
���������
	��
������������������	������
���! �"$#�%'&)(* ,+�&)-�%/.0-�.21
3 ���54768����9;:)�)<

=�>�?A@CB

D)E/FHGJI)E/K�LMF*EON�P)Q
RSF)LMQTI)E/QVUWNXK�YMZ)NXY�E/[
\ONXK^]WK
F�E/Q
_)QTE/F�NXF�]WLMK^NXK�Ia`ON�bMNXUWZ)NcF*]WLMK^]WKd\�e
D)E/F)fhg
ijI)E/K
L�F*E�F�k
EORSE/F
L�g)l^g*Rce
LMgmGne
o�Q
NclpNqI)]WNcYMQ
NcrsF�k
NcF
Rtk
LMl^RVF�k
EOQTE/UuNcF*]WLMK�R
v E/F�l^E/E/K�fhg i NcK
I,F*k�E�g�LMUWUuL�l^]uK�Y�RSZ v RSE/F�RALMg�fwg iyx

zXNcZ)F
i {S|~}�|�]WR0NnF�NXZ)F�LMUWLMYM��LMg2Gn�
z)k�i {S|~}�|�]WR0NnF�k�E/LMQTE/rpLMg)� iM�
DX��i {S|~}�|�]WR0UWLMYM]W�SNcUuUW��b�NXUW]WI$�
� L�K
F�QSi {S|~}�|�]WR0�SLMK�F�Q
NXI)]W�SF�LMQ��H�
zXQ�Z)E�i�� � {S|~}�|�]WR0F�Q
Z)EV]uKd\��
�MNXUWRSE i2� � {S|~}�|�]WR0g�NXUWRSEV]uKd\��
� NXF i�� ��� � {S|~}�|�]WR0RSNcF*]WRSP)E/I v �^`�]WKd\��
��K
RSNcF i2� ��� � {S|~}�|�]WR0K�LMFMRSNcF*]WRSP)E/I v ��`�]WKd\��

� LMZ�RSk�LMZ)UWI��tNXQTE/g�Z)UuUW��E/�X_)UWNc]uK��MLMZ)Q)NXK�RSl^E/Q�RS[Sg�LMQ)]WK
RSF�NXK��SE/[�YM]WbMEVF*k�E0K�NXrdE0LMg�RSLMrdE
QTE/RSZ)UWF�]uK^F�k�E�F*E/�cF v L�LM��F*k�NXF���Z)RtF*]WP)E/RAE/NX�Sk^L�g
F�k
E�QTE/UWNcF*]WLMK�RA]uK^F�k�E�I)]uNcYMQ
Ncr�e
� I)]WNXY�Q
NXrpLMg�F�k
E�QTE/UWNXF�]WLMK�R0�SNXK v EORSE/E/K�]WKj�M]WYMZ)QTEn�2e��)UWE/NcRSE�K
L�F*E�F�k
E�g�LMUWUWLMl^]WK
Y x

�c�^z)k
EjZ)K
]WbME/Q�RSE�LMgAl^g�Rce�]WRnI)]WbM]WI)E/I�]WK
F�L^F*k�LMRSE�g�LMQ
rdZ)UWNXE�l^k
]W�SkaNcQTE�RSNcF*]WRSP)E/I
]uK `�NcK
I F*k�LMRSE�l^k�]W�SkaNXQTE�K
LMFARSNcF*]WRSP)E/Id]WK�`�e � LMrdE�LMgAF*k�E/RSE�g�LMQ
rdZ)UWNXE�NcQTE
K
E/]WF�k
E/QHF*Q�Z)E�K
LMQAg�NXUWRSE�]WK^NnY�]ub�E/K^]uK�F�E/Q
_)QTE/F�NXF�]uL�KAe � L�K
RS]WI)E/QAg�LMQ�E/�cNXrd_)UWEnF�k
E
g*LMQ�rdZ)UuN¢¡�£*¤�¥A]uK¦F*k�E�]WK
F�E/Q
_)QTE/F�NXF�]WLMK�[)\�[)l^]WF�ka§©¨ª{�«�¬�­���NcK
Iab�NXUWZ)NXF�]WLMK
[H`�[
l^k
E/QTEO`M£�¤
¥0¨®«/[�`M£¯¡�£*«�¥�¥0¨±°aNXK�Id`M£¯¡�£�­S¥
¥0¨®²je�z)k�]WR0g�LMQ
rdZ)UWN�]WRARSNcF*]WRSP)E/I v �
`�]WK,\�[ v Z)F�]WF
]WR0K�LMFMF�Q
Z)E�]WKd\�e

³c�^z)k
E/QTE^NcQTE^g*LMQ�rdZ)UuNcE�l^k�]u�tkJNcQTE�F�Q
Z)Ej]WKaN^YM]WbME/K ]uK�F�E/Q
_)QTE/F�NXF�]uL�K
[ v Z)F$l^k
]W�Sk
NXQTE0K�LMF/UWLMYM]W�SNcUuUW�ObMNXUW]WI$e � LMK�RS]WI)E/Q
g�LMQME/�cNXrd_)UWE0F�k
EArdNXF�k
E/rdNcF*]W�SNcU'E/�c_)QTE/RSRS]WLMK
£W´2¤�¥S£µ´2¶X¥t£*¤5·®¶X¥�¸~¹�e�z)k
]WR�]WR�F*Q�Z)En]Wg0§º¨w»cNXUWUMK�NXF�Z)Q
NXU�K�Z)r v E/Q
RS¼c[ v Z)F�]WF)]WR
K
LMF�F�Q
Z)EV]ugA§p¨�»XNcUWU8]WK�F*E/Y�E/Q
RS¼2e

½c�^z)k
E�RtE/F)LMg�UWLMYM]W�SNcUWUu�^b�NXUW]WIag*L�Q
rdZ)UWNXE�NXK�IdF*k�E�RSE/F�LMg)F�k�E/LMQTE/rdR�NXQTE�F*k�E�RSNXrdE
RSE/F*R�¾*z)k�E � LMZ)K�I)K
E/RSR�z)k�E/LMQTE/r�¾��)QTLM_�¿�e Àc�XNcK
I�F�k
E � I)E/Á�Z)NX�S��z)k�E/LMQTE/r�¾��)QTLM_$e
¿�e ¿X�c�*��e

�



¿c�^z)k
E/QTEVNXQTE0UWLMY�]u�tNXUWUW�nbMNcUu]WI�g�LMQ�r�Z)UWNcEÂl^k�]W�Sk�NcQTE0K
L�FXF�NXZ)F�LMUWLMYM�MÃWRce � LMK�RS]WI)E/Q�g*LMQ
E/�XNXrd_)UWE�F�k
E�g�LMUWUWLMl^]WK
Y,bMNXUW]WIJg�LMQ�r�Z)UWN x £µ´2¤
¥t£ÅÄ�ÆÆ £�¤
¥dÇ £�Ä�ÆÆ £*¤�¥
¥�e�z)k
]WRng�LMQTÈr�Z)UWNV�SNXK�NXUWRSL v E0l^Q�]WF*F�E/K�NXR�£µ´2¤�¥�|¢[�l^k
]W�Sk�]uRH�SUWE/NXQ�Uu��K
LMFcN�F*NcZ)F*L�UuL�YM��]WK�Y�E/K
È
E/Q
NXUÉe

Unsat

Taut

True

LV=Th

Wf

Sat

False

Contr

�M]WYMZ)QTEO� x o�]uNcYMQ
Ncr

=�>�?A@CÊ

Ë�K^F*k�]WR�F�NXRS��l^Enl^]WUWUMF*Nc�ME�N��SUWLMRSE/Q0UWLML���NXF)F�k
E�]WK�F*E/Y�E/Q
RVr�L�I)Z)UuLjÀX[�ÌqÍ�e�Ë�K5LMQTI)E/Q0F�L
I)L�RSL�l^E�l^]WUWUXI)E/P)K�E�N�P)Q
RtFMLMQTI)E/QAUWNXK�YMZ)NXYMEVF�k
NcF8]WR0Nc_)_)QTLM_)Q
]WNcF*E0g�LMQHr�Nc�M]WK
Y�RSF�NXF�E/È
rdE/K
F�RAN v L�Z)F�ÌqÍ�e�D)E/FyGÎI)E/K�LMF�E�F�k�E�P)Q
RSF�LMQTI)E/QAUWNXK�YMZ)NXYME�l^]WF�k�F�k�E�g*LMUWUWLMl^]WK�YqRt�MrdÈ
v LMUWRS[/]WKjNXI)I)]WF�]uL�K�F�L�F�k
EVZ)RSZ)NXU�bMNcQ
]WN v UuE/Rt[/_)Z)K
�SF�Z)NXF�]WLMKjRS�Mr v LMUWRS[��SLMK�K
E/�tF*]WbME/RS[cNXK�I
F�k
E�Z)K�]WbME/Q
RSNcUMÁMZ)NcK
F�]WP)E/Q x

Ï Ë*K�I)]WbM]WI)Z)NXU��SLMK�RSF*NcK
F�R0« Æ ¬'«�Ð/¬�«cÑX¬�«XÒc¬'«�Í
Ï �MZ)K
�tF*]WLMKjUWE/F*F�E/Q
R�Ó ÆÆ ¬'Ó

Ð
Æ ¬�Ó

ÐÐ ¬�Ó ÐÑ
Ï �)QTE/I)]u�tNXF�EnUWE/F*F�E/Q
R$Ä ÆÆ ¬�Ä ÆÐ ¬�Ä ÆÑ ¬
Ä

Ð
Æ ¬
Ä

ÐÐ ¬�Ä ÐÑ

Ë�K�LMQTI)E/QHF*L�YM]WbMEVLMZ)QHRS�Mr v LMUWR�rdE/NcK
]WK�Yql^EVI)E/P)K�E�F*k�E�g�LMUWUWLMl^]WK
Y�]WK�F*E/Q�_)QTE/F*NcF*]WLMKj\ x
z)k�EnI)LMrdNX]WKj]WR0YM]WbME/K v �^§��q¨;{�Ô« Æ ¬�Õ�Õ�ÕM¬SÔ«�Í���¨®{�¹�¬�Öc¬'×�¬'Ø�¬
Ù��/e
z)k�E�]WK�F*E/Q�_)QTE/F*NcF*]WLMKdLMgHF*k�E�]WK
I)]WbM]WI)Z)NcUÂ�tLMK
RtF*NcK
F�RS[Mg�Z)K
�tF*]WLMKdUWE/F*F�E/Q
Rt[
NcK
I _)QTE/I)]W�SNXF�E
UWE/F*F�E/Q
RANcQTEnNXR$g*LMUWUWLMl^R x
� LMK
RtF*NcK
F�R x

« Æ RSF�NXK�I)RAg*L�Q Ô« Æ ¾�Ú^ÛX�«�Ð RSF�NXK�I)RAg*L�Q Ô«�ÐÂ¾�Ú^�X�
«cÑ RSF�NXK�I)RAg*L�Q Ô«cÑm¾�Ú^³X�
«cÒ RSF�NXK�I)RAg*L�Q Ô«cÒm¾�Ú^½X�
« Í RSF�NXK�I)RAg*L�Q Ô« Í ¾�Ú^¿X�

³



�MZ)K��SF�]uL�K
R x

ÓyÆÆ RtF*NcK
I)RAg�LMQ ÔÓ ÆÆ £yÔ«�ÜX¥
Ú�£�Ô«�Ü�·±Ö�¥)rdLMI^À � Z)�S�SE/RSRSL�QÂg�Z)K��SF*]WLMK
Ó ÐÆ RtF*NcK
I)RAg�LMQ ÔÓ ÐÆ £�Ô«cÝ'¬AÔ« Ü ¥)Ú £�Ô«XÝ�·ÞÔ« Ü ¥)rdLMI^À � I)I)]uF�]WLMK
Ó ÐÐ RtF*NcK
I)RAg�LMQ ÔÓ ÐÐ £�Ô«cÝ'¬AÔ« Ü ¥)Ú £�Ô«XÝyß�Ô« Ü ¥
rdLMI^À àJZ)UWF�]W_)Uu]W�SNcF*]WLMK
Ó ÐÑ RtF*NcK
I)RAg�LMQ ÔÓ ÐÑ £�Ô« Ý ¬AÔ«�Ü�¥)Ú £�Ô« Ýyá Ô«�Ü/¥)rdLMI^À � Z v F*Q�NX�SF�]WLMK

�)QTE/I)]W�SNXF�E/R x

Ä�ÆÆ RSF�NXK�I)RAg*LMQ ÃWÚ)ÛXÃ ]Ée E�e [�Ä�ÆÆ £*¤�¥
rdE/NXK�R�¤�]uR$ÛÄ�ÆÐ RSF�NXK�I)RAg*LMQ ÃW]uRAE/bME/K�Ã ]Ée E�e [�Ä�ÆÐ £*¤�¥
rdE/NXK�R�¤�]uR$NXKjE/bME/K^K
Z)r v E/Q
Ä�ÆÑ RSF�NXK�I)RAg*LMQ ÃW]uRALMI)I)Ã ]Ée E�e [�Ä�ÆÑ £*¤�¥
rdE/NXK�R�¤�]uR$NXKjLMI)I5K�Z)r v E/Q
Ä Ð Æ RSF�NXK�I)RAg*LMQ ÃWÚ)Ã ]Ée E�e [�Ä Ð Æ £*¤H¬'¶c¥
rdE/NXK�R�¤�E/ÁMZ)NXUWR�¶Ä ÐÐ RSF�NXK�I)RAg*LMQ ÃÉâ$Ã ]Ée E�e [�Ä ÐÐ £*¤H¬'¶c¥
rdE/NXK�R�¶�]WR0YMQTE/NXF�E/QAF*k�NXK,¤
Ä ÐÑ RSF�NXK�I)RAg*LMQ ÃWI)]ub�]uI)E/RtÃã]Ée E�e [�Ä ÐÑ £*¤H¬'¶c¥
rdE/NXK�R�¤�I)]ub�]uI)E/RO¶

Nc�^z)k
EOUuNcK
Y�Z)NXYMEOGa]WR0P)K
]WF�E�e�Ë�R0F�k
E�K�Z)r v E/Q�L�g
F�E/Q
rdR0P)K�]WF*E/ä�å)�X_)UWNc]uKme
z)k
E�K�Z)r v E/Q�LMgHF*E/Q�r�R�]WKaF�k�E�UWNXK�YMZ)NXYMEæG�]WRn]WK�P)K
]WF�E�e�zXL,Z)K
I)E/Q�RSF*NcK
I l^k��S[
QTE/r�E/r v E/QHF*k�E�QTE/�SZ)Q�RS]WbME�I)E/P)K
]WF�]uL�K�LMg�NnF�E/Q
rp¾�o�E/P)K
]WF�]uL�K�½2e çX��e

v �^fJQ�]uF�E�F�k
E��SL�r�_)UWE/F�E�F*N v UWE/RARS_)E/�S]Wg*��]uK�YjF*k�E�g*Z)K��SF�]WLMK
R ÔÓ ÐÆ ¬ ÔÓ
ÐÐ [XNXK�I ÔÓ ÐÑ [X]Ée E�e [�F�k
E

g*Z)K��SF�]uL�K
RHF*k�NXF�NXQTE�F�k�E0]WK
F�E/Q
_)QTE/F�NXF�]WLMK
RHLMgMF�k
E$g*Z)K��SF�]uL�K�UWE/F*F�E/Q
R$Ó ÐÆ ¬'Ó
ÐÐ [/NXK�I5Ó ÐÑ e

�MLMQ ÔÓyÆÆ F�k
E�F�N v UWE�UWLMLM��UW]W�ME x

¤ ÔÓyÆÆ £�¤
¥Û �
� ³
³ ½
½ ¿
¿ Û

� LMZ^rdNc�qZ)RtE�F*k�E�K
Z)r v E/Q�R0ÛX[�eèeèe [�¿ONXRAN vMv QTE/bM]WNXF�]uL�K
R0g�LMQéÔ« Æ [�eèeèe [yÔ«�Í�e8ê^]WK
F x �MLMQg*Z)K��SF�]uL�K
R0l^]WF�k�F�l^L�NXQTYMZ)rdE/K�F*RA�ML�Z^RSk
L�Z)UuI,E/K
I,Z)_^l^]WF*kjN�ëjìdë�F�N v UWE�e
�MZ)K
�tF*]WLMKjÈ)F*N v UWE/R x
ÔÓ ÐÆ £*¤H¬'¶c¥ Û � ³ ½ ¿
Û Û � ³ ½ ¿
� � ³ ½ ¿ Û
³ ³ ½ ¿ Û �
½ ½ ¿ Û � ³
¿ ¿ Û � ³ ½

ÔÓ ÐÐ £*¤H¬'¶c¥ Û � ³ ½ ¿
Û Û Û Û Û Û
� Û � ³ ½ ¿
³ Û ³ ¿ � ½
½ Û ½ � ¿ ³
¿ Û ¿ ½ ³ �

ÔÓ ÐÑ £*¤H¬'¶c¥ Û � ³ ½ ¿
Û Û ¿ ½ ³ �
� � Û ¿ ½ ³
³ ³ � Û ¿ ½
½ ½ ³ � Û ¿
¿ ¿ ½ ³ � Û

½



�t�^fJQ�]uF�E�F�k
E��SL�r�_)UWE/F�E�F*N v UWE/RARS_)E/�S]Wg*��]uK�YjF*k�E�QTE/UWNXF�]uL�K
R ÔÄ�ÆÐ ¬ ÔÄ�ÆÑ ¬ ÔÄ Ð Æ ¬ ÔÄ
ÐÐ [XNcK
I ÔÄ ÐÑ [

]Te E�e [cF*k�EV]uK�F�E/Q
_)QTE/F�NXF�]uL�K
RALMgMF�k�E�_)QTE/I)]W�SNcF*EOUuE/F�F�E/Q
RAÄ�ÆÐ ¬�Ä�ÆÑ ¬
Ä Ð Æ ¬�Ä
ÐÐ [/NcK
I,Ä ÐÑ eX�MLMQÔÄ�ÆÆ F*k�E�F*N v UWE�UWLML���UW]u��E x

¤ ÔÄ�ÆÆ £*¤�¥Û z
� �
³ �
½ �
¿ �

�qRtEnzaLMQA�^NcR�Nc_)_)QTLM_)Q
]WNXF�E�]WK5F�k
EOYM]WbME/Kd�SE/UWUTe�ê^]WK
F x ��LMQ0QTE/UWNXF�]WLMK
RVl^]WF*k^F�l^L
NXQTYMZ)rdE/K�F*R0F�k�E�F�N v UWE�RSk�LMZ)UWI^k�NXbMEOÀnQTLMl^R0NcK
I,Àn�SL�UuZ)rdK�Rce
�)QTE/I)]u�tNXF�EnÈ�F*N v UWE/R x

¤ ÔÄ ÆÐ £*¤�¥
Û z
� �
³ z
½ �
¿ z

¤ ÔÄ ÆÑ £�¤
¥
Û �
� z
³ �
½ z
¿ �

ÔÄ Ð Æ £*¤H¬�¶X¥ Û � ³ ½ ¿
Û z � � � �
� � z � � �
³ � � z � �
½ � � � z �
¿ � � � � z

ÔÄ ÐÐ £�¤�¬�¶X¥ Û � ³ ½ ¿
Û � z z z z
� � � z z z
³ � � � z z
½ � � � � z
¿ � � � � �

ÔÄ ÐÑ £*¤H¬'¶c¥ Û � ³ ½ ¿
Û z � � � �
� z z z z z
³ z � z � z
½ z � � z �
¿ z � � � z

I)�^D)E/F
` v E0RSLMrdEAZ)K
Rt_)E/�S]WP)E/I v Z)F�P)�cE/I�bMNcUWZ)NXF�]uL�Kn]WK^\�eXå)bMNcUuZ)NcF*E$F*k�E0g�LMUWUuL�l^]uK�Y
F*E/Q�r�Rt[/]Te E�e [cP)K
I¦`M£µí'¥2g�LMQANXUWU�F�k
E�YM]WbME/K�í!R8e��ML�Q�E/�XNcrd_)UuE x

`M£�Ó ÆÆ £�« Æ ¥
¥$¨ ÔÓ ÆÆ £�`M£�« Æ ¥�¥A¨ ÔÓ ÆÆ £�Ô« Æ ¥�¥0¨ ÔÓ ÆÆ £*¹X¥$¨îÖ
]W�dÓ ÐÆ £*ÓyÆÆ £�Ó)ÆÆ £�Ó)ÆÆ £*« Æ ¥
¥
¥t¬'«cÑ�¥
]W]W�dÓ ÐÐ £*« Ò ¬�Ó ÐÑ £*« Ò ¬'« Ð ¥�¥
]u]W]W�dÓ ÐÆ £*« Ò ¬�« Í ¥
faLMZ)UWI^F*k�]WR v E�I)]WgÅg�E/QTE/K
F)g�LMQHNXK�LMF*k�E/Q�b�NXUWZ)NXF�]WLMKAe
]W�d`M£�Ó ÐÆ £�Ó)ÆÆ £�Ó)ÆÆ £*ÓyÆÆ £*« Æ ¥
¥�¥S¬�«XÑ�¥
¥0¨®¹
]W]W�d`M£�Ó ÐÐ £�« Ò ¬�Ó ÐÑ £*« Ò ¬'« Ð ¥�¥
¥0¨;Ö
]u]W]W�d`M£�Ó ÐÆ £�«cÒ8¬�«�ÍS¥
¥0¨®×
z)k
]WRVl^LMZ)UWI^K
LMF v E�NcK
��I)]WgÅg�E/QTE/K�F)g*LMQANcK
LMF�k�E/Q�bMNcUuZ)NcF*]WLMK�[ v E/�SNcZ)RSE�F�k
E�F�E/Q
rdR
�SLMK�F*Nc]uK��SLMK�RSF*NcK
F�RALMK�Uu��NcK
I^NO�SLMK�RSF*NcK
F�NXUWl^NX�MRHE/bMNXUWZ)NcF*EVF*L�F�k
E�RtNXrdE�b�NXUWZ)E�e

E/�^D)E/F)` v E�NcK
��bMNXUWZ)NXF�]WLMK�]WK,\�eXfwk�]W�SkjLMg
F�k�E�g�LMUWUWLMl^]WK
Y�l^g�Rce�LMg�GdNXQTE�RSNcF*]WRSP)E/I
v �^`�ä

¿



]W�,Ä�ÆÆ £*Ó
ÐÑ £*ÓyÆÆ £*ÓyÆÆ £*ÓyÆÆ £�« Æ ¥
¥�¥S¬�« Ò ¥
¥]W]W�,Ä�ÆÐ £*Ó ÐÐ £*« Ò ¬�Ó ÐÑ £�« Ò ¬�« Ð ¥
¥
¥

]u]W]W�,Ä ÆÑ £*Ó ÐÆ £*«cÒ8¬�«�ÍS¥
¥
fwk�NXF�I)L�F�k
E/��E/�X_)QTE/RSRSä�fhk�]u�tk^NXQTE�F�Q
Z)E�]WKd\�ä
� LMQ�QTE/RS_)LMK�I)]WK
YjrdNXF�k
E/rdNXF�]W�SNXUcE/�X_)QTE/RSRt]uL�K
R x
]W�dØ á Ø�¨�¹
]W]W�dØOßn£*Ø á Ö�¥
rdLMIdë�]WR0E/b�E/K
]u]W]W�dØ�·ïÙ�rdLMIdëV]uR$LMI)I
]u��]WR�RtNXF�]uRtP)E/I v �nbce � ]WK
�tE0F*k�E0g�LMQ
rdZ)UWNXE$LMK
UW�O�SLMK�F*Nc]uK��SL�K
RSF�NXK�F�RS[�]u��]WR�NcUWRSLnF�Q
Z)E
]uK,\�e

g�� � RtRSZ)rdE�F�k
NcF/l^E�QTE/RSF�Q
]W�SF�GæF�L�k�NXbM]WK�Y�LMK�Uu��F�k�EÂP)b�EÂb�NXQ
]WN v UWE/RA¤ Æ ¬�Õ�Õ�ÕM¬'¤�Í�e�ê^L�lr�NcK
�VI)]WRSF�]uK��SFcbMNXUWZ)NXF�]WLMK�R
NcQTEÂF�k�E/QTE/äqD)E/F�` v EANXK���bMNcUuZ)NcF*]WLMK�]WK�\�eXê^LMl�rdNXK��
bMNXUWZ)NXF�]WLMK�RÂNcQTEn�cÈ*E/ÁMZ)]WbMNcUWE/K
F�[/³XÈ�E/ÁMZ)]WbMNXUWE/K�F*[/NcK
I,ÀXÈ�E/ÁMZ)]WbMNXUWE/K�F
F�L^`�äqå)�c_)UWNX]WK
�MLMZ)Q�NcK
Rtl^E/Q
Rce
z)k
E/QTEVNXQTEOë Í I)]WRSF�]uK��SF�bMNcUuZ)NcF*]WLMK�R)]WK�F�k
E0QTE/RtF*Q�]u�tF*E/I�UWNcK
YMZ)NcYMEéG�l^]WF�knLMK�UW��P)bME
bMNXQ�]uN v UWE/Rcemz)k�E/QTEjNXQTE^ë Ñ bMNcUuZ)NcF*]WLMK�R�l^k�]u�tkaNXQTE��cÈ*E/Á�Z)]ub�NXUWE/K
F�[M³cÈ*E/ÁMZ)]WbMNcUWE/K
F�[
NXK�I^ÀXÈ�E/ÁMZ)]WbMNXUWE/K�F
F�L^`�e

Y��^D)E/FA` v EnF�k�E�bMNXUWZ)NXF�]WLMK^l^k�E/QTE�`�£*¤ Æ ¥�¨ðÔ« Í ¬�`M£�¤ Ð ¥�¨ðÔ« Ñ ¬�`M£*¤ Ñ ¥O¨©Ô« Æ ¬�`M£�¤ Ò ¥n¨Ô« Ð ¬'`�£*¤ Í ¥O¨ñÔ« Í fhk�]u�tk5LMg)F�k
EOg*L�UuUWLMl^]WK�Y�l^g�Rce�NcQTEqRtNXF�]uRtP)E/I^]uK¦`n]WK5LMZ)QA]WK�F*E/QTÈ
_)QTE/F*NcF*]WLMK�änfhk�]u�tk^LMg
F�k�E�g*LMUWUWLMl^]WK�Yql^g�Rce'NcQTEnF�Q
Z)E�]WK�L�Z)QÂ]WK�F*E/Q�_)QTE/F*NcF*]WLMK�ä
]W� £*òóÄ Ð Æ £*« Æ ¬'ÓyÆÆ £�¤ Æ ¥
¥�¥]W]W�,Ä Ð Æ £*ÓyÆÆ £*¤ Ð ¥t¬'ÓyÆÆ £�¤ Ñ ¥
¥0ÇÞÄ Ð Æ £�¤ Ð ¬�¤ Ñ ¥]u]W]W�,Ä Ð Æ £*Ó

Ð
Æ £*¤�Ò8¬�Ó)ÆÆ £*¤�ÍS¥�¥S¬�Ó)ÆÆ £*Ó

Ð
Æ £*¤�ÒX¬�¤
ÍS¥�¥
¥]WbM� £W´)¤ Æ ¥TÄ

Ð
Æ £�Ó
ÐÐ £*¤ Æ ¬�« Æ ¥S¬�« Æ ¥

bM� £W´)¤ Æ ¥S£µ´2¤
Ðt¥TÄ
Ð
Æ £*Ó
ÐÐ £*¤ Æ ¬�Ó)ÆÆ £*¤�Ð�¥
¥S¬�Ó

Ð
Æ £�Ó
ÐÐ £*¤ Æ ¬�¤�ÐS¥S¬�¤ Æ ¥
¥

]u]W��[�]W]W]W�*[/]WbM��NXK�I^bM�MNXQTEVNXUWUcRSNXF�]WRSP)E/I v �j`�]WK�L�Z)Q)]uK�F�E/Q
_)QTE/F�NXF�]uL�KAe�]W]W��[/]u]W]W��[/]ub��MNXK�I
bM�
NcQTEnNcUuRtL�F*Q�Z)E�]WK^LMZ)QA]WK�F*E/Q�_)QTE/F*NcF*]WLMKme

k��^ê^LMlôl^LMZ)UWI��MLMZ�E/�X_)QTE/RSRV£µ´2¤ Æ ¥TÄ�ÆÆ £�¤ Æ ¥8]WK�RSF�NXF�E/r�E/K�F��SNXUW�SZ)UWZ)RSäOoqLO�MLMZ�F�k
]WK��]uF�]WR�_)L�RSRS] v UWEAF*LOE/�X_)QTE/RSRHNXUWUXLMZ)Q��MK�LMl^UWE/I)YME0N v LMZ)F�Ì Í ]WKqRtF*NcF*E/rdE/K�F/�SNXUW�SZ)UWZ)RSä
oqL��MLMZ^F�k
]WK���F�k
]WR0l^L�Z)UuI v E�I)]ug�g*E/QTE/K�F)]Wg)F*k�E�I)LMrdNX]WKjl^NXR0]WK�P)K
]WF�E/äqå)�c_)UWNX]WK
�MLMZ)Q�NcK
Rtl^E/Q
Rce
Ë*KORSF*NcF*E/rdE/K�FS�SNcUu�tZ)UuZ)RHF*k�E�g�LMQ�r�Z)UWN�£µ´2¤ Æ ¥TÄ�ÆÆ £�¤ Æ ¥��SLMZ)UWI v EAE/�X_)QTE/RtRSE/I�Uu]W�MEO£�Äqõö õa÷±õd§îõ¦ø�¥*[cl^k
E/QTE¢Äw]WR0]WK
F�E/Q
_)QTE/F�E/I5NcRhÔ« Æ ¨î¹�[Xù5NcR Ô­ Æ ¨ú¹�[yeèeèeèe�Ë�K^F�k
]WRr�NcK
K�E/Q�]WF)]WR0_)LMRtRS] v UWE�F�L�E/�X_)QTE/RtR�NcUuU�LMZ)QA�MK�LMl^UWE/I)YME�N v LMZ)FyÌqÍ
]WK^RSF�NXF�E/rdE/K
F
�SNXUW�SZ)UWZ)RceXê^LMl^E/bME/QÅ[/F�k�]uRAl^LMZ)UWIjK
L�F v E�_)LMRSRt] v UuE$]ug�F�k
EVI)LMrdNX]WK�l^NcRÂ]WK�P)K
]WF�E/[
v E/�SNXZ)RtE�F*k�E/K^F*k�E�g�LMQ
rdZ)UWN,£W´2¤ Æ ¥TÄ�ÆÆ £�¤ Æ ¥)l^LMZ)UWI5�SL�K
F�NX]WKjNXK^]WK
P)K�]WF*EOK
Z)r v E/QLMg
�tLMK���Z)K��SF�Rce

]W�^D)E/F
�Îû v E0F�k
E0g�LMQ�r�NcU/RS�MRSF�E/rü�^iM[�l^]WF�kqý��c[MÕ�Õ�Õ*[�ý�çVNXRHF*k�E0Z)RSZ)NcU/NX�c]uL�r�Rt[SNXK�I
F*k�EAZ)RSZ)NXU�]WK
g�E/QTE/K
�tE�Q�Z)UuE/RHàJ��NXK�I�þ�å)ÿw¾�þ�E/K
E/Q�NXUW]WRSNXF�]WLMK���e � k
L�lwF�k�NXFXF�k�EÂNc�XÈ
]uL�r�RAý�¿c[/ý�ÀnNXK�I^ý�çnNcQTEnK�LMFMUWLMYM]W�SNcUWUu��bMNXUW]WI5]Wg�F*k�E�QTE/RtF*Q�]u�tF*]WLMK�R0NXQTE�K�LMF�RSNXF�]WRSÈ
P)E/I$e2��RSEn�SL�Z)K
F�E/QTE/�XNcr�_)UWE/RVg*QTL�rsLMZ)QA]WK�F*E/Q�_)QTE/F*NcF*]WLMK^NcK
IdP)K�I�]WK�RSF�NXK��SE/R�L�g
F*k�E�NX�c]uL�r�RAF�k
NcF
NcQTE�K
L�F
F�Q
Z)E�]WK^F�k
E�]WK�F*E/Q�_)QTE/F*NcF*]WLMKme

À



� LMZ)K�F�E/QTE/�XNXrd_)UWE/R x
ý�¿hfhk
E/K^_)QTL�bM]WK
Y^�)QTLM_)L�RS]WF*]WLMKj¿�e ¿ � e þ�e�ê^NXrd]WUWF*L�K�I)LME/R$K
LMF�rdE/K
F�]WLMK^F�k
E

QTE/RSF�Q
]W�SF�]WLMKAe � RHg*NcQMNXR)l^E$�MK
L�lwý�¿$]uR)F�k�Z)R)bMNXUW]WI v LMF*kOl^]WF*kONXK�I�l^]WF*k�LMZ)F
F�k
E�QTE/RSF�Q
]W�SF�]WLMKme

ý�ÀhD)E/F2|�£*¤ Æ ¥$¨î£��M¤
Ðt¥S£*ò®Ä
Ð
Æ £*¤ Æ ¬'«�ÍS¥0Ç Ä ÐÐ £*¤�Ð/¬'¤ Æ ¥�¥2NcK
I�í�¨®¤
ÐA]WK�ý�À�¾�K
L�ÈF�]u�tEqF�k�NXF2íH]WRVK
L�F)g*QTE/E�g�LMQ�¤ Æ ��e)faEnK�LMlîk�NXb�EqN�g*LMQ�rdZ)UuNc[)£µ´2¤ Æ ¥S£��M¤�Ð�¥t£*òÄ Ð Æ £*¤ Æ ¬�«�ÍS¥0ÇÞÄ ÐÐ £�¤
Ð/¬�¤ Æ ¥
¥0Ç £��M¤�Ð�¥t£*òóÄ Ð Æ £�¤
Ðc¬�«8Ít¥0ÇÞÄ ÐÐ £*¤�ÐX¬�¤
Ðt¥
¥*[tl^k
]W�Sk

]WR0K�LMF
F�Q
Z)E�]WKjLMZ)QA]WK
F�E/Q
_)QTE/F�NXF�]WLMK��
ý�ç � LMK
Rt]uI)E/Q�F�k�E�g�LMQ
rdZ)UWN¦£W´2¤�¥S£µ| Ç ��¥�Ç £µ| Ç £µ´2¤
¥���¥0l^k�E/QTE5¤��

Ó��M£W|^¥�e8Ë�K
F�E/Q
_)QTE/F�|±NXR$Ä ÆÆ £�¤
¥�NXK�I	��NXR$Ä ÆÆ £�¤
¥MRSZ)�tk�F�k
NcF
ÔÄ�ÆÆ ¨

ÔÄ�ÆÆ ¨;{�¹��NXK�I,`M£*¤�¥0¨®¹�e�ÿjLMlp£µ´2¤�¥S£W| Ç
��¥M]WR)F*Q�Z)E0NXK�I�F�k�Z)R)RSNXF�]WRSP)E/I�]uK�`�[�l^k
]WUWE
£W|ñÇ £µ´2¤�¥���¥0]WR�K
L�FÂRtNXF�]uRtP)E/I v �J`�eqz)k
Z)R,£µ´2¤
¥t£W|ñÇ ��¥ Ç £W| Ç
£W´)¤
¥���¥Â]WR�K�LMF)F�Q
Z)En]WKdF�k
]WRV]uK�F�E/Q
_)QTE/F�NXF�]uL�K^NXK�Iaý�ç�]uR�F�k�Z)R�K�LMF�UWLMY�]u�tNXUWUW�
bMNcUu]WI,l^]uF�k�LMZ)FMF�k
E�QTE/RSF�Q
]W�SF�]WLMKme

���^Ë*R��Îû�RtLMZ)K
I)ä�å)�c_)UuNc]WK^l^k
�
�8l^k��jK
LMF�e
�dûX]uRVRSLMZ)K�I)[XRt]uK��SE�� i ]WR0RSLMZ)K�I5NcK
I¦�dû8]WR0LMK�UW��N�QTE/RSF�Q
]W�SF�E/I5g�LMQ�r�NcU�RS�MRSF�E/r
LMg�� i e

���^D)E/F

å���� x £W´2¤ Æ ¥)Ä
Ð
Æ £*¤ Æ ¬�¤ Æ ¥ �0E��)E/�c]ub�]uF��

å���³ x £W´2¤ Æ ¥S£W´)¤ Ð ¥V£�Ä
Ð
Æ £*¤ Æ ¬'¤ Ð ¥0Ç Ä Ð Æ £�¤ Ð ¬'¤ Æ ¥�¥ � �MrdrdE/F*Q��

å���½ x £W´2¤ Æ ¥S£W´)¤ Ð ¥t£W´2¤ Ñ ¥0£ÅÄ
Ð
Æ £�¤ Æ ¬�¤ Ð ¥AÇ £�Ä Ð Æ £*¤ Ð ¬�¤ Ñ ¥AÇÞÄ Ð Æ £*¤ Æ ¬�¤ Ñ ¥�¥
¥ zXQ�NXK�RS]WF*]WbM]WF��

å���¿ x £W´2¤ Æ ¥S£���¤ Ð ¥HÄ
Ð
Æ £�¤ Æ ¬�¤ Ð ¥ zXL�F*NcUu]WF��

ÿ�LMF�EVF*k�NXF�F�k
E�]WK�F*E/Q�_)QTE/F*NcF*]WLMK�LMgMF�LMF�NXUW]WF*�O]WRÂF�k�NXFM»cg*LMQ)NcUWUM¤ Æ [/F�k
E/QTE�]WRAN�¤ Ð RSZ)�SkF*k�NXF)¤ Æ ¨®¤ Ð ¼2e
D)E/F�� ûèû v E�� û l^]WF�k�å����X[/å���³c[Xå���½c[XNXK�I^å���¿ONXR0NcI)I)]uF�]WLMK�NXU�NX�c]uL�r�R8e
]W�^ê^LMl®l^LMZ)UWI^�MLMZ,YML�N v LMZ)FMF�L�_)QTLMbMEOl^k
E/F�k
E/Q$�dû û�]WR0RtLMZ)K
I)ä
]W]W�^Ë�R��dûèûX�SLMrd_)UWE/F*E/äOË*Ré�dûèûX�SLMK�RS]WRSF*E/K�F�änå)�X_)UWNc]uK^��LMZ)QANXK�RSl^E/Q
Rce
]u]W]W�^o�LME/R)F�k
E/QTEAE/�X]WRSF/N$�SLMK�RS]WRSF*E/K�F/�SLMrd_)UWE/F�E�E/�XF�E/K�RS]WLMKnLMg��Îûèû äOå)�X_)UWNX]WK��MLMZ)Q

NXK�RSl^E/Q�e
ÿ�LMF�E/[SF�k
NcF��MLMZ�NcQTE�K�LMFXQTE/Á�Z)]uQTE/I^F�Lnl^Q�]WF*E0_)QTL�LMg*R)g�LMQ)F�k
E/RtEÂÁ�Z)E/RSF*]WLMK�RS[SF�E/�XF�Z)NXU
E/�X_)UWNXK�NXF�]WLMK
RANcQTEnRSZ)gÅP)�t]uE/K�F�e
]W�d�dû/]uRARSL�Z)K
IjRS]WK
�tE�ý��c[�eèeèe [cý�ç�NXQTEVUuL�YM]W�SNXUWUW��bMNcUu]WI)[/NcK
I^à ��NcK
Ijþ�å)ÿ�NcQTE
RSLMZ)K�Ij]uK�g�E/QTE/K
�SEOQ
Z)UWE/Rce�z)k�Z)R0F�L�_)QTLMbME�F�k
NcF
�Îûèû�]WRARSLMZ)K�I�l^EVLMK�Uu��k
NcbME
F�L�_)QTLMb�E0F*k�NXF/å����X[ceèeèe [�å���¿0NcQTEÂUWLMY�]u�tNXUWUW��bMNXUW]WI�¾�fwk�]W�Sk�[ v ��F�k
EAl^NX�t['F�k�E/�
NXQTEOK
L�F�� ��e

]W]W�d�dûèû/]uRAK�LMF��SLMrd_)UWE/F*E�e/zXL�_)QTLMb�E�F*k�]WR�]WFM]WRARSZ)gÅP)�S]WE/K�FMF*L�P)K�I�N�g�LMQ�r�Z)UWNc[�|¢[
RSZ)�SkjF�k
NcFMK
E/]WF�k
E/QÂ| K�LMQVòï|ó]WRANnF�k�E/LMQTE/rîLMgH�dûèû�e��ML�Q�E/�XNcrd_)UuEOÄ�ÆÆ £�¤
¥�e�MQTLMrü_)QTLM_$eX¿�e ¿X½VNXK�Ij¿�e ¿X¿Vl^EV�MK
L�l±F*k�NXF�NVg*L�Q
rdNXU/RS��RSF*E/r®]WR��SL�K
RS]WRSF�E/K�F
]WgA]uFAE/�c]uRtF*R�NcK�]WK�F*E/Q�_)QTE/F*NcF*]WLMK,]WKal^k
]W�SkdE/bME/Q��dNX�X]WLMr L�gÂF�k�]uR�Rt�MRSF�E/r~]WR
F�Q
Z)E�e8�dû�]WRH�SLMK�RS]WRSF*E/K�F�[èNXK�IqF�k�Z)R�l^EALMK�Uu�Ok
NcbMEVF*L�P)K�I�NcK�]uK�F�E/Q
_)QTE/F�NXF�]uL�K
]WK5l^k�]W�Sk5å����c[yeèeèe [
å���¿�NcUuRtL�NcQTEqF�Q
Z)E�e)�MLMQAE/�XNcr�_)UWE�F�k
EO]uK�F�E/Q
_)QTE/F�NXF�]uL�K
YM]WbME/K^]WK^F�k
]WR0E/�cE/QT�S]WRSE/RceXz)k
Z)RO� ûèû ]WR0�SLMK�RS]WRSF�E/K
F�e

ç



]u]W]W� � ]WK
�SEV�dûèûS]WR
�tLMK
Rt]uRtF*E/K�F/F*k�E/QTEAE/�X]WRSF�R
N$�SLMK�RS]WRSF*E/K�F�E/�XF�E/K
RS]WLMKOl^k
]W�SkO]WR)�SLMrdÈ
_)UWE/F*E�¾��)QTLM_^¿2e ½��X��e

UW�^fJQ�]uF�EVN�I)E/P)K
]WF�E�UuL�YM]W�0_)QTLMYMQ�NXr���F*k�NXFME/�c_)QTE/RSRSE/RAF�k
EVRSF�NXF�E/r�E/K�F�R)å���³X[/å���½c[
NXK�I�å���¿�e � k�LMln[ v �n�SLMK�RSF�Q
Z)�SF�]WK
Y�NcK � D)o�È*F�QTE/E/[�F*k�NXF/å����$]uRHN0�SLMK�RSE/ÁMZ)E/K��SE0L�g
�je��0E/�SNcUWUXF�k
NcFM]Wg��0]WRÂF�k�E��SL�r�_)Z)F�E/IjNXK�RSl^E/Q
RtZ v RSF�]uF�Z)F�]uL�Kqg�LMQ)N�YML�NXU�����b�]uN
Nn�SLMrd_)Z)F�NXF�]WLMK�Q
Z)UWE��æ[cF*k�E/Ka£�� �/¥Tû [/F�k
E�Z)K�]WbME/Q
RtNXUM�SUWLMRtZ)QTE�LMg!�"�S[X]WR0NnUWLMY�]u�tNXU
�SLMK�RSE/ÁMZ)E/K��SEALMgXF�k
EA_)QTLMY�Q
NXr�e�ê^]WK�F*R x �c�/zXQ��qF�k�EÂY�LMNXU#� Ä Ð Æ £%$a¬&$Î¥�e�³c�XË�YMK�LMQTENXUWUM]WK
P)K�]WF*E v Q
NcK
�tk
E/RS[�F�k
NcF)]WRS[X]WF)RSZ)gÅP)�tE/R�F�L�P)K�I�N�P)K�]WF*EO_)NXF�k^F*k�NXF�UWE/NXI)RVF*L�N
QTE/g*Z)F�NXF�]WLMKAe
� I)E/P)K�]WF*EOUWLMYM]W��_)QTL�YMQ
Ncr � x
�X�	'�£*¤H¬�¶X¥(�)'�£�¶M¬�¤
¥�e
³X�	'�£*¤H¬�¶X¥(�)'�£�¤�¬�*X¥t¬+'�£�*M¬�¶X¥�e
½X�	'�£*¤H¬�,�£�¤
¥�¥�e

� � D)o�È�F*QTE/EOg*LMQ-'�£*¤H¬'¤�¥
�tNXK v EnRSE/E/K�]uK^P)Y�Z)QTEn³�e

<- r(x,x)

infinite infinite

(3)

{x/x_1, y/x_1}(2)

(1)

(3) {x_1/x_2 , z_1/h(x_2)}

(1) {x_2/x_3 , y/x_3}

(3) {}

<- r(h(x_2) , x_2)

<- r(x_1 , z_1) , r(z_1, x_1)

<- r(x_3 , h(x_3)

�M]WYMZ)QTEO³ x � D)oqÈ�F�QTE/E

.



=�>�?A@0/

� LMK
Rt]uI)E/QAF�k
E�g�LMUWUWLMl^]WK
Y��X½�RSF�NXF�E/rdE/K
F�R�N v LMZ)FMg�NX�SZ)UWF���rdE/r v E/Q
Rce

��e0þqL�LMI)È*K�NXF�Z)QTE/I^F�E/K
Z)QTE/I,r�NcF*k�E/rdNXF�]W�SR�_)QTLMg�E/RSRSL�Q
RANXQTEOI)�MK
Ncrd]u�8e
³�e0þqQ�Z)rd_)��RSF�Z)I)E/K
FMNcI)bM]WRSLMQ�R0_)UWNX�jRSUWLMFMrdNX�Sk�]WK
E/R8e
½�e � rdLM��E/Q
RAl^E/NXQ�]uK�Yjê^NXl^NX]W]WNXK�RSk
]WQ�F*RANXQTEO_)k
UWE/YMrdNcF*]W�ce
¿�e � LMrd]W�SNcU8RtF*Z)I)E/K�F
NcI)bM]WRSLMQ�R0NXQTEOr�NcF*k�E/rdNXF�]W�SR�_)QTLMg�E/RSRSL�Q
Rce
À�e0�qK�F�E/K
Z)QTE/I,g*Nc�SZ)UWF*��l^k�L�RSrdLM��E�NcQTEnK�E/Q
bMLMZ)R8e
ç�e0�)k
UWE/YMrdNXF�]W��F�E/K
Z)QTE/I^g�NX�tZ)UuF���rdE/r v E/Q
R)l^k�Lql^E/NcQ
ê^Ncl^NX]W]WNXK�RSk�]WQ
F�R�NXQTE��tLMrdÈ
]u�tNXUÉe

.�e � F�Z)I)E/K�FMNXI)bM]WRSL�Q
RVl^k
L�NcQTE�K
L�F
RSF�LM�S��r�NcQ
�ME/F�_)UuNc�ME/Q
R$NXQTEnRt�Sk
L�UuNcQ
Rce
1�e2�0E/UWNX�XE/I^RtF*Z)I)E/K�F
NcI)bM]WRSLMQ�R0NXQTEO�SQTE/NXF�]WbME�e
��e � QTE/NcF*]WbMEORS�Sk�LMUWNXQ
R$l^k
L�I)L�K
LMF�_)UWNX��RtUuL�FMrdNX�Sk�]WK
E/R0l^E/NcQ�ê^Ncl^NX]W]WNXKjRSk
]WQ�F*Rce
�cÛ�e0ÿ�E/Q�bMLMZ)RVRSrdLM�ME/Q
RA_)UWNX��RSUWLMFMrdNX�Sk�]WK
E/R8e
����e � F�Z)I)E/K�FMNXI)bM]WRSL�Q
RVl^k
L�_)UWNc��RSUWLMFMrdNX�tk
]WK�E/R0NXQTEOK
LMK�RSrdLM�ME/Q�Rce
�c³�e � QTE/NcF*]WbMEARSF�LM�S��rdNXQ��ME/F/_)UWNX�ME/Q�R)l^k
LVNXQTEAYML�LMI)È*K�NXF�Z)QTE/I�l^E/NXQMê^Ncl^NX]W]WNXKVRSk�]uQ�F*R8e
�c½�e0ÿ�L�RtF*Z)I)E/K�F
NcI)bM]WRSLMQ�R0NXQTEORSrdLM�ME/Q
R8e

ÿjLMF*E�F�k�E�g*LMUWUWLMl^]WK�Y x

�)QTLM_)E/Q
F�� 3�_)_)LMRS]WF�E
YMLMLMI)È�K�NXF�Z)QTE/I YMQ
Z)rd_)�
F*E/K�Z)QTE/I Z)K
F�E/K
Z)QTE/I
I)�MK�NXrd]W� _)k
UWE/YMrdNXF�]W�
QTE/UWNX�XE/I K
E/Q�bMLMZ)R

Nc�^�MLMQ
rdZ)UWNXF�E0F�k
EV�X½�RtE/K
F�E/K
�tE/RÂN v LMbMEV]WK�_)QTE/I)]W�SNXF�E��SNcUu�tZ)UuZ)R8e � LMZjrdNX��NXRtRSZ)rdE
F*k�NXFMF�k�E�Z)K
]WbME/Q�RSEn�SL�K
RS]WRSF�RALMg�_)E/LM_)UWE�LMK�UW�ce8z)k�NXF�]uRt[X�MLMZ^I)L�K
ÃWFMk�NXbMEOF*L�Z)RSE�N
RSE/_)NXQ�NXF�E�_)QTE/I)]W�SNcF*EOF*L�RSNc��»X]WR0_)E/Q�RSLMK�¼�e

v �^�MLMQVE/NX�SkdLMgHF*k�E��X½�l^g*Rce�]WKdNX��[
P)K�IaNjl^g�e/]uKd�SUWNcZ)RSNXU�g*L�Q
r l^k�]u�tk�]WROl^E/NX�MUW�
E/ÁMZ)]WbMNXUWE/K�F
F�L�]WF�e

�t�^Ë*g)l^EO�SLMK�RS]WI)E/Q0N�_)NXQ�F*]W�SZ)UWNcQÅ[ v Z)F�Z)K�RS_)E/�S]WP)E/I)[�g*Nc�SZ)UWF*�^rdE/r v E/QV«/[�F*k�EnRSF�NXF�E/È
r�E/K�F)»M«O]uR�Y�LMLMI)È�K
NcF*Z)QTE/I)¼��tNXK v EqE/�c_)QTE/RSRSE/I v �^F�k
EO_)QTLM_)LMRS]WF�]WLMK4� 5ce2z)k�NXF
]uRt[M]WgÂ��LMZak�NXbME�Nj_)QTE/I)]W�SNXF�E	�±F*k�NXFH]uRO]WK
F�E/Q
_)QTE/F�E/IaRSZ)�SkdF�k
NcF*[�g*LMQVNjbMNXQ�]uN v UWE
¤8[6�^£�¤
¥MrdE/NcK
RA»M¤O]uR$YMLMLMI)È�K
NcF*Z)QTE/I)¼c[/F*k�E/QTEV]uR$N�RSF*Q�NX]WYMk�F*g�LMQ�l^NXQTIjF*Q�NXK�RSUWNXF�]uL�K
]uK�F�L�RSF�NXF�E/rdE/K
F��SNXUW�SZ)UWZ)R�LMg)F�k
EOg*L�Q
rdZ)UWN7��£*«�¥�g�LMQAN�_)NXQ�F*]W�SZ)UWNXQé«Me)�qRt]uK�Y^F�k
E
RSNXrdE�RS�Sk�E/rdE�g*L�Q�NXUWU)_)QTE/I)]W�SNXF�E/R��MLMZaI)E/P)K�E/I�]WKa_)NXQ�FÂNc�*[�g�LMQ
rdZ)UWNXF�E�F*k�E��c½
RSE/K
F�E/K��SE/RAN v LMb�En]WK�RtF*NcF*E/rdE/K�F8�tNXUW�SZ)UWZ)R�NcR0RSF�NXF�E/rdE/K
F�R)N v L�Z)F
NO_)NXQ
F�]W�SZ)UWNXQV«�e
� LMZ^rdNc��l^NXK�FMF�L�Z)RSE�F�k
EV�SUWNXZ)RSNcUMg�LMQ
rdRAg*L�Z)K
I,]uKj_)NXQ�F v ��e

1



I)�98;:�<�=�>@?�A�B�C��)QTLMb�E�]WK�RSF�NXF�E/r�E/K�F/�SNcUu�tZ)UuZ)RAF�k
NcFXF�k
E$UuNcRSFXRtF*NcF*E/rdE/K�F/¾*�c½X�X]WRHN��SL�K
È
RSE/ÁMZ)E/K��SE�LMgMF�k
EVP)Q
RtF
�c³�e � LMZ^rdNX��l^NXK�FMF�L�Z)RSE�QTE/RtLMUWZ)F*]WLMKj]WK�RSF�NXF�E/rdE/K
Fc�SNXUWÈ
�SZ)UWZ)Rce

�0E/RSL�UuZ)F�]WLMK�]WKjRSF*NcF*E/rdE/K�F��SNXUW�SZ)UWZ)R x

��e0zXQ
NcK
Rtg*LMQ�rpE/NX�Sk^�SL�r�_)L�Z)K
I^RSF�NXF�E/rdE/K
F�]WK�F*L��tUuNcZ)RSNXU�g�LMQ
r�e
³�e � RtRSZ)rdE�F�k
E�K�E/YMNcF*]WLMKjLMg�F*k�E��SUWNXZ)RSE�F�k�NXFM�ML�Z^NXQTEnY�LM]WK
Y�F�L�_)QTLMb�E�e
½�e � Q�Q
]WbME�NcF)N��SLMK�F*Q�NXI)]W�SF�]uL�K5g�QTLMr~F�k
EO�SUWNXZ)RSE/RVg*QTL�rs�c�)NXK�I�³c�*[cZ)RS]WK
Y^L�K
UW�^F�k
E
g*LMUWUWLMl^]WK�Yq]WK�g*E/QTE/K��SE�Q
Z)UWE x
�MLMQ�NXK��a�SUWNcZ)RSE/R öED Ä Æ DGFHFIF@D ÄKJ�[)NXK�Ihò öLD ÷ Æ DMFHFHF@D ÷(N�[�l^k�E/QTEö ¬
Ä Ý ¬�÷AÜX¬�O�¨;ÖX¬�Õ�Õ�Õ�Õ�¬+PA¬�Qq¨îÖc¬�Õ�Õ�ÕM¬+R®NXQTE�UW]WF*E/Q�NXUWRA¾*]Ée E�e [cNnRSF�NXF�E/rdE/K
FcbMNXQ�]uN v UWE
LMQ�F�k
E�K�E/YMNcF*]WLMKjLMg�NnRSF�NXF�E/rdE/K
F�bMNcQ
]WN v UWE/�

öSD Ä Æ DTFHFIFUD Ä�J ò öVD ÷ Æ DTFHFIF�D ÷(NÄ Æ DTFIFHF+D Ä�J D ÷ Æ DWFIFHFUD ÷(N

ÿ�LMF�EVF*k�NXF��MLMZ^rdNc�nk�NXbME�F�L�QTE/LMQTI)E/QAF*k�E�UW]WF�E/Q
NXUWRA]WK�RSLMrdEVLMgMF�k
EVI)]WR!��Z)K��SF*]WLMK�R
]uKjLMQTI)E/Q0F�L�L v F�NX]WKj�SUWNXZ)RSE/R0L�gMF*k�E�g�LMQ
rpYM]WbME/K^]WK^F�k
]WR0Q�Z)UuE�e

faE�l^]WUWU�Z)RSE�F*k�E�g�LMUWUuL�l^]uK�Y�_)QTE/I)]W�SNcF*E/R x

�)QTLM_)E/Q�F*� 3�_)_)L�RS]WF*E
Ä�£*¤�¥ ¤�]WR0YMLMLMI)È�K�NXF�Z)QTE/I YMQ�Z)rd_)�
ö £�¤
¥ ¤�]WR0F*E/K�Z)QTE/I Z)K�F*E/K�Z)QTE/I
÷^£�¤
¥ ¤�]WR0rdNXF�k
E/rdNXF�]W�SRA_)QTLMg�E/RSRSLMQ
§d£*¤�¥ ¤�]WR0I)�MK�NXrd]W� _)k�UWE/YMrdNXF�]u�
ø^£�¤
¥ ¤�l^E/NXQ�R0ê^NXl^Nc]u]WNcK�RSk�]uQ�F*R
²^£�¤
¥ ¤�]WR0NnRSrdLM��E/Q K�LMK�RSrdLM�ME/Q
�^£�¤
¥ ¤�]WR0�SLMrd]W�SNXU
X £*¤�¥ ¤�]WR0QTE/UWNX�XE/I K�E/Q
bML�Z)R
\M£*¤�¥ ¤�]WR0NnRSF�LM�S��r�NcQ
�ME/F�_)UWNX�ME/Q
Y £�¤
¥ ¤�]WR0RS�Sk�LMUWNXQ
��£*¤�¥ ¤�]WR0�SQTE/NXF�]WbME
Z £*¤�¥ ¤�_)UWNX�MR0RtUuL�FMrdNX�Sk�]WK
E/R
[ £*¤�¥ ¤�]WR0NnRSF�Z)I)E/K�F
NcI)bM]WRSLMQ

Nc�
NcK
I v �^z)k
EORSE/K
F�E/K��SE/RA]uK^_)QTE/I)]W�SNcF*EO�SNXUW�SZ)UWZ)R0NcK
I,�SUWNXZ)RSNcU�g*QTLMr x

�



�)QTE/I)]u�tNXF�En�SNcUu�tZ)UuZ)R � UWNcZ)RSNXU�g�LMQ
r
�X� £W´2¤�¥S£�£ÅÄ�£�¤
¥Hõ ö £�¤
¥Hõd÷^£*¤�¥
¥AÇª§d£*¤�¥
¥ ò±Äj£*¤�¥ D ò ö £*¤�¥ D ò±÷^£�¤
¥ D §d£�¤
¥
³X� £W´2¤�¥S£�£*òóÄ�£*¤�¥)õ [ £*¤�¥
¥0Ç Z £*¤�¥
¥ Ä�£�¤
¥ D ò [ £*¤�¥ D4Z £*¤�¥
½X� £W´2¤�¥S£�£*²^£�¤
¥)õdø^£�¤
¥�¥0Çhò±§d£*¤�¥
¥ ò�²�£*¤�¥ D ò®ø^£*¤�¥ D ò®§d£*¤�¥
¿X� £W´2¤�¥S£�£��^£�¤
¥)õ [ £*¤�¥
¥AÇ ÷�£*¤�¥
¥ òM��£*¤�¥ D ò [ £*¤�¥ D ÷^£%$a¥
ÀX� £W´2¤�¥S£�£*ò ö £*¤�¥�õd²^£�¤
¥�¥ÂÇhò X £*¤�¥
¥ ö £*¤�¥ D òó²^£*¤�¥ D ò X £*¤�¥
çX� £W´2¤�¥S£�£*ò®§d£*¤�¥�õ ö £*¤�¥)õdø^£*¤�¥
¥$Ç\�^£*¤�¥
¥ §d£*¤�¥ D ò ö £*¤�¥ D ò®ø^£*¤�¥ D �^£*¤�¥
.X� £W´2¤�¥S£�£ [ £*¤�¥
õ ò®\M£*¤�¥
¥$Ç Y £*¤�¥
¥ ò [ £�¤
¥ D \M£�¤
¥ D]Y £�¤
¥
1X� £W´2¤�¥S£�£ X £�¤
¥)õ [ £*¤�¥
¥$Ç ��£*¤�¥
¥ ò X £*¤�¥ D ò [ £*¤�¥ D ��£*¤�¥
�X� £W´2¤�¥S£�£*��£�¤
¥Hõ Y £�¤
¥�õJò Z £*¤�¥
¥$Ç ø^£*¤�¥
¥ ò���£*¤�¥ D ò Y £*¤�¥ D4Z £*¤�¥ D ø^£*¤�¥
�XÛX� £W´2¤�¥S£�£*ò X £*¤�¥)õd²^£*¤�¥
¥AÇ Z £�¤
¥�¥ X £*¤�¥ D ò®²^£*¤�¥ D4Z £�¤
¥
���X� £W´2¤�¥S£�£ [ £*¤�¥)õ Z £*¤�¥
¥$Çwòó²^£*¤�¥
¥ ò [ £�¤
¥ D ò Z £*¤�¥ D ò®²^£*¤�¥
�X³X� £W´2¤�¥S£�£*��£�¤
¥Hõ�\�£*¤�¥)õ,Ä�£*¤�¥
¥$Ç ø^£*¤�¥
¥ ò���£*¤�¥ D ò�\�£*¤�¥ D òhÄj£*¤�¥ D ø^£*¤�¥
�X½X� £W´2¤�¥S£ [ £*¤�¥ÂÇhò®²^£*¤�¥
¥ ò [ £�¤
¥ D òó²^£*¤�¥

�t�^faE�I)E/P)K�EnRt�Mr v LMUWRA]uKjRSF�NXF�E/rdE/K
F��SNcUu�tZ)UuZ)R$RSZ)�Sk^F�k
NcF�Ä�rdE/NXK�R$Ä�£�¤
¥�[XF�k
NcFM]WRS[
¤�]uRVYMLML�I)È*K�NXF�Z)QTE/I$e � ]Wrd]WUWNXQ
UW�^g�LMQ ö [)÷n[yeèeèe2z)k�E�RSE/K�F*E/K��SE/R0]WK5RtF*NcF*E/rdE/K�FM�SNXUWÈ
�SZ)UWZ)R x

� F�NXF�E/r�E/K�FM�SNcUW�SZ)UWZ)R0¾*]WK^�SUWNcZ)RSNXU�g�QTLMrd�
�X� òóÄ D ò ö"D ò�÷ D §
³X� Ä D ò [^D4Z
½X� ò®² D ò�ø D ò®§
¿X� òG� D ò [^D ÷
ÀX� ö D ò®² D ò X
çX� § D ò ö D ò®ø D �
.X� ò [_D \ D]Y
1X� ò X]D ò [^D �
�X� ò®� D ò Y`D4Z4D ø
�cÛX� X]D òó² D4Z
���c� ò [aD ò Z2D ò±²
�c³X� ò®� D ò®\ D ò±Ä D ø
�c½X� ò [aD ò®²

I)�^faEnl^]WUWU
Z)RtEnQTE/RSLMUWZ)F�]WLMK^]WK5RSF�NXF�E/rdE/K
F��SNXUW�SZ)UWZ)R�F�L�_)QTL�bMEjò [aD òs²æe2ÿ�L�F*E
F*k�NXFc�X½XÃW��NXK�Ij�X¿X��NcQTE0F*k�EVK
E/YMNcF*]WLMKOLMg�F*k�]WR��SUWNcZ)Rce�ÿjLMF�E0NXUWRSLOF*k�NXFcl^E0NXQTEVZ)RS]WK�Y
�SLMrdrdNXRA]WK
RSF�E/NXI^L�g D e

�XÛ



��RS]WK�Y þ�]ub�E/R ��RS]WK
Y þq]WbME/R
�X½cÃu� [ ³�1c� �X[è³�. ò ö ¬�ò®÷�¬�§
�X¿c� ² ³��c� ³cçX[è³�1 ò�÷�¬'§
�XÀc� ³c[è�X½cÃ Ä�¬ Z ½XÛc� �#.X[è³�� òM�^¬�§
�Xçc� ½X[è�c¿ ò�ø�¬'ò±§ ½X�c� çX[è½XÛ §d¬'ò ö ¬�ò�ø
��.c� ¿c[è�X½cÃ òM��¬'÷ ½X³c� ³cçX[è½X� §d¬'ò®ø
��1c� ÀX[è�c¿ ö ¬�ò X ½X½c� �cçX[è½X³ ò�ø
���c� .c[è�X½cÃ \M¬ Y ½X¿c� �X[è½X½ ò��¦¬'ò Y ¬ Z
³XÛc� 1c[è�X½cÃ ò X ¬'� ½XÀc� ³cÀX[è½X¿ ò Y ¬ Z
³X�c� �cÛX[è�c¿ X ¬ Z ½Xçc� ³c½X[è½XÀ ò Y
³X³c� ���c[è�X½cÃ ò Z ¬'ò®² ½�.c� �c³X[è��� ò��¦¬'òhÄj¬'ø�¬ Y
³X½c� �c¿X[è³c³ ò Z ½�1c� ½cçX[è½�. ò��¦¬'òhÄj¬'ø
³X¿c� ³c�X[è³c½ X ½��c� ³cÀX[è½�1 ò±Äj¬'ø
³XÀc� ³cÛX[è³c¿ � ¿XÛc� ³#.X[è½�� ø
³Xçc� �#1X[è³c¿ ö ¿X�c� ½c½X[è¿XÛ {X�
³�.c� �cÀX[è³c½ Ä

���


