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Ã�S Ä£L Ä2c/Ä£ßu§±Å³Ä£S�NPO0RMLAT�O¡L�×kK/R R,T�Q]NPO�Q�T�Þ�Þ�ßPNÈc¼T�LMNÈÄ£O0RôÞ�Â�º�ßPNÈRMd0K/·kº¡ÉqLMd0K<äåOIL KHSMO0KHL¯ü�O�Q]NPO0K/KHSMNPO�Q�ö�T£RMØoÆ0Ä£S c/K
¥úäýüôö<Æ~§¯T�O0·�T8·*SAT5ÅúLBR LAT�O0·0T�S ·�ºIÉ�J<¸�Ê2äçÊ�T�O0·�Â0RAK/·�ºIÉnJ¹Þ$KHO�J���c/K¹Å³Ä£S¬Ä)��c/K"·�ÄIcHÂ�×kKHOIL R<RAT õ K/·�T£R
Úø`@Ü � JÕ¸øÊ*\�Á� åë�LMSMÉINPO�Q�L ÄaRMÞ$K/cHNìÅúÉ�Tkc/Ä£×a×kÄ£OsNPO¡L KHS cAdDT�O�Q�K8Å³Ä£SM×�T�L¼¾
öÛd0KHS KsNÈR�T�Ù<NÈ·�K õ T�SMNÈKHL¦É�Ä�Å�Ä£LMd0KHS�T�Þ�Þ�ßPNÈc¼T�LMNÈÄ£O0R¼ë<L Ä2Ä£ßÈR¼ë<T�O0·�ßPNPº�SAT�SMNÈK/R�T õ T�NPßËT�º�ßÈKsÅ³Ä£SnT�ßP×kÄ]RML�T�O¡É
Þ�ßËT�LçÅ³Ä£SM×s¾Õ`�T�OIÉ]¥FO0KHÙ¬KHS;§ZÞ�S Ä£Q]SAT�×a×aNPO�Q�ßËT�O�Q]ÂDT�Q�K/RøRMÂ0c dwT£R{¦¡T õ TkNPO0cHßPÂ0·�KiÚø`�Ü
RMÂ�Þ�Þ�Ä£SMLZNPO@LMd0KHNPS
c/Ä£S K�ßPNPº�SAT�SMNÈK/R � ¦�¸ZÚea�W* å¾
ö�SAT£cAØINPO�Q�c dDT�O�Q�K/RiNPOã·�ÄIcHÂ�×kKHOIL R8NÈR8T�O�NP×aÞ�Ä£SMLAT�O¡L8ÅúÂ�O0cHLMNÈÄ£ODT�ßPNPLåÉwLMdDT�Lic¼T�O�º�KqÂ0R K/·wNPO�O¡Â�×kKHS Ä£Â0R
T�Þ�Þ�ßPNÈc¼T�LMNÈÄ£O0RaT�O0· dDT£Ri×�T�O¡ÉãÂ0RAK/RiRMÂ0cAd T£RiNPO S K õ NÈRMNÈÄ£O
c/Ä£OILMS Ä£ß:¾?öÛd0K�·*NìÌ)KHS KHO0c/K�Ä£Â�LMÞ�Â�L�º�KHLåÙBK/KHO
LåÙBÄ�S K õ NÈRMNÈÄ£O0RøÄ�ÅôLMd0KoRAT�×kKq·�ÄIcHÂ�×kKHOILøNÈR"Ä�ÅúL KHO�Â0R K/·sL Ä�×�T�O¡ÂDT�ßPßPÉ@S K õ NÈKHÙ�c dDT�O�Q�K/R�Ä�ÅB·�ÄIcHÂ�×kKHOIL R¼ë
R ÄiLMd0KHNPSôÅ³Ä£SM×�T�L¬×�Â0RML¯º�KZK¼T£RMNPßPÉaS K¼T£·0T�º�ßÈK]¾�ÆDÄ£SBK.÷0T�×aÞ�ßÈK]ë2×kÄI·*N	�Dc¼T�LMNÈÄ£O0RBL Ä8LMd0K¹Ü)NPO¡Â*÷ � KHSMO0KHß�×�Â0RML
º�K?RMÂ�º�×aNPLML K/·òT£R�îøï"ð ñ¦·*NìÌ$Â�LMNPßÈRMósÞDT�L c d¨�0ßÈK/R
¥FLMd0K?×kÄ]RMLnc/Ä£×a×kÄ£O�ßPÉ�Â0RAK/· Å³Ä£SM×�T�LkÅ³Ä£S�L K.÷*L©�0ßÈK
·*NìÌ)KHS KHO0c/K/R;§.¾
ð¹Þ L ÄsO0ÄêÙ8ë�LMd0K�îøï"ðmñ¦·*NìÌ$Â�LMNPßÈRMónT�Þ�Þ�ßPNÈc¼T�LMNÈÄ£O0R � ü�¢{¢ + [][) ÛT�O0·��0ßÈKaÅ³Ä£SM×�T�LoT�S K�Â0RMÂDT�ßPßPÉ�Â0R K/·�Å³Ä£S
LMd�NÈRôLAT£R Ø$ë�R NPO0c/K<NPL�NÈR õ KHSMÉqÅ³T£R L¼ë]dDT£R¬T"dIÂ�×�T�O*æ:S K¼T£·0T�º�ßÈK"Ä£Â�LMÞ�Â�LÛT�O0·aNÈR¯T õ T�NPßËT�º�ßÈK¹Ä£Ok×kÄ]RML�Þ�ßËT�LçÅ³Ä£SM×kR
¥³T�O0·ÝNÈRÕÅúÄ£SÕK.÷0T�×aÞ�ßÈK8Â0R K/·�NPO?LMd0K8c õ RZS K õ NÈR NÈÄ£Osc/Ä£O¡LMS Ä£ß�RMÉ2R L KH× � ¶ î�K¼T][Sa) -§.¾¯Æ0Ä£SZº�NPODT�SMÉ��0ßÈK/Rêë�LMd0KHS K
NÈRBÜ)NPº�Ú"X"NìÌ � Ü�NPºD\]_) åë¡º�Â�LBLMd�NÈR¬NÈR¬Ä£O�ßPÉ�Ä2c/c¼T£RMNÈÄ£ODT�ßPßPÉaÂ0R K/·ª¥³T�ßPLMd0Ä£Â�Q]dÝRMÂ�Þ�Þ�Ä£SML K/·kÅ³Ä£S¬K.÷0T�×aÞ�ßÈKZºIÉaLMd0K
Ã~¢"Ã�ÙBKHº?R cHSMNPÞ�LMNPO�QkßËT�O�Q]ÂDT�Q�K*§.¾
öÛd0K@îøï"ð ñ¦·*NìÌ�ósT�Þ�Þ�ßPNÈc¼T�LMNÈÄ£O«¥FÞDT�SMLnÄ�ÅZñ¦·*NìÌ�Â�LMNPßÈRçó�§qdDT£Ra×�T&¬MÄ£S�­�T/ÙÕRkÅúÄ£S�T�Þ�Þ�ßPNÈc¼T�LMNÈÄ£O Ä£O¡L ÄãÚ"`�Ü
·0T�LAT*»kÆ�NPS RMLqÄ�Å¹T�ßPß:ë�NPLqÄ£Þ�KHSAT�L K/RqßPNPO0K.æ:ºDT£R K/·)ë�Ù<d�NÈc d NÈRoTsºDT£·'RM×�T�ßPßÈK/RMLqÂ�O�NPLiÅ³Ä£S�cAdDT�O�Q�K/R¼ëôRMNPO0c/KnNPO
Úø`@ÜwÙ<d�NPL K/RMÞDT£c/KøRMÂ0cAd?T£RBßPNPO0K¹Ù<SAT�Þ0RÛNÈRÛÄ�ÅúL KHO�O0Ä£LÛR NPQ]O�N	�Dc¼T�O¡L¼¾¯ä¦OnÅ³T£cHL¼ë�T�º�NPQoÚ"`�Ü��0ßÈK"c/Ä£O0R NÈRMLMNPO�Q
Ä�Å¹TÝRMNPO�Q]ßÈKnßPNPO0Kk×�T¼É�º$KnK@�¡Â�N õ T�ßÈKHO¡LqL Ä@Ts×iÂ�ßPLMNìæ:ßPNPO0K��0ßÈKkÙ<NPLMd
S K/RMÞ�K/cHLiL ÄsLMd0KHNPSqÞDT�S R K/·
c/Ä£O¡L KHO¡L Rê¾
Ê2K/c/Ä£O0·*ßPÉ�ë�îøï¹ð�ñ¦·*NìÌ�ó<NÈR�O0Ä£LBT¼ÙBT�S K¹Ä�Å�LMd0KZRMLMSMÂ0cHLMÂ�S K/·kODT�LMÂ�S K¹Ä�Å�LMd0KÕÚ"`�Ü?·0T�LAT*ë¡º�Â�L¯LMS K¼T�L RôNPLBT£R¬T
RMLMSMNPO�QiÄ�Å�cAdDT�SAT£cHL KHS R¼¾ô¸"R¯TøLMd�NPS ·aÞ�Ä£NPO¡L¼ë2Ä£S ·�KHSMNPO�Q�Ä�Å�RMÂ�º�LMS K/K/R¯NPOnT�O�Úø`@Üh�0ßÈKÕ×�T/Éoº�K<NPO0RMNPQ]O�N	�Dc¼T�OIL
¥4Å³Ä£S�K.÷0T�×aÞ�ßÈK]ëZKHOILMSMNÈK/RÝNPOéT�O©T£·�·*S K/R R�º�ÄIÄ£Ø LMdDT�LÝc¼T�O©K¼T£RMNPßPÉ�º�K?RAÄ£SML K/· Ù<d0KHOéO0K/K/·�K/·=§aYòîøï"ð
ñ¦·*NìÌ�Â�LMNPßÈRçóø·�Ä£O}® L¹RMÂ�Þ�Þ$Ä£SML¹RMÂ0c dsS K.æåÄ£S ·�KHSMNPO�Q�Rêë0º�Â�L<Ù<NPßPßûc/Ä£O0RMNÈ·�KHSZLMd0K/R K�NPO0R KHSMLMNÈÄ£O0R"T�O0·Ý·�KHßÈKHLMNÈÄ£O0R¼¾
öÛd0K�º�NPQ]Q�K/RML@Þ�S Ä£º�ßÈKH×�Ä�ÅkT�Þ�Þ�ßPÉINPO�Q©îøï"ðÑñ¦·*NìÌ�óp¥³T�O0·�RMNP×aNPßËT�S?L Ä£Ø�KHO*æAë�O0Ä£LsßPNPO0K.æ:ºDT£R K/·�ßÈÄ£O�Q�K/RMLçæ
c/Ä£×a×kÄ£O*æåRMÂ�º0R K@�IÂ0KHO0c/K�NP×aÞ�ßÈKH×kKHO¡LAT�LMNÈÄ£O0R;§nL Ä
Úø`@Ü¯�0ßÈK/R�NÈR�LMdDT�LnNPLn×�T¼É�×aNÈRM×�T�L c d©cHßÈÄ]RMNPO�Q T�O0·
Ä£Þ�KHO�NPO�QkLAT�Q�R¼ë0T£RÕÆ�NPQ]Â�S Kk½�NPßPßPÂ0R LMSAT�L K/R¼¾
öÛd0Koc dDT�O�Q�K/RiT£R�c¼T�ßÈcHÂ�ßËT�L K/·wºIÉ�î�ï¹ð ñ¦·*NìÌ�ó õ NÈÄ£ßËT�L KqLMd0KqÙ¬KHßPßìæ³Å³Ä£SM×kK/·*O0K/R RiÄ�ÅÛT�O�Úø`�Ü ·�ÄIcHÂ�×kKHOIL¼»
öÛd0K/R K�T�S KkO0Ä£LiKHßÈKH×kKHO¡LAT�SMÉ�LMS K/KnÄ£Þ$KHSAT�LMNÈÄ£O0R�¥FN:¾ K]¾nT£·�·*NPLMNÈÄ£O0R¼ë�·�KHßÈKHLMNÈÄ£O0R¼ë±×kÄ õ K/R;§.ë±º�Â�L8S KH×kÄ õ K�LMd0K
cHßÈÄ]RMNPO�QkLAT�QnÄ�Å�Ä£O0KøO0Ä2·�K]ëDT�O0·ÝLMd0K�Ä£Þ�KHO�NPO�QkLAT�Q�Ä�ÅôTo·*NìÌ�KHS KHOILZO0Ä2·�K]¾
öÛd0K�dDT�O0·2æ:×�T£·�K8ñåÞDT�L c d*ó�¥FLMd0K8Ä£Â�LMÞ�Â�LZÅúÄ£SM×�T�L¹Ä�Å¯î�ï¹ðgñ¦·*NìÌ�ó"NÈRÕÂ0RMÂDT�ßPßPÉ�S K.ÅúKHSMS K/·?L Ä�T£RZT�ñåÞDT�L cAd*ó�§



�
�������������������������� 
!
���"�#�%$&�#��')(*���+�-,/.0�#�����1�32%�� /46587:9;9�,=<;<;���%>6?32�'@?��BA%4@C�C�9 Á

Æ�NPS RMLÕR Ä£Â�S c/K8·�Ä2cHÂ�×kKHO¡L¼»
°l±S²S³=´pµ/¶n·=¸0¹nºS»0¼�½�¾}¿�ÀU½&±lÁ
°lÂ0Á
°nÃ/Á
°wÄnÅ0Á

°lÅSÃwÁ
°nÃ/Á
°wÄnÅ0Á

°lÅSÃwÁ
°lÅ0ÂlÁ

Ê2K/c/Ä£O0·?R Ä£Â�S c/K8·�Ä2cHÂ�×kKHO¡L
°0±n²�³
´Fµw¶S·
¸0¹Sºn»�¼K½�¾�¿�ÀK½*±lÁ
°0ÂlÁ
°SÃwÁ
°wÄSÅlÁ
°wÄSÅlÁ

°0ÅnÃwÁ
°0ÅlÂ0Á

áZK/R Â�ßPLZT£R<Q�KHO0KHSAT�L K/·sºIÉÝîøï"ðgñ¦·*NìÌ�óA»
°0±n²�³
´Fµw¶S·
¸0¹Sºn»�¼K½�¾�¿�ÀK½*±lÁ
°0ÂlÁ
°SÃwÁ
°wÄSÅlÁ

Æ °0ÅnÃwÁ
Æ °SÃwÁ

°wÄSÅlÁ
°0ÅnÃwÁ

°0ÅlÂ0Á

¢øT�O0·2æ:×�T£·�KøñåÞDT�L cAd*óA»
°l±S²S³
´Fµ/¶n·
¸�¹nºS»0¼K½l¾}¿�ÀU½*±0Á
°lÂ0Á
°nÃwÁ
°/ÄnÅ0Á

Ç °/ÄnÅ0Á
°lÅnÃ/Á

Æ °nÃwÁ
Æ °/ÄnÅ0Á
Æ °lÅnÃ/Á
°lÅ0ÂlÁ

Æ�NPQ]Â�S Kk½]»�¸ZÞ�Þ�ßPÉ2NPO�Q�îøï"ðéñ¦·*NìÌ�ó"Å³Ä£S<Ú"`�Üã·0T�LAT
Ä£O�ßPÉ�Â0R K/R�KHßÈKH×kKHO¡LAT�SMÉ�LMS K/K¬Ä£Þ�KHSAT�LMNÈÄ£O0R�RMÂ0c daT£RûLMd0K¬NPO0R KHSMLMNÈÄ£OoÄ�Å�T<O0Ä2·�K¬Ä£S±LMd0K¬·�KHßÈKHLMNÈÄ£OaÄ�Å�TZRMÂ�º�LMS K/K]¾

�O�uÈ ÉfÊ~��Ë&�����~Ì¨Í��ÏÎÑÐ���ÒÑÓªÔ�ÔÖÕ���×w�K���#����Ë

öÛd0K8LAT£R Ø�Ä�Å�Q�KHO0KHSAT�LMNPO�QÝTqñåÞDT�L cAd*ó�ÅúÄ£S¹Ú"`�ÜØ�0ßÈK/R¹ºDT£RMNÈc¼T�ßPßPÉÝc/Ä£O0RMNÈRML R"Ä�Å�LåÙ¬ÄnÞDT�SML R¼¾ÛöÛd0Ke�0S R LÕÞDT�SML
NÈR"NÈ·�KHO¡LMNìÅúÉINPO�QÝLMd0KocAdDT�O�Q�K/Rr¥úÄ£S"×kK¼T£R Â�SMNPO�QÝLMd0KqR NP×aNPßËT�SMNPLåÉ
§.ë�LMd0KqRAK/c/Ä£O0·@NÈRøL ÄnQ�KHO0KHSAT�L KkT�O�Ä£Â�LMÞ�Â�L
Å³Ä£S<LMd0K/R K8c dDT�O�Q�K/Rê¾
Æ0Ä£SÛK¼T£c d�Ä�Å�LMd0K/R KÕÞDT�SML Rêë¡LMd0KHS KøT�S K¹·*NìÌ)KHS KHO¡L<T�Þ�Þ�S Ä�T£c d0K/Rê¾ôÆ0Ä£SB×kK¼T£RMÂ�SMNPO�Q�LMd0K"RMNP×aNPßËT�SMNPL¦É�ë�Ê$¾2Æ�ßÈK/R c¼T
KHL�T�ß � Æ�`�` + \]¿& �NPO¡L KHSMÞ�S KHLøLMd0Ko·�ÄIcHÂ�×kKHOIL R8T£RZLMNP×kKoR KHSMNÈK/RøT�O0·?Â0RAK8Å:T£RMLÕÅ³Ä£Â�SMNÈKHSøLMSAT�O0RçÅ³Ä£SM×�T�LMNÈÄ£O0R¼ë
LMd0KoLMSAT£·*NPLMNÈÄ£ODT�ß¯T�Þ�Þ�S Ä�T£c d0K/RqT�S KoL Ä�·�ÄsT�ßÈÄ£O�Q�K/R Lçæåc/Ä£×a×kÄ£O*æåRMÂ�º0R K@�IÂ0KHO0c/K�¥úÜ�b<Ê/§"R K¼T�S cAdãÄ£OwL Ä£Ø�KHO0R
¥FßPNPØ�Ki·�Ä£O0Kiº¡É?îøï"ð©ñ¦·*NìÌ�óøÅ³Ä£SÕßPNPO0K/R;§.ë�Ä£SÕL ÄaNÈ·�KHO¡LMNìÅúÉÝNÈ·�KHO¡LMNÈc¼T�ß�RMÂ�º�LMS K/K/R"T�O0·sLMSMÉ�L ÄqñåQ]S Ä¼ÙÛó�LMd�NÈRÕL Ä
Toc/Ä£×aÞ�ßÈKHL KiRAÄ£ßPÂ�LMNÈÄ£O�¾
`�Ä]RML¯Þ�Â�º�ßPNÈRMd0K/·ÝT�ßPQ�Ä£SMNPLMd�×kRÛLMSMÉaL Ä�×aNPO�NP×aNPà¼K"LMd0K¹K/·*NPL<R cHSMNPÞ�LBÂ0R K/·kL Ä�LMSAT�O0RçÅ³Ä£SM×ÿÄ£O0K"·�Ä2cHÂ�×kKHO¡L<L Ä
LMd0K�Ä£LMd0KHS¼¾¬J¹LMd0KHS RÕ·�ÄoO0Ä£LZT£cHLMÂDT�ßPßPÉ�LMSMÉ�L Äf�0O0·�LMd0Kø×aNPO�NP×�T�ß±K/·*NPLÕR cHSMNPÞ�L¼ë*º�Â�L<LMSMÉnL ÄoRMÞ�K/K/·�Â�Þ�LMd0K
Þ�S Ä2c/K/R R¼ë0T£c/c/KHÞ�LMNPO�Q�L ÄkT£cAd�NÈK õ K�TaR Â�º$Ä£Þ�LMNP×�T�ß�S K/R Â�ßPLÛÅ³T£RML KHS¼¾
öÛd0KHS KøNÈRÕT�OsK.÷*L KHO0RMN õ Køc/Ä£×aÞDT�SMNÈR Ä£O?Ä�Å õ T�SMNÈÄ£Â0RÛÚø`@Üã·*NìÌ�T�Þ�Þ�ßPNÈc¼T�LMNÈÄ£O0RZ·�Ä£O0KøºIÉ�ToÆ�S KHO0cAdsODT�LMNÈÄ£ODT�ß
S K/R K¼T�S cAd?Q]S Ä£Â�Þ@T�LÕäýï¹á¹ä¦¸ � bB¸{¢ø\]¿& å¾
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ü�÷0T�×aÞ�ßÈK�T�Þ�Þ�ßPNÈc¼T�LMNÈÄ£O0R¹NPO0cHßPÂ0·�K]»�÷*É2·*NìÌwº¡É�ÙôKHS R Ä�T�L¹ä¦ï"áZäý¸ � bB¸"`�\]¿& åëDX"KHßPLAT�Úø`�Ü � `�Ä£OD\]\& åë*÷*·*NìÌ
� âéXebÛ\]_n åë]×a×k·*NìÌ � `@öÕ\*½6 åë�ßÈÄ£Q]NPßËT�ºk÷*×aßÈ·*NìÌ � Ü�Ä£Q� �T�O0·kä ¶ `�R�Úø`@ÜsX"NìÌsT�O0·k`�KHSMQ�KÕöûÄ2Ä£ß � ä ¶ `ªaSa& å¾
ü¯T£cAd�Ä�ÅZLMd0K/R KndDT£RoNPL R�Q�Ä2Ä2·'T�O0·'NPL RqºDT£· RMNÈ·�K/R¼¾wÆ0Ä£SaK.÷�T�×aÞ�ßÈK�LMd0Kn÷�·*NìÌòT�ßPQ�Ä£SMNPLMd�× � âòX%bÛ\]_& BY
Ù<d�NÈc d
cHßËT�NP×kRøL Ä��0O0·wLMd0Ko×aNPO�NP×�T�ßôK/·*NPLMNPO�QsR cHSMNPÞ�L"Y@Ä£O�ßPÉ@c/Ä£O0RMNÈ·�KHS R8O0ÄI·�K/RøÙ<NPLMd�LMd0KoRAT�×kKoßËT�º�KHßÈR
Ä£O�LMd0KÝÞDT�LMd�ÅFS Ä£× LMd0KsS ÄIÄ£LkL Äwº�KÝ×�T�L cAd0K/R�T�O0· LMdIÂ0R�c¼T�O�O0Ä£L�c/Ä£Þ$K�Ù<NPLMd S ÄIÄ£LaS KHODT�×kK/R�T�L�T�ßPß:¾
¸¹Þ�ÞDT�S KHO¡LMßPÉsLMd�NÈRøT�Þ�Þ�S Ä�T£c d�Å:T�NPßÈRZL Ä�S K/c/Ä£Q]O�NPà¼KiO0K/RMLMNPO�Q�c dDT�O�Q�K/R"NPO@Ú"`�Ü
·�Ä2cHÂ�×kKHO¡L Rêë�Ù<d�NÈcAdwT�S KoT
ÅúS K@�¡Â0KHOILZÄ£Þ$KHSAT�LMNÈÄ£OÝNPOÝÚ£¢"ö<`@Üª�0ßÈK/R¤¥4ÅúÄ£SÕK.÷0T�×aÞ�ßÈK8T£·�·*NPO�QnT °SÚ=¹*µ/Á KHßÈKH×kKHO¡LøT�S Ä£Â�O0·?Tq·�ÄIcHÂ�×kKHOIL
ÞDT�SML<Å³Ä£S<ßËT/É�Ä£Â�L¹S K¼T£R Ä£O0R;§
öÛd0K�K.÷0T�×aÞ�ßÈK©�0ßÈK/RqRMd0ÄêÙ<O NPO
Æ�NPQ]Â�S K�¿]¥úc/Ä£O¡LAT�NPO�NPO�QãTÝR NP×aÞ�ßÈKkO0K/RMLMNPO�Q@NPO õ KHS RMNÈÄ£OU§qT�ßPS K¼T£·*É�Þ�Ä]R K�T
Þ�S Ä£º�ßÈKH×ÿÅúÄ£SB×�T�O¡É�·*NìÌwT�Þ�Þ�ßPNÈc¼T�LMNÈÄ£O0R¼¾¯Ü�Ä£Q]NPßËT�º�Ú"`�Ü�·*NìÌ?Å³Ä£SÛK.÷�T�×aÞ�ßÈKÛ¬çÂ0RML¯S KHÞ�ßËT£c/K/RÛLMd0K"Ù<d0Ä£ßÈK{�0S RML
·�Ä2cHÂ�×kKHO¡Loº¡ÉãLMd0KnR K/c/Ä£O0·)ë�O0Ä£LoK õ KHO
Ø�K/KHÞ�NPO�QwLMd0KkS Ä2Ä£LqO0ÄI·�Kª¥FÙ<d�NÈc d'dDT£RqO0Ä£LqcAdDT�O�Q�K/·=§.¾s÷*É2·*NìÌ�ë
Þ�S Ä£ºDT�º�ßPÉkÄ£O0KÕÄ�Å)LMd0KÕº�K/RML�Úø`@Ü@·*NìÌ?T�Þ�Þ�ßPNÈc¼T�LMNÈÄ£O0RÛT õ T�NPßËT�º�ßÈK]ë2·�Ä2K/RôØ�K/KHÞkLMd0KZS ÄIÄ£LôO0Ä2·�K]ë�º�Â�L¬O0KHNPLMd0KHS
LMd0K °0ÂlÅlÁ O0Ä£S<LMd0K °nÃ/ÅlÁ O0ÄI·�K]¾
Æ�NPS RMLÕ·�Ä2cHÂ�×kKHO¡L¼»
°l±S²S³=´pµ/¶n·=¸0¹nºS»0¼�½�¾}¿�ÀU½&±lÁ
°n·/Á
°lÂ0Ál°nÃ/ÅlÁ0°lÅlÂ0Á

°lÅS·wÁ

î"SAT�Þ�d�»
r

a

b

Ê2K/c/Ä£O0·@·�ÄIcHÂ�×kKHOIL¼»
°0±n²�³
´Fµw¶S·
¸0¹Sºn»�¼K½�¾�¿�ÀK½*±lÁ
°S·wÁ
°SÃwÁl°0ÂlÅ0Ál°lÅSÃwÁ

°0Ån·/Á

î"SAT�Þ�d�»
r

b

a

Æ�NPQ]Â�S Ki¿*»BÊINP×aÞ�ßÈK�L K/RMLÕ·�Ä2cHÂ�×kKHO¡L R
öÛd0K¬L K/RML±·�Ä2cHÂ�×kKHO¡L R�NPOoÆ�NPQ]Â�S KB_ÕÞ�S ÄI·*Â0c/K õ KHSMÉic/Ä£×aÞ�ßÈK.÷iS K/RMÂ�ßPL R±º¡É�Ü�Ä£Q]NPßËT�ºq÷2×aßÈ·*NìÌ�ë�LMdDT�L�c/KHSMLAT�NPO�ßPÉ
·�Ä
O0Ä£L�S K�­DK/cHL�LMd0K?NPOILMÂ�NPLMN õ K�cAdDT�O�Q�K/RsT�Þ�Þ�ßPNÈK/· L Ä
LMd0K?·�Ä2cHÂ�×kKHO¡L¼»ã×kÄ õ NPO�Q'LMd0K °lÂ0ÅlÁ T�O0· °SÃwÅ0ÁRMÂ�º�LMS K/K/R�NPO¡L Ä?LMd0K °wÄSÅlÁ O0ÄI·�K]ë±S KHÞ�ßËT£cHNPO�Q?LMd0K�L K.÷2L�ñ8Ü]óA¾nä¦O0RML K¼T£·
TÝO0KHÙmS Ä2Ä£L8O0ÄI·�K�NÈR�T£·�·�K/·)ë±LMd0K
Ä£ßÈ·nS ÄIÄ£L¬O0ÄI·�K¹NPL R KHßìÅ�NÈR¬S KHODT�×kK/·nL Ä °n²/ÅlÁ T�O0·�×kÄ õ K/·ÝT�S Ä£Â�O0·)ëILMd0K °n²/ÅlÁ O0Ä2·�KZNÈR¬ODT�×kK/· °SÝwÞ0ß ëILMd0K
°nÝ/ÅlÁ O0ÄI·�K�S KHODT�×kK/·sL Ä °wÄSÅlÁ KHL c]¾±Y�R K/K�Æ�NPQ]Â�S K�Á0¾
Æ�NPS RMLÕ·�Ä2cHÂ�×kKHO¡L¼»
°l±S²S³=´pµ/¶n·=¸0¹nºS»0¼�½�¾}¿�ÀU½&±lÁ
°n·/ºlºSàwÁ
°n²/Ál°nÝ/Á
°lÂlÁ=¾&°0ÅlÂlÁ
°nÃwÁ0ál°0ÅnÃwÁ
°wÄnÁ Ü °0ÅwÄnÁ

°lÅSÝwÁl°0Ån²/Á
°lÅS·wº0ºnàwÁ

î"SAT�Þ�d�»

ba c

1 2 3

x

y

r

Ê2K/c/Ä£O0·@·�ÄIcHÂ�×kKHOIL¼»
°0±n²�³
´Fµw¶S·
¸0¹Sºn»�¼K½�¾�¿�ÀK½*±lÁ
°S·wº0ºnàwÁ
°S²wÁl°SÝwÁ
°wÄSÁ
°lÂ0Á
¾&°0ÅlÂ0Á
°nÃ/Álál°0ÅnÃ/Á

°lÅ/ÄnÁ
°0ÅnÝwÁ0°lÅS²wÁ

°0Ån·/ºlºnà/Á

î"SAT�Þ�d�»

x

y

r

a

1

c

b

2Æ�NPQ]Â�S Ki_*»�`@Ä£S K8L K/RMLÕ·�ÄIcHÂ�×kKHOIL R
ü�÷*NÈRMLMNPO�Q�÷*×aßÈ·*NìÌÝT�Þ�Þ�ßPNÈc¼T�LMNÈÄ£O0RBÄ�ÅúL KHOkdDT õ KZT�OnÄ¼Ù<O�·*NìÌ�Å³Ä£SM×�T�L¼ë¡Ä£O�ßPÉoR Ä£×kKÕRMÂ�Þ�Þ�Ä£SML�ØIO0ÄêÙ<OkÅ³Ä£SM×�T�L R
RMÂ0cAd�T£RÕÚøð¹Þ$·0T�L K]¾BöÛd0K�Â0R K/·sÅúÄ£SM×�T�L RZdDT õ Ki·*NìÌ)KHS KHO¡L"Þ�S Ä£Þ�KHSMLMNÈK/R¼»¬RAÄ£×kKiT�S K8Úø`@ÜãÅúÄ£SM×�T�L RZLMd0KH×oæ
R KHß õ K/R¼ë*Ä£LMd0KHS RÕT�S K"O0Ä£L%¥úK]¾ Q0¾�Ü�Ä£Q]NPßËT�º�÷*×aßÈ·*NìÌ@Ä£Â�LMÞ�Â�LÛÅúÄ£SM×�T�L;§.ë�RAÄ£×kKøT�ßPßÈÄêÙ�T�Q]Q]S KHQ¡T�LMNÈÄ£OsÄ�Å�cAdDT�O�Q�K/R
Ù<NPLMd0Ä£Â�LÕØ2O0Ä¼Ù<ßÈK/·*Q�K�Ä�Å±LMd0K8Ä£SMNPQ]NPODT�ßO�0ßÈKr¥úK]¾ Q0¾2÷*É*·*NìÌ@Å³Ä£SM×�T�L;§ÛT�O0·sR Ä£×kKHLMNP×kK/R<LMd0KHS K8NÈRÛO0ÄaÞ�S Ä£Q]SAT�×
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J¹Â�LMÞ�Â�LÕºIÉ�ÜûÄ£Q]NPßËT�ºs÷*×aßÈ·*NìÌ�NPOÝNPL R¹Ä¼Ù<OÝÅ³Ä£SM×�T�L¼»
â ÂSãlã/¶n»0Ú Æ*ä ¹*·
¸)à~å�ÅQå�°S·wºlºSàwÅ0Ápæ
â ·/¶n»/Â&³
¶tå�Ån·wº0ºnà â áSæ~åh²0æ
â ³=ºnµ/¶ Æ*ä ¹*·=¸&à~å�ÅS² â ¾*æså�Ån·/ºlºSà â ¾*ælæâ ·/¶n»/Â&³
¶tå�Ån·wº0ºnà â ¾8æwÅn² â ¾8æwÅn² â ¾8æ~å�Ý�æ
â ·/¶n»/Â&³
¶tå�Ån·wº0ºnà â ¾8æwÅn² â ¾8æwÅnÝ â ¾8æwÅnÝ â ¾8æ~å
Ä)æ
â ·/¶&³=ºnµw¶tå�Ån·wº0ºnà â ¾8æwÅn² â ¾8æwÅnÝ â ¾8æwÅwÄ â ¾8æwÅwÄ â ¾8æ0æ

î"SAT�Þ�d�NÈc¼T�ß�NPOIL KHSMÞ�S KHLAT�LMNÈÄ£O�Ä�Å�LMd0K�Ä£Â�LMÞ�Â�L¼»

ba

1 2

x

y

a

1

c

b

23

c

r

x

y

r

üô·*NPLôÄ£Þ�KHSAT�LMNÈÄ£O0R¼»�J¹O0K<·�KHßÈKHLMNÈÄ£O�ë¡Ä£O0KÛ×kÄ õ K]ë¡Ä£O0KT£·�·*NPLMNÈÄ£O�ë0LMd�S K/K8S KHODT�×kK/R¼¾

î"SAT�Þ�d�NÈc¼T�ß±·*NÈRMÞ�ßËT/ÉÝÄ�Å�LMd0K�NPO¡L KHO0·�K/·@c dDT�O�Q�K/R¼»

x

y

r

a

1

c

b

2

ba c

1 2 3

x

y

r

üô·*NPLsÄ£Þ�KHSAT�LMNÈÄ£O0RÝO0K/K/·�K/·)»�J¹O0K�·�KHßÈKHLMNÈÄ£O�ë"LåÙBÄ
×kÄ õ KiÄ£Þ�KHSAT�LMNÈÄ£O0R¼¾

Æ�NPQ]Â�S K�Á0»�áZK/RMÂ�ßPL<Þ�S Ä2·*Â0c/K/·sºIÉ�ÜûÄ£Q]NPßËT�ºs÷*×aßÈ·*NìÌ
T õ T�NPßËT�º�ßÈK8L ÄkT�Þ�Þ�ßPÉ�LMd0KøQ�KHO0KHSAT�L K/·@Ä£Â�LMÞ�Â�LZL ÄkT�OsÚø`@ÜØ�0ßÈK]¾
öÛd�NÈRaQ�Ä�T�ßZÄ�Åø×aNPO�NP×aNPà/NPO�Q LMd0K�ñ¦K/·*NPL�R cHSMNPÞ�LçóÝ×�T/É2º$K�NÈRkO0Ä£LnT�ßPÙBT¼É2R�LMd0KÝº$K/R LaÞ�SMNP×�T�SMÉ'Q�Ä�T�ß:¾ Æ0Ä£S
K.÷0T�×aÞ�ßÈK]ë�Þ�S Ä2·*Â0cHNPO�QÝT�O@dIÂ�×�T�O*æ:Â�O0·�KHS RMLAT�O0·0T�º�ßÈKkK/·*NPLøR cHSMNPÞ�LZ×�T¼Ésº$Ki×kÄ£S K õ T�ßPÂDT�º�ßÈK�NPO�R Ä£×kKqT�Þ*æ
Þ�ßPNÈc¼T�LMNÈÄ£O0R�¥úK]¾ Q0¾�Å³Ä£SaS K õ NÈKHÙ<NPO�Q c dDT�O�Q�K/R;§.¾òÊIßPNPQ]d¡LMßPÉ O0Ä£O*æ:×aNPO�NP×�T�ß¹K/·*NPLkR cHSMNPÞ�L RnT�S KsT�ßPS K¼T£·*É Ä�ÅúL KHO
Þ�S K.Å³KHSMS K/·?Å³Ä£SZQ�KHLMLMNPO�Q�S K/RMÂ�ßPL R¹Å:T£RML KHSZY�Q�KHLMLMNPO�QsTkdIÂ�×�T�O*æ:S K¼T£·0T�º�ßÈKkÄ£Â�LMÞ�Â�Lø×aNPQ]d¡Løº�K�T�O0Ä£LMd0KHSøS K¼T5æ
R Ä£O�Å³Ä£S<LMd�NÈR¼¾
öÛd0KøT�×kÄ£Â�O¡L<Ä�Å±K/·*NPLÛÄ£Þ$KHSAT�LMNÈÄ£O0RBO0K/K/·�K/·�·�KHÞ$KHO0·�RÛÄ£O�LMd0K¹Ä£Â�LMÞ�Â�L¬Å³Ä£SM×�T�L£¥FÙ<d�NÈcAd�×�T¼ÉkÅ³Ä£S¬K.÷0T�×aÞ�ßÈK
O0Ä£L�NPO0cHßPÂ0·�Kôñå×kÄ õ K.óBÄ£Þ�KHSAT�LMNÈÄ£O0R;§.ë�T�O0·qÄ£O�LMd0K¬Â�Þ$·0T�L K¬Þ�S Ä2c/K/R R Ä£S�×kÄI·�KHß:»ûNPOiÚø`@Ü�Ù<NPLMdoX�J"`ç¥FÚ"`�Ü
X"ÉIODT�×aNÈcÛJ¹ºw¬çK/cHL±`@Ä2·�KHßu§.ëêL K.÷*L�O0Ä2·�K/R�Ù<NPßPß¡c/Ä£ßPßËT�Þ0RAKôÙ<d0KHO8LMd0K¬R KHÞDT�SAT�LMNPO�QZO0Ä2·�K�NÈR)S KH×kÄ õ K/·)ë£NPOiÄ£LMd0KHS
×kÄ2·�KHßÈR¬LMd�NÈRBNÈRÛ·*NìÌ)KHS KHO¡L¼¾ ¶ É�·�Ä£NPO�QkT�ßPß$L K.÷2LBO0ÄI·�K¹S KH×kÄ õ T�ßÈRÖ�0S RML<T�O0·ÝT�ßPß�L K.÷*L¬O0Ä2·�K�T£·�·*NPLMNÈÄ£O0RÛßËT£RML¼ë
×�T�O¡É�º�Â�LBO0Ä£L<T�ßPß�Ä�Å�LMd0K/R K¹c¼T£RAK/R¬c¼T�O�º$K"c/Ä õ KHS K/·)¾¯äåO�R Ä£×kK¹c¼T£RAK/R¼ë2T£·�·*NPLMNÈÄ£ODT�ß�ñ¦·*Â�×a×�É¡ó"O0ÄI·�K/R¬Ù<NPßPß
O0K/K/·wL Ä�º�K�NPO0RAKHSML K/·ãT�O0·wS KH×kÄ õ K/·
T5ÅúL KHSMÙBT�S ·�Rêë�NPO0cHS K¼T£RMNPO�QÝLMd0KoS K¼T�ßôK/·*NPL8Ä£Þ�KHSAT�LMNÈÄ£O c/Ä£Â�O¡L¼¾o¸¹ßÈR Ä�ë
·�KHßÈKHLMNPO�QqT8R K@�¡Â0KHO0c/KZÄ�Å�O0Ä£SM×�T�ß�O0ÄI·�K/R¬·*NìÌ�KHS R�ÅFS Ä£×m·�KHßÈKHLMNPO�QoT�R K@�IÂ0KHO0c/KZÄ�Å�×aNì÷*K/·�L K.÷2L¯T�O0·�O0Ä£SM×�T�ß
O0Ä2·�K/R¼»ÛÙ<d0KHOwT�ßPß�O0Ä£SM×�T�ß�O0ÄI·�K/RøT�S Kq·�KHßÈKHL K/·)ë�LMd0K�L K.÷*L¹O0Ä2·�K/RZdDT õ Koc/Ä£ßPßËT�Þ0R K/·�T�O0·�c¼T�O�º$Kq·�KHßÈKHL K/·
NPOÝÄ£O0KøÄ£Þ$KHSAT�LMNÈÄ£O�¾ô¸¹Q¡T�NPO�ë�T�d¡Â�×�T�O*æ:Â�O0·�KHS RMLAT�O0·0T�º�ßÈK�K/·*NPLÛRAcHSMNPÞ�LBNÈRBÞ�S K.Å³KHSAT�º�ßÈKøL ÄqT�×aNPO�NP×�T�ß�Ä£O0KZY
K/·*NPLMNPO�QkLMd0K�L K.÷*L<O0Ä2·�K/R¹T�L<LMd0K8RAT�×kKøLMNP×kK�T£RÕK/·*NPLMNPO�QkLMd0K�O0KHNPQ]dIº$Ä£SMNPO�QnO0ÄI·�K/R<NÈRÕÞ�S K.ÅúKHSMS K/·)¾
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âòd0KHO�É�Ä£ÂØ¬çÂ0RMLkc/Ä£Â�O¡LnLMd0KÝO¡Â�×�º$KHS�Ä�Å"Â�Þ�·0T�L KsRMLAT�L KH×kKHOIL R�NPO Ú"ð¹Þ$·0T�L KÝÅúÄ£SkK.÷0T�×aÞ�ßÈK]ëBÉ�Ä£Â c¼T�O
LMSAT�O0RçÅ³Ä£SM×�Ä£O0KÕ·�Ä2cHÂ�×kKHO¡L¬L Ä�T�OIÉoÄ£LMd0KHS¬Ù<NPLMde¬çÂ0RMLôLåÙBÄ8ÚøðZÞ�·0T�L KÕRMLAT�L KH×kKHOIL R¼»�Ä£O0KZ·�KHßÈKHLMNPO�Q�LMd0KÕÄ£ßÈ·
·�Ä2cHÂ�×kKHO¡L¼ëDÄ£O0K8NPO0R KHSMLMNPO�QkLMd0K�O0KHÙ8¾
öÛd0KHS K.Å³Ä£S K]ë*LMd0K"c/Ä£Â�OIL<Ä�Å�K/·*NPLÛÄ£Þ$KHSAT�LMNÈÄ£O0R<NÈRBO0Ä£L<T�Ù¬KHßPßìæåRMÂ�NPL K/·�×kK¼T£RMÂ�S K¹Å³Ä£SBc/Ä£×aÞDT�SMNPO�QaLMd0K£�IÂDT�ßPNPLåÉ
Ä�ÅôTo·*NìÌ�KHS KHO0c/K�·�K/R cHSMNPÞ�LMNÈÄ£O�¾

�O�uè ÓéÐ]��Ò�ê
ë�êU���
ÓªÔ�Ô�ël�}�O×lì

öÛd0K©�0S R L8LMd�NPO�QsLMdDT�L�c/Ä£×kK/RiL Äs×aNPO0·�Ù<d0KHO
LMd�NPO�ØINPO�QwT�º$Ä£Â�LqT�º$KHLML KHSf�¡ÂDT�ßPNPL¦É�c/Ä£×aÞDT�SMNÈR Ä£O�ë�NÈR8L Ä
ßÈÄ2Ä£Ø�T�L<LMd0K�OIÂ�×iº�KHS¹Ä�Å�O0ÄI·�K/RÕØ�KHÞ�L¤¥úÄ£SZc dDT�O�Q�K/·=§.¾
ð¹O*ÅúÄ£SMLMÂ�ODT�L KHßPÉ�ë�LMd�NÈRÕT�ßPßÈÄêÙÕRBÅúÄ£SÛÂ�O�O0K/c/K/R R,T�SMÉª¥³T�O0·�Â�O¡ÙÛT�O¡L K/·=§<×kÄ õ K/RÕÄ�Å�O0ÄI·�K/RÛNPO�LMd0Kø·�ÄIcHÂ�×kKHOILÛY
T£R"ßÈÄ£O�QsT£RøLMd0K�O0Ä2·�K�NÈR�RMLMNPßPß�T�OIÉIÙ<d0KHS KoNPOwLMd0KoÄ£LMd0KHS�·�ÄIcHÂ�×kKHOIL¼ë)LMd�NÈRøÙ¬Ä£Â�ßÈ·wº�Kqc/Ä£O0RMNÈ·�KHS K/·wQ�ÄIÄ2·)¾
ÊILMSMÂ0cHLMÂ�S K8NÈRÕO0Ä£L<O0K/c/K/R RAT�SMNPßPÉ�Þ�S K/R KHS õ K/·)ë0cAdDT�O�Q�K/RZ×�T¼É�º�KødDT�S ·ÝL ÄoS K õ NÈKHÙ8¾
öÛd�NÈR¹ßÈK¼T£·�RZL Ä�LMd0Kic/Ä£O0c/KHÞ�LøÄ�Å�LMSMÉ2NPO�Q�L Ä�Þ�S K/R KHS õ K8LMd0K�RMLMSMÂ0cHLMÂ�S K]»<ä¦O0RML K¼T£·sÄ�ÅôßÈÄ2Ä£ØINPO�Q�T�LZLMd0K8OIÂ�×oæ
º�KHS8Ä�ÅBO0Ä2·�K/R8Þ�S K/R KHS õ K/·)ë±LMd0KoO¡Â�×�º$KHSoÄ�ÅÛS KHßËT�LMNÈÄ£O0R8º�KHLåÙ¬K/KHO
Þ�S K/R KHS õ K/·ãO0Ä2·�K/R�LMdDT�LiK.÷*NÈRML�NPOãº�Ä£LMd
·�Ä2cHÂ�×kKHO¡L R"NÈRZßÈÄ2Ä£Ø�K/·sÂ�Þ�Ä£O�¾ÕöÛd�NÈR¹NÈR"T�O�K.÷2L KHO0R NÈÄ£O@Ä�Å¬T�º�Ä õ KoT�Þ�Þ�S Ä�T£c d�»ZT�·�ÄIcHÂ�×kKHOIL¹O0Ä£L"Ø�K/KHÞ�NPO�Q
T�O0ÄI·�K¹Ù<NPßPß�O0Ä£LÛº$K�T�º�ßÈK"L ÄqØ�K/KHÞÝT�OIÉnÄ�ÅûLMd0K"S KHßËT�LMNÈÄ£O0RÕÄ�Å±LMd�NÈR¬O0Ä2·�K]ë*Ù<d0KHS K¼T£RÕTq·�ÄIcHÂ�×kKHOIL<Ø�K/KHÞ�NPO�Q
T�O@T£·�·*NPLMNÈÄ£ODT�ß�O0Ä2·�K�Ù<NPßPß�Ø�K/KHÞ�T�L<ßÈK¼T£RML¹T£R<×�T�OIÉ�S KHßËT�LMNÈÄ£O0Rê¾
öÛd0K¬T�Þ�Þ�S Ä�T£cAdoÞ�S K/R KHO¡L K/·�NPOiLMd�NÈR±ÞDT�Þ$KHS�·*NìÌ�KHS RûÅúS Ä£×�LMd0K¯Ä£O0K/R�cHNPL K/·8NPO�LMd0KôÞ�S K õ NÈÄ£Â0R±RAK/cHLMNÈÄ£O�º�K/c¼T�Â0R K
NPL�LMSMNÈK/R�L Äîírï8ðnñ-í�ñóò&ô¡õ-öwô�÷�õ[ø�ùwú8õ[ù0ø3ôsûUøüô�÷@ô�ø�ý)ôüþ�·*Â�SMNPO�Q"LMd0KBLMSAT�O0RçÅ³Ä£SM×�T�LMNÈÄ£O�ë]Ù<d0KHS KÛRMLMSMÂ0cHLMÂ�S KBNÈR�Q]N õ KHONPOsÅ³Ä£SM×ÒÄ�ÅôTnc/Ä£Ow�0Q]Â�SAT�º�ßÈKqS KHßËT�LMNÈÄ£O�Ä£O@LMd0KiO0Ä2·�K/RÕYnÅ³Ä£S¹K.÷0T�×aÞ�ßÈKiÂ0RMNPO�Q�T�O@ÚøÃ�T�LMd�K.÷*Þ�S K/R RMNÈÄ£O�¾Õä¦O
T R K/c/Ä£O0·éSMÂ�O�ë"Ù<d0KHO©LMd0Kwº�K/RMLÝRMLMSMÂ0cHLMÂ�S K�Þ�S K/R KHS õ T�O0c/K�dDT£R�º�K/KHOéÅúÄ£Â�O0·)ë"LMd0K�Ä£Â�LMÞ�Â�L�ÅúÂ�O0cHLMNÈÄ£O0R
Ù<NPßPßôLMd0KHO
LMSMÉ�L Ä?Ä£Þ�LMNP×aNPà¼KkLMd0K�K/·*NPL�R cHSMNPÞ�L8L Ä@T£cAd�NÈK õ KkLMd0KaNPOIL KHO0·�K/·
cAdDT�O�Q�K/RiNPO'T�O
K���cHNÈKHO¡LoT�O0·
Â�O0·�KHS RMLAT�O0·0T�º�ßÈKiÙBT/É�¾
Æ0Ä£SôÂ�O0·�KHS R LAT�O0·*NPO�QiLMd�NÈR¯T�Þ�Þ�S Ä�T£cAd�ë¡NPLôNÈR�NP×aÞ�Ä£SMLAT�O¡L¬L Ä�º�K/c/Ä£×kKBÅ³T�×aNPßPNËT�SôÙ<NPLMd�LMd�NÈR�O0Ä£LMNÈÄ£O�Ä�Å�ñ¦RMLMSMÂ0c.æ
LMÂ�S K.óÛT�O0·�ñ¦R LMSMÂ0cHLMÂ�S K<RMNP×aNPßËT�SMNPLåÉIóA¾�¸ZßPº�KHNPL�LMd0KÛc/Ä£×a×kÄ£OkÂ0R KBÙ<NPßPß0·�K��0O0K<RMLMSMÂ0cHLMÂ�S KÕT£R�º�KHNPO�Q"LMd0K<cAd�NPßÈ·
S KHßËT�LMNÈÄ£O?Ä£S<LMd0Kø·�K/R c/KHO0·0T�OILZS KHßËT�LMNÈÄ£Oÿ¥³T�O0·�LMdIÂ0RBñ¦RMLMSMÂ0cHLMÂ�S K8RMNP×aNPßËT�SMNPL¦É¡ó8T£RÛdDT õ NPO�Q�RMNP×aNPßËT�SÕcAd�NPßÈ·ÝS K.æ
ßËT�LMNÈÄ£O0R�Å³Ä£S�×�T�L c d0K/·�O0ÄI·�K/R;§.ë�LMd0KZT�ßPQ�Ä£SMNPLMd�×	NÈR�O0Ä£L�ßPNP×aNPL K/·aL ÄøLMdDT�L¼¾�ð"RMNPO�Q�·*NìÌ)KHS KHO¡L¯S KHßËT�LMNÈÄ£O0R¯Q]N õ K/RT£·�·*NPLMNÈÄ£ODT�ßÛÞ$Ä]RARMNPº�NPßPNPLMNÈK/R¼»qÅ³Ä£S�K.÷0T�×aÞ�ßÈKnÙ<d0KHO'Â0RMNPO�Q�LMd0KnR NPº�ßPNPO�Q@S KHßËT�LMNÈÄ£O T£RqÙ¬KHßPß:ë�NPLqÙ<NPßPßBRMÂ�Þ�Þ�Ä£SML
Ä£S ·�KHS K/·�·�ÄIcHÂ�×kKHOIL R¼¾ô¸¹ßÈR ÄoT8ÙBKHNPQ]d¡LÛÅúÂ�O0cHLMNÈÄ£O�×�T¼É�º�KZÂ0RAK/·�L ÄoT£R RMNPQ]O�·*NìÌ�KHS KHOIL<NP×aÞ$Ä£SMLAT�O0c/K"L Ä�LMd0K
NPO0·*N õ NÈ·*ÂDT�ß�S KHßËT�LMNÈÄ£O0R¼¾
ä¦O0RML K¼T£· Ä�Å�LMSMÉ2NPO�Q L Äã×aNPO�NP×aNPà¼K@LMd0K?K/·*NPL�R cHSMNPÞ�L�ÙBK?c¼T�O LMSMÉ'L Ä ×�T�L c d©T£Rk×�Â0c dgT£RkÞ�Ä]R RMNPº�ßÈKsÄ�Å
LMd0K�RMLMSMÂ0cHLMÂ�S KwÄ�ÅiLMd0K?Úø`�Ü ·�Ä2cHÂ�×kKHO¡L RêëZÙ<d�NPßÈK�T�ßPßÈÄ¼Ù<NPO�Q'Å³Ä£S�cHÂ0R L Ä£× Þ�S K.Å³KHS KHO0c/K/R�¥Fº¡É c d0Ä2Ä]RMNPO�Q
LMd0KaS KHßËT�LMNÈÄ£O0RoT�O0·�Ù¬KHNPQ]dIL R;§.¾�öÛd0K�T�ßPQ�Ä£SMNPLMd�× ·�Ä2K/RMO}® L8ßÈÄ2Ä£Ø?Å³Ä£SicAdDT�O�Q�K/R¼ëûº�Â�L8ÅúÄ£S8Ø�K/KHÞ�NPO�Q@RMNP×aNPßËT�S
RMLMSMÂ0cHLMÂ�S K/RZNPO¡LAT£cHL¼¾
ä¦L¹NÈR¹O0Ä£LøßPNP×aNPL K/·@L Ä�T�Þ�Þ�ßPNÈc¼T�LMNÈÄ£OãÄ£O¡L Ä�ßËT�º�KHßÈK/·?LMS K/K/R�Ä£Sø·*NPS K/cHL K/·�T£cHÉ2cHßPNÈcqQ]SAT�Þ�d0R©¥úXÕ¸Zî%§.ë$º�Â�Løc¼T�O
Ù¬Ä£SMØ�Ù<NPLMd�T�SMº�NPLMSAT�SMÉ�Q]SAT�Þ�d0Rê¾±ä¦OqÅ³T£cHL�NPL�RMd0Ä£Â�ßÈ·qº$KBÙBKHßPßìæåRMÂ�NPL K/·qÅúÄ£S�Q�KHO0KHSMNÈcÛßËT�º�KHßÈK/·qQ]SAT�Þ�dkRMNP×aNPßËT�SMNPLåÉ
R K¼T�S cAd�»�Ù¬KøR K¼T�S c d�Å³Ä£S¬LMd0K¹×�T�Þ�Þ�NPO�Qaº�KHLåÙ¬K/KHO�LMd0K"LåÙBÄo·�ÄIcHÂ�×kKHOIL R<RMÂ0c d�LMdDT�LÕT8×�T5÷*NP×iÂ�× OIÂ�×iº�KHS
Ä�ÅûK/·*Q�K/R¬NÈRôØ�KHÞ�L¼¾�¸¹ßPQ�Ä£SMNPLMd�×kR¬ÙBÄ£SMØINPO�QoÄ£O�LMS K/K/RÛT�S K"Ä�ÅFL KHO õ KHSMÉkK���cHNÈKHO¡L¼ë2º�Â�L¬Â�O*Å³Ä£SMLMÂ�ODT�L KHßPÉ�ë2Ù<d0KHO
T£·�·*NPO�QiT£·�·*NPLMNÈÄ£ODT�ß�S KHßËT�LMNÈÄ£O0R¼ë]LMd�NÈR�Þ�S Ä£Þ�KHSMLåÉoÄ�ÅDLMd0KÛÚø`@Ü�·�Ä2cHÂ�×kKHO¡LôNÈR�ßÈÄ]RML�¥³T£·�·*NPO�Q�LMd0KÛ·�K/R c/KHO0·0T�OIL
T�O0·'Å³Ä£ßPßÈÄ¼Ù<NPO�Q£æåRMNPº�ßPNPO�QãS KHßËT�LMNÈÄ£O0R�Ù<NPßPß<×�T�Ø�K�LMd0K�Q]SAT�Þ�d º$K/c/Ä£×kKsT�XÕ¸ZîaëôT£·�·*NPO�QãS KHßËT�LMNÈÄ£O0RaL ÄãT�ßPß
RMNPº�ßPNPO�Q�R<Ù<NPßPßû×�T�Ø�K�NPL¹TqO0Ä£SM×�T�ß�Q]SAT�Þ�dU§.¾
ð"RMNPO�QnÚø`�Ü ·�ÄIcHÂ�×kKHOIL RiT�O0·wRMNP×aNPßËT�S�R KH×aNÈRMLMSMÂ0cHLMÂ�S K/·�·0T�LAT�T�ßPßÈÄ¼ÙÕRiT�×kÄ£S KoNPO¡LMÂ�NPLMN õ KkT�Þ�Þ�S Ä�T£cAdãL Ä



�
�������������������������� 
!
���"�#�%$&�#��')(*���+�-,/.0�#�����1�32%�� /46587:9;9�,=<;<;���%>6?32�'@?��BA%4@C�C�9 [

LMd0K�L Ä£Þ�NÈc�LMdDT�O?Q�KHO0KHSMNÈc�Q]SAT�Þ�d0R¹T£R<ÙBKHßPß±T£RÕRMd0ÄêÙ<NPO�Q�LMd0KøØ�KHÉÝRMLMS KHO�Q]LMd0R¼¾
ð"RMNPO�Q�LMd0KoT�ßPQ�Ä£SMNPLMd�× Ä£O�S K/c/Ä£S ·�RøÙ<NPLMd Tr��÷�K/·�RMLMSMÂ0cHLMÂ�S KiYsR Â0c d T£Rø·0T�LAT�ºDT£R KoLAT�º�ßÈK/R¹Ys×�T�Ø�K/R�O0Ä
R KHO0R K�¥úR NPO0c/KoLMd0KaRMLMSMÂ0cHLMÂ�S KaNÈR£��÷�K/·ãT�O0·�c¼T�O�O0Ä£L8º�KoÞ�S K/R KHS õ K/·�º�KHLML KHS8Ä£S�Ù¬Ä£S R K*§.ëûLMd0KHS K�T�S Ko×kÄ£S K
K���cHNÈKHO¡LZT�ßPQ�Ä£SMNPLMd�×kR<ÅúÄ£SÛRMÂ0c dsc¼T£RAK/R¼¾�öÛd�NÈRÕT�ßPQ�Ä£SMNPLMd�× NÈRB·�K/R NPQ]O0K/·�Å³Ä£SÖ�0O0·*NPO�QaRMNP×aNPßËT�SÕRMLMSMÂ0cHLMÂ�S K/RÛNPO
R KH×aNÈRMLMSMÂ0cHLMÂ�S K/·@·�ÄIcHÂ�×kKHOIL RZRMÂ0cAd@T£R<Úø`@ÜØ�0ßÈK/R¼¾
b¬d0Ä2Ä]RMNPO�QwLMd0KnS KHßËT�LMNÈÄ£O0RkT�O0·'ÙBKHNPQ]d¡L R¼ë¯LMd0KnÂ0RAKHSq×�T¼É'T�ßÈR Ä?Å³Ä£S c/K�K.÷0T£cHLq×�T�L c d0K/RoÅ³Ä£SqK.÷0T�×aÞ�ßÈKÝÄ£O
NÈ· T�LMLMSMNPº�Â�L K/R�¥FN:¾ K]¾)Â�O�N��IÂ0K�T�LMLMSMNPº�Â�L K/R;§8T�O0· K õ KHO�ÅúÄ£S c/KkÞ�S Ä£ÞDT�Q¡T�LMNÈÄ£O
L Ä�O0KHNPQ]dIº$Ä£SMNPO�Q�O0ÄI·�K/Rê¾köÛd0K
c d0Ä£NÈc/K�Ä�Å±S KHßËT�LMNÈÄ£O0R¼ë*Ù¬KHNPQ]dILÛÅFÂ�O0cHLMNÈÄ£O0RÕT�O0·ÝT�Þ�Þ�S Ä/÷*NP×�T�LMNÈÄ£O0RÕÙ<NPßPß)Ä�Å±c/Ä£Â�S RAK¹NPOw­0Â0KHO0c/KøLMd0KøK���cHNÈKHO0cHÉ
Ä�Å�LMd0KiT�ßPQ�Ä£SMNPLMd�×kR¼ë�L Ä2Ä�¾
Æ�NPODT�ßPßPÉ�ë�NPL�×�T¼É�º�KqÞ�S K.ÅúKHSAT�º�ßÈKkL ÄÝÂ0R KkT�×kÄ2·*N	�DK/·ãT�ßPQ�Ä£SMNPLMd�× LMdDT�L�NÈRøÅ:T£RML KHS"Y@K õ KHO�Ù<d0KHOãNPL8·�Ä2K/R
O0Ä£LÕQ]N õ K�LMd0K¹ñ¦Ä£Þ�LMNP×�T�ßìó8S K/R Â�ßPL¼¾

� � ����� �AÐÒ�AÓ�Ï<��� ��Î
ÊINPO0c/K"Ù¬KS® ßPß)·�K¼T�ß$Ù<NPLMd�×�T�OIÉn·*NìÌ)KHS KHO¡LÛS KHßËT�LMNÈÄ£O0R¼ë2NPLÛNÈR¯NP×aÞ�Ä£SMLAT�O¡L<O0Ä£LBL Äqc/Ä£O*ÅFÂ0R K¹LMd0KH×s¾ôöÛd0KHS K.Å³Ä£S K]ë
Ù¬KS® ßPßûQ]N õ KiTaRMd0Ä£SMLÕÄ õ KHS õ NÈKHÙ Ä�Å�LMd0KøS KHßËT�LMNÈÄ£O0R¹L Äoº$KøÂ0RAK/·?T�O0·Ý·�K��0O0K/·)»

½]¾Õü¬T£c d�·�Ä2cHÂ�×kKHO¡LôdDT£R¬T"S KHßËT�LMNÈÄ£OkS KHÞ�S K/R KHO¡LMNPO�QiLMd0K<RMLMSMÂ0cHLMÂ�S K<Ù¬KÛÙÛT�O¡L¬L Ä¹S KHLAT�NPO
¥úRMÂ0c d�T£RôcAd�NPßÈ·
S KHßËT�LMNÈÄ£O�ë�·�K/R c/KHO0·0T�OIL�S KHßËT�LMNÈÄ£O KHL c]¾ §.¾�öÛd�NÈRiS KHßËT�LMNÈÄ£O
NÈRic¼T�ßPßÈK/· LMd0K
ôüþ��0ô;÷�Ä�Å<LMd0KkQ]SAT�Þ�d
LMdDT�L
S KHÞ�S K/RAKHO¡L R¹LMd0K�·�ÄIcHÂ�×kKHOIL¼¾

¿*¾ ¶ KHL¦Ù¬K/KHO?L¦Ù¬ÄoO0Ä2·�K�R KHL RBLMd0KHS KøNÈRÕT��	�8þlô%÷;ñ-í�ñ�
óïnø�ñ-õ
�oS KHßËT�LMNÈÄ£O�ë�×�T�L cAd�NPO�Qoñ¦RMNP×aNPßËT�SçóøO0ÄI·�K/R%¥4Å³Ä£S
K.÷0T�×aÞ�ßÈK<ßËT�º�KHß�K@�¡ÂDT�ßPNPL¦É/§.¾�öÛd�NÈRôR Þ$K/cHN	�DK/R¼ë£Ù<d�NÈcAdkO0Ä2·�K/RôÄ�Å�LMd0KÖ�0S RMLô·�Ä2cHÂ�×kKHO¡LBT�S K<c¼T�O0·*NÈ·0T�L K/R
Å³Ä£S<º�KHNPO�Qk×�T�Þ�Þ$K/·sL ÄoÙ<d�NÈc d?O0Ä2·�K/RÕÄ�Å�LMd0K8R K/c/Ä£O0·s·�Ä2cHÂ�×kKHO¡L¼¾

_*¾Õ¸��	�*þlôî÷@ô6õ¡ú��Sø;ø3ô;÷#û����Uþlô��Kú�ôoNÈR"Tkc/Ä£ßPßÈK/cHLMNÈÄ£O@Ä�ÅôRMNP×aNPßËT�S¹O0ÄI·�K/Rêë�Å³Ä£SM×aNPO�Q�ToÞDT�SMLMNËT�ß�Ä£O0K.æ:L Ä�æåÄ£O0K
×�T�Þ�Þ�NPO�Qnº$KHL¦Ù¬K/KHO@LMd0K�LåÙBÄk·�ÄIcHÂ�×kKHOIL R¼¾¯öÛd�NÈRÕNÈRZT�ñåÞ�Ä]R RMNPº�ßÈK�R Ä£ßPÂ�LMNÈÄ£O*óA¾

Á0¾Õü¬T£c d?R KHLÕÄ�ÅÖøüô@õ#ïnñ���ôüþ�øüô�
	ïSõ[ñ����/÷8RML Ä£S K/R<ÅúÄ£Â�S<O0Ä2·�K/R¼ë2LåÙBÄkNPOÝK¼T£c dsLMS K/K]ëDRMÂ0c dÝLMdDT�LÕNPOÝK¼T£cAdsLMS K/K
LMd0KÕO0ÄI·�K/R¯T�S K<c/Ä£O�O0K/cHL¯º¡ÉaT�O�K/·*Q�KÕT�O0·aº�Ä£LMdaL Ä£Þ�T�O0·aº$Ä£LMdaº�Ä£LML Ä£×	O0Ä2·�KÛÞDT�NPS R¯T�S K¬ñ¦RMNP×aNPßËT�Sçó
¥FÙ<NPLMd�S K/RMÞ�K/cHL¯L Ä�LMd0KZR K/c/Ä£O0·nS KHßËT�LMNÈÄ£O�NPO�LMd�NÈRBßPNÈRML;§.¾�öÛd�NÈR¯NÈR¬LMd0K"R KHLôÙ¬K¹ÙBT�OILÛL Äi×kK¼T£RMÂ�S K"T�O0·
ÙBKHNPQ]d¡L"L Äac/Ä£×aÞDT�S K8LMd0Ke�IÂDT�ßPNPLåÉÝÄ�ÅôTq×�T�L c d�¾

ï"Ä£L K]»�ä¦OkLMd0KZÅúÄ£ßPßÈÄêÙ<NPO�Q�ÙBK¹T£R R Â�×kK¹T�ßPß�Ä£Â�SBR KHL RÛT�O0·�RMLMSMÂ0cHLMÂ�S K/RÛT�S K��0O�NPL K]¾�¸¹O¡ÉoL¦Ù¬Äo·*NPS K/cHL K/·�O0Ä2·�K
R KHL R<Ù<NPßPßûº$K8T£R R Â�×kK/·Ý·*NÈR[¬çÄ£NPOILÕÂ�O�ßÈK/R R<º�KHNPO�Q�K.÷*Þ�ßPNÈcHNPLÕO0Ä£L K/·sRMÂ�º0RAKHLÕÄ�Å�ToQ]N õ KHO?O0ÄI·�K�R KHL¼¾

Èt��� ÐØ�s×���� ê=�����Øë���ÔÛìÛË
¸ ·�ÄIcHÂ�×kKHOILZNÈRÕS KHÞ�S K/RAKHO¡L K/·sºIÉsT�O@T�SMº�NPLMSAT�SMÉs·*NPS K/cHL K/·ÿ¥FÞ�Ä]R RMNPº�ßPÉ�Ù¬KHNPQ]dIL K/·=§<Q]SAT�Þ�d

D = (V,E)
Ä£S

D = (V,E, ωE)
c/Ä£O0RMNÈR LMNPO�Q�Ä�Å�T¤�0O�NPL K8RAKHLÕÄ�Å±O0Ä2·�K/R

V
ë�TqS KHßËT�LMNÈÄ£O

E ⊆ V × V
c¼T�ßPßÈK/·�ñ¦K/·*Q�K/Rçó8T�O0·

K õ KHO¡LMÂDT�ßPßPÉÝT�Ù¬KHNPQ]dIL<ÅFÂ�O0cHLMNÈÄ£O
ωE : E → R

¾�öÛd0K"O0Ä£LAT�LMNÈÄ£O0R
v1 → v2

Ä£S
v1 →E v2

Ù<NPßPß�º$K¹Â0R K/·ÝT£R
RMd0Ä£SMLMdDT�O0·�Å³Ä£SÕLMd0K�K/·*Q�K

(v1, v2) ∈ E
¾

`@Â�ßPLMNìæ:Q]SAT�Þ�d0Rî¥FQ]SAT�Þ�d0RÛÙ<NPLMd�×kÄ£S K¹LMdDT�OÝÄ£O0KøK/·*Q�K"º$KHL¦Ù¬K/KHOÝLMd0KøRAT�×kK"LåÙBÄqO0ÄI·�K/R;§BT�S K"O0Ä£LÕT�ßPßÈÄ¼ÙBK/·)¾
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ï"Ä£L K�LMdDT�LkLMd�NÈRaS KHßËT�LMNÈÄ£O ·�Ä2K/RoO0Ä£LkdDT õ KÝL Ä�º�K�LMd0KÝK/·*Q�K/R�Ä�Å¹LMd0K?·�ÄIcHÂ�×kKHOIL�LMS K/K�¥FN:¾ K]¾�LMd0KscAd�NPßÈ·
S KHßËT�LMNÈÄ£O0R;§.ëIº�Â�L¯c¼T�Okº�KÕT�SMº�NPLMSAT�SMÉ�¾�ð¹R ÂDT�ßPßPÉ�LMd0KÕK/·*Q�K/R¬Ä�Å$LMd0KÕLMS K/KÕNPL R KHßìÅ�Ù<NPßPß0º�KÛÞDT�SML¯Ä�Å)LMd0K<S KHßËT�LMNÈÄ£O�ë
º�Â�LÕLMd0KHÉ�O0K/K/·ÝO0Ä£L¼ë0Ä£S<LMd0KHÉ�×aNPQ]d¡LZQ�KHL¹T£R RMNPQ]O0K/·?TqßÈÄêÙgÙ¬KHNPQ]dIL¹NPOsR Þ$K/cHN	�DcøÂ0R Kic¼T£R K/R¼¾

y{z}^
\�|tZuY0_S� Ü�KHL
V

º$KøLMd0K�RAKHLÕÄ�Å�O0Ä2·�K/R<ÅúS Ä£× TqQ]N õ KHOÿ¥u�0O�NPL K*§ÛLMS K/KiÄ£S<Ú"`�Üã·�Ä2cHÂ�×kKHO¡L¼¾
½]¾ÕÜûKHL

E1
º�KøLMd0K8c d�NPßÈ·sS KHßËT�LMNÈÄ£O@Ä�Å�LMd0KøLMS K/K]¾

¿*¾ÕÜûKHL
E2

º$K@LMd0K�T�O0c/K/RML Ä£Sçæå·�K/R c/KHO0·0T�O¡L@S KHßËT�LMNÈÄ£O ¥
E2

NÈR�LMd0K@LMSAT�O0R NPLMN õ K�cHßÈÄ]RMÂ�S KwÄ�Å
E1
§nT�O0·

ωE2
((v1, v2)) = 1

d

Ù<NPLMd
d

LMd0K8·*NÈRMLAT�O0c/K8Ä�Å�LMd0K�O0Ä2·�K/R<NPO
E1

¾
_*¾ÕÜûKHL

E3 := E′
3 ∪ E′′

3

ë
E′

3

LMd0K�ÞDT�S KHO¡LçæåcAd�NPßÈ·
S KHßËT�LMNÈÄ£O T�O0·
E′′

3

LMd0K�RMNPº�ßPNPO�Q�Ä£S ·�KHS�¥FN:¾ K]¾�T�LMSMÂ0K
R Â�º0R KHLZÄ�Å±LMd0Ki·�ÄIcHÂ�×kKHOIL¹Ä£S ·�KHS;§.¾

Á0¾ÕÜûKHL
E4

º�KøLMd0K8·�Ä2cHÂ�×kKHO¡LZÄ£S ·�KHS�¥³T£RÕÄ£º�LAT�NPO0K/·Ýº¡ÉÝ·�KHÞ�LMd*æ��0S RMLçæ:LMSAT õ KHS RAT�ßu§.¾
öÛd0KHO

D1 = (V,E1)
ë
D2 = (V,E2, ωE2

)
ë
D3 = (V,E3)

T�O0·
D4 = (V,E4)

T�S K�·�Ä2cHÂ�×kKHO¡L¹Q]SAT�Þ�d0R¼¾
Æ�NPQ]Â�S Ki^oRMd0ÄêÙÕRZK.÷0T�×aÞ�ßÈK/RZÄ�Å�LMd0K/R KøS KHßËT�LMNÈÄ£O0R¼¾

E1
»�cAd�NPßÈ·sS KHßËT�LMNÈÄ£O

E2
»ô·�K/R c/KHO0·0T�OILZS KHßËT�LMNÈÄ£O

E3
»ôcAd�NPßÈ·sÄ£S<Å³Ä£ßPßÈÄ¼Ù<NPO�Q£æåRMNPº�ßPNPO�QnS KHßËT�LMNÈÄ£O E4

» ·�ÄIcHÂ�×kKHOIL�Ä£S ·�KHS ¥FNP×a×kK/·*NËT�L K
R Â0c/c/K/Rçæ
R Ä£S RôRAÄ£ßPNÈ·)ë�c d�NPßÈ·�S KHßËT�LMNÈÄ£O�·�Ä£LML K/·)ëIÄ£LMd0KHS RôO0Ä£L
·*SAT/Ù<OU§

Æ�NPQ]Â�S Ki^*»ôü�÷�T�×aÞ�ßÈK/RÕÅúÄ£S<S KHßËT�LMNÈÄ£O0R
E1

ë
E2, E3

ë
E4

Ä£O@ToRM×�T�ßPßûLMS K/K
âãKndDT õ K�O0Ä¼Ù ·�K��0O0K/·'d0Ä¼Ù�T@·�ÄIcHÂ�×kKHOILqßÈÄ2Ä£Ø*RißPNPØ�K�ÅúÄ£SqLMd�NÈRaT�Þ�Þ�S Ä�T£c d�¾�ï"K.÷2L�Ù¬K�dDT õ K�L Ä�RMLAT�SML
NPO¡L KHS c/Ä£O�O0K/cHLMNPO�Q�O0Ä2·�K/RÛÅFS Ä£× LåÙ¬Än·�ÄIcHÂ�×kKHOIL R¼»

Èt�uÈ �ÿ����ê��t��� ��Õ#��ël���! �"ªê=Õ#�K���#����Ë
âãK"dDT õ K"L ÄqRMLAT�L K"Ù<d0KHOnL¦Ù¬ÄoO0Ä2·�K/R£¥FÙ<NPLMd0Ä£Â�L<LMd0K"c/Ä£O¡L K.÷*L;§ÛT�S K"c¼T�O0·*NÈ·0T�L K/RÛÅúÄ£SB×�T�L c d�NPO�Q0¾¯ð¹RMÂDT�ßPßPÉ
LMd�NÈRkÙ<NPßPßZº$KsR NP×aÞ�ßÈKÝLMd�NPO�Q�R�RMÂ0cAd T£RkßËT�º�KHßZK@�IÂDT�ßPNPLåÉ�ëÛº�Â�LkÙBKsc¼T�O Â0RAKsT�O T�SMº�NPLMSAT�SMÉ S KHßËT�LMNÈÄ£O�¾ ¸
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S KHßËT�LMNÈÄ£OòÙ<d�NÈc d ÅFÂ�ß	�0ßPßÈR�Tãc/KHSMLAT�NPO ÅúÄ£SM× Ä�Å8RMÉI×a×kKHLMSMÉ T�O0· LMSAT�O0RMNPLMN õ NPLåÉ LMdDT�LÝT�ßPßÈÄ¼ÙÕRnÂ0R�L Ä º�Â�NPßÈ·
ñ¦K@�IÂ�N õ T�ßÈKHO0c/KøcHßËT£R R K/RMó<Ä�Å±O0ÄI·�K/R£¥FLMdDT�L<RMÞDT�O�º�Ä£LMd�·�Ä2cHÂ�×kKHO¡L R�§ôÙ<NPßPß$º�K¹c¼T�ßPßÈK/·�TøñåO0Ä2·�K"K@�¡Â�N õ T�ßÈKHO0c/K.óA¾âãÄ£SMØ2NPO�Q�Ä£O?K@�IÂ�N õ T�ßÈKHO0c/K8cHßËT£RAR K/RÕc¼T�O?RMNPQ]O�N	�Dc¼T�OILMßPÉsc/Ä£O¡LMSMNPº�Â�L KiL Ä�T�Å³T£R L KHSZT�ßPQ�Ä£SMNPLMd�×së0×�T�Ø2NPO�QkLMd0K
c/Ä]RML<Þ�S K/·*NÈcHLMNÈÄ£O?ÅFÂ�O0cHLMNÈÄ£Os×kÄ£S K8Þ�S K/cHNÈR K]¾

# Y�qsIQTBJ*T-MKI~� Ü�KHL
D = (V,E1)

ë
D2 = (W,E2)

º�KøLåÙBÄ�·�Ä2cHÂ�×kKHO¡L¹Q]SAT�Þ�d0R¼¾
¸��	�8þlô%÷�ñuí�ñ$
	ïnø�ñ[õ
�&%#ø3ô�
óïSõ[ñ
�'�)(+*

SV,W

º�KHLåÙBK/KHO
V

T�O0·
W

NÈR¹T�O�T�SMº�NPLMSAT�SMÉsRMÂ�º0R KHL
SV,W ⊆ V ×W

¾
ö�ÙBÄkO0Ä2·�K/R

v ∈ V
ë
w ∈W

T�S K8c¼T�ßPßÈK/·Ø÷;ñ-ífñ$
óïnø,%
v ∼ w

*�ë�NìÌ
(v, w) ∈ SV,W

¾

y{z}^
\�|tZuY0_S�

½]¾BñåßËT�º�KHßûK@�IÂDT�ßPNPLåÉIó8Ä£OÝLMd0K�O0ÄI·�K/RZÄ�Å�L¦Ù¬ÄkßËT�º�KHßÈK/·ÝLMS K/K/R<NÈR¹TqO0ÄI·�K8R NP×aNPßËT�SMNPLåÉ�¾
¿*¾Bñ¦R Â�º0RMLMSMNPO�Q£æåÄ�ÅMóAë$ñ¦RMÂ�Þ�KHS RMLMSMNPO�Q£æåÄ�ÅMóqT�O0·@ñ¦RMÂ�º0R LMSMNPO�Q£æåÄ£SçæåRMÂ�Þ$KHS R LMSMNPO�Q£æåÄ�ÅMóoÄ£OwLMd0KoL K.÷*L"O0Ä2·�Koc/Ä£O*æ

L KHOIL RZÄ�Å�LåÙBÄkLMS K/K/RZT�S K�O0Ä2·�K8RMNP×aNPßËT�SMNPLMNÈK/R
_*¾BñåNÈRMæ:S KHQ]Â�ßËT�SçæåK.÷2Þ�S K/R R NÈÄ£O*æ³ÅúÄ£SçóãNÈRsT'O0Ä2·�K�RMNP×aNPßËT�SMNPLåÉéLMdDT�Lsc/Ä£Â�ßÈ·©º�KwÂ0R K/·éL Ä ×�T�L cAd
T �¡Â0KHSMÉ

·�Ä2cHÂ�×kKHO¡L¹Ù<NPLMd@To·0T�LAT�ºDT£R K]¾
Á0¾BñådDT£RMæ:LMd0K.æåRAT�×kK.æ:ßËT�º$KHßÈK/·2æ:ÞDT�LMd*ó�NÈR<LMd0K�O0Ä2·�K�RMNP×aNPßËT�SMNPLåÉÝS KHßËT�LMNÈÄ£OsÂ0RAK/·ÝNPO�÷*·*NìÌ �.-  å¾

ï"Ä£L�K õ KHSMÉãO0Ä2·�K�RMNP×aNPßËT�SMNPL¦É NÈR�Ù¬KHßPßìæåRMÂ�NPL K/·
Å³Ä£S�K õ KHSMÉ�Â0R K]¾@öÛd0KHS K�NÈRoTsR Þ$K/cHNËT�ßÛcHßËT£R RqÄ�ÅZRMNP×aNPßËT�SMNPLåÉ
S KHßËT�LMNÈÄ£O0R8Ù<NPLMd O�NÈc/KaÞ�S Ä£Þ$KHSMLMNÈK/RêëûRMNP×aNPßËT�S8L Ä?K@�¡Â�N õ T�ßÈKHO0c/KaS KHßËT�LMNÈÄ£O0R8NPO�×�T�LMd0KH×�T�LMNÈc/R�¥Fº�Â�L8º�KHLåÙBK/KHO
LMd0K8KHßÈKH×kKHOIL RZÄ�Å�LåÙ¬Än·*NÈR[¬MÄ£NPO¡LZR KHL R�§.»

# Y�qsIQTBJ*T-MKI~� ö�ÙBÄsO0Ä2·�K/R
v1, v2 ∈ V

NPO�LMd0KkRAT�×kKaO0Ä2·�KaR KHL
V

T�S Kkc¼T�ßPßÈK/·¨ô0/6ù�ñ-ý&ï�
�ô��=õ1%
v1 ≡ v2

*
2 ñ[õ-ö�øüô;÷�û/ôüú@õcõ3�hõ-öwô1�	�8þlô�÷;ñ-ífñ$
óïnø;ñ[õ
� SV,W

ï��Uþ�õ-öwô,�	�8þlô¤÷8ô6õ
V

ëDNìÌ LMd0KHÉ�T�S K�RMNP×aNPßËT�SøL ÄnLMd0KoRAT�×kK
O0Ä2·�K/R<NPOsLMd0K�R K/c/Ä£O0·ÝO0Ä2·�K8R KHL

W
ë2LMdDT�LÕNÈR

v1 ≡ v2 :⇔ ∀w∈W (v1 ∼ w ⇔ v2 ∼ w)
¾

# Y�qsIQTBJ*T-MKI~� Ü�KHL
SV,W

º�K8ToO0Ä2·�K�RMNP×aNPßËT�SMNPLåÉÝº�KHLåÙBK/KHO?O0Ä2·�K�R KHL R
V

T�O0·
W

¾
Ü�KHL

v1 := {v ∈ V |v ≡ v1}
º�KøLMd0K8c/Ä£SMS K/RMÞ�Ä£O0·*NPO�Q�K@�IÂ�N õ T�ßÈKHO0c/K8cHßËT£RARÕÄ£O

V
¾

Ü�KHL
∅ := ∅

T�O0·sßÈKHL
V := {v1|v1 ∈ V } ∪ {∅}

º�KøLMd0K�R KHLÕÄ�Å�K@�¡Â�N õ T�ßÈKHO0c/KicHßËT£RAR K/RÛNPO
V

¾
Ü�KHL

v̂1 := {w|v1 ∼ w} 43576+8:9.;= {w|∃v∈v1
v ∼ w} =: v̂1

º�KøLMd0K�NP×�T�Q�K8Ä�Å
v1

¥úÄ£S¹T�O¡ÉÝÄ�Å�NPL RZK@�IÂ�N õ T�ßÈKHOILO0Ä2·�K/R;§�Â�O0·�KHSBLMd0KøRMNP×aNPßËT�SMNPLåÉ�S KHßËT�LMNÈÄ£O
SV,W

¾�Ü�KHL
∅̂ := {w|@v∈V v ∼ w}

º�KÕLMd0KøR KHL¬Ä�Å±O0ÄI·�K/R¬NPOnLMd0K
O0Ä2·�K�R KHL

W
ëIÙ<d0KHS K8O0ÄaO0ÄI·�K

v ∈ V
NÈRÕRMNP×aNPßËT�SÕL Ä�¾

ð"RMNPO�QnLMd0KqRMÉ2×a×kKHLMSMÉ?Ä�ÅôLMd0K�O0ÄI·�KqRMNP×aNPßËT�SMNPLåÉ�·�K��0O�NPLMNÈÄ£O�ë�Ù¬Koc¼T�O�T�ßÈR Än·�K��0O0K
W

T�O0·
w

LMd0KoRAT�×kK
ÙBT¼É�¾
öÛd0KøÅ³Ä£ßPßÈÄ¼Ù<NPO�Q�T�S K�K@�¡Â�N õ T�ßÈKHO¡L�¥FO0ÄoÞ�S ÄIÄ�Å�Q]N õ KHOsd0KHS K*§Û·�K��0O�NPLMNÈÄ£O0R"Ä�Å�T<�=�8þlô�ô0/6ù�ñuý)ï�
óô��Uú�ô

SV,W

»
½]¾ÕöÛd0KiÂ�O�NÈÄ£O ⋃

v1∈V v̂1 ∪ ∅̂ = W
NÈR¹·*NÈR[¬MÄ£NPO¡L¼ë0N:¾ K]¾�K¼T£c d@O0ÄI·�K�NPO

W
NÈRÕ×�T�Þ�Þ�K/·sL ÄkºIÉÝÄ£O�ßPÉ�Ä£O0K

K@�IÂ�N õ T�ßÈKHO0c/K8cHßËT£R RÕÄ�Å
V
¥FN:¾ K]¾

∀w∈W∀v1,v2∈V v1 ∼ w ∧ v2 ∼ w ⇒ v1 = v2
§.¾

>3?7@BADC3AFE3GIH3E3A+JLKMC3NPO�QRHTSUNLJPJ	QVOWCYX'ADSZE3N[C�C3A+Q\AF]!^VJPNP_+N[C3J[`\C3OaK0b�OWNLc\_+OWQBdfeBg�NPO�QhSUN[C3@hC3@BATE3A+JLKMC3NPO�QhOWdZC3@VADcBOi_+eBGjA+QiC
k E�KM^V@ml
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¿*¾ÕöÛd0KHS KiNÈRZTqº�N ¬MK/cHLMN õ Kic/Ä£SMS K/RMÞ�Ä£O0·�KHO0c/K�¥FLMSAT�O0RçÅ³Ä£SM×�T�LMNÈÄ£OU§<Ä�Å�K@�IÂ�N õ T�ßÈKHO0c/K8cHßËT£RAR K/R<º�KHLåÙ¬K/KHO@LMd0K
·�Ä2cHÂ�×kKHO¡L R

π : V = {v | v ∈ V } →W
RMÂ0c d?LMdDT�L

π(v̂) = w ⇔ v ∼ w
¾

_*¾
∀v1,v2∈V ∀w1,w2∈Wv1 ∼ w1 ∧v1 ∼ w2∧v2 ∼ w1 ⇒ v2 ∼ w2

ë¡N:¾ K]¾¡NìÅ)LåÙ¬ÄqO0Ä2·�K/R�ÅúS Ä£×�LMd0K��0S RML
·�Ä2cHÂ�×kKHO¡L�T�S K�º�Ä£LMd@RMNP×aNPßËT�SZL ÄkÄ£O0K8O0Ä2·�K�NPOsLMd0K�R K/c/Ä£O0·s·�Ä2cHÂ�×kKHO¡L¼ë�LMd0KHÉÝT�S KqT�ßPÙBT¼É2R"KHNPLMd0KHS
º�Ä£LMd?Ä£S<O0Ä£O0K8R NP×aNPßËT�SÕL ÄkToQ]N õ KHOsO0Ä2·�K]¾

y{z}^
\�|tZuY0_S� Æ�NPQ]Â�S KkVnR d0Ä¼ÙÕRiT�O�K.÷0T�×aÞ�ßÈKqÅúÄ£S8TnO0ÄI·�KoK@�IÂ�N õ T�ßÈKHO0c/KoS KHßËT�LMNÈÄ£O'T�O0·wT�S KHßËT�LMNÈÄ£O õ NÈÄ�æßËT�LMNPO�Q�K@�IÂ�N õ T�ßÈKHO0c/K]¾

b b

a

b c

a

LMd�NÈR<NÈRZT�O@K@�¡Â�N õ T�ßÈKHO0c/K�S KHßËT�LMNÈÄ£O

b b

a

b b

a

NìÅ�LMd0K�·�Ä£LML K/·ÝS KHßËT�LMNÈÄ£OsNÈRÛ×aNÈRARMNPO�Q0ë*LMd�NÈR<NÈR<O0Ä
ßÈÄ£O�Q�KHS"T�OsK@�¡Â�N õ T�ßÈKHO0c/K�S KHßËT�LMNÈÄ£O

Æ�NPQ]Â�S KiV*»�ü�÷0T�×aÞ�ßÈK8O0Ä2·�K�RMNP×aNPßËT�SMNPLåÉ Þ K@�IÂ�N õ T�ßÈKHO0c/K�S KHßËT�LMNÈÄ£O
ü�÷0T�×aÞ�ßÈK/R�½kT�O0·wÁÝQ]N õ KHOãº�K.Å³Ä£S KkT�S KoO0ÄI·�KaK@�IÂ�N õ T�ßÈKHO0c/KkS KHßËT�LMNÈÄ£O0R¼ë±¿ÝT�O0· _ÝT�S KoO0Ä£L8K@�IÂ�N õ T�ßÈKHO0c/K/RNPOwQ�KHO0KHSAT�ß:»"ÅúÄ£S�K.÷0T�×aÞ�ßÈKac/Ä£O0RMNÈ·�KHS�LMd0K�ñ¦RMÂ�º0RMLMSMNPO�Q£æåÄ�ÅMóqS KHßËT�LMNÈÄ£O

≤
»

”a” ≤ ”ab”
T�O0·

”a” ≤ ”ac”
ë

”b” ≤ ”ab”
º�Â�LÕO0Ä£L

”b” ≤ ”ac”
¥ õ NÈÄ£ßËT�LMNPO�QncAdDT�SAT£cHL KHSMNPàêT�LMNÈÄ£Ow_oÄ£º õ NÈÄ£Â0RMßPÉ
§

��Y0\�^/L)�t� áZK�­DK.÷*N õ NPL¦É�T�O0·�LMSAT�O0RMNPLMN õ NPLåÉ�T�S KoÄ£O�ßPÉ@·�K��0O0K/·�Ä£OãÄ£O0KoR KHL¼¾�ÊINPO0c/KoO0Ä2·�KoRMNP×aNPßËT�SMNPLåÉ�NÈR
¥FNPO�Q�KHO0KHSAT�ßu§ô·�K��0O0K/·�º�KHLåÙBK/KHOnL¦Ù¬Äq·*NìÌ�KHS KHOILBRAKHL R¼ë�LMd0KZÂ0R KÕÄ�Å)LMd0KÕL KHSM×	ñåO0ÄI·�K¹K@�¡Â�N õ T�ßÈKHO0c/KÕS KHßËT�LMNÈÄ£O*ó
O0K/K/·�RÛL Äoº�KZÙBKHßPß)Q]S Ä£Â�O0·�K/·)¾¯Ü�KHL

V
T�O0·

W
º$Kø·*NÈR[¬MÄ£NPO¡L¼ë*LMd0KHOÝLMSMÉnL ÄqK.÷*L KHO0·�LMd0KøQ]N õ KHO�S KHßËT�LMNÈÄ£OsL Ä

Tq×�T�LMd0KH×�T�LMNÈc¼T�ß�K@�¡Â�N õ T�ßÈKHO0c/K�S KHßËT�LMNÈÄ£O?Ä£OsLMd0K8Â�O�NÈÄ£O?R KHL¼»
Ü�KHL

O := V ∪̇W
¥
∪̇

·�KHO0Ä£L K/R�·*NÈR[¬çÄ£NPOILnÂ�O�NÈÄ£OU§.¾
ü�÷*L KHO0· LMd0K@O0ÄI·�K@RMNP×aNPßËT�SMNPLåÉ S KHßËT�LMNÈÄ£O
SV,W ⊆

V × W
L Ä

O × O
º¡ÉòT£·�·*NPO�Q�R ÉI×a×kKHLMSMÉ

S′
O = {(w, v) | v ∼ w} ⊆ W × V

T�O0·òS K�­DK.÷2N õ NPLåÉ
S′′

O = {(o, o) | o ∈ V ∨ o ∈W}
¾�öÛd0KHO

(SV,W ∪̇S′
O∪̇S

′′
O) ∩ V ×W = SV,W

Ä£º õ NÈÄ£Â0R ßPÉnd0Ä£ßÈ·�R¼¾
äåÌ@Å³Ä£SÕLMd0K�LMSAT�O0RMNPLMN õ K�cHßÈÄ]RMÂ�S K

SV,W ∪̇S′
O∪̇S

′′
O ∩ V ×W = SV,W

d0Ä£ßÈ·�R"T£RÕÙ¬KHßPß�¥FN:¾ K]¾
SV,W

NÈR<ñåLMSAT�O*æ
RMNPLMN õ KHßPÉ�cHßÈÄ]R K/·2ó¹º�Â�LÛS K/RMLMSMNÈcHL K/·�L Ä

V ×W
§.ë2LMd0KHO

S
NÈR<T�O0ÄI·�KøK@�IÂ�N õ T�ßÈKHO0c/KøS KHßËT�LMNÈÄ£O�ë�N:¾ K]¾2NìÅ�LMd0KHS K¹NÈR

T�O¡ÉÝ·*NPS K/cHL K/·ÝÞDT�LMd?S KHßËT�LMNPO�Q�LåÙBÄaO0Ä2·�K/R¼ë�LMd0KHOsLMd0KHÉ�×iÂ0RMLZº$KøNP×a×kK/·*NËT�L KHßPÉÝS KHßËT�L K/·]¥FN:¾ K]¾DRMNP×aNPßËT�S;§.¾

Èt�uè �ÿ����ê��Qê/��n��}ë�ë�ê=Ë)Ô¡���o�~ê=�Û×wê=Ë
ä¦O�LMd0KoßËT£RML�LåÙBÄsR K/cHLMNÈÄ£O0R�ÙBKa·�K��0O0K/·�d0Ä¼Ù�T�·�Ä2cHÂ�×kKHO¡LißÈÄIÄ£Ø*RøßPNPØ�K]ë±T�O0·wÙ<d�NÈcAdãO0ÄI·�K/R�T�S KaRMNP×aNPßËT�S
L Ä�K¼T£cAd�Ä£LMd0KHS¼¾¹ð¹R NPO�Q�LMd�NÈR¹Ù¬Kqc¼T�O?O0Ä¼Ù º�Â�NPßÈ·wTkc/Ä£O�O0K/cHLMNÈÄ£Owº$KHL¦Ù¬K/KHOwLåÙBÄn·�Ä2cHÂ�×kKHO¡L Rêë$c/Ä£O0R NÈRMLMNPO�Q
Ä�Å¯Ä£O0K.æ:L Ä�æåÄ£O0Ko×�T�Þ�Þ�NPO�Q�R�Ä�Å�ñ¦RMNP×aNPßËT�SçóiO0Ä2·�K/RøÄ�Å¯K¼T£c dwLMS K/K]¾�ÊIÂ0c dãTk×�T�Þ�Þ�NPO�Q�NÈR¹Ù<dDT�L8Tqñ¦R Ä£ßPÂ�LMNÈÄ£O*ó
ßÈÄ2Ä£Ø2R<ßPNPØ�K]¾�ä¦OÝLMd0K�O0K.÷*LZR K/cHLMNÈÄ£O�ë�ÙBK�Ù<NPßPß�·�K��0O0K8LMd0Ke�IÂDT�ßPNPLåÉÝÄ�Å�RMÂ0c d@R Ä£ßPÂ�LMNÈÄ£O0RÕLMd0KHO�¾
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# Y�qsIQTBJ*T-MKI~� Ü�KHL
D1 = (V,E1)

ë
D2 = (W,E2)

º�KÛLåÙBÄi·�Ä2cHÂ�×kKHO¡L R¬Ù<NPLMd�T"Q]N õ KHOnO0ÄI·�KÕR NP×aNPßËT�SMNPLåÉ
S KHßËT�LMNÈÄ£O

SV,W

Ä£O
V

ë
W

¾
äåÅ
σ ⊆ SV,W ⊆ V ×W

NÈR8Tnº�N ¬çK/cHLMN õ KoÞDT�SMLMNËT�ß�×�T�Þ�Þ�NPO�Qÿ¥
σ : V ⇀ W

§Zº$KHL¦Ù¬K/KHOãLMd0K/RAK�L¦Ù¬ÄÝO0Ä2·�K
R KHL R¼ë2Ù<SMNPLML KHO@T£R

v ∼σ w :⇔ (v, w) ∈ σ
Ä£S
σ(v) = w

ë*×�T�Þ�Þ�NPO�QnK¼T£c dsO0Ä2·�K�Ä�Å�K¼T£cAd?R KHL<L ÄkT�L<×kÄ]RML
Ä£O0K8RMNP×aNPßËT�SZO0ÄI·�KøNPOsLMd0K�Ä£LMd0KHS¹R KHL¼ë�N:¾ K]¾

∀v ∈ V ∀w1, w2 ∈W : (v ∼σ w1 ∧ v ∼σ w2 ⇒ w1 = w2)

∀v1, v2 ∈ V ∀w ∈W : (v1 ∼σ w ∧ v2 ∼σ w ⇒ v1 = v2)

LMd0KHOsc¼T�ßPß
σ

Tp�=�8þlôe÷@ô6õ�úM�nø;ø3ô;÷�ûq���Uþlô��Uú�ôH¾Û¸¹O�KHßÈKH×kKHOIL
(v, w) ∈ σ

NÈR<c¼T�ßPßÈK/·sTp�=�8þlô¤ú��nø�øüô;÷�ûq���Uþ0ô��Uú�ôH¾
Ü�KHL

SP
V,W ⊆ P(SV,W )

º�KÕLMd0K"LMd0K"R KHLBÄ�Å�O0Ä2·�K"R KHLBc/Ä£SMS K/R Þ$Ä£O0·�KHO0c/K/R%¥FÙ<d�NÈcAd�NÈRÛTiÞDT�SMLÛÄ�Å�LMd0K¹Þ�Ä¼Ù¬KHS
R KHLÕÄ�Å�O0ÄI·�Kic/Ä£SMS K/RMÞ$Ä£O0·�KHO0c/K/R�§.¾
¸�O0Ä2·�K�R KHLøc/Ä£SMS K/RMÞ�Ä£O0·�KHO0c/K

σ
NÈR"c¼T�ßPßÈK/·]írï8ðnñ-írï�
�Ù<NPLMd�S K/RMÞ$K/cHL"L Ä

SV,W

ë�NìÅ¯LMd0KHS KiNÈR¹O0ÄnO0ÄI·�KqR KHL
c/Ä£SMS K/RMÞ�Ä£O0·�KHO0c/K

τ
RMÂ0cAdsLMdDT�L

σ ( τ ⊆ SV,W

¾
âãK<c¼T�ßPß�LåÙBÄøO0ÄI·�K<RAKHL�c/Ä£SMS K/R Þ$Ä£O0·�KHO0c/K/R¬·*NÈR[¬çÄ£NPOIL¯T�O0·<�	���sr+ú�����tÖñ[ú8õ[ñ��u��ë]NìÌnLMd0KHÉo·�Ä£O}® L�×�T�ÞaLMd0K<RAT�×kK
O0Ä2·�K/R¼ë*N:¾ K]¾

@v∃w1,w2
σ(v) = w1 ∧ τ(v) = w2

T�O0·
@w∃v1,v2

σ(v1) = w ∧ τ(v2) = w
¾

��Y0\�^/L)�t� öÛd0KHS Kk×aNPQ]dILiº�Ka×iÂ�ßPLMNPÞ�ßÈKn×�T5÷2NP×�T�ß¬O0ÄI·�KnR KHLic/Ä£SMS K/RMÞ�Ä£O0·�KHO0c/K/RiÅúÄ£S8LMd0KnRAT�×kK�·�Ä2cHÂ*æ
×kKHO¡L R

D1
ë
D2

T�O0·ÝLMd0K�RAT�×kK8R NP×aNPßËT�SMNPLåÉ�S KHßËT�LMNÈÄ£O
SV,W

¾
`wT5÷2NP×�T�ß±O0ÄI·�K8RAKHLZc/Ä£SMS K/RMÞ�Ä£O0·�KHO0c/K/RøT�S KiÙ<dDT�LZÙBKiR K¼T�S cAdsÅ³Ä£S¹T£RZR Ä£ßPÂ�LMNÈÄ£O0RêëDÄ£LMd0KHSZO0Ä2·�KiRAKHLZc/Ä£SMS K.æ
RMÞ�Ä£O0·�KHO0c/K/R¹T�S KøNPOIL KHSMNP× RML KHÞ0Rî¥FNPO0c/Ä£×aÞ�ßÈKHL K�R Ä£ßPÂ�LMNÈÄ£O0R;§.¾

y{z}^
\�|tZuY0_S� Æ�NPQ]Â�S K�W�RMd0Ä¼ÙÕR<L¦Ù¬Äa×�T5÷*NP×�T�ß�O0Ä2·�K�R KHL<c/Ä£SMS K/RMÞ�Ä£O0·�KHO0c/K/R<Å³Ä£SBLMd0K�R,T�×kKøLåÙ¬Ä�RMNP×aÞ�ßÈK
LMS K/K/R¼¾

b b

a

b b

a

b b

a

b b

a

Æ�NPQ]Â�S KiW2»�ö�Ù¬Äk×�T5÷2NP×�T�ß�O0Ä2·�K"RAKHLÛc/Ä£SMS K/R Þ$Ä£O0·�KHO0c/K/R¼¾¯Ü�K¼T õ NPO�Q�T/ÙÛT/ÉsT�O¡É�·0T£RMd0K/·sT�SMS Ä¼Ù©ßÈK¼T£·�RÛL ÄaT
O0Ä£O*æ:×�T5÷*NP×�T�ßûO0Ä2·�K�R KHLÕc/Ä£SMS K/RMÞ�Ä£O0·�KHO0c/K

½]¾ÕÜûKHL
D1 = D2 = (V,E)

T�O0·
σ = {(v, v)|v ∈ V } ⊆ SV,V

¾¯öÛd0KHO
σ

NÈR¹ToO0ÄI·�KiR KHLÕc/Ä£SMS K/RMÞ�Ä£O*æ
·�KHO0c/K"Ù<NPLMd�S K/RMÞ�K/cHL¬L Ä

SV,V

¾�ï"Ä£L KZLMdDT�LÛLMd0K¹S KHßËT�LMNÈÄ£O
SV,V

×�T¼É�O0Ä£L<T�ßPßÈÄ¼ÙéNÈ·�KHO¡LMNPL¦Én×�T�L cAd0K/R
K õ KHSMÉ2Ù<d0KHS K]¾¯öÛd0KHO

σ
×�T¼É�º$KøO0Ä£LÕ×�T5÷*NP×�T�ß:¾

¿*¾ÕÜûKHL
D1 = D2 = (V,R)

T�O0· T�RMNP×aNPßËT�SMNPL¦É�S KHßËT�LMNÈÄ£O
S′

V,V ⊆ {(v, v) | v ∈ V }
R Â�º0R KHL�Ä�Å

LMd0KqK@�IÂDT�ßPNPLåÉ@Ä£O
V

¾¹öÛd0KHO
S′

V,V

NPL RAKHßìÅôNÈR¹LMd0KqÄ£O�ßPÉÝ×�T5÷*NP×�T�ß�O0Ä2·�KqR KHL¹c/Ä£SMS K/RMÞ�Ä£O0·�KHO0c/KqÙ<NPLMd
S K/R Þ$K/cHLÕL ÄoNPL RAKHßìÅç¾
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Èt�:v "ªê/�S�O���~ê	�w"ªê=Õ��K�S������Ë
öÛd0Køc/Ä£S KZNÈ·�K¼TqÄ�Å�LMd�NÈRBÞDT�Þ�KHSBNÈR¬L Ä�×kK¼T£RMÂ�S K"LMd0Kc�IÂDT�ßPNPLåÉnÄ�Å�T8×�T�Þ�Þ�NPO�QoºIÉk×kK¼T£RMÂ�SMNPO�QaLMd0K¹S KHßËT�LMNÈÄ£O0R
S KHLAT�NPO0K/·)¾
öÛd0KHS K.Å³Ä£S K]ë�Ù¬KiO0K/K/·�L ÄoÅúÄ£SM×�T�ßPNPà¼K8Ù<d0KHO@ToS KHßËT�LMNÈÄ£OsNÈR<S KHLAT�NPO0K/·?º¡ÉÝTqO0ÄI·�KiR KHLÕc/Ä£SMS K/RMÞ�Ä£O0·�KHO0c/K]¾

# Y�qsIQTBJ*T-MKI~� Ü�KHL
D1 = (V,E1)

ë
D2 = (W,E2)

º$K�L¦Ù¬Ä�·�ÄIcHÂ�×kKHOIL¹Q]SAT�Þ�d0R�T�O0·
SV,W ⊆ V ×Wº�K8TqQ]N õ KHOsO0ÄI·�KiRMNP×aNPßËT�SMNPLåÉ�S KHßËT�LMNÈÄ£O�¾

XøK��0O0KoLMd0K�÷@ô6õx�+y�øüô6õ#ïSñ��Kô3þ øüô�
	ïSõ[ñ����/÷kÄ�Å<T�Q]N õ KHO�O0ÄI·�KoR KHL8c/Ä£SMS K/RMÞ�Ä£O0·�KHO0c/K
σ ⊆ SV,W ⊆ V ×WÅ³Ä£S<LåÙ¬Än·�ÄIcHÂ�×kKHOIL R

D1
T�O0·

D2
T£R

R(σ,D1, D2) := R(σ,E1, E2) := {((v1, w1), (v2, w2)) ∈ σ × σ | v1 ∼ v2 ∧ w1 ∼ w2} ⊆ SV,W×SV,W

öÛd0KiÄ õ KHSAT�ßPß�R NPLMÂDT�LMNÈÄ£O@NÈR¹K.÷2Þ�ßËT�NPO0K/·@NPO@Æ�NPQ]Â�S K�[*¾ÛâãKidDT õ KqTaS KHßËT�LMNÈÄ£O@ÅFS Ä£×~K¼T£c dw·�ÄIcHÂ�×kKHOIL¼ë�RMÂ0cAd
LMdDT�L�LMd0Kqñ#�0S RMLçóqO0ÄI·�K/R8NPOãK¼T£c d ·�Ä2cHÂ�×kKHO¡L RqT�S KoNPO�LMd0KaO0ÄI·�KaRAKHLøc/Ä£SMS K/R Þ$Ä£O0·�KHO0c/K
¥FLMd0KHS K.ÅúÄ£S KaLMd0KHÉ
T�S K8RMNP×aNPßËT�S¼ë0L ÄIÄl§.ë0T�O0·ÝLMd0K8º$Ä£LML Ä£× O0Ä2·�K/R¹T£R<ÙBKHßPß:¾

a

b b

a
correspondence

similar nodes in

similar nodes in this nodeset

this nodeset correspondence

document
in first
related

document
in second

related

Æ�NPQ]Â�S Ki[*»¯J õ KHSAT�ßPß±R NPLMÂDT�LMNÈÄ£OÝÅúÄ£SZTqS KHLAT�NPO0K/·?S KHßËT�LMNÈÄ£O
öÛd0KHÉ?O0K/K/·�L Ä�º�K�NPOwLMd0KoRAT�×kKoÄ£S ·�KHS8T�O0·�×�T/É�O0Ä£L"º�KqRMÙBT�Þ�Þ�K/·ãT�S Ä£Â�O0·p¥³T£RøRMd0Ä¼Ù<O�NPO
�0Q]Â�S Kra�§.¾
X"NìÌ�KHS KHOILi×�T5÷*NP×�T�ß¯O0Ä2·�KkR KHLic/Ä£SMS K/R Þ$Ä£O0·�KHO0c/K/Rqc¼T�OãdDT õ Kn·*NìÌ�KHS KHOILqRAKHL R8Ä�Å<S KHLAT�NPO0K/·ãS KHßËT�LMNÈÄ£O0R¼ë�T£R
RMd0ÄêÙ<OsNPOh�0Q]Â�S Kk½¼\*¾
âãKS® ßPßûÄ�ÅúL KHO@T�ßÈR ÄoÙ<SMNPL K

R(σ)
Ù<d0KHS K�NPLÕNÈR<Ä£º õ NÈÄ£Â0RÕÙ<d�NÈcAd

D1
ë
D2

T�S K�×kK¼T�O¡L¼¾
öÛd0K�O0Ä£LMNÈÄ£O

R(SV,W ) := {((v1, w1), (v2, w2)) ∈ SV,W × SV,W | v1 ∼ v2 ∧ w1 ∼ w2}
Ù<NPßPß]º�K�c¼T�ßPßÈK/·

LMd0K"R KHL¬Ä�Å�S KHLAT�NPODT�º�ßÈK"S KHßËT�LMNÈÄ£O0R¼¾¯ÊINPO0c/K
SV,W

NÈR¬O0Ä£L<T�ßPÙBT/É*R<T�O0Ä2·�K¹RAKHL¬c/Ä£SMS K/RMÞ�Ä£O0·�KHO0c/K]ë2LMd�NÈR¬NÈR¯O0Ä£L
TaR KHL¹Ä�Å�S KHLAT�NPO0K/·?S KHßËT�LMNÈÄ£O0R�zÛÊILMNPßPßûLMd�NÈRÕNÈR¹TaÂ0R K.ÅFÂ�ß�RAKHL¼»¯ä¦L<NÈRÕÄ£º õ NÈÄ£Â0RZLMdDT�L

R(σ) ⊆ R(SV,W )
d0Ä£ßÈ·�R

Å³Ä£S
σ ⊆ SV,W

¾

Èt��{ "ªê/�S�O����� ê=���}|&�~�OÕ����� �~Y�Û��×����#����Ë
ä¦O'Ä£S ·�KHSoL Äwc/Ä£×aÞDT�S K�·*NìÌ�KHS KHOILaO0ÄI·�K�R KHLac/Ä£SMS K/RMÞ�Ä£O0·�KHO0c/K/R�¥FN:¾ K]¾�·*NìÌ)KHS KHO¡LkRAÄ£ßPÂ�LMNÈÄ£O0R;§.ë�Ù¬K�O0K/K/· T
�IÂDT�ßPNPLåÉøÅúÂ�O0cHLMNÈÄ£O8L Ä<SAT�O�ØøLMd0KH×s¾�X"KHÞ�KHO0·*NPO�QZÄ£O�LMd0K�ÅFÂ�O0cHLMNÈÄ£O�ë�NPOIL KHQ�KHS Rû×�T¼É"º�KôRMÂw��cHNÈKHOIL¼ë£c/Ä£×aÞ�Â�L KHS
NP×aÞ�ßÈKH×kKHO¡LAT�LMNÈÄ£O0RZÙ<NPßPß$cAd0ÄIÄ]RAKZNPOIL KHQ�KHSÕÄ£S�­DÄ�T�LBO¡Â�×�º$KHS R¼¾¯Æ0Ä£SÛLMd0KZ×�T�LMd0KH×�T�LMNÈc¼T�ß õ NÈKHÙ ÙBK�T�ßPßÈÄ¼Ù

R
¾

ð"RMNPO�Q8LMd0K<×�T�LMd0KH×�T�LMNÈc¼T�ß�RMLMSMÂ0cHLMÂ�S KZÄ�Å�×kK¼T£RMÂ�S K/R¯Ù¬KZc¼T�OnRMØINPÞ�Þ�S Ä õ NPO�Qi×iÂ0cAd�ë¡LMd0KHS K.Å³Ä£S KÕÙBKÕÙ<NPßPß0LMSMÉ
L Ä�R L KHÞ@·�Ä¼Ù<O@ÅúS Ä£× LMd0K8×kÄ£S KiQ�KHO0KHSAT�ß±ßÈK õ KHß�Ä�Å¯T�ßPß�T�ßPßÈÄêÙ¬K/·@ÅFÂ�O0cHLMNÈÄ£O0RøT�O0·@ßPNP×aNPL¹Ä£Â�S R KHß õ K/R¹L Ä�RMÂ0cAd
ÅúÂ�O0cHLMNÈÄ£O0RZ·�KHSMN õ K/·�ÅúS Ä£× c/KHSMLAT�NPOsÙBKHßPßìæ³ÅúÄ£SM×kK/·?×kK¼T£RMÂ�S K/R¼¾
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a a

b b

1 2

1 2

a b
1 2

1 2
b a

Æ�NPQ]Â�S K{a*»�áZKHLAT�NPO0K/·�T�O0·kO0Ä£O*æ:S KHLAT�NPO0K/·�c d�NPßÈ·nS KHßËT�LMNÈÄ£O0R¬NPO�LMd0KÕÞ�S K õ NÈÄ£Â0RBK.÷�T�×aÞ�ßÈKZLMS K/K¤¥FLMd0K
b2 → a1T�SMS Ä¼Ù
Ù¬Ä£Â�ßÈ·ÝO0K/K/·sL ÄaÞ$Ä£NPOILÕNPOÝLMd0K8Ä£LMd0KHSZ·*NPS K/cHLMNÈÄ£O@NPOsÄ£S ·�KHSÕL Äaº�K¹ñåS KHLAT�NPO0K/·2ó�§

b b

a

b b

a
1 2

1 2 3 4
b b

a

b b

a
1 2

2 3 41

Æ�NPQ]Â�S K�½¼\*»¹öÛd0KqßÈK.ÅúL¹O0Ä2·�KoR KHL"c/Ä£SMS K/R Þ$Ä£O0·�KHO0c/Ko×�T�NPOILAT�NPO0Ri_nS KHßËT�LMNÈÄ£O0R�Ä£OwK¼T£cAdãRMNÈ·�Kh¥úR Ä£ßPNÈ·@ßPNPO0K/R;§.ë
LMd0K¹O0ÄI·�K"R KHLÛc/Ä£SMS K/RMÞ$Ä£O0·�KHO0c/KøÄ£O�LMd0K¹SMNPQ]d¡L<·�ÄIK/R O}® L¬S KHLAT�NPO�LMd0K"·�Ä£LML K/·nS KHßËT�LMNÈÄ£O0Re¥4Å³Ä£ßPßÈÄ¼Ù<NPO�Q£æåRMNPº�ßPNPO�Q
S KHßËT�LMNÈÄ£OU§

# Y�qsIQTBJ*T-MKI~� Ü�KHL
D1 = (V,E1)

ë
D2 = (W,E2)

º$K�L¦Ù¬Ä�·�ÄIcHÂ�×kKHOIL¹Q]SAT�Þ�d0R�T�O0·
SV,W ⊆ V ×WTqQ]N õ KHOsO0Ä2·�K8RMNP×aNPßËT�SMNPL¦É�S KHßËT�LMNÈÄ£O�¾

äåÌ�LMd0Kn×�T�Þ'ÅúS Ä£× LMd0K�R KHLoÄ�ÅÕO0Ä2·�K�RAKHLqc/Ä£SMS K/RMÞ�Ä£O0·�KHO0c/K/R
ϕ : SP

V,W → R
ë
ϕ ≥ 0

NÈRoT£·�·*NPLMN õ KÝÄ£S
RMÂ�Þ�KHSAT£·�·*NPLMN õ KoÅ³Ä£S

A,B ⊂ SV,W

·*NÈR�¬çÄ£NPOIL¼ë�LMdDT�L�NÈR
ϕ(A∪̇B) ≥ ϕ(A) + ϕ(B)

d0Ä£ßÈ·�RøÅ³Ä£SiT�ßPß
A

ë
B

ë
c¼T�ßPß

ϕ
T�%�÷6õ[ø;ù/ú@õ[ù�øüôF* øüô@õ#ïnñ��=írô��=õo/6ù/ï�
1ñ-õ
�xy;ùR�Uú@õ[ñ����=�

ÊIÂ�Þ�KHSAT£·�·*NPLMN õ NPL¦ÉaºDT£RMNÈc¼T�ßPßPÉo×kK¼T�O0R�LMdDT�LôNìÅ�Ù¬K<×�T�L cAd�LåÙBÄ8O0Ä£O*æåc/Ä£Ow­0NÈcHLMNPO�QoRMÂ�º0R KHL RôT�LôLMd0KZRAT�×kKÛLMNP×kK
LMd0K£�¡ÂDT�ßPNPL¦ÉnNÈR<T�L<ßÈK¼T£RMLÕT£RBQ�Ä2ÄI·ÝT£R%¥FÂ0RMÂDT�ßPßPÉ�K õ KHOÝº$KHLML KHSÛLMdDT�OU§¬NìÅûÙBKøLMSMÉ�L Äq×�T�L c dÝLMd0KH× NPO0·�KHÞ�KHO*æ
·�KHO¡LMßPÉ�¾�âòd�NPßÈKÛT£·�·*NPLMN õ NPL¦ÉiNÈR�S K@�¡Â�NPS K/·)ë¡RMÂ�Þ$KHSAT£·�·*NPLMN õ NPLåÉ�Ù<NPßPß*Â0RMÂDT�ßPßPÉ8º�K¯LMd0KÛc¼T£R K]»û×�T�L c d�NPO�QiT"RMNPO�Q]ßÈK
c d�NPßÈ·?O0ÄI·�KøNÈR O}® L<Ù¬Ä£SMLMd?×�Â0c d�ëDº�Â�L¹T£·�·*NPO�QnTo×�T�L cAd�NPO�Qnc d�NPßÈ·sO0ÄI·�K�L ÄkTa×�T�L c d�NPO�Qnc/Ä£OIL K.÷2LZ×�T�Ø�K/R
LMd0Kkc/Ä£OIL K.÷2L�×�T�L c d ×kÄ£S K õ T�ßPÂDT�º�ßÈK]ë±L ÄIÄ�¾�¥:ÊIÂ�Þ$KHSçæ�§8¸<·�·*NPLMN õ NPL¦É�Ù<NPßPß¯º$KaO0K/K/·�K/·�ÅúÄ£S�T�O
Ä£Þ�LMNP×aNÈRMLMNÈc
c/Ä]RMLBÅúÂ�O0cHLMNÈÄ£OÝNPO�LMd0K

A∗
æýÊ2K¼T�S c d?T�ßPQ�Ä£SMNPLMd�× ¥úK.÷2Þ�ßËT�NPO0K/·�NPOÝLMd0K"O0K.÷*LÛRAK/cHLMNÈÄ£OU§.¾ôäåLÛÞ�S K õ KHOIL R<LMd0K�c¼T£R K

LMdDT�LÕ×�T�L cAd�NPO�Q�T£·�·*NPLMNÈÄ£ODT�ßûO0Ä2·�K/R<Ù<NPßPßû·�K/cHS K¼T£RAK�LMd0K�L Ä£LAT�ß��IÂDT�ßPNPLåÉ�¾

X%L)M=|~MU_*TuJ*T-MUI�� Ü�KHL¬LMd0K<×�T�ÞkÅúS Ä£×	LMd0KZÞ$ÄêÙ¬KHS¬RAKHL¯Ä�Å)S KHLAT�NPODT�º�ßÈKZS KHßËT�LMNÈÄ£O0R¼ë
ψ : P(R(SV,W )) → R

ë
ψ ≥ 0

º�K8To×kK¼T£RMÂ�S K]¾¯öÛd0KHO
ϕ(σ) := ψ(σ)

NÈRZT�ø3ô6õ#ïnñ$�
í ô��=õT/6ùwï'
"ñ[õ
��y�ùu�Kú@õ[ñ
�'�D¾

X%L)MOM=o�� Æ0Ä£S
σ
ë
τ

·*NÈR[¬MÄ£NPO¡LÕT�O0·nO0Ä£O*æåc/Ä£Ow­0NÈcHLMNPO�Q0ë
R(σ∪̇τ) ⊇ R(σ)∪R(τ)

º¡É�·�K��0O�NPLMNÈÄ£OsÄ�Å
R

T�O0·
RMNPO0c/K

ψ
NÈRøT�×kK¼T£RMÂ�S K

ψ(R(σ∪̇τ)) ≥ ψ(R(σ) ∪ R(τ)) ≥ ψ(R(σ)) + ψ(R(τ))
¾8öÛd¡Â0R

ϕ(σ∪̇τ) =
ψ(R(σ∪̇τ)) ≥ ψ(R(σ)) + ψ(R(τ)) = ϕ(σ) + ϕ(τ)

¾
Æ0Ä£S�T<×kK¼T£RMÂ�S K¬NPLûNÈR�RMÂw��cHNÈKHOIL±L ÄZQ]N õ K¯LMd0K õ T�ßPÂ0K/R�Ä£OoT

σ
æå¸ZßPQ�KHº�SAT*ë�Å³Ä£S±K.÷0T�×aÞ�ßÈKôLMd0KBRMNPO�Q]ßÈKôS KHLAT�NPODT�º�ßÈK

S KHßËT�LMNÈÄ£O0R¼¾
öÛd�NÈRoNÈRoT�O K¼T£RMÉ T�O0·'NPO¡LMÂ�NPLMN õ K�ÙBT¼É'Ä�Å"Q]N õ NPO�QãT@×kK¼T£RMÂ�S K]»�T£R RMNPQ]O�NPO�QwÙ¬KHNPQ]dIL RaL Ä�LMd0K
NPO0·*N õ NÈ·*ÂDT�ßûK/·*Q�K/R¼¾
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X%L)M=|~MU_*TuJ*T-MUI�� Ü�KHL
µ : E1 ∪ E2 → R

ë
µ ≥ 0

º$K�TÝ×�T�Þ�ÅFS Ä£× LMd0KkK/·*Q�K/RiÄ�Å<·�ÄIcHÂ�×kKHOIL R
D1 =

(V,E1)
ë
D2 = (V,E2)

L Ä�O0Ä£O�O0KHQ¡T�LMN õ K¹O¡Â�×iº�KHS R¼¾�öÛd0KHO
µ

NPO0·*Â0c/K/R¬Tø×kK¼T£RMÂ�S K
µ′ : P(R(SV,W )) →

R
NPOsLMd0K�ÅúÄ£ßPßÈÄêÙ<NPO�QnÙÛT/É�»

µ′ ({((v, w), (v′ , w′))}) := µ((v, w)) + µ((v′, w′))
T�O0·

ϕ(σ) := µ′(σ)
NÈR

TqS KHLAT�NPO�×kKHO¡L£�IÂDT�ßPNPLåÉ�ÅFÂ�O0cHLMNÈÄ£O�¾

y{z}^
\�|tZuY0_S� ð¹R NPO�Q T'×kK¼T£RMÂ�S KãÄ£O©LMd0KãR KHLsÄ�ÅqS KHLAT�NPO0K/·gS KHßËT�LMNÈÄ£O0R?NÈR�LMd0KãK¼T£RMNÈK/RML?T�Þ�Þ�S Ä�T£cAd�L Ä
·�K��0O0K�TaS KHLAT�NPO�×kKHO¡L£�¡ÂDT�ßPNPL¦É�ÅFÂ�O0cHLMNÈÄ£O�ë$T�ßPßÈÄ¼Ù<NPO�Q�L ÄaÂ0R K�×�T�OIÉÝÙ¬KHßPßìæ:Ø2O0Ä¼Ù<OwÞ�S Ä£Þ$KHSMLMNÈK/R¹Ä�Å�×kK¼T£RMÂ�S K
ÅúÂ�O0cHLMNÈÄ£O0R¼¾ôöÛd0KøÅ³Ä£ßPßÈÄ¼Ù<NPO�QnT�S K8S KHLAT�NPO�×kKHO¡L£�¡ÂDT�ßPNPL¦É�ÅúÂ�O0cHLMNÈÄ£O0R¼»

½]¾ÕöÛd0Knc/Ä£Â�O¡LoÄ�Å<×�T�L c d0K/·'O0ÄI·�K/Rêë
ϕc(σ) := |σ|

NÈRqT£·�·*NPLMN õ K]¾�¥ ¶ Â�LiNPL�c¼T�O
º$K�·�KHSMN õ K/·ãÅúS Ä£× T
×kK¼T£R Â�S KøÅFÂ�O0cHLMNÈÄ£O?NìÅ�LMd0K�S KHßËT�LMNÈÄ£O0R¹Ä£OsLMd0KøO0Ä2·�K8R KHL RÕc/Ä£OILAT�NPO?NÈ·�KHO¡LMNPL¦É�¾ §

¿*¾
ϕm(σ) := |R(σ)|

ë0LMd0K8c/Ä£Â�O¡L"Ä�Å�S KHLAT�NPO0K/·ÝS KHßËT�LMNÈÄ£O0RêëDRMNPO0c/K
ψm(R) := |R|

NÈRZTq×kK¼T£R Â�S K]¾
_*¾ÕÜûKHL

D1 = (V,E1, ωE1
)
ë
D2 = (W,E2, ωE2

)
º�Kk·�Ä2cHÂ�×kKHO¡L�Q]SAT�Þ�d0R�T£R8Q]N õ KHO NPO K.÷�T�×aÞ�ßÈK�_

Ä�ÅBLMd0Ko·�ÄIcHÂ�×kKHOIL�Q]SAT�Þ�d0R¼ë�Ù¬KHNPQ]dILMNPO�Q?ßÈÄ£O�Q�KHS8T�O0c/K/RMLMSMNÈK/R�ßÈK/R R"LMdDT�O�RMd0Ä£SML�Ä£O0K/R8T�O0·�c d0Ä2Ä]R KaT
Å:T�ßPßÈÄ�Ì�K.÷2Þ�Ä£O0KHO¡L

k
»

ÜûKHL
dk : ((v, w), (v′ , w′)) 7→ (ωE1

(v, v′) · ωE2
(w,w′))k ¾

öÛd0KHO
ψ′

k(R) :=
∑

r∈R dk(r)
NÈRZTq×kK¼T£RMÂ�S KiT�O0·sßÈKHL

ϕ′
k(σ) := ψ′

k(R(σ))
¾

¸¹OsK.÷0T�×aÞ�ßÈKøÅúÄ£SÛLMd�NÈR<NÈRZRMd0Ä¼Ù<OÝNPO��0Q]Â�S Kk½]½]¾¯ð¹RMNPO�Q
k = 1

LMd0KøßÈK.ÅúL<LMS K/KødDT£R
ϕ′

1(σ1) = 2
T�O0·

LMd0K8SMNPQ]d¡LÕLMS K/K
ϕ′

1(σ2) = 1.5
¾

b b

a

b b

a

1 1 1 1

a

b b

a

b

b

1
1 1

.5

Æ�NPQ]Â�S Ka½]½]»�ö�ÙBÄoO0ÄI·�Køc/Ä£SMS K/RMÞ�Ä£O0·�KHO0c/K/Rî¥FLMd0KøS KHLAT�NPO0K/·�S KHßËT�LMNÈÄ£O0RZT�S K"O0Ä£LÛÞ�ßÈÄ£LML K/·=§BÙ<NPLMdsTq·*NÈRMLAT�O0c/K
ÅúÂ�O0cHLMNÈÄ£O
T£R RMNPQ]O0K/·�L Ä�LMd0KkS KHßËT�LMNÈÄ£O0R¼¾köÛd0Ka·�Ä£LML K/·ãS KHßËT�LMNÈÄ£O NÈRiT�·�K/R c/KHO0·0T�O¡L�S KHßËT�LMNÈÄ£O
Ä�ÅÛßÈKHO�Q]LMd
¿*ë
T£R RMNPQ]O0K/· 1

2

¾

� Y�\]\]^�� î"N õ KHO T�R KHL8Ä�Å¬O0Ä2·�KaR KHL�c/Ä£SMS K/RMÞ�Ä£O0·�KHO0c/K/R
{σj}

ë
ϕ(σj)

·�K��0O0K/R�T�L Ä£LAT�ß¯Þ�S K.æåÄ£S ·�KHSiÄ£O
LMd�NÈRÕR KHL¼¾
üôRMÞ�K/cHNËT�ßPßPÉ�ë�T¹R KHL�Ä�Å�×�T5÷2NP×�T�ß2O0ÄI·�KÛR KHL�c/Ä£SMS K/RMÞ�Ä£O0·�KHO0c/K/R�NÈR±L Ä£LAT�ßPßPÉiÞ�S K.æåÄ£S ·�KHS K/·oº¡ÉiRMÂ0cAdkT<ÅúÂ�O0cHLMNÈÄ£O�¾

X%L)MOM=o�� LMSMN õ NËT�ß:» ϕ(σj) ∈ R
NÈR<L Ä£LAT�ß±T�O0·

R
NÈRZÄ£S ·�KHS K/·)¾
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Èt��� ��Ô~����� �OÕ����Sëm��×�����ë�ê�n���ë�ë�ê=Ë)Ô¡���o�~ê=�Û×wê
ÊINPO0c/KøÙ¬K�T�S K�R K¼T�S c d�NPO�QaÅ³Ä£S<LMd0K¹ñ¦Ä£Þ�LMNP×�T�ßûRMLMSMÂ0cHLMÂ�S K�c/Ä£SMS K/R Þ$Ä£O0·�KHO0c/K.óAëDÙ¬KødDT õ K8L ÄqÅúÄ£SM×�T�ßPßPÉ�·�K��0O0K
Ù<dDT�LÕÙBK8c/Ä£O0RMNÈ·�KHSÕL Äoº�KøLMd0Køº$K/R LÕR Ä£ßPÂ�LMNÈÄ£O�¾ôöÛd�NÈRÕÄ�Å�c/Ä£Â�S R KøÂ0R K/R<LMd0K8Þ�S K õ NÈÄ£Â0R<O0Ä£LMNÈÄ£O@Ä�Å�O0Ä2·�K�R KHL
c/Ä£SMS K/RMÞ�Ä£O0·�KHO0c/K/R¹T�O0·ÝS KHLAT�NPO�×kKHOILc�IÂDT�ßPNPLåÉ�»

# Y�qsIQTBJ*T-MKI~� ¸ZO}�;ûKõ[ñ-írï�

÷6õ[ø;ù/ú@õ[ù�øüôîú��nø�øüô;÷�ûq���Uþ0ô��Uú�ô8Ù<NPLMd�S K/RMÞ�K/cHL¯L ÄqTøS KHLAT�NPO�×kKHO¡L¡�IÂDT�ßPNPLåÉaÅúÂ�O0c.æ
LMNÈÄ£O

ϕ : P(R(SV,W )) → R
NÈR�T�O0Ä2·�KkR KHL8c/Ä£SMS K/R Þ$Ä£O0·�KHO0c/K�Ù<d�NÈc d'NÈR�×�T5÷2NP×�Â�× Ù<NPLMd
S K/RMÞ$K/cHLiL Ä

LMd0K8Ä£S ·�KHSÕQ]N õ KHO?º¡É�LMd0K�S KHLAT�NPO�×kKHO¡L£�¡ÂDT�ßPNPL¦É�ÅúÂ�O0cHLMNÈÄ£O
ϕ
¾

¸¹O��;ûKõ[ñ-írï�
O÷6õ[ø;ù/ú@õ[ù�øüô ú��nø�øüô;÷�ûq���Uþ0ô��Uú�ôkÙ<NPLMd?S K/RMÞ�K/cHLZL Ä�Ta×kK¼T£RMÂ�S K
ψ : R(SV,W ) → R

Ä£O?LMd0KiRAKHL
Ä�ÅÕS KHLAT�NPODT�º�ßÈK�S KHßËT�LMNÈÄ£O0RqNÈRaTÝO0Ä2·�KnR KHLoc/Ä£SMS K/RMÞ�Ä£O0·�KHO0c/K�Ù<d�NÈc d NÈRi×�T5÷*NP×iÂ�× Ù<NPLMd S K/RMÞ�K/cHL�L Ä?LMd0K
Ä£S ·�KHSÕQ]N õ KHOsºIÉ�LMd0KøS KHLAT�NPO�×kKHO¡L£�¡ÂDT�ßPNPL¦ÉnÅúÂ�O0cHLMNÈÄ£O

ϕ(σ) := ψ(σ)
¾

¸¹Ow�;ûKõ[ñ-írï�
¡÷�õ[ø�ù/ú@õ[ù0ø3ôªú��nø�ø3ô;÷#ûq�'�Uþlô��Uú;ô�Ù<NPLMd S K/RMÞ$K/cHLnL Ä T�×kK¼T£R Â�S K
µ : E1 ∪ E2 → R

Ä£O LMd0K
K/·*Q�K/RsÄ�ÅqLMd0K�·�ÄIcHÂ�×kKHOIL RÝNÈR?T
O0ÄI·�K�RAKHL�c/Ä£SMS K/R Þ$Ä£O0·�KHO0c/K�Ù<d�NÈcAdgNÈR�×�T5÷*NP×iÂ�× Ù<NPLMd©S K/RMÞ�K/cHLÝL Ä
LMd0K�Ä£S ·�KHS�Q]N õ KHO ºIÉ�LMd0K�S KHLAT�NPO�×kKHO¡L©�IÂDT�ßPNPLåÉwÅúÂ�O0cHLMNÈÄ£O

ϕ(σ) := µ′(σ)
T�O0·ãLMd0K�NPO0·*Â0c/K/·ã×kK¼T£RMÂ�S K

µ′({(v, w), (v′ , w′)}) := µ(v, w) + µ(v′, w′)
¾

� Y�\]\]^�� ¸ÒS KHLAT�NPO�×kKHO¡L��IÂDT�ßPNPLåÉ�ÅúÂ�O0cHLMNÈÄ£O
ϕ(σ) := ψ(R(σ))

NPO0·*Â0c/K/·éº¡É T ×kK¼T£RMÂ�S K�Ä£O LMd0K
R KHLoÄ�ÅZS KHLAT�NPO0K/· S KHßËT�LMNÈÄ£O0RoNÈRq×kÄ£O0Ä£L Ä£O0K�Ù<NPLMd'S K/R Þ$K/cHLoL Ä@LMd0K�R Â�º0R KHL�S KHßËT�LMNÈÄ£O�Ä£O

SV,W

¾wöÛdDT�LoNÈR
σ ⊆ σ′ ⇒ ϕ(σ) ≤ ϕ(σ′)

¾
äåÅ
ϕ(σ′)

NÈRÛRMLMSMNÈcHLMßPÉ�Þ$Ä]R NPLMN õ K]ëILMd0K�R Â�º0R KHLÛÞDT�SMLMNËT�ß�Ä£S ·�KHSÛÄ�Å�O0ÄI·�KøR KHL<c/Ä£SMS K/RMÞ�Ä£O0·�KHO0c/K/R<NÈRÕTqRMÂ�º0R KHL<Ä�Å
LMd0KqÞDT�SMLMNËT�ß�Ä£S ·�KHS"NPO0·*Â0c/K/·�ºIÉsLMd0KqS KHLAT�NPO�×kKHO¡L%�IÂDT�ßPNPLåÉsÅúÂ�O0cHLMNÈÄ£O

ϕ
ë$N:¾ K]¾�T�O¡É@O0ÄI·�KqR KHLøc/Ä£SMS K/RMÞ�Ä£O*æ

·�KHO0c/K
σ

Ù<NPLMd
ϕ(σ)

×�T5÷*NP×iÂ�× Ù<NPßPß)º�KiTq×�T5÷*NP×iÂ�× O0ÄI·�K�R KHLÕc/Ä£SMS K/R Þ$Ä£O0·�KHO0c/K]¾

X%L)MOM=o�� J¹º õ NÈÄ£Â0R¼ëDRMNPO0c/K ψ NÈRZTa×kK¼T£RMÂ�S K]»
σ ⊆ σ′ ⇒ R(σ) ⊆ R(σ′) ⇒ ψ(R(σ)) ≤ ψ(R(σ)) ⇒ ϕ(σ) ≤ ϕ(σ′)

# Y�qsIQTBJ*T-MKI~� ¸©S KHLAT�NPO�×kKHO¡L��IÂDT�ßPNPLåÉkÅFÂ�O0cHLMNÈÄ£O
ϕ

c/Ä£×aNPO�QqÅúS Ä£×�LMd0K¹×kK¼T£RMÂ�S K
ψ

NÈRBc¼T�ßPßÈK/·
ñ$�
ý&ïnø�ñ�ï��=õ
Ù<NPLMdaS K/RMÞ�K/cHL�L ÄøLMd0KÛO0ÄI·�KÛR KHL�K@�IÂ�N õ T�ßÈKHO0c/K<S KHßËT�LMNÈÄ£O

SV,W

NìÅ�ÅúÄ£S
v1 ≡ v′1∧v2 ≡ v′2∧w1 ≡ w′

1∧w2 ≡
w′

2 ⇒ ψ((v1, v2), (w1, w2)) = ψ((v′1, v
′
2), (w

′
1, w

′
2))

¾köÛd0KHO NPL�NÈR8R Âw��cHNÈKHO¡LiL ÄsQ]N õ K v1
ë
v2

L ÄÝLMd�NÈR
ÅúÂ�O0cHLMNÈÄ£OsL ÄkK õ T�ßPÂDT�L K�LMd0K õ T�ßPÂ0K]¾

� MU\ÿ\�Y�IKJS� ¸¹O@Ä£Þ�LMNP×�T�ß�RMLMSMÂ0cHLMÂ�S Kqc/Ä£SMS K/RMÞ�Ä£O0·�KHO0c/K�L Ä£Q�KHLMd0KHS"Ù<NPLMd�TaS KHLAT�NPO�×kKHO¡Le�IÂDT�ßPNPLåÉÝÅúÂ�O0c.æ
LMNÈÄ£OsQ]N õ K/RZTk·*NÈRMLAT�O0c/KøÅúÂ�O0cHLMNÈÄ£OÝÅúÄ£S<Q]SAT�Þ�d0Rê¾

� � ÎD� ÓqÖ
A

∗ � ����Ï<����� Ô E �w�qÓ � �AÓ�ÖÑÎ E � �i��� E ÓqÎ

A∗
æýÊ2K¼T�S c d?NÈR"ToQ�KHO0KHSMNÈc�T�ßPQ�Ä£SMNPLMd�× Å³Ä£SÕR K¼T�S c d�NPO�Q�R Ä£ßPÂ�LMNÈÄ£O0RÕNPO�TaQ]SAT�Þ�d?Ä�Å�Þ�Ä]R RMNPº�NPßPNPLMNÈK/R¼¾BX"N ¬ýØ*RMLMSATw® R

RMd0Ä£SML K/RMLçæ:ÞDT�LMdÝT�ßPQ�Ä£SMNPLMd�×ÿNÈR¬T�RMÞ�K/cHNËT�ßDc¼T£R K¹Ä�Å
A∗

æýÊ2K¼T�S cAd�¾�äåLôNÈRBT�º�K/RMLçæ��0S RML¯K.÷*ÞDT�O0RMNÈÄ£O�R K¼T�S c d�Â0RMNPO�Q
T�c/Ä]RML<K/RMLMNP×�T�LMNÈÄ£O�ÅFÂ�O0cHLMNÈÄ£O�¾�âòd0KHO�Q]N õ KHOsT�R Þ$K/cHN	�Dc"c/Ä]RML<K/RMLMNP×�T�LMNÈÄ£O�ÅFÂ�O0cHLMNÈÄ£O�ë*NPLÛc¼T�OsT�ßÈR Äqº$KHdDT õ KßPNPØ�K�º�S K¼T£·*LMd*æ��0S RML"R K¼T�S c d�¾
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A∗
æýÊ2K¼T�S c d?NÈR¹RMd0Ä¼Ù<O?L Äaº$KiÄ£Þ�LMNP×�T�ßûÙ<NPLMd?S K/R Þ$K/cHLÕL ÄnToQ]N õ KHO?Ä£Þ�LMNP×aNÈRMLMNÈcqT�O0·?T£·*×aNÈR RMNPº�ßÈKid0KHÂ�SMNÈRMLMNÈc

c/Ä]RMLÛÅúÂ�O0cHLMNÈÄ£O�ë0N:¾ K]¾*O0ÄkÄ£LMd0KHS¹R K¼T�S c dsÙ<NPßPß±K.÷2ÞDT�O0·ÝßÈK/RARÛO0ÄI·�K/RZÙ<d0KHOsÂ0RMNPO�QaLMd0K8RAT�×kKød0KHÂ�SMNÈR LMNÈc]¾
¸¹OsÄ£Þ�LMNP×aNÈRMLMNÈc�c/Ä]RMLÕK/RMLMNP×�T�LMNÈÄ£OÝÅúÂ�O0cHLMNÈÄ£OÝNÈRZTiÅúÂ�O0cHLMNÈÄ£OsÙ<d�NÈc dsO0K õ KHSÕÄ õ KHS K/RMLMNP×�T�L K/R¹LMd0KøS K¼T�ß�c/Ä]RML R¼ë
T�O�T£·*×aNÈR R NPº�ßÈK¯c/Ä]RML�ÅúÂ�O0cHLMNÈÄ£O�¥FO0Ä£Lûc/Ä]R LûK/RMLMNP×�T�LMNÈÄ£O8ÅúÂ�O0cHLMNÈÄ£OU§�NÈR�O0K õ KHS±·�K/cHS K¼T£RMNPO�Q"·*Â�SMNPO�QZLMd0KôR K¼T�S cAd�¾
ä¦OwT�O¡Â�L RMd0KHßPß:ë$LMd0KoÄ£Þ�LMNP×aNÈRMLMNÈcoc/Ä]RMLøK/RMLMNP×�T�LMNÈÄ£OwNÈRZÂ0RAK/·?L Ä�·�K/cHNÈ·�KqÙ<d�NÈc dwº�SAT�O0c d�NÈR¹×kÄ]RML"ßPNPØ�KHßPÉ?L Ä
c/Ä£O¡LAT�NPOÝLMd0Køº�K/RMLÛR Ä£ßPÂ�LMNÈÄ£O�ë*Ù<d0KHS K¼T£RÛLMd0K�T£·*×aNÈR RMNPº�ßÈK�c/Ä]RML¬ÅúÂ�O0cHLMNÈÄ£OÝNÈR¬Â0RAK/·nL Ä õ KHSMNìÅúÉ�LMdDT�LÛO0ÄoÄ£LMd0KHS
º�SAT�O0c d@NÈR<º�KHLML KHS¼¾
öÛd0Kkc/Ä]RML8K/R LMNP×�T�LMNÈÄ£O�ÅFÂ�O0cHLMNÈÄ£O0RiÞ�S K/R KHO¡L K/·ãd0KHS K�T�S Koº$Ä£LMd
Ä£Þ�LMNP×aNÈRMLMNÈc�T�O0· T£·*×aNÈR R NPº�ßÈKa·*Â�SMNPO�QsLMd0K
R K¼T�S cAd�Þ�S ÄIc/K/R Rêë�T�O0·�T�LøLMd0KoKHO0·�LMd0K�S K/R Â�ßPL"Ù<NPßPß�K õ KHO�º�KiLMd0KqS K¼T�ß�c/Ä]RML R¼¾�öÛd�NÈRøS KH×kÄ õ K/R�LMd0KqO0K/K/·
Å³Ä£S<dDT õ NPO�QnTaR KHÞDT�SAT�L KiT£·*×aNÈRARMNPº�ßÈK8c/Ä]RMLÛÅúÂ�O0cHLMNÈÄ£O�¾
öÛd0Kic/Ä]R L¹K/RMLMNP×�T�LMNÈÄ£O@ÅFÂ�O0cHLMNÈÄ£O0R¹S K@�IÂ�NPS KqToO0Ä2·�K�ô�/6ù0ñ-ý&ï�
�ô��Uú;ôaS KHßËT�LMNÈÄ£O�T�O0·�T�O@LMd0K8NP×aÞ�S Ä õ K/·?ÅúÂ�O0c.æ
LMNÈÄ£O0RZT�ßÈR ÄnT�OØñ��
ý)ïnø;ñ�ï��=õBS KHLAT�NPO�×kKHOIL{�IÂDT�ßPNPLåÉ�ÅFÂ�O0cHLMNÈÄ£O�¾

èt���
A

∗ � �Qê=�Kë0×lì

k J8^wJ8Y
T[I�o�M=Ln\�^wJ*T-MKI M��)�6Y0RSJS�
½]¾ÕcHÂ�SMS KHOILZLMSAT õ KHS RAT�ßûÞ�Ä]RMNPLMNÈÄ£O�Å³Ä£S¡�0S RMLÕ·�Ä2cHÂ�×kKHO¡L
¿*¾<ßPNÈR LÕÄ�Å�O0Ä2·�K8c/Ä£SMS K/RMÞ�Ä£O0·�KHO0c/K/R¤¥FN:¾ K]¾�ßPNÈR LÕÄ�Å�Þ�S K õ NÈÄ£Â0RMßPÉ�×�T�L c d0K/·?O0ÄI·�K/R;§
_*¾ÕcHÂ�SMS KHOIL�c/Ä]RMLûK/RMLMNP×�T�LMNÈÄ£OaT�O0·øñ¦cHS K/·*NPL RçóôNPO*Å³Ä£SM×�T�LMNÈÄ£O�ÅúÄ£S�c/Ä]RML)ÅúÂ�O0cHLMNÈÄ£O�¥úK.÷*Þ�ßËT�NPO0K/·iNPO8ÅúÄ£ßPßÈÄêÙ<NPO�Q

RAK/cHLMNÈÄ£O0R;§

��ZuiUM=LnTuJ*m�\p� öÛd0K�ºDT£R NÈc
A∗

æýÊ2K¼T�S cAd@¸¹ßPQ�Ä£SMNPLMd�×
�IÂ0KHÂ0Kk»L��
"ñu÷�õT�+y£÷�õ#ï�õ�ô%ñ$��yi�nø�í©ï�õ[ñ
���}�m�$�8ôüú@õ-÷W�~÷��nø6õ�ôüþ�����ú��)÷�õ
RMLAT�SML,ÊILAT�L Kk»L�Ññ��
ñ[õ[ñ�ï�
K÷�õ#ïSõ�ô
R Ä£ßPÂ�LMNÈÄ£O »L���	�©÷i��
1ù�õ[ñ����
�0O�NÈRMd0K/·ã»L� Å³T�ßÈR K
ñ$�/÷@ô�ø6õÛRMLAT�SML,ÊILAT�L K©ñ$�=õ3�©�IÂ0KHÂ0K
� mQT-Z-Y ¥FO0Ä£L¡�0O�NÈRMd0K/·=§º�K/RML,ÊILAT�L Kk»L�I�0ô6õ���ø�÷6õÖô�
�ô�í ô��=õ	y;ø0�ní �IÂ0KHÂ0K

T-o º�K/RML,ÊILAT�L K�ñu÷îú��ní{û	
�ô6õ�ô J*m�Y�IRAÄ£ßPÂ�LMNÈÄ£O »L� º�K/RML,ÊILAT�L K
�0O�NÈR d0K/·ã»L� LMSMÂ0K

Y�Zu_*Y
o�M=L)Yl^/Rnm O0KHÙ¹ÊILAT�L K T[I ú3ï'
	ú6ùR
óïSõ�ôh�Kôüð�õ�í��ný)ô�÷Yy;ø0�ní�º�K/RML,ÊILAT�L K NQM

ô;÷�õ[ñ-írïSõ�ô¤ú��)÷�õ-÷Yyi�nøqO0KHÙ¹ÊILAT�L K
ñ��
÷@ô�ø6õ¯O0KHÙ¹ÊILAT�L K ñ��Uõ3�©�¡Â0KHÂ0K
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y{zOJ8Y0I�_*T-MUI�_S� öÛd0K�T�ßPQ�Ä£SMNPLMd�× c¼T�O'º$K�K.÷*L KHO0·�K/· Â0RMNPO�Q�LMd0K�Â0RMÂDT�ß
A∗

NP×aÞ�S Ä õ KH×kKHO¡L�L K/c d�O�N��IÂ0K/R
¥úK/RMÞ�K/cHNËT�ßPßPÉsÅ³Ä£S"RAÄ£ß õ NPO�Q�×kKH×kÄ£SMÉ�LMS Ä£Â�º�ßÈK/R¼ë)Ä£SøÙ<d0KHOãR K¼T�S c d�NPO�Q�Å³Ä£SøT�Þ�Þ�S Ä¼÷2NP×�T�L K�R Ä£ßPÂ�LMNÈÄ£O0R;§.¾8¸¹ßÈR Ä
T
B∗

æýÊ2K¼T�S c d?×aNPQ]dILZº�KøÞ$Ä]RARMNPº�ßÈK]¾
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¶ ÉÝÂ0RMNPO�Q�T�R K/c/Ä£O0·0T�SMÉsR Ä£SML"Ä£O?LMd0Kf�¡Â0KHÂ0K8ÅúÄ£S¹SAT�O�ØINPO�Q�RMLAT�L K/RZÙ<NPLMd�NÈ·�KHO¡LMNÈc¼T�ß�c/Ä]RML R<YnÅ³Ä£S¹K.÷0T�×aÞ�ßÈK
R Ä£SMLMNPO�Qnº¡ÉÝLMd0Kic/Ä£Â�OIL�Ä�ÅôT�ßPS K¼T£·*ÉÝ×�T�L cAd0K/·�O0ÄI·�K/R<Y�LMd0KiRAK¼T�S c dwc¼T�O?º�K8×�T£·�KiR ßPNPQ]d¡LMßPÉÝÅ:T£RML KHS¼ë0L Ä2Ä�¾
J¹LMd0KHSZÄ£Þ�LMNP×aNPàêT�LMNÈÄ£O0RøT�S K8RMÂ�Q]Q�K/RML K/·sNPOÝLMd0K"ñ¦Ä£Â�LMßÈÄIÄ£ØIó�R K/cHLMNÈÄ£O?Ä�Å�LMd�NÈRÕ·�ÄIcHÂ�×kKHOIL¼¾

èt�uÈ n��OÕ�×��ÛÕ#�K������Ìp��ì~ê��]ê
ÊQ�
���=��ê=Ë

ä¦OsK¼T£c d?RML KHÞ�ë0LMd0KiT�ßPQ�Ä£SMNPLMd�× c¼T�O?KHNPLMd0KHS
½]¾<×�T�L cAdÝLMd0KøcHÂ�SMS KHO¡LÕO0Ä2·�K¹ÅFS Ä£×ÿLMd0K{�0S RML<·�ÄIcHÂ�×kKHOIL<Ù<NPLMdsÄ£O0K¹Â�O�×�T�L cAd0K/·sRMNP×aNPßËT�SÛO0Ä2·�KZÅúS Ä£×

LMd0KiR K/c/Ä£O0·s·�Ä2cHÂ�×kKHO¡L¹Ä£S
¿*¾Õ·*S Ä£Þ?LMd0K8cHÂ�SMS KHO¡L¹O0ÄI·�K]¾�öÛd�NÈRZÙ<NPßPß�º$KøS KHÞ�S K/RAKHO¡L K/·sºIÉ�Tk·*Â�×a×iÉ�×�T�Þ�Þ�NPO�Q

σ(a) = ⊥
¾

ü¯T£cAd@Ä�Å�LMd0K/R K�Ä£Þ$KHSAT�LMNÈÄ£O0RZÙ<NPßPß�º�K8T£R RMNPQ]O0K/·?ToRMÞ�K/cHN	�Dc�c/Ä]RMLZK/R LMNP×�T�LMNÈÄ£OsNPOsLMd0K"Å³Ä£ßPßÈÄ¼Ù<NPO�QnRAK/cHLMNÈÄ£O�¾
ä¦OwÄ£S ·�KHSøL Ä�c/Ä£O0RMNÈ·�KHSiT�ßPß�×�T�L c d�NPO�Q?Þ$Ä]R R NPº�NPßPNPLMNÈK/R¼ë�Ù¬KqdDT õ KoL Ä�L K/R L"K¼T£cAd�O0ÄI·�K�ÅúS Ä£×ÑLMd0Kî�0S R Lø·�Ä2c.æ
Â�×kKHO¡LkÄ£O0c/K�T�Q¡T�NPO0RMLaK¼T£c d RMNP×aNPßËT�S¼ëôÂ�O�×�T�L c d0K/· O0Ä2·�KnNPO'LMd0K�R K/c/Ä£O0·)¾�öÛd�NÈRoc¼T�O'º�K�T£c d�NÈK õ K/· º¡É
LMSAT õ KHS R NPO�Q�LMd0K�·�Ä2cHÂ�×kKHO¡L�NPO T�O�T�SMº�NPLMSAT�SMÉ'Ä£S ·�KHS¼ë�Å³Ä£SoK.÷0T�×aÞ�ßÈK�NPO ·�ÄIcHÂ�×kKHOILkÄ£S ·�KHS¼¾ öÛd0K�Ä£S ·�KHS
NPOw­0Â0KHO0c/K/RøLMd0KqR K¼T�S c dwÞ�S Ä2c/K/R R¼ë�T�O0·@×aNPQ]dIL8T�ßPßÈÄ¼Ù ÅúÄ£SøRMNPQ]O�N	�Dc¼T�OILøÄ£Þ�LMNP×aNPàêT�LMNÈÄ£O0Rêë�º�Â�L"LMd�NÈR"dDT£R¹O0Ä£L
º�K/KHO�NPO õ K/RMLMNPQ¡T�L K/·)¾òäåÅ"LMd0KHS K?T�S KsO0Ä�×kÄ£S KÝO0Ä2·�K/RkßÈK.ÅúLaNPO�LMd0K��0S RML�·�Ä2cHÂ�×kKHO¡LnÙ¬KÝdDT õ KÝÅ³Ä£Â�O0· T
R Ä£ßPÂ�LMNÈÄ£O ¥FN:¾ K]¾$T�RMLAT�L K8NÈR"c/Ä£×aÞ�ßÈKHL K�NìÌãO0Ä�Â�O�Þ�S Ä2c/K/R R K/·?O0ÄI·�K/RøT�S KißÈK.ÅúLZNPO@LMd0Ke�0S RMLø·�Ä2cHÂ�×kKHO¡L;§��$LMd0K
A∗

æýÊ2K¼T�S c d�L Ä£Q�KHLMd0KHSÛÙ<NPLMd�LMd0K"Ä£Þ�LMNP×aNÈRMLMNÈc�T�O0·�T£·*×aNÈR RMNPº�ßÈKøc/Ä]RMLôÅúÂ�O0cHLMNÈÄ£O�Q]ÂDT�SAT�O¡L K/K/R¼ë*LMdDT�LÛLMd0K��0S RML
c/Ä£×aÞ�ßÈKHL KiRAÄ£ßPÂ�LMNÈÄ£OÝÅúÄ£Â�O0·�NÈRZÄ£Þ�LMNP×�T�ß:¾

��ZuiUM=LnTuJ*m�\p� îøKHLZÞ$Ä]R R NPº�ßÈKø×kÄ õ K/RcHÂ�SMS KHO¡Lq»L�Ñú6ù�ø;ø3ô��=õÛ÷�õ#ï�õ�ô%ñ$��yi�nø�í©ï�õ[ñ
���}�m�$�8ôüú@õ
cHÂ�SMS KHO¡L¼¾ Þ�Ä]RMNPLMNÈÄ£O'»L��ú6ù�ø;ø3ô��=õ�õ[øüïný)ô�ø;÷6ï�

ûq�)÷�ñ-õ[ñ���� ñ$�h�~ø�÷6õÛþ��*ú6ù0í ô��Uõ
cHÂ�SMS KHO¡L¼¾ ×�T�L cAd0K/·�ï¹Ä2·�K/Ro»L��
1ñB÷6õo�+yîï�
1ø3ôüï�þ���írïSõ#ú�öwôüþ��	�*þlô;÷
S K/RMÂ�ßPL R8»L� ô�í{ûKõ
�©÷@ô@õT�+y£÷6õ#ïSõ�ôîñ��!y��nø�írïSõ[ñ���� �m�$�8ôüú@õ-÷
�o� �	� 2 õ[øW��õ3�¡�Y�Kþ£ûq�n÷�÷;ñ3��
�ôîí©ï�õ#ú�öwô;÷Yyi�nø%õ-öwôfú6ù�ø;ø3ô��=õT�	�*þlô �
�
o�MUL&Y0^/R)m O0Ä2·�K¼¿ T[I �lô@õ~÷�ñuí�ñ$
	ïnø¢�	�*þlô;÷Yyi�nøqRAKHßìÅç¾ Þ�Ä]RMNPLMNÈÄ£O

T-o O0Ä2·�K¼¿<�	�Sõ�y��Sùu�Uþ ñ$��cHÂ�SMS KHOIL¼¾ ×�T�L c d0K/·�ï"ÄI·�K/R
O0KHÙ¹ÊILAT�L Kn»L��ú��;û=�<�+yîú6ù�ø�øüô��Uõ
ïlþný&ï��Uú;ô�O0KHÙ¹ÊILAT�L K]¾ Þ$Ä]RMNPLMNÈÄ£O
ï�û�û/ô��Uþ�írï;ûlûUñ��R�
¥úcHÂ�SMS KHOIL¼¾ Þ$Ä]R NPLMNÈÄ£O�ë0O0Ä2·�K¼¿�§£õ3�aO0KHÙ¹ÊILAT�L K]¾ ×�T�L cAd0K/·�ï¹Ä2·�K/R
ñ$�/÷8ô�ø�õBO0KHÙ¹ÊILAT�L K ñ��=õ3�aS K/RMÂ�ßPL R

�o� ú����/÷�ñ[þ0ô�øfþnø0�;û�ûKñ��u��õ-öwô¤ú6ù�ø;ø3ô��=õT�	�*þlô �
�
O0KHÙ¹ÊILAT�L K�»L�ÑúM�;û	�<�0y�cHÂ�SMS KHOIL
ï�þný)ï��Uú�ô�O0KHÙ¹ÊILAT�L K]¾ Þ�Ä]RMNPLMNÈÄ£O
ï;û�û
ô��Uþ�írï;û�ûUñ$�u�ª¥úcHÂ�SMS KHO¡L¼¾ Þ�Ä]RMNPLMNÈÄ£O�ë�ùu�
írï;ûlû/ôüþ�írïnøW£nô�ø

⊥
§cõ3�oO0KHÙ¹ÊILAT�L K]¾ ×�T�L c d0K/·�ï"Ä2·�K/R

ñ$�/÷@ô�ø6õBO0KHÙ¹ÊILAT�L K©ñ$�=õ3�oS K/RMÂ�ßPL R

èt�uè �t�¤� ÔÛÕ#ê¥n���Ë&� ~Y�Û��×����#���
Ü�KHL

D1 = (V,E1)
T�O0·

D2 = (W,E2)
º�KøLMd0KøLåÙBÄ�·�Ä2cHÂ�×kKHO¡L R¹L ÄoÞ�S ÄIc/K/R Rê¾
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öÛd�NÈRoc/Ä]RML8ÅúÂ�O0cHLMNÈÄ£O�ë�ßPNPØ�K�T�ßPß¬Þ�S K/RAKHO¡L K/· c/Ä]RML8ÅúÂ�O0cHLMNÈÄ£O0R¼ë�NÈRq·�K/RMNPQ]O0K/·'L Ä?ÙBÄ£SMØãÙ<NPLMd TsS KHLAT�NPO�×kKHOIL
�IÂDT�ßPNPLåÉ�ÅúÂ�O0cHLMNÈÄ£O ·�KHSMN õ K/· ÅúS Ä£× TÝ×kK¼T£RMÂ�S K

µ : E1 ∪ E2 → R
Ä£O
LMd0K�K/·*Q�K/RoÄ�ÅÕLMd0K�·�Ä2cHÂ�×kKHO¡L Rê¾

âòd�NPßÈK�LMd�NÈRÕc/Ä]RMLÛÅúÂ�O0cHLMNÈÄ£O?·�Ä2K/R<O0Ä£LÕS K@�IÂ�NPS K�NPO õ T�SMNËT�O0c/K]ë0LMd0K�NP×aÞ�S Ä õ K/·?c/Ä]RMLÛÅúÂ�O0cHLMNÈÄ£O0RÕÙ<NPßPß:¾
öÛd0KÛRMNP×aÞ�ßÈK/RML�c/Ä]RML�ÅúÂ�O0cHLMNÈÄ£OqÂ0R NPO�Q"S KHLAT�NPO0K/·oS KHßËT�LMNÈÄ£O0RôNÈR�Ä£º�LAT�NPO0K/·oºIÉ�¬çÂ0RML�c d0K/c Ø2NPO�Q8Ù<d�NÈcAdaS KHßËT�LMNÈÄ£O0R
a1 → b1 ∈ E1

NPOãLMd0K©�0S RMLoT�O0·
a2 → b2 ∈ E2

NPO LMd0K�RAK/c/Ä£O0· ·�Ä2cHÂ�×kKHO¡LaT�S KkO0Ä£LiS KHLAT�NPO0K/·'T�O0·
T£R RMNPQ]O�NPO�Q�Toc/Ä]RML<NPO0cHS KH×kKHO¡LøÄ�Å

µ(a1 → b1)
¥FS K/RMÞ�K/cHLMN õ K µ(a2 → b2)

§BL ÄoLMd0KH×s»
Æ0Ä£S�T�ßPß<S KHßËT�LMNÈÄ£O0R

a1 → b1 ∈ E1
¥³T�O0· RMNP×aNPßËT�SoÅ³Ä£S�T�ßPß

a2 → b2 ∈ E2
§.ëBc d0K/cAØ
NìÅ

σ(a1) = ⊥
Y

N:¾ K]¾)LMd0K�O0ÄI·�K
a1

NÈR�L Ä?º$K�·*S Ä£Þ�Þ$K/·�Y�ë
σ(b2) = ⊥

Ä£S
σ(a1) → σ(b1) /∈ E2

LMd0KHO
T£R R NPQ]O c/Ä]RML RiÄ�Å
µ(a1 → b1)

ë�RMNPO0c/K"LMd0KøS KHßËT�LMNÈÄ£O
a1 → b2

c¼T�O�O0Ä£LÕº$K¹S KHLAT�NPO0K/·)¾¯äåÅ±KHNPLMd0KHS
a1

Ä£S
b1

NÈRÛO0Ä£LÛÉ�KHLÕ·�K/cHNÈ·�K/·
Ä£S<LMd0K�S KHßËT�LMNÈÄ£O@NÈRZT£cHLMÂDT�ßPßPÉ�S KHLAT�NPO0K/·]¥

σ(a1) → σ(b1) ∈ E2
§.ë0·�ÄoO0Ä£L"T£R RMNPQ]Osc/Ä]RML R¼¾

¸ÛL<LMd0K8KHO0·)ë*Ù<d0KHOÿ¥FºIÉ�LMd0KøNPL KHSAT�LMNÈÄ£OsÞ�S ÄIc/K/RAR<Ù¬K�Â0RAK8T£R<K.÷2Þ�ßËT�NPO0K/·ÝNPO?LMd0KøÞ�S K õ NÈÄ£Â0RÕRAK/cHLMNÈÄ£OU§BLMd0KHS K
T�S KÝO0Ä�Â�O�×�T�Þ�Þ�K/· O0Ä2·�K/RaßÈK.ÅúLkNPO LMd0K��0S RML�·�Ä2cHÂ�×kKHO¡L¼ë<T�ßPßÕÉ�KHL�Â�O�×�T�Þ�Þ$K/· O0ÄI·�K/RaNPO LMd0KÝR K/c/Ä£O0·
·�Ä2cHÂ�×kKHO¡L�T�S KaT£R RMÂ�×kK/·wL Ä�º�KqÂ�O�×�T�Þ�Þ$K/·)ëûN:¾ K]¾�T�ßPß�S KHßËT�LMNÈÄ£O0R8Ù<NPLMd�LMd0KH× T�S Kac/Ä£O0RMNÈ·�KHS K/·wßÈÄ]RML8T�O0·
T�S KiT£R R NPQ]O0K/·Ýc/Ä]RML R¼¾
öÛd0K8c/Ä]RMLÛÅúÂ�O0cHLMNÈÄ£O?c¼T�Osº�KøÙ<SMNPLML KHO@T£R

∑

a1→b1∈E1















0
NìÅ
∃a2→b2∈E2

σ(a1) = a2 ∧ σ(b1) = b2
µ(a1 → b1)

NìÅ
σ(a1) = ⊥ ∨ σ(b1) = ⊥

0
NìÅ
a1

Ä£S
b1

O0Ä£L<É�KHLÕÞ�S ÄIc/K/RAR K/·
µ(a1 → b1)

Ä£LMd0KHSMÙ<NÈRAK +

+
∑

a2→b2∈E2















0
NìÅ
∃a1→b1∈E1

σ(a1) = a2 ∧ σ(b1) = b2
µ(a2 → b2)

NìÅ
@a1∈V σ(a1) = a2 ∨ @b1∈V σ(b1) = b2

0
NìÅ
a2

Ä£S
b2

O0Ä£LÕÉ�KHLÕÞ�S Ä2c/K/R R K/·
µ(a2 → b2)

Ä£LMd0KHSMÙ<NÈR K
öÛd�NÈRqÅúÂ�O0cHLMNÈÄ£O NÈRaÄ£º õ NÈÄ£Â0RMßPÉ'Ä£Þ�LMNP×aNÈR LMNÈcnY�Ù<d0KHO T£·�·*NPLMNÈÄ£ODT�ßZO0ÄI·�K/RkT�S K�Þ�S Ä2c/K/R R K/·'LMd0KHÉ
c¼T�O�Ä£O�ßPÉ
c¼T�Â0R K�T£·�·*NPLMNÈÄ£ODT�ßÕc/Ä]RML RiYãT�O0· T£·*×aNÈR RMNPº�ßÈK]»kLMd0K�c/Ä]R L R�K@�IÂDT�ßÛLMd0K�OIÂ�×iº�KHSkÄ�ÅÕS KHßËT�LMNÈÄ£O0RoLMdDT�LqÙBKHS K
Þ�S K/R KHOILÕNPOsLMd0K8·�Ä2cHÂ�×kKHO¡L R"T�O0·ÝLMdDT�LZc/Ä£Â�ßÈ·ÝO0Ä£L<º�K�S KHLAT�NPO0K/·)¾
ð¹O*ÅúÄ£SMLMÂ�ODT�L KHßPÉ�ë�LMd0KHS K8NÈRÕTqO0KHQ¡T�LMN õ K8K.÷2NÈR L KHO¡LMNËT�ß��IÂDT�O¡LMN	�DKHS¹NPOÝLMd0K�R K/c/Ä£O0·sRMÂ�×së*Ù<d�NÈcAd?c¼T�OsÄ£O�ßPÉnº�K
K õ T�ßPÂDT�L K/·?Ù<d0KHOwT�ßPßûO0Ä2·�K/RZNPO

V
T�S K�Þ�S ÄIc/K/RAR K/·)¾ÛöÛd0KHS K.ÅúÄ£S K]ë

A∗
æýÊ2K¼T�S c d�Ù<NPLMd@LMd�NÈRZd0KHÂ�SMNÈRMLMNÈciNÈRZO0Ä£L

õ KHSMÉ�K���cHNÈKHO¡L¼¾BäåO�Å:T£cHL¼ë*LMd�NÈRÕc/Ä]RML<ÅúÂ�O0cHLMNÈÄ£OsdDT£RÕRAÄ£×kK õ KHSMÉ�ºDT£·?c dDT�SAT£cHL KHSMNÈRMLMNÈc/R¼»
½]¾<LMd0Kqc/Ä]RML R�T�LZLMd0K�º�KHQ]NPO�O�NPO�Q�R d0Ä¼Ù ßPNPLMLMßÈKq·*NìÌ)KHS KHO0c/K�º$KHL¦Ù¬K/KHOã·*NìÌ)KHS KHO¡LøÄ£Þ�LMNÈÄ£O0Rr¥FN:¾ K]¾DLMd0Kî�0S RML

R L KHÞ'dDT£RaT�ßPÙÛT/É*Rkc/Ä]RML RoÄ�Å
0

NìÅZNPLq·�Ä2K/RqO0Ä£La·*S Ä£Þ'LMd0K�O0Ä2·�K]ëôRMNPO0c/KnO0ÄwÄ£LMd0KHSqO0Ä2·�K/RkT�S KnÉ�KHL
×�T�Þ�Þ�K/·)ëDT�O0·ÝLMd0KHS K.Å³Ä£S K�O0ÄaS KHßËT�LMNÈÄ£O?NÈR<ßÈÄ]RML<Å³Ä£SÕRMÂ�S K*§

¿*¾<×�T�OIÉ�c/Ä]RML R�Q�KHO0KHSAT�L K/·
T�S Koñ¦Ä£º õ NÈÄ£Â0Rçóoc/Ä]R L R�LMdDT�L�T�ßPß¯R Ä£ßPÂ�LMNÈÄ£O0R8Ù<NPßPßôdDT õ KqYwK õ KHO�Ù<d0KHO Ä£O0K
·�Ä2cHÂ�×kKHO¡L¹NÈR<NÈ·�KHO¡LMNÈc¼T�ß±L Ä�ToRMÂ�º�LMS K/K8Ä�Å�LMd0K8R K/c/Ä£O0·Ý·�Ä2cHÂ�×kKHO¡L¹NPLÕÙ<NPßPß)dDT õ K�c/Ä]RML R

_*¾<LMd0K�ßËT£RMLiRML KHÞ
Ä�ÅFL KHO'c/Ä£O¡LAT�NPO0RoT�º�NPQ�T�×kÄ£Â�OILqÄ�Å<LMd0Kkc/Ä]RML Rêë±·*Â0KaL Ä?LMd0KaO0KHQ¡T�LMN õ K�K.÷2NÈRML KHOILMNËT�ß
�IÂDT�O¡LMN	�DKHS

Á0¾<LMd0K8º$KHdDT õ NÈÄ£SÕNÈR¹T£RMÉI×a×kKHLMSMNÈc]ëDK/RMÞ$K/cHNËT�ßPßPÉ�Å³Ä£SÕ·�ÄIcHÂ�×kKHOIL RÕÙ<NPLMd?·*NìÌ)KHS KHO¡L¹O¡Â�×�º$KHS R¹Ä�Å�O0Ä2·�K/R
Æ0Ä£S

A∗
æýÊ2K¼T�S c dkL Ä"º�KôÅ:T£RML�NPL�NÈR�K/RAR KHO¡LMNËT�ß�LMdDT�L�Q�Ä2ÄI·qR Ä£ßPÂ�LMNÈÄ£O0Rôc¼T�Ooº�KBS K¼T£c d0K/·kT�L�ßÈÄ¼Ù�c/Ä]RML Rêë£Ù<d0KHS K¼T£R

Ù¬Ä£S RAKiR Ä£ßPÂ�LMNÈÄ£O0R"T�S K8·�KHL K/cHL K/·@K¼T�SMßPÉ�ºIÉ�d�NPQ]d0KHS"c/Ä]RML R<LMdDT�O@LMd0K�Q�ÄIÄ2·sR Ä£ßPÂ�LMNÈÄ£O0Rê¾¯âòd0KHO@T�ñåÞ�KHSçÅúK/cHLçó
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R Ä£ßPÂ�LMNÈÄ£OnYoK]¾ Q0¾�Ù<d0KHS K
D1

NÈR¬NÈ·�KHOILMNÈc¼T�ß�L ÄqT�RMÂ�º�LMS K/K"Ä�Å
D2

YadDT£R<T�ßPS K¼T£·*É�c/Ä]RML R
n
ëILMd0KHO�LMd�NÈR¯×kK¼T�O0R

LMdDT�L8T�ßPß�O0ÄI·�K/R"NPOwLMd0KoR K¼T�S c dwLMS K/KqÙ<NPLMd T�c/Ä]R LøÄ�Å¬ßÈK/R R"LMdDT�O
n

dDT õ KoL Änº$KoK.÷*ÞDT�O0·�K/·)¾8öÛd0KHS K.Å³Ä£S K]ë
LMd0KÛñåÞ�KHSçÅ³K/cHLçóÕ×�T�L c d�YqNìÅ�Þ�S K/R KHOILôYaRMd0Ä£Â�ßÈ·kdDT õ K"c/Ä]R L R¯Ä�Å

0
�Ic/Ä]R L R¬Ä�Å�NPO*Å³KHSMNÈÄ£S¯×�T�L cAd0K/RBR d0Ä£Â�ßÈ·�Q]S ÄêÙ

K¼T�SMßPÉ�NPOÝLMd0K8R K¼T�S cAdsÞ�S ÄIc/K/RARî¥FÙ<d�NPßÈK8Ä�Å�c/Ä£Â�S R K�S KH×�T�NPO�NPO�QnÄ£Þ�LMNP×aNÈR LMNÈc*§.¾
öÛd0KHS KÛT�S K¬R Ä£×kK¯LMSMNÈc Ø*R�L ÄÕßÈK/R R KHOqR Ä£×kKBÄ�Å0LMd0K/R KôÞ�S Ä£º�ßÈKH×kR±Y"ÅúÄ£S�K.÷�T�×aÞ�ßÈK¬º¡ÉicAd0ÄIÄ]R NPO�Q¹LMd0K¬·�ÄIcHÂ�×kKHOIL
Ù<NPLMdw×kÄ£S KqS KHßËT�LMNÈÄ£O0R�Ä£S¹×kÄ£S KqO0Ä2·�K/RøT£R{�0S RMLø·�Ä2cHÂ�×kKHO¡L8Ä£S"º¡É?RMÙ<NPL cAd�NPO�Qs·�ÄIcHÂ�×kKHOIL R�K¼T£c dãRML KHÞ?Y
º�Â�LÕLMd0KHÉ�·�ÄkÄ£O�ßPÉ�dDT õ K�ßPNP×aNPL K/·@K.Ì�K/cHL¼¾
öûÄ¹K.Ì�K/cHLMN õ KHßPÉ8c/Ä£Â�OIL KHS±LMd0K/RAKôÞ�S Ä£º�ßÈKH×kR¼ë�LMd0K¯c/Ä]R L)ÅFÂ�O0cHLMNÈÄ£O�O0K/K/·�RûL ÄÕº$K�NP×aÞ�S Ä õ K/·qº¡É8T£R RMNPQ]O�NPO�Q"c/Ä]RML R
K¼T�SMßPNÈKHS8Ù<d0KHS K õ KHS�Þ$Ä]R R NPº�ßÈK]¾k¸ÛL8LMd0KkRAT�×kKkLMNP×kKkKHßPNP×aNPODT�LMNPO�QÝñ¦Ä£º õ NÈÄ£Â0Rçókc/Ä]RML R8L ÄÝQ�KHL8LMd0KqñåÞ�KHSçÅúK/cHLçó
×�T�L c dk·�ÄêÙ<OaL Ä"T"c/Ä]RML�ßÈK õ KHß0Ä�Å 0

¾�öÛd0KBc/Ä]R L�K/R LMNP×�T�LMNÈÄ£OoÅFÂ�O0cHLMNÈÄ£OaK.÷*Þ�ßËT�NPO0K/·�NPOoLMd0KBO0K.÷*L�ÞDT�SAT�Q]SAT�Þ�d0R
RMNPQ]O�N	�Dc¼T�OILMßPÉÝNP×aÞ�S Ä õ K/RZÄ õ KHSZLMd�NÈR��0S R LÕc/Ä]RML<ÅúÂ�O0cHLMNÈÄ£O@T�O0·?T£c d�NÈK õ K/RZLMd�NÈRÕßËT£RML<Q�Ä�T�ß:¾
öÛd0K¹Ø�KHÉkÞ$Ä£NPOILÕT�S K<ñ¦Ä£º õ NÈÄ£Â0R<c/Ä]RML RMóA¾�ÆDÄ£SÛK.÷0T�×aÞ�ßÈK]ë2NìÅûLMd0KHS K¹NÈRÛTiO0Ä2·�KZNPO

D2
LMdDT�LÛO0Ä�O0ÄI·�K¹NPO

D1
NÈR

RMNP×aNPßËT�SÕL Ä�ë*O0Ä£O0KiÄ�Å�NPL R<S KHßËT�LMNÈÄ£O0RZÙ<NPßPßûK õ KHSÕº�KøS KHLAT�NPO0K/·)¾¯ü�ßPNP×aNPODT�LMNPO�Q�RMÂ0c d@c/Ä]RML R<Ù<NPßPß)NP×aÞ�S Ä õ KiLMd0K
Þ�S Ä2c/K/R RZTqßÈÄ£L¼ë�º�Â�LÕLMd�NÈRZc¼T�ßÈcHÂ�ßËT�LMNÈÄ£O@c¼T�Osº�KøLAT�Ø�KHO@ToRML KHÞÝÅúÂ�SMLMd0KHS¼»
ä¦O0RML K¼T£·�Ä�Å)ßÈÄ2Ä£ØINPO�QoT�L¯Ù<d�NÈc d�O0Ä2·�K/RBT�S KZÂ�O�N��¡Â0KZNPOnK¼T£c d�·�Ä2cHÂ�×kKHO¡L¼ë2Ù¬KøT�Q¡T�NPO�ßÈÄ2Ä£Ø�T�L¯LMd0KZS KHßËT�LMNÈÄ£O0R
NPO0RML K¼T£·)¾Õ¸¹O0·ÝÙBK�·�Ä�O0Ä£L¹Ä£O�ßPÉsc/Ä£O0RMNÈ·�KHS"LMd0Kic¼T£R K]ëDÙ<d0KHS KqTkS KHßËT�LMNÈÄ£O@L¦ÉIÞ�Ki·�Ä2K/RZÄ£O�ßPÉsÄ2c/cHÂ�SZNPO�Ä£O0K
·�Ä2cHÂ�×kKHO¡L¼ë0º�Â�LZÙ¬K�ßÈÄ2Ä£Ø�T�L<LMd0Ki·*NìÌ�KHS KHO0c/K�º�KHLåÙBK/KHO?LMd0K8Ä2c/cHÂ�SMS KHO0c/K�NPOsº�Ä£LMds·�Ä2cHÂ�×kKHO¡L R¼¾

èt�:v ¦B� ÔÛë��=��ê��§n���Ë&� É©Ë&�S�¤� �U��������~Y�Û��×����#���
¨ M
J*T�©/^wJ*TuMKI~� îøN õ KHO?LåÙBÄkO0Ä2·�K/R

a, b ∈ V
T�O0·@ToS KHßËT�LMNÈÄ£O

a→ b ∈ E
NPOsLMd0Ke�0S R LÕ·�ÄIcHÂ�×kKHOIL¼ëDÙBK

c¼T�OãÄ£º�LAT�NPO�LMd0KqS KHßËT�LMNÈÄ£OãK@�¡Â�N õ T�ßÈKHO0c/KacHßËT£R R
a→ b := a → b

¥FLMd�NÈR�·�K��0O�NPLMNÈÄ£OãNÈRøÙBKHßPßìæå·�K��0O0K/·)ë�LMd0K
Þ�S Ä2Ä�Å¯NÈRøLMSMN õ NËT�ßu§.¾iä:Å¯LMd0KqS KHLAT�NPO�×kKHOILî�¡ÂDT�ßPNPL¦ÉsÅúÂ�O0cHLMNÈÄ£O�NÈRfñ��
ý)ïnø;ñ�ï��=õ"T�O0·w·�KHSMN õ K/·�ÅFS Ä£×ÑTn×kK¼T£RMÂ�S K
ÅúÂ�O0cHLMNÈÄ£OnÄ£O�LMd0K"K/·*Q�K/R¯Ä�Å�LMd0K¹·�ÄIcHÂ�×kKHOIL R¼ë�T�ßPß�K/·*Q�K/R¬NPOkLMd�NÈRBcHßËT£R R¯Ù<NPßPß�dDT õ K¹LMd0KZRAT�×kKZÙ¬KHNPQ]dIL¼¾ôöÛd�NÈR
Þ�S Ä2c/K/R R�K.÷2Þ�ßËT�NPO0K/·�d0KHS Kac¼T�Owº�KqK.÷*L KHO0·�K/·wL ÄÝT�ßPßÈÄ¼Ù�O0Ä£O*æ:NPO õ T�SMNËT�OILiS KHLAT�NPO�×kKHO¡L¤�¡ÂDT�ßPNPL¦ÉsÅúÂ�O0cHLMNÈÄ£O0R¼ë
º�Â�LÕLMd�NÈR<ÙBÄ£Â�ßÈ·s×�T�Ø�K�LMd0K�c/Ä£O0c/KHÞ�L¹dDT�S ·�KHSÕL ÄaÂ�O0·�KHS RMLAT�O0·@T�LÕßPNPLMLMßÈK�º�KHO0K��0L¼¾
ð"RMNPO�QaLMd�NÈR<Ù¬K�c¼T�O@c/Ä£Â�O¡LÕLMd0KøOIÂ�×iº�KHS

ra→b

Ä�Å±S KHßËT�LMNÈÄ£O0RÕNPOÝLMd0Kc�0S R LÕ·�ÄIcHÂ�×kKHOILZLMdDT�L<S KHßËT�L K�O0Ä2·�K/R
Ä�Å�K@�¡Â�N õ T�ßÈKHO0c/K8cHßËT£R R

a
Ù<NPLMdÝO0ÄI·�K/RZÄ�Å�K@�IÂ�N õ T�ßÈKHO0c/KicHßËT£R R

b
¥úR K/K�Æ�NPQ]Â�S Kk½¼¿�§.¾¬ÊINP×aNPßËT�SÕÙBK8c¼T�O?c/Ä£Â�OIL

LMd0KqO¡Â�×�º$KHS
r′a→b

Ä�Å¬S KHßËT�LMNÈÄ£O0RøNPOwLMd0KoR K/c/Ä£O0·�·�ÄIcHÂ�×kKHOIL¼ë)LMdDT�LøS KHßËT�L KoO0ÄI·�K/RøÄ�ÅÛK@�¡Â�N õ T�ßÈKHO0c/KocHßËT£R R
π(a)

¥FLMd0K8O0Ä2·�K/R¹R NP×aNPßËT�S¹L Ä�O0ÄI·�K/R"Ä�ÅôcHßËT£R R
a
§ÛÙ<NPLMd�O0ÄI·�K/R¹Ä�Å¯K@�¡Â�N õ T�ßÈKHO0c/KqcHßËT£R R

π(b)
T£R"RMd0Ä¼Ù<O�NPO

Æ�NPQ]Â�S K�½¼_
¥4Å³Ä£SøLMd�NÈRøL Ä�º$K�Ù¬KHßPßìæå·�K��0O0K/·)ë�T�O0Ä2·�KoK@�¡Â�N õ T�ßÈKHO0c/KqS KHßËT�LMNÈÄ£O�NÈR"O0K/K/·�K/·=§.¾8âãKoc¼T�OãRAT5Å³KHßPÉ
R KHL

a→ b = π(a) → π(b))
¾

Æ�NPS RMLÕXøÄIcHÂ�×kKHOIL¼»
a

b c

d ec b

1

2

á¹KHßËT�LMNÈÄ£O?cHßËT£R RÕRMNPà¼K/Rê»
ð"RMNPO�Q8LMd0KÕcAd�NPßÈ·kS KHßËT�LMNÈÄ£OnLMd0KZc¼T�ßÈcHÂ�ßËT�L K/·�cHßËT£RAR¯RMNPà¼K/R¯T�S K]»

ra→b =
1
ë
ra→c = 1

ë
rb→c = 1

ë
rb→d = 1

ë
rc→b = 1

ë
rc→e = 1ð"RMNPO�QqLMd0K"·�K/RAc/KHO0·0T�O¡L<S KHßËT�LMNÈÄ£O�ë*LMd0KHÉnT�S K]»

ra→b = 2
ë
ra→c = 2

ë
ra→d = 1

ë
ra→e = 1

ë
rb→c = 1

ë
rb→d = 1

ë
rc→b = 1

ë
rc→e = 1

Æ�NPQ]Â�S Kk½¼¿*»Ûb¬S K/·*NPLcbÛT�ßÈcHÂ�ßËT�LMNÈÄ£O�»�bÛT�ßÈcHÂ�ßËT�LMNPO�Q�cHßËT£RARÕRMNPà¼K/R<NPOÝLMd0K£�0S R LÕ·�ÄIcHÂ�×kKHOIL
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Ê2K/c/Ä£O0·sXøÄ2cHÂ�×kKHO¡L¼»

e ce

a

b

cc b

d b

b
3 4

5 6

áZKHßËT�LMNÈÄ£O?cHßËT£RARÕRMNPà¼K/R¼»
c d�NPßÈ·
S KHßËT�LMNÈÄ£O�»

r′a→b = 2
ë
r′a→c = 2

ë
r′b→b = 1

ë
r′b→c = 1

ë
r′b→d = 1

ë
r′b→e = 1

ë
r′c→b = 1

ë
r′c→e = 1·�K/R c/KHO0·0T�O¡LZS KHßËT�LMNÈÄ£O�»

r′a→b = 4
ë
r′a→c = 3

ë
r′a→d = 1

ë
r′a→e = 2

ë
r′b→b = 1

ë
r′b→c = 1

ë
r′b→d = 1

ë
r′b→e = 1

ë
r′c→b = 1

ë
r′c→e = 1

Æ±NPQ]Â�S K�½¼_*»�b¬S K/·*NPLcbÛT�ßÈcHÂ�ßËT�LMNÈÄ£O�»�bÛT�ßÈcHÂ�ßËT�LMNPO�Q�cHßËT£R RÕRMNPà¼K/RÕNPOÝLMd0K8R K/c/Ä£O0·s·�Ä2cHÂ�×kKHO¡L
öÛd0KwO¡Â�×�º$KHS R

ra→b

ë
r′a→b

T�S K�c/Ä£O0RMLAT�O¡LsÅúÄ£S���÷�K/·©·�ÄIcHÂ�×kKHOIL Rÿ¥FN:¾ K]¾ÛNPO0·�KHÞ�KHO0·�KHO¡L@Ä�ÅqLMd0K�Ä£LMd0KHS
·�Ä2cHÂ�×kKHO¡L¹Ä£S<LMd0Ki·*NìÌ�KHS KHO0c/K8RAK¼T�S c d?Þ�S Ä2c/K/R R;§.¾
öÛd0K�×�T5÷*NP×iÂ�× O¡Â�×�º$KHS�Ä�Å*S KHßËT�LMNÈÄ£O0R±NPO�TÛS KHßËT�LMNÈÄ£OqcHßËT£R R

a→ b
LMdDT�Lûc/Ä£Â�ßÈ·8º�K�×�T�NPO¡LAT�NPO0K/·iY¹NPQ]O0Ä£SMNPO�Q

LMd0KiT£cHLMÂDT�ßûR LMSMÂ0cHLMÂ�S K8Ä�Å�LMd0Ki·�ÄIcHÂ�×kKHOIL RÛY�Ä£º õ NÈÄ£Â0RMßPÉ�NÈR<×aNPO
(ra→b, r

′
a→b) =: ˜ra→b

¾
öÛd�NÈR¹NP×aÞ�ßPNÈK/R¹LMdDT�L¹Ù¬K�Ù<NPßPßûdDT õ K�L ÄañåQ]N õ K8Â�Þ*ó

ra→b − ˜ra→b =: c+a→b

S KHßËT�LMNÈÄ£O0RøÄ�ÅôLMd�NÈR"cHßËT£R RÕNPO@LMd0K
�0S RMLi·�Ä2cHÂ�×kKHO¡L¼ë�T�O0·

r′a→b − ˜ra→b =: c−a→b

S KHßËT�LMNÈÄ£O0RiNPOãLMd0KaR K/c/Ä£O0·ã·�Ä2cHÂ�×kKHO¡L¼¾�ü�NPLMd0KHS
c+a→b

Ä£S
c−a→b

NÈR
0

ºIÉ�LMd�NÈRÕK/RMLMNP×�T�LMNÈÄ£O�¾

� L)YlNtTBJ8_�� öÛd0KHS K.Å³Ä£S K]ëILMd0KZ·*NìÌ)KHS KHO0c/K
ca→b := ra→b −r

′
a→b = c+a→b − c

−

a→b

c/Ä£OILAT�NPO0R<T�ßPßDO0K/c/K/R RAT�SMÉ
NPO*Å³Ä£SM×�T�LMNÈÄ£O T�O0·'NÈRoc¼T�ßPßÈK/·
LMd0KnNPO�NPLMNËT�ß%ú6ø3ôüþnñ[õ-÷�ý)ï�
"ù
ôÝÅúÄ£S

a→ b
¾�¸ Þ$Ä]R NPLMN õ KncHS K/·*NPL õ T�ßPÂ0K�×kK¼T�O0R

Ù¬KkÙ<NPßPßôdDT õ K�L Ä�Q]N õ KaÂ�Þã×kÄ£S KaS KHßËT�LMNÈÄ£O0RiNPO�LMd0K��0S RMLi·�Ä2cHÂ�×kKHO¡L¼ë�T�O0KHQ¡T�LMN õ Kk×kK¼T�O0Ri×kÄ£S KaNPO�LMd0K
R K/c/Ä£O0·)¾ôöÛd�NÈR õ T�ßPÂ0K�dDT£RZR Ä£×kK�NPO¡L KHS K/R LMNPO�Q�Þ�S Ä£Þ�KHSMLMNÈK/R¼»
Æ0Ä£SnT�Q]N õ KHO O0ÄI·�KÝRAKHLkc/Ä£SMS K/RMÞ$Ä£O0·�KHO0c/K

σ
ë¯ÙBK?c¼T�O�c¼T�ßÈcHÂ�ßËT�L K

rσ
a→b

ë¬LMd0K�O¡Â�×�º$KHS�Ä�Å"S KHßËT�LMNÈÄ£O0RnNPO
cHßËT£R R

a→ b
T£cHLMÂDT�ßPßPÉ�S KHLAT�NPO0K/·nÙ<d0KHO�×�T�L c d�NPO�QoLMd0K¹·�ÄIcHÂ�×kKHOIL RÕT£R¯Q]N õ KHO�º¡É

σ
¾�öÛd�NÈR¬O¡Â�×�º$KHSÛNÈR¬º¡É

·�K��0O�NPLMNÈÄ£OÝLMd0KøRAT�×kK¹ÅúÄ£SÛº�Ä£LMd�·�Ä2cHÂ�×kKHO¡L RÛYaÙBK�c¼T�OÝÄ£O�ßPÉkS KHLAT�NPO?T�S KHßËT�LMNÈÄ£OÝNPO�Ä£O0K�·�Ä2cHÂ�×kKHO¡L<NìÅûÙBK
dDT õ K¬Ä£O0K�NPOiLMd0K¯Ä£LMd0KHS¼ë5L Ä2Ä�¾ûöÛd�NÈRûÉINÈKHßÈ·�RûLMd0KôK@�IÂDT�LMNÈÄ£O0R

rσ
a→b = ra→b−l

σ
a→b

T�O0·
rσ
a→b = r′a→b−l

σ′
a→bÙ<NPLMd

lσa→b

T�O0·
lσ′a→b

º$KHNPO�QnLMd0Kic/Ä£Â�O¡LøÄ�Å�ñåßÈÄ]RMLçó�¥FN:¾ K]¾DO0Ä£O*æ:S KHLAT�NPO0K/·�Ä£SÕñ¦·*S Ä£Þ�Þ$K/·2ó�§ZS KHßËT�LMNÈÄ£O0R¼¾ZÆ�S Ä£×
LMd�NÈRBÙ¬K�Ä£º�LAT�NPO�LMd0KøK@�¡ÂDT�LMNÈÄ£O

ra→b − r′a→b = lσa→b − lσ′a→b = ca→b

ë*RMd0Ä¼Ù<NPO�QaLMdDT�LÛÙ¬KS® ßPß�T�ßPÙÛT/É*R<ßÈÄ]R K
T£·�·*NPLMNÈÄ£ODT�ß�S KHßËT�LMNÈÄ£O0R�NPOwº�Ä£LMdw·�Ä2cHÂ�×kKHO¡L Rêë)O0K õ KHS�Ä£O�ßPÉ?NPO�Ä£O0K]¾iöÛd0KHS K.Å³Ä£S KoNPL¹NÈR�R Âw��cHNÈKHO¡L�L Ä�LMSAT£c Ø
ßÈÄ]R R K/RZÄ£O�ßPÉnNPOsÄ£O0K8·�Ä2cHÂ�×kKHO¡L¼¾
âòd0KHO�LAT�Ø2NPO�QaNPO¡L ÄkT£c/c/Ä£Â�OILÕLMd0K"×�T5÷2NP×�Â�×�O¡Â�×�º$KHS¹Ä�ÅûS KHLAT�NPODT�º�ßÈK�S KHßËT�LMNÈÄ£O0RÕc¼T�ßÈcHÂ�ßËT�L K/·sK¼T�SMßPNÈKHS¼ë*ÙBK
c¼T�O�T�ßÈR Äwc¼T�ßÈcHÂ�ßËT�L K

rσ
a→b = ˜ra→b − kσ

a→b

Ù<NPLMd
kσ

a→b

º�KHNPO�Q�Ä£O�ßPÉ LMd0K�O¡Â�×�º$KHSkÄ�Å¹S KHßËT�LMNÈÄ£O0RqñåßÈÄ]RML
T£·�·*NPLMNÈÄ£ODT�ßPßPÉIóA¾¬ÊINPO0c/K"Ù¬Køc¼T�O�O0Ä£LÛS KHLAT�NPO�×kÄ£S K"LMdDT�O

ra→b

T�OIÉIÙÛT/É�ë0Ä£O�ßPÉkLMd0KøT£·�·*NPLMNÈÄ£ODT�ß)ßÈÄ]R R K/R
kσ

a→bT�S K�NPOIL KHS K/RMLMNPO�Q�T�O0·ÝRMd0Ä£Â�ßÈ·sNPOw­0Â0KHO0c/Kic/Ä]RML R¼¾

y{z}^
\�|tZuY=� äåO�Æ±NPQ]Â�S K/Rø½¼¿qT�O0·@½¼_*ë2LMd0K"cHS K/·*NPL õ T�ßPÂ0K/RÛT�S KZÙ<d0KHO�Â0RMNPO�Q�LMd0K¹cAd�NPßÈ·nS KHßËT�LMNÈÄ£O�»
ca→b =

−1
ë
ca→c = −1

ë
cb→b = −1

ë
cb→c = 0

ë
cb→d = 0

ë
cb→e = −1

ë
cc→b = 0

ë
cc→e = 0

T�O0·wÙ<d0KHO
Â0RMNPO�QwLMd0K�·�K/R c/KHO0·0T�O¡LaS KHßËT�LMNÈÄ£O

ca→b = −2
ë
ca→c = −1

ë
ca→d = 0

ë
ca→e = −1

ë
cb→b = −1

ë
cb→c = 0

ë
cb→d = 0

ë
cb→e = −1

ë
cc→b = 0

ë
cc→e = 0

¾
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ª T-L&_8J£T[\�|QL)Mu©KYlNªR�MU_@Jco�P�I�RSJ*T-MUI�� ¶ É8Â0RMNPO�Q�LMd�NÈR�cHS K/·*NPL Rôc¼T�ßÈcHÂ�ßËT�LMNÈÄ£OkNPL�NÈR�RMÂw��cHNÈKHOILôL Ä"LMSAT£c ØoÄ£O0K
·�Ä2cHÂ�×kKHO¡Lic/Ä£×aÞ�ßÈKHL KHßPÉ@ÅúÄ£S�c/Ä]RML�c¼T�ßÈcHÂ�ßËT�LMNÈÄ£O�¾qöÛd�NÈR8RMd0ÄêÙÕRøLMdDT�L�LMd0K�Þ�S Ä£º�ßÈKH×kR�_�T�O0·wÁ�S K.Å³KHS KHO0c/K/·
K¼T�SMßPNÈKHSaT�S KkS K/R Ä£ß õ K/·ãY�LMd0K�Þ�S ÄIc/K/R R�NÈR�O0Ä¼Ù RMÉI×a×kKHLMSMNÈc�T�O0· LMd0K�O0KHQ¡T�LMN õ K��IÂDT�O¡LMN	�DKHSac¼T�Â0RMNPO�Q@LMd0K
d�NPQ]d@T�×kÄ£Â�OIL¹Ä�Å�c/Ä]RML R<NPO0c/Ä£×aÞ�Â�LAT�º�ßÈK8Â�OILMNPßûLMd0KøßËT£RML¹RML KHÞÝNÈRÕc/Ä£×aÞ�ßÈKHL K/·)¾
¶ ÉwT£RARMNPQ]O�NPO�Qsc/Ä]RML R8Ä£O�ßPÉ�L Ä�S KHßËT�LMNÈÄ£O0R8Ù<d0KHOãK.÷�c/K/K/·*NPO�QsLMd0K�ñ¦cHS K/·*NPL Rçó õ T�ßPÂ0KaÄ�Å

c+a→b

ë�Ù¬KaNP×aÞ�S Ä õ KLMd0KZR NPLMÂDT�LMNÈÄ£O�Å³Ä£S¯Þ�S Ä£º�ßÈKH× ¿�×�Â0c d�»�Ù<d0KHO
D1

NÈRôNÈ·�KHOILMNÈc¼T�ß�L Ä�T8R Â�º�LMS K/K¹Ä�Å
D2

ë2cHS K/·*NPL R¯Ù<NPßPß�K.÷�T£cHLMßPÉ
c/Ä õ KHSôT�ßPß0T£·�·*NPLMNÈÄ£ODT�ß*S KHßËT�LMNÈÄ£O0R�NPO

D2
ë£S K/R Â�ßPLMNPO�Q"NPOaT¹c/Ä]RML�Ä�Å

0
Å³Ä£SûLMd0K¯ñåÞ�KHSçÅúK/cHLçó¬RAÄ£ßPÂ�LMNÈÄ£OoÄ�Å�×�T�Þ�Þ�NPO�Q

D1
L ÄoLMd0K8RMÂ�º�LMS K/K]¾

öÛd0K�O0KHÙ�c/Ä]R LÛÅFÂ�O0cHLMNÈÄ£OsßÈÄ2Ä£Ø*R<ßPNPØ�KøLMd0KøÅ³Ä£ßPßÈÄ¼Ù<NPO�Q0»

∑

a,b∈V









×�T5÷








0,









∑

a1→b1∈E1∩(a,b)















0
NìÅ
∃a2→b2∈E2

σ(a1) = a2 ∧ σ(b1) = b2
µ(a→ b)

NìÅ
σ(a1) = ⊥ ∨ σ(b1) = ⊥

0
NìÅ
a1

Ä£S
b1

O0Ä£LÕÉ�KHLÕÞ�S Ä2c/K/R R K/·
µ(a1 → b1)

Ä£LMd0KHSMÙ<NÈR K









− c+a→b

















ä¦L8c¼T�O�º$KaRMd0ÄêÙ<OãLMdDT�L8LMd�NÈR8·*NìÌ)KHS RøÅúS Ä£× LMd0K õ T�ßPÂ0KoQ]N õ KHOãº$K.Å³Ä£S KaK.÷0T£cHLMßPÉ�ºIÉ@LMd0KaÅ³T£cHL Ä£S8Ä�Å
2

T�O0·
º¡É�LMd0KkcHS K/·*NPL R�RMÂ�× ∑

a,b∈V |ca→b|
ëûN:¾ K]¾�NPO0·�KHÞ$KHO0·�KHOILMßPÉãÄ�ÅBLMd0KkT£cHLMÂDT�ßô×�T�Þ�Þ�NPO�Q

σ
T�O0· T�RMLMSMNÈcHLMßPÉ

×kÄ£O0Ä£L Ä£O0K�LMSAT�O0RçÅ³Ä£SM×�T�LMNÈÄ£O�¾¯öÛd0KHS K.Å³Ä£S K]ë�LMd0KøO0KHÙgc/Ä]RMLBÅúÂ�O0cHLMNÈÄ£OsNÈR<RMLMNPßPß)Ä£Þ�LMNP×aNÈRMLMNÈciT�O0·sT£·*×aNÈRARMNPº�ßÈK]¾
öÛd�NÈRoc¼T�ßÈcHÂ�ßËT�LMNÈÄ£O O0Ä�ßÈÄ£O�Q�KHSqdDT£RqLMd0KnO0KHQ¡T�LMN õ Kh�¡ÂDT�OILMN	�DKHSoÙ<d�NÈc d�RMd0ÄêÙ¬K/· O0KHQ¡T�LMN õ K�K.Ì�K/cHL RqNPO'LMd0K
Ä£SMNPQ]NPODT�ßûc/Ä]RMLÕÅFÂ�O0cHLMNÈÄ£O�¾

y{z}^
\�|tZuY=� ¸¹R R Â�×aNPO�Q�ÙBKZÙÛT�O¡L<L Ä�×�T�ÞnLMd0K
b1

O0Ä2·�K¹Ä�Å�LMd0K{�0S RMLB·�ÄIcHÂ�×kKHOILî¥úR K/KZÆ�NPQ]Â�S Ko½¼¿�§�L ÄoT
b
O0ÄI·�K8NPOsLMd0K8R K/c/Ä£O0·s·�Ä2cHÂ�×kKHO¡L©¥úR K/K8Æ�NPQ]Â�S Kk½¼_�§.ëDÙ¬K�O0K/K/·?L Äkc¼T�ßÈcHÂ�ßËT�L Kic/Ä]R L R<Å³Ä£S<×�T�L c d�NPO�Q�Ù<NPLMd

·*NìÌ)KHS KHO¡LoO0ÄI·�K/Rê¾sâãKS® ßPßÛc¼T�ßÈcHÂ�ßËT�L KnLMd0K�c/Ä]RML RoK.÷�KH×aÞ�ßËT�SMÉ�ÅúÄ£S�LMd0K�O0Ä2·�K/Rq×�T�SMØ�K/·'_*ë�Á0ë�^�T�O0·'V?NPO
Æ�NPQ]Â�S Kk½¼_oNPOÝLMd0K8c¼T£RAKøLMdDT�LÕO0ÄaÄ£LMd0KHSZO0Ä2·�K/R<dDT õ K8É�KHLÕº$K/KHOÝ×�T�L cAd0K/·)¾
öÛd0K�O0Ä2·�KøNPOsLMd0Kc�0S RMLZ·�Ä2cHÂ�×kKHO¡L¹dDT£R<LMd�S K/K�S KHßËT�LMNÈÄ£O0RZNPOscHßËT£R R K/R

a→ b
ë
b→ c

T�O0·
b→ d

¾
öÛd0KnO0ÄI·�K

b3
dDT£R�LMd�S K/K�S KHßËT�LMNÈÄ£O0RoNPO cHßËT£R R K/R

a→ b
ë
b→ b

T�O0·
b→ d

ë�LMd0K�O0Ä2·�K
b4

dDT£R
a→ b

ë
b→ c

T�O0·
b→ e

ë*O0ÄI·�K
b5

dDT£R
a→ b

¥FNPOs·�K/R c/KHO0·0T�O¡LZS KHßËT�LMNÈÄ£O?Ä£O�ßPÉ/§ÛT�O0·
b→ b

ë2LMd0KøO0Ä2·�K
b6

dDT£R
a→ b

¥FNPOs·�K/RAc/KHO0·0T�O¡LZS KHßËT�LMNÈÄ£O�Ä£O�ßPÉ/§ÛT�O0·
c→ b

¾
¸"R RMÂ�×aNPO�Q'LMdDT�L�ÙBK�dDT õ KwO0Ä£L�É�KHL�×�T£·�KwÄ£LMd0KHS�×�T�L c d0K/RêëZÙ<d0KHOé×�T�L c d�NPO�Q LMd0K�O0Ä2·�KsÅúS Ä£× �0S RML
·�Ä2cHÂ�×kKHO¡LøÙ<NPLMd?O0Ä2·�K

b3
¥úRAK/KiÆ�NPQ]Â�S K�½HÁ0§.ë�Ù¬K�ßÈÄ]R KiÄ£O0K�S KHßËT�LMNÈÄ£OwÄ�Å¯cHßËT£R R

b→ c
NPO �0S RML¹·�Ä2cHÂ�×kKHO¡L

T�O0·aÄ£O0K<Ä�Å)cHßËT£R R
b→ b

NPOkR K/c/Ä£O0·�·�ÄIcHÂ�×kKHOIL¼¾�âãK<·�ÄødDT õ KZT"O0KHQ¡T�LMN õ KÕcHS K/·*NPL�ÙBKÕc¼T�OaÂ0R KBÅ³Ä£S
b→ b

ë
º�Â�LÕÙBK�dDT õ KHO}® L¹Q�Ä£L¹ToÞ�Ä]RMNPLMN õ K�cHS K/·*NPLÕÅ³Ä£S

b→ c
ë�RAÄaÙ¬K�dDT õ K�Toc/Ä]RML¹Ä�Å

1
Å³Ä£S<LMd�NÈRÕ×kÄ õ K]¾¯öÛd�NÈRÕc¼T�O

º�KkNPO¡L KHSMÞ�S KHL K/·�T£Rê»�ñåÙ<d0KHO'·�Ä£NPO�Q�LMd�NÈRq×�T�L c d�NPO�Q0ë�ÙBKnc¼T�O'O0Ä?ßÈÄ£O�Q�KHSqS KHLAT�NPO�T
b→ c

S KHßËT�LMNÈÄ£O Ù¬K
K.÷*Þ$K/cHL K/·ÝL ÄoS KHLAT�NPO�¾ ó
ü�÷*Þ$K/cHLMNPO�QÝL Ä�º�KaT�º�ßÈK�L Ä�×�T�L cAd
T

b→ c
S KHßËT�LMNÈÄ£O�NÈRøO0Ä£LøNPO0c/Ä£SMS K/cHL¼»øÙ<d0KHOwcAd0ÄIÄ]R NPO�QÝLMd0K�O0Ä2·�K

b4¥úR K/KkÆ�NPQ]Â�S K�½¼^�§.ëûÙBK�c¼T�O
S KHLAT�NPO'T
b→ c

S KHßËT�LMNÈÄ£O�¾Ýä¦OãLMdDT�L�c¼T£RAKaÙ¬KndDT õ K da→b = 0
ë
db→c = 0

ë
db→d = +1

ë
db→e = −1

ë�S K/R Â�ßPLMNPO�QkNPO?Tac/Ä]RMLÕÄ�Å
1
ë�L Ä2Ä�ë�RMNPO0c/K

cb→e = −1
¾

¶ Â�LZÙ<d0KHOwc d0Ä2Ä]RMNPO�Q�LMd0KiO0ÄI·�K
b5

Ä£S
b6

¥4Å³Ä£S
b6

RAK/K8Æ�NPQ]Â�S Kn½¼V�§.ëDÙ¬Kqc¼T�O@Ä£O�ßPÉÝS KHLAT�NPO
a→ b

ë0ßÈÄ]RMNPO�Q
b→ c

ë
b→ d

T�O0·¨¥FÂ�O�ßÈK/R R8Â0RMNPO�Q@·�K/R c/KHO0·0T�O¡L�S KHßËT�LMNÈÄ£OU§
a→ b

NPO LMd0K��0S RML8·�Ä2cHÂ�×kKHO¡LqT�O0·ãßÈÄ]RMNPO�Q
c→ b

NPO?LMd0K�R K/c/Ä£O0·)ë�N:¾ K]¾
da→b = +1 (

Ä£S
0)

ë
db→c = +1

ë
db→d = +1

T�O0·
dc→b = −1

ë0S K/RMÂ�ßPLMNPO�Q
NPO?Tac/Ä]RMLÕÄ�Å

4
¥úÄ£S

3
Å³Ä£SÕ·�K/R c/KHO0·0T�O¡L¹S KHßËT�LMNÈÄ£OU§.¾
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e ce

a

b

cc b

d b

b

a

b c

d ec b

matched nodes

1

2

3 4

5 6

Æ�NPQ]Â�S Kk½HÁ0»ôöûSMÉINPO�QkL Äo×�T�L cAd
b1

Ù<NPLMdsLMd0K
b3

¾
¸ ·�Ä£LML K/·ÝßPNPO0K�NÈRZT�OsK.÷*Þ$K/cHL K/·sßÈÄ]R R¼ë0To·0T£RMd0K/·ÝßPNPO0K8NÈRÕc¼T�Â0RMNPO�Q�c/Ä]RML Rê¾

e ce

a

b

cc b

d b

b

a

b c

d ec b

matched nodes

1

2

3 4

5 6

Æ�NPQ]Â�S Kk½¼^*»ôöûSMÉINPO�QkL Äo×�T�L cAd
b1

Ù<NPLMdsLMd0KøO0Ä2·�K�×�T�SMØ�K/·
b4

¾
¸ ·�Ä£LML K/·ÝßPNPO0K�NÈRZT�OsK.÷*Þ$K/cHL K/·sßÈÄ]R R¼ë0To·0T£RMd0K/·ÝßPNPO0K8NÈRÕc¼T�Â0RMNPO�Q�c/Ä]RML Rê¾
öÛd0K

A∗
æýÊ2K¼T�S cAd T�ßPQ�Ä£SMNPLMd�× LMd0KHS K.ÅúÄ£S K�Þ�S K.Å³KHS Rac d0Ä2Ä]RMNPO�Q�KHNPLMd0KHS

b3
Ä£S
b4

L Ä�×�T�L c d Ù<NPLMd
b1

¾ ÊILMNPßPß
Ä£Þ�LMNÈÄ£O0R

b5
T�O0·

b6
T�S KsO0Ä£Ln·*NÈR c¼T�S ·�K/·�c/Ä£×aÞ�ßÈKHL KHßPÉ�ëÕº�Â�LkÙ<NPßPßÕº�KÝÞ�ßËT£c/K/·�ßËT�L KHSkNPO LMd0KsÞ�S Ä2c/K/R RMNPO�Q

�IÂ0KHÂ0K]¾
âòd0KHO�Ä£LMd0KHS<O0Ä2·�K/RBdDT õ Køº�K/KHO�×�T�L c d0K/·�º�K.ÅúÄ£S K]ë2Å³Ä£SBK.÷0T�×aÞ�ßÈKøLMd0K

d
O0ÄI·�K]ë*c/Ä]RML RÛ×�T¼É�º�K¹·*NìÌ)KHS KHO¡L¼»

×�T�L c d�NPO�QqLMd0K<ÞDT�S KHOILBÄ�Å�LMd0K¡��÷�K/·
d

O0Ä2·�K<Ù<NPßPß0º�KÕcAd0K¼T�Þ$KHS¬LMdDT�Onc d0Ä2Ä]RMNPO�QoTø·*NìÌ�KHS KHOIL
b
ë¡K õ KHO�Ù<d0KHO

LMdDT�LÕdDT£RZT
d

c d�NPßÈ·)ë�L Ä2Ä�¾

k YlR�MKI�NÑT[\�|QL&MR©UY0N RlM=_@J]o�P�I�RSJ*T-MUI�� ¶ Â�LaLMd0KHS KsNÈRkT�O T£·�·*NPLMNÈÄ£ODT�ßZNP×aÞ�S Ä õ KH×kKHOIL�LMdDT�L�c¼T�O º�K
×�T£·�K]ë2Ù<d�NÈc d�Ù<NPßPß�NP×aÞ�S Ä õ K"Þ�S Ä£º�ßÈKH×Ñ½ZßPNÈR L K/·�º�K.ÅúÄ£S K]¾�b¬Â�SMS KHOILMßPÉ�ë�Ù¬K"·�Ä�O0Ä£LBÉ�KHL<T£R RMNPQ]O�c/Ä]RML R¬Ù<d0KHO
KHNPLMd0KHS

a1
Ä£S
b1

NÈRÛO0Ä£LÛÉ�KHLÛÞ�S Ä2c/K/R R K/·)¾ ¶ Â�LÛÙ¬K�c¼T�OÝ·�Äqº$KHLML KHS<NìÅ±Ä£O0K�Ä�Å±LMd0KH× NÈRÛT�ßPS K¼T£·*É�Þ�S Ä2c/K/R R K/·)»
äåÅ
a1

NÈRiS KHßËT�L K/·ãL Ä
d+

a1→b

Â�O�×�T�Þ�Þ$K/·
O0ÄI·�K/R�Ä�ÅÕcHßËT£R R
b
ë
σ(a1) = a2

T�O0·
a2

NÈR8S KHßËT�L K/·
L Ä
d−a1→bÂ�O�×�T�Þ�Þ�K/·©O0ÄI·�K/RÝÄ�Å

π(b)
ë¹LMd0KHO�T�LÝ×kÄ]RMLÝ×aNPO

(d+
a1→b, d

−

a1→b)
S KHßËT�LMNÈÄ£O0R@Ä�Å�LMd0K/R K�c¼T�O©º�K�Ø�KHÞ�L¼¾

öÛd0KHS K.Å³Ä£S K]ë
|d+

a1→b − d−a1→b|
S KHßËT�LMNÈÄ£O0RqÙ<NPßPß¯º�KkßÈÄ]RMLaT�O0·ãÙBKnc¼T�O YwK¼T�SMßPNÈKHSoLMdDT�O º�K.Å³Ä£S KaYwÞ�S K/·*NÈcHL

T£·�·*NPLMNÈÄ£ODT�ßûc/Ä]RML RZÄ�Å
µ(a→ b) · |d+

a1→b − d−a1→b|
ÅúÄ£SÛLMd0KH×s¾ô¸¹OsK@�¡ÂDT�LMNÈÄ£OsR NP×aNPßËT�S<L ÄoLMd0K�Ä£O0K8T�º$Ä õ Kc¼T�Oaº�K<c/Ä£O0RMLMSMÂ0cHL K/·aÅ³Ä£S�LMd�NÈRôc¼T£R K]¾�öÛd0KÕK@�IÂDT�LMNÈÄ£OkÙ<NPßPß�O0Ä£Lôº�KÛQ]N õ KHO�K.÷2Þ�ßPNÈcHNPLMßPÉqd0KHS K]ë¡R NPO0c/KÛLMd0KÛÅúÄ2cHÂ0R
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e ce

a

b

cc b

d b

b

a

b c

d ec b

matched nodes

1

2

3

6

4

5

Æ�NPQ]Â�S Kk½¼V*»ôöûSMÉINPO�QkL Äo×�T�L cAd
b
Ù<NPLMdsLMd0K�O0Ä2·�K

b6
¾

¸ ·�Ä£LML K/·ÝßPNPO0K�NÈRZT�OsK.÷*Þ$K/cHL K/·sßÈÄ]R R¼ë0To·0T£RMd0K/·ÝßPNPO0K8NÈRÕc¼T�Â0RMNPO�Q�c/Ä]RML Rê¾
ßPNÈK/RÕÄ£OsNPO0cHS KH×kKHOILAT�ß±c¼T�ßÈcHÂ�ßËT�LMNÈÄ£O�¾

H@I�RlL&Y�\�Y0IKJ8^
ZîR�^
Z-RlPQZu^wJ*T-MKI~� ð¹Þ L Ä?O0Ä¼Ù8ë�LMd0KncHS K/·*NPL R õ T�ßPÂ0KnÙBT£R¤��÷*K/·ãÅúÄ£S�LMd0K�Ù<d0Ä£ßÈKnÞ�S Ä2c/K/R R¼¾
öÛd�NÈR8Ù<NPßPß¬c dDT�O�Q�KnO0Ä¼Ù�Y�LMd0KkcHS K/·*NPL R õ T�ßPÂ0Kaº�K/c/Ä£×kK/RiÞDT�SMLiÄ�Å<LMd0KkR LAT�L KaNPO*ÅúÄ£SM×�T�LMNÈÄ£O T�O0·ãÙ<NPßPßôº�K
Â�Þ�·0T�L K/· Ù<NPLMd cHÂ�SMS KHOILañåÞ�S K/·*NÈcHLMNÈÄ£O0RçóA¾òöÛd�NÈRkNÈRaº�KHLML KHSkL Ä�dDT�O0·*ßÈKsÅúÄ£SaNPO0cHS KH×kKHOILAT�ß"c¼T�ßÈcHÂ�ßËT�LMNÈÄ£O Y
K/RMÞ�K/cHNËT�ßPßPÉ�R NPO0c/K

A∗
æýÊ2K¼T�S cAd?Ù<NPßPßûc/Ä£OILMNPO¡Â0K�Þ�S ÄIc/K/R R NPO�QaNPO¡L Ä�·*NìÌ)KHS KHO¡L¹·*NPS K/cHLMNÈÄ£O0R¼¾

ä¦OkK¼T£c d�RML KHÞ�ëITøO0KHÙ O0ÄI·�K
a1

NÈRôKHNPLMd0KHSô×�T�Þ�Þ�K/·oL ÄiT"O0Ä2·�K
a2

NPOaLMd0K<RAK/c/Ä£O0·k·�ÄIcHÂ�×kKHOIL¬Ä£Sô·*S Ä£Þ�Þ�K/·)¾
öûÄ�c¼T�ßÈcHÂ�ßËT�L K�LMd0K�c/Ä]RMLqNPO0cHS K¼T£R KnL ÄsLMd0KnÞ�S K õ NÈÄ£Â0RqRML KHÞ'Ù¬KndDT õ KnL Ä?NPL KHSAT�L K�Ä õ KHSaT�ßPßBO0ÄI·�K/R

b1
LMd0K

O0Ä2·�K
a1

NÈR¹S KHßËT�L K/·?L ÄaY�º�Ä£LMd�T£R
a1 → b1

T�O0·
b1 → a1

YÝT�O0·)ë�Â�O�ßÈK/R R
a1

NÈR¹º�KHNPO�Qn·*S Ä£Þ�Þ�K/·)ë$Ä õ KHST�ßPß�O0ÄI·�K/R
b2

LMd0K�O0Ä2·�K
a2

NÈR"S KHßËT�L K/·wL ÄaYsº�Ä£LMdãT£R
a2 → b2

T�O0·
b2 → a2

¾8ÆDÄ£S"LMd0K/RAK�ÙBKqdDT õ KoL Ä
c/Ä£O0RMNÈ·�KHSøLMd0Kq·*NìÌ�KHS KHOILøc¼T£RAK/RøT�ßPS K¼T£·*É?ßPNÈRML K/·?º�K.Å³Ä£S KiNPO�LMd0K�K@�IÂDT�LMNÈÄ£O0R8T�O0·@LMd0KiO0KHÙ�c¼T£R K8ÅFS Ä£×~LMd0K
R K/c/Ä£O0·ÝNP×aÞ�S Ä õ KH×kKHO¡L¼»

½]¾
σ(a1) = ⊥ÆDÄ£SZK¼T£c d@O0ÄI·�K

b1
LMdDT�L

a1
NÈR<S KHßËT�L K/·ÝL Ä�»

¥³T�§
σ(b1)

Â�O�×�T�Þ�Þ�K/·sÄ£S
σ(b1) = b2 6= ⊥öÛd�NÈR�×kK¼T�O0R�ÙBKBc¼T�OqO0Ä£L�S KHLAT�NPOqLMd�NÈR

a→ b
S KHßËT�LMNÈÄ£O�¥³T�O0·�LMdDT�L�LMd�NÈR�NÈR�O0KHÙ'NPO*ÅúÄ£SM×�T�LMNÈÄ£OU§.ë

LMd0KHS K.Å³Ä£S K8LMd0K�cHS K/·*NPL R õ T�ßPÂ0K ca→b

NÈRÕ·�K/cHS K¼T£R K/·?º¡É
1
¾ôä:Å�O0Ä¼Ù

ca→b < 0
ë0LMd�NÈR<×kK¼T�O0RÕÙBK

Ù<NPßPß�O0Ä£L�º�KÕT�º�ßÈKÛL ÄøS KHLAT�NPO�T�O�T£·�·*NPLMNÈÄ£ODT�ß0S KHßËT�LMNÈÄ£OkNPOaº�Ä£LMda·�ÄIcHÂ�×kKHOIL RôÙBKÛdDT£·aK.÷2Þ�K/cHL K/·
L Ä�S KHLAT�NPO�ë0NPO0cHS K¼T£RMNPO�QnLMd0Kic/Ä]RMLZº¡É

2 · µ(a, b)
¾Bä:Å

ca→b ≥ 0
ë0LMd�NÈR¹ÙBT£R"T�O@K.÷*Þ$K/cHL K/·ÝßÈÄ]RAR¼ë

O0Ä£LZÉINÈKHßÈ·*NPO�Q�c/Ä]R L R¼¾
¥FºU§

σ(b1) = ⊥âòd�NPßÈKqLMd�NÈR�RMLMNPßPß�×kK¼T�O0RøÙ¬Koc¼T�O�O0Ä£L�S KHLAT�NPOwLMd�NÈR
a→ b

S KHßËT�LMNÈÄ£O�ë�LMd�NÈRøNÈR¹O0Ä£LøO0KHÙ�NPO*Å³Ä£Sçæ
×�T�LMNÈÄ£O�»¯NPL<ÙBT£R"T�ßPS K¼T£·*É�dDT�O0·*ßÈK/·sÙ<d0KHO

b1
ÙBT£RÕ×�T�Þ�Þ�K/·ÝL Ä

⊥
T£R<NPO�T�º$Ä õ K8c¼T£R K]¾

¿*¾
σ(a1) = a2 6= ⊥ÆDÄ£SZK¼T£c d@O0ÄI·�K

b1
LMdDT�L

a1
NÈR<S KHßËT�L K/·ÝL Ä�»
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¥³T�§
σ(b1)

Â�O�×�T�Þ�Þ�K/·
öÛd�NÈR¯NÈR¯T�O

a→ b
S KHßËT�LMNÈÄ£OkÙ¬K¹c¼T�O�RMLMNPßPß0S KHLAT�NPO�¾�ä¦O0cHS K¼T£R K<LMd0KÕßÈÄIc¼T�ßDcHS K/·*NPL R¬c/Ä£Â�O¡L KHS

da→bºIÉ
1
¾

¥FºU§
σ(b1) = ⊥âòd�NPßÈK"Ù¬Køc¼T�O�O0Ä£L<S KHLAT�NPO�LMd�NÈR

a→ b
S KHßËT�LMNÈÄ£O�ë*LMd�NÈRÛdDT£RÛT�ßPS K¼T£·*Énº$K/KHO�dDT�O0·*ßÈK/·�Ù<d0KHO

b1ÙÛT£RÕ×�T�Þ�Þ�K/·ÝL Ä
⊥

¾
¥úc*§

σ(b1) = b2 6= ⊥N:¾
a2 → b2 ∈ E2

Y�LMd�NÈR<NÈR<LMd0K�Q�Ä2ÄI·Ýc¼T£RAK]ë*Ù¬K�dDT õ KiRMÂ0c/c/K/R RMÅFÂ�ßPßPÉnS KHLAT�NPO0K/·@TqS KHßËT�LMNÈÄ£O�¾
NPN:¾

a2 → b2 /∈ E2
YwÙ¬KndDT õ KnßÈÄ]RMLiLMd0K

a1 → b1
S KHßËT�LMNÈÄ£O�ë�LMd0K�cHS K/·*NPL R õ T�ßPÂ0K ca→b

NÈR
NPO0cHS K¼T£RAK/·wº¡É

1
¾�äåÅ¯O0Ä¼Ù

ca→b > 0
ë�LMd�NÈR"×kK¼T�O0RøÙ¬KoÙ<NPßPß�O0Ä£Løº�KqT�º�ßÈKqL Ä�S KHLAT�NPO T�O

T£·�·*NPLMNÈÄ£ODT�ßÛS KHßËT�LMNÈÄ£O NPO'º$Ä£LMd'·�ÄIcHÂ�×kKHOIL RoÙ¬KndDT£·
K.÷*Þ$K/cHL K/·
L Ä@S KHLAT�NPO�ë�NPO0cHS K¼T£RMNPO�Q
LMd0KZc/Ä]RML�º¡É

2 ·µ(a, b)
¾�ä:Å

ca→b ≤ 0
ë�LMd�NÈRôÙBT£R¬T�OnK.÷2Þ�K/cHL K/·oßÈÄ]R R¼ë]O0Ä£L¯ÉINÈKHßÈ·*NPO�Qic/Ä]R L R¼¾

ÆDÄ£SZK¼T£c d@O0ÄI·�K
b2

LMdDT�L
a2

NÈR<S KHßËT�L K/·ÝL Ä�»
¥³T�§

@b1σ(b1) = b2
¥FÂ�O�×�T�Þ�Þ�K/·=§

öÛd�NÈRBNÈRÛT
a→ b

S KHßËT�LMNÈÄ£O�Ù¬K"c¼T�O�R LMNPßPß�S KHLAT�NPO�¾�XøK/cHS K¼T£R K¹LMd0KZßÈÄ2c¼T�ß�cHS K/·*NPL RBc/Ä£Â�OIL KHS
da→bºIÉ

1
¾

¥FºU§
∃b1σ(b1) = b2N:¾

a1 → b1 ∈ E2
Y�LMd�NÈRÕNÈRÛLMd0K�Q�ÄIÄ2·�c¼T£R K]ë*Ù¬K8dDT õ KiT£cHLMÂDT�ßPßPÉ�S KHLAT�NPO0K/·@TqS KHßËT�LMNÈÄ£O�¾ôï"Ä

c/Ä]R L R<Q�KHO0KHSAT�L K/·)ë0O0ÄoÅúÂ�SMLMd0KHSZc¼T�ßÈcHÂ�ßËT�LMNÈÄ£O@O0K/c/K/R RAT�SMÉ
NPN:¾

a1 → b1 /∈ E2
YwÙ¬KndDT õ KnßÈÄ]RMLiLMd0K

a2 → b2
S KHßËT�LMNÈÄ£O�ë�LMd0K�cHS K/·*NPL R õ T�ßPÂ0K ca→b

NÈR
·�K/cHS K¼T£RAK/·@ºIÉ

1
¾øä:ÅôO0ÄêÙ

ca→b < 0
ë�LMd�NÈR"×kK¼T�O0R"Ù¬KqÙ<NPßPß�O0Ä£Løº$KqT�º�ßÈK�L ÄnS KHLAT�NPOãT�O

T£·�·*NPLMNÈÄ£ODT�ßÛS KHßËT�LMNÈÄ£O NPO'º$Ä£LMd'·�ÄIcHÂ�×kKHOIL RoÙ¬KndDT£·
K.÷*Þ$K/cHL K/·
L Ä@S KHLAT�NPO�ë�NPO0cHS K¼T£RMNPO�Q
LMd0KZc/Ä]RML�º¡É

2 ·µ(a, b)
¾�ä:Å

ca→b ≥ 0
ë�LMd�NÈRôÙBT£R¬T�OnK.÷2Þ�K/cHL K/·oßÈÄ]R R¼ë]O0Ä£L¯ÉINÈKHßÈ·*NPO�Qic/Ä]R L R¼¾

¸ZÅFL KHSMÙÛT�S ·�R¼ëDLMd0K8Q]ßÈÄ£ºDT�ß�cHS K/·*NPL R õ T�ßPÂ0K ca→b

NÈRZNPO0cHS K¼T£R K/·?Ä£S"·�K/cHS K¼T£R K/·sºIÉ?T£·�·*NPO�Q
da→b

ëDS K/RMÂ�ßPLMNPO�Q
NPOaLMd0KÛO0KHÙ�cHS K/·*NPL R õ T�ßPÂ0K c′a→b = ca→b−da→b

¾~bBÄ]RML RôT�S KÛQ�KHO0KHSAT�L K/·�NìÅ�Þ�Ä]RMNPLMN õ K<cHS K/·*NPL R¯T�S KBÅúÂ�SMLMd0KHS
NPO0cHS K¼T£R K/·oÄ£S�O0KHQ¡T�LMN õ K<cHS K/·*NPL RôT�S KôÅúÂ�SMLMd0KHS�·�K/cHS K¼T£R K/·h¥FN:¾ K]¾5O0Ä£L�K.÷*NÈRML KHO¡L�cHS K/·*NPL RôT�S K¬Â0R K/·=§.»ûNìÅ

c′a→b >
0

T�O0·
c′a→b > ca→b

ë�LMd0KHOnc/Ä]RML R¯T�S K
(c′a→b−ca→b) ·µ(a, b)

T�O0·aNìÅ
c′a→b < 0

T�O0·
c′a→b < ca→b

LMd0KHO
c/Ä]RML RZT�S K

(ca→b − c′a→b) · µ(a, b)
S K/RMÂ�ßPLMNPO�QkNPOÝLMd0K8L Ä£LAT�ß�ÅúÄ£SM×�Â�ßËT

(
×�T5÷

(0,
×aNPO

(0, ca→b) − c′a→b) +×�T5÷
(0,

×aNPO
(0,−ca→b) + c′a→b)) · µ(a, b)

¾
öÛd�NÈR<Þ�S Ä2c/K/R R<O0K/K/·�RZL Äoº$K�·�Ä£O0KøÅ³Ä£SÕº�Ä£LMdÝLMd0K

a→ b
T�O0·

b→ a
·*NPS K/cHLMNÈÄ£O0R¼¾

��ZuiUM=LnTuJ*m�\p� bÛT�ßÈcHÂ�ßËT�L K�RML KHÞ?c/Ä]RML RÛÅ³Ä£S<×�T�L c d�NPO�QnO0ÄI·�K
a1

L Ä
a2O0Ä2·�K]½k»L���	�8þlô

a1
õ3� írïSõ#ú�öhñ��h�~ø;÷�õÖþ��8ú6ù�í ô��=õ

O0Ä2·�K¼¿Ý»L���	�8þlô
a2

õ3� írïSõ#ú�öhñ���÷@ô3ú����Uþhþ��*ú6ù0í ô��Uõ
×�T�L c d0K/·�ï"Ä2·�K/R�»L��
1ñB÷6õo�+yÖûKøüô�ý*ñ
�nù0÷W
.��í©ï�õ#ú�öwôüþ��	�8þ0ô;÷%ñ��Øú6ù�ø;ø3ô��=õ¡ú��'�=õ�ôüðSõ
cHS K/·*NPL R `wT�Þ »L� írï;û«�+y¤ô0/6ù�ñ-ý&ï�
�ô��Uú�ô ú�
	ïn÷�÷Öûwïnñ-ø�÷îõ3��ú6ø3ôüþnñ[õ-÷îñ$�ªú6ù�ø�øüô��UõÖú��'�=õ�ôüðSõ
RML KHÞUbBÄ]RML�»L��\
ßÈÄ2c¼T�ßub¬S K/·*NPL R `�T�Þ
»L� írï;û¬�0y¤ô0/6ù�ñuý&ï'
óô��Kú�ôrú�
óï)÷;÷�ûwïnñ-ø�÷%õ3��\
o�MUL&Y0^/R)m ·�Ä¼Ù<O0ï"Ä2·�K]½ T[I �=�8þlô;÷8O0Ä2·�K]½©ñu÷cø3ô�
óïSõ�ôüþhõ3� ñ���­-þm� 2 �u®�þSñuø3ôüú@õ[ñ����K@�/b¬ßËT£R R8»L�Ïô�/6ù0ñ-ý&ï�
�ô��Uúi�húi
	ï)÷;÷¯�+y?O0Ä2·�K]½ ï��Uþs·�Ä¼Ù<O0ï"ÄI·�K]½

T-o ×�T�L cAd0K/·�ï¹Ä2·�K/R¤úM���=õ#ïnñ$�/÷i·�Ä¼Ù<O0ï"Ä2·�K]½
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·�ÄêÙ<O0ï¹Ä2·�K]½/`wT�L c d »L�Ñõ-öwô��	�8þlô�·�Ä¼Ù<O0ï"Ä2·�K]½rñu÷£írïSõ#ú6öwôüþ�õ3�
T-o O0ÄI·�K¼¿�ñu÷eøüô�
óïSõ�ôüþ�õ3�a·�Ä¼Ù<O0ï"ÄI·�K]½/`wT�L c d ñ$�°­[þ�� 2 �u®{þnñuø3ôüú@õ[ñ�����o� �	��úM�)÷�õ-÷W��øüô@õ#ïnñ���ôüþ�øüô�
	ïSõ[ñ���� �
�
Y�Z-_8Y

�o� 
f�)÷6õ~ø3ô�
óïSõ[ñ
�'����ù0÷;ñ$�u�\�'
f�m�3ï�
Qú6ø3ôüþnñ[õ-÷M��ô�ý)ô��Uõ[ùwï�
$
.�h�lô���ô�ø+ï�õ[ñ��u�húM�)÷�õ-÷ �
�
T-o ú6ø3ôüþnñ[õ-÷îñ���cHS K/·*NPL R `wT�Þ�y��Søîú�
	ïn÷�÷iK@�/b¬ßËT£R Rîïnø3ô¯�	�Sõ�÷;ù�±Fú6ñ�ô��=õ�%

≥ 0
*

RML KHÞUbBÄ]RML�»L� RML KHÞUbBÄ]RML³²ÿ½
ù8û/þ�ïSõ�ô�cHS K/·*NPL R `wT�Þ�y��Søîú�
	ïn÷�÷iK@�/b¬ßËT£R R\���´²q½

Y�Zu_*Y
�T� úM�nùu�Uõ�ø3ô�
óïSõ[ñ
�'� 2 ô%÷6õ[ñ�
$
}ú3ï��ªøüô@õ#ïnñ�� �
�
ù*ûwþ�ï�õ�ô�ßÈÄIc¼T�ßub¬S K/·*NPL R `wT�Þ�yi�nøîú�
óï)÷�÷qK@�wb¬ßËT£R R¯����²q½

o�MUL&Y0^/R)m ·�Ä¼Ù<O0ï"Ä2·�K¼¿ T[I �=�8þlô;÷8O0Ä2·�K¼¿�ñu÷cø3ô�
óïSõ�ôüþhõ3� ñ���­-þm� 2 �u®�þSñuø3ôüú@õ[ñ����K@�/b¬ßËT£R R8»L�Ïô�/6ù0ñ-ý&ï�
�ô��Uúi�húi
	ï)÷;÷¯�+y?O0Ä2·�K¼¿�ï��Uþs·�Ä¼Ù<O0ï"ÄI·�K¼¿
T-o ×�T�L cAd0K/·�ï¹Ä2·�K/R¤úM���=õ#ïnñ$�/÷i·�Ä¼Ù<O0ï"Ä2·�K¼¿

·�ÄêÙ<O0ï¹Ä2·�K¼¿£`wT�L c d »L�Ñõ-öwô��	�8þlô�·�Ä¼Ù<O0ï"Ä2·�K¼¿hñu÷£írïSõ#ú6öwôüþ�õ3�
T-o O0ÄI·�K]½�ñu÷eøüô�
óïSõ�ôüþ�õ3�a·�Ä¼Ù<O0ï"ÄI·�K¼¿£`wT�L c d ñ$�°­[þ�� 2 �u®{þnñuø3ôüú@õ[ñ�����o� �	��úM�)÷�õ-÷W��øüô@õ#ïnñ���ôüþ�øüô�
	ïSõ[ñ���� �
�
Y�Z-_8Y

�o� 
f�)÷6õ~ø3ô�
óïSõ[ñ
�'����ù0÷;ñ$�u�\�'
f�m�3ï�
Qú6ø3ôüþnñ[õ-÷M��ô�ý)ô��Uõ[ùwï�
$
.�h�lô���ô�ø+ï�õ[ñ��u�húM�)÷�õ-÷ �
�
T-o ú6ø3ôüþnñ[õ-÷îñ���cHS K/·*NPL R `wT�Þ�y��Søîú�
	ïn÷�÷iK@�/b¬ßËT£R Rîïnø3ô¯�	�Sõ�÷;ù�±Fú6ñ�ô��=õ�%

≤ 0
*

RML KHÞUbBÄ]RML�»L� RML KHÞUbBÄ]RML<æZ½
ù8û/þ�ïSõ�ô�cHS K/·*NPL R `wT�Þ�y��Søîú�
	ïn÷�÷iK@�/b¬ßËT£R R\���næA½

Y�Zu_*Y
�T� úM�nùu�Uõ�ø3ô�
óïSõ[ñ
�'� 2 ô%÷6õ[ñ�
$
}ú3ï��ªøüô@õ#ïnñ�� �
�
ù*ûwþ�ï�õ�ô�ßÈÄIc¼T�ßub¬S K/·*NPL R `wT�Þ�yi�nøîú�
óï)÷�÷qK@�wb¬ßËT£R R¯����æA½

�o�Dµ ���$��÷6ïní ôYy��Søeøüô�
óïSõ[ñ����/÷%ñ$�°­uù8û�®{þnñ-øüô3ú@õ[ñ
�'�¬�$�$�U¶ �
�
o�MUL&Y0^/R)m K@�/b¬ßËT£R R T[I úi
	ï)÷;÷@ô;÷%ñ$�?ßÈÄ2c¼T�ßub¬S K/·*NPL R `wT�Þ

cHS K/·*NPL R ï"K/K/·�K/· »L�Ñú@øüôüþSñ-õ-÷îñ$�?ßÈÄ2c¼T�ßub¬S K/·*NPL R `wT�Þpyi�nøîú�
óï)÷�÷iK@�/b¬ßËT£R R
T-o cHS K/·*NPL RAï¹K/K/·�K/·,yi�nø��~ø;÷�õÖþ��8ú6ù�í ô��=õ¢%êcHS K/·*NPL RAï¹K/K/·�K/·

≥ 0
*

T-o cHS K/·*NPL R%ñ$�@cHS K/·*NPL R `wT�Þ�yi�nøîú�
óï)÷�÷iK@�/b¬ßËT£R Rîïnø3ô¯�	�Sõ~÷;ù�±Fú6ñ�ô��=õ
�o� õ-ö�ïSõÛñB÷,%êcHS K/·*NPL R

+
cHS K/·*NPL R ï¹K/K/·�K/·

≥ 0
* �
�

RML KHÞUbBÄ]RML8»L��R L KHÞUbBÄ]RML³²
×aNPO�¥�cHS K/·*NPL R ï"K/K/·�K/·)ëDcHS K/·*NPL R³²�cHS K/·*NPL R ï"K/K/·�K/·�§
T-o cHS K/·*NPL RAï¹K/K/·�K/·,yi�nø£÷8ôüú����Uþhþm�8ú6ù�írô��=õ¢%êcHS K/·*NPL R ï"K/K/·�K/·

≤ 0
*

T-o cHS K/·*NPL R%ñ$�@cHS K/·*NPL R `wT�Þ�yi�nøîú�
óï)÷�÷iK@�/b¬ßËT£R Rîïnø3ô¯�	�Sõ~÷;ù�±Fú6ñ�ô��=õ
�o� õ-ö�ïSõÛñB÷,%êcHS K/·*NPL R

+
cHS K/·*NPL R ï¹K/K/·�K/·

≤ 0
* �
�

RML KHÞUbBÄ]RML8»L��R L KHÞUbBÄ]RML³²
|
×�T5÷O¥ôcHS K/·*NPL R ï¹K/K/·�K/·)ëDcHS K/·*NPL R³²�cHS K/·*NPL R ï"K/K/·�K/·�§

|ù*ûwþ�ïSõ�ôqcHS K/·*NPL RA`�T�Þ�yi�nøîú�
óï)÷;÷iK@�wb¬ßËT£R Rh���ncHS K/·*NPL R ï"K/K/·�K/·
èt��{ · ��ëlË&� � n��OË)ê¸�s�����~�K���#����Ë
öÛd0KsNP×aÞ�S Ä õ K/·©T�ßPQ�Ä£SMNPLMd�× ×�T�Ø�K/RnÂ0R K?Ä�Å8·*NìÌ)KHS KHO0c/K/R�º�KHLåÙBK/KHOéO0ÄI·�K/RaY'dDT õ NPO�Q ·*NìÌ�KHS KHOILnßËT�º�KHßÈR¼ë
·*NìÌ)KHS KHO¡LZOIÂ�×iº�KHS RZÄ�Å�S KHßËT�LMNÈÄ£O0R¹T�O0·sR Â0c d�¾
äåÅ±LMd0K/R K8·*NìÌ)KHS KHO0c/K/R¹T�S K8O0Ä£L<Þ�S K/R KHO¡L¼ëDLMd0KiT�ßPQ�Ä£SMNPLMd�× c¼T�O?Ä£O�ßPÉ�·�Ä�T�O?K.÷*dDT�Â0RMLMN õ K8R K¼T�S cAd�¾
¸¹OsK.÷�T�×aÞ�ßÈK�RMNPLMÂDT�LMNÈÄ£OsNÈRÕQ]N õ KHO?NPO?Æ�NPQ]Â�S Kk½êW2ë0Ù<NPLMd?K¼T£cAd@·�Ä2cHÂ�×kKHO¡L"c/Ä£O¡LAT�NPO�NPO�Q

5
O0ÄI·�K/R<Ù<NPLMd?LMd0K

RAT�×kK"ßËT�º�KHß
a
¾�â d�NPßÈK"º�Ä£LMdÝ·�ÄIcHÂ�×kKHOIL R<dDT õ K 4

S KHßËT�LMNÈÄ£O0RÕÄ�Å�LåÉ2Þ$K
a→ a

K¼T£c d�ë0T�LÛ×kÄ]RML<Ä£O0K�c¼T�O�º$K
S KHLAT�NPO0K/·)¾
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a

a a a a

a

a a a a

Æ�NPQ]Â�S Kk½êW2»ôâãÄ£S RMLçæ�bÛT£R K8R c/KHODT�SMNÈÄ
öÛd0KÕS K/R Â�ßPLMNPO�Q�R K¼T�S cAd�LMS K/KÕNÈRBT�O�T�ßP×kÄ]RMLBc/Ä£×aÞ�ßÈKHL KHßPÉkK.÷2ÞDT�O0·�K/·nQ]SAT�Þ�d
¥úK.÷�c/KHÞ�LôÅ³Ä£SôLMd0KZßËT£RMLôßÈK õ KHßu§�Ä�Å
T�S Ä£Â�O0·�^]\]\¹O0Ä2·�K/R¼¾�¸ZO0·qÙ<d�NPßÈKZT¹d¡Â�×�T�Onc¼T�OkK¼T£RMNPßPÉ�R K/KÛLMd0KÛº�K/RML�R Ä£ßPÂ�LMNÈÄ£O�ë]LMd�NÈR¬T�ßPQ�Ä£SMNPLMd�× ¥FN:¾ K]¾£LMd�NÈR
c/Ä]RMLÛÅúÂ�O0cHLMNÈÄ£OU§<c¼T�OÝO0Ä£L¼¾ôöÛd�NÈR¹RMd0Ä¼ÙÕRÕS ÄIÄ£× Å³Ä£SÕK.÷*L KHO0·*NPO�QkLMd0K8c/Ä]RMLÛÅúÂ�O0cHLMNÈÄ£O�¾

¹ ��º¢»����$�,ÐÒ��ÓZ�$Ï¡�´¼ ��ÎD�h�ç��Î
v~��� ~e�#ë0Ë*��É¤Ês�Z� ÔÛÕ�ê}½��]ê=Ë&������Ì�¦)����ê
ëlËn�#���¡¾
Æ0Ä£SøLMd0KoK.÷�T�×aÞ�ßÈKqQ]N õ KHOwNPO
�0Q]Â�S Ka¿*ë�LMd0KqÄ£Â�LMÞ�Â�LøQ�KHO0KHSAT�L K/·wÙ<NPLMdwLMd0Kiñ¦·�K/R c/KHO0·0T�O¡LçóoS KHßËT�LMNÈÄ£O�NÈR�T£R
Å³Ä£ßPßÈÄ¼ÙÕR¼»
°n²u¿lã�Ú�Ânà/¶�À�³
ºSÚ=¹ ä ¹lÄnÂSà=¹Sºn»
¸ ²S³=´n»=¸ÁÀ#²u¿lã�Ú�Ânà/¶S¼�½�Âlà0àlãTÀ�ÅlÅ�ÃmÃuÃÖ¿#²�³
´�Ú�ÃÛ¿+ºn·RÄ�Ån²u¿lã�Ú�Ânà/¶=½�µw¶S·
¸0¹Sºn»�¼K½�¾�¿�ÀK½*Á
°n²u¿lã�Ú�Ânà/¶�À�µwÂn·U¹nÂSÃw´l¶F»/Â&³
¶�¼K½�³/ÀU½ ¸S¶0´l¶/Ä*à0¼�½*ÅS· â ¾*æ�Å0Â â ¾*æ�ÅSÃ â ¾*æK½&ÅlÁ
°n²u¿lã�Ú�Ânà/¶�À�·w¶&³=ºnµ/¶ ¸�¶l´0¶wÄ*à�¼K½&Ån· â ¾8æwÅlÂ â ¾8æwÅnÃ â ¾8æ�½*ÅlÁ
°n²u¿lã�Ú�Ânà/¶�À�¹*»
¸�¶n·0à Æ Â ä à/¶n· ¸S¶l´0¶wÄ&à0¼K½&Ån· â ¾8æwÅlÂ â ¾8æ�½*Á0°n²m¿0ã0ÚwÂnàw¶YÀ�¶0´l¶&³=¶n»0à »/Â&³=¶S¼K½8Ú�¿�³l³�ÝO½*Å0Á
°lÅS²m¿0ã0Ú�ÂSàw¶YÀ3¹*»=¸S¶S·là Æ Â ä àw¶n·/Á
°n²u¿lã�Ú�Ânà/¶�À�µwÂn·U¹nÂSÃw´l¶F»/Â&³
¶�¼K½�³O¾0½ ¸S¶0´l¶/Ä*à0¼�½*ÅS· â ¾*æ�Å0Â â ¾*æK½&ÅlÁ
°n²u¿lã�Ú�Ânà/¶�À�·w¶&³=ºnµ/¶ ¸�¶l´0¶wÄ*à�¼K½&Ån· â ¾8æwÅlÂ â ¾8æ�½*ÅlÁ
°n²u¿lã�Ú�Ânà/¶�À�¹*»
¸�¶n·0à Æ Ã/¶ ä ºn·w¶ ¸S¶0´l¶/Ä*à0¼�½*ÅS· â ¾*æ�ÅSàw¶n²0à�Å�Æ â ¾*æK½&Ál°n²u¿lã�Ú�Ânà/¶�À�µwÂl´'¿w¶ Æ º ä ¸S¶0´l¶/Ä*à0¼�½!Ç)³/ÀU½&ÅlÁ
°lÅS²m¿0ã0Ú�ÂSàw¶YÀ3¹*»=¸S¶S·là Æ Ãw¶ ä ºn·/¶lÁ
°n²u¿lã�Ú�Ânà/¶�À+Ânãlã/¶n»�Ú¯¸�¶l´0¶wÄ*à�¼K½&Ån· â ¾8æwÅnÃ â ¾8æ�½*Ál°S²m¿0ã0Ú�ÂSàw¶YÀ#µwÂ0´�¿/¶ Æ º ä ¸�¶l´0¶wÄ*à�¼K½BÇ&³O¾�½*Å0Á
°lÅS²m¿0ã0Ú�ÂSàw¶YÀ�Ânã0ãw¶S»0Ú�Á
°n²u¿lã�Ú�Ânà/¶�À�·w¶&³=ºnµ/¶ ¸�¶l´0¶wÄ*à�¼K½&Ån· â ¾8æwÅSÚ�¿�³l³wÝ â ¾*æK½&ÅlÁ
°lÅS²m¿0ã0Ú�ÂSàw¶YÀ[³
º�Ú
¹ ä ¹lÄSÂnàU¹nºn»=¸SÁ
öÛd�NÈRÕÄ£Â�LMÞ�Â�L"c¼T�OÝº$KøNPOIL KHSMÞ�S KHL K/·�T£RÛÅ³Ä£ßPßÈÄ¼ÙÕRê»
½]¾�cHÂ�LÕLMd0K °SÃwÅ0Á KHßÈKH×kKHO¡L"Ä£Â�LZÄ�Å�LMd0K�·�ÄIcHÂ�×kKHOILZNPO¡L ÄnT õ T�SMNËT�º�ßÈK¿*¾�NPO0R KHSML¹T °�Ú�¿�³l³�Ý/ÅlÁ O0ÄI·�KiT5ÅúL KHS<LMd0K °0ÂlÅlÁ KHßÈKH×kKHO¡L
_*¾�cHÂ�LÕLMd0K °0ÂlÅ0Á KHßÈKH×kKHO¡L"Ä£Â�LZÄ�Å�LMd0K�·�ÄIcHÂ�×kKHOILZNPO¡L ÄnTaR K/c/Ä£O0· õ T�SMNËT�º�ßÈKÁ0¾�NPO0R KHSMLÕLMd0K °nÃwÅ0Á KHßÈKH×kKHOIL¹cHÂ�L¹T�LÕRML KHÞã½�T�L<NPL R<Þ�ßËT£c/K
^*¾�NPO0R KHSMLÕLMd0K °lÂlÅ0Á KHßÈKH×kKHOIL¹cHÂ�L¹T�LÕRML KHÞ?_aNPO¡L ÄaLMd0K °SÃwÅ0Á KHßÈKH×kKHO¡L
V*¾�S KH×kÄ õ KiLMd0K °SÚm¿S³0³�ÝwÅ0Á O0Ä2·�KøNPO0R KHSML K/·?T�LZR L KHÞ?¿
öÛd0KHS K.Å³Ä£S K]ë)LMd0KoÄ£Þ$KHSAT�LMNÈÄ£OwÞ�KHSçÅúÄ£SM×kK/·ãT£cHLMÂDT�ßPßPÉ@NÈR�K.÷*cAdDT�O�Q]NPO�QÝLMd0K�L¦Ù¬Ä�O0Ä2·�K/R¼¾8öÛd0KoK/·*NPL�R cHSMNPÞ�LøNÈR
O0Ä£LZÉ�KHLZÅFÂ�ßPßPÉÝÄ£Þ�LMNP×aNPà¼K/·�º¡ÉÝLMd0KiS K.ÅúKHS KHO0c/KiNP×aÞ�ßÈKH×kKHO¡LAT�LMNÈÄ£O�»<LMd0KiNPO0R KHSMLMNÈÄ£OwÄ�Å�LMd0K °SÚm¿S³l³wÝwÅ0Á O0Ä2·�K
¥FL ÄoT õ Ä£NÈ·�L K.÷2LÛc/Ä£ßPßËT�Þ0RMNPO�Q0§¯Ù¬Ä£Â�ßÈ·�O0Ä£LBº�KZO0K/c/K/R R,T�SMÉ�ë¡NìÅûLMd0K °nÃ/ÅlÁ O0Ä2·�KZNÈR¬NPO0R KHSML K/·�º�K.ÅúÄ£S K¹LMd0K °0ÂlÅ0ÁLAT�QkNÈRÕ·�KHßÈKHL K/·)¾
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v~�uÈ �QêU×w����� ÉfÊs�Z�¨ÔÖÕ#ê¬½È�ÿ���~ê ���U��ê�� ê=����Ë

öÛd0K¹ÅúÄ£ßPßÈÄêÙ<NPO�QaLåÙBÄkK.÷�T�×aÞ�ßÈKø·�Ä2cHÂ�×kKHO¡L R<Ù<NPLMdÝLMd0KøÄ£O�ßPÉ�·*NìÌ�KHS KHO0c/K"º�KHNPO�QaT�×kÄ õ K/· °nÃwÅ0Á LAT�Q�¥FÙ<NPLMd
LMd0K8c/Ä£OIL KHO¡L R"RMLAT/É2NPO�QkNPOÝÞ�ßËT£c/K*§
°l±S²S³=´pµ/¶n·=¸0¹nºS»0¼�½�¾}¿�ÀU½&±lÁ
°n·/ºlºSàwÁ
°�¸V¿lÃwÁ
°n»wº�Ú�¶0Á�À0°0Ån»/ºSÚ�¶0Á
°n»wº�Ú�¶0Ál°nÃ/Á
¾)°lÅnÃ/Ál°0Ån»wº�Ú�¶0Á
°n»wº�Ú�¶0Álál°0Ån»/ºSÚ�¶0Á
°n»wº�Ú�¶0Á Ü °0Ån»/ºSÚ�¶0Á

°lÅw¸B¿lÃ/Á
°�¸V¿lÃwá0Á
°n»wº�Ú�¶0Á�À0°0Ån»/ºSÚ�¶0Á
°n»wº�Ú�¶0Álál°0Ån»/ºSÚ�¶0Á
°n»wº�Ú�¶0Á Ü °0Ån»/ºSÚ�¶0Á

°lÅw¸B¿lÃ/álÁ
°lºSàmÂw¶S·wÅ0Á

°lÅS·wº0ºnàwÁ

°0±n²S³=´Fµw¶n·=¸0¹Sºn»0¼�½�¾�¿�ÀU½&±lÁ
°S·wºlºSàwÁ
°�¸V¿lÃ/Á
°n»/ºSÚ�¶0Á�À�°lÅn»/ºSÚw¶lÁ
°n»/ºSÚ�¶0Á
¾)°lÅn»/ºSÚw¶lÁ
°n»/ºSÚ�¶0Álá0°lÅn»/ºSÚw¶lÁ
°n»/ºSÚ�¶0Á Ü °lÅn»/ºSÚw¶lÁ

°lÅw¸B¿0ÃwÁ
°�¸V¿lÃ/álÁ
°n»/ºSÚ�¶0Á�À�°lÅn»/ºSÚw¶lÁ
°n»/ºSÚ�¶0Ál°SÃwÁlá0°lÅSÃwÁl°0Ån»/ºSÚ�¶0Á
°n»/ºSÚ�¶0Á Ü °lÅn»/ºSÚw¶lÁ

°lÅw¸B¿0ÃwálÁ
°lºSàmÂ/¶n·wÅ0Á

°0Ån·wº0ºnà/ÁS K/RMÂ�ßPLÕNPO?LMd0K�Å³Ä£ßPßÈÄ¼Ù<NPO�QnÄ£Â�LMÞ�Â�L¹º¡É�LMd0K�S K.Å³KHS KHO0c/K�T�Þ�Þ�ßPNÈc¼T�LMNÈÄ£O�Ù<d0KHOsSMÂ�O?Ù<NPLMd@·�K.Å³T�Â�ßPL¹ÞDT�SAT�×kKHL KHS R
¥FÚøðZÞ�·0T�L KaÄ£Â�LMÞ�Â�L¼ë±c/Ä£OIL K.÷2L�·�K.Å³T�Â�ßPL K/· L ÄØ® ¿�Ån»/ºSÚw¶)ÅiÆÊÉ¨¿�ÅqËSÅqË ®Pë�LMdDT�LiNÈR8T�ßPß¯c d�NPßÈ·*S KHO T�O0·�Q]SAT�O0·2æ
c d�NPßÈ·*S KHO ¥FÙ<d�NÈc dwT�S K�S KHQ]Â�ßËT�SÕO0Ä2·�K/R;§ÛT�S K8c/Ä£O0RMNÈ·�KHS K/·ÝS KHßËT�LMNÈÄ£O0RZÙ¬Ä£SMLMd@Ø�K/KHÞ�NPO�Q0§
°l±S²S³=´pµ/¶n·=¸0¹nºS»0¼�½�¾}¿�ÀU½&±lÁ
°n²u¿lã�Ú�Ânà/¶�À�³
ºSÚ=¹ ä ¹lÄnÂSà=¹Sºn»
¸ ²S³=´n»=¸ÁÀ#²u¿lã�Ú�Ânà/¶S¼�½�Âlà0àlãTÀ�ÅlÅ�ÃmÃuÃÖ¿#²�³
´�Ú�ÃÛ¿+ºn·RÄ�Ån²u¿lã�Ú�Ânà/¶=½�µw¶S·
¸0¹Sºn»�¼K½�¾�¿�ÀK½*Á
°n²u¿lã�Ú�Ânà/¶�À�µwÂn·U¹nÂSÃw´l¶F»/Â&³
¶�¼K½�³/ÀU½ ¸S¶0´l¶/Ä*à0¼�½*ÅS·wºlºSà â ¾8æ�Åw¸B¿0Ã â ¾*æ�ÅS»wºSÚw¶ â áSæ�ÅSÃ â ¾8æ�ÅSàw¶S²là�Å�Æ â ¾8æK½&ÅlÁ
°n²u¿lã�Ú�Ânà/¶�À�·w¶&³=ºnµ/¶ ¸�¶l´0¶wÄ*à�¼K½&Ån·wº0ºnà â ¾8æwÅ�¸V¿lÃ â ¾8æwÅn»wº�Ú�¶ â áSæwÅnÃ â ¾8æwÅnà/¶n²là�ÅiÆ â ¾8æ�½*Å0Á
°n²u¿lã�Ú�Ânà/¶�À�µwÂn·U¹nÂSÃw´l¶F»/Â&³
¶�¼K½�³O¾0½ ¸S¶0´l¶/Ä*à0¼�½*ÅS·wºlºSà â ¾8æ�Åw¸B¿0Ã â ¾*æ�ÅS»wºSÚw¶ â áSæ�ÅSÃ â ¾8æK½&ÅlÁ
°n²u¿lã�Ú�Ânà/¶�À�·w¶&³=ºnµ/¶ ¸�¶l´0¶wÄ*à�¼K½&Ån·wº0ºnà â ¾8æwÅ�¸V¿lÃ â ¾8æwÅn»wº�Ú�¶ â áSæwÅnÃ â ¾8æ�½*Å0Á
°n²u¿lã�Ú�Ânà/¶�À+Ânãlã/¶n»�Ú¯¸�¶l´0¶wÄ*à�¼K½&Ån·wº0ºnà â ¾8æwÅ�¸V¿lÃ â ¾8æwÅn»wº�Ú�¶ â áSæ�½*Á0°n²m¿0ã0ÚwÂnàw¶YÀ#µ/Âl´�¿/¶ Æ º ä ¸�¶l´0¶wÄ*à�¼K½BÇ&³/ÀK½*Å0Á
°lÅS²m¿0ã0Ú�ÂSàw¶YÀ�Ânã0ãw¶S»0Ú�Á
°n²u¿lã�Ú�Ânà/¶�À�µwÂn·U¹nÂSÃw´l¶F»/Â&³
¶�¼K½�³
á=½ ¸S¶0´l¶/Ä*à0¼�½*ÅS·wºlºSà â ¾8æ�Åw¸B¿0Ãwá â ¾8æwÅn»wº�Ú�¶ â áSæwÅnà/¶n²là�ÅiÆ â ¾8æ�½*Å0Á
°n²u¿lã�Ú�Ânà/¶�À�·w¶&³=ºnµ/¶ ¸�¶l´0¶wÄ*à�¼K½&Ån·wº0ºnà â ¾8æwÅ�¸V¿lÃwá â ¾*æ�Ån»/ºSÚw¶ â á�æ�ÅSàw¶n²0à�Å�Æ â ¾*æK½&ÅlÁ
°n²u¿lã�Ú�Ânà/¶�À+Ânãlã/¶n»�Ú¯¸�¶l´0¶wÄ*à�¼K½&Ån·wº0ºnà â ¾8æwÅ�¸V¿lÃwá â ¾*æ�Ån»/ºSÚw¶ â á�æK½&Ál°n²u¿lã�Ú�Ânà/¶�À�µwÂl´'¿w¶ Æ º ä ¸S¶0´l¶wÄ&à0¼�½!Ç&³}¾0½&ÅlÁ
°lÅS²m¿0ã0Ú�ÂSàw¶YÀ�Ânã0ãw¶S»0Ú�Á
°n²u¿lã�Ú�Ânà/¶�À+Ânãlã/¶n»�Ú¯¸�¶l´0¶wÄ*à�¼K½&Ån·wº0ºnà â ¾8æwÅ�¸V¿lÃwá â ¾*æ�Ån»/ºSÚw¶ â á�æ�ÅSÃ â ¾*æK½&Á
°n²u¿lã�Ú�Ânà/¶�À�µwÂl´'¿w¶ Æ º ä ¸�¶l´l¶/Ä*à�¼K½!Ç)³
áU½*ÅlÁ0°lÅS²m¿lã�Ú�ÂSàw¶�À+Ânã0ãw¶n»�Ú�Á
°lÅS²m¿0ã0Ú�ÂSàw¶YÀ[³
º�Ú
¹ ä ¹lÄSÂnàU¹nºn»=¸SÁ

J¹SÕÙ<d0KHO?·�K/RAcHSMNPº$K/·�NPOsODT�LMÂ�SAT�ßûßËT�O�Q]ÂDT�Q�K]»
½]¾�c/Ä£Þ¡ÉsT�O0·ÝS KH×kÄ õ K8LMd0K8c/Ä£OIL KHO¡L R"Ä�Å�LMd0K °SÃwÅ0Á KHßÈKH×kKHOIL
¿*¾�c/Ä£Þ¡ÉsT�O0·ÝS KH×kÄ õ K8LMd0K °SÃwÅ0Á KHßÈKH×kKHO¡L
_*¾�S KHNPO0R KHSMLÕLMd0Kic/Ä£O¡L KHO¡L R¹S KH×kÄ õ K/·?NPO?RML KHÞã½
Á0¾�c/Ä£Þ¡ÉsT�O0·ÝS KH×kÄ õ K8LMd0K8c/Ä£OIL KHO¡L R"Ä�Å�LMd0K�·�K/R LMNPODT�LMNÈÄ£O °n»/ºSÚw¶lÅlÁ^*¾�NPO0R KHSMLÕLMd0K °nÃwÅ0Á LAT�QkS KH×kÄ õ K/·sNPOsRML KHÞ?¿�T�LÕ·�K/RMLMNPODT�LMNÈÄ£O °S»wºSÚw¶lÅ0ÁV*¾�NPO0R KHSMLÕLMd0KiÄ£ßÈ·sc/Ä£O¡L KHOIL R¹Ä�Å�LMd0K�·�K/RMLMNPODT�LMNÈÄ£O?O0Ä2·�KøNPO¡L Ä�LMd0K °nÃ/ÅlÁ LAT�Q
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ä¦Osc/Ä£×aÞDT�SMNÈR Ä£O�ë0LMd0K�Ä£Â�LMÞ�Â�L"Ä�Å�Ü�Ä£Q]NPßËT�ºs÷2×aßÈ·*NìÌ�NÈRî¥FÙ<d�NPL K/RMÞDT£c/K8S K.ÅúÄ£SM×�T�LML K/·)ëDÚ"ð¹Þ$·0T�L K�Ä£Â�LMÞ�Â�L;§.»
°l±S²S³=´pµ/¶n·=¸0¹nºS»0¼�½�¾}¿�ÀU½&±lÁ
°n²u¿lã�Ú�Ânà/¶�À�³
ºSÚ=¹ ä ¹lÄnÂSà=¹Sºn»
¸ µw¶S·
¸�¹nºn»�¼K½l¾}¿�ÀK½]²S³
´S»
¸�À#²m¿0ã0ÚwÂnàw¶�¼K½iÂlàlà0ãoÀ+ÅlÅVÃuÃmÃ�¿#²S³=´SÚlÃÛ¿�ºS·uÄwÅn²m¿0ã0ÚwÂnàw¶U½*Á
°n²u¿lã0ÚwÂnà/¶�À#·/¶n»/Â&³
¶ ¸�¶l´l¶/Ä*à�¼K½*ÅS·wº0ºnà â ¾8æwÅ�¸B¿0Ã â ¾8æ�ÅS»wº�Ú�¶ â áSæwÅnÃ â ¾8æ�½ÿÁF»wº�Ú�¶ °lÅS²m¿0ã0Ú�ÂSàw¶YÀ#·w¶S»wÂ)³
¶lÁ
°n²u¿lã0ÚwÂnà/¶�À#·/¶&³=ºnµw¶ ¸�¶l´l¶/Ä*à�¼K½*ÅS·wº0ºnà â ¾8æwÅ�¸B¿0Ã â ¾8æ�ÅS»wº�Ú�¶ â áSæwÅn»wº�Ú�¶ â ¾8æ�½ÿÅ0Á
°n²u¿lã0ÚwÂnà/¶�À3¹&»
¸�¶n·là Æ Â ä àw¶S·¯¸�¶l´0¶wÄ*à�¼K½&Ån·wº0ºnà â ¾8æwÅ�¸V¿lÃ â ¾8æwÅn»wº�Ú�¶ â ¾8æ�½ Á
°n²m¿0ã0ÚwÂnàw¶YÀ�¶0´l¶&³=¶n»0à »/Â&³=¶S¼K½@»wº�Ú�¶=½&Á
¾)°lÅn²u¿lã�Ú�Ânà/¶�À+¶l´l¶)³
¶S»làwÁ

°lÅS²m¿lã�Ú�ÂSàw¶�À�¹*»=¸S¶n·0à Æ Â ä à/¶n·/Á
°n²u¿lã0ÚwÂnà/¶�À3¹&»
¸�¶n·là Æ Â ä àw¶S·¯¸�¶l´0¶wÄ*à�¼K½&Ån·wº0ºnà â ¾8æwÅ�¸V¿lÃwá â ¾*æ�Ån»/ºSÚw¶ â ¾*æK½ Á
°n²m¿0ã0ÚwÂnàw¶YÀ�¶0´l¶&³=¶n»0à »/Â&³=¶S¼K½@»wº�Ú�¶=½&Á
°lÅn²u¿lã�Ú�Ânà/¶�À+¶l´l¶)³
¶S»làwÁ

°lÅS²m¿lã�Ú�ÂSàw¶�À�¹*»=¸S¶n·0à Æ Â ä à/¶n·/Á
°n²u¿lã0ÚwÂnà/¶�À#·/¶n»/Â&³
¶ ¸�¶l´l¶/Ä*à�¼K½*ÅS·wº0ºnà â ¾8æwÅ�¸B¿0Ãwá â ¾8æwÅn»/ºSÚ�¶ â Ü æK½ ÁpÃ¯°0Ån²m¿0ã0ÚwÂnàw¶YÀ#·/¶n»wÂ)³
¶0Á
°n²u¿lã0ÚwÂnà/¶�À#·/¶&³=ºnµw¶ ¸�¶l´l¶/Ä*à�¼K½*ÅS·wº0ºnà â ¾8æwÅ�¸B¿0Ãwá â ¾8æwÅnÃ â ¾8æ�½ÿÅ0Á
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öÛd0K��0S RML±LMd�NPO�Q"L Ä¹º$K¯O0Ä£L K/·id0KHS KBNÈR±LMdDT�L±LMd0KHS KÛT�S K¯L¦Ù¬Ä"S K/·*Â�O0·0T�O¡LôR LAT�L KH×kKHO¡L R¼¾�öÛd0K¬O0ÄI·�K¬S KHODT�×kK/·
NÈRÛS KH×kÄ õ K/·sT5ÅúL KHSMÙBT�S ·�Rê¾ôöÛd�NÈRÛNÈR<·*Â0K"L Ä�LMd0KøÚøð¹Þ$·0T�L K"Ä£Â�LMÞ�Â�L<º¡É�Ü�Ä£Q]NPßËT�ºÝ÷*×aßÈ·*NìÌ@Ù<d�NÈc ds·�Ä2K/RBO0Ä£L
Â0R K õ T�SMNËT�º�ßÈK¹L Ä�T£cAd�NÈK õ K¹×kÄ õ K/R¼¾�âòd0KHO�SMÂ�O�Ù<NPLMdnLMd0K¹Ü�Ä£Q]NPßËT�ºÝÄ£Â�LMÞ�Â�L¯Å³Ä£SM×�T�L¼ëILMd0KZS KH×kÄ õ KøT�O0·�LMd0K
Å³Ä£ßPßÈÄ¼Ù<NPO�Q�NPO0RAKHSMLZT�S KiTiñå×kÄ õ K.óiRMLAT�L KH×kKHOIL¼¾
ö�SAT�O0RAcHSMNPº$K/·?L ÄoODT�LMÂ�SAT�ßûßËT�O�Q]ÂDT�Q�K"Y ��÷*NPO�QaLMd0K8Ä£Â�LMÞ�Â�LÕÞ�S Ä£º�ßÈKH×kR<YnLMd�NÈR<NÈR¼»
½]¾�S KHODT�×kK8LMd0K °nÃwÅ0Á KHßÈKH×kKHOILZL Ä °n»/ºSÚw¶lÅlÁ¿*¾�×kÄ õ KiLMd0K�¬çÂ0RML<S KHODT�×kK/· °n»/ºSÚw¶lÅlÁ KHßÈKH×kKHO¡LøTqßÈK õ KHß�Â�Þ
_*¾�S KH×kÄ õ KiLMd0K °n»/ºSÚw¶lÅlÁ LMd0K ¥FO0Ä¼Ù�S KHODT�×kK/·=§ °nÃ/ÅlÁ ÙBT£RÕNPO
Á0¾�S KHODT�×kK8LMd0KiÄ£LMd0KHSÕ×kÄI·*N	�DK/· °n»wº�Ú�¶0ÅlÁ KHßÈKH×kKHOILZL Ä °SÃwÅlÁ^*¾ôT£·�·?ToO0KHÙgKHßÈKH×kKHOIL °S»wºSÚw¶lÅ0Á º�KHßÈÄ¼ÙgNPL
V*¾�×kÄ õ KiLMd0K °nÃ/ÅlÁ KHßÈKH×kKHO¡LZNPOIL ÄaLMd0K�O0KHÙ<ßPÉ�Q�KHO0KHSAT�L K/·?KHßÈKH×kKHOIL
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T�O0·�L Ä °S»wº�Ú�¶lÅ0Á LAT�Q�R¼ë)T�O0·�T °n»/ºSÚw¶lÅlÁ LAT�Q�R"NÈR"S KH×kÄ õ K/·ãT�O0·wT£·�·�K/·�NPO0RML K¼T£·)¾�öÛd�NÈR"Þ�S Ä£ºDT�º�ßPÉ?NÈR�T
c/Ä£O0R K@�IÂ0KHO0c/KiÄ�ÅôLMd0KqT�ßPQ�Ä£SMNPLMd�× Â0R K/·)ëDÙ<d�NÈc dwT�Þ�Þ$K¼T�S R¹L ÄkÙBÄ£SMØÝº¡ÉÝº�Ä£LML Ä£×oæ:Â�Þ@K.÷*L KHO0·*NPO�QnNÈ·�KHOILMNÈc¼T�ß
RMÂ�º�LMS K/K/R¼¾
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·0T�L KkRMLAT�L KH×kKHOIL R¼ë±T�O0·wLMd0K©�0ßÈK/RiT�S KaÄ�ÅFL KHOãR LMNPßPß õ T�ßPNÈ·�·�Ä2cHÂ�×kKHO¡L R¼¾�öÛd0KaÄ£Â�LMÞ�Â�L8dDT£R�º�K/KHOãRMßPNPQ]d¡LMßPÉ
S K.Å³Ä£SM×�T�LML K/·sº¡É�Â0RMNPO�QnT£·�·*NPLMNÈÄ£ODT�ß±Ù<d�NPL K/RMÞDT£c/KøÅ³Ä£S<Þ�SMNPO¡LMNPO�Q0¾
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¥³Tw·�K.Å:T�Â�ßPLoRAKHLMLMNPO�Q�LMdDT�LadDT£RkRMd0Ä¼Ù<O Â0RAK.ÅFÂ�ßu§.ë¯LMd0KnS K/R Â�ßPLaNÈRoLMdDT�LaLMd0K�L K.÷2Lac/Ä£O¡L KHOIL RnT�S K�S KH×kÄ õ K/·T�O0·�NPO0R KHSML K/·'T�L�LMd0KHNPSiO0KHÙ	ßÈÄ2c¼T�LMNÈÄ£O�¾,ò¯Ä£Â
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Ï0æFÖMÙ0ÙFâMá
âòd0KHO�Â0R NPO�Qqñ Úw¶�¸0ÄS¶n»�Ú�Ân»0àoÀuÀ#»wº�Ú�¶ñÅiÆ ó¹T£RÛÚøÃ�T�LMdsRMLAT�L KH×kKHO¡LÕL Äo·�K��0O0KøS KHßËT�LMNÈÄ£O0RBYnT�OIÉn·�K/R c/KHO0·0T�OIL
O0Ä2·�K¹Y�LMd0K�·�K/KHÞ$KHSÕO0K/R LMNPO�QkÄ�Å�LMd0KøL K.÷*L<O0ÄI·�K/RZc/Ä£×kK/R<NPO¡L ÄkK.Ì)K/cHL¼¾�öÛd0KHS K.Å³Ä£S K]ë�NPO0RML K¼T£·sÄ�Å�S KHÞ�ßËT£cHNPO�Q
LMd0K�L K.÷*L<ÞDT�SAT�Q]SAT�Þ�d0R¼ë0LMd0KøLMNPLMßÈK8ßPNPO0K/R¹T�S KøS KHÞ�ßËT£c/K/·)ë�T�O0·sLMd0K °nã/Ân·là/ÅlÁ RÕT�S K�S K/Ä£S ·�KHS K/·)¾
öÛd0KÝÄ£Â�LMÞ�Â�LkNÈR�T�º�NPLaLMSMNÈcAØINÈKHS�L ÄwS K¼T£· LMd�NÈRaLMNP×kK]ë¬R NPO0c/K�Ù¬KÝdDT õ KÝO0K/RML K/· Ä£Þ�KHSAT�LMNÈÄ£O0R¼¾ ÊINPO0c/K�LMd0K
�0S RML °SãwÂS·làwÁ NÈRÛñ Ú
¹ÁÀ#»�¼�óS³=ºnµ/¶SÚ Æ ÂVÃ
ÂnÝmó óAë�Ä£O�ßPÉ�S KH×kÄ õ T�ßÈR"T�S KiÙ<SMNPLML KHO?NPO0RMNÈ·�K�YnLMd0K�LMNPLMßÈK8L K.÷*L RÕº�KHNPO�Q
×kÄ õ K/·�T¼ÙBT/É�¾øä¦O@LMd0K�R K/c/Ä£O0· °nã/Ân·là/Á KHßÈKH×kKHO¡L¼ë�Ù<d�NÈc dwNÈR¹O0Ä£L¹×kÄ õ K/·)ë$LMd0KiLMNPLMßÈK�L K.÷2L R�T�S K�S KHÞ�ßËT£c/K/·
T£RÛNPOÝLMd0KøÞ�S K õ NÈÄ£Â0RÕK.÷�T�×aÞ�ßÈK]¾¯öÛd0KHO?T�L<LMd0KøO0KHÙ©ßÈÄIc¼T�LMNÈÄ£OsÄ�Å�LMd0K{�0S RML °nã/Ân·là/Á KHßÈKH×kKHO¡L¼ëD×�T�SMØ�K/·Ýº¡É
ñ Ú
¹ñÀ�»0¼móS³
ºSµw¶�Ú Æ Â/¶n·/¶�ó óAëIÄ£O�ßPÉaNPO0R KHSMLMNÈÄ£O0RÛT�S KZÞ�SMNPOIL K/·
¥úRMNPO0c/KZLMd0KZS KH×kÄ õ T�ßÈR¬Ù¬KHS K"·�Ä£O0KøT�L¯LMd0KZÄ£ßÈ·nßÈÄ�æ
c¼T�LMNÈÄ£OU§.¾�öÛd0KHS K.Å³Ä£S K]ë]LMd0KÛO0KHÙ L K.÷2L�NÈR�Ä£O�ßPÉq×�T�SMØ�K/·oº¡ÉqLMd0K<T�LMLMSMNPº�Â�L KBñ Ú=¹ñÀ�Änºn»0àw¶S»là0¼móS³=ºnµw¶�Ú Æ Âw¶n·/¶�ó óÄ£OsLMd0K�c/Ä£OILAT�NPO�NPO�QnLMNPLMßÈK8KHßÈKH×kKHOIL R¼¾
Ï0ÐFÑ�ÒiÓaÔ�Õ+ÖW×MØ¤Ù¤Ú�ÛiÜ+Ý!Þàß�Ü�Ð0áÏFÖMÙ0ÙFâ¯Ñ�ÒiÓ¤Ú�×Vôfï�Ø3ÛiÜõÒ�Õ+Ö0í�Õ+ï�ö3ï�Ø3ì0ìiÜ�áÏ¤ãMä+Ö0â�ï�Ø!ô.Ú�ÛiÜõÒiÙFÔ�Õ+ï�ö�äF÷Mä+øiÜ�áÏFâ�Ø3âMÓ+Õ�á0ÏFï�Ø!ôfÖ�Õ3ÒiÙFÔ�Õ+ï�ö3â�Õ+Ñ0âMá+å�Ø3â�Ó+Õ,â�Õ+Ñ0âMÏ0æFï�Ø!ôfÖ�Õ3ÒiÙFÔ�Õ+ï�ö3â�Õ+Ñ0âMá0Ï�æFâ�Ø�âMÓ+Õ�áÏ�×�ç0è�â�Ø3âMÓ+Õ�á0ÏFï�Ø!ôfÖ�Õ3ÒiÙFÔ�Õ+ï�ö3â�Õ0Ñ0âMá+éiØ3ÖW×Fâ<×�ç0è�â�Ø3âMÓ+Õ�Ï0æFï�Ø!ôfÖ�Õ3ÒiÙFÔ�Õ+ï�ö3â�Õ0Ñ0âMá0Ï�æ�×�ç0èWâ�Ø3âWÓ+Õ�áÏ�ê+Ù¤Ú�â�ÕFÚ�âMáÏFâ�Õ+Ñ0âMáÏ¤ãMä+ÖMá¤éiØ3ÖW×¤âhâ�Õ+Ñ0â1ê+Ù¤Ú�â�ÕFÚ�â'ëoì�Ø3ÖW×¤â�ãMä+Ö�ä+í0Ö�äFã0îWÏ0æ¤ãMä+ÖMáÏ¤ãMä+ÖMá¤éiØ3ÖW×¤âhâ�Õ+Ñ0â1ê+Ù¤Ú�â�ÕFÚ�â'ëj×FÕMê+Ù¤Ú�ï�ãMä+Ö�ä+í0Ö�äFã0îWÏ0æ¤ãMä+ÖMáÏ0æFâ�Õ+Ñ0âMáÏ0æ�ê+Ù¤Ú�â�ÕFÚ�âMáÏ0æ¤ãMä+Ö0âMáÏ¤ãMä+Ö0âMáÏFâ�Ø3âMÓ+Õ�á0ÏFï�Ø!ôfÖ�Õ3ÒiÙFÔ�Õ+ï�ö3â�Õ+Ñ0â�ï�Ø!ôfìMÙ0Ó0Ó0Ù¤÷iØ�Ú�í0ÛiÜõÒiÙFÔ�Õ+ï�ö�îMÕ+Ö�Õ�Ü¤á+ð0ÕMê0Ù¤Ú�ïpâ�Ø3âMÓ+Õ�Ï0æFï�Ø!ôfÖ�Õ3ÒiÙFÔ�Õ+ï�ö3â�Õ+Ñ0âMáå�Ø3âMÓ+Õ�â�Õ+Ñ0âMÏ0æFâ�Ø3âMÓ+Õ�áÏ�×�ç0è�â�Ø3âMÓ+Õ�á0ÏFï�Ø!ôfÖ�Õ3ÒiÙFÔ�Õ+ï�ö3â�Õ0Ñ0â�ï�Ø!ôfìMÙ0Ó0Ó0Ù¤÷iØ�Ú�í0ÛiÜõÒiÙFÔ�Õ+ï�ö�îMÕ+Ö�Õ�Ü�á0ð0ÕMê0Ù¤Ú�ï�×�ç0è�â�Ø3âMÓ+Õ�Ï0æFï�Ø!ôfÖ�Õ3ÒiÙFÔ�Õ+ï�ö3â�Õ+Ñ0âWáéiØ3ÖW×¤â1×�ç0è�â�Ø3âMÓ+Õ�Ï0æ�×�ç0è�â�Ø3âMÓ+Õ�áÏ�ê+Ù¤Ú�â�ÕFÚ�âMáÏFâ�Õ+Ñ0âMáÏ¤ãMä+ÖMá+ð0ÕMê+Ù¤Ú�ï1â�Õ+Ñ0âhê+Ù¤Ú�â�ÕFÚ�â'ëoì�Ø3ÖW×¤â�ãMä+Ö�ä+í0Ö�äFã0îWÏ0æ¤ãMä+ÖMáÏ¤ãMä+ÖMá+ð0ÕMê+Ù¤Ú�ï1â�Õ+Ñ0âhê+Ù¤Ú�â�ÕFÚ�â'ëj×FÕMê+Ù¤Ú�ï�ãMä+Ö�ä+í0Ö�äFã0îWÏ0æ¤ãMä+ÖMáÏ0æFâ�Õ+Ñ0âMáÏ0æ�ê+Ù¤Ú�â�ÕFÚ�âMáÏ0æ¤ãMä+Ö0âMáÏ¤ãMä+Ö0â�ï�Ø!ô.Ú�ÛiÜõÒiÙFÔ�Õ+ï�ö�îMÕ+Ö�Õ�Ü�áÏFâ�Ø3âMÓ+Õ¯ï�Ø!ôõê+Ù¤Ú�â�ÕFÚ�â0ÛiÜõÒiÙFÔ�Õ+ï�ö�îMÕ+Ö�Õ�Ü�á0ð0ÕMê+ÙFÚ�ïpâ�Ø3âMÓ+Õ�Ï0æFâ�Ø3âMÓ+Õ�áÏ�×�ç0è�â�Ø3âMÓ+Õ\ï�Ø!ôõê+Ù¤Ú�â�ÕFÚ�â0ÛiÜõÒiÙFÔ�Õ+ï�ö�îMÕ+Ö�Õ�Ü�á+ð�ÕMê+ÙFÚ�ï<×�ç0è�â�Ø3âMÓ+Õ�Ï0æ�×�ç0è�â�Ø3âMÓ+Õ�áÏ�ê+Ù¤Ú�â�ÕFÚ�âMáÏFâ�Õ+Ñ0âMáÏ¤ãMä+ÖMá¤éiØ3ÖW×¤âhâ�Õ+Ñ0â1ê+Ù¤Ú�â�ÕFÚ�â'ëoì�Ø3ÖW×¤â�ãMä+Ö�ä+í0Ö�äFã0îWÏ0æ¤ãMä+ÖMáÏ¤ãMä+ÖMá¤éiØ3ÖW×¤âhâ�Õ+Ñ0â1ê+Ù¤Ú�â�ÕFÚ�â'ëj×FÕMê+Ù¤Ú�ï�ãMä+Ö�ä+í0Ö�äFã0îWÏ0æ¤ãMä+ÖMáÏ0æFâ�Õ+Ñ0âMáÏ0æ�ê+Ù¤Ú�â�ÕFÚ�âMáÏ0æ¤ãMä+Ö0âMáÏ0æFÖMÙ0ÙFâMá
¸	LMd�NPS · õ T�SMNËT�O¡L�K.÷2Þ�ßPNÈcHNPLMßPÉ�·�KHLAT£c d0K/R8LMd0K °Sàw¶S²làwÅ0Á æ °SãwÂn·/ÅlÁ S KHßËT�LMNÈÄ£O Â0RMNPO�Q�LMd0KoÚ"Ã�T�LMd K.÷*Þ�S K/R RMNÈÄ£O
ñ ¸S¶l´ ä ÀuÀ0Ë â »wºSà�Å+»/Â&³=¶)ÅiÆ&¼�ù�àw¶n²0àYù�Æ*æ�ÅS»wº�Ú�¶)Å�Æ óAë¯LMd0KHS K.ÅúÄ£S K?O0Ä£L�Ä£O�ßPÉ LMd0KÝL K.÷2Lnc/Ä£O¡L KHO¡L R�T�S KÝ×kÄ õ K/·)ë
º�Â�LÕLMd0KøÙ<d0Ä£ßÈKiÞDT�SAT�Q]SAT�Þ�d0RZc/Ä£O¡LAT�NPO�NPO�Q�LMd0KH×së�S K/RMÂ�ßPLMNPO�Q�NPOÝLMd0K8Ä£Â�LMÞ�Â�LÕº�KHßÈÄ¼Ù8¾
öÛd�NÈR"LMNP×kK]ë�LMd0K�Ä£Â�LMÞ�Â�LøNÈR õ KHSMÉ?K¼T£RMÉ?L Ä�S K¼T£·?YÝO0ÄI·�K/R¹Ù<NPLMdwLMd0KoT�LMLMSMNPº�Â�L Kiñ Ú
¹ÁÀ#»0¼móS³=ºnµw¶�Ú Æ ÂVÃ/ÂSÝmó óÄ£O�ßPÉ�K.÷2NÈRML<NPO?LMd0K£�0S RML õ KHS RMNÈÄ£O�ë�O0Ä2·�K/R<Ù<NPLMd�ñ Ú
¹ÁÀ#»�¼�óS³=ºnµ/¶SÚ Æ Âw¶S·w¶�ó ó"Ä£O�ßPÉ�NPOsLMd0K�O0KHÙ õ KHS RMNÈÄ£O�¾
Ï0ÐFÑ�ÒiÓaÔ�Õ+ÖW×MØ¤Ù¤Ú�ÛiÜ+Ý!Þàß�Ü�Ð0á
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ÏFÖMÙ0ÙFâ¯Ñ�ÒiÓ¤Ú�×Vôfï�Ø3ÛiÜõÒ�Õ+Ö0í�Õ+ï�ö3ï�Ø3ì0ìiÜ�áÏ¤ãMä+Ö0âMáÏFâ�Ø3âMÓ+Õ�áFå�Ø3âMÓ+Õhâ�Õ+Ñ0âMÏ0æFâ�Ø3âMÓ+Õ�áÏ�×�ç0è�â�Ø3âMÓ+Õ�á¤éiØ3ÖW×¤â�×�ç0è�â�Ø3âMÓ+Õ�Ï0æ�×�ç0è�â�Ø3âMÓ+Õ�áÏ�ê+Ù¤Ú�â�ÕFÚ�âMáÏFâ�Õ+Ñ0âMáÏ¤ãMä+Ö\ï�Ø!ô.Ú�ÛiÜõÒiÙFÔ�Õ+ï�ö�äF÷Mä+øiÜ�á¤éiØ3ÖW×¤â�â�Õ+Ñ0â1ê+Ù¤Ú�â�ÕFÚ�â'ëoì�Ø3ÖW×¤â�ãMä+Ö�ä+í0Ö�äFã0îWÏ0æ¤ãMä+ÖMáÏ¤ãMä+Ö\ï�Ø!ô.Ú�ÛiÜõÒiÙFÔ�Õ+ï�ö�äF÷Mä+øiÜ�á¤éiØ3ÖW×¤â�â�Õ+Ñ0â1ê+Ù¤Ú�â�ÕFÚ�â'ëj×FÕMê+Ù¤Ú�ï�ãMä+Ö�ä+í0Ö�äFã0îWÏ0æ¤ãMä+ÖMáÏ¤ãMä+Ö\ï�Ø!ô.Ú�ÛiÜõÒiÙFÔ�Õ+ï�ö�îMÕ+Ö�Õ�Ü�á+ð0ÕMê+Ù¤Ú�ï�â�Õ+Ñ0â1ê+Ù¤Ú�â�ÕFÚ�â'ëoì�Ø3ÖW×¤â�ãMä+Ö�ä+í0Ö�äFã0îWÏ0æ¤ãMä+ÖMáÏ¤ãMä+Ö\ï�Ø!ô.Ú�ÛiÜõÒiÙFÔ�Õ+ï�ö�îMÕ+Ö�Õ�Ü�á+ð0ÕMê+Ù¤Ú�ï�â�Õ+Ñ0â1ê+Ù¤Ú�â�ÕFÚ�â'ëj×FÕMê+Ù¤Ú�ï�ãMä+Ö�ä+í0Ö�äFã0îWÏ0æ¤ãMä+ÖMáÏ0æFâ�Õ+Ñ0âMáÏ0æ�ê+Ù¤Ú�â�ÕFÚ�âMáÏ0æ¤ãMä+Ö0âMáÏ¤ãMä+Ö0âMáÏFâ�Ø3âMÓ+Õ�á+ð0ÕMê+Ù¤Ú�ï1â�Ø3âMÓ+Õ�Ï0æFâ�Ø3âMÓ+Õ�áÏ�×�ç0è�â�Ø3âMÓ+Õ�á+ð0ÕMê+Ù¤Ú�ï�×�ç0è�â�Ø3âMÓ+Õ�Ï0æ�×�ç0è�â�Ø3âMÓ+Õ�áÏ�ê+Ù¤Ú�â�ÕFÚ�âMáÏFâ�Õ+Ñ0âMáÏ¤ãMä+Ö\ï�Ø!ô.Ú�ÛiÜõÒiÙFÔ�Õ+ï�ö�äF÷Mä+øiÜ�á+ð0ÕMê+Ù¤Ú�ï�â�Õ+Ñ0â1ê+Ù¤Ú�â�ÕFÚ�â'ëoì�Ø3ÖW×¤â�ãMä+Ö�ä+í0Ö�äFã0îWÏ0æ¤ãMä+ÖMáÏ¤ãMä+Ö\ï�Ø!ô.Ú�ÛiÜõÒiÙFÔ�Õ+ï�ö�äF÷Mä+øiÜ�á+ð0ÕMê+Ù¤Ú�ï�â�Õ+Ñ0â1ê+Ù¤Ú�â�ÕFÚ�â'ëj×FÕMê+Ù¤Ú�ï�ãMä+Ö�ä+í0Ö�äFã0îWÏ0æ¤ãMä+ÖMáÏ¤ãMä+Ö\ï�Ø!ô.Ú�ÛiÜõÒiÙFÔ�Õ+ï�ö�îMÕ+Ö�Õ�Ü�á¤éiØ3ÖW×¤â�â�Õ+Ñ0â1ê+Ù¤Ú�â�ÕFÚ�â'ëoì�Ø3ÖW×¤â�ãMä+Ö�ä+í0Ö�äFã0îWÏ0æ¤ãMä+ÖMáÏ¤ãMä+Ö\ï�Ø!ô.Ú�ÛiÜõÒiÙFÔ�Õ+ï�ö�îMÕ+Ö�Õ�Ü�á¤éiØ3ÖW×¤â�â�Õ+Ñ0â1ê+Ù¤Ú�â�ÕFÚ�â'ëj×FÕMê+Ù¤Ú�ï�ãMä+Ö�ä+í0Ö�äFã0îWÏ0æ¤ãMä+ÖMáÏ0æFâ�Õ+Ñ0âMáÏ0æ�ê+Ù¤Ú�â�ÕFÚ�âMáÏ0æ¤ãMä+Ö0âMáÏ0æFÖMÙ0ÙFâMá

¶ ÉnT£R RMNPQ]O�NPO�QqÙ¬KHNPQ]dIL R<L Ä�LMd0K¹S KHßËT�LMNÈÄ£O0R¬YoÅ³Ä£SBK.÷0T�×aÞ�ßÈK�T8d�NPQ]d�Ù¬KHNPQ]dILÕL ÄiLMd0K °nã/Ân·/ÅlÁ æ:L K.÷*LÛS KHßËT�LMNÈÄ£O�ë
L Ä�Ø�K/KHÞkLMd0K/RAKÛL Ä£Q�KHLMd0KHS�Y�NPO0RML K¼T£·�Ä�Å$dDT õ NPO�Q8L Ä8Â�O*æåR KHßÈK/cHL¯Ä£LMd0KHSôS KHßËT�LMNÈÄ£O0RÛT£RôRMd0ÄêÙ<OkNPOkLMd0K<Þ�S K õ NÈÄ£Â0RK.÷0T�×aÞ�ßÈK]¾
Æ0Ä£S±S K.ÅúKHS KHO0c/K]ë£LMd0KôÅúÄ£ßPßÈÄêÙ<NPO�QZÅ³Ä£Â�S)ñåS KHÞ�ßËT£c/K¬L K.÷2L�c/Ä£O¡L KHOIL�ºIÉ¡ó¯R LAT�L KH×kKHO¡L R±NÈRûLMd0K¬Ä£Â�LMÞ�Â�L�T£RûQ�KHO0KHSAT�L K/·
º¡ÉÝÜ�Ä£Q]NPßËT�º?Ú¹×aßÈX"NìÌp¥FNPOsLMd0K�ODT�LMN õ K8Ü�Ä£Q]NPßËT�º@Ú¹×aßÈX"NìÌ�Ä£Â�LMÞ�Â�L<Å³Ä£SM×�T�L;§.»
ú ç0ã�ï�ä+â�Õ�ëTæFÖMÙ0ÙFâ ú Ý3ûMæ¤ãMä+Ö0â ú Ý3ûMæ�ê+Ù¤Ú�â�Õ0Ú�â ú Ý�ûMæFâ�Õ0Ñ0â ú Ý3ûMæ¤ãWä+Ö ú Ý3ûMæFâMÕ+Ñ0âBü¤ý ú Ý�û'ë�ð0ÕMê+Ù¤Ú�ï\â�Õ+Ñ0â1ê+Ù¤Ú�â�ÕFÚ�â'ëoì�Ø3ÖW×¤â�ãMä+Ö�ä+í0Ö�äFã0î�ûú ç0ã�ï�ä+â�Õ�ëTæFÖMÙ0ÙFâ ú Ý3ûMæ¤ãMä+Ö0â ú Ý3ûMæ�ê+Ù¤Ú�â�Õ0Ú�â ú Ý�ûMæFâ�Õ0Ñ0â ú Ý3ûMæ¤ãWä+Ö úõþ ûMæFâMÕ+Ñ0âBü¤ý ú Ý�û'ë�ð0ÕMê+Ù¤Ú�ï\â�Õ+Ñ0â1ê+Ù¤Ú�â�ÕFÚ�â'ëj×FÕMê+Ù¤Ú�ï�ãMä+Ö�ä+í0Ö�äFã0î�ûú ç0ã�ï�ä+â�Õ�ëTæFÖMÙ0ÙFâ ú Ý3ûMæ¤ãMä+Ö0â úàþ ûMæ�ê+Ù¤Ú�â�Õ0Ú�â ú Ý�ûMæFâ�Õ0Ñ0â ú Ý3ûMæ¤ãWä+Ö ú Ý3ûMæFâMÕ+Ñ0âBü¤ý ú Ý�û'ëjéiØ3ÖW×¤â\â�Õ+Ñ0âhê+Ù¤Ú�â�ÕFÚ�â'ëTì�Ø3ÖW×¤â�ãMä+Ö�ä+í0Ö�äFã0î�ûú ç0ã�ï�ä+â�Õ�ëTæFÖMÙ0ÙFâ ú Ý3ûMæ¤ãMä+Ö0â úàþ ûMæ�ê+Ù¤Ú�â�Õ0Ú�â ú Ý�ûMæFâ�Õ0Ñ0â ú Ý3ûMæ¤ãWä+Ö úõþ ûMæFâMÕ+Ñ0âBü¤ý ú Ý�û'ëjéiØ3ÖW×¤â\â�Õ+Ñ0âhê+Ù¤Ú�â�ÕFÚ�â'ë¡×FÕMê+Ù¤Ú�ï�ãMä+Ö�ä+í0Ö�äFã0î�û
âòd�NPßÈKiLMd�NÈR�·*NìÌ NÈR"K.÷�c/KHÞ�LMNÈÄ£ODT�ßPßPÉ�RMd0Ä£SML©¥FÂ0RMNPO�Q�LMd0K8ñåÂ�Þ$·0T�L K.óoRMLAT�L KH×kKHO¡L R¼ë�Ù<d�NÈcAdãT�S K�O0Ä£L"É�KHL�RMÂ�Þ*æ
Þ�Ä£SML K/·?ºIÉÝLMd0KiS K.Å³KHS KHO0c/KiNP×aÞ�ßÈKH×kKHOILAT�LMNÈÄ£OãÂ0R K/·?L Ä�Þ�S Ä2·*Â0c/KqT�º�Ä õ KqÄ£Â�LMÞ�Â�L R;§.ë$NPL¹·�Ä2K/R¹O0Ä£L"c/Ä£OILAT�NPO
LMd0K�NPO*Å³Ä£SM×�T�LMNÈÄ£O�ë0LMdDT�LÕLMd0K8L K.÷2LÕÞDT�SML R<ñåÂ�Þ$·0T�L K/·2ó�d0KHS K�dDT õ KiT£cHLMÂDT�ßPßPÉÝº�K/KHOÝNPOsLMd0K£�0ßÈK�º�K.ÅúÄ£S K]¾¯Æ0Ä£S
º�NPQnT�×kÄ£Â�OIL RZÄ�Å�L K.÷2LZc/Ä£OIL KHO¡L¼ëDLMd�NÈR<×�T�Ø�K/R¹Tqº�NPQ�·*NìÌ)KHS KHO0c/K]¾

v~�:v ~s�)��ëS��ì ÉfÊt�Z� ÔÛÕ�ê}½ÿ|&�~ê
ël��ê=Ë
¸©·*NìÌ)KHS KHO¡LBÂ0R KZÄ�Å�LMd�NÈRB·*NìÌ�KHS KHO0c/K¹O0Ä£LMNÈÄ£O�NÈRôÅ³Ä£S��IÂ0KHSMÉINPO�Qo·�ÄIcHÂ�×kKHOIL R¼¾�¸¹ßPº$KHNPL¬LMd0KHS KZÙÛT£R¬O0ÄiO0Ä£LMNÈÄ£O
NPO¡LMS Ä2·*Â0c/K/·nÅúÄ£S�ñå×iÂ0RMLçóZL¦ÉIÞ�KÕS KHßËT�LMNÈÄ£O0RÛT�O0·nLMd0KHS KÕNÈR¬O0ÄiRMÂ�Þ�Þ�Ä£SMLôÅ³Ä£S¯×�Â�ßPLMNPÞ�ßÈKZS K/RMÂ�ßPL Rêë¡LMd0KÕÅúÄ£ßPßÈÄêÙ<NPO�Q
K.÷0T�×aÞ�ßÈK8c¼T�O?RMd0ÄêÙgLMd0KøNP×aÞ$Ä£SMLAT�O0c/K8ÅúÄ£S��IÂ0KHSMNÈK/RZÄ�Å�RMÞ�K/cHNìÅFÉ2NPO�QaÙ<d�NÈc d@S KHßËT�LMNÈÄ£O0R¹T�S K�NP×aÞ�Ä£SMLAT�O¡L¼¾
âòd0KHO?Ù¬KoT�Þ�Þ�ßPÉÝLMd0K�T�ßPQ�Ä£SMNPLMd�×kR"L Ä�LMd0K�Å³Ä£ßPßÈÄ¼Ù<NPO�Q�LåÙ¬Ä�·�Ä2cHÂ�×kKHO¡L R¼ë$Ä£O0Kiº�KHNPO�Qnc¼T�ßPßÈK/·?LMd0Køñ��IÂ0KHSMÉ¡ó
·�Ä2cHÂ�×kKHO¡L�T�O0·�LMd0KaR K/c/Ä£O0·wLMd0Kiñ¦·0T�LAT�ºDT£R K.óa·�ÄIcHÂ�×kKHOIL¼ë�ÙBKac¼T�O�T£cAd�NÈK õ K õ KHSMÉ@·*NìÌ)KHS KHO¡Li×�T�Þ�Þ�NPO�Q�R
º¡ÉÝcAd0ÄIÄ]RMNPO�Qn·*NìÌ�KHS KHOILÕS KHßËT�LMNÈÄ£O0R¼¾
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Ï0ÐFÑ�ÒiÓ¢Ô�Õ+ÖW×MØ¤Ù¤Ú�ÛiÜ+Ý!Þàß�Ü�Ð0áÏFï�ä+â�äFèMäM×FÕ�áÏFï�ä+â�ä�Ø3ï0ÛiÜ+Ý�Ü�áÏ�ê+æ0áÏ+ä�æ0áÏFïMæ0áÏ¤èWæ0áÏ+Õ�æ0áÏ0æFï�ä+â�ä�áÏFï�ä+â�ä�Ø3ï0ÛiÜ þ Ü�áÏ+Õ�æ0áÏFïMæ0áÏ�ê+æ0áÏ¤èWæ0áÏ+ä�æ0áÏ0æFï�ä+â�ä�áÏFï�ä+â�ä�Ø3ï0ÛiÜ���Ü�áÏ�ê+æ0áÏFïMæ0áÏ+Õ�æ0áÏ+ä�æ0áÏ¤èWæ0áÏ0æFï�ä+â�ä�áÏFï�ä+â�ä�Ø3ï0ÛiÜ��iÜ�áÏ+ä�æ0áÏFïMæ0áÏ¤èWæ0áÏ�ê+æ0áÏ+Õ�æ0áÏ0æFï�ä+â�ä�áÏFï�ä+â�ä�Ø3ï0ÛiÜ���Ü�áÏ+ä�æ0áÏ¤èWæ0áÏ�ê+æ0áÏFïMæ0áÏ0æFï�ä+â�ä�áÏ0æFï�ä+â�äFèMäM×FÕ�á¶ Én·�K.Å:T�Â�ßPL¼ë�Â0RMNPO�QkÄ£O�ßPÉkñ¦c d�NPßÈ·2óiT�O0·nñ¦·�K/R c/KHO0·0T�O¡Lçó�S KHßËT�LMNÈÄ£O0R¼ë�T�ßPß °SÚ�ÂSàwÂ0Á KHßÈKH×kKHO¡L Rf¥úK.÷*c/KHÞ�LÛÅ³Ä£SÛLMd0K
ßËT£RML;§±T�S KÛK@�¡ÂDT�ßPßPÉ8Q�Ä2Ä2·8Å³Ä£S±LMd0KÛT�ßPQ�Ä£SMNPLMd�×s¾�¸ LåÉ2Þ�NÈc¼T�ß�NP×aÞ�ßÈKH×kKHO¡LAT�LMNÈÄ£O�Ù<NPßPßILMd0KHOac d0Ä2Ä]R KBLMd0K °SÚ�ÂSàwÂ0ÁKHßÈKH×kKHO¡L�Ù<NPLMd ¹&Ú0¼�óK¾�ó T�O0·wS K¼T�SMSAT�O�Q�KaLMd0K�KHßÈKH×kKHO¡L R °0ÂlÅ0Á ë °SÃwÅlÁ ë °wÄSÅlÁ ë °SÚ�Å0Á T�O0· °0¶lÅlÁ ¾oöÛd�NÈR�NÈR
T�ßÈR ÄoÙ<dDT�LÕLMd0K8S K.ÅúKHS KHO0c/K�NP×aÞ�ßÈKH×kKHOILAT�LMNÈÄ£O�·�ÄIK/R¼¾
¶ Â�LZÙ<d0KHO�Ù¬Kqc d0Ä2Ä]R K�LMd0KiÚøÃ�T�LMdwK.÷*Þ�S K/R RMNÈÄ£OÝñ Ä!ÂU¹n´�Ú�ÀmÀ�Ë É ä ºl´0´lºVÃK¹*»RÄ Æ ¸�¹*Ã/´w¹*»RÄ�ÀuÀ0Ë â ¾8æ ó¹Y�LMdDT�L
NÈRZcAd�NPßÈ·?S KHßËT�LMNÈÄ£O0R�T�O0·?LMd0Ke�0S RML<Å³Ä£ßPßÈÄ¼Ù<NPO�Q�RMNPº�ßPNPO�Q�Y�ë0LMd0K °SÚ�ÂSàwÂ0Á KHßÈKH×kKHOIL¹Ù<NPLMd ¹&Ú0¼�ó Ü ó Ù<NPßPß�c/Ä£×kK
Ä£Â�LÕº�K/RML¼¾
âòd0KHOnc d0Ä2Ä]RMNPO�QqLMd0KÕÚøÃ�T�LMd�K.÷*Þ�S K/R RMNÈÄ£Oañ Ä!ÂU¹n´�Ú�ÀmÀ�Ë É ä ºl´0´lºVÃK¹*»RÄ Æ ¸�¹*Ã/´w¹*»RÄ�ÀuÀ0Ë óBYac d�NPßÈ·nS KHßËT�LMNÈÄ£O0R
T�O0·?T�ßPß�Å³Ä£ßPßÈÄ¼Ù<NPO�Q�RMNPº�ßPNPO�Q�RÛY�LMd0K °�Ú�ÂSàwÂlÁ KHßÈKH×kKHO¡L¹Ù<NPLMd ¹&Úl¼mó��mó NÈRÕcAd0Ä]R KHO?NPO0RML K¼T£·)¾
¶ ÉiÂ0RMNPO�Q�ñ ÄBÂ=¹n´�Ú�ÀuÀ0Ë Érã0·w¶/Än¶SÚ=¹*»RÄ Æ ¸�¹*Ã/´w¹*»RÄ�ÀuÀ0Ë â ¾8æ É ä ºl´0´lº�ÃU¹*»RÄ Æ ¸0¹*Ã/´w¹&»uÄ�ÀuÀ0Ë â ¾8æ óôY�cAd�NPßÈ·kS K.æ
ßËT�LMNÈÄ£O0R¼ë]LMd0KÛ·*NPS K/cHLMßPÉqÞ�S K/c/K/·*NPO�QiT�O0·o·*NPS K/cHLMßPÉiÅ³Ä£ßPßÈÄ¼Ù<NPO�Q8RMNPº�ßPNPO�Q"Y8ÙBKBc¼T�Oa×�T�Ø�KBLMd0K °�Ú�Ânà/ÂlÁ KHßÈKH×kKHOIL
Ù<NPLMd ¹)Úl¼mówá�ó c/Ä£×kKiÄ£Â�LÕº�K/RML¼»�d0KHS KiLMd0KiT�ßPQ�Ä£SMNPLMd�×Òc¼T�Os×�T�L c d@LMd0K�Å³Ä£SMÙBT�S ·?Ä£S ·�KHSMNPO�Q�Ä�Å�LMd0K%�¡Â0KHSMÉ
·�Ä2cHÂ�×kKHO¡LZÙ<NPLMd?LMd0KøºDT£c Ø2ÙBT�S ·�Ä£S ·�KHSMNPO�Q�Ä�Å�LMd0Ki·0T�LAT�ºDT£R K8KHßÈKH×kKHO¡L Rê¾
Æ�NPODT�ßPßPÉ�ëôºIÉ Â0RMNPO�QwLMd0K�Ú"Ã�T�LMd�K.÷*Þ�S K/R RMNÈÄ£O
ñ ÄBÂ=¹S´SÚ�ÀuÀ0Ë É ãwÂS·w¶n»0àoÀuÀ0ËSÅ
	/¹)Ú â ¾*æ óaY cAd�NPßÈ· S KHßËT�LMNÈÄ£O0R¼ë
T�O0·�LMd0KqNÈ·wT�LMLMSMNPº�Â�L KaÄ�Å¬LMd0Kqc/Ä£OILAT�NPO0KHS"YsÙ¬Koc¼T�OwdDT õ KoLMd0Ko·�ÄIcHÂ�×kKHOIL�×�T�L c d�L Ä�LMd0KqßËT£RML °SÚ�ÂSàwÂ0ÁKHßÈKH×kKHO¡L¼ë£K õ KHO8NìÅ�NPL�·�Ä2K/R)O0Ä£Lûc/Ä£OILAT�NPOqT °0¶lÅlÁ O0ÄI·�K]»�NPL�dDT£R)LMd0KôRAT�×kK ¹&Úl¼mó��'ó T£R)LMd0K~�IÂ0KHSMÉø·�ÄIcHÂ�×kKHOIL¼¾
öÛd�NÈR¯K.÷0T�×aÞ�ßÈKZR d0Ä¼Ù¬K/·nLMdDT�LBT�ßÈRAÄøÅúÄ£SÛ�¡Â0KHSMÉ2NPO�Q8Úø`@Ü�·�ÄIcHÂ�×kKHOIL R¯Ù<NPLMd�ÅFÂ�à/à/É©�IÂ0KHSMNÈK/R�YiÅ³Ä£S¯K.÷0T�×aÞ�ßÈK
Ù<NPLMd0Ä£Â�LôS K@�IÂ�NPSMNPO�QiKHßÈKH×kKHO¡L R¬L Ä8T�Þ�Þ�K¼T�SôNPOaLMd0KÕRAT�×kK<Ä£S ·�KHS�YqLMd0KÛS K/RMÂ�ßPL¯·�KHÞ�KHO0·�RôÄ£O¡L Ä�LMd0KÕS KHßËT�LMNÈÄ£O0R
RMÞ�K/cHN	�DK/·)ëDT�O0·ÝLMdDT�LÕcAd0ÄIÄ]RMNPO�QnLMd0K�c/Ä£SMS K/cHLZS KHßËT�LMNÈÄ£O0RZNÈR<NP×aÞ$Ä£SMLAT�OILÕÅ³Ä£S<Q]N õ NPO�Qaº�KHLML KHSÕS K/RMÂ�ßPL Rê¾



�
�������������������������� 
!
���"�#�%$&�#��')(*���+�-,/.0�#�����1�32%�� /46587:9;9�,=<;<;���%>6?32�'@?��BA%4@C�C�9 _�Á


 � �i�	� EeE��
öÛd0KHS K�T�S K�·*NìÌ)KHS KHO¡LqÞ$Ä]R R NPº�NPßPNPLMNÈK/RiL Ä?NPO0cHS K¼T£R K�LMd0KnRMÞ�K/K/· Ä�ÅÕLMd0KnT�ßPQ�Ä£SMNPLMd�× Ä£SqKHO�dDT�O0c/K�NPL R�Â0RAT�Q�K
Þ�Ä]R RMNPº�NPßPNPLMNÈK/R¼»

{t��� ��Ô~����� ���/ê���Ìcë��/��ê
ëlË)�OÕ
¶ Ä£LMdãLMd0KkRMÞ�K/K/·ãÄ�ÅÛLMd0K�T�ßPQ�Ä£SMNPLMd�× T�O0· LMd0Ka×kKH×kÄ£SMÉwÂ0RAT�Q�Kk·�KHÞ�KHO0·ãÄ£OãLMd0KkÄ£S ·�KHS�LMd0KaO0Ä2·�K/RiT�S K
Þ�S Ä2c/K/R R K/·)¾�Æ�NPO0·*NPO�Q?LMd0KkÄ£Þ�LMNP×�T�ßÛR K@�IÂ0KHO0c/KkO0K/K/·�R�ÅúÂ�SMLMd0KHSiNPO õ K/RMLMNPQ¡T�LMNÈÄ£O Ä�Å<Q�ÄIÄ2· T�O0·�ºDT£·
c¼T£R K/R
Å³Ä£S¹LMd0KkT�ßPQ�Ä£SMNPLMd�×s¾�ð¹RMNPO�Q�LMd0Ko·�ÄIcHÂ�×kKHOIL8Ä£S ·�KHS¼ëûT£RøcHÂ�SMS KHO¡LMßPÉwKH×aÞ�ßÈÄ¼É�K/·�NPOwLMd0KqNP×aÞ�ßÈKH×kKHO¡LAT�LMNÈÄ£O�ë
NÈR<ßPNPØ�KHßPÉ�L ÄoO0Ä£LÕº�K�Ä£Þ�LMNP×�T�ß:¾
ÊILMSAT�L KHQ]NÈK/RÛ×aNPQ]d¡L<NPO0cHßPÂ0·�K�RAÄ£SMLMNPO�Q�LMd0K"O0Ä2·�K/R¬ºIÉnRMNP×aNPßËT�SMNPL¦ÉncHßËT£R RÛc¼T�S ·*NPODT�ßPNPL¦É�ë0Ä£SÛº¡ÉkLMd0K"O¡Â�×�º$KHSÕÄ�Å
S KHßËT�LMNÈÄ£O0RÕLMd0K8O0ÄI·�KøÞDT�SMLMNÈcHNPÞDT�L K/R¹NPO�¾
öÛd0KÝQ�KHO0KHSAT�ßøT�Þ�Þ�S Ä�T£c d R d0Ä£Â�ßÈ· º$K�L ÄãLMSMÉ
L Ä�Ø�K/KHÞ LMd0KÝO¡Â�×�º$KHS�Ä�Å"ßÈÄêÙÛæåc/Ä]RMLncAd0Ä£NÈc/K/RkßÈÄ¼ÙÒT�LaLMd0K
º�KHQ]NPO�O�NPO�Q0ë�L Ä�T õ Ä£NÈ·�TqL ÄIÄoº�S Ä�T£·?R K¼T�S c d�¾

{t�uÈ "ªê����Û×/����ÌF��ì~ê�������Î¡ê
ë
���¤É����Û������Õ�ê=��×wê¥n�Õ#�OËnË)ê=Ë
öÛd0K@×kKH×kÄ£SMÉ Â0RAT�Q�K?NÈR�Â�Þ L Ä �¡ÂDT£·*SAT�LMNÈc@NPO LMd0K?O¡Â�×�º$KHSÝÄ�ÅiK@�IÂ�N õ T�ßÈKHO0c/K@cHßËT£R R K/R¼¾göÛd�NÈR�c¼T�O º�K
S K/·*Â0c/K/·�ºIÉ?×kKHSMQ]NPO�Q?K@�IÂ�N õ T�ßÈKHO0c/KacHßËT£RAR K/R¼¾iXøKHÞ�KHO0·*NPO�QsÄ£O�LMd0Ka·�ÄIcHÂ�×kKHOIL¼ëûRMÂ0cAd�×kKHSMQ�K/R�×�T/É@O0Ä£L
×�T�Ø�KiTo·*NìÌ)KHS KHO0c/K8L ÄoLMd0K%�IÂDT�ßPNPLåÉÝÄ�Å�LMd0K�c/Ä]RMLZK/RMLMNP×�T�LMNÈÄ£OsÅFÂ�O0cHLMNÈÄ£O�¾

{t�uè �Qê=�Kë0×lìIÌcë�ê
ê�� ëm�Û�����~Ì
öûÄkS K/·*Â0c/K�×kKH×kÄ£SMÉ�Â0RAT�Q�K]ë2ñ¦·�K¼T£·sKHO0·�RçóøÄ�Å�LMd0KiR K¼T�S c dsLMS K/KiRMd0Ä£Â�ßÈ·�º$KøÞ�SMÂ�O0K/·ÝÅFS Ä£×�LMd0KøLMS K/K]¾¯Æ0Ä£S
K.÷0T�×aÞ�ßÈK]ë*NìÅûLMd0KHS K"NÈRÛT�ÞDT�SMLMNËT�ß)R Ä£ßPÂ�LMNÈÄ£OsT�ßPS K¼T£·*É�S KHLAT�NPO�NPO�Q�_]\qÄ�Å�^]\�Þ�Ä]R RMNPº�ßÈK¹S KHßËT�LMNÈÄ£O0R¼ë0T�O¡ÉnÞDT�SMLMNËT�ß
R Ä£ßPÂ�LMNÈÄ£OsÙ<NPLMd�Toc/Ä]RMLZÄ�Åô¿]\�¥FLMdDT�LÕÙ¬Ä£Â�ßÈ·sO0K õ KHSÕº$Kic/Ä£O0RMNÈ·�KHS K/·?T�Q¡T�NPOU§Ûc¼T�Osº�K�·*S Ä£Þ�Þ�K/·)¾¯öÛd�NÈRÛÅúS K/K/R
×kKH×kÄ£SMÉ�ÅúÄ£SÕR L Ä£SMNPO�QkO0KHÙ�Ä£Þ�KHOsKHO0·�RZÄ�Å�LMd0K�R K¼T�S c d@LMS K/K]¾

{t�:v Ð��#�s�¤�~êÿ���o��n��������~ê
ë«���Së��K�Sê
Ì���ê=Ë
b¬Â�SMS KHO¡LMßPÉ�ëDLMd0K8T�ßPQ�Ä£SMNPLMd�× R K¼T�S cAd0K/R<Å³Ä£S<TqÞDT�LMdÝLMd�S Ä£Â�Q]d?LMd0KøÙ<d0Ä£ßÈK�·�ÄIcHÂ�×kKHOIL¼¾¯öûÄ©�0O0·sTqÞ$Ä]R R NPº�ßPÉ
º�KHLML KHS�ÞDT�LMd�NPL"×aNPQ]dIL8º�K�O0K/c/K/RARAT�SMÉ?L ÄÝRML KHÞwºDT£cAØ@×�Â0c d
T�O0·wS K/·�Ä�LMd0KaRAT�×kKaRAK¼T�S c dwÅ³Ä£S"LMd0KoO0K.÷*L
O0Ä2·�K/R¹T�Q¡T�NPO�¾Õ¸ LåÉ2Þ�NÈc¼T�ß±c¼T£RAK8NÈRÕÙ<d0KHO�Þ�S Ä2c/K/R RMNPO�QkLMd0KiO0K.÷2L"RMÂ�º�LMS K/KiÄ�Å¯Tk·�Ä2cHÂ�×kKHO¡LZY��0O0·*NPO�QnLMd0K
Ä£Þ�LMNP×�T�ß)×�T�L c d�Å³Ä£SÛÄ£O0K"R Â�º�LMS K/K¹NÈRÕT�ßPS K¼T£·*É�Tqc/Ä£×aÞ�ßÈK.÷�R K¼T�S cAdÝLAT£RMØ=�IdDT õ NPO�QaL ÄoRML KHÞ�ºDT£c ØnÅFS Ä£×ÿLMd0K
R K/c/Ä£O0·kR Â�º�LMS K/KÛL ÄøLMSMÉoT�OnT�ßPL KHSMODT�LMN õ KÕNPOkLMd0KÖ�0S RMLôRMÂ�º�LMS K/K<NÈR�ñ¦K.÷2Þ�KHO0RMN õ K.óAë]Â0RMÂDT�ßPßPÉq×kK¼T�O�NPO�Q8L Ä�dDT õ KL ÄÝS K/·�Ä?LMd0KkR K/c/Ä£O0· R Â�º�LMS K/KoÅFS Ä£× R cHSAT�L c d ¥FÙ<d0KHOãÞ�S Ä2c/K/R RMNPO�Q?NPO
·�ÄIcHÂ�×kKHOIL�Ä£S ·�KHS¼ë�Þ�S ÄIc/K/RARMNPO�QsNPO
cHßËT£R R K/RZÄ£SZT�O¡ÉÝÄ£LMd0KHSZÄ£S ·�KHSÕdDT£RÕR NP×aNPßËT�SÕLMS Ä£Â�º�ßÈK/R;§.¾
öÛd0K¬T�ßPL KHSMODT�LMN õ K¬NÈR�L ÄZÞ�S ÄIc/K/RARûRMNP×aNPßËT�SMNPL¦ÉicHßËT£R R K/RûNPO0·�KHÞ$KHO0·�KHOILMßPÉ�¥úÄ£S±RMÂ�º�LMS K/K/Rêë5º�Â�L�RMNP×aNPßËT�SMNPLåÉ8cHßËT£RAR K/R
T�S K¯K¼T£R NÈKHS�L ÄZR KHÞDT�SAT�L K¯NPO0·�KHÞ$KHO0·�KHOILMßPÉiÄ£O8LMd0K¯Â0R K/·�S KHßËT�LMNÈÄ£OU§.ë£LMd0KHO8Â0R KBT<R K/c/Ä£O0·�ßÈK õ KHß2R K¼T�S c d�ë�LMSMÉ2NPO�Q
L Äic/Ä£×�º�NPO0KZLMd0KZÞ�S K õ NÈÄ£Â0R¬S K/RMÂ�ßPL R¼¾ ¶ T£RMNÈc¼T�ßPßPÉaLMd0K¹RAT�×kK¹T�ßPQ�Ä£SMNPLMd�× c¼T�O�º�K<Â0R K/·)ë*¬ýÂ0R LôLMdDT�L¯LMd0K¹RML KHÞ0R
×�T£·�K¹T�S KÕO0Ä£LBT£·�·*NPLMNÈÄ£O0RBÄ�Å�RMNPO�Q]ßÈKZO0ÄI·�KZc/Ä£SMS K/RMÞ$Ä£O0·�KHO0c/K/Rêë¡º�Â�L¬O0ÄI·�KÕRAKHL¯c/Ä£SMS K/RMÞ�Ä£O0·�KHO0c/K/R¬c/Ä õ KHSMNPO�QToÙ<d0Ä£ßÈK�cHßËT£R R¹T£RZS KHLMÂ�SMO0K/·?ºIÉ�K¼T�SMßPNÈKHS"R K¼T�S c d0K/Rê¾¬âòd0KHO?Â0R NPO�QkLMd�NÈR¹T�Þ�Þ�S Ä�T£cAd�ë�LMd0K�T�ßPQ�Ä£SMNPLMd�× ×�Â0RML
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O0Ä£LôRML Ä£Þ�T5ÅúL KHS�dDT õ NPO�Q�Å³Ä£Â�O0·oLMd0KÖ�0S RMLôc/Ä£×aÞ�ßÈKHL KZR Ä£ßPÂ�LMNÈÄ£O�ë�SAT�LMd0KHSôßÈÄIÄ£Ø2NPO�QiT�L�ßÈK/R R�Ä£Þ�LMNP×�T�ßDRAÄ£ßPÂ�LMNÈÄ£O0R
Å³Ä£SÕK¼T£c d@cHßËT£RARÛ×aNPQ]d¡LZº�KøS K@�IÂ�NPS K/·ÝL ÄaQ�KHL<LMd0K�º�K/RML<Q]ßÈÄ£ºDT�ß�S K/RMÂ�ßPL¼¾

{t��{ ÓªÔ�ÔÛë��UÊs�¤� �U���#��ê��Q��Õ��s��������Ë
¸Ò×�T&¬MÄ£S�·*SAT¼Ù<ºDT£c ØòÄ�ÅiLMd0K?Þ�S K/RAKHO¡L K/·©T�ßPQ�Ä£SMNPLMd�× NÈR�LMd0K�T�×kÄ£Â�OIL�Ä�Å8×kKH×kÄ£SMÉ O0K/K/·�K/·)ë¹T�O0· LMd0K
K.÷*Þ$KHO0RMN õ KøßÈÄ2Ä£Ø2Â�Þ0R<Ù<d0KHLMd0KHS"TqO0Ä2·�K�dDT£RZT�ßPS K¼T£·*É�º�K/KHOÝ×�T�L c d0K/·?K¼T�SMßPNÈKHS¼¾
âòd0KHO O0Ä£Loc¼T�SMNPO�Q�T�º�Ä£Â�Lî�0O0·*NPO�Q�LMd0K�Ä£Þ�LMNP×�T�ßÛR Ä£ßPÂ�LMNÈÄ£O'º�Â�L�Ä£O�ßPÉ T�O'T�Þ�Þ�S Ä¼÷2NP×�T�LMNÈÄ£O�ë¬TÝÞ�Ä]R RMNPº�ßÈK
T�Þ�Þ�S Ä�T£c d@Ù¬Ä£Â�ßÈ·?º$KøL Ä�T£RARMÂ�×kKøNPOsK¼T£c d�RML KHÞÝLMdDT�LÕO0ÄaO0Ä2·�K/RÛÅúS Ä£× Ta·*NìÌ�KHS KHOIL¹cHßËT£R RÕdDT õ K�É�KHLÕº�K/KHO
��÷�K/· ¥FN:¾ K]¾PëIÄ£O�ßPÉacAd0K/c ØkÙ<d�NÈcAdañ¦RMNP×aNPßËT�SçóÕO0Ä2·�K/R¬T�S KZÂ�O�×�T�L c d0K/·nL Ä8Ä£O�ßPÉaS KHLMÂ�SMO õ T�ßPNÈ·a×�T�Þ�Þ�NPO�Q�R¼ëIº�Â�L
O0Ä£LZc¼T�ßÈcHÂ�ßËT�LMNPO�QnLMd0KøS K¼T�ßûc/Ä]RML R<º�Â�Ls¬çÂ0RML<Â0RMNPO�QaLMd0KicHS K/·*NPLÕNPO*ÅúÄ£SM×�T�LMNÈÄ£OU§.¾
öÛd�NÈRBNÈRÛRMNP×aNPßËT�SÛL ÄiLMd0K¹Þ�S K õ NÈÄ£Â0R¬ñ¦·*N õ NÈ·�K�T�O0·nc/Ä£O
�IÂ0KHSçóøT�Þ�Þ�S Ä�T£cAd�ë*ºDT£RMNÈc¼T�ßPßPÉ�LAT�Ø2NPO�QqLMd0K¹º�K/RMLBS K/RMÂ�ßPL
NPO?K¼T£cAd@cHßËT£R RZT�O0·@c/Ä£×iº�NPO�NPO�QnLMd0KH× L ÄoÅ³Ä£SM×�LMd0K£�0ODT�ßûRAÄ£ßPÂ�LMNÈÄ£O?Ù<NPLMd0Ä£Â�LZßÈÄ2Ä£Ø2NPO�QnT�LZc/Ä£×iº�NPODT�LMNÈÄ£O0R
Ù<NPLMd?R K/c/Ä£O0·0T�SMÉ�S K/RMÂ�ßPL RÕNPOsLMd0K�cHßËT£R R K/R¼ë*º�Â�L¹K õ KHO¡LMÂDT�ßPßPÉ?T�Þ�Þ�ßPÉ2NPO�QkßÈÄIc¼T�ß�Ä£Þ�LMNP×aNPàêT�LMNÈÄ£O0R¹L K/c d�O�N��IÂ0K/R¼¾
öÛd�NÈRZT�Þ�Þ�S Ä�T£cAd�c¼T�O�ÅúÂ�SMLMd0KHSÕº�K�Ä£Þ�LMNP×aNPà¼K/·ÝÅ³Ä£S<LMS K/K/R¹T�O0·ÝXÕ¸ZîøRZº¡É�Â0RMNPO�QkNPO0·�K.÷ÝLAT�º�ßÈK/R¼¾
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