
���������
	���
���������������������������� �

!�"$#&%�')(*%,+.-/10*/124365 7989:<;>= # 0@? " =6; # / " 243A5 BC/ +�D*# B + =>:E:F=HGI3

JLK M*NPOQ�R4S�TVU4WYX�ZT[S]\_^_Q$`aQ$bLcYdfe OQg\1h M Q$X4Q$TAbLijWlkAbL\Amfn
ogp Qgqsrftfqsu p TVr>\AbjT,UL\AbLv

w1x dfTzy{Qgt6mfQ}| OQg`sq�~P��qsTA`a`sQ�U��{�A�{�A��e�bLQgtY\Arf`sQAdf|YbLTAtYi�Q
�
�,���z�V���>���A�4�,���<�g�,�����[�g�1� �j�
���
�<�����,�Y�j�f�g�>�A�.�����$�{� �j�

� h�QgnfU$��\A��� \{¡¢n9�¤£fi�q&��¥¦tfqsyAQ$bLX4q�U§vP\V� ��TV`sk{TVbLv
¨{© �A�Yd_¥¦tfqsyAQ$bLX4q�U§vªh�bLqay{Q�«�� ¬­�>��TV`sk{TAb4v{d6®¯� °�� N ¨ «²±$« w

���f�V���a�_�¦�´³µ�g���s�Y�L�V� �1�,�
�A���j�
¶�·�¸j¹jº�»1¼�¹

½E¾¢¿§À1Á�Â Ã6Ä$Ã_Å4Æ
Ç6È*Å¦ÉjÊ$¾1Â´Á�Ë{ÅLÆ ¿§À1Å¦ÉjÌ�Ä$Â´Â�Ê$Í9Á�ÎÏÃ6ÄgÆ´¿§Á�ÄgÌ>ÉjÊ$Î�Ð1Á�¾1Äg¿§Ê$Æ§Á�ÄgÌHÑzÄgÎÏÅjÂ
ÍsÊ$ÆÒÈ�À1Á�É4À}¿§À{Å�Â´ÅL¿*ÊgÍµÃ_Ê$Â´Â´Á�Ð1Ì�Å�ÎÏÊ�ÓzÅjÂÔÂF¿´Æ§Á�ÉL¿§Ì�Õ�ËAÅjÉLÆ§Å
ÄgÂ´ÅjÂjÖ9×*À1Á�Â�ÉLÌaÄgÂ´Â*Ê$ØfÅ4Æ§ÂÒ¿§À1Å
Á�¾,¿§ÅLÆ§ÅjÂF¿§Á�¾{ÑPÃAÆ§Ê�Ã_ÅLÆ´¿EÕl¿§À1Äg¿�Å
Ä$ÉIÀ�ÑzÄgÎÏÅ¯ÊgÍ�Á�¿�É
Ä$¾�Ð_Å�ÉjÊ$¾1Â´Á�Ë{ÅLÆ§ÅjËÙÄgÂ}ÄªË{Ê$ÎÏÁ�Ú
¾1Äg¿§Á�Ê�¾[Ñ�Ä$ÎÏÅÛÊ$¾ªÄ�ÉLÅLÆ´¿IÄ$Á�¾[Ñ$ÆIÄgÃ1ÀYÇ_É
Ä$Ì�Ì�Å
Ë¢¿§À{Å�ÎÏÊ�ÓzÅ4ÚEÑgÆIÄ$Ã{ÀµÖ�Ü�Å¦Ä$¾1Ä$Ì�ÕAÝjÅ�¿§À{Á�Â
ÅjÞVß{Á�Ó�ÄgÌ�ÅL¾1ÉjÅ�ÍàÊ$Æ�Â´ÅjÓ�ÅLÆIÄ$ÌÔÍ�ÄgÎÏÁ�Ì�Á�ÅjÂ¦Ê$Í*ÉjÊ�Î�Ð1Á�¾6Ä�¿§Ê$Æ§Á�Ä$Ì9ÑzÄgÎÏÅjÂjÇ�Äg¾6ËªÁ�¾,¿´Æ§ÊVËAß1ÉjÅÏÄ
ÑgÆIÄ$Ã{À[Ê�Ã_ÅLÆIÄ�¿§Á�Ê$¾ªÉ
Ä$Ì�Ì�Å
Ë)á�âÔãàä]å$ä6æ¯ç}å$á<èIé}¿§À1Äg¿ Ã{Æ§ÅjÂ´Å4Æ§ÓzÅjÂ ¿§À{Å�ê Æ§ß1¾6ËVÕ¢Ó$Ä$Ì�ß{Å�Ö
Ü�Å�¿§À1Åj¾ëÂF¿§ß6ËVÕìÄg¾1Êg¿§À1ÅLÆ�ÑzÄgÎÏÅ[Ê�¾�Ñ$ÆIÄgÃ1À{Â�Æ§ÅLÌaÄ�¿§Å
Ëì¿§Ê)¿§À1Å�æ�í$á�îªå$ä6æëï§í
ð,ñ4î
Ñ�Ä$ÎÏÅ�Ç{Äg¾6Ë�È�ÅÛÃ{Æ§Ê�Ã_Ê$Â´Å¦Ä�Ã6Ä�Æ´¿§Á�Éjß1Ì�ÄgÆ È¤ÄjÕ�¿§Ê}Â´Ê$Ì�Ó�ÅÛÁ�¿
Ö

ò óÔô�õ�ö¤÷ªø�ù)ú�õ¤û�÷�ô

N WfQ �AüV�����H�,ý&�<ü,�]�{�V��� \{t�T)þE^_qabLQ$i�U4Q�^Yÿ kAbjTVnfW���� þ����	�¯ÿ�qàX�U4WYQ�U�
�\
�Fnf`àTzvAQ$b k{TA¡�Q

ÛWfQ$b4Q�Q$T{ijW nf`àTzvAQgb�ijWf\6\{X4Q$X¢TëyAQgb4U4Qg~ TVtY^ b4Q$¡¢\,y{Q$X¯q�UjX�Q�~6U4Q$tY^_Q$^ tfQgqskAW6r>\AmfbLWf\6\_^
þ�ULWfQ[yAQ$bIULQ�~ÙqaULX4Qg`a�ÛTVtY^ëq�UjXÏtfQ$qak{W1r>\AmYbLXjÿ�� b4\{¡���� N WfQ��YbjX§UÏnf`àTzvAQ$b}mftYTVrY`aQ�UL\�nY`sTzv
`s\{X4Q$X$�
¬ìQ�ig\AtYX4qs^fQgbÔULWfQ.i�`àTAXLXÔ\V�fqs¡�nYTVb4U4qàTV`1k{TA¡�Q$X�
ÛWYQgbLQ�U4WYQ�X4Q�U�\V�Yn>\{XLXIqsrf`sQ ¡�\,yAQ�XÔqàX��µtfq�ULQAd
TVtµ^ìXIU4bLqài
U4`svÙ^_Q�i�bLQ$T{XIQ�XÏT,��U4Q$bÏQ$T{ijWënf`àTzvAQ$b�� X�U4mYb4tÔ�l®¦`s`¤U4WfQ[¡�\,y{Q$XÏTVbLQ[Tzy,TVqs`sTArf`aQ�T,U
U4WYQÏrµQ$kAqstftfqstfkªTVtY^PU4WYQgbLQ�qàXÛtf\�tfQ�
C¡�\,y{Q�ULWYT,U�TAnfnµQ�TVbjXÛ^_mfbLqatYk�ULWfQÏk{TA¡�QA�N \PTVt6vPk1TV¡�Q�\A��ULWfqàX�i�`àTAXLX�
�Q¯TAXLX4\6igqsTVU4Q�T[¡�\,y{Q��FkAbjTVnfW������²þ������¯ÿ
d�
ÛWfQ$b4Q�� qsX
U4WYQ X4Q�U9\A�_TA`a`{nµ\1X4X4qsrf`aQ ¡¢\,y{Q$XH\A�1ULWfQ k{bLTAnfWÔ� N WYQgbLQ�qsXÒTVtÏQ�^_kAQ*� bL\A¡��
 _UL\!�#" q��_nf`àTzv6qatYk
TAi$i�\{bL^_qstfk¢U4\�ULWfQ�¡�\,yAQ��
 �� \AbLrfqà^fX.U4\[nY`sTzv�TAigig\Abj^_qstfk¢U4\$�#"�qst)U4WfQ¯ig\At1U4qst6mYT,ULqa\{tl\A�
U4WYQÏk{TV¡�Q{�
®�tf\AU4Q%
�\Ab4U4W6v]nfbL\An>Qgb4U§v]\V��U4WYQ$X4Q¢k1TV¡�Q$X�þ<qa¡�¡�Q$^_qàT,ULQg`svë^_Q�^_mYigQ$^ë� b4\{¡ ^_Q%�YtfqaU4qs\AtYX
TVr>\,yAQzÿ�qsX¦U4WYTVU�nf`àTzv6qatYk�U4WfQ$¡ TA¡�\Amft1ULXÛU4\ªnf`àTzv6qatYk[U4WfQ�^_\A¡�qstYT,ULqa\{t]k{TV¡�QÏ\{t)U4WfQ$qab
¡�\,yAQ%�&k{bLTAnfWYX$�>¬ìQ tY\&
ìk{qay{Q¤Q�~fTV¡�nf`sQ$X9\V�_k{TA¡�Q$X'
ÛqaU4WÏULWfQgqsbÒT{X4X4\_i�qàT,ULQ$^�¡�\,yAQ��FkAbjTVnYWYX
TVtµ^lXLT,ULqsXI� v6qatfk¢ULWfqsX¦nfb4\{nµQ$bIU§v{�
e�qsyAQgt�T�nYTAbIULqsTA`a`sv(�&\{bL^fQgbLQ$^�XIQgU}þ<nµ\1XIQgUjÿ*)�d+
 Q�^_Q��YtYQ�T¯nµ\1XIQgU�k1TV¡�Q�T{X T�U�
 \,�&nf`àTzvAQ$b
k{TA¡�Q-
ÛWYQgbLQ�Q�TAijWìnf`sTzv{QgbÏTV`aU4Q$b4tµT,U4Q$`av]bLQg¡�\,y{Q$X�TVtìQg`sQg¡�Qgt1U/. � bL\A¡�) TVtY^ìTV`s`*U4WfQ
Qg`sQg¡�Q$t{UjX�kAbLQ$T,ULQgb�\Ab�Q�01mYTA`µUL\�.9� N WfQ�nf`àTzvAQgb�bLQg¡�\,y6qatfk¯U4WfQ�`àTAXIU.Q$`aQ$¡�Qgt1U � bL\A¡1) qsX
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U4WYQ/
ÛqatYtfQgb�� °�vl^fQ��YtfqaU4qs\At]\A�*T�n>\{X4Q�U¦k1TV¡�QAdµTV`s`Ô\V�*U4WYQg¡ TVbLQ�ULW6mYXÛQ�01mfqsy,TV`sQgt1U¦UL\ªT
^_\{¡¢qstYTVU4qs\At�k{TV¡�Q}\AtlU4WYQgqsb¦¡�\,yAQ��FkAbjTVnYWÔ�N WfQ¯X4Q�U�\V�¤n>\{X4Q�U�k1TV¡�Q$XÛqstYig`amY^fQ$X¦`s\VUjX¦\A�¤ig`sT{X4X4qàigTV`9k{TV¡�Q�X�2 ULWfQ¯k1TV¡�QÏ\V� «�qa¡ þ<X4QgQ3 x&4 ÿ
dfk{b4Q$Qgt65�TAi87{Qgt6rfmYX4W þ<X4QgQ 3 ± 4 ÿ
d_ULWfQ¯X4mfnµQ$bLX4Q�UÛk1TV¡�Q[þ<X4QgQ 3:9 4 ÿ
dY\{b�� Wf\A¡�n�þ<X4QgQ 3 � 4
\Ab 3 ±$� 4 ÿ.T{X.Q�~fTV¡�nf`sQ$X$� N WfQÏ`sTVUIULQgbÛqàX.\V��U4Q$t)nf`sTzv{Q$^l\At)T¢b4Q�i
ULTAtfkAmY`sTAb.ijWY\6ig\A`àT,ULQ�rYTAb$d

ÛWfQ$b4Q[U�
�\]nf`àTzvAQ$bLX�TA`�ULQgbLtYT,ULQg`svëX4Qg`sQ$i�U�T�X�0{mµTVbLQAd�b4Q$¡¢\,y6qstfk þ \{b¯Q�T,U4qstfk6ÿ}q�U¢TVtY^ TA`a`
U4WYQ�X	01mYTAb4Q�X�U4\�U4WYQÏb4qskAW1U¦TVtY^�r>Qg`s\&
CqaU$� N WfQÏnf`àTzvAQgbÛX4Qg`sQ$i�U4qstfk�U4WfQÏ`àTAXIU�X�0{mµTVbLQ�þ U4WfQ
mfnfn>Qgb�`aQg��U¦\AtfQ{dfXImfnYnµ\1XIQ�^ln>\AqàX4\AtfQ�^Yÿ `a\1XIQ�X�U4WfQÏk1TV¡�QA�
«¦\&
²i�\{tYXIqà^_Q$b�ULWfQ�kAbjTVnfWë\V��¡¢\,y{Q$X�\V�¦� Wf\A¡�n;2<
 Q¢WYTzyAQ�T)^_qsb4Q�i
U4Q�^Ù¡�\,y{Q��FkAbjTVnfW

ÛWfQ$b4Q}Q$T{ijWly{Qgb4U4Qg~Pi�\AbLbLQ$X4nµ\{tY^fX U4\�ULWfQ�XIQ$`aQ�i
ULqa\{tl\A��T[X�0{mµTVbLQ¢þEXIQ$Q}|�qskAmfbLQ�±�ÿ��
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N WfqàX�nfbL\An>Qgb4U§v¯i$TVt[TV`àXI\Ïr>Q�TAnfnf`sqaQ�^¢U4\�TV`s¡�\{XIU�b4Q$¡�\,yzTA`fk{TA¡�Q$X$dAXImµijW�T{X*U4WYQ�k{TA¡�Q�\A�
«¦qs¡ TAtY^ªqaULX.y,TVbLqàTVt1ULX$�¤� \{tYX4qs^_Q$b.¬ v{ULWf\
>�� X.k{TA¡¢Q�þ?�µbLXIU ULqa¡�QÏXIU4mY^_qsQ$^lqst 3 @ 4 ÿA2 N 
�\
nf`àTzvAQ$bLX�TV`aU4Q$b4tYTVU4Q$`av]¡�\,yAQ�� bL\A¡ TlkAqsyAQ$tëi�\{tB�Yk{mfbLTVU4qs\AtÔd�¡[T{^_Q�mfnë\A� U�
�\lWYQ$TVnµX�\A�
U4\C7AQ$tYXg� N WfQgbLQ¦TVbLQ�U�
 \Ï^_qD>HQgbLQgt1U¤U§v6nµQ�X¤\V�>¡¢\,y{Q$XE2Òb4Q$¡¢\,y6qstfkÏTVt6v�t6mf¡�rµQ$b¤\V�>U4\,7{QgtYX
� bL\A¡�T�XIqstfk{`aQÛWfQ�TVn�þ U4WfQ�«¦qs¡²bLmf`sQ�ÿ�d{\{b�b4Q$¡�\,y1qstfk}ULWfQ�XLTV¡�QÛt6mf¡¯r>Qgb \V�HU4\C7AQ$tYX¤� bL\A¡
r>\VU4WPWfQ$TAnYXg� N WfQF
ÛqatftYqatfk�nf`àTzvAQgb qsX U4WfQ�\AtfQ�ULT,71qstfkÏULWfQ�`àTAXIU�UL\,7AQ$tÔd{U4WfQ�\VU4WYQgb `s\{X4Q$X
TAX.WYQ�qsX¦mftYTVrY`aQ}UL\[¡¢\,y{QÏTVk{TAqat9��® k{TV¡�Q�ig\AtB�Yk{mfbjT,U4qs\AtlqsX�^_Qgtf\AU4Q�^ìþ�GH��I�ÿ�dJ
ÛWfQ$b4Q�G
TVtµ^KI¤TAb4Q U4WfQ�t6mf¡¯r>Qgb�\V�fUL\,7{QgtYXÒqat�Q$T{ijW�WfQ$TAnÔ�Ò®�X*^_Qgnfqài
ULQ$^¯rµQ$`a\&
ÏdzULWfQ ¡�\,y{Q��FkAbjTVnfW
igTAtlr>Q�i�\{tYXIU4bLmYi
ULQ$^L
Ûq�ULW þ�G<MNIOMQP�RTS�þUGH��IgÿIÿ yAQ$bIULqsigQ$X$�
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S]\,y{Q$X�TAXLXI\_i�qàT,ULQ$^6
ÛqaU4W XIQgULX�\V� yAQgb4U4qài�Q�XFn�TVtµ^po ^_Q��YtYQ�¡�\,yAQ�X�T{igig\Abj^_qatYk[U4\lU4WfQ
«¦qs¡-�&bLmf`sQìþ<qE� QA�q
ÛWfQgt TÙnf`àTzvAQ$b¯bLQg¡�\,yAQ�XÏUL\,7AQ$tYX�qat TÙX4qatYkA`sQlWfQ�TVnµÿ�d TVtµ^ TVbLQlig\AtB�
XIU4bLmYi
ULQ$^ T{X�U4\AmYb4tYTA¡�Qgt1ULX�kAbjTVnfWµXg�Qr´tY^fQgQ$^Ôd ijWf\6\{X4qatYk�U4WYQ�y{Qgb4U4Qg~ `àTVr>Qg`sQ$^CþUG�s;R´ÿ
þ bLQ$X4nÔ�Ïþ�ItsuR§ÿIÿÛqat)ULWfQ�^_\{¡�qatYTVU4qs\At)k{TA¡�Q�TV¡�\Amft1UjXÛU4\[`sQ$Tzy6qstfkvR U4\,7{QgtYX¦qat)ULWfQ/�YbjXIU
þ bLQ$X4nÔ� X4Q$ig\AtY^µÿ�WfQ�TVnÔ� N WfQ]XIQgU¢\A��yAQ$bIULqsigQ$Xvw ^_Q%�YtfQ�X�¡�\,y{Q$X¢TAigig\Abj^_qstfk�UL\ër>\VULW
WfQ�TVnYX$�xrFULX.XIqsugQ�qsX�tYTVU4mfbjTV`s`sv�Q#0{mµTV`>U4\¯U4WfQ�¡�qatfqs¡¯mY¡ XIqsugQ�\V�9r>\VULWPWfQ�TVnYX$d6TVtY^ªU4WfQ�w
qàXÛTV`àXI\�rfmfqs`à^�T{XÛT�U4\AmYb4tYTA¡�Qgt1UÛkAbjTVnfWÔ�K ^fkAQ$X�� bL\A¡yn{z
o U4\|w}2¯S]\,yAQ�X�`aQ�Tzy1qstfk)¡�\AbLQ¢U4WYTAt~P�RTS�þUGH��Igÿ�U4\,7{QgtYX}qst�T)WfQ$TAn
TV`s`s\&
 TA`a`>¡�\,yAQ�X TAi$i�\{bL^_qstfkÏUL\¯r>\VULWPWfQ�TVnYX$dAULWYT,U.qàX�
ÛW6v¢U4WfQ$b4Q�qsX�tf\�Q$^_k{Q¦� bL\A¡ X4mYijW
yAQ$bIULqsigQ$X�U4\vw¢�*S�\,yAQ$X `aQ�Tzy6qatfk�X§ULb4qài
UL`av�`sQ$XLX�ULWYTVtLPLRTS�þUGH�8I�ÿ�U4\C7AQ$tYX qstlT�WfQ$TAnª� \AbLrfqà^
i�Q$bIUjTVqstl¡�\,y{Q$X�rµQ$`a\{tfkAqstfk�U4\$w�2�T�¡�\,y{Q�`sQ$Tzy6qstfk�þUPLRTS�þ�G��8I�ÿ�s�R§ÿ U4\C7AQ$tYX�qat]T¢WfQ$TAn
WYT{X.Q�~fTAi�U4`sv$R�Q$^fkAQ$X�UL\�U4WfQ�R XI¡[TV`s`sQ$XIUÏþETAi$i�\Abj^_qstfk�U4\�U4WYQgqsbÛ`sTArµQ$`àÿ�y{Qgb4U4qài�Q$X.\A�xw¢�K ^fkAQ$X � bL\A¡1w UL\-n<z&o�2*S�\,yAQ$X�U4WYTVUÛb4Q$¡¢\,y{Q!R�U4\C7AQgtµX qstPr>\VULWPWfQ�TVnYX�WYTzy{Q!R¤Q$^fkAQ$X
kA\{qatYkÛU4\�U4WfQ�kAbLQ$TVU4Q$XIU9y{Qgb4U4qài�Q$X9\V�Jn TVtY^/R>\AU4WfQ$b9Q�^_kAQ�X9k{\AqstfkÛU4\�U4WfQ kAbLQ$TVU4Q$XIU9y{Qgb4U4qài�Q$X
\V��o þ<XIULTAbIULqatfk�bLQ$X4nµQ�i
U4qsyAQ$`av�T,U¤yAQ$bIULqsigQ$X.þUG�sKP�RTS�þUGH��I�ÿ
M�±�ÿ9TVtY^�þ�I�s-PLRTS�þ�G��8I�ÿ
M�±�ÿIÿ��
¬ìQ¦mYX4Q.U4WfQÛ�<T{i
U�ULWYT,U � \Ab�TV`s`Yy{Qgb4U4Qg~��Òd(n��'�PTVtY^vou���ªbLQg¡[TAqat¢U4\{mfbLtYTV¡�Qgt1U�k{bLTAnfWYX$�
N WfQ�¡�\,yAQ%�&k{bLTAnfW]qsX}WY\&
 Q$yAQgb�tf\AU}tYQ$i�Q�X4XLTVbLqs`av)mftY^fqabLQ$i�U4Q$^Ô� N WfqàX}qàX�U4WfQ[igT{XIQ-
ÛWfQ$t
i�\{tYX4qs^_Q$b4qstfkl\6i�ULTA`�k1TV¡�Q$X�þEXIQ$Q 3 ± 4 TVtµ^Ù^_Q�X4igb4qsn_U4qs\AtÙ� mfb4U4WfQ$bjÿ�dÔ\Ab�U4WfQ[^_\{¡�qatf\�k{TA¡�Q
þ qst1U4bL\_^_mYi�Q�^ r1v � \At+
�Tzvfÿ�d�
ÛWfQ$b4Q�U�
�\ìnY`sTzv{QgbjX�TA`�ULQgbLtYT,ULQg`sv b4Q$¡�\,yAQlU�
 \�TA^&�ITAi�Q$t1U
X�0{mµTVbLQ$XªþETÙ^_\{¡¢qstf\6ÿÏqst T�P = S kAbLqà^��prFUjX¯¡�\,yAQ%�&k{bLTAnfWìqsX¢^_QgnYqsi�U4Q$^ r6vp�Yk{mfbLQl�fd

ÛWfQ$b4Q�yAQgb4U4qài�Q�X \{t[U4WYQF�YbjXIU.TAtY^�U4WYQ�ULWfqsbL^P`aqstfQ$X�i�\{b4bLQ$X4n>\AtY^¢UL\�Wf\{b4qsug\{t1ULTV`>^_\A¡�qstf\{X
TVtµ^ªULWfQ�XIQ�i�\{tY^P`sqstfQ}U4\�ULWfQÏyAQ$bIULqsi$TV`H\AtfQ�Xg�

v5

h2

h1h1 v5

v5h2

h1

h2

|�qak{mfbLQ}�J2�S]\,yAQ%�&k{bLTAnfWª\A�9U4WYQ�^_\A¡�qstf\�k{TV¡�Q}nf`àTzvAQ�^P\{t�T ¨'= © k{b4qà^

N WfQ)^_\A¡�qstYT,ULqa\{t k1TV¡�QPqàX�i�`s\{X4Qg`svìbLQg`àT,ULQ$^ UL\ì|YbLTAQgt�7{Qg`�� X�\AtYQl\{t W6v6nµQ$b4k{bLTAnfWYX 3 � 4
þ<ig\AtYX4qà^_Qgb¯U4WfQ�¡�\,yAQ��FkAbjTVnYWìT{X�TAt�W1v6n>QgbLkAbjTVnfWQ
ÛWYQgbLQPT�W6v6nµQ$b4Q�^_kAQPb4Q$nfb4Q�XIQ$t1ULX¯TAt
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r>Q�T¯ig\AtB�µkAmfbjT,ULqa\{t¢\A�HU4WfQ}^_\A¡�qstYT,ULqa\{t[k{TA¡¢QF
Ûq�ULW$S]yAQ$bIULqsigQ$X$d{TVtµ^[`aQgU*� é TVtY^v�C�ÛrµQ

x



TVt6v[U�
�\�yAQ$bIULqsigQ$X.\V�O����� \{tYXIqà^_Q$b¦T�kAbjTVnfW6� � 
Ûq�ULW�SvM ¨ yAQ$bIULqsigQ$X$d_\Ar_UjTVqstfQ$^l� bL\A¡
� r6v¢ig\AtYXIU4bLmYi�U4qstfk�¡[T,UjijWfQ$^¢U�
ÛqstYX��#� é �	�(Êé � TAtY^���� � �â�+Ê� � � M Qg¡�\,y6qstfk}U4WfQ�Q�~6U4Q$tY^_Q�^
tfQ$qak{W1r>\AmYb4Wf\6\_^l\V��T¢y{Qgb4U4Q�~L�Òd�µ|¶· ð þU�Hÿ�k{qay{Q$X � \A`s`a\&
Ûqstfk�\AnfU4qs\AtYX�2
� � qàX/� é \{b��+Êé TVtY^u� qsX¯tf\VU�T]tfQgqskAW6r>\Amfb¯\V�!� � \{b/�+Ê� ULWfQgtN� � �¤µ ¶· ð þÍ��ÿK�ìíÙ!RTS�î8özþ��ñ��µp¶· þÍ� é ÿ4ÿ�TAtY^)ULWfQgtër1v p Qg¡�¡[T ¨ ULWfQ�e�bLmftY^fv�y,TA`amfQ�\V�¤ULWfQ¯tfQ�

kAbjTVnfWlqsX.ULWfQÏX4TA¡�Q�TAX U4WfQÏ\{tfQÏ\ArfULTVqstfQ�^ª� bL\A¡�� r6vPijWf\6\{X4qstfk�� é �

� �ÙqàX!� é \AbF�+Êé TVtY^6�ìqàX�T[tfQ$qak{W6rµ\{mfb�\A���C�}\Ab¤�(Ê� þ<rµQ�igTVmµXIQ�\V�*U4WfQ¢¡[T,UjijWfqatYk1ÿ
d
U4WfQ$tp���t�Eµp¶·Çð þU�HÿE���Á�Eµp¶· þÍ� é ÿ
� N WfQ�b4Q�XImY`�ULqatfkPkAbjTVnfW)qàXÛU4WYQ�XLTV¡�Q¯TAX¦U4WfQ
\AtfQ}\ArfULTVqstfQ�^ª� bL\A¡�� r6vlijWf\6\1XIqstfk-� é �

� �Pr>Qg`s\Atfk1X¤U4\�rµ\AU4WªtYQgqskAW6rµ\{mfbLWf\6\6^YX¤qatL��d1q&� QA�x�|�6µ|¶· þÍ� é ÿ�TAtY^��|�6µ|¶· þÍ�C�$ÿ
�N WfQgtu���F�!µ ¶·Çð þU�Hÿ<�÷���!µ ¶· þU�Hÿ�dÒTAtY^�ULWfQ[bLQ$X4mf`�ULqatYk�k{bLTAnfWìqsX}qà^_Qgt1ULqsi$TV`*U4\
U4WfQÏ\{tfQ}\Ar_UjTVqstfQ$^P� b4\{¡�� r1v�ijWf\6\{X4qatYkK���

� �]qsXÛqst]T¢tfQgqskAW6r>\AmfbLWf\6\_^P\A�Ò\AtY`avl\AtfQ}\V��U4WYQ}U�
ÛqatftYQ$^�yAQ$bIULqsigQ$X$��|f\AbÛQg~fTV¡�nf`sQ
�q�qµ · þÍ� é ÿ�TVtY^���z�Ìµ · þÍ�C�$ÿ
��5¦Q$tYi�Q�
�Q�WYTzyAQ����!�!µ ¶ þU�Hÿ<�ÃìíÙ!RTS�î8öVþU���µ ¶ þÍ��ÿIÿ�TVtY^ÙU4WYQgtìr1v p Qg¡�¡[T ¨ dHU4WfQªe�bLmftY^_v]y,TA`amfQ¢\V� U4WfQ�bLQ$X4mf`aU4qstfkPk{bLTAnfW
qsX�ULWfQ�X4TA¡�Q}T{X�U4WfQÏ\{tfQ}\Ar_UjTVqstfQ$^P� bL\A¡�� r6vPijWf\6\{X4qstfkK���

� �lqàX \{m_ULX4qà^_Q�r>\VULWPtfQ$qak{W1r>\AmYb4Wf\6\_^fX$� N WfQ$tªULWfQ�qstY^_mµi
U4qs\AtPW1v6n>\VULWfQ$X4qsX QgtµXImfbLQ$X
U4WYTVUÏU4WfQPe�bLmftY^_vÙyzTA`amYQ[\V��U4WfQ[bLQ$X4mf`aU4qstfk)kAbjTVnfWìqsX}qà^_Q$t{ULqsi$TV`¤UL\�U4WfQª\{tfQ�\ArB�
ULTVqstfQ�^ª� bL\A¡¢� r6vlijWf\6\1XIqstfk-�Ò�

Ð

ø�ùEúFû�ü�ýOþâÿ�������ý��Ãÿ	�
r´t�ULWfqàXÒX4Q$i�U4qs\At/
�Q mYX4Q N WYQg\AbLQg¡ ¨ U4\�rYmfqa`à^�tYQ%
�k{TA¡�Q$XÔQ#01mfqay,TA`aQ$t{UÒU4\}XIQ$yAQ$bLTA`
76tf\&
Ût
k{TA¡�Q$X$�

� \AtµXIqà^_Qgb U4WfQ}^_\{¡¢qstYTVU4qs\At[k{TA¡�Q�\AtªT�X§UjTVrf`sQ�X4Q�Ut
Ûq�ULW�S]y{Qgb4U4qài�Q$X$d,
ÛWYqsijWªqàX U4bLqay6qàTV`s`av

Ûqstftfqstfk]q��ÛTVtµ^Ù\{tf`avÙq��ES qàX}\_^f^ þ�ULWfQPe�b4mYtY^_v�y,TV`smfQ[r>Qgqstfk6S�¡�\_^ ¨ ÿ
�[¬ìQ�U4WfQ$t
i�\{tYXIU4bLmYi
U�Q�01mfqsyzTA`aQ$t1U�k{bLTAnfWYX�mµXIqstfk�U4WfQ�U�
Ûqat�TVtY^ª¡�TVULijWl\An>QgbjT,U4qs\Atëþ<X4QgQ�|�qskAmfbLQ��1ÿ
�
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� \AtµXIqà^_Qgb¯U4WfQ�ijWYTVqst 3 ±��%���I� 4 qat |ÒqskAmYb4Q��f�|rFU�igTVt rµQ�XIQ$Qgt T{XÏU4WYQP¡�\,yAQ%�&k{bLTAnfWë\A�
U4WYQ�^_\A¡�qstf\�k{TV¡�Q[þ \_i�ULTV`9k{TV¡�Q¢� � 9 ÿ \At]T¢bL\&
æ
Ûq�ULW @ X�01mYTVbLQ$X$� N WfQ}\VULWfQgbÛy{Qgb4U4qài�Q$X
bLQgnfbLQ$X4Qgt1UÛTA^f^_qaU4qs\AtµTV`�¡�\,yAQ�X<2¤b4Q$¡¢\,y6qstfk�T¢X4qstfkA`sQÏX	01mYTAb4Q{
Ûq�ULW]TVt)Qgy{Qgt�qatY^fQ�~��

�� ÓB¼ ��
��	��� » �	����� ¼&Ó ��
 » � É T�b4\&
²\V��S X	01mYTAb4Q�Xªþ Q$yAQgt�qstY^_qài�Q�X¯X�01mYTVbLQ$XÏTAb4Qv
ÛWfqaU4Q

TVtY^l\_^f^�\AtfQ�X.rf`sT{i87fÿ
� � ÒUº��CÉ bLQg¡�\,yAQ�U�
�\¢T{^��ITAigQgt1U¦X	01mYTAb4Q�X \{bÛ\AtfQ<
ÛWfqaU4Q�X�01mYTVbLQ$X

|�qskAmfbLQ @ 2¤®¦t)Q�01mfqsy,TV`sQgt1U¦k{TA¡�Q

®�i$i�\{bL^_qstfk¯U4\¢U4WfQ N WfQ$\AbLQg¡ ¨ d1ULWfQ�e�b4mftµ^_v[y,TV`smfQ�\A�9ULWfqsX�k1TV¡�Q�qàX�Q�01mYTA`µUL\¢�K
ÛWfQ$t
S�� ± ¡�\6^ w TVtY^ Q�01mYTA`.U4\ ±6
ÛWfQgt;S�� � ¡�\6^ w � ¬ WfQ$tNSCqsX�Q$yAQ$t TAtY^ r6v
X4v1¡�¡�Q�ULb4v¢\V��ULWfQ�¡¢\,y{Q��FkAbjTVnfW¢qst[U4WfqàX�igTAX4QAd6i�\{tB�Yk{mfbLTVU4qs\AtYX�WYTzyAQ�T¯X§ULb4qài
UL`av�n>\{X4q�ULqay{Q
e�bLmftY^_v y,TA`amfQ þ<b4Q$¡�\,y1qstfkëU4WfQ�igQgt1U4bjTV`Û^_\{¡�qatf\ qàXªT~
ÛqatYtfqatYkì¡�\,y{Q)T{igig\Abj^_qatYk�U4\N WfQ$\AbLQg¡ ±zÿ
�

°�v]U4WYQªX4TA¡¢Qv
.TzvAd'
�Q[rfmfqs`à^ìT�bLQg¡�\,y,TV`¤k1TV¡�Q¢� b4\{¡ U4WfQ[\_i�ULTV`¤k1TV¡�Q6� � 9 �[¬ìQ[kAQgU
T�tYQ%
 ^_\{¡¢qstf\ëk{TV¡�QL
Ûq�ULW TVt TA^f^_qaU4qs\AtµTV` bLmf`sQªULWYT,U[TV`s`a\&
¦X�U4\ëb4Q$¡¢\,y{QPT]ULb4qs¡�qatY\
þ�ULWfbLQgQ�TA^&�ITAi�Q$t1UÛX�01mYTVbLQ$Xjÿ X§UjTVb4U4qstfk[T,U¦TVt)qstY^_Q�~�i�\AtYkAbLmfQgt1U.U4\ ¨ \Ab¦� ¡�\_^ w �
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�� ÓB¼ ��
��	��� » �	����� ¼&Ó ��
 » � É T�b4\&
 \V�ES X�01mYTVbLQ$X[þ<qatµ^_qsigQ$X ¨ \Ab�� ¡�\_^ w X	01mYTAb4Q�X
TVbLQ¤
ÛWfqaU4Q�TAtY^lU4WfQÏ\AU4WfQ$bLX�rf`àTAi87fÿ

� � ÒUº��CÉ bLQg¡�\,yAQ�U�
�\PTA^&�ITAi�Q$t1U�X	01mYTAb4Q�XÛ\AbÛULWfbLQgQ¯T{^��ITAigQgt1U�X�0{mµTVbLQ$X¦XIULTAbIULqatfkv
ÛqaU4WëT

ÛWfq�ULQ�X	01mYTAb4Q

��� Ó�ÒUÔ�� 
 �,É U4WfQÏe�b4mYtY^_v¢yzTA`amYQ�WYT{X T�nµXIQ$mY^_\
�Fn>QgbLqa\_^[� w þ<X4QgQ 3 ± 4 ÿ�TAtY^v
�Q�igTAtPTVnfnY`av
U4WfQ�
Ûqstftfqstfk[X§ULbLTVU4Q$kAv[\V��U4WYQ�^_\A¡�qstf\�k{TV¡�QÏ^_Q�X4igb4qsrµQ�^Pqst 3 w,4

|�qskAmfbLQ�±A±,2¤®÷� � 9 Q�01mfqsy,TV`sQgt1UÛk{TA¡¢Q

�  ÷K¯ ûgô6°�õ¤û�÷�ô ±�°/¯ « ÷�ô²ªì÷"! «¦öO¬ ÷�­@ú$#Pú&%�«!¬
h�Qgtf\AU4Qªr6v~w�þUSO���fÿ}U4WfQL�('*)]n>\&
 Q$bÏ\V�¦T]i�v_i�`sQ[\V�¦X4qau$QvS¤��h�QgtY\VU4QPr1vN� �!�%�%� 9 � U4WfQ
\_i
UjTV`_k{TA¡�Q*
ÛWfQ$b4Q U4WYQÛ\Atf`sv�TV`s`a\&
�Q$^¯¡�\,yAQ.i�\AtµXIqàX§UjX�qat¢b4Q$¡�\,y1qstfk���T{^��ITAigQgt1U�X	01mYTAb4Q�X

�



� bL\A¡ T)b4\&
Ï� ¡(+ é +,+,+ -/. þÍS9ÿÏ^fQ��YtfQ�XÏULWfQªy,TV`smfQª\A��ULWfQle�bLmftY^_vë� mftYi�U4qs\At�\A��ULWfqàX�k{TA¡�Q
ÛWfQ$t�U4WfQ�X§UjTVb4U4qstfk�i�\{tB�YkAmYbLTVU4qs\At�qsX TÏbL\&
 \A��X4qsugQ!S¤� ¡ þ�w�þÍSO�8�fÿ�^_Q%�YtfQ�X¤U4WYQ�e�b4mYtY^_v
y,TV`smfQ}\V��U4WfQ�^f\A¡�qatµT,U4qs\At�k{TA¡�Q{
ÛWYQgt����ñw�þÍSO�8�fÿ
�
¸/¹�º+»J¼&º+½10 ¡ þ�w�þÍSO�8�fÿIÿ�� ± � Ø ¡ + é +,+,+ - . þUS6su�Ks ±�ÿ��@�
¡ þ�w�þÍSO�8�fÿIÿ*� � � Øæ¡ þ32-� �����%� 954 Î � Î ��ÿ76 �
Æ ¼�»Ç»�È�É
|fbL\A¡²T�w�þÍSO���Yÿ�U4WfQ$b4Q.Qg~6qàXIULX�T}mftYqê01mfQÛ\{n_U4qs\AtÔd,
ÛWfqsijW�qàX*U4WYQ¤��'*)}n>\&
 Q$b*\V��TÏijWYTVqst�\A�
X4qau$QtS{s ¨ ��sl±�þ<^_Q$tf\VULQ$^�r1vK)[þÍS{s ¨ ��s�±,�8�fÿIÿ��Ç5¦Q$tYi�Q.ULWfQ¦e�b4mftµ^_v¯y,TV`smfQ ¡ þ�w�þÍSO�8�fÿIÿ
qàX�Q#01mYTV`�U4\)�l\Ab¢±¢^_Q$nµQ$tY^_qstfk6
ÛWfQ�ULWfQgb�ULWfqsX�n>\&
 Q$b�\A��ijWYTAqatÙqsX<
Ûqstftfqstfk�\Ab�`a\1XIqstfkY�
� \AtµXIqà^_Qgb tf\&
 U4WYQ�k1TV¡�Q/� ���%��� 9 � nY`sTzv{Q$^�\AtlT�bL\&
 \A�9XIqsugQ¤S�s��¤s ±A��� \AtµX§ULb4mYi�U qaULX
¡�\,yAQ%�&k{bLTAnfWPTVtµ^Pk{Q�U�T�)[þÍS�s ¨ �Ks ±C���fÿ�dfi�\Atµi�`smY^_qstfk�U4WfQÏnYb4\6\V�§� Ð
|f\{b�Qg~_TA¡�nf`aQ{d�w�þI± w � ¨ ÿÛkAqsyAQ$X�T$)[þ @ � ¨ ÿÛT,��ULQgb�\{tfQ¯¡�\,y{QAdJ
ÛWYqsijW]qàX¦ULWfQ¯¡�\,y{Q��FkAbjTVnfW
\V��U4WYQÏ\6i�ULTA`�k{TV¡�Q�� �A� 9 igTA`a`sQ$^�TV`àX4\�ULb4qs¡�qatY\¢k1TV¡�Q}\At)T¢b4\&
ñ
Ûq�ULWì±{±�X�01mYTVbLQ$X$�

By removing one vertex and its neighbours

1 1 1

3 5 7 91

2 4 6 8

5 5 5

|�qak{mfbLQ¢± ¨ 2¤S]\,y{Q��FkAbjTVnfW[� \{b.U4WfQ}ULb4qs¡�qatY\[k{TV¡�Q�\At]T�ijWYTVqst�
Ûq�ULWì±{±ÏX	01mYTAb4Q�X

8 9 ­V÷¯öO«!¬9õ öO«F¯ ÷":�°;%q±K°/¯ «
r´t]ULWfqsX}X4Q$i�U4qs\At|
�Q¯XIU4mY^_v�TPk{TA¡¢Q¯\At�k{bLTAnfWYX¦bLQg`àT,ULQ$^�UL\ªU4WYQ �{ü,ýE�¢�,�H��¦Lü�§6�
� k{TA¡�Q3 ¨ d © 4 �
e�qsyAQgt]T[k{bLTAnfW6��dJ
�Q�igTV`s` ��üV�4���jý.�4�g�[ü,�,�,�>�1�,�[� U4WfQÏU�
�\
�Fnf`àTzvAQ$b k1TV¡�Q�
ÛWfQgbLQÏQ$T{ijW
nf`àTzvAQ$b¢bLQg¡�\,y{Q$X¯� b4\{¡ � T X4Q�U[\V��Q$^_k{Q$X�i�\{tYX§ULq�ULm_U4qstfk�Të� \AbLQ$XIU$� N WfQ��YbjX§U[nf`àTzvAQ$b
mftYTArf`sQ}U4\�nf`àTzvª`a\1XIQ�Xg�
r´t¢U4WfQ �{ü,ýE���,�H�K¦jü%§6��� k{TA¡�QAdAT}nf`àTzvAQ$b*b4Q$¡¢\,y{Q$X*TVt¢Q$^fkAQÛ\V�HT}kAqsyAQ$t�k{bLTAnfWK��d1TVtY^�TAX
`s\Atfk[TAX.Q�TAijW�¡�\,yAQÏ^_qàX4ig\AtftfQ�i
UjXÛT�yAQgb4U4Qg~ª\V�O��dfULWfQ�X4TA¡�Q�nY`sTzv{Qgb.nf`àTzv6XÛTAk{TAqatÔ� N WfQ
X4Q�U�\V�HQ$^fkAQ$X�b4Q$¡¢\,y{Q$^¯r1v¢T}nf`àTzvAQgb*qst�\AtfQ.ULmfb4t�qàX*U4W6mYX T�� \AbLQ$XIU$�x5¦\&
�QgyAQ$b$d,bLQg¡�\,y6qstfk
TVt6v�� \{b4Q�X§UÛ^_\6Q$X.tf\AU¦i�\AbLbLQ$X4nµ\{tY^�U4\[TAtlTV`s`s\&
 Q�^ª¡�\,yAQ�qatlU4WYQ �{ü,ýE�¯�,�>��¦Lü�§6�
� k1TV¡�QA�
¬ìQ¯igTA`a`9T RItf\{tB�FT{^��ITAigQgt1U¦i�v_i�`sQ$X�^_Q$ig\A¡�nµ\1XIqaU4qs\Atµc�\V�¤T[kAbjTVnfW6��T[nfbL\An>Qgb�ig\,yAQ$b4qstfk
\V�*qaU¦Q$^_k{Q$X�r6vlT¢nYTVqsb�þ�w{��£�ÿE
ÛWfQ$b4Q/w qsXÛT�X4Q�U¦\V�*i�v_i�`sQ$XÛTAtY^6£ qàX¦T�� \AbLQ$XIU$�

@
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Æ ¼�»Ç»�È�É
°�v[qatµ^_mYi
ULqa\{tP\{tªU4WYQ}X4qsugQ�\V���[�OrF�9U4WfQ$b4Q�qsX�tf\�i�v_ig`aQ{d{ULWfQgt6�­qàXÛTÏ� \{b4Q�X§U�d1\AU4WfQ$b	
ÛqàX4Q
�§mYXIU¦b4Q$¡�\,yAQ�U4WfQÏQ�^_kAQ�X.\V��T[igv_i�`sQ�� bL\A¡�� TAtY^)TVnfnf`svªqstY^_mYi�U4qs\At)W6v6nµ\AU4WfQ�XIqàXg� Ð

ÒUº+½Ì½qÓON�À �Ï�Ï�V�4�j³f� � �Y�z�¯�¢�>üV�PGI�A�IHg�A�j�g�Yý��g�A�g�a�
���A�j�jü,��³Yüz�
��ýE�<üV��×¤��ý �)�,�ì����³>ý&�
��ü,�L�
�
ý Ä ý��Y���ì�,���9��ýE�Ï�>üV�PGI�A�IHg�A�j�g�YýÛ���A�g�a�����A�j�jü,��³fü,�j��ý&�<ü,�Y���f�V�z���g�¦³HýE�¦��üV�4�
�
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°�v�
�Tzv)\A� i�\{t{ULbLT{^_qài
U4qs\At9dHX4mfnfn>\{X4Q�U4WYTVU}TlkAbjTVnfW�� WYT{X¦U�
�\ltY\AtB�´TA^��IT{i�Q$t{U}i�v_i�`sQ$X
^_Q�i�\A¡�n>\{X4q�ULqa\{t þ�w � �/QAÿ�TVtY^ þ�w � �	£�ÿ�� p Q�USR r>Q�U4WYQªXIv6¡�¡�Q�U4bLqài¢^fq�>HQgbLQgtYigQA� N WfQ$t
w � R�w � �ñw � �xw � �Á£ r>Q$igTAmYX4Q{w � ig\At1ULTAqatYX TV`s`YULWfQ�Q�^_kAQ�X \A�Ç����£6qatµi�Q{w � TVtY^Lw �
TVbLQ}rµ\AU4W]X4Q�ULX.\A�*igv_i�`sQ$X$d�£��Áw � R�w � qsX¦TA`sX4\�T¢X4Q�U¦\A�*igv_i�`sQ$X$� Ð

¸/¹�º+»J¼&º+½TN�U üz�
���1�l�LüV��Ö��V�_�4�VýE�<üV�f��ü§��ý �6�à���{�V�����,�4���A�4�L³Y�1��×Ò�fü,���¯�>üV�PGI�{�MHg�A�j�g�Yý
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