�`�.�>F=�IC,� C[L ONJA���8�
OMD��aCEHAC�� HJ�EJM� W4�.�%W]� LY¤L�>W4�Y���v�[LNL'W]�[L#HADGCEHY� �cWZC��J�KW]�[X D~�IHKC��<HJ�cOM�IJ'HADGCEH�	1�4���q�ICEHKC`�
OMH W]�[LM�IHJ  Q4�EX O1  HAJ-STHACk� STHKJNHKC \)HAJNO%STDGH�� C��KW4�EX STHKJ \ DGHKSEHAJA���IX~�EC��aHAC SEHKL>� X��`�.�TL
WIC��ID~�TOL¤
�>DGH SEHAJA�AHAD O�� W]§TD��4WZX��J�EXGQaLNLND~�IH«� C��KW4�EX+F4�aC \ D HUSTHAJA���aX��EC_�IHAC DGL O ^ °4° ¤ � D C \ D HY�
SEHAJA���IX~�EC��cLC�EX~�`�.��� WICEC S`�EJ.�.� HADGCEH LC� HY�KD HKX XGH � C[L ONJA���cOND~�IC W4�_�.� F=�IJA�AHKDPOMD��0FIHAJMXYWILML HKC  HAJ-STHKCk¤k�>WaL9F4�aJM�KHAD OND~�IHI�<HAJMXGWaLNLNHAC �RWZCEC � HKSTDGC��ZO S��EJA�.�)HADGCEHKC¢�<HKJM�aX HKD~�.���q� HKSED C��IO
S��EJA�.� HADGCEH¢���r�IXGH�� LA�.�EH 	1�IC[L OMWICcONHu�TSTHKJc�ECr� HKSTDGC��IOLNHADGCk¤��>D H V`�.�[W=�.�aOMHAX~�EC�� F4�IC
\ DGHKSEHAJA���IX~�EC��cLC�EX<&`�.�IHKC DYL O9,�* � 3 � HKJNXYW]�_�TOJ¤

�a�+� �  � �j-�� ( �1�

�z� HKC[LC�� +DGH SEHAJ HADGC`� W4�.�EH \ DGHKSTHKJM���aX��[C��aLM�EX~�r�.�v����EJNO+STD H%V`�.�[X HKD\� H STHAC0HADGC��IHULM�.�[X��cL;�
LNHAC[HACQ� X��`�.�%F=�IC � C[L ONJA���cOND~�ICEHKCI� HJ�EJC� W=�.�4W]�[LJ¤]� DGCw�aWIC��Y�UW]�EXGD��aHAJp�<HY�cOM�aJi� HKL OND~�I� O
S[W]� HAD+STHAC VcOMWIJ O;  HAJNO�STHUL V��.�EX HKD\� HKC��KQ4�EXGHAJ-L«¡ HKJML ONH 	[�=�����aCEHACcONHO£�� STD H��6C_�KW]�[X STHKJ
\ DGHKSEHAJA���IX~�EC��aHACt¡��J  HKDPOMHB	[�=�����aCEHACcONHO£p�EC[S4STDGH6F=�IJA�AHAD6�.�EHKC8� HY� W@� ONHAONH6V`�.�EJMD O O;  HAD ONH
¡ STJMDPONONH 	[�=�����aCEHACcONHO£��TSTDGH>C W4�.��ª HUSTHAJ \ DGHKSTHKJM�_�IX~�EC��I�Y����V��.�EX HKD\� HKC��KQ4�EXGHAJ WISESTDGHAJNO
 +DGJ-S|¤#� CECEHKJM�[WIX�� STHKJ V`�.�EXGHAD�� H L ONHJ�cO+SEHAJ V`�.�EXGHAD�� HAC_�KQ]�[X HKJ D~� ©6HY�IDYL ONHAJ ��
��Y�[J��<HAJM��`��=�EC���¤
�z� HKC[LC�1 +D HE� HKD��?\ DGHKSTHKJM�_�IX~�EC��aLM�EX~�`�.� DYL O:STD HS�6C��UW]�EX STHKJ#\ DGHKSTHKJM���aX��[C��IHKC>� HKDcSTHKJ
V��.�EX HKD\� H STHKJM�KHAD O W]��� ^ °=° � HJ�IJMHAC��AOJ¤r¯EHKJNCEHKJ DYL O+W]���.�Q� HKD STHAJ+V`�.�EXGHAD�� H HKD C0F4�IJA�AHKDPOMD��aHKL�<HKJNXYWILMLNHAC%S`�EJ.�.�9HADGCEH LC� HY�KD HKX XGH2� C[L ONJA���cOND~�IC>� &4�aX D6�.�k¤L�>WaL#F=�IJA�AHAD OND~�IH��<HKJNXYWILML HKC>�RWZCEC� HKSED C��IO S`�EJ.�.� HADGCEHAC �<HAJA�IXGHAD6�.�k�p� HUSTD C_�ZO S`�EJ.�.� HADGCEH����r�aX H � LA�.�EH 	1�IC L O-WZCcONHQ�TSTHKJ
�[C8� HKSED C��IO L HKD C�¤

�a�+� 
 � .l"#�T!�*j! $  2!�� � � �

� C Vr�[WISEHAJM��� JA�4�aJMW4��� HKC �)&ICEC[HAC W]�_�IHAJ-STHJ��B6CcOMHAJA�EJM�=�IJ-W]��� HSTH�¦[C[D HKJ O�  HKJMSTHKCk¤
"aHKSEHKL:B6CcONHKJM�[JM�=�IJ-W]���� +DGJ-S S`�EJ.�.�%HKD C!�#W4� HKX=� HY�=�ICECEHKC��EC S�S`�[JA�.�%HKD C[HS©���.�8�aHY�EJM�� Cr  HKDGLM�EC��6W4���IHULM�.�EX~�aLMLNHACk¤�� W]� HADIDYL O D C9HKD CEHJ� B CaOMHAJA�EJA�4�IJ-W]��� Cr�EJ HKD C[Hz©�_�.�r�IHJ�EJM�
� Cr  HKDGLM�EC��6HKJNXYW]�_�TOJ¤ b�EJ#F=�IJA�AHAD OND~�IHKC�©m_�.�r�IHY�[J#W]�[L HADGCEHY�?B6CcONHKJM�[JM�=�IJ-W]��� �� LNLNHAC
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STDGH/� C[L ONJA���cOND~�IC[HACw�EDYLi�J�EJE©���.�8�aHY�EJM�/�6Cr  HKDGLM�EC��G�=¤ ��¤aS��EJA�.�4HKD C 	[�aC[STD OND~�IC[WIX��� HAJM�
LM�EJA�EC��IHKCw  HKJMSEHACk¤r� DGH1�>HY� XYWZJ-WROMD��aC STHKL B6CcONHKJM�[JM�=�IJ-W]���4L����[LMLB,04 �D30STHY� XGH8OA�8ONHKC
�[�`� JM��� HKJC���aX��aHACk¤
B CaOMHAJA�EJA�4�IJ-W]��� H��[W]� HAC �aHADGCEH �[�`� JM�����[WZJ-W]� H8OMHAJQ�TSTHKJc©���.�8�cW]� HY  HAJNONH=� LC� S[WILML
STHKJv� WROMHAC[W4�[L O-W]�[LA�.� �Y +DYLM�.�[HAC B6CcONHKJM�[JM�=�IJ-W]��� �EC[S��m�`� JA�`� HAJv�� HAJv©6HY�IDYL ONHAJ HAJM�
���aX��aHAC��v�[LMLY�ZSTDGH+LC�@ S�4�[XcB CaOMHAJA�EJA�4�IJ-W]���4L WZXYL W4�_�.�v�[�`� JA�`� HAJn� HY�RWZC[CaO LNDGC[S|¤ZB6CcOMHAJM�
�EJA�4�aJMW4��� H��'&aCECEHKC LNHAX~�[L O>W]���.�!WIC[STHAJMH%B6CcOMHAJA�EJM�=�IJ-W]��� W]��� JM�`� HKCk� SED H�V��.�[W4�.�cONHY�
X~�EC��cL OMD HY� H9DGL Oiª HKS��r�.��� HY�aJNHKC��8OL¤��>HAJ[�[�`� JM���:HKD C[HKL6B CaOMHAJA�EJA�4�IJ-W]���4LS�RWZCECt� HKSTDGC��IO
S`�[JA�.� HKD C[HAC«�<HKJM�aX HKD~�.���=� HKSTDGC��IO+S��EJA�.� HADGCEH1�q�r�IXGH�� LM�.�[H 	1�IC[L OMWICaOMH[�TSTHKJE�ECr� HKSTDGC��IO
HKJC���aX��aHACk¤

� � ��� � & &j!�� � � ��(�./� � &)(>$a��-  �B� %j�T!��

� HAD~� � D\§THAX:Vr�[WaSTHAJm�aD��EO6HKL6C_�r�.� HKD CEH>� HKLM�IC STHAJMH � &4�aX D6�.���aHAD O+SEHAJ[¯ X~���aL ONHJ�EHAJA�EC���¤
�D O�HKD C[HAJ LC� HY�KD HKX XGHAC � C L OMJM���cOMD��aC DGL O�HUL�� &=�IXGD~�.�k� STDGHc� HKWIJM� HAD OM�EC_� STHUL W]�cOA�EHAXGX HKC
¯[JMW4�4� HACcOML W4���Y���[JNHL�.�EHACk¤r� WIL6Vr�[WaSTHAJM�s� JM�=�IJ-W]���  +D J-S0S[WZCECc��EJ6STDGHKLNHKL�¯EJ-W]�=� HACcO
CED6�.�cO�  HKDPOMHAJ W4�[LM�IH���_�EJ O��[C[S SEWIL%HACcOMLM�EJMHJ�.�EHKC[STHQ¯EJ-W]�=� HACcO%W]�[L%SEHAJ�� D~� HAXGD CEH �)/H.
5 � ��� 3 � �[C[S LC�=� D O W]���.�0CED6�.�cO�� HJ�EJ��IHJ�AHKD~�.�EC[H8OJ¤

� � �a� &)!�� %g( �0�"�( $ .

� DGCEHm� HKLM�IC STHAJMH�¯��IJA��SEHAJz� HAHKD C 
_�[LMLC�EC_� SEHAJi�<HKJM�[WIXPOMHAC[L F4�IC � C[L ONJA���cOND~�ICEHKC DGL O STDGH
LM�4�aHAC[WICECcONHS� JNHUSTD6�AWROMD��aCk¤]�m���b� WILNDYL SEHKL�� JMHKSTD6�AWZOND~�IC�©+HY�aDGL ONHKJMLJ�O  HKX~�.�[HKL HADGC��<HY�cOM�aJ
W4�[L FcDGHAJG�q�r�IXGH�� LM�.�EHKC \)HAJNONHKC DYL OL�|�RWZCEC¢� HUL OMD���� OG  HAJ-STHKCk�b  HKX~�.�EH 	1�4�����aCEHACcOMHAC
STHULn� JA�IHJ�ECEDYLNLNHKL:HKD CEHKJ WZJMD OM��� H8OMDGLA�.�EHKC � C L OMJM���cOMD��aCI�TSTHKJz¬'H�§ OM�EJM�V� C[L OMJM�_�aOMD��aC�DGC SEWaL
 DGHAXGJMHY�IDYL ONHAJ[�IHKLA�.�EJMD HJ� HKCt  HKJMSEHAC LM�IXGX HKCk¤��>D Hv� JMHKSTD6�AWZOND~�ICt���EC_�aOMD��aCEDGHAJNO LM�4� DPO WZC[W]�
X~�4�t�J��� � WILM� D C���¡ L DGHY�[H 	9W]�ED ONHKX ° ¤ I £�¤#\ Q4�EJMHAC[Scª HKS��r�.��� HKD�� � WaLC� DGC�� � � 4 � *����D3� HUL OA�IHAXGHY�IO� +DGJMS|�p  HAX6�.�EH 	1�4���q�ICEHKCaOMHAC STHUL  D HKX JMHY�aDGL ONHKJML O-WROMLMQ4�.�[X D6�.� �IHULM�.�EJMDGHY� HAC  HAJ-STHAC LM�IXGX HKCk���IHULM�.�[D HJ�aO6STDGHKLm� HKD'STHKJm� JMHKSTD6�AWZOND~�IC ���#, 4
	 *����D3 WZC��[WIC[S!STHKL�� JNHUSTD\�
�KWROND~�IC�©+HJ�IDYL OMHAJ-LY¤
� HAD STHAJE�6Cr  HKC[S`�EC_�%STHKLz� JNHUSTD6�AWROMD��aCw©+HY�aDGL ONHKJML W4�`� HADGCEH/� C[L ONJA���cOND~�IC DYL O HKL HKJNXYW]�_�TO
Vr +D~�Y�KX DGC�� ¡ LNDGHY�EH%	9W]�[DPOMHAX ° ¤ I £[�EC[S 	 HY�aWZOND~�IC�¡ WZXGXGH 	1�4���q�ICEHKCcONHAC   HKJMSEHAC)X��=�IDYLM�.�CEHJ�IDGHAJNO.£ W]���:SEWaL�� JMHKSTD6�AWZOND~�IC�©+HY�aDGL ONHKJ WIC��Y�r  HAC[SEHACk¤
� HUL HAOM�8Ok +DGJ-S S[WIL|� JMHKSED~�KWROND~�IC>©+HJ�IDYL OMHAJ#S��EJA�.� HADGCEH LM� HY�ADGHAXGXGHn�<HAJA�IXGHAD6�.�[L;�V� C[L ONJA���cOND~�ICk�
STDGHz�=�4���q�ICEHKCaOMHACr  HADYL H<STDGHz� DGC��cW]� HAJMHY�IDYL ONHAJ#FIHAJA�IXGHAD6�.�cOk�EC[S%SED HE� JM�aHY�EC[DGLML H SEHKL �<HAJM�
�aX HKD~�.�[L6D�� � JMHKSTD6�AWZOND~�ICu©+HJ�IDYL OMHAJ W4�EX HJ�ZOL¤�� WILm� JM�aHY�ECEDYL6STHULm�<HKJM�aX HKD~�.�[L STHAJ1� HKDGSTHKC
�8��	[�=�I�q�IC[HACcONHKC SEHAJS� D C_�aW]� HAJMHY�aDGL ONHKJz +DGJMS DGC0SEHAJ �=��	1�4�����aCEHACcOMH6STHKLE� JMHKSTD6�AWZOND~�IC©+HJ�IDYL OMHAJ-L'W4���IHKX HJ�ZOL� S[WILp� JA�IHY�[CEDGL:STHULp�<HAJA�IXGHAD6�.��STHKJp� HADYSTHKC�
8��	[�=�I�q�IC[HACcONHKC%D C STHKJ

8��	[�=�I�q�IC[HACcONH��[LM >¤
�>D H!HADGC��KHAXGCEHAC ¡��q�8�aX H � LA�.�EHKC�£9	1�4���q�ICEHKCaOMHAC��)&ICEC[HAC HJ� HKC[LC�  +D H STDGHc�q�r�IXGH�� LM�.�[HAC
	1�IC[L OMWICcONHAC[JNHJ�IDYL OMHAJ D C 	[�aC[STD OND~�IC[WIX HKCv� LC >¤ZWIC[L O-WRONO STHKL��<HKJM�aX HKD~�.�EHUL<WZXYLn� HKSTDGC��4�[C��
FaHAJA  HKC[STH8O�  HAJ-STHACk¤
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� HKDcSTHKJk� JA�4�aJMW4�I� DGHAJA�EC��+STHKJ��<HAJNONHY§9V`�[WISTHKJk� QIX X O � HKLM�IC[SEHAJ-L W]�`�;�USEWILML`ª HUSTHAJ �<HAJNONHY§
�[C[SGª HKSEHKLz¯[JMW4�4� HACcO F=�IXGX��=�4��� HAC ��, 4)6 3 �#, �'* � F4�aC WZXGX HKC4WZC[STHKJNHKCw� HUWZJA� HKDPOMH8Oz +DGJ-S|¤�>DGHKL� +DGJMS STHJ�TONXGD6�.�k�`  HKCEC��4WZC�� HAONJ-W4�.�cONHAO

•
SEWaLNL STDGH ONHJ�I�q�IJ-QZJMHAC�©+HY�aDGL ONHKJS��EJ�ª HKSTHKC0C[HY�EHKC��<HKJ OMH�§Q��[J�ª HKSTHUL CEHY�EH>¯[JMW4�]�
� HACcO6CEHJ�!DGCED ONDYWZXGDGLNDGHAJNO�  HAJ-STHKCk�

•
SEWaLNL HUL��IHADGCEH9L OMWROMDGLA�.�EHKCc� WIJNDYW]�EXGHAC��ID~�TO��EC[S

•
SEWaLNL HUL4CED6�.�aOQ� &=�IXGD~�.� DGL OJ�E¬#HY§cOA�EJMHAC��Y� QZC[SEHAJMCk� F4�aC SEHACEHKC D~��W4�cOM�EHKX XGHAC
�1�EJA�.�[XGW4�`� W4�_�.�c�aHAXGHKLNHAC� +D J-S|¤

�>DGH[� HKWZJA� HAD OM�EC��9STHKJ HADGC��KHAXGCEHAC��<HAJNOND6�8HUL��EC[Sw¯[JMW4�4� HACcONH��EC W]���[QIC��ID~� F4�IC[HADGC[WZC[SEHAJ
S��EJA�.�_�Y�`����[JNHKC DGL O>HKD C[H�� HY ��[LML OMHv�>HKLND��aC`�s� CcOMLA�.�EHADYS`�EC��c� HKD SEHAJ�� CcO; +D~�.� X~�EC�� STHKJ
� J-W]�_�ED��r�RWZJNONHKCk¤�� WIS`�EJ.�.� DGL O6HKL+OM�EHJ�IJMH8ONDYLA�.�c� &4�aX D6�.�k��� HAXGDGHY�ED~�4F D HKX H>�<HKJ OMD~�AHKL����J >¤
¯[JMW4�4� HACcOMHn�IXGHAD6�.���AHKDPOMD��6W4�[LC�J�`����EJMHAC��Y�4�[CEH SEWILML STDGHz� HKWIJM� HAD OM�[C��+HADGCEHKL��<HAJNONHY§����J >¤¯[JMW4�4� HACcOMHKL+W]��� STDGH�¯EHKJ OMD��cL OMHAXGX��EC_� SEHAJm� HKWIJM� HAD OM�EC_� HKD C[HKL+WZC STHAJMHAC�  WIJ OMHAC����[LMLJ¤
B[� SED HUL4D C STHKJQ� J-W@§TDYL4W]�[LM�Y�ECr�TOA�AHKCk�<FIHKJC����aHAC STDGH ��� B L«�� HKJQ� HY�EJMHAJMH��EC[W4�`�
� QZC��aD��aHv� DGC��EHKDPOMHACk�'STD H��<HKJ OMD~�AHKL FIHKJMWIJM� HAD ONHKC �)&ICECEHKC ¡ D�� ���IX~�IHAC STHAC �<HAJNONH�§)B6CED O�aHAC[WICECcO.£��8�[C[S«� HJ�EJNHKJNH��EC[W4���[QIC��ID~�IH1� D C_�EHAD ONHKCk�ESTDGHG¯[JMW4�4� HACcOMH FIHKJMWIJM� HAD ONHKCQ�'&aC`�
C[HAC ¡ D�� ���IX~�IHAC STHAC ¯[JMW4�4� HACcO>B CED OG�aHAC[WICECcO.£�¤ �#H8OM�AONHKJNH L DGC[S DGC SEHAJG©+HY�aHAX:D C L HJ�EJ
�aJM�=�IHKJ�� C��KW4�EXEF=�IJA�[WZC[SEHACk�RSEWG  HKLNHACcONXGD6�.�v� HY�[Ji¯EJ-W]�4� HKCaOMH+WZXYL��<HAJNOND6�8HKLi� HUWZJA� HKDPOMH8O  HAJ-STHKCc�v[LNLNHAC�¤

�a��� � �T!�&,�T!� 2��. ��$ .  *,��( � �/�T! ���9�"#��.��%� .

�<HKJ OMH�§ B6C[DPO-Lz�EC S«¯EJ-W]�=� HACcO B6C[DPO-Lz  HAJ-STHAC LM�%HKCaO; S�IJM� HAC��aSEWaLNL L D6�.�4HADGCEH[� HKL OND~���I�
OMHu�6C��UW]�EX+F=�IC B6CED OML �E�ED~�`�/©+HKLM�4�[JA�AHAC OMHADGX HKCk�n�EC[S CED6�.�cOGª HKSTHSTDGHKLNHAJ4B6C[DPO-L4HADGCEH
HKD��aHACEHm¥�	[�=�EDGHA¨>STHAJ HACcOMLM�EJMHJ�.�EHKC[STHACQ©6HKLM�4�EJ.�8Hm� WROJ¤8� HKSTDGC��ZO S`�EJ.�.� STDGH JMHKS`���KD HKJ OMHAC
	1�aL ONHKC��I�EJA� B CED O��'&aCECEHAC¢  HKLNHACcONXGD~�.� � HY�EJ B CED OML9DGC HADGCEHY� �E�ED�� �ECcOMHAJA�IHY�[JMW=�.�aO  HAJ-STHKCk¤
�>DGHz�IJ &4�aHAJMHp� C��KW4�EXIF=�IC>�<HKJ OMH�§ B CED OML �EC[S>¯EJ-W]�=� HACcO#B6CED OML �EJMD C_�ZO��J�EC[Q4�.� L Ok�aHADGCEHAC
�aJM�=�IHKCt�n�IJNONHADGX�� S[W0STDGH B6CED OMLJ� STD H LND~�.� HADGCEHv©+HULC�=�EJ.�8H%OMHADGX HKCk� CEDGHY�4WZXYL��IXGHAD6�.���AHKDPOMD��
SED HUL H>©+HULC�=�EJA�AH DGC�� C[LM�EJM���.�0CEHJ��� HAC��'&aCECEHAC�¤TV`�IXYWZC��aH>WZXYLM��HKD CEH9B CEDPO6STDGHG�IHAONHADGX ONH
©6HKLM�4�EJ.�8H0FIHAJA  HAC[STHAOJ� ��[LML HKC WIX XGH0WIC[STHAJMHAC B6CED O SED HUL HKJ�� JA����� H4�<STDGH!W4�_�.� STDGHKLNH
©6HKLM�4�EJ.�8H FIHKJM  HAC STHACc E�aX XGHACk�`  WZJNONHKCk¤
� C%SEHAJk� J-W@§TDYLb  WIJ OMHAC F D HKX H B CED OML`ª HUS`�`�.�G�[Q]�`¦��6W]�`�TSEWILk� C[STH F=�IC>¬'H�§ OM�EJM��q���IJMD�� HKCk¤
\ Q4�EJMHAC[S STD HUL HKJ \)WIJ OMHY�AHKDPO��'&aCECEHKC STDGH!WIC[STHKJNHKC B6CED OML4W4�`� SED H��IHAONHADGX ONH�©+HKLM�4�EJM�
�AH��4�ECEH 	1�IC�
[D~�cONHI� DPO%STHKJ�  WZJNONHKC[STHKC B6C[DPO>�Y�_�IJMHAD�� HACk¤k� WIS`�[JA�.�   HKJMSTHKC STDGH FIHAJM���_�4�[WIJNHKC ©+HULC�=�EJA�AHAC � HULNLNHAJ W]�[LM�IHKXGWaL OMH8OI�EC[S HKL4L ONHY�cO��Y���IXGHAD6�.�EHAC�	[�cL OMHAC�� HJ�EJ
©6HJ�.�EHKCEX HKDGL OM�[C�� �J�EJI�<HAJM����4�EC_�_¤p� D C Q]�EC[X D6�.�EHKL 	1�IC��KHY�TO� +DGJ-S F4�aC � CcONHAX�� D O STHKJ
¥  B�r� HKJ OA�EJNHUWISTDGC��w¬'HJ�.�EC��aX��=�IDGHA¨ W4�_�.�«��[J �HY�[JM�J  HL�.�=�s� JA�4�KHKLMLC�aJNHKC JMHKWIX DYLND HKJ OL¤
� ]a5 M���b
QJMJ4+6 QO576H^ UH574�G/6H57PVU\M�6�FHG/^H574	� 4�GWQJMJ4�D7D7FH6Hm
QO[
b
QWMO4�6 QJb
6H^H4�GJ69I1FHPVU9s�FH] u 4+57Q�CH574�D^H4�G

CED IoMJs+S�4�^cI1GNn ^H4�G � PVUcI1D MJ[ GW4�57QO4,57]�
 UH5 C m
4�]a4+576\M+q�^H574jn �XG ^H574,dT4+I1D757QO574�GJFX6HmB^X4+GavcFX6H[�MJ57b
6H4�6 57]

%UX5 C�4�GWnpb
GW^H4�GJD757PVU�QO576H^
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�>D H HADGC��AHKX C[HAC�� DGC��EHKDPOMHAC WZJA� HKDPOMHAC SEW4� HKDcL�� C_�.�EJA�ICk�KS|¤ ��¤ WIX XGHi�<HKJ OMH�§%B6CED OML � HY�IDGCECEHKC
�aX HKD~�.���KHAD OND~�w� DPO9STHAJ�� HKWZJA� HAD OM�EC��Gª H�HADGCEHKL1�<HAJNONHY§��[C[S LA�.�EX DGHY�aHACSTDGHv� HKWIJM� HAD OM�[C��
W4�_�.�w�IXGHAD6�.���AHKDPOMD���W]�k¤8�6C[WIX��=���IDGXPO STDGHKL W]�_�.����EJ STDGH1¯[JMW4�4� HACcO B CEDPO-LY¤r�>D HULz�[WZO STHKC
�n�aJ OMHADGXo�cSEWILML STDGHm� JA�IHJ�ECEDYLNLNH STHKJ|ª HY  HADGXGL F4�aJM�EHKJND~�IHKCv� D�� HAXGD C[H�� VcOM�`� H��IXGHAD6�.���KHAD OND~�%WZXYL
� DGC��cW]� H6HACcOM�aHY�aHAC��aHAC��=�I� HKCI  HAJ-STHKCI�)&ICEC[HACw�EC[S4S[WILML STDGHm� JA�IHJ�ECEDYLNLNH STHKJkª HY  HADGXYL
W4�aOA�EHAXGXGHAC�� D�� HAXGD C[H�� VcOM�`� H��aX HKD~�.���KHAD OND~�>WIC�STDGH C Q4�.�[L ONHE� D�� HAXGDGCEH�� VcOM��� H�  HKDPOMHAJA�IHY�aHY� HAC
  HAJ-STHAC��'&aCECEHKCk¤

� � � � -���� ��$ .l"L! $ -+-+�	� & �!��Y-�-���-�(>" �"

� WZJ-W]�[LJ� SEWILML'WIX XGHS�<HAJNONH�§%B CEDPO-L��EC[Sv¯EJ-W]�4� HKCaO<B6C[DPO-L'F=�IXGXGL OMQIC[STD~�[�[WIJMWIX XGHAXcWZJA� HKDPOMHACk�
HKJM�aHY� HAC L D6�.�0DGC��<HAJA�EDGC[S`�EC���� D O S�� C[W]� DYLM�.�EHKJm¯ X����=�4�aCaOMJM�aX XGHiª HUS`�`�.��� JM�=�EXGHY� H4¤
� W]� HAD[L ONHKX X O LND~�.� C[Q]� XGD~�.�4STDGHm¯EJ-W]�aH4�O  WIL��[WaLNLND HKJ OL�@  HKCECI�IXGHAD6�.���AHKDPOMD��G�<HAJNOND6�8HUL����Y >¤
¯[JMW4�4� HACcONH FaHAJ-WZJA� HKDPOMH8OG  HKJMSTHKCk�#STDGH4D~��Vr�[WaSTHAJM�s� JM�=�IJ-W]��� � HUSTDGC��ZO�S��EJA�.� S�� C[W]�
� DYLM�.�EH�¯ X��_�4�4�aCcONJA�IXGX H��[CaOMHAJ-LM�.�[D HUSTX D6�.�EHI� JA�4�IJ-W]�����`� WaSTH�S`�[JA�.�EXYW]��� HACk¤ � C SEHAJ>©+H��
�aHAXk +DGJMSS[W]� HAD'SED H�VTDPOA�[WROMD��aC!HKD CcOMJNHAONHAC�� SEWaLNL+HKD C[D��aH>�<HAJNONH�§B6C[DPO-Lm���J >¤�¯EJ-W]�=� HACcO
B CEDPO-L�  HKCED��aHAJ�� C[L ONJA���cOND~�ICEHKC WZXYL STD H WZC STHAJMHAC W4�[LC����EJMHACu�v[LNLNHAC �EC[S LC�=� D O HY�EHKJ
� HKJ OMD�� L DGC[S|¤ B[� STDGH V � C_�.�EJA�ICED OMQZOI�J� HKJM�[WIXPOMHAC ��[LML OMHAC STDGHKLNH!B CEDPO-L�  WIJ OMHAC �EDGL
W4�_�.� WIX XGH0WIC[STHAJMHAC �[WZJ-WZXGXGHAX FIHAJ-WZJA� HAD ONH8OMHAC��<HKJ OMD~�AHKLI���J >¤�¯[JMW4�4� HACcOMHQ� HAJNOND~�¢� HUWZJM�� HAD ONHAO4LNDGC[S|¤n� DGHKL�����EJNO4D C LC�aHKLMW]�%Ov�Y� HKD C[HAJI� HKJC���aJM�4WIC_�8HY��� DGCr�����aH4�'S[W ¬'HADGX H STHKJ
� J-W]���[D��8�( WZJ-S`  WZJMH6DGC SED HUL HKJ  HAD Om�EC��aHACr�TOM�AO��EX HKD�� HAC�¤
� DGC � HULC�aC[STHKJNHw�>D�� HAC L D~�IC HAJA�[QIXPO%STDGHKLNHKLG� JA�4�aJMW4��� D�� ©6W]�_� HKC F=�IC)\ D HUSTHAJA���4�
X~�EC��cLC�EX<&`�.�IHKC¢�[C[S V`�.�EXGHAD�� HAC�� SEW S`�EJ.�.� HADGCEH«�[Q4�`¦_�aH4\ D HUSTHAJA���IX~�EC�� HADGCEHKLv� X~�`�.�TL
F=�IC � C[L OMJM�_�aOMD��aCEHAC LNHY�EJ:F D HKX_©+HL�.�EHAC��KHAD O<D Cw�6C LC�EJA�_�.�I�IHKC��4��� HACI +D J-S|¤R\ DGJMS SEWICEC
STDGH V��.�EX HKD\� H1�Y��� � HKDGLM�EDGHAX_� HKSED C��IO S��EJA�.� HADGC 	[�aC[STD OND~�IC[WIX���EJ HADGCED~�IHm�<HKJ OMD~�AHKLE���Y >¤
¯[JMW4�4� HACcONH W4�[LM�IH���_�EJ OQ�[C[S ��EJ0HADGCED��aH CED6�.�cOJ� HKJM�aHY� HAC LND~�.� �aJM�=�IHt� DYLM�cJMHY� WZC��KHAC� HAD+STHKC ©+HL�.�EHAC��KHAD ONHKC��EC[S LC�=� DPO HADGCEH!LNHY�[J LA�.�EXGHJ�.�cONH��m�[LNXGWaL OA�EC��)STHAJw� JMW4���ED~�8�
 >WZJ-S`  WIJNH=¤
� WIL>� JM�=�EX HJ� OMJND O O D~� ��EJMD��aHAC HY� HAC[LM� W]���;�k  HKCEC D~� � D�§THAX V`�[WISTHKJ STDGHQ� HKWZJA� HAD��
OA�EC�� HADGCEHKL>¯[JMW4�4� HACcOMHKL W]���aHY�EJA�`�.�EHAC  +D J-S|¤k�>HAJ��m�_�EJM���.�)STHKJ>� HUWZJA� HKDPOA�EC��!HADGCEHKL¯[JMW4�4� HACcONHULE����EJNO WZXYLC� D~� �6XGX��aHY� HADGCEHKC!C[D~�.�cOm�Y�!HADGCEHKJ�� HADYL OM�EC��cLNL ONHKD��aHAJA�EC���¤
�>D HUL HI� JA�4�EXGHY� H ONJMH8OMHAC � HKD L O-WRONDYLA�.�EHAJ>¯ X��_�4�4�aCcONJA�IXGX H%C[D~�.�cO%W]�`�;� SEW!WZXGXGHI� CaO-LM�.�[HAD��
S`�[C��IHKCI�[D C[LND6�.�aOMX D6�.� STHULn� JA�4�IJ-W]���4W]�[XGW4�`� L<W]�[LMLA�.�EX DGHY�aX D6�.� W]�`�|� WILNDGL<F=�IC%	1�IC[L OMWIC`�
OMHAC �IHAONJA�F� HAC   HAJ-STHACk�'STD H0L D6�.� CED~�.�cO�� D O[ª HKSEHY� �<HAJNONH�§¢���Y >¤p¯EJ-W]�=� HKCcO QZC[STHKJNC�¤
Vr�=� DPOQ� HKLA�.�EJMHAD ONHAC WIX XGHt�IXGHAD6�.���AHKDPOMD�� � HKWIJM� HAD ONHAONHAC �<HKJ OMD~�AHKL����J >¤E¯[JMW4�4� HACcONHSTHKC
LNHAX~� HKC�� JM�=�IJ-W]�����`� WIS D�� Vr�[WaSTHAJM��� JM�=�IJ-W]����¤

� � � &)!�� %j( �0�"#(#$ .�� & �Y!���-+-+��-+(�" � "

�>D H � JMHKSTD6�AWZOND~�IC DYL O!D��
V DGCECEH SEHAJ«�<WIJMWIX XGHAXGDPO-QRO«�aHY +DYLNLNHAJA�4W]�aHAC STD Hu¥AC[WROAEJMX D6�.�EHA¨
¯ X~���4�=�ICcONJA�IXGX H=�RSEWG� HKD STHKJi� JMHKSTD6�AWZOND~�IC 4#5-5</1� HY� HY�EXGH W]� LC�aH�����EJNOn  HKJMSEHACk�IW4� HKJ!,�* �D3 �
4F5-5�/w� JA�IHJ�ECEDYLNLNH�OMWRO-LNQ=�.�EXGD~�.� �IHKLA�.�EJMD HJ� HKCu  HAJ-STHACk¤ Vr�=� DPO ONJMD O O%SEWILG�=� HKC � HKLA�.�EJMD HY�
� HACEH>� JM�=�EX HJ� DGC��<HKJM�[D C[S��EC��w� DPOm� JNHUSTD~�KWROMD��aC0CED6�.�cO6W]�`�;¤
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� HKD�� �<HAJ-LND��aC[LC  HJ�.� L HKX F4�aC � D\§THKX Vr� WISTHKJ ^�¤ _ W4�`�m� D�§THAX+Vr�[WISEHAJ�`_¤ __�� ��EJ-STHKC�� HY�
JMHAD OML STDGH 	 HY� HAX��/� HKJNHL�.�ECr�EC��aHACu�J�[LNQZOM�KX D6�.�u� DPO9DGC STHKC �[�`���aW4� HKC8� HAJMHAD6�.� SEHKL1� D\§THKXV`�[WISTHKJML FaHAJ-LM�.�_�4� HACk¤
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���@ �OM�[HH� �AWZC � H STHULM�AJND~� HUS)FcDYWW LM�[WISED C��XYWZC_�4�[W4�IH4¤c¬��EH«©+HKC[STHAJA�4WZC Vr�[WaSTDGC��
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¬��[H>¦[J-L O+OA�ED C_� OM�w� C��@   ��EHAC��EJA�4�aJMW4�I� DGC�� LC�[WaSTHAJ-L DYL����@  X D~�4�cO6DYL ONJ-WZC[LM�q�IJNONHKS
OA�EJA�4���=� OM�EH HKC FcDGJA�IC�� HACcOL¤��i�=� CEHAHUS)OM�u� C��@ �OM� WRO LNDGC_�8H HKFIHKJ�� OND~� H �4�4�   WZCcO
OA� HKL OND~� WZONH OM�[H����IX~�IJ WRO6W��8HKJ O-WZDGC«�q�IDGCcO��aC!W LM�EJM� W4�8H=�cOM�EH%W4�I�=�ECcOS�4�'XGD��=�cO� ��[D~�.�
�[JNDGC��aL DPO0OM� OA�[WRO����aD CcO DYLQ�4���ED~�4� D~�I�q�IJNOMWIC_�8H  ��EHAC �KWZX6���EXYWROMD C�� OM�EH JMHKLM�EX ONDGC��
�Y�IX~�IJL¤ "aW4� HUL1¬G¤ 	9W]ª D��cW�� ° �n���aD CcONHUSu�=�TO>OA�[WRO OM�[DGL��EJA�`�8HKLML S`�EJMD C��0JNHKC[STHKJNDGC��c�KWZC� H>���TSTHAXGHKS!XGD��aH>OA�EDYLY®

i(x, x′) = v(x, x′) ·

[
l(x, x′) +

∫
r(x, x′, x′′) · i(x′, x′′) · dx′′

]

�[�i�Y�4�EJ-L H=�ED O>DYL6C��IO HKWaL�� OM�w�EC[SEHAJ-L O-WZC[S!OA�EH%DGCaOMHAJ-W4�8OND~�IC��]�:OM�[H>���EC_�8OND~�IC[LJ¤��m���EDGX��
S��EC��4d�� D��=�aOm�[HAX~� OA�w�IH8O6Wv� HAHKX DGC��w�4�  ��[WZO6DGL��=�IDGC����IC S`�EJMD C��4LM�[WISED C���¤
	�2B?�=<;FAy�t¬'JMWIC[LC�q�IJNO��]�:X D~�4�cO OM�EJA�4�_�4�0OM�EH9HKCcF DGJM�aC�� HACcO

i(x, x′)
¬��[DGL����[C_� OMD��aC SEH8ONHKJM� DGCEHKL OA�EH9DGCaOMHAC[LND O �Q�]�:X D~�4�cO6WRO

x
�_���=� D C��I� JA�4�

x′

r(x, x′ , x′′)
¬��EDYL#DYL#OM�EHS� DYSTDGJNHL� OMD��aC[WZX8©+H 
[HL� O-WZC_�AHE�>DGL ONJMD��_�TOND~�IC�¯_�EC_�8OND~�ICc¡o��©m�1¯n£�¤

� DGFIHAC4WG�q�IDGCcO
x′
�aWIC DGC_�Y�4� D C_� XGD~�4�cO STDGJNHL� OND~�IC

x′′
WZC[S WICI�=�TOM�=�IDGC�� STD JMHJ�8OND~�IC� JA�4�

x′
OA�

x
� OM�EH ONHKJM� �aD FaHKLc�[L!D C����IJA� WZOND~�IC W]�q�4�TO����@  �v�_�.�]XGD��=�cO!DYL

JMH 
[HL� ONHUSI� JM�=�
x′′
OA�

x
¤i¬��EDGL ONHKJM� STHJ� HKC[SELE�IC OM�[H1�4WROMHAJMDGWIX��]� OA�EH JMH 
 HJ� OMHKS

LM�EJC� W=�8H=¤
i(x′, x′′)

� JNHL���EJ-LND FaH1�[LNHG�]�'OM�EH9XGD��=�cO DGCcONHKC[L D O � STDYL ONJMD����EOND~�IC����EC_�8OND~�ICk�� ��[D~�.���EJA�]�
F DGSEHKL OM�[H9X D~�4�cO6DGCaOMHAC[LND O �4OM� OM�[H��S©[�1¯S¤

∫
r(x, x′, x′′) · i(x′, x′′) · dx′′

 6HAJMH OM�EHm��©m��¯ WZC S%OA�EH X D~�4�cO:D CcONHKC[LNDPO � SEDGL ONJMD��_�TOND~�IC���EC_�8OND~�IC WZJMH DGCcONHY�aJMWZONHUSw�RFIHKJ
x′′
�r ��ED6�.�«� HKWIC[L OM�[WZO6WZXGX DGC_�Y�4� D C_� STDGJMHJ� OMD��aC[L

OM�
x′
�IC%OA�EH+LC�[JC� W=�8H WIJNH OMW4�IHKC DGCaOA� W=�Y�Y�4�ECcO#OA� HKL OND~� WZONH OM�EH��Y�IJMJNHL� O'J-WISEDGWIC_�8H

WRO
x′
¤_�s� OA�EHt�4WROMHAJMDGWIXS�4� OA�EHLC�EJM� W4�AH DGL C��aCaOMJMWIC[LM�[WZJMHACcOJ�z�ICEX<� OM�EHt�_��� HKJ�EHJ� DYLM���EHAJMHG�RFIHKJ

x′
�[WaL OM�w� H����IC L DYSTHAJMHKSk¤
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l(x, x′)
�s�'OA�EHAJMH%WZJMH>XGD~�4�cO LC�=�EJ.�8HKL WZO

x′ �TOM�EH��Q� D��=�cO6HY� DPO6XGD~�4�cO OM�@  WZJ-SEL x
¤

v(x, x′)
� O XYWIL OJ� X D~�4�cOm ��ED6�.� ONJ-W FIHKXGLS� JA�4�

x′
OA�

x
� D~�4�cO[� H LM�KWRONONHAJMHKSc�IJ[�EX��`�.�aHKS

� � ���4���IJ LM�4� Hu�IOM�EHKJ F4�aX��_� Ht ��[D~�.� DYLQ�EXYW4�AHKS DGC � H8O;  HAHAC�¤
v
�IDGFIHUL OM�[H

� HKJA�AHACcOMW4�IHG�]� X D~�4�cO+OM� WRO��4W]�IHUL DPO+OA�
x
¤

�>L LNHAHAC��aFRWZJMD~�4�[L LM�[WaSTHAJ-L WZJMH+JMHKLM���aC[L D~�EXGH6S`�EJMD C_�%JNHKC[STHKJNDGC�� OM�v���4�����EONH+OA�EH STD�� HKJC�
HKCaO+OMHAJA�4LY¤n¬��EHKJNH9WZJMH OM�EJMHAHG�4W@ª;�aJ O �8� HKLm�]� LM�[WaSTHAJ-LY®

o�25?G:�Q�m}EG=};F�*A²m,:7IK@7A$;Fk ¬��EDYL LC� WISTHKJ!STHAONHKJM� DGCEHKL0OM�[H)FRWIX��EH¢�]�
l(x, x′)

¤ ¬��[WZO
D C_�AX�� STHKL1���IX~�IJ+WaL�  HKX X'WIL OM�[H9D CcONHKC[LNDPO �c�]�:X D~�4�cO6HY� D O OMHKS�� JA�4��W XGD~�4�cO6LC�=�EJA�AH
D C W)STHKSTD6�AWZONHUS STDGJMHJ� OMD��aCk¤ ¬��EHLC�[WaSTHAJ4S`� HUL C��ZOQ�AWIJNH W]�q�4�EO� ��[H8OM�[HAJ OM�[H
X D~�4�cO DYL��EX��`�.�aHKSv� ��WZC��IOM�EHKJ LC�EJM� W4�AH DGC�� HAO;  HKHACk�IOM�EDYLn�[WIJ O<DYL��4WZC[W4�IHKSv� �9OM�[H
JNHKC[STHAJMHAJL¤'� D~�4�cO Vr�=�EJA�AH%Vr�[WISEHAJ-L�� D~�4�cOm� H%XGD C��aHKS OM� W��aHY�4� HAONJMD~�1�EJMD�� D ONDGFIH4�
���IJ HY§EW]���EXGH� ��EHAC DPOG�.�[WZJ-W4�8ONHAJMD~�AHKL+WIC WZJMHKW XGD��=�cO>LC�=�EJ.�8H4¤ 	 HAFIHKJ OA�EHAXGHKLMLJ�EOM�[HLC�[WaSTHAJ+D OMLNHAX���� W4�IHUL C_� WILMLC���EOND~�IC W]�q�4�TO� ��EHAOM�EHKJ+DPO6DYL��q�4�EC[SEHKS��IJ+C��IOJ¤

m}=};F6�IK�$A1hnA�� A/��Q[IH4<�$Aµm,:7IK@7AM;>k ¬��[H DGCcONHJ�IJ-WZX ∫
r(x, x′, x′′) ·i(x′, x′′) ·dx′′

DGLn�KWZX��
���EXYWROMHKS�� � OA�EDGL>LC� WISTHKJJ¤S�6XGX Vr�EJM� W4�AH�©+H 
 HJ� O-WZC_�AH Vr�[WaSTHAJ-L6WZJMH>�q�4�EC[S!OA�w�IHY��4� H8OMJND6���[JND~� DPOMD FaHKLJ¤ � C OA�[WRO>� D C Su�]�E  W��=� OM�EH�� STH8OMHAJA� DGCEH WZXGX:X��`�AWIX<LC�EJM� W4�AH
�EJM�=� HKJ OMD HULp ��ED~�.��STHKWIX8 +D OM�����aX��aJ��aJ XGD~�4�cO'DGCcONHAC L D O �4¤�� LM�EJM� W4�AHE� D~�4�cO:W4�[LM�IJA�k�
JNH 
[HJ�8OS�aJ JMH�� J-W4� O X D~�4�cOL�cHUW4�.� DGC0LNHAFaHAJ-WZX�  W��TLY¤�s�'WICQ�4�`ª HL� O��[WIL W%JMHKS LC�EJM� W4�AH���IJ HY§EW]���EXGH4�_�aCEX<� OA�EH%JMHKS��[WIJ O[�4�:OM�EH%DGC_�Y�4� D C_� X D~�4�cO DYL6JMH 
 HJ� OMHKS ¡ OM�@  WZJ-SEL
OM�EH>�=�[L HKJNFaHAJ � L HH�aHL£�¤

��EG�5=7JLAVE�; � Q[JE�k X :7AM;FA1m,:7IK@7A$;Fk � �n�IX~��� H1�aJS� OA���aLM���EHAJMH V`�[WISTHKJ��[WZC[SEX HUL
v(x, x′)

�EC W]� HAX<� LA�AWRONONHKJNDGC�� H2� HJ�8OML�� H8O;  HAHAC
x
WIC[S

x′
¤

¬��EHc©+HAC[SEHAJA� WIC Vr�[WaSTD C_� �#WIC��4�[W4�IH DYL��[WaL HUS¢�IC OM�[H0W]� L OMJMW=� OND~�IC LM���@ +C W]�q�RFIH=¤
� FaHAJ �G�cDGC[S>�4� LM�[WISTHKJML'WZJMH STHY¦[CEHUS LNHY� HAJ-WRONHKX�� WZC S%DGC[STHY� HAC STHACcOJ¤�¬��EHS��� SEHAX8� W4�IHUL
C��%WaLNLM�����TOMD��aC W4���=�TOz���@  OM�[H6JNHKC[STHKJNHKJi�AWZX6���[XGWZONHKL<OM�EH6XGD~�4�cO H �8�[WZOND~�ICI� JA�4� "cW]� HUL
¬G¤ 	9W]ª D��cW�¤�¬��EHAJMH����aJNH=�#WZXGXn���TSTHAXYL9STH�¦ CEHKS¢� � OA�EH Vr�[WaSTD C_� �'WZC��=�[W]�aHI�KWZC)HKWaL DGX��
� HG�[L HUS«� � LNHAFaHAJ-WZX JNHKC[STHAJMDGC�� L��TL OMHY�4LJ¤�¬��[DGL DYL Wv�aJNHUWRO W]���EJA�aW=�.�k�TL DGC_�AH>DGC«���aJM� HKJ
OMD�� HKL!WZXGX>SEHKLA�8JMD��TOMD��aC[LQ�4�%LC�EJM� W4�AHKL WIC[S XGD��=�cO0LC�=�EJ.�8HKLQ  HKJNHu�q�4�[C[S OM� W LC� HJ�AD\¦q�
JMHAC[SEHAJMD C�� L�� L ONHJ��¤

� � � 
 $l- $2!��

¬��EHKJNH!WZJMH STD�� HKJNHKCcOI���TSTHAXYL����IJ����IX~�IJ-L%DGC��E�=�I�_�TONHKJ�� J-W]���[D~�KLY� LND C��8H OA�EH���� � LND���KWZXi�[WaL DYL>�4���Y�IX~�IJL�� ��ED6�.� DYL%Wu���aCcONDGC��4�[L����[C_� OMD��aC��]��  W FaHAXGHAC��IOM�k�'DGL C��ZO�HKWIL��OA�
D~���EX HJ� HACcO%WZC[S OM�� E�aJM�t +D OM��¤v¬��EHKJNHY���IJMH OA�EHI���EC_� OMD��aC DYL9LMW]���EXGHKS SED � HAJMHACcONX<� DGC
FRWZJMD~�4�[L H�§TDGL ONDGC��c�I�TSTHKXGLJ¤j�[ +D XGX'C_�ZO SEDGLA���[LML����IX~�IJ1��� SEHAXYL[�EHKJNH=� LNDGC_�8H OM�[WZO� S�4�EXYS¦[XGXn��� W«�[JM�cL HJ� DYWZJ1�]� DPO-LG�@ +Ck¤�¬��EH LC� WISTDGC��!XGWIC��4�[W4�IHv�EJM�RF DYSTHKL����aX��aJML1 +D OM� STD\� �
� HKJNHKCaO LMW]���EXGHKLJ¤ ¬��EH����aL OI� W F4�4�[JNHUS ��� SEHAXm���aC[LNDGL OMLI�]�>OM�EJMHAHLMW]���EXGHKL WZC S �KWZC� H4�p���IJ H�§EW]���EXGH4� D CcOMHAJA�EJNHAONHUS)WaL%WZC ©��G�E� �E�aX��aJJ¤9�>CEH LMW]���EXGHw E�=�EXGS STHULM�AJND~� H W
���IC_�r�.�[JM�=� HG���aX��aJ6LC� W4�8H=¤ �1�[W4�ADPO �«�KWZC�� H>�I�TSTHKX HUS WIL+W OM�[JNHKHG�Y�4���q�ICEHKCaO[�Y�IX~�IJL�
STHULM�AJND~�EDGC���OM�EHG�4� W4�8D O �4DGC!HUW4�.�����4���q�ICEHKCcOJ¤n¬��EH9LC� WISTDGC�� XGWIC��4�[W4�IH S`� HKL C��IO��[JM�4�
F DYSTH9JNHULNW4���EX DGC����r���IJ+H�§EW4�I�[X H��Y�IC FIHKJ OMD C�� Ww���aX��aJS� JM�=��W�OM�EJMHAH%SED�� HAC L D~�IC[WIX����aX��aJ
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LM�[W=�8H OM� W����IC��`�.�EJA�4� H��IC[H4¤Q¬��EDYLG�[WIL9OM��� H0S`�ICEH�� �OA�EH JMHAC[STHKJNHKJG�IJ%WZC_�ZOM�[HAJ
L��TL OMHY� �IC STHY�4WZC S|¤
�1� HAJ-WROMD��aC[LJ�UW=�Y���aJMSED C�� OA�m���IX~�IJ-L WZJMHn�[WaL HUS1�aC O; E���`�J���EJMHAC_�AHKLb ��ED6�.���AWIC>�[W]�_� HKC9D C
LM�[WaSTD C_���AWZX6���[XGWZOND~�IC[LJ¤Y�>C OM�[H��ICEH��[WIC[S D CcOMHAJM� HAJMHAC_�AHS�4� XGD~�4�cOJ�= ��ED~�.� DYL WZC4WaSESTD ONDGFIH
XGD~�4�cOv���=���EDGC[WZOND~�IC WZC[S¢�aC OA�EH«�IOM�EHKJ��[WIC[S ¦[XPOMHAJMD C_�_�p ��ED~�.� �`�J���EJMHKL����aJ%H�§EW]���EXGH
 ��[HAC XGD��=�cO D CcOMHAJ-W4� O-Li +D OM� LM�4� Hm�4WROMHAJMDGWIXo¤�¬��EHm�=� HKJMWZOM�aJML<DGC OM�[H XYWZC��=�[W]�aH6WZJMHz¨

+
�

���aJ>WaSESTD ONDGFIH��Y�IJMJNHKXGWZOND~�IC WZC[SQ¨
∗
�����aJ>WI¦[X ONHKJNHUSD CcOMHAJ-W4� OMD��aCk¤�¬��EHKLNH��4� HAJ-WROMD��aC[L6WIJNH

DGC[STHJ� HKC[STHKCaO1�]�#OA�EH9Cr����� HAJ[�]� LMW]���EXGHKLJ¤

�a��� & $l(+.l"��

�>L[�Y�IX~�IJ-LY�`�q�IDGCcOML6WIJNH JMHY�EJMHKLNHACcONHUS F DYW FIHL� OM�aJMLJ¤ V DGC_�8H�W LA�8HKCEH9DYL6STH�¦ CEHKS C��aJM�4WIX X<�
DGC OA�EJNHKH STD~� HKC[LND��aC[LY� OA�EH LM�[WISTDGC��XYWZC��=�[W]�aH��[L HUL9OA�EJNHKHQ���=�I�q�IC[HACcO FIHL� OA�IJ-LY¤��6XGX
L OMWIC[SEWIJMS>�=� HKJMWZOND~�IC[L WZJMHz�RFaHAJMX��cWISTHUS|�KLM�6OA�[WRO:D O:DYL L D~���EX H OM� WIS[S��IJp���[XPOMD��EX<�>�q�IDGCaO-L
WIC[S STDGJMHJ� OMD��aC[L6JMHKLM� HJ� OMD FaHAX<�4¤[¬��[H�¨�¤ � �4� HAJ-WROMD��aC STH�¦ CEHKL OM�EH S`�ZO��EJA� S��_� OL�r¨�� �
OA�EH��8JA�aLMLS�EJA� S��_� OL¤

�a��� � �j(+-�" � � .��!�j. ��"�( $ . �

��X��IOm�]�n�[LNH����EX����EC_�8OND~�IC[L[ ��ED~�.� WIJNH>�4� ONHKCt�[L HUS S`�EJMD C�� LM�[WaSTD C_� WZJMH%WISESTHUS!OM� OA�EH
XYWZC_�4�[W4�IH4¤p¬��EDYLn�[WIL OA�EH WaSTFIHKCaO-W]�aH OA�[WROi�aCEH6S`� HKL:C��IOi�[W FIH OA�%STH�¦[C[H OM�EH����[C_� OMD��aC[L
�RFaHAJ#WIC[S>�RFaHAJ#W4�aWZDGCk¤�¬��[Hi���EC_�8OND~�IC[L WZJMH D~���EX HJ� HACcONHUS9FIHKJ�� H �Q�8DGHACcOMX��=�UC[HAFIHKJ OA�EHAXGHKLML
D O%DYLG���cLNLND��[X HI���IJ OA�EHw�[LNHAJ OM�t���TSTD�� �OM�[HY� �aC)SEHY�4WZC[Sk¤! HAJMH4WZJMH LM�4� HI���EDGXPOM� DGC
���[C_� OMD��aC[LY®

VcOMWIC[SEWIJMSc�4WROM�[HY�4WROMD~�KWZXb���EC_�8OND~�IC[L6X D~�IH
sin()
�
cos()
�EH8O.�]¤

clamp(a, min, max)
� W4�[L

a
DGCcOM� OM�EH9DGCcONHKJNFRWZX

[min, max]
�EW]�EDYSTDGC�� OM�EH>�[JM�=���aJ OMD��aC

step(min, v)�>H8ONHKJM� DGCEHKLm ��EH8OA�EHAJ
v < min

�IJ+C��IO
random()

length(v)

distance(p1, p2)

normalize(v)

faceforward(N, I)©+HAOM�EJMC[L
N
LM� OA�[WRO

N.I < 0
�r ��ED~�.��� HKWIC[L OA�[WRO

N
� D~�4�cO�� H DGC FIHAJNONHUS OM�I� H

�IJMDGHACcONHUS OA��OA�EH>����� HAJ[�EHY� DYLC���[HAJMH4¤
reflect(V, N)©+HAOM�EJMCEHKL OA�EH9JMH 
[HL� ONHUS FaHJ�8OM�IJ

V
�aC

N

` °
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refract(V, N, index)©+H8OA�EJNC[HKL OA�EH9JNHY� JMW=� OMHKS FaHJ�8OM�IJ
V
�aC

N
W4�J���aJMSTDGC���OM� OM�[H9JNHY� JMW=� OND~�IC��

index

texture(texname, s, t)©+H8OA�EJNC L OM�EH��Y�IX~�IJ��]�:W ONHY§cOA�EJMH LM� HJ�8D�¦[HUSc� �
texname

WROm�q�aLNDPOMD��aC¢¡ LY� O.£
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��´�µ��d¹�¼!¼¡´�µRJR<'¹�¼-¾�·B´�Gb¸+ÀH¹b»�¹bµRg�ÀH¹�¼A¼-À�·�´5ÑP´�¼A�H¾B¸!¹b¸A´5¹b�)¼+ÀH´8� D�¹bM�´Z¸-��·�¸L¹��Hµ)Àl.z·Bµ
ÀH´8µ��±µeOt´8·}¼¡�Hµ)G�´8µ��I�Hµ)À�ÂIG�´�.H»!¹��)���f¸tOt´8»�À�´�µRJ
�¦¹�¸!�H»A¾�·}����´�»!¼!���H��?H�%¸�ÀH¹�¼��K´�·�¼A?H·�´8¾jµH·}���f¸P¹�¾B¾�´+²���G�¾B·}���HM�´8·B¸A´8µEJ��>¼�M�¹�µHµ����H� �t´8·}¼A?H·B´�¾
ÀH´8» �@¹b¾�¾;¹����%¸A»!´Z¸!´8µRgTÀH¹�¼!¼P��´8�H»!´8»!´�=¦���L.)·Bµ)¹b¸A·���µH´�µ�����G�¾�·�����¼A·Bµ)ÀRJ@<¦·B´#¼±·}¼¨¸¦ÀH´8» �@¹b¾�¾
Ot´8µ)µ�´8·�µlÄ¦?@´�»!¹�µ)À�¹�µ���´8�H» ¹�¾�¼±´8·�µH´8»¦½e¸A´8¾�¾�´�º�´�»AOt´8µ)ÀH´Z¸±OP·�»!À�J)�~µ�À�·B´#¼¡´�»¦½e·B¸A�)¹b¸A·���µ
�).@´�»AµH·�����¸P�5¹bµ^À�·�´�gHÀ�·�´'¹�� ?H»!�bÁH¸�¹b.T´8¾}¼¨¸!´8µN¼¡·�µ)À�J�<'¹bµ)¹�����OP·�»!À�ÀH¹bµHµ -¨´�ÀH´-¹�µ)À�´�»A´
: »!�H?H?T´ ¹b�H�K·��H»A´�D
»!�bÁ)¸!¹b.)·B¾�·�¸�Ô�¸+�Hµf¸A´�»!¼A�)���f¸�J�<¦·B´#¼¡´�»+D
»!���8´#¼A¼'¾}Ôb���%¸�¼A��¾}¹bµHG�´�¹�.Rg�.H·}¼
M�´8·�µH´+Ot´8·B¸A´8»!´'¿
¹b»!·�¹�.H¾B´-��´8�)»P·Bµ�À�·�´�CR·}¼¨¸!´-´8·�µHG�´8¸A»�¹bG�´�µ�Ot´8»�À�´8µNM�¹bµHµEJ
<¦´�¼ .l´�·�¸!´8»!´8µ^OP·�»!À^µH�����^´8·�µH´+D
�)µHMf¸A´8¾�·}¼¨¸!´�´8·�µHG�´8���H�H»A¸�J@�~µ^ÀH·B´#¼¡´�»±D
�HµHMf¸!´8¾�·�¼¡¸A´�Ot´8»A�
ÀH´8µ0À�·�´��
·Bµ@¼¡?)¹�»A�)µHG�´�µRg±À�·�´F¼¡·}���ÎÀH�H»!���Î´8·�µH´F� M�¸!·B��µ/´8»!G�´8.T´8µÎ´8·�µHG�´Z¸A»�¹bG�´8µRJ��
·�µ
D>�HµHMf¸NM�������¸�·Bµ ÀH·B´#¼¡´�D>�HµHMf¸A´�¾B·}¼¨¸!´�gtOK´�µHµ ¼A·���� ¹��)¼ ´�·Bµ)´8� �
·�µ�¸!»!¹�G�·BµÅÀ�´8»�D�¹b�
M�´Z¸!¾B·}¼¨¸!´±´8·�µ ¹bµ@À�´8»!´8»�´�»AG�·B.�¸#J�<¦·B´#¼¡´PD
�)µHMf¸A´8¾�·}¼¨¸!´ .T´ZÁ)µ)ÀH´Z¸K¼A·�����·�µ �±.H.)·B¾}À��HµHG v ·Bµ À�´�»
.��Hµ)¼!���H¾�·�¼¡¸A´�J�<¦´8»��~µ)ÀH´Z�I·�µ5À�´8»>��.T´8»!´8µ�»A´#����¸!´8µ��>��M�´PG�·B.H¸�¹�µRg�¹�µ�OP·�´Pºe·B´�¾B´�µ�½e¸A´8¾�¾�´8µ
ÀH·B´#¼¡´�»¦Ä¦?@´�»!¹�µ)À�G�´8.H»�¹b�@����¸�OP·�»!À�J
¿
¹�»A·}¹b.)¾B´�µN¹��)¼�À�´8»�.��Hµ)¼!���H¾�·�¼¡¸A´�g)À�·�´'´�·Bµ)´'G�´8OP·}¼A¼A´-�±µH�#¹b�H¾Rº���µ�D
�HµHMf¸A´�µ^´8»!»A´�·����H´�µRg
Ot´8»�À�´�µ ·Bµ�À�·B´'D�¹bM�´Z¸A¾�·}¼¨¸!´ �H.T´8»!µH������´8µEJ��~µ�� .H.H·�¾�ÀH�HµHG v G�´#¼A���)·B´���¸tÀ�·B´#¼>·�� ½����H»!·B¸¡¸
ÀNµ)¹�����´�JH�~µ^�Hµ)¼A´8»!´8� �t´�·�¼A?H·�´8¾�»!´8·}���H´8µ��ID
�HµHMf¸A´�J
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�¦¹����)ÀH´8� ¹b¾�¾B´P?H»!�bÁ)¸!¹b.)¾B´�µ�D�¹�¹b»!´PG�´8O�Ôb�)¾�¸
OP�H»�À�´�µRgbM�¹bµHµ5�5¹�µ ¼¡·�´P·Bµ5G�»A���´�»A´ : »A�)?��
?T´8µcM����L.H·�µH·�´8»!´8µRJ;�
·Bµ)´N=¦���I.H·Bµ@¹�¸A·���µ�º���µFD�¹�¹b»!´8µ�·}¼¨¸�����G�¾�·}���RgEOt´8µHµcÀ�·B´N»!´����f¸A´
� µeOK´�·�¼A�HµHG�À�´#¼�´8·�µH´8µ�D�¹�¹�»A´#¼IÀ�·�´�¾�·BµHM�´��±µeOK´�·�¼A�HµHGzÀ�´#¼ ¹bµ)ÀH´8»!´8µpD�¹�¹b»!´�¼�·�¼¡¸�J>�~�
� ¾B¾�G�´���´8·�µH´8µ^M�¹bµHµ^�5¹bµ^��OK´�· : »A�H?)?@´�µ��Hµf¸A´8»�¼!���H·B´#À�¾�·����H´�» : »A���´'M����I.H·�µH·B´�»A´�µRgH¼A�b�
¾}¹bµ)G�´�¼A·B´�À�·�´�¼A´8¾�.T´��±µeOt´8·}¼¡�Hµ)G�·�µ À�´�µ �>��M�´�µ¶.T´8·�µH�)¹�¾�¸!´8µRJt< ·�´ : »!�H?H?T´8µ �L�@¼A¼A´8µ
¼A��Gf¹b»�M����L.H·�µH·�´8»A¸IOt´8»�À�´8µc�H� ´8·�µ¶²�´8�H»A�d¹����)¹����%¸A»!´Z¸!´8µFº���µ¶�±µeOK´�·�¼A�HµHG�´8µc·Bµcº�´8»A�
¼!���H·�´�À�´�µH´8µ : »A�)?H?@´�µ �8��º�´�»A�H·�µ)À�´�»AµEJ��~µ�ÀH·B´#¼¡´�»KD
�@¹�¼A´ OP·�»!À -¨´#À�´ : »A�H?)?@´'��·�¸ -¨´�À�´�»
¹�µ)À�´�»A´�µ º�´�»AG�¾B·}���H´8µEJK<'¹b.T´8·-OP·B»�À�! .@´�»A?H»!���%¸^��. � µeOK´�·�¼A�HµHG�´8µ ��´8�H»A�d¹���� ·BµÎÀ�´8µ
�K��M�´8µF¹����%¸A»!´Z¸!´8µRJ�<¦¹�¼�OP·�»!À�¼A��¾}¹bµ)G�´�G�´���¹����f¸�gR.H·}¼�M�´8·�µF²�´8�)»¡�d¹����)¹b���%¸!»A´8¸A´�µ���´��H»
º���»!�)¹bµ@À�´8µ�·�¼¡¸�JH�~µ�� .H.H·�¾�À��)µHG v ´+¼A·B´���¸±�5¹�µNÀH¹�¼��
»!G�´8.)µH·�¼PÀH·B´#¼¡´#¼±½����H»!·�¸A¸A´�¼�J
�K¼¦·}¼¡¸¦����G�¾B·}���Rg@À)¹�¼!¼±�8Ot´8· : »A�)?H?@´�µlÀ�·�´�¼A´8¾�.T´I�±µeOt´8·}¼¡�)µHG�¹bµ�¹�µ)À�´�»A´�» D���¼A·�¸!·B��µ�¹b¾}¼
ÀH´8µ¶�>��M�´�µF´8µf¸A�@¹b¾B¸A´8µEJ��~µ¶À�·�´�¼A´8� �)¹�¾B¾�·}¼¨¸�´8·�µH´^¼¡·�µHµeº���¾B¾�´�=¦���I.H·�µ)¹�¸!·B��µp¼A���eOP·�´8»!·BG
��À�´�» ¼A��G�¹�»K�)µH����G�¾�·}���RJ"�E»!·B¸¡¸ À�·�´�¼A´8»)�@¹b¾�¾R¹b���¨gHOP·�»�ÀNÀH·B´ : »!�H?H?T´�g)À�·�´�¹b��OK´�µH·�G�¼¡¸A´8µ
?)»A��ÁH¸!¹�.@´�¾�·}¼¡¸-¹�����G�´�¾B�f¼¨¸#J@�~µzÀ�´8»'D
»�¹���·}¼'¼A��¾�¾�À�·B´#¼¡´�»��)¹b¾�¾�¼¡´��H»-¼¡´�¾�¸!´8µl¹����%¸A»!´Z¸!´8µl�Hµ)À
�@¹�¸±µe�H»POt´8µH·�G��
·Bµ"#)�)¼!¼±¹b����À�·�´-D�´�»¡����»A�5¹�µH��J

Â%$



��� ���H�������
	

����� � Ê 2�§E« Ê�¦Ì>¥¨§;©¡£)¤

²�·B¸�À�´8�°� .)¼A���)¾B�)¼!¼�À�´8»�= ���L.H·�µ)¹b¸A·���µ)¼A?H�)¹�¼¡´�OP�H»�À�´K´8·�µH´KCE·�¼¡¸A´t��·�¸
½�CRD��±µeOt´8·}¼¡�HµH�
G�´8µRgÆÀ�·�´>?H»!�bÁH¸�¹b.T´8¾�G�´8?@¹���Mf¸EOt´8»�À�´8µ+M���µHµH´�µRg#M���µ@¼¨¸!»A�H·�´8»A¸�J �±�H»�M�¹bµHµ�´#¼Eº���»!M�������´�µRg
ÀH¹�¼A¼IÀ�·�´��t·�¸�¼IÀ�·�´����H»IÑ±´8?H»�Ô�¼A´8µf¸!¹b¸A·���µ�À�´�» : »!�H?H?T´8µFº���µF�±µeOt´8·}¼¡�)µHG�´�µ�.@´�µH�b¸!·BG�¸
Ot´8»�À�´8µEgRÀ�·B´ ½e�)?@´�»AOt��»�À�� : »!� �´IÀ�´�»+�8�HG�»A�)µ)À�´�¾B·�´8G�´8µ)ÀH´8µz�±»����H·�¸!´8Mf¸A�)»+�H.@´�»!¼!���H»!´8·B�
¸!´Z¸�J±� ¾�¼!�)��¾�G�´��I�)¼!¼¡´�µ G�»!� �´ : »!�H?H?T´8µ/¼¡�¶¹b����G�´Z¸A´�·B¾B¸^OK´�»!À�´�µRgPÀH¹�¼!¼�·B�H»!´ : »A���´
À�´�»¦=+¹�?)¹b��·�¸�Ô�¸¦À�´�»¦� »!���H·B¸A´�Mf¸A�H»¦´8µf¸!¼A?H»!·����f¸�J@�>¼¦OP�H»!ÀH´LÀ�´8»'´8·�µ��d¹����)¼¨¸!´L�±µ@¼A¹b¸A��gTÀ�´�¼
� .)¼A���)µH´8·}À�´8µ@¼5¹bµ�À�´8» �)�e���@¼¨¸!����G�¾�·����)´8µc�t·B¸AG�»A´�µH�8´NG�´�OtÔ��H¾�¸#J
< ·�´�¼A´��t·�¸!G�»!´8µH��´�·}¼¡¸
À�·�´-G�»!� �¸A����G�¾B·}���H´ � µH��¹��H¾RÀ�´8»±� µeOK´�·�¼A�HµHG�´8µ�ÀH´8»!´8µ : »!� �´¦Me¾�´8·�µH´8»���À�´�»tG�¾B´�·����^À�´�»
: »!� �´¦À�´�»�<'¹�¸!´8µH?H�d¹�À�´5"d¼A·�´8�H´-=+¹b?H·B¸A´�¾ $�J $#,>·�¼¡¸�JH<¦·B´#¼¡´�»�¿���»!G�¹bµ)GLOP·�»!À�¼¡��¾�¹�µHG�´¦OP·B´8�
À�´�»A�)��¾B¸t.H·}¼�¹b¾�¾B´ : »!�H?H?T´8µN·BµN´8·�µH´8»�º�´8»�¹b»!.@´�·�¸!.)¹b»!´8µ : »!� �´¦¼A·Bµ)ÀRJ��~µ�À�´�� �t´8·}¼¡?H·�´8¾j·�µ
� .H.H·�¾�À��)µHG v �
OP�H»!ÀH´L¹bµHG�´8µH������´�µRg@À)¹�¼!¼P´8·�µ�D�¹���M�´8µ�º���µ��H�����)¼¡¸A´8µ@¼±�8Ot´8·��±µeOt´8·B�
¼A�HµHG�´8µN·Bµ^´8·�µ�½e�H?T´8»!OK��»!À�����G�¾�·}����·}¼¨¸#J
<¦´8� ¹b�H����´�»AM�¼!¹b��´8µFCE´�¼A´8»I��¹�G�¹b�H��G�´Z�d¹�¾B¾�´8µc¼¡´�·BµRg�ÀH¹�¼A¼IÀ�·B´N²���G�¾B·}���HM�´8·B¸L.@´#¼¨¸!´8�f¸�g
: »!�H?H?T´8µ�¼A�5¹b�������)¼¡?@¹b¾B¸A´8µEg@ÀH¹�¼A¼P¼A·B´+µe�H» µH������¼¡�H.T��?H¸A·���¹�¾Rº�´�»!¹�»A.T´8·B¸A´8¸POK´�»!À�´�µRJH�>¼
M�¹bµ)µl¼A��G�¹�» º���»!M�������´8µEg@ÀH¹�¼A¼'À�·�´�<'¹�¸!´8µl¼A��·�µH´8ÃT´�M�¸!·Bº�G�´8?@¹���Mf¸ Ot´8»�À�´8µRg�ÀH¹�¼A¼'ÀH¹�¼
D
»!��G�»!¹���� ¾}¹bµHGf¼A¹���´�»L¹b.)¾�Ô����%¸�¹�¾�¼Lº���»IÀ�´8» Ä¦?�¸A·���·B´�»A�)µHG)J;�~µpÀ�´8µ �E´#¼¨¸!»A´�·B�H´�µpÀ�´�»
�
µf¸¨OP·}��Me¾B´�»±·�¼¡¸¦´�·Bµ�¼A��¾}���H´�» �)¹�¾B¾�µH·}����¸'¹b����G�´Z¸A»!´Z¸!´8µRgT¹b.T´8» ¹��)¼!¼A���H¾�·�´ �´�µ^¾�Ô�¼A¼¡¸ ´8»'¼¡·}���
µH·}���f¸�JH� �)¼±À�·�´�¼A´8� : »A�Hµ@À�OP·�»!À^¹�µNÀ�·�´�¼A´8� D
�HµHMf¸ Ot´8·B¸A´�»PG�´Z����»!¼!���f¸�J
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� .H�)Ôbµ)G�·�G�M�´�·�¸�¼A¹�µ)¹b¾���¼¡´�º���»�ÀH´8�ÐD�¹���M�´8µ�¼¨¸!´8¾�¾�¸ À�·�´�¼A´8�5¹bµf¸A·}¼!���H´�� ���)·Bº�¹b¾�´8µ)���8�H�
� �H´�¾B¾�?H»!��G�»!¹����Ð¼A·}���H´8»#J
�>¼��L�/�G�¹b»�¹bµf¸!·B´�»¡¸�OK´�»!ÀH´8µRg>À)¹�¼!¼5´�¼�M�´8·�µH´�<'¹�¸!´8µ)¹�.H�)ÔbµH�
G�·BG�M�´8·B¸A´�µl·�µHµH´�»A�@¹b¾�.�´8·�µH´8» : »!�H?H?T´ G�·B.�¸#JE<¦´8µHµH������M�¹bµ)µFÀ�´8»��@¹b¾�¾>¹b�H�%¸A»!´Z¸A´�µRg;À)¹�¼!¼
ÀH¹�¼±�±.@¹b»!.@´�·�¸!´8µ^º���µ���OK´�· : »A�)?H?@´�µ��8�^´8·�µH´�» �±.H�@ÔbµHG�·BG�M�´8·B¸!¼Aº�´�»A¾�´Z¸!�8�Hµ)GL���H�)»¡¸#JH�
·�µ
�t´8·}¼A?H·B´�¾t���H» À�·�´�¼A´8µ5�@¹b¾�¾P·�¼¡¸5·Bµ��±.).H·B¾}À��Hµ)G����8��¼A´8�H´�µRJ��±·�´8»5OP�H»�À�´8µ¶�±.H�@ÔbµHG�·BG��
M�´8·B¸!¼AMÆ¹�µf¸A´8µ5��OP·�¼!���H´�µ5�8Ot´8· : »!�H?H?T´8µ�´8·�µHG�´��8´8·}���HµH´8¸�Jf< ·�´�¼A´¦=+¹�µ�¸!´8µ5��´8·�G�´8µ ¹�µRg�À)¹�¼!¼
� µfOt´8·}¼A�HµHG�´�µ^·Bµ�ÀH´8» ´�·Bµ)´8µ : »!�H?H?T´Lº���µ�À�´8µ�� µfOt´8·}¼A�HµHG�´�µ�·Bµ�ÀH´8»¦¹�µ)À�´�»A´�µ : »A�H?H�
?T´�¹b.)�)ÔbµHG�·BG�¼A·�µ)À�J�½e��¾}¹bµHG�´ ¼¡·}���zM�´�·Bµ + �eMe¾��)¼�·�µFÀ�·�´�¼A´8� �±.H�)Ô�µHG�·�G�M�´8·B¸!¼¡� : »�¹b?)�H´8µ
.T´ZÁ)µ@À�´Z¸#gEM���µHµH´�µ�À�·�´ : »!�H?H?T´8µ�¼A��¼¡��»¡¸!·B´�»¡¸+Ot´8»�À�´8µRgRÀ)¹�¼!¼+M�´�·BµH´,�)´8�H¾�´8»L¹����%¸A»!´Z¸!´8µRJ
�
·�µ + �eMe¾��)¼
·�µ�À�´�µ : »A�)?H?@´�µ5·�¼¡¸K´�·Bµ��~µ)À�·�MÆ¹b¸A��»KÀH¹b���H»�gfÀH¹�¼!¼>ÀH·B´±G�´8O�Ôb�H¾B¸A´�µ : »A�)?H?@´�µ
�Hµ)G��H¾B¸A·�G5¼¡·�µ)À�J
( �ËÀ�·�´L=¦��»!»A´�Mf¸A�H´�·�¸P¼¡·}���H´�»A���)¼¨¸!´8¾�¾B´�µRgH´�¾B·���·BµH·�´8»A¸¦À�´�»¦½�CED �±¾�G���»!·B¸A�H�I�)¼P¹b¾�¾B´ : »A�H?H�
?T´8µ�ÀH·B´�����´8·�µH´8� + �eMe¾��)¼PG�´��H��»!´8µEJ ( �Ó´8·�µH´�µ + �eMe¾B�)¼±�8��Á)µ@À�´8µRg@OP·B»�À�À�´�» ��¹b» -¡¹bµ
� ¾BG���»!·�¸!�H�L�)¼t���)»��¨½f¸!»A��µHG�¾����K��µ)µH´��Z¸A´�À��K����?T��µ)´8µf¸!¼��-º�´�»AOt´8µ@À�´Z¸������wJ

� ��� 7 �"!$# ��� �%�
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�)µ)À
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¸!´8»�¼A���H·�´�ÀH¾B·}���)¼¡¸A´8µc�K´�»A´�·����)´8µF�H� ´�·Bµ)´�¿�´�»AG�¾B´�·����e.)¹�»AM�´8·B¸Lº���µFº�´�»!¼!���H·�´�À�´�µH´8µ¶�K�����
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ÀH´8»±D�´8»A����»!�5¹bµH�'�H� $�J�� $'�H.@´�» ¹b¾�¾�´ �;´�¼¡¸!¼A´Z¸�¼�´8»!�8·�´8¾B¸POK´�»!À�´�µRJ
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�L�H¾B¸ ��&HJ�� $ � $�J ��³"$ $ × J $ × � $�J ����� $ Ö J &�� � $�J $�³ Ö
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¾�´K7�´8µf¸A´�µ X � X $&ZZgBJ�J�JBg � X $'VoVoZ<Z,Z�J W ¾B¾�´W µeOK´�·�¼<CHµHG�´8µ�ºD8�µ�À�·�´�¼A´K7°¿�´�Mf¸<8�»BAM8�À�´�M���µHµH´�µIµ/CHµ�G�¾�´8·)AB:H��´8·B¸AG+¹=C)¼AG�´KE��G:H»A¸�OK´�»!À�´�µRg
8o:HµH´�ÀH¹�¼A¼PÀH·B´�½e´'7�¹�µf¸A·�M�À�´#¼�D
»<8�G�»�¹=7975¼tº�´8»!¾�´Z¸A�8¸POP·B»�À�J
s ���'t/� ��� 
�uKv �ow � ��
 �xt w 	�
��y` ½e´�·

(x1, x2)
´8·�µ�D�¹�¹�»ICHµ)À W ´�·Bµ)ÀH·P7�´8µ@¼¡·"8�µ)¹�¾B´�»E¿�´�M�¸?8�»#J

A(x1, x2) = {A(i) : x1 ≤ i ≤ x2}
Jb< ·�´�¼A´)�z8�¸!¹b¸A·"8�µ�·�¼¡¸>¹=C;AB:�¹=CGEi7�´K:)»!À�·"7�´8µ)¼A·"8�µ)¹�¾B´

Â �



��� ��� �����
	�� � 	

¿�´�M�¸?8�»!´8µN´8»!OK´�·�¸!´8»?>)¹b»#J
WYX ��g $�Q ²^Z+?H»�Ô�¼A´8µf¸!·B´�»¡¸
>T´8·}¼¡?)·B´�¾�¼AOK´�·�¼A´�À�·�´��w��¸A´ + ´8·�¾B´�ºD8D7 �8Ot´8·}À�·"7�´8µ)¼A·P8�µ)¹b¾�´8µz¿�´�M��
¸?8�»#J

A(T1 : U1, T2 : U2)
>T´�¼¡¸A´':�¸5¹=C@¼I¹�¾B¾�´8µ H
¾B´'7�´8µf¸A´�µpºD8�µ WmX ��g �/Z�g�E��H»�À�·�´�G�·B¾B¸�Q

T1 ≤ I ≤ U1, T2 ≤ J ≤ U2

 � � � #�� ! �P7 � ��� �

�t´8·�À�´�» ( 7LO�¹bµ)À�¾"CHµHG�´8·�µH´�¼¦D
»?8�G�»�¹=7975¼�7YC)¼A¼¦µ)¹b¸A�G:H»!¾�·"AB:�ÀH·B´�½e´K75¹bµf¸!·BM^´8»?:)¹�¾�¸!´8µ
>H¾�´8·">T´8µRJ�.l´�µHµ�ÀH¹�¼
D
»?8�G�»!¹D7971·�µk7�´K:H»!´8»!´ �;´8·�¾B´'¹=CFE�G�´Z¸A´�·B¾B¸>O�CH»�À�´�gfÀ�·�´±G�¾B´�·"AB:H��´8·B¸A·�G
¹DC)¼¡G�´ME��G:)»¡¸'OK´�»!À�´�µRgj¼,8N¼¨¸!´8¾�¾�¸+¼¡·)AB:�À�·�´ �H»�¹bG�´�g;8o>lÀH¹D>@´�·�À�·�´5½e´K75¹bµf¸!·BM�>T´8·">@´':)¹b¾B¸A´�µ
O�CH»�À�´�J)< ·�´�¼A´��)»!¹�G�´-M�¹bµHµ^µ/CHµ�7�·�¸'�±·�¾*E�´�ºo8�µ�À�´�» <¦¹b¸A´�µ)¹=>G:@ÔbµHG�·BG�M�´8·B¸!¼!¹bµ@¹b¾��e¼A´q>T´Z�
¹�µ�¸¨OO8�»A¸A´8¸tOt´8»�À�´�µRJ
+ C)´8»�¼¨¸POt´8»�À�´8µN´8·�µH·�G�´+< ´8Á)µH·"8�µH´�µJ>@´�µH�b¸!·BG�¸�J
����� 
���� ��� 
 �i` ½e´�·¦D�´8·�µ D
»?8�G�»!¹D797NgKÀH¹�¼!¼�¹DC)¼�´8·�µH´K7 ½FAB:H¾�´8·PE�´8µ)µH´�¼¡¸

L1, ..., LnCHµ@À�´8·�µH´8» W µeOK´�·�¼<CHµHGN½N>@´#¼¨¸!´K:f¸�gTOQ8o>@´�·
Li : DO Ii = ti, ui

´�·Bµ)´I½FAB:H¾�´8·PE�´L·}¼¨¸#J@�t´8·
´�·BµH´�»Q>T´�¼¡¸A·"797�¸!´8µ W C)¼,E��G:H»?CHµHGLºo8�µ�½ ·�¼¡¸ �

= {ij : ∀j aus[1, n] und tj ≤ ij ≤ uj}´�·Bµ5��v~XZ`!k�v�Yda�\H|���X!{bv~a�` CHµ@À�½ X � Z;´8·�µH´±��\)|�vwkb\ o ºD8�µI½jJ6H>¼�¼A´8·�´8µ � C)µ)À ��� �w¸!´8»�¹�¸A·"8�µ@¼¡º�´8Mf�
¸?8�»!´8µRJ)<¦·�´�µG8�»?75¹b¾�´ W C)¼,E��G:H»?CHµHGf¼¡»!´8·":H´8µGET8�¾�G�´�½ X � Z

�
½ X �
� ZtG�·�¾�¸±G�´8µ)¹DC^À)¹bµHµRg)OK´�µHµ

�
≤
���

����� 
���� ��� 
  ` ½e´8·T½L´�·Bµ)´PD
»<8�G�»�¹=7975¹bµeOt´8·}¼,CHµ)G)JÆ< ·�´'stY%\em�k�_!X8n
��\ji¦]¦�e|¡m�k�_�XZ�5XZ\em�X
ºo8�µ�½ X ·BµH?;C�¸L¹bµ)À 8DCH¸A?GC�¸�¼A´Z¸�¼r8=E�½;Z+�'s
h���S��YCHµ)À��ES�s��rS��I¼A·Bµ)À^ET8�¾�G�´�µ)À�´�»<75¹ �´8µ
À�´8Á)µH·�´8»A¸�J

<@H � X ½GZ+Q U���º
∈
¿ W Ñ��IQHº OP·�»!ÀN·�µ�½�À�´8Á)µH·�´8»A¸ �

( ½/H X ½;Z-Q U!��º
∈
¿ W Ñ��IQ)º OP·�»!À�·�µ�½�º�´8»!OK´�µ)À�´Z¸��fg

OO8D>T´8·LR�]#"�$ ¹�¾B¾�´-¿
¹b»!·�¹D>H¾B´�µ�ºo8�µ�½g>T´8·�µG:)¹�¾�¸!´Z¸#J
�~µ W >G>H·�¾�ÀFC)µHG�$�·}¼¨¸ ´�·Bµ D
»?8�G�»!¹D797 7�·�¸���OK´�· W µeOt´8·}¼,C)µHGp½ CHµ)À ½&%KÀH¹b»!G�´#¼¨¸!´8¾�¾�¸#J
<¦·B´LH>·BµHGf¹=>T´Z�.CHµ@À W C)¼AG�¹=>T´K7�´�µHG�´�µ�ºo8�µ�½gC)µ)¼±½&%)¼A·Bµ@À�Q
<@H � X ½GZ?U'� WYX �)���,Z(�fg ( ½/H X ½GZ?U'����g � X �,Z(�
<@H � X ½&% Z<U'�Æ< X �,Z(�fg ( ½/H X ½&% Z<U'����g WmX �)���*) $&Z(�
���H»P´�·BµH´�µ^�w¸A´8»�¹�¸!·P8�µ)¼Aº�´8Mf¸?8�» � U'��·+��g

1 ≤ i ≤ 100
G�·B¾B¸�Q

<@H � X ½ X � Z<Z<U'� WYX �i�Æ· Z(��g ( ½/H X ½ � Z<Z<U'�#��g)� X · Z(�
<@H � X ½&% X � Z,Z?U'�#< X · Z(��g ( ½/H X ½&% X � Z<Z<U'����g WmX �)�Æ·,) $&Z��

<+Ä°�<U $�g $'VDV
½jQ WmX �)���,Z<U'� X �,Z-) $
½&%BQ@< X �,Z<U WmX �)���*) $&Z
H � <1<+Ä/�

W >G>RJ $�QH�t´8·}¼¡?)·B´�¾ E��H»±<@H � C)µ)À ( ½/H
Â p



� ��	 	 ��������� � ���	� �

����� 
���� ��� 
 # ` H>¼L¼¡´�·B´�µz½ CHµ)Àz½&% W µeOK´�·�¼<CHµHG�´8µ�·Bµz´8·�µH´'7 ½FAB:H¾�´8·PE�´8µHµ)´�¼¡¸
CHµ)À � g �
�
·":H»!´L�w¸!´8»�¹�¸A·"8�µ@¼¡º�´8Mf¸<8�»A´�µRJH<¦¹�µHµ�·}¼¨¸+½&% X �
� Z�ºD8�µ�½ X � Z±ÀH¹b¸A´8µ@¹=>G:)Ô�µHG�·�G)g)OK´�µHµJET8�¾�G�´�µ)À�´
�t´#À�·Bµ)GDCHµHG�´8µN´8»<E��H¾�¾�¸ ¼A·Bµ@À�Q
$�J±½&% X ��� Z

�
½ X � Z

��J
∃v ∈

¿ W Ñ��LQ
º
∈ DEF (S(i))

⋂
USE(S′(i′)) ∨

X �HJ $nZ
º
∈ USE(S(i))

⋂
DEF (S′(i′)) ∨

X ��J �DZ
º
∈ DEF (S(i))

⋂
USE(S′(i′))

X �HJ �$Z
�HJ�H>¼PG�·P>H¸±M�´8·�µH´+¹bµ@À�´8»!´¦�~µ@¼¨¸�¹bµH�L½e��gH¼<85ÀH¹ @Q
½ X � Z

�
½e�

�
½&% X �
� ZQCHµ)À

v ∈ DEF (SI)

�¨¼¡¸¦½&% X ��� ZtºD8�µN½ X � Z�ÀH¹b¸A´�µ)¹=>G:@ÔbµHG�·BG@ge¼<85¼<AB:)»A´�·P>�¸�75¹bµ�½ X � Z
δ
½&% X �
� Z

<'¹=>T´8· C)µ�¸!´8»�¼<AB:)´8·}À�´Z¸�75¹bµ�ÀH»A´�· W »¡¸!´8µ�ºD8�µ�À�´8»P<'¹�¸A´�µ)¹=>;:)ÔbµHG�·BG�M�´�·�¸#Q@v�`��)X�

k�\@vrY;CHµ)À
ab��v�qj��vRÀ�´8?T´8µ@À�´8µ;A8´�J

•
·}¼¨¸ À�·�´+�t´�À�·�µHGDC)µHG ��J $'´�»,E��)¾B¾B¸�g)¼<8�G�·�¾�¸¦½ X � Z

δt
½&% X �
� Z X ¸A»?CH´+À�´�?@´�µ)À�´8µaAZ´&Z

•
·}¼¨¸ À�·�´+�t´�À�·�µHGDC)µHG ��J �L´�»,E��)¾B¾B¸�g)¼<8�G�·�¾�¸¦½ X � Z

δa
½&% X �
� Z X ¹�µ�¸!·RÀ�´8?T´8µ@À�´8µ;A8´&Z

•
·}¼¨¸ À�·�´+�t´�À�·�µHGDC)µHG ��J �I´�»,E��)¾B¾B¸�g)¼<8�G�·�¾�¸¦½ X � Z

δo
½&% X ��� Z X 8oC�¸A?;C�¸¦À�´�?@´�µ)À�´8µaAZ´&Z

<+Ä/�<U $�g $&VDV
½�Q � X �*) $&Z<U � X �,Z-)� X �,Z
H � <°<+Ä0�

W >;>RJ ��Q@�K´�·�¼A?H·�´8¾ E��H»¦<¦¹b¸A´8µ@¹=>G:)Ô�µHG�·�G�M�´8·B¸
�t´8¸A»�¹DAB:f¸A´�µ�OP·B»�ÀH¹�¼ED>»<8�G�»�¹=797Î¹DC)¼ W >G>)·B¾}ÀFCHµHG ��J�<¦·B´OH
·�µHG�¹D>@´8� CHµ)À W C)¼AG�¹=>T´K7�´�µ��
G�´�ºo8�µpÀH´8» W µeOK´�·�¼<CHµHGz½p¼A·�µ)Àp<@H � X ½GZ?U'� � X �*) $&Z��NC)µ)À ( ½/H X ½;Z<U'� � X �,ZZg � X �,Z�g �(��J
���H» ´8·�µH´8µ^�w¸A´�»!¹b¸A·"8�µ)¼Aº�´�Mf¸<8�» � U'�#· �fg

i ∈ [1, 100]
G�·B¾B¸�Q@<qH � X ½ X � Z,Z<U'� � X · ) $nZ(��g

( ½/H X ½ X � Z,Z<U'� � X ·)ZZg � X · Z�g · �fJ ( 7ÐÀ�·�´�<'¹�¸A´�µ)¹=>;:)ÔbµHG�·BG�M�´�·�¸��'CF´8»?7�·�¸A¸A´8¾�µRg�¼,8�¾B¾�´8µ���OK´�·
�w¸!´8»�¹�¸!·P8�µ)¼¡º�´8Mf¸<8�»A´�µ � g ��� G�´METC)µ)À�´8µ�Ot´8»�À�´�µRgEÀ�·�´�À�´�»L�t´�À�·�µHGoCHµHG�´�µ $�g �^À�´8»I< ´8Á)µH·B�
¸!·P8�µ �N´8µf¸!¼A?H»!´'AB:H´�µRJR<¦¹D7�·�¸IÀH·B´ �t´�ÀH·BµHGoCHµHG $5´8»<E��H¾�¾�¸�·}¼¡¸�g 7YC)¼A¼

1 ≤ i ≤ i′ ≤ 100G�´8¾B¸A´�µRJ ( 7xÀ�·B´'�t´�À�·�µHGDC)µHG �+�'C5´8»<E��H¾�¾B´�µRgo7YC)¼!¼KÀ�·�´±G�´8´8·�G�µ)´Z¸A´ ¿
¹b»!·�¹D>H¾B´ º�G�´METCHµ@À�´8µ
Ot´8»�À�´�µRg/E��H» À�·�´+G�·�¾B¸�Q

v ∈ {X(i + 1)}
⋂
{X(i′), Y (i′), I}

8�À�´8»
v ∈ {X(i), Y (i), I}

⋂
{X(i′ + 1)}

8�À�´8»
v ∈ {X(i + 1)}

⋂
{X(i′ + 1)}

. ÔD:H¾�´8µ+OP·�»R·+%(U¦·,) $�gZ¼<8PG�·�¾�¸EÀ�·�´.8o>@´�»A´��t´�À�·�µHGoCHµHG
v ∈ {X(i+1)}

⋂
{X(i′), Y (i′), I}

J
Ä Ãj´8µ@¼¡·)AB:f¸A¾�·"AB:�G�·B¾B¸I¹=CaAB:zÀH·B´N�K´#À�·�µHGDCHµ)G �Hg;À)¹^´�¼���OP·�¼?AB:H´�µp½ X � ZrCHµ)ÀF½&% X ��� Z-M�´8·�µH´
¹�µ)À�´�»A´-�~µ)¼¡¸!¹�µH�-G�´K>T´8µ^M�¹bµ)µRJ@½/8o7�·B¸PG�·�¾�¸#Q@½ X � Z

δt
½ % X �
� Z

����� 
���� ��� 
 &I` H>¼5¼A´8·�´8µ
x, y ∈ Zn

�8Ot´8·�¿�´8Mf¸?8�»!´8µ CHµ)À
c ∈ [1, n]

J
x <c y

G�·B¾B¸
G�´8µ)¹DCNÀ)¹bµHµRg)OK´�µHµ

(∀j ∈ [1, c − 1] : xi = yi) ∧ xc < yc

Â ×



��� ��� �����
	�� � 	

+ C)»'¿�´�»!ÀH´KC�¸!¾B·)AB:/CHµHGN>@´8¸A»�¹DAB:f¸A´�µ�OP·�»'´�·Bµz�t´8·}¼¡?)·B´�¾rJE½e´�·B´&A
c ∈ [1, 3]

CHµ)À
x, y ∈ Z3 J

<'¹bµHµ^G�·B¾B¸�Q

(1, 2, 3) <1 (2, 5, 9)
(2, 5, 7) <1 (3, 1, 1)
(3, 3, 3) <2 (3, 4, 1)
(5, 5, 5) <3 (5, 5, 8)

H>¼±G�·�¾�¸±¹=>T´8»Pµ)·"AB:f¸�Q
(1, 2, 3) <2 (2, 5, 9)

²�¹�µ�CHµf¸A´�»!¼?AB:H´8·}À�´8¸±�8Ot´8·ROt´8·B¸A´�»A´ W »¡¸!´8µ�ºD8�µ�<¦¹b¸A´8µ@¹=>G:)Ô�µHG�·�G�M�´8·B¸�QRW�a�a�qTn¡U�k�`�`�YdX�i�i�X8n
q)XZ\ji�X8\TU�X�CHµ@ÀlW�a�a�qzY%\ji�X~qHX8\Ti�XZ\@v�i�Xwq)XZ\ji�X8\TU�X8J
����� 
���� ��� 
�� ` HK¼P¼¡´�·B´�µN½gCHµ)À�½&%HÀ�·�´ W µeOK´�·�¼<CHµHG�´8µhCHµ)À � g �
� ·":H»!´-�w¸A´8»�¹�¸!·P8�µ)¼Aº�´8Mf¸?8b�
»!´8µRgH¼<85ÀH¹ 

S(i) � S′(i′)
G�·�¾�¸#JFH>¼PG�·�¾B¸�Q

S(i) �c S′(i′)
gTOt´8µ)µ

i <c i′ S(i) �∞ S′(i′)
gjOt´8µHµ

i = i′
CHµ)À�½&%T·P7 D
»?8�G�»!¹D797

µ)¹oAB:^½�ºo8�»!MD8D797L¸�J
.�´8·B¸A´�»<:H·�µRg�Ot´8µHµ�OP·B»P¹�µHµH´K:;7�´�µRgHÀH¹ �½&% X ��� ZKºD8�µ�½ X � ZtÀH¹�¸!´8µ)¹D>G:)Ôbµ)G�·�GL·}¼¨¸#gH¹b¾}¼,8�½ X � Z
δ
½&% X �
� Z�gHÀH¹�µHµ^G�·�¾�¸#Q

½ X � Z
δc

½&% X �
� ZtG�´�µ)¹=CNÀH¹bµHµEgHOK´�µHµ
S(i) �c S′(i′)

X ¾P8/8�?H� A�¹b»!»A·�´�À ÀH´8?T´8µ)À�´�µ;AZ´nZ
½ X � Z

δ∞
½ % X �
� Z;G�´8µ)¹DC�À)¹bµHµRg�OK´�µHµ

S(i) �∞ S′(i′)
X ¾"8/8�?��w·�µ)À�´8?T´8µ@À�´8µf¸KÀ�´�?@´�µ)À�´�µ;AZ´nZ

.�´8µHµ�½ X � Z
δk

½&% X ��� ZKG�·�¾B¸�g�OO8D>T´8·
k ∈ [1, n] ∪∞

ÀH¹�µHµN·�¼¡¸±M�À�·�´I]-_!V���\embY�mÆ{�X8Y%vr|ZX#_�XZ\jXX ¾B´�º�´8¾ 8DE;¸?:H´�À�´�?@´�µ)À�´8µaAZ´&Z
�t´8·PÀ�´�»�¿�´8Mf¸<8�»A·}¼¡·�´8»?CHµHG�¼¡?)·B´�¾�¸5À�´8»�]-_�V��b\fm�Y�m#{�XZY%vr|¡mb`!k!qHVz´8·�µH´�OP·)AB:f¸A·�G�´^Ñ�8�¾�¾�´�J�²�·B¸
� ·B¾PE�´^ºD8D7 W >G:)Ôbµ)G�·�G�M�´�·�¸�¼¡G�»!¹�?G:�M���µHµH´�µpÀ�·�´N<'¹�¸!´8µ)¹D>G:)Ôbµ)G�·�G�M�´�·�¸!´8µFº�´8»�¹bµ)¼?AB:)¹DCHµ��
¾�·"AB:f¸POt´8»�À�´8µRJ
����� 
���� ��� 
� ` <¦´8» W >G:@ÔbµHG�·BG�M�´8·B¸!¼AG�»�¹b?;:�·}¼¨¸ ´�·Bµ�G�´8»!·"AB:f¸!´Z¸A´�» : »�¹b?G:Rg)OK´#¼A¼A´8µ�=-µG8��
¸!´8µÅÀH·B´zD
»?8�G�»!¹D7[75¹�µfOt´8·}¼<CHµHG�´�µ CHµ)ÀÅOK´#¼A¼A´8µ =+¹�µf¸A´8µÅÀ�·B´�<'¹�¸!´8µ)¹D>G:)Ôbµ)G�·�G�M�´�·�¸!´8µ
ÀH¹�»!¼¡¸A´�¾B¾�´8µEJf<'¹=>T´8·jOP·�»!À5´�·Bµ)´¦=+¹bµf¸!´ ºD8�µ ´8·�µH´'7 =-µ;8b¸A´�µN½��'C�´�·BµH´'7 =-µG8b¸!´8µ�½ %�´�·Bµ��
G�´ME��HG�¸�g/Ed¹b¾�¾}¼

SδS′
J

�~µ ��·�G)J $�·�¼¡¸�´8·�µ W >G:)Ôbµ)G�·�G�M�´�·�¸�¼¡G�»!¹�?G: E��)»�D
»?8�G�»!¹D7[7 ¹=C)¼ W >G>)·B¾}ÀFCHµHG���ÀH¹b»!G�´8�
¼¡¸A´�¾B¾B¸�J

\�����������	�
�� � W >G:)Ôbµ)G�·�G�M�´�·�¸�¼¡G�»!¹�?G:1E��H»¦ÀH¹�¼�D
»?8�G�»!¹D797 ¹=C)¼ W >G>RJ �

³oV
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� � � � # �N	>�P7 � #��$��� ��� 
 #��h	 � #N7 � #

� ·B´�»^OK´�»!À�´�µ G�»?CHµ)À�¾�´8G�´8µ)ÀH´ ( 7IOt¹�µ)À�¾"CHµHG�´�µ ºD8�»AG�´�¼¡¸A´�¾B¾B¸�J W C/�´�»!ÀH´K7 OK´�»!ÀH´8µ À�·�´
�t´#À�·Bµ)GDCHµHG�´8µz¹=>HG�´8¾�´8·B¸A´8¸�g CHµf¸A´�»�À�´8µ)´8µ�À�·�´�¼A´ ( 7LO�¹bµ)ÀH¾PCHµ)G�´8µz¼A´K75¹bµf¸A·}¼?AB:lMo8�»!»A´�M�¸
¼A·�µ)À�J

�P�¡  ��§R®
2�Ê 	 8e£)¤��>¯K« ¬ « 1z§E©989	¦«±Ì
§E« ©A« §E©¡« §R®x¢P£)¤ ¥¡§E©¨ª�§	� 8 2�Ê 2�§�

�Ò§;« 2F®)§R¯
®)É §R®)©¡« Ì�

�t´�·±À�·B´#¼¡´'7 W µ@¼A¹b¸A�^OK´�»!ÀH´8µ¶�8Ot´8·�D
»?8�G�»�¹=7975¹bµeOt´8·}¼,C)µHG�´�µRg;À�·�´�>T´8µ)¹oAB:$>@¹b»A¸�¼A·Bµ@À�g
º�´8»A¸!¹DC)¼<AB:f¸#J;<¦·B´#¼IM�¹�µHµc¹DCFE À�·�´ -¨´8µ)·BG�´8µ¶½GAB:H¾B´�·*E�´�µc¹�µHG�´�Ot¹�µ)Àe¸LOt´8»�À�´8µEg�À�·�´N7�·�µ)À�´8�
¼¡¸A´�µ)¼P��OK´�· W µeOK´�·�¼<CHµHG�´8µN>@´�·Bµ;:)¹b¾B¸A´�µRJ
RTXZ`�v~k��e|8U�V ��a�\^]¦\@u>XZY}|���\em�X8\��
� ��
��it � � ` ½GAB:H¾B´�·*E�´�gRÀ�·�´���OK´�·x>@´�µ)¹DAB:/>)¹�»¡¸!´ W µfOt´8·}¼<CHµHG�´�µ�½^CHµ)À�½&% >T´8·�µG:)¹�¾�¸!´Z¸�J�½&%
Mo8D797�¸P·�µ�À�´8» ½FAB:)¾B´�·*E�´+µ)¹oAB:^½�ºo8�»#J
\ 	yu �it � � ` 7[8�À�·BÁ)��·B´�»¡¸!´+½GAB:H¾B´�·*E�´�gH·�µ^ÀH´8» ½hCHµ)À�½&%Hº�´8»A¸!¹DC)¼<AB:f¸�O�CH»�À�´8µRJ

<+Ä/�<U $�g $'VoV <+Ä/�<U $�g $&VDV
½jQ WmX �,Z?U'� X �,Z� � ½&%�QT� X �,Z?U WmX �w� $nZw� Ö
½&%�QT� X �,Z<U WmX �w� $nZw� Ö

→
½jQ WmX �,Z<U'� X �,Zt� �

H �¦<1<+Ä/� H � <1<+Ä°�
W >G>RJ �)QHG��H¾B¸A·�G�´ ( 7LO�¹bµ)À�¾"CHµHG

<-Ä°�<U $�g $'VoV <+Ä0�<U $�g $&VDV
½jQ WYX �,Z?U'� X �,Z� � ½&%�QT� X �,Z?U WmX �,Zw� Ö
½&%�QT� X �,Z?U WmX �,Zw� Ö

→
½jQ WYX �,Z?U'� X �,Z� �

H � <Ò<-Ä°� H � <°<+Ä0�
W >;>RJ Ö Q;CHµHG��)¾�¸!·BG�´ ( 7LO�¹bµ)ÀH¾PCHµ)G

�~µ W >;>H·B¾}ÀFCHµ)G �L·}¼¨¸P´�·Bµ^�t´8·}¼¡?H·�´8¾ E��)»±À�·B´ ( 7LO�¹bµ)À�¾"CHµHG�ÀH¹�»AG�´�¼¡¸A´8¾�¾B¸�Je�~µNÀH·B´#¼¡´'7 D
»?8b�
G�»!¹D797 >@´#¼¨¸!´K:f¸±´8·�µH´-¾"8$8�?��eA8¹b»!»!·B´#À À�´8?T´8µ@À�´8µ;A8´+�8OP·}¼<AB:)´8µ�½gC)µ)À�½&%BJ�� ¹DAB:^À�´�» ( 7��
O�¹bµ@À�¾PC)µHGm>H¾�´8·">�¸PÀ�·�´�¼A´ W >G:@ÔbµHG�·BG�M�´8·B¸K´�»<:@¹b¾B¸A´8µEg�¹b¾}¼<8�·�¼¡¸tÀH·B´+½e´K75¹�µ�¸!·BM9CHµeº�´8»�Ôbµ)À�´�»¡¸
G�´K>H¾�·�´K>T´8µRJ
�e7 µ)ÔDAB:)¼¡¸A´�µl�t´8·}¼A?H·B´�¾�¹=C)¼ W >G>)·B¾}ÀFCHµHG Ö ·�¼¡¸+À�·B´ ( 7LO�¹bµ)À�¾"CHµHGh:H·�µHG�´�G�´8µ CHµHG��H¾�¸!·BG@J
�e7 CH»!¼A?H»!�HµHG�¾B·)AB:H´8µ�D>»<8�G�»�¹=797 >T´�¼¡¸A´':f¸�´�·BµH´N¾"8$8�?��w·Bµ)ÀH´8?T´8µ)À�´�µf¸�À�´�?@´�µ)À�´�µ;AZ´N�8OP·B�
¼?AB:H´�µz½ CHµ)À�½&%�J"� ¹DAB:�À�´8» ( 7LO�¹bµ)À�¾"CHµHGNG�´':f¸-À�·�´�¼A´ W >G:@ÔbµHG�·BG�M�´8·B¸¦º�´8»!¾P8�»A´�µRgj¹b¾}¼,8
·}¼¡¸ À�·B´ ( 7LO�¹bµ)ÀH¾PCHµ)G[C)µHG��H¾B¸A·�G)J
+ ·P75¹1:)¹b¸±G�´��8´8·�Gb¸#g)ÀH¹  À�´8»±¿�´�»¡¸�¹=C)¼?AB:^ºD8�µ���OK´�· W µeOt´8·}¼,CHµ)G�´8µ�½NCHµ@À�½&%)µ/CH» À)¹bµHµ
G��H¾B¸A·�G¶·}¼¡¸�g�OK´�µHµÎM�´8·�µH´�¾P8/8�?���·�µ)À�´�?@´�µ)À�´�µ�¸�À�´�?@´�µ)À�´8µaAZ´z�8O±¼A·�¼?AB:H´�µÎ½�CHµ)À/½&%�>@´8�
¼¡¸A´':f¸ � $L��J

³"$
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<¦´8»'¿�´8»A¸!¹DC)¼<AB:�ºo8�µ���OK´�· W µfOt´8·}¼<CHµHG�´�µ�OP·B»�À�>T´8·�À�´�»-½FAB:)¾B´�·*E�´�µ)¹=CFE%¸!´8·�¾PC)µHG�º�´8»!OK´�µ��
À�´8¸�J

����Ç ¬�	 ª 2�§E©A¥,	¦«±Ì1§;©¡«±§E® ¢P£)¤ ¥¡§E©¨ª�§ ��¥¡¯�¯
Ï É ©98�2�®)©¡<	�2H©¡¯>« �

H
·�µ5Ot´8·B¸A´8»!´8» W µ)¼!¹�¸!��>@´#¼¨¸!´K:f¸KÀH¹�»A·�µRg�ÀH¹ �À�·�´¦½FAB:H¾�´8·PE�´ ¹=CGE�G�´Z¸!´8·�¾�¸
OP·�»�À�g�À�J :RJ�·P7 H
µ)Àe�
´8ÃT´�M�¸9E��H» -¨´#À�´^D
»?8�G�»�¹=7975¹bµeOt´8·}¼,C)µHG�´8·�µc?T´8»<E�´8Mf¸!´�¼ ½FAB:H¾�´8·PE�´8µ)µH´�¼¡¸5G�´K>)·B¾}À�´Z¸�OP·�»!À�J
<¦·B´#¼¡´�» W µ)¼!¹�¸!�r:H´8·�b¸+S�U!V�WBXZY [ZX8\Tkb�Z[�vwX8Y%W���\em X ¾"8/8�?�À�·}¼¨¸!»A·">GC�¸!·P8�µaZ�J
����� 
���� ��� 
 #%���i` H>¼P¼A´8·�´�·BµND
»?8�G�»!¹D7[7 D�gHÀH¹�¼t¹DC)¼�´8·�µH´'7�½FAB:H¾�´8·PE�´8µHµ)´�¼¡¸

L1, ..., LnCHµ@À^´8·�µH´8» W µeOK´�·�¼<CHµHG�½N>T´�¼¡¸A´':�¸#g@OO8D>T´8·
Li

QT<-Ä
Ii = ti, ui

´8·�µH´L½FAB:H¾�´8·PE�´�·}¼¨¸#J@²�¹�µ
¼!¹bG�¸�gRÀH¹ 

L1, ..., Ln

´8·�µ�q)X8`�[ZX!{bvwXZ|�SjU�VeWBX8Y [ZX8\)\TXZ|�v>·}¼¨¸#gROt´8µHµ E��H»L¹�¾B¾�´
j ∈ [1, n − 1]G�·B¾B¸�Q

Lj+1
·}¼¨¸±À�´�»¦½FAB:H¾�´8·PE�´8µHM���»!?@´�»�ºD8�µ

Lj

J

����� 
���� ��� 
;#%�  ` <¦·B´�½FAB:H¾�´8·PE�´8µ)¹DCFE%¸A´�·B¾"CHµHGl·�¼¡¸�i�Y}|�vr`�Yd_8��v�Y ��J�Ot´8µHµpÀ)¹�¼Y7[8�À�·BÁ)��·B´�»¡¸!´
D
»?8�G�»!¹D797 ¼¡´'7�¹�µf¸A·}¼<AB:�·�À�´�µf¸A·}¼<AB:J7�·�¸ ÀH´K7�¹�¾�¸!´8µN·�¼¡¸�J

�~µ W >G>)·B¾}ÀFCHµHG ÂI·}¼¨¸P´8·�µ^�K´�·�¼A?H·�´8¾ E��H»±ÀH·B´�½FAB:H¾�´8·PE�´8µ@¹=CFE%¸!´8·�¾PCHµ)G�À)¹b»!G�´�¼¡¸A´�¾B¾B¸�J . ·�´r7�¹�µ
¼A·B´':f¸�g�·}¼¨¸ À�·�´L½FAB:H¾�´8·PE�´8µ@¹=CFE%¸!´8·�¾PCHµ)G5·Bµ^À�´K7 �)¹�¾B¾EÀH·�¼¡¸A»!·P>;C�¸A·�ºjJ

<+Ä/�<U $�g $&VDV <+Ä0�<U $�g $&VDV
<+Ä �FU $�g $'VoV <+Ä �FU $�g $'VoV
½�QT� X ��g �$Z?U V ½&%�Q@� X ��g �/Z<U V
<+Ä1=mU $�g $'VDV H �¦<1<+Ä �
½&%BQj� X ��g �$Z?U+� X ��g �$Z-) WmX ��g =
Z H �¦<1<+Ä0�
H � <1<+Ä1=

→H � <°<+Ä � <+Ä0�<U $�g $&VDV
H �¦<°<+Ä0� <+Ä �FU $�g $'VoV

<+Ä0=mU $�g $&VDV
½&%�QT� X ��g �/Z<U+� X ��g �/Z*) WmX ��g =
Z
H �¦<1<+Ä0=
H � <Ò<-Ä �
H �¦<1<+Ä/�

W >G>RJjÂ�QH�t´8·}¼¡?)·B´�¾ E��H» À�·�´�½FAB:H¾�´8·PE�´8µ)¹DCFE%¸A´�·B¾"CHµHG
+ ·"75¹1:)¹b¸ G�´��8´8·�Gb¸#g)ÀH¹  À�·B´�½FAB:H¾�´8·PE�´8µ)¹DCFE%¸A´�·B¾"CHµHG�µ$C)»¦ÀH¹�µHµ�À�·}¼¨¸!»A·">GC�¸!·BºN·�¼¡¸�gTOt´8µHµ�´#¼
M�´8·�µH´ ¾"8$8�?��eA8¹b»!»!·B´#ÀlÀ�´�?@´�µ)À�´�µ;AZ´�·P7 D
»?8�G�»!¹D7[7 G�·">�¸�J��~µpÀ�´'7 ¹�µ)À�´�»A´�µ �)¹b¾�¾t·�¼¡¸I´#¼
-¨´#ÀF8FAB:g7���G�¾B·)AB:Rg/7�·�¸P�±·�¾*E�´-ºo8D7xG�´�´8·�G�µf¸A´�µ W µeOt´8·}¼,C)µHG�¼Aº�´�»¡¸�¹=C)¼?AB: À�·�´-½FAB:)¾B´�·*E�´�µ)¹=CFE%�
¸!´8·�¾PCHµ)G¦¸!´8·�¾BOt´8·}¼A´tÀ�»?C;AB:H�'CFE��G:H»!´8µEg�Ot¹�¼;·"7°µ)¹oAB:FET8�¾�G�´�µ)À�´�µI�t´8·}¼¡?)·B´�¾�?H»!Ô�¼¡´�µf¸A·�´8»A¸;OP·�»!À�J
<¦·B´#¼�M�¹bµHµN¹=>T´8»�µ/CH»±ÀH¹bµ)µ�ÀFCH»BAB:HG�´ME��G:H»A¸�OK´�»!À�´�µRgeOK´�µHµ�ÀH´8»P�KC)G�´K:)��»!·BG�´ W >G:@ÔbµHG�·BG��
M�´8·B¸!¼AG�»�¹b?G:N¹b� �eMe¾�·�¼?AB:�·}¼¨¸ � $>�wJ
S�U!V�WBXZY [ZX8\Tkb�Z[�vwX8Y%W���\em �

� ��
��at � � ` H
·�µ�½FAB:H¾�´8·PE�´8µHµH´#¼¨¸z7�·B¸ W µeOK´�·�¼<CHµHG�´8µ
S1, ..., Sn

JH<¦·B´ W µeOK´�·�¼<CHµHG�´8µ�¼A·�µ)À
·�µ��t¾B�FA�M�´

B1, ..., Bn

¹=CGE�G�´Z¸!´8·�¾�¸#gf¼<8LÀH¹ �-¨´�ÀH´8»��K¾"8FA�M�ÀH·B´9-¨´8µH·�G�´@>@´�µ)¹DAB:/>)¹�»¡¸!´ W µeOt´8·B�
¼<CHµHG�´8µN´8µf¸<:)Ô�¾�¸#g)À�·�´-·P7��KCHG�´K:H��»A·�G�´�µ W >;:)ÔbµHG�·BG�M�´�·�¸�¼¡G�»!¹�?G: ´8·�µH´�µ + �fMe¾"C)¼�>H·�¾�ÀH´8µRJ

³ �
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\ 	yu �it � � ` ´8·�µH´>½FAB:H¾�´8·PE�´8µ@¼¡´ �oC)´8µH�
DISTR(B1), ..., DISTR(Bn)

g8OO8D>T´8·
DISTR(Bj)´�·Bµ^?T´8»<E�´8Mf¸A´#¼ ½FAB:H¾�´8·PE�´8µ)µH´�¼¡¸�E��H» À�´�µ^�t¾"8FA�M

Bj

·�¼¡¸�J

�t´8¸A»�¹DAB:f¸A´�µ�OP·B»��KCH»�¿�´8»�À�´'C�¸A¾�·"AB:/CHµ)G�´8·�µp�t´8·}¼¡?)·B´�¾rJ��~µ W >;>RJ�³�·}¼¨¸�´8·�µFD
»?8�G�»�¹=797^g
·�µ ��·�G)J%�+¼A´8·�µ W >G: �ÔbµHG�·BG�M�´8·B¸!¼AG�»�¹b?;:�À)¹b»!G�´�¼¡¸A´�¾B¾B¸�J + CH´�»!¼¡¸K¼<8�¾�¾B´�µ À�·B´-�t¾B�FA�M�´P´8»?7�·B¸¡¸!´8¾B¸
Ot´8»�À�´�µRJ��e7 : »�¹b?G:�G�·">�¸�´�¼���Ot¹�»�´8·�µH´8µ + �eMe¾PC@¼8g�ÀF8FAB:�´8» >T´�¼¡¸A´K:f¸>¹DC)¼�À�´8µ W µeOt´8·}¼,C)µ��
G�´8µRg�À�·B´ µH·"AB:f¸.>T´8µ)¹oAB:/>)¹b»A¸
¼¡·�µ)À�J=HK¼
M�¹bµHµ5¹D>@´�»
´8·�µ�¿�´8»A¸!¹=C@¼<AB:�ºD8�µ W µeOK´�·�¼<CHµHG�´8µ

S2C)µ)À
S3
ÀGCH»?AB:)G�´ME��;:H»¡¸'OK´�»!ÀH´8µRg�À�·�´�¼A´ ( 7LO�¹bµ)ÀH¾PCHµ)G�·}¼¨¸+G��)¾�¸!·BG@gjÀ)¹ M�´�·Bµ)´�<'¹�¸!´8µ)¹D>��

:@ÔbµHG�·BG�M�´8·B¸��8OP·}¼<AB:)´8µ
S2
CHµ)À

S3
>T´�¼¡¸A´':�¸#J �zC)µ�M���µHµ)´8µ5À�·�´��t¾��FA�M�´�G�´'>H·B¾}À�´8¸
OK´�»!À�´�µRg

C)µ)À^�8O�¹b»
B1 = {S1, S3}

CHµ@À
B2 = {S2}

J)<'¹b»�¹=CFET:)·BµNOP·B»�À^ÀH¹�¼±½GAB:H¾B´�·*E�´�µHµH´#¼¨¸ ¹DCFE%�
G�´Z¸!´8·�¾�¸#g)ÀH¹�¼�H>»AG�´K>HµH·}¼�·}¼¨¸±·�µ W >G>H·�¾}ÀFCHµHG �LG�´��8´�·BG�¸�J
H>»,ET8�¾BG�¸�´8·�µH´z½FAB:H¾�´8·PE�´8µ)¹DCFE%¸A´�·B¾"CHµHGc¸A´�·B¾�OK´�·�¼A´�g�¼<8FM���µHµH´8µ ¼A?)Ôb¸A´8»Nµ/CH»�ÀH·B´�½FAB:H¾�´8·PE�´8µ
º�´8Mf¸<8�»A·}¼A·B´�»¡¸�OK´�»!ÀH´8µRgHÀ�·�´+G�´�µ)¹=CN´8·�µH´ W µeOt´8·}¼,C)µHG�´8»?:)¹b¾B¸A´�µRJ

<-Ä0�<U $�g $'VDV
<-Ä �/U $�g $&VDV

S1
Q@� X �,Z<U WYX �w� �DZt��� X �,Z

S2
QH< X �,Z<U'� X �,Z-)'� X �w� $nZ

S3
Q WmX �,Z?U+� X �,Z-) �

H � <Ò<-Ä �
H � <Ò<-Ä0�

W >G>EJ)³HQH�t´8·}¼A?H·B´�¾ E��H»±À�·�´L½FAB:H¾�´8·PE�´8µ@¹=CFE%¸!´8·�¾PCHµ)G
\�����������	�
��' W >G:)Ô�µHG�·�G�M�´8·B¸!¼AG�»�¹b?G:kE��H»±ÀH¹�¼�D>»<8�G�»�¹=797 ¹=C)¼ W >G>RJT³

<-Ä°�<U $�g $'VoV <-Ä°�<U $�g $'VoV
<-Ä��FU $�g $'VDV <-Ä��FU $�g $'VDV

S1
QT� X �,Z?U WmX �w� �DZt��� X �,Z

S2
Q)< X �,Z<U'� X �,Z*)'� X �w��$&Z

S3
Q WmX �,Z<U+� X �,Z-) �

H � <Ò<-Ä�� H � <1<+Ä��
H � <Ò<-Ä°� H � <1<-Ä°�

W >G>RJ ��Q)½FAB:H¾�´8·PE�´8µ)¹DCFE%¸A´�·B¾"CHµHG
³��
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.�´8µHµ�À�´�»±¿�´8»A¸!¹DC)¼?AB:�ºo8�µ W µeOK´�·�¼<CHµHG�´8µNCHµ)À^À�·�´L½FAB:H¾�´8·PE�´8µ)¹DCFE%¸A´�·B¾"CHµHG ¹DCFE�´8·�µND>»<8��
G�»!¹D7[7 ´8»<ET8�¾�G�»!´8·)AB:N¹�µHG�´�Ot¹�µ)Àe¸PO�CH»�À�´8µRg)MÆ¹�µHµ�ÀH¹�¼�7[8�À�·BÁ)��·B´�»¡¸!´�D
»?8�G�»�¹=797xº�´8Mf¸<8��
»!·�¼A·�´8»A¸�Ot´8»�À�´�µRJ

R@X�{bvwab`�Y}|�YdX8`���\fm �
� ��
��at � � ` H
·�µ^?@´�»,E�´�Mf¸A´�¼¦½FAB:H¾�´8·PE�´8µHµH´#¼¨¸

L1, ..., Ln

7�·B¸±G�´�µ)¹=CN´8·�µH´�» W µeOK´�·�¼<CHµHG5½jJ
\ 	yu �at � � ` H
·Bµ ¿�´8Mf¸<8�»

[T1 : U1, ..., Tn : Un]
g OO8D>T´8·

Tj , Uj

À�·�´ .l´�»¡¸!´�À�´�» ´8µf¸¡�
¼A?H»!´'AB:H´�µ)À�´8µ�½FAB:H¾�´8·PE�´ E��H» ¹�¾B¾�´

j ∈ [1, n]
¼A·Bµ)ÀRJ

<¦·B´5¿�´�Mf¸<8�»!·}¼¡·�´8»?CHµHGN·�¼¡¸+G��H¾B¸A·�G)gEOK´�µHµ
S 6 δS

G�·�¾�¸#J��e7 ¹bµ@À�´8»!´8µ �)¹�¾B¾�M�¹bµ)µzÀH·B´�¿�´8Mf�
¸?8�»!·�¼A·B´�»<C)µHG,-¨´�ÀG8/AB: 7���G�¾�·"AB:c¼¡´�·BµRg�Ot´8µHµp¹�µ)À�´�»A´ W µ)¼!Ô�¸!�8´ X ��J �'J�º�¹�»A·}¹=>H¾�´gAK8�? �e·BµHG/Z
�'C)¼AÔb¸A��¾B·)AB:�º�´8»!OK´�µ)À�´8¸tOt´8»�À�´8µEJ W CFE�À�·�´�¼A´ W µ)¼!Ô�¸A��´-OP·B»�À�·"7 W >)¼?AB:HµH·B¸¡¸¦ÂI´8·�µHG�´�G�¹�µ��
G�´8µRJ

����� 
���� ��� 
 #%��#I` ½e´�· : U X ¿Ig HOZ�´8·�µ5G�´�»A·)AB:f¸A´Z¸!´8» : »�¹b?G:Eg�OO8D>T´8·H¿ ÀH·B´ =-µ;8b¸A´�µG7�´8µHG�´
CHµ@ÀhH À�·�´�=+¹bµf¸!´8µG7�´8µ)G�´-¼¡·�µ)À�J
$�J : :H´�· �¸^|�v~k�`A{ o �e|Zkb�I�5X8\eV��b\fmfXZ\ji�g Ed¹�¾B¾}¼�ºD8�µ -¨´#À�´K7 =-µG8b¸!´8µ -¨´�À�´�» =-µG8b¸!´8µ
´8»!»A´�·"AB:f¸;Ot´8»�À�´�µLM�¹bµHµEJ H
·�µH´�|�v~k�`A{ o �e|Zkb�I�5X8\eV��b\fmfXZ\ji�XK��ab�±q)a�\jXZ\@vwX X ½@�P��ZE·}¼¡¸
´8·�µN75¹b�e·"75¹b¾�´8»P¼¡¸!¹b»!M �'C)¼A¹D797�´�µG:)Ô�µHG�´�µ)À�´8» �;´8·�¾BG�»!¹�?G:�ºo8�µ :

�HJP< ´�» o ��mfX!V���`�Y�mfXpk o � {bW�Y}|8U�VHX���`Ak�qHV AC(G) = (V
′

, E
′

)
·}¼¨¸^´8·�µÅÀH´8»!·"AB:f¸A´8¸A´�»

: »!¹�?G:NE��H»±À�´8µ^G�·B¾B¸�Q
V

′

= {C :
� ·�¼¡¸¦½)�P� ºD8�µ : ��g

E
′

= {(v
′

1, v
′

2) : v
′

1, v
′

2 ∈
V

′ CHµ)À
∃(v, w) ∈ E

7�·B¸
v ∈ v

′

1

CHµ)À
w ∈ v

′

2}

�e7 ET8�¾�G�´8µ@À�´8µ^OP·�»!À^À�´�»±¿�´8Mf¸<8�»A·}¼A·B´�»<CHµ)G�¼!¹bµ)¼!¹�¸!�q>T´�¼?AB:H»A·�´K>T´8µEg)À�´8»±ÀH·B´ ( 7LO�¹bµ)ÀH¾PCHµH�
G�´8µNºD8�µ �HJ $rCHµ)À �HJ �m>@´�·BµG:@¹b¾B¸A´Z¸#J
R@X�{bvwab`�Y}|�YdX8`���\fmb|8k�\)|Zkbv o �
H>¼5¼A´8·�´8µ¶D ´8·�µcD>»<8�G�»�¹=797 7�·B¸�À�´'7 ½FAB:H¾�´8·PE�´8µHµ)´�¼¡¸9C)µ)À W µeOK´�·�¼<CHµHG�´8µ

S1, ..., SnCHµ@À : À�´�»P�KCHG�´K:H��»A·�G�´ W >G:)Ô�µHG�·�G�M�´8·B¸!¼AG�»�¹b?G:EJ
$�JP=q8�µ)¼¨¸!»<C)·B´�»A´±¼¡¸!¹�»AMI�KC)¼!¹=797�´8µG:@ÔbµHG�´8µ)À�´±=@8D7�?i8�µH´�µf¸A´8µ�½@�P�t¼.CHµ)À�À�´8µ5�'CHG�´8�
:H��»!·BG�´8µ^¹b� �fMe¾�·�¼?AB:H´�µ : »�¹b?G: W � X : ZZJ

�HJ±½/8�»A¸A·�´8»!´�½)�P�t¼�·BµN¸?8�?i8�¾"8�G�·}¼?AB:H´8»±Ä¦»!ÀHµ$C)µHG
�)J��;�;:H»A´+G��H¾B¸A·�G�´-¿�´8»A¸!¹DC)¼<AB:;8�?T´8»�¹�¸A·"8�µ)´8µ ºo8�µ W µeOK´�·�¼<CHµHG�´8µ^ÀFCH»BAB:RgH¼<8�À)¹ )Q
X ¹$Z�¹�¾B¾�´ W µeOK´�·�¼<CHµHG�´8µN·Bµ -¨´#À�´8» ½)�P� >T´8µ)¹oAB:$>@¹b»A¸�¼A·Bµ@À�J
X >aZN¹�¾B¾�´ W µeOK´�·�¼<CHµHG�´8µN>H�8G�¾rJH¹�¾B¾�´�¼±½@�P�t¼P·Bµ�¸<8�?a8�¾P8�G�·}¼<AB:)´8» Ä¦»!ÀHµ$C)µHG�¼A·�µ)À�J

Ö JPÀH¹�¼O798�À�·�Á@�8·�´8»A¸A´-D
»?8�G�»�¹=797 ·}¼¨¸PÀ�·}¼¨¸!»A·">GC�¸!·BºjJFH
»?7�·�¸A¸A¾�´-¹�¾B¾�´+�t¾B�FA�M�´
B1, ..., BnCHµ)ÀhE��G:H»!´�À�·�´L½FAB:H¾�´8·PE�´8µ)¹DCFE%¸A´�·B¾"CHµHG ÀFC)»?AB:RJ

ÂHJP< ·�´ -¨´�µH·BG�´'�t¾��FA�M�´�geÀ�·�´ G�´8µ)¹DC ´8·�µH´ W µeOK´�·�¼<CHµHGL´8µf¸<:)¹�¾�¸!´8µRgeM���µHµH´�µ µ/CHµ º�´8Mf¸<8��
»A·}¼¡·�´8»A¸POK´�»!ÀH´8µRJ

³ Ö
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�t´8¸A»�¹DAB:f¸A´�µ�OP·�»±ÀH¹b�'C�´�·Bµ��t´8·}¼A?H·B´�¾rJ W >G>H·�¾�ÀGCHµHG p �8´�·BG�¸�:H·B´�»,E��)»P´8·�µND>»<8�G�»�¹=797^J

<-Ä°�<U $�g $'VoV
<-Ä��FU $�g $'VDV

S1
QT� X �,Z?U WmX ��g �/Z��� X ��g �/Z

S2
Q WmX �*) $�g � ) $nZ<U+� X ��g ��� �oZ*)+� X �w��$�g �/Z

S3
Q)< X ��g �/Z<U'< X �w��$�g ��� $nZ

S4
Q)� X ��g � ) Ö Z<U'< X ��g �$Z

H � <Ò<-Ä �
H � <Ò<-Ä°�

W >G>RJ p QFH
·Bµ��t´8·}¼A?H·B´�¾�¼A?H»?8�G�»!¹D7[7

\�����������	�
�� # ¹$Z W >;:)ÔbµHG�·BG�M�´�·�¸�¼¡G�»!¹�?G:[E��H»KÀH¹�¼>D>»<8�G�»�¹=797Ò¹DC)¼ W >G>RJ p CHµ)Àk>aZ
À�´�»
�'CHG�´':H��»!·�G�´-¹b� �eMe¾�·�¼?AB:H´ : »!¹�?G:

$�J��~µ ��·�G)J �L¼¡·�µ)À ¼A´8·�µ W >G:@ÔbµHG�·BG�M�´8·B¸!¼AG�»�¹b?;:YCHµ@À ¹b� �fMe¾�·�¼?AB:H´�» : »!¹�?G: ÀH¹�»AG�´�¼¡¸A´8¾�¾B¸�J
<¦·B´L½)�P�t¼P¼A·�µ)À�Q

SCC1 = {S3}, SCC2 = {S4}, SCC3 = {S1, S2}
J

��JP<¦·B´+½/8�»A¸A·�´8»?CHµHGIµ)¹DAB: ¸<8�?i8�¾"8�G�·�¼?AB:H´�»tÄ¦»!ÀHµ$C)µHGL´�»AG�·P>�¸�À�·�´qET8�¾BG�´8µ)À�´'ÑP´8·":H´�µFET8�¾B�
G�´�Q

SCC1, SCC2, SCC3

�HJ X ¹$Z�·Bµ -¨´�ÀH´8» ½)�P� ¼¡·�µ)ÀNÀ�·�´ W µeOK´�·�¼<CHµHG�´8µ^¼<AB:;8�µN>@´�µ)¹DAB:/>)¹�»¡¸#J
X >iZ^À�·B´^½/8�»A¸A·�´8»?CHµHGlµ)¹DAB:F¸<8�?i8�¾"8�G�·�¼?AB:H´�»�Ä¦»!ÀHµ$C)µHG^>H��G�¾�J�¹�¾B¾�´8»5½)�P�t¼I´8»!G�·">�¸
ET8�¾�G�´8µ@À�´�Ñ±´8·":H´8µFET8�¾BG�´�ºD8�µ W µeOt´8·}¼,CHµ)G�´8µl·P7 D
»?8�G�»�¹=797^Q

S1, S2, S3, S4J�<IJ :RJBg>´�¼�O�CH»�À�´8µ
S1
7�·B¸

S3
CHµ)À

S2
7�·�¸

S4
º�´�»¡¸�¹=C)¼?AB:f¸�J W ¾�¾B´�À�·�´�¼A´

�E»�¹bµ)¼,ET8�»?75¹�¸!·P8�µH´8µ�¼A·Bµ@À�G��)¾�¸!·BG@g#ÀH¹¦�8OP·}¼?AB:H´8µ
S1, S3
C)µ)À���OP·�¼?AB:H´8µ

S2, S4M�´8·�µH´-¾"8$8�?��w·Bµ)ÀH´8?T´8µ)À�´�µf¸PÀH´8?T´8µ)À�´�µ;AZ´L>T´�¼¡¸A´':f¸�J
³�Â
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Ö J��zCHµ�Ot´8»�À�´8µ¶À�·B´��t¾��/A�M�´�´�»<7�·B¸¡¸!´8¾B¸�J H>¼5G�·P>H¸�·�µ)¼AG�´#¼A¹D7�¸�ÀH»A´�·±�K¾��FA�M�´�Q
B1 =

{S3}, B2 = {S4}, B3 = {S1, S2}
JT< ·�´I½FAB:)¾B´�·*E�´�µ)¹=CFE%¸!´8·�¾PC)µHG M�¹bµHµ�µ/CHµ�ÀGCH»?AB:H�

G�´ME��;:H»¡¸±Ot´8»�À�´�µRJH<¦¹�»!¹DC)¼t´8»?:)Ôb¾B¸�75¹bµRQ
<+Ä0�<U $�g $&VDV <-Ä0�<U $�g $'VDV <-Ä0�<U $�g $'VDV
<+Ä �FU $�g $'VoV <+Ä �FU $�g $'VoV <+Ä �FU $�g $'VoV

S3
QRJ�JBJ

S4
QRJ�JBJ

S1
QRJ�JBJ

S2
QRJ�JBJ

H �¦<1<+Ä � H �¦<1<+Ä � H �¦<1<+Ä �
H �¦<1<+Ä0� H � <Ò<-Ä0� H � <Ò<-Ä0�

½FAB:H¾�´8·PE�´�$ ½FAB:)¾B´�·*E�´ � ½FAB:)¾B´�·*E�´��
ÂHJ�¿ 8�µ À�´�µ18D>H·�G�´�µ�ÀH»A´�·@½FAB:H¾�´8·PE�´8µ5M�¹bµ)µ5µ$C)»>À�·�´P�8Ot´8·B¸A´±º�´8Mf¸<8�»A·}¼¡·�´8»A¸�OK´�»!À�´�µRJ��t´8·
À�´8»-´8»�¼¡¸A´8µl·�¼¡¸�À�·�´I¿�´�M�¸?8�»!·�¼A·�´8»?CHµHG�µ)·"AB:f¸r7���G�¾�·"AB:EgTÀH¹

S3δS3
G�·�¾�¸rCHµ)Àl·BµzÀ�´�»

À�»A·B¸¡¸!´8µ^G�·�¾B¸�Q
S1δ

t
1S2
CHµ)À

S2δ
t
1S1

J/�qCHµJ:)¹=>T´8µ^OP·�»±ÀH¹�¼�´�µ)À�G��)¾�¸!·BG�´ H>»AG�´K>HµH·}¼�Q
½FAB:H¾�´8·PE�´�$
� X $�Q $'VoVHg Â�Q $'V Ö Z<U'< X $�Q $&VDVHg $�Q $'VoVDZ
½FAB:H¾�´8·PE�´ �

� 6�	K	>� #���� � # #$����� 6 	Z7m� � � 9;: � � �

� ·B´�»
OP·B»�À�´8·�µ W µ@¼A¹b¸A�PºD8�µ W ¾�¾B´�µ���=-´�µHµH´�À/�LºD8�»AG�´�¼¡¸A´�¾B¾B¸�g�ÀH´8»
Ot´8·B¸A´�»A´P¿�´�M�¸?8�»!·�¼A·�´8»?CHµHG
´�»<7���G�¾B·)AB:f¸�J
+ C)´8»�¼¨¸'OP·B»�À�´�·BµH´��t´�À�·�µHGoCHµHG^¹=>HG�´8¾�´8·B¸A´Z¸#g CHµf¸A´8»-Ot´8¾)AB:H´8»'À�·�´�G�¾B´�·"AB:)�8´8·B¸A·�G�´ W C)¼,E��G:��
»?CHµHG�¹�¾B¾�´8»
�~µ@¼¨¸�¹bµH��´8µ ¹bµ�´�·BµH´�» >T´�¼¡¸A·"797�¸A´�µ�½FAB:H¾�´8·PE�´8µ)´K>T´8µH´ ¼A´K75¹�µ�¸!·�¼?AB:�MD8�»A»!´8Mf¸�·�¼¡¸�J
����� 
���� ��� 
 & ���i` ½e´8· : U X ¿Lg HQZ�´8·�µ W >G:@ÔbµHG�·BG�M�´8·B¸!¼AG�»!?)¹D:RJ
$�J�¾B´�º�´8¾}¼ X ´&Zt·}¼¡¸PÀH·B´�²�´�µHG�´+¹�¾B¾�´8» W >G:)Ôbµ)G�·�G�M�´�·�¸�¼¡´'>@´�µH´8µEgHÀ�·B´-�'CH»

e ∈ E
G�´K:H��»A´�µRJ

�HJ�7�·�µH¾�´8º�´8¾ X ´&Z?U@7�·Bµ X ¾B´�º�´�¾�¼ X ´nZ,Z
�)J�7�¹b��¾B´�º�´8¾ X ´nZ<U@75¹�� X ¾B´�º�´8¾}¼ X ´&Z<Z
Ö J

constrain(G, k) = (V, Ek)
gHOQ8o>@´�·

k ∈ N
⋃
{∞}

g�´8·�µH´
>T´�¼¡¸A·"797�¸A´mH.>@´�µH´�·}¼¨¸
CHµ)À

Ek = {e ∈ E : maxlevel(e) ≥ k}

�t´Z¸!»!¹oAB:f¸A´8µ'OP·�»EÀ�´8µ : »�¹b?G:+¹DC)¼ W >;>H·B¾}ÀFCHµ)G $ $�¹oZZQ
level(S1, S2) = {1, 2}, level(S3, S4) =

{∞}
g�< X : g �DZ;·}¼¨¸
À�´�»�8o>H·�G�´ : »�¹b?;:Rgn>@´�·HÀ�´K71ÀH·B´P=+¹bµf¸!´8µ

(S1, S2)
C)µ)À

(S3, S3)
Ot´8G��

Ed¹�¾B¾�´8µRJ
����� 
���� ��� 
 & �  ` ½e´8·

π
´8·�µ^D Ed¹�ÀN·�µN´�·Bµ)´K7 : »�¹b?;:RJ

$�J
levels(π) = {k ∈ (N)

⋃
{∞} : ∀e ∈ π : maxlevel(e) ≥ k

CHµ)À
∃e ∈ π : k ∈

levels(e)}

³�³
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��J
minlevel(π) = min(levels(π))

�HJ
maxlevel(π) = max(levels(π))

½�´8·
π
>@´�·�¼A?H·�´8¾}¼¡Ot´8·}¼A´�´8·�µ�D Ed¹�À�¹=C@¼

e1, e2, e3
7�·B¸

levels(e1) = {1, 4}, levels(e2) =
{2, 5}
CHµ@À

levels(e3) = {∞}
Je<'¹bµ)µNG�·B¾B¸�Q

levels(π) = {1, 2, 4}

����� 
���� ��� 
 &%� # ` ½e´8·�´8µ�½�´8·�µH´ W µfOt´8·}¼<CHµHG[CHµ)À : ´�·Bµ : »�¹b?G:EJ
CP (S) = {π : π

·}¼¡¸
ÀH´8»±D Ed¹�À

S0, ..., Sn

¹=C)¼
G, n ≥ 1

CHµ@À
S0 = Sn = S}

J
²�·�¸P¹bµ)ÀH´8»!´8µ�. 8�»A¸A´�µ ·�¼¡¸ �KD X ½GZKÀ�·�´'²�´8µHG�´¦¹b¾�¾�´8»>� �eMf¾�·}¼<AB:H´�µ D Ed¹�À�´8µ�ºD8�µ�½ µ)¹DAB:N½jJ
����� 
���� ��� 
5& � &y` ½e´8·�´8µNDc´�·BµND
»?8�G�»!¹D7[7 7�·B¸ À�´K7�½GAB:H¾B´�·*E�´�µHµH´#¼¨¸

L1, ..., Ln

CHµ)À�½
´�·Bµ)´ W µeOt´8·}¼,CHµ)G�·BµFÀ�´�»I½FAB:H¾�´8·PE�´

j ∈ [1, n]
J;½�·}¼¨¸L¹�µFÀ�´8»mH.>@´�µH´

c ∈ [1, n]
|8XZ`�YdkbW�g

Ot´8µ)µ A��7-L8�À�´8»
∃π ∈ CP (S) : c ∈ levels(π)

J W µ)¼,8�µ)¼¡¸A´8µ�·}¼¡¸�½�¹bµFÀH´8»mH >@´�µH´hA
U�ab\TU8��`�`AXZ\@vrJ
.�´8µ)µz½ AM8�µ;AMCH»!»!´8µf¸'¹�µlÀ�´�» H >@´�µH´1AL·}¼¨¸#gRÀH¹bµ)µ^>T´�À�´'C�¸A´8¸+ÀH·B´#¼8g�ÀH¹ NÀ�·�´��~µ)¼¨¸�¹bµH��´8µ
ºo8�µ�½�·Bµ�À�´�» ½FAB:H¾�´8·PE�´

Lc

G�¾B´�·"AB:H��´8·B¸AG�¹=C)¼AG�´KE��G:H»A¸POK´�»!À�´�µ�M���µHµ)´8µRJ
.�´8µ)µI´�·Bµ�D>»<8�G�»�¹=797/·P7 �;8�»?7Î´�·Bµ)´�¼;?@´�»,E�´�M�¸!´8µ�½FAB:H¾�´8·PE�´8µHµH´#¼¨¸!´�¼�¼A·"AB:�µ)·"AB:f¸;ºo8�¾�¾�¼¡¸!Ô�µ��
ÀH·BGIº�´8Mf¸?8�»!·�¼A·B´�»A´�µI¾}Ô�¼!¼¡¸�g�¼<8�OP·�»!À5À)¹bµ)¹oAB:�¹�µHG�´#¼¨¸!»A´'>�¸�gf¼,8+ºe·�´8¾�g�OP·�´z7���G�¾B·)AB: ÀH¹Æºo8�µ��KC
º�´8Mf¸<8�»A·}¼A·B´�»A´�µRJDH
·�µH´ W µeOt´8·}¼,C)µHG�½ ·P7x?T´8»<E�´8Mf¸A´�µN½FAB:)¾B´�·*E�´�µHµH´�¼¡¸PM�¹bµHµ�µ$C)»tÀH¹�µHµ�º�´8Mf�
¸?8�»!·�¼A·�´8»A¸�Ot´8»�À�´�µRg�OK´�µHµ�½

6 δ
½�G�·�¾�¸#gHOK´�µHµ^´�¼P¹�¾�¼<8�M�´8·�µH´�µ W >G:)Ô�µHG�·�G�M�´8·B¸!¼A� �eMe¾PC)¼tG�·P>�¸#J

�e7Ó¹bµ@À�´8»!´8µ �)¹�¾B¾�¼,8�¾B¾;À�·B´LG�»!� b¸!´ W µH�#¹=:H¾EÀH´8»¦ÔDC/�´�»A´�µ^½GAB:H¾B´�·*E�´�µ�G�´KETCHµ)À�´�µ�OK´�»!À�´�µRg
ÀH·B´+À�´�µ W >G:)Ôbµ)G�·�G�M�´�·�¸�¼¡� �eMf¾"C)¼>º�´8»?CH»�¼A¹oAB:H´8µEJ�<¦´8µ^ÑP´�¼¡¸PºD8D7xD>»<8�G�»�¹=797ÒM�¹�µHµNÀ)¹bµHµ
º�´8Mf¸<8�»A·}¼A·B´�»¡¸�OK´�»!ÀH´8µRJ
����� 
���� ��� 
5& � � ` ½e´8·�´8µNDc´�·BµND
»?8�G�»!¹D7[7 7�·B¸ À�´K7�½GAB:H¾B´�·*E�´�µHµH´#¼¨¸

L1, ..., Ln

CHµ)À�½
´�·Bµ)´ W µeOK´�·�¼<CHµHG@J

1. maxcycle(S) =

{
max(maxlevel(π) : π ∈ CP (S) CP (S) 6= �
0 sonst

��J
α(S) = n − maxcycle(S)

α(S)
:)´8·�b¸��~µ)À�´Z�NÀ�´8»�¿�´8Mf¸?8�»!·�¼A·B´�»<C)µHGLºo8�µ�½jJ��e7Ë½FAB:H¾�´8·PE�´8µHµH´#¼¨¸PM���µHµH´�µ

α(S)
·�µHµH´Z�

»!´�½FAB:)¾B´�·*E�´�µ��KC)¼!¹=797�´8µ 7�·�¸5½�º�´�M�¸?8�»!·�¼A·�´8»A¸-Ot´8»�À�´�µRJE²�·B¸I¹bµ@À�´8»!´8µ . 8�»A¸A´8µEQ�½e´�·KC
½GAB:H¾B´�·*E�´�µHµH´#¼¨¸

L1, ..., Ln

7�·�¸¦ÀH´8» W µfOt´8·}¼<CHµHG ½jJ@CzM�¹�µHµ�µ/CHµNET8�¾�G�´8µ@À�´8»?75¹ �´�µ�º�´8Mf�
¸?8�»!·�¼A·�´8»A¸�Ot´8»�À�´�µRQ
<+Ä

I1 = t1, s1<-Ä
I2 = t2, s2

. . .<+Ä
Ic = tc, sc

S(I1, ..., Ic, Tc+1 : Uc+1, ..., Tn : Un)H �¦<1<+Ä
Ic

. . .H � <Ò<-Ä
I2H � <1<+Ä

I1

OO8D>T´8·
c = maxcycle(S)

·�¼¡¸�J

³��
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<¦·B´#¼¡´�H
·�G�´�µ)¼?AB:)¹6E%¸x:H´8·�b¸�q)k�`�v�YdXZW%W�XgRTX!{bvwab`�Y}|�YdXZ`���\embg�À�·�´�¿�´8Mf¸<8�»A·}¼¡·�´8»?CHµHG¦´8»<ET8�¾�Gb¸�ÀH¹=>T´8·
·�µ^µ�� A'·�µHµH´�»A´�µ^½FAB:)¾B´�·*E�´�µRJ)<'¹b»�¹=CFE�·�¼¡¸ W ¾�¾B´�µ��~=-´8µHµH´#À
� W ¾BGo8�»!·�¸?:G7mC)¼�>@¹�¼A·B´�»¡¸#J
]¦W%WBX8\)nd��X8\)\jX!i � ]¦W m�ab`�Y%v%V��I�e| �

� ��
��at � � ` ½FAB:H¾�´8·PE�´8µ)µH´�¼¡¸±C^7�·B¸��'CHG�´':H��»!·�G�´K7 W >G:)Ôbµ)G�·�G�M�´�·�¸�¼¡G�»!¹�?G: : C)µ)À�À�·�´ W µ��
Ot´8·}¼,C)µHG�¼<7�´8µHG�´+½"� W �-J \�	�u �it � � ` 798�À�·�Á@�8·�´8»A¸A´�¼ D
»?8�G�»�¹=797 C %Bg@·Bµ@À^´8» �;8�»?7 OP·�´
8o>@´�µ
� w ��� � ��	 w � º�´'AZ¸<8�»!·��8´ X Ñ+g A'Z
�)��ÑÓ·}¼¡¸�À�·B´�²�´8µHG�´�ºD8�µ W µeOt´8·}¼,C)µHG�´�µ¶·�µ C
gQCHµ)À

c ∈ N
·�¼¡¸�À�·�´�H.>T´8µH´�JK<¦·B´#¼¡´

D
»?8���´�ÀFC)»KG�´8µH´�»A·�´8»A¸tÀ�´�µ^�Q8�À�´@E��H»±À�·�´ W µeOK´�·�¼<CHµHG�´8µ�¹�µ�À�´�»OH >@´�µH´LA ºo8�µ�C>J
.l´�µHµ
A � $�g�ÀH¹bµ)µI»!´8?H»�Ô�¼A´8µf¸!·B´�»¡¸�Ñp´�·BµH´P¼¡¸!¹�Mf»��KC@¼A¹D7[7�´�µG:)Ôbµ)G�´8µ@À�´t=@8D7�?i8�µH´�µf¸A´P½)�P�zºo8�µ
AK8�µ)¼¡¸A»�¹b·�µ X <Ig A���$&ZyCHµ À�´�»��Q8�À�´PO�CH»�À�´z>T´8»!´8·B¸!¼xE��)»KÔ=C �´8»!´8µ5½FAB:H¾�´8·PE�´8µ X ·Bµ�À�´8µH´�µ ¼¡·)AB:
Ñ�>T´ZÁ)µ)ÀH´Z¸BZtG�´8µH´�»A·�´8»A¸�J� �
� � � ��


DD = constrain(G, c)/R
G′ = (N ′, E′) = AC(DD)
� � wI´8º�´�» �

n′ ∈ N ′
X ·�µN¸<8�?i8�¾"8�G�·�¼?AB:H´�»PÄ¦»�À�µ/CHµHG/Z

���
n′ ∈ SCCGi = (Ni, Ei)

ºD8�µN<'<
��� � 

�)�mH>¼PG�·">�¸P´8·�µH´�µN� �eMf¾�·}¼<AB:H´�µ�D.Ed¹�À

π
·�µ�<¦<IgH·�µ�À�´K7Ë¹b¾�¾B´+=-µG8�¸A´8µNºD8�µ

Ni´8µf¸<:@¹b¾B¸A´8µ�¼¡·�µ)ÀkC)µ)À9E��H»�À�´8µ�G�·�¾�¸#Q
maxlevel(π) ≥ c

X ½�M�¹bµ)µ�¹bµ�ÀH´8» H >@´�µH´
A AM8�µaAMCH»!»A´�µf¸K¼¡´�·BµEge¹D>@´�»K´#¼tG�·">�¸t´�·Bµ)´qH.>T´8µH´

c′ ≥ c
ge·�µ�À�´�»�½�¼¡´�»A·}¹b¾T·�¼¡¸BZZJe�~µ

À�´'7 �)¹�¾B¾TOP·B»�À�ÀH·B´+½FAB:H¾�´8·PE�´'¹�µ�À�´�»QH >@´�µH´LAzE��H»P¹�¾B¾�´ W µeOK´�·�¼<CHµHG�´8µ ºo8�µ
Ni¼A´��$CH´�µf¸A·�´8¾�¾R¹=C)¼AG�´KE��G:H»A¸�J� �

G�´8µH´�»!¹b¸A´ X % <-Ä
Ic = Tc, Uc

% Z��
º�´'AZ¸<8�»!·��8´ X % <+Ä

Ni, c + 1
% Z	�

G�´8µH´�»!¹b¸A´ X % H � <°<+Ä
Ic

% Z��
� � u �
�)�Lµ %HG�´':H��»A¸��KC�½)�P�

Gi = ({S},�}
ºD8�µ�<'<Lg@OQ8o>@´�·E½�´8·�µH´ W µeOK´�·�¼<CHµHG

·}¼¨¸#g�<¦¹�µHµ�G�·B¾B¸�Q
c = maxcycle(S) + 1, α(S) = n− (c− 1)

J)½5M�¹bµHµ�·Bµ^À�´'7
�@¹b¾�¾Rº�´�Mf¸<8�»!·}¼¡·�´8»A¸KOt´8»�À�´8µ=� �
G�´8µH´�»!¹b¸A´ X %

S(I1, ..., Ic−1, Tc : Uc, ..., Tn : Un)
% Z

�
� 
��
� � w

� 
����

� � � ��
 º�´&A�¸?8�»!·B��´ X ½"� W �-g $&Z
� 
��

.�´8µ)ÀH´8µ5OP·�»>À�´8µ W ¾BGo8�»!·�¸?:G7mC@¼�¹=CFERÀH¹�¼�D
»?8�G�»�¹=797°¹DC)¼ W >;>H·B¾}ÀFCHµ)G $'V+¹�µRg�¼<8+´8»?:)Ôb¾B¸
75¹bµhET8�¾�G�´�µ)À�´#¼�H
»AG�´K>Hµ)·�¼�Q
<+Ä0�<U $�g $&VDV

Svect3 :
< X ��g $�Q $'VDV$Z<U'< X �w��$�g VHQ ×�× ZH �¦<1<+Ä/�

� X $�Q $&VDV)g�ÂHQ $&V Ö Z<U'< X $�Q $'VoVHg $�Q $'VoVoZ
<+Ä0�<U $�g $&VDV

Svect1 :
� X ��g $�Q $'VoVoZ?U WmX ��g $�Q $'VoVoZt��� X ��g $�Q $'VoVoZ,Z

³ p
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Svect2 :
WYX �*) $�g �HQ $&V"$&Z?U+� X ��g � $�Q ×op Zt��� X �w��$�g $�Q $'VoVDZ

H � <1<+Ä°�

� � � � 9%� � ��� � 
 # � �6� � � 
 9 � � #$� #

HK¼+G�·">�¸�´8·�µH´ ÑP´�·P:)´5ºD8�µ W µ@¼AÔb¸A�8´�µRgRÀ�·�´5OK´�·�¸!´8»!´�¿�´8Mf¸<8�»A·}¼¡·�´8»?CHµHGN´8»?7���G�¾B·)AB:H´8µEJE½e·B´�g
¼<8�OP·�´'·":H»!´rH�ÃT´�Mf¸A´�gT¼¡·�µ)À�·P7�H
·�µH�8´�¾Bµ�¹DCFE�G�´�¾B·}¼¨¸!´Z¸#J/�;�)» À�·�´-<¦´Z¸�¹b·�¾�¼±OP·B»�À�¹DCFE"� $L�Rº�´8»A�
OP·�´�¼A´8µEJ

�;a#a!q�Y%\)v~XZ`AU�VHkb\fmfXt�KÑP´#ÀFCH��·B´�»<CHµ)G�ºo8�µh7�¹b�GA �FAZ¾�´
S�U�k�WBkb`IX��Zq)k�\)|�Ydab\�� + ´8»�¼¡¸A��»?CHµHG�À�´#¼ + �eMf¾"C)¼�·"7 W >G:)Ôbµ)G�·�G�M�´�·�¸�¼¡G�»!¹�?G:
RTk�`�Ydk�_8WBX�U�a!q � Y%\em¦��´�»<7���G�¾�·"AB:f¸KÀ�·�´'¿�´8Mf¸<8�»A·}¼¡·�´8»?CHµHG@g�·�µ�À�´'7 À�·B´-<'¹�¸A´�µ)¹=>;:)ÔbµHG�·BG�M�´�·��
¸!´8µ^´8¾�·"7�·�µH·�´8»A¸±OK´�»!ÀH´8µ
�Z\Ti�X��L|8XZv;|�qTW�Y%v�v�Y%\fmt�RM�¹bµ)µ�À�´�µ + �fMe¾"C)¼�·"7 W >;:)ÔbµHG�·BG�M�´�·�¸�¼¡G�»!¹�?G:L>H»!´'AB:H´�µ��Ia�i�XP|�qTW�Y%vrn
v�Y%\fm-�>ÑP´�ÀFC)�8·�´8»?CHµHG5À�´�¼ + �eMf¾"C)¼�·"7 W >;:)ÔbµHG�·BG�M�´�·�¸�¼¡G�»!¹�?G:RJ

� � � #I9 � �
	M	 
 !^:
	 #�7 � 7 � � � 9

�t·}¼,:)´8»PO�CH»�À�´8µNµ/CH»P¼¡´ �$CH´8µf¸A·�´8¾�¾�´'D>»<8�G�»�¹=797�´@CHµf¸!´8»�¼,C;AB:f¸#geÀRJ :RJ@À�·B´-D
»?8�G�»!¹D797�´�ge·Bµ
ÀH´8µH´�µ¶À�·�´ W µeOt´8·}¼,CHµ)G�´8µc·P797�´8»5µ@¹DAB:H´�·Bµ)¹�µ)À�´�»�¹DC)¼¡G�´ME��G:)»¡¸�OK´�»!ÀH´8µRJ��¨¼¡¸�ÀH¹�¼�D
»?8b�
G�»!¹D797 µH·)AB:f¸�¼A´��$CH´�µ�¸!·B´�¾B¾�g�¼,8�¼A·�µ)ÀFÀ�·�´�<'¹�¸!´8µ)¹D>G:)Ôbµ)G�·�G�M�´�·�¸!´8µ E��H»�À�·�´�D
»?8�G�»!¹D7[7��
¹�µ)¹b¾���¼¡´LC)µH�KCH»!´8·)AB:H´�µ)À�J����H»-À�·�´�ºD8�¾B¾}¼¡¸!Ôbµ@À�·BG�´+D
»?8�G�»�¹=7975¹bµ@¹b¾��e¼A´'OK´�»!À�´�µ�À�·�´I��a�\)n
v�`AabW%WBk�_�V��b\fm�Y�m#{�XZY%v~X8\h>T´8µH��¸A·�Gb¸#J
����� 
���� ��� 
 %���i` ½e´�·B´�µ

S1
C)µ)À

S2
W µeOK´�·�¼<CHµHG�´8µÎ·BµÎ´8·�µH´'7 D
»?8�G�»�¹=797^J .l´�µHµ

O�Ô=:)»A´�µ)ÀzÀ�´8» W C)¼,E��G:H»?CHµHG�ºo8�µ
S1

´�µ�¸�¼<AB:)·B´#À�´8µ�OP·�»!ÀRg 8D>
S2
CHµG7�·�¸A¸A´�¾P>)¹�»IÀH¹�µ)¹DAB:

¹DC)¼AG�´ME��;:H»¡¸POP·�»!ÀRg)¼,8�·}¼¨¸
S2
Mo8�µf¸A»?8�¾�¾}¹=>G:)Ô�µHG�·�G�ºo8�µ

S1
J

<-Ä°�<U $�g $'VoV
S1
Q)� � WmX �,Z<U V �P�zH � : Ä � Ä

S3
���

S2
Q@� X �,Z<U $

S3
Qj� X �,Z<U WYX �,Z?U �

H � <Ò<-Ä°�
W >;>RJ × QH�K´�·�¼A?H·�´8¾ E��H»¦=q8�µ�¸!»<8�¾B¾}¹=>;:)ÔbµHG�·BG�M�´�·�¸

½F85·�¼¡¸
S3
·P7�D
»?8�G�»�¹=797 ¹DC)¼ W >G>)·B¾}ÀFCHµHG × Mo8�µf¸A»?8�¾�¾�¹D>G:)Ô�µHG�·�GLºo8�µ

S1
J

. ·�»�E��HG�´8µ^�8Ot´8·E½�?H»<C)µHG�¹�µfOt´8·}¼<CHµHG�´�µ ´8·�µRQ

•
: Ä � Ä W µeOK´�·�¼<CHµHG

•
� E W µeOK´�·�¼<CHµHG�·"7 �;8�»?7NQ
� �N�K´#À�·�µHGDCHµ)G��P�qH �

S1
� H>C�½/H

S2
������gMEd¹�¾B¾}¼

S1
� CHµ)À

S2
� : Ä � Ä � W µeOt´8·}¼,CHµ)G�´8µ

¼A·Bµ)ÀRJ

³ ×



��� ��� �����
	�� � 	

����� 
���� ��� 
 %�  ` H
·�µH´����)X8W%WBX�·}¼¨¸+À�·�´�½e?)»<CHµ)G�¹bµeOt´8·}¼,C)µHG)JGH>·Bµ � YdXZW>·�¼¡¸-ÀH·B´ W µeOt´8·B�
¼<CHµHG@gHÀ�·B´LC)µG7�·�¸A¸A´8¾">)¹�»±µ)¹DAB:^À�´�» � CH´8¾�¾B´+¹DC)¼¡G�´ME��G:)»¡¸POP·�»!À�J
����� 
���� ��� 
 "� # ` ½�´8·�C�´8·�µl½FAB:H¾�´8·PE�´8µ)µH´�¼¡¸@7�·B¸'À�´�» � CH´�¾B¾�´I½�¹�µ�À�´8» H.>T´8µH´IµRgaC)µ)À
½&%@ÀH¹�¼ + ·�´8¾R¹�µNÀH´8»zH.>T´8µ)´+µ %BJ@< ´�» ½e?H»?CHµHG5·}¼¨¸#Q

•
�Æab`�u ��`�vr|�g;Ed¹b¾�¾�¼±½�ºo8�»±½&%H¾�·B´�Gb¸�CHµ)ÀNµiU¦µ %

•
`��)U!{bu ��`�vr|�gFEd¹b¾�¾�¼¦½&%�ºD8�» ½ ¾�·B´�Gb¸zCHµ@À�µ U¦µ %

•
´8·�µ�s�\TiÆ|�qj`���\fm�gFEd¹b¾�¾�¼�µ %

<
µ

<+Ä0�<U $�g $&VDV
S1 : · · ·<+Ä��/U $�g $&VDV

S2
QH� � WmX �,Z<U V �P�zH � : Ä � Ä

S1
���

S3
QH� �c� X �,Z<U V �P�qH � : Ä � Ä

S4
���

S5
Q : Ä � Ä

S7

S6
QH� ��� X �,Z

6=
V �P�qH � : Ä � Ä

S2
�;�

S7 : · · ·H �¦<1<+Ä �
H �¦<1<+Ä0�
S4 : · · ·

W >G>RJ $'V)Qf¿ 8�»AO�Ôb»A¸!¼¡��gf»!�;A�MeO�Ôb»A¸!¼¡��CHµ@ÀhH>µ)ÀH¼A?H»A�)µHG�´
�t´Z¸!»!¹oAB:f¸A´8µlOP·B»IÀH¹�¼-D
»?8�G�»!¹D797 ¹=C)¼ W >G>H·�¾�ÀFC)µHG $'V)JR< ·�´�½e?H»!�HµHG�´5¹bµ�À�´8µF½f¸!´8¾�¾B´�µ
S2
CHµ@À

S3
¼A·Bµ)À^H
µ)ÀH¼A?H»!�HµHG�´�JR<¦´8»�½e?H»?CHµHG^¹bµ�À�´8»�½f¸!´8¾�¾B´

S5
·�¼¡¸+ºD8�»AO�Ôb»A¸!¼qCHµ)À�¹bµ

À�´�» ½f¸A´�¾B¾�´
S6
»!�;A�MeOtÔ�»¡¸�¼8J

����� 
���� ��� 
 "��& ½e´8·¦½c´�·BµH´ W µeOK´�·�¼<CHµHG@g 7�¹�¼¡M X ½GZ�·�¼¡¸ ´8·�µ >a8/8�¾�´�¼?AB:H´�» W C)¼!À�»?C;A�Mjg
À�´�»�>@´#¼A¹�Gb¸#gFCHµf¸A´8»POt´8¾)AB:H´�»±�K´#À�·�µHGDCHµ)G5½�¹=C@¼¡G�´ME��G:H»A¸POP·B»�À�J
�t´Z¸!»!¹oAB:f¸A´8µ'OP·�»RD
»?8�G�»�¹=797 ¹DC)¼ W >G>H·�¾�ÀFC)µHG × JM75¹�¼¡M

(S2) = {A(I) 6= 0}
gM75¹�¼AM X

S3) =
{A(I) = 0}

J

���A  ��ª 
�£j¯>« �>§R® 8e©¡¯>«

<¦·B´#¼¡´�» W µ)¼!¹�¸!�5MD8�µfº�´8»A¸A·�´8»A¸-=@8�µf¸!»<8�¾B¾}¹=>G:@ÔbµHG�·BG�M�´8·B¸ ·�µ�<¦¹b¸A´8µ@¹=>G:)Ô�µHG�·�G�M�´8·B¸�g�¼<8^À)¹�¼!¼
¹�µ)¼<AB:)¾B·�´ �´8µ)À�ÀH·B´t¿�´8Mf¸<8�»A·}¼A·B´�»<CHµ)G¦ÀFCH»BAB:HG�´ME��G:H»A¸�OK´�»!À�´�µ�M�¹bµHµEJÆ<'¹=>T´8·�·}¼¡¸�À�´�» W µ)¼!¹�¸!�
µ/CH»�E��H»�D
»?8�G�»!¹D7[7�´Q7�·B¸�¿ 8�»!OtÔ�»¡¸�¼A¼A?H»!�HµHG�´8µ'¸!¹DCHG�¾�·"AB:EJ ���H»�À�·�´tOK´�·�¸!´8»!´ W µ)¼AÔb¸A��´�g�À�·�´
¹DCFETD>»<8�G�»�¹=797�´Q7�·B¸>ÑP�;A�MeOtÔ�»¡¸�¼¨��gnH
µ)ÀH¼A?H»!�HµHG�´8µ[CHµ)À�D
»?8��8´#ÀFCH»!´8µ�¹bµeOt´8µ)ÀF>@¹b»�¼¡·�µ)À�g
OP·�»!ÀN¹=CGE�� $>�Rº�´8»!OP·B´#¼¡´�µRJ
�d[�n¡U!ab\ ��XZ`�|�Ydab\�]¦W mfa�`�Y%v�Ve���e| �

� ��
��at � � ` H
·�µH´l½�´��$CH´8µ)�Nºo8�µ W µeOt´8·}¼,CHµ)G�´8µ
SEQ = S1, ..., Sn, n ≥ 1

gKÀ�·B´JET8�¾��
G�´8µ)À�´+�t´�ÀH·BµHGoCHµHG�´8µN´8»<E��H¾B¾B¸�Q

�=V
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•
´�¼�G�·P>H¸±M�´8·�µH´+ÑP�;A�MeO�Ôb»A¸!¼¡� CHµ)ÀNH
µ)ÀH¼A?H»!�HµHG�´'·�µ�½/H �

•
¹b¾�¾�´ W µeOK´�·�¼<CHµHG�´8µN>@´8Á)µ)À�´�µ^¼A·)AB:�·�µ^´8·�µH´K7Ó½FAB:H¾�´8·PE�´8µHµH´#¼¨¸

• mask(S1) = C1

•
Ot´8µHµ

S ∈ SEQ
ÀH¹�¼ + ·B´�¾�·�¼¡¸�g@ÀH¹bµHµN>T´ZÁ)µ)ÀH´Z¸¦¼A·"AB:^À�·�´ � CH´8¾�¾�´'·�µ�½/H �

�)�
source � conds(S)

·�¼¡¸�´8·�µH´^G�¾"8D>)¹�¾B´�¿
¹b»!·�¹D>H¾B´hE��H»�´8·�µH´ W µeOt´8·}¼,C)µHGz½�J .�´8µ)µ ½
À)¹�¼ + ·�´8¾�·}¼¡¸�gEÀH¹�µHµ�·�¼¡¸

sourcecond(S)
À�·B´ ²�´8µHG�´�¹�¾B¾�´8»�²�¹�¼AM�´8µlºD8�µ � CH´�¾B¾�´8µzºo8�µ

½�J W µ)¼<8�µ)¼¡¸A´�µ ·�¼¡¸
source � cond(S)

¾B´�´8»#J
code(cond)

¼A?@´��8·BÁ)�8·�´8»A¸tÀH´8µ W C)¼AG�¹=>T´'AK8�À�´
E��)» À�·�´��K´#À�·�µHGDCHµ)G9AK8�µ)À�� �
� 	�
 � � � � 
 G�´8µH´�»!¹b¸A´

�
7�¹�¼¡M�´�À

�
¼¡¸!¹b¸A´'7�´�µf¸ X ½�g W ��ZZQG>a8/8�¾B´#¹bµ��

� � � ��


curr � cond = AC ∨ (∨{sc : cs ∈ source � cond(S)}
�otGu �N½ ��
 Q

S =′ IF cond THEN SEQ1 ELSE SEQ2 FI ′
� � � ��


c � true := generated � masked � sequence(SEQ1, curr � cond ∧ cond);
c � false := generated � masked � sequence(SEQ1, curr � cond ∧ ¬cond);
curr � cond := c � true ∨ c � false;� 
��

S =′ IF cond THEN SEQ1 FI ′
� � � ��


c � true := generated � masked � sequence(SEQ1, curr � cond ∧ cond);
c � false := generated � masked � sequence(SEQ1, curr � cond ∧ ¬cond);
curr � cond := c � true ∨ ¬cond;� 
��

S =′ GOTO S′

� � � ��


source � conds(S) := source � conds(S)
⋃
{curr � cond}

curr � cond := false� 
��

S =′ default′G�´8µ)´8»�¹�¸A´ X
′IF code(curr � cond) THEN S FI ′);� 
��
�DtGu �

generate � masked � statement := curr � cond;
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curr � cond := AC;
� � w � v �$w � ½�·�µ�½ � � �

source � conds(S) := �
� 
��
� � w

� � w � v �$w � ½�·�µ�½ � ·�µ�¸!´Z�e¸<C@¹b¾ 8�»!À�´�» � �
� $
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curr � cond := generate � masked � statement(S, curr � cond);� 
��
� � w
� 
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cond = true
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C = min(Cs, Cd)
=?O.8m(

C = max(Cs, Cd).
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f̃ = αf + β.
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f̃ + c = α(f + c) + β = αf + β + αc = f̃ + αc.
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f̃ + g = f̃ + αg.
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f̃ + g = α(f + g) + β = αf + β + αg + β − β = f̃ + g̃ − β.

>�> �



� ������������
	���� � � ����

vbI�� ���7/����5@��:���58�� T����ATZWj�~@k�����UTZW���T
�z{?I��?@B���Y8 �
f̃
:	� ��T����ATZWX\P8 �*���&�:�B�VT
�

c
CEI��?@B���Y8 ���[T�W��

CE8
�71�T
�*!YT�W$:9�23�T
� K

c̃f = α(cf) + β = αcf + βc + β − βc = cf̃ + (1 − c)β.
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f̃g = gf̃ + (1 − g)β.
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f̃g = αfg + β

= αfg + β(f + g) +
β2

α
− β(f + g) −

β2

α
+ β

=
1

α
(α2fg + αβ(f + g) + β2) −

β

α
(α · (f + g) + β − α)

=
1

α
(f̃ · g̃) −

β

α
((f̃ + g) − α).
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SUTWVOXZY[YOV\TI]_^E`6ab^cT_d	^E`6egfGfG^ETQhg^cejiI]lkm`	noiIpFqsr	ejn\^cTctbuvexwWro]QyEk	hj^�]_y�]QdzkmT_wWr@dzej^|{}ej`zp�~	r	�T_k	`	n�^Eej`	^ETD�	T_�\noT_V\f�fGej^ET_�mVsT_^E`�SU���5i�]_^Ehjh�]�ilejwWr�dmVsr	^cTDdzej^��mT_V\n\^o�\�\��iIexwWr�dzej^�^c`	�\Tl�fG^���^�wWr	`	^c`	hg^cejiI]lkm`	nGr	^Ekz]_egno^ET�SUTWVOXmY�YOVsTl]l^c`QV\kmwWr�p�~mTv`	exwWro]l��noT_V\�	r	exilwWrm^\�[Y\�\fG�	hj^��z^km`md�Tl^�wWr	^E`meg`[]l^c`mileg�o^���`�ab^c`mdzk	`	no^E`�VskZiI`�kz]_yE^E`�hxq\i_i�]�t��+ejTI]WilwWrmVsp�]lhjejwWr�ej`[]l^cTl^�ili_Vs`[]�ejiI]ilexwWr	^ET#V\kmwWr�d	V\i�n\~	`miI]lejn\^G�}T_^EexiI��� ^Eexi�]_k	`	noiI��¡:^ET_rmqshg]l`	exictK�vk	¢o^ETWdz^Ef£iIej`md¤hj^Eexi�]_k	`	noiI�iI]_V\TlYo^�SUT_VsXmY�Y¥V\TI]_^E`Qr	^Ekz]_^�eg`¦�§^Eej`mVsrm^b¨�^�dz^E`¦`	^ck	^E`���^�wWr	`	^cT��Z^cTl^ce�]Wi�eg`[]l^cn\ej^ETl]ct© ej^�^E`	�oTlfG^G�K^EexiI]lk	`	n�ejfª¡:^ET_n\hj^EexwWr«yck�¬b����i�^ET_Tl^cejwWrm^E`SUTWVOXZY[YOV\TI]_^E`«d	V\`	Y|ejr	T_^ETrm�\r	^c`«�:VsTWVshjhg^chgeg]_qs]c�Z^Eej`	^Ef!p�^ciI]l^c`®���	hjV\kzpFi_wWr	^Ef�V¯km`md�^Eej`	^cT�^ceg`	no^ci_wWr	TWqs`	Y[]l^c`��}T_�s�noT_V\fGf�ej^ET_�mV\TlYo^Eeg]ct °
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��`mdz^ET_^ETWil^Eeg]_i�iIej`mddzej^ci�n\hj^EexwWr	yc^Eeg]lejn�dzej^¯u�VowWr[]l^Eejhj^�dz^cT#SU����t © ^cT��}Tl�on\TWVsfGf��mkmi_if�kmilibf�Vs`	no^Ehxi��§^cd	eg`	n\]l^cT��z�	Tl~m`	n\^Udzk	TWwWr�dzej^�¬b���5no^ciI]l^Ekm^ETl]baD^ETWdz^E`Kt��vf `�k	`�dzej^no^ci_Vsf�]_^¯�K^cejiI]lk	`mn®dz^cT�SU���;`�kz]lyc^E` yck Y��o`	`	^E` � exi�]�^ci�`m�s]�aD^E`mdzejnm� d	V\i_i��D^cTl^�wWrz�`�k	`	no^E`dzeg^��:VsTWVshjhg^chgeg]_qs]�d	^ET�SUT_VsXmY�Y¥V\TI]_^#f��\nohgexwWrmiI]Unokz]�Vskmi_ilwWr��\�zp�^c`Kt © ej^��! #" © �
�[]_TlkmYo]_k	T%$Fileg`	nohg^�eg`Zi�]_Tlkmw�]lej�\`K�[f#kmh�]_eg�	hj^�dmVO]_V'&:�§^ci_Vsn\]c��d	V\i_i�¨�^�dz^ET(�D^�p�^ErmhZejfGf�^cTDV\kzp^ceg`@n[Vs`	yc^ci © Vs]l^E`��	~m`mdz^Eh�V\`	n\^cab^c`mdz^�]Qa�egTWd�tD�+egTWd+^Eej`	^®�Z^�i�]_egfGf�]_^)�D^cTl^�wWr	`�k	`	nV\kmili_wWr	hjeg^c¢\hjejwWr�p�~	T�^Eej`|^Eej`	ycegno^ci © VO]_k	f2�Z^c`	�s]_egn\]c�ZpFVshjhg^c`¦]lT_�s]_ycdz^cf2d	eg^#il^Ehj�§^E`+*��oiI�]_^E`QV\`Kt © ej^��mVsTWVshjhg^chg^,�[]lT_k	Y[]lk	T�a�k	TWdz^�`	ejwWr[]�Vskmiln\^c`�kz]lyE]ct�uvk	T�i�]_TlejY[]�il^ET_ej^EhjhZh-�oil�mVsT_^�}T_�\�mhg^cf iIej`mdQp��\hjn\hjexwWrQaD^E`	ejn\^cT�n\kz]vno^E^Eejn\`m^�]ct¡�eg^chg^,�b^cTl^�wWr	`�k	`	no^E`¯dz^cTbhjeg`m^cVsT_^E`Q�vhjn\^E�mT_Vm�\�mil��a�t'"|Vs]lT_e��zf�k	h�]_eg�mhgejYOVO]lej�\`m^E`K�[�	ej^�]l^c`ilejwWr¤d	V¦i_wWr	�\`^Er	^cT�Vs`KtKu�ejwWr[]�yEkmhg^E]ly�]�exiI]�^Eej`	^�n\kz]_^��v�	�	ejhxdzk	`	n|V\kzpDdzej^�n\^cn\^c�Z^c`	^
���§^EexwWr	^cT_iI]lT_k	Y[]lk	T�a�exwWr[]lejnmt © ^E`	`�V\kmwWrd	^ET����§^EexwWr	^cTlyck	n\T_e/. exiI]��\^ETWi_wWr	eg^�dz^E`m^E`0�D^E�i_wWr	TWqs`	Y�k	`	no^E`�k	`[]l^ET_aD�\Tlp�^E`KtO�^Eno^E`�dzej^cil^E`G{}ej`milwWrmT_q\`	Y�k	`	n\^c`��§^ciI]l^cr[]}^Eej`�^ET_r	�\r[]l^cT{}`[]�a�exwWY�hgk	`mnoi_Vskzp�a�Vs`mdKtu�k	`�f��\no^E`21§aD^Eegp�^Eh Vs`Qdz^ET3�bTWVskZwWr[�ZVsT_Y\^Eeg]}�\�o`�SU����i�V\kzp�Y\�of�fG^c`Kt © V\i_i}^�i}]_Tl�\]lyE�dz^cf f�V\wWr��mV\T�exiI]Gkm`md n\^Eno^E�§^E`zpFV\hghxiGdzk	TWwWr rm�\r	^��K^cejiI]lkm`	noi_i�]_^Eejn\^cTlk	`mn\^E` �Z^chg�or	`[]a�ejT_d4$5"�k	hg]lejn\T_exd0���ohg�o^ET�^cTlT_^EexwWr[]%�[]_^Eejn\^cTlk	`mn¯k	fªdz^c`®�mV\Y[]l�\T ° 687 9;: &��Za�ejTWd|ejf2p��\hg�no^E`mdz^c`�dmVsT_n\^ciI]l^chghg]ct
< � ��=?>��2@��(A�PQ��
�B ���C@��(AED �GF

��fH�D^ET_^cwWr	`�k	`	no^E`��o�\`�dz^cT�¬b��� Vskzp d	eg^�SU��� yEkQ~	�§^ETl]lTWVsn\^c`K�[f#~mi_iI^c`¯yEkm^ETWi�]�dzej^
�D^cil�\`Zdz^ET_r	^Eeg]l^c`�dz^ET:SU��� �Z^E]lTWV\wWr[]l^E] aD^ETWdz^E`Kt¥� ~	T ^Eej`	^}]_eg^Ep�^ET_n\^Erm^E`mdz^3�D^�]lTWV\wWr[]_k	`	nileg^cr	^ 7 I�: t
J(KML NPORQ	OTSUSUVWSUX#Y�Z[Y�\,]3^'_a`cbedefEN0X#ghV?SUXUdeVWiSUTWVOXmY�YOVsTl]l^c` �§^cileg]lyE^c`+^Eej`	^+"�^c`	n\^��o�\`6�}ej�Z^chgej`	^�iEt © ej^cil^«iI]l^chghj^E`@dzej^ © VO]_^E`+yEkmT¡:^cTIp�~	nok	`	nZ�	Vskzp�ab^chjwWrm^�d	eg^j��rmVodz^ETl���}Tl�on\TWVsfGfG^�V\`	n\^cab^c`mdz^�]�aD^ETWdz^E`�iI�ohghj^E` t
�� #" © $ iIej`	nohg^eg`Zi�]_Tlkmw�]lej�\`�f#k	hg]lej�	hj^d	Vs]_V'&�iI]l^cro]Qp�~	T�dzej^®�mV\T_V\hghj^Ehj^)��]lT_k	Y[]lk	T�dz^cTSUTWVOXmY�YOVsTl]l^otZ{�eg`k�D^�p�^Ermh a�ejTWd|ejf�fG^cT�Vskzpbi_qsf#]lhjejwWrm^��}ej�§^Ehjeg`	^�i�n\hj^EexwWr	^ET_f�Vs¢o^E`|Vs`	�no^EaD^E`mdz^E]ct © VsfGeg]�dzeg^#SU�b� ^�l�yEej^E`[]�VskZiIno^E`�kz]lyE]�ab^cT_dz^c`QYOV\`	`K�zexi�]v^�i�iIej`	`��\�ohgh��	dzej^
�D^ET_^cwWrm`[km`	n\^c`�f��on\hjejwWrZi�]U�mV\i_iI^c`md«V\k!mbdzej^�n\^Eno^E�§^E`	^��� #" © �n��]lT_k	Y[]lk	T�Vs�myEk	�	ejhxdz^E`Kt© eg^�iI^��§^cd	^Ekz]_^�]c�§d	V\i_i�{}hj^EfG^E`[]_^\�	m�~mTvab^chjwWrm^�d	eg^�il^Ehj�Z^j�D^cTl^�wWr	`�k	`	n�dzk	TWwWr	yEk	m�~	r	T_^E`ileg`Zd�� yck SUTlkm�	�Z^c` yEkZilV\f�fG^c`	n\^omFV\i_i�]�aD^ETWdz^E` t[���|a�ejTWd¤f�eg]�d	^E` nohg^cejwWr	^c`p*��[i�]_^E`dzej^�iI^chg�§^P�b^cTl^�wWr	`�k	`	n®`	ejwWr[]�m�~	T�^ceg`K�:il�\`md	^ET_` n\hj^EexwWrqm�~mT�^Eej`	^Qn[Vs`	yc^r"|^E`	no^Q�o�\`�^ETl]l^c`K�mVs�mrmqs`	noegn��\�o`�d	^ET��}ej�Z^chgej`	^E����`	ycV\r	h �Zdzk	TWwWr	n\^om�~	r	Tl]ct
J(KsJ tvu,S#OTbxw�y,z+V{Q!Y!V�|3}8bed~f�N0Xn|�VWS�](�eOTfxV{Q© eg^�{�eg`	n[Vs�§^�dz^ET�¡:^cTI]_^���{}`mn\ej`	^�^ETMm��\hjns]�~	�§^ET�dz^c`Q¡:^cTI]_^����[]lT_^cV\f�tzu�V\wWr¦dz^ETv��kmi��
m�~	rmTlk	`mn¦d	^ci�¡:^cTI]_^��)��rZV\dz^cT_i�aD^ETWdz^E`dz^ci_il^E`{}Tlno^E�	`meji_iI^GTWV\iI]l^cTlexiIej^ETl]�$ 9 ©

→
I © &k	`Zd no^EhxVs`	no^E`6d	Vs`ZV\wWr6VshxiG{}eg`mnoVs�§^�ej`6d	eg^��}eg�z^Eh��}eg�§^Ehjej`	^\t3�vej^ET�a�ejT_d ^Eej`6�}eg��^ch��

��rZV\dz^cTI���}T_�\n\TWVsfGf5Vskmiln\^om�~	r	Tl]c�¥ab^chjwWrm^ci n\hj^EexwWr	yE^ce�]_egnUVsk!m © VO]_^E`�f�^cr	T_^ET_^ETR� ^E�[]_k	T_^E`yck	n\T_^Ee�m�^E`�YOVs`	`k$5"�kmh�]_e�]_^���]lk	T_ej`	n'&�t��D^EejfH� ^���]lk	T_^��U1§k	noTle�.�YOVs`	`¦^ci�yck�� VO]_^E`	ycyE^Eeg]l^c`Yo�\fGfG^E`Kt °
6;�
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© V\i}{}Tlno^E�	`meji}d	^ci:�}eg�z^Eh��zrmV\dz^cT}n\^chjV\`	ns]}dzkmT_wWr��Dhg^c`mdzej`	n�ilwWrmhgej^E¢ohgexwWr�ej`�dz^E`¯�mT_V\fG^���mk!.§^cTcto�vf d	eg^�iI^�i {�Tlno^E�	`	exi�ej`�^ceg`	^cf il�mqO]_^ET_^E`��}e��z^ch��#��rmVodz^ETl����k!m�T_k!mZ�o^ET_ab^c`mdz^E`�yEkY �\`	`m^E`K�	f�kmi_i�^ci��o�\f!�	TWVsfG^E�	k	.§^cT�eg`�^ceg`	^j� ^���]_k	Tl^�Yo�\�	ej^ETl]vaD^ETWdz^E`Kt��zrmV\dz^cTvY��o`z�`m^E`@Yo^Eej`	^|�	TWVsfG^E�mk!.§^cTI�  `	rmV\h�]_^E`6ej` � ^E��]lk	T_^E`6Y\�o�	ej^ET_^E`Kt © ej^«�v`�aD^EexiIk	`mn ^ETMm��\hjns]d	k	T_wWr�dzej^#¬b����t{�eg`	n[Vs�§^cd	Vs]l^c`�Y��o`	`	^c`�Vshxi � ^���]_k	Tl^c`QV\k!m dz^ETvSUTWVOXmY�YOVsTl]l^�n\^cil�§^EexwWr	^ETl]�aD^ETWdz^E`Kt��vf
�	wWr	hg^ce/m�^c`®yck«^cTlf��\nohgexwWr	^c`K�ZaD^EhxwWr	^GiI�ohjV\`	n\^�a�eg^�dz^ET_r	�oh�]Uab^cT_dz^c`K� �	exi�^ceg`m^�no^Eno^E�§^E`	^
�D^�dzeg`mn\k	`	n�^ETMm�~	hjh�]�ejiI]c�¥f�kmili dzej^�¬b��� dz^c`#�}T_�\noT_V\f�f��mkZiliKiI]l^ck	^ET_`Kt��vej^ETMm�~	T�a�eg^�dz^ETl�T_k	f exi�]�dz^ET��vkZi�]WVskmi_wWr¯�\�o` © VO]l^c`¯yEa�exi_wWr	^E`�d	^ET�SUT_VsXmY�Y¥V\TI]_^vk	`mdQdz^ETv¬b����`	�s]_egnZt© ej^#iI�on\^c`mVs`	`[]_^��Uwcw�hjkmiIej�\`	����k	^cT��G^cTlaD^Eexi�]vilejwWr¦d	V\�Z^ce Vshxi�r	ejh/m�T_^EexwWrKt�1§k	Te��]l^Ekm^ET_k	`	nd	^cib�}Tl�on\TWVsfGf��mkmi_iI^�i}dzk	TWwWr�dzej^�¬b�b�8no^Er	�oTI]bV\kmwWrK�[d	V\i_ibd	eg^�¬b���8�§^ciI]lejfGf�]��oaD^Ehg�wWrm^ETe��rmVodz^ETvV\hji�`Zq\wWrmiI]l^�i��\�\`�dz^ETUSU��� Vskmiln\^om�~	r	Tl]�a�egTWd�t© ej^� `[]l^cT_V\Y[]lej�\`	^c`|yEa�exilwWrm^E`®¬b��� k	`md®SUT_VsXmY�Y¥V\TI]_^�a�ejT_d|d	k	T_wWr0� T_^Eej�Z^cT�no^ET_^Eno^Ehg]c�aD^EhxwWr	^ © Vs]l^c` �	k	.§^cTl`K�:V\hjil�«`	exwWr[]�yEa�Vs`	n[iIhxqskzXZn«iI��m��\Tl]�aD^Eeg]l^cTlhj^Eeg]l^c`Kt�{�iGejiI]GyEa�VsTf��on\hjejwWr6dz^Ef � T_^Eej�Z^cTGf�eg]lyckz]l^ceghj^E` �}�Z^�i�]_egfGf#]l^ © VO]l^c` il�;m��oTI]GyEkZiI^c`mdz^E` �}hg^E]lyE]lhjejwWr�mhg^ceg�z]�d	eg^�ivdz�zwWr�V\hghj^Eej`¦dz^Ef � T_^Eej�Z^cT�~	�§^ET_hjVoilil^E`Ktz��hjiv�m�\hjn\^UY��o`	`	^E`¦� Vs]l^c`	yE^c`�V\k!m��]_Tl^E]l^c`K�	aD^EhxwWr	^�iIexwWrQ`m^EnoVs]lej��Vsk	m�dzej^��K^cejiI]lk	`mn�`	eg^�dz^ETWi_wWr	hjV\n\^c`Kt
 !#"%$�B'&�RhA(&�@*)�>�$,+�-(A/.�>hA/0 >�"%1r@32hA547682�$9"3-;: AR>�<=$9-�> =

?�KUL @PXMdxw,Ae�eQ�bedCB

DFE'E(GIHKJ'L5M5NPO � hjk	exdzfG^cwWrmV\`	ejY

"|k	h�]_egnoTlexd2�z�\hj�\^ETbXm`md	^E`Q��`�ab^c`mdzk	`	n��§^Ee�dz^ETx��ejf#kmhjVs]lej�\`��mrQ�zilegYOV\hgexilwWrm^ET���Tl�oyE^ci_il^\t© VsT_n\^�i�]_^Ehjh�]�exi�]v^ceg`��D^Eexil�	eg^chKdz^ETv� hjk	exdzfG^cwWrmV\`	egY tW$ �v�	� tSR 7 ° : &� eg`m^cVsT_^�SUhj^EexwWr[km`	noi_iT�ziI]l^cf�^�Y �\`	`m^E`�dzk	TWwWr¯dz^E`�S�V\k	¢s� �vhjn\�oTleg]lrmf#kmi�no^Eh-�oiI]}ab^cT_dz^c`Kt
��Vs`md	^Ehg]�^ci�ilejwWr6k	f$n\T_�\¢o^�SUhj^EexwWr[km`	noi_iT�ziI]l^cf��}il�¤a�egTWd6dzej^ciG�§^cdzej`	ns]�dzk	TWwWr ��^E�il�\kmT_wE^E`��Z^�ilwWrmT_q\`	Y�k	`	nm��yot �Ut 1§^Eeg]c�(U[kmV\ile�km`	f��\n\hjexwWrKtW ` ��ej^Ehj^E` ��`[aD^E`Zdzk	`	n[i#mFq\hghj^E`no^E`�~	no^E`6fG^Eexi�]�nokz]l^|u�qsr	^cTlkm`	n\^c`K�}aD^EhxwWr	^�^Eej`	^ET�m�^ciI]ln\^chg^cns]_^E`+�	^cr	hg^cTI]_�\hj^ETWVs`	y¦no^��`�~	no^E`Kt {}T_a�qsr	`	^c`milab^cTI]UejiI]�ilexwWr	^ET�VskmwWr �§d	VoiliU�§^Eejf �	TWVsY[]lexilwWrm^E`K�5V ^E�	VsY[]l^c`WV��{�oil^E`�o�\`�SUhg^cejwWr�k	`mnoi_iT�ziI]l^EfG^c`K��y\t �UtKfGe�]���egh�m�^�dz^�i�S�Vsk	¢\����hgno�\T_e�]_r	f#kmic� �Z^�dzej`	ns]#dzkmT_wWrd	eg^�^E`md	hgexwWr	^ © VsTWiI]l^Ehjhjk	`	n��o�\`«SUhj^Eeg]lYo�\fGf�V¥ab^cTI]_^E`|Vsk	m���^cwWr	`m^ETWVsTWwWr	e�]_^EY[]lkmTl^c`K�m^ceg`�vk	`mdzk	`mnoiUm�^Er	hj^ET}V\k!m�]lT_e�]l]c�sdz^cT:iIexwWr#a�qsr	T_^E`Zd�dz^ETT�D^ET_^cwWrm`[km`	n�`	�zwWr��\^ETWiI]_qsT_Y\^c`�YOVs`	`
$F^ciDa�ejT_d�fGeg]bno^ET_k	`mdz^E]l^E`��®^cTI]_^E`�aD^Eeg]l^cTlno^ET_^cwWr	`m^�]�&�t��D^Ee dz^Ef `�k	`��\�\T_yEkZi�]_^Ehjhg^c`mdz^E`eg]l^cT_Vs]lej�\^c`¯¡:^ETMmFVsr	T_^E`�aD^ETWdz^c`�iI�ohjwWrm^��	^cr	hg^cTDdmVs`	Y�dz^cT  �]l^cT_Vs]lej�\`¯ejfGfG^ETDa�eg^�dz^ETDr	^ETl�V\kmiln\^ET_^cwWrm`	^�]�t© ej^ci ejiI] d	k	T_wWr#`[kmf�^cTlexi_wWr	^  �]_^ETWVO]lej�\`ZiI�o^ETMmFVsr	T_^E`Ua�eg^Ddz^Ef S�V\k	¢s�#��^cejdz^ch�� �vhjn\�oTleg]lrmf#kmif��on\hjejwWrKt{��eg^cTl�§^Ee:a�ejTWd«^ceg`	^��W�oilk	`	n

xr

n\^cT_Vs]l^E` �§aD^EhxwWr	^�`mV\wWrfG^Er	T_^ET_^E`0 �]l^cT_Vs]lej�s�`m^E`Gn\^cn\^E`�dzej^D^cegno^E`[]lhjexwWr	^��{�oilk	`	nUY\�o`��\^ET_n\ej^ETl] $ iEt 7 X;: & t © ej^3 `[]_^ETWVO]lej�\`�a�ejT_d�iI�ohjV\`	n\^d	k	T_wWrmn\^�m�~mr	TI]��z�	exivdzej^��	^Ermhg^cTI]_�\hj^ETWVs`	yU`	exwWro]�fG^ErmTv~	�§^ETWilwWr	T_eg]I]l^c`Qa�ejTWd�t© V\iQ¡:^ETMmFVsrmTl^c`+^Eejn\`	^E]�ilejwWr@il^Er	TQn\kz]�yEk	f&{}hjejf�ej`	ej^ET_^E`@�o�\`@�m^Er	hj^ET_`+r	�\rm^ETQ�mTl^E�
U[k	^c`	y\�§`	exwWr[]�Vs�§^ET��\�\`|�m^Er	hj^ET_`�`	ej^cdzT_ejn\^ET�t��z�¯^ET_n\ej�z]�ilejwWr�ej`miln\^�ilV\f�]v^Eej`	^�� Vsk	m�yE^Eeg]°

6
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t�{�i�i�]_^Ehjh�]�ilejwWr«d	eg^��	TWVsno^\�§�\�|^�iU^Eej`0 �]_^ETWVO]lej�\`ZiI�o^ETMmFVsr	T_^E`¦n\ej�z]��§aD^EhxwWr	^�ii_wWr	`	^chghj^ET�Y\�o`��\^ET_n\ej^ETl]ct
DFE'E(GIHKJ'L5M'N�� �mTl^ Uokm^E`	yck	f#a�Vs`md	hgk	`mn

� GIM���� �vTWiI�mTl~	`mn\hjejwWr	^ © VsTWi�]_^Ehjhgk	`mn�fGeg]vr	�\rm^E`¦�	T_^ U[k	^E`myE^E` t
� G	�
��� ��^�dzk	yceg^cTl^c` dz^ETG�vk!���oilk	`	nmt uvej^cdzT_ejn\^��mTl^ Uokm^E`	yc^E`�aD^ETWdz^E`�yck r	�\rm^E` �mTl^E�
U[k	^c`	yE^c`)$F�	hjV\k	^j*�k	T_�\^

→
n\T_~	`	^h*�k	T_�\^�&e$ ��^ciI]lT_ejYo]_eg�o`�& t

 ��������� © eg^�n\T_�\�§^x*�k	Tl�o^�a�k	TWdz^�n\^cn\hxqO]I]_^�]�km`md�d	V\i�{}T_n\^E�m`	eji}eg`¯dzej^xm�^ceg`m^ET_^e*�k	T_�\^^ceg`	no^cV\Tl�§^Eeg]l^E]�$5 `o]_^ET_�Z�ohjVs]lej�\`�&�t © kmT_wWr¤�v`�aD^E`mdzkm`	n�dz^ci�S�Vskm¢s�#��^Eexdz^Ehg� �vhjn\�\T_eg]lr	f�kmiV\k!m�d	eg^�m�^Eej`	^cTl^�*�k	T_�\^�Y��o`	`	^c`dzej^¯�v`m^E�§^E`	r	^ce�]_^E`�ej`�dz^ET�r	�or	^E`¤�	T_^ U[k	^c`	y�a�ej^cdz^cTr	^cT_V\kmiln\^cV\Tl�§^Eeg]l^E]DaD^ETWdz^c`Kt�$F�v�m�KtSR 7 6�: &
"�eg]vdz^Ef "�k	hg]lejn\T_ejdP���\hj�\^cT�ejiI]viI�ohjwWr¯^ceg`�¡:^ETMmFVsrmTl^c`Qno^En\^c�Z^c`Kt!�vej^ET_�Z^ce�n\ej�z]�^ciD`	exwWr[]^ceg`�SUe�]l]l^cTc�	il�\`md	^ET_`�fG^Er	T_^ET_^U�\^ETWi_wWr	eg^�dz^E`m^ET��vk!���[iIkm`	nmt © V\i m�^Eej`miI]l^#SUeg]I]_^ET�exi�]vd	Voik	TWil�	Tl~m`	n\hjejwWrm^\t © ej^DnoTM�o�Z^cTl^c`#SUe�]l]l^cT�ilej`md#dzkmT_wWr���^ciI]lT_egY[]_eg�o`#dz^ci k	TWil�	Tl~m`	n\hjejwWrm^}^E`[]I�iI]_V\`mdz^E` �	�Z^�iIeg]lyc^E`¦aD^E`	ejn\^cT © ^E]_VsejhxiEtmu�eg^�dzT_egno^��mTl^ U[k	^E`	yc^E`�ab^cT_d	^E`¦d	Vs�§^EeKyck¦r	�\r	^c`�mTl^ Uokm^E`	yc^E`0$ iEtz���	�Kt I & t	���\fGeg]�ilej`md�`�k	`¦VskZwWr��	^cr	hg^cT�k	TWiI�	T_~	`	nohgexwWr¯`	ej^cd	Tlejn\^cTD�mTl^E�
U[k	^c`	y�dzk	TWwWr�d	^E`|S�Vsk	¢\�n�z^Eexdz^Ehg����hgno�\T_e�]_r	f#kZi�^olGyceg^c`[]vh��[iI�mV\Tct © k	TWwWr2 `[]_^ET_�Z�ohjVs]lej�\`a�ejT_d d	V\i�{}T_n\^c�	`	exiG^Eej`	^ci�noTM�o�Z^cTl^c` SUe�]l]l^cT_iGej` dmV\i�`mq\wWrZi�]�m�^Eej`	^ET_^¦^Eej`	n\^�VsT_�Z^ce�]_^�]�tu�V\wWr¦¨�^cd	^Ef © kmT_wWr	hxVsk	m�a�ejTWd�dz^ET���^cilejd	kmVshb�Z^cTl^�wWr	`	^�]�� aD^EhxwWr	^ET#^Eej`4"|Vs¢8m�~	T�dz^c`dz^cTlyc^Eeg]lejn\^c`��m^Er	hj^ET�exi�]�t��o^UY�hj^Eej`	^ETvd	^ETv��^�iIexdzkmV\h �md	^ciI]l�Gn\^cTlej`	n\^cTDd	^ET��m^Er	hj^ET�t
*��\`��\^cTlno^E`	y�a�egTWd�`[km`Qej` ��$�`	hj�\no`�&b^ET_Tl^cejwWr[]ct
1§kZilV\f�fG^c`!mFV\i_iIkm`	n�d	^ETe�zwWr	T_eg]I]l^�^ceg`m^ci( �]l^cT_Vs]lej�\`mi_dzk	TWwWr	hxVsk!m�^�i R

•
SUhjqs]I]l^c`�dz^ci�SUeg]I]_^ETWi�dzk	TWwWr¦S�V\k	¢s�#��^cejdz^ch�� �vhjn\�oTleg]lrmf#kmi

•
�}Tl~	m�^E`K�z�o��¨�^�]_y�]_egno^Uu�qsr	^cTlk	`mn�dz^cTD�m^Er	hj^ETl]l�ohg^cT_V\`	y�no^E`�~	n\],$Fd	k	T_wWr���^cilexdzkmVsh & �
mFVshjhji�¨IV R	�v�	�mTlkmwWr�dz^cT� �]l^cT_Vs]lej�\`

•
��^ciI]lT_egY[]_eg�o`�dz^�i�n\^cn\^c�Z^c`	^E`�SUe�]l]l^cT_i�V\k!m ^ceg`m^ci�n\^cTlej`	no^ET_^ET��vk!���[iIkm`	n

•
© Voi ��Tl�o�	hg^cf a�egTWdhm�~mT�dmV\i n\T_�\�§^DSUeg]I]_^ET�n\^ch��[i�]�$F��`[aD^E`Zdzk	`	nU�\�o`#��^EY�k	TWileg�o`�&

•
© k	TWwWrP `[]l^ET_�§�\hxVO]lej�\`Qa�egTWd�dzeg^��W�oilk	`	nGdz^ci�noTl�o�Z^c`¦SUeg]I]_^ETWi�eg`�d	Voi�k	TWiI�	T_~	`	n\�hgexwWr	^�^Eej`	no^cVsT_�§^Eeg]l^�]

1§kmT�¡:^cT_V\`mi_wWrmVsk	hjexwWr[km`	n|aD^ETWdz^E` dzeg^81§kmi_VsfGfG^E`mrmqs`	no^Qyca�eji_wWr	^c` dz^E` �\^cT_i_wWr	ej^cdz^E�`	^c`|SUe�]l]l^ET_`K�mil�Oa�ej^�d	eg^�^ceg`myE^Ehj`	^c`��	wWr	Tleg]I]_^�dz^ci���hgno�\T_e�]_r	f#kZi�`	�zwWr�^ceg`mfGV\hKn\TWVOX§ilwWrd	V\Tlno^ciI]l^chghg] R
?(KsJ t d��kVWdef~bed�B���� d _abeS#Y!XTB Q�XMf�]�� S�� V{Q

"�kmh�]_egnoTlexd8���\hj�\^cT�exi�]U^Eej`��Z^�dz^Ek	]l^E`Zdz^ci�u�q\r	^ET_k	`	n[iI�o^ETMmFVsr	T_^E`�yEkmf2�W�oil^E`¦�\�o`«SUhg^ce��wWr�k	`	n[ili��zi�]_^EfG^E` � ab^chjwWr	^��§^Ee[dz^ET?�zegf�k	hjVs]lej�\`�d���`mV\f�exi_wWr	^ET��}T_�\yc^ci_iI^:dz^cT?�[]_TM�of#k	`	n[i��°
6�I
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DFE'E(GIHKJ'L5M5N�� {}eg`|SUeg]I]_^ETva�ejTlY[]�ejf�fG^cT�Vsk!m�d	V\i�`Zq\wWrmiI]�n\T �\�§^ET_^�k	`ZdQkmf�no^EYo^Er	Tl]

© k	TWwWr®��^�i�]_TlejY[]lej�\`|a�ejTWd«SUe�]l]l^cT
Gi

V\k!m�d	V\i�`mqowWrmi�]Un\T �\�§^ET_^�SUeg]I]l^cT
Gi+1
V\�	n\^c�	eghg�d	^�]ct © V\�Z^cezn\^Erm^E`� `!m��\T_f�VO]lej�\`m^E`#�o�\T_hg�oTl^c`Kt © V\`	Y#dz^cT:n\^ET_ej`	n\^cTl^c`�*�`	�s]_^E`mV\`	ycV\r	h�ejiI]dmV\i�no^En\^c�Z^c`	^G�}T_�\�	hj^Efª`�k	`¤^ceg`!mFVowWr	^ET�yck	h-�oil^E`Kt���`mdz^cTlk	`mn\^E`ejf>n\T �\�§^ET_^E`�SUeg]I]l^cTa�ejT_Y\^E`�Vsk!m§d	V\i?m�^Eej`	^cTl^�SUe�]l]l^cT}dzk	TWwWr�dzej^  `[]_^ET_�Z�ohjVs]lej�\`�yck	Tl~ZwWY§t © eg^vSUeg]I]_^ET:ilwWrm^Eej`	^E`fGeg]l^ceg`mV\`mdz^cTv^EhxVO]_eji_wWrQ�o^ET_�	k	`md	^E`�yEk¦iI^ceg`Kt

DFE'E(GIHKJ'L5M5N�� "�k	hg]lejn\T_ejd2 �]l^cT_Vs]lej�\`

© VsT_n\^�i�]_^Ehjh�]�exi�]#d	^ETj �]_^ETWVO]lej�\`ZildzkmT_wWr	hxVsk	m�^Eej`	^cih"|k	h�]_egnoegTWdp���\hj�\^cT_i 7 X;: tK�vk!mFiI]lT_^E�§^E`	�d	^Q�Tm�^ceghj^�n\^E�§^E` ^Eej`	^Q��^�i�]_TlejY[]lej�\`K��Vs�Zi�]_^Eejn\^E`Zdz^¯^Eej`	^2 `o]_^ET_�Z�ohjVs]lej�\` V\`Kt �\^¯aD^Eeg]l^cT�o�Z^c`K�zdz^ciI]l��n\T �\�§^ETDd	V\i�SUeg]I]l^cTct	��i�]_^Er[] m�~mT��zf����\]lr	ej`	nm��d	Voi�no^En\^c�Z^c`	^USUeg]I]_^ET�a�ejT_dno^Enohjqs]I]l^E]ct  �iI]�Yo^Eej`«noTM�o�Z^cTl^�iUSUeg]I]_^ET�fG^Er	T�d	V\Tlno^ciI]l^chghg]c��il�Qa�ejT_d®d	V\iUno^En\^c�Z^c`SUhj^Eeg�wWr�k	`mnoi_iT�ziI]l^Ef �\r	`	^�aD^Eeg]l^cTl^���^cY[kmT_ileg�o`�no^Eh-�oiI]ct{$F���	�Kt R	��n\h�t 7 X;: &
hj^ErmTl^o�§dz^�i��@q\TlfG^o�mkmi_iI^�iE�md	^ET���kmVs`[]l^c`	fG^cwWrmV\`	ejY�k	`md«�\�o`��[ej^Ehj^E`�aD^Eeg]l^cTl^c`|�	r �ziIeg�YOV\hgexilwWrm^E`�{}T_i_wWr	^ceg`�k	`	no^E`¦Vsk!m�]_Tl^E]l^c`Kt
?�KK? ^�� g~SUV�� VWd Y!XUV{Q�b~d�B fxVWQ	� N�
v} z+ORQ�XUORd Y!V

© ej^j�b^cTl^�wWr	`�k	`	no^E`QV\k!m:dz^ET�SU��� Y �\`	`m^E`�f�eg]e�vejh�m�^��\�\`�¡:^ETl]l^E��{}`	noeg`m^�k	`mdQ�}e��z^ch��eg�§^Ehjeg`m^�dzk	TWwWr	n\^om�~	r	Tl]:ab^cT_dz^c`KtsSUTl�o¢\^ © Vs]l^c`	fG^E`	no^E`GY��o`	`	^E`GVshxiR� ^E��]lk	T_^E`Gn\^�iI�§^Eeg�wWrm^ETl]#ab^cT_d	^E`KtK�+ej^¯�§^ET_^Eeg]_i#^ET_aDq\r	`[]c��rmVs]#`�k	T�dzej^¯�}eg�z^Ehb�}eg�§^Ehjej`	^\� `	exwWro]#V\�Z^cT�dzej^¡:^cTI]_^�����{}`	n\ej`	^o��1§k	noTle�.«Vsk!mR� ^E��]lk	T_^E`Kt© ej^k��V\`mdz�	T_^Eeg]l^®yEk	f © VO]_^E`mV\kmi�]WVskmi_wWr@yca�eji_wWr	^E` ¬b���£k	`md�SUTWVOXZY[YOV\TI]_^«exi�]¦�Z^E�noTl^c`	y�]�$F� hjVoilwWrm^E`	rmV\hji�& t§�vk	¢o^ETWdz^Ef!YOVs`	`«^civyck�¡:^ET_yo�on\^ET_k	`	no^E`�dzk	TWwWr|dz^c`8� T_^Eej�Z^cTYo�\fGfG^E`Kt��vf d	^Ef yEk¯^c`[]ln\^cr	^E`¯il�\hjhg]l^�d	^ET © Vs]l^E`ZVskmiI]_V\kmilwWr¯il��no^ET_eg`	n#a�eg^�f��on\hjejwWr�mhg^ceg�§^E`Kt °
6;9
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��f;dz^c` © VO]_^E`mV\kmiI]_VskZilwWrQyEa�exilwWr	^c`�¬b�b� k	`md�SUTWVOXmY�YOVsTl]l^Un\^cTlej`	n�yEk¦rmVshg]l^c`K�zaD^ETl�dz^c`¯Vshjhg^��§^E`��s]lejns]_^E` © VO]_^E`¯Vsk	m�d	^ETDSUTWVOXZY[YOV\TI]_^Dej`�� ^���]lk	T_^E`¯V\�	n\^chg^cns]�t © VoibSUeg]I]l^cTc�V\k!mUaD^EhxwWr	^�i�dz^ET���hgno�\T_e�]_r	f#kZi�Vs`	no^EaD^E`mdz^E]�ab^cT_dz^c` il�\hjh��:a�egT¯yck �b^cn\ej`	`+Vsk!m�dz^cTSUTWVOXmY�YOVsTl]l^�V\hji � ^���]_k	Tl^�n\^cil�§^EexwWr	^ETl]ct © ej^v�\�of "�k	hg]lejn\T_exd����\hj�\^cT:�\^ET_aD^E`mdz^E]l^c`�noTM�\��§^ET_^E`�SUe�]l]l^cTvab^cT_d	^E`�^E�§^E`mil�Geg`�� ^���]lk	T_^E`�n\^�iI�§^EexwWr	^cTI]��¥¨�^#SUe�]l]l^ET��	ycab^ce{� ^E�[]_k	T_^\t
 `�dz^ET�^ETWiI]l^E`�� ^E��]lk	T_^b�§^�XZ`mdz^�]}ilejwWr�d	V\i�SUeg]I]l^cTct� `�dz^ET�ycab^ce�]_^E`�� ^���]_k	Tl^Dexi�]Rm�~	T§¨�^cd	^SUeg]I]_^ET_yE^Ehjhj^vdz^ET�� ���Z^cT_Vs]l�\T:V\kmi}dz^cTbSUTl^c`	yEaD^ETl]lnohg^cejwWr�k	`mnUV\hji 6 ����k	`	Y[]I�#�[]l^cfG�Z^chZVs`	�no^En\^c�Z^c`Kt © ^ET 6 ����k	`	Y[]I�#�[]l^cfG�Z^ch noeg�z]�d	eg^�SU^ca�ejwWr[]_k	`	n¯dz^cT�u�VowWr��mVsT_�	k	`	Y[]_^�$F�\�§^E`K�k	`[]_^E`K�	hjej`	YziE�zT_^cwWr[]_i�&b�Z^cegf2SUhjqs]I]_^E`�Vs`k$�{}T_hxqskz]_^ET_k	`	nGab^ce�]_^ET�k	`[]_^E`�&�t
DFE5H� L��

© eg^#SUeg]I]_^ETWd	VO]_^E`�ab^cT_d	^E`QV\k!m:dz^ET�SUTWVOXmY�YOVsTl]l^UVshxi�� ^E��]lk	T_^�n\^cil�§^EexwWr	^ETl]ct © VsyEk�aD^ETl�dz^c` dzej^ © Vs]l^c` `[kmT|^Eej`	f�Vsh�r	�zwWr	n\^chjVodz^E`Kt © ej^ �vhjn\�oTleg]lrmf�^c` ab^cT_dz^c` Vshxi��}eg��^ch��
��rZV\dz^cTI���}T_�\n\TWVsfGfG^�ejfG�	hj^EfG^E`[]lej^ETl]ct © ej^cil^��	eg^E]l^c`P� ^���]_k	Tl^E�#1 k	n\T_e/. ^�km`md�^Eej`	^E`¦r	�\�r	^cTl^c` © VO]_^E`md	k	T_wWrZilVs]ly�Vshxi��Z^ceK¡:^ETl]l^E���n��rZV\dz^cTI���}T_�\n\TWVsfGfG^E` t
�zwWrmhg^ce/m�^ R° tx��fG�[�\]lr	ej`	n�R�� Vs�	hxV\wE^��T���Z^cT_Vs]l�oT�a�egTWd V\`	n\^cab^c`mdz^�]P$ 6 ���}km`	Y[]I�#�[]l^cf��§^Eh��:iIej^Erm^�	�\T_fG^Eh &(�vej^ET_�Z^ce�a�egTWd¦dzej^�u�qsrm^ET_k	`	n��\^ET_�§^ci_iI^cTI]�t
I t��b^cTl^�wWr	`�k	`	n«d	^ciG��^cilexdzkmVsh R �\^�dz^�`z��]l^r �]l^cT_Vs]lej�\`�a�ejT_d ^Eej` �}eg�z^Ehx��rmVodz^ET�n\^E�i�]WVsTl]l^�]���ab^chjwWrm^ET�dzeg^����	�	T_kmwWr��Z^�dzeg`�k	`mn�]_^ciI]l^�]�t © ej^�¬b��� ~	�§^ET_�	Tl~	m�]c���\�dzej^�	^Ermhg^cTI]_�\hj^ETWVs`	y�^ET_T_^EexwWro]�a�k	TWdz^\tmSU^cn\^c�Z^c`	^E`!mFV\hghxi��v�m�	TlkZwWr¦d	^ET� �]l^cT_Vs]lej�\`Kt
9 t���^ciI]lT_egY[]_eg�o`�dz^�i�SUeg]I]l^cT_i�V\k!m�^Eej`�SUeg]I]_^ETvno^ET_eg`mn\^ET_^ET��vk	���oilk	`	nZt	��^EY�k	TWiIej�\` t
X t( `o]_^ET_�Z�ohjVs]lej�\`¦dz^ci�{�Tlno^E�	`	exi_iI^�i��\�\f n��\�§^ET_^E`¦SUe�]l]l^cTveg`�d	Voi�k	TWiI�	T_~	`	nohgexwWr	^ot

 f �m�\hjn\^c`mdz^E`�ab^cT_d	^E`�d	eg^D^Eej`	yE^chg`m^E`��zwWr	T_e�]l]l^�fGe�]:ejr	Tl^c`���rZV\dz^cTl`�`mqsr	^cT��\�\T_n\^�i�]_^Ehjh�] R
������� � �5GIM5N

© V\i�SUeg]I]l^cT¯a�ejT_d egf aD^cil^E`[]_hgexwWr	^E` dzk	TWwWr ��`�ab^c`mdzk	`	no^E` ^Eej`	^ci 6 ���}km`	Y[]I�#�[]l^cf��§^Ehno^En\hxqO]l]l^E]ct	�vej^ET_�§^Ee a�ejTWdQ^ceg`|SUeg]I]_^ET_Y[`m�s]l^c`¦eg`��v�mrmqs`	noegnoY\^ce�]�il^Eej`	^ETvd	egT_^EY[]l^c`�u�V\wWr	��mV\Tl`¦�o^ETWqs`mdz^cTI]�t © ^cT 6 ���}km`	Y[]I�#�[]l^cf��§^Eh n\ej�z]�d	V\�Z^ce dzej^�SU^ca�ejwWr[]lkm`	n¯dz^ET�^Eej`	yE^chg`	^c`
*�`	�\]l^c`¤V\`Kt © eg^�i�a�ejT_dej` dz^ETjm��\hjn\^E`Zdz^E` SUhj^EexwWr[km`	nPm��\T_f�Vshjejileg^cTI]�$

∇2 ejiI]�dz^cT#� Vs��	hxV\wE^ V ilwWrm^����§^ETWVO]_�\T��?&9R
∇2Uij ≈ Ui−1,j + Ui+1,j + Ui,j−1 + Ui,j+1 − 4Ui,j

$

°
&

$Fab^ce�]_^ET_^ © ^�]WVsejhji�iEt 7 9�: & °
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 `�d	eg^�iI^cf8yEaD^Eeg]l^c`j�zwWr	T_e�]l] a�egTWd�dz^ET ��^cilejd	kmVshg���^ETl] dzk	TWwWr��v`�aD^E`mdzkm`	n�dz^ci � Vs�mhjVow�^��
���§^ETWVO]_�\TWi�Vsk!m�dzeg^�dz^cTlyc^Eeg]lejn\^�u�q\r	^ET_k	`	n��Z^cTl^�wWr	`	^E]ct © ^ETv��^�iIexdzkmV\h����®^cTI]�yc^Eejns]c�za�ej^nokz]�dzej^¯u�q\r	^ET_k	`	n��meji�¨�^E]lyE]�exi�]�t �\^�noTlej`	no^ET�dz^cT#��^cilexdzkmVshg���®^cTI]�� dz^ciI]l���§^ci_il^ET#dzej^u�qsr	^cTlkm`	nmt © ^ET¯��^�iIexdzkmV\h�a�egTWd VskmwWr �Z^ce�dz^ET¯il�mqs]l^ET_^E` ��^ciI]lT_ejYo]_eg�o` ¡:^cTlaD^E`Zdzk	`	nXZ`mdz^E` t
�o^cd	^}`z��]l^  �]_^ETWVO]lej�\`�a�ejTWd�^Eej`��}e��z^ch'��rmVodz^ET n\^�i�]WVsTl]l^�]�t © eg^�iI^cTK]l^�i�]_^�]��E�\��d	eg^D�	^Ermhg^cTI]_�s�hj^ETWVs`my��Z^cTl^ce�]Wi}^ET_T_^EexwWro]:exi�]�t\{}`[]WiI�	T_^cwWrm^E`md�a�ejT_dG^E]�aDVoi�eg`�^ceg`	^~� ^E�[]_k	T_^�n\^ci_wWr	T_eg^c�Z^c`K��zdz^cTb^c�Z^c`¯`	exwWr[]ct�"�e�](�vejh/m�^�dz^cT��������	��
��������������#exi�]D^cibf��\n\hjexwWr�yEk¯�	T_~!m�^c`K�o�o�¯aD^��`megn[i�]_^E`miD^Eej`��}e��z^ch�n\^ci_wWr	T_eg^c�Z^c`¯a�k	TWdz^\tz��`	rmVs`Zd�dz^�ilil^E`QY¥V\`	`¦dzeg^�¬b��� m�^ciI]_iI]l^chghj^E` ��o��dzeg^��m^Er	hj^ETl]l�ohg^cT_V\`	y�dz^E`	`��§^ET_^Eeg]_i�T_^EexwWr[]�exiI]ct
�z�\hjh�]_^�dz^cf il�#il^Eej`K�oil��YOVs`m`�d	V\i  �]l^cT_Vs]lej�\`mil�\^cTUmFV\r	Tl^c`�V\`¯dzej^cil^ET3��]l^Ehjhj^�Vs�mn\^E�mTl�zwWr	^c`aD^ETWdz^c`�k	`md�dz^cT�f��ofG^E`[]_V\`	^Uu�qsr	T_k	`	n[iIaD^ETl] m�~mTb�Qa�egTWd�V\kmiIno^Eno^E�§^E`Kt!�vej^ETMm�~	T�a�ejT_dd	^ETvVsY[]_k	^Ehjhg^��^ETl]��\�\`��QVskZiDd	^ET�^E`[]WiI�	T_^cwWrm^E`mdz^c`2� ^���]lkmTl^�dzk	TWwWr�d	eg^#¬b��� VskZiIno^��hj^cil^E` tm�v`mil�\`Zi�]_^E`�a�egTWd¦dzeg^% �]_^ETWVO]lej�\`2m��\Tl]lno^cil^�]_y�]ct© V\d	k	T_wWr ��dmV\i_iDd	^ET(� ^�i�]vVsk	m {}T_Tl^cejwWr	^c`Qdz^cTbno^�m��oT_dz^cTI]_^E` � �\hj^ETWVs`myEn\T_^E`myE^v`�k	T�Vshjhj^�`f�V\hK^ETMm��\hjns]��zY¥V\`	`¦dzeg^#SU�b� fG^Er	T��	T_�zdzk	Y[]lej�\^h�D^ET_^cwWrm`[km`	n\^c`Qdzk	TWwWr!m�~	rmTl^c`Kt
 � �
� ��G	� � G��M J ���  ��� GIJ5L � H�^E`m`®no^ETWV\dz^#dmV\i�e t�SUe�]l]l^cT

Gi

�§^�]_T_VowWro]_^�]Ua�egTWd�� iI��Xm`mdz^E]Uej`®dzej^cil^EfE�zwWrmTleg]I]�^Eej`	^�v^ciI]lT_egY[]lej�\`�dz^�i���^cilexdzkmVshbi�]WVO]I]�tW�vej^ET_�§^Ee}a�ejT_d
Gi

V\k!m�dmV\i�`mqowWrmi�]�noTM�o�Z^cTl^¯SUeg]I]l^cT
Gi+1
Vs�mn\^E�meghxdz^�]�t[�D^ce�d	eg^�iI^cT����	�	ejhjdzkm`	n®no^Er	^c` © ^�]_V\eghxi��\^cTlhj�\T_^E`Kt © Voi#`m^Ek	^�SUe�]l�]_^ET¯�§^cileg]ly�]Q`[km` aD^E`megno^ET�*�`	�\]l^E` t}{�i�a�ejT_d ^ceg`6�}eg�z^Eh,�zrmV\dz^cT�n\^�i�]WVsTl]l^�]��:ab^chjwWrm^ETd	eg^#�v^cilejdzkZVshg���^ETl]l^�dz^�i�SUe�]l]l^cT_i

Gi

dzk	TWwWrQ�meghjeg`m^cVsT_^h `[]l^cTl�§�\hxVO]_eg�o`Qk	`Zd�d	k	T_wWr���^E�iI]lT_ejYo]_eg�o`�d	^ETv�v�	]_V\iI]lkm`	n\^c`Qej`�d	V\iDn\T �\�§^ET_^�SUe�]l]l^ET
Gi+1
~m�Z^cTUm�~	rmTI]�t	�v^ETWVskZiIYo�\fGf�]d	eg^��D^�ilwWr	T_^Eej�	k	`mn¯dz^ci���Tl�o�	hg^cf�iE�Zab^chjwWr	^�i�^ci�`[km`Pm�~	T�d	Voivn\T �\�§^ET_^�SUe�]l]l^cT�yEk¦h-�oil^E`noeghg]c�Zeg`®�	�\T_f ^ceg`m^civej`	r	�ofG�\n\^c`	^E`�� ^ET_fG^ci(m�t © ej^#{}T_n\^c�	`	exilil^�aD^ETWdz^E`¦yEkmTvab^ce�]_^ET_^E`¡:^cTlaD^E`Zdzk	`	no^E`�eg`�dzej^�^E`[]_il�	T_^cwWr	^c`mdz^c`r� ^���]lkmTl^c`Q�o�\`�SUe�]l]l^ET

Gi+1
Yo�\�	ej^ETl]ct

� M�� �
� � ��H� � G��M J �
��� �
� E���������� L5M'N© ej^�{}T_n\^E�m`	eji_il^�d	^ci�`mqowWrmiI]vn\T �\�§^ET_^E`�SUe�]l]l^ETWi�aD^ETWdz^E`¦Vshxix*��\T_Tl^cY[]lk	TDeg`|dmV\i�^Eejn\^c`	^SUeg]I]_^ET�dzk	TWwWrhjej`	^cV\Tl^� `[]l^cTl�§�\hxVO]_eg�o`®^ceg`mn\^cV\Tl�§^Eeg]l^E]ct © ej^ci�no^ci_wWr	ej^Er[]�dzk	TWwWr¤��`�ab^c`z�d	k	`	n�^Eej`	^cib�}eg��^ch{��rmV\d	^ETWiEt[�vhxib{�eg`	n[Vs�§^�aD^ETWdz^E`Qdzeg^%� ^���]lk	T_^E`Qdz^cib^Eejn\^c`	^E`QSUeg]I]_^ETWikm`md|dzej^�dz^�i�noTM�o�Z^cTl^c`|SUe�]l]l^ETWiv�o^ET_ab^c`mdz^E]ct © V\i�{}T_n\^E�m`	eji�a�egTWd�a�ej^cdz^cT�ej`«dzej^�� ^����]_k	T_^E` dz^�i#^cegno^E`	^c` SUeg]I]l^cT_i�n\^�ilwWrmTlej^E�§^E`KtR���\fGeg]�a�k	TWdz^ m�~	T�dmV\i�^cegno^E`	^�SUe�]l]l^ETG^ceg`���§dmVO]l^�dzk	TWwWr	n\^om�~	r	Tl]ct
?�K�� @rQ B V{u~d~XUi�i'V

SUeg]I]_^ETWVsk!���[iIkm`	n ¬b���  �]l^cTct	�Oi SU���  �]l^cTct	�Oi �K^cejiI]lk	`mnoi_i�]_^Eejn\^ET_k	`	n
I�6! � I�6! �}eg�z^Eh X �	"  6 � # °
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© eg^e�zegf�k	hjVs]lej�\`�dz^cT}�@qsT_fG^Ehj^Eeg]lk	`	n�fGeg] "�k	hg]lejn\T_ejd����\exi_iI�o`����ohg�o^ET:^cTlnoeg�z]}^ceg`m^v�K^EexiI�]_k	`	noi_iI]l^Eejn\^cTlkm`	n®kmf)dz^E`+�ZVsY[]l�oT ° 6 �:no^En\^c`�~	�Z^cT�dz^ET�T_^Eej`	^E`@¬b���v��¡}V\TlexVs`[]l^o��aDVoi^ceg`��§^cVowWro]_hgexwWr	^�i�{}T_n\^E�m`	eji#ejiI]2$ iEt[� V\�Z^chghj^ &�t © eg^¯]lr	^c�\T_^�]lexi_wWryck�^ET_aDV\TI]_^E`md	^¯�K^EexiI�]_k	`	noi_iI]l^Eejn\km`	n®a�ejTWd hj^Eexdz^ETG`	exwWr[]�n\^E`ZVs`	`[] $F��n\h�t {�Tlno^E�	`	exi_iI^�yEk	T� fG�	hj^EfG^c`o]_eg^cTlkm`	ndz^�i:Y\�o`O¨�k	noeg^cTI]_^E`�SUT_Vodzeg^c`[]l^E`��o^ETMmFVsr	T_^E`mi�& t¥{�i�ejiI]�Vs�§^ET�yEkG^ET_aDV\TI]_^E`K�sdmV\i_i�^ci}`ZVsr	^cyEk�o�z]lejf�Vsh	exi�]��\d	V�V\hghj^�`	�s]_egno^E` © Vs]l^c`Gd	^ETbSU���8dzegT_^EY[]:yEkmT}¡:^ETMm�~	n\km`	n�i�]_^Er	^c`Gk	`mdGdzej^SU����iI�OaD^Eeg]}^ci�n\^cro]b�\�\`�dz^cT�¬b���8k	`mV\�	rmqs`mn\ejn�ejiI]ct��vk	¢o^ETWdz^Ef YOVs`	`¯V\k!mKdzej^��§^E`	�\�]_egn\]l^E` © VO]_^E`|dzejTl^cY[]�yck	n\^cn\T_e/. ^E`¦aD^ETWdz^E` �z�\r	`	^�^ceg`m^E`��vf�ab^cn�~m�Z^cT��\^cT_i_wWrmVowWro]_^Ehg]l^
� ^���]lkmTl^E� *����\TWdzeg`ZVO]l^c`�`	^Ermf�^c`®yck®f�~mi_iI^c` $���noh t  fG�	hj^EfG^E`[]lej^ET_k	`	n¦dz^�i�Y\�\`s¨�k	n\ej^ETl�]_^E`|SUT_Vodzej^E`[]l^c`[�o^ETMmFVsr	T_^E`Zi m�~	Tvi_wWr�aDVowWr��§^cil^�]_y�]l^j"«VO]lT_ejyE^E`�& t
1§kmf �K^EexiI]lk	`	n[iI�o^ET_n\hj^EexwWr�a�k	TWdz^�^ceg`¦�e" © �D]lr	hj�\` °  ��� fGeg] ° S%�+�v�e" k	`mdQ^Eej`	^cT�T�( :�vVodz^E�o` ± " � � �o^ET_ab^c`mdz^E]c�s�o�[aD�\rmh	dzeg^��v`�ab^c`mdzk	`mn�^Eejn\^c`o]_hgexwWr�Vsk!m�^ceg`	^cT}`¥¡�exdzexVu�¡ 9�� hjV\k!m�^E`�il�\hjhg]l^\�oab^chjwWrm^�dz^E`Q�vkz]_�\T_^E`�¨�^cd	��wWr�`m��wWr�`	ejwWr[]�yck	T�¡:^cTUm�~mn\k	`	n�i�]WVs`md�t� Vskz]#��kz]l�oTl^c`hjej^Ens]#d	eg^¯�m^Er	hj^ETl]l�ohg^cT_V\`	yGeg`�dz^cT#dzk	TWwWr�� hj�oVs]lej`	ns�����\ej`[]U�o�\T_n\^Eno^E�§^E`SU^c`mVsk	ejn\Yo^Eeg]ct\��f ^Eej`	^vr	�or	^ET_^�SU^E`mV\k	ejn\Y\^ce�]}yck�^ET_yEej^Ehj^E`K�of#~mi_iI]l^�V\hjil��dzej^�dz^ET_yE^ce�]_egno^
9'I �n�beg]I� � hg�[VO]_eg`	n\�����oeg`[]I� �vTWwWr	eg]l^cYo]_k	T d	^ETbSUTWVOXmY�YOVsTl]l^c`�^c`[]_il�	Tl^�wWr	^E`Zd#^cTlaD^Eeg]l^cTI]:aD^ETl�dz^c`Kt © V|dzej^ci�^Eej`	^��	TWVsno^�dz^ET���VsTWdza�VsT_^�exiI]c� exiI]�dzej^ci�`mejwWr[]��§^Ehjeg^c�	egn«�\^ETWqs`Zdz^ET_�mVsT�t© Vsr	^cT}a�qsT_^Dno^Eno^E�	`	^c`!mFVshjhxi�^Eej`	^�Y\�of��mhg^E��^cTl^����	�	ejhjdzkm`	n�Vsk!mKdzej^�n\^cn\^c�Z^c`	^x�[]lT_k	Y[]lk	T�o�\`®ue�s]_^E`Kt?�z��Y �\`	`[]_^E`0m�~	T�^Eej`	^E`�^ETl]�f�^cr	T_^ET_^����§^EexwWr	^cTlyc^Ehjhg^c`®�o^ET_ab^c`mdz^�]�aD^ETl�dz^c`K�	a�V\i ¨�^cd	��wWr�ilejwWrm^ET_hgexwWr�^cTlr	^c�	hjejwWr	^�� ^Eexi�]_k	`	noil^Eej`��	k	¢o^E`�fGeg]_ilejwWr��	T_ej`	n\^c`Qa�~	TWdz^ot{}�§^E`ZiI��rZVshg]l^E`¯d	eg^���kz]l�oTl^c`¯dzej^~���§^EexwWr	^ET_�	hxVO]lyc�Z^�ilwWrmT_q\`	Y�k	`	n��Z^ceZdz^c`�� ^E��]lk	T_^E`�m�~	Tr	ej`mdz^cTlhjexwWrK�zaDVoi�dzk	TWwWrr� ^���]_k	Tl^E� *��\fG�	T_^ci_ileg�o`��Z^cr	^E�	�ZVsTvil^Ee�t
"�^ceg`m^ETx"�^ceg`�k	`	n�exiI]�dzeg^�iI^��W�oilk	`	nGfG^Er	T�^Eej`¦��k!mFi_wWr	eg^c�Z^c`|dz^ci���Tl�o�	hg^cf�iEt��zeg`	`��o�\hjha�qsT_^�^Er	^cTc�§dz^E`®�vhjn\�\T_eg]lr	f�kmi�il�¯k	fGyEkmn\^ciI]_V\h�]_^E`K�§d	V\i_i�ilexwWr|`	exwWro]Uilq\f�]lhjexwWr	^ © VO]l^c`V\k!m}dz^ET�SUT_VsXmY�Y¥V\TI]_^��Z^EXm`mdz^c`|f#~Zilil^E`Kt © V\�Z^ce exiI]�iI^chg�Zi�]_�\^ETWiI]_qs`ZdzhgexwWr¦yEk|�§^cVowWr[]l^E` �d	Voili © Vs]l^E` �\aD^EhxwWr	^v^Eej`	f�VshZVsk!mKdz^cTDSUTWVOXmY�YOVsTl]l^�ileg`mdK�of��zwWr	hjejwWrmiI]}hxVs`	no^��\^ET_aD^E`mdz^E]aD^ETWdz^E`�k	`md�^ceg` © VO]l^c`mVskZi�]WVskmi_wWr�`�k	T:^cTUm��ohgn\]c�saD^E`m`�^�i:a�egT_Y�hgexwWr�`	�s]�aD^E`	ejn�ejiI]ct �vej^ETl�dzkmT_wWra�~	TWdz^E`f��\n\hjexwWr	^�¡:^cTly �\no^ET_k	`	n\^c`«dzk	TWwWrk	`	`	�\]lejn\^cih��eg`	�vk	`mdk�v^cT_i_wWr	ej^E�§^E`dz^cT © Vs]l^c`��o^ET_fGeg^�dz^E`Kt
� )��=2hAR= - !#2%BWA(&�� )�>�$,+�-(A[= .�>hA�� >�1��W"�R�2%B5- D�A52�@3&9-
1�B?=

�xKML @�XUdew,Ae�xQ�bed�B��`mi�]_TlkZw ]lkmTl^�dQil�mVsTWw�^�f�VO]lT_eg��iI�ohg�o^ETb]_VskZwWro]�rmq\kzXmn��Z^ceKdz^ET��D^ciI]lejfGf#k	`mn��o�\`�u�qsr	�T_k	`	n[iIh-�oilk	`	no^E`¤�\�o`�hgej`	^cV\Tl^c` Vs�§^ET�VskmwWr `	ejwWr[]�hgej`	^cV\Tl^c`��mVsTl]lej^Ehjh�dze/. ^ET_^E`myEej^ET_�mVsT_^E`SUhj^EexwWr�k	`	n\^c`��Z^chgej^E�	ejn\^cT SUe�]l]l^cT Vsk	m�t �vej^ET_�§^Eeshxq\i_i�] ilexwWr�dmV\i�Yo�\`O¨�k	noeg^cTI]_^E`�SUT_Vodzej^E`[]l^c`z�¡:^cTUmFV\r	Tl^c`Qnokz]vVs`�aD^E`mdz^c`Kt
�D^Eejf Y\�o`O¨�k	n\ej^ETl]l^c`�SUT_Vodzej^E`[]l^c`z��¡:^cTUmFV\r	T_^E`Ga�egTWd¯dzkmT_wWr�d	^E`QSUTWV\dzej^E`[]_^E`��§^ciI]lejf�f#]c�ej` aD^EhxwWr	^Q��exwWr[]lk	`mn®dzej^�¨�^E]ly�]_egno^�u�qsr	^cTlkm`	n|�\^cT_q\`mdz^cTI]#aD^ETWdz^c`�f#kmi_iE��il��dmV\i_i#d	Voi¡:^cTUmFV\r	Tl^c`@n\^cn\^c`�dzej^®no^cilkmwWr[]l^�{�oilk	`	n Y\�o`[�o^ET_n\ej^ETl]ctD�vf ^ceg`5iI�ohjwWr	^�i�¡:^cTUmFV\r	T_^E`V\k!m�d	eg^�SUTWVOXZY[YOV\TI]_^Uyck¦~	�Z^cTI]_T_V\n\^c`K�	f#kZili�^ceg`m^��v�	�	ejhxdzk	`	n�d	^ET�i_wWr�aDVowWrQ�§^cil^�]_y�]l^c`
"|Vs]lT_egyc^E`4$s���mV\T_il^�"|Vs]lT_e���&�Vsk!m � ^���]_k	Tl^c`«dz^cT�SUTWVOXmY�YOVsTl]l^o�§il�Oa�ej^#dzej^�^cegno^E`[]lhjejwWrm^E`��hgno�\T_e�]_r	fG^E`¦Vshxi�¡:^ETl]l^����}�zdz^cT��}e��z^chjilrmV\d	^ET��§^ET_^Eeg]ln\^�i�]_^Ehjh�]�aD^ETWdz^E` t��f�^ceg`m^«�\�	]lejfGV\hg^®�K^EexiI]lk	`	n yEk	^cTlrmV\h�]_^E`K�bf#~mi_il^E`@dzej^«no^En\^c�Z^c`	^E`+¡:�oT_V\kmi_iI^E]lyEkm`z�no^E` �§^cVowWr[]l^�]GaD^ETWdz^E`Kt ���rmV\`mdz^Ehg]G^ci�ilejwWr kmf)ilwWr�a�V\wWr �§^cil^�]_y�]_^r"|Vs]lT_egyc^E`K�:V\hjil�
"|Vs]lT_egyc^E`K�\�Z^cemdz^E`m^E`¯dzej^�fG^Eexi�]_^E`�{}ej`[]lTWqsn\^�`�k	hjhZileg`Zd�t © eg^�i}hxq\i_i�]}ilejwWrG�§^Ee�"«VO]lT_ejyE^E`	�f�k	h�]_eg�mhgejYOVO]lej�\`m^E`�V\kmil`[k	]lyE^c`WR © Voi �}T_�zdzk	Y[] ycab^ceg^cT T_^E^chghj^ETT1 Vsrmhg^c`K�caD�\�§^Ee[^Eej`#�ZVsY[]l�oT°
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`�k	hjh�exi�]��za�egTWd�ejfGfG^ET�`�k	hgh�^cTlno^E�§^E`Kt © Vsr	^cT�Y��\`m`	^E`Q�[ej^Ehj^h�D^ET_^cwWr	`�k	`	no^E`¯^ceg`mn\^cil�mV\TI]aD^ETWdz^c`Kt��kmi¯�§^ci_Vsn\]l^c`6SUT_~	`mdz^c`+hjVoilil^E`6ilejwWr+i_wWr[a�V\wWr �Z^�iI^E]lyE]l^+"|Vs]lT_egyc^E`6VskmwWr6Yo�\fG�mVsY[]V\�mil�Z^cejwWr	^cTl` t§u�k	T�dzeg^��^ETl]l^�k	`md®� �[iIeg]lej�\`m^E`|�o�\`|{}ej`[]lTWqsno^#k	`	nohg^cejwWr®`�k	hgh�aD^ETWdz^E`rmeg`[]l^cTlhj^En\]ct§{}ej`«`	exwWr[]�V\�	n\^�iI�§^EexwWr	^ETl]l^cTv{}ej`[]lTWVsnQd	^ET�ilwWr�a�V\wWr¦�Z^�iI^E]lyE]l^E`)"|VO]_Tleg��ejiI]
m��ohgnohgexwWr�`[kmhgh�t© ej^����	�	ejhjdzkm`	nQdz^cT,"«VO]lT_eg�¦V\k!m�dz^E`«n\^Eno^E�§^E`	^c`8� ^E��]lk	T_^E`mil�§^EexwWr	^ET�ejiI]Ud	V\�Z^ce `mejwWr[]fG^cr	T�dzegT_^EY[]Df��on\hjejwWr t © V#`�k	TD`	�zwWr¯{}ej`[]lTWqsn\^�k	`	n\hj^EexwWr¯`�k	hjh�Vs�	no^cil�Z^cejwWr	^cTI]bab^cT_dz^c`K�exiI]�d	k	T_wWr¤dzej^cil^�Yo�\fG�mV\Yo]_^��z�Z^cejwWr	^cTlkm`	nQycaDV\T�^ceg`m^�Y�hj^Eej`	^ET_^�� ^E�[]_k	T_^�V\kmiIT_^EexwWr	^c`md��^�i¯f�kmili�Vshjhg^cT_dzej`	n[i�^Eej`	^|�	e ¨�^EY[]_eg�o^«�v�	�meghxdzk	`	n yEa�exilwWr	^c` ���Z^cejwWrm^ET_k	`	n k	`Zd+Vs�	no^��il�§^EexwWr	^ETl]l^cTj"|VO]_Tleg�|^��zexi�]_eg^cTl^c`K��ab^�iIrZVshj�«yEkZilqs]lyEhjexwWr®^ceg`	^ 1§^cegno^ETWi�]_TlkmYo]_k	T�`	�s]_egn¦exi�]�t© V�dzej^¯SU��� Vshjhg^cT_d	eg`	n[ij1§^Eejn\^cTc� a�ej^Gilej^��§^Eeb¬b�b��i�il^Ehj�miI]l�\^cT_iI]_q\`mdzhjejwWriIej`md���`mejwWr[]Yo^E`	`[]���f#kmi_i�dz^ET�il^Ehj�§^�{ .§^cYo]�~m�Z^cT�^Eej`	^E`��vf�ab^cnQ^cTlT_^EexwWr[]UaD^ETWdz^c`Kt {�i�a�ejT_d®^Eej`	^
1 ^Eejn\^ETWiI]lT_k	Y[]lk	T 
��� � � ��������tu�ejwWr[]�`�k	T�dzej^UYo�\fG�mV\Yo]_^����	�	ejhjdzkm`	n�dz^ET�i_wWr[a�V\wWr��Z^�iI^E]ly�]_^E`P"|VO]_TlejyE^c`�exi�]�a�exwWro]_egnZ�il�\`Zdz^ET_`�VskmwWr|dzej^�^olGyceg^c`[]l^#���	�	ejhjdzkm`	n�dz^cT��vhjn\�oTleg]lr	fG^c`|Vsk!m}dzej^��mV\T_V\hghj^Ehj^j�[]lT_k	Y[�]_k	T�d	^ET�SU���#t © ^E`	`��§^Eejf2�vkmiUm�~	r	T_^E`¦^Eej`	^�i~��rmVodz^ETWi�il�\hjh dzej^#SU��� �D^ET_^cwWr	`�k	`mn\^E``mejwWr[]�`�k	Tem�~	T�^ceg`m^E`|^ceg`	yc^Ehj`	^E`��^ETl]c� il�\`mdz^cTl` �mVs�	rZqs`	noegn��o�\`|dz^cTv�}ej�Z^chgej`	^���SUT �\¢\^o�nohg^cejwWr2m�~	Tv^ceg`m^�noVs`myE^%"�^E`	no^��\�\`��^ETl]l^E`�dzkmT_wWr!m�~mr	Tl^c`Kt{��Z^c`miI��a�exwWr[]lejnUilej`md�f��on\hjejwWrm^D� VO]l^c`	yEyc^Eeg]l^c`K�sdzej^D�§^Eejf © VO]_^E`mV\kmiI]_VskZilwWr���d	^ET ���§^Eeg�wWrm^ET_yEk	noTle�.«Vsk!m�]_Tl^E]l^c`QY �\`	`	^c`Kt
�eK J 
 � i V{Y��{b~d�BSU^�iIkZwWro]�a�egTWd�^Eej`��	��
 ��
����
�� ������ ����� ����������� � �������
	� ������
�� ������� 
 t © V\i_i�^�i#ilejwWrV\kmi_ili_wWr	hjeg^c¢\hjejwWr k	f$i_wWr�aDVowWr �§^cil^�]lyE]l^8"|Vs]lT_egyc^E` rmVs`Zdz^Ehg]c�:hxq\i_i�]¯ilejwWr6�§^Ee�d	^ET� f���mhg^c`o]_eg^cTlkm`	n�V\kmil`[k	]lyE^c`Kt © ej^ci�exiI]D¨�^�dz�zwWr«aD^Eno^E`®d	^E`{}eg`ZilwWr	TWqs`mY[km`	n\^c`K�§d	^E`	^c`dzej^��Tl�on\TWVsfGfGeg^cTlk	`mnU�o�\`¯SUTWVOXmY�YOVsTl]l^c`�k	`[]_^ET_ab�oTUm�^c`�exi�]��\`	exwWr[]:]lT_eg��exVsh�t\{�i}n\^Er[]�kmf dzej^�mT_V\n\^o��a�eg^Gf�Vs`¤^Eej`	^�i_wWr[a�V\wWr®�Z^�iI^E]lyE]l^�"|Vs]lT_e��®V\fªn\^�ilwWrmejwWY[]l^�i�]_^E`Vsk!m�� ^E��]lk	T_^E`V\�	�	ejhjd	^�]vk	`md�a�ej^�dzej^���rmV\d	^ET�Vsk!m:dzej^cil^E`8���§^EexwWr	^ET�yck	n\T_^Ee�m�^E`�Y��o`	`	^c`Kt
"|��d	^ET_`	^�SUT_VsXmY�YOVsTl]l^E`®k	`[]l^cT_iI]l~z]_yE^c`k"|k	h�]_e�]_^���]lkmTlej`	nmt © ej^ci��§^cd	^Ekz]_^�]c� ^Eej`¤�}e��z^chjiI�rZV\dz^cTvYOVs`	`rm�~	T:¨�^�dz^��}ej�§^E�	hjeg`m^ © Vs]l^c`|Vskmi�fG^ErmTl^cTl^c`P� ^���]_k	Tl^c`Q�§^Eyceg^cr	^E` t����ohjV\`	n\^d	eg^r�DV\`mdz�	T_^Eeg]l^�`mejwWr[]�V\kmiIno^EhxV\iI]l^E]�ejiI]c� iI�ohghg]l^c` d	Vs�§^EebY\^Eej`	^¯yckmi_qO]lychgexwWr	^c`�¡:^ET_yo�\no^��T_k	`	no^E`�^E`[]_iI]l^cr	^E` t� ~	Tv¨�^cdz^��}ej�§^Ehjeg`	^o� aD^EhxwWr	^Geg`^Eej`	^��}eg�z^Eh}��eg�§^Ehjeg`m^¯r	ej`	^Eej`!m�~	r	Tl]c� n\^Er[]�VskZwWr®a�ej^cdz^cTno^E`mV\k�^Eej`	^�rmeg`mV\kmict © Vs�§^EeDYOVs`	` dmV\i�{�Tlno^E�	`	exi�m�~	T#^ceg`	^Q�}ej�Z^chgej`	^�`[kmT#ej` ejr	T#^c`o]l�il�	T_^cwWr	^c`mdz^�iv�vkmilnoV\�Z^cTl^cn\exi�]_^ET�no^ci_wWr	Tlej^E�§^E`�aD^ETWdz^E`Ktm{�ivexi�]UVshxiI��`	exwWr[]�f��\nohgexwWrK�	^ceg`{�Tlno^E�	`	exivV\k!m fG^ErmTl^cTl^���^cn\exi�]_^ET�yEk¦Y\�o�	ej^ET_^E`0$

1 → n
& t{��Z^c`miI��exi�]�^ciU`	exwWr[]�f��\nohgexwWrK� Vsk!m�fG^cr	Tl^cTl^��}ej�Z^chgej`	^ciUyck	yEk	noTl^ce/m�^c`|k	`md®d	VsTWVskZi�^ceg`{�Tlno^E�	`	exibyEk��§^ET_^cwWrm`	^E`Kt��D^Ee dz^ET( fG�	hj^EfG^E`[]_eg^cTlk	`mn�dz^�i3��YOV\hjV\Tl�	T_�zdzk	Y[]l^�i}a�ejT_d�dzeg^�iej`[]l^cTl^�ili_Vs`[]�aD^ETWdz^E` t\{�ibejiI]DV\k!m�^Eej`!mFV\wWrm^��^EexiI^�f��on\hjejwWr �\dzej^�^Eej`	yc^Ehj`	^E` *��\fG�§�\`	^c`z�]_^E`�dz^ETD�Z^E]l^ceghjegn\]l^c`�¡:^EY[]_�\T_^E`¯�mVoVsT_ab^cejil^vyck¯f#k	hg]lej�	hjegyceg^cTl^c`Kt �\^�dz^ETb¡:^EY[]l�oTbexiI]�d	V\�Z^ceej`«^ceg`m^ET�^cegno^E`	^c`8� ^E��]lk	T_^�V\�	n\^�iI�§^EexwWr	^ETl]ct © ej^ci�ejiI]UdmVs`	YP"�k	hg]leg]l^E�[]_k	T_eg`	nQf�V\wWr��mVsT�t��Tl�o�	hg^cfG^bnoeg�z]�^ci�V\hghj^ETWdzej`	noi �Z^cegf ��k!mFV\dmdzeg^cTl^c`�dz^cT��Z^cTl^�wWr	`	^�]_^E`��}Tl�zdzkmYo]_^\tOu �}T_�s�d	k	Y[]l^�Y �\`	`	^c`¦`	ejwWr[]�ej`¦^Eej`	^EfE1§k	no^�yEk�^ceg`	^cT~��k	fGfG^#V\k!mFV\d	d	eg^cTI]vaD^ETWdz^E` t © ej^ci�ejiI]`mejwWr[]bfGeg]bdz^cT3�� #" © �#�[]lT_k	Y[]lk	Tb�\^cTl^ceg`��mV\Tc�OaD^EhxwWr	^v�o�\T_n\ej�z]c�\dmV\i_i}Vshjhg^~�b^om�^Er	hj^vejfGf�^cTnohg^cejwWrm^ET_fGV\¢\^c`�V\k!m}Vshjhg^��}ej�§^Ehjeg`	^�i�V\`	n\^cab^c`mdz^�]vaD^ETWdz^c`�km`md�d	V\i�dzeg^�iI^�km`mVs�	rZqs`	noegn�o�\`�^Eej`mVs`Zdz^ETvileg`Zd�t� ^�]_y�]lhjexwWr8aD^ETWdz^E`@ejf SUTWVOXmY�YOVsTl]l^c`miI�§^EexwWr	^cT¯egfGfG^ET¦¡:^cYo]_�\T_^E`@�o�\`@��ej^ET¦� hg�[VO]lej`	n°
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���\ej`[]_iDn\^�iI�§^EexwWr	^cTI]�t © V�Vs�§^ET�`�k	T�^Eej`!mFV\wWr	^�� hg�[VO]_eg`	n����\ej`[]_iD�Z^c`	�s]_egn\]�ab^cT_dz^c`K�[Y��\`	�`	^c`�eg`G¨�^�dz^Ef2¡:^cYo]_�\Tv��ej^ET�� hj�oVs]lej`	n¯���\ej`[]_i�k	`[]_^ET_n\^E�mT_VowWro]�aD^ETWdz^E` t © Vodzk	TWwWr�a�egTWddz^cTe���§^EexwWr	^ET��o�z]lejf�Vsh V\kmiIno^E`�kz]_y�]ct
�xK ? t d��kVWdef~bed�B��`[aD^E`Zdzk	`	nUXm`md	^�]bd	VoiT*��o`O¨�k	noeg^cTI]_^E`z��SUT_Vodzej^E`[]l^c`z��¡:^cTUmFV\r	T_^E`hm�~	TbilwWr�a�V\wWr#�§^cil^�]_y�]_^
"|Vs]lT_egyc^E`K� ^E�§^E`ZiI�|a�ej^¦dz^ET�"�k	hg]lejn\T_ejd4�z�\hj�\^ET�� V\hji�^�. ^EY[]_eg�o^ci�¡:^ETMmFVsr	T_^E`�yck	f?`mqsr	�T_k	`	n[iIaD^EexiI^��{�oil^E`®�\�o`®SUhg^cejwWr�k	`mnoi_iT�ziI]l^EfG^c`«dz^ET��m�\T_f

Ax � �®fGeg] A ∈ Rn
�
Rn
t© eg^�iI^�]_Tl^E]l^c`Q�o�\TWVshjhg^cf �Z^ce dz^ETe�zegf�k	hjVs]lej�\`¦�	r �ziIejYOVshjeji_wWr	^cTb�}T_�\yc^ci_iI^�V\k!m�t�^Eeg]l^cTl^���`�ab^c`mdzk	`	n�XZ`mdz^�]Dd	V\i�¡:^ETMmFVsr	T_^E`G�§^Eejf dz^cT}{}`[]Um�^cTl`�k	`mn��\�o`G��Vskmi_wWr	^E`Gej`

9 © �n�Deghxdz^ET_`K�zaD^EhxwWr	^�fGe�]v^ceg`	^cf 9 © �#�zwEV\`	`	^ETvV\k!m�n\^c`	�\fGfG^E`�a�k	TWdz^E` t
�xK�� ^ � g,S#V�� VWd Y	X#VWQ�bedCB OTbxw � N�


1§km^ETWi�]¯exi�]¯yck+Y�hjq\Tl^c`K�}a�V\ic�}Vsk!m�aD^EhxwWr	^��®^ceg^®Vs�	no^E�	ejhjd	^�]¯a�ejT_d�t �vej^ET_yEk6a�egTWd+dz^cT
� ��� $ �!� �!� ���
 � ����� ��� �!�	��&#k	`[]l^cT_ilkmwWr[]ct © ej^cil^ET��	T_^Eejr	^Eeg]_iln\TWV\d®k	f�mFV\i_i�]GVshjhg^�iE� aDVoi�§^Ee:^ceg`	^cfª�§^ciI]lejf�f#]l^c`��Tl�o�	hg^cf `	exwWro]%m�^�i�]_n\^Ehj^En\]�ejiI]c�Kil�\`md	^ET_`®ilejwWrqs`mdz^cTl`®YOVs`	`Kt��hji��D^EexiI�meg^chba�qsT_^�r	ej^ETGdzej^Q���[iIeg]lej�\` �zdz^cT�d	eg^�SU^ci_wWr�a�eg`md	egnoY\^Eeg]��o�\`4� ^EejhxwWr	^E` yck`	^c`	`	^c`K�ZaD^EhxwWr	^#ilexwWr�egf �vV\k	f;�§^EaD^Eno^E`K�§aD�\�§^Ee d	eg^��zegf�k	hjVs]lej�\`«d	eg^�iI^cT~�D^EaD^Enok	`	n�§^ET_^cwWr	`m^�]�aD^ETWdz^c`«iI�ohghj^E` t © ej^cil^#aD^ETWdz^E`|ej` I © ��SUeg]I]l^cTl`®�Z^�i�]_^Er	^c`md«V\kmi © T_^Eej^cwWYo^E`�zdz^cT�¡�ej^ET_^cwWY\^c`K���mil�[a�tmeg` 9 © � SUeg]I]_^ET_`¦�Z^�i�]_^Er	^c`md¦Vskmi�� ^�]_T_V\^cdz^cTD�Zt qmt	d	VsT_n\^�i�]_^Ehjh�]�t
 `�dzej^cil^ET{ fG�	hj^EfG^c`o]_eg^cTlkm`	n�a�egTWdU^Eej` © T_^Eej^cwWYziln\eg]I]_^ET�m�~	T d	eg^ © VsTWi�]_^Ehjhgkm`	nvdz^ET ilwWr�a�V\wWr�§^cil^�]_y�]l^c`�"|Vs]lT_egyc^E`��\^ET_aD^E`mdz^E]c�¥d	V�SUT_VsXmY�Y¥V\TI]_^E`�V\k!m��D^ET_^cwWr	`�k	`mn\^E`#f�eg] © T_^Eej^cwWYo^E`�o�z]lejfGeg^cTI]vileg`mdKtmu�VowWr!m��\hjn\^c`md�aD^ETWdz^c`Q^ceg`	ejn\^h"�^c`	n\^c`�d	^�Xm`	ej^ETl] R¡ R ��� vi � 1 ≤ i ≤ n ∧ n ∈ N � exi�]�d	eg^j*�`	�\]l^c`	fG^E`	no^{�R ��� eij � {bi�n\ej�z]e*�Vs`[]_^\��ab^chjwWrm^ vi

f�eg]
vj

�\^ET_�	ej`mdz^E] � tu�$�e &,R ��� vj � eij ∈ E � "�^c`	n\^�dz^cTv�§^E`mVowWr[�ZVsTl]l^E`r*�`	�s]_^E`��\�o` vi

t{}ej`¦n\^c`	^ET_eji_wWr¯^cTlyc^Ek	n\]l^ET © �U� ejf 1§kmi_VsfGfG^E`mrmVs`	n�fGe�]e*�`m�s]l^c`
vi

a�ejT_d�Vshxi
xi

�§^��yc^EexwWr	`	^�]�t{}ej`v�b^cejil�	ej^Eh © �U�b�:aD^EhxwWr	^cT�^ceg`	^ 9 © ��� �[iIeg]lej�\` ^E`[]lrZqshg]�a�qsT_^�fGeg]
xi := (x, y, z)i�zdz^cTx� ^E�[]_k	T_^��n*����\TWdzej`mVO]_^E`�d	k	T_wWr

xi := (s, t)i

n\^cn\^E�§^E` t
1§ej^Eh�exiI]v^ci�`�k	`K�mdmV\ivSUhj^EexwWr[km`	noi_iT�ziI]l^cf

Ax = f
yEkmh��[iI^c`K�	VshxiI��R

∀i = 1..n : aiixi +
∑

j∈N(i)

aijxj = fi

$ I &t
© eg^�n\^�iIkmwWr[]_^��{�oilk	`	n�exiI]�r	ej^ET_�Z^ce ��tZu�V\wWr|dz^cf;�o�	ejn\^E`8�D^cejil�	ej^Ehj^E`�Y��o`	`[]l^�dzej^ci�dzej^���oileg]lej�\`	^c`Q�o�\`P� ^ceghxwWr	^Ef egf!�vVsk	f!iI^ceg`��zdz^ETvV\�Z^cTvVskmwWrP� ^���]lk	T_^��n*��[�oT_d	eg`mVs]l^c`Kt
fi

hg^cns]�d	eg^�SUT_^E`myEaD^ETl]l�§^cdzej`	n\km`	n\^c`Pm�^ciI]ct © ^ET%*��[^ol�yEej^E`[]
aij

rmq\`	ns]��\�\fE1§kmiI]_V\`mddz^cT��§^Eexdz^E` © T_^Eej^cwWY\^o�maD^EhxwWr	^�dzej^�*�Vs`[]_^
eij

�	ejhjd	^E`K� Vs�Kt © ej^�*���^�l�yEej^E`[]_^E`¦ab^cT_d	^E`V\hjil��V\hji © T_^Eej^cwWYziIYOV\`o]_^E`�n\^�iI�§^EexwWr	^ETl]c�ziI]l^chghj^E`�Vshxil��dzej^j"|Vs]lT_e��z^Eej`[]lTWqsno^�d	V\Tct
���ohghg]l^�d	Voi�hgej`	^cT_V\Tl^GSUhg^cejwWr�k	`	n[ili��zi�]_^Efªi���f�fG^E]lT_eji_wWr®�§�oileg]lej�«dz^�XZ`	e�]#il^Eej`K�Kil�QYOV\`	`dzej^cil^ci�Yo�\`O¨�kmn\ej^ETl]l^E`¦SUT_Vodzej^E`[]l^c`[�o^ETMmFVsr	T_^E`��\^ET_aD^E`mdz^E]DaD^ETWdz^c`Kt! f;�m�\hjn\^E`Zdz^E`�a�egTWd`�k	T¯dzej^cil^ET¯�ZVshjhv�§^�]lTWV\wWr[]_^�]ct 1 k	f$�W�oil^E`6Vshjhgno^EfG^Eej`	^ET_^ET¯SUhj^EexwWr�k	`	noi_i���iI]l^cfG^�a�qsT_^^ceg`	^�V\hghjn\^cf�^ceg`m^U¡}V\TlexVs`[]_^�d	^ci�Y\�o`O¨�k	noeg^cTI]_^E`�SUT_Vodzeg^c`[]l^E`��o^ETMmFVsr	T_^E`mi�`	�s]�aD^E`ZdzegnZt°
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DFE'E(GIHKJ'L5M5N�� � ^E�[]_k	T_^EyEkZilV\f�fG^c`	rmVs`mn

� GIM���� exi�]Ud	VsT_n\^�i�]_^Ehjh�]��	a�eg^�d	eg^#u�ejwWr[]l� © ejV\n\�o`mVshj^Eej`[]lTWqsn\^�dz^cTe"|VO]_Tleg��� eg`|dz^cTe� ^����]_k	T_^
Aa

j

V\�	n\^chg^cns]�ab^cT_d	^E`Kt © eg^�{�eg`[]lTWqsno^�^ceg`m^ET~1§^ceghj^�Y\�\fGfG^E`Q`mV\wWrm^Eej`mVs`md	^ET�eg`¦^ceg`
�z^En\fG^c`o]�t © eg^��[]WVsTl]l�§�oile�]_eg�o`	^E` ��V\��dz^E`	^c`�d	eg^�^ceg`	yc^Ehj`	^E`���^cn\fG^E`[]l^��§^Enoeg`	`m^E`K�	aD^ETl�d	^E`¦eg`�dz^cTx� ^E��]lk	T_^

Rx
no^cil�Z^cejwWrm^ETl]ct

 � ������� a�egTWd d	eg^+1§^cegno^ETWi�]_Tlk	Y[]_k	T�d	V\Tlno^ciI]l^chghg]ct © eg^ ��k	^Ehjhj^�^ceg`m^ET�*�Vs`[]l^�yE^cegn\]GV\`K�dmV\i_i�dz^ET¯�^ETl]¯dz^ci¯�}e��z^chji¯V\hji�� ^���]_k	Tl^E� *����\TWdzej`mVO]_^��§^E`�kz]lyE]¯a�egTWd�t © eg^0� ^E�[]_k	T_^��
*����\TWdzej`mVO]_^�m�k	`	noeg^cTI]�VshxiP1 ^Eejn\^ET�Vsk!m��}e��z^ch�V\`mdz^cTl^cTr� ^���]lkmTl^c`Kt  f �D^cejil�	ej^Eh�iIej`mdd	eg^�i#dzej^��}eg�z^Eh�� V\k!m�ab^chjwWr	^Qdzeg^��Tm�^Eejhg^Q�\^cTlaD^EexiI^c`Kt�{}T_hjq\kz]l^cTlkm`	n\^c`km��\hjn\^E`¤ejf � ^E�[]�t
$ �v�	� tSR 7 ° : &��hghj^ © Vs]l^c`«aD^ETWdz^E`®eg`)� ^E�[]_k	T_^E`®V\k!mbdz^cT�SUTWVOXZY[YOV\TI]_^#n\^�iI�§^EexwWr	^cTI]�t © Vs�§^Ee:aD^ETWdz^E`d	eg^%m��ohgno^E`mdz^c`r� ^���]_k	Tl^c`¦k	`[]l^ETWi_wWr	eg^�dz^E` R
Ax

i

© ejV\n\�\`ZVshj^EfG^E`[]l^�dz^cTx"|VO]_Tleg�Q�
Aa

j

� �mTlejn\^h"|Vs]lT_e��z^Eej`[]lTWqsno^��\�o`��#�	aD^EhxwWr	^�k	`	n\hj^EexwWr�`[kmhgh ilej`md
Xx
© ^ET�¡:^EY[]_�\T����	aD^EhxwWr	^�dzeg^�u�qsr	T_k	`	n[iIh-�oilk	`	n�d	VsTWiI]l^Ehjhg]

Ca
1§^cegno^ETl]l^���]_k	Tl^

Ra
1§^cegno^ETl]l^���]_k	Tl^

� ^���]_k	Tl^c`Gf�eg]�nohg^cejwWr	^cf {:�z�§�\`	^c`o]b�Z^�iIeg]lyc^E`�dzej^viI^chg�§^�SUTM�o¢\^�k	`md�¨�^�dz^ci:{�hg^cf�^c`[]�^Eeg�`m^ET�� ^E��]lk	T_^UiI]l^cr[]Dejf hg�on\exilwWrm^E`r1§kZilV\f�fG^c`	rmVs`mn�fGe�]vdz^cf ^Eej`	^ET�Vs`Zdz^ET_^E` � ^���]_k	Tl^o�aD^E`m`�^�i�iIexwWr¦dz�\Tl]vVs`�dz^ETWil^Ehj�Z^c`P�[]_^Ehjhg^��§^�XZ`mdz^�]�t© ej^�� ^E��]lk	T_^E`¦rmq\`	n\^c`�a�ej^%m��\hjns]vfGeg]l^ceg`mV\`mdz^cTvyEkmi_VsfGfG^E` t	 `|dz^ET~� ^E�[]_k	T_^
Aa

j

iIej`mdd	eg^e"«VO]lT_eg��^ceg`[]_T_q\n\^\�OaD^EhxwWr	^�`	exwWr[]}yEk	T © exVsno�\`mV\hg^c`�no^Er	�oTl^c`�km`md�k	`	nohg^cejwWrG`�k	hjhZileg`Zd��ej` ��^cn\fG^E`[]_V\�mi_wWr	`	eg]I]l^c`GyEkmi_VsfGfG^E`	no^�mFVoiliI] R © eg^x"«VO]lT_eg��^ceg`[]_T_q\n\^D^Eej`	^ET}nohg^cejwWrm^E`�1§^Eeg�hj^�aD^ETWdz^E`�egfGfG^ET�ej`�d	V\i�nohg^cejwWrm^h�z^En\fG^c`o]��o�\`
Aa

j

n\^cil�§^EexwWr	^ETl]ct��f iI�ZqO]l^cTQyck8a�exilil^E` �baD� aD^EhxwWr	^0��^cn\fG^E`[]¦eg`m`	^ET_rmVshj�8dzej^cil^ETr� ^E��]lk	T_^®�§^Enoeg`m`o]��aD^ETWdz^c`)� ^���]lkmTl^E� *����\TWdzeg`ZVO]l^c`|ej`¤d	^ETj� ^���]lk	T_^
Rx
no^cil�Z^cejwWrm^ETl]ct

Rx
t

noeg�	]#d	Vsyckdzej^
��]_VsTl]l�§�oileg]lej�\`®d	^cij��^cn\fG^E`[]l^�i�V\`K� eg`¤dz^cT�d	eg^G{}ej`[]lTWqsn\^�dz^ETU]�t?1§^Eejhg^��\�o`®� n\^�iI�§^Eeg�wWrm^ETl]�iIej`md�t�1§k6�Z^�V\wWr[]l^c` exi�] R � ^���]lkmTl^E� *����\TWdzeg`ZVO]l^c` il�\hjh�]_^E`6^Eejn\^c`o]_hgexwWr6�\�of � ���
 `[]_^En\^cTUil^Eej`Kt © eg^�iI^cT�a�ejT_d®Vs�§^ETU�\�o`®SUT_VsXmY�YOVsTl]l^E`�`mejwWr[]�k	`[]l^ETWiI]l~z]_y�]c� aD^cilrmVshj�«dz^cT� hj�oVs]lej`	ns�����\ej`o]l� © VO]_^E`[]����Qd	V\yEk U[kmV\ile fGeji_iI�mT_V\kmwWr[]�a�ejTWd�t°
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 `�d	^ET(� ^E�[]_k	T_^
Ca
exi�]D`[km`¯�mV\i_il^E`md�yck � ^���]lk	T_^

Aa
j

m�~	T ¨�^cdz^�i��}eg�z^Eh�VskZi
Aa

j

n\^cil�§^Eeg�wWr	^cTI]��zab^chjwWrm^EfH"|Vs]lT_e��z^ceg`[]lTWVsn�^ET�ej`�dz^ETe"«VO]lT_eg��� ^E`[]_il�	T_ejwWr[]ct
1§kZilqs]lyEhjexwWr�yEk#d	^E`#rmeg^cT �o�\T_n\^�i�]_^Ehjh�]_^E`j"|Vs]lT_egyc^E`�noeg�z] ^ci `	�zwWr�ycab^ceoaD^Eeg]l^cTl^ot  `�dzeg^�iI^c`aD^ETWdz^E`�dzej^x"|Vs]lT_e��z^Eej`[]lTWqsno^D�o�\`

AT
V\k!mKqsr	`mhgexwWr	^��^EexiI^va�ej^vdzej^v�\�o`��@n\^cil�§^EexwWr	^ETl]

$ © exVsno�\`mV\hg^ceg`[]lTWqsno^�n\^�]_Tl^c`	`[]��\�o`�~	�	T_egno^E`K�§`�k	T�{�eg`[]lTWqsno^�k	`	nohg^cejwWr�`�k	hjh ab^cT_dz^c`�n\^E�il�Z^cejwWrm^ETl]�& t
� L5H � G �(HIG	� � � G��M � ����� � ��� E�� � ����� � �
� � � � � G�� �QM

��eg^cTUm�~	T�exi�]�d	Voi%�zY¥V\hjV\Tl�mTl�zdzk	Y[]U`	�s]_egnZt§{bi�ab^cT_dz^c`«dzej^G�Z^cTl^ce�]Wi��§^ci_wWr	T_eg^c�Z^c`	^E`)� ^E���]_k	Tl^c`Q�o^ET_ab^c`mdz^E] R
j = Rx[j]

$ 9 &

Y x[i] = Ax
i [i] ∗ Xx[i] +

ki−1∑

c=0

Aa
j [j + c] ∗ Xx[Ca[j + c]]

$ X &

"�eg]
Rx[j]
a�ejT_d�dzej^ �[]WVsTl]l�§�oile�]_eg�o`�dz^ciW�z^En\fG^c`o]_^ci��§^ciI]lejfGf�]��caD^EhxwWr	^ci�d	eg^ "«VO]lT_eg��^ceg`	�]_T_q\n\^}dz^cTR1§^ceghj^�¨K^E`[]_rmqshg]ct

Y x[i]
�§^EYo�\fGf�] d	V\i[��YOVshxVsT_�	Tl�zdzkmYo] d	^ET	¨�t�"|Vs]lT_e��zyE^ceghj^}�o�\`� fGeg]�dz^Ef!¡:^EY[]l�oT

Xx
yEk	no^Ea�ej^cil^E`Kt © ej^j�b^cTl^�wWr	`�k	`	nGdz^ET~*��of��§�\`m^E`[]l^c`	�	T_��d	k	Y[]l^^cTUm��ohgn\]bn\^E]lT_^E`	`[]�to{}TWiI]Dd	Voi © ejV\n\�o`mVshj^Ehj^EfG^E`[]�t[� ~	T�dzej^�~	�mTlejn\^c`¯{}hj^EfG^E`[]l^Ua�ejT_d�^ceg`m^

1§^cegno^ETWi�]_TlkmYo]_k	T:iIejf#kmhgej^ETl]ct�"|e�]
Ca[j +c]

a�egTWdGdzeg^�yck	n\^cr	�\T_ejn\^(*��of��§�\`m^E`[]l^��\�o`
Xxyck	T "�kmh�]_eg�	hjejY¥Vs]lej�\`¯fGeg]

Aa
j [j + c]

�§^ciI]lejfGf�]�t
Aa

j [j + c]
ejiI]Ddz^cTbw\touvexwWr[]_dzexVsno�\`mV\hg^ceg`	�]_T_V\n�km`	n\hj^EexwWr¤`[kmhghDdz^ET�¨�t["|VO]_Tleg�zyE^ceghj^\tKu�ejwWr[]_d	ejV\n\�\`ZVshj^Eej`o]_T_q\n\^o�§aD^EhxwWr	^Gn\hj^EexwWr¤`�k	hghileg`Zd��	aD^ETWdz^E`Q`	ejwWr[]v�§^�]_T_VowWro]_^�]�t	�vej^ETWdzk	TWwWrQa�ejT_d�d	Voi�{}Tlno^E�	`meji�`	exwWr[]v�\^cT_q\`mdz^ETl]ct© eg^n\^E]lT_^E`	`[]_^k���§^EexwWr	^cTlk	`mn dz^cT © exVsn\�o`mVshj^E`+�o�\`5dz^E`�~	�	T_egno^E` "|Vs]lT_e��z^ceg`[]lTWqsno^E`^cTlaD^Eexi�]�iIexwWr Vshxi#�o�\Tl]l^ceghjrmV�m�]�t © eg^ © exVsno�\`mV\hg^ceg`[]_T_q\n\^Gab^cT_d	^E`km�~	TGdzej^ © ejV\n\�\`ZVshj�\�\Tl�V\kmilil^�]_yEk	`mnm� © ej��ejilej�\`�dz^ETv�v^cdzexiIkZVshxi�dzk	TWwWr�dzej^ © ejV\n\�\`ZVshj^Eej`o]_T_q\n\^o�o�§^E`	�\]lejns]�t��f)dzej^+��k	fGfG^¦d	^ET�^Eej`	yc^Ehj^E` �}Tl�zdzkmYo]_^�VskmilTl^�wWr	`	^c` yEk6Y��o`	`	^c`K��a�egTWd ^ceg`6il�\n\^E�`mV\`	`[]l^cTU��^�dzk	Y[]lej�\`ZiI�o�Z^cT_Vs]l�\T��\^cTlaD^E`md	^�]ct © VQdzej^G��d	dzeg]lej�\`«Yo�\fGf#k	]_VO]_eg�¦exi�]���dz~	Tl�

m�^c` dzej^8��k	fGf�Vs`md	^E` eg` �Z^chgej^E�megno^ET���^Eejr	^c`!m��\hjn\^�Vsk	mFV\d	dzej^ETl]Gab^cT_dz^c`Kt © ej^¦n\ejh�]�m�~	TT_^E^chghj^�1 Vsrmhg^c`Kt��D^EeK^c`mdzhjejwWrm^ET�SUhj^Eeg]lYo�\fGf�V\d	V\T_iI]l^chghjk	`	nZ�za�eg^�^�i�`�k	`	f�Vsh �Z^ce Y\�o`	Y�Tl^E�]_^E`Q�v^cwWr	`	^cT_V\T_wWrme�]_^EY[]lk	T_^E`�dz^cTD�ZVshjhZexiI]c�[]lT_e/.§]�dzeg^�i�`ZVO]l~mTlhjejwWr�`	ejwWr[]Df�^cr	TDyEkKt © eg^�iI^cT�m^Er	hj^ET�a�ejT_d��o�\`Qd	^E`��vkz]_�\T_^E`�¨�^cdz�zwWr�Vshxi��\^cTl`ZV\wWr	hxq\i_iIejn\�ZVsTbV\`	n\^�iI^cr	^E` t
�D^Ee�dz^cTx��k	fGfG^E`	T_^cdzkmYo]_eg�o`Qileg`Zd�dzej^j��k	fGf�Vs`mdz^c`�ej`Q^ceg`m^Ef ��^�wWro]_^cwWY¯V\`	n\^c�\TWdz`	^�]�t
 `®¨�^cdz^cf © k	TWwWr	hjV\k!mUd	^ci���k	fGfG^E`mTl^�dzk	Y[]lej�\`mil�\�§^ETWVO]_�\TWi#a�ejTWd ejfGf�^cT¯dzej^+��k	fGfG^�o�\`G��eg^cT��§^E`mVowWr[�ZVsTl]l^E`G�^ETl]l^c`�n\^E�meghxdz^�]�t[u�V\wWr�¨�^�dz^Ef �zwWr	T_e�]l]b�	hj^Eej�§^E`�m��\hjn\exi_wWr�`[kmT`	�zwWr�^�]�a�V#^ceg`���eg^cTI]_^EhKdz^cTe��k	fGf�Vs`md	^E`�~	�	T_egnZt����\fGeg]�ilej`md

dlog4ne
�	wWr	Tleg]I]_^�`	�s]_egnZ��	exi�d	Voi�{}Tlno^E�	`meji��o�\` ∑n

i=1 xi

]_Vs]_i_q\wWr	hjejwWr��\�oTlhjej^Ens]�t
� �
��� ���5M L'M5N�� � M � � � � G 	�� GIM�� ��� N � M�^ETWdz^E`|� hjkmi_iI�	T_�\�mhg^cf�^��§^�]_T_VowWr[]l^�]��mil�¯qs`mdz^cTI]�ilexwWr�egf2� V\k!m�^#dz^cT,1§^Eeg]�dzej^�"|Vs]lT_e���#t © eg^�{}ej`o]_T_q\n\^#ilej`md|Vs�mrmqs`	noegn��o�\`¦��t © Vsrm^ET�f�kmi_i�dzej^�"|Vs]lT_e��¦ejf�fG^cT�a�ej^cdz^cT�ej`���	rmqs`mn\ejn\Y\^ce�]G�\�o` � `	^Ek6�§^ET_^cwWr	`	^E]�ab^cT_dz^c`Kt �vej^ETMm�~	T�aD^ETWdz^E` yEaD^Ee�`m^Ek	^�*�^ET_`	^ch�§^E`	�\]lejns]�t © ^ET�^ceg`m^(m�~	Tbdzej^e�D^ET_^cwWrm`[km`	n�dz^ET © exVsno�\`mV\hg^ceg`[]lTWqsno^\�Odz^cT}yEaD^Eeg]l^cTl^(m�~	TDdzej^°
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~m�	Tlejn\^c`Q{�eg`[]lTWqsno^\t{biKaD^ETWdz^E`�hj�\YOVshj^ �[]l^ce�XmnoY\^ce�]WiIf�VO]_TlejyE^c`��Z^cTl^�wWr	`	^�]���aD^EhxwWr	^�yEk�^Eej`	^cTK^Eej`	yE^chg`m^E`�n\T_�\¢o^E`yckmi_VsfGfG^E`	no^�mFV\i_iI]�aD^ETWdz^c`�il�\hjhg^c`)$ © ^E]_V\eghxi�iIej^Erm^ 7 ° : &�t�¤V\i�r	ej^ET_�Z^ce a�exwWro]_egn�exiI] R§�+eg^��§^Ee dz^ET,�D^ET_^cwWr	`�k	`	n�dz^�i~��YOV\hjV\Tl�	T_�zdzk	Y[]l^�iE�z�§^Ee�dz^cfd	eg^�{}ej`	yc^Ehj�	Tl�zdzkmYo]_^�Vsk!mFVod	dzej^ETl]UaD^ETWdz^E`f#~Zilil^E`K� Yo�\fGf�]�^ci�V\kmwWr®rmeg^cTUyck®��Tl�o�	hg^E�fG^c`Kt © eg^�iIf�Vsh exi�]�¨�^�dz�zwWrQ^ceg`	^j�[]_Tl^ck	k	`	n[iI�o�Z^cT_Vs]lej�\`�`	�\]�ab^c`mdzejnm��aD^EhxwWr	^�a�ej^��Z^cTl^ce�]Wi^cTla�qsrm`o]��zab^cn\^c`�dz^cTe�� #" © �n��]lT_k	Y[]lk	Tvdz^cT�SU����i�`	exwWro]�k	`[]_^ETWi�]_~z]lyE]va�egTWd�tz�+ej^�dzeg^�ino^Eh-�oiI]�ab^cT_dz^c`QYOV\`	`K�	exi�]�ej` 7 ° : n\^E`ZVsk��Z^�ilwWr	T_ej^E�§^E`Kt
�eK�� �pgeY	X � X#V{Q�bed�B VWd

DFE'E(GIHKJ'L5M5N�� ���Z^cejwWrm^ET_hjVs]l^E`myE^E`

{�Tlno^E�	`	exi�d	^ET�^E�z�Z^cTlejfG^E`[]l^chghj^E`��D^ciI]lejfGf#k	`	nQdz^ET%���Z^cejwWrm^ET_hjVs]l^E`myE^E`¦�§^Eejf � ^E�[]_k	T_^��
1 k	n\T_e/. eg` ���	rmq\`	n\ejn\Yo^Eeg]#dz^ET�� hxq\wWrm^E`	noTM�o¢\^\t {�i�ileg`mdq�z�	Tl~m`	n\^¯^cTlYo^E`	`��mV\Tc��aD^EhxwWr	^d	eg^8���§^EexwWr	^ET_hxVO]l^c`	yE^c` Vsk	m�yE^Eejn\^c`Kt:�v` dzeg^�iI^c` �[]_^Ehjhg^c` f�kmi_i��o�\T��v`�ab^c`mdzk	`mn®^ceg`	^�i
�D^om�^Er	hj^ci�V\k!m�^Eej`	^E` © VO]l^c`mi_VO]ly�V\k!m�d	eg^�`	�\]lejn\^c`)� ^���]lkmTl^E� © VO]_^E`n\^Ea�VsTl]l^E]�ab^cT_dz^c`Kt� ~	T�^Eej`	^«� hxq\wWr	^«�\�\` ° ��� �}eg�z^EhUejiI]�^Eej`	^®`mVsr	^cyEk+^c�Z^c`miI� n\T_�\¢\^+1§^ce�]WiI�ZVs`	`	^«�\�\``��s]l^c`K�	a�ej^%m�~	T�^Eej`	^�� hxq\wWr	^��\�o` 6���� �}eg��^ch t?$F�v�m�KtSRm�[noh t 7 ° : &
"|~milil^E`QyEk	f ��kmi#m�~mr	Tl^c`�^ceg`	^�i �D^om�^Er	hj^ci © Vs]l^c`QVskZi�^ceg`	^cTb�zdz^cTbfG^cr	Tl^cTl^c`�� ^E��]lk	T_^E`no^Ehj^cil^E`�aD^ETWdz^E` �cil�vY��o`	`	^E`�� VO]_^E`	yc^E`�Vsk	m�]lT_^�]l^c`Kt © k	TWwWr�dzej^ "�kmh�]_e��n��r	T_^cV\dz�n�[]_TlkmYo]_k	TexiI]�^ci�f��on\hjejwWr �	d	V\i_ivdzej^cil^�`	exwWro]�yEk	T�SU^ch�]_k	`	n¯Yo�\fGfG^E`Kt���^Eej^E` U © Vs]l^E`Zilqs]lyE^c`¦k	`md�r�D^�m�^Ermhg^c`¯n\^cn\^E�§^E` to{}ej` © VO]_^E`mi_VO]_y�rmV\�Z^Ud	Vs�§^Ee�dzej^�nohg^cejwWrQ�v`	y�Vsr	h Vs`¯{�hg^cf�^c`[]l^E` �a�ej^�d	eg^GSUT_VsXmY�Y¥V\TI]_^��}ej�Z^chgej`	^ciUrmVs]ct� `�^Eej`	^EfE�zwWrmTleg]I]Ua�egTWd|Vshxil��egfGfG^ETU^Eej`+�D^�m�^cr	hV\k!m�^Eej`	^E`¤noV\`	yE^c` © VO]_^E`mi_VO]_yGV\`	n\^cab^c`mdz^E]ct{�D^Ee U © VO]_^E`mi_qO]_yE^c`®�o^ET_n\^Erm^E`®V\hjil� Uo� °
�	wWr	Tleg]I]_^\�[�Z^c�\�oT�dz^ETb`mq\wWrZi�]_^e�D^�m�^Ermh§V\k!m�^Eej`	^E` © VO]_^E`mi_VO]_y�Vs`mn\^EaD^E`Zdz^�]�a�ejTWd�t� �iI]Ddzej^
1 ^Eeg]_il�mVs`	`m^�hjV\`	n\^�no^E`�k	nm� k	f£d	eg^ ���§^EexwWr	^cTlyck	n\T_e/. ^�m�~	T#d	^E` �	�ohgno^E�§^�m�^cr	hbdzkmT_wWr	yckz�
m�~mr	Tl^c`K�	Yo�\fGf�]�^civyEk�Y\^Eej`	^c`�il�Z^cejwWrm^ET_�Z^�dzeg`mns]l^c`¦¡:^ET_yo�\no^ET_k	`	no^E`Kt��f r	^ETWVskmilyEk	Xm`mdz^c`K��a�ej^���eg^chg^ © VO]_^E`mi_qO]_yE^}`��s]lejn�ileg`Zd��cd	V\fGe�] Yo^Eej`	^�il�Z^cejwWrm^ET_�Z^�dzeg`mns�]_^E`®¡:^ET_yo�\no^ET_k	`	no^E`�Vsk!m�]_Tl^E]l^c`K�ZrZVs�§^E`«dzej^G�vkz]_�\T_^E`+�D^�m�^cr	hxi#m��ohgno^E`|Vsk	m}�\^ETWi_wWr	eg^�dz^E`noTl�o¢\^Q�}e��z^ch/�ZqowWr	^E` Vs`	no^EaD^E`md	^�]Gk	`md d	eg^�¨�^EaD^Eejhxi��o^ETWi�]_TlexwWr	^c`	^P1§^ce�]G�§^ciI]lejf�f#]+$FictSUTWVOXZY§� © ^�]WVsejhji�ict 7 9�: & t?1§k	f �v�mV\Tl�§^Eeg]l^c`¤d	eg^�iI^cT�� hxq\wWr	^c`+mFVoiliI]�dzeg^�SU�b� ^E`[]_il�	T_^��wWrm^E`md¤dz^cT��}ej�Z^chgej`	^�� �v`mycVsrmh}fG^Er	T_^ET_^G�}e��z^ch}yEk © VO]l^c`mi_qO]lyc^E`yEkmi_VsfGfG^E` tK{�i�yc^Eejns]ilexwWrK� dmV\i_i�V\hghj^ 6 ° I �}eg�z^Ehx���	T_~	`	no^�Vsk!m�]_Tl^E]l^c`Kt © ej^ci��Z^�dz^Ek	]l^�]���^ci�ejiI]�^cnoVsh�� �\� dzej^
�D^om�^Er	hxi#m��ohgno^�V\k!m ° � � ° � � �zdz^ET 6;� � �}eg�z^Eh Vs`	no^EaD^E`mdz^E]�a�ejT_d��[^ciba�ejT_d�ejfGfG^ETD`mVsr	^cyEkd	eg^�iI^chg�§^r1§^ce�]#�§^E`��s]lejns]�t {�T_iI]�Vs� 6 ° I �}eg�z^Eh�i�]_^Eejns]�dzej^r1§^ce�]Wd	Vskm^ET#il�	T_k	`	n\rZV�m�]�V\`K��mhg^ceg�z]Ud	Vs`	`¦Vs�§^ET�a�ej^cd	^ET��	exi ° �'I X `mVsr	^cyEk¦Y\�o`miI]_Vs`[]�t© ej^cil^#��^cwWr[]_^cwWY\^o��ab^chjwWr	^�rmeg^cTl�§^EeK�§^�]_T_VowWr[]l^�]�a�k	TWdz^c`K�mil^�]lyc^E`�ilejwWr¦ejf�fG^cT�Vskmi�ycab^ceT_^cwWr[]�a�ej`	Y�hgejn\^c` © Tl^ceg^�wWY\^E` yEkmi_VsfGfG^E`K��dz^cTl^c` �����§�s]_^E`�kmil^E` d	^cwWY�k	`	n[iInohg^cejwWr ileg`Zd�t� ~	T¦dzej^0�C�[�§�s]_^E`�kmil^E`+�§^Eexdz^ET © Tl^ceg^�wWY\^|aD^ETWdz^E`@il�\fGeg]Q�vVoi�]_^ET_ejileg^cTlkm`	n\^c` m�~mT�dzej^nohg^cejwWrm^E`¦�}eg��^ch dzkmT_wWr	no^�m�~	rmTI]�t © ej^ci��	T_eg`	n\]�Vshjhg^cT_d	eg`	n[i�`	exwWr[]_ic�	��eg^chgfG^ErmTvn\^cr	^E`¦r	ej^ETl�°
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�§^Ee��D^ET_^cwWr	`�k	`mn\^E`��o^ET_hg�oTl^c`Kts{}ej`Q�v^cwWr	^�wWY�fGeg]�d	^E` "|V\¢\^c` 9 I � °  �}eg��^ch � 6
°
I ��e��z^Ehil�\hjh�]_^�`	ejwWr[]:�\^cTlaD^E`Zdz^�]�ab^cT_d	^E`K�Od	VUr	ej^ET_�Z^ce�m�~	T 9 I �}eg�z^Eh	dzej^v�vVoi�]_^ET_ejileg^cTlkm`	n�dz�o�	�§^Ehg]dzkmT_wWr	no^�m�~	rmTI]�a�ejT_d�� VshxiI�¦ej`miIno^ci_Vsf#],m�~mT 6 X X ��e��z^Eh~$��§^cdzej`	ns]�dzk	TWwWrk�C���Z�\]l^E`�kmil^E`	�~	�§^ETWdz^�wWY[km`	n'&�t © ej^ci#hgej^En\]�Vs�§^ET�ilwWr	�o`¤egf£`mq\wWrZi�]_^E`k `[]l^ET_�OVsh}km`md¤�	TWqskmwWr[]l^�il�\fGeg]^cTlr	^chg�mhgexwWr�hjq\`	n\^cT2$ iEt��v�	� t  & t © ej^Q��kz]l�oTl^c` a�qsr	hg]l^c` d	Vsr	^cT�� hxq\wWr	^c` dz^ET�SUT �\¢\^o�

I! � ° #���e��z^Eh � X  #���e��z^Eh�km`md¯aD^EhxwWr	^��§^EejfH��eg`	yckmV\dmdzeg^cTl^c`��o�\` I! ~	�§^ETM�m~mi_iIejn#�§^��T_^cwWr	`m^�]l^c`¦�}e��z^chKfGe�] X ± X �}eg�z^EhK`	�zwWr¦n\^cT_Vodz^�k	`[]l^cTlrmV\hg�¦dz^cT�SUTl^c`	yE^��o�\` 6 ° I ��e��z^Eh�	hj^Eej�§^E`Kt © eg^�iI^�V\r	h�hgej^�m�^cTI]_^d	^E`���kz]l�oTl^c`8dzej^®�§^ciI]l^c`8{}T_n\^c�	`	exilil^\�DaD�\�§^Ee�Tl^chjVs�]_eg�¯aD^E`megno^,�D^ET_^cwWrm`[km`	n�d	�\�	�§^Ehg]vdzk	TWwWr	n\^om�~	r	Tl]�a�kmT_dz^c`�k	`ZdQ¡:^cTly �\no^ET_k	`	n\^c`�dzk	TWwWr
���§^EexwWr	^cTlyck	n\T_e/. ^U^E�§^E`mil��`	exwWro]�yck	f ]_T_V\n\^E`�YOVsfG^E` t{}ej`	^�hg^E]lyE]l^F���z]lejfGeg^cTlkm`	n��§^�]_Tle�.Z]�dzej^��V\r	h:dz^ETU�}T_�\n\TWVsfGfG^\�Zab^chjwWrm^#yEkmT%�D^cTl^�wWrz�`�k	`	n�r	^cT_V\`	n\^cyE�\no^E`�aD^ETWdz^E` t[�^Eno^E`¦dz^ET�i_wWrmV\wWrQ�Z^�iI^E]lyE]l^E`P"|Vs]lT_egyc^E`Qilej`mdQd	eg^h"|Vs�]_Tleg�@eg`�^Eej`	^ © exVsno�\`mV\hg^®k	`md�dzeg^¤~	�mTlejn\^c`@{}ej`o]_T_q\n\^k	`	nohg^cejwWr�`[kmhgh�n\^E]lT_^E`	`[]�t © ej^u�ejwWr[]_d	ejV\n\�\`ZVshj^Eej`o]_T_q\n\^Uk	`	nohg^cejwWr�`�k	hjh ilej`md¦yE^ceghj^E`�aD^EexiI^�ej`+��^cn\fG^E`[]l^�^Eej`	^ET,� ^E��]lk	T_^V\�	n\^�iI�§^EexwWr	^ETl]ct © V�`	exwWr[]bej`�¨�^cd	^ETx1§^Eejhg^�n\hj^EexwWr��[ej^Ehj^�u�k	hjhg^c`�^E`[]_rmVshg]l^c`�iIej`md���^cTlno^E�§^E`ilejwWr¤ycaDV\`	noilhjq\kzXmn¦�\^cT_i_wWr	ej^cdz^c`®hxVs`mn\^2��^cn\fG^E`[]_^\t ��f£^ceg`m^r1§^Eejhj^�f�eg]�d	^Ef£¡:^EY[]l�oT��f#k	hg]lej�	hjegyceg^cTl^c`�yck¦Y��\`m`	^E`K�	ilej`md��md	VG^ceg`m^�1§^Eejhg^�k	`[]_^ETWilwWr	ej^cd	hgexwWrQ��ej^Ehj^�uvk	hjhj^E`¦^E`[]I�rmV\h�]_^E`GYOVs`	` �\�\^cT_i_wWr	ej^cdz^c`���ej^Ehj^�{}ej`	yE^ch��n"�k	hg]lej�	hjegYOVO]_eg�o`	^E`�`��s]lejnmt\{�i}a�ejT_dGd	V\r	^ET:^ceg`m^
*�hxV\i_iI^U�\�o`Q��Tl�on\TWVsfGfG^E`

Pk

�Z^cTl^ce�]_n\^�i�]_^Ehjh�]�t�"�eg]vY¯a�egTWd¦Vs`	no^Eno^E�§^E`K��a�ej^E��eg^chg^�{�eg`z�]_T_q\n\^¦k	`	nohg^cejwWr+`�k	hjh�^ceg`	^01 ^Eejhg^|r���wWrZi�]_^E`mi�rZVs�§^E`@d	V\TUm��Dd	VsfGeg]�dzeg^�iI^�i¯�}T_�\noT_V\fGf`	�zwWr¦Vs`�aD^E`mdz�ZVsT�ejiI]ct© k	TWwWr ^ceg`	^¦T_ejwWr[]_egno^P���oTI]_eg^cTlkm`	n®a�ejTWd ^cTlT_^EexwWr[]c��d	V\i_iU¨�^cdz^+1§^ceghj^¦n\^cT_Vodz^Q�o�\` dz^Ef�}T_�\noT_V\fGf f�k	hg]lej�	hgejyEej^ETl]�a�egTWd��zfGeg]�d	^Ef dzej^cil^h"�k	hg]lej�	hjegYOVO]_eg�o`Qno^ETWV\dz^U`	�zwWrQd	k	T_wWr	�
m�~	rmTl�mV\TbexiI]bk	`mdQd	VsfGeg]�d	eg^�ab^c`	egn[i�]_^E`mib~	�§^ETM�m~mi_iIejn\^c`�{}ej`	yE^ch��n"�k	hg]lej�	hjegYOVO]_eg�o`	^E`�Vsk!m��aD^Eexi�]�t
�xK�� @PQ B VWu~deXMi��hghj^ � ^Eejhg^}^ceg`m^ci V\hghjn\^cfG^Eej`	^E`�Y\�o`O¨�k	noeg^cTI]_^E`�SUT_Vodzej^E`[]l^c`z��¡:^cTUmFV\r	T_^E`mi a�k	TWdz^c`��\�\`�dz^c`��kz]l�oTl^c`�k	fGn\^�iI^E]lyE]ct�1§kmi_qO]_yEhjejwWr¯a�kmT_dz^U^Eej`	^�iI�§^Eyceg^chghj^%"|VO]_Tleg��m�~	T�dz^E`�n\^c�\fG^�]_eji_wWr	^� hjkmiliv^ETWi�]_^Ehjh�]��zab^chjwWr	^�`mVowWr�¨�^cdz^cfH �]l^cT_Vs]lej�\`mi_wWr	T_e�]l]�`	^Ek¦�§^ET_^cwWr	`	^E]�ab^cT_dz^c`¦f#kmi_i�]_^
$ "|VO]_Tleg�z^Eej`o]_T_q\n\^��\�\`¦� Vs�mrmqs`	noegn��\�o`���&�t© eg^��}T_�\n\TWVsfGfG^va�k	TWdz^c`¯Vsk!m ^ceg`m^Ef 6;� � "8��yvfGe�]D^Eej`	^ET�SU^c�m�\TWw�^����5n\^�]_^ciI]l^E]ct © Vs��§^Ee�^ET_noV\� iIexwWr ejf?�	TWVsY[]lexi_wWr	^E` © k	TWwWr	hjV\k!m�^ceg` aD^cil^E`[]_hgexwWr i_wWr	hg^�wWr[]l^ET_^ET��®^cTI]��:Vshxi]_r	^E�oTl^E]lexilwWr|yck|^ET_a�VsTl]l^E`�a�qsT_^\t �D^Ee 9 " ����� *�`m�s]l^c`«a�VsT_^E`�`	exwWr[] 6���� �Zil�\`mdz^cTl`«`[kmT°
I;� "|Vs]lT_e��zf#kmh�]_eg�	hjejY¥Vs]lej�\`	^c`|�	T_�2��^cY[km`mdz^#f��on\hjejwWrKt © ej^G�vkz]_�\T_^E`Pm�~	r	T_^E`®dzeg^�i�V\k!m^ceg`	^#¬DVowWr	^E~	�§^ET_hxV\iI]lk	`	n��§^Eejf����§^EexwWr	^cTlyck	n\T_e/.�yck	Tl~ZwWY $F�Z^cegf "�k	hg]leg]l^E�[]_k	T_eg`	n�& t� ~	T�d	eg^v� ^Eexi�]_k	`	n�il�	eg^ch�]Ddz^ET}�o^ET_ab^c`mdz^E]l^���^cd	k	Y[]lej�\`mil�\�§^ETWVO]_�\T:VskmwWrG^ceg`	^vil^ErmT}a�ejwWr	�]_egn����ohghj^\�¥f�V\wWr[]:^ET:dz�zwWr�^Eej`	^E`�SUTl�o¢s]_^Eejh[�§^Ee	d	^ET ��YOVshxVsT_�§^ET_^cwWr	`�k	`	nUVskmict;����ab^cT_d	^E`�§^EejfH1§kmi_VsfGfG^E`!mFVoilil^E`G^Eej`	^�i I���� � I���� �	^Ehxdz^�i�yck�^Eej`	^Ef ° � � � ° � � �m^Ehxdz^ci ° � ��� � �D^E�
m�^cr	hji_Vsk	m�Tlk!m�^��Z^c`	�s]_egn\]ct � Vskz]��vkz]_�\T_^E`�f#~ZiliI]l^c`¤]lr	^c�\T_^�]lexi_wWr ° 6;� ��� dzeg^�iI^cT���k!m�Tlk	m�^�	T_�~��^cY�k	`mdz^�Vs�mV\Tl�§^Eeg]l�ZVsT il^Eej`K��egrmTR��kmf�fG^c`	Tl^�dzk	Y[]lej�\`ZiI�o�Z^cT_Vs]l�\T ilwWrmV;.Z]Z¨�^cdz�zwWr�`[kmT
9 X ��� �saD^E`	ejn\^cT�Vshxi ° � X t �vej^ET��§^ciI]l^cr[]DVshxil��`	�zwWr¯dzej^~"��on\hjejwWr	Yo^Eeg]}yEk�^ceg`	ejn\^c`¯¡:^ET_�§^ciI�il^ET_k	`	no^E`K��aD^EhxwWr	^�iIexwWrQ�§�oileg]lej�QVsk	m�dzej^��K^cejiI]lk	`mn¯Vskmila�egT_Y\^c`Kt�}T_�4��^cY[km`mdz^�aD^ETWdz^E` °\° � �	wWr	hg^ce/m�^c`mdzk	TWwWr	hxqsk!m�^�^cTlT_^EexwWr[]c��a�V\iGyEk I�� ��fG�[�\]lr	ej`	n\�
�zwWrmTleg]I]_^E`�¨�^���^EY�k	`Zdz^�T_^EexwWr[]ct��\^�dz�zwWr�ab^cT_d	^E`|fG^ErmTl^cTl^���fG�[�\]lr	ej`	n\�n�zwWrmTleg]I]_^#�§^E`	�\�]_egnZ��k	f�^Eej`	^|�	TWVskZwWr[�ZVsT_^¦�W�oilk	`	n)m�~	TQ^Eej`�SUhg^cejwWr�k	`mnoi_iT�ziI]l^Ef)yEk@Vs�m�	Tl�¥�zejfGeg^cTl^c`Kt© Vsr	^cT�Y¥V\`	`®d	eg^�iI^� fG�	hj^EfG^E`[]lej^ET_k	`	n�`	�zwWr«`mejwWr[]�Vshxi�{bwWro]_yE^ce�]WVs`�ab^c`mdzk	`mnQ�o^ET_ab^c`z�dz^E]vab^cT_d	^E`Kt °
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© ej^�n\T �\¢s]_^E` �K^EexiI]lk	`	n[iI^ceg`��	km¢\^E` ab^cT_d	^E`6iIexwWr	^ET_hjejwWr dzk	TWwWr dzej^¦��eg^chg^c` �o^ETWilwWrmeg^�dz^��`m^E`0� ^���]_k	Tl^E�#1 k	n\T_e/. ^#yck	T���^cV\hgexiIej^ET_k	`	nQdz^ET�Y\�ofG�mVsY[]l^c` © V\T_iI]l^chghjk	`	n�dz^ET�i_wWr�aDVowWr�§^cil^�]_y�]_^E`�"|Vs]lT_egyc^E`�$s1§^cegno^ETWi�]_TlkmYo]_k	T�& km`md�dzk	TWwWr�d	^E` ��k	fGfG^E`mTl^�dzk	Y[]lej�\`mil�\�§^ETWVO]_�\Trm^ET_�\�\T_n\^cTlk	m�^E`KtO� ~	T:^ETWiI]l^ET_^ci a�~	TWdz^�dzej^�{}ej`!m�~	r	T_k	`	n��o�\`�1§^Eejn\^cTl`K�¥a�ej^viIej^��Z^ce§¬b����i~m�	hgexwWr¯ileg`mdK�o�v�mr	egh�m�^�i_wWrmV;.§^c`Kt © ^ETb��f#aD^En�~	�§^ET3� ^E��]lk	T_^EYo�[�oT_d	eg`mVs]l^c`#ej`¯�	�\T_f �\�\`� hj�oVs]lej`	ns�����\ej`o]Wi�eg`¦dzT_e�]l]l^c`P� ^���]_k	Tl^c`�Vs�	yckmiI�§^EexwWr	^cTl`K��a�~	TWdz^�^E`[]MmFVshjhg^c`Kt� ~	T�hj^�]_y�]l^cTl^�iE�¥dz^cT[��k	fGfG^E`mTl^�dzk	Y[]lej�\`mil�\�§^ETWVO]_�\T��ciI]l^chghg] ilejwWr�dzeg^��	TWVsno^\�c�\�#dzej^ci ~	�§^ETl�rZVsk	�z]��	�§^cdzej`	ns]�d	k	T_wWr¦dz^c`��ZVsTWVshjhg^chg^c`���k!m��mVsk �	yEk	�o^ET_�Z^�ilil^ET_`�exiI]ct� ^�]_y�]lhjexwWr �	hj^Eej�Z^c` `	�zwWrq� T_^Eej�§^ET_�	Tl�o�	hj^EfG^G~	�	T_egnZt[���|no^E�§^E` dzej^Q��kz]l�oTl^c` Vs`K� d	V\i_iyot 1�t�dz^ET ������� ���«`�k	T I���� f�Vsh��	T_�k�z^EY�k	`mdz^�no^EaD^cwWrmil^Ehg]Gab^cT_dz^c` YOVs`m`K�}a�V\i�^Eej`	^�o�Z^cTl^8�zwWrmT_V\`	Y\^ m�~	T�egrmTl^r fG�	hg^cfG^E`[]lej^ET_k	`	n�d	V\T_iI]l^chghg]c�:d	V¤dzej^cil^�V\k!mUd	^E` �®^�wWrmiI^chd	^civ�m�	k!. ^ET�V\`	n\^ca�eg^�iI^c`Qexi�]�t © eg^�iI^j�D^�ilwWr	TWqs`mY[km`	n�dz^ET�SUTWVOXmY�YOVsTl]l^c`�il�\hjhz¨�^�dz�zwWr�eg`
1 k	Y�k	`!m�]�^c`o]MmFVshjhg^c`Kt
� � "r= 2�> > -
1%. 2j=W='"31�R "31r@�� "r=W<=$9&��
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