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õ W�D�ê·TJöO]�^wD�ê�]�^SêYU,öOêYêJD�]&^SembdD�U�TJ^SFue*òuLSò�WO\}ëHD�ì�GY^wð&\uGJ^SRwj±U,FHeOêJ^S]_D�GJD�]$TJW�D  �D �QP � P 	-K 	 B � F@î
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ê·öOU�U,D�êJê·î¼ö�R
ê·D�\@GVUVWÑL(�*D±é�D7GYDMRSF[FH`d^we�I�\iTETJWOD F � @KB�F@î�ò � ��� ê·öOU�U,D�êJê�î¼FuG�D�\HUVW*êJD�\uGYUVW
æ¼^�L DHLwZPõ ^Sð±Dgõ6F5N�^wëHDuZ
õ1õ1N ��� è L �*D�ð±D�\Hê·öOGJD�] êJD�\@GVUVWÂU,F[êkT�Z�Fue3êJ^SðMö�R¶\iTY^wFHeOê$F@î
e�D,Tké�FuGY`*êJ^wý�D ç�� î¼FHG P ( + (ºò��OZ�\uê2TJW�Dg\}ëuD�GY\uIuD±F@î P ��� �
êJD�\uGYUVW�D�ê�FueÂD�\uUVW³êJ^wý�D
æÅêJì�D�U,^ ��U7\uRwRSj > P � êJ^wð.ö�R¶\iTJD�] e�D7TkéyFHGJ`_ê�Z�ò � � êJD�\uGYUVWOD�êÒFHe D�\uUVWÑZyî¼FuG
\@RSR08Âe�D7TkéyFHGJ`
ê·^Sý7D�ê è L�Q�FHG�ð±D�\Hê·ö�GYD7ð±D�eHTVê1F@î�TYW�D.C�a ä b�\@RSIuFHGJ^wTJW�ð�Z�é�D �JéyD�^wIHWHTYD�]2�±êJFuð±Dhî¼GV\uU,TJ^SFue
� F@î1e�F_]_D�ê.^Se³TJW�Dgê·j_ê·TJD�ð ð±FuGYDÒW�D�\}ëd^wRSj æÅ^rL DuLSZ � � Fuî1TJW�Dme�F_]_D�ê$\@GYD �·ìcFuìOö�RS\uG � è
TJF&ücDhTJW�D2]�D�ê·TJ^SeO\iTY^wFHe�î¼FuG�êJFuð±D�î¼GY\HU�TY^wFHe�� F@î�TJWODMê·D�\@GVUVW�D�ê�L��*D.ê·`HD7é�D�]gê·D�\@GVUVWm^Se
TJW�^¶êEð±\ue�e�D�GEêJ^we�U,D.TJW�D$IuD�e�D7GV\@R�DG�ÒU7\HU,j�F@î C�a ä bí^Sê�]_D�ì�D�eO]_D�eHT�ö�ìcFueÓTJW�D�GJD$ü�D�^weOI
ì�FHì�ö�R¶\@GMeOFd]�D�ê2^SeÄTJWODmêJjdê·TJD�ð�TYWO\iT$\@GYD±TJW�Dg]_D�ê·TJ^SeO\iTY^wFHe³e�F_]_D�ê2î¼FuG$\�W�^wIHW�D7GMTJWO\ue
\}ëuD7GV\@IHD
ì�GYFuìcFuGJTJ^SFue F@îhTYW�DÄê·D�\@GVUVW�D�ê�L
�5D5\uRSêJF �Jì�GJ^Sð±D�]2�³TJW�D5e�D,Tké�FuGY` é1^{TYWûò����
ð$D�êJêY\@IHD�ê=ü�D7î¼FuGYD�ð±D�\Hê·öOGJ^Se�I.C�a ä bÒU7FHê·T êJF2TYWO\iT é�DEU7Fuö�R¶]Ò]_^¶êkTY^weOIuö�^¶ê·Wm^{TVê�ü�D�WO\}ëd^wFHG
î¼GJFHðºGY\ueO]_Fuð é \@RS`"Lcõ W�D$GYD�êJö�R{TVêEF@îPTYW�D�êJD$êJ^SðMö�R¶\iTY^wFHeOê�\uGJD.ì�GYD�êJD7e[TJD�]í^Se*Q�^wIHö�GYD�ê�ú
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^weO]�^SU�\iTJD�TYWO\iTg\@RSR�F@îETJW�DÓð$F_]_D�RSêÓæ¼D,ï�U7D7ì_TÒTYW�D
GV\@eO]_FHð ð±F_]_D7R è IuGYFié8êJð&\@RSR{å­é�FuGYRS]
TJFuìcFuRSFuIH^wD�ê7L��yW�FuGV]oZué1^wTJWm\2U,FHeOêkTV\@e[Ty]_D�IuGYD7D�]�^Sê·TJGY^wüOö_TJ^SFueÑZ[]_FdD�êye�F@TyD,ï_W�^Sü�^{T \hìcFiéyD�G
RS\}éhL���FHe�DÓFuîhTJW�D5]_D7IHGJD�D*]_^¶êkTYGJ^Sü�ö_TY^wFHeOêmì�RwFuT·TYD�] ^Se�Q�^SIuö�GYD-�³î¼FHRwRSFiéºìcFiéyD�G·å­RS\}é�ê�>
��a � æÅRwD7îËT è î¼FuRSRwFié�ê�\ ä Fu^¶êJêJFue
]_^¶êkTYGJ^Sü�ö_TY^wFHeÂæ¼RS^w`HDhTJWODMGV\@eO]_FHð IHGY\uì�W è ücD�U�\@öOêJDh^{TE^Sê
ü�ö�^SR{T1üdj;\uêYêJ^wIHe�^weOIMe�F_]_D�êy^SemTJW�D�IuGV\@ìOW;öOêJ^weOI$\$ö�e�^wî¼FuGYðÕWO\Hê·Wmî¼ö�eOU,TJ^SFueÄñ{ò��iô­L �®emTJWOD
U7\uêJD�F@î
K�jdìcD7GYIuGY^S]mIuGV\@ì�W�êhæÅU,D�e[TJD7G è ZdTYW�D2ü�öORw`mF@î�TJW�Dhe�F_]_D�ê1WO\}ëHD�ð&\iï_^SðMö�ð ]_D7IHGJD�D
é1W�^wRSD�ê·FHð$DERS^we�D�\@GYRwj&]_D�U,GYD�\Hê·^Se�IMedö�ð.ü�D�G F@î�e�F_]_D�ê \iT�TJW�D�RSD�\iî6RwD�ëuD7RcîÅ\u^wRcTJF$D�ê·TY\uü�RS^SêJW
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ð±\@ï_^wð.ö�ð ]_D7IHGJD�DuL ä
	�� æ¼GY^wIHWHT è W�\uê$\ÓW�^SIuWORwjÂêJ`uD�éyD�]Â]_^¶êkTYGJ^Sü�ö_TY^wFHe >�TJW�D �·ü�öOð$ì��
\iTE]�D7IuGYD7D;ò��&GYD7ì�GYD�êJD7e[TVê TJW�D.RwFié�D7G�ü�FHö�eO] 6 Fueí]_D�IuGYD7DHZOé1W�^SRwDMTJW�D$ìcD�\@`�\iT�]_D7IHGJD�D
� �mGJD�ì�GJD�ê·D�e[TYê�e�F_]_D�êETYWO\iT�WO\}ëuD$GYD�\uUVWOD�]�TYW�D±ö�ì�ìcD7GhücFuö�eO] 7 Fue*]�D7IuGYD7DHLoõ W�D$î¼D7é
^we[TJD�GJð±D�]_^S\@TJD�e�F_]_D�ê1GJD�ì�GYD�êJD7e[TyTYW�FHêJDETJWO\@T�\@GYDhU,ö�GYGJD�e[TJRSj * +.-0/21)3 �[L

õ�ö�GYe�^Se�IhTYF2ì�D�G·î¼FHGJð&\ueOU,DHZHQ�^wIHö�GYD�ú2^SRwRSöOê·TJGV\iTJD�ê
TYW�D�ëi\@RSö�D�F@îÑêkTYGJö�U�TJöOGJD,>@TJWOD ��a �
\@eO] �yW�FHGY]Äe�\iTJ^SëuDmê·D�\@GVUVW5ð±D�UVWO\@e�^¶êJð±êMIu^SëuD��±æÅRwFHI � è êJD�\uGYUVWÄìcD7GJî¼FuGYð&\@eOU7DuL6õ WOD
U,FHê·T2F@î�l Q
b5Fue³GV\@eO]�Fuð�IHGY\uì�WOê&æ¼Tkj[ìO^SU�\@R=Fuî1ö�eOê·TJGYöOU�TYö�GJD�]Äð±Fd]�D7R¶ê è ^SeOU7GJD�\uêJD�ê�RS^we_å
D�\@GYRSjgé1^wTJW5e�D7TkéyFHGJ`
êJ^wý�D���Z"é1^wTJWÄU,F[êkT�GJFHö�IuWORwj ��� ç L �yRSD�\uGJRSjuZcTYW�D±eO\iTY^wëHD$êJD�\uGYUVW
ð$D�UVWO\@eO^SêJð&ê=Fuî�êkTYGJöOU,TJö�GYD�]Òe�D,Tké�FuGY`_êPFuö�TJìcD7GJî¼FuGYðgZ[üdj&ê·D�ëuD7GV\@R�FuGV]_D7GVêPFuîÑð&\@IueO^{TYöO]_DuZ
�OFdFd]�^we�I&êJD�\uGYUVWmFue�ö�eOê·TJGYöOU�TYö�GYD�]me�D,Tké�FuGY`_ê7L

��D,ïdT�Z�é�D=U,FHð±ìO\@GYD
TJWODPTJWOGJD�D=ê·D�\@GVUVW2\@RSIuFHGJ^wTJW�ð&ê"î¼FHG�ö�e�êkTYGJöOU,TJö�GYD�]2e�D,Tké�FuGY`_ê7L7õ WOD
GJD�ê·ö�RwTYêPî¼FuG�l�Q
b$é1^wTJW � � �M\@eO]�� � ó P U,ö_TYF@ÿmëi\uRwö�D�êP^¶ê=IH^wëHD7e±^Se;Q�^wIHö�GJD P Z@î¼FHG�ò�\ueO]�ò 8@åGY\ueO]_Fuðûé�\uRw`2^SeÒQ�^wIHö�GYD%8OZu\@e�]Mî¼FHGyC�a ä b.é1^{TYW P �ÏFuî�TYW�D�e�F_]_D�ê
ì�FHì�ö�R¶\@G�ZiGJD�U,D�^wëd^Se�I
ó P �ºF@î�êJD�\@GVUVW5GJD � öOD�ê·TYêh^SeÂQ�^wIHö�GJDmó5æÅRwD7îËT è L �yRSD�\uGJRSjuZÑ\uRwRyëi\@GY^S\ueHTVê�F@î1GV\@eO]_FHð l Q
b
WO\}ëuD�TYW�DyêY\@ð±D=U7FHê·Tyæ¼^SeO]_^¶U7\@TJ^Se�I1TJW�\iT6GV\@e�]_Fuð±e�D�êJêÑ]�F[D�êÑe�FuT�D7eOWO\@eOU7DPüO\Hê·^¶UPl Q
b è \ueO]
WO\}ëuDhRSFiéyD�G�U,F[êkT�TJWO\ue
ü�FuTJW*C�a ä b�\@e�] -[å 	 \@eO]�Fuð �Ä\@RS`"L�a�RSêJFOZ"C�a ä b
^Sê�UVW�D�\uì�D�G
TJWO\ue 	 \ueO]_Fuð �Ä\@RS`íêJD�\@GVUVWÓ\uRwIHFuGY^{TYW�ð�L 7�ëHD7GV\@RSRrZ 	 \@e�]_Fuð �Ä\@RS`íê·D�D7ð&ê�TJF�^wedëHFuRSëuD
\
W�^SIuW�D�G.U,F[êkT.^weÂ\uRwRyTJW�GYD7D;IuGV\@ì�WOê�L�õ W�D;RwFHe�I
TJD�GJð ìcD7GJî¼FuGYð±\ueOU,D;^wð±ì�GYFiëuD�ð$D�e[T2F@î
C�a ä bm\@RSIuFHGJ^wTJWOð î¼FuG�TJW�D 	 \@eO]_FHð CEGY\uì�Wgð$F_]_D�Ro^Sê ìOGJD�ê·D�eHTYD�];^we�Q�^wIHö�GJDMó;æ¼GY^wIHW[T è L
�yRwD�\@GYRwjETJWO^Sê�\@RSIuFHGJ^wTJWOð�^Sð±ì�GJFiëHD�ê�FiëuD7G�TJ^Sð±D�ær\@RSü�D�^{T
\iT
\�ëHD7GYj�IHGY\H]_öO\uRHGV\iTYD è L��5D�\uRSêJF
U,Fuð±ìO\uGJD=TJW�D öOêJD7GJå­ì�D�GYU7D7^SëuD�]�GYD�êJìcFueOêJDPTY^wð±DhæËTYWO\iT
^¶ê7Z�TJWOD�eOFuGYð±\uRw^Sý7D�]2U,F[êkT�F@îcê·D�\@GVUVW è
F@î�\uRwR�TYW�GJD�D äyç@ä ð±Fd]�D7R¶êEî¼FuG�-[å 	 \@e�]_Fuð �Ä\@RS`Âæ - � ò � ç � ú � 
 � ò 8 � � çHè ^weÄQ�^wIHö�GJD�
�L��FuGYð&\@RS^wý�D�]
U7FHê·T�^Sð$ìOGJFiëHD7ð±D7e[T�^¶ê�D � ö�^wëi\uRwD�eHTE\uU,GYFHêYê�\uRwR�TJW�GYD7D.ð±Fd]�D7R¶ê7L"Q�^weO\uRwRSjuZcé�D
U,Fue�ê·^¶]_D7Gmê·D�\@GVUVW3ìcD7GJî¼FuGYð&\@eOU7DgFHe D�\uUVW FuîETYW�D
TYW�GJD�D�TJFHì�FHRwFHIu^SD�ê�LPQ�GYFuð Q�^SIuö�GYD ��Z
^{T&^¶ê±D7ëd^S]�D7e[T.TYWO\iT±TYW�D�GY\ueO]_Fuð�IHGY\uì�W3êYU7\uRwD�êMé�D7RSR î¼FuG&\uRwR�TJWOD�êJD�\uGYUVW3\@RSIuFuGY^wTJW�ð&ê�L
K�jdì�D�GJIHGJ^¶]gWO\uê�ê·^Sð±^wR¶\@G�êJD�\uGYUVW�U,F[êkTE\uê TYWO\iT�Fuî ä 	�� \@eO] 	 \ueO]_FHð8IHGY\uì�W;î¼FHG�êJð±\uRwR
ê·^Sý7D�e�D7TkéyFHGJ`_ê�ü�ö_T�\uê�TYW�Dhe�D7TkéyFHGJ`&êJ^wý�DE^SeOU7GJD�\uêJD�ê�Z[^wTYê ìcD7GJî¼FuGYð&\@eOU7Dh]_D7IHGY\H]_D�ê�L[a�RSêJFOZ
^{T1^¶êyD�ëd^S]_D�e[TyTYWO\iT�C�a ä bÒ^¶ê \MIHFdFd]m\@RwTJD�GJeO\@TJ^SëuD�TJF - �1GY\ueO]_FHð#é \@RS`"L	7�ëHD7GV\@RSRrZHTJWOD�êJD
D,ï_ì�D�GJ^Sð±D7e[TYê&U7RwD�\@GYRwj³^SeO]_^¶U7\@TJDgTJW�\iT&TJWODgGV\@e�]_Fuð�IHGY\uì�W3ð±F_]_D�R�\@eO] l Q�b GYD � ö�^SGJD�ê
RwFié�D�ê·T�U,FHê·T î¼FuG1ö�e�êkTYGJöOU,TJö�GYD�]me�D7TkéyFHGJ`_ê�L
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�®e�TJW�^¶ê�ìO\uì�D�G�é�DhD,ï_ì�RSFuGYD�]mTJWOD2TJFHì�FHRwFHIu^¶U7\uRoì�GJFHì�D�G·TY^wD�ê�\@e�]
ê·D�\@GVUVWmìcD7GJî¼FuGYð&\@eOU7DhF@î
êkTYGJöOU,TJö�GYD�]m\@eO];ö�eOê·TJGYöOU�TYö�GYD�] ä�ç@ä ð$F_]_D�RSê�öOêJ^Se�I$êJ^SðMö�R¶\iTY^wFHeOê=FuîÑTJWOD"��a��2Z��yW�FHGY]ÑZ
K�jdì�D�GJIHGJ^¶]oZ@\ueO] ä 	�� ð$F_]_D�RSê
\ueO].TJW�D1GV\@e�]_FuðÙl Q
b"Z -[å­GV\@eO]_FHð×é�\uRw`HD7G�Zi\@eO]&C�a ä b
ê·D�\@GVUVW*\@RSIuFHGJ^wTJWOð±ê�L.7�ö�GhIuF[\@R�é \uêETJF�ì�GYFiëd^S]�D±\güO\Hê·^¶êEî¼FuG2\gücD,TJTJD7GMö�eO]_D�GYê·TY\ueO]_^Se�I
F@îÑTYW�D�GYFuRSD�FuîÑTJFHì�FHRwFHIuj$^wegê·D�\@GVUVW&ì�D�G·î¼FHGJð&\@e�U,D�\ueO]&TYFMW�^SIuW�RS^SIuW[T=TYW�DEê·TJGYD7eOI@TJW�êy\ueO]
éyD�\@`de�D�êYêJD�ê�F@î6TJW�D�ê·Dhð±F_]_D7R¶ê1\@e�]g\uRwIHFuGY^{TYW�ð&ê7L

�*D�]_^¶êYU,FiëuD�GJD�]hTYWO\iTPD�\uUVW±F@îcTJW�D�ê·D1ð±F_]_D�RSê
]_Fh^SeO]_D�D�]±IHGJFié \Hê
ê·ð&\uRwR�é�FuGYR¶]�ê�é1^{TYW
RwFié ]_^¶\@ð±D7TJD7G�\@e�] W�^SIuW�U7Rwö�êkTYD7GY^we�I3U,FdDG�ÒU,^SD7e[TVê7L���FHe�D*FuîhTJW�D5ð±F_]_D7R¶êm]�D7ëuD�RwFHì�D�]
ì�Fié�D7GJå�R¶\}é ]_D�IuGYD7D�]_^¶ê·TJGY^wü�ö�TJ^SFueOê�L �5D�\@R¶êJF�î¼FHö�eO]$TYWO\iT=ü�\uêJ^SU1l Q
b$FiëuD�GY\uRwR_WO\H]$RwFié�D�ê·T
ê·D�\@GVUVW;U,F[êkT1\uU7GJF[êJêy\@RSRcöOeOêkTYGJö�U�TJöOGJD�]Òð±F_]_D7R¶ê \@eO]ÒTJWO\@T�TYW�D�GY\ueO]_FHð#IHGY\uì�W&TYFuìcFuRSFuIuj
ê·ö�ìOì�FHG·TVêETJW�DÒRSFié�D�ê·T�U7FHê·TMê·D�\@GVUVWÓöOêJ^weOI�l Q
b5\@eO] - �1GV\@e�]_Fuðºé \@RS`"LÑQ�ö�GJTJW�D�GJð±FHGJDHZ
éyD�]_D7TJD�GJð±^Se�D�]$TYWO\iTPGV\@eO]�Fuð4U7ö_TJFuÿg]_FdD�ê
e�F@TP^Sð±ì�GYFiëuD�TJW�D�U,FHê·TPF@îol Q
b"LHQ�^SeO\@RSRwjHZ@é�D

10



0 100 200 300 400 500 600 700 800 900 1000
0

200

400

600

800

1000

Network Size

C
os

t

Random Graph

0.5 BFS
2−Random Walk
GAPS

0 100 200 300 400 500 600 700 800 900 1000
0

200

400

600

800

1000

1200

1400

1600

1800
Hypergrid

Network Size

C
os

t

0.5 BFS
2−Random Walk
GAPS

0 100 200 300 400 500 600 700 800 900 1000
0

200

400

600

800

1000

1200

1400

Network Size

C
os

t

PRU

0.5 BFS
2−Random Walk
GAPS

���'� ª��Oª�« |Y~­¬¶��~®�2v7qd°Y|Ò�7¬��@|�v�~k°k´Âv7�{����~­t��k´[�2�;½Ë��Ì���� É v�q[sH��� Î�v7�{ÍÄv7qdsÂÐ � « � ¿ v�°Y~®�}�®�
É v�q[sH���Ï�h�@sH|Y�6½¶�{|Y¬S� ¿ �HÊy� ¸ |V~®��~­twsm½¼°Y|Vqi�k|V~ ¿ v7qds «�É x �h�@su|Y��½Ë~­t{��´i� ¿ À

\@R¶ê·F�î¼Fuö�eO]MTJW�\iT�TJW�D�C�a ä b2\uRwIHFuGY^{TYW�ðÏì�D�G·î¼FHGJð&ê�éyD�RwR_\Hê6\ue.\@RwTJD�GJe�\iTJ^SëuD=TJF0-[å­GY\ueO]_Fuð
é�\uRw`ÒFHeg\uRwRoeOD,Tké�FuGY`dê�L

�*D�ì�R¶\@e2e�D7ïdT6TYF�ö�eO]�D7GJTY\@`HDy\�U,Fuð±ì�RSD,TYD=î¼FHGJð&\uRu^Se[ëHD�ê·TJ^SIH\@TJ^SFuehF@îOTJW�D1C�a ä b2\@RSIuFuå
GJ^wTJW�ð \uê
\�ì�\@GV\u]_^SIuð&\iTY^SU�^Se_î¼FuGYð±D�]±êJD�\@GVUVW±\@RSIuFuGY^wTJW�ð�L��­TYêPIuD7eOD7GV\@RS^{TkjM\ueO]±ê·^Sð±ì�RS^SU7^{Tkj
ð±\}j Iu^SëuD�öOêÒ\ÄIHF[F_]3WO\@e�]_RwD
FHe ]_D�êJ^wIHe�^Se�IÄDG�ÒU,^SD7e[TÒ^Se_î¼FuGYð±D�] ê·D�\@GVUVW3\uRwIHFuGY^{TYW�ð&ê
TJWO\@T±FHö_TJìcD7GJî¼FuGYð l Q
b"L �*D
\uRSêJF*ìORS\ueÂTJFÄ^SedëuD�ê·TJ^SIH\@TJDmö�eOê·TJGYöOU�TYö�GJD�]ÂTYFuìcFuRSFuIH^wD�ê2TYF
ê·ìcD�U7^?��U�\@RSRwjmê·ö�ìOì�FHG·T�C�a ä b"L

� F�� M ��� K HKJ � � H M B @����5DETJWO\ue�`;l�D,TYW ä RS\uRwD�\@e�] ��\iTYWdj6� j_êJêyî¼FuG TYW�D7^SG�êJö�ì�ìcFuGJT \ueO]
]_^SêYU,ö�êJêJ^wFHeOê1]_ö�GY^Se�I$TJW�Dhé�FuGY`&RwD�\u]_^Se�I$TJF$TYW�^Sê�ìO\@ìcD7G�L

� �
	 ��Þ���Ü�â ���

��À���
���������������
��
�
�������� !�#"%$'&�(*)��+���,�.-0/1"� '�324�� '�5���� %
768)49' '��9'
�&!:;"%<4)49'���� �=
�@|�v�~k°k´.t{q « ��Æ�|V~­» �"vVÆ Èy|Y��Æ���~®Íu�YÀ'>+?A@�B�CED�FHG%I �KJLC �KMON�� .�P ½ Pi¿ V � P . � ' �@� ¾ ��� ��À

¾ À���$%�HQ���RS�A-#���T"%�����#)VUXW�Y%�Z \[]"\�� �
_^
�Z`���RVRV&_ab)V %��cH)V9#=7�u�2v,�{��Î���~­�ws « |V|V~"Èy|Y��Æ���~®Íu�
t{q 
�tw���k~­tw¹HµH�k|�s2Î�|V¹±�u|�v7~k°·´OÀ%>ed �LDSf�g�hjilk0kmkonVpqp*rH� �&vV� ¾ � � P À

'uÀ���`�<s)V9q-#�A�bt)4$%�o�� %
_�;`�<s)V9q-�UX�ut��(�c�`,t&v6,��9���<wt��(K�5=��@�·v7�®tw���®tw°Vv,� �±|V°·´[v�qHtw°V�"�7¬_Ç���� ¸ �{|YÔ
Èy|Y��Æ���~®Íu�YÀ'I �KJLC �KM�B �yx�i �Lz��Kd��{>
?A@�B|C}D*B·� � P ½ � ¿ V P ��»y~ �@� ¾ � � ¾ À

P À�6,��<4�'&,�� `�"
���� =���:\=ja�)4`��� � �%�� �
O�\=jab&� '-'9')V(�&�9#=_�yqi�k´Ht���� V �3Ìd~kv��h|YÆ���~®Íh¬¶��~=�k´H|

�|Vz}|Y�{� ¸ �h|Vqi�
��¬o�y��|Yq@�®»Å�
v��­|�s « |V|Y~­»Å�k�7» « |V|V~y�@�H���k|V�2�YÀs>ed �LDSf��XN+N
N7��hj�\h#�e� p�n}� ¾ � � ¾ À

�@À�6,�� %��)A�ZU5����(�Y'�� %�y�{^4��9' %&�"�(*Y��� �
��,2�9s"%(�W'Y'��Y'��<4�5=.Ç�~­t��®tw°Vv7��t����@»Å¹dv��­|�s#�=qdv7���@»
��tw�.v�qds 
 |V��tw��qÂ��¬�x�q[���k~®µd°J�kµH~®|�s « |V|V~­»¼�k��» « |V|Y~$È�|J��Æ���~®Íu�.v��O�JÇ���� ¸ �{|YÔÂ�i�H���k|V�2�YÀ �
>ed �LDSf��XN
N+N��Vg�hji�h�h��+I,�X��� p���� ¾ � ��'uÀ

11



. À�6,�A-q� � )V`H�����;`���
%������97�� %
]�� %
�9')V�{ab9SQ���9#= « v���|VÍ V « v�°kÍ�v7��|±¬S��~ �"v7~®��|±Èy|Y��Æ���~®Í
�=qdv,�{�H��tw�YÀH´@�®� ¸�V S�S7zi�wv�su�HÀ ¬¶��¬rÀ µ[qHt�»¼� �JÀ ��t S ¸ µ[¹�S,q[|Y�rÆ���~®ÍH� S ¸ v���|VÍ,S

�@À�68&�9 � �A-�-��y��W�= /w=Z���+Q�)V9')V-�-��sa =�� =��� %
v^
9')4)V���� 
�V��= � =}x�°Jt{q[|Y�o¬S��~oÎÄt{qdsu��Æ=� V �u�7¬S�®»
Æ�v�~®| ¬S��~��u�@°Jtwv7�cÈ�|Y�rÆ���~®Í.�=qdv,�{�H��tw�YÀHÊ v�~®z�v�~ks V �=qdv,�{�@�®tw° Ác|V°·´Hq[���{����t{|��Y� ¾ � � ¾ À

� À
	;)V��$�)V9#��� =���� =jW42j�4��9��
�'�� %
 a =%[ ��`�`��.���,(�&� �= �$tws[s@�w|J»��=��|Vqi�·��¬¶��~
�k´[|1p�qi�k|V~®qH|Y��À
>ed �LDSf����shjg8��
��,� �L~�~ �@À

~uÀ
	�������$'&�R4&�"%`H&�(q���
��(�(*�Z`��Z&�(��u=��� %
��+Qq� �j� )4`��Z� /e�Z-'&�"%9��+==� « |V|V~­»¼�k�7» « |Y|V~±� ¸ »
¸ ~®�}v�°·´��k� É |��­��µH~k°Y|�
�tw�®°Y�,z}|V~­�1t{q �±µH���®t�»��=��|Vqi���i�H���k|V�2�YÀ����Z?������ �Kd��'F��}C��)�'FHGek ��d���B5?����
hj�Xg�� ¾ ��� '

� �uÀ�^V��`�&�"'-'(*&�(q�4a =��q/w=A^4��`H&�"%-�(�&�(H�V�� %
v� =q^4��`H&�"%-�(�&�(H= Ö q « �,Æ�|V~­» �"vVÆ É |Y�wv7�®t{��q[�­´Ht ¸ �
�7¬"�k´[|�p�qi�k|V~®q[|J�=Ác� ¸ �7�w�����iÀ%>1d �LDSfjg�hji �V����h��+i{iÒ� �L~�~H~@À

����À
�A&sQ��� %&sQ�� t���
a =���^8=
�; % %)���(K-')V�Z ����� %
!� =�68)49'���� �= �±�@su|Y��t{q[� « |Y|V~­»¼�k��» « |V|V~ Èy|Y�®»
Æ���~®Í�Ác� ¸ �7�{����t{|���Á�´[~®��µH��´��·�u�2v7����»¼Î���~­�Ss4���±�@sH|Y�w��v�q[s « �,Æ�|V~!�"vVÆ=�YÀ4�������*G �XD �����! #"
�4CED�F��}C����4B%$ ��d& ��'��N)(*$��+I]nVpqp,+�À

� ¾ À��;��`H& � )V9���$%�5���
�� '�
�-	������Z-'9��Z&�(.� "% �&�RV"�`�&�(T�� %
/	o=10j)V�Z %��`���RV&�"%9�U32e��c�-��5=i� ����»
°Yv7�d�u|�v7~k°·´ �±|�°·´[v�qutS�­�3¬¶��~ « |V|Y~­»Å�k�7» « |V|V~ÑÈ�|Y�rÆ���~®ÍH�YÀq>ed �LDSf4g�hji hj��4wi � p�n���Èy�,z}|V�E¹_|Y~
¾ � � ¾ À

�,'uÀ���`H)A�� %<s)V9 � �5�V&� �=�È�v�z@t{��v7�®t{��q$t{q&v��u�2v7����Î���~­�wsOÀ16;F��7 Ad �J� P � . V � P �@�O�=µ[��µ[��� ¾ ��� �uÀ
� P À���&�"%<4��9���$��Z(q�Aa��� %&�`���(q=)�±µH���®t�»r�y��|Yq@�Ñ�@�H���k|V�2�Ov�qds «�¾7« Ç���� ¸ µH�®t{q[� V �±|Y�k´[�@sH�Y���@�H��»

�k|Y�2�
v�qds$Ç�´dv,�{�{|VqH��|��YÀ�>1d �LDSf8���Z?bhj�Xg�� ¾ � ��'
� �@À��qQ+�:9;�Z 0)A-#=���`s=c�u|�v7~k°·´mv�q[s É | ¸ ��tw°Vv,�®tw��q;t{q;x�q[���k~®µd°J�kµH~®|�s « |V|V~­»¼�k��» « |V|Y~1È�|Y�rÆ���~®Íu�YÀ

>ed �LDSf�g�hji ��h#�1� pSn}� ¾ � � ¾
� . À�a �� '��9#�<;\=�����=�68"�9'$�Y'��9q-#�#� =j���� � -'&� ����� %
Oa =j��(�$�)V '��c��5=[Á�´[|��@Æ�v�~®�4�@t{�Eµu»

�wv,�®tw��qÒ�@�H���k|V�±�H�3Ác�i���{Íit��y¬S��~=��µHt��wsut{q[� �±µH���®t�»��=��|Vqi���@t{��µH�wv7�®t{��q[�YÀ=� ��D|?��sCED�FHG'I � � ��d&�7>
�4M+F�d?� � �KJ��*G ���-� �����w�1d �� �d�5@�µHq[| ��~H~ . À

� �@À�a ��`H&�����A�s�qt����	;)V�|�� �W�=��V)V-�=V��`s= « |V|Y~­»Å�k�7» « |V|V~6Ç���� ¸ µH�®t{q[�uÀ�B8>C(�FED*B
���XD|? �4CED�FHGVI � � ��d?�
B8>:(F"EnVpqp�nG"IH��,� ¾ � � ¾ À

� � À�/%�� �
�"%9��� � �� 
�!� =Z� /19���<4Y%��$%��9 ��� � Y'�HQq�� ����� %
J�1`��LK�RNM|��`4=���µut{�ws@twqH� �c��Æ
»

ytSv7�h|Y�k|V~ « |V|Y~­»Å�k�7» « |V|V~ÑÈ�|Y�rÆ���~®ÍH�YÀq�XN
N+NO�Afs���*G ��D�� fsg8d �XF�B�h!���!�� �%f�� ¾ �}½ .�¿ V ~�~ ��» � � � ¾ �
�=µ[�uÀ ¾ � ��'uÀ

��~uÀ����A-' '��(*���12+� W42�`XQ��.� )A-#= ��`4=×� �H°Vv,�Sv7¹H�{| Ç���qi�k|Vqi�®»r��sHsH~®|��®�®v7¹H�{| È�|Y�rÆ���~®Í_À
>ed �LDSf�g�hji �V���wh��
i{iÒ� ¸[¸ À � . �J» � � ¾ ���yµH��µd��� ¾ � � ��À

¾ �uÀ Ws�5MGM�9')��O^4��<s9����s)��� �
 �T&�<s)V9q-P��Y%�� %)A��U5:�)494��&��s$+=Ò��|Y�i��qds �yq[v�~k°k´@� V �@|Y��¬S»
Ö ~®��v�qutw²Y|�s±Ác� ¸ ���{���7�$¬¶��~ « |V|V~­»¼�k��» « |V|V~PÈy|Y��Æ���~®Íu�YÀ+h!�Q� �'G ��R�CS�}@7�'~u½ ¾�¿ V P ~,» ��'u� ¾ � ��'uÀ

¾ ��À W�Y%)VY�&�9H2+� � ="���H°Vv,�wv�¹H�{|M�y��|Vqi���c�@°Yv7�®t{��q �±|�°k´dv7qHtw�­�±À�>1d �LDSf
g.��g%(�� 
E
 ����� �*G�G CUT������
g:T������}BWV'�·� �L~H~�~

¾�¾ À Ws-'&%���4�+�NXX&� �)A-#=s��`s=uÇ�´H��~ks V �³�H°Vv,�wv�¹H�{| « |V|V~­»¼�k��» « |V|Y~��c�i��Í@µ ¸ « ~®���k�@°Y�7�_¬¶��~6p�qi�k|V~®qH|Y�
� ¸[¸ �{tw°Vv,�®t{��qd�YÀ'�XN
N+N��Vg�hjiY�4dXF)�sB*f!�)�W6 �?�}M ��d���C ��T�� ���}½ � ¿ V � �,» ' ¾ �_Ìd|V¹H~®µdv�~­� ¾ � ��'uÀ

¾ 'uÀ
ZT(�&�"%����$'&�(H��	;�Z�,�.-'9���&�(+�� %
[;��Z��$ �T&�"�(*(�&�RV&�"�`�&�(H=��íÇ���� ¸ v�~­tw�­��q��7¬ « |V|Y~­»Å�k�7» « |V|V~
�@|�v�~k°k´ �±|J�k´[�@s[�YÀ%>1d �LDSfjg�hjilk �\D|�^]P� ¾ ��� '@À

¾SP À
ZT(�&�"%����$'&�(H�N	������.-'9���&�(e�� %
L;w���s${�T&�"%(�(�&�R4&�"%`H&�(q=}�ys[v ¸ �®t{z}| « ~®��¹[v�¹ut{��tw���®tw°
�u|Vv�~k°k´
¬S��~ « |V|V~­»¼�k�7» « |Y|V~PÈ�|Y�rÆ���~®Íu�YÀ'>1d �LDSfj�XN
N
N!>1n�>\� p���� ¾ � ��'uÀ

¾ �@À�[b��`�(�Y��<ZT&�<A2e=��@|�v�~k°k´.t{q&v��u�2v7����Î���~­�wsOÀ'>1d �LDSfj���shjg8��
E
��-@�µH���@»r�yµH��µd��� �L~H~�~uÀ
¾). À�[b�V-s-'(q�_	;"% ��4�� �� %
!Ws-')�Q�)4 mWs-'94& � �A-'cs=�Ç������{|�°J�®t{z}|&
��uqdv���tw°V�
�7¬a` �u�2v,���{»¼Îg��~­�ws5b

Èy|Y��Æ���~®Íu�YÀ16;F��7 Ad �J��'H~�' V PHP �7» PHP}¾ �<@�µHq[| ��~H~ � À
¾ �@À.2e�� � ��6T)�Q�)49'`�2 �� %
 :;)V�s-'&�9[����9s�s�.�%UXab&�`��Z %�
=,p�� ¸ ~®�7zit{q[�=�@|�v�~k°k´1t{q « |V|Y~­»Å�k�7» « |V|V~

Èy|Y��Æ���~®Íu�YÀ'>1d �LDSfj�XN
N+N ��hj�\h#�1� p�n}� ¾ ��� ¾ À

12




