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F$GIH	JLKNMPOLH	Q$RTS(ULGIVIH	WYX$KNMPO<Z[V\M^]_Q`VIH	Oba$cTS(ULd`e�fKNe`egGIH	Qih
j?kTl�mon$pqkTrts�uLv:wyx{z�|`}`~�x{�����	�E�����{���	wT|qu����	�{���	wT|�u��	���q�N��u^�6|g}`���	wy�
�<m�w�~���x{���T��|$�����/�q���T|i������x{�(~(u��t�{�	�T~���������v*w�x{zq|g}`~�x{���/�	���Y|(���yw����{���q��u
�t�{����~����T�	� ��kT|g� �\|g}��¡|`�{¢£u£�q¤�¥¦��¤�u��6|`}`����wy�

§ ¨ª©�«y¬L­L®�¯£¬

° HqKNS(ULVIML±�KNGI±yc�Q`VIe`UL²bdq³TH	dgW�H�S	V¡KNGIGI´µ±yQ(KNWLU¶K�GI±ycyQgVIe`UL²bdq³TVId�cyMLH�cN]·egULH�M�KNeg¸LQiK�G
KNWLWPG\VISqK�e`VIcyMPd*cN]�²/¸LGIe`Vº¹»²/H�OLV¡K$VIMb²<KNegULH	²�KNe`VIS	d�¼ ° ULH�cy½y¾¿H	S	e`d�S	cyMPd`VIOLH	QgH	O¶KNQgH
cN]*K�ULVI±yULGI´�OL´TM�KN²bV\S�M�KNeg¸LQ`H�KNMLObQ`H	ÀT¸LVIQ`H�KNMµKNOLH�À�¸£KNe`HÁOL´TM�KN²bV\S�ÂTVId`¸£KNGIVIÃqK�¹
e`VIcyMt¼
Ä6F °�Å cNJY³(egULH*S	c�²/½LVIM�KNegcyQ`V¡K�GqKNGI±yc�Q`VIe`UP²Æe`cTcyGº¹�½�cNJY³gVIdEKNM�VIMTe`H	Q(KNS	egVIÂyH�S	cy¸PQ`d`H

S	cy²/½PV\MPV\MP±�K�e`H	JTeg½�cTcyÇDÈ�VIe`UÉegULH�ÂTVId`¸�K�GIV\Ã�KNe`VIc�Mµd`c�]_e�ÈÊK�Q`H�Ë5K�e`c£³Ye`ULHb±yQ(KNWLU
KNMLVI²�KNe`VIc�M<egcTcyGº¹»½£cNJY¼YÌLc�QÍegULH�OPH	d`VI±yMÉc�]ÎËÁKNe`c£³Ye`UPH�]_cyGIGIcNÈ�VIML±�dgV\²bWLGIH5Q`¸PG\H�d
È·H�Q`H6¸Ld`H	O/egc5KNOLOLQgH	d`d:V\dgd`¸LH�d*cN]�S�G\H�KNQ`MPH	d`d6cN]�WPQ`H	dgH	MTeiKNegVIcyM�³�S	cyMPd`VId`egH	MLS	´T³NGIH	ÂyH�G
cN]�V\MTegH	QiK�S	e`VIÂTVIe�´�KNMLO�d`c�]_e�È�KNQ`H�H	MP±yVIMLH	H	QgVIML±�¼

ÏÑÐ dgHÒKÒQ`HqK�GYWLQ`c�±yQiK�²�²bV{ML±�G�K�ML±y¸£KN±yH�VIMLdge`HqK�O�c�]�WLd`H	¸POLcN¹�S	cTOLHyÓ Å ´�S(ULcTcyd�¹VIML±<Ô�´TegULcyM2]_cyQ�WLQgH	d`H�M�egVIML±¶KNGI±�cyQ`VIegUL²�d6È·H/½£cy¸P±yUTe$S	c�MLd`VIdge`H	MLS�´ÉcN]·egULH
WLQ`H�d`H	MTeiK�e`VIcyMÕKNe/e`UPHµH	JTW�H�MLd`HDcN]5¸LdgV\MP±ÖKDdg´�MTe(KNS	egV\S�KNGIGI´3d`GIVI±yUTegG\´É²bcyQgH
S	cy²bWLGIH	J/G¡KNML±�¸�KN±�H$S	c�²�W�K�Q`H	Obe`c/egQiKNOPV\egVIcyM�K�G�WLdgH	¸LOLc�¹»S�c�OPHy¼

ÏÑ× VId`¸£KNGIVIÃqKNegV\c�M�½�KNdgH	O¶c�MµQ`¸PG\H�dqÓ�Ø(ÙLÚ_Û�Ü`Û�Ý	Ú_ÞoÙyß�Ûqà�Û�ÙLÚ¡Ý�á â¦ãEVIMµegULH�ÂTVId`¸£KNGIVIÃqK�¹e`VIcyMÆK�G\È�K�´Td/S	cyQgQ`H	dgW�c�MLO e`cäS(U�KNML±�H	d�egc3O�K�eiK¦¹»dge`Q`¸PS	e`¸LQgH	dµ¸LdgH	OÕV\MªegULH
KNGI±yc�Q`VIe`UP²¶¼ ° ULH	QgH(]_c�Q`Hy³�e`ULc�d`HÉS(U�K�ML±yH	d2e`cÆO�K�eiK¦¹»dge`Q`¸PS	e`¸LQgH	dDd`ULc�¸LGIOå½£H
e`VI±yUTegG\´ÉS�cy¸LWLGIH	OªegcÉe`ULH�S	c�Q`Q`H�d`W£cyMLOLVIML±äÂTV\dg¸�KNGIVIÃqK�e`VIcyMÉS	c�²�²�KNMLOLd�¼�ÌPcyQ
Q`HqK�d`c�MLd$c�]ES	c�MLd`VId`egH	MLS	´µK�MLO�²�KNVIMTeiKNVIM�K�½LVIG{VIe�´�È·H5K�OLOLH	O�e`UPH	d`H/æ Qg¸LGIH	dqç£KNd
d`¸L½^¹»S	G¡K�d`d`H�dEc�]�KN½Ldge`QiK�S	e�S	G¡KNdgd`H	d�VI²�WLGIH	²/H�M�egVIML±*O�K�eiK�¹�d`egQ`¸LS�e`¸LQgH	dq¼ ° UPV\dtcTS(¹
SqKNdgVIcyM�K�G\GI´�WLQ`cNÂTVIOLH	O�d`¸LQgWLQ`VIdgV\MP±ÍVIMLdgVI±yUTe`dtH	ÂyH	M�VIM5e`UPH�SqKNdgH·c�]�ÂyH	Qg´5d`VI²bWLGIH
KNGI±yc�Q`VIe`UP²�dq¼

Ï Ä6ULcTcydgH$e`UPH$KNWLWLQgcyWLQgV¡KNe`H�dgcN]_e�È�KNQgH6]_QiK�²�H	È6cyQgÇYÓ¦è�Â�H	QÊKÒM�¸P²/½�H	Q�c�]é´�HqKNQgdÂyKNQgV\c�¸Ld6WLQ`H	OPH	S	H	dgd`cyQgd5e`c/Ä6F °�Å cNJY³LKNGIG�¸PMLOLH	Q�e`ULH�diK�²�H�M�KN²bH�½L¸Le�È�VIe`U
d`GIVI±yUTe`GI´5OPV{êYH	QgH	MTe�]_HqK�e`¸LQgH$d`H�e`dq³TU£K�ÂyH6½�H	H�M<VI²bWLGIH	²/H	MTe`H	OÁV\M�K�MT¸L²/½£H	Q�cN]
ÈÊK�´Td�¼yÌLc�Q�egULH�S	¸LQgQ`H	MTe6V\²bWLGIH	²�H�M�e(KNegV\cNM�È6H·S(ULc�d`H$Ô�´TegULcyM�ë ° ÇTV\MTegH	Qq³NOP¸LH
e`c/egULH5Q`¸PG\H�d$²�H�M�egVIcyMLH	OµK�½�cNÂ�HÒK�MLO�VIe`d$K�ÂyKNVIG¡KN½PV\GIVIe�´5c�MìK�G¡K�Q`±yH�MT¸L²/½£H	Q
cN]�S	cy²bWL¸Le`H�Q�¹�WLG¡KNe�]�cyQ`²bdq¼

Ï Ë�cTcTO<RTc�]_e�ÈÊK�Q`H�í�ML±yVIMLH�H	Q`VIML±£Ó ° ULHÍK�WLWLGIVISqKN½LGIH�KNd`W£H	S	egd$c�]�e`ULH�æ{í�JTe`QgH	²�HÔ�Q`c�±yQ(KN²�²bVIML±�ç�²�H�e`ULcTOLc�G\c�±y´�È·H�Q`H5¸LdgH	Ob]_cyQ�OPH	ÂyH	GIc�WLVIML±?ËÁKNe`c£¼
° ULHÍK�WLWLGIVISqKNegV\c�M�c�]�e`ULH�d`H�Q`¸LGIH	d6´TVIH	GIOLd·K�dgcN]_e�È�KNQgH$È�ULVIS(U�KNGIGIcNÈ�d*GIHqKNQgMLH	Qgd

e`cµH�J�W£H	QgV\²bH	MTe�È�VIegU3½£cye`UäWLQ`c�½LGIH	²�VIMLd`e(KNMLS	H�d<KNMPOÉe`ULHµKNGI±�cyQ`VIegUL²�d�e`UPH	²/¹
d`H	GIÂ�H	dq¼
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ZÉH5È�VIG\G*K�G\dgc<K�OLOLQ`H�d`d5dgcN]_e�È�KNQgH�H	MP±yVIMLH	H	QgVIML±µVId`dg¸LH	d�K�Q`VId`VIML±bV\MDKNMÉKNSqK�OT¹
H	²�VIS*dgH	e`egVIML±5È�VIe`U�d`W£H	S	V¡KNG£H	²bWLU�KNdgVId�cyM/dgcN]_e�È�KNQgH·ÀT¸�K�GIV\e�´�S	c�MTe`Q`c�G�KNMPO/S	Q`c�d`d�¹
WLG¡KNe�]_cyQg²ÑQ`H�À�¸PV\QgH	²�H�M�egdq¼TF�OLOLVIe`VIcyM£KNGIGI´�³�W£cyd`VIegV\Â�H$H	JTW£H	Q`VIH	MPS	H	d$QgH	d`¸PG\egVIML±5]�Q`cy²
GIV\S�H	MLd`VIML±�Ë5KNegc�]_QgH	H	GI´�¸LMLOLH�Q*e`ULH���ËÁÔ������YVI½LQiK�Q`´5Ë�� Ð Ô�¸L½LGIVIS��YVIS	H	MPd`H���È�VIGIG½�H�OLVIdgS	¸Ld`dgH	O�¼
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$ ¸LH$egc/e`ULH5KNOPÂyKNMLS	H�c�]ES	c�²�WL¸LegH	Q6e`H	S(ULMLc�GIcy±y´/cNÂ�H	Q�e`UPHÍG¡K�d`e�OLH	S�KNOLH	d�³LegULH	cN¹
Q`H	egVISqKNGYS	c�²�WL¸Pe`H	Q6d`S	VIH	MPS	Hy³£e`ULH�egULH	cyQg´�c�]EKNGI±yc�Q`VIe`UL²bdq³N±TKNVIMLH	Obe`QgH	²�H	MPOLcy¸LdgGI´
VIM�Q`H�G\H�ÂyKNMLS	H�¼ Å H	dgV\OPH	d$VIe`d�VI²bW�c�Q`eiK�MLS	H�VIM�egULH5WL¸LQgH�KNMPOìK�WLWLGIVIH	O�dgS	VIH	MLS	H�dq³YVIe
KNGId`c�½�H�SqKN²bH·W�K�Q`e*c�]éegULH�e`cTc�G{¹�½£cNJÍVIM/KNQgHqKNd*KNd:OLVIÂyH	Qgd`H$KNd Å VIcyGIcy±�´�³�í�GIH	S	e`QgVISqKNG
í�ML±�V\MPH	H	Q`VIML±£³Lè�W�H	Q(KNegV\c�MLd&%ÎH	d`H�KNQ`S(U¶K�MLO<Ä6VIÂTVIG�í�ML±�V\MPH	H	Q`VIML±£¼
ZÆULH	MÉS	c�MLd`VIOLH�Q`H	Oª²�H�Q`H	GI´¶K�egcTcyG�³Ye`UPH�OLVIQ`H�S	e�H�OL¸LSqK�e`VIcyM�K�G·±�c�K�G*VId5WLQ`c�¹

±yQ(KN²�²/VIML±�WLQgc('�S�V\H�MLS	´T³·KNMPO MPcye/¸LMLOPH	Q`dgeiKNMPOLVIML±ÉcN]�e`ULH	c�Q`H	egVISqKNG�S	c�²�WL¸LegH	Q
d`S	VIH	MPS	Hy¼ Å ¸Le5VIM¶QgHqKNGIVIe�´T³�WPQ`cy±�QiK�²�²�VIML±�WLQgc('�S	VIH	MPS	´ÉOLH	W£H	MLOLd�cyM3KbMT¸L²/½£H	Q
cN]�OLVId`e`VIMLS�e�À�¸£KNGIVIe`VIH	dqÓ

) ¼6F$GI±yc�Q`VIe`UP²�VIS�e`ULVIMLÇTVIML±£³
* ¼6WLQ`c+'�S	VIH	MLS�´<VIMbe`ULH5VI²bWLGIH	²�H	MTe(KNe`VIcNM�G¡KNML±�¸�KN±�Hy³LKNMLO
, ¼6H	ML±�V\MPH	H	Q`VIML±�KNd`W£H	S	egd�cN]�WLQgcy±�QiKN²b²�VºML±.-�Hy¼ ±�¼I³�Ç�MPcNÈ�G\H�OL±yH�c�]�OLH	ÂyH�G\c�WL²�H�M�e
²�H	egULcTOLcyGIc�±yVIH	d*dg¸LS(U<KNd�OPH	d`VI±yMbW�KNege`H	QgMLdq³PVI²�WLGIH	²bH	MTeiKNegV{c�M�]_QiK�²�H	È6cyQgÇTdq³
OLH	Â�H	GIcyWL²bH	MTe·egc�c�GIdq³TG¡KNML±�¸�KN±�H	d�KNWLWLQgcyWLQgV¡KNe`H�egc/e`ULH5WPQ`cy½PG\H�² KNe�U�K�MLO�¼

ÌLc�QY½�H	±�VIMLMLVIML±6G\H�KNQ`MPH	Q`d�W£cyVIMTe`d ) ¼(c�Q * ¼	KNGIcyMLH*K�Q`H*¸Ldg¸�KNGIGI´�OLV0/�S	¸LGIeYH	MPcy¸L±�U
e`c�²<K�d`egH	Qq¼21�]ÊegULH	dgH<OPV\dge`VIMLS	e�KNQ`H�KNd/KNQ`Hbd`¸L½Pd`¸L²bH	OÉVIM�egc�cyMLH/WLQgcy±�QiKN²b²�VIML±
S	G¡KNdgdq³NegULH�e`ULH�cyQ`H�e`VISqKNGYKNdgW�H�S	e`d6cN]YW�c�VIM�e ) ¼¦K�Q`H�c�½T]_¸LdgSqKNegH	O/¸LMLOLH�Q*e`ULH�dg´TM�e(KNS(¹
e`VIS/KNMLODe`H	S(ULMPV\S�KNG*S	c�²�WLGIH	JTVIe`VIH	d�cN] * ¼43µVI²<KN±�VIMLH�G\H�KNQ`MPV\MP±652KNe`UPH	²<K�e`VIS	d$VIM
KNM/¸LMPÇ�MPcNÈ�M�]_cyQgH	VI±yM/G¡KNML±�¸�KN±�Hy¼ ° ULH	Q`H¿]_cyQgH$´yc�¸�È�VIGIG�'�MLO/OPV\dge`VIMLS	e�KNGI±�cyQ`VIegUL²
KNMLObWLQ`c�±yQ(KN²�²bV{ML±�G¡KNML±�¸�KN±�H�S	G¡KNd`dgH	d$VIMb²�cydge·Ä6cy²bWL¸LegH	Q·RTS	VIH	MPS	H5S	¸LQgQ`VIS	¸LG¡KP¼

1�M/e`ULH$K�G\±�cyQgV\egUL²ÑS�G�K�d`dgH	dq³�±yQ(KNWLULd6KNQ`H�e`ULH�²bcydgeEÈ�VIOLH�G\´�¸LdgH	O/²<K�e`ULH	²�KNe�¹
VISqKNGL²bcTOLH	GTe`c�]�cyQ`²�KNGIVIÃ	H*WLQgcy½LGIH	²bdq¼ ° ULH	´/KNQgH$Â�H	Q`´�VIM�eg¸LVIe`VIÂyH6²�cTOLH�G\d�³�SqKNM/½£H
¸Ld`H�O<egc/²�cTOLH	GYK�G¡KNQg±yH$MT¸L²/½£H	Q�c�]EQ`H�G\H�ÂyKNMTe�WLQ`c�½LGIH	²�d:]_Qgcy²"²�KNMT´�OPV{êYH	QgH	MTe
OLVId`S	VIWLGIVIMLH	d�³ydg¸LWLW£cyQge·WLQgcy½LGIH	²bd�]_Qgcy²"KNGIG£Ç�MPcNÈ�M/S	cy²bWLGIH	JTV\e�´ÁS	G¡KNd`dgH	dÍK�MLO�KNQgH
d`¸LVIegH	O�e`c/OLH	²bcyMLdge`Q(KNe`H5KÁÈ�VIOLH�QiKNMP±yH�cN]*KNGI±yc�Q`VIe`UL²bVIS$KNWLWLQgc�K�SiUPH	dq¼
° H�KNS(ULVIML±$±�QiK�WLU?K�GI±ycyQgVIe`UL²bd�VId�cyMLH6cN]£e`ULH6M�KNeg¸LQiK�GLKNWLWLGIVISqK�e`VIcyMLdtcN]�²/¸PG\egVº¹

²�H	OPV�K6VIM�²<K�e`ULH	²�KNegV\S�dq¼ ° ULH�c�½y¾(H	S	egd*S	cyMPd`VIOLH	QgH	O<K�Q`H�ULVI±yUPG\´�OL´TM�K�²�VIS�VIM�M�K¦¹
e`¸LQgH5KNMLO�Q`H�À�¸PV\QgH�KNMµK�OLH	ÀT¸�KNegH�OL´TM�KN²bV\S�ÂTV\dg¸�KNGIVIÃqK�e`VIcyM�¼ ° ULH�H	JTVId`egV\MP±/W�KNS(Ç�¹
KN±�H	d�]_c�Q*ÂTV\dg¸�KNGIVIÃqK�e`VIcyM�³NK�W£KNQ`egV¡KNGLdg¸LQ`Â�H	´/cN]YÈ�ULVIS(U�SqK�M/½�HÎ]_cy¸LMPO�VIMµá *7* ã�³�SqK�M
½�H�Qgcy¸L±�ULGI´/d`H	W�K�QiK�e`H	OµVIM�e�È6c�SqK�e`H	±�cyQgV\H�dq¼

1�MLd`e(KNMLS	H�ÂTV\dg¸�KNGIVIÃqK�e`VIcyM5egcTcyGIdq³NH�¼ ±£¼I³ Å F&�tRTFÑá 8Nã£cyQ ° F��ÍËÁèÑá *7, ³ ) â�ã`³(c�MLGI´
d`ULcNÈäe`ULH�H¿êéH	S�eÊK�M�KNGI±yc�Q`VIe`UL² U£KNd�cyM/egULH�WLQ`c�½LGIH	²ÑVIMLdgeiK�MLS	H9�¡V�¼ Hy¼I³NegULH�±yQ(KNWLU
e`ULH�KNGI±yc�Q`VIe`UP² cyW£H	QiK�e`H	d�c�M.�	³�È�VIe`ULc�¸Le*Q`H�ÂyHqK�G\VIML±Áe`ULH�S	cTOLH$c�]�e`ULH�KNGI±yc�Q`VIe`UL²D¼
° UT¸Ldq³TegULH	´�cTS	S�KNd`VIc�M�KNGIGI´�]_¸LQge`ULH	Q�egULH5¸LMPOLH	Q`dgeiK�MLOLVIML±/cN]�e`ULc�d`H5È�UPc?K�G\QgHqKNOP´
ÇTMLcNÈÆe`UPHÒK�GI±ycyQgVIe`UL²D³N½L¸Le�Q(KNQ`H�G\´bcNêYH	Q$VIMLdgVI±yUTe`d6e`c/½£H	±yVIMLMPH	Q`d�¼
Ä6c�OPHÍKNMPO�VIMLd`e(KNMLS�H$ÂTVId`¸�K�G\VIÃqK�e`VIcyM/egcTcyGIdq³TKNd��YH	c�M�KNQgOLc�á;:L³ )=< ã`³Nd`UPcNÈÆ½�c�e`U

e`ULH�SqK�¸Ld`Hy³tK/d`e(KNegH	²�H	MTe�cN]ÊK�M¶KNGI±yc�Q`VIe`UP²¶³LKNMPOµe`ULH�H(êYH	S	e�³EK0SiU£KNML±�H�VIMµegULH
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WLQ`c�½LGIH	²�VIMLd`e(KNMLS	H�¼ ° ULH$GIVIMLÇ5½£H	e�È6H	H	M�SqKN¸Pd`H5KNMLO/H¿êéH	S�e$VId*¸Ldg¸�KNGIGI´?K�S(ULVIH	ÂyH	Ot³
KNdtV\e�VId�VIM�e`ULH6WLQgH	ÂTV\c�¸Ld�SqKNegH	±yc�Q`´T³�½�´ÁV\MTegH	Q`dgW�H	Qgd`VIML±5ÂTVId`¸£KNGIVIÃqKNegV\c�M�S	cy²b²<KNMPOLd
½�H�e�È·H	H�M<egULH5KNGI±yc�Q`VIe`UP²¶ç d�S	cy²b²<KNMPOLdq¼ ° UPV\d6ULVI±yUPG\´�cy½^]_¸Ld`S�KNe`H�d$e`UPHÍS�c�OPH$]�cyQ
S	cy²bWLGIH	JÍK�GI±ycyQgVIe`UL²bdq¼	RTc�²�H	egV\²bH	d£e`ULH�WLQgH	d`H�M�e(KNegV\c�M�c�]éKNM�KNGI±yc�Q`VIe`UL²ÕVId�²<KNOPH
²�c�Q`H<K�WLW£HqKNGIVIML±É½T´3ULVIOLVIML±ÉegULH¶K�S	e`¸�K�G�S	cTOLHµH	JTH	S	¸Pe`H	OÑK�MLOªWLQ`H	dgH	MTe`VIML±ÆK
²<K�OLH(¹�¸LW�Â�H	Q`dgV\c�M�cN]*e`ULH�KNGI±yc�Q`VIe`UL² V\MPd`e`H�KNO�¼£í�VIe`ULH	Q�ÈÊK�´T³Te`UPV\d$K�OLOLd�K�G�K�´�H	Q
cN]�V\MPOLVIQ`H	S	egVIcyM<K�MLOµK�W�c�d`dgV\½PG\H�dgcy¸LQgS	H5cN]�VIMLS	cyMPd`VId`egH	MLS	´T¼
ZÉHÍOPH	S	VIOLH	ODe`cbOLH	ÂyH�G\c�WµKNMµH	MTÂTVIQ`c�ML²�H	MTe�È�ULVIS(UµKNOLOPQ`H	dgd`H	d5egULH	dgH/V\dgd`¸LH�d

½T´ÒK�OLH�d`VI±yM/½�K�d`H	O/c�M5S	c�MLd`VId`egH	MLS	´�K�MLO�V\²b²�H	OPV�K�e`HtÂ�VIdg¸�KNGIVIÃqKNegVIcyM�K�MLO?K�GIG\cNÈ�d
]_cyQ:G\H�KNQ`MPV\MP±ÍegULQ`c�¸L±yUbH	JTe`H	MPd`VIÂyH�H	JTW�H	QgVI²�H	MTeiK�e`VIcyMt¼yÄ6F °�Å cNJé³�e`ULH�Ä6cy²/½LVIM�K¦¹
e`c�Q`V¡KNG�F$GI±yc�Q`VIe`UL² ° cTcyGº¹ Å cNJY³(VId*KNM5VIMTe`H�QiKNS�e`VIÂyH6S	cy¸PQ`d`H�S	cy²/½PV\MPV\MP±ÊKÎe`H	JTe`½£cTcyÇ
È�VIe`U�egULH5ÂTVId`¸�K�GIV\Ã�KNe`VIc�M/d`cN]�e�ÈÊK�Q`H5Ë5KNegc�³�e`ULH�Ë�QiK�WLU�F�MLVI²<KNegVIcyM ° è�cyGº¹�½�cNJY¼

LGPL
Library GNU

Public License

CATBox

Textbook

Algorithms Graphs
Instances

Copyrighted

Project: Gato

Gred
graph
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software

���	��

��
�� z�|`}`z�x{|��ª��������|��(�q�!�L��w�|gwy��~*x w����T|$��l����E�����y}`���»|(�(� �

1�eYV\dY½£KNd`H�O5¸LW£cyM5H	JTW£H	Q`VIH	MPS	H	d�±�K�V\MPH	O�V\M�HqK�Q`GIVIH	QYWLQgcq¾(H	S	egd*KNeYe`UPH��£F�1��5ë��YÔ#%5³
Ð MLVIÂ�H	Q`dgV\e�´äcN]?Ä6c�GIcy±yMPHy³*KNMLO ]_Q`c�²�egHqKNS(ULVIML±äS	cy¸LQgd`H	d2V\MªegULVId<KNQgHqK3K�e�egULH° H	S(ULMLVISqKNG Ð MPV\Â�H	Q`dgVIe�´ÖÄ6c�e`e`½P¸Ld?K�MLO3egULH Ð MLVIÂyH	Qgd`VIe�´DcN]ÍÄ6cyGIc�±yMLHy¼ ° ULHbeiKNQ�¹±yH	e�KN¸POLVIH	MLS	H5KNe6WLQgH	d`H	MTe$K�Q`H�¸LMLOLH�Q`±yQ(KNOL¸£KNe`H�dge`¸LOLH�M�egd�VIM�²<K�e`ULH�²<KNegVIS	d*KNMLO
S	cy²bWL¸LegH	Q·dgS	VIH	MLS	H�¼
F$²�c�ML±$c�e`ULH�Q*e`c�WLVIS	dq³�²�VIMLVI²�KNGNdgW�KNMPMLVIML±5e`QgH	Hy³�d`ULc�Q`egH	d`e�¹»W�K�e`U�³T²�KNJTVI²<K�Gº¹

��cNÈ K�MLOD½�c�e`UÉÈ6H	VI±yUTe`H	O3K�MLODMLcyMT¹�È6H	VI±yUTe`H	OD²<K�e`S(ULVIML±bWLQ`c�½LGIH	²�d5KNQgH/S	cNÂ�¹
H	Q`H�O�¼Yí*KNS(UµWLQgcy½LGIH	²'VId '�Q`dge$²�c�e`VIÂyKNegH	O�½T´�Q`H�KNGº¹»È6cyQgGIO<H�J^K�²�WLGIH	d�¼�RTeg¸LOLH	MTegd
GIHqKNQgM<KN½£cy¸Pe�OLVºêéH	QgH	MTe$W£cydgd`VI½LGIH�d`cyGIÂTVIML±5dge`QiK�e`H	±�VIH	dq¼ ° ULVId6G\H�KNOLd�egc/e`ULH�VIMTe`Q`c�¹
OL¸LS	egVIcyM/cN]�KNGI±�cyQ`VIegUL²�d�¼�%�H�G\H�ÂyKNMTe*²<K�e`ULH�²<KNegVISqKNG�WLQ`H	QgH	ÀT¸LVId`VIe`H�d$KNMLO/egULH	cyQgH	e�¹
VISqKNGtV\MTÂ�H	d`egV\±TKNegV\c�MLd$c�]·e`UPH?K�G\±�cyQgV\egUL²�d�KNQgH�egULH	MÉQgV\±�cyQgcy¸LdgG\´bOLH	dgS	Q`VI½£H	O�¼ ° ULH
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VIM�egQ`cTOL¸LS�e`VIcyM�K�MLO�QgH '�MLH	²bH	MTe�cN]�e`ULH�KNGI±yc�Q`VIe`UL²bd�±yc�U�KNMLObVIM�U�K�MLO�È�VIe`UbH	J�¹
W�H�Q`VI²�H	MTe(KNe`VIc�MµÈ�VIe`U3Ë5K�e`c�³£WL¸Pe`e`VIML±DKNMDH	²�WLU£KNd`VId�cyMÉH�J�egQ`H	²bH/SqKNdgH	dq³�dg¸LS(U
KNd6È·c�Q`dge�¹�SqKNdgH�H	JLK�²�WLGIH	d�¼
Ë5KNegc�¸LdgH	dÍKÁ±yQ(KNWLUPV\S�KNG�³yÈ�VIMLOPcNÈ6¹»½�K�d`H	O�¸LdgH	Q$VIMTe`H�Q�]»K�S	Hy¼ ° ULH�S	cTOLH5c�]EegULH

KNGI±yc�Q`VIe`UP² V\d:OLVId`WLG¡K�´yH�O�VIM�e`ULH�KNGI±yc�Q`VIe`UL² È�VIMLOPcNÈ5¼(1�e·KNGIdgcÍS�cyMTeiK�V\MPd*e`ULH�¸Ld`H�Q
VIM�egH	Q�]�KNS	HbS	cyMTe`QgcyGIdq¼�ÌPcyQ5H	JLK�²�VIM�KNegVIcyMDcN]$e`UPH<KNGI±�cyQ`VIegUL² Kb]�KN²�VIGIV¡KNQ�OLH	½L¸L±�¹
±yH	Q/GIcTcyÇ�¹`KNMLO^¹_]_H�H	G·VId/H	²bWLGIcN´yH	Ot¼�F ¸Ld`H�Q�SqK�M dgeiK�Q`e�c�Q�dge`c�W K�MÆKNGI±yc�Q`VIe`UL²D³
d`H	e�½LQgHqKNÇTW£cyVIMTe`d �¡V�¼ Hy¼I³*GIVIMLH	d�KNebÈ�ULVISiU[H	JTH	S	¸LegV\c�M VId�d`egcyWLW£H	O.��³�e`Q(KNS	HDVIMTe`c
WLQ`cTS	H�OL¸LQ`H�d/SqKNGIGIH	O �¡V�¼ Hy¼I³Yd`ULcNÈ�egULH�S	cTOLH�]�cyQ5egULH�WLQgcTS	H	OL¸LQgH��/KNMPOÉS	cyMTe`VIMT¸LH
H	JTH	S	¸LegVIcyM�¼ 1�MµK/dgH	S	cyMPO¶È�VIMLOLcNÈ[e`ULH�±yQ(KNWLU�e`UPH?K�G\±�cyQgV\egUL²"VId�cyW£H	Q(KNe`VIML±bcyM
VId$OLVId`WPG�K�´�H	O�¼YÌPcyQ�H	ÂyH�Q`´ÉKNS	egV\c�MµcN]�e`UPH?K�G\±�cyQgV\egUL²'ÂTVId`¸�K�G�]�H	H	OL½�K�S(ÇµVIdÍ±�VIÂyH	M
½T´ 3/]�cyQ$H�J^K�²�WLGIH!3<S(U�K�ML±yVIML±bÂyH	Qge`H	J2cyQ$H�OL±yH�S	cyGIc�Q`dq¼£ZÉH�È�VIGIG�H	JTWLG¡KNVIMµc�¸LQ
Q`¸LGIH(¹�½�K�d`H	O�ÂTVId`¸�K�G\VIÃqK�e`VIcyM/dge`Q(KNe`H�±y´µKNMLO�VIe`d�VI²bWLGIH	²/H	MTeiK�e`VIcyM�VIM<RTH	S�eq¼ 8�¼
Å ´Æ²bcNÂTV\MP±¶egULH¶²bcy¸LdgHµW£cyVIMTe`H	QbcNÂyH	Q�ÂyH�Q`e`VIS	H�d¶KNMLO[H	OL±yH�dq³�KNOLOLVIegV\c�M�KNG

VIMT]_cyQg²<K�e`VIcyM �oHy¼ ±�¼I³*H	OP±yHDÈ·H	VI±�U�e �/VId�OPV\dgWLG¡K�´yH	Ot¼·Ä6H	QgeiKNVIMÆc�W�H�QiKNegVIcyMLd�³·dg¸LS(U
KNd�d`H	GIH	S	egVIML±µK/ÂyH�Q`e`H�Jé³£SqK�M¶½£H�W�H	Q�]_cyQg²�H	O2V\MTegH	QiK�S	e`VIÂyH�G\´T¼�ËÒQ`H	O�³£egULH?Ë %$KNWPU
í $ VIe`cyQ�³	KNM5H�KNd`´�egc$¸LdgH*H	OLVIe`c�QY]_c�Q�±�QiKNWPULdq³�V\dtVIM�egH	±yQ(KNegH	O�¼NË5KNegc$KNMLO5Ë�QgH	O5Qg¸LM
cyM�K�G¡K�Q`±yH�MT¸L²/½£H	Q*c�]�OLVºêéH�Q`H	MTe�cyW£H	Q(KNe`VIML±Ád`´Td`egH	²�d�¼LÌLc�Q*H	OLVIe`VIML±�KNGI±yc�Q`VIe`UL²bd
K5dgeiK�MLO�KNQgO�e`H	JTe$H�OLVIe`cyQ�S�KNM�½�HÁ¸Ld`H	Ot¼

1�Mµe`ULHÒ]_cyGIGIcNÈ�VIML±5d`H�S	e`VIcyMPdÍÈ6H5È�VIGIG�OLVIdgS	¸Ld`d�egULH5OLH	dgVI±yMµQ(KNe`VIc�M�KNGIH�½�H�ULVIMLO
Ë5KNegc�³YegULH�S(ULc�VIS	H/cN]ÍÔ�´TegULcyMªKNd�K�G¡K�ML±y¸�K�±yHÁ]_cyQÁQ`H	WLQgH	d`H�M�egVIML±3KNGI±yc�Q`VIe`UP²�dq³
cy¸LQtS(ULcyVIS	H*c�]LV\²bWLGIH	²�H�M�e(KNegV\c�M�WLG¡KNe�]_cyQg²åKNMLOÁe`ULH6OLH	dgV\±�M5cN]Lc�¸LQ�ÂTVId`¸�K�GIV\Ã�KNe`VIc�M
H	ML±�V\MPHy¼ ° ULH	M�³TÈ6H�È�VIG\G£VIMTe`Q`cTOL¸PS	H�e`ULH�Q`¸PG\H¿¹»½�K�d`H	O�ÂTVId`¸�K�GIV\Ã�KNe`VIc�M�dge`QiK�e`H	±�´�È6H
H	²�WPG\cN´�H	OÍK�MLO�VIe`d�egH	S(ULMLVISqK�G�QgHqKNGIVIÃqK�e`VIcyM�¼(ZÉH:È�V\GIGNS	c�MLS	GI¸LOLH:È�V\egU�K6OLVId`S�¸Ld`dgV\c�M
cN]Le`UPH�æ H	JTe`Q`H�²�H�WLQ`c�±yQ(KN²�²bVIML±Lç`²bH	e`UPc�OPcyGIcy±�´·H	²bWLGIcN´yH	O�VIMÍegULH6OLH	ÂyH�G\c�WL²�H�M�e
cN]EË5K�e`c£¼ ° ULH�Q`Hy³TÈ6H$È�VIGIG�±�VIÂyH�S	c�MLd`VIOLH	Q(KNegV\c�M�egc�dgcN]_e�È�KNQgH$H	ML±�VIMLH	H	QgV\MP±/V\dgd`¸LH�d
VIM<KNM�KNSqK�OLH	²bV\S�d`H	ege`VIML±�K�MLO�W�c�d`VIe`VIÂyH�H	JTW£H	Q`VIH	MPS	H	d�Q`H	dg¸LGIe`VIML±�]_Qgcy²"GIVIS	H	MPd`VIML±
Ë5KNegc�¸PMLOLH	Q�egULH ��ËÁÔ��	���YVI½LQ(KNQ`´�Ë�� Ð Ô�¸L½LGIVIS&�YVIS	H�MLd`H���¼
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Ë5KNegcÉS	cyMPd`VId`egd<c�]5e`ULQgH	HÉ²<K	¾¿cyQÁ]_¸LMLS	egVIcyM�K�G$½L¸LVIGIOLVIML±É½LGIcTS(ÇTdq³�KNdbd`ULcNÈ�MÆVIM
ÌtV\±£¼�8�¼ ° ULH�O�KNe(K/È6HÍU£K�ÂyH5egc/OLHqKNGtÈ�VIe`UµKNQgH�KNGI±yc�Q`VIe`UP²�d·K�MLO�e`ULH�VIMLd`e(KNMLS	H�d
e`ULH�´<KNS�e�cyM -TV�¼ Hy¼I³T±yQ(KNWLULd�¼
) ¼ ° ULH�à�ÞIÝ������\Þ�����Ú_Þ��yÙµÛ�Ùyß�Þ¡ÙLÛ�dg¸LWLWLGIVIH	d$VIM�VIe`d�� � ß!�yÜ	Þ¡Ú#"%$ ÛqÙyß�Þ¡ÙLÛ�d`¸PWLW�c�Q`e�e`c
H	JTH	S	¸LegHÖK�GI±ycyQgVIe`UL²bd5¸LMLOLH�Q�]�¸LGIG�¸Ld`H	QbS	cyMTegQ`cyG�³6KNMLOÆKNGIdgcÉe`ULH�e`H�SiUPMLVISqKNG
]_cy¸PMLO�KNegVIcyM�egc/WLQ`cNÂTVIOLH�Â�VIdg¸�KNG£]_H�H	OL½�K�SiÇY¼

* ¼ ° ULHÍK�GI±ycyQgVIe`UL² OLVIdgWLG¡K�´5d`ULcNÈ�d6e`UPHÍKNGI±�cyQ`VIegUL² cyMT¹�d`S�Q`H	H	MµK�MLO/VId*e`ULH�S	H	MT¹
e`Q(KNG�S�cy²�W£cyMPH	MTe·c�]Ee`UPH5±yQ(KNWLULVISqK�Gº¹»¸LdgH	Q�¹�VIMTe`H	Q�]»KNS	H ��Ë Ð 1���¼, ¼ ° ULH6±yQiK�WLU�OLVId`WLG¡K�´�H	M�K�½LGIH	d�Â�VIdg¸�KNGIVIÃqKNegVIcyM�½T´5WLQ`cNÂTVIOLVIML±$K�Q`VIS(U�²�H	egULcTOLVIS
VIM�egH	Q�]�KNS	HÁ]_cyQ�S	cyMTegQ`cyGIGIVIML±�e`ULH�±yQ(KNWLULVISqK�G�OLVIdgWLG¡K�´�cN]6±yQiK�WLULd�KNMLOµH�OLVIe`VIML±
]_¸LMLS�e`VIcyMLd�X¦¼
F$dY]�KNQ�KNdYegULH*±�H	MLH	Q(KNGy±�QiK�WLULVISqKNGº¹�¸Ld`H�Q�¹�V\MTegH	Q�]»K�S	H*²bH	eiK�WLULcyQYÈ�KNdYS�cyMLS	H�Q`MLH	O

È·H5K�V\²bH	O�]_c�QÊK�Â�H	Q`´bd`VI²�WLGIH�OLH	½L¸L±�±yH	Q�¼
j*���T|$�6vÊm ���Í|(¢�x{��x w��Á�\��w��(��x{��w�~6x{~:x{�����{|(�Í|gwy��|(¢/x w<�:}`|(¢4�
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F$S	S�cyQ`OPV\MP±/e`cµá *�� ãéWT´Te`ULc�M�SqKNM�½£HÍOPH	d`S	QgVI½�H	OÉKNd

¼I¼\¼TKNM�VIMTe`H	QgWLQ`H�e`H	O�³£VIMTe`H	Q(KNS	egVIÂyHy³Pcy½y¾(H	S�e�¹�cyQ`VIH	MTegH	OµWLQgcy±yQ(KN²b²�V{MP±ÍG¡K�MT¹
±y¸�K�±yHy¼�1�e�VId�c�]_e`H	M�S	c�²�W�K�Q`H	Obe`c ° S	G�³LÔtH	QgG»³£RTS(ULH	²bHÍc�Q��TK�ÂyKL¼
Ô�´Te`ULc�MªS	cy²/½LVIMLH�d5Q`H	²�KNQgÇyKN½LGIH/W£cNÈ·H	Q/È�VIegU3ÂyH�Q`´3S�G\H�KNQ/d`´TMTeiK�JY¼ 1�e
U�KNdÁ²�cTOL¸LGIH	d�³YS	G¡KNdgd`H	d�³�H	JTS	H	WLegV\c�MLdq³�Â�H	Q`´DULVI±yUÉGIH	Â�H	G6OL´TM�KN²bV\SÁO�KNe(K
e�´TW�H	d�³LKNMLO/OP´�M£KN²�VIS6e�´TWLVIML±�¼ ° UPH	Q`H�KNQ`H�VIM�egH	Q�]�KNS	H	d�egc5²<K�MT´Ídg´Td`e`H�²
SqKNGIGId*KNMLO�GIVI½LQiK�Q`VIH	dq³�KNd�È·H�G\G£KNd�e`c�ÂyKNQgVIcy¸Ld�È�VIMLOLcNÈ�VIML±�dg´�dge`H	²bd���� )7) ³
5�cyegVº]i³ ° ÇY³�5µKNSy³�52Ì�Ä��	¼4�$H	ÈÕ½L¸LVIGIe�¹�VIM/²�cTOL¸LGIH	d�KNQgH�HqKNdgV\GI´bÈ�Q`VIe`egH	M
VIM�Ä3c�Q·Ä�����¼LÔ�´Te`ULc�M/V\d6KNGId`c5¸PdiKN½PG\H�KNd·K�M/H	JTe`H	MPd`VIcyMbG�K�ML±y¸£KN±yH:]_c�Q
KNWLWPG\VISqK�e`VIcyMPd·egU�KNe�MLH�H	O¶KÁWLQ`c�±yQiK�²�²�KN½LGIH6V\MTegH	Q�]»K�S	Hy¼

Ô�´Te`ULc�M3VId�¸Pd`H	OªVIM3KµMT¸L²/½£H	Q5c�]Ídg¸LS	S	H	dgd�]_¸PGÍWPQ`cq¾(H�S	e`d�]_c�Q�egHqKNS(ULVIML±ÉKNd�¹
W�H�S	e`d�cN]LS	c�²�WL¸Pe`H	QYdgS	VIH	MLS	H$K�MLO�WLQ`c�±yQiK�²�²bV\MP±�]�cyQEK�M5KN¸LOLVIH	MPS	H*]�Q`cy²Õ²�VIOLOPG\H¿¹
d`S(ULcTcyGTegc$¸LMLVIÂ�H	Q`dgV\e�´�dge`¸LOLH�M�egd$á �L³ )�� ³ ) :L³ * ã»¼ ° ULH·dgW�H�S	V¡KNGLVIMTe`H	QgH	d`e:±yQ`c�¸LW ��R�1`Ë9�
cyM�¸Ld`H�cN]EÔ�´TegULcyM/VIM/H	OL¸PSqKNegV\c�M�³Tí $ Ð ¹`RTVI±?á < ã�WLQ`cNÂTVIOLH	d�KNM�K�S	e`VIÂ�H�OLH	ÂyH�G\c�W�H�Q²<K�V\GIVºML±�G\VIdge$KNMLO0]_¸LQ`egULH	Q�G\VIMLÇTd6e`c/QgH	GIH	ÂyKNMTe�WLQgcq¾(H	S	egdq¼
ZÆU�KNeÎ]_Q`c�²'cy¸LQ�W£cyVIMTe$c�]·ÂTV\H�ÈÑQ`H�KNGIGI´<OPV\dge`VIML±�¸LVId`ULH	d5Ô�´TegULcyM2]_cyQ�¸LdgH�VIM

H	OL¸LS�KNe`VIc�M�KNG�KNWLWLGIVISqK�e`VIcyMLd6]�Q`cy² cyegULH	Q�G¡KNML±�¸�KN±�H	d�d`¸PSiUÉKNd�Ä�³�Ä�����c�Q���K�ÂyK
VId$VIe`d�Q`H�²<KNQgÇyKN½LGI´bS	GIHqKNQ�K�MLOµHqK�d`´De`cbG\H�KNQ`MDd`´TMTeiK�JY³YS(]i¼YÌtVI±�¼YâL³£È�ULVIS(U¶OPc�H�d
ULcNÈ6H	ÂyH	QÁG\cTc�Ç�]»KN²bVIG\V¡K�Q�H	MLcy¸P±yUÉe`c2¸Ld`H	Qgd?K�GIQ`HqK�OL´¶¸Pd`H	Oäe`c¶Ä�³�Ô�K�d`SqK�G»³tH	egSy¼I¼
F$d5K/²�KNege`H	Q�cN]:]»KNS	e�³P]_cyQ�d`²�KNGIGYH	JLKN²bWLGIH	dÍÔ�´�egULcyMDS	cTOLH/VId$MPcye�²�c�Q`H5S	c�²/¹
WLGIH	J�egU�KNM2WLd`H	¸POLcN¹�S	cTOLH�V\M2¸Ld`H�VIM<egH	JTe`½£cTcyÇTdq¼ ° ULH5dgH	S	c�MLOÖK�¸Le`UPcyQ$U£KNdÍK�GId`c
¸Ld`H�O Ô�´�egULcyM[È�V\egU3±�Q`HqK�e�d`¸PS	S	H	dgd�]�cyQ/WLQ(KNS	egV\S�KNG$H�J�H�Q`S	VId`H�d<VIMªKDM�¸P²�H	QgV\S�KNG
KNGI±yc�Q`VIe`UP² S�G�K�d`d�á ) 8Nã�e(KN¸L±�U�e6e`cbd`H	S�cyMLOT¹�´yH�KNQ$dge`¸LOPH	MTe`d�]_Q`c�²"½L¸LdgVIMLH	d`d�VIMT]_c�Q�¹
²<K�e`VIcyMµdg´Td`e`H�²�d �"!`Z[V\Qge`dgSiU£K�]_egd`VIMT]_c�Q`²<K�e`VIÇ$#���³�dg¸LWLW£cyQge`VIML±De`ULH�¸Ld(KN½LVIGIVIe�´µcN]
Ô�´Te`ULc�M�]_c�Q$d`eg¸LOLH	MTegd5È�VIe`UµMLcbWLQ`VIc�Q$WLQgcy±yQ(KN²b²�VIML±5H	JTW£H	Q`VIH	MPS	Hy¼�Ä6cy²�W£KNQ`H�O
e`c�WLd`H�¸LOLcN¹�S	cTOLHy³Pe`ULH�]_c�Q`²�KNGLG¡KNMP±y¸�K�±yH$OPH '�MLVIe`VIc�M�H	MT]�cyQ`S�H	dÍKÁULVI±yULH�Q·GIH	Â�H	GYcN]
S	cyMPd`VId`egH	MLS	´�VIM�egULH�]_c�Q`²/¸LG¡KNegVIcyM�cN]�K�GI±ycyQgVIe`UL²bdq¼
° ULH5Q`H�À�¸PV\QgH	²�H�M�egd$c�]�egULH�K�G\±�cyQgV\egUL²�H	ML±�V\MPH�KNGId`c/²bcyegV\ÂyK�e`H	Obcy¸LQ�S(ULc�VIS	H

cN]·Ô�´Te`UPcyM�¼ $ ¸LH5egc�VIe`d�VIMTe`H	QgWLQ`H	egH	OÉM�K�e`¸LQgH�KNMLO2e`ULHÁ]»KNS�e$e`U£KNe�W�KNQge`d�cN]·egULH
Q`¸LM^¹»egV\²bH�d`´Td`egH	² K�Q`H�È�Q`VIe`egH	M¶VIMµÔ�´Te`UPcyMDV\egd`H	Gº]i³Pe`ULH�d`e(KNMLO£KNQ`ODGIVI½LQiK�Q`´�WLQ`c�¹
ÂTV\OPH	d�KµOPH	½L¸L±�±yH	QbS	G¡KNd`dµá *4) ã`¼�a�H	MLS	H�³·egULHµOLH�ÂyH	GIcyWP²�H	MTe�cN]Íc�¸LQ�KNGI±�cyQ`VIegUL²
H	ML±�V\MPH�S	cyMLdgVId`e`d�c�]�d`¸L½^¹»S	G¡K�d`d`VIML±�e`UPH$H	JTVId`egV\MP±�OLH�½L¸L±y±�H	Q6S	G¡KNd`d�KNMPO�WLQgcNÂ�VIOLVIML±
e`ULH�ULcTcyÇTdÎ]_cyQ�¸Ld`H	QÁV\MTegH	Q�]»K�S	H�S	cyMTe`QgcyG*KNMPOµÂTV\dg¸�KNGIVIÃqK�e`VIcyM�OLVId`WPG�K�´T¼ ° UT¸Ldq³£È6H
KNQgQ`VIÂyH	O3K�e5K�d`c�G\¸Pe`VIcyMDÈ�ULH	QgH�e`UPH<KNGI±�cyQ`VIegUL²'S	cTOLH�OPV\dgWLG¡K�´yH	OÉVId�e`UPH<KNS�e`¸�K�G
S	cTOLH�H	JTH	S	¸LegH	OÉKNMLOµKNGIdgc�egULH�S	cTOLH5e`QgVI±y±yH�Q`VIML±/e`UPHÍÂTVId`¸£KNGIVIÃqKNegV\c�M�¼
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RTVIMLS	H/K�Ô�´Te`ULc�MÉV\MTegH	Q`WLQgH	e`H�Q�SqK�M¶H�KNd`VIGI´µ½£H/H	²/½£H	OLOLH	ODVIMTe`c�cyegULH	Q�K�WLWLGIVISqK�¹
e`VIcyMPd·á * �¦ã�³(egULH6SiUPcyVIS	H6cN]�egULH·VI²bWLGIH	²�H	MTe(KNe`VIc�M�G�K�ML±y¸£KN±yH:ÈÊK�dEKNMÁV\MPOLH	W£H	MLOLH	MTe
cyMLH�¼yÌLQgcy² c�¸LQ*W£cyVIMTeEc�]éÂTVIH	È5³�e`UPH$e`UPcyQ`c�¸L±yU�cy½y¾¿H	S	e�¹�cyQgVIH	MTeiKNegVIcyM/KNMLO�e`ULH�H	J�¹
S	H	GIGIH	MTe*H	JTS	H	WPe`VIcyMbU�KNMLOPG\VIML±�VIM/e`UPH$S	c�Q`H$G¡K�ML±y¸�K�±yHy³�KNMLO/egULH$G¡KNQg±yH�MT¸L²/½£H	Q�cN]
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]_¸LMLS�e`VIcyM�K�G�KNQgHqKNd(h�S	cNÂyH	QgH	O�½T´/egULH$dgeiKNMPO�KNQgO�GIVI½LQiK�Q`VIH	d·K�Q`H$dgcy²bH�cN]EÔ�´Te`UPcyM�ç d
ÂyH	Qg´�dge`Q`c�ML±/W£cyVIMTe`dq¼
Ô�´Te`ULc�MÒK�GIG\cNÈ�d£e`UPH*¸Ld`H:cN]�K6G¡KNQ`±�H�M�¸P²/½�H	Q£cN]LOLVºêYH	Q`H�M�e�Ë Ð 1�¹�]_Q(KN²�H�È·c�Q`ÇTdEá * â�ã`¼ZÉH�SiUPc�c�d`HµegcÉ¸Ld`H ° ÇTVIM�egH	Qq³:e`ULH2G\VI½LQ(KNQg´3WLQgcNÂ�VIOLVIML±D½LVIMLOLVIML±�d/e`cÉegULHµÈ6H	GIG

ÇTMLcNÈ�M ° Ç �_K�dÍVIM ° S	G¡ë ° ÇÉá *�S ã �:]�QiKN²bH	È6cyQ`ÇY³^]_cyQ�ÂyKNQ`VIc�¸Ld$QgHqKNdgcyMLd�¼ 1�e�V\d�egULH
cyMLGI´Î]_QiK�²�H	È6cyQgÇ�È�ULVISiUt³q½£H	dgV\OPH	d Ð MPV\JY³=�YVIMT¸LJÍK�MLO 5�VIS	Qgcyd`c�]_e�Z[V\MPOLcNÈ�dq³�d`¸LWT¹W�c�Q`egd&5µK�S	VIM�egcydgUÖè�R�QgHqKNdgcyM�K�½LGI´<È6H	GIG�¼LF�G\dgc�³£VIe�cNêYH	Q`H�OÉe`ULH�È�VIOLH	d`e�ÂyKNQgV\H�e�´
cN]�æ Q`VIS(U�çYÈ�VIOL±yH�e`d/KNe5egULH/e`VI²�H�È6H/U�KNOÉegcµ²<K�ÇyH�e`ULVId5OLH�d`VI±yMÉOLH�S	VId`VIcyM�¼�ÌPcyQ
H	JLKN²bWLGIH·egULH$SqK�MTÂyKNdq³�e`UPHÍS�G�K�d`d6e`c�OLVId`WLG¡K�´5±�QiK�WLULVISqKNG£cy½y¾¿H	S	e`d�³LVId*egULcyQgcy¸L±�ULGI´
cy½y¾(H�S	e�cyQ`VIH	MTegH	O�¼Nè�½y¾(H	S	egd·dg¸LS(U?K�dEGIVIMLH	d�³�S	VIQ`S	GIH	d�³Ne`H	JTe�G¡KN½£H	GId�WLG¡K�S	H	O�cyM�K�SqK�MT¹
ÂyKNd6SqKNM�½£H5²�cTOLV0'�H�O/V\MPOLH	W£H	MLOLH	MTegG\´�VIM�egULH	VIQ�WLQgcyW£H	Q`egV\H�dq³£GIc�S�KNe`VIc�M<KNMPO<dgVIÃ	H
KNe�KNMT´�e`VI²�Hy¼
5ìH	e`ULcTO�SqKNGIGº¹�½�KNS(ÇTd�SqK�M�½£H6OLVIQ`H	S	egGI´5½�c�¸LMLO5egc$egULcydgH·c�½y¾(H	S	egdq³�d`c
VIM�egH	QiK�S	e`VIÂ�H·½£H	U�K�ÂTVIcyQ�SqK�M/½�H�HqK�d`VIGI´�V\²bWLGIH	²�H�M�egH	O�¼�F$GId`c£³NH	JTW�c�Q`e*egc�H	MLSqK�WLd`¸T¹
G¡KNe`H�O�W£cydge`d`S�Q`VIWLe '�GIH	d�VId*dg¸LWLW£cyQ`egH	O�¼ ° Ç5VId�S	H	Q`e(KNVIMLGI´5MLc�e*K$QgHqKNdgcyM�K�½LGIH·S(ULc�VIS	H
]_cyQ�OLH�ÂyH	GIcyWPV\MP±<K0]_¸LGIGº¹»½PG\cNÈ�M ,�$ ¹`Ä6F $ KNWLWLGIVISqK�e`VIcyM�³P½L¸Le5VIe�U�K�dÍ²bcyQgH�egU�KNM
KNOLH�À�¸£KNe`H/W£H	Q�]_cyQg²<KNMPS	H/]_c�Q�Ë5K�e`c�¼ ° cTO�K�´T³���K�ÂyKPç d�RTÈ�VIML±�G\VI½LQ(KNQg´ á )?S ã·¸LdgH	O
È�VIe`U ��Ô�´Te`UPcyMÆá ) �¦ã�³YK�Ô�´Te`UPcyMÉVIMTe`H	QgWLQ`H	egH	Q�È�Q`VIe`egH	M3VIM ��K�ÂyKL³£È�ULVIS(UÉ²<K�ÇyH	d
e`ULH��TK�ÂyK5GIVI½LQiK�Q`VIH	d$K�S	S	H	dgd`VI½LGIH�]_Qgcy² Ô�´TegULcyM�³P²�VI±yUTe�½£H�KNMµKNGIegH	Q`M�K�e`VIÂyH�¼
° ULH¶G¡K�ML±y¸�K�±yHb]_HqK�e`¸LQgH	d¶K�MLOÆe`UPH¶GIVI½LQiK�Q`VIH	d�KNMLO[]_QiK�²�H	È6cyQgÇTd�K�ÂyKNVIG¡KN½LGIH

´TV\H�G\OÆKDÂ�H	Q`´ Û�T�UYÜ`Û�ÝiÝ	Þ¡à�ÛbG�K�ML±y¸£KN±yH�¼ 1�MÆS	cy²bW�KNQgVId`cyMäÈ�VIe`UåK�M ¸PMLWL¸L½LGIVId`UPH	O
Ä6F °�Å cNJµÂyH	Qgd`VIcyMt³�Ä6F °�Å è�� ����³tOLH	ÂyH�G\c�W�H�O3VIMÖÄ���� È�VIe`UDe`UPH�±yQ(KNWLUPV\S�KNG
¸Ld`H�Q$VIMTe`H	Q�]»KNS	HÁS	Q`c�d`d�¹�WLG¡KNe�]_cyQg²/¹�GIV\½PQiKNQg´ � × ° á * :¦ã`³TÈ�ULVISiU�È�KNd�egULH5VIMLOL¸Ldge`Qg´y¹d`e(KNMLO�K�Q`O�KNe6e`U�K�e�e`VI²�Hy³�È·H�È6H	Q`H5KN½PG\H�e`c/²�KNÇyH6e`UPH$]�cyGIGIcNÈ�V\MP±Íc�½Ld`H�Q`ÂyKNegVIcyMLd�Ó
5�cNÂTVIML±µe`c3Ô�´�egULcyMªQgH	OL¸LS	H�OåegULHµMT¸L²/½£H	Q�c�]ÍGIVIMLH	d/c�]ÒS�c�OPH	� �tèÍÄ���½T´ªKNe
GIHqKNdgeÒK0]»K�S	e`c�Q�cN]�'L]�e`H	H	MWVL¼éÄ6¸PQ`Q`H�M�egGI´ÖË5K�e`cbU�KNd5KN½£cy¸Pe S ³ ����� ��è�Ä VIMLS�G\¸POT¹
�YX�z�|gw¶�(�	�{��}�~��T�q�(|/�(�	wyz�|g}`~�x{�	w£u���~�|(¢��¡��}Íx wT�g}`|i��~�|(¢É¢Nx{~���x wT�	��x{~������ ��x{� x\���É���Í��w��
�(�	�{��}`~6�	��uy~��	��u��{� �L|g�{~���w�¢/z�|`}`��x{�(|(~(u�x{~·�����	wT�5����|6�I�ywT�(��x{�	wT�	� x{��� ��}`�	z�x{¢y|(¢��
Z ��|6~�x{�����{���	wT|(�	�T~��{�/�q¢�¢y|(¢���¢y¢�x{��x{�	wT�	�Y�¡|(�����y}`|(~�¢N�y}�x wT������|:}`|`�ox{�����{|(�Í|gwy������x{�	w£u
��� �Nx wT��x{�6¢Nx\[5�g�y�{�����$� ������x w<����}`|�������w����{����|`} �^���ywT¢��
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VIML±�e`ULH�S	c�²�WLGIH	egH·OPH	ÂyH	GIc�W�H	Q6OLcTS	¸L²bH	MTeiK�e`VIcyM�¼�ZÆUPV\GIH���è�Ä6d*VId*S	H�Q`eiK�VIMLGI´·¾(¸Ldge
cyMLHÁQ`H	GIH	ÂyK�M�e�²�HqK�d`¸LQgH5VIM�d`cN]�e�ÈÊK�Q`H5H	MP±yVIMLH	H	QgVIML±�³£e`UPV\d�Q`H	OP¸LS	e`VIc�M¶±�Q`HqK�e`GI´/]»K¦¹
S	VIGIV\e(KNegH	O¶QgH(¹�]»KNS	egcyQgV\Ã�KNe`VIc�MÉÈ�ULH	MÉMLH	H�OLH	O K�MLOÉH	MLS�cy¸LQ(KN±yH�d�S	c�MTe`Q`VI½L¸Pe`VIcyMLdÁe`c
d`¸L½^¹»dg´�dge`H	²bd�cN]�e`ULH5W£KNS(ÇyKN±�H �¡e�´TWLVISqK�GIG\´/VIMbe`ULH�â ��� ��è�Ä[QiKNMP±yH���¼
F$MLc�e`ULH	QbVI²�W£cyQ`e(KNMTeÁ]»KNS	egcyQbV\d/egULHµVIMLS	QgHqKNdgH	OÕOLH	ÂyH�G\c�WL²�H�M�e/dgW�H�H	OåOP¸LH

e`c�K�ÂycyVIOLVIML±�G¡KN½£cyQgV\c�¸Ld$H�OLVIe�¹�S	cy²bWLVIG\H¿¹»GIVIMLÇ�¹»S�´�S�G\H�d$KNMLOµU£K�Â�VIML±be`cb²<KNÇ�H�S	cTOLH
S	cy²bWLGIV¡KNMTeLÈ�VIe`U�S	c�²�WLVIGIH	Q`d£cyM�OLVºêYH	Q`H�M�etWLG¡KNe�]_cyQg²�dq³(KNdtVIeYV\dYc�]_e`H�MÍegULH*WLQgcy½LGIH	²
È�VIe`U<Ä�����¼
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aÍK�ÂTVIML±DOLH	S	VIOLH	O[e`c3WPQ`H	dgH	MTeìK�GI±ycyQgVIe`UL²bd�KNd/H	JTH	S�¸LeiK�½LGIHÖÔ�´TegULcyMÆS�c�OPHy³*È6H
È�VIG\G�MLcNÈ�KNOPOLQ`H	dgd�e`ULHDÀT¸LH	d`egVIcyMÕcN]�ULcNÈ'egc3WLQgcNÂTV\OPHÖK d`¸LVIeiK�½LGIH¶KNMPOÆdiK¦]_H
H	MTÂTV\QgcyML²bH	MTe�]_c�Q�H	JTH	S	¸LegV\MP±<KNGI±�cyQ`VIegUL²�d*KNMPO<ÂTVId`¸£KNGIVIÃ	VIML±5e`UPH	VIQ$KNS	egV\c�MLdq¼
° ULH·KNGI±�cyQ`VIegUL²ªH	ML±yVIMLH�³	È�ULVIS(U�S	cyMLdgVId`e`d�²�KNVIMLGI´*cN]�K6dg¸L½T¹�S	G¡KNd`dtcN]�Ô�´Te`UPcyM�ç d

d`e(KNMLO�K�Q`OµGIVI½LQ(KNQ`´�OLH�½L¸L±y±�H	Q5S	G¡K�d`dq³£VId$egULH/S	c�Q`H�cN]·egULH�ÂTVId`¸£KNGIVIÃqKNegV\c�M�H	ML±yVIMLH�¼
° cy±yH�e`ULH	Q�È�VIe`U/egULH�d`e(KNMLO£KNQ`O/GIVI½LQ(KNQ`´Yç d����	��
�¹�]_¸LMLS	egVIcyM�³�V\e:WLQ`cNÂTVIOLH	d�e`UPH�]_¸LMPS(¹
e`VIcyM£KNGIVIe�´�e`c$H�J�H�S	¸Le`H$Ô�´�egULcyMÁS	cTOLH*]�Q`cy²ÕÈ�VIe`ULVIM�K�M5KNWLWLGIVISqK�e`VIcyM�³�È�ULVIGIHE±�VIÂ�VIML±
e`ULHÁ¸Ld`H	Q�S	c�MTe`Q`c�G�cNÂ�H	Q$egULH5H	JTH	S	¸Pe`VIcyM¶K�MLO¶K�G\GIcNÈ�VIML±�]�cyQ$QgHqKNS�e`VIcyMLd�e`cbH	ÂyH	MTegd
d`¸LS(UµKNd�WPQ`cTS	H	H	OPV\MP±�e`c/egULH�MLH	JTe$GIVIMLH�cyQ�SqK�G\GIVIML±�]�¸LMLS	egV\c�MLdq¼
° c/WPQ`cyegH	S	e�e`UPH�²�KNVIM<K�WLWLGIVISqKNegV\c�M/]_Qgcy²'H	QgQ`c�MLH	cy¸PdÍS�c�OPH�VIMµKNGI±yc�Q`VIe`UP²�dq³

È·H/dg¸LWLWLGI´DH	JTWLGIVIS	VIeÍWPQ`VIÂyKNegH � �
� � ��KNMLO3ß � ��� � ��M�K�²�H(¹�d`W�K�S	H	d�]�cyQ5KNGI±yc�Q`VIe`UP²�dq¼
�ÍK�²�H(¹�d`W�K�S	H	d�K�Q`H*VI²�WPG\H�²/H	MTe`H	O�KNdYOLVIS	egV\c�M�KNQgVIH	dYS	cyMTe(KNVIMLVIML±�����Û��N³Ià ��� �TÛ ��¹�W�KNVIQgdq¼
è�½y¾(H	S	egd5VIM¶egULH�²�KNVIMµKNWLWPG\VISqK�e`VIcyMµK�Q`H/²<K�OLH5K�ÂyKNVIG¡KN½LGIH�e`cµK�G\±�cyQgV\egUL²�d6cyMÉK
MLH	H	O^¹»egcN¹�Ç�MPcNÈå½�K�d`VIdq¼£RTVIMLS	H5±�QiK�WLULd$KNQgH5cN]�e`H	M�²�cTOLV0'�H�O�½T´<K�G\±�cyQgV\egUL²�d�³yWPQ`Vº¹
ÂyKNegH/S	cyWLVIH	d/KNQgH�VIMLdgH	Q`egH	OªV\MTegc<egULH�M�KN²bH(¹�d`W�K�S	H7-£]_c�Q�KNGIG6cyegULH	Q�cy½y¾(H	S�e`d/Q`H¿]¡¹
H	Q`H�MLS	H	d�K�Q`H5¸Pd`H	O�¼£F�G\dgc�³^]_cyQ�QgHqKNdgcyMLd�cN]*S	c�MTÂyH	MLVIH	MPS	Hy³YdgeiKNMPO�KNQgOLVIÃ	H	OµdgULcyQge`H	Q
ÂyKNQgV�K�½LGIH�M�KN²bH	d�]_c�Q$±�QiKNWPULd5KNMLOµegULHbæ K�MLVI²<K�e`cyQ�çI³yegULH�ÂTVId`¸£KNGIVIÃqKNegV\c�M�H	ML±yVIMLH�³
KNQgHÍdg¸LWLWLGIVIH	O�¼
F$GI±yc�Q`VIe`UL²bdéK�Q`H*dge`c�Q`H	O�VIMÍe�È6c�'£G\H�dq¼
1�M�KNOLOLVIegV\c�M�e`c$egULH·K�S	e`¸�K�GLKNGI±yc�Q`VIe`UL²D³

e`ULH�����������¹�'�GIHy³(S	c�M�e(KNVIMLVIML±6e`ULH:Â�VIdgV\½PG\H*K�G\±�cyQgV\egUL²ÆS	cTOLH�³	e`UPH	Q`H6VIdYe`ULH*dgcN¹�SqKNGIGIH	O
WLQ`c�GIcy±�³�e`ULH������� "!N¹�'�GIHy¼ ° ULH·WPQ`cyGIc�±$È�VIGIG�½£H6Q`HqK�O?K�MLO�H�J�H�S	¸Le`H�O�È�VIe`ULc�¸Le�¸Ld`H�Q
S	cyMTegQ`cyGY½£H(]_c�Q`H5egULH5KNGI±yc�Q`VIe`UP²"VId·dgeiKNQge`H	Ot¼
° ULH�WLQ`c�G\c�±�dgH	Q`Â�H	dÍKÁMT¸L²/½£H	Q·c�]EWL¸PQ`W£cyd`H�dq¼£F$d�È6H�È�V\GIG£OLVId`S	¸Pd`d$VIMbOLH	eiK�VIG

VIM<egULH�MLH	JTe�d`H	S	egVIcyM�³YdgcN¹�SqKNGIGIH	O¶K�MLVI²<K�e`H	O�O�K�eiK�¹�d`egQ`¸LS�e`¸LQgH	d �¡F $ R���KNQ`H�¸LdgH	O
]_cyQ�S	cTOLVIML±2e`ULH/ÂTVId`¸�K�GIV\Ã�KNe`VIc�M�¼ ° ULH/ÂTV\dg¸�KNGIVIÃqK�e`VIcyMµH�ML±yVIMLH�K�S	e`d/KNd�Kì²�H	OLV¡K¦¹
e`c�Q5½�H�e�È·H	H�M3e`UPH/F $ RTd/æ GIVIÂ�VIML±£ç£V\MDe`UPH<KNGI±�cyQ`VIegUL²'H	ML±�V\MPH�KNMLOÉegULH/cy½y¾(H�S	eq³
VIMÖË5K�e`cµKNGIÈ�K�´TdÍegULH$#� "����%�&('�)*�"�+��,Y³LWPQ`cNÂTVIOLVIML±�egULH�ÂTVId`¸�K�G�]_H	H�OL½�KNS(ÇY¼ ° ULH
F $ RTd�KNQgH$¸Ldg¸�KNGIGI´/VI²�WLGIH	²bH	MTe`H	O�VIM�Ë5KNegc�¼ ° cÁ]»K�S	VIG\VIe(KNe`H�Q(KNWLVIObOLH	ÂyH�G\c�WL²�H�M�e
KNMLODHqK�d`´¶K�O�KNWLegVIcyM�³£F $ RTdÁSqKNMÉKNGId`c�½£H�VI²bWLGIH	²�H	MTegH	O�V\MDe`UPH/WLQ`c�G\c�±�¼ ° ULVId
d`¸LWPW�c�Q`e`d�S(U�K�ML±yH�d�e`c/KNM�F $ R/È�VIe`ULc�¸Le6e`cy¸PSiUPV\MP±?Ë5K�e`c£ç d6S	cTOLH5KNMPO�È�VIe`ULc�¸Le
H	ÂyH�M<GIHqK�ÂTVIML±/Ë5KNegc�¼
° ULH�WPQ`cyGIc�±<KNGIdgc�S	c�M�e(KNVIMLd�VIMT]_c�Q`²<K�e`VIcyM�KN½£cy¸Le�e`ULH�K�GI±ycyQgVIe`UL²D³THy¼ ±�¼I³LegULH

WLQ`c�½LGIH	²'VIeÍK�OLOLQ`H�d`d`H�dq³tV\egd$ULVIdge`cyQg´�³£S	c�²�WLGIH	JTVIe�´T³LKNMLOµS�¸LH	d5QgH	±�K�Q`OLVIML±bV\egd$ÂTVº¹
d`¸�K�GIV\Ã�KNe`VIc�M�³�H�¼ ±£¼�²�HqK�MLVIML±µc�]ÒS�cyGIcyQgdq³�VIMä]_cyQg² cN]�a ° 5��é¹»S	cTOLHì]_cyQ�Ë5K�e`c£ç d
½L¸LVIGIe�¹�VIM<dgVI²�WLGIH5a ° 5��£¹�ÂTV\H�È·H	Q�¼ 1�eÍWPQ`cNÂTVIOLH	d5VIMT]_c�Q`²�KNe`VIc�M�e`cbe`ULH/ÂTVId`¸£KNGIVIÃqK�¹
e`VIcyM�H	MP±yVIMLH/KN½£cy¸Le�d`¸L±�±yH	dge`H	OÉc�Q$OLH(]�KN¸LGIe$½PQ`HqK�Ç�W£cyVIMTe`d�KNMLO2d`cN¹�SqK�G\GIH	OäÞ¡ÙLÚ�ÛqÜ.-
����Ú_ÞoàqÛ$K�GI±ycyQgVIe`UL²"S�c�OPH5GIV\MPH	dq¼ ° ULH	d`H/KNQgH5S	cTOLH(¹�GIVIMLH	d$È�UPH	Q`H�¸Ld`H�QÍVIMTe`H�QiKNS�e`VIcyM
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ContainerWrapper 

GredAboutBox 

Stack 

ReducedCostsWrapper 

GraphEditorToplevel 

ImageCache 

AnimatedVertexStack 

AnimatedPotential 

Algorithm 

BlinkingNeighborhood 

GraphDisplay 

EdgeLabeling 

FlowGraphInformer 

AnimatedPredecessor 

EditWeightsDialog 

MyHTMLParser 

Set 

RandomizeEdgeWeightsDialog 

VisibleVertexLabeling 

Graph 

GraphInformer 

Point2D 

AnimatedVertexSet 

AboutBox 

BlinkingVertexLabeling 

EdgeWeight 

BlinkingTrackLastNeighborhood 

ResidualGraphInformer 

ComponentMaker 

GraphEditor 

HTMLViewer 

AlgoWin 

SAGraphEditor 

AnimatedVertexLabeling 

AnimatedNeighborhood 

SubGraph 

WeightedGraphInformer 

VertexLabeling 

AnimatedEdgeSet 

GraphDisplayFrame 

AnimatedVertexQueue 

SplashScreen 

BlinkingContainerWrapper 

Queue 

GredSplashScreen 

FlowWrapper 

GraphEditorFrame 

MethodLogger 

AnimatedSignIndicator 

AlgorithmDebugger 

Animator 

MSTGraphInformer 

VertexWeight 

ZoomVar 

AnimatedSubGraph 

GraphDisplayToplevel 

HTMLWriter 
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d`¸LS(UµKNd�S(ULcTc�d`VIML±�K�ÂyH�Q`e`H�J<c�Q$KNM�H	OL±�H�V\d�QgH	ÀT¸LVIQ`H	Ot¼éè�egULH	Q$¸Pd`H	d�KNQ`HÁe`ULH�OLH(¹
'�MLVIe`VIc�MµcN]ÊK�¸LJTVIG\V¡K�Q`´�O£KNeiK¦¹»dge`Qg¸LS	e`¸PQ`H	d/KNMLO2]_¸LMPS	e`VIcyMPdq³YÈ�ULVIS(U¶K�Q`H/VIQ`QgH	GIH	ÂyKNMTe
e`c5egULH�¸LMLOLH�Q`d`e(KNMLOPV\MP±/cN]�e`UPHÒK�GI±ycyQgVIe`UL² V\M/ÀT¸LH�d`e`VIc�M�¼$�y¸Ldge$KNd6VIM�e`UPH$SqK�d`H�cN]
e`ULHÁM�KN²bH(¹»dgW�KNS�H	dq³£HqK�d`VIH	Q5KNMLO2d`ULc�Q`e`H�QÍÂyK�Q`V¡KN½PG\HÁM�KN²bH	d�SqKNMDKNGId`cb½�H�OLH '�MPH	O
VIM�e`UPHÍWPQ`cyGIc�±�¼ ° ULH�Q`H�M�KN²bV\MP±5VId�²<KNVIMLGI´5OPcyMLH�e`c/²�KNÇ�H�e`ULH�VIMLVIe`V¡KNG£GIHqKNQgMLVIML±
d`egH	WµKNd6HqKNdg´<KNd6W£cyd`dgVI½LGIH$]�cyQ6d`e`¸POLH	MTe`d=-LcN]�e`H	M�VIe·S�cyMLdgV\dge`d�c�]EQ`H�WLG¡KNS	H	²bH	MTe`d6cN]
e`ULH�]_c�Q`²'æ )������ ��#����"�� �� '�
��")Lç�½T´µæ��YçI¼

Visualization Engine

Algorithm Engine

library of ADSs             mediator for GraphDispaly

Algorithm

Algorithm
File

...
visited[w] = 1
Q.Append(w)
...

Prolog
File

ADS
Animated Vertex Queue
def Append(self, v):
  ...
  SetVertexColor(v, cVisited)
  self.append(v)
  ...
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Ä6cyMLdgVId`e`H�MLS	´ÑKNMPOÑKNM K�WLWLQgcyWLQgV�K�e`HÉOLH '�MLVIe`VIcyM c�]�VIM�egH	Q`H�d`e`VIML±ÕH	Â�H	MTe`dq³�V�¼ Hy¼I³
H	ÂyH�M�egd5e`U£KNe�K�Q`H/S	Qg¸LS	V¡KNG6È�VIe`UDQ`H	±TKNQ`Oäe`cb]_¸LMPS	e`VIcyMÉc�]ÎK�MÖK�GI±ycyQgVIe`UL²D³�KNQgH/cN]
¸Le`²bcydge$VI²�W£cyQgeiKNMPS	H�]_c�QÒK�M¶H�OL¸LSqK�e`VIcyM�K�GIG\´�dg¸LS	S	H	dgd�]_¸PG�Â�VIdg¸�KNGIVIÃqKNegVIcyM�¼TZÆUPH	M
d`¸�/�S�V\H�M�ebSqKNQgH¶VIdbeiKNÇ�H	MÕe`U�K�e�e`UPH Þ $ U �IÛ�$�Û�ÙLÚ ��Ú_Þ��yÙÉc�]�e`ULHÉKNGI±�cyQ`VIegUL²¶³tMLc
²<K�e`e`H�Q·Vº]EVIe6VId�È�Q`VIe`egH	M�V\MbWLd`H�¸LOLcN¹�S	cTOLH�cyQ6H	JTH	S	¸Le(KN½LGIH5S�c�OPH�KNd$Ë5K�e`c£ç d�³yS�cyQ�¹
Q`H	dgW�c�MLOLd�VIMÖK�G\G�OLH�eiKNVIGId�e`cµegULH/e`UPH	cyQgH	e`VISqK�G»³t²<K�e`ULH�²<KNegVISqKNG*Þ���Û �/½�H�ULVIMLOÉVIeq³
e`ULc�d`H�VIMTe`H	QgH	d`egVIML±�H�ÂyH	MTe`d6SqK�M�KNGIÈÊK�´Td�½£H$OLH '£MLH	O�VIM/egH	Q`²bd*cN]YS(U�KNML±�H	d6e`c5egULH
O�KNe(K�¹�d`egQ`¸LS	eg¸LQ`H�d*¸Ld`H�O/V\M/KNGI±�cyQ`VIegUL²�d�¼ 1�]�MLcye�³Ncy¸PQ�H	JTW£H	Q`VIH	MLS�H$d`UPcNÈ�d*e`U�K�e�e`ULVId
VIdÊK�M<VIMLOPV\S�KNe`VIc�M�cN]�OLVIÂyH	Qg±yH	MPS	H5½£H	e�È·H�H	Mµe`UPH	cyQg´ìK�MLO�VI²bWLGIH	²�H	MTe(KNe`VIc�M�¼
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F egV\±�UTe/S	cy¸LWPG\VIML±2cN]ÍegULHµÂTVId`¸�K�GIV\Ã�KNe`VIc�MÉS	cy²b²<KNMPOLd�e`cDSiU£KNML±�H	d�egc¶egULH
O�KNe(K�¹�d`egQ`¸LS	eg¸LQ`H�d5´TV\H�G\OPdÍK�ULVI±yU2G\H�ÂyH	G�cN]*S	c�MLd`VIdge`H	MLS�´�¼YZÉH�KNS(ULVIH	ÂyH�Oµe`ULH�S	c�¸T¹
WLGIVIML±µ½T´3¸LdgVIML±Ée`ULHDKNMLVI²<K�e`H	OÉO£KNeiK¦¹»dge`Qg¸LS	e`¸PQ`H	d �¡F $ R���²�H	MTegV\c�MLH	OäV\MªegULH
WLQ`H�Â�VIc�¸Ld·dgH	S	egV\c�M�¼TF $ RTd�KNQgH$O�K�eiK¦¹»dge`Q`¸PS	e`¸LQgH	d$e�´TWLVISqK�GIG\´�¸LdgH	O�V\M/±�QiK�WLU<K�G\±�cN¹
Q`VIe`UP²�dq³PHy¼ ±�¼I³LÀT¸LH�¸LH	dq³td`e(KNS(ÇTdq³YGIVId`egdq³YKNMPOÖK�Q`QiK�´Td�È�VIe`UµÂ�H	Q`egVIS	H	d/KNd5KNMµVIMLOPH	JY¼
° ULH	´�WLQgcNÂ�VIOLHÁÂ�VIdg¸�KNGIVIÃqKNegVIcyM�È�ULH	MLH�ÂyH	Q�²�H�e`ULcTOLd�SiU£KNML±�V\MP±/e`ULH�S	cyMTegH	MTe`d�cN]
e`ULc�d`H�F $ RTd�KNQgHÍVIMTÂyc�ÇyH	Ot¼ ° ULH	´�S�KNMµ½£H�Q`H '�MPH	O¶egc/cy½Le(KNVIM<K�dgW�H�S	V0'�S�ÂTVId`¸£KNG
H(êYH	S	e5½T´µegULH�S(ULc�VIS	H�c�]·VIMLd`e(KNMTe`V¡K�e`VIcyMµW£KNQiK�²�H	egH	Q`d�c�Q$½T´µd`¸P½T¹»S�G�K�d`dgV\MP±�¼ 1�²/¹
WLGIH	²�H�M�egVIML±�Q`¸LGIH	dt]_c�Q�e`ULH6ÂTV\dg¸�KNGIVIÃqK�e`VIcyM�VIM�egULVId�ÈÊK�´�U�K�O5d`H	Â�H	QiK�GéK�OLÂyKNMTe(KN±yH�dq¼
1�e�VId$e`H�SiUPMLVISqKNGIGI´�ÂyH	Qg´<H�KNd`´�egc�Q`H�KNGIVIÃ	Hy³�K�d`dg¸LQ`H	d�K/K/ULVI±yU�GIH	Â�H	G�c�]·²<K�V\MTe(KNVIMT¹
KN½LVIGIVIe�´�³�V\e�WPQ`cNÂTVIOLH	d$K�ULVI±yU�OLH�±yQ`H�H�c�] '�MLH¿¹»GIH	Â�H	G�S	cyMTe`QgcyG�³LKNMPO<VIe�H	M^]_cyQgS	H	d5KNM
H	JLKNS	egGI´�OLH '£MLH	O�S(ULcyVIS	H5c�]EVIMTe`H	QgH	d`egVIML±�H	Â�H	MTe`d$K�MLO�e`ULH	VIQ�ÂTVId`¸�K�G£]_H	H	OP½�KNS(ÇY¼

1�M/e`ULHÎ]_cyGIGIcNÈ�VIML±�³�È·H�OLH	²�c�MLd`egQiK�e`H�Q`¸PG\H¿¹»½�K�d`H	ObÂTV\dg¸�KNGIVIÃqK�e`VIcyM�¸Ld`VIML± $ V ¾(Ç�¹
d`egQiKLç d�K�GI±ycyQgVIe`UL²�K�dÒK�MÉH	JLKN²bWLGIHy¼ $ V ¾(ÇTd`egQiKLç d5KNGI±�cyQ`VIegUL²'VId�KbG�K�½�H�G{¹�d`H�e`e`VIML±�¹
KNGI±yc�Q`VIe`UP²Ñ]�cyQ6d`cyGIÂTVIML±�e`ULH5dgULcyQge`H	dge�¹�W�KNegUT¹�WLQ`c�½LGIH	² á ) ã£]_Q`c�² c�MLH!'�JTH	O�Q`cTcye�¼
1�e*È6cyQ`ÇTd*½T´5WPQ`cTS	H	dgd`VIML±/KNGIGLÂyH�Q`e`VIS	H�d·VIM�K�±�QiKNWPU�½�K�d`VISqK�G\GI´5VIM�K�½LQgHqKNOLegUT¹�'�Q`dge�¹
d`HqK�Q`S(U3²�KNMLMPH	Q5È�ULVIGIH�dgH	e`egV\MP±¶G¡KN½£H	GIdq³tÈ�ULVIS(UÉQ`H	WPQ`H	dgH	MTe<egULH�OPV\dgeiK�MLS	H/]�Q`cy²
e`ULH�Q`cTc�eÒK�MLODe`ULH/WLQgH	OLH	S�H	d`dgcyQ/cyMDe`UPH/d`ULc�Q`e`H�d`e5W�K�e`UÉegc<egULH�Q`cTcye�]_c�QÍH�KNS(U
ÂyH	Qge`H	JY¼
ÌLc�Q $ V ¾(ÇTd`egQiKLç d�KNGI±yc�Q`VIe`UP²¶³NÂ�H	Q`egV\S�H	d�]»K�GIGYV\MTegc5]_c�¸LQ6OLVId`e`VIMLS�e$SqK�e`H	±�cyQ`VIH	d�Ó

) ¼ × H	Qge`VIS	H	d�MLcye�´�H	e�æ d`H	H	Mtç\³* ¼6ÂyH	Qge`VIS	H	dÁæ d`H	H	Mtç\³P½L¸Le�MLc�e�´yH	e�WPQ`cTS	H	dgd`H	O�³
, ¼6e`ULH�KNS	egV\Â�H�ÂyH	Qge`H	JY³�K�MLO
8�¼6WLQ`cTS	H�d`d`H�O¶Â�H	Q`egV\S�H	dq¼
$ ¸LQ`VIML±�e`ULHÁQ`¸LMT¹�e`VI²bH$cN]*egULH�KNGI±�cyQ`VIegUL²¶³NÂ�H	Q`egVIS	H	d�WLQ`cTS	H�H	Oµe`UPQ`cy¸P±yUµegULH5OLVº]¡¹
]_H	QgH	MTe�SqK�e`H	±�cyQgV\H�dq¼ ° UPH	´3KNQgH<MPH	ÂyH	Q/QgH(¹�WLQ`cTS	H	dgd`H	O[cyQ�½�H	S�cy²�Hb¸LMLdgH	H	M�¼ ° ULH
d`c�]_e�ÈÊK�Q`H�SqK�MµOLH	egH	Q`²bV\MPH5È�ULVIS(UµSqKNegH	±yc�Q`´µK/Â�H	Q`egH	J�½�H�G\c�ML±yd�e`cb½�´bS(ULH	S(ÇTV\MP±
VIe`d$dgeiK�e`¸Ld5È�VIegUµQ`H	±TKNQgOÉe`c�egULH/S	H	MTegQiKNG:O�KNe(K�¹�d`e`Qg¸LS	eg¸LQ`HbV\M2e`ULH/KNGI±yc�Q`VIe`UP²¶³LK
WLQ`VIc�Q`VIe�´¶ÀT¸LH�¸LHy¼ ° ULHDÚ "PÛ ��Ü`Û�Ú_Þ � � ��SqK�e`H	±�cyQ`VIH	d/KN½£cNÂyHbS	cyQgQ`H	dgW�c�MLOªe`cDe`ULH0]_cyGº¹
GIcNÈ�V\MP±�Þ $ U �\Û $�ÛqÙLÚ �yÚ�Þ ��Ù%���Lc�MLH	dqÓ
) ¼ × H	Qge`VIS	H	d�³�È�UPV\S(UµKNQgH�MLcye�VIM�egULH5ÀT¸LH	¸PHy³* ¼6ÂyH	Qge`VIS	H	d�VIM<egULH�ÀT¸LH	¸LHy³
, ¼6e`ULHÁÂyH	Qge`H	Jb²�cydge·QgH	S	H	MTegG\´�QgH	²�cNÂ�H	O/]_Qgcy²"egULH5ÀT¸LH	¸PHy³
8�¼6ÂyH	Qge`VIS	H	d�³£½L¸Le�e`UPHÍ²bcydge·QgH	S	H	MTe�cyMLH�³TQ`H	²bcNÂyH	O0]_Q`c�²"e`ULHÁÀ�¸PH	¸LHy¼
° Q(KNMLdgVIe`VIcyMLdt½�H�e�È·H	H�M/e`ULH6OLVºêéH�Q`H	MTe*SqK�e`H	±�cyQgV\H�d·KNQgH·egV\H�O�egc$S(U�KNMP±yH	d*egc$egULH

O�KNe(K�¹�d`egQ`¸LS	eg¸LQ`H�¼*F ÂyH	Qge`H	JÉ½£H	S	c�²�H	d/dgH	H	MÆKNMLOÉVId/KNWLW£H	MLOPH	Oªe`cDe`ULHbÀ�¸PH	¸LHy³
È�ULH	MÆegQiK�MLd`VIe`VIc�MLVIML±µ]�Q`cy²&SqK�e`H	±�cyQ`´ ) e`c * ¼ ° ULH2e`QiK�MLd`VIegV\c�Mä]_Q`c�² * egc ,
U�KNWPW�H	MPdq³�È�ULH	MÆKDÂ�H	Q`egH	J3½£H	S	c�²�H	d�æ{KNS�e`VIÂyHyç -te`U�K�e�VId�³�È�ULH	MªVIe�VId/Q`H�²�cNÂyH�O
]_Q`c�²�e`ULH�ÀT¸LH	¸LH�¼*Ì�VIM�K�GIG\´T³�K�M KNS�e`VIÂyHbÂyH	Qge`H	JäV\d�²�cNÂ�H	OÉVIMTe`cµSqK�e`H	±�cyQg´	8ÉKNd
d`cTcyMt³LKNd$KNMPcye`UPH	Q�ÂyH	Qge`H	J�VId�Q`H�²�cNÂyH�O/]_Qgcy²"egULH�À�¸PH	¸LHy¼
° ULHµSqK�e`H	±�cyQ`VIH	dbSqKNMªULH�MLS	HD½�HµH�KNd`VIGI´3ÂTVId`¸£KNGIVIÃ	H	OªÈ�VIe`Uªe`ULH2ULH	GIWªcN]�KNM

F $ R/S�KNGIGIH	O���� '������"�����	�� ��"���	��
"��
"��¼=1�MLVIegV�K�GIG\´T³NKNGIGYÂyH�Q`e`VIS	H�dÍKNQgH�V\MbSqKNegH	±yc�Q`´
) KNMLO2OLVId`WLG¡K�´yH�O<È�VIegU¶K '�JTH	OµS	c�GIcyQq¼ ° ULHÁ²�H	egULcTO�]�cyQ$KNWPW�H	MPOLVIML±<K0ÂyH	Qge`H	J
e`c�e`ULHÁÀ�¸PH	¸LH5KNGId`c/S(U�K�ML±yH�d�e`ULH5S�cyGIcyQ6cN]*K�ÂyH	Qge`H	JY³�K�d�OLcTH	d$egULH�Q`H	²bcNÂTV\MP±5cN]
K/Â�H	Q`egH	JY³�È�ULVIS(UDWLQ`c�²�cyegH	d�e`ULH�ÂyH�Q`e`H�J¶egcìK�S	e`VIÂ�H/d`eiK�e`¸Ld�¼ ° ULH/ÀT¸LH	¸PH/ÇyH	H	WPd



	 � l���������� x{|��µ��w�¢��	��
6�N����~��
��������{|g}

e`Q(KNS(Ç5cN]£e`ULH�KNS	egVIÂyH6ÂyH	Qge`H	JY³NQgH	e`VIQ`VIML±�VIe�egc�e`ULH�KNWLWPQ`cyWPQ`V¡KNegH·S	c�GIcyQt]_cyQtSqKNegH	±yc�Q`´
8�³TÈ�ULH�M<egULH5MLH�J�e�Â�H	Q`egH	J�VId·QgH	²�cNÂ�H	O/]_Qgcy² VIeq¼
° ULH�dgH	S	c�MLO3S	c�²�W£cyMLH�M�e�VIM¶egULH�ÂTVId`¸£KNGIVIÃqKNegV\c�MµS	c�MLS	H	QgMLd�egULH/WLQgc�S�H	d`dgV\MP±

d`egH	W�¼*a�H	Q`H�³ÊK�GIG·egULHµMLH	VI±�U�½£cyQgd/cN]�e`ULHµKNS�e`VIÂyH�ÂyH�Q`e`H�J K�Q`H�ÂTVId`VIe`H	O2-*V�¼ Hy¼I³�egULH
H	OL±�H¶S	c�MLMLH	S�e`VIML±ªe`ULH3K�S	e`VIÂ�H¶Â�H	Q`egH	JÆÈ�VIe`UÕVIe`d�MPH	VI±yUT½�c�Q�V\d�egQiK�ÂyH�Q`d`H�OÑKNMLO
e`ULH�OLVId`e(KNMLS�H/G�K�½�H�GEc�]ÊKbMLH	VI±yUT½£cyQ�V\d�VIMLdgW�H	S�e`H	O�¼ta$H�Q`H/È6H�SqK�MÉ¸Ld`H/KNMDF $ R
SqKNGIGIH	O ��� '�� � �"��� � � '
��%��"!� �%"!+!��Y³�È�ULVISiU2S	Q`HqK�e`H	d�K/e`H�²�W£cyQiK�Q`´�ULVI±yUPG\VI±�U�egVIML±
cN]LMLH	VI±�U�½£cyQgdEK�MLO5H	OL±�H	dq³NK�d�e`UPH·KNGI±yc�Q`VIe`UP²åVIe`H�QiKNegH	d�cNÂ�H	Q�egULH6S	cy²bWLGIH	e`H�MLH	VI±�UT¹
½�c�Q`ULcTcTO�¼�Ì�VIM�K�GIG\´T³(e`UPH*Q`cTcyegH	O�d`ULc�Q`e`H�d`e*W�K�e`U5egQ`H	H6VId�ULVI±�ULGIV\±�UTe`H	O�e`UPQ`cy¸P±yU5¸LdgH
cN]EK�M���� ' � ���"������ "���"�"
���)�)�!� �¹_F $ R�K�d·egULH5KNQ`Q(K�´�]_cyQ6d`egcyQgV\MP±�egULH�WLQ`H	OPH	S	H	d�¹
d`c�Q�G�K�½�H�G»¼

%�¸LGIH(¹�½�KNdgH	OÉÂTVId`¸�K�G\VIÃqK�e`VIcyMDH	M�K�½LGIH	d5dge`¸LOLH�M�egd/e`cµH�J�W£H	QgV\²bH	MTe5È�VIe`U3K�G\±�cN¹
Q`VIe`UP²�dq¼ ° UPH	´�SqKNM5H�V\egULH	Q�S(U�KNMP±yH*H	JTVId`egVIML±ÍK�G\±�cyQgV\egUL²�d�³`c�Q�½T´$¸Pd`VIML±$egULH*F $ R^d
d`¸LWPWLGIV\H�O�³yc�½LeiK�VIM�ÂTVId`¸�K�G\VIÃqK�e`VIcyMPd�]_cyQ�KNGI±�cyQ`VIegUL²�d�VI²�WLGIH	²bH	MTe`H	OÁ]_Qgcy²�d`S	Q(KNegSiU
È�VIe`U/GIVIe`e`GIH�KNOLOLVIegV\c�M�KNGPH(êéc�Q`e�¼ ° ULVId6V\d�KNMbVI²�W£cyQ`e(KNMTe�]»K�S	e`c�Q*]�cyQ6e`ULH�e`H�KNS(ULVIML±
H(êYH	S	e`VIÂ�H	MLH	dgdÍc�]�K�G\±�cyQgV\egUL²"ÂTVId`¸�K�GIV\Ã�KNe`VIc�MLd$á * 8�ã�¼
í�ÂyH	M�egULH5KN¸LegULcyQgd$d`c�²�H	egVI²�H	d*c�½LeiK�VIMLH	O�dg¸LQ`WPQ`VId`VIML±/VIMLdgV\±�UTe`d$KNGIQgHqKNOL´�]�cyQ

ÂyH	Qg´�d`VI²�WLGIH5KNGI±�cyQ`VIegUL²�d�¼�1�eÍdgH	H	²bdÍegc�½£H?K�MÖK�S	S	H	WPe`H	OD]»K�S	eq³£egU�KNe Å Q`HqK�OLe`UT¹
ÌtV\Qgd`e�¹�RTH�KNQ`S(UÆKNMPO $ H	WLegUT¹�ÌtVIQ`dge�¹`RTHqK�Q`S(U � $ Ì�R���KNQgH<½£KNd`VISqK�GIG\´De`UPH<d(KN²bH<KNGº¹
±yc�Q`VIe`UL²D³	¾(¸Ldge5¸Ld`VIML±µKbÀT¸LH	¸LH/VIMDe`ULH�]�cyQ`²bH	QÍK�MLOÉK�dgeiK�SiÇ2V\MDe`UPH/G�K�e`egH	Q�KNGº¹
±yc�Q`VIe`UL²D¼ $ ¸PQ`VIML±µVI²�WPG\H�²�H	MTeiK�e`VIcyM2È·HbÈ·H	QgH�QiKNegULH	Q/dg¸LQ`WLQgVId`H	O�³�È�UPH	MªS	cTOLH
cy½Le(KNVIMLH	Oª½T´ªe`ULHDH	JTS(U�KNMP±yHµc�]�e`ULH2O�KNe(K�¹�d`e`Qg¸LS	eg¸LQ`HÉVIMåKDdge`QiK�VI±yUTe�¹�]_cyQgÈÊK�Q`O
Å Ì�R�¹�VI²�WLGIH	²bH	MTeiK�e`VIcNM¶GIcTcyÇ�H	OÕæ d`e`Q(KNML±�Hyç�VIMªe`ULH�ÂTVId`¸�K�G\VIÃqK�e`VIcyMt¼�F�d/V\e/eg¸LQ`MPd
cy¸Le�³EK2d`c�²�H	È�U£KNe/KNQ`egV0'�S	V¡KNG6VI²�WLGIH	²bH	MTeiKNegVIcNM¶VId�MLH	S	H	dgdiK�Q`´ªe`cÉKNS	S�cy²�cTO�K�e`H
d`¸LS(UªKNM3H�À�¸PV\ÂyK�GIH	MLS	Hy³�VIGIGI¸Ld`egQiK�e`VIML±�d`GIVI±yUTe�OLVºêéH	QgH	MLS	H�d�½£H	e�È·H�H	Mªe`ULH	c�Q`´ªKNMLO
VI²�WLGIH	²/H	MTe(KNe`VIc�M�c�]�KNMµK�G\±�cyQgV\egUL²¶¼
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� T�Ú_ÜgÛ�$�ÛLUYÜ
�(ßyÜ � $ $�Þ¡Ù�ßªá )�) ã�U£KNdµ½£H	S	c�²�H3KäÂyH	Qg´ W�c�WL¸LG¡KNQ�WLQgcy±�QiKN²b²�VIML±
²�H	egULcTOLcyGIc�±y´/cNÂyH�Q$e`UPH5G¡KNd`eÎ]_cy¸PQ$´yH�KNQ`d�¼ 1�e�]�cyQ`²�KNGIVIÃ	H	d6e`ULH�WLQgc�S�H	d`dgH	d�È�UPV\S(U
U�K�ÂyH/½£H	H	Mäd`¸LS�S	H	d`d�]_¸LGIGI´3¸LdgH	Oªe`cµS�Q`HqK�e`H�G¡KNQ`±�H/d`c�]_e�ÈÊK�Q`Hbd`´Td`egH	²�d�K�MLO3VId5VIM
d`c�²�H*KNdgW�H	S�e`d·K�M�KNMTe`VIW£cTOLH*e`c�e`ULH6S	G¡KNdgd`VISqK�G�dgcN]_e�È�KNQgH·H�ML±yVIMLH	H�Q`VIML±$egH	S(ULMLVIÀT¸LH	d
È�VIe`UµegULH	VIQ$OLVIÂTVIOLH(¹`KNMLO^¹»S	c�MLÀT¸LH	Q5KNMPO-!`½L¸PV\GIOµ¸PW�]_Q`c�²'½L¸LVIGIOLVIML±/½LGIcTS(Ç�d #<K�WT¹
WLQ`cTKNS(ULH	d�¼yè�MLH6]_¸LMPO�KN²bH	MTeiKNG�OLVºêéH�Q`H	MLS�H$VId�e`ULH$K�SiÇTMLcNÈ�GIH	OP±yH	²bH	MTe�cN]£e`ULH6]»K�S	e
e`U�K�e·dgcN]_e�È�KNQgHy³LS�cy²�W£KNQ`H�O�e`c£³TdiK�´T³LK�½LQ`VIOL±�H�V\d�K�QiK�WLVIOLGI´/²�cNÂTVIML±�eiK�Q`±yH�eq¼
ZÉH*È�VIG\G`¾¿¸Ld`e�½LQgV\H ��´�²�H	MTe`VIc�MÍegULH·K�d`W£H	S	e`d:cN]�H	JTegQ`H	²bH*WLQ`c�±yQ(KN²�²bVIML±*e`U£KNe

KNQgH�²�cydge*Q`H�G\H�ÂyKNMTe*e`c�e`UPH$OLH	Â�H	GIcyWL²bH	MTe�cN]EË5K�e`c�K�MLO/d`c�]_e�ÈÊK�Q`H�OLH	ÂyH�G\c�WL²�H�M�e
VIM<KNMµK�SqKNOLH�²�VISqKNG£H	MTÂTVIQ`cyMP²�H	MTe6V\Mb±yH	MPH	QiK�G»¼

Ï 1�MTe`H	±�QiKNegH/cN]_egH	M�³£Q`H�G\H�KNd`H�]�Q`H	ÀT¸LH	MTegG\´T¼£ZÉH5e`QgVIH	O¶egc�U�K�ÂyH�KbÈ6cyQgÇ�VIML±/Â�H	Q�¹
d`VIcyMDcN]�Ë5KNegc<KNe5K�G\G�egV\²bH	dq¼ 5�cTOL¸LGIH	d�³YÈ�ULVIS(U¶È6H	Q`H�OLH	Â�H	GIcyW£H	OÉVIMLOLH	W£H	MT¹
OLH	MTe`GI´T³yÈ6H	QgH$VIMTe`H	±�QiKNegH	O�VIMTe`cÁe`ULH�²<KNVIM�K�WLWLGIVISqKNegVIcyM�O�KNVIGI´�¼ ° ULHÍK�WLWLGIVISqK�¹
e`VIcyMbÈ·c�¸LGIO/cN]_egH	M�²�VId`d:W�KNQge`d6cN]EegULH�]_¸LMLS�e`VIcyM�K�GIV\e�´�
>e`ULH�ÂyH�Q`´ '£Q`d`e�VI²0¹
WLGIH	²�H�M�e(KNegV\c�M�S	cy¸LGIO�MLcye�OLVIdgWLG¡K�´Í±�QiK�WLULdq³�½L¸Le6æ Â�VIdg¸�KNGIVIÃ	H	O�ç�S	cyGIc�QES(U�K�ML±yH�d
e`c�ÂyH�Q`e`VIS	H�d·c�QEH�OL±yH	d6KNd�e`H	JTe*c�¸Le`WP¸Le�
�½L¸Le�MLH	Â�H	Q`egULH	GIH	dgd�� �yÜ���³NKNGIGIcNÈ�VIML±
]_cyQ6U�K�MLOLd�¹�cyM/H�J�W£H	QgV\²bH	MTeiK�e`VIcyM�K�dÊKÁ½�KNdgVId�]_cyQ:]_¸LQge`ULH�Q�OLH	d`VI±�M�OLH	S�V\dgVIcyMLd�¼
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Ï F$OLOÁ]_¸LMPS	e`VIcyM£KNGIVIe�´ÍKNdtMLH	H	OPH	O�¼�F e�´TWLVISqK�GyH	QgQ`c�Q*VIM5cy½y¾(H�S	e�¹�cyQgV\H�M�egH	O/OLH	Â�H	Gº¹cyWL²bH	MTe�V\d:e`c�V\OPH	MTe`Vº]_´�]_c�¸LMLO�K�e`VIcyM�S	G¡KNdgd`H	d�³LKNMLObVI²�WLGIH	²/H	MTete`ULc�d`H$VIM/egULH
]_¸LGIGIH	d`e�±�H	MLH	Q(KNGIVIe�´<W£cydgd`VI½LGIHy³YMPH	ÂyH	Qg²�VIMLOLVIML±/egULH�KNS�e`¸�K�GEMPH	H	OÉcN]�e`UPH?K�WT¹
WLGIVISqKNegV\c�M�KNe*U£KNMLO�¼TRTVI²�VIG¡KNQgGI´y³�V\e:V\d6e`H�²�WLegV\MP±Íegc�KNOPOLQ`H	dgd$KNGIGP]»KNegULcy²�KN½LGIH
¸Ld`H�dEVIM�K�WLWLGIVISqKNegVIcyM$OPH	d`VI±yMt¼qFäQ`H	dge`QgV\S�e`VIcyM�e`c�È�U�KNetV\dtMLH	H	OPH	O�MPcNÈÉd`W£H	H	OLd
¸LW�e`ULHÁOLH	ÂyH�G\c�WL²�H�M�e6WLQgc�S�H	d`d5KNMPO<VIMLS�Q`HqK�d`H	d�d`c�]_e�È�KNQ`H�ÀT¸�K�G\VIe�´T¼�íÎ¼ ±£¼I³yÈ6H
S(ULcTcyd`HÁe`c/Q`H�d`e`QgVIS	e$egULH�±yQiK�WLULVISqK�GYOLVId`WLG¡K�´/cN]*±�QiKNWPULdq¼

Ï RTVI²�WLGIVIS	VIe�´T¼71�²bWLGIH	²�H	MTe�egULH�²bcydge$d`VI²bWLGIHÒK�MLOµMLc�e�e`ULHÁ]»KNdge`H	dge5cyQ�²bcyd`eH	GIH	±�K�MTe�d`cyGI¸LegVIcyM�¼Tè�WLe`VI²�VIÃqK�e`VIcyM�]�cyQ�d`W£H	H	O2d`ULc�¸LGIO<½£H�OLcyMPHÒK�e�e`ULH�Â�H	Q`´
H	MLO�³PÈ�ULH	M�e`UPH�KNWLWPG\VISqK�e`VIcyM/VId�È6cyQgÇ�VIML±�È�VIe`ULc�¸Le�H	QgQ`cyQgdq¼

Ï�� UéÞ �yÛ�Ý����#�TÚ_Þ ��ÙTÝÍK�MLOb]_Q`H	ÀT¸LH�M�e�QgH(¹_]�KNS	egcyQ`VIÃqK�e`VIcyMt¼éR^WLVIÇyH5dgcyGI¸Le`VIc�MLd�H	d`e(KN½T¹GIV\dgUÉe`ULHb]_H�KNd`VI½LVIGIVIe�´µcN]�d`c�G\ÂTVIML±µK2e`H	S(ULMLVISqK�G�WLQ`c�½LGIH	² ½T´ÉKµd(KN²�WPG\H/VI²0¹
WLGIH	²�H�M�e(KNegV\c�M�³�d`H	W£KNQiK�e`H�]_Qgcy²ÑegULH$²�KNVIM�K�WLWLGIVISqKNegV\c�M�¼=1�MTe`Q`cTOL¸PS	VIML±�dgWLVIÇyH
d`c�G\¸Pe`VIcyMLd:e`c�e`ULH�²<KNVIM�S	cTOLH�½�KNdgVIdÊK�MLO�KNOLOPV\MP±�KNOLOPV\egVIcyM�K�GT]_HqK�e`¸LQgH	d�GIHqKNO
e`c�±yH�MLH	QiK�G·S�c�OPH/±yQ`cNÈ�egU�¼ %�H(¹�]»K�S	e`c�Q`VIÃqKNegVIcyM�³£Hy¼ ±�¼I³£²�cNÂTVIML±/S	cTOLH/egc�d`H	WT¹
KNQ(KNe`H�S	G¡K�d`d`H�dq³·K�OLOLVIML±DMLH	È"²bH	e`UPc�OPd�c�Q/S	G¡KNd`dgH	d�]_c�Q�c�]_e`H	M^¹»¸LdgH	OÆe(KNd`ÇTd�³
ÈÊK�d�¸Ld`H	OÉegc�S	GIHqKNMDe`ULH/S�c�OPH/½�KNdgV\d�¼�ÌPcyQ$egULVId5eiK�d`ÇTdq³ e`ULH/dg²<KNGIGYMT¸L²/½£H	Q
cN]���è�Ä6d$ULH�G\W£H	O�e`QgH	²�H�MLOLcy¸Pd`GI´�¼

� ��"`¯ �2�$«�"�� � �y«T«� ��t«

ZÉH·S(ULc�d`H�e`c5QgH	GIHqKNdgHÍegULH�OLVºêYH	Q`H	MTe�S	c�²�W£cyMLH�M�egd�cN]�cy¸PQ*WLQ`c�¾(H	S	e6¸LMLOLH�Q·OLVºêYH	Q�¹
H	MTe$GIVIS	H	MLdgH	dq³£S(](¼éÌtVI±�¼ ) ¼£Ë5KNegc�KNMLOµË�QgH	OÖK�Q`H5WP¸L½LGIVId`ULH	O2¸LMLOLH	Q�egULH �YVI½LQ(KNQg´
Ë�� Ð Ô�¸L½LGIVIS � V\S�H	MLd`H ����Ë5Ô��2��]�cyQ�e`ULH0]_cyGIGIcNÈ�VIML±�Q`HqK�d`cyMPdqÓ*è�¸LQ/È6cyQ`ÇÉU£KNdcyMLGI´�½�H�H	MµW£cyd`dgVI½LGIHÍOP¸LH$egc/e`ULH�G¡KNQg±yH$MT¸L²/½£H	Q6cN]�W�H	c�WLGIH�S	cyMTe`QgVI½L¸Le`VIML±�ÀT¸�KNGº¹
VIe�´�È6cyQ`Ç�egc<Ô�´Te`UPcyMÉKNMLO ° ÇY¼PZÉH�]_H	H	G�c�½LGIV\±�H	Oµegc�Q`H�e`¸LQgM¶egULVId$]�K�ÂycyQ�egc�egULH
S	cy²b²/¸LMLVºe�´$VIM�egULH�²�c�d`etH	JTe`H	MLdgVIÂyH$È�K�´5W£cydgd`VI½LGIHy¼NFÆW£cyVIMTe�VIM�dg¸LWLW£cyQ`e�Ó�ËÁKNe`c
KNGIQ`H�KNOL´DU�KNdÁ½�H	H�M ¸Pd`H	O ]_cyQ5egULH�OPH	ÂyH	GIc�WL²�H	MTe�cN]5æ F�d�1`Ì 
 F�M3F$¸Pe`ULc�Q`VIML±
RT´Td`egH	²"]�cyQ 1�M�egH	QiK�S	e`VIÂ�H�ÌtV\S�e`VIcyM�çYá , ã�¼
F$d�È·H�U�K�Â�H5d`H	H�MD]_Q`c�²'Q`H	ÀT¸LH	dge`d�]�cyQ$¸PW�O�K�e`H	d�KNMLOµ½P¸L±N¹�'�JTH	d�e`cµK/GIc�ML±N¹

cy¸LegO�KNegH	O�Ä6F °�Å cNJ�¹»WLQgH	OLH	S�H	d`dgcyQq³Pd`c�]_e�ÈÊK�Q`H$K�MLO�H�d`W£H	S	V¡KNGIGI´�H�OL¸LSqK�e`VIcyM�K�G�dgcN]_e�¹
ÈÊK�Q`H/dgH	H	²�d�e`c2U�K�ÂyH�K�GIV{]�H�c�]$V\egd�cNÈ�M3K�MLO3K�GIVº]_H(¹�d`W�K�MÉ²/¸LS(U¶G¡K�Q`±yH�Q�egU�KNM
KNMTe`VIS	VIW�K�e`H	Ot¼yÌLQgcy² cy¸LQ*W£cyVIMTe*c�]éÂTVIH	È5³NegULH$c�MLGI´5ÈÊK�´�e`c�KNOLOLQgH	d`d6e`UPH$VId`dg¸LH�cN]
GIcyML±�¹»egH	Q`²D³TdiK�´T³LOLH	S�KNOLH	dÁcN]i³£d`c�]_e�È�KNQ`HÁd`¸LWLW£cyQge�V\d�egc�WL¸Le�VIe$VIMTe`c/egULH�U�KNMLOPd
cN]�e`ULH�¸LdgH	Q`d�¼
ÌLQgH	H	OLc�² e`c$QgH(¹�¸Ld`H6´yc�¸LQ�cNÈ�M�S	cTOLH6VIM�]_¸LQge`ULH	Q�È6cyQgÇ$SqK�M�c�MLGI´$½£H·KNS(ULVIH	Â�H	O

È�ULH	Mµ´�cy¸LQ�S�c�OPH�VId6]_QgH	H?K�MLO�WLQ`c�e`H	S�e`H	OÉegULQ`c�¸L±yUµK/È�KNegH	Q�¹�WLQgc�c�]*G\VIS	H�MLd`Hy¼£F�d
Ä6F °�Å cNJ5d`ULcNÈ�d�³TS	cy²b²�H	QgS	V¡KNG�V\MTegH	Q`H	dge`d�³LVIM�egULVId·S�KNd`H�e`ULc�d`H�cN]ERTWLQgVIML±yH	Q × H	Q�¹G¡KN±�³�WLQgcye`H�S	e`H	ODe`UPQ`cy¸P±yU�S	cyWT´TQ`VI±�U�egd$SqK�M�HqKNdgV\GI´bS	cN¹�H	JTVId`e�È�VIe`Ub]_QgH	H5d`c�]_e�È�KNQ`H�³
e`c�e`ULHÁ½�H	MPH '�e$c�]E½£cyegU<W£KNQ`egVIH	dq¼
è$MµK�²bcyQ`H�WLQiK�S	e`VISqK�G�MLc�e`Hy³P½�H�d`VIOLH	d5KNege`Q(KNS	egV\MP±�K�G�K�Q`±�H	Q�¸Ld`H�Q$½�K�d`H5egU�KNM

S	cy²b²�H	QgS	V¡KNG�S	cTOLHy³:e`UT¸Ld�VIMLS	Q`H�KNd`VIML±ÉegULH�MT¸L²/½£H	Q�cN]�W�H	c�WLGIH�H	JTH	QgS	VId`VIML±ÉegULH
S	cTOLHy³P]_QgH	H5d`c�]_e�È�KNQ`H�KNGId`c�K�e`e`Q(KNS	egd$c�e`ULH	Q�OLH�ÂyH	GIcyW£H	Qgdq¼£F ]_QgH	H5H	JTS(U�K�ML±yH�cyMµK
e`H	S(ULMPV\S�KNG�GIH	Â�H	G�QgH	±�K�Q`OLVIML±/OPH	d`VI±yM2V\dgd`¸LH�d$VId�W�c�d`dgV\½PG\H�KNMLO�ÂyH�Q`´�ULH	GIWT]_¸PGYH	d`W£H(¹
S	V¡KNGIGI´�VIM�KNMµKNSqK�OLH	²bV\S�H	MTÂTV\QgcyML²bH	MTe·È�VIegU�GIVI²�VIe`H	O/WPQ`cq¾(H�S	e$±�Q`cy¸PW<dgVIÃ	Hy¼
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RTcÁ]»KNQ�³TMLc5]�cyQ`²�KNGLH�ÂyKNGI¸�KNegVIcyM�dge`¸LOPV\H�d�U�K�ÂyH�½£H	H	MµOLc�MLH�]_cyQ�Ë5K�e`c/KNMLO�Ä6F ° ¹
Å cNJY¼�ZÉH*OLc�ULcNÈ6H	ÂyH	QtU�K�ÂyH�K�Q(KNML±�H*cN]£H	JTW�H	QgVIH	MLS	H	d6¸LdgV\MP±$W�K�Q`e`d�c�]�cy¸LQtS	cy¸PQ`d`H
VIMìK�MT¸L²/½£H	Q�c�]�OPV{êYH	QgH	MTe$d`H�e`e`VIML±�dq³£QiK�ML±yVIML±�]�Q`cy² d`H�S	cyMLO^¹»´�HqKNQ�½L¸Ld`VIMLH�d`d�VIMT¹
]_cyQg²<K�e`VIcyM�²<K	¾¿cyQ`d:e`c/±yQ(KNOL¸£KNe`H�GIH	Â�H	G�²�KNe`UPH	²<K�e`VIS	d*dge`¸LOLH�M�egdq¼
FÆe�´TWLVISqKNG£e`HqK�S(ULVIML±5d`S�H	M�KNQgVIc/¸Ld`H	O�Ë5KNegc5VIM/e`ULHÎ]_cyGIGIcNÈ�VIML±�]�cyQ`²DÓ�F�e '�Q`dgeq³

e`ULH�KNGI±yc�Q`VIe`UP² È�KNd�Q`¸PM3e`cDS	c�²�WLGIH	egV\c�MÉe`cD±yVIÂyH�KNMäcNÂyH	QgÂ�VIH	È5¼ ° ULH	Mt³�¸Ld`¸T¹
KNGIGI´�d`e`H�WLWLVIML±µegULQ`c�¸L±yUÉegULH�KNGI±yc�Q`VIe`UP²¶ç d�S	cy²b²<K�MLOLd$c�MLH/½T´µcyMPHy³�egULH�'�MLH�Q
OLH	e(KNVIGId$È6H	Q`H/H	JTWLG¡K�V\MPH	O�¼£ZÉcyQgd`e�¹�SqK�d`H/VIMLd`e(KNMLS�H	d5WLQgcNÂ�VIOLH�OÖKbÂyH�Q`´µÂTVIÂTV\O2WLVIS(¹
e`¸LQgH�V\GIGI¸Ldge`QiK�e`VIML±5egULH$¸PMLOLH	QgG\´TVIML±�e`ULH�cyQ`´T¼LRTeg¸LOLH	MTe`d�S	cy¸PG\Ob¸Ld`H5Ë5K�e`c5c�¸Le`dgVIOLH
e`ULH/S�G�K�d`d�¹»Qgc�c�²�c�MÉe`ULH	VIQ5cNÈ�Mt³éK�MLOÉÈ6H	Q`H/H	MPS	cy¸LQ(KN±�H	O3egcµH	JTW�H�Q`VI²�H	MTe�È�VIe`U
OLVºêéH�Q`H	MTe�VIMLd`e(KNMLS�H	d$egc/V\MTegH	d`Vº]_´be`ULH	VIQ�¸LMPOLH	Q`dgeiK�MLOLVIML±�¼

1�M egULHÉKNOLÂyK�MLS	H	Oª±yQ(KNOL¸£KNe`H2G\H�ÂyH	G�S	cy¸LQgd`HD²<K�e`ULH	²�KNegV\S�d�dge`¸LOLH�M�egd�È·H	QgH
cNêYH	Q`H�O3H	JTe`Q(K�S	QgH	OLVIe5]�cyQ5WLQgcy½LGIH	²bd�Q`H	ÀT¸LVIQ`VIML±�VI²�WPG\H�²�H	MTeiK�e`VIcyMµK�MLOÉÂTV\dg¸�KNGº¹
VIÃqKNegV\c�M�cN]*MLcyM^¹»egQ`VIÂTV�K�GEK�G\±�cyQgV\egUL²�d:]_Qgcy² d`S	Q(KNe`S(UDÈ�VIe`ULc�¸Le$eg¸Le`c�Q`VIML±�VIM¶ËÁKNe`c
cyQ�Ô�´Te`ULc�M�¼TZÉH$c�½Ld`H�Q`ÂyH�Oµe`U�K�e�e`ULH�dge`¸LOLH�M�egd$VIM�egULH�S	G¡KNdgd�È·c�Q`ÇTVIML±�c�M�egULH	d`H
cyWLegVIcyM�K�G�WLQgcy½LGIH	²bd·È6H	QgH5¸Ld`¸£KNGIGI´�½£cye`U�²bcyQ`H�KNOLÂyK�MLS	H	OµK�MLO�U�KNO�WLQgV\c�Q�WLQ`c�¹
±yQ(KN²�²/VIML±�H�J�W£H	QgV\H�MLS	Hy¼ ° ULH	VIQ*S�cy²�²bH	MTe`d�³N±�K�e`ULH	QgH	O�VIM/VIMT]_c�Q`²�KNGTVIM�egH	Q`ÂTVIH	È�d�³
VIMLOLVISqKNegH	OÉe`U£KNe5egULH	´D]_c�¸LMLOÉe`UPH�WLQgcy½LGIH	²bdÍÂ�H	Q`´ÉS(U�K�GIG\H�ML±yVIML±£³Y½L¸Le�K�GId`cµegULH
Q`H	dg¸LGIe`d�ÂyH	Qg´µQ`H	È�KNQgOLVIML±�¼£ÌLc�Q�G¡KNQ`±�H(¹�d`SqK�G\HÁ¸Ld`H�VIM<egULH�S	G¡KNd`dgQ`cTcy²D³TÈ·HÁd`¸L±�±yH	dge
e`c�H	²bWLGIcN´5e`HqK�S(ULVIML±N¹`KNdgd`VId`e(KNMTe`d*egc5WLQgcNÂ�VIOLH�dg¸LWLW£cyQge*]_c�Q�WLQ`c�±yQiK�²�²bV\MP±�WLQ`c�½T¹
GIH	²�d�¼

� �	 Î¬ 
 �����

° ULH	QgH·KNQgH*d`H	Â�H	QiK�GyW£cydgd`VI½LGIH·KNQgHqKNdtcN]TH	JTW�KNMLdgVIcyM�¼ ° ULH*±yQ(KNWLUPV\S�KNGNd`VIOLH:cN]Le`ULH�ÂTVº¹
d`¸�K�GIV\Ã�KNe`VIc�M5U�KNd:d`c�]»KNQ�½£H	H	MbÂyH	Qg´�æ d`S(ULGIVIS(UTeqçIÓ�H	OL±yH�dÊK�Q`H$KNGIÈ�K�´Td�GIVIMLH	dq³�ÂyH	Qge`VIS	H	d
KNGIÈ�K�´�d:S	VIQ`S	GIH	d�KNMLO�ÂyH�Q`e`H�J<M£KN²�H�dÊK�Q`H�d`VI²�WPG\´�MT¸L²/½£H	Q`d�¼ ° c�ULH	GIW�MLc�MT¹»²�KNegU
cyQ6S	cy²bWL¸LegH	Q·dgS	VIH	MLS	H�²<K�¾(cyQgd*e`c�¸LMLOLH�Q`d`e(KNMLO2e`ULH�±yQ(KNWLU�²bc�OPH	GéK�d$K5S�cyQ`QgH	S	e
]_cyQg²<K�G\VIÃqK�e`VIcNM5c�]EKNM<K�WLWLGIVISqKNegVIcyM�WLQ`c�½LGIH	² ]_Q`c�² egULH	VIQ '�H	GIO�³�e`UPH$VIMLS	GI¸LdgV\c�M/cN]
ÂTV\dg¸�KNGYS�¸LH	d�²�VI±yUTe6½�HÁ½�H	MPH '�S	V¡KNG�¼ 1�²<K�±yVIMLH�½L¸LVIGIOLVIML±?K�WPU�´TGIcy±�H	MLH	egVIS5e`QgH	H�VIM
Å VIc�G\c�±y´�K�MLO�³�diK�´T³yOPV\dgWLG¡K�´TV\MP±ÍWPV\S�e`¸LQgH	d�cN]�e`ULH�d`W£H	S	VIH	dÍK�d·egULH$Â�H	Q`egVIS	H	d$VIM/egULH
e`QgH	Hy¼
F$GId`c£³�e`c3KNOPOLQ`H	dgd�OLV0/�S	¸PG\egVIH	d/cN]�¸LMLOLH	Qgd`e(KNMLOLVIML±ä½�KNdgVIS<O£KNeiK¦¹»dge`Qg¸LS	e`¸PQ`H	d

d`¸LS(U3K�d5Hy¼ ±�¼I³YGIVId`egdq³YÀT¸LH	¸PH	d?K�MLOÉd`e(KNS(ÇTdq³t±yQ(KNWLULVISqK�G*VIMLd`W£H	S	egcyQgd�KNQ`H�KbÂTV¡KN½LGIH
cyWLegVIcyM�¼
ZÉH·SqK�M�KNMLO/È�VIGIGLKNGId`c�H	JTegH	MLO�egULH$KNQgHqKNd:e`c5È�ULVIS(U/È6H$KNWLWLGI´�ËÁKNe`c�½T´�K�OT¹

OLQ`H�d`d`VIML±Á±yQiK�WLUT¹�½�KNdgH	O�dge`cTS(U�KNdge`VIS$²bcTOLH	GIdq¼NF�d·K�²�KNe`egH	Q*c�]�]»K�S	eq³�]_c�Q*a$VIOLOLH�MT¹
5µKNQgÇycNÂ�¹�5�cTOLH	GIdq³Pe`ULH�'£Q`d`e5K�¸Le`ULc�Qqç d$²�KNVIM<K�Q`HqK0cN]·È6cyQgÇY³�K/dgW�H�S	V¡KNGIVIÃ	H	ODH	OLVº¹
e`c�Q�½�KNdgH	O¶c�MµË�Q`H	Ot³�VId�¸LMPOLH	Q�OLH	Â�H	GIcyWL²bH	MTeÍá )�, ã`¼ ° ULVId$WLQgcq¾(H	S	e�È�VIG\GtVIMLS	GI¸LOLH
KNMDVIM�egH	Q�]�KNS	H/egcìKba�5�5b¹�G\VI½LQ(KNQg´µOLH	Â�H	GIcyW£H	O3KNe5egULH �£F�1��5ë��YÔ�%�WLQgcNÂ�VIOLVIML±
KNMªH	MTÂTVIQ`cyMP²�H	MTeÁ]_cyQ/QgH	d`HqK�Q`S(ULVIML±ÆKNMPO egQiK�V\MPV\MP±Éa&5�5�d�¼�5µK�Q`Ç�cNÂ 5�cTOLH	GId�³
Å K�´�H	d`V¡K�M�MLH	e�È6cyQgÇTd$H	egSy¼LSqK�MµKNGId`c/½£H5KNOLOLQgH	d`dgH	O�¼
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Ä6F °�Å cNJÍKNMPO�Ë5KNegc$È6cy¸LGIO�MLc�e�H	JTVId`e�È�VIe`ULc�¸LeYF$S(ULVI² Å KNS(ULH	²D³	È�ULc�VIMLd`WLVIQgH	O
e`ULH:cyQ`VI±�V\M£KNGNVIOLHqKP¼	ZÉH*KNQgH·KNGId`c�ÂyH	Qg´�±yQiK�e`H(]�¸LGyegcÍR��K�MLOLcyQ�ÌPH	Ç�H	e`H�KNMLO�Ä6Q`VId`egcyWLU
5�cyGIG�³	È�UPcÍS�cyMTe`QgV\½P¸Le`H	ObVIOLHqKNd*K�MLO?K�VIOLH	O/e`UPQ`cy¸P±yU�ULH	GIWT]_¸LGPOLVId`S	¸Ldgd`VIcyMPd*VIM�egULH
OLH	dgV\±�M�WLQ`cTS	H	dgdq¼
° U�KNMLÇTd5egc ° cyQgd`e`H�M Ô�KNege`½£H	Q`±£³�È�ULcµWL¸Le�e`UPH '�MLVIdgULVIML±�e`cy¸PSiUPH	d/cyMÉegULH

WLQ`cTc�]¡¹»c�]¡¹�S	cyMLS�H	WLe�KNGI±yc�Q`VIe`UL² VI²�WLGIH	²bH	MTeiKNegVIcyMLd�KNMLObV\²bWLGIH	²�H�M�egH	O/KNMLObÂ�VIdg¸T¹
KNGIVIÃ	H	O�K�G\c�e·c�]EegULH�KNGI±�cyQ`VIegUL²�d�VIMLS	GI¸LOLH�O<VIMµÄ6F °�Å cNJ�]_Q`c�²"d`S�QiKNegS(U�¼
° U�KNMLÇTd�KNGId`c�e`c %$K�²<K�ÃqKNM Å ¸PÃ	OLH	²bV\Q$K�MLO�F�S(ULVI² Ë5KNH�OLÇyHy³TQgH	S	H	MTe$K�OLOLVº¹

e`VIcyMPd·egc�c�¸LQ$Ä6F °�Å cNJ�KNMLO�Ë5KNegc�egHqKN²D¼�%�KN²<K�ÃqKNM Å ¸LÃ	OPH	²�VIQ6V\²bWLGIH	²�H�M�egH	O
e`ULH�±yQ(KNWLUDG¡K�´yc�¸LeÍK�G\±�cyQgV\egUL²�d�VIM¶ËÒQ`H	OÉKNMLODF$S(ULVI²�Ë5KNH	OPÇyH�V\d�È6cyQgÇ�VIML±bcyM
Ë�Q`H�OìK�MLO�VIegd�H	JTe`H	MLdgVIcyMµegc�KNM�H�OLVIe`cyQ6]�cyQ�a$VIOLOPH	MT¹�5µKNQgÇycNÂ�¹ 5ìc�OPH	GIdq¼
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