
���������	��
����
������
������	�������������	� ��!��������"�#�$���%�	!
������&'�(���)�*�+���������,���-�/.0����12�-34�+���'���5�)�����	�%�	�(���6�����
�-7��4���8�(�)�5�������
�������9�:���(�;��<=�	!��?>0@$A$B?CEDGF CH����I:���"�

JLKNMPORQ�SUTVMWMPX�YWY9Z\[^]_X(O`YWK'SUOaQPQbX(Y9Z\[^c�O`dfehgfTfi�eVj^kl[^m%eVMnTpoq]_eVolrsX+tVevuNwl[^Tpoxu
y TVuvKxTzt y TpMnTlYWKxXzZ

{}|^~+�U���`�(��~\���U�(�s��~\���+�/|^�+�v~(�b�(�s~+���l���/� �5����~9�E�9�+�\�V�v�h�}�}�\�\�p��|^~\�L�L���(��~\�n�f���
�V�+ z z¡\¢z¢G£¤�V¥z¦z¦+¡\¢/£¨§��+ p�(¢\©p¡zªl«\�(¬V«/­¤®V¯(°

± �³²L´¶µ��N�V·-¸n¹��(���s��¸n�l��~(º³µ�~\��¹�»V�s¸P�L�V¼P��¸P��¼n¸\�f½U�f��¾z¸P�s���¿�À��~+ºG�U�(�sÁp»f�n�f·U¸n�������sÂN�
 pÃz�zÄ\¯(�pª+�z V¥zÄz¦Å­ÇÆ+È

É:·-¸n¹��(���s��¸n�l��~(º³µ�~\��¹f»f�s¸P���p¼n��¸n��¼P¸\�v�8�s��ÊP~\���_�p�b�(�s¸U½U����¾z¸W�s�����¤�l�fËÅ¸n��¹v¸\�f�-Ì/�
®p¯( p�(¬pªl�z¦�Í#­À¡\Æ+Í

Î�ÏGÐnÑnÒ�Ó�Ô+Ñ\Õ%Ö ¸�×f¸n��¼W�s���v¸��(��×��(���+�¿�VÊn¸�¸n��¹f���s��¼9�(�������+������¹f��¸P��¸n�l�b�(�s��~\�:~+º
��~+��¸�Ø\¸n�f¸P�b�+����Ê9�(�s��~+����~(ºN·-� Ù¶Âp�¶���b�VÚ �³�+��Ø\~(�s�¿�sÁ��ÛºR~(����Áf~+���s¸n�¶�#¹����sÁ��Ü���_Ø+�b�(¹�Áf�n�
Ë	Áf¸�����¹f��¸P��¸n�l�b�(�s��~\��ºR~+�s��¸n×_�-¹������³~(ºv�sÁ�¸8Ë	²L�L�-�V´��h�"¹f�s~�Ù¶¸n¼W�	���³�sÁf¸8|^~\�
���`�(��~\�G�U�(�s��~\���+�f|Å�+�v~(�b�(�s~(���l�\�³¸n����×f¸n�#~+ÝN¸P�s���fØL�sÁ�¸³Þ��s�¶�G����¹���¸n��¸P�p�b���s��~\��~+º
�sÁf¸���Á�~+���s¸P�¶�L¹��(�sÁ��+��Ø\~(�s���sÁf�àß8���sÁ��s¸nØ\»f�`���U���(��Ø\»��+Ø+¸�¼P~\���¶���b�(���p�s�n�f~\»V��¼n~p×f¸
�(����~���~+��¾z¸n�8¹f�s~+����¸n����ß8�¿�sÁ��s����¸Pá¤×V¸n¹v¸n��×V¸n�l�	¸9×VØ\¸�×V¸n���n�f�8���}�5âl»��¿�s¸-Ø\¸P��¸P�b�(�
Þf�s�¶��á¤���VáÇÞf�s�¶��áÇ~\»f�	��~p×f¸n�¨�
Ö ¸�×V¸n��¼P�s���v¸���~\��¸�×f¸P�b�(�����5~+º�~\»V�%����¹f��¸P��¸n�l�b�(�s��~\�'�(��×q�sÁf¸n�'�+���+�¿�VÊn¸��sÁ�¸
�v¸nÁ��9¾V��~(��~(º��sÁf¸E�+��Ø\~(�s���sÁf�ã~+�ä�s¸9�+�U��»f��¸P�p���s¸n��¸P���å���(�sØ+¸:���b�(����¹v~+���b���s��~\�
�f¸P�Àß�~+�sÂp�n�Væ#¾\¸n�_�sÁ�~+»�Ø\Á��sÁf¸Lâl»f¸n�¶�s��~\���#ß	¸L¼n~\�f���`×V¸P�	����~\»V�	¸P�V¹v¸P�s����¸n�l�s�³�(�s¸
ºa»���×f�+��¸n�l�b�(�Ü�+��×E�����s»f�b�+�¨�^�¿���+¹�¹v¸n�(�s���sÁ������sÁ�¸P�2Á���¾\¸_��~(�"�v¸n¸n�q¼n�(�s¸Pºa»����¿�
¸P�f�(�����f¸9×2�v¸PºR~(�s¸\�/�ç��¸P�sÁf~p×f~\��~+Ø\��¼9�+�#¼n~+�p���s���f»f�s��~\�E~+º	�sÁf¸%¹V�s¸n��¸n�l�-ß	~(�sÂ2���
�sÁf¸}»���¸�~+º-ºa~+�s���+�8�¶�b���s���¶�s��¼9�(�U��¸P�sÁf~p×f���s~��+���+�¿�VÊn¸��sÁf¸}�v¸nÁ��9¾p��~\»V��~+º�~+»f�
�(��Ø+~+�s�¿�sÁ����n���L�¿�sÁ�~+»�Ø+Á��sÁ�¸��¶�b���s���¶�s��¼n�+�Å��¸W�sÁ�~p×f��¸P��¹���~9�l¸9×��(�s¸"������¹���¸\�p�sÁ�¸P�
¹V�s~(¾p��×f¸5��¹v~\���������¿�2�f~(¾\¸n�G�+¹f¹f�s~\�+¼bÁ2�s~��sÁf¸5¸P�V¹v¸P�s����¸n�l�b�(�/�+���+�¿�V������~+º��+��Ø\~(á
�s�¿�sÁ����n�
�U»V�G�s¸n��»��¿�s�Ü¹f�s~�¾p��×f¸	¸n¾p��×f¸P��¼n¸�ºa~+�³~\»V�Ü¼n���+�����Ü~+ºv¸Pè_¼n��¸n��¼P�5~+º��sÁ�¸��(��Ø+~+�s�¿�sÁ����
×V¸n��¼P�s���v¸9×����h�%¾\¸P����¹f�b�(¼P�s��¼9�+�^��¸P���s����Øf�

é ê�ë�ìvíNî�ï5ð�ñÅìNòsî�ë

ó c"ô�õ%ö�÷ y öøOaQqTúù�ûNü`YWO`ýÀþfX+TpM:ÿNMPeprsX+i�YqTpY:YPKNX��#efQqô"üRTpù}efQqõ�TpYWOaeVoxTVü��³TpjÅeVMnTlYPeVMPþ
� ûNoxuvX\u j�þäYWKNX��5X(ÿxTVMbYPù�X+o�Y�e�� ó MnTpoxQWÿÅeVMWYPTlYPO`efo Tpoxuúj�þ�YPKNX���o�t�OaMPeVoNù}X(o�YnTpü
	�MWeVý
YWX+i�YWOaeVo�ô��VX+oxi�þ�
^÷¶YnQ%ÿNûNMPÿ^e�QbX�OaQ5YWe�uvX+tVX(üaeVÿ'ù}evuvX+üaQ_Tpo^u ù}X�YPKNevuNQ5YWe:TVoxQ��LX+M�ÿNüRTpový
oNO`o����fûxX+QbYWOaeVoxQ+[#QWûxinK TVQ_YPKNX2X+i(eVoNefù}OaihTVoxuäQbevi�ORTpü�Oaù}ÿxTVi�Y�e��-jNûNOaüRuvO`o�� oNX���MPefTfuNQ
O`o=T�üaTVM��fX:ù}X�YPMWefÿ^efü`O`YPTVo TVMWX\T�
��4X�MPX�� X+M}YWKNX�MPX+TVuNX(M�YWe�� ó c������VT ��TpoxuúYWKNX!�UX(jNý
QbO`YWX#"%$&$('*)�+&+,$&-%.,/10%2�340657$�0,.�0�.85:9(.,/�985<;%=,>?� efM%ù}efMWX}X�@�YPX(oxQWO`tfXhuvX+QPi�MPO`ÿNYWOaeVoxQ%e��UYWKxX
ó c"ô�õ%ö�÷ y öqÿNMPeprsX\i9YA

ó KNX�j^TVQWOai�ÿNûNMPÿ^e�QbX�e��LYWKNX ó c"ô5õ5ö�÷ y öåù}evuvûNüaX#�LX}uvX\QWi(MWOaj^X�B¨YPKNX#CED%F�G<H�I1JLKNMPO

MQHRCES5OaQ5YWe�ûxQWX}TVi9YPO`t�O`Ysþ Oao%� eVMPùhTlYWOaeVoT�VX+oNX(MnTlYPX+u'X\TpMPü`OaX(M�� MWefù uvX+ù�e��VMnTpÿNKxOai�uNTlYnT2YPe



uvX�YPX(MPù�OaoNX�YWKNX�efÿvYWOaùhTpü�ù}e�uNX�inKNeVORi�X\Q"Tpo^u�YWMnTztVX+üÜMWefûvYWX\Q � eVM5X+TfinK'O`oxuNO`t�ORuvûxTpü#YWMnTzt�ý
X(üaX(M 
 ó KNXqMPeVûvYPX+Q�oNX(X\u YWe�jÅXqi(eVù}ÿNûvYPX+u � efM�TåüaTVM��fXEo�ûNù�j^X+M�e,�"YWMnTztVX+ü`X+MPQ BÇO`o YWKxX
		eVMWYWüRTpoxu2i+TVQWX5QbYWûxuNþ � � ��� ù}O`üaüaO`efo2YWMPOaÿxQ S�
Nô �¨YPX(M-ÿNüRTpoNoNOao��^[fYPKNX_MWefûvYWX\QLTVMWX5X�@vX+i(ûvYWX\uj�þ4T:ù}ORi�MPefQWO`ù�ûNüRTlYWOaeVoåYWKxTpY�ÿNüaTfi�X\Q%YWKNX}YPMPTztfX(üaX(MnQ BÇO`oätVX+KNORi�üaX+Q_Tpoxu4eVoT� e�epYES%O`o�YWKxX
oNX�Y �UeVMPdETpo^uqQWOaù�ûNüRTlYPX+Q-YPKNX(OaM"jÅX(KxTzt�OaeVM 
v÷�oqefMPuNX(M-YWehMPX(ù}eltfX5YPKNX � efM��-TpMnuEi+TpûxQPTpüaO�Ysþ
TpMWYWO��^i�ORTpüaü`þ�Oao�YWMPe�uNûxi�X\u'j�þ:YPKNORQ%uNX+QWO �foÜ[ÅTVoxu���O`YWKåYWKNX �Ve�Tpü³e���jNMPOao��VOao��hYPKNX�QWþvQsYPX(ù
YWe4T��bMPX(üRTN@vX+u
	'QbYPTpYWXf[ ó c"ô5õ5ö�÷ y ö ûxQWX+Q�T�� X(X\uvjxTVind�ù}X+inKxTVoNORQbù��ÜYPKNXEüaOaoNd uvX(üRTzþvQ
eVjxQWX(MPtVX\u Oao YPKNX'ù}Oai(MWe�QbOaù�ûxüaTpYWOaeVo TVMWXqûxQWX+u
j�þ YWKxX'MWefûvYWX�ÿNüRTpoNoxX(M}YWeäMPX(ÿÅX+TpYWX+uNü`þ
MWX(ýÀÿNüRTpo�T � MPTfi9YPO`efo:e,�#YWKxX_YWMnTztVX(üaX(MnQA

JLü`X\TpMPü`þf[(YPKNOaQ8MWX �fûxO`MPX+Q³KNO �VK}i�eVù}ÿNûNYPTlYPO`efoxTpü�YPKNMWefû��VKxÿNûvYA
 ó KNX-KNO �VK�üaX(tVX+ü�e��ÅuNX�YPTVO`ü

O`o}ÿNüRTpoNoxO`o���TVoxu�YWKNX�X�
2i�OaX(oxi(þ�uvX+ù}TVoxu}TpMPX-j^eVYWK}O`ù}ÿÅeVMWYPTVofY�uNX+QWO �fo �fefTpüRQ��lù�X(YWKNevuNQ
YWe�TfinKNO`X+tVX�MPX+TfQbefoxTpjNüaX	ÿ^X+M:� efMWùhTVoxi�X�TVMWX �UX(üaüVd�oNeN��o�O �veVoNüaþ%eVoNX8e,�vYWKNX �VefTVüaQÜoNX(X\uNQGYPe
j^X"QPTlYPOaQ��xX+u4
��"X(MPXV[N�UX�ÿNMPeVÿÅefQWXUT�� MnTpù}X��UeVMPd_YWK^TlY�ûxQWX+Q	Y �Ue5OaoxuvX+ÿ^X+oxuvX+ofYLX�@�YWX+oxQbOaeVo^Q
e���YWKNX�jxTfQbORi_QbKxeVMWYWX+QbY-ÿxTlYPKqÿxMWefjNü`X+ù YWe2QWOaù�ûNü`YPTVoNX(efûxQbüaþ2i�efÿ^X ��O`YWK�jÅepYPK4
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÷�o YPKNX)�xMnQbY2ÿxTpMWYhe��_YWKNORQhÿxTVÿ^X+M+[ �LX uvX\QWi(MWOajÅXqefûNM2Oaù}ÿNü`X+ù}X(o�YPTpYWOaeVo=e���T �VX+oNX(MnTpü`ý
O�*+X+u �5O rsdvQbYWMnT
+ Q�QWKNefMbYPX+QbY�ÿxTlYPKúTpü �VefMWO`YWKxù�
 ó KNX �fX(oNX+MPTVü�ÿNMPeVjxü`X+ù �UX:QWeVüatVX2ORQ�YWKxTpY
e��,�^oxuvOao��'MWXA�VûNüRTpMWý¶üaTVo��VûxT,�VX(ý¶i(eVoxQbYWMnTpOaoNX+uqQWKNeVMWYWX\QsY_ÿxTlYPKxQ?� SUg y �.- �8O`o �fMPTVÿNKxQ���O�YPK
YWOaù�X(ý¶uNX(ÿÅX(oxuvX+o�Y-X\u%�VX%uvX(üRTzþvQ ��O`YWKqT/�^MPQbYbý¶O`oNý��xMnQbYbý¶eVûvYLTfQWQWûNù}ÿvYPO`efo4
Nö�X(tfX(MnTpü^TVûvYWKxeVMnQ
KxTztVX�QbYWû^uvO`X\u QWÿ^X\i�ORTpü	i(TVQWX+Q BÇQWûxinKåTfQ�YWMnT0
2i�ýÀüaO �fK�Y�oNX�Y �UeVMPdvQ�eVM%QbÿÅX+i(OaTVü�i+TVQWX+Q�e���YWKxX
MWXA�VûNüRTpM5üaTVo��VûxT,�VX�i�eVo^QsYPMPTVO`o�YRS�[^jxûvY_YWKNX\QbX}QsYPûxuvOaX+Q_QWX(X(ù YPe�j^X�OaQWeVüRTlYPX+u4TpoxuåüaTVM��fX(üaþ
O`oxuNX(ÿÅX(oxuvX+o�Y_e,��TEüRTpM �VX+M�MPX+TVü�ý¶ü`O � X�QWþvQsYPX(ù eVM_TpÿxÿNü`ORi(TpYWOaeVo4
/ô�Q��ÇTVM_TfQ �UX�TVMWX�T �UTVMWXf[
eVûNMnQ�ORQ�YPKNX1�xMnQbY�Oaù�ÿxü`X+ù�X+o�YPTlYPO`efoúQPi(TpüRTpjxü`X}YPeåÿNMPeVjNüaX(ùhQ ��O�YPK ù}O`üaü`OaeVo^Q�e��"tfX(MWYWORi�X\Q
Tpoxu X+u%�fX+Q�YWK^TlY2i(TVo2�xoxu
QWKNeVMWYWX\QsYWýÀÿxTpYWK ÿNMWefjNüaX(ùhQ�O`o YWKNX�ÿNMPX+QWX(o^i�Xqe��43 ����� üRTpoNý
�VûxT,�VX_i�eVo^QsYPMPTVO`o�YPQ-TVoxu:YWOaù�X�uNX(ÿÅX(oxuvX+oxi�X�

ó KNX"tlTpMPO`efûxQ8ù}evuvX+üaQUTpoxu}ÿxMPTfi9YWORi(TVü^QWX�YWYWOao��fQ+[VX\QbÿÅX+i(OaTVü`üaþ}O`ohYPKNX5i(eVo�YWX�@�Y�e��Üù�ûNü�YPO�ý

ù�evuNTVüpûNMPjxTpo%YPMPTVoxQbÿÅeVMWYPTpYWOaeVo_QbþvQbYWX+ù}Q+[(TVMWX�uvORQWi(ûxQPQbX\u5Oao�T�i�efù}ÿxTpoNOaeVo%ÿxTVÿ^X+M � S-S�� �.5 �<
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JLeVoxQWOauNX(M"T�ÿ^X\uvX+QbYWMPORTpo�jNMPOau%�fX�TVi�MPefQPQ-T}MWOatVX+M-eVM"T}KNO �VK&�-Tzþ,
Nö�ûNÿNÿÅefQWX �UX_TVMWX�TfQbdfX+u
YWeF�xoxu=TäQbKxeVMWYWX+QbY}ÿxTlYPK
jÅX�Y �UX(X+o
QWeVù}XqY �Ue4ÿÅeVOao�YPQ}Oao YPKNX�oNX�Y �UeVMPd1
 ó KNX'jNMPOau%�fX
i(Tpo'efoNüaþ:jÅX�ûxQWX+u j�þqÿÅX+uvX\QsYPMWORTpoxQ+[^QWe �UX�ù�û^QsY5YPTpdfX�i(TVMWX�oxepY"YPeEMPeVûvYPX�i(TVMPQ"Tfi�MPefQPQ
O�Y 
-ö�Oaù}O`üRTpMPüaþV[*�LXåQWKNefûNüauçoNepYqûxQbXåKNO �fK&�UTzþvQ2TfQ2ÿxTVMbYnQEe,�%YPKNX�MWefûvYWX\Q2ÿNüRTpoNoxX+u � efM
ÿ^X\uvX+QbYWMPOaTVoxQ5eVM%jNOai(þvi�üaOaQbYPQA
/÷�oåeVMnuvX+M�oNeVY5YPe:KxTztfX�YWeqûNÿ/uNTlYPX�YPKNX}oNX�Y �UeVMPd � eVM%X(tVX+MWþ
QbOao��VüaX8MPeVûvYPO`o�� ��ûNX+QbYWOaeVoÜ[ �UX�TpoNoxepYPTpYWX�YWKNXLoNX�Y �UeVMPd ��O`YWK�Oao%� efMWùhTlYPO`efo�oNX+X+uvX\u_YWe�uNX+Tpü
��O�YPKEYPKNX+QWX_ÿNMWefjNüaX(ùhQ�
 y eVMPX5ÿNMPX+i(OaQWX(üaþ}YWe�X+TfinK:X\u%�VX_Tpo^u�GzefMLtfX(MWYWX�@2e,�#YPKNX_oNX�Y �UeVMPd/[
�LX}TVQPQbO �Vo�TEüRTpjÅX(ü(H1IKJ 
1��X}TVüaQWeEMPX�� X+M%YWe:YWKNXL�xoNO`YWXhQWX�Y$J TfQ�YPKNX KNJ IEMPK9N&HNG:
 ��X
i(TpüaüÜQWûxinK�üaTVj^X+üaQPO D
Q&HSR�TVoxu�QWTzþ}YPKxTlY�T�üRTpjÅX(üaX+uqoNX(Y �LefMWdhORQTO F,J G�U�O D
Q(KNJ 

SLþ i�eVo^i(TlYPX(oxTpYWOaeVoÜ[	YPKNX X\u%�VX'Tpo^u�GzefMhtVX(MWYWX�@úüRTpjÅX(üaO`o�� X�@�YWX(o^uNQ}YWe �-TpüadvQ�
 ó KxX

MWX\QbûNü`YWOao��"QbYWMPO`o���e���üaTVj^X+üaQ#OaQÜi+Tpüaü`X\u5YWKNX8JLK
N%HRJfe���YWKxX8�UTVü`d1
 ó KNORQ4�-Tpüad�ýÀüRTpjÅX(üpuNX�YWX+MWù}OaoNX+Q
��KNX�YPKNX(M}eVM}oNeVY�YPKNX��UTVü`däORQ}TVi(i(X(ÿvYnTpjNüaX�TVQ�TåÿxTVMbYPOai(ûNüRTpM�YWMnTztVX(üaX(M�+ Q�O`YWOaoNX(MnTpMPþ,
���X
ûxQbû^Tpüaü`þ MPX�� X+M}YWe �-Tpüad�Q}Oao YWKNX'oNX(Y �LefMWd TfQ}ÿxTlYPKxQ���O`o=epYPKNX(M?�UeVMnuNQ+[��LX'TpüaüaeN� eVûxM



ÿxTlYPKxQ5YWeEMPX(ÿÅX+TpY5X\u%�VX\Q5TVoxu�GzefM�tfX(MWYWORi�X+Q%Tpo^u'O`o^QsYPX+TVuåûxQWX�YWKxX�YPX(MPù R�U O I1JLH I4K%G�M YPe
uvX(oNeVYWX�ÿxTpYWKxQUYPKxTlY�uNe�oxepY"MPX(ÿÅX+TlY�X\u%�VX\Q-eVM�tVX+MbYPOai(X+QA

ó KNX:ÿxMWefjNü`X+ù e�� �^oxuvOao�� T4QWKNeVMWYWX\QsY�ÿxTlYPK
QWûNjvrsX\i9Y�YWeäT�� efMWùhTVü�ý¶üaTVo��Vû^T��VX:i�eVoNý

QsYPMPTVO`o�Y�i(Tpo�jÅX}QbYPTpYWX\u4TfQ � efü`üaeN�"Q��Q�fO`tfX(o�T1�xoxO�YPX2QbX(Y?B J K�M � F(K � H�S���� J���eltVX(M5YWKxX
TpüaÿNKxTpjÅX�YLJ:[�T'QbefûNMni�X}oNevuvX	�:TpoxuäT'uvX\QsYPO`oxTpYWOaeVoäoNevuvX�
^[ �xo^u T'QbKNefMbYPX+QbY�ÿxTlYPK
�
� MWefù��2YWe�
���KxefQWXhüaTVj^X+ü�jÅX(üaeVo���Q_YWe�� 
��5ûNM�MPX+QWûNü`YPQ�Oao�� S-g y �C-N�LÿNMPeltVX�YWK^TlY�YPKNOaQ
ÿNMWefjNüaX(ù i+Tpoqj^X�QWeVüatVX\uEOao�ÿ^efü`þ�oNefù�ORTpü/YPO`ù}X�
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ó e �VX(Y-T�i�üRTVQPQ�e,�4� ûNoxi�YWOaeVoxQUYPKxTlY-ORQ +^X�@vO`jxü`X_X(oxeVû��fKhYWe�ù}e�uNX(üGtlTpMPO`efûxQUTpÿNÿNüaORi(TlYPO`efoxQ+[
jNûvYåi�efù}ÿNûvYPTpYWOaeVoxTVü`üaþ�� X\TVQWO`jNüaXV[ �UXäûxQWX : ��>(�9����>(D=B #&D= "BC �S D=!� �R ;�D=>( %
� B=TVUXW
S
� ûNoxi9YPO`efoxQA
�ô"ù}eVo�� epYWKxX(MhÿNMPeVÿÅX(MWYWOaX+Q+[	YWKNX+þ TVü`üaeN� �ÇTVQbY2üae�efd�ûNÿ e,�%tlTVü`ûNX\QhTpoxu YPKNOaQ
OaQ�Oaù}ÿ^efMbYnTpo�Y+[vjÅX(Oao��2T�ÿxTVMbY�e��³YWKNX�OaoNoNX+MWù}e�QsY"üae�eVÿqe��#YPKNX�Tpü �VefMWO`YWKxù�


�4X5MWX+ÿNMWX\QbX+o�Y y 	 ��� ûNoxi�YWOaeVoxQUûxQWO`o���T�QWeVMWYWX\u2QbX(YLe,�ÜÿxTpOaMPQ8YWKxTpY-i+Tpo2jÅX_QbX\TpMninKNX+u
� eVM%j^eVYWK 2äTpo^u B üaO`oxX+TpMPüaþqOao�YWX+MWÿÅeVüRTlYPX+u�S
3qtlTVü`ûNX\Q�
 � efM � ûxoxi9YPO`efoxQ5YWKxTpY%uve:oNepY_oNX(X\u
YWe jÅXEù}evuvO��xX+u�� MPXA��ûNX+ofYPü`þ BL� efM�X�@vTVù}ÿNü`Xf[³T'MPX+TVü ó c"ô5õ5ö�÷ y öúQbO`YWû^TlYWOaeVo Oao ��KNORinK
YWKNX5YWMnTztVX+MPQPTpü�� ûNoxi9YPO`efoxQ-TpMPX�efoNü`þhù}evuvO��xX+u:TN�¨YPX(M-ÿNüRTpoNoNOao���T�QWûNjxQbYPTVofYPOaTVü^o�ûNù�j^X+M-e��
YWMnTztVX(üaX(MnQRS9[lTpo�O`ù}ÿNüaX(ù}X+ofYnTlYPO`efo�ûxQWOao���TpMPMPTzþvQ�Tpoxu�jNOaoxTpMPþ�QWX+TpMninK�ÿÅX(M�� eVMPùhQ	tVX+MWþ �UX(üaü 


� eVM"uNX�YPTVO`üRQ+[NQbX+X%efûNM�ù}evuvX(üaO`o���ÿ^TpÿÅX(M � S-S � � 5 � 
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ó KNXLoxX�Y �UeVMPd5ûxQWX+u�j�þ5YPKNXUMWefûvYWXLÿNüaTVoNoNX+M³ORQ	QbûNj^QsYnTpo�YWORTpüaü`þ�uvO �/X(MPX(o�Y � MPeVù YPKNX ó c�ô�õ�ý
ö�÷ y ö:oNX�Y �UeVMPdhûxQWX+u:j�þhYWKNX�ù}ORi�MPefQWO`ù�ûNüRTlYWOaeVoqTpoxu�QWeVù}X%epYWKxX(M�ù}evuvûNüaX+Q�e,�#YWKxX�QbþvQbý
YWX(ù�
 ó KNX}MPX+TfQbefo!� eVM_X�@�YPMPT �LefMWd�ORQ%YWKNX}Oaù}ÿNMWeltfX+uåX 
2i�OaX(oxi(þ TVinKNOaX(tfX+uåj�þ QbYWMPX+TVù�ý
ü`OaoNOao���YWKNX:uvX+QPi�MPO`ÿNYWOaeVo Tpoxu�MPX(ù}elt�O`o��:YPKNX?� X\TlYWûxMWX\Q�O �foNeVMPX+u4j�þ YPKNX2MPeVûvYPXhÿNüaTVoNoNX+M
TpoxuqMPX(eVM �fTVoNO *(Oao���QWeVù}X_epYPKNX(MnQA
xôàQWinKxX(ùhTlYPOai�uvMnT ��Oao��}e���YWKNX�oxX�Y �UeVMPdhûxQbX\u�j�þ2YWKxX
ÿNüaTVoNoNX+M�OaQ �fO`tfX(o:O`o � O �fûNMPX � 

U ��D��9�0D=� 4[Z @� "@( �� �5O rsdvQbYWMnT
+ Q5TVü �feVMPO�YPKNù MWX �fûxO`MPX+Q"YWKNX}Oaù�ÿxü`X+ù�X+o�YPTlYPO`efo e��UTEÿNMPO`ý
eVMPO�Ysþ ��ûNX(ûxX:Oao efMPuNX(M�YPeäù}TVO`o�YnTpOao YWKNX�� MPO`o��VXqtVX(MWYWORi�X\Q�TVù}eVo��fK ��KNORinKúO`Y}inKNe�e�QbX\Q
YWKNX_oNX�@�Y"tfX(MWYWX�@hYWe�X�@vÿNüaeVMPX,
&�4X�û^QbX\u2YPKNX�QbOaù}ÿNü`X_jNOaoxTVMWþ2KxX+Tpÿ 
&�5ûNX_YPe}T�MPX(üRTlYWOatVX+ü`þ
MWXA�VûNüRTpM�QbYWMPûxi�YWûNMPX�e��4�fMPTVÿNKxQ	Oao�tfeVüatVX\uG[lYWKxX5QWO�*+X"e��/YWKxX�KNX\TpÿhoNX+tVX(M�j^X\i(Tpù}X�YPe�e�üaTVM��fX
YWe2TpüaüaeN�øQbO �VoxO �^i+Tpo�Y�O`ù}ÿNMPeltVX+ù}X(o�YPQUj�þ2ûxQWO`o��}T}ù}efMWX_i�efù�ÿxü`X�@quNTpYPT}QsYPMWû^i9YWûxMWX�
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Histogram of maximum heap size
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� �G+ �,S$%'�0 R	  "!�D=?A>,� ��X%û^QbX\uhYWKxX%efjvrsX+i�YUefMWOaX(o�YPX+u?� X\TlYPûNMWX\Q-TVQ*�LX+ü`üGTfQ�YPKNX%YWX+ù�ý
ÿNüaTpYWXqù}X+inKxTVoNOaQWù e���J � � YWe�X+TfQbOaü`þ i(eVù�jxO`oNX�uvO �ÅX+MWX+o�Y}Oaù}ÿNüaX(ù}X(o�YPTpYWOaeVoxQA
�ô�Q �UX
uvOau oNeVY �-Tpo�Y�YPe4Oao�YWMPevuvûxi�X�Tpo�þäûNoNoxX+i�X\QWQPTpMPþäMWûxofYPO`ù}XqeltVX+MWKNX\TVuG[ �LX�TztVefOauNX+u � efM
X�@NTpù}ÿNüaX%YWKNX�i(eVoxi(X(ÿvY"e,�³t�O`MWYWû^TpüGOaoNKNX(MPO`YPTpo^i�X,


� eVM�X�@NTVù�ÿxü`Xf[+ûxQWOao���YPX(ù}ÿNüRTlYPX+Q+[ �UXUO`ù}ÿNüaX(ù}X(o�YPX+u�uNO �/X(MPX(o�Y	tVX(MnQWO`efoxQÜe,�P��O rsdvQsYPMPT9+ Q
Tpü �VeVMPO`YWKNù � efM�QWeVù}X � MWX ��ûNX(o�YWüaþEû^QbX\u�ù�evuvX�QbYWMPOao��fQ B¤Qbû^inK�TfQ �:�-i�� 	 � efM�QbOaù}ÿNüaX�i(TVM



ÿNüaTVoxQ�Tpo^u �bY 	 � eVM%YWMnTpo^QbO`Y�ÿNüaTVoxQRS�OaoäeVMnuvX(M%YPe�TztfeVORuåTVü`ü	eltVX+MWKxX+TVu4TVQPQbevi(OaTpYWX+u���O�YPK
inKNX+ind�Oao�� ��KNX�YPKNX(MEi(X(MWYPTVO`o=üaO`oNdvQhùhTzþ jÅX ûxQWX+u
j�þ YPKNX�YWMnTztVX+ü`X+MhTpoxu=ù}efQbYhe��_YWKxX
eltVX(MPKNX\TVu2e,�#YPKNX�MWXA�VûNüRTpMWý¶üaTVo��VûxT,�VX �5O rsd�QbYWMnT�
 ó KNOaQ"OaQ�QWeVù}X���K^TlY�O`MPeVoxOaiV[Ni�eVo^QbORuvX(MPOao��
eVûNM"i(üaTVO`ù e,�	T�ûNoxO �xX\u�Tpü �VeVMPO`YWKNù�


� �A: #&D=;� HR ��D�:2 ��#���D=:2D��C%'��D=�A>,� ô QWO`ù}ÿNüaX(M�TVü �feVMPO�YPKNù QWû'
2i�X+Q�� efM�QWeVù}X�Ysþ�ÿÅX+Q
e���ÿNüRTpoxQA
 � efM"X�@NTVù�ÿxü`Xf[^Tpüaü`ý¶i+TpM�eVM5Tpüaü�ý<�UTVü`dEÿNüaTVoxQ"QWKNeVûxüau�oNeVY"MWX ��ûNO`MPX_YWKxX�eltVX+MWKNX\TVu
e��"X�@NTVù�OaoNOao�� YPKNX1�^oNO�YPXqTVûvYWefùhTlYWefoäYWKxTpY}QWÿÅX+i�O��xX\Q�YPKNXqi(eVoxQbYWMnTpOao�Y�üRTpo��fûxT��fXV[#TVoxu
ù}Tzþ4j^XhÿxüaTVoNoNX+u�ù}eVMPXhX 
2i(O`X+ofYPü`þ4O ��efoNü`þ�TqÿxTpMWY�e��UYWKNXEoNX�Y �UeVMPd ORQ�X�@NTpù}OaoNX+u4
Ü÷�o
TVuNuvO`YWOaeVo}YPe�YWKxX�oNX(Y �LefMWd�ù�evuvO��^i+TlYWOaeVo}YPMWORind�YWe�jÅX�uvX\QWi(MWOaj^X\uG[�� efMLQWûxinK2i(TfQbX\Q �UX"ûxQWX
T QbX+ÿxTpMnTlYPX(üaþ eVÿvYPO`ù}O *(X\u
TVoxuÛi�efù}ÿNO`üaX+u
ÿNMPevi�X\uvûNMPXqOaù}ÿNüaX(ù}X(o�YWX\u=ûxQWO`o��äYPKNX�J � �
YWX(ù}ÿNüRTlYPX�ù}X+inKxTVoNOaQWù�

ó K�û^Q-O`o��ÇTVi�Y��LX�TVMWX�TVjNü`X%YPehO`ù}ÿNüaX(ù}X(o�Y5QWX(tfX(MnTpü/tlTpMPOaTVo�YPQUe���YWKNX�TVü �feVMPO�YPKNù TVoxu

YWMnTpoxQWÿxTpMPX(o�YPü`þ2tlTVMWþEYWKNX�ûNoxuvX+MWüaþ�O`o��hoxX�Y �UeVMPdEOaoxuvX(ÿÅX(o^uvX(o�YWüaþ'Qbe}YPKxTlY�YWKNX�TpÿNÿNMPeVÿxMWO`ý
TlYWX5Tpü �VeVMPO`YWKNù0TpoxuhoxX�Y �UeVMPd�i(TVohj^X5inKNefQWX(o2TVoxu}MWûxoheVoET%YPMPTztfX(üaX(MWýÀj�þ�ý¤YPMPTztfX(üaX(M�jxTVQWORQ
��O�YPK oNe eltfX(MPKNX+TfuG[ �LX�rsûxQsY}uvORQ:�fûNOaQWXhYPKNX(ù TVQ�eVoNXEûxQbOao���J � � YPX(ù}ÿNüRTlYWX\Q�
³÷�o YWKxX
i(TVQWX ��KNX+MWX�T2QWOaù�ÿxü`X�ù}evuvX�ORQ"û^QbX\u�j�þqThüRTpM �VX_ÿNMPeVÿÅeVMWYWOaeVo�e��	YWMnTztVX+ü`X+MPQ+[�YWKxX�O`ù}ÿNüaX�ý
ù�X+o�YPTlYPO`efoqTVoxuqÿNMPe,�VMnTpù QWO�*+X�eltVX+MWKNX\TVuhORQ"QWùhTpüaüÜi�eVù}ÿxTVMWX\uhYPe}YWKNX�QPTzt�O`o���Q�


� : #&;=D=B.D ��n !.�E 2 #&;=D�BCD=� >( .�#S ���9Y :2� ��D��(B.%'��D���><� ô5Q�uvX+QPi�MPOaj^X\u�X\TpMPü`OaX(M\[\YWKNX�oxX�Ybý
�LefMWdqi�eVo^QbORQsYnQ�e�� JLK%$�HEC R�MPX(ÿxMWX\QbX+ofYPO`o��'!EKNC\[ # KNJ��:TVoxu G CEKNM9R U G8ü`OaoNdvQ+[���O`YWK��-TpüadEüaO`oxd�Q
TpüRQbe_i�MPefQPQbOao��5j^X(Y �LX+X(o}i(TpM�TVoxu�YPMPTVoxQWO�Y�üRTzþVX(MnQA
+÷¶Y�ORQ	ÿ^e�QWQWO`jxü`XUYWe_efMPuvX+M�YWKNX�i�MPX+TpYWOaeVo�e��
X+u%�fX+Q8Oao2YPKNX�oxX�Y �UeVMPd�QWe�YWK^TlYLX\u%�VX\Q ��O`YWK:T ��@vX+u2üaTVj^X+ü�� efMWù T�i(eVoxQWX+i(ûvYWOatVX5O`o�YWX+MWtlTVü
O`o'YPKNX}TVuzrbTfi�X(o^i�þqü`ORQsY_e��8X\TVinK'tfX(MWYWX�@ 
 ó K�û^Q�� efM�X�@NTVù�ÿxü`Xf[^X\u%�VX\Q�o�ûNù�j^X+MWX\u � YWe	� Z��O`üaü/j^X�i(TVMLüaOaoNdvQ([�YWKxefQWX � MPeVù
� Z � � YWe�� k YPMPTVoxQWO�Y-ü`OaoNdvQ-Tpoxu2YWKNe�QbX�� MPeVù
� k � � YWe�� wYWMnTpoxQWO�Y%ü`OaoNdvQA
 ó KNX+o O �8YWKNX�YWMnTztVX+ü`X+M"OaQ5eVoxü`þ'TpüaüaeN�LX\uEYPeEûxQWX �-Tpüad�Tpoxu�YPMPTVoxQWO�Y%ü`OaoNdvQ([
�LX�TfQbd���O rsdvQsYPMPT9+ Q"TVü �feVMPO�YPKNù YPe2eVoNüaþEX�@NTpù}O`oxX_YWKNX�X+oxu�e��	X+TfinK'TVuzrbTfi�X(o^i�þ2üaOaQbY5TVoxu
O �foNeVMPX%i+TpMUü`OaoNdvQ�i�efù}ÿNü`X(YWX+ü`þf[NTlY-YWKNX�i(efQbYUe,��T}QbOao��fü`X%X�@�YWMnT�YPTpjxü`X_üae�efd�ûNÿEÿÅX(M�tfX(MWYWX�@
X�@NTpù}OaoNX+u 
 ó KxOaQ%YPMWORind i(TVo4jÅX}X�@�YWX+oxuvX+u4YPe:ù}evuvO � þ�Oao���YPKNXhTVuzrbTfi�X(o^i�þ'üaOaQbY�O`o�ù}eVMPX
�VX(oxX(MnTpü1�UTzþvQ-TVQ-üaeVo��}TfQUYWKNX�üaOaoNdvQ"TpMPX%TfuNuvX\uEYPe�YWKNX�oNX(Y �LefMWdhOao'T}QbX+oxQbOajNüaX�eVMnuvX(M 


� %'�6� S %
�� %
>�� � �G+ �#S %'�0 ��@�#�#,�����C� y efQbY:e,��YWKxX�X�@vÿ^X+MWOaù}X(o�YPQ �LX+MWX4ÿ^X+Mbý
� eVMPù�X\u�eVo TVo y 	 	 �#O`o�û%@�i�üaûxQsYPX(M5ûvYWOaü`O *(Oao��2X+O�YPKNX(M�
��}efM�� 5 oxe�uNX+Q���O`YWK��5ûxTVü6� �.�
y K
* 		X(o�YWOaûNù ÷b÷LÿNMPe�i(X+QPQbefMPQ�O`o:X+TfinK2oNevuvX,
��LTVinK2oxe�uNX5KxTfu � m%jEe,�³ùhTpOaoEù}X(ù}efMWþ�

y Tpo�þ e���YWKNXqX�@vÿÅX(MPO`ù}X(o�YnQ �UX(MPX�uveVoNXqj�þ X�@vX+i(ûvYWOao���O`o^uvX(ÿÅX(oxuNX(o�Y2QbKNefMbYPX+QbY�ÿxTpYWKxQ
MWûNo^Q�TlY"X+TfinKEoNevuvX�
 � efM-YWKNORQ �UX_KxTVuEYWe2i(MWX\TlYWX_i�efÿNOaX+Q-e��³YWKNX�oxX�Y �UeVMPdQ
 � eVMWYWûNo^TlYWX+ü`þ
YWKNX5oNX�Y �UeVMPd/�NYnQ�Oao�rsûxQbYLûxoxuvX(M � m%j2e,�Üù}X(ù}eVMPþ�TVoxu�YWK�ûxQUuvORuhoNeVYUi(TVûxQWX"ÿNMPeVjNüaX(ùhQA

�5oqX\TVinK�oNevuvXf[NYWKxX�MWefûvYWX_ÿNüRTpoxoNX(M��-TVQ"MWûNo�ûxQWOao�� 5 MPeVûvYPO`o���YPKNMWX\TVuNQ�Tpoxu � eVûNYWÿNûvY
YWKNMPX+Tfu 

U %'�0%
;�;= ";=D��C%'��D=�A>,� ó KxXhO`ù}ÿNüaX(ù}X(o�YnTlYWOaeVo ùhTzþ4ûxQbXhù�ûNü`YWOaÿNü`XEYWKNMPX+TfuNQ_MPûNoNoNOao�� Oao
ÿxTpMnTpüaü`X+ü�Tpo^u=O�YEùhTzþ=TpüRQbe jÅXåuvORQbYWMPO`jNûNYWX+uøTVi�MPefQPQ}ù�ûxü�YPO`ÿNüaX ùhTVinKxO`oNX\Q2ûxQWOao�� y 	8÷E

ó KNMWX\TVuNQ�X(oxTVjNüaXhYWKNX:ÿxTpMnTpüaüaX(ü�X�@vX+i�ûNYWOaeVo e���QWX(tfX(MnTpü8i(eVÿNOaX+Q�e���YWKxXEÿxTpYWKvý �xoxuvOao���Tpü`ý
�VeVMPO`YWKNù*efo�TqQbK^TpMPX+u�ý¶ù}X(ù}eVMPþ�ù}TfinKNOaoNX,
 ��TfinK YPKNMWX\TVuåûxQbX\Q5YWKNX2QPTpù}X}i�eVÿ�þ'e,��YWKxX
oNX�Y �UeVMPd1
/SUX\i(Tpû^QbX�QbX+ÿxTpMnTlYPX�YPKNMWX\TVuNQ_TVMWX�ûxQWX+u � eVM_MWX\TVuvOao��^[Q��MPO`YWOao��qTVoxu4ÿNüaTVoNoNOao��x[
O`ù}ÿNMPeltVX+ù�X+o�YPQ�Oao}YWKNX5MWûxoNoNOao���YWOaù}X�ùhTzþ�jÅX�efjxQWX(MPtVX+u�X+tVX(o#��O`YWKET�QbOao��VüaX�ý¶ÿNMPevi�X+QPQWeVM
ù}TfinKNOaoNX,




� � �
��% �³ï������
òbñ����
	øò�ì�ì��Üí �
�³ð"íxò��VìNòWñ

�5oNXLe,�NYWKxX-TfuNuvO`YWOaeVoxTVü�eVÿvYPO`ù}O *+TlYPO`efoxQ6�LX.+ tfX�ûxQWX+u � eVM�TVü`ü`ý¶i+TpM³ÿNüaTVoxQ�OaQ�YPKNX�ö�X+u%�fX���ORind�ý
��O`YbYWX+M�� ö)� -��N�xKxX(ûNMPOaQbYWORi � efM �8ûxi(ü`ORuvX\TpohQbKxeVMWYWX+QbY8ÿxTpYWKxQ	YPKxTlYLjNOaTfQbX\Q	YWKxX�QbX\TpMninK�Oao}YWKxX
uvO`MPX+i�YWOaeVoqe���YWKNX�QWeVûxMPi(X�ý�uvX+QbYWOaoxTlYPO`efoEtfX+i9YPeVM 


�4XUi(Tpo�ù}evuvO � þ_YWKNXLjxTVQWORi8��O rsdvQsYPMPT9+ Q�Tpü �VefMWO`YWKxùøj�þ �VOat�Oao���TVo�TpÿxÿNMWefÿNMPOaTpYWX �UX(O �VK�Y
YWe�YPKNX�uvORQsYnTpoxi(X � MPeVù 22YWe�
E
�SLþ}inKNe�efQWOao���TpohTpÿNÿxMWefÿNMWORTlYPX�ù�ûNü`YWOaÿNüaOai+TlYPO`tfX �ÇTVi9YPeVM\[��UX
i(Tpo4O`o^i�MPX+TVQWX�YPKNXhi�eVo�YPMWOajNûvYPO`efo e��8YPKNX}QbX\i�eVo^uåi�efù}ÿ^efoNX(o�Y5Oaoäi(TpüRi�ûxüaTpYWOao��2YPKNX�üRTpjÅX(ü
e��8T}tVX+MbYPX�@ 
 � MPeVù T}OaofYPûNO`YWOatVX�QbYPTVoxuvÿÅeVOaofY�YWKNORQ�i(eVMPMWX\QbÿÅeVoxuxQUYWe �fO`t�Oao��}YWKNX�uvX+QbYWOaoxTpý
YWOaeVoåThKxO �fK'ÿ^eVYWX(o�YPOaTVü¤[ÅO`oåX��/X+i9Y%jNORTVQWO`o��2YWKNX�QbX\TpMninK:YPeN�UTVMPuxQ-YWKNX�uvX+QbYWOaoxTpYWOaeVo4
 ó KNOaQ
ù�evuvO��^i+TlYWOaeVo ��O`üaüLOao �fX(oNX+MPTVü >(�9� þ�OaX(üRu QWKNeVMWYWX\QsY�ÿxTlYPKxQ+[³oNX+tVX+MbYPKNX(üaX+QPQ�eVûxM�X�@�ÿÅX(MPO`ý
ù�X+o�YPTpü�MPX+QWûNü`YPQ�QWû��,�fX+QbY_YWKxTpY�YWKNXhX+MWMPeVMnQ�ÿxMWevuvûxi(X+u�i(TVo4jÅXhdVX+ÿvY�MWX\TVQWeVoxTVjNüaþ�QWùhTpüaü 

ó KNOaQ"ù�ûNü`YWOaÿNüaOai+TlYWOatVX��ÇTfi9YWefM�OaQ�i+Tpüaü`X\u:YWKNX � 89$F�)0H� ÿxTpMnTpù}X�YPX(M 


� !��5í��fì �bîUî�� ��ìúì��
� ï
��ì��

ô�Q�ù}X(o�YWOaeVoNX\uG[+YWKNXUX�@vÿÅX(MPO`ù}X(o�YnQ �UX(MPXLi+TpMPMWOaX+u_efûvY�efo�T"ù�ûNü`YWO`ýÀù}evuNTpü�YPMPTVoxQbÿÅeVMWYPTpYWOaeVo
oNX�Y �UeVMPd'QbÿxTVoNoNOao��:YWKNX}i�O`Ysþ e��*		eVMWYWüRTpoxu 
 ó KNX�oNX�Y �UeVMPd�MWX+ÿNMPX+QWX(o�YPTpYWOaeVo ORQ%tVX(MPþ'uvX�ý
YPTpOaüaX+uhTpo^uhi�eVo�YnTpOaoxQ KNJ JNYPKNX5QbYWMPX(X(YPQ�Oao 		eVMWYWüRTpo^u 
p÷�o#�ÇTVi�Y+[fYWKNX5uNTlYnT�TpüRQbe�QWÿÅX+i�O��xX\Q�YWKxX
üaTVoNX+Q+[%�VMnTVuvXf[vÿ^evindfX�YSGzYWûNMPoEüRTpoxX+Q+[NX�Yni�
 y ûxinK�e,�³YPKNOaQ��UTfQLoxepY"MPXA��ûNOaMWX\uEOaoqYWKNX�MPeVûvYPX
ÿNüaTVoNoNX+M"ù}e�uNûNü`Xf[xjNûNY�ù}efQbY"e���O�Y��UTfQ-ûxQbX\u�j�þ:TlY5ü`X\TVQbY�Qbefù�X�ÿ^TpMWYPQ-e�� ó c"ô5õ5ö�÷ y ö
B ûxQWûxTpüaüaþhYWKNX�ù}ORi�MPefQWO`ù�ûNüRTlYWOaeVoqeVMUYPKNX�X(ù}ORQWQWO`efoxQ�Tpo^Tpüaþ *+X(MESE



V!'(<
����>����
�
���FD�&���>/ ��0$QEA���/ ]'/ ��!1T�%#� / IL��/ *HI4�&%'�:
�c
��2��/ A�
�� Z [&[ a ZWZhZbk9Z a [ w k ? w ? kWw������9Z / a�� w [�� � ?�c.�0&
�� k ? �WkPkWk��PkPk�� ? a kWk � a�a � ? a�a�� � � w [ k ? �
÷�o�YPKNX"jxTfQbORi ó c"ô5õ5ö�÷ y öhoNX�Y �UeVMPd/[zYWKNX+MWX"TVMWX"T%YPepYPTVüxe,� 
 ��� 5 � 
%X�@�YWX(MPoxTVüNoNevuvX+Q

Tpoxu���� � �,� 
5X�@�YWX(MPoxTVü�üaOaoNdvQ�
 ó KNX-OaofYPX(MPoxTpü�oNX(Y �LefMWd_YPK�ûxQ��VMPeN�"QÜYPe5eltfX(M³YWKNMPX(X-ù}Oaü`üaO`efo
X+u%�fX+Q BÇQWX(X�ö�X\i9YPO`efo 5 
 -(SE

T  "%
!�@��0 �� Z @�%
>E��D ��D= "!C� ��X�jxTVQWX_eVûNM�MPX+QWûNü`YPQ-efoqù}X\TVQWûNMWX+ù}X(o�YPQ-Tpo^uqi(eVûNo�YnQ-e��
YWKNX?� efü`üaeN��Oao�����ûxTpo�YWO`YWOaX+Q�� BC#(@ �³MPûNoNoxO`o���YPO`ù}X2û^QbX\u�� eVM �xo^uvO`o��'YWKNX:QbKNefMbYPX+QbY�ÿxTlYPK
B oNe�O Gze(S�[ >�� �( "! �/o�ûNù�j^X+M%e,�LoNevuvX\Q%eVo YPKNXhÿxTpYWK�� efûNoxu4j�þ'YWKNXhTVü �feVMPO�YPKNù�[ �(% ��� �
o�ûxù�jÅX(M�e��^oNevuvX+Q�TfuNuvX+u�YWe5YWKxX�KNX+TVÿ�uvûNMPOao��%YWKNX-X�@vX\i�ûvYPO`efoÜ[ :2% 2 �lùhTN@vOaù�ûNù QWO *(XUe��
YWKNX"KxX+TpÿhuvûxMWOao��%YWKNX�X�@vX+i(ûvYWOaeVoÜ[ ���A@�B��( �� �pYPepYnTpüNo�ûNù�j^X+M8e��/oNevuvX+Q�YWeVû^inKNX+u�BÇT_oxe�uNX
ù}Tzþ�j^X5i�eVûxofYPX+u}ù�ûNü�YPO`ÿxü`X�YPO`ù}X\Q8KNX+MWX S9[ @(>(D�Z @( �Vo�ûxù�jÅX(M�e,�GûNoNO �fûxX"oNevuvX+Q�YWeVû^inKNX+uG[
 ��(D=!�� �*�8ûxi(ü`ORuvX\Tpo B¤QsYPMPTVO �fKfY:ü`OaoNX SEuvORQsYnTpoxi(XåjÅX�Y �UX(X(oçYWKNX4eVMPO �fO`oçTVoxuçuvX\QsYPO`oxTpYWOaeVoÜ[
��D=:  ��YPO`ù}X_YWe�YPMPTztfX(MnQbX5YWKNX�ÿ^TlYWK � eVûxoxuqj�þEYWKNX�TVü �feVMPO�YPKNù�[
÷�o�TfuNuvO`YWOaeVoÜ[lX\TVinK�efjxQWX(MPtzTpYWOaeVo�i(Tpo�jÅX-i+TlYPX��VefMWO *(X\u�Tfi(i�efMPuNO`o���YWe_O`YPQ&O D
Q&H�B �-Tpüad/[

TpûvYPex["YPMPTVoxQWO�Y\["ü`O �VK�YåMnTpOaüÀ["ÿxTpMPd�ý¶TVoxu�ý¶MWORuvXf[�jNûxQRS9[ D � HRC�Q&D & K�! G<D C BÇQbYWMPX(o��VYWKàe,��jNORTVQ
��KNX(oAGlO �-ûxQWO`o���YWKNXEö�X\u%�VXA��Oaind�ý���O`YbYPX(M�KNX+ûNMWORQbYWORi ) � B oNefoNX S�[ � 
 � �N[ � 
 5 �v[ � 
 ��S9[ Q&HEJ K%$
BL� eVM_i(TVM�YPMWOaÿxQ ) � MPX(X(ý¶QWÿÅX(X+u ü`OaoNd uvX+üaTzþvQ+[xeVM5YWKxefQWX�ÿNMPevuvûxi�X\u'j�þ�� X(X\uvjxTVind � MPeVù YWKxX
ù�ORi�MPefQWOaù�ûNüRTlYPO`efo:TN�¨YPX(M<��efM 5 
}O�YPX(MnTlYWOaeVo^Q S�


� O �VûxMWX<-�Oaü`üaûxQbYWMnTlYWX\Q8YPKNX%MWX+üaTpYWOaeVoxQWKNOaÿxQ�jÅX�Y �UX(X+o:QWeVù}X�ÿ^TpMnTpù}X�YPX(MnQ�YWK^TlY�TpMPX�X+TfQbþ
YWe�ûxoxuvX(MnQbYPTpo^u 
(÷�o�YPKNX�üRTlYPX(M�QbX\i9YWOaeVo^Q([A�LX � evi(ûxQ#efo�T � XA�äYWKxTpY�TpMPX�oNeVY�i�efù}ÿNü`X(YWX+ü`þ_eVjNý
t�OaeVû^Q�
(��ûNX�YWe�üRTVind�e��ÜQWÿxTVi(XV[VefûNM�uvORQPi�ûxQPQbOaeVo#� evi(ûxQbX\Q8efo2i(TpM8YWMPO`ÿxQLTpoxu}efo#� MWX+X�ý�QbÿÅX(X\u
ü`OaoNd�uvX(üRTzþvQ�
%��X ��Oaü`ü³KxTztVX_ù}eVMPX%YWeEQPTzþ B ù}e�QsY�Oaù}ÿ^efMbYnTpo�YWüaþ:TVj^efûvY�YWKxX�uvORQsYPO`oxi�YWOaeVoxQ



edist

0 100 200 300 400 0 100000 200000

0
20

00
0

40
00

0
60

00
0

0
10

0
20

0
30

0
40

0

nodes

cpu

2
4

6
8

10
12

0 20000 40000 60000

0
10

00
00

20
00

00

2 4 6 8 10 12

hadd

h$ikj Õ��xÕ �Ü��~+�s��~+º/æ#»f¼n����×f¸9�(��~(�s��Ø+���fá¤×f¸n�¶�s�����(�s��~\��×f���¶�b�+�f¼n¸\�l���s��¹�×V»f�b���s��~+�^�l�s»f�������fØ"�s����¸L�+��×
�s~(�b�+�f�V»f�%�v¸P�Ü~(ºN��~p×V¸n���+×�×V¸9×5�s~U�sÁf¸�Á�¸9�(¹^�lË	Áf¸������f¸9�(�³�s¸n���(�s��~\���v¸W�Àß	¸P¸n�_�sÁ�¸	�s»f�������fØU�s����¸
�(��×��sÁf¸��V»f�%�v¸P�8~(º#��~p×f¸P�U�+×�×f¸n×��s~��sÁ�¸�Á�¸n�+¹2×f»V�s����Ø_�sÁ�¸�¸W�f¸P¼n»f�s��~\�h����~\�p¾p��~\»��8ºa�s~+� �sÁf¸
¹f��~+�Ü�(��×��+����~-¾z¸P���-¼n��¸9�(�Gº`�s~\�
�sÁf¸	�+��Ø+~+�s�¿�sÁ��Û�¶�b���s¸n��¸n�l��� �(�G��~+��ØU�+�/�sÁ�¸Ü�s����¸³ºa~+�Ü����×V��¾p��×f»��+�
Áf¸9�+¹h~+¹v¸P�b�(�s��~+���-×V~l¸n�U�f~+�L¾\�������s~l~��5»�¼bÁ��W� Ö ¸�×f~��f~+�L¼n~\�f����×f¸P���sÁ�¸�æÜ»�¼n����×f¸9�(�2×f���¶�b�+�f¼n¸
ºa»f���sÁf¸P�������sÁ����8¸P�p�s¸n��×V¸9×��+���¶���b�(¼P�9�

j^X(Y �LX+X(o�tzTVMWOaeVû^Q5ù}evuvX\Q%TVoxu�TpjÅeVûvY_YWKxX}TfuzrsûxQbYWù}X(o�YnQ%YWe�ü`OaoNdåuNX(üRTzþ�Q%ÿNMPevuvûxi(X+u j�þ
YWKNX�ù}ORi�MPefQWO`ù�ûNüaTpYWOaeVo � X(X+uNjxTVind�SUOaoEYPKNX � ûNüaü#tVX+MPQWOaeVoEe,�#YPKNX�ÿxTpÿÅX(M 


/���� � %'�"4 D=>(? ���( �� ���?A �S D�B Y/R�� D=���� .� 3 D=%9!
�4X"oxeN�úYnTpdVX5T_ü`e�eVd�TlY8YPKNX"MPX+QWûNü`YPQ�efjvYPTVO`oNX\u}j�þ�QWX�YbYPO`o���uvO �ÅX+MWX+ofYLtzTVü`ûxX+Q�e,�ÅYPKNX"jNORTVQ
ÿxTpMnTpù}X�YPX(M B =�>	�,-�
%=&SUO`o YWKNX}ö�X+u%�fX���ORind�ý �5O�YWYWX(M5KNX(ûxMWORQsYPOai,
 ó e:QWûNù}ùhTpMPO�*+X�jNMPO`X%+xþV[ÅO`Y
TpÿNÿÅX+TVMPQ�YWK^TlY2T�tzTVü`ûxXqe,�5ù}eVMPXqYWKxTVo � 
 � � ORQ}oNeVY}tfX(MPþ ûxQWX�� ûNüÀ[�TVQ�O`Y �VOatVX\Q�efoNüaþ T
ù}TVM��fO`o^TpüGOaù�ÿxMWeltfX(ù}X(o�Y�O`o�YPKNX�MPûNoNoNOao��}YPO`ù}XV[P��KNX(MPX+TfQUYWKNX�ÿxTlYPK��fû^TpüaO�Ysþqi�eVo�YPO`o�ûNX\Q
YWe�uvX+i(MWX\TVQWX,
E�"eN�UX(tVX+M+[ÅTVQ��UX�Oaoxi�MPX+TfQbX�YWKNX =�>	�,-�
%=EÿxTpMnTpù}X�YPX(M � MWefù � YPe � 
 � �}YWKxX
MWûNoxoNO`o���YPO`ù}X�Oaù}ÿNMWeltfX+Q ��ûNO`YWX�QWûNjxQbYPTpo�YPOaTVü`üaþ,


�c����/ 7)�R��
 �'��.<+
�c���������4]R��* %#
�
�� ��� ��� �
���"��
���A�
�('�L[>+ � k ? �Pk��Pk ['+ [�[&? w a�� ? Z � � + wPk���k��PZ [������
��* ��(<
 [>+ [&[�[ kPw � � ['+ [�[&[&[ Z ��� Zsk + Zsw���k��PZ [ �����
ó KNX ��ûxTpüaO`Ysþ e,��ÿxTlYPKxQ?� efûNoxuçi(eVo�YWOao�ûNX+Q2YWe �UeVMnQbX+oÛTVQhYPKNXåjxOaTfQ2ÿxTVMPTVù�X(YWX+M2OaQ

O`oxi(MWX\TVQWX+uG[P��O�YPKNeVûNY%T2i(eVMPMWX\QbÿÅeVoxuNO`o��hOaù}ÿNMPeltVX(ù}X+ofY5O`o'YPKNX�MPûNoNoxO`o��2YWOaù�X�
 ó K�û^Q��UX
ù�ûxQbY�i�eVo^i�üaûxuvX�YWKxTpY_O`Y�OaQ%oNeVY�ûxQbX�� ûNü	YWeqÿNûxQWK =,>	��-�
%=2jÅX(þfeVoxu � 
 � ��
P��XhQsYPO`üaü�oNX(X\u
YWehOao�tfX+QbYWO �fTpYWX5YWKNX�tlTpüaûNX\Q-j^X(Y �LX+X(o � Tpoxu � 
 � ��YWe �xo^uEYPKNX�jÅX+QbY�YWMnTVuvX+eE��

ó KNX5MPX+TfQbefo ��K�þ}YWKxX%MPûNoNoxO`o���YPO`ù}X�i(TVoEjÅX�X�@vÿ^X\i9YPX+uEYWe�j^X�üaO`oxX+TpM-OaoEYPKNX_ü`X+o��pYPK

e���YPKNX}ÿxTlYPK4ÿxMWevuvûxi(X+uT��KNX(o�MPûNoNoNOao��:YWKNXEö�X\u%�VXA��Oaind�ý���O`YbYPX(M%KNX(ûNMPORQsYPOai�ORQ_ÿNMWX\i�ORQbX+ü`þ
j^X\i(Tpû^QbX�e,�#YWKxX�jNORTVQ��vO`oxQbYWX\TVuqe��	ÿÅX(M�� eVMPù�Oao���YWKxX�uvX(ÿvYPKvý �xMPQbYbý�QWX+TpMninK:TVoxuqX�@vÿxTVoxuvOao��
XA��ûxTpüaüaþ2O`o�Tpüaü#uvOaMPX+i9YPO`efoxQ B ��KNX+MWX%YPKNX�o�ûNù�jÅX(M�e,��oNevuvX\Q-X�@NTpù}OaoNX+u � eVM�X�@NTpù}ÿNüaX%Oao�T



0
2

4
6

8
10

12
14

0 100 200 300 400 500 600

0 100 200 300 400 500 600

0
2

4
6

8
10

12
14

Path length

R
un

ni
ng

 ti
m

e

Given : a$overdo

0
20

00
40

00
60

00
80

00

0 100 200 300 400 500 600

0 100 200 300 400 500 600

0
20

00
40

00
60

00
80

00

Path length

P
at

h 
de

la
y

Given : a$overdo

h$ikj Õ��ÅÕ ²�»��f������Ø-�s����¸��+��×_¹����sÁ�×V¸n���n���+Ø\�+�����¶���sÁ�¸��V»f�%�v¸P�#~(º^�f~p×f¸n�³~\���sÁ�¸8¹��(�sÁ�ºR~(��ºR~+»f�
×V�¿ÝN¸P�s¸n�l�#¾\�(��»f¸n�Ü~+º ¯+°z¡\ zÆp¯ ��m\mV�����p� mV� ���l� mV� � �W��Ë	Á�¸�Þ�Ø+»f�s¸n�Ü¼n~(���s¸n��¹v~\��×%�s~-����¼P�s¸n�+������Ø"~�¾z¸P�b×V~
¹��(�b�(��¸P�s¸P�s�5�+��×q�(�s¸��s~h�v¸_�s¸9�\×q�s~9ßøß8����¸��(��×q�v~(���s~\� »�¹x�Å�L~+�s¸��sÁ�¸��¶�s¸n¸P¹'×f¸n¼W�s¸9�+��¸����
�s»f���f���fØ��s����¸��+�"ß	¸�Ø+~}ºa�s~+� ¯(°l¡\ zÆp¯�� m��s~ ¯+°l¡+ zÆp¯��
	 �����/�sÁf¸_����¹f�s~�¾z¸n��¸P�p�-���������+���
��ºa�s¸P���sÁ��(�9� Ö ¸�ß8�����x�b�(Âz¸L�5¼n��~\��¸W�8��~l~+Â��(�	�sÁf¸LÁf~+�s�fáÇ��Á��+¹v¸Lß8�¿�sÁ ¯+°l¡\ \Æp¯
� mV�V��»V�	��~(�s¸L�sÁ��(�
�sÁf¸��s»����f����Ø-�s����¸��+¹�¹v¸n�(�s��������¸n�(�	�����sÁ�¸8~(�sÁ�¸P�#�sÁf�s¸n¸8¹f��~(�s�n�p´À�%ºR�+¼P�9�p�¿����¸n¸n���������������������l��»V�
�������f¸9�(�"Þf����Á�~9ß8����¾z¸W���2��~9ßø����~\¹v¸\�Å�+�"���-�s~��v¸%¸P�V¹v¸n¼P�s¸9×N���L~9ß	¸n¾z¸W�9�x�sÁf¸_âl»��(�����¤�E~+º��sÁf¸
¹��(�sÁf��~+»f�s¹f»f��¼n~+�l�s���p»f¸n���s~�×f¸n¼n�9��ß8�¿�sÁ}����¼W�s¸9�+��¸9× ¯+°l¡\ zÆl¯ �

0 100 200 300 400

0
10

00
20

00
30

00
40

00
50

00
60

00

nodes

tim
e

h$ikj Õ��xÕ ·-¸n���n� � âl»��(���¿�¤� �/~(ºN¹��(�sÁf�³¹V�s~p×f»f¼n¸9×5ºa~+�	¾+�(�s��~+»��#¾\�(��»f¸n�#~+ºv�sÁ�¸8�f�`�(�³¹��(�b�(��¸P�s¸P�9�lË	Áf¸
¼P~\��~+�%��¼WÁf¸n��¸_ºR~(�%�sÁ�¸�¹v~+���l�s�5�+��×q�sÁ�¸_Þ����s¸n×q�����f¸n�%���%�+�"ºR~\����~9ß8���Ü�s¸9× ��¹�����Â��Ump�/�f��»f¸��(����Ø\Ál�
�f��»�¸@mp�����p�vØ(�s¸n¸n� �(����Ø\Ál�UØ(�s¸n¸n�Kmp� ���p�f�l¸n����~9ß�������Ø\Ál�8�l¸n����~�ß mV� �l�

�VMPOau �UeVûNüRu�jÅX"ÿNMPeVÿÅeVMWYWOaeVo^Tpü�YWe_YPKNX"Q �fû^TpMPXUe,�/YWKNX�ÿxTpYWKhüaX(o��VYWKPS�[lYWKxX�QbX\TpMninK�X�@vÿxTpoxuxQ
ÿNMWOaùhTpMPO`üaþ2Oao�YWKNX�QbOao��VüaX�uvOaMWX\i9YPO`efo:YPeN�UTVMPuxQ�YPKNX�uvX\QsYPO`o^TlYWOaeVo 
xõ"eVYWX�YPKxTlY�YPKNOaQ�OaQ"X(tVX+o
T�QbYWMPeVo��fX(MUi�üRTpOaù YPKxTpoEYWKNX%YPKNX(efMWX(YWORi(TpüÅMPX+QWûNü�Y-TpÿNÿxü`ORi(TVjNü`X5YWe �VMnTpÿxKxQ8��O`YWK��8ûxi(ü`ORuvX\Tpo
uvOaQbYPTVoxi�X � ûNoxi9YPO`efoxQ+[���KNORinK QWTzþvQ-YPKxTlY5YWKNX�MWûNoxoNO`o��hYWOaù}X�OaQ�ü`OaoNX\TpM�Oao�YWKxX�QWO�*+X�e��	YWKxX
�VMnTpÿNK4
 ��eN�LX+tVX+M+[�YWKxX(MPX TpMPX�QWeVù}X'i(TztfX+TpYPQ �LX QWKNefûNüau jÅXåT �UTVMWXqe�� 
8SUþ
QsYPûxuvþ�O`o��



YWKNX4ÿNü`eVY � eVM�=�>���-�
%= 	 ��M � � B jÅepYWYWefù?MPO �VK�YEOao � O �fûNMWX 
&S9[*�LX4QbX+X'YWKxTpY:efoNü`þ YWKxX
ü`eN�UX(M2X+o�tVX(üaeVÿÅX'e��_YPKNXåuNTpYPT QWX�YEORQET QbYWMnTpO �VK�Y2üaO`oxX,
 ó KNX ûNÿNÿÅX(M:X(o�tVX+ü`efÿ^X'ORQ2oxepYA

ó KNX+QWXhÿ^efO`o�YnQ�i�efMWMPX+QWÿ^efoxuåYWe�YWKxXEi(TfQbX\Q ��KNX(MPX}YWKNXEjNOaTfQ_ü`X\u�YWKNX:Tpü �VeVMPO`YWKNù TfQsYPMPTzþf[
� eVM�X�@NTVù�ÿxü`X?��KNX+MWX�YPKNXEuvOaMWX\i9Y �VX+eVù}X�YPMWORi�MWefûvYWX}üaX+u4YWe�YPKNX2MPO`tfX(M_jxTVoNd/[ÜKNeVÿxO`o��qYPe
�VX�Y"Tfi�MPefQPQLjxûvY"oNepYT�^oxuvOao��2T�jNMWORu%�fX%OaoqYWKNX_t�ORi�OaoNO�Ysþ�

ô"o�Oao�YWX(MPX+QbYWOao��"ÿxKNX(oNefù}X(oNefo�OaQ#YWKNXUQbOaù}O`üRTpMPO`Ysþ�e��NMPûNoNoxO`o��"YWOaù�X\Q ��O`YWK�YWKNX =,>	��-�
%=

QbX(Y�YWe � 
 � �N[ � 
 5 �hTpoxu � 
 �%
 ó KNX�TztfX(MnT��VX�MPûNoNoxO`o��EYWOaù}X+Q_TpMPX�ÿNMnTVi�YWORi(Tpüaüaþ:X �fû^TpüÀ[ÅTVoxu
T�� efMWùhTpü"TVoxTpüaþvQbORQ�e��5tlTVMWORTpoxi(X�B¤ô�õ8���	ô�S�YWX\QsY2QWKNeN�"Q�YWKxTpY?�LX'QWKNeVûNüRu oxepYhMWXbrsX+i�Y
YWKNX�K�þ�ÿÅepYPKNX+QWORQ�e,�8XA��ûxTpüaO`Ysþqe,��YWKNX�MPûNoNoNOao��2YPO`ù}X\Q ��O`YWKåYWKNX�jNORTVQ%TlY � 
 � �hTpo^u � 
 5 ��

BÇô�uNù�O`YbYPX+uvüaþV[^O�Y"ORQ-oNeVY�TlY"TpüaüÜi�üaX+TVM-YWKxTpY�Tpüaü/YWKNX�TfQWQWûNù}ÿvYWOaeVo^QLoxX+i�X\QWQPTpMPþ}YWe}tlTpüaORuNTlYPX
YWKNX_YPX+QbY�TpMPX_QPTlYPOaQ��xX\u 
 S

/��76 �)�A>�;�D=>( "%'���� #, ">��� ">(BC �G+P�0@�>(>�D�>�? ��D=:2 ��A> #(%'����;= ">(?9���
� OaoxTVü`üaþV[vüaX�Y�ûxQUYnTpdVX_T}i�üaefQWX(MUü`e�efdETlYUYWKNX�uNX(ÿÅX(oxuvX+oxi�X_e,�³MPûNoNoNOao���YWOaù}X%efoEYPKNX_ÿxTlYPK
ü`X+o��pYPKEOaoEYPKNX%i+TVQWX5e,�#X�@NTfi9Y ��O rsdvQsYPMPT9+ QUTpü �VefMWO`YWKNù BÇoNe2ö�X+u%�fX���ORind�ý �5O�YWYWX(MUKNX+ûNMWORQbYWORiASE

ó KNX:jÅX+QbY �NY#� eVM�YWKxX�uxTlYPT�Tpÿxÿ^X\TpMnQ�YPe4jÅX'Tåüae,�fOaQbYWORi2MPX+QWÿ^efoxQWXqi(ûNMWtfXEe,��YWKxX � efMWù
3 	 �
Z /���� ����

M
�"eN��YWe�X�@vÿNüRTpOao YPKNOaQ�jÅX(KxTzt�OaeVM	�'JLeVoxQWOauNX(M}T MPX��VûxüaTVM�Y �Uepý�uvO`ù}X+oxQbOaeVo^Tpü �fMWORu B¤T

MWX\TVQWeVoxTVjNü`X'TVÿNÿNMPe @�OaùhTlYPO`efo YWeäYPKNXåuvX+oxQWXåQsYPMWX+X�Y2oNX(Y �LefMWdúe���T i�O`Ysþ%S�
�÷<�_YWKxX ÿxTlYPK
ü`X+o��pYPK�� MPeVù;YWKNX�eVMPO �VOao�YWe2YPKNX}uvX+QbYWOaoxTlYPO`efoåORQ��G[xYPKNX(o4YWKNX+MWX�TpMPX�MPeVû��fKNü`þR�vk�oNevuvX+Q
YWe�jÅX%X�@NTpù}OaoNX+uhjÅX�� efMWX�YWKNX_uvX\QsYPO`oxTpYWOaeVo:OaQLMWX\TVinKNX\u 
 ó K�ûxQ+[(�LX5ù}Tzþ}X�@�ÿÅX+i�YLYPKxTlYUYWKxX
MWûNoxoNO`o��hYWOaù}X �fMWeN�"Q�TfQ�TEQ ��ûxTpMPX�e���YPKNX�ÿ^TlYWK'üaX(o��pYWK 
A��eN�LX+tVX(M\[NOaoåT �xoxO�YPX �VMPORuG[xO �
YWKNX"X�@vÿNü`efMWX\u}TpMPX+T%MWX\TVinKNX\Q�T_j^efûNoxuNTVMWþf[lYWKxX"o�ûNù�jÅX(MLe��/oNevuvX+Q�X�@NTpù}OaoNX+u�ù�û^QsY �fMWeN�
QbüaeN�LX+M�QbOaù}ÿNü`þ�jÅX+i(TVûxQWX�YPKNX(MPX2TpMPX}oNe'ù}eVMPX}oNevuvX+Q_YPe'j^XEX�@NTpù}OaoNX+u 
 ó K�û^Q([#T��¨YWX+M�T
i�X(MWYPTVO`oäÿxTpYWK üaX(o��VYWK ORQ�TfinKNO`X+tVX\uT��O`YWKxeVûvY/�^oxuvOao��'YWKxXEuvX+QbYWOaoxTpYWOaeVoÜ[#YWKNX �fMWeN�-YPKäe��
YWKNX�MPûNoNoNOao��%YWOaù}X"QbKxeVûNüRu�QWüaeN� uveN��o4
l÷�o^uvX(X\uG[zYWKNX�ÿÅeVOao�Y8e��ÅO`o +^X+i9YPO`efo}eVo�YWKNX�üae,�fOaQbYWORi
i�ûNMPtVX�ORQGrsûxQbYLûxoxuvX(MLKxTpü �/YWKNX5ùhTN@vO`ù�ûNù0ÿxTlYPKhü`X+o��pYPK2Tpù}eVo���eVûNM8ÿxüaTVoNoNX+u�YPMWOaÿxQ+[fTVoxu
O`o�YWûxO�YPO`tfX(üaþV[GYPKNOaQ_ORQ ��KNX+MWX�YWKxX2i�ûNMPtVX�YPTVÿ^X+MPQ_e � )���KNX(o4YWKxX2Tpü �VeVMPO`YWKNù*MPûNoxQ_efûvY�e��
oNX�� ûxQWX(üaX+QPQ-oNevuvX+QUYPe�X�@vÿNü`efMWX�

Î�Ô�

����������� j �������NÑ9Ð�� Ë	Á�¸��s¸n��¸9���s¼WÁqß	�+��¹v¸P��ºR~(�s��¸9×q»f��×f¸W�"¼n~\�l���b�+¼W�5º`�s~\� ·-¸n¹��(����á

��¸P�p�³~+º/Ë^�b�+�f��¹v~+���b���s��~+�}�(��×_�sÁ�¸Læ#�p¾p�¿�s~\�f��¸n�l�b�+�v�G�s~+�s¸n¼W�s��~+�}��Ø\¸n�f¼P���+��×��+����~%��»f¹�¹v~+���s¸n×
�l� ·-¸P¹��(���s��¸P�p�_~+º"æÜ��¸P�sØ(�å»���×V¸P��µ�~+�p���b�(¼P� Ö áÀ���	m
��á¤æÜ���Lá¤�\�p��²���Âz~ �\�+¼n~+� �+��×!�U~+�b�(�
" ~+�+ÙÀ¸n¾z~p×
ß	~(�sÂz¸9×
~+�=�sÁ����2¹f�s~�Ù¶¸n¼W�qß8Á�����¸å¾V�����¿�s����Ø |x~\�:�L���+��~+�:�U�(�s��~\���+�_|^�+�v~(�b�(�s~+���l�
Ö ¸E�sÁ��+�fÂ��sÁ�¸E��¸n�%�v¸W�s��~(º%�sÁ�¸:Ë	²L�L���p´��h�4�s¸9�(� ���ú¹��(���s��¼n»f���(�9�8²���¼bÁ����b× ��¸n¼bÂV���(�^�
" ���sÁl� ���¿�sÂp����Ø\��¸P�9���³�s���+����»���Áx�	�l�s¸n¹�Á��+�åæÜ»����(��Âv�Ü·-¸n�v~(�b�+Á " »��f��¼P¸nÂv� " �s���¶�s��¸ �L¸n����~+�^�
�ÜÁ����G²�~\��¸P�s~V�#�\��� �p���¿�sÁ^�v²�~\�:�V���¿�sÁx�v�G�+»f�����l���s¸P�sÊ\��ºa~+�"¹f�s~�¾p��×f����Ø��sÁf¸5��~(ºa�Àß	�(�s¸_���Vºa�b�+�¶á
���s»f¼P�s»f�s¸+�N¹v~\���l�s¸P�s�U�s~��s¸P�`���s¸9×2���¿�s¸P�b���s»f�s¸��(��×2�p»���¸P�s~+»��-×V����¼n»�������~\�f��~\�2�s~\¹f��¼P�-�s¸n���(�s¸9×2�s~
�sÁf¸"��»��pÙ¶¸n¼P�9�xË	Áf���U¹��(¹v¸P�Uß�~\»f�`×h�f~+�LÁ��9¾z¸��v¸n¸n�h¹v~\�������f��¸�ß8�¿�sÁ�~\»V�U�sÁf¸n�¿�-��»�¹f¹v~+���9� Ö ¸5�+����~
�sÁ��+�fÂ�·��9¾p��×}��¸P�s�f�¶�s¸n���^�#�+~\��¸n¹fÁEµ�Á�¸P�s�¿�p�(�^�vË^¸P���s¸n��¼P¸ " ¸P���¿�l���L���_�}�(�s��� " »f¹f�s¸n�s�(�����^���L�¿á
�v¸W���s~���¸n��×f¸n��Ên~+�^� " �+�V�-�+Ø+¸n�¨�l�v� �N�+²U�9¾p�¨�+·-�+����¸n�p²�~\��¸n�fÂl�b�+�l�sÊ\�+�Ü�b�(��Á��+Â+�(�#²U�(Øz×V¸\�(²��(²L��¾p�
�(��×����b�9¾p����×}�l�s���f��¾\�(�s�+��ºa~+��¼n~\�f�¶���s»�¼P�s��¾z¸�¼P~\����¸n�l�s���(��×�¹v~+���p�s¸W�s�8�s~5�s¸n���(�s¸9×����¿�s¸P�b���s»f�s¸\�

� ��� �#í��#ë�ñX� �
� T�T / [ k �%$E+cT�������
�����='&b+HT�/ ����
���=�IN+'("��A��&�<=#)3+'&B����S�
�]&�>.5�&��.�* ++*\�&��������
�,.- /�02143�576	8:9%;2<�=%8>0?=	@4- 9

A 021B1C02D�5E37<F/G;2<H=I5E1C;2<F9KJF021L5M;N573M02<GJF1C0	OC-7@C8:9�37<P37<Q5E378>@LRS=	@KJF@C<H=	@C<T5U;2<H=V-E;	O4@C-7@C=%<�@W5EX�021CY29,=4/ �
(���
�(#�����R��/ �&�<= k [�[ k +



0 100 200 300 400

2
4

6
8

10
12

nodes

cp
u

h$ikj Õ��xÕ ²L»f���f���fØ��s����¸³¹���~+���s¸9×%�+Øz�(�����¶�Ü�sÁ�¸	�p»f�%�v¸P�Å~+ºN��~p×V¸n�G~\���sÁ�¸	¹��(�sÁ5¹f�s~p×f»f¼n¸9×��p���sÁf¸
�(��Ø\~+�s�¿�sÁf� ºa~+� ¯+°l¡\ \Æp¯
� mp�vË	Áf¸�¹��(�b�(��¸P�s¸P�s��ß	¸W�s¸�¸P�¶�s�������s¸9×}����� ����	 � � �(�z�l��� � �n�z� 	 m � �
�(��×	� � �z� 	 ���+�V�x�L~+�s��¼n¸��sÁ������sÁf¸�¹v~\���l�U~(ºÜ����
�¸P¼P�s��~\�h���U�_���¿���s��¸5»f��×V¸P�8Á��(��ºÜ�sÁf¸����(�V���%»��
¹��(�sÁ���¸P��Ø+�sÁx�

� 
4I / � a � �B$L+VT�������
�����='&b+VT�/ ���>�#/ 0&* 
��,=HZH+��'7)/ ��� = �3+VZ��>�&��
�=VIN+VT�
�A:�>7)�&�<=�(�+
�U��]'/ �,=��3+cI4�&�<
��2�������#.
* +�� / * * / �&7)�,=
,�<��+JF@C1C;N5E3 02<H;2-�� @49��41C3 JT5E3 02< 0 A���� ,�������� �#=4
D
�A:�#��/ A���*4I4
�(<�&�2��=�Z�Q"!$#EI%! � a !kWw��Pw = Z����EQE* ��7)�&�LCL����/ �&���&*�Z��&�	�&�������&�2!&= Z ��� a +

� T
$�& / [ Z �%$E+3T�������
�����=��3+ $��>�&�#= �B+'&	�&�	
���= )3+'(E/ A:�>��=NQB+ *\�&���R�:��
�=�* +�*\�&��������
�=BQB+ �'��/ �#/ ]������&�<=
)3+ (�+ �'%#����7)�&��� �&��.*(N+B
4���&���,+>%#/ ����=.-�/WJF@C1C378>@4< 5M;2- ;2<�;2- 0?94379 0 A ;2- /�021C3 576	8 9 A 021GOC37-7;N5M@41W;2- R
�C02<T5E1C;1�W52�4-E@C;2143E<�/:8>@3�C6�;2<F37948:9 ;21C379437<F/U3E<�=	@41W@ /ND�-E;N5 @C=�JF02X�@41 37<�=2D�9W57130&=<Fc���>A�+4��Q � k [�[ Z =<(�(<+Z �Pk65(Z �R?'+

� T ( * � � � $L+"T�������
�����=&IN+ ("�&A���� =N* + *\�����R���#
�=17�02148�;2-98�;2<F/?DH;L/ @�:�02<�9C5E1C;237<�@C=.;
;N5E6<;'1C0	O4-E@48 9D/ � � �kQ *
(�+ $��&7)(�%���/ ��0'= w [#M w P:=	(#(<+
��[ � ! � w�� =H(&%#��
 k [&[ Z +

� $�� ��� ��� ��+#$����&��/ ��/O=%� 3796�C1C@W5M@ ��0?<�;28:3=� �F6�021L5M@49W5.;
;N576	;'1C0	O4-E@48 9 37< � 1C;2<�9MJ�021L5 ;N5E3 02< ,�J	JF- 3>�4;N5E3 02<�96?
:�028 JF-7@@/?3 5A0 ;2<�=B,.- / 021C3 5E6	8:9 X+3 5E6B�+JT5E378>;2- � D�< � 3E8>@DCLFc��
���
��"��
�. ��� Z ����� 
-�����#��(<���2�:�R��/ �&�
I4
���
�����A,�\T��&����.�*\
�
���/ �#0>+

� $
)UI � � � TL+�$���
����^�&�����"!&=DQB+�)U�&* .��<
���0J���#. 
E+DIL�&.,E�/ �#=��F6�021L5M@49W5�;
;N5E6I;2- / 021C3 5E6	8:9�? � 6�@C02130 ;2<�=F-�/ R
JF@C143E8>@4< 5 ;2-
-�G ;2- DH;N573 02<	= *\�����#
�7)�R��/ A��&*<Fc����0&���&7)7)/ ��0'= �c�&*O+ �Ww = Z ��� � =<(�( + Zsk��65(Z � ?'+

� (	*\C ��� ��IN+�("��A��&�<=�* + *\���������#
N���#.>&�+	CE��0&
�*O=T,H:�028 JFD�5M;N573M02<H;2-I�T5ED =�0%0 AJ� 02D�5E37<F/:,�- / 021C3 5E6	8:9 A 021
� @C;2- 379C5E3=� � 1C;2<�9KJF021L5 ;N5E3 02<K� @W5EX�021CY29DCc/ �"]'/ ��
�. (��&(<
��B�&(�(<
��&���3/ �5Q
$
* (�+ ��L'(<
���/ 7)
��"���&*VQE* 0&�M!
��/ ����7)/ A��,=�?'=#QE�2��/ A�* 
 � = Z ����� +4NMO6ODPRQ$S�S3T6T6TVUXW6Y6Z[U$ZM\�]RU$^3_M`�SMa3b6b�b6S6c6Z�\6^@d�eM^@fMOhg�iM`�S�Fc��
�* / 7)/ �#����!�]"
�����/ �&�
��(#(<
�����
�.3/ �3Fc���>A�+ k ��.��6�&���>�����&(�����QE* 0&�&��/ ����7)/ A �c��0&/ ��
�
���/ �#0>= �'�&�����#��%�A,�&
��<=2)U
���7)�&�"!&=^QE%#0�%#�2�Z ��� �"+

� *�* / [ k � $L+	ZV+<T��&����
�����=T* +��U���hE�.��'=	QB+T*\�����R���#
�=#���#.�* +T*\�����R���#
�=�:+6�;21C;1�W5M@41C3kjC37<F/>5E6�@ 37< 5 @C1C;1�W5E3 02<
OC@W5EX�@4@C<�1C02D�5E37<F/>;2<H=��U,J:�JF1W0N5 0M�402- 9 37<V;	=NR�6�0�� <H@L57X�021CY?9:=����b�&(�(<
��&�c/ �1Fc���>A�+'Q
$ * *\���#/ (E�>A
k [&[ k +

� *l� � a ��QB+F*\
���.�
�* E��&�b���#.�FD+1�6�>�>.<=m7'37<�=237<�/ � @M/?DF-7;212��378 JF-E@J;
;N5E6	9 37<�n.1C;CJF6o� ;N5 ;	OC;292@49,= � ��Q * (�+
$��&7)(�%���/ ��0'=#]&�&*O+ k ?>=	CE�'+ � = Z ��� a =<(�(<+ ZskPw a ! Zbk a �>+

� pNI � [ ��QB+�pN��.��J���#.6IN+DIL��71=
��6�021L5 @C9C5J;
;N5E6V;2<�=q�>37<�378:DF8r� @4-E;�0 ,.- /�02143�576	8:9 37<s� @L57X�021CY?9 X+3 5E6
� 378>@t� @KJF@C<H=	@C<T5%-
=L/ @u8�@4<F/ 5E6	9:=F(�+	Q�$ * = �V�&*O+ w�� =<CE�'+ w = Z ��� [>= (�(<+ � [ � ! � k a +

� IL�&7 ��� � (�+[&�+ I4�&7)
�%'92=V�F6�021L5M@49W5�;
;N5E6 D�<�=	@41 � ;N573 02<�;2-2:�02<F9W5E1C;237< 5 ���'9O�&��7)����/ ���\Fc���>A�
�����/ ��0$Z�
�����
����
k �@M Z � ����P:=<(�(<+ k ? a ! k ?��>+

� � � � � ��IU+ �'
�.#0�
��L/ A:�J���#. (�+ �U/ ����
�����6�021L5 @C9C5�;�;N576	9 37<	-'D9�C- 3 =	@C;2<	n.1C;CJF6	9:=�QE* 0��&��/ ����7)/ A��'= Z � � � = �c�&* +Z = CE�>+ Z =	(#(<+ w9Z !k?��>+
� ��T / [&[ � &b+ �'%#��0$�&��.�* +H)3+9(B+ T�
�* *����#. * + ��
����#0)���#.��	+<FH�&���#=R��6�021L5 @C9C5+JF;N5E6	9 37< ; <�@W5EX�0214YUX+3 5E6

573E8>@WRS=	@SJF@4<�=	@4< 5Vv 02X�9KJF@C@C=29:= �c%#���&(	
��&�>("��%#�����&*���9
pN(	
����R��/ �&���&*�IL
���
�����A:� ZbknZ M Z P3M k [&[�["P:=�(�(<+wWk65�w�� +
� )c� � [�� * +t)V�&���#���R���>/ � W )U���&(�� 
4��
��&��
���/ A *\
������>.#� / �w�U�R��� T��&��
K
��#
����2!&= X / �"]'/ ��
�. �:��* �#= ;'1C0��Mx

y 576B,J:z�{�m�Dn�,': � RX�m�Dn��|�2� RX�m�Dn�, ��� �m0?8 JF029437D�8 02<}� ;N5M;	OC;29L@<�m0N9C5M@48:9�~E,J:z� R>;"���2���R=
CE�����"]'/ * * 
B
4CN= Z ��� ['=<(#(<+ kPw [�! k ? k +

� � * � a ��QN+,�</ * / �&���&��(<�&%�* �&�H�&��.t(B+�*\���#7)���������#/O=m�>37<�378:DF8�;
;N5E6:,.- / 021C3 5E6	8:9 A 021�� @L57X�021CY29.X+3 5E6Fn @4< R
@41C;2- � 378>@.� @KJF@C<H=	@C<T5+,�1D��:�029C5E9,=<
-
�A,���#/ A���*<IL
�(	�&�2��=��U
�A�
�7��<
�� Z ����� +


