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éõè|êS�3óíèÎé:��ñ'ëøôV��æ�è�ó.,·è|ìaî#Rwè�ï3ï3ë./¥ë è|ê è|ï3æ8�|ñ�,·è|ì·èÎé êS�|ôORc"6è�ñ¯ëøï[]¥ôOR�è|êS¥�éõóøè|ñ3ñ[�B�Nï�è�óøèV/\î5óAò#"["�ëíô
�CJ êõî#��ê ékè|óíæèVR�è|ñ3ïE]d÷#�Ìékè|ôSR|ëíì8ã

� "["+]¥ó$î��c�|ó("+F¥ó$î@?ÄC¯�A»µ�Ë#³|¹�·B,|¹»µ�,ª´�³ª´�¾#µ�µ�³ª´Cºg¼½µ�,ªÅ4³%�·ã�$:èLJ èVR�è�é:"Hè|ñzòuékéõè�ì[ëíñ\é:��ô é+î5ï[)3ñ3ì
èV/#,·è|ô�ôORc'#${ék÷·è|ê æè�ékêkëøì5î.é:^.\[)3ôS'¥ì[êOF¥ópã�åÉR?ò·óøéõî·óAò·ñE'¥ôjJ è|óøóíè|æ8RV��ôNæè|óøóíèÎéké$êO��ôOR|óøè�ékè|ôkè�ñwè|óøè|æèVR|>
RV�3ìLî#Rc'¥ìuî5é_î#R%è|ê è|ï3æ8�|ñ�,·è|ì·èÎé!�Hæ�è�ó.,·è|ì[êkèÌîÉJ è|óíè�ñLï['¥ó(/#'-R�î5éO"nî·ñ«P3ëä÷5î5éõìB'-RV)3ñ�ìHã

� R|è�ñ æ�)3ñ3ìuò·ìWì#`#RV�3ó?è�óíôS]¥ñ3è|ìiÆ�P['¥æ�î·ô�Ô�ã����! î#"6èÒ�|ëíì[ó.'¥æ�èÎéõê ëíì�)3ô8"j'¥ñ�,#'¥ó()3óäéõôkò#/\ò5é
÷bë.R|ôS/\ò·ó¬JS)�ì æ�èc/'êS�|ôSR|óíèÎéõè�ë("Hè|ñxãÎ���4 î#"Hèæ�¢�-d � è�óíôS]¥ôO'¥êS"nî·ñçß½'¥ê ékêõî·ñ¨\3êS'-/¥êõî5æ9'¥ìuî5éw÷^ë.R|ô=>
/\ò·óøéV�E��ôFî#Rc'¥ì1ìBFbï�æ�ëøñ[]¥ôO�c/-��é ôSR|è�êkè�é éõèÌ÷-'¥óøñnîAJkî]÷7^äéBî·ñ3ë6æ9��ê éO�|ì·èÌôkèc/-^øékôO�c/-��÷·è|óD�8î4Jkò·ñ3óAò5ôO'¥ìuî5é
ï['¥ó(/#'-R�÷5î.ì[ë8î#R èV/#,·è|ôgìBFbï�æ9'^ï[)3ó.'¥ì�æ�îC¡bëíæ�ò·óíëøô	"+'¥ñ�,-'·ó()3óäéõôõòB/¥ë3ôOR|ò·æ�ò·êõî�ãÇ�ië()béBò·ñ�è|óøôO]¥ôS'¥ê=>
"nî·ñ�î)ékè|ôORÎéõè�ó(�|ô�ìB`¥óøékôO�c/¥è|ëäé�éBî5ê é:'5ékéBî)ôOR|è�æ è�ó(]·é é!�����4 î#"Hè�æ9��ê éO�|ì·è îFóíècP3è�ékôO�V/·è|ô	éõè�ôORÎéõè|ó.�|ô ë
��ék÷#'¥ñnî·óíî·ì'ôSR�ò·æ�ò�÷5î·ó)ìuî#\+�|ôS'¥óAîué:'¥ôc�2��ô1éõè�ó¬J è�ôkè|ñ è�ó(Pnî5ñ�,¥î#/-'¥ó�Jkîµî�\3êS'-/¥êkî·æ ÷¥èVRc�|ê ó(]aôOR�è|ê�>
ì·èVR�è�éO�|ñ�ì�^ø÷7�3óøëxè|óøè|æè|ëäé�ã

���! î#"Hè.æ�èÎéõêkëøìuòWJkò·ñnî·ì�æ�ò·ôkëøì�ìB'¥æ8'¥ó.,8P3ëíò·ñ�,-'¥ô ôõò#/\î�[P['-/#,1ñ3è|æ ÷¥è�ôOR|ëxð[/#,¥è�óíè|æ�"6è%î#R
èV/#,·è|ô�)béBî·ôS^øéBò5ôO'¥ì�"6è|ò#/#,\îBRV'·é éõôõòB/¥ë�æ9��ê éO�|ì#�Îé�î�"+'¥ñ�,-'¥ó.)3óøékôõò#/wæèV/#Pnî5éBò5êO'-R|ò·ôõî·ìB'¥ê|ãKÆ�`#"["
Jkî]÷5î·ô óAî5é�ôORc�3óíèÎéõèÎéké�è8P3ëíò·ñ�,-'¥ô ôõò#/8Jkî�÷7^øéõò·ôõò5êõîE��èVR�è|ì®ì#`-Rc�3ógæ�î5éõè�æ1îuéõëíìuî·ëøóAî#/1î#RèV/#,^ëíì>óøèV/B>
\3êkèc�V^(R�èV"["Õ1A'43 îuéké��|ô�5 î·ì5è|ê©� Æ¥ÆW� Jkî]÷5î·ô óAî5éõî�ã åÉR®ò·óøéõî·ó()�ìU"Hè�÷¥ècR|èÎéõè�é é�"Hè�ò#/B,\î#Rc'·ékékôõò#/¥ë
æ9��ê é:��ì ñ3è�æ ô ékêO)3ì\é:��êõò·óäé�\�êO'-/¥êkî·æ8'¥ì[êõî�ëíô«��ê ékè|óíæèVRcP3è�éO]��|ôLèV/#,^ëøì î·óAîB\7Jkò#)3ó)ôORV'·ó(/\ò·ó?î
J è|óíè�ñiïE'¥ó(/-'#R�î5éO"nî·ñwï3èÎðnñ3ëAò5óøé�æ8�|ê°é:�|ì[ñ3è�ìwëíô�ã

¦R|ò·æ8'¥ô	æ8�|ê éO�|ìÌôORc�3óíèÎéké$îI\3êS'-/¥êõî5æ ñ3è�æ�> ÷¥ècRV�|ê ó(��ôkë3ôSR|è|ê ì·ècR|è�éO�|ê èFì#'·ñ[�|è�ñ[ékêõò·óä÷5î%ëøô|ãÇ�iëm>
)�éBò·ñ î«J è|óøè|ñ ïE'¥ó(/-'#R�î5éO"nî·ñWï3è�ðnñ�ëAò·óäé1æ8�|ê°é:�|ì�$�'·ì#'-Rc'·ékéõî·ñ¯ð½/#,·è|óøè|æ�"Hèi÷·è|ôOR�ë.î©\�êO'-/¥êkî·æ
î·ïnî5ékô éõêS)3ì\é:�3êkòWJkò5ét�|ôwî#R¬î·ïnî5é1ò·êkî·æ�óíò·ôõòué!�gêS�|ôSR|óíèÎéõè�ôkè|ñæ$�'#/¥óAî·óøì#'-Rc)3ñ3ì�1_è|ñ3ê=,U��ô�@%îB$�)3êkî
ëíñE$�'¥ê æ1òB�|ë(F¥ò·êõî·æóAò5ôO'¥ñ'î·óAîB\[)3ó(Faæ8�|ê°é:��ì#��÷·è|ó9� Æ â � ãZyÉ'·ó(/-'-R|î5é:)�ì7"3î·ñ îaôSR|è|êSRV]¥ì¢î·æè|óøóíèÎéké
�|ê ÷·è|óøñ3è|ì��_PE'-/#,>îQ\3êO'#/¥êõî·æ "j'·ñ�,#'¥ó()�óøéõôkò#/\ò5é.î�\3êS'-/¥êkî·æ óøèVP3èÎéõôO�c/¥è|ô�ëíñE$�'·êkæ�ò#�|ë.F\ò·êõî5æ�óíò·ôkë
ëíêõò5ñ�,¥î·ë½Pnî5éõò·êO'#RVR�ò5ì�æ�èc/3ã_èªñ$�'¥êkæ�ò#�|ë.F\ò·êkî·æ�óíò·ôO'·ñ�êS�|ôORc"6è�ñ î%æ9'^ï[)3ó.'¥ìÌì#`-Rc`·ékékë8î·ïnî5éõò·êõî·æK>
óAò·ô°é!�3êS�|ôORc"6è�ñ�î+÷¥ècRV�|ê ó(��ôFò5éõî·ïnò·ôkò5én�|ê°éõèÎéké:��ì8ã

C ±cÃ#ËCÃCÅ4¯C¿ÀµÒ·B,|¹|µ�,ª´×�·ã $:èLJ èVR�è�é:"Hè|ñÕJkî�÷5î·ôkóíî5é:'·é�î·ï[)3ñ�ì©èV/#, �CJc�Lî \3êO'#/¥êõî·æô ékêO)3ì->
é:�3êkò·ñ î·óíî#\[)3ó.F9"+'¥ñ�,-'¥ó.)3óøékôõò#/·ë�æ9��ê é:��ì[êkè#�<î·æè|ó.,©���|ôkî·ì�)ît\3êS'-/¥êkî·æ è|óøè|æë�÷·èVRc�|êkó.�|ô ë�ôOR�è|ê�>
ì·èVR�è�éO��é:]·óD��î#R�î·ïnî5ékôOR|è�êkì5èVR|èÎé:�Îé:]¥ó���ô.î#R�î5ïnî5é:'·ì���ô.î�÷¥ècRV��êkó(��ôkë	ôSR|è�êkì·ècR|èÎé�ìuî#\+�|ôS'¥óAîuéBò5éOF¥ó�6
î#R¬î5ïnî5éõì5èVR�è|ó(��ô éO]¥ó�$��[/-/3ã � æ8�|ê éO�|ì�'·ó.,\î5ñ'ê è|óAîué:^ø÷·èLî·óAîB�|ôO'·ñ�,�ôOR|ëøñ\é:¥U\�êO'-/¥êkî·æ8'-R�ò·ô ë�$�'B>
/\î·óíæ�î·ìB'¥ñWî·óAî#\E)3óD��æëíñ\é�î \3êkè�ï3ëíìuò5éO)3æ9'·ì+�$ôOR�è|ì\÷¥è�ñ[�|ëíò·ì��_î·ïnî5éO'¥ìw^øêõò·ôkî ��ô9'·óø÷5î·ôõò5ôõîEÍ���ô
ï3è�ðnñ�ëAò·óíò·ôõîK\3êS'-/¥êõî5æ9'-R|ò·ôkë6ñ�,¥è|óä÷¥è�ì[éO]¥ós$��[/-/¥èÎéõóíè�ñLæ9F^ï['¥ñ éO`¥ê éO�|ñ3ëøìHã
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C Ä§Ã#¿mÃ|Á+Ë#³|µ�D¨á7³FEÑ¼½Ê�G|º�H4´I,ªÅQ±!³|¿-JC¿-,ªÅ|¹:³|¼+áCÅOÄC³|¹Ò�5ã î·ó.$:èLJ èVR�è�é:"Hè|ñ�"6èÎ÷¥ècR|è�éO�3ñ3ì ñ[�VPnò5ñ�,
J è|ó(`·ó(�|ô°é!�nî5æ�è�ó., æ8�|ê°é:��ì7��ñ3ìwæ1îuéõè|æ�î5ékëíìuî·ë8æ9'^ï3è�óíó¬J è?î·óAî#\�Jkò#)3óxôSRV'¥ó./\ò·ó ã C Á+¹:¯OÂ#¹SÃ#·ÎË#³OÄ�,|¹»¸
¿-,ªÅ|º�ÅOÄC³|¹:´�³OÄC³|µL³��·ã�î·ó.$:èLJ èVR�è�é:"Hè|ñ&6�JSF¥êS�|ôSR�é_1A'43 îuékéÇ��ôÇ5 î5ì·è|êc�LK�ë.3?'43 î5êkôkì[ë²�·÷5î·óAî·æëíñ\és1)î·êkê ëm>
ôO'¥ñ���ô��¬îB/¥è|ó��|ëøì[ì·è|ëHñ�,-'¥æ�ò·ñ86�ï3èÎðnñ3ëAò5ó¬JS)3ì�î%\3êO'#/¥êõî·æ©÷·èVRc�|êkó.�|ô ë<ô ékêO)3ì\éO�3êõòWJkòué!�7�|ô î5ñ3ñnî·ì
"j'¥ñ�,#'¥ó()3óäéõôkò#/\ò5é|ã åÉRÒ`·ôkôOR�è�ékè�éké æ1î5ékè|æ�î5éõëøìuî·ë î#\E\nî·êõòué:)3ô9"6èÎ÷¥èVR�è�éO�|ôO��ñ3è|ì§�c�|ó�JkîE��P['#/#,'î
÷¥èVRc�|ê ó(�|ô ëxôOR�è|ê ì·èVR�è�é2"+'¥ñ�,-'¥ó.)3óøékôõò#/\î%é:�3ì[êS`-RVR�è.î�"Hè�ò#/#,¥î#RV'5ékéõôkò#/¥ëHôOR�ëíñ\éõèÎé!��ñ�è|æ ô éõêS)3ì\é:)3êkò·óøé
\3êO'-/·êõî·æ8'¥ì1è�ôkèÎé:�V"Hè|ñiëíô�ã

C Ä�Ã#¿ Á+¹:¯OÂ#¹SÃ#·t¯4´�ÅOÄC³|¹:³LÁ½³��·ã$î·óm$:è�J ècR|è�éO"6è�ñwì[ëøéõè�ê�J è�ôOR�é�JS�3ìwî#RÉ`¥ôkôSR|èc$��E/-/-]+÷¥ècRV�|ê ó(��ôkë�ôOR�è|ê�>
ì·èVR�è�ékè|ì[êkèwï3èÎðnñ3ëíò·óøé%æ8�|ê°é:�|ì5è�é�èV/#,^æ�ò·ô é�P[^ø÷#F¬î5ó(\3êS'-/¥êõî5æ9'¥ì��|ôS'-\+'¥ê é�Jkò·êõî�ëíô|ãt5gè�÷·èVR�è�é�JS��ì
îQ\�êO'-/¥êkî·æ8/¥êõòB$_$�'-/\î·óøæ1ò5éV��ß	F·é:P3ëNMFìB'¥ô%�|ô%o2,#�|ì�,^ñ[�tNÌî·ë.R|óøè|ê&Ô#)�ï3ëøé.æ�)3ñ3ìuò·ëíêkî î·óíî#\j'#R�÷5î�ãC Ä Ã�á�Ã#µL¯4´ÌÅOÄC³|¹:³LÁ½³��·ãTî·ó.$:èLJ èVR|èÎé:"Hè|ñ×"6èÎ÷¥èVR�è�é�JS�3ì î#R�åPO /¥êkòB$I$�'-/\î5óíæ�ò5é!�$î·æë_î#R�î·ï3î5éS>
ôOR|è�êkì5èVR|èÎéõè�ìÒ�|ô)î#R�î·ïnî5ékì·ècR|è|ó.�|ô_ôOR�è|êkèc\j��ñ3è|ì�"+'¥ñ�,-'¥ó.)3óøékôõò#/\ò�÷5î·óxèc/-�|ôSRV^äéõë�ì[ë�î�÷·èVRV��êkó.]1ôOR�è|ê�>
ì·èVR�è�ékè�é�ã4K~�|óøïnò·ì#'·ñ�ì·è�êkè|ôSR�éO�3ó3æ�)�éõî5é�JS)�ì&"6èB�-P['-/#,¥î·ñ�÷^ëíô è|óøì·è|ï�ëíìÌî#R$åQOU/¥êõòB$["j'¥ñ�,#'¥ó()3óäéõôkò#/¥ë
æ9��ê é:��ì·è�îK\3êO'-/·êõî·æ ï3è|ìB'¥æ9\+'-Rc^(�|ë.F¥ô ò5éõî·óAî·ì�^äéBò·ôkî·ëíêkî�ã
å æ1î5ë ÷¥èVR�è�éO]�\3êO'-/·êõî·æ8'-R�ò5ôkë�æ8Fbï3ôSR|è�ê éBî5ñ î#R�'-"7J è�éO)3æK>L'¥ê ëíè|ñ\éõò·óøé�ékèV�ªP3ñE'¥ó(F-/·ëAî�ã C Ä

¯4ÅOÄVµ¤¾#¿ÀÐ�°|¯C¼½Ð�¯C¿À¶7¿Àµ�ÅV¾4Â�Ã��·ãç$:èLJ èVR�è�é:"Hè|ñ§"Hè|æ�)�éBî5é�JS)3ì���P['-/#,'î#Riè|ó.]-RV]^è|ì�"Hè|ñ ï3èÎðnñ3ëíò·óøéåPO
/¥êõòB$)éõè�êkæ8�|ôOR�è�ékè|ô1æ8F^ï['¥ñWì^ëäéõè�ê�J è|ôSR�éOP3è�éO]w'-"7J è�ì\é:)3æK>L'¥ê ëíè�ñ[éõò·óøé�\�êO'-/¥êkî·æ8'¥ì[êõîE��ëíóøóíèÎék÷¥è�î#R
'¥ôORÎéBò·óm,«"j'·ñ�,#'¥ó()�óøéõôkò#/\ò·ñ3î·ì�ï�è�ðnñ3ëíò·óAò5ôõò·êkî�ã
å æ�èÎéõê ëíìuîçîC¡bë('¥æ�î5éõëøì�)3ô�÷5î·óíëøïnò·óAò5ôõò5ézîSR8³|ÐB¶�´�³|¹ ÃUT-º�HC·8¾C´'÷bë.R|ôS/\ò·óAîuéBò�÷5î·ó ÷-�c/¥èVR»>

RV�3ì8ã�Æ�ëíôORÎéBò#RcRV)3ì®î#R � óAî·ëøñ3è('µè|,7)3ì·è�ê+ò·óøéõî·óÇ$:è|óä÷5ò#RV'¥óäéÌó('-/¥ëøìuî·ë	ò·óøó(^äéBò·ôS'¥ì¬ôSR|è|ê èV\+��éV�	æ1î4J ï
æ�èc/·÷^ë(R|ôS/\ò·ó�JS)3ì î�ì[ëíóíè�ñ[�.ó('#/¥ëíìuî·ë<ò·óíó.^øéBò5ôNéõè�ó¬J è�ôO�3ó.�|ôO�Îé�ã4OI�c/-�3ó�`¥ô ôOR|ècPnî·ôS'¥ñ3ó(^äé�JS)3ìwæè�ékêkëøì5ò5ñ3ì
÷bëøôkè�óíì·è�ï[�|ôS��éFñ[�VPnò5ñ�,Lñ�è�÷¥è�ôA"+'¥ñ�,-'·ó()3óäéõôõòB/¥ëxæ8�|ê éO�|ì[ì·è�ó ã

� óíìB�|ôSRV�3óäézî#R¯è¯ï['¥ó(/#'-R�î5éO"nî·ñ§Jkî]÷5î·ôS'¥óøé æ8�|ê éO�|ì Ô¥î�÷·î $�'¥êkêkò·ôO\3êS'-/¥êkî·æ9'·ì#'¥ñ é:`¥ê°é:�|ñE]
æ�èc/-Pnî5éõò·êO'-R|ò·ôõòuéÌ÷#�V/-Rc]�\3êO'#/¥êõî·æ�ã � \3êS'-/¥êkî·æ ôkèc/-^øékôO�V/#��÷¥è�óNæ8F^ï[)3ñ3ì�"nî·ñµò·óíó$îQ/#,\î5ì#'¥ê�>
óAî5éO"nî·ñLëíô�éõè�ôORÎéõè|óøñ3ë�æ9��ê éO�|ì��3ñ3ì5è�é�ãgåWV@,|¹X,ªÅ|º*³|¹ª³Oá#·B,|¼½Ð�³ª´É�·ãÑ$:è�J èVR�è�éO"6è�ñ�"6è�ôOR|ò·æ9'·ó()3ñ3ì î
æ9��ê é:��ì+èV/#,�/#,\î·ìB'¥êkóíî5éõë½P3î·ôOR�ñnò·óAîuéBò·êSF¥óD�-��ôgî%ìuî#\+'·éké$è|ê è|ï3æ8�|ñ�,·è|ì·èÎé�`¥ô ôOR|ècPnî·ôS'¥ñ3ó(^äé�JS)3ì�æ1ò·ô
æ�èÎéõêkëøìuò·ì1è�êkè|ï�æ9��ñ�,·è|ëä÷¥è|ópã



Y º<�3Ã�½<1_¹2��À�»ç¾¬Ä�»_¹-Ä�ÅÌÀ�Å[ZF¹�¹-À�Å]\�^�¹-Ä���À T

_t� 7 ��Õ Í`9dÊ���Ò É Ï Ö É-Ê�Ö�×�Ò�× a.Ê�Ê�Ò�×cbed�Ê�Ön��Ò
� /B, ôORc'#${ék÷·è|êÌæ9��ê é:��ì¬æ8�|êSP3è�ékë�î�$:è�J óíè�ôORÎé:�|ô%ôS'¥êõò·ñ®ì[ëAî·óíî·ì�)3óøé)÷-�c/·éõè�êkæ8�|ì·èÎé!��ëíóm,¥è|ñ�ì#'¥ê?ékè|ê=>
æ9��ìWæ8�|ê°é:��ì·è|ì[êS]¥óK��\3êO'^ï[)[�Îé1æè�ékêkë(��ôª�K"6è�ôORc�|ó(��ñ3ì8ã å éõè|ê æ9��ìzæ9��ê é:��ìWî·óíìuî·óøæ1î#RcPnî5éOF>î
$:è�J óíè�ôORÎé:�|ôA"nò·ê æ�è�ó.,wìB`-RV"[��óíôO]9\3ëíóøóAî·ñ3î5éBò#"3î·ñ ëíô�ãn����êOP3èÎéõë~\3ó ãgîæ8'bï�è|óíó�"j'¥ñ�,#'¥ó()3óäéõôkò#/\ò5éV�8î
ì#F^ïiæ8�|ê è�é:�Îé ÷·îB/#,wî·ìuò·ê î�ï['¥ì�)3æè|ñ\éõò#�|ë.F·é ëíô�ã

1)î·ôO'¥ñ�ó(F\î·ñI$�'·ñ[éO'¥ô�óíècP3è�é�æ�î#/\ò5ñnî·ì_î*$:è�J óíè�ôORÎé:�|ô ë-$�'¥ó.,¥î·æ�î5éõñnî5ìFî æ8�|êS�|ôkè�ëøôV�dèVR�)�éOF-"["3ëíî·ì
î�$�'¥ó.,¥î·æ�î5égæ8�|ê°é:��ì·è|ìÒ��\�êO'7�|è|ô ô�æ�èÎéõê ë(�|ô:�Îã	å $�'¥ó.,¥î·æ�î5é$æ9��ê é:��ì1îÌéõè|ê æ9��ì�ó(��ékêkècP['-R�ò5ôõò#P['#R
ôORV��ì^ôS�V/¥è�ôÌ$:èLJ óíè�ôOR�éO�|ô ë�$�'¥ó.,¥î·æ�î5é8J è�óíóíè�æ9Rc]¥ëøé�æ8�|ê ëD�9��\+�|óøïnò#)3ó�î¯éõè|ê æ9��ìTì[ëm$:è�J óíè�ôORÎé:�|ôS�VP3ècR
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å©æ9��êkèÎé?æè�éõê ëíìuò·ìLî�ékè|ê æ9��ì·è�éF÷·î5óAî·æè|óm, ð½R|ëøìuî·ë�éO)3óAî4J ï['¥ñ3ôkò#/\î1î5óAî#\nò5ñ�J è|óøóíè�æ9R�ëíì8ã � óøôO]B>
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÷-'¥ñnî5óíóAî5óxî#R%ëíñ$�'¥êkæ�ò#�|ë.F\ò·êkî·æ�óíò·ô é|ã

E

DC F DS

B

A

1)è|ñ�êS,Q�|ô2@%îB$�)3êkî�æ9��ê éO�|ì·è%ôSR|è|ê ëíñ\é_ëíñE$�'·êkæ�ò#�|ë.F\ò·êõî5æ�óíò·ôkñnî5ì�éõè�ì^ëøñ\é�JS�3ìwîBR.èV/#,·è|ô_æ9'^ï[)3ó.'¥ì
ì#`-Rc`·ékékë)î5ì[ékëø÷^ë(R|ò#�|ë.F¥ìuî5é!�$î#R|î#R�î>÷·èVRc�|êkó.�|ô�ò5éBî5ïnò·ôõòué9��ô÷^ëøôkôOR|î¥î·ïnò5ôõò5éV�N÷5î·óAî5æ�ëøñ[é�î#R�î·ïnîC>
é:'¥ì�^íêõò5ôõò5é&��ô&'¥óø÷5î·ôkò·ôõòué�ã � ñ�ñ3è|ì�æèV/B$:è|óíè�ó(]^è|ñ¬î#R�î·óAòB"["3ë�ìB`-R�÷·è�ékóíè|ñ®ëíñ$�'¥êkæ�ò#�|ë.F\ò·êkî·æ�óíò·ô é
�=µL³|¹|·t³Oá«á#ºg¹:³�G|µÑ¿(¯�GOÃ#¿-ân¯Cä~�Né:)3ïCJS)�ì æ�èc/·ð½/#,·è|óøñ3ëDÓ
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A −→ B
C −→ D
D −→ E
D −→ F

� R�è|ì5è�é$î#RNëíñE$�'¥ê æ1òB�|ë(F¥ò·êõî·æóAò5ôkëW$�'¥ó.,¥î·æ1îué:'¥ìuî5é-î)÷·èVRV��êkó.�|ôõòuéBî·ïnò5ôO'¥ì�Pnî5éõò·êO'-RÎéBò·ì%æèV/3ã � R|è»>
ì·è|ñ�éO�3ó�ëøñ3ï3ëíê è|ì\éiëíñE$�'¥ê æ1òB�|ë(F¥ò·êõî·æóAò5ôkëA$�'·ó.,\î5æ1î5éO'¥ìuî5éw�:ékè|êkæè|ï ëíñ3ï3ëøêkèc��é�ó.'�|î·ó&£½'43A�iëíô
æ�èc/\ò·óíóíî#\[^äé:Pnî5éO)3ñ3ì���æ�ëøñ[é�\3ó ã>îBR

E
æ8'bïE)3ó$÷^ëøôkôOR|î5é:��êO��ôkë��|ê°é:��ì#�|ñ�è|ìaò5éõî·ïnò·ôkî

D
$:è|ó.�#��ëøóm>

óíè�é ÷¥è%è|ñ�ñ3è|ì éO'd÷5ò#"E"[^øéõò·ôõî
D
>¤"j]¥ó

F
æ9'^ï[)3ó+$:è|ó.�#Ó

E −→ D
D −→ F

ß�ë(/#,·è|ó�JS�3ì>æ�èc/[�ÇP['-/B,µîBR ëíñE$�'·êkæ�ò#�|ë.F\ò·êõî5æ�óíò·ôFñ3è�æ $:è�óøé:�Îéõóøè|ñ��3ó�÷·î5óAî·æè|óm,�÷¥ècRV�|ê ó(��ôkë ìuî#\>
�|ôO'·óAî5éOP['-R#�Ñ\3ópã ÷¥èVRc�|ê ó(�|ôkò5éBî5ïnò·ôOPE'-R#�Nì#`·éO]bï3ëøì8ã®å

DS
î·ï3î5é:'¥ñaì5è|ê è|ôORÎé:�3ó ëøô�÷5î·ó(F·ôO)3óNæ�èc/

ëíñE$�'¥ê æ1òB�|ë(F¥ò·êõî·æóAò5ôV�uæ�ëä÷¥è|ó8æëíñ3ï�î
B
�bæëíñ�ï1î#R

F
æ8'bï[)�ó('¥ì�^íê�Jkò5ì+î

DS
'#"7J è|ì\é:)�æ9'·éV��îBR

A
æ8'^ï[)3ó<÷^ëíôSRV'¥ñ\é2'¥óä÷·î5ôkôõî�î#RÎé�ã

B −→ A
F −→ A

1)è|ñ�êS,���ô�@%îB$�)�êõîQÂ#¿(¯#°ª¾#¿Àº(ÅFî·ïnî5éõò·êõî5æ�óíò·ôkêSF¥ós"6è�ôORV��ó
A
�|ô
B
æ8'bï[)�ó('¥ì�ì#`-Rc`·ékéV��Pnîwó(�ÎéõèVR�ëíì

èV/#,Q'¥óm,\î·ñ
D
î·ïnî5ékôOR�è|êkì5èVR�è�é!�Hæè|ó.,7"Hè

A
ëíñE$�'¥ê æ1òB�|ë(F5é*P3è�ó.,·èVRÌè|ó���^øê�Jkî+î#RÎé»�»�½�|ô_æ�è�ó.,7"j]·ó

BëíñE$�'¥ê æ1òB�|ë(F5é ñ�,·è|ê?ì[ë*��'¥óä÷·î5ôkôõî-�Îã�¼s¯4´#¾#¿Àº(Å_î·ïnî5éõò·êõî5æ�óíò·ôkêSF¥óÈ"Hè|ôORc�|óøñ3è|ì
A
>¤"jF¥ó

B
>L"Hè#�+Pnî��°â4�

A
æ�èc/-P[^ø÷!Jkî

B
æ8'bïE)3óøéV�6÷5î#/#,�� Æ �

B
æèV/-PE^ø÷!Jkî

A
> é&�|ô

A
��ê é:��ì·èÎé�î·ï�÷^ëøôkôOR|î

B
êS�|ôSRV�|ê è#�

æ�è�ó.,¥èÎé+î#R�$:è|ó.Pnî·ôSR|ñnò·ó²�-÷5î#/#,U�����%P3îió(�ÎéõècR|ëíì>èc/#,ÌPnî·êkæ�î·ï3ëøì�æ8'bï[)�óDÓ
C
��æè|óm,>æ�èc/-P[^ä÷4Jkî

ôO'¥ê êkè|ñ�ï["6è�ñ¬îBR
A
�|ô
B
æ9'^ï[)3óäé!�7�|ô_î

B
ò·óøéõî·ó8÷bëøôkôSR�î¥î·ïE'·ékén��ê é:��ì·èÎé)éO'd÷5ò#"E"[^øé�Jkî

A
>¸ñnî·ì8ã�å

ó('¥ìuò·óøëíô_î·ïnî5éõò·êõî5æ�óíò·ô��mâW�_è�ôkèÎé:��é9á#ºg¹:³ª´Cµ�ó('¥ìuò·óøëíô ëíñ$�'¥êkæ�ò#�|ë.F\ò·êkî·æ�óíò·ôkñ3î·ì��3æ9^./ î�� Æ �A��ô��²���
è|ôkèÎéõè�ì·è�éAºg¼+á#ºg¹:³ª´Cµ3ó('·ì5ò5óíëíô�ëíñ$�'¥êkæ�ò#�|ë.F\ò·êkî·æ�óíò·ôkñ3î·ìFñ3èÎ÷¥ècR|ëíì8ã�åAR

A
è|ó�Jkò·êõò·ôS"nîF÷¥ècR|èÎé:]Ìó('¥ìuò·óøëíô

ëíñE$�'¥ê æ1òB�|ë(F¥ò·êõî·æóAò5ôO'¥ì ôOR|ò·æ�îA�|ô	î#R
A
ò·óøéõî·ó[ëíñ[\E)�éõêkî2Pnî5ôOR|ñ3ò·óøé	î·ïnî5ékôOR|è�êkì5èVR|èÎéõè�ì�ôOR|ò·æ�ò·ñnî·ì

`¥ôkôSR|èV/·è�î#R
A
è|ó�Jkò·êõò5ô

fanin
��ê é:��ì·èB�.æ9^./zî#R

A
>L"+F¥ó?ì[ëä÷¥èVR�è�éO]¯ëíñ$�'¥êkæ�ò#�|ë.F©$�'¥óm,\î·æ�î5éO'¥ì

ôOR�ò5æ1ò·ñ3î·ì��|ô_î#R
A
ò·óäéBî·ó�^íê é�î·ïnî5ékôOR|è�êkì5èVR|èÎéõè�ìiôSR�ò·æ�ò·ñnî·ì9`¥ôkôSR|èc/¥è�îBR

A fanout
ôSR�ò·æ�î�ã

å�$:è�ñ[ékë�\j��óíïnò5ì)ëøôkæè|ê ékè�éO�|ôkè�JSF¥ó5é:�3ì[êO`#R|ë\în1)è�ñ3êS,-6@%îB$�)�êõî�æ9��ê éO�|ì?îBRV'¥ñ%é:)3óíîWJ ï['¥ñ�ôõò#/\òué!�
P['-/#,Ìè|óøèV/¥è�ñ3ï[]FîA\3êS'-/¥êõî5æ9'·é-î_æ9'^ï[)3ó.'¥ì��5î5ó(\3êS'-/¥êõî5æ9'¥ì)ì#`-RÎéõëbì5îB\j��ôO'¥óíî5é:'¥ìK��P[^ä÷·ò5ôkë[óAò·ñE�?��ô
î·ïnî5ékì5îB\j��ôO'¥óíî5é:'¥ì��÷bë.R|ôS/\ò·óAîuéBò·êkî)óíè�ôORc¥3ì�^øéõè�ñ3ë ãNMFóäéBî·óíò#"nî·ñ�î#R ëøñE$�'¥êkæ�ò#��ë(F\ò·êkî·æóAò·ô�îBR�î·óAòB"["3ë
$�'¥êkæ�ò#"nî·ñQ^øêOPnî5éOF�$:è|ó²Ó

forras1, forras2, ... , forras3 −→ cel

å $�'¥ê êõò·ôëíóøóíè�é ÷¥è�î©�c�|ó)ï3è�ðnñ�ëAò·óíò·ôõò#PE'-R�î#R�î·óíò#"["3ë	J è�ó(`¥ó.�|ô êkè|ñ�ï3ôOR�è|ê é�÷¥ècR|è�ékëI"HèÒ1_è|ñ3ê=,U��ô
@ÌîC$�)3êõîEÓ
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â¥ã©½�ã ñ<ã0è�J è|ó(`·ó¬J è.î#R�½ è�ó¬Jkò·êkò·ô�ñ>ªëøì9\3î·êõî·æ8��ékè|êS�|ñ3è�ìLî#R&�|ê°é:�|ìB��éFî#R%è|ó�Jkò·êõò·ô�è�óíèLJS�|ñxã
Æ ã©½�ã ñ<ããH§J è�ó(`¥ó�J è?î#R]½ è|ó�Jkò·êõò5ô ñ>ªëøìt\nî5êõî·æ8��ékè|êO��ñ3è|ì î#R%�|ê éO�|ìB��éFî#R%è|ó¬Jkò5êõò·ôg÷#�V/-��ñxã
��ã©½�ããHUJ è|ó.`¥ó¬J è.îBR¾½ $��E/-/·÷-��ñ�,¬ò5óøéBî5ó6÷^ëíô ôOR�î·î·ï['·é én�|ê éO�|ì5è�é!�+Pnî¿½b$��[/-/·÷#�|ñ�,
ö3ã©½�ãMyUJ è|ó.`¥ó¬J è?î#R�½ è|ó¬Jkò5êõò·ô ò·óäéBî·ójP3ëø÷5î5ékì#'-Rc'·éké2yb/¥ó.'-"nò·óøëíô î5ïnî5é:'#"7J è|ì\é:)�æ9'·é|ã

� RLîKJ è|ó(`·ó(�|ô�î·óíìuî·óøæ1î5ôÌèc/#,©\3êO'-/·êõî·æ ëíñ$�'¥êkæ�ò#�|ë.F¥ô&$�'¥ó.,¥î·æ�î5éBî·ëøñnî·ì�óøèV^øêõò·ôkò·êõî�ã�ß�ë(/#,·è|ó�JS�3ì
æ�èc/[�_P['#/#,®ñ3è|æýì��3ó(`¥ñ�"+`-R�ékè�é�JS�3ì>æ�èc/ î#R1ëøñE$�'¥ê æ1ò#��ë(F\òuéBî·ïnò5ô?ôOR�è|æ8\j'¥ñ\é�Jkò#"jF·óD�_PE'-/#, î#R�é
î#R èV/B,¥è|ô�è�ó¬Jkò·êkò·ôO'·ì�\3î·êõî·æ8��ékè|ê è|ë[÷·îB/#,�/·ó('-"nò5óíëíôs'-"�J è|ì\é:)3æ8'¥ìÌôkèc/-^øékôO�V/#��÷¥è�ó�÷5î·ó(F·ôO^øé�JS)3ì.æèV/3ã

� /#,µè|ó¬Jkò5êõò·ôK"+'¥ñ�,-'¥ó.)3óøékôõò#/·ëgæ8�|ê éO�|ìB�|ñ3è�ìaæ�èc/-Pnî5éõò·êO'-R|ò·ôõòBP['-R«1_è|ñ3ê=,��|ô8@%îB$�)3êõî�ôSR|è»>
êkëíñ\éLìB��é�`¥ôkôSR|è�ékè�÷#]·é�ì5è|óíóFôOR�ò5æ9^äéBò·ôS"nî�÷¥è|ñ�ñ3ëDÓWî#R®î·ó.\3êO'-/·êõî·æ8'·éwî5óíì#'5é:Faì#F^ï "j'¥ñ�,#'¥ó()3óäéS>
ôõò#/\òué*�|ô î#R�éV�EP['-/B,�ècR.î#R)è|ó¬Jkò5êõò·ô$æ�ëøó.,·è|ñt"+'¥ñ�,-'·ó()3óäégìuî#\+�|ôS'¥óAî5éO"nî·ñ1÷5î·ñ1ì#`¥ê ñ�,·èVR�è�é:�Î÷¥è�ó ãgå
\3êO'-/·êõî·æì#F^ïÒ"+'¥ñ�,-'¥ó.)3óøékôõò#/¥ò5é)î�óíèc/¥èV/B,bôSR|è�êO¥["["¬æ9F^ï['¥ñÈ�Hî�$�'¥êkêkò·ôkôS'¥êO'¥ìwôSR�ò·æ�ò�÷5î·ó*��p~H� ��
æ9��êkëíì���æëø÷¥è�ó�ò·óíó.^øéõò·ôO)3ì�ôOR�è|ê ëíñ\é�ècR1îLæ8�|ê éO�|ì è�êO]¥ôÌì#'¥ê êkè�óAò#��ë(F-"nî5ñ>÷5î·ñµî�ìBFbïE"nî·ñ®è|ó(]B$�'¥ê=>
ï[)3ó(F&P�ë("nò·ìÌôOR|ò·æ�ò]÷5î·ópã-åAR�è|ó�Jkò·êõò·ô_�|ô�ì#`·êkñ�,¥ècR|è�ékè)ìuî#\+�|ôS'¥óAîuéBò·ñnî5ì�"+'¥ñ�,-'¥ó.)3óøékôõò#/¥ò5é�îÉ$ î·ñ7>ªëíñ
�|ôI$ î·ñ>¤'-)�éÉ�|ê éO�|ì5è|ì[ì·è�ó�J è�óíóíè�æ�ècRVRc�3ì8ã.å©ôOR�è|êORc]¥ì ò·óäéBî·ó�æèV/\î5ï['·ékéFì#�c\3óíèÎéÌî�"j'¥ñ�,#'¥ó()3óäéõôkò#/¥ë
æ�èÎéõêkëøìuò·êõîEÓ

c = LOCE ∗ (fanin ∗ fanout)2

î#P['¥ó+p~H% î#R)è�ó¬Jkò·êkò·ôÑP['¥ô ôOR�î�3î
fanin ∗ fanout

ôSRV'¥êSR�ò·ô?\6è�ï3ë(/�î#R�é�J è|óøè|ñ\éõë²��P['-/#,î�"6èLJS`d÷#]
�|ô�ì^ëøæ�è�ñ[] ëíñE$�'·êkæ�ò#�|ë.F*`¥ôkôSR|è�ô-óøèVP3èÎéõôO�c/¥è|ô�ì#'·æ�"3ëíñ3ò#�|ë.FCJkò5é�ð½/#,·è|óøè|æ�"Hè�÷¥è|ô ôORc�3ì8ã�åWæ�ò·ôS'bï3ëøì
Pnî5ék÷5ò·ñ�,�î.ìB�V\3óøè�é:"Hè|ñèV/B,¥è|ïE�3ó8î#"["+F¥ónî#R�'·ì7"+F¥ó3ì5è|êS�3óøé$î?ìB�V\3óøè�é:"Hè#�[æè|ê°é$î%ôSR|è�êORV]·ì�ôOR�è|êkëøñ\é
î�"+'¥ñ�,-'¥ó.)3óøékôõò#/wé:`#"["È��æëíñ\éÌî#Rëíñ$�'¥êkæ�ò#�|ë.F¥æè|ñ3ñ�,^ëíôS�V/wóíëøñ3è�ò5êkëíôA$��[/-/·÷#�|ñ�,¥è5ãÒ�iî#/\ò·ñnî5ì>î
ì#�V\�óíè�ékñ3è|ì èc/#,æ/B,¥è|ñE/¥è \j'¥ñ\é�Jkîµ÷·î5ñÈ�Fî

LOCE
�Fî#R|î#R>î#R>î·ó.\3êO'#/¥êõî·æ P['·ôkôOR|îE�Fæè|óm,¥èÎé�î

\j'¥ñ\éO'¥ôkôkò#/�êS'¥æóAò·ôkî�ñ[�|óøì7��ó�î·ìuò·ê�è|ó�ëøô�Pnî#/#,7Pnî5ékñnò·ñ3ì8ã

h2Ù�ÀnÙ Á n<Â[�x�g�Ão?§Ä¸u~��3�m��¤N�ÝÑÞ¸�¯§©�<�b���ª�_Ý��
åÉRn'-"7J è�ì[éO)3æK>L'¥ê ëíè|ñ\éõò·óøé	\nî·êkî·ï3ë(/·æ1î?î?ñ�,#'¥ó(�Î÷·î5ñnî·ôÑ��÷·è|ì�æ�ò·ôO'^ï3ëøì�$:è�óíè*F·éõî.î.óíèV/·è|ó.$�'#/\î·ï['·é=>
éBî#"["Wéõè�ê ÷¥ècRV��ôkë2�|ô8\3êO'-/·êõî·æ8'-R�ò5ôkë æ8Fbï�ôOR|è�ê|ãæ�iëø÷·è|ó î#R�'-"7J è�ì[éO)3æK>L'¥ê ëíè|ñ\éõò·óøéK\�êO'-/¥êkî·æ8'¥ì
æ1î#/¥î·ôõî#"E" ô ékêO)3óäé:�3êkòWJS)3ì�"nî·ñ è�óøéO�|êkñ�è|ìTîU\3êO'7�|è�ï[)3êkò·óíëøô�\3êS'-/¥êkî·æ9'·ì[éOF¥óD�%îBR�î·óøì5î5óíæ�î#RV'·é é
æ�èÎéõêkëøìuò·ì1ëøô�ì#`]÷¥èÎéké:��ì�î�\3î·êõî·ï�ë(/¥æ�î�÷·ò5óøéBò5ô é�Å�ã
åAR�'-"7J è�ì\é:)3æK>L'¥ê ëíè�ñ[éõò·óøé_æè�ékêkëíìuò·ì1ì#`-Rc�3ó	î#R�èV/#,^ëøì�óøèV/¥ñE�V\3ôSR|è|êS¥["["���ô?óíèc/-/#,\î5ì^êkî#"["nî5ñ

Pnî·ôOR�ñnò·óäéFî8 �P3ëøïnî·æ�"Hè|ê�>Ñ�|ôA@.è|æè|ê è|ê ò·óäéBî·ó6ï3è�ðnñ�ëAò·óäénPnî5é ôORc'#${ék÷·è|ê æ9��ê é:��ì � ù � ã
Æ�Çcð=ìMð=î®���|ìMñ��cïSëªóÃ���ãü²ï��|îVó7÷��j�#ð=î?ëX�U�ªë»ìc÷=ö��|ðSìÈ§X�j�cñ|ò_õr�Mî��?ëP�Wö�����ð��j�WöDí|ì��ãü�§Oõ��Mî��Ñë|ï¬��¢Wú�ð� Vó!�Wõr���|ö��0ðSîVóDí»ì0ó�Cö!�cñ|ö¤ë»õ��� Aö²ðSî��4ð=ì� |ðSï=îWð� Éë|ï�ðSì0ðSõr�É�cð=ï=÷Sö²ìM÷Sü!���+÷Sü_ë��Wë»ó! cð=ï=ðSì0÷Oü��Eü�ïSð=ö� |ðSï=ð�óDð� Éð=ñcò) e"|ï�"cü� c÷Sü²ï=ìMð�ó²÷��|ðSìÈ�ºÊsï�§���|ñ|ò�õ*ð=ìMò��Wö��|ñcöDë|õW�Wö��U�=ð����CöDí|ì��ãüI÷Sü&õ*ðSì0ò���¢4ú�ð� Vó!�Wõr���|ö��0ðSîcó¤í»ì0ó%ë»ï�ëªó²ó²øcì�£¤Wñ|ñ�§��j�|ñcò�ðKõ®#j�|ðSì0ð=ó²ð� 

õ*ðSì0òtö²÷Oü�ï��Cë»ìMõ�ë»ïOëË�Cëcü�ïSîCí»ìãëªó¤ë�õ*ðSñ|ð=îCñ|ð��Wð�ó�ó�§¶�0ìMìÈ��õ��0ìMò|ðSîtñcòcë� ��|ö��ãü²í|ñ|ñcë|ìÌ�Cëcü�ïSîCí»ì ú�í� 8ë|ï&ð=ñcò|ðSü*ðSì0ðSõ��
ü²ï=ðSö! cð=ïSð�ó²ð� |ð=ó�� � îWîW÷SìÍ£¤�cñ��ªëw�4ð=ôCîj�ãí»ì��CëªóDøc�cì0òVë»î«õ*ð�óDö!�� ªëj§_ë»õ*ð=ìMò² |÷��#ðSüÎ�Cë|öDëe���0ñcõ�ë�£¤Wñcñ|ð�óDì0ðSî«õ*øU�j�|î
õ*÷Sö²îj�7õr�Mî��� c÷�ósðOü�ð=ó²ð�ó��
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• ?ÌÏ7¿ÀÐ�¯VÄC¯Cµ�µ�·t³|µ�HVá#¶�Å4¯4´t¯4ÅOÄVµ¤¾#¿ÀÐ�¯C¼E´�,|¼½µ���'µè�ë(/-P\éõè�ï���è�é:PE'bï3ô2\Hè|ê2 góAî5ôkôV�É'ç�Ò ��
åÉR%'¥ôSR�éBò5ó.,�"+'¥ñ�,-'·ó()3óäéõôõòB/\ò5é_î#R&'¥ôSR�éõò·ó.,#'¥ñiï�è�ðnñ3ëíò·óøé æ�èÎé:F^ï[)3ôO'·ì�"j'·ñ�,#'¥ó()�óøéõôkò#/\ò·ñ3î·ì
`¥ôkôSR|èc/¥è|ìB�|ñ\é ìuî#\7JS)3ì¯æ�èc/3ã å æ9��ê é:��ì î·óøìuî·óíæ�î#RVP3î5é:F¥ôkò#/\î®æ�è�óíóíèÎékékëÉ�|ê°÷+�IP['-/#, î
"j'·ñ�,#'¥ó()�óøéBîB"["È�7�|ô�fd÷·îB/#,�é:`-"["�æ�èÎé:F^ï[)3ô ôõî·óHêkè�ñ3ï3è|óøì·ècRV]K'¥ôSR�éBò5ó.,-'·ì�ékè|ôSR�éõè�ó(��ôkèI��ôgìuî·ê=>
"nî·ñ\éBî5ê éBò5ôõî éO`-"[" ëíïE]·é!�*��ô ñnî#/B,-'-"[" è�êO]#$:è�ôORc^øé:��ô éwë./-�|ñ�,·è|óíñ�è|ì8ã<�ièV/5ð½/#,¥è�ó(P3èÎé:]zî#R
ëíôc�jP['#/#,iîé:`#"["�æè�é:F^ï[)3ô ôõî·ó�ê è|ñ3ï3è�óíì5èVRV]«'·ôOR�éõò·ó.,#'¥ìLñnî#/#,#'-"["�P3î5éBò·ô°éI/#,¥î·ì#'·êO'¥óøñnî·ì
îÌ"Hè|ó.]¥ó(��ì ôSR�ò·ê æ1î#RÎéBî5éO'·éké�'·ôOR�éõò·ó.,#'¥ì[êõîE�I����ôècR|è�ñ¯ì·è�êkè�ôOR�éO�3ó)î>ékè|ó¬J è�ôK\3êO'#/¥êõî·æêõî-�|�
P3ëíôSR|è�ñ î%óíè|ôSR�ò·ê æ1îBR�éBîué:'·é é�'¥ôORÎéBò·óm,-'¥ì«·Kºg¼+á7³|¼Ìæè�é:F^ï[)3ô°é�`¥êO`¥ìB`¥óíñ�è|ì+î&"nò#R�ëíôS'¥ôORÎéBò·óm,�>
é:F¥ópãÐOI�c/-�3ó î�éBîB\nî·ôORÎéBî·óíî5é�î#RÎéæ�)�éBîué�JkîE��P['#/#,aæëíñ[��óNé:`#"["'æè�éOFbïE)3ô é+éõî·ê éõî·óíæ�î#R
èV/#,t'¥ôORÎéBò·óm,-��î·ñ3ñnò·ó6ì·èÎ÷-�|ôS"j�%÷5î·ó(F·ôORV^øñ�¥È�EP['#/#,1èc/#,1ò·óøéõî·óAò·ñE'¥ôV�!JSF¥óHï3è�ðnñ�ëAò·óäé�î#"3ôSR�éõî·ì->
�|ë.F·é_æ�èc/·÷5î·ó(F¥ôS^øéOF+ì#F^ï3êO��ôOR|óøè�é éõè|ó�÷5î·ñiï['¥ó(/#)3ñ3ì��½^(/#, èVR|è�ñ�'¥ôSR�éBò5ó.,«�CJ êkîB$:è|ó.Pnî·ôSR|ñnò·óíò·ôõî
ñ3èVP�èVR|èc"["xã

• C ÄwJC¹�J4´C¿-D#á¨,ªÅ|º~å7ºD³|¹OÃ#¹XGªå7º�Ã�·B,|¿ÀÐWÅ�,DÂ7³&�²yFèc\�é:P�'#$	èªñ[P3è|ê ëøéõî·ñ[�|è%Æ�êkè�è#��yÉèLÆ2�å óíèc/·é:`#"["Î'-"7J è�ì\é:)3æK>L'¥ê ëíè�ñ[éõò·óøé×\3êS'-/¥êõî5æ J è�óíóøè|æ8RV]^è|ñ�`·ôkôOR�è�ékè�éké¨'·ôOR�éõò·ó.,7P3ëøè|êkî·ê=>
�ªP3ëAò�÷5î·ó>êkè�ñ3ï3è�óíì·ècR|ëøìHã ¦R�ò·æ8'¥ô�ñ�,¥è�óø÷ æ�ëøñ3ï3è�ñ '¥ôSR�éõò·ó.,¥î ìB`-R�÷·è�ék÷·è èV/#, ìB`-RV`·ô
"nò#R�ëíôO'·ôOR�éõò·ó.,7"+F¥ó[ôOR|ò·êkæ�î#R|ëøì�� ëøó.,·è|ñ�\j��óíïnò#)�óbîÉÔ¥î�÷·î_ñ�,¥è|óä÷�Ñn°²±!³�G|µ�'¥ôORÎéBò·óm,\î��»�·ëíóm,¥è�ñ3ì#'¥ê
î#R&'¥ôSR�éBò5ó.,9"j'¥ñ�,#'¥ó()3óäéõôkò#/\ò5é�J è|óøóíè|æ8R|ë²��P['-/#,1æ�ëøó.,¥è�ñw* éBò�÷-'¥óøôõò#/·êõî�+_÷5î·ñLî�/#,#`¥ì#��ê2'·ôOR|>
éBò·óm,[é:F¥ópã���ëíñ[��ó	æ9��ó.,·èV"["Hè|ñ ÷5î·ñ>èV/#,Ò'¥ôORÎéBò·óm,�î«P3ëøè|êkî·êO�ªP3ëíò#"nî·ñ���î·ñ3ñnò5ó-é:`#"[">æ�èÎé:FB>
ï[)3ô°éÉ`¥êS`¥ì#`·ó�]¥ôkè�ëøé:]·óD��è�ñ3ñ[��ó.$�'-/·÷5î�`¥ôkôSR|èÎéõè�é éõèc"["�óíè�ôOR.÷^ëíô è|óíì5è|ï[��ôkè5ãgåçæ9��ó.,·èV"["�`¥êO`·ì�>
ó(]^ï[�|ô ëj$ ò·ìñnî#/B,-'-"["wékè|ê ÷·èVRc�|ôkës"+'¥ñ�,-'¥ó.)3óøékôõò#/#'·é è�êkè|ï�æ9��ñ�,·èVR�ñ3è|ì��Hæ�ëä÷¥è|óHé:`-"E"wæ�èÎé:FB>
ï[)3ô°éÉ��ô2'·ôOR�éõò·ó.,[é ì5è|óíó�æèV/#�|ê ékè|ñ��3ñ3ì8ã
5gë(Rc'¥ñ�,-'¥ô ñ�,¥è�óø÷·è|ì�"6è�ñ ñ3è�æ ì#`5éõè|óøèVRc] æëíñ�ï3è|ñ '¥ôSR�éõò·ó.,[é èc/#,¥èÎéõóíè�ñ ìB`-RV`·ô
"nò#R�ëíôO'·ôOR�éõò·ó.,7"+F¥ó·ôSR�ò·ê æ1îBR�éBîuéõñ3ë��² <Ò¾Ò��»Íuékè�ékôORV]·óíèV/·è|ôs'¥ôORÎéBò·óm,FóøèVP3èÎé�èV/#,É�CJÈ`¥êO`¥ì[ó.]bï[��ôkë
P3ëíè�êõî·êS�ªP3ëAî%ì·ècR|ï[]#\j'¥ñ\é�Jkî�ã�åÉR)èV"["+]¥óHî#R2'¥ôORÎéBò·óm,"+F¥ó8ëíñ�ï[^øéO'·ékéÑ`¥êS`¥ì[ó(]^ï[�|ô ënóAò·ñE�AP['·ôkôOR|î
î#RV'·ñ7"3î·ñ ôOR�ëíñ\é:��ñ9J è|óíóøè|æ8R|ë�î1êS�|ôORÎék÷·è�÷-]·ì�"j'·ñ�,#'¥ó()�óøéõôkò#/¥ë~�|ê°é:�|ìB��é|ã%oA�|æë~/-'¥ñ3ï['5é�J è|>
óíè�ñ[éOP3è�éiî#Rc'¥ñ�"nî·ñTî�é:`-"["�ôORV`·êO`¥ô�`¥êO`·ì^ó.]bïE�|ôV�Fî·æè|ñ3ñ�,^ë("Hè|ñ�èVR®î#R®î·ïE'·ékéLñ�,¥è�óø÷7"Hè|ñ
æ�èc/¥è|ñE/¥è|ï3èÎéké|ã

• ¼s³ªÅOÄ4¾#¹»·8Ã4ÄC¯Cµ²µ*¯4ÅOÄVµD¾#¿ÀÐ�¯4´KÅOÄ4¾#·8Ã��²o2)3æ�"Hè|ên'#$Ç �P3ëíóøï3êkè�ñÈ�½oÉH� ��� "["6è�ñ¯îBRwè|ôkèÎé:"Hè|ñ¯î#R«'¥ôORÎéBò·óm,7"jF¥ógì#`-RÎ÷¥è�ékóíè�ñ7��ó_óøè|ôSR�ò·ê æ1î#RÎéBî5éO'·éké�/#,¥è�êkè�ì#'¥ôSR�éBò5ó.,-'·ì
ôOR|ò·æ1î>óíè�ôORiî©"+'¥ñ�,-'¥ó.)3óøékôõò#/>æ8�|ê°é:�|ì5è·ã  �P3ëøïnî·æ�"Hè|ê���ôt@.è|æè|ê è|ê�î�÷^÷5î·ón��ê ÷¥è�óíñ3è�ì��
P['-/#,µæ�ëøñ[�|ó$ñnî#/B,-'-"["Wî�óøè|ôOR|ò·êkæ�î#Rc'·éké�'¥ôORÎéBò·óm,-'¥ì ôOR�ò5æ1îE��î5ñ3ñnò·ó$é:`-"["Wî#Rt�CJ êõîB$:è�óm>
Pnî·ôSR|ñnò·óíò·ôV�\ëøóíóøè�ék÷·è î·ñ�ñnò·ó�ñ3î#/#,-'#"["î#R�è|ôS�|ó.,·è#��P['-/B,+î#R*'·ôOR�éõò·ó.,7"nî5ñ+ñ3è|æ î?æèV/B$:è|óíè�ó(]
î#"3ôSR�éõêkî·ì#��ë(F·éNî·óøìuî·óíæ�î#R�éO)3ìÌî#Rn]¥ôO'·ôOR�éõò·ó.,7"nî5ñxãºOI�c/-�3ó²�\æ�ëøñ[�|ó3ñ3î#/#,-'#"["1î%ôOR|ò·êkæ�î#RÎéBîC>
é:'·é éBî·ëøñnî·ì+ôSR�ò·æ�îE�^î·ñ3ñnò5ó+$�'¥ñ\éO'¥ôõî#"E" ôOR�è|êkèc\6èÎé é:`·óøé�"6è)èV/#,�î·ïE'·éké?'¥ôORÎéBò·óm,îÌékè|ê ÷·èVRc�|ô
�|ô)î�éõè|ôSR�ékè|ó(��ô2$�'·ó.,\î5æ1î5éõò#"nî·ñ<ã
� RVR|è�ì[ì·è|ó8îBR��|ê°÷¥è�ì^ì5è|ó3ñ�è|æçé:)3ï[)�ñ3ì.éõè|ó�J è|ô-æ9��ê é:��ì�"6è�ñ�èV/#,·è�éO�|ê ékè|ñ3ëpã � /#,Ìëíæ8\3óíè�æ�è�ñ>
éBò·óäé�'¥ôORÎéBò·óm,�"j'·ñ�,#'¥ó()�óøéõôkò#/\îLñ3è|ær$��[/#/-P3è�é�'¥óm,\î·ñ®ì#F^ï3êO��ôOR�óíè�ékè|ì\é:]·óD��æè|óm,¥è�ì·è�é�÷5î#/#,
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æ�èc/·÷5î·ó(F·ôO^øéõî·ñnî·ì���÷5î#/#,>ô è|æ�ãwåÉR8`¥êO`¥ì[ó.]bï[��ôÌékë(\3ëøì�)3ôõî·ñÌ'¥óm,\î·ñÌ'-"7J è�ì[éO)3æK>L'¥ê ëíè|ñ\éõò·óøé
ñ�,¥è|óä÷^ëxè|óøè|æ���î·æè|óm,î�"nò#R�ëíôS'¥ôORÎéBò·óm,bêkî�ôkè�æ�æëíóm,¥è�ñ1æ8Fbï['·ñ1ôkëøñ[�|ô è|ñ ÷^ëíô ôOR|î#Pnî5éõò·ôkôkî·ó-Ó]ã
�¬ò·ô êO�|ôSR�éV�~P3îQ)E/#,\î·ñ3î#R�éÌîwì#F^ï['·éFé:`-"["�ôORV`·ê?é:)3ïCJS)�ì��CJ êõîBPnî·ôOR�ñnò·óøñ3ëD�<î#RK�V\[\Hè|ñEP['-/#,
îìBFbï�æ�ëøñ[]¥ôO�c/K\j'#R|ëøéO^ø÷&J è|óøóíè|æ8RV]WJ è#�3ñ3è�æÎ\Hè|ï3ë./ñ�èV/\î5éO^ø÷1ì^ê ëøéO�|êkë.)3æ�ã

• Ô ÅªÅOÄC³FA!¯C¼ÕHVá�¾CÅ�Ã4ÄK¯4ÅOÄVµ¤¾#¿ÀÐ�¯4´K´�JVÄ�JCµ²µ��D �'-)[\�óíëíñE/K"6èÎéL3gè�è|ñ�'-"�J èV��é2��óAî·ô ôkè|ôc�j *5�H%�� R�é�î%æ8�|ê éO�|ì5è�é�îBRFî·ïE'·éké�'¥ôSR�éBò5ó.,7P['-R_ìuî#\j��ôO'¥ó.FbïEF�'¥ôSR�éõò·ó.,#'¥ì+ôOR|ò·æ1ò�÷5î·ónï3èÎðnñ3ëíò·ó¬JS)3ì8ã
@&��é8'¥ôORÎéBò·óm,aî·ì[ìB'¥ê�ì5îB\j��ôO'¥ó.Fbï3ëøì èc/#,^æ1ò5ôOP['-RB�?P3î®îBRwèV/#,^ëíì©$:è|ó(P3î·ôOR�ñnò·ó¬Jkî î æ�ò·ôkëøì
æ�èÎé:F^ï[)3ôkî·ëøé ÷5î#/B,Lî5ékékêkë."[)�é:)�æ1î·ëäé�ã
� /#,

C
'¥ôSR�éBò5ó.,>AcÃ#¼½¸O¯C¶µ��|ê°é:��ì·èLî#Rc'¥ñaì��3ó(`¥ñ�"+`-RV]Ò'¥ôORÎéBò·óm,-'¥ì>ôOR|ò·æ�îE�	æè|ó.,·è|ì[êkètP3ëm>

÷5î5éõìB'-RV)3ñ�ì î
C
'¥ôSR�éBò5ó.,7"nî·ñxã å

C
'¥ôORÎéBò·óm,ÐAcÃ#¼½¸Lºg¼���ê é:��ì·è®î#Rc'¥ñ æ1ò5ô�'¥ôORÎéBò·óm,-'¥ì

ôOR|ò·æ1î��æ�è�ó.,¥è�ì©P�ëø÷5î5éõìB'-R|ñ3î·ìµî
C
'¥ôSR�éBò5ó.,^êõî�ã åAR�`¥ô ôOR|è|$�'¥ñ[F^ïnò·ô°éî�*ªì[ëíæè|ñ[]�+8P3ëm>

÷5î5éõìB'-R�ò·ôS'¥ìÌ�¤AcÃ#¼½¸O¯C¶7µ(�gôOR�ò5æ1ò�÷5î·óxæ8�|êgJS�3ì8ã
åÉR¨'¥ôSR�éBò5ó.,-'·ì é:��ó(RV'5éké�`¥ô ôOR�èc$�'¥ñ[F^ïnò·ôkî<P3ò5éõêkò·ñ�,-'¥ôWî�æ9'^ï[)3óíò·êkëøô®ékè|ê°÷¥èVRc�|ô'ôOR|è�æ�>
\j'·ñ[é�Jkò#"+F¥óD�Ç��ô�î·ìuî·ïnò·óm,-'-RcR�î î#Rt�CJ êõîB$:è�ó(Pnî5ôOR|ñ3ò·óAò·ô°é�ã©�iëøñ[�|ó�$��[/-/¥èÎéõóíè�ñ3èV"E"Wèc/#,�'·ôOR|>
éBò·óm,-�Hî·ñ3ñ3ò·ó�ì·è�÷·è|ô èV"[" R�î�÷5î·êSF1ì#`·êO�3óøæ9��ñ�,[é)ì·è�óíó�ð½/#,^óíè�æ�"6è.÷·è|ñ3ñ��3ñ3ì¬î�ìBFbï��CJ êõîB$:è�óm>
Pnî·ôSR|ñnò·óíò·ôõî5ì#'¥êc�j\+�|óøïnò#)3ós`¥êS`¥ì[ó(�|ô ì#'¥ê�ãn@%î·êO"nî5ñ[éõî·ê éõò·ôkìB'¥êV�8æ8FbïE'¥ôO^äéBò·ô ì#'¥ê_î�ñ3î#/#,-'#"["
ìuî#\j��ôO'¥óíî5égéO`¥êO��ì·è�ñ�,·èV"["+�.éõè�ôOR|ëxî�ì#F^ï['·é�ëøô|ãÑ¦7¥3êO¥["E"wì5îB\j��ôO'¥óíî5é�î#RA'¥ôORÎéBò·óm,-'¥ìì#`#RV`·é é
ì#'¥æ8'¥óm,\î#"["zéõè�ôORÎéõè|ó.�|ô ë)è�êO]#$:è�ôORV^äé:��ôkè|ì5è�éwë./-�|ñ�,·è|ó ã¯åÉR�'¥ôORÎéBò·óm,-'¥ì�ìB`-RV`5ékéõë_ìuî#\+�|ôO'·óAî5é
óíècP3èVRc] óíèV/¥î·óAî#��ôO'¥ñ�,¥î#"["�ôSR|ëíñ\ékè|ñ�éBî5ê éBò5ôõò5é�ôORV'·ó(/\ò·ó�JkîiîBR©³DÂ#ÐWÅ�,DÂ�°|³OÄ4¾#¹S¾CÅ9�:è|ñ[�|î#\3ôS)3óAîC>
éõë.'¥ñ��Îã

• Ö ÄC³|¼�³|µ�³ª´t¾#¿ÀµDÃ#¿j´CºgËC¾#¿ÀµL¯Cµ²µ�·t³|µ�HVá#¶�Å4¯4´KÅOÄ4¾#·8Ã��!t è|ôS\j'¥ñ�ôkè%$�'¥ê î8 góAî·ô ôV�Ìt2ß	 ��å "+'¥ñ�,-'·ó()3óäéõôõòB/-'·é è æ9��ê é:��ì ôOR�è|êkëøñ\é î#R '¥ôSR�éBò5ó., èc/#, \j��óíïnò5ñ�,¥ò#P['-R �|ê ì·ècRV]
�[R|è�ñ3è�ékè|ì5è�ézì·ècR|è�ó(] æè�éOFbïE)3ôO'¥ì����|ô î#R'ò·óøéõî·ó()�ì æèV/-P[^ä÷-'·é é>é:']÷5ò#"["3ë�æè�é:F^ï[)3ôS'¥ì
ôOR|ò·æ1ò�÷5î·ó�ï3èÎðnñ3ëíò·ó¬JS)3ì8ã
�iëíñE�|ó�é:`-"[" æ�èÎé:F^ï[)3ôÌó(�c\[P3è�é�æ�¥3ìB`bï[��ôO"Hè1èc/#,®æ�èÎé:F^ï[)3ôOPE^ø÷5ò·ô��|êkì5èVRc�|ôkè�ì#'¥êc�gî5ñ3ñnò·ó
ñ3èVP�èVR|èc"["Lî#RA'¥ôORÎéBò·óm,+éõè|ôSR�ékè|ó(��ôkèB��æëø÷¥è�ó8ñ3èVP3ècR|èc"["LîÌ÷·èVRV��êkó.�|ôkë+$�'¥ó.,¥î·æ�î5é�æ�èc/-�|ê°é:��ôkè·ã
åÉR��ER|è|ñ�è�éõè�ìµìuî#\+�|ôkò·ñ�æèV/-P[^ä÷-'·é é�æè�éOFbïE)3ôO'¥ì>ôSR�ò·æ�ò·ñnî·ì>ñ[`]÷·è|ì·è�ï[�|ô è¬îBRt'¥ôSR�éBò5ó.,
"j'·ñ�,#'¥ó()�óøéõôkò#/\ò·ñ3î·ì1ñ[`]÷·è|ì·è�ï[�|ôS��é?J è�ó(R�ë ã

• × ¯4å�,OÄVº�H4ÅIå7º�¾#¼½Ð9Ãt·t³|µ�HVá#¶�Å4¯4´#°ªÃ#¼��²p�î#�Bìt'#$� �'#P3è|ô ë('¥ñ�ëíñ��ièÎé:P['^ï3ôV��p~ �H%���p�èV/#,·è|ñ î·ï['·é é
C
'¥ôSR�éõò·ó.,¬î#R

M1
�
M2

�	ãäãøã8�
Mk
æè�éOFbïE)3ôO'¥ì[ìuî·ópã�Ô·è�ó(`¥ó�J è

Ik
î#R
Mkæ�èÎé:F^ï[)3ô_ò·óäéBî·ójPnî·ôOR�ñnò·óäé_î·ïnî5é éBî#/-'·ìtPnî·óøæ1îBR�ò5é|ã

P = {(Ik, Ij) | Ik ∩ Ij = 0}
Q = {(Ik, Ij) | Ik ∩ Ij 6= 0}Ø�� ïÑë»ìMø|ì�ër�U�0ö²ó!�Cí|ì��ãüÕ£¤Wñcñ��|÷Sî!ò|ð� �ë|ì� ªë»ìMõ�ë»ïOí|üDëÑîW÷Sõr�MìMð=ñ< U���c÷�óDð=ì0ó¶ c÷��#ð=ïe�



Y º<�3Ã�½<1_¹2��À�»ç¾¬Ä�»_¹-Ä�ÅÌÀ�Å[ZF¹�¹-À�Å]\�^�¹-Ä���À Æ·Æ

� ì^ìB'¥êV��Pnî |P | > |Q| î·ì[ì#'¥ê LCOM = |P | − |Q| �3ì��3ó.`¥ñ�"6è�ñ 0
ã

� R1îwæè�éõê ëíìuîwî#Rc'¥ñµî éõî#\nî·ôSR�éBî5óAî5ékë�é:��ñ�,·è|ñµî·óAî#\E)3óD�ÈPE'-/#,>î#R�'¥ôSR�éõò·ó.,#'¥ñ "6è�ó(�3óøë	ì#'B>
P[�VR�ë(Fiè|ó(]·ñ�,#`¥ôV�_P3ëíôSR|è|ñ ÷·î5ó(F¥ôSRV^íñ�¥3ôS^øékëD��P['-/B,µîBR1î·ïE'·éké�'¥ôORÎéBò·óm, P3è|óm,¥è�ô�î#"3ôSR�ékêõî·ìB�|ë(F5é
÷5î·ó(F¥ôS^øé�æ�èc/3ã åAR�è|êS]¥ô ì#'#P[�VRcFWè�ó(]¥ô èV/-^äéõë)î#R¬è�ñ3ìuî#\3ôSRV)3óíò#�|ë.Fzî·óíìuî·óøæ1î#R|ò·ôõòué�ëíô|ã�å
ì#'-PE�VR|ë.FÒP3ëíò·ñ�,\ò#"3î·ñ ôSR|è�ñ[÷·è|ï[]�'·ôOR�éõò·ó.,#'¥ì�÷5î·ó(F·ôORV^øñ�¥3óíèc/�ôSRV�Îé:"+'¥ñ\é:Pnî5éOF¥ì>ì·èÎéké:]�÷5î#/#,
é:`-"E"¬î·ó.'¥ôORÎéBò·óm,^êõî�ã

åÉR ëíôkæè|ê°éõèÎéõè�é é æ9��ê éO�|ì·è�ì î#R '-"7J è�ì[éO)3æK>L'¥ê ëíè|ñ\éõò·óøé ékè|ê°÷¥èVRc�|ô éõè|ê æ9��ôOR�è�éõè�ô
æ�èc/¥ì#`-R�è|ó.^øé:��ôO�c"j]¥ó�î5ï[Fbï�ñnî·ì8ã å oIH% ��ôÐt2ß~ æ8�|ê éO�|ì5è|ìçî·ï3ñ3î·ì ÷5î·óAî·æè|óm,¥è�ô é éBò5æ�>
\j'¥ñ\éO'·é�î ékè|ôSR�éõè�ó(��ôOP3ècRiôSRV�3ì[ôO�c/¥è|ô1è|êO]B$:è|ôORc^øéO�|ôkè�ì[êO]¥ópãÙMFóøéõî·óAòB"nî·ñaæèV/·ð½/B,¥è|ó.P3è�éO][�ÑP['-/#,aî
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ó()3óäéõôõòB/\ò5é�ã-å§$:è|ñ\éõëHæ9��ê éO�|ì·è�ì�"nîWJS'¥ôkî·ñ î·ï�ñnî·ì+è|ó.]¥êkè_JSF]*ªæ8�|ê è�é�+��|ô�*ªôORc�3ì[ôO�c/¥è|ô è�êO]#$:è�ôORc^øé:��ô�+
"6èc�|ôkó.�|ô è|ì·èÎé�ã

h2Ù
Ú�Ù Û q�¨���~��EÞm¨��¨nF¨$¤�ÜF¨��b�6¤ÉÝÑÞ¸�'§©�x�b�b�x���x�
å ì#`]÷¥èÎéõì·ècRV]¥ì�"Hè|ñ òuékéõè�ì[ëíñ\é:��ô é î·ï[)�ñ3ìî�æ�î�î·óøì5î5óíæ�î#RV'·é é ôORV'B${ék÷¥è�êz"j'¥ñ�,#'¥ó()3óäéõôkò#/¥ë
æ9��ê é:��ì·è�ì^êS]¥ó ã�å)ñ3ñnî·ì���êkï3è�ì#�c"6è�ñÈ��P['-/#, ÷5î·ó.F¥ôV��îK/#,\î·ìB'¥êkóíî5é:"3î·ñLëíô�ôORc�|óøè|ôkìB`¥êO¥�è|ñÒP3î·ôOR�ñnò·óøé
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ó(��ékêkècP['-R�ò5ôõò�÷5î·ó éBò·æ8'-/\î5ôkôõî>î#R � �|óøë(\3ô è�$:è|ó.�3óíèÎéõêkè éO`¥ê éO�|ñ[] $:è�J óøè|ôSR�é:��ôkè�ì·è�é|ã§�ièc/\î·óíî#\[^øéõò·ôõî
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åAR � ��óíë.\3ôkè�\3êS'CJ è|ì\éÌæ�èÎéõê ëíìuî�\3ó()E/B>ªëøñ�ôOR|ò·æ9'·ô.æ9��ê é:��ì·èÎé�î·óøìuî·óíæ�î#R�îLìBFbï®ì��3ó(`·ñ7"+`-Rc]
\nî·êõî5æ9�Îéõè|ê è|ëøñ3è|ì æèV/¥ò·óíóíî#\[^øéõò·ôõò5êõî�ã � R|è�ìLî�ìB`]÷¥è�ékì·ècRV]^è|ì�Ó
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ì#'-PE�VR|ë.F8J è|ó.R|ë²�~PE'-/#,®î#R8'¥ôORÎéBò·óm,>æ�è�ñ3ñ�,^ëíêkèèV/B,-�|ê°éõè�óíæ�¥aîB"3ôORÎéBî·ê ì#�|ë.F·éÌ÷·î5ó(F¥ôS^øé%æèV/3ã
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`¥ôkôSR|èÎéõè�÷#]¥ì[êkèB�<æè|ó.,·è|ì æ�ò·ê èc/#,¥èÎéõóøè|ñQ$�'-/\î·óøæ1î5égêkèc\3êkècR|è|ñ\éõò·óíñnî5ìHã
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Y º<�3Ã�½<1_¹2��À�»ç¾¬Ä�»_¹-Ä�ÅÌÀ�Å[ZF¹�¹-À�Å]\�^�¹-Ä���À Æ ö

 �P3ëíï3î·æ�"Hè|êÉ��ô%@.è|æè|êkè�ê?ï3èÎðnñ[^(��ë(FCJkî1î#R�'¥ôSR�éBò5ó.,¬î#RV'¥ñ æè�éOFbïE)3ôõî·ëäéFôSR�ò·æ8'¥ó�Jkî�æèV/[�
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p�èV/#,·è|ñ

M
î#RQ'¥ôORÎéBò·óm,aò·óäéBî·ógï3è�ðnñ�ëAò·óäé+æ�èÎé:F^ï[)3ôS'¥ì��

F
îBR�'·ôOR�éõò·ó.,aî·ïnî5é éBî#/!Jkî·ëíñ3î·ì

ôOR|ò·æ1îbã åÉR
r(f)

J è|ó.`¥ó¬J è�îBRV'¥ñ æ�èÎé:F^ï[)3ôO'·ì ôOR�ò5æ1ò5éV�-æè|óm,¥è�ì è|ó(��êkëøì î#R8'¥ôORÎéBò·óm,"3î·ñ
ï3è�ð3ñ3ëAò·óäé

f
æèVRV]5é!�

f ∈ F ã¾OI�V/#�3ó	óíèc/#,¥è�ñ < r >
î#R
r(f)

�|ê°é:��ì·è|ì
F
>ªè�ñ ôOR|ò·æ8'¥óøé

ì#`-Rc�V\+�|ê°é:�|ì5è·ã � ì[ìB'¥êFî�æ8�|ê éO�|ì�ï3è�ðnñE^(�|ë.FCJkîEÓ

< r > − |M |
1− |M |

å©ôOR|ò·æ8'¥óAò·ô)ôO'¥êkò·ñ>î#R�èV/#,·è|ô%ëíæ8\3óíè�æ�è�ñ\éBò#��ë(F¥ì�"Hè�÷·èVR�è�éõñ�è|ì�"3ë.RV'¥ñ�,-'·ô?æ9'·ôO^øéõò·ôO'·ì5îué�ã
åÉR¿ÝuG|¿ÀºMÁ½Å4³ ëøæ9\�óíè|æè|ñ\éõò#�|ë.FCJkî�\+�|óøïnò#)3ó�îBR�î5óAò#"["�ëxèV/#,^ôSR|è|êS¥3ôO^äé:��ôkè|ì[ì5è|ó_��óDÓ
å  gôõî·ì î#RV'·ì5îuéçî æ�èÎé:F^ï[)3ôS'¥ìuî5é ôSR�ò·æ8'¥ó¬Jkò5ì

M
>L"Hè#�Wæ�è�ó.,¥è�ì óøèV/\î·óíò#"["ÑèV/#,

î·ïnî5é éBî#/#'·é�^íê ñnî·ì ÷5î#/#,I'·óø÷5î·ôkñ3î·ì8ã�åARV'¥ì?î æè�éOFbïE)3ôO'¥ì��dæè|ó.,·è|ì)èV/#,·è�éõóøè|ñÌæ�ècRV]·é
ôkè�æ �|ê ñ3è|ì�è|ó²�-/#,\î5ì^êkî·ñ��|ôkî·ì�î#Rc�|ê°é�ñ3è|æ óíèÎékéõè�ì�ô°éBî5ékëíì�)3ô ì#�|ñ\é$ï3è�ì^óíî·êõò5óø÷5îE�CP['-/#,
\j'·óíëíæ8'¥ê°ðnì�)3ôõî·ñ�÷bëøôkè�óíì·è�ïCJ è|ñ�è|ì8ã

å  gôõî·ìî#Rc'¥ìuî5égî�æ�ècRV]¥ì5è�égôOR�ò5æ9'¥ó�Jkò·ì
F
>L"Hè#�[æè|ó.,·è|ì5è�é î#R2'¥ôSR�éBò5ó.,óíèc/\î·óAòB"["�èV/#,

æ�èÎé:F^ï[)3ôkî�è�ó(��ê|ã

• �ièÎé:F^ï[)3ô_ôO'¥êkî·ëíñnî5ì1ôOR|ò·æ�î���p~H� ��å æ8�|ê°é:�|ìzèc/#,^ôOR|è�êO¥3è�ñTæèV/·ôOR�ò5æ9'¥ó�Jkî>î#RÒ�CJ ôS'¥ê1ìuî·êkî·ì\éõè�êkè|ì5è�éLî æ�èÎé:F^ï[)3ôO"3î·ñxã å
ôO'¥êS'¥ìzôOR|ò·æ1î î#R�èV/#,^ëíìzóøèV/¥êS�V/¥èc"["6è�ñUPnî5ôOR|ñ3ò·óøé�ôORc'#${ék÷·è|êkæè�ékêkëøì5î��î·æè|ó.,zêkò¥î·ïnò5ôO)3ó
è|êS]¥ôkè�ñÌ$��[/#/iîwìBFbï['·óAò·ô ë	ô éO^íó()�ô é:F·ó ã����V/¥ëøôV��æ8�V/Læ�î ëíô.è|óäéõè�ê�J è|ïbéõè|ñ Pnî5ôOR|ñ3ò·ó¬Jkò·ìièVRÎé
î#R%�|ê°é:�|ì5è�é|ã
åFæè|óøóíè�é é!�sP['-/B,®î#R�è�óøéO�|êO]iì#F^ï['¥óíò·ôkë�ô°é:^íó.)3ô�î#RV'¥ñE'¥ô�æè�éOFbïE)3ôO'¥ì è�ôkèÎé:�V"Hè|ñaëøô%è|óøéO�|êS]
�|ê°é:�|ì5è�é&\�êO'^ï[)3ìuò·óD�néO'd÷5ò#"E"3ë	/#'¥ñ3ï['·é�J è|óøè|ñ\é!��P['#/#,\î·ñ¬ì·èVR�è|ó�JS�3ì¬îBR��3ê è|ôSP3è|óm,��g3nP3ëøékè|ô=>
\nî#��è4� ìuî·êõî·ì\ékè|êkè�ì·èÎé!�8æ�èc/4J èc/#,7RV��ô)ôS'¥êO'¥ìuî5éV�3ô éO"xã

• �iècRV]¥ìwôSR�ò·æ�î�î#R%'¥ôORÎéBò·óm,-'¥ì�"nî·ñåÉR�èV/#,^ëíì>óøèV/¥èc/#,^ôOR|è�êO¥["E"aæ9��ê é:��ì8ãiåARt'¥ôSR�éBò5ó.,7"nî·ñ�ï�è�ðnñ3ëíò·óøéÌñnîB/#,^ôOR�ò5æ��zî·ïnî5é éBî#/
J è|óøè|ñ3ó.��é:�Îé�ñ3è�æ ékè|ì[ëíñ\é:P�è�é�JS��ìwî#)�éO'¥æ1îuéõëíì�)3ôkî·ñ î�êS'¥ôkôSR.ì#F^ï3æëíñ[]¥ôS�V/�ëøñ3ï3ëøì5òué:'¥êkò·ñnî·ì��
æ9�c/¥ëíôFèV/#,�'·ó.,\î5ñ�J è�óíè�ñ3ôO�c/[��æ�è�ó.,^êkè�$:è�ó	ì·è�óíó	ð½/#,·è|óøñ7��ñ3ì8ã � ó.]#$�'¥êkïE)3ó(Pnîué!�ÈP['#/#,Ò$:è�ó(�3ó
ì·è�óíóx÷^ë(R�ôO/\ò·óøñ�)3ñ3ìwî#R&'·ôOR�éõò·ó., ï3è�ðnñE^(�|ë.FCJkò5é���ô2$:è�óxì·è�óíó�"+'¥ñ\éBî·ñ�)3ñ�ì é:`-"["Q'¥ôSR�éõò·ó.,^êõîbã
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yÉ`¥ñ\é:��ô>ì#�|ê ï[�|ô è#��P['-/B,\î·ñçì·ècR|è�ó¬JS�3ì�îBR�'¥ôORÎéBò·óm,"3î·ñçï3è�ðnñ�ëAò·óäé�ôOR�ëíæ�"+'¥óøëíì�)3ô¬ìB'¥ñ3ô�>
éBî·ñ�ôO'¥ìuî5é|ã�NI,\î·ì[êkî·ñ�$�'¥êkï[)�ógè|ó.][��P['-/B,�èV/B,�'¥ôSR�éBò5ó., ñnî#/#,^ôOR|ò·æ�"nî5ñWï�è�ðnñ3ëíò·ógìB'¥ñ3ô�>
éBî·ñ�ôO'¥ìuî5é|ã§HI\j��ë('¥ñ3ò·óíëøôV��P['-/B,zèVR|è�ì·èÎé ëíñ$�'¥êkæ�ò#�|ë.F-P['¥ê ï['-RcF î·ïnî5é éBî#/#'¥ì[ñnî·ì��N÷5î#/#,aî
ñ�,¥è|óä÷Lóíëäéõè|êkò·ó¬Jkî5ë(P['-R2Pnî·ôS'¥ñ3ó.F\î·ñwð½/#,·è|óíæè|ñLì�^ø÷7�3ó�P3î#/#,\î5ñ3ï[Fì#'¥ñ3ô°éBî·ñ�ôO'¥ì[ñnî·ìwékè|ì[ëíñ\éS>
JS�3ì�]¥ì5è�é|ã
• ¦R�ëíñ\éõè�ìwôOR�ò5æ1î� Rµîaæ8�|ê éO�|ì èc/#,¢î·ï['5ékéLæè�é:F^ï[)3ô ÷·èVRc�|êkó.�|ô ë�ôSR|è|ê ì·ècR|è�éO�|ñ3è�ì æ�îC¡bëíæ�ò·óíëøô9"Hè�òB/#,\îC>
RV'·é éBò#/·ë	æ9��ê éO�|ì#��êO]¥ó�î5ï ëíñE$�'¥ê æ1òB�|ë(F5é�ã%åFóíî#\6è�óø÷^ì#��ñ\éÌî#R�é�î#R�ò·óäéBî·óíò·ñ['¥ô_æèV/·ð½/B,¥è|ó.�|ô°é
éõè�ì^ëøñ\éõëíì��8æëíôOR�è|ê ëíñ\é)îæ�î#/\î·ôn"Hè�ò#/B,\î#Rc'·ékékôõò#/¥ë�æ8�|ê°é:�|ìwñ�èVP3ècRV^øékë�î�ì#F^ï¬æèV/#�|ê éO�|ôS��é�ã
Æ�îB\nî·ôORÎéBî·óíî5é:'·ìÌôSR|è�êkëíñ\é$î#RNëíóm,¥è|ñ�æ�èÎé:F^ï[)3ôO'·ì�ò·óäéBî·óíò#"nî·ñ�î·óíî#�|ôS'¥ñ�,�î#"�ôOR�ékêõî·ìB�|ë.F¥ô	ôOR�ëíñ>
éõè�ñiæ�¥�ì#`^ï3ñ3è|ì8ã
å æ1î#/¥î·ôK"6è|ò#/#,¥î#RV'·é éõôkò#/¥ë�ôOR�ëíñ\ékékè|ó�ê è|ñ3ï3è�óíì5èVRV] è|ó�Jkò·êõò·ôS'¥ìuî5é�/#,¥î·ì[êõî·ñzé:`-"E"×\3ê ëø÷5ò5é
æ�èÎé:F^ï[)3ô êõîE�3è�ôkèÎéõóíèc/�è�ó¬Jkò·êkò·ôO'·ôOR�éõò·ó.,#'¥ì[êõî«æn"+'¥ñ\é:Pnîué�JS)3ìt$:è�ó ã
oA�cPnî+î�"6è|ò#/#,¥î#RV'·é éõôkò#/¥ë<ôSR|ëøñ[é ñ3è|æ é:�3ì[êS`-R|ë6èV/#,#�|ê ékè|óøæ�¥3è|ñ�î�ìBFbïwæèV/#�|ê éO�|ô è.ôOR|è�æ�>
\j'·ñ[é�Jkò#"+F¥ó�$�'¥ñ\é:'¥ô�ëíñE$�'¥ê æ1òB�|ë(F·ì5îué�ã1å óíèc/·é:`#"["w\3êS'-/¥êkî·æ9'#RVF�ôOR�ò5æ1ò·êkîiîiì#`]÷¥èÎéõì·ècRV]
ì#�ÎéFìBFbï3êS�|ôSR|óíèÎé_ñ3è|æ îBRV'¥ñ['·ô_ìB'¥æ8\3óíè»¡�ëäéBò·ôS�3ñnî·ì�é:¥3ñ3ëøì�Ó
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� ôÃé ��

öj÷ùø0úèúèú@û
��� ì ú�í|öDícü��Vü�ï=óDí»ìMò!îCë� u�   ð�ó��j�����N¢4ú�ð��Ló
�½îWð��cð=ï=ï�j ?ë|ïP�|ìMòcë|î��cü²ï�óDí|ì0òe�� ªëªó�§»õ*ð=ìMò|ð� �ð=ñcò?õ®#j�|ðSì0ð=ó²ð=ó�÷Sü+ë|ï
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÷��©ø�ûPÿ
� ôÃé ��

öj÷ùø0úèúèú@û÷���ø�ûPÿ
� ôÃé � ÷��4ø�ûPÿ

�
�

• K�î5êõî·æ8��ékè|êkè�ì ôOR|ò·æ�î� R¬î æ8�|ê éO�|ì�æèV/·ôOR�ò5æ9'¥ó�Jkî î#RLèV/#,·è|ôè|ó�Jkò·êõò·ôS'¥ìw\3î·êõî·æ8��ékè|ê è|ëíñ�è|ì�ôSR�ò·æ�ò5é�ãio)î#/#,
\nî·êkî·æ9�Îéõè�êkôOR|ò·ææ1î·ó�êkè�ñ3ï3è�óíì·ècRV]�æ�èÎé:F^ï[)3ôS'¥ì�J è�óíè|ñ�ó(��ékè�ôOR|ò·æ8'¥ô.è|ô è�é:"Hè|ñµî·êkêkî�)�éBî5óD�
P['-/#,)éõè�ê ÷¥ècRV��ôkì#'·ê�ñ3è�æ î#Rc'¥ñ['¥ôS^øé:'5éké:)�ñ3ìFèc/#,I'¥ôSR�éõò·ó.,[é�ã�åÉR�`·ôkôORÎéBî·ê°é:'-RcFn\nî·êõî5æ9�Îéõè|ê è|ì
�|ôS'-\j'·ê é:'·ôO^øéõò·ôõò�÷5î·ó-æ�èc/·éõè�êkè|æ�é:P3èÎé�JS�3ìièVR|è�ì·èÎé�îBRK'¥ôORÎéBò·óm,-'¥ìuî5é|ã � ó.]#$�'¥êkïE)3ó(Pnîué!�+P['-/#,
î#R�^./#,Ló(�Îéõê è�JS`]÷-]��WJA'¥ôORÎéBò·óm,-'¥ìLì[ëø÷5ò·óäé:Pnî5ékñnî·ì ìB'¥êõòB"["nî·ñ���P3ë("3ò·ôõî·ñ½� ï3èÎðnñ3ëíò·óøéA'¥ôORÎéBòC>
ó.,#'¥ìuî5éFëøô|ãÉ{?ôkôOR�è|ô ôO�V/#�V"Hè|ñµècR|è�ñ�$�'¥ó.,¥î·æ1îué_÷#�V/-��ñ èV/#,^ôSR|è|êS¥["[" �|ôFì#`¥ñ3ñ�,·èV"["Hè|ñ>ìuî·ê=>
"nî·ñ\éBî5ê é:P3î5é:F�ì#F^ï[P['#R�JS)�éO)3ñ3ì8ã

• ® éõî·ôO^äéBò·ôS'¥ì ôSR�ò·æ�îåôO'·êO'¥ì¢ôOR|ò·æ1òBP['-R¨��p	H% ���P3î·ôO'¥ñ�ó(F\î·ñ î æ9��êkèÎé æ9��ê éO�|ì·è�ìa�:ôkë(R�è�æè�éõê ë(��ôª����ôO'B>
\j'·ê é�JkòB"nî éBî·ê°é:'-RcF æ9��êO]¥ôSR�ò·æ�� æè|ó., î#Rc'¥ñ�"nî·ñ ôO'·ì^ìuî·ó¬æ�èc/-"[^(RcPnî5éOF-"[" î©ôO'·êO'¥ì
æ�èc/¥ôOR|ò·æ8'¥óAò·ôkò·ñnò·ópã � ñ3ñ�è|ì�'¥ìuîE��P['#/#,�ì5è�÷-��ôO"+�t��êORV��ì·è�ñ�,µî#R+è�óøé:��êO]Lì#F^ï['¥óíò·ôkë-ì#'¥ñ7>
÷¥è�ñ[�|ë.F¥ì[êõî�ã�å æè�éOFbïE)3ôO'¥ñ�ì#�|ñ\éÌè|óä÷-�c/-R|èÎéké%)�éõî·ôO^äéBò·ô ôOR�ò5æ�óíò·óAò·ô)ñ3è|æ î·ï>ëíñE$�'·êkæ�ò#�|ë.F·é
î#R�î5óíìuî·óíæ�î#Rc'·éké ÷·èVRc�|êkó.�|ô ë�ôOR�è|ê ì·èVR�è�étJ è�óíóíè�æ9Rc]¥ëíêS]¥óD�2^(/B,¨\3ó ã î¯æè�éOFbïE)3ô�"Hè�òB/#,\îC>
RV'·é éõôkò#/¥ëxæ8�|óm,bôS�V/¥êS]¥óD�^ï3è%î�ñnîB/#,^ôOR�ò5æ��«)�éBî5ôO^øéõò·ô égéBî·ê°éBî·óøæ1î#RcF�è�ó¬Jkò·êkò·ôO'¥ì�î·óíî#\j'·ôõî#"["
ì#F^ï3êkèÎ÷7^(R|ë.F·é ë./-�|ñ�,·è|óíñ�è|ì8ã�åÉR?ëøó.,¥è�ñ è|ó�Jkò·êõò5ôO'¥ì+é:`·êOR|ôS�|ñ3è�ì1èc/#,¥è�ô�`¥ôkôSR|èc$��E/-/-]�ì#F^ï3êO��ôOR»>
óíèÎé:��é9/#,¥î·ì[êõî·ñ óøèVP3èÎé ì[ëíè�æ�è�óíñ3ë��WJè|ó�Jkò·êõò·ô ì#��ñ[é|ã � ì[ì#'·êwî ìBFbï3êS�|ôSR|óíèÎéwôõî4Jkò5é1ñ�è�÷¥èÎé
ìuî#\È�^è|ôkèÎéõóøèV/�\3î·êõî·æ8��ékè|ê óíëíô°éBî·ìB�|ñ\éÑ$:è�J ècRVRV��ìì[ë8è|¡\3óøë(��ëøé�$��[/-/#�|ôO�Îé îÌì#`¥ê ñ�,¥èVRc]�ì#F^ï�éOF¥óD�
èVR|ò·óøéõî·ó�îK\3êO'#/\î·êkæêO��ôOR�óíè�é_òuékéõè�ì[ëíñ\é:P3èÎé:]-"E"j�%�|ô ìB`¥ñ3ñ�,¥èc"["6è�ñ æ9F^ï['¥ôS^øéOPnî5é:F]÷5ò�÷5ò·óøëíì8ã
åÉR � ¡�|óíë.\3ôkè»>L"Hè|ñ î·óíìuî·óøæ1îBRV'·é é¬ëøæ9\3óøè|æè|ñ\éBòB�|ë(FU)�éBî·ôS^øéõò·ôkñnî5ì éõè�ì^ëøñ\éõë�î Ë#³OÄ�,|¹»¿-,ªÅ|º
ÅOÄC³|¹:´�³OÄC³|µ�³ª´�³|µ��Hî#R�è»¡\3óíë.�|ëøé&´�¯C¼EÅ|µ�¹»¶�´CµL¯C¹:å7ÊgËC¾CÅ4¯4´#Ã#µ²�8îÒ°ª¾4ÄVº(Å4¯4ÅOÄVµ¤¾#¿ÀÐK´�¯C¼EÅ|µ²¹»¶�´Cµ�¯C¹SÃ�è»¡�>
\3óíë.�|ëäé&P[^ø÷5ò·ôkò5é!��ì[ëä÷-��ékè|óøè|ì ï['-"3ò·ôõîLìuî#\j��ôõò·ñ î Þ ã �uþ â�� Þ!�Wf � �-�bÞj� ãÑ� �_�~�nÿ ÿgf ì�)3ó.�|ô=>
ôOR|î]÷5î·ìuî5éV�_î#Rp,|¹»µ�,ª´#Ã�á�¾CÅ4¯4´#Ã#µ2��ôÌ³|¿ ±c¾#¹S¾CÅªå7ÊgËC¾CÅ4¯4´#Ã#µ��gô éO"xã å)æ�è�ñ3ñ�,bë."6è�ñb°|³O¾4Â#Ð#Ã4ÄC¯Cµ²µ
¯4ÅOÄVµ¤¾#¿ÀÐ�ï3è�ðnñE^(�|ë.FCJkò�÷5î·ó�éBî5óAò·óøì#'-R�ëíì��xî·ì[ìB'¥êÌî·ñ3ñnî·ì�"j'·ñ�,#'¥ó()�óøéõôkò#/¥ë	�|ê éO�|ìB��÷¥è�óNñE`d÷·è|óøë�î
éBî·ê°éBî·óøæ1îBRVF�'¥ôSR�éõò·ó.,wæè�ékêkëøì7)�ô��|ê éO�|ìB��é�ã
• H?ôORÎéBò·óm,-'¥ñ3ìB�|ñ\éõë�ôO��ó.,-'#RV'·é é æ�èÎé:F^ï[)3ôO'·ìåZ$:è�ñ\éõë$æ9��ê é:��ì·è�ì«JSF�êO��ôOR|è1æ�èÎé:F^ï[)3ôO'·ñ3ì#��ñ[é�ôOR|ò·æ9'·ó(Pnî5éOF3ã � R|è�ì�"j]¥ó�/#,¥î·ì[êõî·ñaò5óíó(^à>
éBî·ñ3î·ì è|ó.]�èV/#,wôSR�ò·æ8^øéO'·ékén��ê éO�|ì·èÎé?î+éõè�ó¬J è�ô�'¥ôORÎéBò·óm,«"j'·ñ�,#'¥ó()�óøéõôkò#/\ò·ñ3î·ì1ì[ë.$:èLJ èVRc�|ôO��êkè5ã
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� Rµóíèc/·é:`#"["3ôORc`¥êiî'î#R®èV/B,¥è|ô¬æ�èÎé:F^ï[)3ôO'·ì^êkî'ôSR�ò·æ8^øéO'·ékéQ��ê é:��ì·è�ìç`¥ô ôOR�èV/¥èB��î·æë?JSF¥ó
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Méret

Erõfeszítés

åÉR&'¥ì->L'·ì#'-R|î5éõëHæ9'^ï3è�óíóHæ�èc/-\3êOF#"nò·ó¬Jkî&$:è|óäé:��êkì#�c\6ècR|ñ3ëxî#RV'¥ìuî5é�î#RÉ`¥ô ôOR�è�éõèÎ÷-]¥ì5è�é�����ô î�ì#`-RÎé:�3ì
óíè�÷#] ìuî#\+�|ôS'¥óAî5éO'¥ìuî5é»�»�Læ�è�ó.,¥è�ìa"6è|$�'¥ó.,¥ò·ôO'·ó(Pnî5é�Jkò·ì îçêkè�ñ3ï3ôOR�è|ê ò5óøéBî5ó()3ñ3ì æ�èc/·ð½/#,·è|ó.P3è�éO]
\nî·êõî5æ9�Îéõè|ê è|ëäé�ã � R î æ8'bï�è|óíó�ì[ë.$:èLJ èVR�ë î#R'èV/#,·è|ôzì#'¥æ8\+'¥ñ3è|ñ�ôkè|ì èV/#,^æ�ò·ôkêkî /#,¥î·ì#'¥êS'¥óøé
Pnî5éBò5ôõò5éVÓ

minõsége
Erõforrások

Erõfeszítés

Termék
minõsége

Idõzítés
Méret

Feladat
bonyolultsága

� R�è|ñ©ìuî#\+�|ôS'¥óAîué:'¥ìTôkèV/#^øéõôS�V/-�Î÷¥è�ótßnè|ñ\éO'¥ñ���ôwo_è|ëøóK'¥ó.,¥î·ñçì#�|ê ï[�|ô è|ì æ�èc/·÷5ò·óAî5ôORV'·óAò·ôkò5é ëíô
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Elkövetett hibák

Felfedezett hibákTesztelés

Feladat
bonyolultsága

Megmaradt hibák

Tervezés

Mûködési hibákHasználat módja
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êkè|ñ�ï3è|óøì·èVR�ñ3è|ì��Ç��ô%ôOR�ò5æ9'¥ôÌî·óøìuî·óíæ�î#R�ò5ôO)3ìL÷5î·ñ®î#R�ëíñE$�'¥ê æ1îuéõëíìuî�éõè|êS�|ñÈ�-îwôO\nî5æ�> ðnóøékè|êkè�ì\é:]¥ó
î�ôOR�î5ì#�|ê°é:]¥ë6êkè�ñ3ï3ôOR�è|ê è|ì[ë(/3ã�å 5�5*o î·óíî#\[�1ê è|ñ3ï�ôOR|è�êkè�ì ì#`-Rc�3ó�î�óøèV/¥ëøôkæè|ê°éõèV"E" îK�ië.�|êS'¥ôO'#${é
H&%8��èiôS�[/-FB> ÷·î5êõò#R�ôkó(FWJkîE�$î·æ�è�ó.,�î�$:è�ó(Pnî5ôOR|ñ3ò·ó(F®ò·óäéBî·óNï3è�ékè|ì\éBò·óäéIJ è|óíè�ñ3ôO�c/¥è|ìzî5óAî#\7Jkò5ñzékè|ôSR
Jkî]÷5î·ô óAî5éO'·é î�P3ë("3î�è|ó(P3ò·êO^äéBò·ôkò·êõî�ã

Æ�è|ó�J è|ôkè�ñ�æ�ò·ôA)béBî·ìB'¥ñ�ì�^ø÷5ò·ñCJkîî�ôSRV'#${é ÷¥è�êI"j'·ñ�,#'¥ó()�óøéõôkò#/¥ë�æ8�|ê°é:�|ì5è�é.ï�è�ðnñ3ëíò·óíñ�ës@A'¥ìB'¥óD�
K	'^ï[/-'¥ê è|óíèc�©��ô('�'¥ê æ1î5ñ � Æ G � ã Ô·è|óøè|ñ3óøèV/¥ë%æ8�|ê éO�|ì5è|ì[ì·è�ó�ôOR�è|æ�"Hè|ñ æèV/B$�'-/\î·óøæ1î#Rc'·éké ì^ê ëm>
éõëíìuòWJS)�ì ôOR|è�êkëøñ[é�î#Rµèc/#,^ëíìæ$�]×\3êO'-"�ó(�|æ�îE�IPE'-/#,Tî'æè�ékêkëíìuò·ì¯è|êO]5éõè|ó�J è|ô è|ñ ñ�,¥è�óø÷�$��[/-/#]bè�ìHã
�¬ò·ô1æè�ékêkëøì5ò5ì5îué+ì·è�óíó_î·óíìuî·óøæ1îBR|ñ�)3ñ3ìµî®æ�î#/\î·ô ôOR�ëíñ\é:¥Wñ�,¥è|óä÷¥è�ì^ê è��|ô1î#R�î·óAîB�|ôO'·ñ�,zôSR|ëøñ[éO¥
æ�èc/·÷5î·ó(F¥ôS^øéõò·ôO'¥ì[êkîU��\3ó ã�èV/B,¯î5ôkôkè�æ�"3óm,'ìBFbï�êõî��#ãÕNI,\î·ì[êkî·ñ æ8�V/�îBR¬èV/B,¥è|ô1æ1î#/¥î·ôkôSR|ëíñ\éO¥
ñ�,·è|óä÷¥è|ì[ê èÌëøôgì��3ó.`¥ñ>ªì��3ó.`¥ñ1ì5è|óøó<ï3èÎðnñ3ëAò5óíñ�)3ñ3ì�î�æ8�|ê éO�|ì5è�é�ã2�:åiJ è|óøè|ñ ïE'¥ó(/-'#R�î5éO"nî·ñ%Jkî�÷5î·ôS'¥óøé
æ9��ê é:��ì êS�|ôSRV"Hè|ñaæèV/-'¥óøïnò·ô°é�ì�^íñ3ò·óNè�êkê è îÒ\3êS'-"3ó.�|æ�ò·êõîEÓ�î#R1åPO /¥êkòB$�ñ�,¥è�óø÷�$��[/-/¥èÎéõóøè|ñÈ����ô
èV/#,¥î·êõò·ñ\é�î·óøì5î5óíæ�î#RVPnîué:Fiî·óAî#��ôO'¥ñ�,w�|ô+æ�î#/\î·ô ôOR|ëøñ\é:¥aëíæ8\3óøè|æè|ñ\éBò#��ë(F¥ì[êkî�ã ® /#,¥î·ñnî·ì[ìB'¥êî
ì#'¥ñ3ì[êS��én\3êS'-/¥êõî5æ9'-R|ò·ôkë8ñ�,¥è�óø÷�óíè�ì#�V\HèVRc�|ô è%î#RFåPOÕ/¥êkòB$:êõîÌñ3è|æ éO)3ïCJkî�è�óíì·è�êO�3óøñ3ë6î�$��[/-/-��ô é î
ì#'¥ñ3ì[êS��é)ñ�,·è|óä÷Lï3è�ðnñE^(�|ë.FCJkò5éOF¥ó ã_p�ò5ôkïÈÓ? <Ò¾Ò��|ôAÔ¥î�÷5î�$��E/-/·÷-��ñ�,PE^ø÷5ò·ôO'·ìE�#ã

� /#, \3êS'-/¥êõî5æ��®÷·îB/#, ëíñE$�'¥ê æ1òB�|ë(F·ô êkè�ñ3ï3ôOR�è|ê�ôS'¥ì $�'¥êkæ�ò#"nî·ñ J è|óøè|ñ[P�è�é æèV/�ã å
ì#`]÷¥èÎéõè|óøæ9��ñ�,bê è|ñ3ï�ôOR|è�êV�%î�ôS\6èc�|ëøð3ì5òB�|ë(FE� î�êkè|ñ�ï3ôOR�è|ê ékè|ê°÷j�?î©$:è|ó.Pnî·ôOR�ñnò·ó.F¥ë)ïE'¥ì�)3æ�è�ñ\éBò#��ë(F[�
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î8$:è|ó.Pnî·ôSR|ñnò·ó.F¥ëxëøñ[ékè|ê=$��|ôORÌæëíñ3ï�î�ê è|ñ3ï�ôOR|è�êFèc/#,�>ªèV/B,LêkèV\�êkèVR�è|ñ\éBòB�|ë(FWJkî�ã�ß_�[/#/¥è�ékóíè|ñ��3ó�îuéké:F·óD�
P['-/#,WèVR�è|ì'æ�ëøó.,¥è�ñ'æèV/!J è|óøè|ñ[��ôkën$�'¥êkæ�ò#"nî5ñ'è�ó(�|êSP3è�éO]bè�ì����{éõè»¡bé1ï['¥ì�)3æè|ñ\éBòB�|ë(FE��$�'¥êkæ�ò·óøëíô
ôO\HèV�|ëäðnìuò#�|ë.F¥ô_ñ�,·è|óä÷j� ® �Òp�ï�ëAî#/¥êkî·ææ��[\�êO'-/¥êkî·æì#F^ïÈ�8ô é:"<ãã� èV/B,\î·êkò·ñ\é?æèV/1ì5è|óøó�éO)3ï3ñ�)3ñ3ì
æ9��êkñ3ë�"+'¥ñ�,-'¥ó.)3óøékôõò#/-)�ì5îuéA���|ôgî�"+'¥ñ�,-'·ó()3óäéõôõòB/Ì÷5ò·óäé:'-R|ò·ôõò5éV�\æ�ëøì#'¥ê�ècR|è|ì�ìB`-RV`·é é îÌêkèc\3êkècR|è|ñ7>
éBò#��ë(F¥ôn$�'¥êkæ�ò·ì ìB`-RV`5ékéFékêõî·ñERc$�'¥ê æ1ò#��ë(F¥ì�é:`¥ê°é:�|ñ�ñ3è|ì�Îã å�"j'¥ñ�,#'¥ó()3óäéõôkò#/¥ë�æ8�|ê éO�|ì5è�é26wôORc�|óíôS]
è|ôkèÎéõìB�|ñ\én6�æ�î#/\ò5êõî�î�÷#�V/¥ê èVPnîWJ°éOPnî5éOFìBFbï�êõî�ëíô î·óíìuî·óøæ1î#RcPnî5é�JS)3ì8ã�å $:è�ñ[ékëÈ�|ê°÷¥è�ó(�|ô_î·óíî#\7Jkò·ñ
î�ôSR|è|êSRV]¥ì>èc/#, )3ñ3ëä÷¥è|êSR�ò·óøëíô%æè�éõê ëíìuò5é?Jkî�÷5î·ôS'¥óíñnî5ì+�-î·æè|óm,¬éõèÎéõôSRV]¥óøèV/¥è�ô�è�óíè|ì[êS'¥ñ3ëíì�)3ôÌï['¥ì�)>
æ�è�ñ[éO)3æêõî+æ9��êkë�îK"+'¥ñ�,-'¥ó.)3óøékôõò#/#'·é�ã

@.ëíëøñ3ï[)3ó.F-\+'¥ñ\é�JS)3ì î#Rc'¥ñ î·óAî#\E)3óD�9P['-/#, æ�ëøñ3ï î ôOR|ò·æ9^äé:F-/#�V\a\3êS'-/¥êõî5æ9'¥ì�� æëíñ�ï î
éõè|ê æ9��ôOR�è�éõè�ô�ñ�,¥è�óø÷¥è�ñÕ^íêSFbïE'·ékéLï['·ì7)�æ�è�ñ[éO)3æ8'¥ì�îWìB'¥ææ�)3ñ3ëøì5òB�|ë(Fzèc/#,¢î·ï['·é éQ$�'¥êkæ�òWJkò5é
ì#�V\HèVR�ëíì8ã?�iëíñ�ïLî�ôOR�ò5æ9^äé:F-/-�c\6è�ôgê è|ñ3ï3ôSR|è�ê�èV/#,·è|ôn`¥ôkôSR|èÎéõè�÷#]¥ë�ì#`#RV`·é é ÷-�c/-R|èÎéké_ì#'¥ææ�)3ñ�ëíìuòC>
�|ë(FE�5æëíñ3ï%înP�)3æ�ò·ñ�ìB'¥ææ�)3ñ3ëøì5òB�|ë(FÉ´�HVá7¯Cµ�P3î·ôOR�ñnò·ó[î#R$ëíñE$�'·êkæ�ò#�|ë.F��ôkè|êS�VP3ècR·ã�åzôOR�è|êORc]¥ìÌî#R�é
$:è|óøéO��ékè|óíècR|ëøì+�EP['-/#,1èV/#,�� ôOR|ò·æ8^øé:F#/-�V\Hè|ô ÷5î#/#,tP�)3æ1ò5ñ��Nï['¥ì�)3æè|ñ\éO)3æ ëíñ$�'¥êkæ�ò#�|ë.F·éBî5ê éBî5óíæ�î
îñ�,¥è�óø÷^ë�ôOR�ëíæ�"+'¥ó.)3æ9'·ì�ìB`-RV`·é éõë�ìuî#\+�|ôS'¥óAî5éO'¥ñLî·óíî#\[)3ópã
å "j'¥ñ�,#'¥ó()3óäéõôkò#/'èc/#,^ëíì¨�|ê°éõè�óíæè|ô¬æ8�|êS�|ô ë�æ8FbïWJkî'î§¦7Pnî·ñ3ñ['·ñ�ò·óøéõî·ó&"Hè�÷¥ècR|èÎéõè�é éæ³|¼½¸

µ²¹XHªÁ+º�ÃÒ$�'-/\î·óøæ1ò5êõî�÷¥ècR|è�éOP3è�éO]a÷bëøôkôSR�î§�¢�-T � ãz�D�ië.)�éBò5ñæP['¥ô ôOR�îB"[" ï['¥ì�)3æè|ñ\é:)�æ9'¥ìWè|ô è�éO�|ñ
î�¦P3î·ñ3ñ['¥ñ7>ªënëíñ$�'¥êkæ�ò#�|ë.F¥ô�è�ñ\éõêOF#\3ëAî%ë(/¥è�ñ�ñ3èVP3ècR|è�ñ ôOR|ò·æ9^äé:Pnîué:F[��N.êõî5ôkôO"Hè|êS/¥è|ê�èc/#,�ì#`-R�è|ó.^øé:]
ôOR�ò5æ9^äéBò·ô°é�Jkî�÷5î·ôS'¥óøéNî#R_è|ñ\éõêSF-\3ëíî�"HèV��ôkó(��ôO��êkè�� â4; � ãM� � /B,�æ�ò·ô ëíì�æ8Fbï�ôOR|è�ê$î�ñnî#/B,+éBò�÷-'¥óøôõò#/#�
ì#'¥ê êkè|óíò#�|ë.F[��¼~¯C¼7Â&)*Ã#¼7Â7³* ?¯C¹»¹:³|¿mÃ#µ²ºD¯C¼,+!¼-). 0/C�dæè|ó.,·è�éÇ¦�ªP3è�ñ3ì·è�óBJkî]÷5î·ôS'¥óøé?�¢�-; � �¥î#RNè|ñ\éõêSF-\3ëíî
$�'-/\î·óøæ1ò·ñ3î·ì>ò·óøéõî·óAò5ñ['¥ôO^äéBò·ôkò·ñ î·óAî#\E)3óD�	�|ô+êkè�ñ3ï3ì�^ø÷7�3ó�Pnî·ôOR�ñ['¥ô ñnî·ìw"�ë(RV'·ñ�,7)3óäé+î#R�� è|óøôO]¥ôS'¥ê=>
"nî·ñUP�)3æ�ò·ñ��+ï['¥ì�)3æè|ñ\éO)3æ9'·ì�"j'¥ñ�,#'¥ó()3óäéõôkò#/\ò·ñnî5ì�æ9��êO��ôO�|ê è·ãçÔ·è|óøè|ìaôS'¥êO'-R|î5éBò5ñnî·ì�pPt� 
æ9��êO�|ôS�|ê èµî#R®èV/B,bëøì óíèc/\ò·óäéBî·óíò·ñ['¥ôkî#"["nî·ñ¯è|ó.$�'#/\î·ï['·é éwæ8Fbï3ôSR|è�êiîzôO'·êO'-R|î5é�æ�èc/#$:è|óøè|óøékè�éO�|ôkè
÷-�|óøè�ékóíè|ñ§"+'¥óm,-'¥ñ[/¥ò·ôkë2\3êO'#"3ó(��æ1ò·ñ3î·ì8ã � ñ3ñ3è�ì¯ôO'·êõò·ñ�îQJ è�óíôS'¥êO'-R|î5é:'5é«5gêS'W3 ñ7>ªæ8'-RV/\ò5ôkì#��ñ\é
$�'-/4JS)�ì�$:è|ó ã�åÉR_ëíñ[\[)bégï['·ì7)�æ�è�ñ[éO)3æ ì5î5êõî·ì\éõè�êkè�ëøé$èV/#,êS`-/-RV^äéõèÎéké$ì#F^ï�éBòB"3óAî�î·óAî#\�Jkò·ñ9"�ëíñnò·ê ëíô
ôO'¥êS'-R�î5ékñnî·ì�$:è�óíè|óäéõèÎé�JS�3ì æèV/�1|ã åÉR�^(/B,Lì5îB\j'·é é2"3ëíñnò5êkëíô�ôS'¥êO'#R�î5é2$:è|óøè|óøékè�éOP3è�éO]æèV/t5gêO'43 ñ>
æ9'-Rc/\ò·ô ì#�|ñ\éV�6î�dK�|ôÌâ%"3ëøékè|ìwîBR.è|óíóøè|ñ\é:�Îéõè�ô_ëøêõò·ñ�,7�LèV/#,^ôS�V/¥ñ�,^ë-ó.�V\+�|ô è|ì8ã
å 5gêS'43 ñ>ªæ8'-RV/¥ò·ô�$�'¥ñ\é:'¥ôLô°éBî5ékëíôORÎéõëøì5î5ëÑJ è|óøóíè�æ9Rc]CJ è>î#Ri¾#µ�¿mÃ4Â7¯4Å�¼Õ,DÂ#ÐVÄC³|µ�³ªÅ�â�¶�´Cµ²¶E¾¨G|º�H

¼Õ,DÂ#Ð!ÄC³|µ(Â#ÐèJ4´�³&� êS''5én'#$�æè�î5ñ�ô�2�)nî·êkè%£½)[�Îé:)nîuéõë('·ñ��
F
�3î#P['¥ó²Ó

F 2(l) ≡ [∆y(l, l0)]2 − [∆y(l, l0)]
2

î#PE'¥ó
l
ìB��é2\j'·ñ[é éõò]÷#'¥óíôkò#/\îE�E�|ô

∆y(l, l0) ≡ y(l0 + l)− y(l0)1Fî îwJ è|óøôO'¥êS'-R�îué ñ�è|æ ì#'·êkêkè�óAò·ó��:èV/#,çñE'¥êkæ�ò·óíëøô¬÷-��óíèÎéõóíè�ñ "+'¥ó.,#'¥ñ[/\ò5ôª�|��÷5î#/B,b�|ôõî5ì�èV/#,
æ�èc/-Pnî5éõò·êO'-Rc'·éké�éBò�÷-'¥óøôõò#/·ë(/&Pnî5éOF%P3è|óm,bënìB'¥êkê è|óíò#�|ë.F¥ì�ó.��éõècR|ñ3è�ìQ��\�ó ã��iî·êkìB'd÷�óíò·ñ[�c'¥ì�|�[î·ì[ì#'·ê

F (l) ≈ l0.5

354�ðSìMí»ó!�Cë»ó²ø�§U�j�cñ|ò2ër cøU�4óDí�¢CìMë�õ*ð=ñe�:í|ìMëcü�ï=óDícü²ë�îWð=õ ¢Bð�£¤�|ìMòcí|ü!�|ì ú�ë�ë®�c÷=ñcð=öDð��4õ*÷=î!òVó��
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1Fî�ñ3ëíñ[��ôkè�ñiëøó.,¥è�ñLæ�èc/-Pnî5éõò·êO'-Rc'·ékégéBò�÷-'¥óøôõò#/E�[�|ô)î+ì#'¥ê êkè|óíò#�|ë.F{* ÷-�c/·éõè�óíè|ñ¨+ª�8î·ì[ì#'·ê

F (l) ≈ lα , α 6= 0.5

åb$:è�ñ\éõë�æ8�|ê éO�|ì[ì·è�ó~@A'¥ìB'¥ó��|ô�éBò5êkôõî5ë�î#RÌî·óAò#"E"3ë<ìB`d÷·è�ékì·èVRÎéõèÎé:�|ô è|ì[êkèÉJS)�éO'·ékéõî·ì�Ó

• | ÿ�µß^ÿ Û\ÞW�?Û^ÿ76��uÛ|Y|Û^ÿ:Ý\ß^à|Û��	Ù åZ$:è|ñ\é+ëøôkæè|ê ékè�ékè�éké�P3ë(\+'·éO�VR|ëøô�î#Rc'¥ñaò·óøó(^äéBò·ôkîE�sP['-/#,µî
÷-��óíè�ékóíè�ñ�/¥è|ñ�è|êõò5óøé�\3êO'-/·êõî·æ8'¥ì

α
��ê éO�|ì·è�d�ã ù�ì#`¥êS�3óíë$ì·è�óíó$óíèV/B,¥è|ñw"6èc"3ë(Rc'¥ñ�,-'¥ôS'bï['5éké�ãOI��óíè�ékóíè�ñ7��ó9/¥è�ñ3è|êkò·óøé©ß~H]t_Æut åIo ��ô2K-î·ôO�|î·ó9\�êO'-/¥êkî·æ8'¥ì�ò5ékóAî#/-��ê éO�|ì·èUd�ã ö���G ëíóíópã

d�ã ù#d Æ ÷-'¥óäé!�3æ8^(/�îBR.èV/#,·è|ô2\3êO'-/·êõî·æ8'¥ìt��ê éO�|ì·è�d�ã ö�TK�|ô2d�ã ùbâ%ì#`-Rc`·éké_æ8'-RV/#'·éké|ã

• 8 �uþ����W�½µþ8Ý��nà!���+f6Û^ÿ{ÜHÛ7�:9Hà�à|Ý\Û ã �nà|þ+�-ÿ��{Þ4�nàV�xÙ åAR�èc/#,¥è�ôÉ\3êS'-/¥êkî·æ9'·ì�"j'·ñ�,#'¥ó()�óøéS>ôõò#/¥ò·ñnî·ì æ9��ê é:��ì·èwñnîB/#,^æ9��ê é:��ì�"6è�ñ�$��E/-/-`·é é+î#R ëøæ9\�óíè|æè|ñ\éõò#�|ë.F¥ô%ñ�,·è|óä÷^éO]¥ó ã©ß~H]t�>
Æut_åÉo��]K-î·ôO�|î·óD���|ô© <Ò¾Ò \3êS'-/¥êõî5æ9'¥ì ÷^ë(R�ôO/\ò5óAî5éõî·ì#'¥ê¬ì^ëøï3è|êS�3óøéV��P['#/#, î óøèV/¥æ�îC>
/\î·ôkî#"[" �|ê°é:�|ì5è�é�îQ <Ò¾Òz\�êO'-/¥êkî·æ8'¥ì©�²d�ã0;-T��»��î óíèc/\î·óAîB�|ôO'·ñ�,¥î#"["���ê é:��ì·è�ì·è�é�\Hè|ï3ë./Lî
ß~H¾t	Æut_åÉob\�êO'-/¥êkî·æ8'¥ìj�²d�ã ùbâW��æ�)�éBîuékéBò5ìHãÑ@2`-R�éO�3ì�P3è�ó.,·èVR|ì5è|ï�ékè|ì�è|ó�î K�î5ôO��î5ó�\3êO'B>
/¥êõî5æ9'¥ìÌ��d�ã ù#���ÎãÉ1Fî·ôS'¥ñ3ó.F ìuî#\j��ôO'¥óíî5é:'5éFóøèVP3èÎéõè�é éÉ$:è�ó.$:è|ï�èVR|ñ�ë	î9$�'¥ê æ1ò5óíëíô�ôS\6èc�|ëäðnìuò#�|ë.F
�|ô)î#R%î#RÎé)óøèV^øêOF�ñ�,¥è�óø÷LìB`-RV`·é é�ã

• Ú�þ+�jfHþHÿ²k�ÿ:Þ]àV�[� �;9^ÜHÛ7�8Û^ü�ßbà5Ù å $�'¥ê êõò·ôaóøèc$�'¥ê ï[^øéõò·ôõî5ì#'¥êaîçæ8�|ê é�"+'¥ñ�,-'·ó()3óäéõôõòB/
ñ[`]÷¥è�ì·è|ïE�|ôkè é:`¥ê°é:�|ñ\é|ã  $�'¥ê êõò·ô ì#F^ï[� \�êO'-/¥êkî·æ8'¥ì òuéõóAîB/-'¥ô ��ê éO�|ì·è d�ã0;-� ÷-'¥óäé�ã
® /#,¥î·ñ3ècR|è|ñÒ\3êO'-/·êõî·æ8'¥ìóíèc$�'·êkï[^äé:'·é é!�7/-�V\3ë�ìBFbïE����ê é:��ì·è�d�ã0;-�

• < Û��uÝ���v��¨�=98Ý�9nÞ�ÞW�2h�þ+�jfHþ6ÿ�k�ÿ:Þdàc�[�'ÜE�nÿ:Þ�þHÝ��3àV� ã�å&'�ëíñ3ïE'W3 ô%ì5è|êkñ�è|ó$èV/#,·è|ô%÷¥è|êSR|ëà>
F¥ëíñ3î·ì "j'¥ñ�,#'¥ó()3óäéõôkò#/\ò·ñnî5ì�÷·ò5óøé:'#R�ò·ôkî�JSFÒ\+�|óøïnî�î·ê êõîE�ÇPE'-/#,\î5ñµ÷5ò·óøéO'-R|ëøì>î¬æ9��ê éO�|ì î
ôORc'#${ék÷·è|ê�$:èLJ ó(]^ï[�|ô è)ôS'¥êõò·ñ<ã�åÉRApQt* î·óAî#\E�1æ8�|ê éO�|ì�î¾'�ëíñ3ï['43 ô���ãøâ)è|ô è�é:�c"6è�ñQd�ãMG#;-;E�
æ9^./�î¿'�ëíñ3ï['43 ô2�\ù��|ê°é:��ì·è�d�ãMT#d-;�ã

• ûr��v�ü ã ��h	�[�Wà|Ý��[w�½�s�[�zÛbÿ76��dÛcY�Ûbÿ:Ý\ß^à|Û å�ôOR�è|êORc]¥ì�P3ë.\j'5é:�VR�ëíô è?ôOR�è|êkëøñ\é_î�æ�èÎéõêkëøìuî
î#RLè|ñ\éõêSF-\3ëíò5é+æ8�|êkë²��èVRV��ê é�$�'¥ê ï[^øéO'·éké�î·êõò·ñ�,7"nî·ñWì·è�óíó ò·óøóíñ3ëíî¬î�P3ë."nò·ìµôSR�ò·æ�ò�÷5î·ó ã�å
æ9��êO��ôkè|ìTôOR�è|êkëøñ\é>îUP3ë."nò·ì�ôOR|ò·æ1ò5ñnî·ìwJSF¥ôkóíò·ôõîWì�"xã T-d'ôSR�ò#R|î·ó(��ì#'¥ô�\+'¥ñ\é:'·ôkôõòB/-/\î·ó
é:`¥ê°é:��ñ[P3è�é_è%æè�éõê ëíìuî+î·óíî#\7Jkò·ñxã

• z �E��fHþ+w�½�+f6þHà¢à|Ý\þ�� Þ�ÜHÛ��Õh�þ+�jfHþHÿ²k�ÿ:Þ]àV�[�+�Òµß��]Þ]ß��8Û�� å ôSR|è|êSRV]¥ì ò·óøéõî·ó?Jkî�÷·îW>
ôO'¥óäéaæ8�|ê éO�|ì ôkè|ææëíó.,·è|ñ©ìB'¥êkê è|óíò#�|ë.F·éañ3è�æ æ�)�éõî5é:'5ékézîÕPnîB/#,-'¥æ�ò·ñ�,-'·ôaôORV'B${ék÷¥è�ê
æ�èÎéõê ëíìuò·ì[ìuî·ó ã

5 ò·ê?@A'¥ìB'¥ó��|ô�éBò·ê ôõî·ënæèV/\ò5óíóAîB\[^øéõò·ôõî·ëäé�ôSR�ò·æ8'¥ô�\j'·ñ[éO'¥ñóíèVP�è�é$÷bëäéBî5ékñ3ëD�·æ�)3ñ3ìuòWJS)3ì+êkò�÷bëøóAò#/#^øé
î·êkêkîE�APE'-/#,¯î�ôORV'B${ék÷¥è�êQ"j'¥ñ�,#'¥ó()3óäéõôkò#/�÷^ë(R|ôS/\ò·óíî5éBî>éõè|êS�|ñ¢æ1î ëíô ôSRV�3óøè�éõñ�è|ì ì�^íôS�|ê óíè�ékè|ì×�CJ
æ�èc/¥ì#`-R�è|ó.^øé:��ôkè�ì è|óm$�'-/\î·ï�éõî5éBò5ôõò·êkî�ã
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?Q� 7 Ð�Èn�.È���Í�Ë#Ê Ï Ö É�Ê�Ö�×
å�æ�èÎéõêkëøìuò·ì1òuékéõè�ì[ëíñ\é:��ôkè%ôO'¥êkò·ñLóAò5é é:)3ì��[PE'-/#,wîBRV'¥ì9/#,\î·ì[êkî·ñLèV/#,#'¥óíïnî5ó(�nî·ñ96t��ôõî·ìwîK\3êS'-/B>
êõî·æ ÷·èVRV��êkó.�|ôkëô éO)3ì\é:�3êkòWJkîT÷5î#/#,Õ�|ôõî5ì îBR¯î·ï3î5é:'¥ìT÷bëøôkè�óíì·è�ï[�|ô è¯ôSR|è|æ8\+'¥ñ\é�Jkò#"+F¥ó�6�æ8�|ê
Pnî5é:��ì#'¥ñ�,¥î·ñxã å æ1î·ëA\3êO'#/¥êõî·æ8'-R|ò·ôkëI\3î·êõî·ï�ë(/¥æ�ò·ì�Pnî·ôSR|ñnò·óíî5éBî�è�ôkèÎé:�V"Hè|ñTèVR>ì��3ó(`·ñ[`¥ôkè�ñ
÷¥è|ôSRV��ó.,¥è�ôV�jP3ëíôSR|è|ñ�î#RÌî·ï3î5éõôSR|è|ê ì·ècR|è�éA�|ô_î+êõî4J°éBî�÷-�c/-R|èÎéké)æ�¥�÷¥è�óíèÎéõè|ì1èV/#,·è|ñ3êkî·ñ[/-��ôOR�è|êkèc\6èÎé
Jkò5éõôSR�î·ñnî5ìHã � Rc�|ê°é�'¥óm,\î·ñWæ�èÎéõê ëíìuî�"6èÎ÷¥èVR�è�éO�|ôO�Îé�Jkî�÷5î·ôO'¥ó�JS)3ì��gæè|óm,aèV/#,¥î·êõò5ñ[é9�|êSRV��ì·è|ñ�, î
\3êO'-/·êõî·æ ÷·èVRc�|êkó.]¥ôOR�è|ê ì·èVR�è�éO�|ñ3è�ìU"+'¥ñ�,-'¥ó.)3óøékôõò#/\ò5êõîE��î Pnî·ôSR|ñnò·óäéî·ïnî5éO'¥ìw"+'¥ñ�,-'·ó()3óäéõôõòB/\ò·êõî
�|ô)î#R%î·ïnî5ékì·ècR|è|ó.�|ô_ì#'¥æ8\3óøè|¡bëøéõò·ôõò·êkî�ã
å \3êO'-/·êõî·æ�÷·èVRV��êkó.]¥ôOR�è|êkì5èVR�è�é:��ñ3è|ì�"+'¥ñ�,-'¥ó.)3óøékôõò#/¥ò5é�îÒ"6è|ò#/#,¥î#RV'·é éõôkò#/¥ë$æ9��ê é:��ì ô èV/-^äéS>

ôO�V/#��÷¥è�ó�Pnî5éõò·êO'-RcRV)3ì�æèV/3ã)å "+'¥ñ�,-'¥ó.)3óøékôõò#/�æ�èc/-Pnî5éõò·êO'-R|ò·ôõò5ñnò·ó�ð½/#,¥è�ó(�3ñ�ì¬î·ê êõîE�+P['-/B,�î#R
�|ê ékè|óøæ�ècRVP3èÎé:].óíèc/#,¥è�ñ�ñ3è|æ ô éõêS)3ì\é:�3êkò·ì\é�\3êO'-/·êõî·æ8'¥ì%è|ô è�é:�c"6è�ñ�ëøô|ã � ê êkè æ�î·ë\3êO'-/·êõî·æ8'-R�ò5ôkë
ñ�,·è|óä÷¥è|ëøñ3ì �² �@«�½ <ÒËÒ��[Ô¥î]÷5î���Pnî·ôOR�ñnò·óíî5éBî·ìB'¥êgëøôkæ8��é��|êORc�|ì5è|ñ�,¥è�ñ�ì·è�óíó6ð[/#,¥è�óíñ��3ñ3ì��3ó.��÷-��ñ�î
´CºgË«,|µ�³|¿M´�³OÄC³|¿-,ªÅNèV/B,bê è�è�óøékè|ê�J è�ï�éõèc"["�P3ë("nî5ì·èVR�è|ó.�|ôkë�æèV�ªP3î·ñ3ë(R�æ�)3ô è%ñ�,¥è|óä÷¥è�ì7"Hè|ñ<ã
å ÷·èVRV��êkó.�|ôkë ôSR|è|ê ì·ècR|è�é�"j'¥ñ�,#'¥ó()3óäéõôkò#/\ò·ñnî5ì ï3èÎðnñ3ëíò·óAò·ôkî�)�éBò5ñ'êkò5é:��êO�3ñ3ì�î#R�î·ïnî5éO'¥ìw��ô

î#R¯î5ïnî5é:P3î·ôOR�ñnò·óAîué "j'¥ñ�,#'¥ó()3óäéõôkò#/\ò·ñnî5ì æ�èc/-Pnî5éõò·êO'#R�ò·ôkò·êõî�ã åAR¯î·ï3î5é:'¥ì `¥ñ3ñ3æ�î#/-)3ì�"nî5ñ
÷¥è�é éQ"j'·ñ�,#'¥ó()�óøéõôkò#/\î®æ�è�óíóíèÎékéð½/#,·è|óíè�æ�"Hè�ì·è�óíó ÷¥è|ñ�ñ3ëD�2P['-/#,¯î ÷·èVRV��êkó.�|ôkëFôOR|è�êkì5èVR|èÎé�æ�è�ó.,
\j'¥ñ\é�Jkî·ë("+F¥óÈP3ëä÷5î5éõìB'-RV)3ñ�ìLî#RÌî·ïnî5éO'¥ì[êõî�ã$åÉR�î·ïnî5ékì·ècR|è|ó.�|ô2"j'·ñ�,#'¥ó()�óøéõôkò#/\îK^(/B,1é:��ì^êS`-R|ë�ìuî#\>
�|ôO'·ó(F^ïnò·ôO)�ì5îué�î�÷¥ècRV��êkó(��ôkë^ôOR�è|êkì5èVR�è�é:P�è�é�ã�åWï3è�ð3ñ3ëAò·óäé�æ9��ê éO�|ìFð½/B,¥è|óøè|æ�"Hè�÷¥è|ôSR|ëbî#R�é-ëíôc�WP['-/#,
î#RÌî·ïnî5éO'·é�'¥óä÷·î5ôkôO)�ì+�E^íê�JS)�ì+�b÷·îB/#, æëíñ3ï�ì·è�é é:]�æèV/·éO`¥ê éO�|ñ3ëøìHã��ièV/¥æ�)�éBî5é�JS)3ì��½P['-/#,1è�÷[÷¥è�ó�î
æ�èc/¥ì��3ó(`¥ñ�"+`-R�ékè�éO�|ôkô è|ó�ì[ë<éO)3ï[)3ñ3ì�æ�)�éõî5éõñ3ë6èV/-��ôOR�è|ñLðnñ['¥æ "j'¥ñ�,#'¥ó()3óäéõôkò#/¥ëHì7��ó(`¥ñ�"3ôS�V/¥è�ì·è�é|ã

³AÙ=ØÑÙ Ú Þ°¨BA�%��<��CzÛF�ÈÜF¤ED k ��»�� ���²Â[��ÞGFÑÞ°���[�3��¤AÛF�^�<�x�
åÉRI�CJgæè�ékêkëíìuîÌï3è�ðnñ�ëAò·óíò·ôõò#PE'-R?î�$:è�ñ\éõëíè�ì1ôSR|è|óøóíè�æ9�c"6è�ñ æ�èc/�ì·è�óíójPnî5éBò5êO'-R�ñ7)�ñ3ì î�\�êO'-/¥êkî·æ
÷¥èVRc�|ê ó(]¥ôSR|è|ê ì·ècR|è�éO��éV�NîBR�î5ïnî5éõôSR|è�êkì·ècR|èÎé:��éV��æ1î4J ï îw÷¥ècRV��êkó(]·ôOR|è�êkì5èVR|èÎé��|ô�î#Rî·ïnî5ékôOR�è|êkì5èVR�è�é
ì5îB\j��ôO'¥ó.Fbïnò5ôkë�\+'¥ñ\é�Jkî·ëäé�ã � óøôO]_ó(�c\j��ôO"Hè|ñ�ékè|ì[ëíñ\ékôO�3ñ3ìÌñ[�cPnò·ñ�,�î·óAî#\\÷·è�é:]_ï3èÎðnñ[^(��ë(F·é~��ô�J è|ó.`¥ó(��ô é
î)÷¥ècRV�|ê ó(]¥ôSR|è�êkì·ècR|èÎékéõè�ó8ì5îB\j��ôO'¥óíî5é:"nî5ñxã-åz÷¥ècRV��êkó(]·ôOR|è�êkì5èVR|èÎéõèÎé î#Rgò·óøéõî·óAò5ñ['¥ôõî5ñÌè�óøékè|ê�J è�ï�é	æ8FB>
ï['¥ñ�ëøêõò·ñ�,7^øéO'·éké~/¥êkòB$3ô èV/-^äéõôO�c/-��÷·è|óbï3è�ðnñ�ëAò·ó�JS)3ì8ã-å'ï3è�ðnñE^(�|ë.F¥ì&�|ô½J è|ó.`¥ó(��ôkè|ì.ôS'¥êõò5ñ+î·óAîB\[÷·è�éO]bè�ñ
î�Ô�ã�12'W3gî5é é î·ñ�ï�å�ã�5 î·ì·è�êÉ� Æ¥Æ4� ò5óøéBî5óE"Hè�÷¥ècR|èÎéõè�é é�î#\E\nî·êõòué:)3ô êõî%�V\[^äé:�3ñ3ì��[ï3è)î�"Hè�òB/#,\î#R|ò·ôkë
ôOR|ëøñ\é)æèV/#Pnî5éBò5êO'-R|ò·ôõî�1Fî5êkêkëøôO'¥ñ«��ôI�iî#/¥è|óÑ� â4T � æ�)3ñ3ìuò·ëøñLî·óAî#\E)3ó ã

� Û��Ç�~������v X�Ù Ø8Ù åÉR ���C�[�jfs�{Þ]þnÞ�Þ����W�[� � ï3ëøêkèc��éõè�ïQ/¥êõî#\EP��
G = (N,E)

ê è|ñ3ï�èVR|èÎéké2\nò·êc�
î#P['¥ó

N
îÒ�|ôS�[�|ôS'¥ì ����ôO'¥æ8F-\+'¥ñ\é:'¥ì�»�

E
î#R���óíè|ìÌPnî·óøæ1îBR�î�ã � /#,

e ∈ E
�|ó?�|ôS�[�|ôS'¥ì�èV/B,

(x, y) ∈ (N ×N)
ê è|ñ3ï3ècR|èÎékéI\3ò·ê�JkîE�3î#R�î#R

E ⊂ (N ×N)
ã

� Û��Ç�~������vQX�Ùøú�Ù 1Fî
(x, y) ∈ E èc/#,��|ó8î G = (N,E)

ëíêkò·ñ�,7^øé:'5éké�/¥êkòB$�"nî·ñ��bî5ì^ìB'¥ê$î#R
x�|ôO�E�|ô%î#R

y
�H98Ý¥ÜHÛ[Þ]ÿ Û7� µÛ��HÛ^ÿ768Ý�6EY|Û ��ºg·K·t³Oá#º�Ã#µL³2Á+¹:³Oá7³�Gª³ªÅªÅ4¯C¹S�ÎãÉ1Fî·ôS'¥ñ3ó.F\î·ñ�îBR

y
�|ôO�E�|ô

î#R
x
�H98Ý¥Ü6Û\Þdÿ:Û7�×�W�[�H9bÜHÛ\Þ4�8Û[Ý�6EY�Û �=ºg·K·t³Oá#º�Ã#µL³IÅ|¶�G�Gª³ªÅªÅ4¯C¹O�#ã
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I Ûbÿ79Hÿ ß^à�X�ÙøáxÙ � /#,
y ∈ N �|ôS�[�|ô_ì#`#R�÷¥èÎéõóøè|ñ�æ�èc/¥è|ó.]-RV]¥ëøñ3è|ì�Pnî5óíæ�î#R�ò5ésJ è|ó.`¥ó¬J è

IP (y) =
{x ∈ N |(x, y) ∈ E} 1)î·ôO'·ñ3ó(F\î5ñÈ�·èc/#, x ∈ N ��ôO�[��ô$ìB`-R�÷·è�ékóíè|ñ�êkò·ì#`]÷¥èÎéõì5èVRV]·ëíñ3è�ì�Pnî·óøæ1î#R|îEÓ
IS(x) = {y ∈ N |(x, y) ∈ E}� Û��Ç�~������v×X�ÙàX�Ù � /#,

y ∈ N ��ôO�[��ô h�Û7µÛ7�-6§�¸þ���à|Ý��½©� �=ºg¼+á7³DÂ#¹:³ª³O� |IP (y)| ãK1)îC>ôO'¥ñ3ó.F\î·ñÈ�
y
�|ôS�[�|ô ����µÛ7�;6©�¸þ���à|Ý��½©� �:¯C¶µDá7³DÂ#¹:³ª³O� |IS(y)| ã� Û��Ç�~������vÌX�Ù(exÙ � /#,

p J Þ �gÁEÃ#µgå#��î G = (N,E)
ëíêkò·ñ�,7^øé:'5ékén/¥êkòB$�"nî·ñQ�|óøè|ì èc/#,Q'¥óm,\î·ñ

(x1, x2), (x2, x3), . . . , (xk−1, xk)
�.ôS'¥êO'-R|î5éBî�.î#P['¥ó ∀i � 1 ≤ i < k] ⇒ (xi, xi+1) ∈ E

ã
èªó.,¥è�ñ3ì#'·ê)ôSRV'¥ìuò·ô

p
> é_î#R

x1
>L"+]¥ó

xk
>¤"nî�÷¥ècR|èÎé:]t�béõñnî·ìwëøô�ñ3è�÷·èVR�ñ3ë ã

I Ûbÿ79Hÿ ß^à�X�Ù.
xÙ å
P = path(x1, xk)

J è|ó(`·ó¬J è.î#R
x1
�|ôS�[�|ôS"jF¥ó

xk
>L"nî�÷¥ècR|èÎé:]t�béBî5é|ã?1)î

xi�|ôO�E�|ô?êkîWJ°éBî+÷5î·ñ¬îBR
x1, . . . xk

��éO'¥ñÈ�8î·ñ3ñ3î·ì�J è|ó.`¥ó(��ôkè#Ó
xi ∈ path(x1, xk)

ã*1Fî
xi
é:`-"["�ôORV`·ê

ëíôLè|ó.]#$�'¥êkïE)3ó%î#R
x1
>L"+]¥ó

xk
>¤"nîa÷¥èVR�è�éO]æ��é:'·ñÈ�.î·ì[ì#'·ê�î#R>è|ó.]#$�'¥ê ï[)3óAò5ôO'¥ì'ôOR�ò5æ1ò5é�J è�ó(`¥ó�JS�3ì

sum(xi ∈ path(x1, xk))
> ÷·î5ó ã

³AÙ�$*Ù Ú AF��~¥s���¨N§ %����<�x�[Þm���^���b�6�x�������<�<�b�
� Û��_�	������v�X�Ù x6Ù å

G = (N,E, s, t)
ñE�V/#,·è|ô ÜHÛ[Ý\ß��5ÿ:ß^à!�����C�E� �xî#PE'¥ó

N
ît��ôO�[��ôO'¥ì�÷-�V/·è|ôV�

ñ3è|æ���êkè|ô?Pnî·óøæ1î#R|îE�
E
î#R ëíêõò5ñ�,7^äé:'·é éÑ�|óíè�ì�÷-�c/¥è|ôc�3ñ3è|æ��3êkè�ô?Pnî5óíæ�î#R�î�ã-åÉR

s ∈ N î �8Û^Ý[ü-6LK�\à J �\à �gî·æè|óm,^ñ3è|ì�"Hè|æè|ñE] $�'·ì^ôSR�ò·æ�î IP (s) = 0
ã�å

t ∈ N
î ÜHß7�¬�\à J �\à �Nî·æè|ó.,^ñ3è�ìì^ëøæ�è�ñ[]K$�'¥ì[ôOR|ò·æ1î

IS(t) = 0I Ûbÿ79Hÿ ß^àÉX�Ù.�xÙ å
G = (N,E, s, t)

÷·èVRc�|êkó.�|ô ë+/·êõòB$6è|ô è�é:��ñ�J è|ó.`¥ó¬J è
N ′ = N \{s, t} î&/¥êõòB$¼�³|·Kµ²¹»ºgË4º�¾#¿Àº(Å¿GªÅ�Ï�GªÅVÃ#ºg¼+ÃC´APnî·óíæ�î#R|ò5é�ã

åW÷¥èVRc�|ê ó(�|ô ëE/¥êkòB$8îA$:è�ñ\éõëíè�ìÌî·óAî#\�Jkò·ñ�'¥óm,\î·ñÌ÷¥ècRV�|ê ó(��ôkë�ôSR|è�êkì·ècR|èÎéõè|ì5è�é?^íê�óíèB�·æè|ó.,·è|ì%èV/B,¥è|ï�ë
"6è�ó(�V\+�|ô ë[\+'¥ñ\ékéBî5ó��

s
�	��ô�èV/#,·è|ï3ë�ì^ëøó(�c\j��ôkëE\+'¥ñ\ékéõî·ó��

t
��êkè�ñ3ï3è�óíì·ècR|ñ3è�ì8ã � R�\E)3ôORÎéBò·ñ+éõèc�ªP3ñ3ëøì5î5ë

ì#'¥ñ3ô°éõêS)3ì#��ë(F[�^î·æè|óm,�óøèVP3èÎé:]]÷-� ékè|ôSR|ëD�#P['-/#,�ì#F^ï["3ó.'¥ì[ì#'¥ì[êOF·óD�\î·ó.\3êO'#/¥êõî·æ8'¥ì[êOF·ó+� è|ó�Jkò·êõò5ôO'¥ì[êOF·óD�
$��[/-/·÷#�|ñ�,¥è�ì^êS]¥óg�2�|ôÉP3î·ôO'¥ñ�ó(F8\3êO'-/·êõî·æì#'¥ñ�ô éõêS)3ì#��ë(F¥ì[êSF¥ós"6è�ôORV��ó¬JS�3ñ�ìHã å</#,\î5ì#'¥ê óAî5éO"nî·ñ¬ôSR�òC>
æ9'¥ô�è�ôkèÎé:"Hè|ñ îBR�è|ó¬Jkò5êõò·ôS'¥ì[ñnî·ì�éO`-"["�óAòuéõôORcF¥óAîB/-'¥ô-÷^ëøôkôOR|î5é:��êO��ôkë�\j'·ñ[é�Jkî.ó(��ékèVR�ëíì8ã���èªó.,¥è�ñ+÷·î5ó(FB>
ôO)3óxæèV/+èc/#,�è|ó¬Jkò5êõò·ôS'¥ñ�"Hè|ó(��óíë8é:`-"[" �dÛ\ÞWks�C� )�éõî·ôO^äéBò·ô*P3î·ôOR�ñnò·óAîuéBî·ìB'¥êV�^÷·îB/#,1èc/#, ì[ëä÷·ò5óøé:'5éké
�|ô�óíègñ3è|æ ì·èVR�è|óäé�ì^ëä÷-�Îéõè|ónè�ôkèÎé:�V"Hè|ñ½�Îã ® /B,\î·ñnî5ì^ìB'¥ê�èVR�è|ì�éO`-"["3ñ�,^ëíê è ÷5î·ó(F-"3î·ñ��|ôkî·ì�óíò5éõôSRVF¥óíîC>
/-'¥ôg÷^ëíô ôOR|î5é:��êO�|ô ëÈ\+'¥ñ\é:'¥ì�Ó�î�æ8'bï�è|êkñt\3êO'-/·êõî·æ8'-R�ò5ôkëHñ�,·è|óä÷¥è|ì�èV/#,�ì#F^ï["3ó.'¥ì[ì�è�ó(PnîB/#,\ò·ôkî·ì#'·ê
ôOR�ò5æ9'¥ô�éõèÎ÷-��ì·è|ñ�,^ôO�c/¥è�é�ï3èÎðnñ3ëíò·óíñnî5ì+ÓLëøó.,¥è�ñ×\�ó ã îBR�è�ôkèÎéõóíèc/¥è|ô�ï3è|ô°éõêS)3ì\é:'¥êS'¥ìzæ�èc/-P[^ø÷5ò·ôkîE�
÷·îB/#,�îBR�è|ó�Jkò·êõò·ô)ò·óäéBî·ó�ôO\HèV��ëøðnìuò·óäéFì[ëø÷#��ékè|óíè�ì¬è�óíóíè�ñ[]¥êSRV�|ô è·ã � R|è�ñ�éõèÎ÷-�|ì5è|ñ�,^ôO�c/¥è|ì®è|óä÷-�V/#RV�|ô è
ó('-/¥ëøìuî·ëíóíî#/)èc/#,¥èÎéõóøè|ñ�÷bëøôkôSR�î5éO�|êO��ôkë�\+'¥ñ\éõñnî·ì�éõè|ì[ëøñ[ékè|ñ3ïE][�[æ1ò·ô êO��ôOR�é$î&/#,¥î·ì#'·êkóAîué:"nî·ñîI$�'¥ê ï[^m>
é:F-\3êS'-/¥êkî·æ ò·óäéBî·ój/¥è|ñ�è|êõò5óøé ì#F^ï�ëíô�^(/B,1÷^ëíô è|óíì5è|ï3ëøì8ã
åARÌè�ó¬Jkò·êkò·ôO'·ì7"3î·ñÈ�8î·ó.\3êO'-/·êõî·æ8'¥ì�"nî·ñwî5óíìuî·óíæ�î#Rc'·ékéNé:`-"["�ôORV`·êO`¥ô2"6è�ó(�c\j��ôkë�\+'¥ñ\é)ì5è�÷#�|ôO"+�

Pnî·ôOR�ñnò·óíî5é:'¥ô®î¨Pnî#/#,#'¥æ�ò·ñ�,-'¥ô \3êS'-/¥êõî5æ9'-R|ò·ôkë�ñ�,·è|óä÷¥è|ì ì#`·êO�V"Hè|ñ<ã Æ-î·óAò·ñçóøèV/¥ëøôkæè|ê ékèV"["
ì^óíî·ôkôSR|ëøì7)�ô�\+�|óøïnòWJkî.î¾KÑpQfBè	\�êO'-/¥êkî·æ8'-R�ò·ô ë�ñ�,¥è�óø÷ Û7�6Þ4�4f ìB'¥ñ3ô ékêO)3ìB�|ë.FCJkîE�^æ�è�ó.,^ñ3è|ì�ôkèc/-^øékôO�|>
/-��÷·è|óÌèV/#, è�ó¬Jkò·êkò·ô éLéO`-"[" "6è�ó(�V\+�|ô ë&\j'·ñ[éO'¥ñ¢ì·è|ê è|ôSR�é:��ó�ëíôLæèV/-PE^ø÷7Pnî5éO)3ñ3ì��?ôO]5é¬îBR®èc/#,¥è�ô
"6è�ó(�V\+�|ô ë%\j'¥ñ\éO'¥ì è|óäé:��êO]zôOR|ò·æ��¢ëíóíópã é:^.\[)3ôS� \3î·êõî·æ8��ékè|ê è|ì·èÎé¬ï�è�ðnñ3ëíò·ó(P3î5éõñnî5ìHã å KÑpQfBè



> º©¿dº2�bºI�x½�¼�¹'¾iÄ$» ¹-Ä$Å �5ö

ñ�,·è|óä÷ èVR�è|ñ®ì#'¥ñ3ô°éõêS)3ì#��ë(FCJkò5éÌè�óíôO]·ôO'¥êS"nî·ñ '-"7J è�ì[éO)3æK>ªôOR�è|êS¥ ìB'¥ñ3ô ékêO)3ìB�|ë.F¥ì�æèV/·÷5î·ó.F¥ôO^äéBò·ôkò·êõî
Pnî·ôOR�ñnò·óäéBò·ì��Ìî#P['¥óÌî#R®èV/B,¥è|ôÒ"6è�ó(�V\+�|ô ë�\+'¥ñ\é:'·ì êkèV\�êkèVR�è|ñ\éBò5óøéBò5ìTîBR èc/#,¥è�ô�æ�èÎé:F^ï[)3ôS'¥ìuî5é!�
æ9^./1î#RÌè|ó�Jkò·êõò5ô)ó.'¥ìuò·óíëøô î·ïnî5é éõè|êS�3óíèÎéõè�î#R�'-"7J è|ì\éO)3æ îuékéõê ë("[�bé:)3æ�î·ëøé|ã��iëä÷¥è�ó�îì#'¥ñ3ô°éõêS)3ì#��ë(F
èV/#,^êO��ôORÎé.ñ3è|æ ÷5ò·óäé ôORc�|óíè�ôkìB`¥êO¥3è�ñ�Pnî·ôSR|ñnò·óäéÉ\�êO'-/¥êkî·æ8'-R�ò·ô ë<éõèc�ªP3ñ3ëøì5ò�÷5òE�8æ�ò·ôkêS�|ôORÎéF÷^ëíô è|óøì·è|>
ï[�|ô è®ôSR|ëøæ�)3óAò5ó(Pnî5éOFµîµ÷·èVRc�|êkó.�|ô ëI/¥êõòC$�$:è�ñ\éõëFï�è�ðnñ[^.�|ë.FCJkò�÷·î5óD��èVRc�|ê°é�î#R�èV/B,¥è|ï�ëI"6è�ó(�c\j��ôkëI��ô
ì^ëøó(�c\j��ôkë�\+'¥ñ\é�$:è|óøéO��ékè|óíècRV��ôkè%è|óm$�'-/\î·ï[P3î5é:FK��ô)ñ3è�æ ôO��ê ékë�î#RÌò·óøéõî·óAò·ñE'¥ôkôkò#/-'·é|ã
å éO`-"["3ôSRV`¥êS`¥ô�"6è�ó(�c\j��ôkë���ôWì[ëøó(�V\+�|ô ë�\+'¥ñ\ékéBî5ó1êkè�ñ3ï3è�óíì·ècRV] ì#F^ï["3ó.'¥ì[ì#'¥ì©èc/#, æ�ò·ôkëøì

ñ3è�÷·èVR|èÎéõè�ô¬è|ô è�ékè>î�¦bëíæ�)�óAîw\3êS'-/¥êkî·æ9'#R�ò·ô ë)ñ�,¥è�óø÷U"3ó('¥ì[ìVJkîE�)î·æè|ó.,^ñ3è�ìi$�)béBò·ôkò5é«"3ë.RV'¥ñ�,-'·ô
è|ó(]·êkèFæèV/#Pnî5éBò5êO'-Rc'·éké?\j'·ñ[éO'¥ì#'·ñ æ�èc/�óíècP3è�égôOR|î·ì�^øéBî5ñ3ë<î ü�Û\Þ4�É� ã®è|ó¬Jkò5êõò·ô�P[^ø÷5ò·ôkò�÷·î5óD�[æ1î4J ï
îQ$�)�éõò·ôõòué�ëøôkæ8��ékè|óøékè|ñ�$�'¥óm,^éõî5éõñ�ë�óíècP3è�éÌèÎéké:]·ó�î�\+'¥ñ\ékéOF¥ó��¢� � ã � Rî�æèV�ªPnî5ñ3ë(R�æ�)3ôÌî#RV��ê éÌëíô
ì7��ó(`¥ñ3óøèV/¥è�ôkè�ñt�|ê ï3è|ì5è|ôc��æè|ê éNî�¦bëíæ�)3óAî.î%æ1î5ë['-"7J è�ì[éO)3æz'¥êkëøè|ñ\éBò5óøé�\3êS'-/¥êkî·æ9'#R�ò·ô ë3ñ�,¥è|óä÷¥è�ì
èV/#,^ëíì%ìB`-R�÷·è�éõóøè|ñ�è|ó.]-R|æ8�|ñ�,#�|ñ3è�ì�éõè�ì[ëíñ\é:P3èÎé:]I��ô�î#R?'¥ôORÎéBò·óm,�æ�î·ë�$�'-/\î5óíæ�ò·êõî�è|êS]·éõè�ó¬J è�ô_Pnî5éõò·ô é
/#,\î·ìB'¥êO'·óøé�ã�å§\j��óíïnò·ñ�,#'¥ôO)3óäé�"3ó('¥ì[ì�î#R è|óíôS]%ï3è�éõî#�ªP9\+'¥ñ\éõë./%Pnî·ôO'·ñ3ó(F\î5ñ�$�)�é!�[æëíñ\é�î)*LPnîB/#,-'B>
æ1ò·ñ�,#'¥ô�+%ìBFbïE"3ó('¥ì[ìB'¥ì��+'5éké)î#RV'·ñ7"3î·ñ¬òuéBî·ïCJkî�î+÷¥ècRV�|ê ó(��ô é!�8ï3èÌó('·ì5ò5óíëíôgî·ïnî5éõî·ëøé%� ó(��ñ�,¥èV/#�V"Hè|ñ
"6è�óíôO] ò·óíóíî#\j'5éBò5éª�Næ�èc/·éBî5ê é�Jkî�+��ô?óAòué:Pnî5éOF9"Hè|óøôO]�è|ó¬Jkò5êõò·ôkî·ë�ëíóíópã�î5é éõêkë."[��éO)3æ1î5ë�ëíô_è|ó(��êOP3èÎé:]^è|ì
îì��3óä÷bëøóAò#/�ôOR�ò5æ1ò·êkî�ã

@2`¥ñ3ñ�,7¥U�|ôSR|ê è�÷¥è�ñ3ñ3ëFî®æ�î·ë*'-"�J è|ì\é:)3æ '·êkëíè�ñ\éBò·óäé�ñ�,·è|óä÷¥è|ì�'¥ôSR�éõò·ó.,aæèV/5÷·î5ó(F¥ôS^øéBò5ôõò�÷5î·ó
÷·î5ó(F¨\nò·êSP7)ER�î·æ8'·é�ã å "3ó('·ì^ì ó('¥ìuò·óøëíô¬÷5ò·óäé:'-RcF¥ë("+F¥óÌì·è|óøè�ékì·èVRÎéõè�ì î#R�'¥ôSR�éõò·ó.,çîuékéõê ë("[�bé:)>
æ1î·ë²�n"6è�óíôO]zè�ó¬Jkò·êkò·ôõî·ë."jF·óA\Hè|ï3ë./aæ�èÎé:F^ï[)3ôkî·ë ã år\j��óíïnò·ñ�,#'¥ôO^äé:'·é é�¦bëíæ�)�óAîw"3ó.'¥ì[ì î#R è�óíôS]
ï3è�éõî#�ªPQ\j'¥ñ\ékë(/�$�)�é ÷5î�ëíñ3ë.�|ëAî5óíë(R|ò·ó¬Jkî)ó('¥ìuò·óøëíô�÷5ò·óøéO'-RVF¥ëäéÑ6ò·óíóíî#\j'5éBò5é|ãÇ�iëøñ3ï3ècR�é æ�î�èV/#,�ì��3ó(`·ñ
ñ3è�÷·è|ôO^äéõèÎéké è|ó�Jkò·êõò5ôVÓ�î�ìB'¥ñ3ô°éõêO)�ì[éO'¥ê ÷-�c/-R|ëpã�å æ�î·ë+'-"7J è|ì\éO)3æ '·êkëíè�ñ\éõêõò5óøéNñ�,·è|óä÷¥è|ì îK¦bëíæ�)3óAî
æ�èc/¥ì#`-R�è|ó.^øé:��ôO�Î÷¥è|ó_ôOR�è|æ�"Hè|ñ'ì��3ó(`¥ñ\÷5ò·óíî·ôORÎé�Jkò·ìaîBR�'·ôOR�éõò·ó.,aî·ïnî5ékôOR|è�êkì5èVR|èÎé:�Îé«�|ôè|ó�Jkò·êõò·ôkî·ëøéV�
ëíï3è���ê é ÷¥è ì#'·ñ3ô ékêO)3ì\é:'·êõî·ëäé«�|ôÌ� î·æ�è�ñ3ñ�,^ë("Hè|ñ ó(�ÎéõècR|ëíì�î�ï3è|ô°éõêO)�ì[éO'¥êõòué�ãçå ¦bëøæ�)3óAî ò·óøéõî·ó
"6èÎ÷¥èVR�è�ékè�ékéæ8'bï�è|óíó$î·óíî#\\÷¥èÎé:]^è|ñ�æ�î¬ëíô��|ê°÷-�|ñ�,·è|ôV�Nï3èwîiéO`-"["�"Hè|ó.�V\+�|ôkë?�|ô�ì[ëøó(�V\+�|ô ë?\+'¥ñ\éS>
éBî·ó�ê è|ñ3ï3è�óíì5èVRV]E��ôõî4Jkò5éÌó('¥ìuò·óøëíô?î5ïnî5ékékè|êS�3óíèÎéõè|ñ ò·óøóAî#\+'·éBòué)éõò·êO'¥óøñ3ë	ìB�V\Hè|ô�ìBFbïE"3ó('¥ì[ì�P�è|ó.,·è�é é
é:`-"[" æè�éOFbïE)3ô éFï3è�ðnñ�ëAò·ó.)3ñ3ì��6æè|óm,¥è�ìiæëíñ3ï�èV/#,^ëíì5è�èc/#,�>ªèc/#,Ò"Hè|ó.�V\+�|ô ë_�|ôFì^ëøó(�c\j��ôkë~\j'¥ñ\é éBî·ó
êkè|ñ�ï3è|óøì·èVR�ëíì8ã
å æ8'bï3è�êkñb\3êS'-/¥êõî5æ9'-R|ò·ôkë�ñ�,·è|óä÷¥è|ìçæèV/¥è�ñ[/¥è�ï3ëíì î¨$��[/#/·÷-��ñ�,·è|ì<�|ô®î#R�'-\Hè|êkò5é:'¥êS'¥ì

\nî·êõî5æ9�Îéõè|ê î·óAî#\�Jkò·ñ é:`¥ê°é:��ñ[]�é:�3óäéõè�êOP3è�ó(�|ôS��é�¯CË#³|¹»¿(¯VÃ�á#ºg¼7Â�� åÉy�å��2 <Ò¾Ò��IÔ¥î�÷5î�ñ�,¥è|óä÷¥è�ìE�»�
ëíóíóøè�é ÷¥è îBRwî·óAîB\j��ê éõè�óíæèVR�è�éké�\nî·êkî·æ8��éõè�êO��ê é:��ì·è�ìwPnî·ôSR|ñnò5óAî5éõò5éQ�:åIy�å��Ç <ÒËÒ ñ�,¥è�óø÷¥è�ì�Îãµå
é:�3óäéõè|êSP3è|óäé�$��[/-/·÷#�|ñ�,¥è�ìK�|ôÑ'-\Hè|êkò5é:'¥êS'¥ì�P3î·ôOR�ñnò·óAîuéBò5é�ôSRV'¥ìuò·ô ��ß[Ü à|Ý\Û��C���6ÞW� \j'¥óøëíæ8'¥ê ð[R|æ�)3ô�>
ñnî·ì��	æ8^(/iî#R î·óíî#\+�|ê ékè|óøæ�ècR|è�é é�\nî·êõî5æ9��ê é:��ì·è�ìÌP3î·ôOR�ñnò·óAîuéBò5é ß��dÞ�ß7� à|Ý\Û��B���6ÞW� \+'¥óøëíæ8'¥ê ð½R»>
æ�)3ôkñ3î·ìwëíô�ñ3èÎ÷¥ècR|ñ3ë��¢; � ã
å $��E/-/·÷-��ñ�,¥è|ì«��ô�'-\Hè|êõòué:'¥êS'¥ìéO�3óøékè|êSP3è|ó.�|ôkèFè|ôkèÎé:�c"6è�ñièc/#,-��ê éõè�óíæ�¥�è|ñwé:`-"E"È�3ì��3ó(`·ñ7"+`-Rc]

\nî·êõî5æ9�Îéõè|ê è|ì[ì·è�ó ï3èÎðnñ3ëAò5óøé!�-ï3èwî#Rc'¥ñ['¥ô�ñ3è�÷7¥zî·ó.\3êO'-/·êõî·æêOF¥ó�"Hè|ôSRV��ó(P3èÎé:�3ñ3ì���æè|ó.,·è|ì®æ�ëøñ>
ï3èV/#,^ëøì·èèV/#,-6^èc/#, "6è�ó(�c\j��ôkë��|ô%ì[ëíó.�V\+�|ô ë�\j'¥ñ\é éBî·ó	ê è|ñ3ï�è|óíì5èVR�ëíì8ã � R�î«\3êO'-/·êõî·æñ�,¥è|óä÷^ë	ì#'¥ñ7>
ô éõêS)3ì#��ë(FèV/#,#�|ê°éõè|óøæ�¥3è�ñ¬ëíóøóíè�ôOR|ì5è|ï3ëøì1îK$:è|óä÷5ò#RV'¥óäé æ8'bï�è|óíóøêkè5ã
åAR×��ê é:��ì ôSR|è�êkëíñ\ékë9\+'¥óíëøæ9'·ê ð½R�æ�)3ô�� î·óAî#\+�|ê°éõè�óíæèVR|èÎékéÌ\nî·êkî·æ8��éõè�êkè�ì�ï3è�ðnñ�ëAò·óíò·ôõîE����ô



> º©¿dº2�bºI�x½�¼�¹'¾iÄ$» ¹-Ä$Å �¥ù

Pnî·ôOR�ñnò·óíî5éBî�î·ó(\3êS'-/¥êkî·æ9'·ì1è|ô è�éO�V"Hè|ñ��)÷^ë(R�ôO/\ò5óAî5éõò·êõî+éõè�ì^ëøñ\éõôO��ì¬î#R�î·óíò#"["3ë	 <Ò¾Ò $��[/-/·÷#�|ñ�,�>
ï3è|ì[óAî5êõò#��ë(F·éV�3æ�è�ó.,1î·óAîB\j��ê éõè�óíæèVR�è�éké*\nî·êõî5æ9�Îéõè|ê è|ì[ì·è�ó�êkè|ñ�ï3è|óøì·èVR�ëíì�Ó

M ñ«ï �ONQP�� ñLï ��R M ñLï � øàö �¨ïS� � ñ PUT ö �¨ïWVþìX�¨ï�YOZ ý T ö �¨ï M ñ��SZ ýLûQÿ

å
create [ date $��[/#/·÷-��ñ�,Lèc/#,Ì����÷+�½P[F[�3ñ3î#\���Pnò·ê æ1î5ôO"+F¥óÈP['-R.ó.��ékêkè.èV/B,wïnò5éO)3æ�'-"�J è|ì\é:)>
æ9'·é|ã?å P[F«��ô?ñnî#\�\3î·êõî·æ8��ékè|ê è|ì·èÎé%è|ó.Pnî#/#,7Pnî5é�JS)3ì�ît$��[/-/·÷#�|ñ�,�æèV/#P[^ø÷5ò·ôkò#"jF·óD�8èV"["Hè|ñ®î#R
è|ôkèÎé:"Hè|ñièVR|è�ì«�|ê°é:�|ì5è1â%óíè�ôOR5ã$åAR%î·óAòB"["3ëÈP[^ä÷5ò·ôO'¥ìéõècPnò5é_æ�ëøñ3ï«�|ê°÷-��ñ�,·è|ô è|ì�Ó

M ñ«ï �]\ ý Z NQP�� ñ«ï ��R M ñ«ï � ø^��_�_�_ T ýèý T �ÌýLûPÿM ñ«ï �]\ � Z NQP�� ñ«ï ��R M ñ«ï � ø^��_�_�_ T ýèýLûPÿM ñ«ï �]\ � Z NQP�� ñ«ï ��R M ñ«ï � ø^��_�_�_ÉûPÿ

�|ôFê è|ñ3ï�êkè
(2000, 11, 21)

�
(2000, 11, 1)

ëøóíóíèÎék÷·è
(2000, 1, 1)

�|ê°é:��ì7¥¬ïnò·êO)�æ9'·é2P['#RVR�î�ó(��ékêkè5ã
� R¬î©Pnò5êO'¥æ P[^ä÷5ò·ô1îBRV'¥ñ�"nî·ñU)[/#,\î5ñnî#R�é1î#R�³DÂ#Ð�³|µ�¿(³|¼w$��[/-/5÷-�|ñ�,[éwî5ì[ékëø÷^ë(R|ò·ó¬Jkî�Næ8�V/-PE'-RVR|ò
)[/#,\î5ñnî#RV'·ñ�"Hè|ó(�c\j��ôkë�\+'¥ñ\é:'¥ñÌì·è�êkè|ôSR�éO�3ó ãºO$î5ó(FCJkò#"3î·ñ%î

create [ date è|ó�Jkò·êõò·ô�èc/#,%Pnî#/B,-'¥æ�òC>ñ�,#'¥ôIPnò5êO'¥æ8\nî·êkî·æ9�Îéõè�êkè|ô�$��[/#/·÷-��ñ�,#�<æè|óm,wñ3è|æ ëøô)ôSR|è�êkèVR�é:)3ï3æ�ò·ô°éFî5êkêOF·óD�½P['-/B,�î9Pnò·êS'¥æ
$:è|óíôS'¥êO'·óøé P[^ä÷·ò5ôkë�$�'¥ê æ1î ìB`-RV�3óæè|ó.,^ëøì î·ì\éõëä÷^ë(R�ò5óøéBîbã åÉR'î·óAî#\+�|ê°éõè�óíæèVR|èÎéké�\3î·êõî·æ8��ékè|êL6
�|ê éO�|ì5è|ì·èÎé_îKå7ÊgË«H è|ó�Jkò·êõò·ôÑ��ôNñ3è�æ î�å7ÊgË#¯Cµ�µ½�|ê°éõè|óøæ�ècR|ëpã � "["+]¥ó8èV/#,#�|ê ékè|óøæ�¥3è|ñ�ì#`]÷¥èÎéõì5èVR|ëøì î#R
ëíôV�_P['-/#,>èc/#,�î5ó(\3êS'-/¥êõî5æ�ì#'¥æ8\3óøè|¡bëøéõò·ôõî�ñ3è|æ ñ[`]÷¥è�ì[ôOR|ëøì�î·æëAîuéké!�sP['#/#, î·óAî#\+�|ê°éõè�óíæèVR|èÎéké
�|ê éO�|ì�¥Ò\3î·êõî·æ8��ékè|ê è|ì[ì·è�ó�ê è|ñ3ï�è|óíì5èVR�ëíì8ã

� Û��Ç�~������vÌX�Ù(lxÙ å
G = (N,E, s, t)

÷¥èVRc�|ê ó(�|ô ës/¥êõòB$�"3î·ñ
n ∈ N �~�dÛ^ü	���E��Þ4k	 �\à J �\à �Pnî | IS(n) | > 1

ã
on,bëøóø÷5ò·ñ\÷5î·ó(FE�Pnî

n ∈ N \3ê è|ï3ëøìuò5é:)3æ��|ôO�E�|ôV�Hî·ì[ìB'¥ê
n ∈ N ′ ã

ß�ë./#,¥è�ó¬JS�3ìLæèV/[��P['-/#,�î æ9'^ï3è|ê ñ�\3êO'#/¥êõî·æ8'-R|ò·ôkë�ñ�,¥è|óä÷¥è�ì7"Hè|ñµî�\3êkè�ï3ëíìuò5éO)3æ $�'-/\î·óøæ1î
J è|óíè�ñ\é:]¥ô è|ñ�æèV/-P3î·óAî·ïWJkîî8Pnî#/#,#'¥æ�ò·ñ�,-'¥ôA\3êO'-/·êõî·æ8'-R�ò5ôkë�ñ�,¥è�óø÷¥è�ì�\�êkè|ï�ëíìuò5é:)�æ J è�óíè�ñ[éO�|ôS��é!�
î#P['¥ó\îBR�é�ó(��ñ�,¥èV/#�V"Hè|ñ�óøè|ôSRV¥3ì�^øéOP3è�é é:�3ì?î#R�èV/#,^ôSR|è|êS¥Ì÷·èVRc�|êkó.�|ô ë^ôSR|è�êkì·ècR|èÎéõè|ìt� è�óAò#/¥î#R�ò·ôc�4�|ëøì^ó.)3ôª�
Pnî·ôOR�ñnò·óíî5éBò·êkî�ã
å ì#`]÷¥èÎéõì5èVRV]Q\3êS'-/¥êkî·æ�êS�|ôSR|óíèÎé èV/#,·è�ékóíè|ñ¬è|óAòB/\î#R�ò5ô é éBî·ê°éBî·óøæ1îBR#�3æè|óm,bñ�è|ìwë(/¥î#RÌò#/\î�èV/#,

� ì#�ÎéFè�ó¬Jkò·êkò·ôOPE^ø÷5ò·ô égéBî·ê°éBî·óøæ1î#RcF��$ôSR|è�ì[÷·è|ñ[��ëAîE�+Pnî·æëíô ò#/\îK\6è�ï3ë(/��3ê è|ô�ã

ö�÷ ø ïa` öXbSc òOd _Äû
�

÷4ø�ûPÿ
� ø�ûPÿ

�



> º©¿dº2�bºI�x½�¼�¹'¾iÄ$» ¹-Ä$Å �#;

� \3êO'#/¥êõî·æêO��ôOR�óíè�é�óíò5éõôSRVF¥óíî#/�èV/B,¥è�ékóíè�ñ�\3ê è|ï3ëøìuò5é:)3æ �|ôO�E�|ôO'5é-éõî·ê éõî·óíæ�î#R·ã~��ë¥é:`¥ê°é:�|ñ�ëíì?îBRV'¥ñ>
"nî·ñÈ�2Pnî�îàÒ '-\Hè|êkò5é:'¥ê°éwî�\3êS'-/¥êkî·æ9'#RVF éO�3óøékè|êSP3è|óäéõè#����ôwèVR îw$��E/-/·÷-��ñ�, ì[ëø÷#��éõè�óøé1ï['-"H"
® /#,¥î·ñ[�|ôkî·ì¬ì[ëä÷-��ékè|óäé.ï['-"[P3î5é��:æ9�c/-P['-RcR�òwî·ìuò·ê)æ1ò·ô_é:^.\[)3ôO�bé»�)îBR�ëíñ�ï3è|¡bè|ó.�|ôI'#\6è�êõò5éO'¥êõî1ëøôV�
\3ó ã-î#R$ëíñ3ï3è»¡Pnî5éBò5êO'¥ì.æèV/¥ôS�|ê°é:�|ô è|ìB'¥ê|ã�on,^ëíóø÷5ò·ñ\÷5î·ó.F\î·ñ.èVR�è|ñ�ìBFbï�êO�|ôSR|óøè�é-ì#'¥æ8\3óíè»¡bëøéBò5ôõî ñ3è|æ
$:è|óíè�ó�æ�èc/�ît���4 î#"Hè%�|ëíì[ìB�V"Hè|ñ�$:è�óø÷5ò#Rc'¥óøéõî·ì[ñnî·ì8ã
å $:è|ñ\éõëøè|ì æ�ëíî5éké \3ê è|ï3ëøìuò5é:)3æ ��ôO'¥æ8F-\+'¥ñ\éõñnî·ì ì5è|óíó>éõè�ì[ëíñ\éõè�ñ7��ñ3ì æëíñ3ï�è|ñ '·ó.,\î5ñ

ì#F^ï3êO��ôOR|óøè�ékè�é!��î#PE'¥ñ3ñnî·ñ î ÷·èVRc�|êkó.�|ô�éO`-"[" ëíêkò·ñ�,"3î·ñ $�'¥ó.,[éõî5é:F^ï[Pnî5é|ã èªó.,·è|ñ ì#F^ï3êS�|ôOR�óíèÎé
óíèVP�è�é èc/#,¢è|ó¬Jkò5êõò·ôSP[^ø÷5ò·ô�ëíôc��î#PE'¥ó�î×P[^ø÷#'·éké¬è|ó¬Jkò5êõò·ô�ì[ëø÷-�Îéõè�óøé�ïE'-"[Pnî5é|ã �ië.)�éBò·ñ ôOR�ò5æ9'¥ô
\3êO'-/·êõî·æ8'-R�ò5ôkë%ñ�,¥è|óä÷7"6è�ñ óíècP3è�éO]¥ôO�c/¯÷5î·ñ '-\Hè|êkò5é:'·êO'¥ì éO�3óøékè|êOP�è|ó(��ôO��êkè§��\3ó ã å�ï3îE�� <Ò¾ÒK�
 �@8�»�¬æè|óm,a'-\Hè|êõòué:'¥êS'¥ì©æ�î#/-)3ì©ëøôzì^ëä÷5ò·óøéOPnî5éõñ3î·ì ì[ëø÷#��ékè|óíè�ì·èÎé!��ñ�,^ëíóä÷·ò5ñ[÷5î·ó.F[�«P['-/B, î
Pnî#/#,#'¥æ1ò5ñ�,#'¥ô?÷¥ècRV��êkó(]LôSR|è|ê ì·ècR|è�ékè|ì5è|ñ � è�óAò#/¥î#R�ò·ôc����ëíì[ó()3ô:�)ì·è�êkè�ôOR�éO�3ó�é:`¥ê°é:��ñ[]«\3êkè�ï3ëíìuò5éO)3æ
ï3è�ðnñ�ëAò·óíò·ô�æ�èc/¥óíècP3è�éO]¥ôkè�ñLì·è�÷·è|ô ôO��Pnî5ôOR|ñ3ò·ó(Pnîué:F�� ù ÆC� ã

� Û��Ç�~������vbX�Ù Ø�e�Ù � /#,
G = (N,E, s, t)

÷¥ècRV��êkó(��ôkëI/·êõòB$�"nî5ñ à|Ý\Û��<ÜHÛ7�N�����nÿ��pàw��v�üfK
h�ÿ:þ��È���s�[� ñ3è�÷·èVRVRc�3ì¢î#R��|óøè|ìWèV/#,æ'¥ó.,¥î·ñ

(x1, x2), (x2, x3), . . . (xk−2, xk−1), (xk−1, xk)
�

ôO'¥êS'-R�î5éõò5é!�8îBP['¥ó
∀i[1 ≤ i ≤ k]⇒ IS(xi) = 1

å
P
\3êS'-/¥êõî5æ èV/#,LôSR|è�ì[÷·è|ñ[��ëAò·óøëíô)ì#F^ï["3ó('·ì^ìVJkò·ñ3î·ì éõècPnò5éFî#RV'¥ñ

P
>¤"6è�óíë<éO'¥ì·è�ñ3è|ì�ôO'·êO'-R|î5éBò5é

ñ3è�÷·èVRVRc�3ì��Fæè|óm,bñ�è|ìa÷-�c/¥êkècPnîWJ°éBò5ôõîzî#R¬è�óíôS] é:'·ì·è|ñ�ñ3è|ó?ì5èVR�ï[]bï�ëíì���æ1î4J ïU$�'¥ó.,¥î·æ�î5é:'¥ôkî·ñ'î
ôOR|è�ì\÷¥è|ñE�|ëAòB"nî·ñµèc/#,^æ1ò5ô é.ìB`d÷·è�éO]�éO'¥ì·è�ñ3è|ì¬÷#�V/¥ê èVPnî4J°éBò·ôkò]÷5î·ó	$�'¥ó.,[éBîué:F^ï3ëíì��+�|ô.ì#`#RV"Hè|ñ®ñ3è|æ
éBî·ê°éBî·óøæ1î#R�\3êkè�ï3ëíìuò5éO)3æ9'5é�ãåZ\�êkè|ï�ëíìuò5é:)�æ�êSF¥ó�éõèÎéké�æ�èc/4J èc/#,7RV��ô�î·óíî#\7Jkò·ñ®îLôOR�è|ì\÷¥è�ñ[�|ëíò·óíëøô
ì#F^ï["3ó('·ì^ìµèV/#,·è|ô+é:'¥ì5è|ñCJ è�ëíñ3è�ìµ÷-�c/¥êkècPnîWJ°éõò·ôõî®ñ3è|æý÷·ò5óøé:P3î5é+ì[ë ì[ëø÷#��éõè�óøé|ã�å ôOR�è|ì\÷¥è�ñ[�|ëíò·óíëøô
ì#F^ï["3ó('·ì^ì1ñ3è|æ èc/#,-��ê éõè�óíæ�¥��nîóøèV/-PE'¥ôkôSR�î#"["�ëíóm,¥è�ñ�ôS'¥êO'#R�î5éO'·é èVRc�|ê é_ì��3ó.`¥ñiï�è�ðnñ3ëíò·ó¬JS)�ì+Ó

� Û��Ç�~������v�X�Ù Ø8ØnÙ � /#,
G = (N,E, s, t)

÷¥ècRV��êkó(��ôkë	/¥êõòB$�î·ï['·é é
n ∈ N ��ôO'¥æ8F-\+'¥ñ\é�Jkò·ñ

ò5é:Pnî5óAî·ï[F>ôSR|è|ì\÷·è|ñ[��ëAò·óøëíôì#F^ï["3ó('·ì^ìVJkî·ë ìB`-RV�3ó_î>æ1îW¡�ëøæ1ò5óíëíô�P['¥ô ôORV��ôõò#/-�¯ôO'¥êS'-R�î5éO'·é �nÿ��[�-K
h�ÿ:þ��È���s�[� ñ�è�÷¥ècRVRc�3ì8ã
å ìB`d÷·è�ékì·èVRc]¥ì�"6è�ñ î#Rwèc/#,¥è�ô�ìBFbï3êS�|ôSR|óíèÎéõè�ì�"6è|ò#/#,¥î#RV'·é éõôkò#/\ò·ñnî5ì�æ9��ó.,^ôO�c/-��é�ì�^ä÷·ò5ñCJS)3ì

ï3è�ðnñ�ëAò·óøñ3ë ã	Æ-è�ì^ëøñ\éõè�é éõè�ó<ì·è�óíó6î#RV'·ñ7"3î·ñ óíè�ñ3ñ��3ñ3ì�î�\3ê è|ï3ëøì5òué:)3æz�|ôS'¥æ8F-\j'·ñ[éO'¥ì[êOF¥ónékè�éké?$:è|ñ\éõë
æ�èc/\ò·óíóíî#\[^äéBò·ôS'¥ì[êõî�ãQ��^(/�12'43 î5é éK�|ô�5 î·ì5è|ê�ï3èÎðnñ[^.�|ë(F·ë("nî·ñ îÒ"Hè�ò#/B,\î#Rc'·ékékôõò#/�æ8�|ê°é:��ì#��é+î
ñ3è|æ ô ékêO)3ì\éO�3êõò·óøëíô%ì#'·ñ3ô ékêO)3ìB�|ë(F·ìæ��\3ó ã9/-'·é:'�)�éBî5ôO^øéõò·ôª�?óøèVP3èÎé:]¥ôS�V/¥èæ�ëíî5éké%ì5è|óøóíè�é éÌëíñ3ï3ëøêkè�ì[é
æ9F^ï['¥ñÈ�_î§á7¯C·Kºg¼+¾#µL¯C¹:¯4´��|ôLîÌÁ+¹:³Oá#º(´#¾#µ�¶· GªÅ�Ï�GªÅ�¿(³DÂ#¼+Ã4Â#Ð�¯#°4° Ã#¿MÅ�HÌåEÃ#µD¾#¹SÃ�ôkèV/#^øéõôS�V/-�Î÷¥è�ó
ï3è�ðnñ�ëAò·óøñ3ëD��J è|óíè�ñTè�ôkèÎé:"Hè|ñ è�ñ3ñ3è|ì¢îzï3è�ð3ñ[^(��ë(F¥ôLêkè�ñ3ï3ôSR|è|ê ñ3è|ìTò5é ÷-��ékè|ó.��é¬îWì[ëø÷#��ékè|óíì5èVR�è|ó(��ô
æ�èc/¥è|ñ[/·è|ï[��ôkèÌæ9'·ékëø÷5ò·ó�Jkî�ã
å Å�Gª¯ªÁ½³)ôSR�ò·æ�ï�è�ðnñ[^.�|ë.FCJkò·ñnî·ì�ôO'·êO'¥ñ ìB`d÷·è�ékì·èVRc]�"Hè�÷¥ècR|èÎé:�|ô è�1)î·êkê ëíôO'·ñ��|ô��¬î#/·è|ó�� â4T �

æ�)3ñ3ìuò·ëøñiî5óAî#\[)�ó ã
� Û��Ç�~������vÌX�ÙpØ^úxÙ p�èV/B,¥è|ñ

G = (N,E, s, t)
÷·èVRc�|êkó.�|ô ë~/·êõòB$��[��ô

p, q ∈ N ��ôO�[��ôO'¥ì8ã
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• å p �|ôO�E�|ô ü�þ+����~��Þ�þ+�W� q >ªñnî5ì G >L"Hè|ñÈ�[P3î ∀P [P = path(s, q)]⇒ p ∈ P ã
• å p Ü[�nÿ�v�ü~� ü�þ+����s��Þ]þ��W� q >ªñ3î·ì��[Pnî+ï['¥æëíñnòué:'¥êkî��|ô p 6= q

ã
• å p �H98Ý¥ÜHÛ[Þ]ÿ Û7� ü�þjw�²�s��Þ]þ��W� q >ªñ3î·ì��+P3î p ÷5î·ó(F^ï3ëxï['·æ�ëøñnò5é:'·êõî q >ªñnî·ìt�|ô ∀r ∈ Nè|ô è�é:��ñÈ��Pnî

r
÷5î·ó(F^ï3ë<ïE'¥æ�ëøñnò5éO'¥êõî

q
>¸ñnî·ì��8î·ì[ì#'¥ê

r
ïE'¥æ�ëøñnò5éO'¥êõî

p
>ªñ3è�ì8ã

� Û��Ç�~������vÌX�ÙpØ^áxÙ
G = (N,E, s, t)

÷·èVRV��êkó.�|ôkë~/¥êkòB$��
p, q ∈ N �|ôO�E�|ôO'·ìHãgåÉR

p
>L"+]¥ó

q
>¤"nî

÷¥èVR�è�éO] Û^ÿpàg6µÛ^ÿ�6��¸þ��uü~k-ÿ��nà�k�Þ!�[� ã �nÿ�w�3Ý�� �¤EÑ¹:Å|µ�¯�G�G|¶¹:³|¼ÕGª³*ÁEÃ#µgå#�|Ó

FOP (p, q) = {path(p, q)|sum(q ∈ path(p, q)) = 1}
åÉR$è|óíôS])è�ó(]#$�'·êkï[)3óíò·ôÈ)�éõî·ìIPnî5óíæ�î#R�î

p
>¤"j]·ó

q
>¤"nî

FOP (p, q)
îBRV'¥ìuî5é-î#RÑ)�éõî·ìuî5é�éBî·ê°éBî·óøæ1î#RcR�îE�

æ�è�ó.,¥è�ì[êkè
q
\+'¥ñ\é:'¥ôkî·ñzèV/#,^ôSR|è|ê�$�'¥ê ï[)3ógè�ó(]>î

path(p, q)
��éO'¥ñxã�ß�ë./#,¥è�ó¬JS�3ì>æèV/[�ÑP['#/#,aî

���4 î#"HèÌæ�èÎéõêkëøìuò#P['-RIP3î·ôO'¥ñ�ó(F\î·ñ�î#R&`·ñnò·óíó.F�÷¥ècRV�|ê ó(��ôkës)�éBî5ì ì[ëø÷5ò·óAî5ôOR�éõò·ôõî+îK�c�|ó ã

p1

p2

s

a

b c

p3

d

t

åb$:è�ñ\éõëx÷¥ècRV��êkó(��ôkës/¥êkòB$�è�ôkèÎé:�V"Hè|ñ�éõè�ì^ëøñ\éõôO��ìLî
p1
�
p2
��ôO'¥æ8F-\+'¥ñ\é:'¥ìuî5é|ã

FOP (p1, p2) = {(p1, a, p2), (p1, p3, b, p2)}
® /#,¥î·ñnî·ì[ì#'·ê

FOP
ñ3è�æ éõî·ê éõî·óíæ�î#RVR|î)îBRV'¥ìuî5é�îÉ�|ôS'¥æ8F-\j'·ñ[éO'¥ìuî5é!�uæè|ó.,·è|ìÌî

p2
��ôO'¥æ8F-\+'¥ñ>

é:'¥ñwëøô ò5éOPnî·óAî5ï[F���ëíì[ó()3ô$éBî·ê°éBî·óøæ1îBR|ñnî�ãihL/#,�ñ3è|æ êO��ôOR|è%îBR?è|óøôO]�è�ó(]#$�'¥ê ï[)3óíò·ô?)béBî·ì8Pnî·óøæ1î#R|òC>
ñnî·ì�Ó

(p1, a, p2, a, p2)
ã

� Û��Ç�~������v�X�Ù Ø�X�Ù å�ï['5éké
G = (N,E, s, t)

÷¥ècRV�|ê ó(��ôkë&/¥êkòB$��A��ô
p, q ∈ N

�Ép�èV/#,·è|ñ
MP (p, q)

î#RV'·ñw�|ôS�[�|ôS'¥ìÌPnî·óíæ�î#R|îE��æ�è�ó.,¥è�ì>êõîWJ°éõî�÷5î·ñ3ñnî5ì�÷·î5óAî·æè|óm,
FOP (p, q)

>L"Hè|óøë_�>
é:'¥ñÈÓ

MP (p, q) = {v | ∃P [ P ∈ FOP (p, q) ∧ v ∈ P ] }
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åÉR è�ó(]-Rc]i÷¥ècRV��êkó(��ôkë*/·êõòB$n\+�|óøïnòWJkò·ñ
MP (p3, t) = {a, b, c, d, p2, t}

ß�ë./#,¥è�ó¬JS�3ì æèV/[�	P['-/#,
èV/#,

G(N,E, s, t)
è�ôkè�éO�V"Hè|ñ

MP (s, t) = N
ã

� Û��Ç�~������v©X�Ù Ø7exÙ å�ï['5éké
G = (N,E, s, t)

���|ô
p ∈ N, IS(x) > 1

\3ê è|ï3ëøì5òué:)3æ ��ôO�[��ô|ã
åÉR

p
\3êkè�ï3ëíìuò5éO)3æ �nÿ àVv ã ��Þ!�[�W�½� �=¿(¯Cä�³|¹�°|¯C¶7¼+áCÅO�

LB(p) = {v | ∀r∀P [ r ∈ IS(p) ∧ P ∈ FOP (r, t) ⇒ v ∈ P ]}

�ië.)�éBò5ñèc/#,+÷¥ècRV��êkó(��ôkë�/¥êkòB$<èc/#,¥èÎéõóøè|ñ
t
÷-�c/-\j'·ñ[é éBî·ó8ê è|ñ3ï3è�óíì5èVR|ëøì��bècRV�|ê°égôSRV�3ì[ôS�V/¥ôSR|è|êS¥3è|ñ

ó(��ékèVR�ëíì1èc/#,«'¥óm,\î·ñ
v
\j'¥ñ\é_îK/¥êkòB$�"nî·ñÈ�3î#P['¥ó<÷5î·óíî·æè|ó.,

p
\3ê è|ï3ëøìuò5é:)3æ��|ôO'·æ9F-\+'¥ñ\é:"+F¥ó6ì^ëøëíñ>

ï[)3ó(F���ék÷#'¥ñnî·óíî·ì�ëíôkæ8��éNéBî·óíò·óíìB'-R|ñ3î·ì8ã � R.î
v
�|ôS'¥æ9F#\j'¥ñ\égæ�ëøñ3ï3è|ñ1èV/#,·è|ô�'¥óm,\î·ñt��ék÷#'¥ñnî·ó.'¥ñ

êõîWJ°éõî.÷5î·ñ��[î·æ�è�ó.,�î
p
\3ê è|ï3ëøì5òué:)3æ��|ôO'·æ9F-\+'¥ñ\é�ìB`-R�÷·è�éõóøè|ñêõò·ìB`]÷¥è�ékì·ècRV]¥ë."j]¥óHî

t
÷-�c/-\j'·ñ[éO"nî

÷¥èVR�è�é|ã � Rî é:)3óíîWJ ï['¥ñ3ôkò#/Lî#Rc'¥ñ�"nî·ñ®ñ3è|æ�èc/#,¥è�ï3ëD��æëíñ3ï�è|ñ
q
>¤"jF·ó

t
>¤"6è�÷·èVR|èÎé:]���é:'¥ñ>è�ó(P3è»>

ó.,¥ècR|ì5è|ï[]9�|ôO'·æ9F-\+'¥ñ\éõêkî+ë(/\î#R5ã � RV�|ê°é_ì^ë�ì5è|óøó�è|æè|óíñ��3ñ�ìwî#R�³|¿MÅ�D)ëíó.,·è|ñQ�|ôS'¥æ8F-\j'·ñ[éO'·é�ã
å
p
\3êkè�ï3ëíìuò5éO)3æ î·óøôOF�Pnî5éõò·êõî·ë.ó.�|ñ�,¥èc/-�V"Hè|ñ î ËCÃ#¿-HVá#º�á7¯C·Kºg¼+¾#µ�¯C¹ ��yFè�ð3ñ[^(��ë(Fzö3ãäâ Æ ãM�

ëíñ\÷¥è�êOR�$�'-/\î5óíæ�î�ã¨Æ-è�ì^ëøñ\éõôO��ì î#R�é î
G′

/¥êõòC$�'·é!� î·æè|óm,��[/#,'óíèÎéké ìB'¥ñ3ô°éõêO)3ò·óø÷5îE�nP['-/B, î#R
è|êkè�ï3è�ékë

G
÷·èVRV��êkó.�|ôkëE/¥êõòB$�"3î·ñ�æëíñ3ï�è|ñÌèV/#,·è|ô��|ó[ëøêõò·ñ�,\òué	æèV/#$�'¥ê ï[^øé�JS)3ñ3ì8ã � "["6è�ñ�î#R$è|ôkèÎé:"Hè|ñ

p
î·óøôOF�P3î5éBò·êkî

G
>L"Hè|ñt\+'¥ñ\é:'·ôõî·ñ

p
÷·î5ó(F^ï3ënï['¥æëíñnòué:'¥êkî·ë

G′
>¤"6è�ñxã � R?î���ôO'¥æ8F-\+'¥ñ\é

G′
>¤"6è�ñ

î
p
�|ôS'¥æ8F-\j'·ñ[é�´�JVÄVË#³|µ²¿(³|¼�á7¯C·Kºg¼+¾#µ�¯C¹SÃ#�5î·æëøé�î

G
/¥êkòB$�"nî·ñ

p
¿(³DÂ#¼+Ã4Â#Ð�¯#°4°AÃ#¿MÅ�HAåEÃ#µ¤¾#¹SÃ|>ªìB�|ñ\é

ñ3è�÷·èVRV��ñ3ì8ã
� Û��Ç�~������v©X�Ù Ø7
xÙ å�ï['5éké

G = (N,E, s, t)
���|ô

p ∈ N, IS(x) > 1
\3ê è|ï3ëøì5òué:)3æ ��ôO�[��ô|ã

å
p
\�êkè|ï�ëíìuò5é:)�æ ÿ Û��+�s�[�½f6þ�h~h§�nÿ àVv ã ��Þ4�[�W� �DÂ#¹:³OÃ#µ�³ªÅ|µÑ¿(¯Cä�³|¹�°|¯C¶7¼+á4�

GLB(p) = {q | q ∈ LB(p) ∧ ∀r [ r ∈ (LB(p) \ {q})⇒ r ∈ LB(q)]}

K~�|óíï3ò·ñ3ì�"nî·ñ
LB(p1) = LB(p3) = t

�s��ô
LB(p2) = d, t

ã ® /#,¥î·ñnî·ì[ì#'·ê
GLB(p1) =

GLB(p3) = t
�|ô
GLB(p2) = d

ã
� Û��Ç�~������væX�Ù ØEx6Ù å�ï['·é é

G = (N,E, s, t)
÷¥èVRc�|ê ó(�|ô ë�/¥êkòB$��~�|ô

p ∈ N
\3êkè�ï3ëíìuò5éO)3æ

�|ôO'·æ9F-\+'¥ñ\é!�8î
p
��ôO�[��ô?ò·óäéBî·ó �	�dÛ^ü	���E�3ÿ:Þw�\à J �\à|þ�� ã �nÿ�w�3Ý�� ��÷5î#/#,>ã ��Þ4v��H9��uÛ Ó

Scope(p) = {n | ∃q [ q ∈ IS(p) ∧ n ∈MP (q, GLB(p)) ] } \ { GLB(p) }

åæåEÃ#µ�H4´�JC¹�$�'-/\î·óøæ1îNï3è�ðnñ�ëAò·óäé�æ�ëøñ3ï3è|ñ
x ∈ N �|ôO�E�|ôkêkîE�¥ï3è$èVRNînPnî·óíæ�î#RÇ��ôõî·ìÌîn\3êkè�ï3ëíìuòC>

é:)3æ ��ôO'¥æ8F-\+'¥ñ\é:'¥ì[êkî óíè|ôSR+ñ3è|æ��3êkè�ô|ã � ñ3ñ3è�ì�'¥ìuîE��P['-/B, î ñ3è�æ \3êkè�ï3ëíìuò5éO)3æ ��ôO'¥æ8F-\+'¥ñ>
é:'¥ìaè�ôkè�éO�V"Hè|ñ

IS(x) = {GLB(x)} ã¯å \+�|óøïnò#"nî5ñ'ôSR|è|ê èV\3ó.] ÷·èVRV��êkó.�|ôkë2/¥êkòB$?è�ôkè�éO�V"Hè|ñ î
Pnî5é:F·ì#`¥êS`¥ìwî#RÌî·óíò#"["3ëjPnî·óíæ�î#Rc'¥ì1óøè|ôOR�ñ3è|ì�Ó

Scope(p1) = {a, b, c, d, p2, p3}
Scope(p2) = {a, p2}
Scope(p3) = {a, b, c, d, p2}



> º©¿dº2�bºI�x½�¼�¹'¾iÄ$» ¹-Ä$Å �#�

� Û��Ç�~������v�X�Ù Ø�xÙ å�ï['5éké
G = (N,E, s, t)

�6÷·èVRV��êkó.�|ôkë�/·êõòB$��j�|ô
x ∈ N

�|ôS�[�|ô�ã�åAR
x�|ôO�E�|ôO'5é �~�dÛbü~���E�nÿ�v2�\à J �\à|þ�� ã �nÿ�w�3Ý�� Ó

Pred(x) = {p | x ∈ Scope(p)}
ã

� Û��Ç�~������v§X�Ù Ø7l�Ù å
G = (N,E, s, t)

÷·èVRV��êkó.�|ôkë?/¥êõòC$
x ∈ N

�\à|þ+wv���þ+�6Þ�Yc�½�~�E�
h�Û7�E��f+�3Ý\þnÞ�Þ]àV�[�+��µß^ÿ�f�à|ß��HÛ �=¼�³ªÅ|µ�ºg¼7Â�á7³LÁ+µgå#�|Ó

nd(x) =| Pred(x) |
� Û��Ç�~������v�X�Ùøúje å

G = (N,E, s, t)
ÜHÛ^Ý\ß��uÿ:ßbàV�����W�[�<Þ�Ûbÿ¢Y|Û^à�h�Û��[�½f+�3Ý\þnÞ�ÞdàV�E�j�jµß^ÿ�f0K

à|ß��HÛ Ó
ND(G) =

∑

n∈N ′
nd(n)

å \j��óíïnò#"3î·ñ©ôOR�è|ê èV\3ó.] ÷¥ècRV�|ê ó(��ôkë�/¥êkòB$Lè|ô è�éO�V"Hè|ñ î#R î5óAò#"["�ë8\�êkè|ï�ëíìuò·ó(FçPnî·óøæ1î#Rc'¥ìuî5é
é:)3ïCJS)�ìwæ�èc/\ò·óíóíî#\[^äéBî·ñ3ë²Ó

Pred(p1) = 0
Pred(p2) = {p1, p2, p3}
Pred(p3) = {p1}
Pred(a) = {p1, p2, p3}
Pred(b) = {p1, p3}
Pred(c) = {p1, p3}
Pred(d) = {p1, p3}

åçékè|ó�J è|ô�"Hè�ò#/#,¥î#RV'5ékéõôkò#/¥ë�æ8�|ê°é:�|ìt\6è�ï3ë(/
ND = 13

ã
k ¶7¼EÅ|·t¯C¹:³��|ômlnÃ#¼½¼�¯C¼¨�äâ4d � î#RÎé�Jkî�÷5î·ôO'¥ó�Jkò·ì��*P['-/B, î ÷·èVRc�|êkó.�|ô ëI/¥êõòC$%ì#'¥æ8\3óíè»¡bëøéBò5ôõò5é

î�/·êõòB$��|ôS'¥æ9F#\j'¥ñ\é�Jkî·ëíñnî5ì¯ò5ékóAî#/#'¥ô�"Hè�ò#/#,¥î#R�ò5ôkë.æ8�|ó.,^ôS�V/¥è�ì#�|ñ\éiï3è�ð3ñ3ëAò·ó�JS)3ì8ãz gëíì[ì��3ì�"Hè|ñ
ì^ë.R�ò·êSF¥óAîB/Fô ékêO)3ì\éO)3êõò·óäéÇ\3êS'-/¥êkî·æ9'·ì^ìuî·ó�$�'-/¥óíî·óíìB'-R�÷5î_îI�|ôS'¥æ9F#\j'¥ñ\éO'¥ì%"6è|ò#/#,\îBR�ò·ô ë3æ9��ó.,^ôO�c/-��é
êkè|ì�)3êSRV^ä÷·î5ñµï3èÎðnñ3ëAò5ó¬Jkò·ì8ã � /#, �|ôS'¥æ9F#\j'¥ñ\éV��æè|óm,�ñ3ëøñ[�|ô è|ñ©"6è|ò#/#,\îBR�÷5îE�	d�"Hè�ò#/B,\î#Rc'·ékékôõò#/¥ë
æ9��ê é:��ì�¥xã	åFæè|ñ�ñ�,^ë."6è�ñ�èV/#,

p
\�êkè|ï�ëíìuò5é:)�æ<��ôO'¥æ8F-\+'¥ñ\é_"Hè�òB/#,\î#Rc'·ékékôõò#/·ë�æ8�|ê éO�|ì5èIºg�¥î·ì[ìB'¥ê

èV/#,
p
>¸é ìB`-R�÷·è�éõóøè|ñ��3ó�ì#`]÷¥èÎé:]

Scope(p)
>¤"6è�óíë���ôO'¥æ8F-\+'¥ñ\én"6è|ò#/#,¥î#RV'·é éõôkò#/¥ë�æ8�|ê éO�|ì5è9ºonqp·ã

@2'¥êõò#"E"nî·ñaóAòuéké:)�ì+�ÑP['#/#,�èc/#,aî·ï�è|ì\÷5ò5éæ9��ê é:��ì[ñ3è|ì�ì[ëøè|ó(�c/-^øéO]bè�ñ�ì·è�óíó æ�¥3ì#`^ï3ñ3ëøè�¼�³|·
Å|µ²¹»¶�´Cµ!Ï7¹S¾#¿Àµ2\�êO'-/¥êkî·æ8'¥ì[êõî¬ëøô|ã�yÉ)�ñ3ôkæ8'¥êkè«��ô9NÌî·ñ�ñ['¥ñzæ9��ê éO�|ì#�Îé91A'43 îuéké��|ô85 î5ì·è|ê�� Æ¥ÆC�
ì^ëäéõè�ê�J è|ôSR�ékë�ñ�è|æ ô°é:)3ì\é:��êõò·óäé è|ôkèÎéõè�ì^ê è�ëøôVÓ

AVG(G) =
ND(G)

| Pred(x) |
12'W3gî5é éA��ôÉ5gî·ì·è�êA"Hè�ò#/B,\î#R|ò·ôkë�æ8�|ó.,^ôS�V/¥è%ô ékêO)3ì\éO)3êõò·óäé2\3êO'-/·êõî·æ8'¥ì1è�ôkèÎé:�|ñiæ�èc/¥èV/B,¥èVR�ëíì

î9yÉ)�ñ3ôkæ8'¥êkè%��ôÉN%î·ñ3ñE'¥ñ�ò·óøéõî·ó�Jkî�÷5î·ôO'·óøékéõî·ó ã
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r Ã#¹»¹|º(Å4¯C¼2�|ô©V�Ã4Â7³|¿#� â4T � î�÷·èVRc�|êkó.�|ô ë/¥êkòB$[éõè�ó¬J è|ôs"Hè�ò#/B,\î#Rc'·ékékôõò#/¥ë·æ9��ó.,^ôO�c/¥è|ìB�|ñ\é	îBR$èc/#,¥è�ô
�|ôO'·æ9F-\+'¥ñ\é:'·ì1ì#'·æ9\3óøè|¡bëøéõò·ôkëHæ8�|ê éO�|ìB�|ñ3è�ì«`¥ôkôSR|èV/#��é)î·ïCJkò·ìæèV/3ã � RcR|è|ó�ó.�|ñ�,¥èc/-�V"Hè|ñiî����»>
 î#"6è�æè�ékêkëøì5î ðnó('#RVF·ð8ò4Jkò5é�ìB`]÷¥è�ékëíì��[ì[ëíèV/#�|ôORc^øé ÷¥è îÉ"Hè�ò#/B,\î#R|ò·ôÇ$�'-/\î·óøæ1ò�÷5î·ópãxåæ"Hè�ò#/#,¥î#RV'5ékéS>
ôõò#/¥ë[æ8�|ê°é:�|ìÌî·óøìuî·óíæ�î#R�ò5ôõî�î#Rc'¥ñ�în$:è|óøéO��ékè|óíècRV��ôkè|ñ�î·óAîB\[)3óD�WP['#/#,%èV/#,�\3ê è|ï3ëøìuò5é:)3æ�æèV/#�|ê éO�|ô è
� êO��ôORc"6è�ñ���î�\3ê è|ï3ëøìuò5é:)3æ �|ôO'·æ9F-\+'¥ñ\ésPnî5éOF¥ì#`·êO�V"Hè|ñ�ò·óøó(F*��ôO'¥æ8F-\+'¥ñ\é:'¥ì)æ�èc/-�|ê°é:�|ôS��és$:è|óäé:�Îéõè|>
óíèVR�ë ã

� Û��Ç�~������v<X�Ùíú�ØnÙ � /#,
G = (N,E, s, t)

÷·èVRc�|êkó.�|ô ë&/¥êõòB$Ëã ��Þ4v��H9�� å à�Ý��½w� �LÅ�Gª¯ªÁ½³
¼½¶·8°|³|¹S�|Ó

SN(G) =
∑

n∈N ′
(| Scope(n) | +1)

åAR�î·ñ3î·ó(F-/·ëAî+ñ�,bëøóø÷5ò·ñ\÷5î·ó(Fît���4 î#"Hè�æ8�|ê°é:��ì^ì5è|ópã_å<\3ê è|ï3ëøì5òué:)3æ �|ôS'¥æ8F-\j'·ñ[éO'¥ìwèV/B,�>
ôOR|è�êO¥�`¥ô ôOR�èV/-Rc�|ôkè�P3è|óm,¥è�é é.î#Rc'¥ñ�"nî·ñ îBR�èc/#,¥è�ôÉ\3ê è|ï3ëøì5òué:)3æ ��ôO'¥æ8F-\+'¥ñ\é:'¥ì«"Hè�ò#/B,\î#Rc'·ékékôõò#/¥ë
æ9��ó.,^ôO�c/-��é2`¥ô ôOR|èc/¥èVRcRV�3ì8ã

12'W3gî5é éÉ��ôI5 î·ì5è|ê�� Æ·ÆC� æ�èc/¥æ�)�éõî5é�JkîE�EP['-/#,LôSRV'¥êS'¥ôFìuî#\+�|ôS'¥óAî5é_ó.��éõècR|ëøìwî÷·èVRV��êkó.�|ôkë~/¥êkòB$
éõè|ó�J è|ôn"Hè�ò#/#,¥î#RV'5ékéõôkò#/¥ë�æ8�|ê°é:�|ì5è%�|ô_î8P3î5é:F¥ìB`¥ê�6[ôOR�ò5æ ì#`-Rc`·ékéVÓ

SN(G) =| N ′ | +ND(G)

³AÙ�hnÙ Ú � ¨ÑÞoAF�3~4s��3¨$§©~�� �^�<�x���fA��
åÉP['-/B,�î#R�è|ó.]-RV]iôOR�î5ì5î5ôORV"+F¥óNóAò5éOPnî5é:FE��îi÷·èVRc�|êkó.�|ô ë*/¥êõòC$�èV/#,·è�ékóíè|ñ�`·ôkôOR�èc$��[/#/-][�	ëøêõò·ñ�,7^øéO'·éké
/¥êõòB$:ìB�|ñ\éÑ�|ê°éõè�óíæèVR|èÎéké�î%���4 î#"Hè|>¸ë3ï3è�ð3ñ[^(��ë(F¥ì\é:F·ó[1A'43gî5ékéÑ��ôÑ5 î·ì5è|ê�ì#'·æ9\Hè|¡bëøéõò·ôkëbæ�èÎéõê ëíìuòC>
Jkò·ë(/3ã � R+î1æè�é:F^ï[)3ô?ît/¥êõòC$�èV/#,·è|ï3ë	ì5èVR�ï[]B>n��ôF÷-�c/-�|ôS�[�|ôkò]÷5î·ó�î5óíìuî·óíæ�î·ô_ît"Hè�ò#/B,\î#Rc'·ékékôõò#/¥ë
æ9��ó.,^ôO�c/©Pnîué:�|ìB'¥ñ�,¯ì[ëm$:è�J èVRc�|ôS�|êkèB��î#P['#/#,Wî#R�é�î#RLè�ó(]-Rc]Ì$:èLJ èVR|èÎé:"Hè|ñ óíò5ékéO)3ì8ã � RiîÌ/·êõòB$?î
\3êO'-/·êõî·æ $�)�éBò·ô ë	ëíï�è�JS¥�P[^ä÷·ò5ôkë	óíò·ñ[��òué.ì#`]÷¥èÎéõë²�~��ô.ñ3è|æÑé:�3ì[êO`#R|ë�î�$�'¥ê êõò·ô ì#F^ï®ô°éõêS)3ì\é:�3êkòWJkò5é�ã
åT÷¥ècRV��êkó(��ôkë+/¥êõòC$��[/#,+÷^ëíô è|óøì·è|ï�ëíì��bæëíñ\éOPnî�î%éõè�ó¬J è|ô�\3êS'-/¥êõî5æ©èV/#,·è�ékóíè|ñ1è|ó¬Jkò5êõò·ô ì#�|ñ\égì·è|êS�3óíñ�è
ëíæ8\3óíè�æ�è�ñ[éõò·óAò5ôkêõîbã

® /#,\î·ñ3î·ì[ì#'¥ê+÷¥èc/#,7�3ì��|ôSR|ê è#�*P['#/#,aî�\3êS'-/¥êõî5æ æèV/-��ê é:��ôO�Îé1îBRwèV/#,·è|ô�éõè�÷#�|ì5è|ñ�,^ôO�V/·è|ì
÷bëøóAò#/#'¥ôV� è�óíì��3ó.`¥ñ[^øéOP3è�éO]�êO��ôOR|è�ì[êkè#�wÃ#¿ Á+¹:¯OÂ#¹SÃ#·t¯4´C¹OÃæ"+'¥ñ\éBò·ôkî�ñnî#/#,^æ8�|ê éO�|ì�"Hè|ñ è|ó(]·ôkèV/#^øéõëpã
å ÷·èVRc�|êkó.�|ô ë9/¥êkòB$9�|ô î#Rzî#RV'·ñ ï3èÎðnñ3ëíò·óøé>æ8�|ê°é:�|ì5è|ì�ô èV/-^äéõè|ñ�è|ìçî#RzèV/B,¥è|ô®è|ó�Jkò·êõò5ôO'¥ìÕ"+'B>
ñ�,#'¥ó()�óøéõôkò#/\ò·ñ3î·ì�æ�èc/¥æ9��êO��ôO�VP�èVR#��/#,¥î·ì#'¥ê óAî5ékëD�.éBîB\nî·ôORÎéBî·óíî5éõë&$:è�óíôO]'ì#'¥ê óAò5éO'·é¬î·ï�÷5î î#Rµî·óm>
\3êO'-/·êõî·æ8'¥ì�"+'¥ñ�,-'¥ó.)3óøékôõò#/¥ò·ñnî·ì��[ï3è_ñ3è|æ î·ï�ñnî·ì+éBò·æ8\+'¥ñ\é:'·é$î%\3êO'#/¥êõî·æ ñ3î#/#,-'#"["1ó.�V\�éO�|ì�¥
$:è|ó('·ôOR�éõò·ôõòBP['-R#Ó�è�ó¬Jkò·êkò·ôO'¥ì[êkî�"j'¥ñ\éõò·ôõò#PE'-R·ã

� ñ3ñ3è�ì�î#R�è�óíóíè�ñ\éõæ8'¥ñ3ïnò·ô ñnî·ìt$:è�ó('¥óøïnò·ôkò·êõî�÷¥ècR|èÎé�JS�3ì�"6è�î �~�dþ+���W�½w���W�[� �gÁ+¹:¯OÂ#¹SÃ#·K·K¸
Â#¹OÃ|Á½å#�&$�'-/\î·óøæ1òué�ãLåÎ\3êS'-/¥êõî5æ9/¥êkòB$�$�'#/\î·óíæ�ît6®è|ê è|ï3èÎéõëíóøèV/�ß	F·é:P3ë��|ô�o2,-��ì[ëà6EN%î·ë(R�óíè�êt� âdù �
ò·óøéõî·ó�"6èÎ÷¥èVR�è�é ÷¥è*6�î·óíìuî·óøæ1îBRVPnî5éOF_î#R è|ó�Jkò·êõò5ôO'¥ì[êõî2"j'·ñ[éO'·éké_\3êO'#/¥êõî·æçóøè|ì#�c\6ècRV��ôO�|ê è·ã�åæ\3êS'-/B>
êõî·æ è�ó¬Jkò·êkò·ôO'·ì^êkîK"j'¥ñ\éõò·ôõî�6 ï�è|ì#'·æ9\+'-RV^.�|ë.FCJkî�6wóøèV/·éO`-"["3ôSRV`¥ên�|ôS`¥ì[ì·è�ñ[ékë�î+éõè�ó¬J è�ô2\�êO'-/¥êkî·æ
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"j'¥ñ�,#'¥ó()3óäéõôkò#/\ò5é|ãºK�êO'#/¥êõî·æ8/¥êkòB$nôkèc/-^øékôO�c/-��÷·è|ónì[ë�é:)�ïCJS)3ìÌæ�)�éBîuéõñ3ë�îI"j'¥ñ�,#'¥ó()3óäéõôkò#/I�|ôS`¥ì[ì·è�ñ>
é:�|ôS��éFî+ì7��ó(`¥ñ�"+`-RV]�ï3è�ì#'¥æ8\j'#RV^(��ë(F¥ô ékèV�ªP3ñ�ëíìuò·ìwî·óøìuî·óíæ�î#R�ò5ôõî�è�ôkè�éO�|ñxã

MA"3êõò#Rc'¥ó¬JS)�ìwî8\�êO'-/¥êkî·æ�)3ñ�ì5îué�6wèV/#,·è�ékóíè|ñ�`¥ôkôSR|è|$��[/-/-]÷¥èVRc�|ê ó(�|ô ë_/¥êkòB$ÇP�è|ó.,·è�é én61÷¥ècRV�|ê�>
ó(�|ô ëj/·êõòB$�'¥ì�Pnî5óíæ�î#R�ò�÷5î·ó ã�åÉR)èV/#,·è|ô ÷·èVRV��êkó.�|ôkëj/¥êõòC$�'¥ì�æ�èc/#$:è|óøè|óíñ�è|ì�î�\3êS'-/¥êkî·æ $�'¥êkêkò·ôkìBFbïWJkî
ò·óøéõî·ó-ï�è�ðnñ3ëíò·óøéA$��[/-/·÷#�|ñ�,¥è�ì[ñ3è|ì �|ô.è�ó¬Jkò·êkò·ôO'·ì^ñ3î·ì8ã�åAR+èV/#,·è|ô.÷¥ècRV�|ê ó(]-/·êõòB$�'¥ì�ì·ècR|ï[]7�|ôS�[�|ôkò5é
î#R è|ó¬Jkò5êõò·ôS'¥ì�ñ3èÎ÷¥è�ëø÷¥è�ó��V^íæì#�cRVRc�3ì8ã � /B,¥è|ô��|ôS�[�|ôS'¥ì��V^øæ�ìB�|ë[P3ëä÷5î5éõìB'-R�ò·ôS'¥ìuî5é�éBî·ê°éBî·óøæ1îBRVPnî5é=>
ñnî·ì�æ1ò·ô ÷¥ècRV��êkó(]#/¥êõòB$�'·ì�ì5èVR�ï[]��ôO�[��ôõî·ëøêõîEÓ ècRVR|è�ó�ò#"3êkò#RV'·ó¬JS)3ìLî#R�î·ó(\�êO'-/¥êkî·æ8'¥ìtP[^ä÷5ò·ôõò5é|ã)å
æ�èc/-P[^ø÷#'·éké î·ó(\�êO'-/¥êkî·æ8'¥ì�÷¥ècRV�|ê ó(��ôkë&/¥êkòB$MJkò·ñnî·ìa÷#�V/-��ôO�[��ôõò5éiè|ó.Pnî#/#,[÷5î�îµ÷¥ècRV��êkó(��ô�î�P[^ø÷#F
/¥êõòB$�"3î+éO�|ê�÷^ëíô ôOR�îbã

� Û��Ç�~������v�X�Ùøú8úxÙ � /#, P = {G | G = (N,E, s, t)} �~�uþ����W�½w���W�[� �gÁ+¹:¯OÂ#¹SÃ#·K¸Â#¹OÃ|Á½å#�N÷·èVRc�|êkó.�|ô ë	/¥êkòB$�'¥ì9Pnî·óíæ�î#R|îE�3î#PE'¥ó�î#R%èV/#,·è|ô ÷¥ècRV�|ê ó(��ôkës/¥êõòC$�'¥ì ì·ècR|ï[]7�|ôS�[�|ôkî·ëøé)èV/B,¥è|ï�ë
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\j'-Rc^(��ë(FCJkî�è�êkè|ï�æ9��ñ�,·èVRcP3è�ékë	îK\3êO'#/¥êõî·æ8/¥êkòB$s"j'·ñ�,#'¥ó()�óøéõôkò#/\ò·ñ3î·ìt��ôO`¥ì[ì·è�ñ[�|ôS��é|ã
� Ê~ï=÷Éë¾�WðSì0òVó²ðSì0ðSî �Wö��|ñcöDë|õr�cï=øe��õ�ë»ñcë»óDë|ö�ó¤í|ü²÷�§ë|õ��� e�|ö�ðSñ|ò{ |ø��4öD÷Sü²ï=ìMð�óDð�ó�í»ó²õ�í|ü!�|ìMîCë� �ë]£¤�cö²ö¤í|üÑð=ñ|ò

õ�ícü��� <�Wð=ìMò|÷Sö²ðe§!÷SüÕ�»ó²ó�ðOü�ð=ó!�Mì0ðSñ?õ*ø����cü²û0ómú�í� �ë|ï�ó�� � ï=ð� në® |ø��4öD÷Sü²ï=ìMð�óDð� *ö�"���� �!ó¤íX���|î�ü²ï=ðSõ*ë|îVó!�� :ë��L�j��¢Bí� ªëªó�§���cüDü�ïSù4óDíX�e�|î2îCð��WðSï=ð=î) ªë»ö�¢Cë»îVó¤ë»ö²ó!�Cë»ó²ø®£¤�|öDöDícü�óÈð=öDð��4õ*÷SîVòcð=ïSîWð� L�
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mainS

1P

2P P3

a

4P

b c

t
main

Æ-è�ì^ëøñ\éõôO��ì¬î�$:è|ñ\éõë�ò#"3êkò·ìuî5é�ãgåÉR�è�êkè�ï3è�ékë
main

è|ó�Jkò·êõò5ô_ñE�V/#,Q\3ê è|ï3ëøìuò5é:)3æñ��|ôO'·æ9F-\+'¥ñ\é:'5é
éBî·ê°éBî·óøæ1î#RB�[èVR|è�ñQ"6è�ó(�3ó6î

p4
\3ê è|ï3ëøì5òué:)3æz�|ôS'¥æ8F-\j'·ñ[é��|ô î#R

a
�|ôO'·æ9F-\+'¥ñ\é*��ëíì[ó()�ô é î·óøì#'·é ÷5î

ëíï3è|ò·óíëøô*�V��ó(\+'¥ñ\é�Jkî�î+ï3è|ìB'¥æ9\+'-Rc^(�|ë.F¥ñnî·ì8ã
Scope(p1) = {p2, p3, p4, a, b, c, }
Scope(p2) = {p4, a}
Scope(p3) = {b, c}
Scope(p4) = {p4, a}

Pred(p1) = 0
Pred(p2) = {p1}
Pred(p3) = {p1}
Pred(p4) = {p1, p2, p4}
Pred(a) = {p1, p2, p4}
Pred(b) = {p1, p3}
Pred(c) = {p1, p3}

� ñ�ñ3è|ì'æ�èc/#$:è|óøè|ó(]^è|ñ
ND(main) = 12

� | N ′main |= 7
��^./#,+Ó

SN(main) =| N ′main |
+ND(main) = 19

ã
��'·ô é-è|æè|ó¬JS��ì.ì^ë^î#R

(a, p4)
ìBFbï["�ó('¥ì[ì#'5é�èc/#,Ìì7��ó(`¥ñ�è|ó¬Jkò5êõò·ôS"nîE�5î·æ�ëäé

e
��ëíæì#��÷·è|ó^óAò5éO)3ñ3ì

è|ó ã�åARÌî·óAò#"E"3ëxì#�Îé_ì#'¥æ8\j'·ñ3è|ñ3ôS"j]·ó�ò·óíó.F�\3êO'#/¥êõî·æ8/¥êkòB$�'·é ìuî#\�JS)3ì�Ó
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4P

a

mainS

1P

2P P3

b c

t
main

t

se

e
e

å<P3î5é:F¥ìB`¥ên�|ôn\3ê è|ï3ëøì5òué:)3æ Pnî·óíæ�î#Rc'¥ì î+ì#`]÷·è�éõì5èVRc]¥ì#�c\[\6è�ñ®î·óAî·ì�)3óøñnî·ì�Ó
Scope(p1) = {p2, p3, b, c, e}
Scope(p2) = {e}
Scope(p3) = {b, c}
Scope(p4) = {p4, a}

Pred(p1) = 0
Pred(p2) = {p1}
Pred(p3) = {p1}
Pred(b) = {p1, p3}
Pred(c) = {p1, p3}
Pred(e) = {p1, p2}
Pred(p4) = {p4}
Pred(a) = {p4}

� ñ�ñ3è|ìiæ�èc/#$:è|óøè|ó(]^è|ñ
ND(main) = 8

� | N ′main |= 6
�
SN(main) = 14

����ô
ND(e) = 2

�
| N ′e |= 2

�
SN(e) = 4

C(P) =
∑

G∈P
SN(G) = 18
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³AÙF³2Ù Ú � ¨ÑÛF¨	�b~�� �^�<�x���fA��
å¯ì#'·æ9\3óøè|¡bëøéõò·ôkë\æ8�|ê°é:��ì.ì^ëäéõê è|ê�J è�ôORÎé:�|ôS��é�èc/#,¥èÎéõóøè|ñ�÷·èVRV��êkó.�|ôkë/¥êõòC$:êOF¥ó[î ÷¥èVRc�|ê ó(�|ô ëE/¥êkòB$�'¥ìIP3î·óm>
æ1î#R|ò#"+F¥ó�ò·óøó(FK\3êS'-/¥êõî5æ9/¥êkòB$:êõî�î#R%æ9'·éO^ø÷5ò·óäéBîE�7P['-/#, ì#�V\Hè|ô è|ì�óíèc/#,7�3ñ3ìLîK\3êO'#/¥êõî·æ ï3è|ìB'¥æ�>
\j'-Rc^(��ë(FCJkò#"+F¥óHî·ï[F^ï[F+ìB'¥æ9\�óíè|¡bëäéBò·ôL6[÷5ò·óøéO'-R�ò·ô°égì[ëm$:è�J èVR�ñ3ë ã � R%î�ï�è|ì#'·æ9\+'-RV^.�|ë.F+î#R?è�ï3ï3ë(/·ëíè|ì->
"6è�ñ§�|ôõî5ì'î©\3êO'-/·êõî·æ Ë#³OÄ�,|¹»¿-,ªÅ|ºÉÅOÄC³|¹:´�³OÄC³|µ�,|¼®÷-'¥óäé��|ê°éõè�óíæèVR�÷·è·ã � ñ�ñ3è|ìWì#'¥ê óAò5éõî·ëíêkî®æ�ò·ê
)�éBî·óäé:)3ñ�ì+�8î5æ�ëøì#'¥ê�îBR.èV/#,·è|ô?î5ó(\3êS'-/¥êõî5æ9'¥ì�ìB`¥ó(��ôO`¥ñ[`·ô2`·ôkôOR�èc$��[/#/-�|ô è|ëøé_éBò5êO/#,¥î·óøéO)3ì8ã
å \�êO'-/¥êkî·æ ÷¥èVRc�|ê ó(]¥ôSR|è|ê ì·ècR|è�ékè¯ï3è�ì#'¥æ8\+'-RV^.�|ë(FWJkò·ñnî·ì�èV/B,bëøìç$�'¥ñ\éO'¥ô�ì#`]÷·è�éõì5èVR�æ9��ñ�,·è#�

P['-/#,�îÉ/¥ó('#"nò·óíëøô�÷5ò·óäé:'-RcF¥ì%P3è|óm,¥èÎéké�î#R î5ó(\3êS'-/¥êõî5æ�êkîE�dëíóíóøè�é ÷¥ègìBFbïE"3ó('¥ì[ì[êõî?ó.'¥ìuò·óíëøô�÷·ò5óøé:'#RVF¥ìuî5é
Pnî·ôOR�ñnò·ó.Pnî5é:)�ñ3ì8ã4O$î5ó(FCJkò#"3î·ñwî�÷5ò·óøéO'-RVF·ì9Pnîué:F¥ìB`¥êO��ñ3è|ì���ôO`¥ì[ì5è|ñ\é:��ôkè�îBR?è|ó�Jkò·êõò·ôS'¥ì��E$��[/-/5÷-�|>
ñ�,·è|ìî·óøì5î5óíæ�î#R�ò·ôkò·ñnî·ì.èc/#,^ëíì�óøèV/#$�]#"["+ëíñ3ïE'¥ìuî�ã ® /#,\î·ñ3î·ì[ì#'¥ê$î.æ1î5ëE\3êS'-/¥êõî5æ9'-R|ò·ôkëbñ�,¥è|óä÷¥è�ì
6�ì��3ó.`¥ñ[`¥ô è|ñ®î#RK'-"�J è|ì\é:)3ær'·êkëíè�ñ\éBò·óäéI\nî·êkî·ï3ë./¥æ1òuéFìB`d÷·è�éO]¥ì�6�$�'¥ì#'-Rc'·ékéõî·ñ �V\[^äéõè�ñ3è|ì î1éO^m>
\[)3ôO'·ì®ï�è|ì#'·æ9\+'-RV^.�|ë.FCJkò·êõîwëøô|ãwMFóøéõî·óAò5ñ['¥ôkôkò#/-"nî5ñ>÷#��÷·èwî�æ8'^ï3è|ê ñ©\3êS'-/¥êkî·æ9'#R�ò·ô ë	ñ�,¥è|óä÷¥è�ì
óíèV/¥î·óAò#"E"9'¥óm,\î·ñ��[÷5î#/B,�ñ3î#/#,-'#"["�Pnî·ñE/¥ôO�3óm,[é�P3è�ó.,·èVR|ñ�è|ì�î#R?î·ï3î5éõôSR|è|ê ì·ècR|è�ékêkèB�3æ�ëøñ\égî%÷¥ècRV�|ê�>
ó(�|ô ë�ô ékêO)3ì\é:��êõò·êkî�ã
å�ìB`]÷¥è�ékì·ècRV]¥ì�"Hè|ñ ì[ëäéõè|êgJ è|ôSR�éõè�æ î#R¬è|ï3ï3ë./�éBò·êS/#,\î5óøé�"+'¥ñ�,-'·ó()3óäéõôõòB/¥ë æ9��ê é:��ì·èÎé!�2P['-/#,

î#R�ìB�V\Hè|ô?óøèV/#,·è|ñ�ì[ë.$:èLJ èVR�ñ3ë�î9\3êS'-/¥êõî5æ ÷¥èVRc�|ê ó(]¥ôSR|è|ê ì·ècR|è�ékèò·óøéõî·óÈ$:è|ó.Pnî·ôOR�ñnò·óäéFî5ïnî5é:'·ì«�|ô.î#R
î·ïnî5é é:^(\E)3ôO'¥ìt"j'¥ñ�,#'¥ó()3óäéõôkò#/\ò5é�ëøô|ã
år\3êS'-/¥êkî·æ ÷·èVRc�|êkó.]¥ôOR�è|ê ì·èVR�è�éO��é���ôLî·ïnî5ékô éõêS)3ì\é:�3êkòWJkò5é�èV/B,�békéLì·ècR|è�ó(]i"j'¥ñ�,#'¥ó()3óäéõôkò#/¥ë

æ9��ê é:��ì�`·ékóíèÎéõè*ß	F·é:P3ëÃMFìB'¥ôÑ�|ôÑo2,#�|ì�,^ñ[�ÉNÌî·ë.R|óøè|ê_Ô#)3ï3ëøéÇ�|ëíì[ìB�V"Hè|ñ��äâ]ù � J è�óíè|ñ�ëíìÌæ�èc/3ã-åAR�'·éké
ï3è�ðnñ�ëAò·óäé�á�Ã#µDÃ�~Oân¯Cä~Â#¹OÃ|Á½åwî�\3êS'-/¥êkî·æ ÷¥ècRV��êkó(��ôkëNôOR|è�êkì5èVR|èÎé:�Îé�èV/-��ôORV^äéõë$ì[ëNî5ïnî5é:��ôO'¥æ8F-\+'¥ñ>
é:'¥ì[ìuî·ós�Sá�Ã#µ¤Ã�¼�¯Vá7³O�	��ô�î#RV'·ì5îué$îF÷¥èVRc�|ê ó(�|ô ë8ôOR|è�êkì5èVR|èÎé:P3ècRFìuî#\+�|ôS'¥ó(F%î·ï3î5éõìuî#\+�|ôS'¥óAî5ékëE��óíè|ì[ì5è|óD�
á�Ã#µ¤Ã¨¹ª³FA!³|¹:³|¼ÕGª³×³Oá4Â7³L>ªè|ì[ì5è|ó ã åARWî·ïnî5éO�|ôO'·æ9F-\+'¥ñ\é:'·ì î#Rc'¥ìuî5é î ÷5ò·óäé:'-RcF¥ìuî5é9J è�óíì#�c\6ècR|ëøì+�
æ�è�ó.,¥è�ì·èÎé®îU\3êO'#/¥êõî·æ $:è�ó(Pnî·ôSR|ñnò5ó�èc/#, î5ï['·éké�$��[/-/·÷#�|ñ�,¥è�ñÈ��÷5î#/#,¢è�ó¬Jkò·êkò·ôO'¥ñ "6è�ó(�3ópãÑåAR
î·ïnî5ékì5îB\j��ôO'¥óíî5éõë��|óøè|ì.éBî5ê éBî5óíæ�î#RVR|ò·ì%î#RgëøñE$�'¥ê æ1ò#��ë(F·é�î·êkêSF¥óD�CP['-/#,�î#RgèV/#,·è|ô�÷5ò·óäé:'-RcF¥ìuî5é�æ�è�ó.,
÷¥èVRc�|ê ó(�|ô ë	��ôO'¥æ8F-\+'¥ñ\é:'¥ì9Pnî·ôSR|ñnò·óäéBò·ì8ã

ß_F5é:P3ëÈ��ô2o2,-��ì�,�6NÌî·ë.R|óøè|ê î#R%î·ï3î5éõìuî#\+�|ôS'¥óAî5ékë���óíè|ì1ï3è�ðnñE^(�|ë.FCJkò5é&¼�³|·�ºg¹O¾#¼½ÐCÊgµL¯Cµ²µ���óíì#��ñ\é
î·ïCJkò·ìwæèV/3ã � R�î�æèV/·ì#`-R�è|ó(^äé:��ô)îBRV'¥ñ�"nî·ñiè|êS]¥ôkè�ñ�óíè�èV/#,^ôOR�è|êS¥3ôO^äéõë�î#R�î·ïnî5ékì·èVR�è|ó.�|ôFæëíìB�|ñ\éS>
JS��é�ã � óø÷·è|ôSR�é�JS��ì�î#R>ëíñE$�'¥ê æ1òB�|ë(F¥ò·êõî·æóAò5ô+ëíêõò5ñ�,¥ò·êõî�÷#'¥ñnî5ékì#'-RcF¯ëíô æ�è�êkèÎé:�3ñ3ì5è�éV�?èVR \Hè|ï3ë./
"6è|$�'¥ó.,¥ò·ôO'¥ó.Pnî5é�Jkîî�\3êS'-/¥êõî5æ���÷5î#/B,�î·ó(\3êS'-/¥êkî·æ æèV/-��ê éO�|ôO��êkèÌëíêkò·ñ�,)�ó(F+éõèÎ÷-�|ì5è|ñ�,^ôO�c/-�3ñ3ì5è�é�ã
� æ�ëíî5éké.î«$:è�ñ\éõë�ôOR�è|êORc]¥ì[ì·è�óNìB`-RV`¥ô è|ñ©^íê é%��ëíì[ì·è�æ�"Hè|ñæ� ö�T � ðnñ['¥æ8^øéO'¥æ îBR�î5ïnî5éõìuî#\+�|ôS'¥óAîuéõë
�|óÈ$�'-/\î5óíæ�ò5é!Ó

� Û��Ç�~������viX�Ùíú[X�Ù p�èc/#,¥è�ñ3è|ì
N
��ô
D
ìB��é%÷-�c/¥è|ô�Pnî·óøæ1î#RB�xôO'·êkêkè�ñ3ï["Hè|ñ®èV/#,�\3êO'-/·êõî·æ

÷¥èVRc�|ê ó(�|ô ë%�|ôLî·ïnîuéQ�|ôO'·æ9F-\+'¥ñ\é�Jkî5ë ãçåÉR �nüs��Þ4��[�4�\à|þHÿ���ÞW�wß^ÿ �Oá�Ã#µDÃ�¹ª³FA!³|¹:³|¼ÕGª³Ì³Oá4Â7³�èV/#,
(x1, x2)

\nò5êV�nî#PE'¥ó
(x1 ∈ N ∧ x2 ∈ D)

��ô
(x1 ∈ D ∧ x2 ∈ N)

ò·óíó.^øéBò5ôO'¥ì�ì#`#RV�3ó�\+'¥ñ\é:'¥ôkî·ñ
î#R%èV/#,^ëíì1ë(/\î#R5ã
åAR î·ï3î5éõìuî#\+�|ôS'¥óAî5ékë��|ówékèVPnò5éçºg¹S¾#¼½ÐBÊgµL¯Cµ�µ²��ëíêkò·ñ�,\î îBRTî5ïnî5éBò5êõî·æóAò·ôaëøêõò·ñ�,¥ò·êõîb)�éBî5ó ã

åFæè|ñ�,^ñ�,^ë."6è�ñ
x ∈ N èc/#,�÷¥èVRc�|ê ó(�|ô ë_��ôO'¥æ8F-\+'¥ñ\éÉ��ô d ∈ D èV/#,iî·ïnîuéI�|ôS'¥æ8F-\j'·ñ[éVÍ (x, d)î·ïnî5ékì5îB\[�|ôS'¥óAî5ékë���ó�î#R�é_J è�óíè|ñ\ékëD�EPE'-/#,wîBR

x
�|ôS'¥æ8F-\j'·ñ[éO"nî·ñ ·BHVá7¯4Å|ÊgµL¯Cµ²µ�¶�´?î

d
î·ïnî5éO'·é!�3æ8^(/
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(d, x)
î#R�éV��P['-/#,

x
'¥óø÷5î·ô°éBî

d
>¸é�ã�Æ�è|êkæ8�|ôSR|èÎéõè|ô è|ñ è�ó(]#$�'¥ê ï[)3ó.Pnî5én'¥óm,\î·ñ�è|ô è�é?ëøôV�8î·æëíìB'¥ê�èV/B,

)�éBî·ôS^øéõò·ôI^íêgJkît�|ô&'·óø÷5î·ôkôkî1ëíôÉ)[/#,\î5ñnî#R�éÌîBR+î·ïnî5éO'·é!Ó_è|ì[ìB'¥ê%ì#��é%è�óíóøè|ñ\é:�Îéõè|ôFëíêõò5ñ�,7�®î·ïnîuéõìuî#\>
�|ôO'·óAî5ékëÈ�|ó�ìB`·éõë�`¥ô ôOR�è

x
�|ô
d
��ôO�[��ôO'¥ìuî5é|ã

� Û��Ç�~������v«X�Ùøú�e�Ù p�èV/#,·è|ñ
N
î?÷¥èVRc�|ê ó(�|ô ë½�|ôS�[�|ôS'¥ìKPnî·óøæ1î#R|îE�

E ⊆ (N×N)
î?÷·èVRV��êkó.�|ôkë

�|óíè�ì�Pnî·óøæ1îBR�î�ã
D
î#Rî·ï3î5é:��ôO�[��ôO'¥ì��

R ⊆ (N × D) ∪ (D × N)
î#Rî·ïnîuéõìuî#\+�|ôO'·óAî5ékë_�|óøè|ì

Pnî·óíæ�î#R|î�ã � /#, �3ü~��Þ�ß^à�Ü6Û[Ý\ß��uÿ ß^à!�Ñ���W�[� �:é:']÷5ò#"["�ëAî·ì�"nî·ñwåPO</¥êõòC$ª�Nèc/#, G = (N , E , s, t)ñ[�V/#,·è|ôc�<î#PE'¥ó N = N
⋃
D
�nî8��ôO�[��ôO'¥ìwñ�è|æ��3ê è|ônPnî·óøæ1îBR�îE� E = E

⋃
R
�nî#R%��óíè|ì9Pnî·óøæ1î#R|îE�

s ∈ N �|ô
t ∈ N \6è�ï3ë(/î+÷¥ècRV�|ê ó(��ôkë�ôOR�è|êkì5èVR�è�éI'#\j��ë('¥ñnò5óíëíôNì·ècR|ï[]C6«�|ô�÷-�c/-�|ôS�[�|ôkî�ã

è¸é é�ëøôkæ8��éè|óäé:��êO�3ñ3ìzîÌß_F·éOP3ëà67o2,-��ì�,�$��|óíèLïnîuéBîW6�£['W3n/·êõî#\[PWï3èÎðnñ[^(��ë(FCJkòué:F¥ópãUß_F5é:P3ë���ô
o2,-��ì�,w�c�|ó¬Jkî�î�\�êO'7�|è|ïE)3êõò·óøëíô&\3êS'-/¥êkî·æ9'·ì^êkî�JSF·ó�æ�¥3ì#`^ï[]�"j'¥ñ�,#'¥ó()3óäéõôkò#/¥ë	æ8�|ê°é:�|ì5è|ì>ì[ëøékè|ê=>
J è|ôORÎé:��ôkè2'-"7J è|ì\éO)3æK6�'¥êkëøè|ñ\éBò·óäé�\3êS'-/¥êõî5æ9'¥ì[êkî�ã � ñ3ñ�è|ì��c�|ó¬JkòB"jF¥ó4Jkî�÷·î5ôO'¥ó�Jkò·ì�îBR î·ïnî5éO'¥ì�P3î·ôOR»>
ñnò·óAîuéBò·ñnî5ì'÷^ë(R�ôO/\ò·óíî5éBòué!�Fæëíñ\éLîzæ8�|ê éO�|ì èc/#,¨`¥ô ôOR|èÎéõèÎ÷-]CJS�Îé�ã ����ê éO�|ì��3ì¢î#RV'·ñ7"3î·ñ ��ôõî·ì
éõè|ó�J è|ô�\3êS'-/¥êõî5æ9'¥ì[êkî®î5óíìuî·óíæ�î#RcPnî5é:FE��ñ3è|æ ékè|ôSR|ë_óíèVP�è�é:]]÷#�#�*P['#/#,aèV/B,¥è|ô�ì#'¥æ8\+'¥ñ3è|ñ�ôkè|ì5è�éV�
\3ó ã�`·ñnò·óíó.F�'¥ôSR�éBò5ó.,-'·ì5îué!��î#RK]¥ì5è�é�P[^ä÷-FLì[óíëíè�ñ3ô.ì#F^ïL�Ìñ[�|óøì��3ó�æ9��ê�JS�3ñ�ìHã�åÉRò·óøéõî·ó()�ñ3ì�Jkî]÷5îC>
ôO'¥óäé�æ9��ê éO�|ì1æèV/·è|ñ[/¥è�ï3ëD�P['-/#,1ôORc�|óíôS]�è|ôkèÎé:"Hè|ñiî·ìuò·êg÷·èVRV��êkó.]¥ôOR�è|êkì5èVR�è�é?ñE�|óíì��3óøëxî·ï3î5éõô°éõêO)�ì�>
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�pîi÷·èVRc�|êkó.�|ô ë*�|ôS�[�|ôS'¥ì�Pnî·óøæ1îBR�î��
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�|ôO'·æ9F-\+'¥ñ\é�Jkòué!�7�|ô
t
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Æ�è|ì[ëíñ\ékôO�3ì îBR+î·óAòB"["3ë��D Ñ6^ôSR|è|êS¥©\�êO'-/¥êkî·æñ�,·è|óä÷¥è|ñ ^øê é»� ì#F^ï3êO��ôOR�óíè�ékè�é|ã�ß�ë./#,¥è�ó¬JS�3ìLæèV/[�
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���|ê°é:�|ì��3ñ�ì ñ3è|æ $�'#/¥óAî·óøì#'-R�ëíì�î#R+èc/#,¥è�ôÌìB'¥ñ3ì[êO�Îé�\�êO'-/¥êkî·æ8'-R�ò·ô ë�ñ�,¥è�óø÷·è|ì ôOR�ëíñ\éBî5ì^ôSR|ëøôõò�÷5î·ó ã
o)è|æ é:)3ïCJS)�ì+�½PE'-/#,�PE'-/#,\î5ñ�ñE�VR|ñ�è|ìwì[ë�î+ï3è|ì[óíî·êõò#��ë(F¥ì8�|ônP['·ó<÷5î·ñQP3è|óm,��ì î#R%î·ïE'·éké ñ�,¥è�óø÷
\3êO'-/·êõî·æIJkî·ë("3î·ñxãÑ gôkî·ì«/¥ó('#"nò·óíëøôN÷5ò·óäé:'-RcF¥ì1ó.��éõècR|ñ3è�ì�"Ìß½'¥ê ï[^øéõò·ôkë6èV/#,^ôO�c/¥êkèÌó('·ì5ò5óíëíôgï3è|ì[óAî5êõòC>
�|ë(F·ìu"�1A'¥ób÷·î5ñ�î%ï3è�ì^óíî·êõòB�|ë(F·ì�P3è�ó.,·è_èc/#,�î·ó.\3êO'#/¥êõî·æ8'¥ñ�"Hè|ó.�3ó�"Q¦R|ò·æ8'¥ô�"3ó('·ì^ì->¸ô éõêS)3ì\é:�3êkò·óøé
\3êO'-/·êõî·æ8'-R�ò5ôkëFñ�,·è|óø÷7"Hè|ñ îzï�è|ì[óAî·êkò#�|ë.F¥ìiP3è|óm,¥è®îaì#F^ï["3ó('·ì^ìB'¥ì è�óíè�J èB�A��ô�î#R è|óøôO]a÷-�c/¥êkè»>
PnîWJ°é:P3î5é:F©)�éBî·ôS^øéõò·ô�)�éBò·ñWæ�ò·ê+ï3è|ì[óíî·êõò#��ë(F¥ìµñ3è|æ ìB`d÷·è�ékì·èVRcP3è�ékñ3è|ì8ãÕ�¬ò·ôñ�,·è|óä÷¥è|ì � æëíñ\é
\3ó ã+î� <Ò¾Ò%�Fæ�èc/¥è|ñE/¥è|ï3ëøì���P['-/#,iéõè�ékôORc]¥óíèc/¥è|ô%\+'¥ñ\é:'¥ñÈ��î5ì5ò5ê.ì#��é%÷#�V/¥ê èVPnîWJ°éOPnî5éOF�)�éõî·ôO^äéBò·ô
ì#`-Rc`·ékéV�nèV/#, �¸þ�� �|ëíì[ó.)3ôV��÷5î#/B, ��� è�óAò#/\îBR�ò·ô*$:èLJS�V"Hè|ñ�ëíôV�E�CJ ÷5ò·óäé:'-RcF¥ìuî5é�P['#RVRV)�ñ3ìwó(�Îéõêkè5ã

����ê éO�|ì��3ñ3ìæ$�'¥ñ\éO'¥ô é:)3óíîWJ ï['¥ñ�ôõò#/\î�AP['#/#, î#R>î5ïnî5éõì5èVR�è|ó(��ô é©¼�³|· Ã×á7³ª´C¿mÃ#¹S¾¨G|º�H©å½³|¿ÀÐ�³
î·óAî#\�Jkò·ñÈ��Pnî·ñ�è|æ î#R�î·ï3î5é:'¥ìÌ´�¯C¼E´C¹�,|µ*åEÃCÅOÄV¼+¾#¿mÃ#µ�º~Á½¯C¼½µ¬±cÃ#ºg¼iæ8�|ê ë ãKÆ�è|ê æ9��ôOR|èÎéõè�ôkè|ñµèVRQºg·K¸
Á+¿Àº�G|ºgµ�³�æ9��êkë�î ï3è�ì[óAî·êkò#�|ë.FÌP�è|ó.,#��éëíôcÓ èV/B,aó('¥ìuò·óøëíô�óAò5éOPnî5é:F·ôõò#/-��÷5ò·óäé:'-RcF·éK��ôõî·ìzî#RLî5ï['·éké
ì#F^ï3ì#`¥ê ñ�,¥èVR�è�éO"6è�ñi��\3ópã�î·ó(\3êS'-/¥êkî·æ9'·ñ�"6è�ó(�3ó �$é:)�ï[)3ñ3ì«Pnî5ôOR|ñ3ò·óíñ3ëpã

Æ�è|ì[ëíñ\ékôO�3ñ3ì¯î©$:è|ñ\ékëÉ\3êS'-/¥êõî5æ�ñnî5ìaæ�èc/#$:è|óøè|ó(]®åPO /¥êkòB$�'·é1î#R î·óíò#"["3ë_ò#"3êkò·ñxãTå /¥êkòB$
èV/#,·è�éõóøè|ñ ìB'¥æ9\+'¥ñ3è�ñ3ôO"+]¥ó)ò·óíó��:æ�ë.)�éBò·ñWèV/B,¥è�ékóíè�ñ è|ó�Jkò·êõò·ô°é�÷^ë.R|ôO/¥ò·ó()3ñ�ìE�»��ì#�Îé«\3êkè�ï3ëíìuò5éO)3æ
�|ôO'·æ9F-\+'¥ñ\ékéõî·óDÓ

p1 : if(d1 > 0)
�|ô
p2 : while(d4 < 10)
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�|ôO'·æ9F-\+'¥ñ\ékéõî·óDÓ
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ñ3è|æì#'¥ñ�ô éBî5ñ3ô�\nî5êõî·æ8��ékè|êkê è|ó~�
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å
p1
\�êkè|ï�ëíìuò5é:)�æ �|ôS'¥æ8F-\j'·ñ[éÌî

d1
î·ïnîué:'·é%'¥óä÷5î·ôkôkîE�

p2
\6è�ï3ë(/Lî«��ëíì[ó()3ô=$:è|óäé:��ékè|ó."6è�ñ

d4
>ªè�é

'¥óø÷5î·ô ôõî�ã�åÉR
a
�|ôS'¥æ9F#\j'¥ñ\é�èV/#,�$��[/#/·÷-��ñ�,[é«PE^ø÷zæèV/[�*��ô î>÷bëøôkôSR�î5éO�|êO]w�|ê éO�|ìB��é«��ê é:��ì��3ó

î·ïCJkî
d2
÷5ò·óäé:'-RcF¥ñnî·ì��)î#R�îBRÌ^øê�Jkî�îBR�é�ã å

c
÷¥èVRc�|ê ó(�|ô ë%�|ôO'·æ9F-\+'¥ñ\éLëíñ�ì^ê è|æè|ñ\éBò5ó¬Jkî

d3
>ªî5é�ã

åÉR1ëøñ3ì[êkè�æ�è�ñ[éõò·óAò5ô Ö�� ôORV��ì^ôS�V/¥ôSR|è�êO¥3è�ñ×'¥óä÷5î·ôkôkîE�	��ô�^øê�Jkîwëíô�î��c�|ó$î·ïnî5é éõè�êO�3óøè�éõèÎé�ã � RÎé2J è|ó.R|ë
î®ìB��é!��è�óíóøè|ñ\é:�Îéõè|ô�ëøêõò·ñ�,7� î·ï3î5éõìuî#\+�|ôS'¥óAî5ékë*�|ó

c
��ô
d3
ìB`-RV`5éké�ãpOI�c/-�3ó_î

b
��ôO'¥æ8F-\+'¥ñ\é�î

printf
$��[/-/·÷#�|ñ�,�P[^ä÷5ò·ôõò5égêkèc\3êkècR|è|ñ\éõò·ó¬JkîE�bæ�è�ó.,^ñ3è�ì�èc/#,¥èÎéõóíè�ñ�î·ïnî5éO\nî·êõî5æ9�Îéõè|ê è

d3
��æè|óm,¥è�é

î8\nî5êõî·æ8��ékè|êõòuéBî·ïnò5ôkì#'·ê�'¥óø÷5î·ôS)3ñ3ì8ã
12'-/#,\î5ñ�ï3è�ð3ñ3ëAò·ó.Pnî5é�JS)3ì®î#R1åPO /¥êkòB$n"j'·ñ�,#'¥ó()�óøéõôkò#/\ò5é$"©åÉR è�ï3ï3ë(/·ë?\+�|óøïnò·ì�"nî·ñaî�"+'B>

ñ�,#'¥ó()�óøéõôkò#/�ì^ëøôOR|ò·æ9^äéBò·ôkò#P['-R+æèV/#Pnî5éBò5êO'-RÎé:)3ì>îQ\3êkè�ï3ëíìuò5éO)3æ8�|ôO'·æ9F-\+'¥ñ\é:'·ìÒPnî5éOF¥ì#`·êO��éV�_��ô
èV"["+]¥ó�î�÷·èVRV��êkó.�|ôkë���ôO'¥æ8F-\+'¥ñ\é:'¥ì8\3ê è|ï3ëøì5ò5ó(F�Pnî5óíæ�î#R�ò5é|ã � R%î�éõèÎ÷-�|ì5è|ñ�,^ôO�c/ ñ3è|æ ÷-'¥óäé�æ�ò·ôV�
æ�ëøñ[éFî·ñ3ñ3î·ìiæèV/¥ò·óíóíî#\[^øéõò·ôõî�[P['-/#,iî#R�èV/#,·è|ô?÷·èVRV��êkó.�|ôkë_�|ôO'·æ9F-\+'¥ñ\é:'·ìL÷#�V/¥ê èVPnî4J°éBò·ôkî æ�è�ó.,
\3êkè�ï3ëíìuò5éO)3æ9��ôO'¥æ8F-\+'¥ñ\é:'¥ì�"nî5ñ�P['#RV'·é éFï[`·ñ[éO�|ô è|ì\é:]¥ó~$��[/-/3ãgå�\3ê è|ï3ëøìuò5é:)3æ8�|ôS'¥æ8F-\j'·ñ[é_óøèV/B>
ñnî#/#,#'-"[" î5óíôOF&P3î5éBò·êkî%$�'#/\î·óíæ�ò·ñnî5ì�"Hè�÷·èVR�è�é:��ôkè?ëøô�ó(��ñ�,·èV/-�c"6è�ñ î·ê êOF¥ó�ôORVF·óøé!��P['#/#,�î#R èn\j'·ñ[é
î·óAî5é éõëH÷¥èVRc�|ê ó(�|ô ë�ékè�÷#�|ì·è�ñ�,bôS�V/wæ�ò·ê�ñ3è�æ�$��[/-/îK\3êkè�ï3ëíìuò5éO)3æ�"nî5ñLéO`¥ê éO�|ñ\é_ï[`¥ñ\é:��ô éO]¥ó ã

� R�é)î�/-'¥ñ3ïE'¥óAî5ékæ�è�ñ3è�ékè�é ékè|ê æ9��ôOR|èÎéõè�ôFæ8Fbï['·ñwì^ë�óøèVP3èÎé éõè|êgJ è|ôSR�éõè�ñ3ë�î#RÌî·ïnî5éO'¥ì ì5èVR|è�ó(�»>
ôO�|ê è·ã � /#,Q\3êkè�ï3ëíìuò5éO)3æ8�|ôO'·æ9F-\+'¥ñ\é:"3î·ñiïE`¥ñ\é:�|ô)ôORc�3óíèÎéõëíìLî5êkêOF·óD�½P['-/B,Læ�è�ó.,w÷¥ècRV��êkó(��ôkë-ò#/\î5é
÷·ò5óAî·ôSR�é�JS)�ì ì[ë%î#R>î·ì\é:)nò5óíëíô�$�)béBò·ôwôS'¥êõò·ñ�ÓWæè|óm,U��ôO'¥æ8F-\+'¥ñ\é:'¥ìuî5éQP3îWJ°é�JS)3ì'÷-�V/·êkè·ã � R®î
ï[`¥ñ\é:��ô�)[/#,¥î·ñnî·ì[ì#'·ê�î·ê êOF¥ó�ëíô%ôSRVF¥ó²�_P['-/B,>æ�è�ó.,®î·ïnîué:'¥ìuî5éÌì�^ø÷5ò·ñCJS)�ì ì^ë.'¥óø÷5î·ô ñ3ëD��÷5î#/#,>æ8FB>
ï['¥ôO^äéBî·ñ�ë ã«èªó.,·è|ñ���ê ékè|óíè�æ�"Hè|ñ�î�\3êkè�ï3ëíìuò5éO)3æ8�|ôO'·æ9F-\+'¥ñ\é�Pnî5éOF¥ì#`¥êS�VP3ècRwî·ïnîué:�|ôS'¥æ8F-\j'·ñ[éO'¥ì
ëíô%éBî·ê°é:'-R�ñnî·ì���æè|óm,¥è|ì�'·óø÷5î·ôõò5ôõî�fB^øêõò·ôkîLî��|ôS'¥æ8F-\j'·ñ[éÌï[`·ñ[éO�|ôS��é:]·ó�$��[/#/3ã � R|è|ì \+'¥ñ\é�îBRV'¥ì
î#R�î·ï3î5é:'¥ì��8æè|ó.,·è|ì5è�é%î8\3êkè�ï3ëíìuò5éO)3æ9��ôO'¥æ8F-\+'¥ñ\énPnî5éOF¥ì#`¥êS�V"Hè|ñ óøè�÷-]÷¥ècRV�|ê ó(��ôkë_��ôO'¥æ8F-\+'¥ñ>
é:'¥ìQ^íê ñnî·ìÃfB'¥óä÷5î·ôkñnî5ìHã�� åAR�î·ï3î5é:'¥ìLì5èVR|è�ó(��ôkè+æëíñ3ï3ë./÷·èVRc�|êkó.�|ô ë_�|ôS'¥æ8F-\j'·ñ[éO'¥ì#'·ñ�ì·è�êkè|ôSR�éO�3ó
é:`¥ê°é:�|ñ�ëíì8ãã�

® /#,\î·ñ3î·ì[ì#'¥ê ð½/B,¥è|ó�JS�3ìWæ�èc/[��P['-/#,¯î#R�èc/#,¥è�ô ÷¥ècRV�|ê ó(��ôkë&�|ôS'¥æ8F-\j'·ñ[éO'¥ìa÷-�c/¥êkècPnîWJ°éBò5ôõî
æ�ëøñ3ï3ë(/1ì^ë.�|ê°é:�|ì5è|óøë�îQPE'-RVR|òLìuî#\+�|ôS'¥óøéÌî5ïnî5é:��ôO'¥æ8F-\+'¥ñ\é:'¥ìuî5é|ã�èªóm,¥è|ñÌ�|ê°éõè�óíè|æ�"6è�ñÌ"Hè|ôSRV��ó(P3è»>
é:�3ñ3ìiî1ñ3è�æ�>¤\3êkè�ï3ëíìuò5éO)3æ �|ôS'¥æ9F#\j'¥ñ\éO'¥ìQPnî5é:F·ì#`¥êS�|êO]·óD�6î·æ�è�ó.,�î#R�î·ï['·é éF÷¥ècRV��êkó(��ôkëÇ��ôO'¥æ8FB>
\j'¥ñ\éOP['-Rµìuî#\+�|ôS'¥ó(F^ï[F'î·ïnî5éO'¥ì�"jF·ó%ò·óíópã � Rµè�óøé:��êO��ô¬îz÷¥èVRc�|ê ó(�|ô ë�/¥êkòB$�'¥ì\é:F·óD�?îBP['¥ó%�|ôkî·ì¢î
\3êkè�ï3ëíìuò5éO)3æ9��ôO'¥æ8F-\+'¥ñ\é:'¥ì[ñnî5ì�÷5î·ñ�ñ3è|æ���êkè|ônPnîué:F¥ìB`¥êkè5ã

� Û��Ç�~������v X�Ùøú�x6Ù å�ïE'·éké G = (N , E , s, t) åQOb/¥êkòB$�� N = N ∪D �3îBP['¥ó N ÷·èVRV��êkó.�|ôkëà>ª�
D
î#R�î·ïnî5éO�|ôS'¥æ9F#\j'¥ñ\éO'¥ì«Pnî·óøæ1î#R|îE�

p ∈ N
�:ñ3è|æÎ$:è�óøéO��éõóøè|ñ��3ós\3ê è|ï3ëøì5òué:)3æt�*�|ôO'·æ9F-\+'¥ñ\é�ã

å
p
��ôO�[��ô �nüs��Þ ã �bÞ4v��=9��dÛ ��yn67Pnî5éOF¥ì#`·êkè4�»Ó
DScope(p) = {d ∈ D | ∃n ∈ N ∧ n ∈ Scope(p)∪{p} ∧ ((n, d) ∈ E ∨ (d, n) ∈ E)

� Û��Ç�~������v X�Ùøú+�xÙ å�ïE'·éké G = (N , E , s, t) åQOb/¥êkòB$�� N = N ∪D �3îBP['¥ó N ÷·èVRV��êkó.�|ôkëà>ª�
D
î#R�î·ïnî5éO�|ôS'¥æ9F#\j'¥ñ\éO'¥ìQPnî·óíæ�î#R|îE�

p ∈ N
\�êkè|ï�ëíìuò5é:)�æ ��ôO'¥æ8F-\+'¥ñ\é�ãÌå

p
�|ôS�[�|ô �nüs��Þ

ßbà+ÜHÛ[Ý\ß7�uÿ:ß^à!� ã ��Þ4v��H9��uÛ � åPObPnî5é:F·ì#`¥ê è4�|Ó
é7� Ê@¡«÷SüN¡}�B��î!ò|ð=ì��|ð� U¢BðSîAü²ï��Mîcó¤ë� Vó!�� ªë���÷Oü�ü�ïSð=õ�ë»îVó!�� ªë��� UWì�"|îU¢Cü²÷=ñ��ªë»îIër�Wö²ð=ôj�2÷Oüsër���Vü�ó²ôj�Î�Mîj !ö²ð��

õ*ðSîcó¤í»ìMø����#ð=ö¤íªó!�cö!�e < �"cï�"»ó²ó�§Wë|õr��ë� c÷�ósõ®#j�|ðSì0ð=ó¶¢«�|î!òe�|ì��Wì¢ó¤ü²í|ñ��-õ*÷=ö²ó²÷� |÷�¢#ð=î)�ãü� U�0õ®�4óDë»ó!�Cë»ó²ø�� � ¢j¢BðSî%ë�#÷=ì �Wí�¢Cë»î&ë»ïÇðSñ|ò4ü�ïSð=ö�#Cü²÷=ñ¥ cð����c÷=÷Sö�óÈð=ì��Cë»î!òVë»ñ��cì úF�� �ð=ï�ósë?ó²÷Sî!òcó��



> º©¿dº2�bºI�x½�¼�¹'¾iÄ$» ¹-Ä$Å ùBd

AV Scope(p) = Scope(p) ∪DScope(p)
�iëä÷¥è�ó6îBR2^øêOF%�|ôNî#R2'¥óø÷5î·ôSFÌî·ïnî5ékì5îB\j��ôO'¥óíî5éõë[��óíè�ì·è�égì��3ó(`¥ñôOR�è|ê è�éõñE�|ñ3ì+ð½/#,·è|óøè|æ�"Hè_÷·è|ñ3ñ�ë

î_ìB'¥æ9\�óíè|¡bëäéBò·ô�ì[ëíôSR�ò·æ8^øéõò·ôõî5ì#'¥êc�dékèV�ªP3ñ�ëíìuî·ë�'¥ìB'¥ì�"jF¥ó���êkï3è�æ�è�ô-æëíñ�ï3è|ñ
d
î5ïnî5é:��ôO'¥æ8F-\+'¥ñ\é:'·é

ì#��é�ékèV�ªP3ñ�ëíìuî·ë7�|ôO'·æ9F-\+'¥ñ\ékéõî·ó���^íêSFÉ��ôÇ'¥óø÷5î·ôSF��~P�è|ó.,·è�é éõè|ôS^øékè|ñ3ë²�-^(/#,%æèV/FóíèVP�è�é	ì��3ó.`¥ñ�"j`#R�éõèÎéõñ3ë
î#R�é�îÇJ è�óíè�ñ3ôO�c/¥è�éV�#P['-/B,%èV/#,%\3ê è|ï3ëøìuò5é:)3æ8�|ôS'¥æ8F-\j'·ñ[é�ïE`¥ñ\é:�|ô è èV/B,

d
î·ïnîué	^øêõò·ôkò5é!�C'¥óä÷·î5ôõò·ôkò5é!�

è|ôkèÎéõóøèV/ æëíñ3ï�ì·è�é é:]·é_è�êkè|ï�æ9��ñ�,·èVR�ë ã � ñ3ñ3è|ìiî9"+'¥ñ�,-'·ó()3óäéõôõòB/ì[ëøôOR�ò5æ9^äéBò·ôkò·ñnò·óx÷5î·ñiôOR|è�êkèc\6è5ã
�iëø÷·è|óÌèVRw\E)3ôORÎéBò·ñ ékèV�ªP3ñ3ëøìuî·ë%ì#'¥ñ3ô°éõêS)3ì#��ë(F[�Ìæ�è�ó.,§��ôõî·ìTî·ê êõîzôORV'·ó(/\ò·ó²�IP['-/B, îiPnî5éOF¥ì#`¥ê
Pnî·óíæ�î#Rc'¥ì[ì5î5ó���ô�ñ3è�°ªÃ4Â1î·ïnî5ékôOR�è|êkì5èVR�è�ékékè|ó ÖLÖ óøèV/#,·è|ñ�ê èV\3ê èVR|è�ñ\éBò·ó.Pnî5é:FE�	èVRc�|ê é+î#R ò#"�êõò·ìB'¥ñ
�|ô+ôOR|ò·æ8^øéBò5ôõî·ëøñ3ì#'¥ñ èVRÎé�îÒP3è�ó.,¥èÎékékè|ôO^äé:��ô é+ñ3è�æò#"�êõò#Rc'¥ó¬JS)3ì8ã��iëíñ3ï�ë(/i÷·èV/#,7�3ì®ð½/#,·è|óíè�æ�"Hè
î#RV'¥ñ�"nî5ñÈ��P['-/#,¬î�Pnî5éOF¥ì#`·ê?ì[ëíôOR|ò·æ8^øéBò5ôõî·ìB'¥êFñ3è�æ îBR+î·ï['·é é?÷¥ècRV��êkó(��ôkë���ôO'¥æ8F-\+'¥ñ\ékéBî5ó-ìuî#\>
�|ôO'·óAî5éO"nî·ñwò·óøó(FÌî·ïnîué:�|ôS'¥æ8F-\j'·ñ[éO'¥ì+ôOR|ò·æ�ò5é!�7Pnî·ñ3è�æ îBRFî·ï3î5éõìuî#\+�|ôS'¥óAî5ékë��|óíè�ì·èÎé ôOR|ò·æ8'¥ó¬JS)3ì8ã
å)æ�è�ñ3ñ�,bë."6è�ñ îÌ\3êkè�ï3ëíìuò5éO)3æ9��ôO'¥æ8F-\+'¥ñ\é:'¥ì©Pnî5éOF¥ì#`¥êS��é1ì^ëäéõè�ê�J è|ôSR�é�JS�3ìWî#R¬î5ïnî5é:��ôO'¥æ8FB>

\j'¥ñ\éO'¥ì[êõî�ëíôV�E�|ê ékè|óøæ�è�ô�î#RÌî·ïnî5éO�|ôS'¥æ9F#\j'¥ñ\éO'¥ìt\3ê è|ï3ëøìuò·ó(F�P3î·óíæ�î#R�ò5êOF¥ó+"6è�ôORc�|óíñ�ëDÓ�î#Rc'¥ñ�\�êkè|>
ï3ëíìuò5éO)3æ9��ôO'¥æ8F-\+'¥ñ\é:'¥ì%Pnî5óíæ�î#R�îE�¥î·æ�è�ó.,ÌèV/B,+î·ïnîuéÑ'¥óø÷5î·ôkò·ôõò5é�fB^íêkò·ôõòué�è�óíï[`¥ñ\ékë ã � R�è|ñ�\3êkè�ï3ëm>
ì5òué:)3æ8Pnî·óøæ1î#Rc'¥ñ ì5è|êkè�ôORÎé:�3ó~\6è�ï3ë(/�î�÷·èVRV��êkó.�|ôkës��ôO'¥æ8F-\+'¥ñ\é:'¥ì9Pnî·ôOR�ñnò·óíî5éBò#PE'-R?éõè�ó¬J è|ô è|ñQPnîC>
ôO'¥ñ3ó.F\î·ñLï3èÎðnñ3ëAò5ó(Pnî5é�JS)3ì îBR.åQO</¥êkòB$_"+'¥ñ�,-'·ó()3óäéõôõòB/\ò5é�ã

� Û��Ç�~������v�X�Ùøú�lxÙ å�ï['·é é G = (N , E , s, t) �\åQO /¥êõòB$��7�|ô
x ∈ N ��ôO�[��ô|ã$åÉR

x
��ôO�[��ôO'·é

�	�dÛ^ü	���E�3ÿ�vÐ�\à J �\à�þ+� ã �nÿ²©�3Ý�� Ó
AV Pred(x) = {p | x ∈ AV Scope(p)}

ã
åÕ$:è�ñ[ékë�ï3è�ð3ñ[^(��ë(F-"nî5ñ

x
èV/#,¥î·êõò5ñ[é_óøèVP3èÎé_÷·èVRc�|êkó.�|ô ë�÷5î#/B,Lî·ïnî5éO�|ôS'¥æ9F#\j'¥ñ\é|ã

� Û��Ç�~������v�X�ÙøáHe�Ù å G = (N , E , s, t) åQO×/¥êkòB$ x ∈ N �|ôS'¥æ8F-\j'·ñ[é�Jkò·ñnî·ìÉ"6è|ò#/#,\îBRV'·é éS>
ôõò#/¥ë�æ8�|óm,^ôO�V/·è#Ó

nd(x) =| AV Pred(x) |
� Û��Ç�~������v�X�Ùøá�Ø å G = (N , E , s, t) û < ���C�E� Þ]Û^ÿ0Y|Û^à�h�Û��[�½f+�3Ý\þnÞ�Þdàc�[�+�?µß^ÿgf�à|ß��8Û Ó

ND(G) =
∑

n∈N ′
nd(n)

� Û��Ç�~������vÌX�Ùíá8ú å G = (N , E , s, t) û < ���W�[�Ah�þ+�jfHþHÿ�k-ÿ{ÞdàV�[��� óíèc/#,¥è�ñ

C(G) = | N ′ | + ND(G)
éDé �	ìMòcë|îw�Cë|ì0õ�ë|ï�§+ë|õ�ðSì0òU¢#ð=î�ü�ïOí»õ��|îVó¤ë»ö²ómúF�j L§Ì�j�cñ|ò�ë|ïAðSñ|ò|ðOü�ð=ìMð=õ*ð� ��Q�$���X�	�����ü²ï=ðSö²ð��BðSì0îWð� �ëË�Bë»ì��

õ�ë|ï�¢Cë|îè�



> º©¿dº2�bºI�x½�¼�¹'¾iÄ$» ¹-Ä$Å ù^â

åAR_åPO /¥êõòC$�"+'¥ñ�,-'¥ó.)3óøékôõò#/¥îFéõèVP3ò5éNî.÷·èVRc�|êkó.]¥ôOR�è|ê ì·èVR�è�éO��é:]·óÈ�|ô$î#R_î·ïnîuéõì·ècR|è�ó(�|ôS��éO]¥ó½$��[/-/3ã
å ÷¥èVRc�|ê ó(]¥ôSR|è|ê ì·ècR|è�éÑ6�î&\3êkè�ï3ëíìuò5éO)3æ9��ôO'¥æ8F-\+'¥ñ\é:'¥ì%ô èV/-^äéõôO�c/-��÷·è|ó6�æèV/-P3î5éBò·êS'-RVR|î.îF÷¥ècRV�|ê�>
ó(�|ô ë��|ôS'¥æ8F-\j'·ñ[éO'¥ì����|ô>ècR|è|ñ ì·è�êkè�ôOR�éO�3ó�î#RaèV/#,·è|ô®î·ïnîué:'¥ìTì·èVR�è|ó.�|ôO��ñ3è|ìb"Hè�ò#/B,\î#Rc'·ékékôõò#/¥ë
æ9��ó.,^ôO�c/-��é|ã'å éõè�ó¬J è�ô+ì#'¥æ8\3óíè»¡bëøéBò5ô+èVR|è�ñU"Hè�ò#/B,\î#Rc'·ékékôõò#/¥ë�æ8�|ê°é:��ì·è|ì���ô�î �|ôS'¥æ8F-\j'·ñ[éO'¥ì
� æëíñ3ï�î·ïnîué!�3æëíñ3ï ÷·èVRc�|êkó.�|ô ëg� ôOR|ò·æ1ò5ñnî·ì ì[ë.$:èLJ èVRc�|ôkè5ã

® /#,\î·ñ�èVP[P3ècRÌî#R?è|ê è|ï3æ8�|ñ�,7P3ècR%÷·èVR�è�éõñ�èÌèc/#,�æ1ò·ô ëíì�æèV/-/-'·ñ3ï['¥óíò·ôgëøô|ãÇÆ�è|ì[ëíñ\ékôO�3ñ3ì1èV/#,
x
÷·èVRV��êkó.�|ôkë&��ôO'¥æ8F-\+'¥ñ\é:'·éV�_î·æ�è�ó.,WèV/B,

d
î·ïnî5é ëíñ3ì[êkè�æ�è�ñ\éBò·óíò·ôõò5é�÷-�c/-R|ë²�A\3ópãçî#R>î·óíò#"["3ë

ì#F^ï3êO��ôOR|óøè�éO"6è�ñÈÓ

ö �¨ï M Z ý�ÿç¨ç úèúèúèú
c�c M ÿ çèç \�N éèì#V=	 x ìQ�¨ï

åÉRÌî·óAòB"["3ëxåPO</¥êõòB$-êO��ôOR�óíè�é)î�$:è|ñ\ékë�ì#F^ï¬î·óíî#\7Jkò·ñwìB�|ôSRV�3óäé!Ó

dincr

Æ-è�ì^ëøñ\é:P3èÎé�JS�3ì>î�$:è|ñ\ékë�ì#F^ï3êO��ôOR|óøè�é�î·ïnîué:�|ôS'¥æ8F-\j'·ñ[é�Jkî·ëøéÉ'¥ó.,¥î·ñ>ôO\HèV��ëAò·óøëíô�* ÷·èVRc�|êkó.�|ô ë���ôO'¥æ8FB>
\j'¥ñ\éO'¥ì[ñnî·ìL+ª��æè|ó.,·è|ìièV/#,·è�éõóøè|ñ>éõèÎ÷-�|ì5è|ñ�,^ôO�c/¥èwî#R+ëøóíóíèÎé:]wî5ïnî5é&��ê é:��ì#��ñ3è|ì>ì[ë('¥óä÷5î·ôõò·ôkî1÷5î#/#,
^íêõò5ôõî�ã � "E"6è�ñ¯î#Rwè�ôkèÎé:"Hè|ñWèVR|è�ìzî#R«�CJ�÷¥ècRV�|ê ó(��ôkë��|ôS'¥æ8F-\j'·ñ[éO'¥ìµìB`-R�÷·è�ékóíè|ñ��3ó æèV/¥è�ó(]-R�ëíì��
ëíóíóøè�é ÷¥è.ì#`]÷·è�éõëøìwî#RÎéFîK��ôO'¥æ8F-\+'¥ñ\é:'·éV�nî·æè|ó., î#R%î·ïnîuéõì·ècR|è�ó(�|ô°é)÷#�V/-R�ë ã

write(d)

read(d)

incr



> º©¿dº2�bºI�x½�¼�¹'¾iÄ$» ¹-Ä$Å ù Æ

åÉRI^./#,�ôOR|ò·æ9'·óøé�Pnî5éOF¥ì#`¥êNëíóøó ã�ì#'¥æ8\3óíè»¡bëøéBò5ô?��ê é:��ì�æèV/·èV/#,·èVR|ëøìî#RVR|î·óD�bî#P['-/B,\î·ñwîBR�é�î X�Ùíáje
å X�Ùíá8ú ï3è�ðnñE^(�|ë.F¥ì�"nî·ñ�æ�èc/\î·ï�éO)3ì8ã

ß�ë./#,¥è�ó¬JS�3ì®æèV/[��P['-/#,aî>ï�è�ðnñ[^.�|ë.F¥ìµôS'¥êõò·ñWôkècP['¥ó�ô è|æéõèÎékéO�3ìw$:è|ó²�ÑP['-/#,zîBR�åPO /¥êkòB$
`¥ôkôSR|èc$��E/-/-][�	ëøóíóøè�ék÷·è+÷¥èVRc�|ê ó(�|ô ëN÷5î#/#, î·ï3î5éõôSR|è|ê ì·ècR|è�ékèwñ3è|æ �3ê è|ô�ã�� ® /#,¥î·ñnî·ì[ì#'·ê�$:è|óäéõè�é é:�3ì��
P['-/#,�ñ3è|æ óíècP3è�égèV/#,^ôSR|è|ê êkè&�3ê è|ô�æëíñ3ï�ì·è�é é:]3ã � RFè|ôkèÎé:"Hè|ñLëíôNï3è�ð3ñ3ëAò·ó.Pnî5ékñnò·ñ3ì�î�ìB'¥æ8\3óíè»¡7>
ëøéBò5ô é!Ó	ékè|ê æ9��ôOR|èÎéõè�ôkè|ñ¬ñ7)�óíóAò5ñnî·ì8ãã�
å�ñ3è�æ `¥ôkôSR|è|$��[/-/-]åQOb/·êõòB$�'¥ì�è|ô è�é:�c"6è�ñ î�éõè�ó¬J è|ô�/·êõòB$-ì#'¥æ8\3óøè|¡bëøéõò·ôõò5é ì^ëxéO)3ïCJS)3ìwôSR�òC>

æ9'¥óøñ3ëxîBRÌèc/#,¥è�ô)êS�|ôSRV/¥êkòB$�'¥ì ô èV/-^äéõôO�c/-��÷·è|ó²�8î#RÌî·óAò#"E"3ëxì#�c\3óíèÎékékè|óDÓ
� Û7�w�æX�Ùøá8á�Ù å�ïE'·éké G = (N , E , s, t) åPOÎ/¥êkòB$���îBP['¥ó N = N ∪ D � N îL÷¥èVRc�|ê�>ó(�|ô ëÑ�|ôO�E�|ôO'·ì+�

D
î#R�î·ïnî5éO�|ôS�[�|ôS'¥ì Pnî·óíæ�î#R|î�ã�1)î G =

⋃Gi
�	îBP['¥ó Gi ÷¥ècRV�|ê ó(]���ôO�[��ôõî·ëøñnî·ìPnî·óíæ�î#R|î

Ni
�E�|ô

N = N1 ∪N2 ∪ ... ∪Nk
�[/#,#�[P['-/#, ∀(i, j) i 6= j ⇒ Ni ∩Nj = 0

î·ì[ìB'¥ê

C(G) =| N ′ | +
∑

Gi
ND(Gi)

åAR åQO /¥êkòB$Ìì#�V\Hè|ô�óíèc^íê ñ3ë?î�\3êS'-/¥êõî5æ9'¥ìuî5é î#"["nî5ñTîBR è|ôkèÎé:"Hè|ñTëíôV�2PnîaèV/B,bñE�|ó.é:`-"E"
è|ó¬Jkò5êõò·ôS"jF¥ó-ò·óøóíñnî·ì8ã?å é:`-"[">î5ó(\3êS'-/¥êõî5æ�"jF·ó-ò5óíó(F8\3êS'-/¥êõî5æ9'¥ìw÷·èVRV��êkó.]¥ôOR�è|êkì5èVR�è�éõè�� ï3èÎðnñ[^.�|ë(F
ôOR|è�êkëøñ[éª�æëíñ3ï�ë(/>ï3ëíôSR�JS)3ñ�ì[é|ãTå ÷¥ècRV�|ê ó(��ôkëÉ/·êõòB$�'¥ìaè�ôkèÎé:�V"Hè|ñ ékèVPnòué èV/B,bôSR|è�êO¥3è�ñ `·ôkôOR�è�î·ï7>
é:)3ì îBR èV/#,·è|ôiî·ó(\3êS'-/¥êkî·æ9'·ì�"j'¥ñ�,#'¥ó()3óäéõôkò#/¥ëÉ��ê éO�|ì·è�ëøé|ã åÉR>î·ïnîuéõôOR�è|ê ì·èVR�è�ékè|ì ð½/#,·è|óíè�æ�"Hè
÷-��ékè|óøè|ì#'·êFî#Rc'¥ñ�"nî·ñ�èVRÌî+é:)3óíîWJ ï['¥ñ3ôkò#/+æèV/·÷5ò·óäé:'-R�ëíì8ã

� óíìB�V\[R�è|ó.P3è�éO][��P['-/#,>éO`-"["aî·ó.\3êO'#/¥êõî·æ���èV/#,®÷5î#/#,>é:`-"E"�ì#`-Rc`¥ô�î·ïnîuéõôOR�è|ê ì·èVR�è�é éõè|ó�ê è|ñ>
ï3è|óøì·èVR�ëíì8ã�èªóm,¥è|ñzè�ôkè�éK$�'·êkï[)3ógè|ó(]E��î·æ�ëøì#'¥ê�\3ó ã®èV/B,�Â#¿(¯#°ª¾#¿Àº(ÅtËC¾#¿Àµ�¯VÄ�HCµ$é:`-"["zè�ó¬Jkò·êkò·ô�^íêSPnî5é
÷·îB/#,Ì'¥óø÷5î·ôSPnî5é�ã«èªóm,¥è�ñ3ì#'¥ê�î#R�î·ïnî5éÌé:`-"E"µ÷¥ècRV�|ê ó(]¥ôSR|è�êkì·ècR|èÎé:P3ècR�ìuî#\+�|ôS'¥ó(F^ï3ëøì î·ïnî5ékìuî#\j��ôO'B>
óAî5ékë	��óíóíè�ó ã � R|è|ñ®î·ï3î5é:'¥ìwékèVPnò5é?ï3ëíôSR�JS)3ñ3ì\é?÷·èVRc�|êkó.�|ô ë�ò#/\î·ìB'¥ñ�è�ó(P3è�ó.,¥ècR|ì5è|ï[]�\3êkè�ï3ëíìuò5éO)3æ8'¥ì
Pnî5é:F·ì#`¥êS�V"Hè|ñ ëíô)ôOR�è|êkèc\6è�ó(P3èÎéõñ3è�ì����|ô.î8"j'¥ñ�,#'¥ó()3óäéõôkò#/1ôSR�ò·æ8^øéõò·ôõî·ìB'¥êFèc/#,^ñ[�|ó�é:`-"E"3ôORc`¥êFì5è|óíó
ôOR�ò5æ9'¥óøñ�)3ñ3ìi]¥ì·èÎé�ã åÉR

ND(Gi)
�|ê°é:�|ì5è|ì¯ékèVPnòué«`¥ôkôSR|èc/-RV]^ï3ñ3è�ìHã ® /#,¥î·ñnî·ì[ìB'¥êwèVR�è|ì î#R

î·ïnî5éO�|ôO'·æ9F-\+'¥ñ\é:'·ìt�|ôkî·ìwèV/B,bôSR|è�ê�J è�óíè|ñ�ñ3è|ì æèV/E�3æ�ëøñ\é | N ′ | êO��ôOR�è|ë ã
å)æ�è�ñ3ñ�,bë."6è�ñ�èVR�è|ñ�è�ó¬Jkò·êkò·ôO'·ìwï3ëíôSR�JS)3ñ3ì\é?î·ïnî5ékôOR|è�êkì5èVR|èÎékékè|ó�êkè�ñ3ï3è�óíì·ècR|ñ3è�ì��È�[/#,�ì#'·æ9\>

óíè|¡bëäéBò·ôkî·ëíìuî5éÌèV/B,bôSR|è�êO¥3è�ñi`·ôkôOR�è�î·ïb÷·îiæ9'¥ô°é�ëøô�æèV/¥ìuî#\�JS)3ì>î#R1èc/-�|ôSR�\3êS'-/¥êõî5ær"j'¥ñ�,#'¥ó()3óäéS>
ôõò#/\òué�ã

� óíôS]iêkò·ñ[�cRV�|ô êkè8$:è|óíè�ôkóøèV/¥è�ôkñ3è�ì>éO¥3ñ3ëøì+�~P['-/B,>æ�èc/¥ì��3ó(`¥ñ�"+`-R�ékè�é�JS�3ì>î#Rî·ïnî5ékôOR�è|êkì5èVR�è�éõè�ì
^íêõò5ôõò5éÉ�|ô&'¥óä÷·î5ôõò·ôkò5é!�6ëíóíóøè�é ÷¥è�îBR#�ÈP['#/#,�îB"["nî·ñ®î#R�è�ôkèÎé:"Hè|ñÈ��PnîwîBR�î·ïnî5éO�|ôO'·æ9F-\+'¥ñ\é:'5é?èV/B,�>
ôOR|è�êkê è*^íêgJS)3ì&�|ô	'¥óø÷5î·ô ôO)3ì.ëøôV�¥î5ì^ìB'¥ê�ìB��ékôOR|è�êkè�ôkè|ñ�ôSR�ò·æ8'¥ó¬JS)�ì.èVR�é�î#RNè|ôkè�æ9��ñ�,^éÇ"j'¥ñ�,#'¥ó()3óäéõôkò#/¥ë
æ9��ê é:��ì��3ñ3ì�"6è�ñxã ® /#,¥î·ñnî·ì[ìB'¥ê�èV/#,+ì5è|óøó(]^è|ñ+ðnñ['¥æ�$:è|ó("+'¥ñ\éBò5ôO��æ9��ê éO�|ì[ñ3è|ì+ôSRV�3ì[ôS�V/¥ôSR|è|êS¥3è|ñ
é:`¥êS]bï3ñ�ëíè.ì·è�óíó�èÎ÷^÷·è|ó�î+ì��3ó(`¥ñ�"3ôS�V/-/·è|ó ã

Æ�è|ì[ëíñ\ékôO�3ì î#R'î·óAòB"["3ëQ�² <ÒËÒ \�êO'-/¥êkî·æ8'-R�ò·ô ë+ñ�,¥è|óä÷¥è�ñ ^íê°é»��\j��óíïnòué!�+æè|ó.,7"Hè|ñ î#R
fè|ó¬Jkò5êõò·ô°é_î

d
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æ9��ôOR|èÎéõè�ôkè|ñ�î#R�èV/#,^ëíìFóíèV/·èV/#,^ôOR�è|êS¥["["�óøèVP3èÎé:]¥ôS�V/)î#R$î·ïnî5éO�|ôS'¥æ9F#\j'¥ñ\éO'¥ì�ÅOÄ4¾#·8¾#¼+ÃC´	�|ôS`¥ì[ì·è�ñ>
é:�|ô è·ã � R�éÌè|ó.�|êOP�è�é�JS��ì+�~PnîLî#R�èV/B,¥è|ï�ëNî5ïnî5é:'·ì7"+F¥óÇ`·ôkôOR�è�ékè�éké�î·ïnîuéõô ékêO)3ì\éO�3êõò·ìuî5éV��é:^(\E)3ôO'¥ìuî5é
î·óíìB'·é:)3ñ�ìHã�åTì#`]÷¥èÎéõì5èVRV]8\+�|óíï3ò#"nî·ñ�èV/#,ì#'·æ9\3óøè|¡�ôOR|ò·æ8'¥ìuî5é òB"3êõò#Rc'¥ó(F�î·ïnîuéké:^.\[)3ô°é*P['-Rc)3ñ3ì
ó(��ékêkèBÓ

é�ï P ó N ï N ìXV x ô ��\�
M ìjóèòÌô �]P�� ÿM ìjóèòÌô � ö V ÿ

� ÿ
åFæè|ñ3ñ�,^ë("Hè|ñaèc/#,µì[óøëíè|ñ�ô�\3êO'#/¥êõî·æ ìB'¥æ9\�óíè|¡ ôSR�ò·æ8'¥ì[ìuî·ógì�^ø÷5ò·ñµæ�¥�÷¥è�óíèÎéõè�é�÷-�V/·èVR|ñ�ëD��ì#�Îé
óíèVP�è�é:]·ôO�V/·è�÷5î·ñxã>O$î#/#,>ó.��éõê èVP['#R1ì#�Îé!�	èc/#,^æ1ò5ô é:F·ó�$��[/#/¥è�ékóíè|ñ®÷5ò·óøéO'-RVF·ét�

x [ re ��ô x [ im �»�æ�è�ó.,¥è�ì�"6è�ñ¢èc/#, ìB'¥æ8\3óíè»¡æ��ê é:��ì¯÷5î·ó(F·ôt�|ôwìB�V\[R�è�ékè|ô�êO�|ôSRV�Îé�éõò·êO'·ó¬JkîE� ÷5î#/#,'ó(�Îéõê èVP['-R¬èV/#,
complex

éO^(\[)�ôO�
c
÷5ò·óøéO'-RVF·é|ã-åAR è|óíôS]%è|ôkèÎé:"Hè|ñ1î%ìB'¥æ8\3óíè»¡+ôOR|ò·æ8'¥ñ+÷-�V/#R|è�é égæ�¥�÷¥è�óíè�ékè|ì+ìB��é

ì7��ó(`¥ñ�"+`-RV]8)�éBî5ôO^øéõò·ô���\�ó ãÇ��ê é:��ìuî·ïnò·ô:� ôS'¥êõò·ñwéO`¥ê éO�|ñ3ñ3è�ì��HìB��é_ì��3ó(`·ñnò·óíó.F+î·ïnîué:'¥ñÈÓ



> º©¿dº2�bºI�x½�¼�¹'¾iÄ$» ¹-Ä$Å ùBT

M ìjóèòÌô �]\�R�P���T�\�R ö V ÿM ìjóèòÌô � � R�P���T � R ö V ÿ
\uR�P�� ZW� R�P�� ÿ
\uR ö V�ZW� R ö V ÿ

å æ�ò·ôS'bï3ëøìTè�ôkèÎé:"Hè|ñ©î�ì#'·æ9\3óøè|¡ ôOR�ò5æ9'·é>èc/#,¥èÎéõóøè|ñ î·ïnî5éO�|ôO'·æ9F-\+'¥ñ\éõìB�|ñ\é ì·èVR�è|ó.P3è�é�JS�3ì��
î·æ�è�ó.,1è|óíè�æ�ë6æ�¥�÷·è|óíèÎéõè�ì^ì5è|ó���\3ópã��|ê°é:�|ìuî·ï3ò·ôkôkî·óg�gì5èVR|è�ó(P3èÎé:][Ó

é�ï P ó N ï N ìXV x ô ��\�NQ\ T!N � ÿ
N�\ Z N � ÿ

� ñ�ñ3è|ì éõè�êkæ8�|ôSR|è�ékè|ô è|ñaì[ëíô èV"["µî�"+'¥ñ�,-'¥ó.)3óøékôõò#/·ëÇ�|ê°é:�|ì5è#�-æ�ëøñ[éÌîBR�è�ó(]-Rc]�è�ôkèÎéõñ3è�ì+�-÷bëøôORc'¥ñ\é
$:è|óøéO��ékè|óíècR|ë²�9P['#/#, î·ì\é:)nò·óøëíôÌ\3êO'#/¥êõî·æ8'-R|ò·ôkë�ñ�,¥è�óø÷7�3ñ3ì è|óíè�æ�ë�æ�¥b÷¥è|óøè�ékè|ì·èÎéaé:)3ï ÷-�V/·èVR|ñ�ë
`¥ôkôSR|è�ékè�é é?î·ï3î5éõôSR|è|ê ì·ècR|è�ékè|ì5è|ñxã

12'-/#,\î5ñ�ôOR|ò·æ9'·ó()3ñ3ì è�ó î¬æ�ò·ôS'bï3ëøì�è|ô è�é
struct complex

é:^.\[)3ôkò·ñnî·ì>ï3èÎðnñ[^(��ë(FCJkò�÷5î·ó¡"
� RWèV/B, '¥ó.,¥î·ñçì#F^ï3êO��ôOR�óíè�éV��î·æè|ó.,Tñ�,^ëíóø÷5ò·ñ\÷5î·ó.F\î·ñ�ñ[`]÷¥è�óíë�î§\3êS'-/¥êõî5æ "+'¥ñ�,-'¥ó.)3óøékôõò#/\òué!�
èVRV��ê é�P['-RcR�òLì·è|óøóíè�ñ3è�ôOR�ò5æ9'¥óøñ�)3ñ3ì�îLì[óíëøè|ñ3ô.ìBFbï[PE'-R·ã9�ië.)�éBò·ñ®î#R�åPOZ/¥êõòB$Nì#'·æ9\3óøè|¡bëøéõò·ôõî
�|ê ékè|óøæ�ècR|è�é é!��ï3è+ñ�)3óøóAî��3ê è|ô.÷¥ècRV�|ê ó(]¥ôSR|è�êkì·ècR|èÎé+è|ô è�é:��ñÈ�[Jkî]÷7^äéBî·ñ�)3ñ3ì¬ì·è|óøó	èVR�è|ñµîwéO)3óAî4J ï['¥ñ>
ôõò#/-'·ñÈ�½P['-/#,�"6è�ôORV��ó(P3è�ôkôS�3ñ3ì�î#RÌî·ïnî5é é:^.\[)3ôO'·ìt"+'¥ñ�,-'¥ó.)3óøékôõò#/\ò5êOF¥ópã



¢ º?Ã'½n�3Ã$¹�Z?¼�Â � ½<^Â ½�¼q£-¼�¹_�ÃZÌÁ�º ùB�

¤8� 7 Õ Í���ÕNÊQaÌË#Ô ¥ Í{d+Ô�ÍÌËg¦LË#Ê~�PaÌÓ�È
åÉR�ëøæ9\Hè|êkî5é:^ä÷�\3êS'-/¥êõî5æ9'¥ìuî5é '�ëøê é:P¯ôOR�î�÷5î·ëä÷·î5ó2��óø÷·è�� ö¥ö � �[/#,�J è|óøóíè|æèVRcP3è�é�JS�3ì���æ�ëøñ\é î#R
î·ó(/-'·êkëøékæ�)3ôS'¥ìA��ô�î·ïnî5ékô éõêS)3ì\é:�3êkò·ì.èV/B,�békéõè�ôO�Îé�ã	å�\3êS'-/¥êkî·æ�ìB�|ôSRV^øéO�|ô�æ9F^ï3ôSR|è|ê è|ôs��é�Jkî<'�ëøê éOP
ôOR|è�êkëøñ[éÌî�\�êO'-/¥êkî·æÑò·óøéõî·ó-è�óø÷#�V/-R�è|ñ3ï[]Q$�)3ñ3ìB�|ë.'¥ñnî·óøëøéBò5ôÉ�|ô%îBR�èVP[P�èVRK$:è|ó.Pnî·ôOR�ñnò·óíî·ñ3ï[F ëøñ[\[)�é
�|ô�'-)�éO\[)�é_î·ï3î5é:'¥ì�æèV/-P3î5éBò·êS'-R�ò5ôõî�ã � R|è�ìt)�éõò·ñwó(�c\j��ôkêS]¥óm>¸ó(�V\+�|ô êkè)óíèV"+'¥ñ\é�JS)�ì1î�$�)3ñ�ì#�|ë.'¥ñnîC>
óíëøéõò·ô éFî·ó.\3êO'-/·êõî·æ8'¥ì[êõîEÍ8ôSR|è|ì\÷·è|ñ[��ëAò5éV�~��ëíì[ó()�ô éI��ô?è|óíò#/\î#R|ò·ô éÉPnî·ôSR|ñnò·óä÷5î�ã&�iëøñ3ï3è�ñ ó(�V\+�|ôS"6è�ñ
ì·è�÷#�|ôS"j�zî#"�ôOR�ékêõî·ì\é�$��[/-/·÷#�|ñ�,¥è�ì·èÎé �|ô�è|ó¬Jkò5êõò·ôS'¥ìuî5éLï3è�ð3ñ3ëAò·ó.)3ñ3ì8ã � R î�$�'·ó.,\î5æ1î5é�î5ï3ï3ë(/
$�'¥ó.,[éBîué:F^ï3ëíì��)î·æ9^./aî#R®î·ó.\3êO'-/·êõî·æ8'¥ìuî5é�æ1ò·ê«`·ôkôOR�è®éO)3ïCJS)3ì ò·óíó.^øéBî5ñ3ëFîBR ëíæ8\3óíè�æ�è�ñ[éõò#�|ë.F¥ô
ñ�,·è|óä÷ ò5óøéBî5ó?æ�èc/¥è|ñE/¥è|ï3èÎéké�è|óøè|æë&)�éBî5ôO^øéõò·ôO'·ì7"+F¥ó²�É�|ôiî·ïnîué:'¥ì�"+F¥ó ãzèªó.,·è|ñç�|ê ékè|óøè|æ8"6è�ñ î#R
ëíæ8\6è�êõî5éO^ø÷�ñ�,·è|óø÷·è|ìWè|óøôO]^ï3óíèc/¥è|ô�î#"3ôSR�éõêkî·ì#��ë(F¥ô�æ�èc�ªPnî·ñ3ë.R|æ�)�ôõîµîBRiè�ó¬Jkò·êkò·ôO'¥ì���$��[/-/·÷#�|ñ�,¥è�ì
ó(��ékêkècP['-R�ò5ôõî�ã
år\3êS'-/¥êkî·æ9'#R�ò·ô ëFñ�,¥è�óø÷¥è�ìæ$:è�J ó.]bï[��ôO�Î÷¥è|ó%îBRiÃ�á�Ã#µ¤Ã�°|ÅOÄVµ�¹SÃC´�G|º�H�èV/#,^êkètJ è�óíè|ñ\éO]¥ôkèc"["TôSR|è»>

êkèV\Hè�é�ìuî#\+'·é é«�¢��G � ã å æ8'bï[)�ógî·óíî#\[�aî5ïnî5éBîB"3ôORÎéõêõî5ì#�|ë.F8J è|óøè|ñ\é:]·ôkè|ñzóøèV�|ôS`¥ì[ì·è�ñ[ékè�é éõè�î#R�é+î
ì#F^ï3æ�è�ñ�,bñ�,^ëíôS�V/¥èÎé!�\æè|óm,¥è�é-î#R�èc/#,¥è�ôÇ\3êO'#/¥êõî·æèV/B,bôS�V/¥è�ìI$:è|ó.Pnî·ôOR�ñnò·ó.F¥ëíñnî5ì)ëøôkæè|êkñ�ëíè�ì·è�óíó^î#P>
P['-R#�P['-/#,æèV/-"E^(RVP3î5é:F�\3êO'#/¥êõî·æì#F^ï['·é?^íêgJS'¥ñèV/#,�ì#'¥ñ�ì^êS��é*$:è�óAî·ï3î5égëøæ9\�óíè|æè|ñ\éõò·óAò·ôkò·êõîbã�å
ñ�,#'¥ó(�Î÷5î·ñnî·ô?��÷¥è�ì�ôO'¥êkò·ñ î�\3êO'-/·êõî·æ8'-R�ò5ôkë3ñ�,¥è�óø÷·è|ì�î#"3ôORÎéõêkî·ì#��ë(F¥ôNæ�èc�ªPnî·ñ3ë.R|æ�)3ôkî·ëøé�ì5èVR�ï�é:��ì
ì^ëäéõè�ê�J è|ôSR�ékè|ñ3ëHî#R_î·ïnîuéõôOR�è|ê ì·èVR�è�ékè|ì8�|ô$î#"3ôSR�éõêkî·ì\é î5ïnî5ékéO^(\[)�ôO'¥ìÌéõè|êS�3óíèÎé:��êkè�� ö�â � ã�åÉR_î·ïnî5éõî#">
ôOR�ékêõî·ìB�|ë.F·é�î#R�Ã�á�Ã#µL³|¿À¹:³�±»µ�,ªÅÒ�:è|ñ[�|î#\3ôO)�óAî5ékë('¥ñ��+éBò·æ8'-/\îué�JkîE��æè|óm,'ô èV/-^äéõôS�V/-�Î÷¥è|ó%îBR î·ïnî5éO'¥ì
Pnî5é:F·ì#`¥êS��é8�|ô�óAòué:Pnî5éOF¥ôõòB/\ò5é+óøè|ôORc¥3ì�^øéOP3è�é�JS�3ì8ã � óøôO]¥ôS'¥êO"nî5ñ'î�·t¯Vá#¶7¿(¯4´�� æ8'bï[)�óíè4���|ô GªÅ4¯C¸
·8Ã4Â7¯4´«��\nî#�Bìuî#/¥è!�)ôkèc/-^øékôO�c/-��÷·è|ó�îQ��'^ï[)3óíîC> Æ ��ô%î#R+åIy�å ñ�,¥è�óø÷iéõè�é é%ì#'¥æ8'¥óm,iè�ó(]¥ê è|ó.�V\+�|ô é
î#RÌî·ïnî5éõî#"3ôORÎéõêkî·ì#��ë(F¥ñnî5ìwîK\3êO'7�|è�ï[)3êõò5óíëíô îB"3ôORÎéõêõî5ì#�|ë.F]÷·î5ó�èV/#,wôSR|ëøñ[éO"6è%è�æ�è�ó(�|ôS�|ê è·ã
åARt¯#°²±!³ª´Cµ²¶7·K¸O¯C¹»ºD³|¼½µ¤¾#¿ÀµÈ\�êO'-/¥êkî·æ8'-R�ò·ôNé:']÷5ò#"["�ó(�V\�î#R%î5ïnî5éBîB"3ôORÎéõêõî5ì#�|ë.F9�bé�Jkò·ñÈ�3î#Rt¯4ÅOÄV¸

µ¤¾#¿ÀÐ����|óíî·ôkô:��$�'-/¥î·óíæ�î ôkèV/#^øéõôS�V/-�Î÷¥è�ó ã åAR�'¥ôSR�éBò5ó.,-�gæ�è�ó.,Wè|ó.]¥ôORc`¥ê1î�¦bëíæ�)�óAîÌ;�G®ñ�,¥è�óø÷7"Hè|ñ
J è|óíè�ñ3ëíì1æ�èc/Ò�¢� � �8î#RQ¯#°²±!³ª´Cµ�¶7·t¯4´?ó.��éõê èVP['#R�ò·ôkò·êõî���\+�|óøïnò·ñ�,-'¥ôS^øéõò·ôõò·êkî�� ôORc'¥ó(/\ò5ó(F+ôõîB"3ó('¥ñ<ãNåAR
èV/#,·è|ô�'-"7J è�ì\é:)3æ8'¥ì�ì#`-Rc`¥ô�î·ï3î5éõôSR|è|ê ì·ècR|è�éO��é)î#RA'¥ôORÎéBò·óm,"3î·ñ�^íêgJS)3ì+óíèB�bæëíñ\éIÃ�á�Ã#µ²µDÃ4Â7¯4´#Ã#µ����ô
ëøéké ï�è�ðnñ3ëíò·ó¬JS)�ì î+êõîWJ°éO)3ì1÷#�V/-R�è�éké)æ�¥�÷·è|óøè�éõè�ì·èÎé!ÍHî«µ¤Ã4Â�A��#Â4Â#Ë«,|¼½Ð�³ª´�³|µ���÷5î#/#,�·t³|µ�HVá#¶�Å4¯4´#Ã#µ Ö�� ã
åAR2'·ôOR�éõò·ó.,�ò·óøéõî·ó�óøèV^øê é�î·ï3î5éõôSR|è|ê ì·ècR|è�éV�3î·æè|óm,+î&\+�|óíï3ò·ñ�,-'¥ôS^øéBò5ô�ôO'¥êkò·ñ�ì5è|óøè�éõì5èVRc]�'-"7J è�ì->

é:)3æ8'¥ì1ó.'¥ìuò·óíëøôgî5ïnî5ékékè|êS�3óíèÎéõè26 î#R?èc/#,¥è�ôA'#"7J è|ì\é:)�æ9'¥ì�¾#¿g¿mÃ|Á½¯Cµ¤¾#µjP3ëø÷5î5éO'·éké óíèV^øêkñ3ëpã � R�è|ñiò·óm>
óAî#\+'·é ì[ë.'¥óø÷5î·ôkò·ôõò·êkî�÷5î#/#,�æ9F^ï['¥ôS^øéõò·ôõò·êkî�ôORc'¥ó(/¥ò·óíñnî5ì�î�éõî#/#$��[/#/·÷-��ñ�,·è|ì8ã$å éBî#/#$��E/-/·÷-��ñ�,¥è|ì
èV/#,8Pnî·óøæ1îBR�îÉ6î8´�¯C¼EÅ|µ�¹»¶�´CµL¯C¹:¯4´�6î·ê êõî�î��V��óíêkî�ôORc'¥ó(/¥ò·óíñnî5ì+��P['#/#,�î�$:êkëøôkô è|ñ�\+�|óøïnò·ñ�,-'¥ôS)3óøé
'-"7J è|ì\éO)3æò·óøóAî#\+'·éõò5éÌî#R�'¥ôSR�éõò·ó.,®ëíñ\÷5î·ê ëAò·ñ3ô%$:è|óäé:�Îéõè|ó.�|ñ3è�ì>æ�èc/#$:è|óøè|ó(]^è|ñ®ëíñ�ë(�|ëíî·óíë.R�ò·ó�Jkò·ì8ã å2>
æ�è�ñ3ñ�,bë."6è�ñ1èc/#,8'¥ôORÎéBò·óm,PE'-R)ï�è�ðnñ3ëíò·óøéO)3ñ3ì�ìB'¥ñ3ô°éõêO)�ì[éO'¥ê éV�3î·ì[ìB'¥ê?��ôõî·ì+÷5î·óíî·æ�è�ó.,�ì#'¥ñ�ô éõêS)3ì->
é:'¥ê)ôkèV/#^øéõôS�V/-�Î÷¥è�ó_\+�|óíï3ò·ñ�,-'¥ôS^øé:P3î5é:)3ñ�ì�'#"7J è|ì\é:)�æ9'¥ìuî5é|ã � /#,·è|ô%H%H]K ñ�,¥è|óä÷¥è�ì7"Hè|ñ>ï3èÎðnñ3ëíò·óm>
Pnî5é:)�ñ3ì�á7³ªÅª´Cµ�¹»¶�´CµL¯C¹�æ�èÎé:F^ï[)3ô é ëíô|ã � ñ�ñ3è|ì1î#RI'-"7J è�ì\é:)3æ �|óíèÎékéõî·ê éõî·æ1ò5ñnî·ì�÷-�c/-�|ñ ÷5î·ñwôSR|è»>
êkèV\Hè#Ó9$:è|óAî5ïnî5éBî¬î#R«'-"7J è�ì[éO)3æ ò·óäéBî·ó$óíè|$�'-/¥óíî·óøéÌè|êS]#$�'¥ê êõò·ôS'¥ìµôSR�î#"nò5ó.,^ôOR�è|êO¥�$:è|óøôOR|î#"nî·ï[^äéBò·ôkî�ã
�¬ò·ôFñ�,·è|óø÷·è|ì�"Hè|ñ>î#RÌè|êS]#$�'¥êkêkò·ôO'·ì�$:è|óíôSR�î#"3î·ï[^øéõò·ôõîî#)�éO'¥æ�î5éõëøì7)�ôõî·ñÈ�E\j��óíïnò#)�ó�ÅOÄC³|·B,|µ(Â#Ð��|±»µ�D
³|¿ ±c¾#¹O¾CÅªÅVÃ#¿���/¥î·êO"nîB/¥è&�V'¥óøóíèc��éõë.'¥ñ���é:`¥ê°é:�|ñ�ëíì8ã
é���Ê õ�ë����e¢4ú�ð� Vó!�Cõ®���|ö��Mð=îVóDí|ì¢ó�îVòcð=ì��|ð� �¢#ð=îwë»ï�ë��Wë»ó�ó¤ë»ñ��e ��cî�÷Sü�õ*ð�óDøU�j�Cü��e ��cî� !û��UWìnü²ïSí|õr�Vü�õ�ícü"Vü²ü²ï=ð=ó²ð���ªr�Mü��4ð=ôCîj�ãí»ì0ó�§WûMñ|ò��WìÈ�����j¢Wì��� U�Cü�÷Oü¶�0õ��WìMð=õ*ðSîcó¤í����0øVü���÷=ìMùÉó²û��j�Cü!�� L§Wü�ó!¢è�
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åAR�é�îFìBFbïE'·é!�[î·æè|óm,ÌèV/#,�'¥ôORÎéBò·óm,�ï�è�ðnñ[^.�|ë.FCJkò5é~$:è|ó(P3î·ôOR�ñnò·ó¬JkîÍ-^(/#,�'-"�J è|ì\é:)3æ8'¥ìuî5é�\+�|óøïnòC>
ñ�,#'¥ôO^äé®î#R�'¥ôSR�éõò·ó.,7"+F¥óD�Ìî·ñ3ñ3î·ì î5ïnî5ékéõî#/!Jkî·ëíêkîz÷5î#/#,Tæè�é:F^ï[)3ôkî·ëíêkî×P3ëä÷5î5éõìB'-R|ëøì+��î#Raî5ï['·éké
'¥ôORÎéBò·óm,æ´C¿ÀºD³|¼EÅ«´�HVáS±c¾#¼+ÃC´C�&�:÷5î#/B,zêO`]÷^ëíï3è�ñÈÓ�ì[óíëøè|ñ3ôS�|ñ3è�ìE��ñ3è�÷·èVRcRV�3ì8ã åAR�'¥ôSR�éõò·ó.,çÃ�á�Ã#µL³|¿À¸
¹ª³�±»µ�,ªÅ|º~·t³�GªåEÃ#¼½ºmÄV·K¶�ÅVÃ�ì#'¥ê óAò5éO'-RVR|î�îÌì^óøëíè�ñ3ôNìBFbïtP['-RVR|òB$��|êS�|ôS��é î%éBî#/-'·ì7PE'-R#Ó-ôORV�Îék÷5ò·óíî·ôORÎék÷5î
î ì��3óø÷^ëøóAò#/ ôSR�ò·æ�ò·êõî>è|ó.�|êSP3è�ékè�éõóøè|ñ�Á+¹|ºgËC¾#µ éõî#/-'¥ìuî5é�� î·ïnî5éO'¥ì��|ôôkèc/-�|ï$��[/-/·÷#�|ñ�,¥è�ìE�t��ô î#R
è|ó(��êOP3èÎé:][�[$:è�ó(Pnî5ôOR|ñ3ò·ó(Pnîué:F�Á+¶E°V¿Àº(´C¶�Å î·ïnî5é éBî#/#'¥ìuî5é��|ô_æè�é:F^ï[)3ôS'¥ìuî5é�ã

·�Ù=ØÑÙ Ú � ~��b�8�Ý�Þ�q n�~�¤rq�~ÑÞ�oÉÞ¸�b�Ý4s��§©�x�LC��b�jÝ$§©¨
å ìB`]÷¥è�ékì·ècRV]¥ì�"Hè|ñ æèV/¥æ�)béBî5é�JS)3ì��?P['#/#,aî#RLè�ó(]-Rc] $:èLJ èVR�è�é:"Hè|ñWï3èÎðnñ3ëAò5óøé�æè�éõê ëíìuîiékè|êkæ8�|>
ôOR|èÎéõè�ô-æ8FbïE'¥ñ%î·óíìuî·óøæ1îBRVPnî5éOF î#R�'#"7J è|ì\é:)�æ�>¤'¥êkëøè|ñ\éBò·óäéÈ\3êS'-/¥êkî·æ9'·ì^êkîE�4�|ô�"Hè|æ�)�éBî5é�JS)3ì��WP['-/#,
Pnî·ôOR�ñnò·óíî5éBî ôkèc/-^øékôO�V/·è�é½J è|óíè�ñ\é�ôSR�ò·æ8'¥ôV�5î#R�'-"7J è�ì[éO)3æK>L'¥ê ëíè|ñ\éõò·óøés\3êS'-/¥êkî·æ9'#R�ò·ôxékè|êkæ8�|ôSR|èÎé:�|ê è
J è|óíóøè|æ8RV]_éõèV�ªP�ñ3ëíìuîF÷^ë(R�ôO/\ò·óíî5éBòBP['-R·ã	@&�3ó(`·ñ�ôOR�è|ê è�éõñE�|ñ3ì�ì[ëøè|æè|óíñ�ëD�CP['-/#,�î#R åPO§/¥êkòB$�'¥ì[êõî)î·óm>
ì5î5óíæ�î#RV'·é éÇ"+'¥ñ�,-'¥ó.)3óøékôõò#/·ëbæ8�|ê°é:�|ì ��Û éõî·ê éõî·óíæ�î#R�'-"7J è�ì[éO)3æK>L'¥ê ëíè|ñ\éõò·óøé�ôO\HèV�|ëäðnì�)3ô�è|ôSR|ìB`B>
RV`¥ì5è�é�ã

� Û��Ç�~������vtexÙpØnÙ åÉR O = (N , E)
�\ÿ��nà�à|KO���C�E� èV/#,�'¥óm,\î·ñ�åQOU/¥êõòC$��5æè|óm,"Hè|ñ�î#R�'·ôOR�éõò·ó.,

éBî#/#$��E/-/·÷-��ñ�,¥è|ë-ì��3ó(`¥ñiì·ècR|ï[]���ô)÷#�V/-��ôO�[�c�|ôõî5ó�êkè�ñ3ï3è�óíì·ècRV] åPO /·êõòB$�'¥ì��8î#R�'¥ôSR�éBò5ó.,�î5é éõêkë."[�>
é:)3æ�î·ëÈ\Hè|ï3ë./î·ïnî5éO�|ôO'·æ9F-\+'¥ñ\é:'·ì+��æ�è�ó.,¥è�ì1é:`#"["wéBî#/#$��E/-/·÷-��ñ�,P�èVR�ëøô�ìuî#\j��ôO'¥ó.FbïEPnî5éõñ3î·ì8ã
åAR N = N ∪ D î��|ôS'¥æ9F#\j'¥ñ\éO'¥ìwPnî5óíæ�î#R�îE��îBP['¥ó N = N1 ∪ ... ∪ Nk

î ÷·èVRc�|êkó.�|ô ë
�|ôO'·æ9F-\+'¥ñ\é:'·ìæPnî·óøæ1î#R|îE� æ�è�ó.,·è|ì·èÎé�èV/#,#�|ê ékè|óøæ�¥3è|ñ¨$:è|ó."j'·ñ[éOPnî5éO)3ñ3ì îBR®èc/#,¥è�ôiæ�¥�÷¥è�óíè�ékè|ì
ï3ëíôSR�JS)3ñ3ì\é�÷¥ècRV��êkó(��ôkë ôOR�è|ê ì·èVR�è�éO�|êkè5ã¯å

D
Pnî·óøæ1îBRwî#RLî·ïnîué:�|ôS'¥æ8F-\j'·ñ[éO'¥ìwP3î·óíæ�î#R�î��î#P['¥ó

D = A ∪D1 ∪ ... ∪Dk
�Hî#PE'¥ó

A
î#RÌî5ékékêkë("E��é:)3æ8'¥ì9Pnî·óíæ�î#R|îE�

D1, ..., Dk
î#R%èV/#,·è|ô)æ�èÎé:FB>

ï[)3ôO'·ìÌ� ï3ëøôOR�JS)�ñ3ì\é»� ó('¥ìuò·óøëíôgî·ïnî5éO�|ôO'·æ9F-\+'¥ñ\é�Jkî5ë ã
� R%î�éõè�êkæ8�|ôOR�è�ékè|ô æ9'^ï3è�óíó6î#R&'¥ôORÎéBò·óm,t$�'-/¥î·óíæ�ò·êõîbã_@.ë.$:èLJ èVR�ëxî#RÎé_î+éO�|ñ�,[é!�½P['#/#,wî#R&'·ôOR|>

éBò·óm, '-"7J è|ì\éO)3æ1î5ëNî5ïnî5é:��ôO'¥æ8F-\+'¥ñ\é:'¥ì¬ì#'-P3è�êkè�ñ3ô�Pnî·óøæ1îBR�ò#"+F¥ó�ò·óøóíñnî5ì��pîBR1î5é éõê ë("[��éO)3æ8'¥ì�|�
æ�è�ó.,¥è�ì·è�ñ'îBR�'¥ôORÎéBò·óm,>éBî#/#$��E/-/·÷-��ñ�,¥è|ë&� æè�é:F^ï[)3ôkî·ëg�?÷-�c/¥èVR�ñ3è|ìµæ�¥�÷¥è�óíèÎéõè|ì5è�é|ã®åAR�'¥ôSR�éBò5ó.,
î5ékékêkë("E)�é:)3æ�î·ëäé_î�æè�é:F^ï[)3ôS'¥ìwæèV/-'¥ôSR�é ÷·î8Pnî·ôSR|ñnò·ó�Jkò·ì��j�iëíñ3ï�è|ñ�èc/#,¥è�ô)éBîB/#$��[/-/·÷#�|ñ�,iôõîWJkò5é
÷¥èVRc�|ê ó(]¥ôSR|è|ê ì·ècR|è�é éõè�ó_ê è|ñ3ï�è|óíì5èVR�ëíì���î·æè|ó.,>ï�ëíôORLJS)3ñ3ì\é�îiéO`-"["3ë�éBîB/#$��[/-/·÷#�|ñ3ñ�,·è|ó ã¬åÉR1èc/#,¥è�ô
éBî#/#$��E/-/·÷-��ñ�,¥è|ì¬ôõîWJkò5éFì·ècR|ï[]B>��|ôF÷#�V/-��ôO�[�c�|ôõî5ó�êkè|ñ�ï3è|óøì·èVR�ñ3è|ì���î·æëEJ è|óøì#�V\HèVR�ëD�jP['-/#,ièVR�è|ì·èÎé
îæè�éOFbï[)�ôO'¥ìuî5é èc/#,^æ1ò·ô°é:F¥ój$��[/-/¥èÎéõóíè�ñ��3ó<÷-�c/¥êkècPnîWJ°éOPnî5é�JS)�ìHã
åAR)èc/#,¥è�ôNéBîB/#$��[/-/·÷#�|ñ�,¥è�ì+éõè|ê æ9��ôOR�è�éõè�ôkè�ñwï3è|ì[óAî5êõò·óøñnî·ì���ô?P3î·ôOR�ñnò·óíñ3î·ì+ó('¥ìuò·óøëíô�÷·ò5óøé:'#RVFB>

ì5îué�ãK��ë()�éõò·ñ>î ó('¥ìuò·óøëíô ÷5ò·óøéO'-RVF¥ìuî5é26¬î�\3êO'-/·êõî·æ8'-R�ò5ôkë�ñ�,·è|óø÷�ï3è�ðnñE^(�|ë.FCJkîwî·óíî#\7Jkò·ñ�6Ò��ôõî·ì
î#RÉ]¥ì5è�é�ï�è|ì[óAî·êkò·ó(FÌè|ó�Jkò·êõò5ôO'¥ì+óíò5é:Pnîué�Jkò·ì����|ô*P3î·ôOR�ñnò·ó(P3î5é�Jkò·ì��bî#R?îBRV'¥ìuî5éNêkèc\3êkècR|è|ñ\éõò·ó(F�î·ï3î5éS>
�|ôO'·æ9F-\+'¥ñ\é:'·ì5îuén�|ôõî5ì èV/#,·è�ékóíè|ñwéõî#/#$��[/-/5÷-�|ñ�, ÷·èVRc�|êkó.�|ô ë~��ôO'¥æ8F-\+'¥ñ\é�Jkî·ë.P['-R?ìuî#\+�|ôS'¥ó(P3î5é�JS)3ì8ã
��'bï�è|óíó.�3ñ3ì�"Hè|ñzèV/#, éBî#/B$��[/-/·÷#�|ñ�,aó('·ì5ò5óíëíô%÷5ò·óøéO'-RVFWJkîÒ)[/#,¥î·ñ['¥óm,\î·ñ�"+'¥ñ�,-'¥ó.)3óøékôõò#/¥ë��|ê°é:��ì7¥��
æ�ëøñ[éOPnî î#R�'·ôOR�éõò·ó., î5é éõêkë."[��éO)3æ1î5ì#�|ñ\é ï�è|ì[óAî·êkò·óøéO)3ì ÷-'¥óøñnî�ã � Raæ�èc/#$:è|óøè|óÌñ3è|æ8�|ôkî·ì�î#R
è|óíæ8�|óøè�ékë<æèV/#$�'¥ñ\éO'¥óAò·ôS'¥ì[ñnî·ì��3ï3èÌî#RÌò·óäéBî·óíò·ñ['¥ô?\3êO'#/¥êõî·æ8'-RcF¥ë�/#,¥î·ì#'·êkóAîuéõñnî·ì1ëíô|ã

p�ò5ékñ3ë.ì·è�óíóD�ÉP['-/#,¢î·ñ�ñnî·ì§/\î·êkî·ñ[��ëAòWJkîE�AP['-/#, èV/#,Tî5é éõêkë."[��éO)3æ9'5éÐGªÅVÃC´>î#RÌ'¥ôSR�éBò5ó.,-'·ñ
"6è�ó(�3ó+Pnî·ôSR|ñnò·ó�JS)3ì���îBRFóAòué:Pnî5éOF¥ôõòB/\ò·ñnî·ì+ìB'¥êkóíò5é:'#R�ò·ôkîE��\3ó ã

private
ï3è|ì[óíî·êõò#��ë(F�ôkèV/#^øéõôS�V/-�Î÷¥è�ó ã



¢ º?Ã'½n�3Ã$¹�Z?¼�Â � ½<^Â ½�¼q£-¼�¹_�ÃZÌÁ�º ;bâ

1Fî·ôS'¥ñ3ó(F¥î·ñÈ�-î·ñ3ñnî·ì /\î5êõî·ñ[��ëAòWJkî�	P['#/#,>èV/#, î·ï3î5é:��ôO'¥æ8F-\+'¥ñ\é:'·éÌèV/B,¥è�ékóíè�ñµéBî#/B$��[/-/·÷#�|ñ�,7"j]¥ó
Pnî·ôOR�ñnò·ó�JS)3ì��8î#RÌî·ïnî5é ó.'¥ìuò·óíëøôgï3è�ì^óíî·êõòB�|ë(FWJkî+î#R%è|ó¬Jkò5êõò·ôS'¥ñ«"6è�ó(�3ópã

� Û��Ç�~������vwexÙíúxÙ åAR þ6à�Ý¥Þ4�nÿgf×h�þ+�jfHþHÿ�k-ÿ{ÞdàV�[�+�?µß��Q6Hà|Ý��[w�
C(O) =| N ′ | +

∑

G∈O
ND(G)

åçï3èÎðnñ[^(��ë(F-"3î·ñiôSR|è�êkèV\�ó(] N = N ∪D î#R%åPO /·êõòB$-ï3è�ð3ñ[^(��ë(FCJkî�ôOR�è|êkëøñ\éFèc/#,\î·êkò·ñ\é)éõî·ê=>
éBî·óøæ1î#RcR�îÌî#RFèc/#,¥è�ô éBî#/B$��[/-/·÷#�|ñ�,¥è�ì÷·èVRV��êkó.�|ôkë��|ôO'·æ9F-\+'¥ñ\é�Jkî5ëøé!����ô�î#RFî·ïnî5éO�|ôO'·æ9F-\+'¥ñ\é:'·ì5îué�ã
åÉR)î·ïnî5éO�|ôO'·æ9F-\+'¥ñ\é:'·ì�óíècP3è�ékñ3è|ì�î#Rn'¥ôORÎéBò·óm,�î5ékékêkë."[��é:)�æ1î·ë²�5÷5î#/#,�î#R èV/#,·è|ô$éBî#/#$��E/-/·÷-��ñ�,¥è|ì
ó('¥ìuò·óøëíôN÷5ò·óäé:'-RcF¥ë ã
åARÌ'·ôOR�éõò·ó.,U"j'·ñ�,#'¥ó()�óøéõôkò#/\î�èc/#,\î·êkò·ñ\éQ$��[/-/Wî#R>î5é éõêkë."[��éO)3æ9'·ì[éOF¥óK� î#R�'¥ôSR�éBò5ó.,�î·ï3î5éS>

ôOR|è�êkì5èVR|èÎé:�Îé:]¥ó �?�|ôgî�æè�é:F^ï[)3ôS'¥ì+ì#F^ïCJkò5éOF¥ó	�pî%éBî#/#$��E/-/·÷-��ñ�,¥è|ì�îÌ÷·èVRc�|êkó.�|ô ë<ôOR�è|ê ì·èVR�è�éO��é:]·óD�[��ô
î�éBîB/#$��[/-/·÷#�|ñ�,¥è�ì�"6è�ñ�$:è|ó(P3î·ôOR�ñnò·óøéÌó.'¥ìuò·óíëøô%î·ïnî5éO'¥ì\é:F¥ó �Îã1å ï3èÎðnñ[^(��ë(F�)[/#,¥î·ñnî·ì[ì#'·ê�é:��ì^êS`-R|ë
î#R�é$î#R ò5óøéBî5óAò·ñ['·ô-éBîB\nî·ôORÎéBî·óíî5é:'5é!�#PE'-/#,+î?JSF&'-"�J è|ì\é:)3æK>L'·êkëíè�ñ\éBò·óäéÇ\3êS'-/¥êõî5æ9'¥ì�"nî5ñ+ë(/¥è�ñ+è|êO]·ô
ì5îB\j��ôO'¥óíî5é:'·égéBî·óíò·ó()3ñ�ì1î#R&'·ôOR�éõò·ó.,#'¥ñQ"6è�ó(�3óøë<îuékéõê ë("[)bé:)3æ8'¥ìì#`-Rc`·ékéV�næ9^./�/#,¥è�ñ[/¥è%ìuî#\+�|ôO'·óAîC>
é:'¥ìuî5é�éõî#\nî·ôSR�éBî5ó()3ñ3ì î#R%'¥ôORÎéBò·óm,-'¥ì�ì#`-Rc`·éké|ã

ß½'¥ñ\é:'·ôkñnî·ì�éõî·ê é�JS)3ì���P['-/#,zêkò·æ�)�éõî·ôkôS)3ñ3ìWîµæ8�|ê°é:�|ìzîBRV'¥ñÌJ è�óíè�ñ[éO�|ôS�|êkèB��æ�ëøôOR�è|êkëøñ\é î#R
'-"7J è|ì\éO)3æ�>¤'¥êkëøè|ñ\éBò5óøé�\�êO'-/¥êkî·æ8'¥ì�"nî·ñ�î#Rzî5ïnî5éõôSR|è�êkì·ècR|èÎéµô°éõêO)�ì[éO�3êõò5óíëíôÒ"j'¥ñ�,#'¥ó()3óäéõôkò#/\îU��ô
î'æè�é:F^ï[)3ôS'¥ì§"+'¥ñ�,-'¥ó.)3óøékôõò#/\î ³DÂ#Ð��µ�µL³ªÅ4³|¼§Pnî5éBò5êO'-RcR�îzæ�èc/¯î#RÌ'¥ôSR�éBò5ó.,¨"+'¥ñ�,-'¥ó.)3óøékôõò#/\òué�ã��ê°éõè�óíæè�éõóøè|ñ�è�ìB��éFéO)3óAî4J ï['¥ñ3ôkò#/-'·é)ì·èÎéké:�Ì÷5ò·óAî·ôSR�éõî·ñ3ës�|ô)ì7��ó(`¥ñ�éBò·êS/#,\î·óøñ3ë ã*1Fî·ôS'¥ñ3ó(F¥î·ñ�$���óm>
êkè�÷·èVR�è�é:]·ñ3è|ì>éBî·ê°é�JS)3ì�î#RV'¥ìuî5é�îLæ9��ê éO�|ì·è�ì·èÎé!�	æè|óm,¥è|ì�î�æè�éOFbï[)�ôO'¥ì�ôSR�ò·æ�ò5é%÷¥è�ôOR�ë$ékè|ì[ëíñ>
éõè�éO"6èB�nè|ó.Pnî·ñ�,\î#/#'¥óø÷5î�î#R.èV/B,¥è|ô)æ�èÎé:F^ï[)3ôS'¥ì�61ñnî#/B,-'¥ñ�ëíô�è�óøé:��êO]�6�"6è�óíôO]�"+'¥ñ�,-'¥ó.)3óøékôõò#/¥ò5é�ã

·�Ù�$*Ù Ú §©�<�^�3�ª��¨©� �°�^��Ý$§§D¸�Ý��b¨
� /B,Õ'¥ôSR�éBò5ó.,ç"j'¥ñ�,#'¥ó()3óäéõôkò#/¥ëÌæ9��êO]¥ôSR�ò·æ�ò·ñnî·ì�ì[ëíôSR�ò·æ8^øéõò·ôõòué�æèV/¥ìB`¥ñ3ñ�,7^øéõè�ñ3ï[] ÷·èVR|è�ôkôS�3ì
"6è î éBî#/B$��[/-/·÷#�|ñ�,¥è�ì ó.'¥ìuò·óíëøôzî·ïnî5ékôOR|è�êkì5èVR|èÎé:��ñ3è|ìÎ$�'-/¥î·óíæ�ò5é!�LîBRV'¥ì[ñnî·ì î#RTî·ïnî5éO'¥ì[ñnî·ì
î#RV'¥ñE'¥ôO^äéBò·ôkò·êõîE��æ�è�ó.,¥è�ìwî#R.èc/#,¥è�ô)éBîB/#$��[/-/·÷#�|ñ�,^ñ3è|ìwó.'¥ìuò·óíëøôN÷5ò·óäé:'-RcF¥ëøésJ è|ó(`·óíëíì8ã

I Ûbÿ79Hÿ ß^à�exÙøáxÙ p�èV/#,·è|ñ�îBR O = (N , E)
'¥ôSR�éõò·ó.,1èV/#,wï�ëíôORLJS)3ñ3ì\é2$:è|ó("+'¥ñ\éBò5ôõî

O = A ∪ (
⋃

Gi∈O
Gi)

î#P['¥ó A î#R)î5é éõêkë."[��éO)3æ9'·ì�Pnî·óøæ1î#R|îE� Gi = (Ni, Ei, si, ti)
\Hè|ï�ë(/�îBRA'¥ôSR�éõò·ó.,+éõî#/#$��[/-/5÷-�|ñ�,·è|ëD�

�[/#,-�½PE'-/#, N = A∪ (
⋃Ni)

�|ô Ni ∩ A = 0
ã�Ô·è|ó.`¥ó¬J è?î Gi ��ôO'¥æ8F-\+'¥ñ\é�Jkî·ëäé LGi ã� Û7�w�zexÙàX�Ù åAR©'¥ôSR�éõò·ó.,§"+'¥ñ�,-'·ó()3óäéõôõòB/¥ë.æ9��êO]¥ôSR�ò·æ�îaèV/#,·è|ñ3ó.] î#R®î5é éõê ë("[��éO)3æ8'¥ì

ôOR�ò5æ1îK�|ô)î�éBî#/B$��[/-/·÷#�|ñ�,¥è�ì�ì��3ó.`¥ñ>¸ì7��ó(`¥ñwôSR�ò·æ8^øéO'·éké�"+'¥ñ�,-'·ó()3óäéõôõòB/\ò·ñnî·ì9`¥ôkôSR|èc/-��÷·è|ó

C(O) = | A | +
∑

Gi∈O
(ND(Gi)+ | LGi |)



¢ º?Ã'½n�3Ã$¹�Z?¼�Â � ½<^Â ½�¼q£-¼�¹_�ÃZÌÁ�º ; Æ

åAR�î·óíò#"["3ë�ìBFbï3êS�|ôSR|óíèÎé?èc/#,¬ï3ò5é:)3æK>¸éO^(\[)�ô é_êkèc\3êkècR|è|ñ\éõò·ó(F�'·ôOR�éõò·ó.,LêS�|ôSR|óíèÎéõè5ã)åAR�'¥ôSR�éBò5ó.,
ò·óíóíî#\j'5éBò5é?Pnò·êS'¥æ î5é éõê ë("[)�éO)3ææ1î·óHò#"�êõò#Rc'¥ó¬JS)3ì�Ó�î#R&�Î÷+�½P[F��|ô�ñnî#\LæèVRc]¥ì[ì·è|ópã�å�æ�è�æ�"6è�ê=>
$��[/-/·÷#�|ñ�,¥è�ì�ìB`-RV��ó�ì5è�é é:]·é_æ�)�éõî5é:)�ñ3ìt"Hè#Ó$î

set [ next [ month()
�|ô_î

set [ next [ year()è|ó¬Jkò5êõò·ôS'¥ìuî5é�ã��FOI��ó(P3èÎé:]^è|ñ é:']÷5ò#"["�ë	æ�èÎé:F^ï[)3ôS'¥ì¬ëøô?ó(�ÎéõèVR�ñ3è|ì���æëíñ\é%î
set [ next [ day()

�|ô
Â7³|µ²µL³|¹�$��[/-/5÷-�|ñ�,·è|ì��<îBR�îuékéõê ë("[)bé:)3æ8'¥ìóíè|ìB�|ê ï3èVRc�|ôO��êkè5ãã�

N ôLñ�éèé M ñ«ï ��
x óèòÌô ö N õ�Ìì ö M é � ï R � ��\ ï R V¬ìX�¨ï�Y ø�û�

ö�÷ ø V¬ìX�¨ï�YsZ�Z ýX�Äû � çèç x ýVþìX�¨ï�YOZ ý�ÿ çèç ñ
c�c � � ñ P ÿ çèç ò

�
� ô¨é � �

c�c V¬ìX�¨ï�Y ÿ çèç N�
�
�Ìì ö M é � ï R � ��\ ï R � � ñ P øeû�

ö�÷ ø � � ñ P Z�Z�v ýáû � çèç x �� � ñ P Z ý¶ÿ çèç M
�
� ô¨é � �

c�c � � ñ P ÿ çèç ��
�
�Ìì ö M é � ï R � ��\ ï R M ñ�� ø�û ç¨ç úèú¨úç¨ç úèú¨ú

x P ö ��ñ«ï � õö �¨ï¨� � ñ P ÿö �¨ïWVþìX�¨ï�Y ÿö �¨ï M ñ�� ÿ
� ÿ

åÉR&'¥ôSR�éBò5ó.,[é�î�æ�ò·êgëøôkæè|ê°é æ8Fbï['·ñ ò#"3êkò#RV'·ó¬JS)3ì�åPOb/¥êõò�g<î·ópãÇß�ë./#,¥è�ó¬JS�3ì�æèV/+î
year

î·ïnî5é=>
�|ôO'·æ9F-\+'¥ñ\é:'5é!�3æè|óm,¥è�é_ìB��é_æ�èÎé:F^ï[)3ô�ëøô2P3î·ôOR�ñnò·ó ã
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t2

ca

1

set_next_month

b

t

2

1

S S

month

set_next_year

year

day

d e

P P

å "+'¥ñ�,-'¥ó.)3óøékôõò#/-'5é1îÌPnî5éOF¥ì#`¥ê9�|ô9\3êkè�ï3ëíìuò·ó.F©Pnî5óíæ�î#RV'¥ì©$:è|ó(^øêõò·ôkò�÷·î5ó�ôOR�ò5æ9^äé�JS)3ìaì[ëD�Néõè|ó�J è|>
ôkè|ñaæèV/·èV/#,·èVRV] æ8F^ï['¥ñ î#R1åPO /¥êkòB$�'¥ì[ñnò·óÑPnî·ôSR|ñnò5óøéBî5ì^ìuî·ópãLåÉR1èc/#,¥è�ôKPnî5éOF¥ì#`¥êS`¥ì�"6è�ñw$:è|ó
ì·è|óøó.ôO'¥êS'¥óíñ�)3ñ�ì î#R®î·ï['5éké«��ôO'¥æ8F-\+'¥ñ\é�ò·óøéõî·óÉ\3ê è|ï3ëøìuò·óøé«��ôO'¥æ8F-\+'¥ñ\é:'¥ì×Pnî·óøæ1î#R|ò5é�ã � R®î
\3êkè�ï3ëíìuò5éO)3æ9��ôO'¥æ8F-\+'¥ñ\é:'¥ì�è|ô è�é:�c"6è�ñ1÷¥ècRV��êkó(��ôkëà>Ç��ôNî5ïnî5é:��ôO'¥æ8F-\+'¥ñ\é:'¥ì�"+F¥óD�[î%ñ3è�æa\3êkè�ï3ëíìuòC>
é:)3æ �|ôO'·æ9F-\+'¥ñ\é:'·ì è�ôkè�éO�V"Hè|ñi�|ôkî·ì�î·ï3î5é:��ôO'¥æ8F-\+'¥ñ\é:'¥ì�"+F¥ó ò·óøó ã�@&�3ó.`¥ñ�ì5è|óíógôOR�ò5æ9'¥óøñ�)3ñ3ì
æ�ëøñ3ï3è|ñ¬î·ïnî5ékìuî#\j��ôO'¥óíî5éõës��óøé!�8ï3è�î&J è|ó.`¥ó(��ôO"Hè|ñ«6LèV/B,bôSR|è�êO¥3ôS^øé:��ôkìB�|ñ\é%6«)[/#,¥î·ñnî#RÎé%î9��ëíæì#��é
Pnî·ôOR�ñnò·ó�JS)3ì8ã×Æ~']÷·òB"["3ë	J è|ó.`¥ó(��ôO"Hè|óøëgèV/B,bôSR|è�êO¥3ôS^øé:��ô é î·óíìuî·óøæ1î#RcPnî5éO)3ñ3ì�Ówî��V^øæ�ìB�|ì�ëøôkæ8��éõè�óøé
$:è|óíôS'¥êO'·óAò·ôkî P�è|ó.,·è�é é î

(n)
èc/#,7��ékéOPnî5éOFQJ è|ó.`¥ó¬J èLîBRiî5ï['·éké8�c^íæì·è�è|ó(]B$�'¥êkï[)�óAò·ô ë ôOR|ò·æ1òué1îBR

î·ï['·é énPnî5é:F·ì#`¥êS"6è�ñiëøóíóíèÎék÷·è&\3êkè�ï3ëíìuò·ó.FKPnî·óíæ�î#Rc"nî·ñxã
å Å4³|µª©�¼�³�T-µ«©�·t¯C¼½µgå�æ�èÎé:F^ï[)3ôn"+'¥ñ�,-'¥ó.)3óøékôõò#/\îÓ
Scope(p1) = {a, b, c, (4)month, (2)year}
Scope(a) = {month}
Scope(b) = {(2)year}
Scope(c) = {(2)month}

Pred(p1) = 0
Pred(a) = {p1}
Pred(b) = {p1}
Pred(c) = {p1}
Pred(year) = {(2)p1, (2)b, }
Pred(month) = {(4)p1, a, (2)c}
oAyK�LÅ4³|µª©�¼�³�T-µ«©�·t¯C¼½µgå#�¬ â|ö
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| N ′ | = 4

å Å4³|µª©�¼�³�T-µ«©�Ð�³OÃ#¹gæè�éOFbïE)3ô�"j'·ñ�,#'¥ó()�óøéõôkò#/\îEÓ
Scope(p2) = {d, e, (4)year}
Scope(d) = {year}
Scope(e) = {(2)year}

Pred(p2) = 0
Pred(d) = {p2}
Pred(e) = {p2}
Pred(year) = {(4)p2, d, (2)e}
Pred(month) = 0

oAyK�LÅ4³|µª©�¼�³�T-µ«©�Ð�³OÃ#¹S��¬��
| N ′ | = 3

åAR�îuékéõê ë("[�bé:)3æ8'¥ìôOR�ò5æ1î�î#R%'¥ôSR�éBò5ó.,7"nî·ñÈÓ

| A | = 3

åAR�'·ôOR�éõò·ó.,�éõè�ó¬J è|ô�"+'¥ñ�,-'·ó()3óäéõôõòB/¥ëxôOR|ò·æ�îEÓ

C(date) = 18 + 12 + 3 = 33

åÉR ùbã ö óíè|ææ�î ôkèc/-^øékôO�V/#��÷¥è�ó>î#R '¥ôSR�éBò5ó.,Î"+'¥ñ�,-'·ó()3óäéõôõòB/\ò5éæ�E/#, ôOR|ò·æ8'¥óøéO)3ì ì[ë²��P['-/#,
`¥ôkôSR|èV/·èVR�éO�3ì îBRµî5é éõê ë("[��éO)3æ8'¥ìuî5é«�|ô¬î#R®èV/#,·è|ô¬æè�éOFbïE)3ôO'¥ì��.æëíñ\é�Pnî#/#,#'¥æ�ò·ñ�,-'¥ô�$��[/-/B>
÷-�|ñ�,·è|ìQ"j'·ñ�,#'¥ó()�óøéõôkò#/\ò5é|ã � R&)�é:F#"["3ëxôSR�ò·æ8^øéõò·ôõî·ìB'¥êNð[/#,¥è�óíè|æ�"6è?÷·è�ékéO�3ìwî�æè�éOFbï[)�ôg÷¥ècRV�|ê�>
ó(�|ô ë�ôOR�è|êkì5èVR�è�é:�Îé!�6è|ôkèÎéõóøèV/¥è�ô)ó.'¥ìuò·óíëøôN÷5ò·óøéO'-RVF·ëøé!��|ô)î#R%î·ïnîuéõì·ècR|è�ó(�|ô)ì#'¥æ8\3óøè|¡bëøéõò·ôõò5é%� ëíï�èÌôSR�òC>
æ9'¥óä÷5î+î�æè�éOFbïE)3ô î5ékékêkë."[��é:)�æ9'¥ìB'¥ñw÷-�c/-R|èÎékéFî·ïnî5ékì·èVR�è|ó.�|ôO�ÎéFëøôª�#ã

·�Ù�hnÙ Ú §©�<�^�3�ª��¨ðÂ[��Þ�Þm��§©�<���^�
Æ-è�ì^ëøñ\éõôO��ì¬î

date
'¥ôSR�éBò5ó.,wè�ó(]-Rc]�æèV/·÷5î·ó.F¥ôO^äéBò·ôkò5é�ã�åb$:è|ñ\ékë~\+�|óøïnò#"nî5ñ¬î®n*n�Ð�³OÃ#¹�)�éBî·ôS^øéõò·ô

î�Å4³|µª©�¼�³�T-µª©�·t¯C¼½µ�å0+ª/�è|ó�Jkò·êõò5ôO'¥ñ�"Hè|ó.�3ó ôORc�3ì[ôO�c/·éõè�óíè|ñ��3ó<*ªëøôkæè|ê ë +1î#R«��÷aî·ïnî5ékêkèV\�êkèVR�è|ñ\éBòW>
�|ë(FWJkò5é�ã � RÎé+î#R9)�éBî5ôO^øéõò·ô é�P3è|óm,¥èÎékéõè�ôO^äé:P3èÎé�JS�3ì îÌÅ4³|µª©�¼�³�T-µ«©�Ð�³OÃ#¹Q+ª/�è|ó�Jkò·êõò·ô�P[^ä÷·ò5ôõò�÷5î·ó ã � R
ì#'¥æ8'¥ó.,�æ8�|ê éO�|ì�"Hè|ñ��|ôS`¥ì[ì·è|ñ\ékë<î?ìBFbï3êS�|ôSR|óíèÎéÑ"j'·ñ�,#'¥ó()�óøéõôkò#/\ò5é|ã*�:åFê êOF¥ó3ñ�è|æ "Hè|ôSRV��óø÷¥èB��P['-/#,
î#R�è�óíôS]�÷·è|êSR|ë(F�ë(/¥ñE'¥êõò·ó�Jkî�î�>Bâ%�|ô)Ò�â��Î÷Lì#`-Rc`·ékékë-òuéõæè|ñ3èÎén\3êO'-"�ó(�|æ�òWJkò5é|ãã�KÆ�è|êkæ8�|ôSR|èÎéõè|ô è|ñ
î�"j'¥ñ�,#'¥ó()3óäéõôkò#/t��ôO`¥ì[ì·è�ñ[�|ôS�V"Hè|ñaîBR�ëíô)ôOR|è�êkèc\6èÎé�Jkò5éõôSR|ëíì��ÈPE'-/#,ièV/#,iæ1ò5ê�¿-,|µL³OÄ�DÌæ�èÎé:F^ï[)3ô é
Å4³|µ«©�¼�³�T-µª©�Ð�³OÃ#¹Q+ª/�P[^ä÷7)3ñ3ì��-^(/B,%ñ3è|æ ì·è�óíóE�WJ-æ�èÎé:F^ï[)3ô é_"6èÎ÷¥ècR|è�ékñ��3ñ3ì���î5ñ3ñnî·ìÌì#'¥æ8\3óøè|¡bëøéõò·ô é
ñ[`]÷¥è|ó.]9P3î5éBò·ôkî·ëø÷5î·ópã
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M)óøéBî5óAò#"nî5ñ�ëíô-ë(/\îBR#�-P['#/#,�æëíìB`-RV"Hè|ñ+ñ3î#/#,�ó(�V\bé:�|ì�"Hè|ñ�'-"7J è�ì\é:)3æK>L'¥ê ëíè�ñ[éõò·óøé-éõèc�ªP3ñ3ëíìuò·ìuî5é
î·óíìuî·óøæ1î#Rc)3ñ3ì�îìBFbïiì#'¥æ8\3óøè|¡bëøéõò·ôõò·ñ3î·ìt��ôO`¥ì[ì·è�ñ\é:�|ôS�|ê è#��î#R%èV/B,¥è|ôA'¥ôORÎéBò·óm,-'¥ì1ëíæ8\3óíè�æ�è�ñ[éõòC>
�|ë(FWJkî·ì#'¥ê_îKPnî#/B,-'¥æ�ò·ñ�,-'¥ôn\3êS'��è|ï[)�êõò·óøëíô éõèc�ªP3ñ3ëøì5ò5ì5îué_î·óíìuî·óøæ1î#RcPnî5é�JS)3ì8ã

t2

ca

1

set_next_month

t

2

1

S S

month

set_next_year

year

day

d e

P P

set_next_year

C(date) = 14 + 12 + 3 = 29

� R ò·óøéõî·óAò·ñE'¥ô�J è|óíè�ñ3ôO�c/3ã¬åAR�'-"7J è�ì\é:)3æK>L'¥ê ëíè�ñ[éõò·óøé�\3êS'-/¥êkî·æ9'#R�ò·ôÌèV/#,^ëøì®óøèV/#$�'·ñ[éO'¥ôõîB"["w�c�|óm>
ì^ëäé:¥[Rc�|ô è%î�ì#F^ïQ�CJ êõîB$:è�ó(Pnî5ôOR|ñ3ò·óAò·ôkò·ñnî·ì+è�ó(]¥ô èV/-^äé:��ôkè·ã�å)ì[ì#'¥ê	Jkò·êS)3ñ3ìè|ójP3è|óm,¥è|ô è|ñÈ�EPnî�'¥ôORÎéBòC>
ó.,7)3ñ3ìB'¥ñ�'¥óm,\î·ñæ�è�æ�"Hè|êS$��E/-/·÷-��ñ�,¥è|ì5è�é�ï�è�ðnñ3ëíò·ó()�ñ3ì��^æè|óm,¥è�ì+óíèc$:è�ï3ëíì�î#RA'·ôOR�éõò·ó.,#'¥ñ�÷-�V/#R|è�é é
óíèV/#/#,\î·ìB'¥êkë."[" æ�¥b÷¥è|óøè�ékè|ì·èÎé�ã$åFæè|ñ3ñ�,^ë("Hè|ñwèc/#,�æ�¥�÷¥è�óíèÎé�æ�èc/·÷5î·ó(F·ôO^øéOPnî5éOF�æ�ò·ôgæ�¥�÷¥è�óíè�ékè|ì
ì#'¥æ�"�ëíñnò#��ë(FCJkî5ì#�|ñ\éV�B$:è|óøæ�è�êO�3ó[î5ñ3ñnî·ì%î_óíèVP�è�é:]·ôO�V/·è#�#PE'-/#,%ñ3èNì#`-RÎ÷¥è�ékóíè�ñ7��ó3î#RNî·ïnî5ékêkèc\3êkècR|è|ñ7>
éBò#��ë(F¥ñw÷-�c/¥èVRcRV�3ìLè�ó�î#R%'-\6è�êõò#��ë(F·éV�EPnî5ñ3è|æ æ�ò·ê�æèV/·÷5î·ó.F¥ôO^äé:'·é égè�ó¬Jkò·êkò·ôO'·ì5îuénP[^ø÷!JS)3ñ3ì8ã

HI"7J è�ì[éO)3æK>L'¥ê ëíè|ñ\éõò·óøéÉ\3êO'-/·êõî·æ8'-R�ò5ôkë�ñ�,·è|óø÷·è|ì�"Hè|ñµëøôkæè|ê°é%îÒÅ4¯CËC¾#¼½Ð«�:éOP3ëíñ½�A�|ôÌî�´�JCË«,|¹
��$ î5éª�_ëíñ\ékè|êS$���ôOR�$�'#/\î·óíæ�î�ã_åÉR�è�óíôS] è|ô è�é:"Hè|ñ®î#R�'¥ôORÎéBò·óm,iæè�éOFbïE)3ôõî·ë~�|ôkî·ì�îBR�é.î�·Kºg¼½ºg·8¾#¿Àº(Å
éBî#/#$��E/-/·÷-��ñ�,�ì#�|ôSR|óøè�éõèÎégéõî·ê éõî·óíæ�î#RVR|ò·ì��\æ�è�ó.,·è|ì�ô èV/-^äéõôO�c/-��÷·è|ó6î#Rn'¥ôORÎéBò·óm,+ôO\HèV��ëøðnìuò#��ë(FCJkò5ñnî·ì
æ�èc/#$:è|óøè|ó(]�`¥ôkôSR|è�ô_æ�¥�÷¥è�óíè�ékè�é�÷#�V/¥ê è.óíèVP�è�é�Pnî4J°éBî·ñ3ëpã	å�æ�ò·ôO'^ï3ëíì+è�ôkèÎé:"Hè|ñiî�ì#`]÷-��ê_ëøñ\éõè|ê=$��|ôSR
î#R%'¥ôORÎéBò·óm,-'¥ñL÷-�c/¥èVRcP3è�éO]1æ�¥�÷·è|óøè�éõè�ì èV/B,«"j]]÷·èV"["�Pnî·óíæ�î#R|ò5é éBî5ê éBî5óíæ�î#RVR|î�ã

NI,\î·ì[êkî·ñ è�ó(]#$�'¥ê ï[)3ó²��P['-/#,çècR�éµîç"+]]÷¥èV"E"©è|ó�Jkò·êõò·ôSPnî·óøæ1î#RÎé ñ3è�æ îBR¯î·ïE'·ékéÌ'¥ôSR�éBò5ó.,
éBî#/#$��E/-/·÷-��ñ�,¥è|ëøì#��ñ[égëíæ8\3óíè�æ�è�ñ\éBò·ó�JS)3ì8ã�åç <Ò¾Òç\3êS'-/¥êkî·æ9'#R�ò·ô ë�ñ�,¥è�óø÷¥èÎé î5óíìuî·óíæ�î#RÎ÷·î)ôORV'·ì5ò5ô
\j��óíïnò#)�óE/¥ó.'-"nò·óøëíô�æ�¥�÷·è|óíèÎéõè�ì·è�é�ï�è|ì[óAî·êkò·óíñ�ë�î#R�'¥ôORÎéBò·óm,�ï3èÎðnñ[^.�|ë(FWJkò5é�éõî·ê éõî·óíæ�î#RVFAP3è�î5ï3è|ê=$ òWJ óm>
"nî·ñxã � R|è�ì�î1æ�¥�÷¥è�óíè�ékè|ìiñ3è|æ éBî#/B$��[/-/·÷#�|ñ�,¥è�ì+��ôSR|ë./-'¥êO��Á+¹ª¯OÂ#¹SÃ#·K¼½Ð�³|¿ÀË4ºÈ�|ê°éõè�óíè|æ�"6è�ñ ñ3è|æ
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êO�|ôSR|è�ë�î#R�'·ôOR�éõò·ó.,^ñnî5ìHã ® /#,¥î·ñnî·ì[ì#'·êK¿(¯OÂ#º(´#Ã#ºÈ�|ê°éõè|óøè|æ�"Hè|ñ�î#R�'¥ôSR�éõò·ó.,�ëíñ\ékè|êS$���ôORc��é.ìB�V\HèVR|ëøì��
æ�è�ó.,¥è�ì·èÎéÉ/#,¥î·ì[êõî·ñLéõèc�ªP3ñ3ëøì5î5ë�'¥ì#'¥ì�"+F¥ó�ñ3è�æÎP3è|óm,¥ècRV�3ñ3ìLîBR�'·ôOR�éõò·ó.,7"nî�Ö � ã

@&�3óøôO]¬è�ó¬Jkò·êkò·ôO'·ì ñ3è|æ $��|êSP3è�ékñ3è|ìÌP['-RcR�ò�'¥ôSR�éBò5ó.,7)3ñ3ì \3ê ëø÷5ò5é�î5ékékêkë("E)�é:)3æ�î·ë.P['-R#�~^(/B,®î
ì#`]÷-��êëøñ\éõè|ê=$��|ôSR è|ó�Jkò·êõò·ôkî·ë�êkè�ñ3ï3ôOR�è|ê ëíñ\éî¬ôO']÷5ò·ñ�, ëíñ\éõè�êS$��|ôSR æè�é:F^ï[)3ôkî·ëøé�P[^ä÷4Jkò5ì+�	î·ñ[�|óøì��3óD�
P['-/#,�ì#`-RÎ÷¥èÎéõóíè�ñLì5îB\j��ôO'¥óíî5é:)3ì�óøè|ñ3ñ3è?î#RÉ'¥ôSR�éõò·ó.,�î·ïnîuéõêkèc\3êkècR|è�ñ[éõò#�|ë.FCJkò#P['#R·ãÑèªó.,·è|ñwæè�é:F^ï[)3ô
óíèVP�è�é)î

date
'¥ôSR�éBò5ó.,-'·ñiîBR�î5ì[éO)nò·óøëíô ïnòué:)3æ8'·é

n
ñnî#\[\3î·óxñ[`]÷¥è�ó(]ÒÃ�á�áL+¤¼/)æ�¥�÷¥è�óíèÎé!Ó

N ôLñ�éèé M ñ«ï ��
x óèòÌô ö N õ�Ìì ö M é � ï R � ��\ ï R M ñ�� ø�û çèç úèú¨úç¨ç úèú¨úèú
� ÿ
�Ìì ö M ñ M�M ø M ñ«ï � M T ö �¨ï]� û
�

÷ ì P ø2ö �¨ï ö Z _©ÿÐö¯� � ÿ°c�c�ö û �
M ú é � ï R � ��\ ï R M ñ�� ø�ûQÿ�

�
åÉR ëíóm,¥è�ñ è|ó�Jkò·êõò·ôS'¥ìuî5é�)E/#,\î·ñ��[/B, î#R�'¥ôSR�éõò·ó.,i"+'¥ñ�,-'¥ó.)3óøékôõò#/\òBP['-R¬ôSR�ò·æ8^øéOPnî5é�JS)3ì��_æëíñ\é î
éBî#/#$��E/-/·÷-��ñ�,¥è|ì5è�é|ã

·�ÙF³2Ù ± ��ÜÉÝ�¤rq �b�6��Þ°��C ���^�<�à%��m�<�¨s�ÝÑÞm¨	�b¨
O�èV/#,7�3ìQ�|ôSR|ê è#��PE'-/#,LåPO /¥êkòB$	ï�è�ðnñ[^.�|ë.F¥ñ3ì æèV/¥è�ñ[/¥è�ï3ëD��P['-/B,LèV/#,Q'¥ôSR�éõò·ó.,w÷·èVRV��êkó.�|ôkë�ôOR�è|ê�>
ì·èVR�è�ékè�éõè�ó¬J è�ôkè|ñ��3ê è|ô óíèc/#,¥è�ñxã � "E"6è�ñ�î#R.è�ôkè�éO"6è�ñ}*¸ì^óíî·ôkôSR|ëøì7)�ô�+Ìî·ï3î5éõôSR|è|ê ì·ècR|è�ékè�éFì5îB\[)3ñ3ì�Ó

é�ï P ó N ï N ìXV x ô ��\�
M ìjóèòÌô �]P�� ÿM ìjóèòÌô � ö V ÿ

� ÿ
åÉR ëøó.,·è|ñ éO^(\[)�ô "+'¥ñ�,-'¥ó.)3óøékôõò#/\î î#R î·ïnî5é éBî#/-'·ìr"j'¥ñ�,#'¥ó()3óäéõôkò#/\ò·ñnî5ì `¥ôkôSR|èc/¥è#ÍZPnî�î#R
î·ïnî5é éBî#/-'·ì'î ì#'¥ñ3ì[êS��éQ\3êS'-/¥êõî5æ9'-R|ò·ôkë ñ�,¥è�óø÷7�3ñ3ì'è|óøè|æë_éO^(\[)3ôkî·ëD� î·ì[ì#'¥êwî®éBî#/-'·ìWôSR�ò·æ�î�ã
é��5² ìMò|ðSî&ó²ð��
�Wîj�� ªë����� ��e Î�cð=ïSð�ó²îCð� &ë)¡}�B�©î!ò|ðSì��U¢#ð=î�ë|ö²ö¤ëj§��j�|ñcò&ëu¢#ð��|ì��ªë|ü²øË�

>>
�~÷SüN U�0ûMöDø`�

<<
�

õ®#j�|ðSì0ð=ó²ð� |ð�óÈü�ï��0îVó¤ë� Vó!�� ªíªúF�j *õ��Më»ó�ó4�¤¢Bë»ìL�|ì �Wë»ì��«���#ð=ö¤ë»î����Bü��j *ðSñ|ò�ü�ó¤ë»î��Cë»ö
�� �"|î!òU�VóDí|ö!���cü²ï�óDí|ì0òj��ñ|ì���¢Cí|ì��ãü£¤Cñ|ñ��c÷=î!òU |÷Sîcó�û0ö.úF�j �õ*ðSñ�� � �|îU�|ðSö²ï��0øVü4�e ��� �õ��ãëªó�ó��Wñcòcë»î��=üDë� �ñ|ì���¢Cí|ì��ãü?õ¥#j�cð=ìMð�ó! c÷=îVó��j�|ïSï��j KìM÷�óDö²ðIë
ìMð=ñ|ó!"e¢j¢Î e�|õ*õ¥�WóDëªóDû������#ð=ö¤íªó!�cö�ó¶�ãü��



¢ º?Ã'½n�3Ã$¹�Z?¼�Â � ½<^Â ½�¼q£-¼�¹_�ÃZÌÁ�º ;-G

åÉRëíó.,·è|ñ î·ïnî5ékô ékêO)3ì\é:��êõò·ì>ëíô%��ôO`¥ì[ì·è�ñ\é:P3èÎéõëíì îwéõè|ó�J è|ô�\3êO'#/¥êõî·æ "j'¥ñ�,#'¥ó()3óäéõôkò#/\ò5éV��ï�è9��ôõî·ì
î#"["nî·ñiî#R%è|ô è�éO"6è�ñÈ��Pnî�î#RÌî·óíìuî·óøæ1î#Rc'·ékéNñ�,¥è�óø÷Lì#�c\6è�ô)è�óíè�æ�ëxæ�¥�÷¥è�óíè�ékè|ì5è�é_÷-�V/·èVR|ñ�ë�êkîWJ°é:)�ìHã

� óíóøè|ñ\é:�Îéõè�ô-è�ôkè�é	ëíô�è|óíìB�V\[R�è|ó.P3è�éO][Ó�î5æ�è�ñ3ñ�,bë."6è�ñ�èc/#,]*L'¥ôSR�éBò5ó.,�+�'¥ó.,¥î·ñÌæ�èÎé:F^ï[)3ôO'·ì7"+F¥óbò·óíó²�
î·æ�è�ó.,·è|ì®èV/#,¥ò·óøéõî·óAò·ñ®ñ3è�æ '¥ôSR�éO'-R|ñnî5ì ìB`-RV`¥ô�î·ïnî5éO'¥ì#'¥ñ���î#R�î#R9'¥ôORÎéBò·óm,7)3ñ3ì[ñnî·ì®ñ3ëíñE�|ôkè�ñ3è|ì
î5ékékêkë("E)�é:)3æ�î·ë²�Fî#R '¥ôSR�éõò·ó.,§"+'¥ñ�,-'·ó()3óäéõôõòB/\îzî#R èc/#,¥è�ô¬æè�éOFbï[)�ôO'¥ì ì��3ó.`¥ñ>¸ì7��ó(`¥ñ�ôOR|ò·æ8'¥óøé
"j'¥ñ�,#'¥ó()3óäéõôkò#/\ò·ñnî5ìI`¥ôkôSR|èc/¥èNóøè|ôSR·ãNO�èc/#,7�3ì%�|ôSR|êkèB�#P['#/#,%èVR$î ì^óíî·ôkôSR|ëøì7)�ô-è�ó¬Jkò·êkò·ôO/#,7¥CJ°ékè|æ8�|ñ�,-�
$��[/-/·÷#�|ñ�,^ì#`¥ñ�,[÷[éBò·ê)è|ôkèÎéõèB�8î·æ�è�ó.,�æ1ò5ên���4 îB"6è?÷^ë(R�ôO/\ò5óAî5éõî·ëíñnî5ìëøôgéBò5êO/#,¥ò5é ì#�c\6ècR�éõè9�:óAò·ô ï
â Æ ã�'¥óøïnî·óg�#ã
år$:è|ñ\ékë&\j��óíïnò·ì î#R�é�ë(/¥î#RV'¥ó�Jkò·ì��nP['-/#, æè�ékêkëøì5ò5ñ3ì ¼�³|· ÁEÃ#¹SÃ�á#ºmÂ#·8Ã�A��#Â4Â¨DCÓ�èV/B,\î·êkò·ñ\é

ì#�V\Hè|ô�æ8�|ê ñ3ë^î)ì[óAî5ôkôOR�ëíì�)3ôÇ\�êO'7�|è|ïE)3êõò·óøëíô�è|óä÷¥è�ñ��|ô�îBR?'-"�J è|ì\é:)3æK>L'·êkëíè�ñ\éBò·óäé-æ8F^ï['¥ñ�ìB�|ôSRV^øékè�é é
\3êO'-/·êõî·æ8'¥ìuî5é�ã � R ÷-'·óøé�ì[ëøé:¥ERV`·é éQ�V�|ó.)3ñ3ì��?æè|óm, ôkèc/-^øékôO�c/-��÷·è|óÌóíèVP�è�é:]]÷#�®÷5ò·óøëíì'îzæ�)3óøékëm>
\nî·êõî5ï3ë(/¥æ�ò·ô*\�êO'-/¥êkî·æ8'¥ì�èc/#,^ôO�c/¥è|ô)è|óø÷·è|ìwî5óAî#\7Jkò5ñLéO`¥ê éO�|ñ[]�"+'¥ñ�,-'¥ó.)3óøékôõò#/·ëxæ9��êO��ôkè·ã

·�Ù�·*Ù ³ Ý��ÃÜ)¨��Ã»��7Ý¥s
åÉRt'·ôOR�éõò·ó.,Ì"+'¥ñ�,-'¥ó.)3óøékôõò#/¥ò·êõîQ"6èÎ÷¥ècR|è�ékè�é é�æ9��ê é:��ì��3ñ3ì>ñ3è|æýì��3ó(`·ñ7"+`-RÎéõè�ékëNæèV/¬î#Rè|óøéO�|êS]
óAò5éOPnî5é:F·ôõò#/¥ë-ôOR�ëíñ\éõè�ì^ì5è|ó$ï3è|ì[óíî·êõò·óäé%î5é éõêkë."[��éO)3æ9'·ì5îué�ãÌåÉR�'-"7J è�ì[éO)3æ '¥ê ëíè�ñ[éõò·óøé?ñ�,·è|óä÷¥è|ì®î#R
'¥ôORÎéBò·óm, éBî#/!Jkî·ëäé �pî5ïnî5ékéõî#/-'¥ìuî5é��|ôLéBî#/#$��E/-/·÷-��ñ�,¥è|ì5è�éª��ì��3ó(`·ñ7"+`-Rc]'óíò5é:Pnîué:F¥ôkò#/¥ëFôSR|ëøñ[ékè|ì5è|ñ
ï3è|ì[óAî5êõò·ó�Jkò·ì��<î·ôSR|è�êkëíñ\éV��P['-/B,�î#R�ëíóøóíè�éO]�ñ3è�÷·è|ì�è�ó(�|êSP3è�éO]bè�ì�î1ì��3óø÷^ëíóíò#/ôOR�ò5æ1ò·êkî���\E)["3óíëøì�)3ôV�
\[)["3óøë(�4�»�\î#RI� èV/B,�ó(�c\j��ôO"Hè|ñ���ôOR�ò5êkæ�î#R�éõî5é:'·é éÇ'¥ôSR�éõò·ó.,#'¥ìÌéõî#/!Jkî·ëbôSR�ò·æ�ò·êkîFóAò5éOPnî5éOF\î·ì8�:÷#�|ï3èÎékéV�
\3êO'·ékèV�Îéõè|ï½�|�n÷5î#/#,���ôõî·ìLî+ôkîWJkò5é2'¥ôORÎéBò·óm,-'¥ñQ"Hè|ó.�3ó�Pnî·ôSR|ñnò·ó.Pnî5éOF¥ì���\3êkëä÷·òué!�E\�êkëø÷5î5ékè4� Ö Å]ã
å *ªì[óíî·ôkôSR|ëíì�)3ô�+®è|ñ3ìuî#\�ôORV)�óAò#��ë(Fzéõè|ó�J è|ôLð½/#,·è|óíæè|ñTì�^ø÷7�3ó%Pnî#/#,¥ò·ôõîWæ�èc/¥óíèc\j]zóøèVP3èÎé�î#R

'-"7J è|ì\éO)3æ�>¤'¥êkëøè|ñ\éBò5óøéA\3êO'-/·êõî·æ8'¥ìQPnî·ôSR|ñnò·ó.F¥ëíñ3î·ì8ã ® /#,¥î·ñnî·ì[ìB'¥ê?÷¥èc/#,7�3ì¬ð½/#,·è|óøè|æ�"Hè#�jP['-/#,
îFéBî#/-'·ì�óíò5é:Pnîué:F¥ôkò#/¥ë[ôOR�ëíñ\é�J è�èc/#,\ò·óäéBî·óíò#"nî·ñ�ñ3è|æ�"6è|$�'¥ó.,¥ò·ôO'·ó¬Jkî?î#R î·ï['·é éÇ'¥ôSR�éBò5ó.,�"j'¥ñ�,#'¥ó()3óäéS>
ôõò#/\òué�ã�Æ�è|ì[ëíñ\éõôS�3ì�î#R%î·óíò#"["3ëxìB��éÉ <Ò¾Ò�'¥ôSR�éBò5ó.,[é!Ó

N ôLñ�éèé M ñ«ï ��
x óèòÌô ö N õ�Ìì ö M é � ï R � ��\ ï R � � ñ P øeûPÿ�Ìì ö M é � ï R � ��\ ï R V¬ìX�¨ï�Y ø�ûPÿ�Ìì ö M é � ï R � ��\ ï R M ñ�� ø�ûQÿç¨ç úèú¨ú
x P ö ��ñ«ï � õö �¨ï¨� � ñ P ÿö �¨ïWVþìX�¨ï�Y ÿ

ö �¨ï M ñ�� ÿ
� ÿ

é Æ Êà£àð=îVó!��ìãíªó!�Bëªó²øVü²í|ñ��+ü²ï��MîVó²ð� �õ*ð=ñe�Cëªó¤í»ö��|ïOí|üDëAë&ìMð=ñOú�ðSì0ìMð=õ*ï�ªe¢j¢è�.´~ñ|òVë»îCë� � e�|öÑë¾ÇVëX�ªëIîW÷=ñcò�§½ë{¡}µ�#ð��j�0ñ<"|óÈðSì¢óD÷=ö�ª*ìMí»ó!�Cë»ó²øcüDí»ñe��ü�ï��0îVó²ð=óQ�4ð�ôBîj�Mí|ìÈ�



¢ º?Ã'½n�3Ã$¹�Z?¼�Â � ½<^Â ½�¼q£-¼�¹_�ÃZÌÁ�º ;#T

� "E"6è�ñ>î#R�'·ôOR�éõò·ó.,7"nî5ñ�î *¤P3è|óm,¥è�ô�+�æ9F^ï['¥ñ�è|óøêkèLJ°éõè�é é:�3ì�î#R�î5é éõêkë."[��éO)3æ9'·ì5îué�ã å ì#`]÷¥èÎéõì·ècRV]
\j��óíïnò#"3î·ñ�î#RV'·ñ7"3î·ñð*LP3è�ó.,[éõè�óíè|ñ��3ó¤+iæ�ëøñ3ï3è|ñ î5ékékêkë("E��é:)3æ�)3ñ3ìi\[)["3óøëíì�)3ôV�_î#R|î#R è|ó.�|êSP3è�éO]zî
ì7��óø÷^ëíóíò#/�$:è|ó.]¥óDÓ

N ôLñ�éèé M ñ«ï ��
x óèòÌô ö N õ�Ìì ö M é � ï R � ��\ ï R � � ñ P øeûPÿ�Ìì ö M é � ï R � ��\ ï R V¬ìX�¨ï�Y ø�ûPÿ�Ìì ö M é � ï R � ��\ ï R M ñ�� ø�ûQÿç¨ç úèú¨ú

ö �¨ï¨� � ñ P ÿö �¨ïWVþìX�¨ï�Y ÿö �¨ï M ñ�� ÿ
� ÿ

p�òué:Pnî5éO)3ñ3ì¢è�ì#�Îé ì#F^ï3êS�|ôOR�óíèÎé ì#`-Rc`·éké�"nò·êkæë.$���óíè "+'¥ñ�,-'¥ó.)3óøékôõò#/¥ëÌì��3ó(`·ñ7"�ôO�V/·è�é�" åFóíë./-Pnî
÷·ò5óAî·ôSRV'¥ó.Pnî5é:)�ñ3ì'ë./¥è|ñ�ñ3è|ópã�å

date
'·ôOR�éõò·ó.,¯î#Rc'¥ñ ì#�Îéiëøæ9\�óíè|æè|ñ\éõò#�|ë.FCJkîE� î5æ�è�ó.,×�|ôõî5ì î

éBî#/-'·ì óAò5éOPnî5éOF¥ôõò#/¥ò#"nî·ñ ì��3ó.`¥ñ�"j`#R|ëíì�èV/#,·è|ñ3ó.]9"+'¥ñ�,-'·ó()3óäéõôõòB/-�xã
Æ�è|ê æ9��ôOR|èÎéõè�ôkè|ñ¢î#Riî·ïnîué:'¥ìaè�óíêkèLJ°é:��ôkèÒP�è|ó.,·è|ô9�|ô ìB`d÷·è�ékè|ñ3ï[]�\�êO'-/¥êkî·æ8'-R�ò·ô ë éõèc�ªP3ñ3ëíìuî�ã

åýìB��é�$:è|ñ\éõë.æèV/#'¥óíïnò5ô ì#`-Rc`·ékékë.ì��3ó(`¥ñ�"3ôS�V/¯î#RV'¥ñ�"nî5ñTñ3è�æ î#R>ëíæ8\3óøè|æè|ñ\éBò·óäét'·ôOR�éõò·ó.,i6
Pnî·ñ3è�æ î#RNî#RÎéÇPnî·ôSR|ñnò5ó(FFì[óøëíè|ñ�ôkì#F^ï�"+'¥ñ�,-'·ó()3óäéõôõòB/\ò#"nî·ñ*J è|óøè|ñ\éõì5èVR�ëíì8ã	åFæè|ñ�ñ�,^ë."6è�ñ+î)ì[óíëøè|ñ3ô
ì#F^ï ñ[`]÷¥è|óøñ3ë-î·ìuî·ê�Jkî�îtP[F¥ñnîB\ î5ékékêkë."[��é:)�æ �|ê éO�|ìB��é!�<èVR�é?î1æ�ò·ôO'^ï3ëíìwè�ôkèÎé:"Hè|ñ æèV/·ékèVP3èÎéõë-î
Å4³|µ«©�¼�³�T-µª©�·t¯C¼½µ�å�æè�éOFbï[)�ô�P[^ø÷5ò·ôkò]÷5î·ó²�b÷5î#/#,wî#R%î5ékékêkë."[��é:)�æ9'¥ìì#`#R�÷¥èÎéõóøè|ñ¬è�ó(��êO�|ôS��÷·è|ó ã�åAR
è|óíôS]+è|ô è�é ì[ëíô èV"["Q"+'¥ñ�,-'¥ó.)3óøékôõò#/¥ë+�|ê°é:��ì·è�é è�êkè�ï3æ9��ñ�,¥èVR5ãNåA"["nî·ñ�î�\+�|óøïnò#"nî·ñ���î#PE'¥óxî�\3ê ëø÷5ò5é
î5ékékêkë("E��é:)3æ8'¥ìuî5é *ªè�óíêkèLJ°éõèÎéké:��ì�+¬î�ì��3óä÷bëøóAò#/ è|ó.]¥ó)ñ�ëíñ[��ôkè|ñ ÷5ò·óíî·ôORÎéBò·ô ë)óøèVP3èÎé:]¥ôS�V/[Í%î�ì[óíëøè|ñ3ô
ì#�|ñ�,[éõè�óíè�ñ î+æ�èÎé:F^ï[)3ôOPE^ø÷5ò·ô é�6t��ô)ècRVR|è�ó�î�ì[ëøôkèV"E"�"+'¥ñ�,-'¥ó.)3óøékôõò#/#��æèV/#'¥óíïnò5ô é ÷5ò·óíî·ôORÎéBî·ñ3ëpã

·�Ù�ÀnÙ Á �b�8�EÝÑÞ�q�~�� �UF��¶F	�[�b��-¨BA k �b~ÑÞm¨	��~��
� /B,

C
'¥ôORÎéBò·óm,.î·ï3î5ékéõî#/4Jkòué�èV/#,·è�ékóíè|ñ�î·ïnî5éO�|ôS'¥æ9F#\j'¥ñ\ékñnî·ì)ékè|ì[ëíñ\é�JS�3ì��C$��[/#/¥è�ékóíè|ñ��3ó[îBR�ò·óøéõî·óAî

êkèV\�êkèVR�è|ñ\éBò5óøé?éO^(\[)3ôA"6è�óíôS]t"+'¥ñ�,-'¥ó.)3óøékôõò#/\òué:F¥ópã_å)æ�è�ñ3ñ�,^ë("Hè|ñ�ècR�î#R+î5ïnî5ékéõî#/1èc/#,�`¥ôkôSR|èÎéõè�é é
T
é:^(\E)3ôV�8è|ô è�ékóíèV/9'¥ôORÎéBò·óm,LôõîWJkòué?î5é éõê ë("[��éO)3æ8'¥ì[ì5î5óÈ�|ô_éBî#/#$��E/-/·÷-��ñ�,¥è|ì[ì5è|óD�<î·ì[ì#'¥êFî

C
��ô
Té:^(\E)3ôO'¥ìuî5é_òB"3êõò#Rc'¥ó(F+åPO</¥êõòC$�'¥ìt�3ñ�ë(FCJkî+êkèc\3êkècR|è�ñ[éõò·ó¬Jkîî�éõè�ó¬J è|ô�'·ôOR�éõò·ó.,^ê è|óAòB�|ë(F5é�ã

� R�`¥ô ôORVP3î·ñ[/-"nî5ñÌ÷5î·ñ%æëíñ3ï&\3êS'-/¥êkî·æ9'#R�ò·ô ë·ñ�,¥è�óø÷¥è�ëíñ3ì&/B,\î·ìB'¥êkóíî5éBò�÷5î·óD�|æ�ëøñ3ï%î#R�è|óøæ9��óíèÎéõë
æ�èc/#$�'¥ñ\é:'¥óíò·ôO'·ì^ìuî·ópã�åARî·óAò#"E"3ë_PnîuéBò·ê ëíï[]¥ñ3î#\3ó(Ft"6èLJ èV/#,7RV��ôkè�ì·è�é�êkèc\3êkècR|è|ñ\éõò·ó(F�'¥ôORÎéBò·óm,¬éõî·ê=>
éBî·óøæ1î#R+èc/#,>ïnò5éO)3ær�|ô�èV/#,>ô°éõê ëíñ[/Lé:^.\[)3ôO�µî5ékékêkë."[��é:)�æ9'·éVÓ%î�"Hè�J èc/#,7R|è�é é�è�ôkè|æ8�|ñ�,®ëíï�è�JS��é
�|ô óíèc^íêõò5ôõò5é|ã	åÉR

f
è|ó�Jkò·êõò·ô�`¥ôkôSR|ècPnî·ôO'·ñ3ó(^äé ì#��é_ëøï[]-\+'¥ñ\é:'·é���ô è|ñ3ñ3è�ìwè|ê è|ï3æ8�|ñ�,-�Îé:]¥ó�$��[/#/-]bè�ñ

$:è|ó(��ó(^íêgJkî�î#R%è|ô è|æ8�|ñ�,[é�ã



¢ º?Ã'½n�3Ã$¹�Z?¼�Â � ½<^Â ½�¼q£-¼�¹_�ÃZÌÁ�º ;#�

N ôLñ�éèé M ö ñ P ��
x óèòÌô ö N õ�Ìì ö M ÷�ø M ö ñ P ��ì�ï�Y ��P û �ö�÷ ø ï ö V � dIì�ï�Y ��P ú ï ö V � û

� � � �¨ï�Zêì�ï�Y ��P ú � � � �¨ï ÿç¨ç úèú¨ú
� ç¨ç úèú¨ú

x P ö ��ñ«ï � õM ñ«ï � ï ö V � ÿé�ï P ö ��� � � � �¨ï ÿç¨ç úèú¨ú
� ÿ

O$îWJS'¥ñ�î
date

é:^.\[)3ô1î#R�î·ì\éO)nò·óíëøô9\�êO'-/¥êkî·æ8'-R�ò·ô ë)ñ�,·è|óø÷×"HèV�V\E^øéõèÎéké éO^(\[)�ôõîE����ôwî#R�`¥ô ôOR�è|>
Pnî·ôO'·ñ3ó(^äéBò·ô)è|óíè�æ�ë-æ�¥�÷·è|óíèÎé%èVR�è|ñ®î1é:^.\[)3ôO'·ñH" � ô è�ékóíèV/�î

date
ît$:è|ó.Pnî·ôOR�ñnò·ó.Fwò·óøéõî·ó�æ�èc/-^íê°é

é:^(\E)3ô2��'¥ôSR�éõò·ó.,E�|����ô
x > y

Pnî5éõò·ôõò·êkî?æ�èc/-P[^ä÷-F^ï3ëíì�î#R�èVR�è|ñ8'¥ôORÎéBò·óm,-'¥ñï3èÎðnñ3ëAò5óøé
operator >æ�¥�÷¥è�óíèÎé!�

x.operator > (y)
"®å

diary
'¥ôSR�éBò5ó.,Lëíæ8\3óøè|æè|ñ\éBò·ó.FCJkî�ñ3è�æ óíò5é)ì7��ó(`¥ñ�"3ôS�V/¥èÎé.î

ì#��é?è|ôkèÎé?ìB`-RV`·é é!�HôOR|ò·æ1ò5êõî1îì#�Îé?÷5ò·óøéO'-R�î5én"+'¥ñ�,-'·ó()3óäéõôõòB/\î9)[/B,\î·ñnî5ì^ìB'¥êõîbã � /#,�JSF¥ó�æèV/-^øê é
'¥ôORÎéBò·óm,U\+'¥ñ\é:'¥ôkî·ñ§^(/B,'÷^ëíô è|óøì·è|ï�ëíì��nPnî·ôOR�ñnò·óíî5éBî�ñ3è�æ êSF�é:`-"E"3óíèÎékéõè�êOP3èÎéLî�ì[óíëøè|ñ3ô�ì#F^ï3êõî�ã
® /#,¥î·ñ[^(/B,

string
óíècP3è�é¥*L"HèV�c\[^øékè�éké$é:^.\[)3ô�+ ÷·îB/#,�î�ô éõî·ñ3ïnî5êkï�'¥ôSR�éõò·ó.,^ì#`·ñ�,[÷[éBò5ê êO��ôOR|èB�3ñ3è�æ

óAò5éOPnî5é:)�ñ3ìt"+'¥ñ�,-'¥ó.)3óøékôõò#/#"6è�óíë<ì��3ó.`¥ñ�"3ôO�c/¥è�éFî+ì#�ÎéFæèV/-'·óíïnò·ôgì#`-Rc`·éké|ã
å)æ�è�ñ3ñ�,bë."6è�ñ

date
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ë(/-��ñ�,·è|ë�ôOR�è|æ8\j'·ñ[é�Jkò#"+F¥ó ã
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V AR ←− EXP

Ã ¹:³Oá#º(´#¾#µ�¶·É>¸ñnî·ìañ3èÎ÷¥ècRVRV��ì î#RV'·ì5îué î®ó('-/¥ëøìuî·ë ì[ë.$:èLJ èVRV��ôkè�ì·è�éV� æ�è�ó.,¥è�ìWî#R¬î5óAò#"["�ën$�'·êkæ�ò·ì
÷·î5óAî·æè|óm,bëøì#�c"j]¥ó<ò·óíóøñnî·ì�Ó

B1 = B2, B1 6= B2, B1 < B2, B1 ≤ B2
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��ô
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��ã<v�x K4t � yÄy{z�|�~ K |]~ � \3êS'-/¥êõî5æ�é:`¥êSR|ô�ã
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P
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P
\3êS'-/¥êkî·æ î
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P
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æ9'¥óøñ3ë î�\3êS'-/¥êkî·æ�>¤)�éBî5ôO^øéõò·ô é��|ôî�ì[ëø÷^ëøékè|óøë�)�éõî·ôO^äéBò·ô°é!��ï3èLèVRLè|óøè|ñ�,-��ôORc] é:'·êORV^äéBò·ô°éK'¥ìB'-R�î
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åÑì#`]÷¥èÎéõì·ècRV]ÒJ è|ó.`¥ó(��ôkè�ì7"Hè|ñ
P
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Q
��ô
R
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P
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P
�|ô
Q
\3êS'-/¥êõî5æ�é:`¥êSR|ô è|ì è�ôkè�éO�V"Hè|ñÈÓ

| P | ≤ | Q |
÷·îB/#,

| Q | ≤ | P |
î#R�î#R.ékè�éõôSRV]¥óøèV/¥è�ô ì#��éA\3êS'-/¥êõî5æ�é:`¥êSR|ô�`¥ô ôOR�èVPnî·ôS'¥ñ3ó.^øé:P3î5é:F��|ô ê è|ñ3ï3ècRVP3èÎé:] Ö�æ ã
À2Ù�$*Ù Ú � ÝÑÞ�Þ5D¸�Ý��b~�� ��Þ�Þm��¤EC����<���^�
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q Ø��
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î#R�èV/#,·è|ô�è�ó¬Jkò·êkò·ôO'·ìÒP[^ä÷·ò5ôõò5é%ê èV\3ê èVR|è�ñ\éBò·ó.F���ôO'¥æ8F-\+'¥ñ\é:'¥ìuî5éV��î#Rî·ïnî5éO'¥ì¬ôSR|è|ê èV\+�|ñ3è�ì®÷^ë.R|ô=>
/\ò·óAîuéBî·ìB'¥ê&\6è�ï3ë(/�ì��3ó(`·ñ®÷·èVRV��êkó.�|ôkë��|ôS'¥æ8F-\j'·ñ[éO'¥ì[êõîQ"j'·ñ[éO'·ékéO)3ì î#R�î·ïnîué:'¥ìuî5é%'¥óä÷5î·ôOFL÷5î#/#,
^íêOF�)�éõî·ôO^äéBò·ôS'¥ìuî5é�ãÑ¦7R|è|ì\÷·è|ñ[��ëAò·óøëíô�"3ó('¥ì[ì->ªìB�|ñ\é�^./#,K�|ôkî·ìî#RV'·ì5îué î#R2)�éõî·ôO^äéBò·ôS'¥ìuî5éN÷#'¥ñ[Pnîué�JS)3ì
`¥ôkôSR|è#�)æ�è�ó.,·è|ìzñ3è|æ \3êkè�ï3ëíìuò5éO)3æ8'¥ì���ñ3è|æ ÷-�c/¥èVR�ñ3è|ì î5ïnî5é:'·óø÷5î·ôõò5ô é1÷5î#/B,×^øêõò·ô°é!�n�|ô1ñ3è|æ
è|ó¬Jkò5êõò·ôSP[^ø÷5ò·ôS'¥ì8ã � R�è|ìLôOR�è|ê èV\+��é.è�ó(Pnî·ñ�,¥î#/-'¥ó.Pnî5é�JS)�ìHã ® /#,\î5ñnî·ì[ì#'¥ê_éõè�ì^ëøñ\éõôO��ì¬îì#`]÷¥èÎéõì·ècRV]
)�éBî·ôS^øéõò·ôO'¥ìuî5éVÓ

ñ]Zðò ÿñ]Zðò c ò ÿñ]Zðò c ò c ò ÿç¨ç úèú¨ú
åFæè|ñ3ñ�,^ë("Hè|ñ èc/#,Ñî·ïnî5éO�|ôO'·æ9F-\+'¥ñ\é:'5éÕ�|ôTèV/#, ÷¥ècRV��êkó(��ôkë���ôO'¥æ8F-\+'¥ñ\é:'·éTèV/B,¥è�ékóíè�ñ èV/#,
î·ïnî5ékì5îB\j��ôO'¥óíî5éõë���óíóíè�ó�ìuî#\j��ôO'¥ó�JS)3ì�`¥ô ôOR|èB�_î·ì[ì#'¥ê�î#RpJ4ÅªÅOÄC³ªÅ�$:è|ñ\éõën)�éõî·ôO^äéBò·ô�î#Riî·óAòB"["3ë�åPO
/¥êõòB$:ìB�|ñ\éFò#"3êõòBRV'¥ó.Pnî5é:FEÓ

ba =

� ì[ìB'¥êNæè�ékêkëøì5ò5ñ3ì�ñ�è|æ ékè|ó�J è|ôO^äéõë�î Æ ã	îC¡bë(F·æ1ò5é|ã ® /#,\î5ñnî·ì[ì#'¥ê�ï3èÎðnñ3ëíò·ó(Pnîué�JS)3ìÌæ�èÎéõê ëíìuò·ñ3ìuî5é
'¥ó., æ8F^ï['¥ñ ëíôc�wP['-/B, î éO`-"["3ôSRV`¥êS`¥ô î5ïnî5é:P3î·ôOR�ñnò·óAîué îBR î5ïnî5éõìuî#\+�|ôS'¥óAîuéõë���óíè|ì éO`-"[">
ôORV`·êO`-Rc]bï[��ôO�ÎéFè�êkè|ï�æ9��ñ�,·èVRcRV�|ì8ã � ì[ì#'·ê)æè�ékêkëíìuò·ñ�ì1æ�ò·ê æèV/#$:è�óíè|óxî�æ�ò·ôS'bï3ëøì1ò5óíó(^äéBò·ô ñnî·ì8ã

q á¶� p���ékèVR|ñ�è|ì«'¥óm,\î·ñ | P | �|ô | Q | ì��3ó.`¥ñ�"j`-Rc]�\3êO'-/·êõî·æ8'¥ì��3æè|ó.,·è|ì[êkè | P | = | Q | ã
å�æ1ò·ôS'bï�ëíìîC¡bë(F¥æ�ò#"nî5ñ ì[ëíì#`5é:`·é é:�3ì��[P['#/#, è�óø÷5ò·êõò5ô æ�èÎéõê ëíìuò·ñ3ì\é:F·óD��P['-/#,1ì·è�óíó(]^è|ñ�JSF·ó<ôORcF¥ê=>
JS'¥ñÈ�)î#R�î#R ì5è|óøó(]^è|ñ ôO'·ì�$���óíè���ê éO�|ì·èÎé�êkè|ñ�ï3è|ó�J è|ñ¢î�\3êO'#/¥êõî·æ8'¥ì�P['-R5ã � ñ3ñ�è|ì î#R¬è|óíóøè|ñ\é:�Îéõè�ô
$:è|óøéO��ékè|ó(�Îé ìB`·éõë_ì[ë?îwPnî5êkæ�î·ï3ëíìzîW¡�ë.F¥æ�îE��î·æè|óm,zôOR|è�êkëøñ[é ó(��ékèVRcP3è�é1ì#��éLì��3ó.`¥ñ�"j`#RV]�\3êS'-/B>
êõî·æ��8æ�è�ó.,^ñ3è|ìQ"+'¥ñ�,-'¥ó.)3óøékôõò#/¥îæèV/¥èc/#,¥ècR|ëøìHã � óíóøè|ñ3ì5èVRc] è|ô è�é:"Hè|ñ è�ó(]#$�'·êkï[)3ó.Pnî5ékñnîE�[P['#/#,iî
æ�èÎéõêkëøìuî�æ�ëøñ3ï3è|ñLèc/#,¥è�ôA\3êS'-/¥êkî·æ9PE'-R.æ1ò5ô=>ªæ�ò·ô*��ê éO�|ì·èÎéFê è|ñ3ï�è|ó ã

� ñ3ñ3è�ì®î�$:è|óäé:�Îéõè|óøñ3è|ì æëíñ�ï3è|ñ®è|ï3ï�ë(/¬ëøôkæè|ê°éõè�ékè�é é�æè�ékêkëøì5îLæèV/#$:è�óíè|óäé!�xékè|êkæ8�|ôSR|èÎéõè|ô è|ñ
î#R_ò·óøéõî·ó()3ñ�ì*Jkî�÷5î·ôS'¥óøé�æè�ékêkëøì5î?ëøô|ãQO$î·ó(FCJkòB"nî·ñ�î#R ò·óäéBî·ó.)3ñ3ì%ï3èÎðnñ3ëAò5óøé�"+'¥ñ�,-'¥ó.)3óøékôõò#/·ë�æ8�|ê éO�|ì
"3ë(Rc'¥ñ�,-'¥ô���ê ékè|óíè�æ�"Hè|ñµèc"["Hè|ñzî#R�îC¡bë(F¥æ�ò#"nî5ñ�* éõè|ó�J è|ôS^øé�+�îióíèc/4JS'#"["nî·ñxã«Æ�èV/B,��ìÌ$:è�óD�~P['-/#,
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èV/#,«$:è�óAî·ïnîué:'·é æèV/-'·óíï[Pnîué:)3ñ3ì�é:`-"["$��|óíè%æ8FbïE'¥ñLëíôVÓ�"+'¥ñ�,-'¥ó.)3óøéõî#"["�î·ïnî5ékôOR�è|êkì5èVR�è�é&��ôFèV/B,�>
ôOR|è�êO¥["E"Lî·ó(/-'·êkëøékæ�)3ôS'¥ì��¥÷·îB/#,��V\[\Hè|ñ9$�'¥êkï[^äék÷5îE�\èc/#,^ôOR|è�êO¥Lî·ï3î5é:'¥ìK��ô�"+'¥ñ�,-'¥ó.)3óøéNî·ó./-'¥ê ëøéõæ�)>
ôO'¥ì>î·óøìuî·óíæ�î#R�ò5ôõî ôkèc/-^øékôO�c/-��÷·è|ó ã«�iëø÷·è|ó�æ�èÎéõê ëíìuò·ñ3ìièV/#,·è|ñ[��ê é:��ì�¥3è|ñzì#�c\6è�ô�æ8�|ê ñ3ë�î�\3êS'-/B>
êõî·æ î·ï3î5é���ô$÷·èVRc�|êkó.�|ô ë<ôOR�è|ê ì·èVR�è�éO��é!�nècRV��ê é�î%ì#�Îé è�óíóíè�ñ\é:��ékè|ôNëíæ8\3óíè�æ�è�ñ[éõò#�|ë.F-"nî·ñ�éõî#\nî·ôSR�éõî·óøé
è|óøéO�|êS�|ô_î#RÌî·ïnî5én��ô�÷¥èVRc�|ê ó(�|ô ë-ôSR|è�êkì·ècR|èÎéI"+'¥ñ�,-'¥ó.)3óøékôõò#/\òB"nî·ñB*ªì[ëøèV/#,·è|ñ3ó.^øé:P�è�éõë¤+?èc/#,^æ1ò5ô é�ã

q XP�
(∃P )(∃Q) ( P ≡ Q ∧ | P | 6= | Q | ) ã

åÉRÌè|óíôS]9P3ò·êO'¥æ éO)3óAî4J ï['¥ñ3ôkò#/�æ�ëøñ3ï3è|ñ��|ê°éõè�óíæè|ô æ�èÎéõê ëíìuò·êõî�ë./\î#RB�8î5ékéOF¥óÈ$��[/-/¥èÎéõóøè|ñ��3óD�EP['-/#,
ôORV'B${ék÷¥è�êkè�ì·è�é%æ8�|êS�3ñ3ì->ªèÌ÷5î#/#,Lôkè�æiã å ñ3èV/B,¥è|ï�ëíìwé:)3óíîWJ ï['¥ñ�ôõò#/K6�î·æë�ôOR�ëíñ\é:��ñ î#RÌè|óíôS]1ôSR|ëm>
/-'¥êO^äéBò·ôkî�6LîBR�é2P3ëø÷5î5éO'·éké*/\î·êõî5ñ[éõò·óíñ�ëD�7P['-/#,wæ8�|ê°é:��ì7��ñ3ìwôOR�ëíñ\éBî·ì\ékëíìuî·ëxè�óíè|æè|ì[ê è��c\[�3ó²�nî#R�îBR
ó(��ékèVRcP3è�é_ì#�Îé)ékè|ó�J è|ôkè�ñiæ�ò·ô ëøæ9\�óíè|æè|ñ\éõò#�|ë.FCJS��\3êS'-/¥êõî5æ��bæ�è�ó.,¥è�ì�)[/#,¥î·ñnî#RÎé)î#R.è|ê è|ï3æ8�|ñ�,[é
ôORV'·ó(/\ò·óäéBî5é�Jkò·ì����|ôFècR|è�ì�"+'¥ñ�,-'¥ó.)3óøékôõò#/·ë�æ8�|ê°é:��ì·è�è�óøéO�|êO]�ã_å)æ�ëäé_æ9��êO�3ñ3ìwékèVPnò5éV�<îBR�ñ3è�æ î#R
è|óø÷#�V/-R�è|ñ3ïE]�$:è|óAî5ïnî5é�6WîÌ\3êO'-/·êõî·æ�$��[/-/·÷#�|ñ�,�6�"+'¥ñ�,-'¥ó.)3óøékôõò#/¥îE��Pnî5ñ3è|æ î ìB'¥ñ3ì[êO�ÎéwæèV/B>
÷·î5ó(F¥ôS^øéBò5ô*"j'·ñ�,#'¥ó()�óøéõôkò#/\î�ã

�iëøñ3ï3è�ñ æ9��ê éO�|ì��3î·æë8æ�èc/#$:è|óøè|óHî�ö�ã�îC¡bë(F¥æ�ò·ñnî·ì��[ì[ëíè�ó(�V/#^øéõë8îBR�â¥ã�îW¡�ë.F¥æ�ò5é$ëíô|ã��iè|óm,¥è|ì
óíèVP�è�éõñ�è|ìiî#RV'¥ìiî1æ8�|ê°é:�|ì5è|ì���î·æè|óm,¥è�ì�ékè|ó¬J è�ôO^äéõëíì î#R â¥ãm�<ï3è�ñ3è|æ éõè�ó¬J è�ôO^øékëíìLî1ö�ã.îC¡bë(F¥æ�ò5é$"
�iëø÷·è|ó\ì#�Îé~\3êO'-/·êõî·æTè|ì\÷^ëø÷5î·óíè�ñ[�|ëíòWJkî�ñ3è|æ è|óíïE`¥ñ\é:P3èÎé:] ì#��êkï[��ôV�·ècRV��ê é�ñ3è|æTé:)3ï[)�ñ3ì.ï3è�ð3ñ3ëAò·óøñ3ë
'¥ó.,¥î·ñ�æè�ékêkëøì5òué!�\î·æè|óm,+î&\3êS'-/¥êõî5æ ÷^ëíôkè�óíì5è|ï[��ôkè)î·óAî#\�Jkò·ñ�'¥ôORÎéBò·óm,-'-R5ã�hL/#,8Â#Ð#ÃC´�¯C¹»¿mÃ#µ²ºbôOR|è�æ�>
\j'¥ñ\éO"jF¥ó�îBR.è|óíôS]��|ô_ñ3èV/#,·è|ï3ëøìwîC¡bë(F·æ1ò·ì�è|ì\÷^ëø÷5î·óøè|ñ3ô è|ì8ã

q e¶�
(∀P )(∀Q) ( | P |≤| P ;Q | ∧ | Q |≤| P ;Q | ) ã

å \3êO'-/·êõî·æ8'¥ìuî5é��E/#,µékè|ì[ëíñ\é�JS��ì+�$æëíñ\é+ì[ëíô èV"["'î·ó(\�êO'-/¥êkî·æ8'¥ì��	æ9'^ï[)3ó.'¥ì>èV/#,^ôS�V/-�Îé�ã�Æ�è|ê=>
æ9��ôOR|èÎéõè�ô~$:è�óøé:�Îéõè�óíèVRc�|ôc�CPE'-/#,.èc/#,I\3êS'-/¥êkî·æ9'5é�î·óøì#'·éOF�`¥ôkôSR|è�ékè�÷#]¥ì%"j'¥ñ�,#'¥ó()3óäéõôkò#/\î ñ3è�Pnî5óAî·ïCJkî
æ�èc/1î�éõè|ó�J è|ôn\3êS'-/¥êõî5æ "j'¥ñ�,#'¥ó()3óäéõôkò#/\ò5é|ã � R�î8$:è|óäé:�Îéõè|ó�èc/#,�$ îWJ°éBî�·t¯C¼�¯Cµ�¯C¼½ºgµD¾CÅ|ºHì^ê ëøéO�|êkë.)3æ
æ9��ê é:��ì��3ñ3ì[êkè5ã
åb�|ëøì[ó('¥æè�ékêkëíì�)3ô�"+'¥ñ�,-'·ó()3óäéõôõòB/8��ôFî�ì��3ó(`·ñ7"+`-Rc]�æ8�|ê è�é_æ�èÎéõê ëíìuò·ì1æèV/B$:è|óíè�óíñ3è�ì1è�ñ3ñ3è|ì

î#R�è�óø÷5ò·êkò·ôkñnî5ì+�½��ôFîÒá7¯C¿¢Â7¯VÄ4Ã#µ²¶7¼E´#°ªÃ#¼�±cÃ#ËCÃCÅ4¯C¿Àµ�·B,|¹»µ�,ª´8º(Å�µL³|¿ ±!³ªÅ|Êgµ²º6èVRÎé?î�ì[êkëøéO�|ê ë()3æ8'·é�ã�åAR
ëíñE$�'¥ê æ1òB�|ë(FC>mò·êkî·æ�óíò·ô�æ�èÎéõêkëøìuò·ì���ô î�1Fî·óøô éõè|î·ï>D$��|óíè�æè�ékêkëøì5ò5ì+î#RV'·ñ7"3î·ñ1ñ3è�æ©éõè�ó¬J è|ôS^øékëíì+î#RÎé�ã
� R�)�éOF-"["3ëøêõî�óíècP3è�ékôO�c/¥è|ô2\3ó ã�'·ó.,\î5ñ�\+�|óøïnò5é�ìB'¥ñ3ô°éõêO)3ò·óíñ3ë²�nî·æè|óm,bê è

E(P ;Q) < E(P )
ã

q 
¶�
(a) (∃P )(∃Q)(∃R) ( | P |=| Q | | P ;R |6=| Q;R | )

(b) (∃P )(∃Q)(∃R) ( | P |=| Q | | R;P |6=| R;Q | )
å Pnî5éO'bï3ëøì�îC¡bë(F¥æ�îìB��éÌò·óøó(^äéBò·ôkî�î1æ8�|ê°é:��ì>*¸ì#`¥ê ñ�,·èVR�è�éO$��E/-/-]¥ôS�V/-��êkè�+�÷-'¥ñnîuéõì#'#R|ëíì8ã.åARQ�pî��
ò·óíó.^øéBò5ô-ôSR|è|ê ëíñ\é	÷5î·ñ+ìB��éÑ'¥óm,\î·ñ�èc/#,�$�'¥êkæ�î?ì#'·æ9\3óøè|¡bëøéõò·ôO�

P
��ô
Q
\3êS'-/¥êkî·æ��5æ�è�ó.,7P3ècR ó(�ÎéõèVR�ëíì

R
)bé:F·éõî#/�\3êS'-/¥êõî5æ��6æ�è�ó.,�î·óøì5î5óíæ�î#R�ò·ôkîè�ôkèÎé:�|ñ®è|óäé:��êO] æ8F^ï['¥ñ�Pnîué

P
ëíóíópã

Q
\3êO'-/·êõî·æ8'¥ì

"j'¥ñ�,#'¥ó()3óäéõôkò#/\ò·êkî�ã
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å �|ëøì^ó.'¥æè�éõê ëíì�)3ô�ôSR�ò·æ8'¥ñ î5óAî#\[)�ó(F%æ�èÎéõê ëíìuò·ì���^(/#,�î����4 îB"6è)æ�èÎéõêkëøìuîE�¥÷5î·óAî·æëíñ\é�îBRV'¥ì
î�æ9��ê é:��ì·è�ì+��æè|óm,¥è|ì î#R èc/#,¥è�ô+ôORc'#${ék÷·è|êkìB'¥æ8\j'¥ñ�è|ñ3ô è|ì�P3èVR�ì#'·ñ3ô éõî·ñ3ô+ôOR|ò·æ8'·é+êkè�ñ3ï3è�óíñ3è�ì+�
ñ3è|æÑì#�V\Hè|ô è|ì�ékè|ó¬J è�ôO^äéõè|ñ�ë�èVRÎé%ît$:è|óäé:�Îéõè|óäé�ã.åAR�ëíñE$�'·êkæ�ò#�|ë.F\ò·êõî5æ�óíò·ô�æ�èÎéõê ëíìuò·ì��<îBP['¥ó	î æ8'B>
ï[)3ó('·ì ì#`¥ê ñ�,¥èVR�è�ékènJ è|óøè|ñ\é:]·ô_ôSR|è�êkèV\Hè�é�Jkò5ékôOR|ëøì���éõè�ó¬J è|ôS^øékëíìèVR�éFî+ì#�Îé)ì[ê ëøé:��êkë.)3æ9'5é�ã
åÎ\�êO'-/¥êkî·æ "j'·ñ�,#'¥ó()�óøéõôkò#/\ò5é�"6è|$�'¥ó.,¥ò·ôO'·ó(F�\3ê è�ðE¡�ì#F^ï�éõë.\3ëíì�)3ô�\+�|óøïnòWJkî�î�ï�è|ì[óAî·êkò#�|ë.F3ã

® /#,¥î·ñnî#RÎé?î�\3êO'#/¥êõî·æè|óøè|æè�é�è�óøéO�|êO]�æ8FbïE'¥ñLï3è|ì[óAî5êõò·óä÷·î+è�óøé:��êO]8"j'·ñ�,#'¥ó()�óøéõôkò#/-P['#R?JS)�é:)3ñ�ìHã
� ê êkè�óAò5é é:)3ñ3ì«\+�|óøïnò5é_èV/B,�$��E/-/·÷-��ñ�,Ò��ê é:��ìw÷·îB/#,�êkèc$:è�êkè�ñ[�|ëíî�ôOR�è|ê ëíñ\éõë~\nî·êkî·æ9�Îéõè�êõò5éõî·ïnò·ô ôõî·ó
é:`¥ê°é:�|ñE] ï3è�ì[óAî·êkò#�|ë.FCJkî·ì#'·êÒ�:ö3â¥ã�>ªö Æ ãi'·óíïnî·ó �Îã�ß�ë./#,¥è�ó¬JS�3ì æ�èc/[��P['-/#,Wî ß_F·éOP3ëà67o2,-��ì�,�$��|óíè
á�Ã#µ¤Ã#¸ãân¯Cä~Â#¹SÃ|Á½å�è�êkè|ï�è�éõë�ï�è�ðnñ[^.�|ë.FCJkî+ñ3è|æ ékè|ó�J è|ôO^äéõëxècR�é)î#RÌîC¡bë(F·æ1ò5é|ã

qrxþ� p��ÎéõèVR�ñ3è|ì�'¥óm,\î·ñ
P
��ô
Q
\3êS'-/¥êkî·æ9'·ì+�\æè|óm,¥è�ìK�|ôõî5ì�î#Rn)�éBî·ôS^øéõò·ôO'¥ì�ôO'¥ê êkè|ñ�ïCJS�V"Hè|ñ

ì7��ó(`¥ñ�"+`-R|ñ3è�ì��+��ô | P | 6= | Q | ã
åÉR�ò5óíó(^äéBò·ô1æ�èc/¥ì#`]÷¥èÎéõè�óíëD�&PE'-/#,¢î#RÌ)�éBî5ôO^øéõò·ôO'·ì ôO'¥ê êkè�ñ3ïCJ èw"Hèc$�'·ó.,\ò5ôO'¥ó�JkîWîi\3êO'#/¥êõî·æ "+'B>
ñ�,#'¥ó()�óøéõôkò#/¥ëj�|ê éO�|ìB��é�ã�o_è|æ ékè|ó�J è|ôO^äéõëøì�î�$:è|óøéO��ékè|óøé î#RV'·ì1î�æ8�|ê°é:�|ì5è|ì��næè|ó.,·è|ì�î#RI)�éõî·ôO^äéBò·ôS'¥ì
÷·îB/#, î�\�êO'-/¥êkî·æôO'¥êS'¥ìzôOR�ò5æ1ò5é1æ9��êkëøìHãbo_è|æ $:è|óøè|óFæèV/�î��|ëíì[ó.'¥æ�èÎéõê ëíì�)3ôôOR�ò5æ �|ô ò·óm>
éBî·óíò#"nî·ñzèV/B,¥è�ékóíè�ñU'¥óm,\î·ñWæ1ò5ô+æ9��ê é:��ìaôkè�æ��gî·æ�è�ó.,µñ3è|æ÷·è|ôOR�ë_ð[/#,¥è�óíè|æ�"6è�î#R�èV/#,^æ�ò·ô é
ì#`]÷¥èÎé:]t)béBî·ôS^øéBò5ôO'¥ì ìB`-RV`5ékéõë�ëøñ\éõè|êkî·ì#��ë(F¥ìuî5é|ã
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� á�ã«ágçLï�égô ù�çLçjùå(ù�àËíæ � á�å�êóõuèÜú í�ð�ëªá�ç�ê$öãñê1 Lð�í�ô�ðóù�è í�à�öï�ë;ê$ù� Lùï�à|ê$ùã«ù�êóçjù�å°÷7á�ãªá�ã�èËá�ôuý}þLí�ôÿ
ù � ��ã}å�ë¡ù�ã¡ùå�îªê�íê�êí�ï�à|ê$öãñÿ�þuë«á�ð�ùð(�$þuë¡öæjù�ç°ágð�ä�ïÓø�ágà�é�ð�ã«égï�ëñúaé�ï�ù��jùQêóåQù� ���ï�íã¡ù�ê�í�å�ø�ùçLçjù�å á�ôÿ
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²°ágôø�ë«àgï�ô�öãñêóõLåHý=þLí�ôÿÙèËé�ð5êóégå�òuçLå°èËá�çuç�ÿ�ëªæ0ágç�á�ãªé�ô�îñêóë}å�ëüùE� á|ÿ�õLåágðoö�÷7égã«á ãªí�ô�ë«åQùëföãñú
ã«îªêóöï�íå�ùQêµ�¸�Bã«å�é�ï�à�òLãñê&ùËè égð�êóégåÙï�à�í�÷�ê�ø�ágð�ágï&ë«è! Lã«ágè ágç�ê$ö��gë&� � ùuý�è ágãªÿ´#�ù�ø�ù� Lð�í�ô�ð�ùè ç�ÿá�ãªø�ë
÷7í�ð�ð�öï�í�å�á�ã«ágè àgé�ï�égêÓø�égô�à�ëD�

÷ í#øö�æLæLë�å�õuê$ù�êóöï�ë�ëªðóöç�ÿ�åégç�êüåé|êü÷7ä�æLæ.ø�í�çLùã¡ù�ê}ê�õ'�LõLçuå.å�ë � á�ã&
ã«çLëD�}ßEà á�ôÿ�ë«å»ùÓï( =á��gë¡öãªë«ï
ø�á�àgé�ð�ã«ä�ï�à�á�ð�åágà�ágê�á�åHý¶èËë«ç�ê� Lã¶�Bù�øCìJù�ú�áô��T]øf�(ûC��T&úSZBø�ë«àgï�ô�ö�ã¡ù�êóù���ßSå�ëªøégê�á�ã«å�á�àgá�ã«égïÓá�ôÿ�ð�á*ï�à�égã«á|ú
ï�á�æuæLå�
�ðR�Lá�çâþjù�ï�à�çLöã¡ù�ê�í�ï ù,è�ù�ë� uð�í�ô�ð�ùèËí�à�öï�ëUç�ÿá�ãñø�á�å�æ=á�ç�<ü@ ¿ B�ý�è ëªç�êÅçuá�èËï�êóð�õLå�êóìLð�öãªê
ùãªê�á�ð�çLù�êóîñø ø�ágà�é�ð�ã«égï�ëüå�í�çLï5êóð�õuå���ë"�Lý��uáÝï�àgë«ç�êóá.êóágã � á�ï�á�ç�þuë¡öç�ÿ�à�ëªåÙù� Lð�í�ô�ðóù�è í�å�æ0í�ç�ÿí�ã«õLãñê�ú
ïóöô�ö�ðóù ôÿ�ù�å�ð�í�ãªêÓþLù�ê$öï�ùë«çLùå�ágã«á�èËà�égï�á��

² ö�ï�ë«å ð�á�ç��Lå�îªø�òLã é�ð(�uá�åágï å�õuê$ùQê$öï�ë ëªðóöç�ÿ®ù´æ�������VRY�áDýJù=W�VSä(æ�VRY��Ôä�û6þCZ|ý-èËë«ç�ê»ì �  Lð�í�ô�ú
ðóùèËí�à�ö�ï�ë1 jùð�ù��Lëªô�è�ù^æ0í�ç�ÿí�ã«õLãñêóï�öô�öçjù�åtø�ë«àgï�ô�öã«ù�ê$ù¥<ü@ ¼ BD� ß ôá�çLágðóù�ê�îªøx Lð�í�ô�ð�ùè íà�öï
ï�á�ôîªêóï�é�ô�é|ø�ágãÐ�ñ uã¶�;ù ÷ õLð�ëªçLô�ú êóá�ã � á�ïÄ:¸ÿ³ÿtêóágè� uã¡ù�ê�áBè áK�$þjùçLëªà�è õLï;þjùï�à�çjö�ã¡ù�êóö#ø�ùã �0÷7í�ð(�uîªê$ö�ï�ë
ë&�Lä�æ=á�çwø�égô�á�àgþLágê�òLçLå á�ãÙæ=í�ç�ÿ�í�ãªõLãªêtùãªô�í�ð�ëñêóè õuï�í�åQù�êM<]@  B¶� �Uà�öãªêóùã ù�÷7õuê$öï�ë ë&�Läæ0ágç
ø�é�ôð�á�þLù � êóíê�ê å����¯æ=í�ç�ÿ�íã«õLãñêóïóö�ô�ùP�gï(
�å�å�á�çLþLá|ê�ý-�Lá ágçLçLá�åtöð�öç¯ágôÿ�ð�á � íæLæjùçtá�ã«ä�êóé�ð�æ0á
åá�ð�òLã;ù êóá�è! Lã«ù�êóáÅ�Ô��á¶Y�W�V�ä(æ�V(Y��Ôä6ø�æ=í�ç�ÿ�í�ãªõLãªê�ïóöô�ù��
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� Ô��1Û
	-Þ4Ø=Ö¸Ü.ÒÐØÅÞ
< ¼ BÅÞùã«ã«ùuý$ÁE���7çg��¤äC�+W�T&�RU�����Y�T ìJá����!äCVHTíàý

�Uëªç'�LþLí#øá�ç ) çLëªøá�ð�ï�ëªêoÿ 8Uð�á�ï�ï�ý��Bë«ç'�LþuíXøá�çX� ¿ a ¼ ���
< ¿ BÅÞaí�ágþLè,ý�Þ-�µ�����7äoîHáDå�Y�V���Y���à�ìJá Z¤ìJ�+W�Y���á������ ��Y��gáDìJá¶Y�áñìJù��¸YCZSZ6�SZSZ��Ô���gá�ý è ù�êóùè�ùQêóë«íçfý

ø�í�ãD� ¼ � ý' ' 7� > ¬ úo@ � �¶² ù�ÿ ¼ �f� ½ �H�
< ½ BE:ùè è ù��$åHý¤����Þ+�ñý"!Óí�ô�ágð�ï�ý�Ý[�¤#��$#��+W�V�äCù6ìJ��æ áJçg�&%�V�ä(æ�VRY��Å�ÅìJ��æ'%¤V�ä��S�SZSZ|ý , Þ¸²

÷ áK�$þ7�(!qáK 7�ªý ÷ ! � � ¿ > ¬ ½ �¶¯��|ê ¼ �f� ½ �H�
< >�BE:aþLá�ð�çLë¡ù�ø�ï�å�ÿ #��]:+�ªýêº�èËëªê�þP:+�]Ý=�*)��+�!�,�-�føf��V/. Z0�òUaì¶äC�4Z21ÄäCV3�7äoîHáDå�Y�V��4¤äC�+W�T&�RUaìJá5�

6 �(YCZ,��V��SZ|ý , �N��� ÷ ðóù�çLï���º�í�÷�êô5ùð�á4�BçLôë«çLágá�ð�ëªçLôLý�ø�í�ãD� ¼ � ý' ' 7� ¼6½ @ � ú ¼6½aÀ @ � ¼ �a� ¼ ���
<]@CBE:aþLë&�jù�è æ0ágð	º��7!=�ñýgÁ*á�èËá�ð�á�ð�ý�:+� ® �(�«�Ô��áDVHì��SZ�Z,��ìJá�îµäCV4ä98Dõµ�:��á¸äCVHì¶���gáo�(àÔà��SZ�ìíæ��jý

, ���N� ÷ ðóùçuï���º�í÷�êô5aùð�á[�BçLôá�çLágá�ð�ëªçLôLýLøí�ã¶� ¿  ý' � 7�ü> � À úô> �a¬ ýÐ� ¼ �a� >f���
< À BE:aía Lã«ëªá�ç�#��]¯�� 6 ��T áDìJâ�%�Y�VRYfà�ìíæ��<;��SZ�ìíæ��=îµäCV=�>
>�ý ß¸�'�Lëªï�í�ç�ú¶� ágï�ãªágÿ�ýÄ� ¼ �a�a¬ ���
< � BE:aõLð�ê�ë«ï�ý�Þ+�ªý¸º�þLá� � jùð(�¶ýòº��¤Þ+�ªý�²°ë«ãªã«ëªè�ùç¶ýN8ê�ñý¸Þaí�ð�ï�ê�ý¸² ��ß[�ªý p í#øáý ÷ � 6 �(YCZ,��VHìJ��æá çg�?%�Z,�@�SçgäCT&ä(æ�ì��(Y�T�¤äC�+W�T&�RUaìJá5�%äoî3�7äoîHáñå�Y�V�� 6 Y�ìJ�gáo����Y��A�S���iYCZSø6Z4å�ìJá ç·á çg�3B³Y�T]Z�áô�(YfàY���à 6 �-NY@8�� 6 ��áñVHì��SZ|ý , �N��� ÷ ð�ùçLï���º�í÷�êô5ù�ð�áò�BçLô�ëªçLá�ágð�ë«çuôLý�ø�í�ãD��@Eçuí'� ¿ ýf ' 7� � À ú ¼ f� ý� ¼ �f��� ���
< ¬ BE:aà�ùð�çLá��$å�ë!ÁÅ�ªý4�Uëªï�ágçLá��$å�á�ð ) � ���DC-������V(Y�áñìJù��E%�V�ä(æ�VRY��Å�ÅìJ��æý ß¸�'�Lëªï�í�ç�ú¶� ágï�ãªágÿ�ý� ¿ a� ���
< � B è ùþLã�ý�¯Å�ñý�²,ÿ�þLð�þjù�õLôLý¤Þ+�ªý * ÿ�ô�ù�ùð(�9ÁÅ�F�G�iìJ�H��TíYJILK&MN�f��T ù4;�� E �gý���ì�OoõKYý Þ¸²%�FUá�ôÿé�ï�àgè égð�ç'
å�åQùðgýê� ¼ �a¬ @a���
< ¼  B è õLçLï�èËí�ð�áý=Ý[�	�¸�ªý=»»ùçLçuí�çfý=#�� è ���+�QP¤�+W�ìJV�ì��(Y�T"#��gù��SZ�áñìíæfY�áDì¶äC�jý :aí�è! Lõuêóágð�ý

¼s¿ � ¼6¿ �|ý$ ' 7�]@  ú�@ � � ¼ �f��� ���
< ¼a¼ B è ùð(����à|ÿ�R �ñýaF ùð�ô�ù p ��������åLY�WfW�V�ä�Y��Sç�áoä4à�� E �gìJ��æ�Z6äoîHáDå�Y�V��N�SäC�+W�T&�RUaìJá5�1�Ô�(YCZ,�$V��SZ|ý

ß¸�gê$ù�:�ÿ�æ0ágð�çLá|êóë"��ùuý ÷ í�è�� ¬ �' ' �� ¿ ¬a� ú ¿ � ¼ �G� ¼ �a¬a¬ �H�
< ¼s¿ B è ù#ø�ëªï�#��]º��ñý p á�Þaã¡ùç��3!³��#��S�T�iá���à9��äoî=áJçg�
��WfW�T ì��(Y@8�ìJT ìJá5�äoî=¤äC�+W�T&�RUaìJá5� 6 �(YCZ,�$V��SZ|ý, ���N� ÷ ðóùçuï���º�í÷�êô5aùð�á[�BçLôë«çLágá�ð�ëªçLôLýuøí�ã¶� ¼ >Lý� ' 7� ¼6½aÀaÀ ú ¼6½ � ¿ � ¼ �a¬�¬ ���
< ¼6½ B è ë � å�ï�ê�ðóùuýü�¸� �����U;1ì&Z���ì]W�T ìJ���	äoîV%¤VSä(æ�VRY��Å�ÅìJ��æý 8Uð�á�ç�êóë"��á�úoÝEù�ã«ã ý��BçLô�ágã«áK5�í�í$�!:aãªëXW0ï�ý

* �ZYÅ�ñýÄ� ¼ �f� À ���
< ¼ >�B ® ágç�ê�í�çfý * �]�¸�ñý * á�ëªã ýG² �[�7äoîHáDå�Y�V�� 6 ��áñV�ì��SZ �2\òä�Yfà��!Y�W=ý ÷ þLá ® õuêóõuð�á í÷�º�í÷�êô5aùð�á�Uçuô�ë«çLágá�ð�ë«çLô'�uß	:¸² 8Bð�ágï�ïgý * áK5QY íð�åHýÄ� ¿ �a ���
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< ¼ @sB ® �êóþLë-ß4�ñý * ÿ�égå�ÿ�úo».ùëªà�ãªá�ð#��H)���áJçg�J¤äC�+W�T&�RUaìJá5� äoî�)*8Dõµ�:��áDâ�)�VHì¶���gáô�(à�%¤V�ä(æ�VRY��4Z
8Uð�í$���í÷Hê�þLá ½ ðR�!º�ÿ�è� 7�í�çE8Bð�í�ô�ð�ùèËè ëªçLô p ùçuô�õjùô�ágïBùç'�!º�í÷�êô5ù�ð�á ÷ í�í�ãªï�Á»ù�ùð�ë«å�õfý�Uï5êóí�çuë¡ùuýG� ¼ �a� ½ ���

< ¼6À B�»*ðóù�ï�ï�æ=á�ð�ô�á�ðgý�8ê�]PNZ�áDìJ�!Y�áñìJ��æ4áJçg�	ìJ�µîµäCV��!Y�áñì¶äC�^�SäC�gáô���gáNäoî�Z,�C�_8�äCT�Z6�`� �g���A�S�SZ-Y���à!� îHâ
E ��ì¶���gáa�Sä�à��SZ , �N�N� ÷ ðóùçLï�ù��gê�ë«í�çuïBí�ç , çu÷7í�ð�è�ù�ê�ë«í�ç ÷ áK�$þLçLí�ãªí�ôÿ���FUí�ã¶� ½ @�ý ÀaÀ � ��� ¼ �a¬a� ���

< ¼ � B4Ý�ùã«ï5êóá�ù��fý�² ��Ý[�bM³Y�á5��V(Y�TÄTíY�å ZH�SäC�gáñVSäCTJT ìJ��æY�T æ�äCVHìJáJç�� Z�áDV��c��á���V��|ý º , »=8 p ß *�* í�ú
êóë&�gá�ïgýLø�í�ãD� � �� ' 7� ¼ � ú ¿�À � ¼ �f� ¿ ���

< ¼ ¬ B4Ý�ùð�ð�ë«ï�í�çfý?��� ß[�jùç'�%² ùô�ágã ýüÁÅ� , �d�e¤äC�+W�T&�RUaìJá5� 6 �(YCZ,��VS��f-YCZ6�(àäC�^M=�SZ�áDìJ��æ_gG��ù���T ý
ß	:¸² º�ëªôa Lã¡ù�ç * íê�ë&�gá�ï�ý ¼6À � ½ �|ý� ' 7� Àa½ ú � >%� ¼ �a¬ ¼ ���

< ¼ � B4Ý�ùð�ð�ë«ï�í�çfý?��� ß[�Eùç���² ùô�ágã ýüÁE� , ��� ��äSWgäCT&ä(æ�ì��(Y�Th�+��Y�Ti�6Z�ì&ZÇäoî3áJçg�j¤äC�+W�T&�RUaìJá��¥äoî
¤äC�+W(�$áô��VD%�V�ä(æ�VRY��4Z�å�ìJáJçJgÄ�SZSZk�7ç�Y��l�7ç�V��S�&fòìJ��Y�V��mfòVRY��A�Sçg�SZ|ý ß	:¸² º�ë«ô� Lã¡ùç
* íê�ë&��ágï�ý ¼6À � >A�|ý' � 7��@ ¼ ú Àa½ � ¼ �a¬ ¼ ���

< ¿  B4Ýqá�ç'�uá�ð�ï�í�ç�úoº�á�ãªã«á�ð�ï�ý«Þ-�ªýn)*8Dõµ�:��áñâ(äCVHì¶���gáo�(à �Ô��áDVHì��SZ � �Ô�(YCZ,��V��SZ±äoîG�SäC�+W�T&�RUaìJá5��ý8Uð�á�ç�êóë"��á�úoÝEù�ã«ã ý$ ' 7� ¼ > ¿ ú ¼ > � ý7� ¼ ��� À ���
< ¿$¼ B4Ýqá�çLð5ÿ¥º��ñý	Á»ù�÷7õLðóù è ���7äoîHáñå�Y�VS�4�iV��c��á���V�� 6 ��áDVHì��SZ4f-YCZ6�(à äoî&#H�µîµäCV��!Y�áñì¶äC�o1NT&äCåBý

, ���N� ÷ ðóùçuï���º�í÷�êô5aùð�á[�BçLôë«çLágá�ð�ëªçLôLýuøí�ã¶� � ý' � 7��@ ¼  ú�@ ¼ ¬ � ¼ ��¬ ¼ ���
< ¿a¿ B4Ýqí65ù�ê�ê�ý]#�� ���Åùç'� Þùå�á�ð�ý ß4� p �_\òìíæ�äCV�äp�fZ�;�� E �gìJáñì¶äC��Y���ào�+��Y�Ti�6Z�ì&ZMäoî�%¤V�ä(æ�VRY��

¤äC�+W�T&�RUaìJá�� 6 �(YCZ,�$V��SZ �m�+�jP UAY��+W�T&�rq7Z�ìJ��æEM[�SZ�áñìJ��æý ÷ þLá #í�õuð�çjùã�í�÷=º�ÿ�ï�ê�á�èËï
ùç'�´º�í÷J5aùð�á ¼  ýg ' 7� ¼6½ � ú ¼ @  � ¼ �a¬a� �H�

< ¿�½ B4ÝqõLè! LþLð�á|ÿ�ý'���]º�� 6 Y���Y6æ�ìJ��æ�á çg�s�7äoîHáñå�Y�V��N%¤V�ä��S�SZSZ|ý
ß¸�'�Lë«ï�í�ç�ú¶� ágï�ã«á|ÿ�ýd!Óá�ù��uë«çLôLýg² ùï�ï�ù��$þ�õLï�á|ê�ê�ïÅ� ¼ �a¬a� �H�

< ¿ >�B , ù�çLçLë«çuíLý�ß4�ñý�²°õLï�ùuý$#�� è �ªý$¯&å�õLèËíêóíLýaÁE�ñý p ëªê�êóã«á�5aí�í��fýfÞ+�tÂVHìJáô��VHìñY¤îµäCV¸Z6äoîHáñå�Y�V��òV���âT ìñY@8�ìJT ìJá��[�Ôä�à���TA�SäC�+W�Y�V�ì&Z6äC��Z|ý , �N�N� ÷ ðóù�çLï��$º�í÷�êô5aùð�á+�BçLô�ëªçLá�ágð�ëªçLôLý�ø�í�ãD� ¼  ýf ' 7� À ¬f� ú
À � ¼ ýG� ¼ �a¬ >f���

< ¿ @sB4Á*ë"��à�ù�ã«á�ï�»E�a��Wg�:��á�)�V�ì¶���gáô�(à^%¤VSä(æ�VRY��Å�ÅìJ��æý ß	¯18Ã:aíè� Lõ�êóë«çuô ï�õuð�ø�á|ÿ�ï ¿ ¬ ��ágïS�|ý
¼ @�>�ú/ P� ¼ �a� À �

< ¿�À B4Á*ç�õuê�þfý è �N�ò���iáñV��d��á5��VS�(à�W�V�ä(æ�VRY��Å�ÅìJ��æ å�ìJá çuC
)3�V)«Z�á/Y�áô���Ô���gáJZ|ý :aí�è! Lõuê�ë«çLôº�õLð�øágÿ�ï�ýHø�íã¶� À ý' ' 7� ¿�À�¼ ú ½  ¼ � è á�� ¼ �a� >A���
< ¿ � B4Áqí�åíã ýg8Ä�ªýi8;í$�Lôí�ð�ágã«á���ý'F��ñý(R¶í�ð�è ùçfýg² �*qÄ�gìJù���V�Z�Y�T ìJá5��âV�vM=�S�(à_1êäCVh�lM[��åo�7äoîHáñâå�Y�VS� 6 ��áñVHì�� , ç�ê�á�ð�çjù�êóëªí�çjùã��^í�ð�å�ï�þLía tí�çMº�í÷�êô5ù�ð�á%²°á�ùï�õLð�ágè ágç�ê � , �;º'²xw �a� ���

p ù��=º�õ' =é�ð�ëªá�õLðgý�:ùçjù��LùuýÄ� ¼ ���a� ���
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< ¿ ¬ B p ùå�ï�þLè�ù�çjùç[ÁE�üÞ+�ñýa#�ù�ÿ�ù� Lðóù�å�ù�ï�þÅº��ªý�º�ë«çuþjùò8ê�üÁE��%¤V�äSWg��VHáDì¶�SZ¸äoîy¤äC�gáñVSäCT â�1�T&äCåk¤äC�Åâ
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