
HAL Id: hal-00307925
https://hal.science/hal-00307925

Submitted on 2 Jun 2009

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Interactive scores : A model for specifying temporal
relations between interactive and static events

M. Desainte-Catherine, Antoine Allombert

To cite this version:
M. Desainte-Catherine, Antoine Allombert. Interactive scores : A model for specifying temporal
relations between interactive and static events. Journal of New Music Research, 2005, 34, pp.361-374.
�hal-00307925�

https://hal.science/hal-00307925
https://hal.archives-ouvertes.fr


���������
	��
�
��������������������	���� �!��"$#%���&�(')�����*#,+-�.�!/102��31'4���
	�"657��",	8�
�.�9�!�
:;�
�=<>�����?���������
	��
���@����	A�B�C�D�E	F���G�IH2�D�����J�

K6LNMGOQP=RTS�UWVXPYO[Z]\XU_^.`�PY\ba�UWMGO[Z�U c�Z]\XdeOfZ�UBc-g[gfdeR)hEUWM.\
iXj]kNlnmporq_o=sJiboYlnkNtJqXuwv@t]krlQq,xXybz {*|~}��[z �f��te�@}��X|~v�xb���

�@� �@q,���@xX}��J�b|
��v
u�z��_��}[v��fz��@y �@���*�@� q_��v���|�yX��|Eje|��X|��%q_�,}fv�yX��|
�b�@�X�~���X�*�����*�X�¡ £¢,¤��G¥��@¦*§@��¢*¨� n©@�ª�*�@�@¥��G�.§��*�*�����*�X�¡ £¢,¤��G¥��@¦*§@��¢*¨Y «©@�

¬®­e¯�°�±.²W³b°
´Aµ·¶�¸�¹~¶¡¹Gº�µ�»�¼�¹.¸¾½�»b¿ À«º�½Á¼�¹.¸Aºn¶%µ�Â�À ¼¾Ã.À«Ä_Å�Æfµ¾½·¶¡¹.¸�»b¿r¸�µ�¿�»GÆÇÀÇ¹GÄWº�È¾µ¾ÆÇÉJµ�µ¾Ä!À«Ä%Æfµ¾¸�»XÂ�ÆÇÀ«ÊGµpÆÇ¸¾À�Å@Å,µ¾¸¾À«Ä,ÅGº9»GÄ�Ë�¸�µ�Ì

¿Íµ�»Gº�À«Ä,ÅGº�¹@Â�Â�Î_¸¾¸~À«Ä,ÅÏËGÎ_¸~À«Ä_Å�¶%µ¾¸£¼�¹G¸~½p»GÄ�Â¾µ(¹Q¼®Ér¸~À«ÆÇÆfµ¾Ä$½AÎ_º�ÀnÂ�»b¿e¶�À�µ�Â~µ¾º�ÐÒÑwµ¾½·¶¡¹G¸Q»b¿EËGÎ_¸�»GÆÇÀn¹.ÄWº »G¸�µDºn¶%µ�Â�À ÓJµ�Ë
È~µ¾ÆÇÉJµ�µ¾Ä�¶¡»G¸~ÆÇºF¹G¸�Äw¹GÆfµ¾º8¹Q¼8»�Ér¸~À«ÆÇÆfµ¾Ä�¶�À�µ�Â~µ@Ð�ÑYÔWµ¾Ä%Õ�ÉJµE¶�¸Q¹@Â~µ~µ�Ë®Æ�¹®»�º�Æ�»GÆÇÀnÂA»GÄw»b¿ Ã.º�À«º8¹Q¼�Æ£ÔWµ
¶�À�µ�Â~µ8À«Ä�¹G¸QË,µ¾¸
Æ�¹�¶�¸�¹@Ë.ÎWÂ~µA»�¶�¸Q¹�ÅG¸�»G½6¶�¸�¹.Ê@ÀnËGÀ«Ä,Å9º¾»Q¼@µ8µ�Ö,µ�Â�Î¡ÆÇÀÇ¹GÄ!¹Q¼�Æ£ÔWµ
¶�À�µ�Â~µF»XÂ�Â�¹G¸QËGÀ«Ä_Å9Æ�¹9Æ£ÔWµ�Æfµ¾½·¶¡¹G¸Q»b¿Y¸�µ�¿�»GÆÇÀn¹GÄ%º�Ð

× Ø=Ù®ÚNÛ�ÜDÝ�Þ-ßEÚ�à*Ü9Ù

á�â*ã¾äæå¡ç�â*è¡é�ê�ä�ã¾ë.ì�í�å_ç£çîè,ïñðXå¡ì¾ò£è¡äYíNó�ò£ôæõ�í�è_ö=ì¾ëbå_ç%ã¾ò£é�ë�òîôWã¾ëGì�å%â@ã�òîè%ôæíNï�òîã¾÷Dí¾è¡ä�ôYõ�í¾øWôWã�÷�ëGí¾ò£íGù�ú�÷æë·÷�ä�û%ë·üWäæå¡ôWã¾òîã�ø9è_ö
ê=è%í�í~ò£ý�ç£ë�ï·åXøwí�è¡ö=ò£ôWã¾ë.ì�å¡â*ã¾ò£è¡ô�òîôDâ.è¡ôWã¾ëGé�ê=è¡ì�å_ì�ø9é®äæí~ò«â�í¾÷�è,ï�íJã¾÷�ë�û%ì¾ëbå,ã�õwò£ð¡ëGì�í¾òÍã�ø�è_öeô�ë.ïþê=è%í�í~ò£ý�ò£çîòîã¾ò£ëGí
êæì¾è,ð�ò«õwëGõ
ý�øÿâ.è¡é�ê�äwã�ë.ì�í��rýæäwã�å_ç«í~è�ã¾÷æë�õ�ò�� â*äæçÍã�øÏè_ö·å¡òîé�ò£ô�û-ã¾è-önè¡ì�éDå_ç£ò��Gë�å¡ôæõÏû¡ë.ôæë.ì�å_ç£ò��Gë�ã�÷�ëGí¾ë�ê�ì�å%â@ã�ò£â.ëGíGù�ú�÷�ë�ì�ëGâ.ë.ôWã
ì�ëGí¾ëGå¡ì�â�÷9è%ôDí~è%ä�ôæõ®òîôWã¾ëGì�å%â@ã�òîè%ô9önèwâ*äæí�è¡ô®ã¾÷�ë�å¡ôæå_ç£øwí~ò«íJè_öæã�÷�ë�û¡ëbí�ã�ä�ì�ëGíJè_ö=ã¾÷�ë�é®äæí¾ò£â.ò£å¡ô�å¡ôæõ9ã�÷�ë�éDå_ê�êæòîô�û�è¡öæã¾÷æë
êæå¡ì�å¡é�ë*ã¾ëGì�í�è_ö=ã¾÷æëGí¾ë·û%ëGí~ã¾ä�ì�ëGíJï�òîã¾÷®ã¾÷�ë�êYå_ì�å_é�ë*ã�ë.ì�íNè¡öæã¾÷æë�í~è%ä�ôæõ�í~ø�ôWã¾÷�ëbí~ò«íGù���è%é�ë�ì�ëGí¾ëGå¡ì�â�÷�õ�ëGå_çwï�òîã¾÷�é�äYí~ò«â.å¡ç
å%í¾í¾èwâ*ò«å,ã¾ò£è¡ôYí	�n÷Yå_ì�é�è%ô�ò«â9å_ôæõÿé�ë.ç£è�õ�ò£â�è¡ì�û%å_ôæò��bå,ã¾ò£è¡ô�
��=ý�äwã�ô�è¡ô�ë®÷æå¡íFý=ë.ë.ô â.å¡ì¾ì�òîëbõªè¡äwãAòîôÏè¡ì�õwë.ì8ã¾è-ê�ì�è¡ê=è%í¾ë�å
û%ë.ô�ëGì�å¡ç·é�èwõwëGçfù�
 ë�ã�÷�ò£ô�ó$ã�÷æå,ã(í¾äæâ�÷ å é�èwõwë.ç8ï
è%ä�ç£õñ÷�ë.ç£ê ã¾è)ä�ô�òîönø$ã�÷�ë!õwò��=ëGì¾ëGô%ã ï�åXøwí�è¡öFò£ôWã¾ë.ì�å¡â*ã¾ò£è¡ô è_ö
é®äæí~ò«â.å¡çrå_ôæõ-í¾è¡ä�ôæõ-ç£ë.ð%ë.ç«í·å¡ôæõ-ý�ì�òîô�ûDå�ý=ë*ã~ã�ë.ì�äæôæõwë.ì�í~ã�å_ôYõwòîôæû�è¡ö�é®äæí~ò«â.å¡ç]òîôWã�ë.ì�å¡â@ã�òîè%ôrù
á�â*ã¾äæå¡ç�ã¾è�è%ç£í�önè¡ìEï�ì�òîã¾ò£ô�û9é�äYí~ò«â.å¡çYí�â*è¡ì�ëGí
ã�å_ó%ë�ò£ô%ã�è�å¡âGâ*è%ä�ôWã�òîôWã¾ëGì�å%â@ã�òîð%ë�ë.ð%ë.ôWã�í
ò£ô(åpð%ë.ì�ø®ç£ò£é�òîã¾ëbõDï�åXø¡ù�ú�÷�ë

è%ô�çîø)ï�åXøÿönè%ì�ã�÷�ëªâ*è¡é�ê=è%í¾ë.ì®ã¾è â*è¡ôWã�ì¾è%çEê�ì�ëGâ.ò£í¾ë.ç£ø ã¾÷�ë-é�äæí¾ò«â.å_ç·ê�ò£ëGâ.ë(ì�ëGí¾ä�çÍã�òîôæûBönì�è¡é ì¾ëbå_ç��fã�òîé�ë�òîôWã¾ëGì�å%â@ã�òîè%ôæí
ï�òîã¾÷!å�â*è%é�êæäwã¾ëGì���ò«í�ã¾èDõwëbí¾â.ì¾ò£ýYëAã�÷�ëpâ.å_ç«â*äæçîäæí�ýæòîôæõ�òîô�û�÷�ò«í�é�äYí~ò«â.å¡ç]è¡ý���ëbâ@ã�í�ý�øDã�÷�ë�é�ëGå_ôYí�è_öJå�ê�ì�è¡û%ì�å¡é�é�ò£ô�û
ç«å_ô�û%äæå_û%ë¡ù��Fä�ì8å¡òîé ò«í�ã�è ê�ì�è,ðWò«õwë�ã�÷�ë®â.è¡é�êYèWí~ëGì8åDï�åXø ã�è�í¾êYëbâ*òîönø�ê�ì�è¡ê=ë.ì¾ã¾ò£ëGí��æì�å,ã�÷�ë.ì8ã¾÷æå¡ôBâ.å¡ç£â.ä�çîäYí��eå_ôæõ-ã�è
â.è¡é�ê�äwã�ë�å¡äwã¾è%éDå,ã¾ò«â.å¡çîç£ø�ã¾÷æëAì�ëGí¾ä�çîã¾ò£ô�û�é�äæí¾ò«â.å_çeê�ò£ëGâ.ëAönì¾è%é7òÍã�í�í~ê=ëGâ.ò��=â.å,ã�òîè%ôrù���ô(ã�÷�ò«í�êæå_ê=ë.ì��wï
ë�â*è%ôæí¾ò£õwëGì·ã¾÷æå_ã
ã�÷�ë â*è%é�ê=è%í¾ë.ì9å%â@ã�òîè%ô ò«ípç£òîé�òîã¾ëbõÿã�è!è¡ì�û%å¡ô�ò��Gë�í¾è¡é�ëDô�è¡ã¾ëbípòîô ã�òîé�ë¡ù�
ÏëDêæì¾ë.önë.ì�ã¾÷æò£í®ü%äæòÍã�ëDê�ì¾ò£é�òÍã�òîð%ë â*è%ôæâ*ëGêwã
ã�è(ê�ì�è,ð�ò£õwë9å¡ôBò£ô%ã�ä�òîã¾ò£ð¡ë9ã�è�è¡çrã�è�â.è¡é�êYèWí~ëGì�í8å_ôæõ!é®äæí¾ò£â.ò£å¡ôæí�ï�÷�è(÷æåXð¡ë9ôæè_ãFôæëGâ*ëbí¾í�å_ì�ò£çîø-â*è¡é�ê�ä�ã¾ò£ô�û(í¾óWò£ç£ç£íGù�
 ë
âGå_ôDô�è¡ã¾ë�ã�÷æå,ã�å¡â*ã¾äæå¡çYí¾ø�í~ã¾ëGéDíEå_ôYõ�é�èwõwëGç£í
ï�÷�ò«â�÷�ã�å¡ó¡ë�ò£ôWã¾è®å%â.â.è¡ä�ôWã�ò£ô%ã�ë.ì�å¡â*ã¾ò£ðWòîã�ø�í~äæâ�÷ å%í
ã�÷�ë��Fá�� � í~øwí~ã¾ë.é
!#" å_é®ä�ì¾ì�òeë*ã8å¡çfù%$�&'&'(�)]ô�ë.ëbõ ã�è®ý=ë�äæí¾ëAå%â*ä�ì�å,ã�ë8ä�ôæõ�ë.ì�í�ã�å_ôæõwò£ô�û®è_öJâ.è¡é�ê�ç£ë+* â*è%é�ê�äwã¾ò£ô�ûDâ*è%ôæâ*ëGêwã�íGù�,�ð¡ëGô(òîöJå®çîè¡ã
è¡ö·å¡â*ã¾è%ì�íAè_ö�â*è%ôWã¾ë.é�ê=è¡ì�å_ì�ø!â*ì�ëGå,ã�òîè%ôÏõwëbå_ç
ï�òîã¾÷4í¾÷WäYâ�÷ â.è¡ôæâ.ë.êwã�í��rï·ë�ï·å¡ôWãAã�è!â*ë.ôWã�ë.ìpè¡äæìAé�èwõwëGçEå_ì�è¡ä�ôYõ!ã¾÷æë
é®äæí~ò«â.å¡çæç«å_ô�û%äæå_û%ë�ã¾è�å_ç£çîè,ïþâ*è%é�ê=è%í¾ë.ì�í
ã�è�í~ã�å_ì¾ã�ã�÷�ë.ò£ì·â.ì¾ëbå,ã�òîè%ôæí�önì�è¡é é�äæí¾ò«â.å_ç=å¡í¾êYëbâ@ã�í�ì�å,ã¾÷æë.ì�ã�÷æå_ô�â*è¡é�ê�ä�ã¾ò£ô�û
å%í~ê=ëGâ*ã�íGù-
 ëDå_ç«í~èªï�å_ôWãAã¾÷�ëDé�èwõwë.ç�ã�èªýYëDäæí¾ëGõÿönè¡ìpê=ëGõæå_û¡è%û¡ò«â.å¡ç�å¡ê�ê�ç£ò£âGå,ã�òîè%ôæíAýWøÿêYëGè¡ê�ç£ë�ï�÷�è!å_ýæí¾è¡ç£äwã¾ç£øBô�è¡ã
õwëbå_ç�ï�òîã¾÷)â*è¡é�ê�ä�ã¾ò£ô�û!â*è¡ôYâ*ë.ê�ã�íGù�á�ô�è¡ã¾÷�ëGì�ö�å¡â*ãAò«íAã¾÷æå_ãpï
ë�ï·å¡ôWã�å�û¡ëGô�ë.ì�ò£â9ã¾è�è¡ç[ù	
 ë�é�ë*ã9í~øwí~ã¾ëGé�í�õwëbí~ò£û¡ôæëGõ
önè%ìAè%ô�ë�â*ì�ëGå,ã�òîè%ô.�né®äæí¾ò£âGå_ç�ê�ò£ëGâ*ë�è¡ì�é®ä�çÍã�òîé�ëbõwò£å-÷æå¡ê�ê=ë.ô�ò£ô�û/
8ý�äwãpï·ë®ï�å_ôWãAã¾èªí~ëGêæå_ì�å,ã�ë�é®äæí~ò«â.å¡ç�ê�òîëbâ*ëbí8önì�è¡é
â.è¡é�ê�äwã�òîô�ûDå%í~ê=ëGâ*ã�íGù


 ë8í~ã�å_ì¾ã�ã�÷�ò£í·í~ã¾äæõwø�ý�ø®önè�â.äæí¾òîô�û�è¡ô�ã¾ëGé�êYè%ì�å¡çYå¡í¾ê=ëGâ@ã�í�è¡öeò£ôWã¾ëGì�å%â@ã¾ò£è¡ô0�¡ê�äwã¾ã¾ò£ô�û®å%í~ò«õwë'�¡önè%ìEô�è,ï1�Wí~è%ä�ôæõDí¾øWô2�
ã�÷�ëGí¾ò£íGù3��èAå%í�å8ý=ë.û%òîô�ò£ô�ûAï
ë�õwè%ô54 ã�ã�å_ó¡ë�â.å¡ì¾ë·è_öæã¾÷�ë�é�äYí~ò«â.å¡çWêYå_ì�å_é�ë*ã�ë.ì�íNý�ä�ã�è%ô�ç£øpè_öæã�÷�ë�õ�å,ã�ëGíJè_ö=ýYëGû¡ò£ô�ò£ô�ûAå¡ôæõ
ëGôæõ è¡öJí¾è¡ä�ôæõæí.ù�6·äwã�ï
ë�å_ì�ëFåXï�å_ì�ë�è_öNã¾÷�ë�â*è%é�êYå,ã¾ò£ý�ò£çîòîã�øDè_ö�è¡ä�ì�é�èwõwë.çeï�òîã¾÷ªå¡â@ã�äæå_çeí¾ø�í~ã¾ëGéDí
äYí~ò£ô�û�â*è¡ôWã�òîô�ä�è%äæí
â.è¡ôWã¾ì�è¡ç«í.ù0
Ïë�í~ã�å¡ì~ã�ï�òÍã�÷DåFêæòîëbâ*ë�ï�÷�ò«â�÷®ò«í
â*è%é�êæçîë.ã¾ë.ç£ø�â.è¡é�êYèWí~ëbõ�å¡ôæõ�ï·ë�ï·å¡ôWã�ã�èAêæì¾è,ð�ò«õwëEã�÷�ë�â*è%é�ê=è%í¾ë.ì
åAï�åXø
ã�è õwë+�æôæë�åDí~ë.ã�è_ö�êYèWí¾í¾ò£ý�çîëpò£ôWã¾ëGì¾ê�ì�ë*ã�å,ã�òîè%ôæí�è_ö
÷�ò«í�ê�ò£ëGâ.ëpýWø-í~ê=ëGâ.òÍönø�ò£ô�û(í¾òîé�ê�ç£ë�ã¾ëGé�êYè%ì�å¡çNâ*è%ôæí�ã�ì�å¡òîôWã�í�ýYë.ã�ï
ëGë.ô
é®äæí~ò«â.å¡çNè%ý���ëGâ*ã�íGù8á�ç£çîëGô54 í�ã�ë.é�êYè%ì�å¡çNì�ë.ç«å,ã�òîè%ôæí ! á�ç£çîëGô5$�&'798�)�÷æå¡íFý=ë.ë.ô:�æì�í~ã8ò£ôWã¾ì�è�õ�äæâ*ëbõ!òîôBã¾÷�ë®é�äæí¾ò£âGå_çJõwè¡éDå_ò£ô
ý�ø�á�ç«å_ô<;Bå¡ì�í�õwë.ô ! ;Bå_ì�í�õwë.ô>=9?9?'?�)]å_ôYõ�ã¾÷�ëGòîì
çîò£é�òÍã�íE÷æå%í
ý=ë.ë.ô�í~÷�è,ï�ô�önè%ìEé�äYí~ò«â.å¡çæå_ôæå¡çîøwí¾ò£íGù�@�ë.ð%ë.ì¾ã¾÷�ëGçîëbí¾í��,ã�÷�ë.ø
å¡ì¾ëªí~äæê�êYèWí~ëbõ4ã�è ý=ë!í~ä2�Dâ.òîëGôWã�önè%ì�é�äæí¾ò£âGå_ç�â*è%é�êYèWí~òîã¾ò£è¡ô ! 6·ë.äæì¾ò£ð9A�å_ôæõCBFëGí�å_ò£ôWã¾ë+� " å,ã�÷�ë.ì�ò£ô�ë�=9?9?2$D)8å_ôYõ$é�è¡ì�ë
â.è¡ô�ð¡ëGô�òîëGôWã·ã�÷æå_ô!ê=è¡ò£ôWã�í�ì�ë.ç«å,ã�òîè%ôæí��wýYëbâ.å_äYí~ëpé®äæí~ò«â.å¡çrè¡ý2��ëGâ@ã�í�÷æåXð%ëAû%ë.ô�ëGì�å¡çîç£ø(å�õwä�ì�å,ã�òîè%ôrù
ú�÷�äæí�ï
ëpê�ì�è¡ê=è%í¾ëpå
önè%ì¾éDå_ç£ò%�Gå,ã�òîè%ôªè_ö�å_ôBò£ôWã¾ëGì�å%â@ã¾ò£ð¡ë9í�â*è%ì¾ë'��ï�÷�ò«â�÷Bò«í8å í~ã�å_ã¾ò«â�í�â*è¡ì�ë9å_äæû¡é�ë.ôWã¾ëbõ-ï�òÍã�÷!ã¾ëGé�ê=è¡ì�å_ç�ì¾ëGç£å_ã¾ò£è¡ôæí�ý�òîôYõwòîôæû
å¡ôWøÿè_ö�òÍã�ípêæå_ì¾ã�í ! BFëGí�å_ò£ô%ã�ë+� " å,ã�÷�ë.ì�òîôæëAå¡ôæõC6
ì�è¡äYí¾í¾ë�=9?9?98�)E��å_ôYõÿã�÷�ë õwë��æô�òîã¾ò£è¡ô)è_ö�òîôWã�ë.ì�å¡â@ã�òîð%ë�êYè%òîôWã�í��rã�÷æå,ã9ò«í��

$



í~ã�å¡ì~ã�òîô�ûDè%ì8ëGôæõwò£ô�û(õ�å_ã¾ëGí8è_ö
ë.òîã¾÷æë.ì8êYå_ì¾ã�í�è%ì8ô�è¡ã¾ëGí�ã¾÷æå_ãAå_ì�ë9õwò«í�ã�òîôæû¡ä�ò«í~÷æëGõ]ù�ú�÷�ëGô5�eå_ô!ò£ô%ã�ë.ì�ê�ì�ë*ã�å_ã¾ò£è¡ôªè_ö�í¾äæâ�÷
å¡ô ò£ôWã¾ëGì�å%â@ã¾ò£ð¡ëDí�â*è%ì¾ëDâ*è%ôæí¾ò£í~ã�ípò£ô4å¡â*ã¾ò£ðXå_ã¾ò£ô�ûBõwø�ôæå¡é�ò«â.å¡çîç£øÏå¡çîçEòîôWã¾ëGì�å%â@ã�òîð%ë�ê=è¡ò£ôWã�í9õ�ä�ì¾ò£ô�û!ê=ë.ì¾önè¡ì�éDå_ôæâ.ë9�rï�÷�ò£ç£ë
ã�÷�ëAí¾øwí�ã�ë.é>å%í¾í¾ä�ì�ëGíEã¾÷�ë�â*è%ôæí~ò«í~ã¾ë.ôYâ*ø�è_örã�÷�ëAã¾ëGé�ê=è¡ì�å_ç=ì�ë.ç«å,ã¾ò£è¡ôYíEè¡örã¾÷�ëAì�ëGí¾ä�çÍã�òîôæû®ê�ò£ëGâ.ë¡ù���ôWã¾ëGì¾ê�ì�ë*ã�å,ã�òîè%ô ò£í
ã�÷WäYí
ç£òîé�òîã¾ëbõ ã�è9ã¾ò£é�òîôæû®è¡örã¾÷�ë�í�â*è¡ì�ë8ëGð¡ëGô%ã�í.ù �8ã¾÷æë.ì·ë.ð¡ëGôWã�í·å_ì�ë8ô�è¡ã
ã�å_ó¡ëGô ò£ô%ã�è�å%â.â.è¡ä�ôWã
ò£ô ã�÷�ë�í~øwí~ã¾ë.é ê�ì�ëGí¾ë.ôWã�ëGõDò£ô
ã�÷�ò£í�êæå_ê=ë.ìbù
ú�÷�ëFòîôWã�ë.ì�ëGí~ã
è_ö]ã�÷�ò«í·í~ã¾äYõwø�ò£íEã�ï
è¡önè¡ç«õ]ù � òîì�í�ã�çîø'�%ò£ôWã¾ëGì¾ê�ì�ë*ã�å,ã�òîè%ôDè_ö�å�ï�ì¾òîã~ã�ë.ô ê�ò£ëGâ.ëFâGå_ô ý=ë8önè%ì¾éDå¡çîç£ø�õ�ë+�æô�ëbõ

ý�øBã�÷�ë(â.è¡é�êYèWí~ëGì9å¡í9å!í¾ë*ã9è¡ö·ëGð¡ëGô%ã�äæå_çEê�òîëbâ*ëbípì¾ëbí~äæçÍã�òîô�û-önì�è¡é ã¾÷�ëDã�ë.é�ê=è¡ì�å_çEâ.è¡ôæí~ã¾ì�å_ò£ôWã�íAã¾÷Yå,ã9ý�ò£ôæõ)é�äYí~ò«â.å¡ç
ëGð¡ë.ôWã�í.ù3��ô-ã¾÷Yå,ã�ï�åXø9��ã¾÷æë�â*è%é�ê=è%í¾ë.ì�âGå_ô!õwëGí�â*ì�ò£ýYëpå�ó�òîôYõ�è¡ö�õ�ë.û¡ì�ë.ë�è¡öNönì�ë.ëGõ�è¡é û%òîð%ë.ô�ã¾è�ã�÷�ëpé�äæí¾ò«â*ò«å_ô5�wï�÷�ò£ç£ë
÷�ëAû¡ë.ã�íEã¾÷�ë�â*ëGì~ã�å_ò£ôWã�ø�ã�÷æå,ã·ã¾ëGé�ê=è¡ì�å_ç=ì�ë.ç«å,ã¾ò£è¡ôYíE÷�ëAí~ê=ëGâ.ò��YëGõ ý=ë*ã�ï·ë.ëGô(é®äæí~ò«â.å¡çYëGð¡ëGô%ã�íEï�ò£ç£ç=å¡çîï�åXøwí�ý=ëAí�å,ã�ò£í �æëGõrù
��ëbâ*è%ôæõwç£ø9�wã�÷�ë9í¾å¡é�ëpê�òîëbâ*ë9âGå_ô-ýYë9ò£ôWã¾ëGì¾ê�ì�ë*ã�ëGõ�òîô!í¾ë.ð%ë.ì�å_çeï·åXøwí��wý�ø(ð,å_ì�ø�òîô�û�ò£ôWã¾ë.ì�å¡â*ã¾ò£è¡ô-êYè%òîôWã�í�å_ôæõ�ã¾ëGé�êYè%ì�å¡ç
ì�ë.ç«å,ã�òîè%ôæí�ý�ø�åDí¾òîé�ê�ç£ë9ëbõwòÍã�òîè%ô!è_ö�ã¾÷æë9òîôWã�ë.ì�å¡â@ã�òîð%ëpê�ò£ëGâ*ë%ù·ú�÷�äæí���ã�÷�ë9ê�ò£ëGâ.ë�â*è%ä�ç«õªýYë�å%õ�å_ê�ã¾ëGõ�ã�è(å_ô�ø�í¾òîã¾äæå_ã¾ò£è¡ô
ò£ô!å®ð%ë.ì�ø í~ò£é�ê�ç£ëpï·åXø'��å¡â.â.è¡ì�õwò£ô�û9ã�è�ã¾÷�ëpéDå,ã�ë.ì�ò£å¡ç]å_ôæõ-é�äYí~ò«â*ò«å_ôæí
ã�÷æå,ã8å¡ì¾ëpåXð,å_ò£ç£å¡ý�ç£ë8önè%ì�êYëGì~önè%ì¾éDå_ôYâ*ë¡ù


 ë8ýæå%í~ëFè¡ä�ì·å_ê�êæì¾èWå¡â�÷Dè_öré®äæí¾ò£âGå_ç=òîôWã¾ëGì�å%â@ã�òîð�òîã�ø®è%ôDã¾÷�ëAï·è¡ì�ó®è¡ö��¡ëbå_ô �Få_ä�ì�ø�å¡ýYè%äwãEã�÷�ëAé�äæí¾ò£âGå_ç=òîôWã�ë.ì�ê�ì¾ë��
ã�å,ã¾ò£è¡ô ! �8å¡ä�ì�ø>� �8å¡ä�ì¾ø�å_ôæõC�wâ�÷�é®äwãD�'$�&9&'7�)[ù3�8ëFí¾÷�è,ï
ëbõ®ã¾÷æå_ãEã¾÷æë�òîôWã�ë.ì�ê�ì¾ë.ã�å_ã¾ò£è¡ô�è_öNåpé®äæí¾ò£âGå_ç�ê�ò£ëGâ.ë8ò«í�ê=è%í�í~ò£ý�ç£ë
ã�÷�ì¾è%ä�û¡÷����	��

�������������������������(ã�÷æå,ã�å_ì�ëDã¾÷æë(ã�ì¾ò£û¡û%ë.ì�å¡ôæõ)ã¾÷æë�ì�ë.ç£ëGå%í~ëDè¡ö�ã¾÷�ë�ô�è_ã�ëGí�å_ôæõñå_ç«í~èBï�òîã¾÷ñêæå_ì�å_é�ë*ã�ë.ì�í
è¡ö�ëbå¡â�÷)ô�è¡ã¾ë í¾äæâ�÷4å¡í9òîã�í9é�å¡û¡ô�òîã¾äYõwë¡ùªú�÷�ë ò£ôWã¾ë.ì�ê�ì�ë*ã�å,ã¾ò£è¡ô önè%ìpã¾÷�ë(ê�ç£åXø%ë.ì9â.è¡ôæí¾ò£í~ã�í9òîô$â�÷�è�èWí~ò£ô�û-ã¾÷�ë�õ�å,ã�ë è_ö
ë�*�ëbâ*äwã�òîè%ô�è¡öæã¾÷æë����	��

��������������������������å¡ôæõ9ð,å_ç£ä�ëbíJönè¡ìJã¾÷�ë�è¡ã¾÷�ëGìJêYå_ì�å_é�ë*ã�ë.ì�í.ù5��ô®ã¾÷æë�âGå¡í¾ë
è¡öYò£ôæí~ã¾ì�ä�é�ë.ôWã�å¡çWé®äæí¾ò£â9�
ã�÷�ë�â.è¡é�ê=è%í¾ë.ì8âGå_ôÿõwë��æô�ë�å_ôæõ!ç£ò£é�òîãAã¾÷�ë�êYèWí¾í¾ò£ý�òîç£òîã¾ò£ëGí�è¡öEò£ô%ã�ë.ì�ê�ì�ë*ã�å_ã¾ò£è¡ôªï�òîã¾÷Ïå¡ô�ô�è¡ã�å,ã�òîè%ôæí�è%ô!ã¾÷æë®í�â*è¡ì�ë�í¾äæâ�÷
å%í
éDå¡û¡ô�òîã¾äæõ�ëAò£ôæõwò«â.å_ã¾ò£è¡ôæí1��ê�ò«å_ô�è>��önè¡ì¾ã¾ë9��â.ì¾ëbí¾â.ë.ôæõ�èæù£ùîù 
pè%ì
ã�ë.é�ê=èDðXå¡ì¾ò«å,ã�òîè%ôæí ��å%â.â*ëGçîëGì�å¡ôæõwè>�%ì�ä�ýæå_ã¾èæù£ù£ù 
*ù���ô-è¡äæì
í~ã¾äæõ�ø9��ï·ë(ç£òîé�òîã�è%ä�ì�í~ëGçîð%ëGí�ã�èÏï�÷æå_ã �%ëGå¡ô.�8å¡ä�ì¾ø4âGå_ç£ç£í9ã¾÷�ë"!~å¡û¡è%û¡ò«â�é�èwõwò��YâGå,ã¾ò£è¡ôYí$# ã�÷æå,ã�ò£í�ã¾÷æë&%æäYâ@ã¾äYå,ã¾ò£è¡ôYí
è¡ö8í~ê=ë.ëbõ4ã¾÷Yå,ã�ã�ë.é�ê=è¡ì�å_ç£çîø4â�÷æå¡ô�û¡ëDã�÷�ë ã�ë.é�ê=èæù ��ì�ëGâ*ò«í¾ë.ç£ø9�Jã¾÷�ëbí~ë�é�è�õ�ò��YâGå,ã�òîè%ôæí®å¡ì¾ë(êYèWí¾í¾òîýæçîë(ã¾÷æå¡ô�ówí9ã�èBã¾÷æë
���	��

���'�
�������(�������	���*)8ã�÷�ë�ê�ç£åXø%ë.ì�â.å¡ôÏå¡âGâ*ëGçîëGì�å_ã¾ë�è%ìpí~ç£è,ï õwè,ï�ôBã�÷�ë�ã¾ëGé�ê=è-ã¾÷�ì�è¡äæû¡÷Bã�÷�ëDõ�å,ã�ëGíAè_öEã¾÷�ë�ã¾ì�ò£û¡û¡ëGì
å¡ôæõ ã�÷�ëpì�ë.ç£ëGå¡í¾ë�è_ö�ã¾÷�ëpô�è¡ã¾ëbí.ù
� ò£ôæå_ç£ø è¡äæì�û¡è%å¡ç]ò£í�ã¾è�ê�ì�è,ðWò«õwëpå�é�è�õ�ë.ç]önè%ì8â*ì�ëGå_ã¾ò£è¡ô�å¡ôæõ-ë+*wëGâ.äwã¾ò£è¡ôªè¡ö�é�äYí~ò«â.å¡çrê�ò£ëGâ*ëbí.ù3��ô-ã�÷�ò£í�é�èwõwëGç]ã¾÷æë

í¾êYëbâ*ò��Yâ.å_ã¾ò£è¡ôÏè_ö·å�ê�ò£ëGâ.ë®é®äæí�ãpý=ëDâ*ç£è%í¾ë�ã�è�é®äæí~ò«â.å¡ç�ç£å¡ô�û¡äæå¡û¡ë,+rönè¡ìAã�÷�ë�é�è%é�ë.ôWãAï·ë®önè�â.äæí�è¡ôæçîø!è%ôBã¾ëGé�êYè%ì�å¡ç
å%í~ê=ëGâ*ã�í�å_ôæõ�õwò«í¾â.ì¾ë.ã¾ë�â*è¡ôWã�ì¾è%ç£í��Wã¾÷�ëGì¾ë.önè¡ì�ë8ï·ëFï�å_ôWã·ã¾÷�ë�éDå¡â�÷�ò£ô�ëFönè¡ì�ë+*wëbâ*äwã�òîè%ô ã¾è�ý=ëAû%ë.ô�ëGì¾ò«âAå_ôæõ(ô�è_ã�í¾êYëbâ*ò��Yâ
ã�è�ëbå¡â�÷-ê�ò£ëGâ*ë%ù

- .0/21-Û3/546/�Ù®Ú67�Ú�à*Ü�Ù Ü�894Nß·ÜpÛ:/54

��ô!ã�÷�ò«íFí¾ëGâ*ã¾ò£è¡ô5�Yï
ë�õ�ë+�æô�ë�önè¡ì�éDå_ç£çîø�ã¾÷�ë�õ�å,ã�å í~ã¾ì�äæâ@ã�ä�ì¾ëbí�ã¾÷Yå,ãAå¡ì¾ëpôæëGâ*ëbí¾í�å_ì�ø ã�è(ê�ì�ëGí¾ë.ôWã�ã�÷�ë�é�èwõwë.ç[ù�
 ë®âGå_ç£ç
���	��

���'�
����;<
=�
�>����
��¡å8í�â*è%ì¾ë
é�ëGçÍã�òîôæû�í~ã�å_ã¾ò«âEëGð¡ëGô%ã�í�å_ôæõ�òîôWã¾ëGì�å%â@ã�òîð%ëEë.ð%ë.ôWã�íNã¾÷Yå,ã�å_ì�ëEý=è¡ä�ôYõ�ý�ø9åAí~ë.ãJè¡öYê�ì�è¡ê=ë.ì¾ã¾ò£ëGíGù

?2@�A BDCFE3C�GIHJB2HLKNM�O

 ëEâ*è%ôæí¾ò£õwëGìeã¾÷æå_ãrã¾÷æë�í�ã�å,ã¾ò«â�í�â*è%ì¾ë�ò«írí�ã�ì¾äYâ@ã¾äæì¾ëbõFò£ôpå·ã¾ëGé�ê=è¡ì�å_ç¡÷�òîëGì�å¡ì�â�÷�ø ! 6·ë.ä�ì�òîð'Apå_ôæõ B8ëbí¾å¡òîôWã�ë+� " å,ã¾÷æë.ì�òîô�ë = ?'?2$ )[ù
��ôªã�÷�ò£í8êæå_ê=ë.ì��æï·ë�önèwâ*äæí8è¡ôªã�÷�ëpã¾ëGé�êYè%ì�å¡çrè¡ì�û%å¡ô�ò��bå,ã�òîè%ô�è¡öJã�÷�ë�í�â*è%ì¾ë'�æí~ò£ôæâ.ë9í~è%ä�ôæõªì�ë.ê�ì�ëGí¾ë.ôWã�å_ã¾ò£è¡ô-ò£íFå_ô�è¡ã¾÷�ëGì
í¾ä�ý���ëbâ@ã8å_ôYõ(òîã�ò£í�ô�è_ã�ò£ôWð%ëGí~ã¾ò£û%å_ã¾ëGõ(÷�ë.ì�ë¡ù
P ë*ã�äæí�â.è¡ôæí¾ò«õwë.ì�ã�÷æå,ã8åDí~ã�å_ã¾ò«âpí¾â.è¡ì�ëAò«í�åDí¾ë*ã�è¡öJô�è¡ã¾ëbí.ù ,
å¡â�÷ªô�è_ã�ëpè_öJã¾÷�ë®í¾â.è¡ì�ëAò«í�ì�ë.ê�ì�ëGí¾ë.ôWã�ëGõ ý�ø-å�ã¾ä�ê�ç£ë')

n Q < s
�
e
�
d
�
a
�
l >

�æï�÷�ë.ì�ë
s
ò«í�ã�÷�ë�í~ã�å_ì¾ã¾ò£ô�ûDõ�å_ã¾ë9è¡ö�ã�÷�ë9ô�èwõwë

n
�
e
ò£í�ã¾÷�ëpëGôæõwò£ô�û(õ�å_ã¾ë'�

d
ò«í�ã¾÷æë�õwä�ì�å,ã�òîè%ô5�

a
ò£í�å�í¾ë*ã�è_öJé�äæí¾ò«â.å_çrå_ã~ã¾ì�ò£ý�äwã¾ëbí�å_ôYõ

l
ò«í�ã¾÷�ëpç£ò«í�ã�è¡öJâ�÷�ò£ç£õ�ì¾ëGô�è¡ö

n
ù3
Á÷�ëGô

l
ò«í�ëGé�ê�ã�ø9��ã¾÷æëpô�èwõwëpò£í�å�ç£ëGå_ö�ù P ë.ã

äæí8êYè%òîôWã8è%äwã�ã�÷æå,ã8ò£ôªã¾÷æò£í8êæå_ê=ë.ì��YåDí¾òîé�ê�ç£ë9ç£ëGåXð%ëAò«í8âGå_ç£çîëbõ!å�ô�è_ã�ë9�=å¡í�ï·ë.ç£ç�å%í�å�ô�è_ã�ë�â*è%ôWã�å_ò£ô�ò£ô�ûDè_ã�÷�ë.ì8ô�è_ã�ëGíGù
P ë*ã�äæí�é�è¡ì�ë.è,ð%ë.ì�õwë+�Yô�ë�ã�ï
è�önä�ôYâ@ã¾ò£è¡ôYí·önè¡ì�ã�÷�ë�ô�è_ã�ëGíR)

s
å¡ôæõ

e
��í¾äæâ�÷�ã¾÷æå_ã�)

önè%ì
n Q < s

�
e
�
d
�
a
�
l >

�
s(n) Q s

å_ôæõ
e(n) Q ë
 ë�â*è%ôæí¾ò£õwëGì�ã¾÷Yå,ã8ã�÷�ë®í~ã�å_ã¾ò«â9í�â*è¡ì�ëpò«í8â*è%é�ê�çîë.ã¾ëGçîøªí~ê=ëGâ.ò��YëGõ]ù�ú�÷æå_ã8ò«í��=ë.ð%ë.ì�ø(êæå¡ì�å¡é�ë.ã¾ëGì�÷æå¡í8ýYëGë.ôBû%òîð%ë.ô!å

ð,å_ç£ä�ë'�æí~è®ã¾÷Yå,ã�ã¾÷æë9í¾â.è¡ì�ëAâGå_ôªýYëpêæç£åXø%ëGõ ï�òîã¾÷æè¡äwã8å¡ôWø(òîôWã¾ëGì�å%â@ã�òîè%ôrù
P ë*ã�äæí·ô�è,ï2ê�ì�ëGí¾ë.ôWã�å_ô�ë+*�å_é�ê�ç£ëAè_öJí¾äæâ�÷ªå®í�â*è%ì¾ëFòîô � ò£û¡ä�ì�ë $%ù���ô(ã�÷�ò£í�ë�*�å_é�ê�ç£ë9�Wã¾÷�ë9í�â*è%ì¾ëFï�òîç£ç]ý=ë�õ�ë+�æô�ëbõ

å%í·önè¡ç£çîè,ï�í�)
P Q < 0

�
25
�
25
�
aP

�
(A
�
B
�
G) >

ï�÷æë.ì�ë')

• A Q < 1
�
7
�
6
�
aA

�
() >

• B Q < 9
�
24
�
15
�
aB

�
(C
�
D
�
E
�
F ) >

ï�÷�ëGì¾ë
C Q < 1

�
6
�
5
�
aC

�
() >

�
D Q < 6

�
13
�
7
�
aD

�
() >

�
E

Q < 6
�
8
�
2
�
aE

�
() >

�
F Q < 7

�
12
�
5
�
aF

�
() >

• G QTS 12
�
19
�
aG

�
() >

=



?2@�? ��� O�� C��
ú�ï
èDëGð¡ëGô%ã�í8å¡ì¾ë9å%í¾í¾èwâ*ò«å,ã¾ëbõ�ã¾è(å�ô�è¡ã¾ë'�Yï�÷�ò«â�÷Bå_ì�ë�ã¾÷æë�í�ã�å_ì¾ã¾ò£ô�û(å¡ôæõ-ã¾÷�ë�ë.ôæõwò£ô�û ëGð¡ëGô%ã�í.ù ��ôBå í~ã�å_ã¾ò«â9í�â*è¡ì�ë9�Yå_ç£ç
ëGð¡ë.ôWã�í�å_ì�ëAâ.è¡ôæí¾ò£õ�ë.ì�ëGõ(ã¾è�ýYë9í~ã�å_ã¾ò«â_ù�ú�÷�ëGø(å_ì�ë�ç£å¡ä�ôæâ�÷�ëbõ�å¡äwã¾è%éDå,ã¾ò«â.å¡çîç£øDý�ø ã�÷�ë9â*è%é�êæäwã¾ëGìGù
���
	���
���
���������� 

�

s � 
 �"� �$����������� ����
��2����

;<

���D� � �&� ��� ��� 
 ε  "! ���N�$#&%('�
���
*)
•
� � � �"�L���$
 �,+��.-

•
�
∈ / � �$��� �0� 
���1�2�� � ��'�
 �43>��
 �5+R��'�
 

;<

���0-

ú�èAõ�ë+�æô�ë�å¡ô®ò£ôWã¾ëGì�å%â@ã¾ò£ð¡ë�í�â*è¡ì�ë9�_å�í¾ë*ã
è_ö=ë.ð%ë.ôWã�í�÷æå%í�ã¾èpý=ë�â�÷æè%í¾ë.ô®ã¾èpå¡õwé�òîã
òîôWã¾ëGì�å%â@ã�òîð%ë
ê=è¡ò£ôWã�íGù���äYâ�÷®ëGð¡ë.ôWã�í
å¡ì¾ëpâ*è%ôæí¾ò£õwëGì¾ëbõ ã�èDýYëpò£ôWã¾ëGì�å%â@ã¾ò£ð¡ëpå¡ôæõªå¡í�í~èwâ*ò«å,ã�ëGõ(ã¾è å�õwò«í¾â.ì¾ë.ã¾ë9â.è¡ôWã¾ì�è¡çrâ.è¡é�òîôæû®önì�è¡é å�êYëGì¾ò£ê�÷�ëGì�å¡ç£í��æå_ôYõ(ï�ò£çîç
ý=ëpë+*wëGâ.äwã¾ëbõ-òîô-ì¾ëbå_çeã�òîé�ë9õwä�ì�ò£ô�û�êYëGì~önè%ì¾éDå_ôYâ*ë�ý�ø(å�é�äæí¾ò£â.ò£å¡ôrù
���
	���
���
����768��� 

�N� � 
 �"� �$����������� ����
��2��� ���	��

���'�
����;<
=���������5��� � � � �,�>�9� ��� 
 �  "! 
�� �:#;%('�

��
<)

•

R� � ����
�;�

���5�5+��

•
�
∈ = � � �>1�� ���
��

��
 � ���	�����9�?+ ���9@ �,�>����������� ��

� =BA ��;<

� � 3"��'�
 
��	����3 ��
�� � �C'�

����� �ED

���
	���
���
����GF��<� 

�5� � 
 �*� ��������� ��� ����
�� ��� �����$

���'�
����;�
&

;�
��	�=� �"��� 
�;�

��� 
,�5+ �H�5�H���H'���'���� �I'�
���� 
.J�� � ��� ������	��

���'�
����;<
5���������D�  K! 
E� �:#LD
?2@4M N
� C O M�E:H C�G5� O B5HLKNM�O
P ë*ã�äæí�õwë��æô�ëpå,ã�ã¾÷æò£í�ê=è¡ò£ôWã�è¡öNã�÷�ëpêæå_ê=ë.ì�ï�÷æå_ã�ò£í�ë�*wå%â@ã�çîø å¡ô�ò£ôWã¾ë.ì�å¡â*ã¾ò£ð¡ëAí¾â.è¡ì�ë¡ù � è%ì
ã�ë.é�ê=è¡ì�å_ç]í~ê=ëGâ.ò��=â.å,ã�òîè%ôæí��
òîã�òîô�ð%è¡ç£ð¡ëGí·ëGçîëGé�ëGôWã�í·ã¾÷Yå,ã8å_ì�ë�òîôWã�ì¾èwõwäæâ.ëGõ�òîô-ã�÷�ëpô�ë+*�ã�í¾ëGâ@ã�òîè%ôrù
���
	���
���
����PO(��Q � �����$
�����������;�
��
� ���>
�� �R1'
0SN�L
H1 � 3&�"�4� ��� 
R@  K! �H�:�T� �H�L��#;%('�

��


•
��� � �"� �$����������� ����


•
� � � � �

��2�5+R���	��

����������;<
 

;<

�����

•
�=� � � �


� �,+ �$
U@=�������9�L��
E� ����������� �  (a, n1, n2)

�<� �
∈
Q �

n1 ∈
@<�

n2 ∈
@V%('�
���
 Q � � ��'�
 �


� �5+ Q �I� 

��W �

��
U� �����������ED
•
� � � � �


� �5+��0� ��� 
�� ! ∆

�
σ
�
ρ
#X%('�

��


∆
� �R� ���I@ 
����	��

� ;<�9��� � �U� � � ��� A ���*�H� σ � �R� � �����0�F�RY � ��
 �:Z�� � � 
 ���� � � ��
 �:Z�� � � 
5[ ����1 ρ

� � ���L� ����� ���43\Y�'F� A ' ���]� ��%�[?D
^ 
 �_'��9�I��1'

� ����
 � 3 Σ(m)

��'�
 �


�2�,+�
�;�

�������,+
m
D

?2@�` ��� O�� C7a�M�Ecbed
á8ô-ëGð¡ëGô%ã�û%ì�å¡ê�÷(ò«í�å_ôªõwò£ì¾ëbâ@ã�ëGõ-û¡ì�å_ê�÷0�Wï�òîã¾÷!å�í¾è¡ä�ì�â*ëpå_ôYõ(ï·ë.ò£û¡÷Wã¾ëbõ�å¡ì�âGí��Wönè%ì¾éDå_ç£ç£ø )

G Q < V
�
A
�
f
�wý8f

ï�÷�ëGì¾ë
V
ò£íEã¾÷æëFí¾ë*ãEè¡öeð%ë.ì¾ã¾ò«â*ëbí��

A ⊂ V ×V
�
f
ò£í
å�önä�ôæâ*ã¾ò£è¡ô ç«å_ý=ë.ç£çîò£ô�û9ëbå¡â�÷ å¡ì�â�ý�ø�òÍã�íEõwäæì�å_ã¾ò£è¡ô )

f : A −→ N
�

b ∈ V
ò«í�ã�÷�ë9í~è%ä�ì�â*ë¡ù � è%ì�å_ôªò£ô%ã�ë.ì�å¡â*ã¾ò£ð¡ë�í¾â.è¡ì�ë

s
��ï·ëpõwë+�æôæë9å_ô!å¡í�í~èwâ.ò£å_ã¾ëGõ(ë.ð%ë.ôWã�û¡ì�å_ê�÷-í~äæâ�÷-ã�÷æå,ã

V = Σ(s)
�

ï�÷�ëGì¾ë
Σ(s)

ò«í�ã¾÷æë9í~ë.ã�è¡öJëGð¡ëGô%ã�í·è_ö
s
ù

g h 1 /�ß
à�iªßD7�Ú�à*Ü9Ù Ü�87j /lk 1ÏÜ9Û37�mon Û�ÜR1 /�ÛNÚ�à
/54
��ò£ôæâ.ë(ã�÷�ë-â.è¡é�ê=è%í¾ë.ì®âGå_ô$ò£ôWã¾ì�èwõwäæâ*ë�òîôWã�ë.ì�å¡â@ã�òîè%ô$ê=è¡ò£ô%ã�í�ò£ôWã¾è ÷�ò«í®í�â*è%ì¾ë'��ã�÷�ëªõ�å,ã�ëGí�è_ö8í¾è¡é�ë(ëGð¡ëGô%ã�í9ã�÷æå,ãDå_ì�ë
ï�ì�òÍã¾ã¾ëGôÏò£ô ã¾÷�ë í~ã�å_ã¾ò«â�í�â*è%ì¾ë�ï�ò£çîç
ý=ëDô�èªé�è¡ì�ë®ì�ëGí¾êYëbâ@ã�ëGõ]ù ��ô è¡ì�õwë.ìAã¾è!êæì¾ëGð¡ë.ôWãAã¾÷�ëDêæòîëbâ*ë�önì¾è%é ý=ë.ò£ô�û-ã¾è_ã�å_ç£çîø
õwëbí�ã�ì¾äYâ@ã¾äæì¾ëbõ�å¡ôæõ®ã¾è9õwë��æô�ë�é�è¡ì�ë�ê�ì�ëGâ.ò£í¾ë.ç£øpã¾÷æë�önì¾ëGëGõwè%é è_öeã�÷�ë�é�äæí¾ò«â*ò«å_ôDõwä�ì�òîôæûpêYëGì~önè%ì¾éDå_ôYâ*ë9�¡òÍã�ò«í
ô�ëbâ*ëGí�í�å_ì�ø
ã�èªí¾ê=ëGâ*òîönøBã�ë.é�ê=è¡ì�å_ç�ì¾ëGç£å_ã¾ò£è¡ôæíAý=ë*ã�ï·ë.ëGôÿã�÷�ëDô�è_ã�ëGí��rì�ë.ç«å,ã¾ò£è¡ôYí8ã�÷æå,ã9ï�ò£ç£ç
ýYëDû%äæå_ì�å_ôWã¾ëGëGõBõ�ä�ì¾ò£ô�ûªê=ë.ì¾önè¡ì�é�å¡ôæâ*ë%ù
ú�÷�ëbí~ë�ì�ë.ç«å,ã�òîè%ôæí�å_ì�ë8ã�÷�ë9á�ç£ç£ë.ô54 í�ì�ë.ç«å,ã¾ò£è¡ô ! á8çîç£ë.ô0$�&97'8 )rã�÷æå,ã�å_ì�ë�ê�ì�ëGí¾ë.ôWã¾ëbõ(ò£ô-ã¾÷�ë �æì�í~ã�í¾ä�ýæí¾ëGâ*ã¾ò£è¡ôrù
á8çîç£ë.ô54 íAì¾ëGç£å_ã¾ò£è¡ôæí8ê�ì�è,ðWò«õwë�å ï�åXø�ã�è�í¾êYëbâ*òîönøÿå êYå_ì¾ã¾ò«å_çJè¡ì�õwë.ìFè_ö
å¡ê�êYëbå_ì�å_ôæâ.ë9è_öEã¾÷�ë�ë.ð%ë.ôWã�íAõwä�ì�òîôæû�ê=ë.ì¾önè¡ìD�

éDå_ôYâ*ë¡ù��Qö=ã¾÷�ë�ð,å¡çîä�ëbí�è_ö]õwä�ì�å,ã�òîè%ôæí
å_ôæõ®ã�òîé�ë�ò£ô%ã�ë.ì�ð,å_ç«íJã¾÷æå_ãEå_ì�ë·ï�ì�òîã~ã¾ëGô�òîôWã¾è�ã�÷�ë�í�â*è¡ì�ë�å_ì�ë·önè¡ì�û¡è_ã¾ã¾ëGô5�,ã¾÷æë.ô5�Wå_ç£ç
ò£ôWã¾ë.ì�å¡â*ã¾ò£ð¡ë�ëGð¡ë.ôWã�í�ï�ò£çîçY÷æåXð¡ë�åp÷æòîû%÷ ê�ì�òîè%ì¾òîã�ø9�¡å¡ôæõDï�ò£çîçYýYëAå_ý�ç£ë�ã�è9ì¾ëbõwäæâ.ë8å_ô�ø®ã¾ò£é�ë8òîôWã¾ëGì¾ð,å¡çfù�
 ë8í~äæê�êYèWí~ë�ã¾÷æå_ã

8



ã�÷�ò£í�ó�ò£ôæõBè¡öEé�ëGâ�÷æå¡ô�ò«í~é&ï·è¡ä�ç«õBôæè_ãpå_ç£ï·åXøwíAâ*è¡ì�ì�ëGí¾êYè%ôæõ-ã¾è-ã¾÷æë®ï�ò£çîç
è¡ö�ã¾÷æë�â.è¡é�ê=è%í¾ë.ìbù9á8í�å(éDå_ã~ã¾ëGì�è_ö�ö�å%â@ã��
å¡ôWø�ã�òîé�ëAòîôWã¾ëGì¾ð,å¡çeí¾ë.êYå_ì�å,ã¾ò£ô�û�å¡ô ë.ð%ë.ôWã

e1
önì¾è%é>å_ô�è¡ã¾÷�ëGì
ëGð¡ëGô%ã

e2
�
e1
å¡ôæõ

e2
ý=ë.ò£ô�û�ë.òîã¾÷�ëGì�í�ã�å_ì¾ã¾ò£ô�û�è%ì
ëGôæõwò£ô�û

ëGð¡ë.ôWã�í�è_öNã¾÷�ëAí¾å¡é�ëFô�è_ã�ë8è%ì
õwò��=ëGì¾ëGôWã·ô�è¡ã¾ëbí��Wò£í·â*è%ôæí¾ò£õwëGì¾ëbõ�önì¾è%é7å9é�äYí~ò«â*è%çîè%û¡ò«â.å_çæêYè%òîôWã
è¡örð�òîëGï ! � è¡ì¾ã¾ë9$�&97'?�)eå%í
å�õwä�ì�å,ã�òîè%ôrù
ú�÷�äæí���ëGð¡ë.ì�ø�ã¾ò£é�ëpòîôWã�ë.ì�ðXå¡çeé�åXøDý=ë�òîô�ð%è¡ç£ð¡ëGõ(òîô�ã¾÷æëpì¾÷�øWã¾÷�é�ò«âFí~ã¾ì�äæâ*ã¾ä�ì�ë�è_öNã�÷�ë�é�äæí¾ò«â.å_çeê�ò£ëGâ.ë9��å%í
å(ýæå¡í¾ò£â�ë.ç£ë.é�ë.ôWã��eå¡ôæõªã�÷�ë�â.è¡é�ê=è%í¾ë.ìFí¾÷�è%ä�ç£õÿõwëGâ.ò£õwë�è_ö
ã�÷�ë�òîé�ê=è¡ì¾ã�å_ôYâ*ë�è¡ö�ëGå%â�÷Bè_ö
ã�÷�ë.éªù � è%ì8ã�÷æå,ãAê�ä�ì�êYèWí~ë'�
ï·ë ê�ì�è¡ê=è%í¾ë åBû%ë.ô�ëGì�å¡çîò%�Gå_ã¾ò£è¡ô è_ö�ã¾÷æë ã¾ëGé�êYè%ì�å¡ç�ê�ì�è¡ê=ë.ì¾ã¾ò£ëGí9è¡ö8á�ç£çîëGô5��çîëbå¡õwò£ô�û!ã�èÏå!é�è%ì¾ëDê=è,ï
ëGì~önäæç�ã¾ëGé�êYè%ì�å¡ç
í¾êYëbâ*ò��Yâ.å_ã¾ò£è¡ôrù	��ôÏè%ì�õwëGì8ã�è�ë�*wê�ì¾ëbí¾íFã�÷�è%í¾ë�ã�ë.é�ê=è¡ì�å_ç�ê�ì�è¡ê=ë.ì¾ã¾ò£ëGí��=ï·ë�ô�ë.ëbõBã�è-õwò��eë.ì�ë.ôWã¾ò«å,ã�ë®ã�ï·è(ó�ò£ôæõ�í�è¡ö�ã¾ò£é�ë
önä�ôYâ@ã¾ò£è¡ôYí

•
ú�÷�ëpå_ýæí¾è¡ç£äwã�ë�õæå,ã¾ëAönä�ôYâ@ã¾ò£è¡ô

t
è_ö�ë.ð¡ëGôWã�í·ã¾÷Yå,ã�å_ì�ë�ï�ì¾òîã~ã�ë.ôªòîô-ã�÷�ëpí¾â.è¡ì�ë'+

•
ú�÷�ëpå_ýæí¾è¡ç£äwã�ë�õæå,ã¾ë

t′
è¡öJëGð¡ëGô%ã�í�õwä�ì�òîôæû�ê=ë.ì¾önè¡ì�éDå_ôæâ.ë'+

M2@�A � O��;bRKNM�E����9O�� E3C�G K �e���RO C
	 O O���� K C O��
á8çîç£ë.ô54 í�ì�ë.ç«å,ã¾ò£è¡ôYíAå¡ì¾ë®ì¾ëGê�ì�ëGí¾ë.ôWã¾ëbõBè¡ô �æû¡äæì¾ë =wù�ú�÷�ë.øÿå¡ì¾ë�õwë��æô�ëGõÏý=ë*ã�ï·ë.ë.ôÏã¾÷æë�ôæè_ã¾ëbí�å_ôæõÏô�è_ãpý=ë*ã�ï·ë.ëGôBã¾÷æë
ëGð¡ë.ôWã�í.ùJú�÷�ò£í
õ�ë+�æô�òîã¾ò£è¡ô�í~ëGë.éDíJé�è¡ì�ë·â.è¡ô�ð¡ëGô�òîëGôWãNönì�è¡éÒè¡äæìJê=è¡ò£ôWã
è_öæð�ò£ë.ï$önè%ì�ï�ì¾òîã¾ò£ô�ûAòîôæí~ã¾ì�ä�é�ë.ôWã�å_ç�é�äæí¾ò«âEäæí¾ò£ô�û
ô�è¡ã¾ëbí�ã�÷æå_ô(å�õwë+�æôæòÍã�òîè%ô ýæå¡í¾ëGõ è¡ôDë.ð%ë.ôWã�í
ï�÷�ò«â�÷Dï
è%ä�ç«õDýYëAâ*ç£è%í¾ë.ìEã¾è®å9ê�ì¾è%û¡ì�å_é�é�òîôæû9å_ê�ê�ì�è%å%â�÷rù @8ë.ð%ë.ì¾ã¾÷�ëGçîëbí¾í��
á8çîç£ë.ô54 í�ì�ë.ç«å,ã¾ò£è¡ôYíEå_ì�ëAè¡ô�ç£ø üWäæå_ç£òÍã�å,ã�òîð%ë9�Wï�÷�òîç£ëpå_ç£ç=ã¾ë.é�ê=è¡ì�å_ç=êYèWí~òîã¾ò£è¡ôYí·å¡ôæõ(õ�ä�ì�å_ã¾ò£è¡ôæí·å_ì�ëFâ.è¡é�ê�ç£ë*ã�ë.ç£ø í~ê=ëGâ.ò��æëbõ
ò£ô$ã�÷�ë!í�ã�å,ã¾ò«â-í¾â.è¡ì�ë¡ù4ú�÷�äæí��Eï
ë�ê�ì¾è%êYèWí~ë(ã¾è ó¡ëGë.ê$ã�÷�ò«í®ò£ôwönè%ì¾éDå,ã�òîè%ôñå_ôYõ$äæí¾ë�òîã�önè¡ì�ë+*wê�ì�ëGí�í~ò£ô�ûÿüWäæå¡ôWã¾òîã�å,ã�òîð%ë
ã�ë.é�êYè%ì�å¡ç%êæì¾è%êYëGì~ã�òîëbí�ò£ô®å%õ�õwòîã¾ò£è¡ô�ã¾è�á�ç£çîëGô54 íJì�ë.ç«å,ã�òîè%ôæí �fí~ëGë
ôæë+*�ã�í¾ä�ýæí¾ëGâ*ã¾ò£è¡ô>
*ù � è¡ìJã¾÷æå_ãJêæä�ì¾ê=è%í¾ë9�,òîã
ò£í�ô�ëbâ*ëGí�í�å_ì�ø
ã�è�ã¾ì�å_ôæí¾ç£å_ã¾ë�ëGð¡ë.ì�ø�á8çîç£ë.ô54 í�ì�ë.ç«å,ã�òîè%ôrù�ú�÷�ë �æû¡äæì¾ë�8�ê�ì�ëGí¾ë.ôWã�í�ã¾÷�ë�ã¾ì�å_ôæí~önè¡ì�éDå,ã¾ò£è¡ô�è_öeëGå%â�÷�ì¾ëGç£å_ã¾ò£è¡ô�òîôWã�è9å_ô�ë.ð%ë.ôWã
û%ì�å¡ê�÷rù:��ô í~äæâ�÷$åÿû¡ì�å_ê�÷0��å¡ôñå_ì�â:�

ε1
�
ε2

pé�ëGå¡ôæí9ã�÷æå,ã

ε1
é�äYí�ãDå_ê�ê=ëGå¡ì�ý=ë*önè%ì¾ë

ε2
õwä�ì�òîôæû!ã¾÷�ë-ê=ë.ì¾önè¡ì�é�å¡ôæâ*ë%ù

,�ð%ë.ì�ø-ã¾ò£é�ë�ò£ô%ã�ë.ì�ð,å_çJò£í�í¾êYëbâ*ò��æëGõÏå_ôæõÏå¡í�í~èwâ*ò«å,ã�ëGõ-ã�è-å¡ôÿå_ì�â9è%ô!ã¾÷�ë�ëGð¡ë.ôWãAû¡ì�å_ê�÷rù 
 ë�âGå_ôÏí¾ë.ë®è¡ô!ã�÷�ò«í��Yû¡ä�ì�ë
ã�÷æå,ãAã¾÷�ëDõwäæì�å_ã¾ò£è¡ôBè¡ö·å ôæè_ã¾ë�ò£é�êæçîò£ëGíAã�÷æå,ã�òÍã�í�í�ã�å_ì¾ãAé®äæí�ãpå_êæêYëbå_ì�ýYë.önè¡ì�ë�òîã�í�ëGôæõ �rå_ôYõ!ã¾÷æë�å¡ì�â�ò£íAç«å_ý=ë.ç£ëGõÿýWø
ã�÷�ë9õwä�ì�å,ã�òîè%ô�è¡öNã¾÷æëpô�è_ã�ë¡ù

M2@�? 
�M�G KNM	G$C�G O���K��&C G�� O G,� C O M �:E��,�
ú�÷�ë-õwë+�Yô�òÍã�òîè%ô$è_ö�ò£ôWã¾ë.ì�å¡â*ã¾ò£ð¡ë ê=è¡ò£ôWã�í®òîé�ê�ç£ò£ëGípã�÷æå,ã�òÍã�ò«í9ô�è¡ã®ê=è%í�í~ò£ý�ç£ëDã¾èÏë.ôæí¾ä�ì�ë ë.ð%ë.ì�øBã¾ò£é�ë(ò£ôWã¾ë.ì�ð,å_ç·è_ö�ã¾÷æë
í~ã�å_ã¾ò«âFí�â*è%ì¾ë�õwä�ì�òîôæû®ê=ë.ì¾önè¡ì�éDå_ôæâ.ë¡ù���ô�êæå¡ì~ã�ò£â.ä�ç«å_ì��Wå¡ô�ò£ôWã¾ë.ì�å¡â*ã¾ò£ð¡ëFë.ð¡ëGôWã�â.è¡ôWã¾ì�è¡ç«í
â.è¡é�ê�ç£ë*ã�ë.ç£ø�ã¾÷�ëAã¾ò£é�ë�òîôWã¾ëGì¾ð,å¡ç
ê�ì�ëGâ.ëGõwò£ô�ûÏòÍã�í�è�âGâ*ä�ì�ì�ë.ôæâ.ë¡ù �QãDò£í�êæå¡ì~ã�è_ö8ã�÷�ë-òîôWã¾ëGì¾êæì¾ë.ã�å,ã�òîè%ôrù$á8í�å â*è%ôæí~ëbüWä�ë.ôæâ.ë9�
ò£ôñã�÷�ë-ë.ð¡ëGôWã�û%ì�å¡ê�÷5��ã¾÷æë
ð,å_ç£ä�ë9è¡ö
ëGå¡â�÷-ã�òîé�ë�ò£ôWã¾ëGì¾ð,å_çNç£å¡ýYëGçîò£ô�û(å¡ôBå_ì�â �

ε1
�
ε2

�ï�÷�ëGì¾ë

ε2
ò£í8òîôWã¾ëGì�å%â@ã�òîð%ë9�æâGå_ô!ý=ëpönè¡ì�û¡è¡ã~ã¾ëGô5�æý=ëGâGå_äæí¾ëpòîãFò«í

ò£é�êYèWí¾í¾òîýæçîëpã�è(ëGôæí~äæì¾ë�å¡ô�ø ã¾ëGé�êYè%ì�å¡çNê�ì�è¡ê=ë.ì¾ã�ø�å¡ýYè%äwãFòîãGù��wè �Yã¾÷�ò«í�ç«å_ý=ë.çJï�òîç£çJýYë9ì�ë.êæç£å%â*ëGõªò£ô!ã�÷�ë9önè%çîç£è,ï�òîôæûDýWø
ã�÷�ë9õwò«í¾â.ì¾ë.ã¾ëpâ*è%ô%ã�ì¾è%çeï�÷�ò£â�÷ªò«í�å¡í�í~èwâ.ò£å_ã¾ëGõ ã¾è�ã�÷�ëpë.ð%ë.ôWãGù

��ôñåÿé�è¡ì�ë û¡ëGô�ë.ì�å_ç
ï·åXø'��ã�÷�ë�å¡ê�êæå¡ì¾òîã¾ò£è¡ô$õ�å_ã¾ë�è_ö8å_ôñòîôWã¾ëGì�å%â@ã�òîð%ë ë.ð%ë.ôWã�õwäæì¾ò£ô�ûÿê=ë.ì¾önè¡ì�éDå_ôæâ.ë ò«í®õwò��eë.ì�ë.ôWã
önì�è¡é ã¾÷æëAï�ì�òîã~ã¾ëGô�õ�å_ã¾ë%ù�áFí�å�â*è%ôæí¾ëGüWä�ë.ôYâ*ë9��õ�å_ã¾ëGí�å¡ôæõ�ã¾ò£é�ë�òîôWã¾ëGì¾ð,å¡ç£í·å_ì�è¡ä�ôYõ�ã¾÷�ëAò£ô%ã�ë.ì�å¡â*ã¾ò£ð¡ë�ëGð¡ë.ôWã�íEé®äæí�ã�ý=ë
é�èwõwò��æëGõÏòîô è¡ì�õwëGì8ã�è�ð%ë.ì�òÍönøªã�÷�ë�ã¾ë.é�ê=è¡ì�å_ç�ì�ë.ç«å,ã¾ò£è¡ôYí8òîöEã�÷�ë�òîôWã¾ëGì�å%â@ã�òîð%ë�ë.ð%ë.ôWãpå_ê�ê=ëGå¡ì�í8ã¾è�èªí~è�è¡ôÏè¡ìAã¾è�è-ç£å_ã¾ë%ù
�QãAò£í8ã¾÷�äæíFô�ëGâ.ëGí�í¾å¡ì¾ø(ã¾è �YôæõBå_ôæè_ã¾÷æë.ìFí¾è¡ç£äwã�òîè%ô!ýWø!â.è¡é�ê�äwã�òîô�û(è_ã¾÷æë.ìAðXå¡çîäæëGí�önè%ì�ã�÷�ë9ã�òîé�ë�òîôWã¾ëGì¾ð,å¡ç£í�å¡ôæõBõ�å_ã¾ëbí
ð,å_ì�ò«å_ý�ç£ëGíGù � è¡ì�ã�÷æå,ãFê�ä�ì�êYèWí~ë'��òÍãAò£í8òîé�ê=è¡ì¾ã�å¡ô%ã�ã�è û¡ò£ð¡ë�ã�÷�ë�â.è¡é�êYèWí~ëGì�ã¾÷æë9êYèWí¾í¾ò£ý�òîç£òîã�ø(è_ö
ç£òîé�òîã¾ò£ô�ûDã�÷�ë®í¾êæå¡â.ëpè_ö
í¾è¡ç£äwã¾ò£è¡ôYí��wý=ëGâGå_äæí¾ë�òÍã�ò«í�ô�è_ã�äæê�ã�è�ã¾÷�ë9í¾øwí�ã�ë.é>ã�èDõwëGâ.ò£õwëpï�÷Yå,ã�òîôWã�ë.ì�ðXå¡ç]ò£í�é�è%ì¾ëAò£é�ê=è¡ì¾ã�å¡ôWã·ã�÷æå_ô-ã�÷�ëpè_ã�÷�ë.ìbù


 ë�÷æåXð%ëJç£ò£é�òîã¾ëbõpè¡äæìNí�ã�äæõwøFã¾è�ã�÷�ë�é�èwõwò��Yâ.å_ã¾ò£è¡ô�è_ö�ã¾÷æë
ã¾ò£é�ëEò£ô%ã�ë.ì�ð,å_ç«í]ê�ì�ëGâ*ëbõwò£ô�û�è¡ì]önè%çîç£è,ï�ò£ô�û�å_ôpò£ô%ã�ë.ì�å¡â*ã¾ò£ð¡ë
ëGð¡ë.ôWãbù ��ô ëbå¡â�÷ â.å¡í¾ë9��ï
ë�ò£ôWã¾ì�è�õ�äæâ*ë�ã�ï·è-ç£ë.ð%ë.ç«í�è_ö�ê�ì�òîè%ì¾òîã�ø9�rí�åXø�òîô�ûª÷�è,ï;ã¾÷�ë�ã�òîé�ëDò£ôWã¾ë.ì�ð,å_ç�âGå_ô ýYëDé�èwõwò��æëGõ]ù
��ôÏã¾÷æå_ãpï·åXø'�]ýWøBõ�ë+�æô�ò£ô�û!å_ç£ç�òîôWã�ë.ì�ðXå¡ç£íFã�è-ý=ë�è_ö·çîè,ï êæì¾ò£è¡ì�òÍã�ø'�]ï
ë�û¡è-ýæå%â�óªã¾è�ã¾÷�ëDé�ëGâ�÷Yå_ô�ò«í~é&ï�÷æò£â�÷Ïò£í�è%ô�çîø
í¾êYëbâ*ò��æëGõ-ý�ø(á8çîç£ë.ô54 í�ì�ë.ç«å,ã�òîè%ôæí.ù

��ô-ã¾÷æë®â.å%í~ë�ï�÷�ëGì¾ë�ã�÷�ë9ã�òîé�ë9ò£ôWã¾ëGì¾ð,å_çNê�ì¾ëbâ*ëbõwëGí�ã�÷�ë9ò£ôWã¾ë.ì�å¡â*ã¾ò£ð¡ë�ë.ð%ë.ôWã��YòÍã�í�ê�ì�ò£è¡ì�òÍã�ø(í�åXøwí�ï�÷�ë*ã�÷�ë.ìFè¡ì�ôæè_ã�òîã
âGå_ôªýYëpò£ôWã¾ëGì¾ì�ä�êwã�ëGõ-òÍöJã¾÷æë9òîôWã�ë.ì�å¡â@ã�òîð%ëFëGð¡ëGô%ã�í�å_êæêYëbå_ì�í·ã¾è�èDí~è�è¡ôNù ��äæâ�÷!å�í~òîã¾äYå,ã¾ò£è¡ôªï�ò£çîçNýYë�âGå_ç£çîëbõ�å � ���.Z9% ���_1��
H19�����������Yù���ô!ã�÷�ë®âGå¡í¾ë9ï�÷�ë.ì�ë9ã�÷�ë9ã�òîé�ë®òîôWã¾ëGì¾ð,å¡çNönè%çîç£è,ï�í�ã�÷�ë�ò£ôWã¾ë.ì�å¡â*ã¾ò£ð¡ë9ëGð¡ëGô%ã��Yòîã�íFê�ì�òîè%ì¾òîã�ø�í�åXøwí�ï�÷�ë.ã¾÷�ëGìFè%ì
ô�è¡ã�òÍã�â.å¡ô(ý=ëpì¾ëbõwäæâ.ëGõ òîöNã�÷�ë�òîôWã�ë.ì�å¡â@ã�òîð%ëFëGð¡ëGô%ã�í�å_ê�ê=ëGå¡ì�íEã¾è�è�ç£å_ã¾ë%ù3�wäæâ�÷-å�í¾òÍã�äæå,ã�òîè%ô�ï�ò£çîç]ý=ëpâ.å¡çîç£ëGõ-åe+�����% ���_1
��
H19�����������Yù
M2@4M � E H���	 E:M����9O���� H C GIK �
P ë*ã�äæí9ã�å¡ó¡ë(å%í9å_ô4ë�*wå¡é�ê�çîë'�Nã�÷�ë(í�â*è%ì¾ëDï�÷�ò«â�÷4ò«í9ì�ë.ê�ì�ëGí¾ë.ôWã¾ëbõ è¡ô �æû¡äæì¾ë��Yù!ú�÷�ò£í�ò£í�å!ð¡ëGì¾ø í~ò£é�ê�çîë(ë+*�å_é�ê�ç£ë
è¡ö�ã�ï
è�ô�è_ã�ëGí

A
å_ôæõ

B
ý=è¡ä�ôæõ�ëGõBý�øBå�ýYë.önè¡ì�ë�ì�ë.ç«å,ã�òîè%ô5�=ã¾÷�ë�í�ã�å_ì¾ãAè¡ö

B
ò£í�å_ôÿòîôWã¾ëGì�å%â@ã�òîð%ë�ë.ð%ë.ôWãAã¾ì�òîû%û¡ë.ì�ëGõªý�ø

ã�÷�ëDâ*è¡ôWã�ì¾è%ç
x
å¡ôæõ!ã�÷�ë�è_ã¾÷æë.ìpë.ð%ë.ôWã�í�å¡ì¾ë�í�ã�å,ã¾ò«â_ù�ú�ò£é�ë�ò£ô%ã�ë.ì�ð,å_ç

∆
âGå_ôÿý=ë�önè¡ì�û¡è¡ã~ã¾ëGôÏå%íFòîãpê�ì�ëGâ*ëbõwëGí�õwò£ì�ëGâ@ã�çîø

å¡ô ò£ôWã¾ëGì�å%â@ã¾ò£ð¡ë�ëGð¡ë.ôWãbù ú�òîé�ë ò£ôWã¾ë.ì�ð,å_ç
∆1

��ì¾ëbí~êrù
∆2

Aì¾ëGê�ì�ëGí¾ë.ôWã�íAã�÷�ë õwä�ì�å,ã�òîè%ô è¡ö

A
��ì¾ëbí~êNù

B

@ù-ú�÷�ëDè¡ì�õwëGì

è¡ö·ã�÷�ë(ëGð¡ëGô%ã�ípé�äYí�ã�ý=ë(ì�ëGí¾ê=ëGâ@ã�ëGõ4õwäæì¾ò£ô�û!ã�÷�ë ê=ë.ì¾önè¡ì�é�å¡ôæâ*ë å¡ôæõ
s(A)

é�äæí~ã�å¡ê�ê=ëGå_ì�ýYë.önè¡ì�ë
e(A)

��å%í9äæí¾äæå¡ç �

�
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e(A)

ý=ë*önè¡ì�ë9ã�÷�ë�ë.ôæõÿè_ö
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ë8í~ã�å_ã¾ë8ã¾÷�ë8önè¡ç£çîè,ï�ò£ô�û

ê�ì�è¡ê=ë.ì¾ã�ø )

t′(s(B)) ≥ t′(s(A)) + ∆1

M2@�` �5K M 	 E:M����9O�� � H C�G K �
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′(s(B)) + ∆2), t
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÷æå¡í�å�÷�ò£û¡÷-ê�ì�òîè%ì¾òîã�ø )��Qö

t′(B) ≤ t′(A) + ∆1
�

t′(e(A)) = Min(t′(s(A)) + ∆1, t
′(s(C)))

ë.ç«í~ë
t′(e(A)) = t′(s(B))

• ∆2
÷æå¡í�å�÷�ò£û¡÷-ê�ì�òîè%ì¾òîã�ø )��Qö

t′(A) ≤ t′(B) + ∆2
�

t′(e(A)) = Min(t′(s(B)) + ∆2, t
′(s(C)))

ë.ç«í~ë
t′(e(A)) = t′(s(A))

• ∆1
å_ôæõ

∆2
÷æåXð¡ëpå�çîè,ï ê�ì�òîè%ì¾òîã�ø )

t′(e(A)) = Max(t′(s(A)), t′(s(B)))

á8çîçYã¾÷�ëbí~ëAëGüWäæå_ã¾ò£è¡ôæí
å_ì�ëFåXð,å_ò£ç«å_ý�ç£ë�ï�÷�ëGô
s(A)

å_ôæõ
s(B)

÷æåXð¡ëFå_ê�ê=ëGå¡ì¾ëbõ]ù ��ô(è¡ì�õwë.ìEã¾è�â*ç«å_ì�òÍönø®ã¾÷�ë�í¾òÍã�äæå,ã�òîè%ô
ï·ë�ê�ì¾ëbí~ëGôWãJè%ô	�æû%ä�ì�ë 7AåFã¾ëGé�ê=è¡ì�å_ç�õ�ò£å¡û¡ì�å_é önè¡ì�ã�÷�ò£í�ë�*�å_é�ê�ç£ë·ï�÷æë.ì�ë·ý=è_ã�÷�ã�òîé�ë�ò£ôWã¾ë.ì�ð,å_ç«íJ÷æåXð¡ë�åA÷�òîû%÷®êæì¾ò£è¡ì�òÍã�ø%ù
� ò£û¡ä�ì�ë1&®êæì¾ëbí~ëGô%ã�í·ã¾÷�ë9í�å_é�ëpõwò«å_û%ì�å¡é önè¡ì�ã¾÷æë9â.å¡í¾ëAï�÷�ë.ì�ë�è¡ô�ç£øDã¾÷æë�ã¾ò£é�ë�òîôWã¾ëGì¾ð,å¡ç

∆1
÷Yå¡í�å�÷�ò£û¡÷-ê�ì¾ò£è¡ì�òîã�ø¡ù

ú�è�û¡ëGô�ë.ì�å_ç£ò%�.ë
ã�÷�ò£í�ë+*�å¡é�êæçîë'�bï·ëE÷YåXð¡ë
ã�èFí~ã¾äæõwøAã�÷�ë
êæì¾ò£è¡ì�òÍã�øAì�ä�çîëbírý=ë*ã�ï·ë.ëGô�å�ý�ì�ëGå¡ó,å_ý�ç£ëEå_ôYõ9å_ô9äæôWýæì¾ëbå_ó,å_ý�ç£ë
ã�òîé�ë-òîôWã¾ëGì¾ð,å¡çfù 6
ä�ã��
ã�÷�ò£í�âGå¡í¾ë ò£í®ëGå%í~ò£ë.ì�ã¾÷æå¡ô$ã�÷�ë(ê�ì�ëGâ.ëGõwò£ô�ûÏè¡ô�ë�ýYëbâ.å_äYí~ë(ã¾÷�ëGì¾ë�ò£í®è¡ô�ç£ø)è¡ô�ë�êYèWí¾í¾ò£ý�òîç£òîã�øÏã�è
õwëbí¾â.ì¾ò£ý=ë9��ã¾÷Yå,ã�ò£í���ã¾÷æë9â.å¡í¾ëAï�÷�ë.ì�ëAã¾÷�ëAã�ï·è®ã�òîé�ë�ò£ô%ã�ë.ì�ð,å_ç«í
÷YåXð¡ë�å®÷æòîû%÷�ê�ì�ò£è¡ì�òÍã�ø%ù ��ôæõ�ë.ëGõ5�wã¾÷�ëpâGå¡í¾ëAï�÷æë.ì�ëFè%ô�çîø
ã�÷�ëpä�ô�ý�ì�ëGå_ó,å¡ý�çîëAã�òîé�ë9ò£ôWã¾ë.ì�ð,å_ç]÷æå%í�å�÷�ò£û¡÷ªê�ì�òîè%ì¾òîã�ø ò«í�í~ò£é�òîç«å_ì�ã�è�ã¾÷�ë9â.è¡ô��Yû¡ä�ì�å,ã�òîè%ô(è_öJã�ï·è�äæôWýæì¾ëbå_ó,å_ý�ç£ëAã¾ò£é�ë
ò£ôWã¾ë.ì�ð,å_ç«í�ï�òîã¾÷!è¡ôæëp÷�òîû%÷!ê�ì�òîè%ì¾òîã�ø(å_ôYõ-ã¾÷�ë�âGå¡í¾ëpï�÷�ë.ì�ë�ã¾÷æë9ý�ì�ëGå_ó,å¡ý�çîë�ã�òîé�ë9ò£ôWã¾ëGì¾ð,å_çN÷æå¡í�êæì¾ò£è¡ì�òÍã�ø(ò£íFí~ò£é�òîç«å_ì�ã�è
ã�÷�ëFâ.è¡ô��æû%ä�ì�å,ã¾ò£è¡ô�è_ö]ã�ï·èpý�ì�ëGå¡óXå¡ý�ç£ë�ã¾ò£é�ëFòîôWã�ë.ì�ðXå¡ç£íEï�òÍã�÷Dè¡ô�ë8÷�òîû%÷ ê�ì�òîè%ì¾òîã�ø¡ùJú�÷�ë8âGå¡í¾ë�ï�òÍã�÷ ô�è9÷æòîû%÷Dê�ì¾ò£è¡ì�òîã�ø�ò«í
í¾òîé�ò£ç£å¡ì�ã¾è�ã�÷�ë�ê�ì�ëGâ.ëGõwò£ô�û�ô�èp÷�ò£û¡÷�ê�ì�òîè%ì¾òîã�ø�âGå¡í¾ëGíGù�ú�èpòîç£çîäYí�ã�ì�å_ã¾ë�ã¾÷æë�â*è¡ô2�æû¡ä�ì�å,ã�òîè%ô®è¡öeå�ýæì¾ëbå_ó,å_ý�ç£ë·ã¾ò£é�ë�òîôWã¾ëGì¾ð,å¡ç
å¡ôæõªå_ô!ä�ô�ý�ì�ëGå¡óXå¡ý�ç£ëAè%ô�ë9�æï
ë�âGå_ôªì�ë+�Qäæí~ëAã�÷�ë�â*è%ô��æû%ä�ì�å_ã¾ò£è¡ô-è_öJã¾÷�ë �æû¡ä�ì�ë��®ò£ô!ï�÷�ò£â�÷ªï·ë9â*è%ôæí~ò«õwëGì�ã¾÷æå_ã

∆1
ò«í

ä�ô�ý�ì�ëGå¡ó,å_ý�ç£ë¡ù�
Áòîã¾÷ª÷�ò£û¡÷ªê�ì�òîè%ì¾òîã¾ò£ëGí
önè¡ì
∆1
å¡ôæõ

∆2
��ï·ëA÷YåXð¡ëAû¡è_ã�ã�÷�ë�önè¡ç£çîè,ï�ò£ô�û�ëGüWäæå_ã¾ò£è¡ô )

t′(e(A)) = Max(t′(s(A)) + ∆1, Min(t′(s(B)) + ∆2, t
′(s(C))))

ú�÷�ò«í�ëGüWäæå_ã¾ò£è¡ô ò£ípåXð,å¡òîç«å_ý�ç£ë�è¡ô�ç£øBï�÷�ëGô)í���á 
�å_ôæõ í�� 6 
F÷æåXð¡ë�å_ê�ê=ëGå¡ì¾ëbõ]ùDú�÷�ë-�æû¡äæì¾ë $�?-ê�ì�ëGí¾ë.ôWã�í�å�ã¾ëGé�êYè%ì�å¡ç
õwò«å_û%ì�å¡é ã¾è4ë�*wê�ç£å¡òîô ã�÷�ò£í(â*è¡ô2�æû¡ä�ì�å,ã�òîè%ôrù2á&û%ë.ô�ëGì�å¡çîò%�Gå_ã¾ò£è¡ôñè¡öFã�÷�ò«í�önè¡ì�é�ä�ç«å)ò«íDë+*wê�ì�ëGí�í~ëbõñò£ô ã¾÷�ëBönè¡ç£çîè,ï�ò£ô�û
í¾ëGâ*ã¾ò£è¡ô-ï�òÍã�÷�ã�÷�ë�önè¡ì�éDå_ç£ò£í¾é>è¡öNã¾÷æëpë.ð¡ëGôWã·ã�÷�ì�ë.ë+��â*è%çîè%ì¾ëbõ û%ì�å¡ê�÷rù

� � Û�ß���à@Ú6/�ß�ÚJÞ(Û:/ Ü�8ñÚ��*/ 4	�"4]Ú6/lk
ú�÷�ëFòîôWã�ë.ì�å¡â@ã�òîð%ë8í�â*è¡ì�ë�ò«í
ã¾ì�å_ôæí¾ç£å_ã¾ëbõ�òîôWã¾è�å�í¾òîé�ê�ç£ë�â*è¡é�ê=ë*ã�òÍã�è¡ìEé�èwõwëGçeå%â.â.è¡ì�õwòîôæû�ã¾è®ã¾÷�ëAâ*è¡ôYí�ã�ì�å¡òîôWã�í�ã¾÷æå_ã·÷YåXð¡ë
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â.è¡é�ê�ò£çîëbõ�ò£ôWã¾èDåDí~ã�å,ã�ò£â�é®äæí¾ò£âGå_ç]ë.ô�ð�ò£ì¾è%ô�é�ë.ôWã
ã�÷æå,ãFï�òîç£çrý=ëpäæí~ëbõ�ã¾è�ë+*wëGâ.äwã¾ë9å¡ô!å_ýæí~ã¾ì�å¡â*ã·éDå¡â�÷æòîô�ëpì�ëGå%õwò£ô�û®òîã�í
ò£ô�ê�äwã�önì�è¡é>ã¾÷�ëpê=ë.ì�òîêæ÷�ë.ì�å_ç«í�å_ôæõ�è¡äwã�ê�äwã¾ã¾ò£ô�û í~ø�ôWã¾÷æëGí¾ò��GëGõ-í~è%ä�ôæõ]ù � òîû%ä�ì�ë-$'$�ê�ì¾ëbí~ëGôWã�í�å�û¡ç£è¡ýæå¡çeí�â�÷�ëGé�ë�è¡ö�è¡äæì
í¾øwí�ã�ë.éªù

�



`=@�A � d=M�O�O��<HLK �IKNM�O�� a�M�Ecbed
á ã�÷�ì¾ëGë+��â*è%çîè%ì¾ëbõDû¡ì�å_ê�÷-ò«í�å_ôªë.ð%ë.ôWã�û¡ì�å_ê�÷�ï�÷�è%í¾ëpå_ì�â.í�å¡õwé�òîã8å�â*è¡ç£è¡ì��Wönè¡ì�éDå_ç£çîø )

G Q < V
�
A
�
fA

�
pA

�
b >

ï�÷�ëGì¾ë
V
ò«íEã¾÷�ë�í~ë.ã·è¡öNð¡ëGì~ã�ò£â.ëGí��

A ⊂ V × V
�
fA : A → {RED, BLACK, BLUE}×N

�
pA : A → {0, 1}

å_ôæõ
b ∈ V

ò«í·ã¾÷æë9í~è%ä�ì�â.ë¡ù � è%ì�å_ô-òîôWã�ë.ì�å¡â@ã�òîð%ëAí�â*è%ì¾ë
s
��ï·ë�õ�ë+�æô�ë9å¡ô-å%í¾í¾èwâ*ò«å,ã�ëGõDã�÷�ì�ë.ë+��â*è%çîè%ì¾ëbõ û%ì�å¡ê�÷�í¾äæâ�÷-ã¾÷æå_ãR)

• V = Σ(s)

• ∃ a ∈ A, a Q (εo

�
εt)
è%ô�ç£ø òÍö

t′(εo) ≤ t′(εt)

•
ú�÷�ë�â.è¡ç£è¡ì8è¡ö�å_ôÿå¡ì�âpì�ë.êæì¾ëbí~ëGô%ã�í�ã¾÷æë�ýæå%â�óWï�å_ì�õ-ì¾ëbõwäæâ*ã¾ò£è¡ô!ê�ì�òîè%ì¾òîã�ø-è_ö�ã¾÷�ë�ã¾ò£é�ë®ò£ôWã¾ë.ì�ð,å_ç �=å%í�ï·ë.ç£ç�å¡í�ã¾÷�ë
ê�ì�è¡ê=ë.ì¾ã�øDè_ö�ý=ë.ëGô-��äæí�ãFýYë.önè¡ì�ë�å¡ô�ò£ôWã¾ëGì�å%â@ã¾ò£ð¡ëAë.ð%ë.ôWã��Yå¡í
önè¡ç£çîè,ï�í ) � è¡ì

a = (εo, εt) ∈ A
å¡ôæõ

∆ ∈ N
)

� fA(a) Q (BLUE, ∆)
é�ëGå¡ôæí )

t′(εt) ≥ t′(εo) + ∆

� fA(a) Q (BLACK, ∆)
é�ëbå_ôæí )

t′(εt) ≥ t′(εo)

� fA(a) Q (RED, ∆)
é�ëGå¡ôæí )

εt

ò£í�ò£ôWã¾ëGì�å%â@ã¾ò£ð¡ë

•
ú�÷�ë�önè¡ì�ï�å_ì�õÿì�ëGõwäYâ@ã¾ò£è¡ô)ê�ì�ò£è¡ì�òÍã�øBè¡ö�å¡ô4å_ì�â®ò«í9ì�ë.êæì¾ëbí~ëGô%ã�ëGõÏý�øBã¾÷æëDönä�ôæâ*ã¾ò£è¡ô

pA

�
0
ì¾ëGê�ì�ëGí¾ë.ôWã¾ò£ô�ûªåªçîè,ï

ê�ì�òîè%ì¾òîã�ø å_ôæõ
1
å�÷�ò£û¡÷-ê�ì¾ò£è¡ì�òîã�ø¡ù

O(������� �>�����	��

�
á8ôBå_ì�âFò«í�� , B òîö�òîã�í8í~è%ä�ì�â.ë�ë.ð¡ëGôWã�ê�ì¾ëbâ*ëbõwëGí�òîã�í�ã�å_ì�û¡ë.ã�ë.ð¡ëGôWã��æå¡ôæõ�ã¾÷�ò«í�ã�å¡ì¾û%ë*ã�ë.ð%ë.ôWã�ò«í�òîôWã�ë.ì�å¡â@ã�òîð%ë¡ù �wäæâ�÷!å_ô
å¡ì�âDõwè�ëbípô�è_ã�âGå_ì�ì¾øÏå_ô�øÏõwäæì�å_ã¾ò£è¡ô)ð,å_ç£ä�ë¡ùªú�÷�äæí���òÍã®ò£í�êYèWí¾í¾òîýæçîë�ã�èBå_ê�ê�ç£ø)í~ò£é�ê�çîò��YâGå,ã¾ò£è¡ôYípï�÷�ò£çîëDý�äæòîç«õwò£ô�û!ã¾÷æë
û%ì�å¡ê�÷ önì�è¡é ã¾÷�ëpò£ôWã¾ë.ì�å¡â*ã¾ò£ð¡ë�í¾â.è¡ì�ë¡ù

O(�����T6 ������
������������������	��

�
á8ô å_ì�âDò«í 6 P�� ,�òÍö �Eõ�ä�ì¾ò£ô�ûÏêYëGì~önè%ì¾éDå_ôYâ*ë9�Jã�÷�ë-õ�ä�ì�å_ã¾ò£è¡ô$ý=ë*ã�ï·ë.ëGô$òîã�í�í~è%ä�ì�â*ë(å¡ôæõ4òîã�í®ã�å¡ì¾û%ë*ã�ëGð¡ë.ôWã�í�÷æå%í9ã�è
ý=ë®û%ì¾ëbå,ã�ë.ì8è%ìFëbüWäæå_ç�ã¾÷æå¡ôBã�÷�ë®è%ô�ë�ï�ì�òîã~ã¾ëGôÿò£ôBã�÷�ë�í�â*è%ì¾ë%ù��Qãpâ*è%ì¾ì�ëGí¾ê=è¡ôæõ�í�ã¾è�ã¾÷�ë�ä�ô�ý�ì�ëGå_ó,å¡ý�çîë9ã¾ò£é�ë�ò£ôWã¾ë.ì�ð,å_ç«í
ã�÷æå,ã8÷YåXð¡ë�ýYëGë.ôªò£ô%ã�ì¾èwõwäYâ*ëGõ-ò£ôBí~ëbâ@ã�òîè%ô 8æù ��ô-ã¾÷�ò«í8âGå¡í¾ë9��ã�÷�ë�â*è%é�êYèWí~ëGì�û¡ò£ð¡ëGí�å�÷�ò£û¡÷æë.ì�ê�ì�ò£è¡ì�òÍã�øDã�è�ã¾÷�ëpï�ì�òîã~ã¾ëGô
õwäæì�å_ã¾ò£è¡ô�ã¾÷æå¡ô�ã�è�òîôWã¾ëGì�å%â@ã�òîð�òîã�ø¡ù

�Fôñã¾÷�ë!â*è%ôWã¾ì�å_ì�ø å¡ô å¡ì�â(ò£íDâ.è¡ç£è¡ì�ëGõ4ò£ô 6 P á " � ï�÷�ë.ôñã¾÷�ë!â.è¡é�êYèWí~ëGìDå_ç£çîè,ï�í�ã¾è òîôWã�ë.ì�ì¾ä�ê�ã�òîã�í�õwäæì�å_ã¾ò£è¡ô
ý=ëGâGå_äæí¾ëBè_ö9ò£ôWã¾ëGì�å%â@ã¾ò£è¡ôNù �Qã-â*è%ì¾ì�ëGí¾ê=è¡ôæõ�íDã¾è4ã�÷�ëÿý�ì�ëGå¡ó,å_ý�ç£ë!ã¾ò£é�ëÿò£ôWã¾ë.ì�ð,å_ç«íDã�÷æå,ã-÷æåXð¡ë!ý=ë.ëGô2òîôWã�ì¾èwõwäæâ.ëGõþò£ô
í¾ëGâ*ã¾ò£è¡ôC8�ù
� è¡ì�ï·å¡ì�õ�ì�ëGõwäYâ@ã¾ò£è¡ô(ê�ì¾ò£è¡ì�òîã¾ò£ëGíEã¾÷æå_ã·÷æåXð%ë8ý=ë.ëGô�õwë��æô�ëGõ(òîô-í~ëbâ@ã�òîè%ô�8�å¡ì¾ëFô�è,ï2å¡í�í¾è�â.ò£å_ã¾ëbõ�ã¾è�ý�ç£ä�ëAå¡ôæõDý�ç«å¡â�ó

å¡ì�âGíFý�ø!ã�÷�ë�é�ëGå_ôYí�è_öEã�÷�ë
pA

önäæôæâ@ã�òîè%ôrù P ë*ã
ed

ý=ë å�í~ã�å_ã¾ò«â®ëGð¡ëGô%ã9å¡ôæõÿç£ë*ã
∀i ∈ [1, n]

�
(ai, ed)

ò«í�ý�çîäæë9��å¡ôæõ
∀i ∈ [1, m]

�
(bi, ed)

ò«í
ý�ç«å¡â�óeù P ë*ã�äYí�õwë+�Yô�ë
Jn

í~äæâ�÷�ã�÷æå,ã
∀i ∈ Jn

�
pA(ai, ed) = 1

�%å_ôYõ
Jm

í~äYâ�÷®ã�÷æå,ã
∀i ∈ Jm

�
pA(bi, ed) = 1

ù P ë.ã�äæí�õwë��æô�ë�ã¾÷æë�önè¡ç£çîè,ï�ò£ô�ûDüWäæå_ôWã¾òîã¾ò£ëGí

• Mn = max(t′(Ai) + δai
))
önè%ì

i ∈ Jn

• Mm = max(t′(Bi) + δbi
))
önè¡ì

i ∈ Jm

• Ml = max(t′(Ai) + t′(Bj))
önè%ì

i ∈ Jn

å_ôæõ
j ∈ Jm

ú�÷�ëGô5��òîö
Ml ≤ max(Mn, Mm)

�wã¾÷�ëGô
t′(C) = max(Mn, min(Mm, t′(D)))

ëGç£í¾ë
t′(C) = Ml

ù
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� )
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Interactive Score

Compilation
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Environnement
Musical

Evaluation
Static

3_coloured Graph

ECO Machine
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Peripherals for Control

Outputs :
Peripherals for the sound

restranscription
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