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T¥I�E�KqA~E��GM@F*NnH~I*EJC�F*N:KqVJM"?qM`M¥�pAUN§Kn�À?qM"M@��MX?qKqAUT¥M"NnF�K6HDM"�*M"H � ZªY6VJM`MXE�KqA~?BMÈoJ?BIpT¥M"NBN:KBFLº�M"N:HDA~EJM"F*?:KBAD�-M��JN¦A~EGT¥M@KqVGM`F*��I��JE�K
IL���¤I*?Bº�A~N6oJ?BI*o�I*?qKqA~I*E�FLH�KqI-KBVJMyEQ�J�\O�MX?}I*��M"kJC*M"N}kJMXH~M¥KqMjk	Z �

¹0MXK�
 N¤C*I�KBVJ?BI*�JC�V�KqVGM@�ÀI�HDH~I��}A~EJC\MX�pF*�-oJHDM-�8NqMXMyÇ�A~CGZ�v*v%�ªKBIh��FLº�M`Nq�J?BM@�¤M`�JEGkpM"?BN¦KBF*EGk��}VGFLK�
 N¤C*I*A~EJChI*E0Z "�KWFL?qK
�}ADKqV�KBVJMs��?BN¦K:�À?BMXM@�*MX?qKqMX���
��Z ° M`�6FLH~ºhOGF�TWº\KBI 1��}KBVJMXE�KqI��
�`FLE�k-KqI 1 ,��8F�K¤KqVGA~Nno�I�ADE�K6�nM@VGF*k­F�TWVJI*AUT¥M@IL� 1��sI�?
1�,¥�xZ ° M�oJHUF*TXM\FLH~H0KBVJM"NqM�EJIpkpMjNsI�ESKBVJMhkJMXH~M¥KqA~I*E;J��JM"�JM*��FLE�k/N§KWFL?qKs?qM"��I��QA~EJC-KqVGMX�ÄFLEGk�KBVJMXA~?ÈA~EGT¥AUkpM"E�K`M"kpC�M"N"Z��
�
AUN6KqVJM���?BN¦K}KqI�C�IG�pKBVJMXE 1��`KqVJM"E��
�yFLEGkSKqVGMXE 1�,%Z ° VJM"E/�nMykpM"HDMXKqMB1�,@�¤M�kJMXH~M¥KqM�KqVJMyMjkpC*M�� 1 ,���� ,¥�sFLEGkfkpMjT¥?BM"F*NqM
KqVGM�ADE�kpMXC�?qM"MyIL��� ,`�À?BI*� uhKqI
v�Z ° M\F*H~NqI�kpM"HDMXKqMyKBVJM�M"kJC*M"Nh���
�*��1��"�}F*EGkÍ���
����1��"�6OG�pKsKqVGM"NqMhkpI�EJI*K@kpMjT¥?BM"F*NqM�KqVGM
A~EGkpMXC�?qM"M�IL��F*EQP�EJIpkpM*��N¦A~EGT¥M`KBVJMy?qA~C*V�K}MXE�kpo�I�ADE�KsAUN}FLH~?qMjF*kpP­I*ESKqVJM�TX�J?q?BMXE�K}oGFLKqV0Z

"�KWFL?qKÈ�}AÉKBV
KBVJM\EJMX�QKÈ�À?BMXM\��MX?qKqMX��� � Z ° M\�6FLH~ºSOGF�TWº­KBI 1 � KqVGMXE
KBI�� , FLEGkfKBI 1 - Z ° M\oGH~F�T¥MhF*HDH�KqVJMjN¦MhEJIpkpM"N
I*ESKqVGM�kpMXH~M¥KBADI�E J��JM"�JM*�JF*EGkfN§KWFL?qK}?qM"��I��QA~EJC�KBVJMX�ÄFLE�k�KBVJMXA~?}ADE�T¥AUkpMXE�KsM"kJC*M"N"Z�� � A~N}KqVJM��G?WN¦K¤KBI-C*IG�QKBVJMXE 1 � �ëKqVGA~N
kpM"HDMXKqM"N�M"kpC�M
� 1 � �������yF*EGk3kpM"TX?qMjF*NqM"N`KqVGM�ADE�kpMXC�?qM"M�I*�������À?qI���uSKBIÍvj�xZ � MX��Kh�nM�kpM"HDMXKqM�� , FLEGk 1 - Z ° VGMXEÍ�¤M
kpM"HDMXKqM 1 - �¤M\?BMX�-I��*M�KBVJM\MjkpC*MS� 1 - ��� - �sF*EGkfKqVGA~N`kpM"TX?qMjF*NqM"N6KBVJM\A~EGkpM"C*?BMXMyI*��� - �}VJAUTWV
C*IQMjN6KqI�zJZ =ÈMXEGTXM�� - C�M¥KWN
F*kGkpM"k
KqI�KBVJM-kpMXH~M¥KBADI�E J��JMX�GM*Z �ÈI�ADEGC­KBVJA~N`��FLº�M"NÈKqVJM�M"kJC*MS�!� - � 1"�j�ÈC�M¥K�kpMXH~M¥KBM"k	�0F*EGk¸kp?BI*o�NsKBVJMhA~EGkpM"C*?BMXMhIL� 1#�
KqIfzJZ ° M\KBVJMXE kpMXH~M¥KBM 1#�-FLEGkfKBVJM�M"kpC�M�� 1"�������j�ÈAUN`kJMXH~M¥KqMjk¸F*EGk$����A~N`?BMX�-I��*Mjk	Z@Y6VGMX?BM�F*?qM�EGIS�-I*?BM��À?BMXMhEJIpkpM"N
A~EÎKBVJM�HUF*N¦K�H~MX��MXH1��NqI��¤M�N§KBI*o0Z�Y6VJM�º�MXP
o�I*A~E�KyA~N�KBVGF�KyADK�A~N�EJILKyM"NBNqMXE�KqAUFLH�KBIS��EGkÎKqVJM���F��pA~�\�J� N¦MXK�IL�¤kJA~N �§I*A~E�K
FL�GC*�-MXE�KqA~EJC-oGFLKqVGN6I*��H~MXEJC*KqV����JOJ�JKsI*EJH~P­F-��F��pA~�-F*H0N¦MXK"Z
Ý ��²QÞG·�²Q�àß"#	á��&%�õGì�ò���òóî
,0ñ	=pí�íGéëíQô�ò1é$�-ì ���yòÀõJì�î*ï
�Lê%ì )*ì��>�¥ñxé8ïWì
)�î
, ô���ñxéëòÀõ �Äé�� A-�	' ( 4/�>�
� ñ��������

�:F�TWV�oJV�F*NqM/?q�JE�N-ADE>A-� 4/�-KBAD�-M�Z ° M/EGI�� NqVJI��ÁKBVGF�K�KBVJMX?BM
FL?BM;A-�	' (���oJV�F*NqM"N"ZÓmnI*EGNqA~kJMX?�?B�JEJEJA~EJC3KqVGM
FLH~C*I�?qADKqVG�®�ÀI*?sMX�JF*TxKBHDP ' ( oGVGF*NqM"N"Z:¹0MXKsKqVGM�I*OpKWFLA~EJM"k���F�KWTWVJA~EJC�O�M�¢ ZK�:F�TWV�F*�JC*�-M"E�KBADEGC�oGF�KBVS�À?BI*� EJI���I*EfA~N
IL�nHDM"EJCLKBV¸F�K�HDMjF*N¦K�u)' (+GÓv�Z���Y6VJM�oGF�KBVGN�FL?BM\FLH~�¤F%PpNÈIQkGk
A~E¸H~MXEJC*KqV¸F*EGk¸F*HD�6F%PpN}ADE�T¥?BM"F*NqM\OQP/F�K`HDMjF*N¦K@K§�¤I­FL�ëKqMX?
M"F�TWV3oJVGF*NqM*Z �´¹�M¥Kh¢+*-O�M-KqVGM���F��Î��FLKBTWVJA~EJCGZ/mnI*EGNqAUkpMX?yKBVJM�NqP��-�-M¥KB?qAUT�kpA +�M"?qM"EGT¥M­IL�s¢ F*EGk±¢+*%ZfY6VJAUNyA~N\F
T¥I�HDH~M"T¥KqA~I*ESIL��TXPQTXHDMjNnF*EGk�o�F�KqV�NX�QKBVGF�K}T¥I�E�KWFLA~E�KBVJMyFL�JC���M"E�KqA~EJC\oGFLKqVGN¤�yZ ?"Z Ks¢ Z�¹�M¥K ����¬ ¢ * ¬ 1�¬ ¢®¬¯ZªY6VQ�GNnKqVGMX?BM
FL?BM��/F*�JC*�-MXE�KBADEJC�o�F�KqV�Ns�yZ ?"Z K`¢ KqVGFLK@PQA~MXHUk�KqVJMh�-FLKBTWVJA~EJCS¢ * Z#�:F�TWVfoGF�KBV/VGF*NÈHDM"EJCLKBV
F�K@H~M"F�N§K�u,' (+G v���F*EGk
KqVGMXPfFL?BM\kpAUN �§I�ADE�K"Z}Y6VJM\KqI*KBFLH�HDM"EJCLKBV/IL��KqVGM\oGFLKqVGNÈA~N@F�KÈ�-I�N¦K-(´�8kJ�JM�KBI�KqVJMhkpA~N �§I*A~E�KqEJMjNqNW�xZ | ��.0/:A~NsKqVJMhHDM"EJCLKBV/IL�
M"F�TWV�F*�JC*�-M"E�KBADEGC�o�F�KqV��¤M`V�F%�*M*l
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� I*KqMjN6O�P "pFL�-A~?#D�VQ�JHDH~MX?jZ

[�� ���&��� 
���a
	sg�g.��
��­a:b
	������"cXdfe

° M��}ADH~HnF*H~NqI­KWFLH~ºÎF*O�I��pK\FLEÍFLoGoJHDAUTXFLKqA~I*E IL�6��F�KBTWVGADEJC���EGF*�-MXH~P/KqVJM­oJ?qI�OJH~MX� I*�6NBTWVJM"kJ�JHDA~EJC/I�E¸K§�¤IfoJ?qIpTXM"NBN¦I�?BN"Z
Y6VJMyI�?qA~C*A~EGFLH�oGF*o�M"?}A~N6OQP�ÇJ� �§A~A�� DyF*NBFL�-A0FLEGk � A~EJI���A~P�Fft I w{Z

Y6VJM"?qM}FL?BMnK§�nI�AUkpMXE�KqAUTXF*HpoJ?BIQTXM"NBN¦I�?BN"��FLEGk-F�T¥I�HDH~M"T¥KqA~I*E�IL�#( �§I*O�N�KqVGFLK�EJMXMjk�KBIyO�MsNBTWVJMjkp�JH~M"k	Z �:F�TWV �§I*O�?BM J��JA~?qMjN
�JEJADK`KqA~��M�Z`Y6VGMX?BM�A~N`F�oG?qMjT¥M"kJMXEGTXM�C*?WFLoJV
F�NqNqIpT¥AUF�KBM"kf�}ADKqV
KBVJM �§I�OGN��8FLHUNqI­TXF*HDH~M"kfKBVJM �sµs�y�xZ | ��KqVGMX?BM\AUN@F*E
M"kpC�M
�À?BI*����KqI��\KBVJMXE����h�GN¦KnO�MÈ�GEGA~NqVJM"k�O�MX�ÀI*?BM��hA~N6N¦KBF*?¦KBM"k-OQP-MXADKqVJM"?noJ?BIpT¥MjNqNqI*?jZ =ÈI�� N¦VJI��JHUk-KqVJM �§I*O�N:O�M@NBTWVJM"kJ�JHDMjk
I*E KBVJM-K§�nI/oG?qIpT¥MjNqNqI*?WN`N¦IfKBVGF�K\F*HDHªKBVJM��§I*O�N�FL?BM�T¥I*�-oJH~M¥KBM"k3F*N J��GA~TWºQH~P¸F*N�o�I�NBN¦A~OJH~M*Z­Y6VGM��§I*OGNyTXI*�JHUk ?qM"oJ?BM"NqMXE�K
T¥I��J?WN¦MjN¤KqVGFLKsEJMXMjk�KqI�O�MyKBF*º*MXE3�8TXI*�J?WNqM"N6VGF%��MyoJ?qM"?qM<J��JA~NqADKqM"NW�¤FLEGk�AD�ª�nM�F*?qM`KBF*ºQADEJC�FLKs�-I�N¦K}K§�nI�TXI*�J?WN¦MjN¤ADE/MjF*TWV
NqMX�-M"N¦KqM"?"�QKBVJMBJ��JM"N¦KqA~I*E�?qMjFLH~HDP­A~N"l�VJI�� J��JAUTWºQHDP­T"FLEf�¤M`C�?BF�kp�GFLKqM��

Y6VJAUN�AUNhF¸C*IQIpk KqA~�-M�KqIÎEJILKBM�KBVGF�K�MX�*M"E3KqVJI��JC*V±KqVJM­K§�nI
oG?qIpT¥MjNqNqI*?hNqTWVJMjkp�JH~ADEGC
oJ?BI*OJH~MX� TXF*E±O�M�N¦I�HD��M"k3A~E
o�I*H~P�EGI*�-A~F*H�KqA~��M��QKqVJM`KBVJ?qM"M@oG?qIpT¥MjNqNqI*?¤NqTWVGM"kp�JH~A~EJChoG?qI�OJHDM"�®A~N¤EJI*K¤ºQEJI��}E­KqI�O�MyNqI*H~��FLOJH~MÈA~ESo�I*H~PQEJI*�-AUFLH�KqA~�-M*�pI�?
ºQEJI��}E�KqI�O�M ��� �{TXI*�-oJH~M¥KBM*Z | E��8F�TxK"�GKqVJMhT¥I*�-oJH~M¥�pADK§P­I*��KBVJM	��oJ?BIpT¥M"NBNqI*?}NqTWVGM"kp�JH~A~EJC�oJ?BI*OJH~MX� �}VJMXE6��AUN�� 	Qì
)`A~N
EJI*Ksº�EGI��}E0Z

ÇJ?BI*�ÁKqVJM\F�T¥PpT¥H~AUT�C*?WFLoJVf�©�¤M�TXF*E/T¥I*E�N§KB?q�GT¥KÈF �
�
�ÈðJîLò�é8ïXé$,¯éëò�.�C*?WFLoJVf� * F�N¤�ÀI*H~HDI��sN"Z:� * VGF*N6KBVJM\NBFL�-M�EJIpkpM"N
F*N6�-�GF*EGk­KqVJM"?qM`A~N}F*E �8�JEGkpA~?BM"TxKBM"kG�¤MjkpC*M-���W�����nAD��KBVJMX?BM�A~N¤EJI�kpA~?BM"TxKBM"kSoGF�KBV­�À?BI*����KqI ���pI*?¤�À?qI�����KBI!�:ADEf�-Z | E
ILKBVJMX?}�¤I*?WkJN"�"�nFLE�k!�­FL?BM �§I�OGN6KqV�F�KÈTXF*ESO�M�kpI�EJM`KqI*C�M¥KBVJMX?jZ

nodes in S

new matched edge

(a) (b)

nodes in S

# � #�$�

# �
# $�

&(��#%��$����<�������
!��&%('

# � #�$�

# �
# $�

# � # $�

& ��#j��$����<�������
!1�)% '

Ç�A~C*�J?BM-vjupl}��F��smnVGF*EJC*A~EJChKqVJM�NBTWVJM"kJ�JHDM��8O��ÈmnI*E�KBADEQ�JA~EJC�KqVJMyoG?qIQIL�§Z

µ´��F��pA~�\�J�Æ��F�KWTWVJA~EJC�A~E­� * AUN:KqVJM@ADEGkJA~T"F�KqMjNªKBVJMÈ��F��pA~�\�J� EQ�J�\O�MX?¤IL�	oGF*AD?WN�I*� �§I*OGN�KqVGFLK¤T"FLE�O�MÈoJ?BIpT¥M"NBNqM"k
NqAD�h�JHÉKWFLEJM"I*�GNqH~P*Z�mnHDMjFL?BHDP���F�NqI*H~�pKBADI�E-KqI�KBVJM�NqTWVJMjkp�JH~ADEGC�oJ?BI*OJH~MX�ÆTXF*E�O�M@�GNqM"k-KBI\I*OJKBFLA~E�F���FLKBTWVJA~EJC�A~E­� * ZªR/I*?BM
A~E�KBMX?BM"N¦KqA~EJC*H~P*��FyN¦I�HD�JKqA~I*E�KqI�KBVJMs��F�KWTWVJADEGCyoJ?qI�OJH~MX�¾T"FLE-O�Ms�GNqM"khKqIyI�OpKBF*ADE�FyNqI*H~�pKqA~I*E�KqI�KqVJMÈNBTWVJMjkp�JH~ADEJCyoG?qI�OJHDM"�
*

"Q�JoGo�I�N¦Mn�nM:�GEGk\FÈ��F��pAD�h�J����F�KBTWVGADEJC@ADE-¢ ADE�� * Z�µsE\�JEJ��F�KWTWVJM"k\�*MX?qKqMX�`AUN�M¥�pM"TX�pKqMjkyI*EhFÈNqADEJC�HDMnoJ?BIQTXM"NBN¦I�?
�}VJA~HDMÈKqVJMÈILKqVGMX?:oG?qIpT¥MjNqNqI*?ªAUN�AUkpH~M*Z | �	KqVGMÈ��F��pA~�\�J� ��F�KBTWVGADEJC\VGF*NnN¦A~«XM 4 * �*KBVJMXESu 4 * �*M"?¦KBA~TXM"N�F*?qM}��F�KWTWVJM"k0��F*EGk
( 13u 4 * ��MX?qKqAUT¥MjNnF*?qM`HDMX�ëK}�JEJ��F�KWTWVJM"k	Z�Y6VGM@KBAD�-M`KqIh�GEJAUNqV�F*HDH�KBVJM �§I*OGN¤�}A~HDH	O�M�4 * G (71Îu 4 * � ( 164 * Z =ÈMXEGTXM
F���F��pAD�h�J����FLKBTWVJA~EJC-�}ADH~H0�-A~EJAD�-A~«XM�KBVJM�KqA~�-My?qM<J��GAD?BM"k�KqI�NBTWVJM"kp�GHDMyFLH~H�KqVGM �§I*OGN"Z

° MyEJI���F*?qC��JM`KqVGFLKsC*A~�*M"EfF-��FL�QA~�\�G����F�KWTWVJADEGC�¢ * �G�¤M�TXF*EfM¥�QKq?WF*T¥K}F�NBTWVJMjkp�JH~MyIL�ªN¦A~«XM ( 1"4 * ZnY6VJM\º*MXP
AUkpM"F�AUN¤KqVGFLKsM"F*TWVS��F�KBTWVGM"k	�§I*O�A~N}NBTWVJMjkp�JH~M"kSADE/F-N¦H~ILK6KBI*C*MXKqVJM"?6�}AÉKBVfF*EJILKBVJMX? �§I�O �8�}VJAUTWV���F%P�O�M�kpA +�M"?qM"E�K6�À?BI*�
KqVGM �§I*OfAÉKs�6F*N¤��F�KWTWVJM"kSKBI��xZ�Y6VGA~N6M"EGN¦�G?qMjN¤KqVGFLKs�nMykpI-EJI*Ks�GN¦M��-I*?BM`KqVGF*E (+1"4 * N¦H~ILKWNXZ
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¹0MXK\ù´O�M-KqVJM�Nq�JOGNqM¥KyIL�¤�*MX?qKqAUT¥MjN@KqVGFLK�V�F%�*M�ADEGkJMXC*?BMXM-zJZ-Y6VJM��ÀI*H~H~I��}ADEJCfTXF�N¦MjN@NqVJI��¾VJI��©F�NqTWVJMjkp�JH~M�TXFLE O�M
T¥I�EGN¦Kq?B�GTxKBM"k��À?BI*�Á�¾FLEGkf¢ * Z  6F�N¦AUTXF*HDH~P*���nM�VGF%��MsKBIh��FLº�M`Nq�J?BMÈKBVGF�K6�ÀI�?6F*HDH��§I�OGN¤KqVGFLKsFL?BMÈoGF*AD?BM"k­�JoSA~E/¢ * �Q�¤M
oGF*AD?6KBVJMX� �JofADE�KqVGM�NqTWVJMjkp�JH~M*ZªY6VJM��ÀI�HDH~I��}ADEGC�?B�JH~M"N}T"FLE�O�M�F*oJoJH~ADMjk­?BMXo�M"FLKqM"kJHDP�Z
v�Z | ��KBVJMX?BM�A~N}F*E��GEJ��F�KBTWVGM"kS�*MX?qKqMX�­A~E/ù}�JNqTWVJMjkp�JH~MyAÉKÈF*EGkS?qM"��I���M@ADK}�À?BI*���-Z
uJZ | ��KBVJMX?BM�AUNsF�oGF*AD?ÈIL� �§I*OGNÈADE¸ù�KBVGF�K�FL?BMy�-FLKBTWVJMjk�ADE¸¢+*L�GKBVJMXE/�¤M�NBTWVJM"kp�GHDMyKBVJM�oGF*AD?@FLEGk/kpM"HDMXKqM�O�ILKBV/KqVGM

�§I*OGN¤�À?BI*���-Z
| �@EGI*EJM�IL�@KqVJM
F*O�I���M­?B�JHDMjN-FL?BM�F*oJoJH~A~T"FLOJH~M*�:KqVJM"E F*HDH.�§I�OGN-ADE´ù¾FL?BMS��F�KWTWVJM"k �¤�-I�?qM"I��*MX?hM"F�TWV6�§I*O A~E´ù�A~N

��F�KWTWVJM"kS�}AÉKBV
F �§I*O�EJILKsA~E
ù6Z
¹0MXK�� ,��±ù´O�Mh��F�KWTWVJM"k
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