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�® ¢à¥¬¥­ ¨§®¡à¥â¥­¨ï ¯¥à¢ëå ®¯â¨ç¥áª¨å ¯à¨¡®à®¢ ¢ ä¨§¨ª¥ ãâ¢¥à¤¨« áì ¨¤¥ï, çâ® ¢¨¤¨¬ë© ®¡à §
­ ¡«î¤ ¥¬®£® ®¡ê¥ªâ  § ¢¨á¨â ®â ¨­áâàã¬¥­â®¢ ­ ¡«î¤¥­¨ï. �¤¨­ ¨§ á¯®á®¡®¢ ä®à¬ «¨§®¢ âì íâ® ¢
¬ â¥¬ â¨ª¥ { ª®­áâàãªæ¨ï, á®¯®áâ ¢«ïîé ï ¯à®¨§¢®«ì­®¬ã ®¡ê¥ªâã A ª â¥£®à¨¨ K ¥£® ®¡®«®çªã EnvΩΦ A
¢ § ¤ ­­®¬ ª« áá¥ ¬®àä¨§¬®¢ Ω (¨­â¥à¯à¥â¨àã¥¬®¬ ª ª ª« áá ¯à¥¤áâ ¢«¥­¨©) ®â­®á¨â¥«ì­® § ¤ ­­®£®
ª« áá  ¬®àä¨§¬®¢ Φ (¨­â¥à¯à¥â¨àã¥¬®£® ª ª ª« áá ¨­áâàã¬¥­â®¢ ­ ¡«î¤¥­¨ï). �ª §ë¢ ¥âáï, çâ® ¥á«¨ ¢
ª ç¥áâ¢¥ K ä¨ªá¨à®¢ âì ª ªãî-­¨¡ã¤ì ¤®áâ â®ç­® è¨à®ªãî ª â¥£®à¨î â®¯®«®£¨ç¥áª¨å  «£¥¡à (­ ¯à¨¬¥à,
ª â¥£®à¨î áâ¥à¥®â¨¯­ëå  «£¥¡à), â® ª ¦¤ë© ¢ë¡®à ª« áá®¢ Ω ¨ Φ ¡ã¤¥â ®¯à¥¤¥«ïâì ­¥ªãî \¯à®¥ªæ¨î
äã­ªæ¨®­ «ì­®£®  ­ «¨§  ¢ £¥®¬¥âà¨î", ¯à¨ç¥¬ áâ ­¤ àâ­ë¥ ¬ â¥¬ â¨ç¥áª¨¥ ¤¨áæ¨¯«¨­ë { ª®¬¯«¥ªá­ ï
£¥®¬¥âà¨ï, ¤¨ää¥à¥­æ¨ «ì­ ï £¥®¬¥âà¨ï ¨ â®¯®«®£¨ï { áâ ­®¢ïâáï ç áâ­ë¬¨ á«ãç ï¬¨ íâ®© ª®­áâàãª-
æ¨¨. � £«ï¤­® ¤¥â «¨ íâ¨å ¯®áâà®¥­¨© ¨ ¨å à¥§ã«ìâ âë ã¤®¡­® ¨§®¡à §¨âì ¢ ¢¨¤¥ á«¥¤ãîé¥© â ¡«¨æë:

�¨áæ¨¯«¨­  �®¬¯«¥ªá­ ï �¨ää¥à¥­æ¨ «ì­ ï �®¯®«®£¨ï

£¥®¬¥âà¨ï £¥®¬¥âà¨ï

�ãª®¢®¤ïé¨© �«£¥¡à  O(M) �«£¥¡à  E(M) �«£¥¡à  C(M)
¯à¨¬¥à £®«®¬®àä­ëå äã­ªæ¨© £« ¤ª¨å äã­ªæ¨© ­¥¯à¥àë¢­ëå äã­ªæ¨©
¢¨¤¨¬®£® ­  ª®¬¯«¥ªá­®¬ ­  £« ¤ª®¬ ­  â®¯®«®£¨ç¥áª®¬
®¡à §  ¬­®£®®¡à §¨¨ M ¬­®£®®¡à §¨¨ M ¯à®áâà ­áâ¢¥ M

�­áâàã¬¥­âë �®¬®¬®àä¨§¬ë �¨ää¥à¥­æ¨ «ì­ë¥ �­¢®«îâ¨¢­ë¥
­ ¡«î¤¥­¨ï ¢ ¡ ­ å®¢ë ¨­¢®«îâ¨¢­ë¥ £®¬®¬®àä¨§¬ë

Φ  «£¥¡àë £®¬®¬®àä¨§¬ë ¢ C∗- «£¥¡àë
¢ C∗- «£¥¡àë

á ¯à¨á®¥¤¨­¥­­ë¬¨
­¨«ì¯®â¥­â ¬¨

�« áá �«®â­ë¥ �«®â­ë¥ �«®â­ë¥
¯à¥¤áâ ¢«¥­¨© í¯¨¬®àä¨§¬ë í¯¨¬®àä¨§¬ë í¯¨¬®àä¨§¬ë

Ω

�¨¤¨¬ë© �®«®¬®àä­ ï ®¡®«®çª  �« ¤ª ï ®¡®«®çª  �¥¯à¥àë¢­ ï ®¡®«®çª 
®¡à § ®¡ê¥ªâ  A EnvO A EnvE A EnvC A

� §®¢®¥ EnvO A = O(M) EnvE A = E(M) EnvC A = C(M)
¯à¥¤áâ ¢«¥­¨¥ ¤«ï ¯®¤ «£¥¡àë ¤«ï ¯®¤ «£¥¡àë ¤«ï ¯®¤ «£¥¡àë

A ⊆ O(M) A ⊆ E(M) A ⊆ C(M)
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�ë ¯®£®¢®à¨¬ ® â®¬, ª ª à ¡®â ¥â ¨ çâ® ¯®§¢®«ï¥â ã¢¨¤¥âì íâ  áå¥¬  ¢ â®¯®«®£¨¨.
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