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. A=?Bl@GND�_b¿f01[]lEOoONAX>E?�AC>uOoDFGHLoDb^}ONA=RB>�qtYZGHYKVCV=DbV=RK?KGMYKn�0

AC>uOoDFGHLoDb^}ONA=RB>�q3YZGMYKVCV=DbV=RK?KGHYKnå��\@AX^H\�AXL"^}RBn�qtYZGNDbp���A=ON\8ON\ED�LHlEGNSrYK^}D�Loq3GHAC>E?BLF0".UAC?BlEGND�_b¿�AXVCVCl@LoOoGMYZOoDbL�Y

LNYKn�qtV=D{AC>uOoDFGHLoDb^}ONA=RB>�qtYZGHYKVCV=DbV=RK?KGMYKn�0

Á)üCágüCÁ~ü�¯@ü�¯ Ã �;ÿ� ���¨7 @
Kÿ � ��� ����� È���ÙV� � § � ¨ � ���
i R-p@DFOoDFGHn�AC>ED&��\@AC^M\�LNq@GHAC>E?BL�AC>uOoDFGHLoDb^}OUON\ED&qtYZGHYKVCV=DbV=RK?KGMYKn�<�O��&RvLoOoDFqtLUYZGHD&q)DFGNS�RKGHn�Dbp~��Y"LoONYK>3p@YZGHp

VCAC>@D}èðq3VCYK>ED#AC>uOoDFGHLoDb^}ONACRB>�GNRBl@ONAC>ED�ëð�vVCYKLNLN>EDFG�<"_baKaZ�xì�SyRBVXV=R��1Dbp�mfP�Y�wul@YKp@GHACVCYZOoDFGHYKV�AC>xJKDFGMLoD�n�YZq@q3AC>E?

ë j YKAC>EDbLF<~_baKcKaBìM0&(ïq3YZGHYKVCVCDbV=RK?KGHYKn�^FYK>�AC>uOoDFGHLoDb^}O+Y�OoGHACYK>E?BV=D7AC>�LNAõ���]YbPILkYKL+ACVXVCl@LoOoGHYZOoDbp�AC>�. A=?BlEGND�_bdf0

ÌÊ\EDb>�Y�LNq@GHAC>E?�ACL�^}RB>Es3GHn�DbpàmfP/ON\ED8AC>xOoDFGMLoDb^}ONA=RB>àGNRBlEONAX>EDK<5O��&R�>EDF�!LNlEm3LNq@GHAC>E?BL�YZGND�^}GHDbYZOoDbp

YZGNRBl@>3p�ON\ED�AC>uOoDFGHLoDb^}ONACRB>�q)RBAC>uO{YK>@p�VCAC>@�KDbp�m3YK^N��OoR8ON\ED�RKGHA=?BAX>@YKV�Loq@GMAC>E?E0�T�>�ON\ED�JKDFGHOoD}��OoR�JKDFGNOoD}�

^}RB>@p@ACONA=RB>~<]ON\ED8LNq@GHAC>E?�AXL�^}RKq3A=Dbp YK>@p�DbYK^M\¾JKDFGNOoD}�;óÝL�Loq3GHAC>E?�VCAXLoO�ACL�LoDFq3YZGHYZOoDbp m3YKLoDbp¾lEq)RB>���\@AX^H\

LNACp@D�RKS]ON\ED�qtYZGHYKVCV=DbV=RK?KGMYKnÒA=OvSrYKVCVCLF0�(->xP�OoGHACYK>E?BVCDbL{YKp��NYK^}Db>xO{OoR8ON\ED�Y��)Db^}OoDbp/Loq3GHAC>E?�YZGND�q3VXYK^}Dbp�RB>
Y�LNlEm~p@A=JIACLNA=RB>�VCAXLoOF0�("SyOoDFGvYKVCVULoq@GHAX>E?BL�\@Y�JKD�m;DFDb>�AC>uOoDFGHLoDb^}OoDbp~<)DbYK^M\�Y��)Db^}OoDbp�OoGHAXYK>E?BV=DzACL-LNlEm~p@ACJfACp@Dbp
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Edge to Edge Edge to Vertex Vertex to Vertex

Edge to Interior Vertex to Interior Partial Edge
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.UAC?BlEGND�_bdf0 i GHACYK>@?BV=DvAC>xOoDFGMLoDb^}ONA=RB>�O�Puq)DbLF0
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Intersection Spring
Subdivision

Triangle
Subdivision

Futher
Subdivision

. A=?BlEGND�_�¼u0 i GHAXYK>E?BV=D{LNlEm~p@ACJfACLHA=RB>~0

YKV=RB>E?�A=ONL+>@DF�éLNlEm3Loq3GHAC>E?BL5muP�SyRKGHn�AC>E?�Y�^}RBl@>xOoDFGM^FV=Rf^H�u�"ACLoDvVCACLoO1RKSUJKDFGNONAC^}DbL]S�GNRBnôA=ONL+>EDF�éLoq3GHAC>E?�VCACLoOF0

i \@AXLkJKDFGNOoD}�8VXACLoO�^FYK>8m)D�LoDFq3YZGMYZOoDbp8m)DFO��&DFDb>�AC>uOoDFGHLoDb^}ONA=RB>8q3YKA=GMLkOoR�LNlEm~p@A=JIACpED-ON\ED�OoGHACYK>E?BV=DK0�T�S�YZS�OoDFG

LNlEm~p@ACJfACLHA=RB>~<xY�wfl@YKpEGHAXVCYZOoDFGHYKV)ACL+S�RKGHn�Dbp�LNl3^H\#AC>�YK>#DbpE?KDvOoR�DbpE?KDz^FYKLNDK<3A=OkACL+LNl@m)p3A=JfAXpEDbp�RB>@^}D�YZ?BYKAC>

YKV=RB>E?�ACONLkp@ACYZ?KRB>@YKVgOoR�?KDb>EDFGHYZOoD�OQ�1R�LNlEm3OoGHACYK>E?BV=DbLb0

2"DF��V=P�^}GNDbYZOoDbp�AC>xOoDFGMA=RKG{Loq@GHAX>E?BLvn�l3LoOz^}RBn�q3l@OoD�ON\EDbA=GvGNDbLNOzV=Db>E?KON\�JKDb^}OoRKGMLzON\EGHRBlE?B\�JKDb^}OoRKG�YKpIè

p@A=ONACRB>8RKS]ON\ED�YKpZ�oYK^}Db>uOzJKDb^}OoRKGHL���A=ON\3AC>�ON\@DbA=G{OoGHACYK>@?BV=DK0�(�S�OoDFG�YKVCV OoGMACYK>E?BV=DbLv\@Y�JKD�m)DFDb>�LNlEm~p@ACJfACp@Dbp~<

LoONAk�~>EDbLNLU^}RfDF��^FA=Db>uONL�S�RKG DbYK^H\�>EDF�"V=Pv^}GNDbYZOoDbp�Loq@GHAX>E?�ACLU^}RBn�q3lEOoDbp�m3YKLoDbp�lEq)RB>zON\EDbA=G YKp��oYK^}Db>uO�LNlEGNSrYK^}D
YZGNDbYI0�. A=?Bl@GND8_�¼�ACVCVCl3LoOoGHYZOoDbLvON\ED�LoOoDFq3L�RKS+ON\ED�LHlEm~p@A=JIACLNA=RB>�q@GNRI^}DbLNLF089EAC>@^}D�ON\ED�pEGHY���AC>E?#q3GNRf^}DbLHLoDbL

YZGND7AC>�qtYZGHYKVCV=DbVEOoR�ON\ED7^}RBn�q3lEONYZONACRB>�q@GHRf^}DbLNLb<uON\ED-pEDFOoDb^}ONA=RB>�RKS`>EDF�¾OoGHACYK>@?BV=DbL5n�l@LoO&m;D-LoPI>@^H\EGHRB>@A=òFDbp

��A=ON\�ON\ED-m)DF?BAC>@>@AC>@?{RKSgON\ED7pEGHY���AC>E?�^}Pf^FV=D7mfP�pERBlEmtV=D�m3l.�;DFGNDbp�ON\EDbA=G]YK^}ONA=JKDv÷3YZ?E0�. A=?Bl@GND�_bc�LN\@R���L]Y
LoDbwflEDb>@^}DkRKS)LN^}GNDFDb>�ACn�YZ?KDbL�RKS)ON\ED�m3VCYKpED+^FlEOoONAC>@?{Y{LNACn�qtV=D1LHlEGNSrYK^}DK0UT�>�ON\EDbLND�ACn�YZ?KDbLF<uON\ED+GNDbp�RBl@ONVCAC>ED

ACL]ON\ED�^FlEGNGNDb>uO+q3YZGHYKVCVCDbV=RK?KGHYKn���\@AXV=D7ON\EDvq3lEGNqtV=D-VXAC>EDvAC>@p@AX^FYZOoDbL]ON\EDz>ED}�IO+q3YZGHYKVCVCDbV=RK?KGHYKn�óÝL+q)RBLNACONA=RB>~0
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(½l@>@ACwflED7LNA=ONl@YZONACRB>�YZGHACLoDbL+�"\EDb>�Y�OoGHACYK>E?BVCD7AXL+q3YZGNONACYKVXV=P�AC>uOoDFGHLoDb^}OoDbp~<@LHl@^H\#YKL�AC>�ON\ED{^FYKLoD{�"\EDFGND

ON\ED�^FlEOoONAC>E?/q3YZON\�m)DF?BAC>@L�RKG�Db>@p3L���A=ON\3AC>�Y�OoGMACYK>E?BV=DKóÝL�AC>xOoDFGMA=RKGb<]RKG��"\EDb>�Y�LNlEGNSrYK^}D�LNV=RKq)DbL�Yb�]YbP

S�GNRBnÎON\ED#^FlEOoONAX>E?�q3YZGHYKVCVCDbV=RK?KGHYKn�0àT�>àON\@ACL�^FYKLoDK<+Y�OoGHAXYK>E?BV=D���ACVCV1RB>@VCP/\@Y�JKD#RB>ED#DbpE?KD#AX>xOoDFGHLNDb^}OoDbp

LoR�Y8n�YZON^M\@AC>E?�AC>uOoDFGHA=RKG�AX>xOoDFGHLNDb^}ONA=RB>/n�l@LoO�m)D�^}RBn�q3lEOoDbpg0 i \@ACLz^FYK>em)D�p@DFGHA=JKDbp�mfP�s@GHLNOzV=RI^FYZONAC>E?

ON\ED�RKq@q)RBLNACOoD�Dbp@?KD#SyGHRBn¤ON\ED#AC>uOoDFGHLoDb^}ONA=RB>��"\@AC^H\�\3YKL�Y�J�YKVXACp�q3VCYK>ED�AC>uOoDFGHLoDb^}ONA=RB>g<5m3lEO�YK>�AX>xJZYKVCACp

wfl@YKpEGHACVXYZOoDFGHYKVEAC>uJKDFGHLoD�n�YZq3q3AC>E?{^}RfRKGHp@AC>3YZOoDbLF059IAC>@^}D+ON\ED"m)RBl@>@p@YZGNP�RKS~ON\EDkq3YZGMYKVCV=DbV=RK?KGHYKn¡VCA=DbL�YZO&òFDFGNR

RKG�RB>@DzAC>�q3YZGHYKn�DFOoGHAC^vLoq3YK^}DK<tON\EDzAC>uOoDFGHLoDb^}ONACRB>�q3YZGHYKn�DFOoGMAC^{^}RfRKGHp@AC>@YZOoDbL�^FYK>#m)D{VCAC>EDbYZGMV=P�AC>uOoDFGNq)RBVCYZOoD

OoR�ON\ED7RKq@q)RBLNA=OoD-DbpE?KDKóÝLk^}RfRKGHp@AX>@YZOoDbLF0 i \@AXL&pEDFGMA=JKDbL1ON\EDvAC>xOoDFGMA=RKG]q;RBAX>xO1q)RBLNA=ONA=RB>�AC>�q3YZGHYKn�DFOoGMAC^"LNq3YK^}D

��\@AX^H\¾ON\EDb>î^FYK>îm)D�^}RB>xJKDFGHOoDbpïAC>uOoR�[]YZGNOoDbLNACYK>îLNq3YK^}DK0À¶7>@^}D�ON\ED�AC>uOoDFGHA=RKG�AC>uOoDFGHLoDb^}ONA=RB>Êq)RBAC>uO�ACL

pEDFOoDFGHn�AC>EDbp~<�ON\ED5RKGHAC?BAC>@YKVKOoGHAXYK>E?BV=D�^FYK>�m;D&LNlEm~p@A=JIACpEDbp-AC>uOoR�ON\EGNDFD&LNlEm@OoGHAXYK>E?BV=DbL~ON\EGHRBlE?B\{ON\@AXLgV=RI^FYZONA=RB>~0

i \@GNDFD�>EDF��AX>xOoDFGH>3YKV�Loq@GHAC>@?BL7SyGNRBnÒON\ED�RKGHA=?BAX>@YKV JKDFGNONAC^}DbLzOoR�ON\ED�AC>uOoDFGHA=RKGzq;RBAX>xOv��AXVCVUm;D�^}GHDbYZOoDbp

p@lEGMAC>E?zON\3ACL5q3GNRf^}DbLHLF0�|-DFOoDFGHn�AC>@AX>E?�ON\@D-GHDbLoO+V=Db>E?KON\�JKDb^}OoRKGHL+S�RKG+ON\EDbLoDv>EDF�îLoq@GMAC>E?BL1n�l@LNO1m)D7pERB>ED7AC>

OQ�1R�LoOoDFq3LF0 i \ED+s3GHLoO5LoOoDFq�ACL�OoR�q@GNR��oDb^}O5RB>EDkRKS~ON\@D�>EDF� AX>xOoDFGHACRKG5Loq@GHAX>E?BL ON\EGNRBlE?B\�ON\ED�Db>uONA=GNDkOoGMACYK>E?BV=D

YK>@p�LNRBV=JKD�SyRKG�A=ONL�OoRKONYKVkGHDbLoO�V=Db>E?KON\�SyGNRBnÉON\ED�RKGHA=?BAC>3YKV+Loq@GHAC>@?BLF0�¶v>@^}D#ON\ED#^}RBn�qtV=DFOoD#GNDbLoO�V=Db>E?KON\

S�RKG"ON\@AXL�D}�IOoDb>@pEDbp8DbpE?KD�ACL�^}RBn�q3lEOoDbp~<)A=O7^FYK>�m)D�^FVXA=q@q)Dbp�m3YK^H��OoR�A=ONL�RKGMA=?BAC>@YKV�LNA=òFDK0 i \EDzGNDbn�YKAC>@AC>E?

AC>uOoDFGH>@YKV Loq@GMAC>E?BL-^FYK>�ON\EDb>�m)D�LoRBVCJKDbp�>ERKGHn�YKVCVCP�ON\EGNRBlE?B\�JKDb^}OoRKG�YKp3p@A=ONA=RB>8RKS5ON\EDbACG7>@DbA=?B\xm)RKGHLb0 i \ED

LNlEm3OoGHACYK>E?BV=D-��\@AX^H\�^}RB>uONYKAC>@LkON\@DvRKGHA=?BAC>@YKV)JZYKVCACp�AX>xOoDFGHLNDb^}ONA=RB>#^FYK>�ON\EDb>#m;D{LHlEm~p@A=JIACpEDbp�AX>xOoR�O��&R�LoDFqEè

YZGHYZOoD�LNlEm3OoGHACYK>E?BV=DbL�AC>eRKGHpEDFG�OoR�^FV=RBLoD�RKG�RKq;Db>/ON\ED�^FlEOoONAC>@?�m)RBl@>@p@YZGHPK0�. A=?BlEGHD�_ba�ACVCVXl@LoOoGHYZOoDbLzON\@ACL

q@GNRI^}DbLNLF0
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First Subdivision
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Partial Intersection

Second Subdivision
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Parallelogram’s
Parametric Space

. A=?BlEGND�_baf05T�>uOoDFGHA=RKG�LNl@m)p3A=JfAXLNA=RB>~0

Á)üCágüCÁ~ü�¯@üXÁ È~ýe @
 � ��� §G��¨7 @¨
9fq)Db^FACYKVE^FYKLNDbL�RI^F^FlEG���\EDb>�Y{q3YZGHYKVCV=DbVCRK?KGHYKn �ol3LoO ?KGHYZòFDbL&YvLNq@GHAC>E?7RKG�OoGMACYK>E?BV=DK0UTW>�ON\EDkLoq@GHAX>E?v^FYKLoDK<

RB>@V=P�RB>ED�AC>xOoDFGMLoDb^}ONA=RB>�q)RBAC>uOzACL{?KDb>EDFGHYZOoDbp~08�-GMYZòFDbpeOoGHAXYK>E?BV=DbLzYZGHD�LNlEm~p@ACJfACp@Dbp8AC>e\@YKV=S1��A=ON\eY�>EDF�

AC>uOoDFGHA=RKG+Loq@GMAC>E?E0�(ïOoGMACYK>E?BV=D7ACL+^FYZOoDF?KRKGHA=òFDbp8YKL+?KGHYZòFDbp��"\EDb>�ON\EDvq3YZGHYKVCVCDbV=RK?KGHYKn�óÝL+AC>uOoDFGHLoDb^}OoDbp�V=Db>E?KON\

ACL�V=DbLNL{ON\3YK> _F�l" RKS+ON\ED�OoRKONYKV&q3GNR���Db^}OoDbpàV=Db>@?KON\~0�TW>/Y�JKDFGHOoD}�/AC>uOoDFGHLoDb^}ONA=RB>�^FYKLoD�A=S+Y�>EDbA=?B\um)RKGHAC>E?

OoGHACYK>@?BV=D�AXL"RB>3V=P�?KGHYZòFDbp�ON\EDb>�ON\ED�AC>uOoDFGHLoDb^}ONA=RB>�ACLv^FYK>@^}DbVCDbp~0�. A=?BlEGHD�hZ��ACVXVCl@LoOoGHYZOoDbL-Y�?KGHYZòFDbp�LNq@GHAC>E?

^}RB>@p@ACONA=RB>�m)DFSyRKGND{YK>3p#YZSyOoDFG"q@GNRI^}DbLNLNAC>@?E0
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Before After

. A=?Bl@GNDzhZ�I01�-GHYZòFDbp�Loq@GMAC>E?E0

Á)üCágüCÁ~üXÁ È���
Bÿ � ��� §_�gÿ�ÿO ��
i \@D8LNl@^}ONACRB> ^FlEOoOoDFG�LNAXn�l@VXYZOoDbL�n�YZOoDFGHAXYKV�GNDbn�R�JZYKV�mfP�YZOoOoGHYK^}ONAC>@?�>EDbYZGHmuP�JKDFGNONAX^}DbL�OoR��1YZGMp@L�A=ONL

RKq)Db>@AC>E?vYK>@p�ON\@Db>�^FVCA=q@qtAC>E?-ON\EDbn���\EDb>�ON\@DFP�YZGHD+OoRuRz^FVCRBLoDK0�2�RvqtlEm3VCACLH\EDbp�YKVC?KRKGHA=ON\@n�\@YKL5LNACn�l@VCYZOoDbp

ON\@ACL]qtYZGNONAC^Fl@VCYZGkAX>@LoOoGHl@n�Db>xOF0 ¢�DFGNONAC^}DbL"YZGNDzpEGMYb��>�OoR�ON\@D{^FlEOoOoDFGbóÝLkRKq)Db>@AX>E?���A=ON\�YK>#YZOoOoGHYK^}ONACRB>#S�RKGH^}D

Srl@>@^}ONA=RB>8��\@AC^M\�ACL"YKLHLNA=?B>EDbp�OoR�YKVCV AC>uOoDFGHLoDb^}ONAC>E?�JKDFGNONAC^}DbL{��A=ON\@AC>8A=ONL7LNlEGNGHRBl@>@p@AC>@?�\EDbn�ACLoqt\EDFGNDK0 i \ED

YZOoOoGHYK^}ONA=RB>¾S�RKGH^}D�n�YZ?B>@A=ONl@p@D�ACL�LH^FYKV=Dbp�mfP�ON\ED8YK>@?BV=D�m)DFOQ�1DFDb>¾ON\ED8p3A=GNDb^}ONA=RB>�SyGNRBnöJKDFGNOoD}��OoR�ON\ED

^FlEOoOoDFGbóÝL-RKq)Db>@AC>@?�YK>@p8ON\ED�^FlEGNGNDb>uO-LHl@^}ONA=RB>�p@A=GNDb^}ONA=RB>g0k¢�DFGNONAC^}DbLvYZGND�^FVCA=q3q;Dbp#��\EDb>8ON\EDFP�AC>uOoDFGHLoDb^}OvY

LNn�YKVXV=DFG�>EDbLoOoDbp�GNDbn�R�J�YKV�\EDbn�ACLoqt\EDFGNDvAC>@LNAXpED7ON\EDzYZOoOoGHYK^}ONA=RB>8s@DbVCpg05¢�DFGNOoD}�#GNDbn�R�JZYKV`ACL"LNACn�ACVXYZG1OoR�ON\ED

^FlEOoONAC>@?�YKV=?KRKGMA=ON\@n D}�I^}DFq@O�>ER�pERBlEmtV=D�AC>uOoDFGHLoDb^}ONACRB>eJKDFGNONAX^}DbL�YK>@p�DbpE?KDbL�YZGND�>EDFDbpEDbp~0�9IlEm@OoGMACYK>E?BV=DbL

^}RB>uONYKAC>@AC>E?�ON\EDvAC>uOoGHl@p@AX>E?{JKDFGNONAC^}DbL+YZGHD-RB>3V=P�^}RBn�q3l@OoDbp�S�RKG]ON\EDbA=G+l@>@p@DFSyRKGHn�Dbp�LNl@GNS�YK^}D7YZGNDbY���\3AC^H\�ACL

l@LoDbp#OoR�pEDb^}GNDbYKLoDzSyGNRBn!ON\EDvRKmI�oDb^}OFóÝL�OoRKONYKV�LNlEGNSrYK^}D{YZGNDbY�YK>3p�n�YKLNLF0�TWS Y�JKDFGNOoD}��D}�IACONL+ON\EDzYZOoOoGHYK^}ONACRB>

\EDbn�AXLoq3\EDFGNDK<�ON\ED�S�RKGH^}D�S�l@>3^}ONA=RB>�ACLzGNDbn�R�JKDbp�S�GNRBn ACO�YK>@p/Y�LNn�YKVXV�GNDFJKDFGHLoD�S�RKGH^}D�ACL�YKp@pEDbpeOoR8LNV=R��
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Attraction
 Field

Removal
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. A=?Bl@GNDzhI_Z0]9Il3^}ONA=RB>�^FlEOoOoDFG"YZOoOoGMYK^}ONA=RB>�YK>@p#GNDbn�R�JZYKV`\@Dbn�ACLoq3\@DFGNDbLF0

A=ONL"n�RBn�Db>uONl@n�0k. A=?BlEGND�hI_�ACVXVCl@LoOoGHYZOoDbLkON\ED�^FlEOoOoDFG�óÝL"\EDbn�ACLoq3\EDFGHDbL+��\@ACVCD{.UAC?BlEGND�hKh�LN\ER���L�YKVCV`RKS�ON\ED

q)RBLNLNA=mtV=D-AX>xOoDFGHLNDb^}ONA=RB>#^FYKLoDbL�SyRKG�Y�OoGHACYK>E?BV=Dv�"A=ON\�ON\ED{LNl@^}ONACRB>#^FlEOoOoDFGbóÝL�GNDbn�R�JZYKV`\@Dbn�ACLoq3\@DFGNDK0

¶7>@D�q@GNRKmtV=DbnÒDb>@^}RBl3>xOoDFGNDbp���ACON\�ON\@ACL�YKV=?KRKGHA=ON\3n ACL�ON\@YZO�Y8VCYZGH?KD�>fl@nzm)DFG�RKS�>EDF�¡JKDFGHONAC^}DbL�YZGND

?KDb>EDFGHYZOoDbp���ACON\eLNn�YKVXV�n�YKLNL�J�YKVXlEDbLF0�ÌÊ\EDb>�ON\EDbLND�>EDF��JKDFGNONAC^}DbL�YZGND�YK^F^}DbV=DFGHYZOoDbpàmfP�ON\@D�LNl3^}ONA=RB>~óÝL

YZOoOoGHYK^}ONA=RB>�s@DbVCp~<5ON\EDFP�n�YZ�KD�VCYZGN?KD�q)RBLNA=ONA=RB>3YKVg�Nl@n�qtL�R�JKDFG�Y�LNAX>E?BV=D�ONACn�D�LoOoDFqg0�(-V=ON\ERBlE?B\àON\3ACL�ACL

ON\ED�^}RKGNGNDb^}Ozm)Db\@Y�JfACRKG{SyGHRBnÒON\ED�AC>xOoDF?KGMYZONA=RB>�GNRBl@ONAC>EDK<�ACOzACL{\@AC?B\@V=P�l@>@pEDbLNACGHYZm3V=D�SyRKG�ON\ED�LNONYZm3ACVCA=O�P8RKS

ON\ED{LoPILoOoDbn�0 i R�^}RKGHGNDb^}O�ON\@AXL]m;Db\3YbJIA=RKGb<EVCYZGN?KDzYK^F^}DbVCDFGHYZONA=RB>@L"YZGND{^FVCYKn�q)Dbp�OoR�Y�n�Y��IACn�l@nôYKVCVCR��]YZm3V=D

JZYKVClEDK0à¶v>@V=P�ON\ED�n�YZ?B>@ACONl@pED�ACL�D9�;Db^}OoDbp�muP/ON\@ACL�q@GNRI^}Dbp@lEGHDK<�ON\ED�YK^F^}DbV=DFGHYZONA=RB>�p3A=GNDb^}ONA=RB>��]YKL�>ERKO
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Case 1 Case 2 Case 3

Case 4 Case 5

. A=?BlEGNDzhKhf0+9Il@^}ONA=RB>�^FlEOoOoDFG-AC>uOoDFGHLoDb^}ONA=RB>#^FYKLNDbLF0

YKV=OoDFGNDbpg0Ç9IAC>@^}D�>@DF�ÀJKDFGNONAC^}DbL�YZGND�?KDb>EDFGHYZOoDbp RB>�ON\@D�m)RBl@>@p@YZGHP/RKSvON\ED8GNDbn�R�J�YKV-\EDbn�ACLNq3\EDFGNDK<1ON\ED

n�Y��oRKGHA=O�P�RKS;ON\@Dbn¡��AXVCVfm;D�GNDbn�R�JKDbp�AC>�ON\ED">ED}�IO�ONACn�DkSyGMYKn�D"YKL&ON\EDFP�YZGND"p@GHYb��>�AC>�mfP�ON\ED"YZOoOoGHYK^}ONACRB>

s@DbVCpg0

Á)üCágüCÁ~üCÐ ª � 
���� ê ����
# uý�¨
i \@Dzq3AC^H�#YK>@p8SyRKGH^}DFqtL-YZGHD�q@GMACn�YZGHACVCP�l@LoDbp8OoR�DbV=DFJ�YZOoD�ONACLNLHlEDK0 i \@D�VCA=?B\uO�q3GNRKm)DzACL-^}RBlEq3V=Dbp���A=ON\

ON\ED�q3AC^H����\@ACVCD�Y�SyRKGH^}DFqtL�AXL�Y�J�YKACVXYZm3V=D�YKL�Y8?KDb>EDFGHYKV1RKq)DFGHYZONA=JKD�AC>3LoOoGHl@n�Db>uOF08$1RKON\�\@Y�JKD�ON\ED�LNYKn�D

Srl@>@^}ONA=RB>@YKVXA=OQPK0�ÌÊ\EDb>�DbA=ON\@DFGkRB>ED{AC>uOoDFGHLoDb^}ONL"Y�LNlEGNSrYK^}DK<@YKVCVgLHlEGNSrYK^}DvJKDFGNONAC^}DbLk�"A=ON\@AC>�Y�LNn�YKVCV)AC>xOoDFGMLoDb^ è

ONA=RB>8Loq3\EDFGND�YZGNDzVCAC>@�KDbp�OoR�ON\ED�AC>@LoOoGMl@n�Db>uOFóÝL+q)RBLNA=ONA=RB>�YK>@p8n�R�JKD���A=ON\�A=O�YKL"ON\EDzAC>@LNOoGHl@n�Db>uOkn�R�JKDbLb0

2"DbYZGNmuP�JKDFGNONAX^}DbL�GNDbYK^}O�mfP�ON\EDkS�RKGH^}Dkq@GNRKqtYZ?BYZONA=RB>�RKS;ON\EDbA=G5LN\3YZGNDbp�Loq@GHAX>E?BLF0�. A=?Bl@GND�hK¹vLN\ER���L�Y{LH^}GNDFDb>



¿Z�

ACn�YZ?KD�RKS&ON\ED�S�RKGH^}DFq3L�AC>@LoOoGMl@n�Db>uO"DbV=DFJZYZONAC>E?8Y�^FlEO{m)RBl@>@p@YZGHPK0 i \@D�VCA=?B\uOvq@GNRKm)D��1YKL{AXn�q3V=Dbn�Db>uOoDbp

��A=ON\�Y-V=Rf^FYKVIVCAC?B\xOULoRBlEGH^}D1RKG ��A=ON\�ON\ED1l3LoD&RKS3q@GNR��oDb^}OoDbp�OoD}�fONlEGHD1n�YZqtL]ëð9IDF?BYKVuDFO�YKV�0=<I_baKaKhBì�OoR7q@GNRIp@l@^}D

Loq)RKONVCA=?B\uO+YK>@p#LN\3YKpER���AX>E?�D9�;Db^}ONLF0
i R{ACn�q3VCDbn�Db>xO�SyGMYK^}ONlEGNDbLF<xY7Loq3GHAC>E?7ACL LNlEm~p@A=JIACpEDbpzAC>xOoR7O��&R{pEDFONYK^M\EDbp�LNl@m3Loq@GHAX>E?BL`A=StA=O�ACL LoOoGNDFON^H\@Dbp

m)DFPKRB>@p�Y�LoDFO+OoRBV=DFGMYK>@^}D{YKLNLNA=?B>@Dbp�OoR�ON\ED{LNlEGNSrYK^}DK0 i ACLHLNlED-SyGNRBn�ON\@D{\ul@n�YK>�GHDFONAC>@Y�^FYK>�m)DvLoOoGNDFON^H\@Dbp

S�GNRBnï¹K¿#"éOoR"¿K¿#"îRKSEA=ONL`V=Db>E?KON\vm)DFS�RKGND�OoDbYZGHAC>@?�ë�6�AX^H\EDbVCLgDFO�YKV�0=<x_baKaZ�xìM0 i DbYZGHAC>@?kACLgYZ?BYKAC>�LNACn�ACVXYZG;OoR"ON\ED

^FlEOoONAC>@?�YKV=?KRKGHA=ON\3né��A=ON\zLoRBn�D5D}�E^}DFq@ONA=RB>3LF0�ÌÊ\EDb>�Y�Loq@GMAC>E?+GNDbYK^M\EDbL�ACONL`VCACn�A=OF<bOQ�1R7>EDF�/LNl@m3Loq@GHAX>E?BL~YZGND

^}GNDbYZOoDbp�YZm)RBlEO�A=ONLk^}Db>uOoDFG-��A=ON\�O��&R�AC>@pEDFq)Db>@p@Db>xO1SyGMYK^}ONlEGND{JKDFGNONAX^}DbLF0+(�?BYKAC>g<3YK>xP#YKpZ�oYK^}Db>uO�OoGHAXYK>E?BV=DbL

OoR{ON\EDkLNq@GHAC>E?vYZGND+qtVCYK^}Dbp�RB>�Y{LHlEm~p@A=JIACLNA=RB>�VCACLoOF0U(�S�OoDFG&YKVCVELNq@GHAC>E?BL \@Y�JKD�m)DFDb>�lEq~p@YZOoDbp~<KDbYK^M\�OoGMACYK>E?BV=D

RB>�ON\ED{LHlEm~p@A=JIACLNA=RB>�VXACLoO]ACL+p@A=JIACpEDbp�YK^F^}RKGHp@AC>@?�OoR�ON\ED{>ul3nzm)DFG+RKSUSyGHYK^}ONl@GNDbLF0�TWS`ON\EDvOoGHAXYK>E?BV=Dv\@YKL+RB>@VCP

RB>ED"SyGHYK^}ONl@GND�Loq@GMAC>E?vON\EDb>�A=O5ACL�LHlEm~p@A=JIACpEDbp�AC>xOoR�OQ�1R�LHlEm@OoGHACYK>@?BV=DbLF<KmfP�^}RB>3>EDb^}ONAC>E?�ON\EDkS�GHYK^}ONlEGND"q;RBAX>xO

OoR-ON\ED&JKDFGHOoD}��V=RI^FYZOoDbp�RB>zON\ED1OoGHACYK>@?BV=DKóÝL`RKq3q;RBLHA=OoD&LNAXpEDK0`TWSEON\ED1OoGHACYK>E?BV=D1\@YKL�OQ�1R-S�GHYK^}ONlEGHDbpzDbpE?KDbLb<KON\EDb>

A=O ACLUq@GNRI^}DbLNLoDbp�ACpEDb>uONAC^FYKVCVCP-OoR7ON\ED+^FlEOoONAX>E?-YKVC?KRKGHA=ON\@n�0 i \EGHDFD&S�GHYK^}ONlEGNDbLU�1RBl@VCp�LNlEm~p@A=JIACpED�ON\@D1OoGMACYK>E?BV=D

AC>uOoRzS�RBlEG&LNDFq3YZGHYZOoD-OoGHACYK>E?BV=DbL5��A=ON\�ON\ED"^}Db>uOoDFG]OoGHACYK>E?BV=D"m)DbAC>E?{^}RBn�q3VCDFOoDbV=P�pEDFONYK^H\@Dbp�S�GNRBn¡ON\ED"RKON\@DFGHLF0

. A=?BlEGNDzh�¸�ACVCVCl@LNOoGHYZOoDbL+Y�q)RBLNLNA=m3VCD"S�GHYK^}ONlEGND�^}RB>@p@A=ONA=RB>�YK>3p�A=ONL+GNDbLNl3V=ONAC>E?�OoGHACYK>@?BV=Dv^}RB>Es@?BlEGHYZONACRB>~0

Á)üCágüCÁ~ü=Ü µ=��� � ����
� ´� @ ��)�	 
$1DFS�RKGND�pEGHYKAC>@AX>E?�OoGHYZq@q)Dbp8÷3l@ACp8l@>@pEDFGM>EDbYZON\8Y�GNDFONAX>@YKV`OoDbYZG�<gY�÷tl@ACpIèð?BYKL"D}�I^M\@YK>E?KD�ACL"q)DFGNS�RKGHn�Dbp

OoR�GNDbn�R�JKD�YK>uP�÷3l3ACpeAC>eON\ED�JfA=OoGHDFRBl@L�^M\@YKn�m;DFG�YZm)R�JKD�ON\ED�OoDbYZGb0�(-V=ON\ERBlE?B\�^}RBn�q3lEONAX>E?�ON\ED�D}�EYK^}O

m)RBl@>@p@YZGHP�m)DFOQ�1DFDb>#ON\EDz?BYKL�YK>@p�÷tl@ACp�GNDF?BA=RB>3Lk^FYK>@>ERKOkm)D{pERB>@DzAC>�Y�GNDbYKLNRB>@YZm3V=DzYKn�RBl@>xO�RKSUONAXn�DK<3Y

\EDbA=?B\uO+GHYKn�q�S�l@>3^}ONA=RB>�m3YKLoDbp#l@q;RB>�ON\@DGÞ�^}RuRKGMp@AC>@YZOoDz^FYK>�YZq@q@GNR��IACn�YZOoD{OQ�1R�GNDF?BACRB>@L]��A=ON\�p@A+�;DFGNDb>uO
AC>uOoGHYZRI^Fl@VCYZGzq3GNDbLNLNlEGHD�YK>@p/JfACLH^}RBLNA=OQP�JZYKVClEDbLb0#Ì¾\@Db>eON\ED�>EDFDbp@V=D�ACLzYK^}ONACJ�YZOoDbp���A=ON\3AC>�ON\ED�^H\@YKn�m)DFGb<
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. A=?BlEGNDzh�¸E01.EGHYK^}ONlEGHD{D}�IYKn�q3V=DK0

A=ONLRÞÊ^}RfRKGHp@AX>@YZOoD#ACL�^}RBn�q3YZGHDbp�OoReY�?BV=RKm3YKVk÷3l@ACp�V=DFJKDbV+JZYZGHACYZm3VCD�ON\3YZO�ACL�AC>@ACONACYKVCA=òFDbpeOoR�ON\ED�OoRKq�RKS

ON\ED�^M\@YKn�m;DFG�0�TWS1ON\@D�>EDFDbp@V=DKóÝL{q;RBLHA=ONA=RB>�ACL{VCR��1DFGzON\@YK>eON\@ACLvJZYKVClEDK<gON\@Db>�ON\ED�÷tl@ACp�V=DFJKDbV�JZYZGHACYZmtV=D�ACL

pEDb^}GNDbn�Db>xOoDbp�S�RKG�DbYK^M\àONACn�D�LNOoDFqàl3>xONACV&A=OzGHDbYK^H\EDbL�ON\ED�>EDFDbp@V=DKóÝL�^FlEGNGHDb>xO�q;RBLHA=ONA=RB>~0#(ôOoGMYK>@Loq3YZGNDb>uO

q3VCYK>@D"JIACLNl@YKVXV=P�AC>@p@AC^FYZOoDbL1ON\EDv^FlEGHGNDb>xO]q)RBLNA=ONACRB>�RKS`ON\@D-÷tl@ACp�m;RBl3>@p@YZGNP���ACON\@AC>�ON\@D7^M\@YKn�m;DFG�0�|-l@GHAC>E?

AC>uOoDF?KGHYZONA=RB>~<gAX>xOoGHYZRI^Fl@VCYZG7q@GHDbLNLNlEGND�YK>@p�JIACLN^}RBLNA=O�P�S�RKGH^}D�S�l3>@^}ONA=RB>@L7^FYK>�pEDFOoDFGHn�AC>ED�Y�JKDFGHOoD}�;óÝLvGHDF?BA=RB>

mfP�^}RBn�qtYZGHAC>E?�A=ONL!Þ�^}RuRKGMp@AC>@YZOoDv��ACON\�ON\ED{^FlEGNGNDb>uOk÷3l3ACp�V=DFJKDbV~JZYZGHACYZm3V=DK0
i R�LHACn�l3VCYZOoD�OoGHYZq3q;Dbp�÷3l@AXp�l@>@pEDFGM>EDbYZON\�Y�GNDFONAC>@YKVtOoDbYZGb<EY�pEDFONYK^H\@n�Db>xO]S�RKGH^}D"Srl@>@^}ONACRB>�q3l@VXVCL�Y�LoDFO

RKS`GHDFONAC>@YKVtJKDFGNONAC^}DbL+OoR��1YZGHp�ON\@D7^}Db>uOoDFGkRKSgON\@D-JIA=OoGNDFRBl3L1^M\@YKn�m;DFG�0�Ì¾\EDb>�ON\@D7>@DFDbp@V=D7ACL&l3LoDbp�OoR�pEGHYKAC>

Y{OoDbYZG�<IACO5^H\EDb^H�fL1OoR�LoDFD"ACS)YKVXV@RKSgA=ONL&AC>xOoDFGMLoDb^}ONAC>E?�JKDFGNONAC^}DbL1YZGND-YZm)R�JKD"ON\ED-^FlEGNGNDb>uO�÷3l3ACp�GNDF?BA=RB>g<xRKG1DbVCLoD

pEGHYKAX>@YZ?KDk��ACVXVf>@RKO5ONYZ�KD�qtVCYK^}DK0�T�S)LoRE<fON\EDb>�ON\ED-pEDFONYK^H\3n�Db>xO&SyRKGM^}D�Srl@>@^}ONA=RB>~óÝL5n�YZ?B>@A=ONl@p@DkACL�pEDb^}GNDbYKLNDbp

DFJKDFGNP�ONACn�D{LNOoDFq���\@AXV=D"ON\@Dz>EDFDbp@V=DvACL�YK^}ONA=J�YZOoDbp8l@>uONACV)ON\ED{n�YZ?B>@ACONl@pEDvGNDbYK^M\EDbLkòFDFGNRE0
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Á)üCágüCÁ~üXÞ Ä���¨7 @�
i \@D�VXYKLoDFG#AC>@LoOoGMl@n�Db>uO�YKp@\@DFGNDbL�ON\ED�GNDFONAC>@Y�OoR�ON\ED�^M\ERKGNRBACpÊq3GNR�JIACp@AC>@?/A=O�pERfDbL�>ERKO#\@Y�JKDeYK>xP

D}�IOoDFGH>@YKV;SyRKGM^}DbL1YK^}ONAX>E?�l@q;RB>�A=OF0 i \ED-Y��;Db^}OoDbp�GHDFONAC>@YKVtONACLNLNlED-ACL5p@DbLoOoGNR�PKDbp�YK>3p�^M\@YK>E?KDbL]OoR�Y��"\@A=ONACLN\
^}RBV=RKGb0zTW>�ON\ED�LNACn�l@VCYZOoRKG�<;GHDFONAC>@YKVUJKDFGNONAC^}DbLvYZGND�LoDbVCDb^}OoDbp���A=ON\�Y�VCAC>ED�p@ACLoONYK>@^}D�GNRBl@ONAC>ED�m3YKLoDbp�RB>�ON\ED

VCYKLoDFG�óÝL�RKGHA=Db>uONYZONA=RB>�JKDb^}OoRKG�ëð�7VCYKLHLN>EDFGb<k_baKaZ�xìM0¾T�S-ON\ED#JKDFGHOoD}��ACL�>EDbYZG�ACONL�GNDbLoO�q)RBLNA=ONACRB>~<5ON\EDb>�A=O�ACL

÷3YZ?K?KDbp�YKL7sE�IDbp�LoR�ON\@YZO{A=O7^FYK>@>ERKO7m)D�AX>xOoDF?KGHYZOoDbpeYK>@p�A=ONL-OoD}�fONlEGHD�^}RfRKGHp@AX>@YZOoDbL7YZGND�YbJKDFGHYZ?KDbpe��A=ON\

RKON\EDFG{AC>uOoDFGHLoDb^}OoDbp�JKDFGNONAC^}DbLF0�T�S&ON\ED�JKDFGNOoD}��\3YKLvY�SyRKGH^}D�YK^}ONAC>@?�RB>�A=O-LHl@^H\�YKL7ON\ED�p@DFONYK^H\@n�Db>uOvS�RKGH^}D

ON\EDb> ON\ED�JKDFGNOoD}�¾ACL�A=?B>ERKGHDbp~0éTWSvON\ED�n�Y���RKGHACOQP�RKS{ON\@D�AC>uOoDFGHLoDb^}OoDbp¾JKDFGNONAX^}DbL�YZGHD8÷3YZ?K?KDbpÊYKL�sE�IDbp~<

ON\EDb>�Y�LNn�YKVCV���\@ACONACLN\�^FACGH^Fl@VCYZG-OoDbn�q3VCYZOoD�ACL"m3V=Db>3pEDbp��"A=ON\�ON\@D�GHDFONAC>@YKV�OoD}�fONlEGHD�n�YZq�YZOvON\@D�?KGNRBl@qgóÝL

YbJKDFGMYZ?KD7^}RfRKGHp@AX>@YZOoDbLF0�.ERKG]YKACn�AC>E?E<uY{?KGNDFDb>�q@GNR��oDb^}O5VCAC>@DkACL�pEGHY���>�S�GNRBn¡ON\ED�VCYKLoDFG�óÝL�ONA=q�OoRzON\EDkGHDFONAC>@YI0

. A=?BlEGND�hK¿�LN\ER��"L�Y�LN^}GNDFDb>àACn�YZ?KD�RKSkON\@D�VCYKLNDFG�AX>@LoOoGHl@n�Db>xOzYKp3\EDFGHAC>E?8YZGNRBl@>@p�Y�LNACn�l@VCYZOoDbp�GHDFONAC>@YKV

OoDbYZGb0
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. A=?BlEGHDzhK¿f05,`YKLoDFG-YKp@\EDFGHAX>E?�YZGNRBl@>@p�Y�OoDbYZG�0
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(-L�Y�s@GHLoOkLoOoDFq�AC>�DFJZYKVCl@YZONAC>@?�ON\ED�LNAXn�l@VXYZOoRKGb<@YK>�AC>3A=ONACYKV~LNlEGHJKDFP��]YKL"p@DbLNA=?B>EDbp�OoR�pEDFOoDFGHn�AX>EDvON\ED

LNACn�l@VCYZOoRKG�óÝL5OoGHYKAX>@AC>E?{q)RKOoDb>uONACYKVtSyRKG]RKq3\uON\@YKVCn�RBVCRK?KP�SyDbVCVCR���LF0 i R�ON\3ACL5Db>3p~<fY�LoDFO1RKSgS�RBlEG&JIA=OoGNDFRKGHDFONAC>@YKV

Loq)Db^FACYKVCAXLoONL"ë�ON\EGHDFD-LNl@GN?KDFRB>@L]YK>@p�RB>ED-YKp@J�YK>@^}Dbp�S�DbVCV=R��-ì��1DFGND7YKLo�KDbp�OoR�q@GNRI^}DbLNL1ON\EGNDFD7LNACn�l@VCYZOoDbp�LNlEGoè

?BAC^FYKV~^FYKLoDbL+YK>3p�ON\@Db>�GHYK>E��ON\EDvLNAXn�l@VXYZOoRKGbóÝL1OoGHYKAC>@AC>@?zq)RKOoDb>xONAXYKVtON\@GNRBlE?B\�Y�n�RIp@A=s@Dbp�[1RuRKq)DFGoè j YZGNq)DFG

LNlEGHJKDFPK0 i \@ACLzq@GNRI^}Dbp@lEGND�ACLzLNAXn�ACVCYZG{OoR�YK>�AC>@A=ONACYKV qtACV=RKOzLNl@GNJKDFP�YKp@n�AC>3ACLoOoDFGNDbp�AX>�÷3A=?B\uO�LHACn�l3VCYZOoRKGHLF0
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