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OPK�Q Å K�I���470�Y ! ?[8�L[´EHb*0 $ � # OPbmEHQebmO9E%S[K�³�bmQmETSUOmE ^ bmN _ SÂETSUI'QmK�ÓjG[KWOob.O _ S[K¡QmK�O _ G[Q ^ K �dN|b�NFO ¶�_ OPb ¶�_ S[KWI>´
EHb*0 % � $ QeK�C�KWETOeK�OÉETC�CjN|b.O�QmK�O _ GUQ ^ K�O �7470�Y ! ?[8�O
�g� ! ^ EHS[S _ b�Ä�KaOeK�Q Å KWI��7� # ^ EHS,Ä�KROPK�Q Å K�I��470�Y ! ?[8 ¿T´EHb*0"� � $ OPbmEHQebmO9E%S[K�³�bmQmETSUOmE ^ bmN _ SÂETSUI'QmK�ÓjG[KWOob.O _ S[K¡QmK�O _ G[Q ^ K �dN|b�NFO�OeK�Q Å K�IÉ´
EHb*0"+ � % QmK�CK�ETOeK�ORETC�C>QmK�O _ G[Q ^ KWO�´LOPb _L^.¸ 8"O ��� ! ^ ETS3OPbeNC�C�S _ b9Ä�K
OPK�Q Å K�I>´
EHb*0", � % QeKWÓ�GUK�OPbmO _ S[K"QeKWO _ G[Q ^ K�EHSJI�NO¡OeK�Q Å KWI>´Jß ¯ K�EHCC _d^ E«bmN _ S¾Oob.E«beK%NFO�b ¯ K%OmEHª�K%ETONS 0 S ´ ��D��	��� 8 P¿IK�¿IK�¿ K�¿ K�¿ � ���)�<X*� 8  ��K / K�¿IK�¿IK�¿ � �C470�Y ! ? 8-¿ � � !¼NFO,OobmN�CC

¶�_ OPb ¶�_ SUK�I �.� !¡NFOaOPbmETQ Å NS[ÃU´jÔ ¬ � S ¯ E�I'EHCFO _ ª¼ETI[K:E"QeKWÓjG[K�OPb�®dN�bR³ _ GUCIÂEHCFO _%¯ ETIÄ�K�K�S�N�S�OPbmEHQ Å E«bmN _ SÉ´
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�	� ¦@�Fm 	�¢ � B _ SUOeNI[K�Q$EHS ¯ K�bmK�Q _d^ CETN�ª E ¶[¶ CN ^ E«bmN _ SÉ´«Ú Y±ÔoY;ÕÐOeK�Q Å N ^ KDCK�E�I[O±b _ ILK�E�IdXC _L^.¸ ³ ¯ NC�K 470�Y ! ? 8 ¿�´
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EHb*0 � b ¯ K
EHCC _d^ E«bmN _ SÂOPbmE«bmK,NOÉÁ��D��&���\8 (OCK�¿IK�¿ � � ���.X*� 8 (OCK�¿ K�L�� �Z470�Y ! ?[8 LU´EHb*0 S � S QmK�ÓjG[K�OPbmO _ S[K¡ª _ QmK:QmK�O _ GUQ ^ K �C� S NFORÄ[C _L^.¸ K�IÉ´
EHb*0"! � !¡QmK�ÓjG[K�OPbmO9ETCO _%_ S[K,ª _ QmK:QeKWO _ G[Q ^ K �C� !¡NO�ÓjG[K�G[K�I�E ¬ beK�Q � S ´
EHb*0"# � #�QmK�CK�ETOeK�O:EHCC$N�bmO ^ CFEHNª�®>NÈ´ KT´ _ S[K%QeKWO _ G[Q ^ KT´>ß ¯ K¼ETC�C _L^ E«b _ Q:K�·[EHª�NS[K�O¡³ ¯ K�b ¯ K�Q� S ^ ETS×Ä�K�OeK�Q Å KWI>´;ß ¯ K3OPbmEHbeK3³9N|b ¯ ��D��	��� 8 $�ZK�¿IKML ��NO%S _ b�OmE ¬ K�OeN�S ^ KÂN�bª¼E)cÊC�KWETIÊb _ ILKWETILC _L^.¸ N ¬ �
S�ETSUI � # QeKWÓ�GUK�OPb
Ä _ b ¯ _ SUK¼ª _ QeK�QmK�O _ G[Q ^ K�Ä�K ¬²_ QeKQmK�CK�E�OPNS[Ã�EHSdc �+b ¯ GUO,b ¯ K8QmK�ÓjG[KWOob _T¬ �S%NFO
ILK�S[N�KWI>´±Ú�SUI�ETO¡b ¯ K'OeK�Q Å N ^ K%NFO ¶ GUQeKYAÔoY;Õ"®Jb ¯ K�QeKWÓjG[K�OPb _T¬ � ! NFO:S _ b ^�_ SUOeNILK�QeKWI¾EHC�b ¯U_ G[Ã ¯ OeK�Q Å N ^ NS[ÃÂN|b¡³ _ G[CFI¾CK�ETIb _ E¼OeE ¬ K¡OPbmEHbeK�´
EHb*0 $ � # QmK�ÓjG[KWOob.O _ S[K'QmK�O _ G[Q ^ K �ÉN�b%NFO�ÓjG[K�G[K�I°E ¬ beK�QN� ! ´$ß ¯ K3OPcLOPbeK�ª NFO"ILKWETILC _L^.¸ KWI³9N�b ¯ 470�Y ! ?[8 ¿�´dµ�K ^ ETC�C�b ¯ E«b�OeK�Q Å N ^ NS[ÃN� ! ²NS�E�S _ SÂYAÔoYAÕ OPK�Q Å N ^ K �]³ _ G[CFI8CK�ETIb _ E¼OeE ¬ K¡OPbmEHbeK�´
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EHb 0�� ��D��&�'�\8 2LZKMOCK / � � ���<X�� 8  / K OCKML � �Z470�Y ! ?[8�L
�EHb 0�S �S:QmK�ÓjG[K�OPbmO _ S[K,ª _ QmKÒQmK�O _ G[Q ^ K �C�
SÒNFO9Ä[C _L^.¸ K�IÉ´EHb 0 ! � ! QmK�ÓjG[K�OPbmORETCO _�_ S[K¡ª _ QmK¡QeKWO _ G[Q ^ K �C� ! NO9ÓjG[K�G[K�I�E ¬ bmK�Q �S«´EHb 0 # � # QmK�CK�ETOeK�ODbo³ _ QmK�O _ GUQ ^ K�O�®C470�Y ! ?[8 OL´��S ^ ETS[S _ b9Ä�K
OPK�Q Å K�I3OPNS ^ K¡OPbmEHbeK
��D��&�'�\8 o¿ KMOCK O �DNFORS _ b�OmE ¬ K�´EHb 0 $ � # QmK�ÓjG[KWOob.O _ S[K'QmK�O _ G[Q ^ K �ÉN�b"NFO"ÓjG[K�G[K�I°E ¬ beK�Ql� ! ´;ß ¯ KÂOecLOobmK�ª NFO"ILKWETILC _L^.¸ KWI³9N�b ¯ 470�Y ! ?[8 OL´Hµ9K ^ EHCCLb ¯ E«bxOeK�Q Å N ^ N�S[Ã�� ! _ Q9� # ²NS¼E¡S _ S¼YAÔoYAÕ�OeK�Q Å N ^ K �±³ _ G[CICK�E�I'b _ E%OmE ¬ K
OPbmEHbeK�´
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© K�ETI[C _L^.¸%¶ QeK Å K�S�bmN _ S ¬²_ QmÄ[NIUOxE ¶ G[QeKÒY±ÔoY;Õ OPK�Q Å N ^ K _H¬É¶�_ OPb ¶�_ SUK�I ¶ Q _L^ KWOeOeK�O]OeNS ^ K�N�bQmK�CN�KWO _ Sºb ¯ K ¶J_ beK�S�bmNETC _H¬ O _ ª�K"beQ.EHSUOmE ^ beN Å K ¶ Q _L^ K�OmOPKWO�b _ �JS[NO ¯ b ¯ K�N�Q¡bmQmETSUOeE ^ bmN _ SEHSJI�b ¯ K�S¼b _ ÃTN Å K�ÄJE ^.¸ b ¯ K�N�QaQeKWO _ G[Q ^ K�O�´Tß ¯ K�ÄUETOeN ^ NI[K�E,NFO]b _ OeK�Q Å K�YAÔoYAÕ E�O]C _ S[Ã"ETON�b�I _ K�O¡S _ b ^�_ SjbeQ.ETI[N ^ bmO¡ILK�E�ILC _d^.¸º¶ QeK Å K�S�bmN _ SÉ´+ÔZS{E�OmE ¬ K¼OPbmE«bmKT®+b ¯ K¼C�KWETILNS[ÃÂbeQ.EHSUOPXE ^ beN Å K ¶ Q _d^ K�OmO�®�b ¯ K �UQ.OPbaNS8b ¯ K¡C�NFOob _H¬ beQ.EHSUOmE ^ beN Å K ¶ Q _L^ KWOeOeK�O _ Q.ILK�QmK�I8Äjc¼NS ^ QeKWETOeN�S[ÃILNFOob.EHS ^ K�O�®«NOxOPG ¶U¶J_ OPKWI
b _ ÄJK9S[K Å K�Q;I[K�S[NK�I _H¬ OeK�Q Å N ^ K�´«ß ¯ NO ¶ Q _�¶ K�QPboc ¯ ETO;b _ Ä�K ¯ K�CI
_ S�KWO ¶ K ^ NETC�Cc'³ ¯ K�S�b ¯ K
C�KWETILNS[Ã ¶ Q _L^ KWOeO9C _ OeK�ORN�bmO ¶J_ OPN�beN _ S¾E ¬ beK�Q�ÃTN Å N�S[Ã¼ÄJE ^.¸ O _ ª�K
_H¬ N|b.O�QmK�O _ G[Q ^ KWO _ QÒEHCC _H¬ b ¯ K�ª ²beK�Qmª�N�SJE«beNS[ÃÂN|b.O�bmQmETSUOmE ^ bmN _ S ��®�EHSUIº³ ¯ K�S¾b ¯ K%S[K�³CK�ETI[N�S[Ã ¶ Q _L^ KWOeO ¯ E�Oab _ Ä�K ¶ QeN Å N�CK�Ã�K�I>´ß ¯ GUO;³ ¯ K�S%QmK�O _ GUQ ^ K�O;EHQmKRQeK�C�KWETOeK�I>®)b ¯ K ¶J_ Oob ¶J_ S[K�I ¶ Q _L^ KWOeOeK�O ¯ E Å K ¶ QeN _ QmN|boc _«Å K�QS[K�³×NS ^�_ ª%NS[Ã:QeKWÓjG[K�OPbmO;EHSJI
b ¯ K�c�ETQeKaOPK�Q Å K�I�N�S�EÒYAÔoY;Õ _ Q.ILK�QAO _ C _ SUÃ:E�O�b ¯ K9OPK�Q Å N ^ KCK�ETIUOÉb _ EÒOeE ¬ KDOPbmE«bmKT´WÔ ¬ S _ b�®Wb ¯ KRYAÔoYAÕÌOeK�Q Å N ^ K]NO;OPb _�¶[¶ KWI>´ Î�_ ³aK Å K�QW®�N ¬ b ¯ K ^ G[QmQmK�SjbeCcCK�ETI[N�S[Ã ¶ Q _L^ K�OmOÒNO¡OPbeNC�C ¶�_ OPb ¶�_ S[KWI>®+N|b,NFO¡OPK�Q Å K�I ²b ¯ NFO¡NO,ETC�³RE)cLO ¶�_ OmOPNÄ[CK ¬ Q _ ª b ¯ KÄUETS ¸ K�Q�Í[ETC�Ã _ QmN|b ¯ ª ��´

Î�_ ³aK Å K�Q�E ¶ K�Qeª¼ETS[K�Sjb�� _ ³ _T¬[¶ Q _d^ K�OmOPKWO>Ä�K ^�_ ª�N�S[Ã�b ¯ KDC�KWETILNS[Ã ¶ Q _L^ K�OmOÉÄdc�bmG[QmSUOO ¯[_ G[CFI3S _ b9NSUILK �US[N�beK�Cc _«Å K�QebmE ¸ K�b ¯ K �UQ.OPb ¶�_ OPb ¶�_ SUK�I ¶ Q _d^ K�OmO�´Lß ¯ GUO¡Á
� ÈÚ
¿ �RE ¶ Q _L^ KWOeORO ¯[_ GUCIÂS _ b ¸ K�K ¶ NSUILK �US[N�beK�Cc'N�bmO�EHCC _ bPbeKWI3QeKWO _ G[Q ^ K�O�®
� ÈÚaO ��E ¶ Q _d^ K�OmO
OPbmEHQebeNS[Ã¾E�S[K�³ beQ.EHSUOmE ^ beN _ S O ¯U_ G[CFI{S _ b"OPbmETQPb
³9N�b ¯ E�OPª¼EHCCK�QILNFOPbmEHS ^ K¡b ¯ E«b�EHCQmK�ETI[c ¶J_ Oob ¶J_ S[K�I ¶ Q _d^ K�OmOPKWO�´
`]Q _L^ KWOeOeK�O:ª�GJOob,Ä�K ^�_ ª ¶ K�CC�KWIÊb _ QeKWO ¶ K ^ b¡b ¯ NFO
ETOmOeG[ª ¶ beN _ S �Ú�O �:³ ¯ K�S{OPbmETQPbmN�S[Ã�ES[K�³ÆbmQmETSUOmE ^ bmN _ SÉ®]K�N|b ¯ K�Q8NSØILK�CE)cdNS[Ã�b ¯ KºS[K�³-beQ.EHSJOeE ^ beN _ SÐE�O¼C _ S[Ã°ETO8N|b.O8NS[N|bmNETCILNFOob.EHS ^ K"NFO:C _ ³aK�QÒb ¯ EHS¾b ¯ K¼ILNFOob.EHS ^ K _T¬x¶ Q _d^ K�OmOPKWO ¶�_ OPb ¶�_ SUK�I¾Ädc�b ¯ K¼EHCC _L^ EHb _ Q�® _ QNS?EHCC _ ³9N�S[Ãºª _ ª�K�SjbmETQec{b _ b ¯ NFO%S[K�³ÝbeQ.EHSUOmE ^ beN _ S°EHS×N�S[N�beNFEHC9ILNFOPbmEHS ^ KÂb ¯ EHb"NFO�b ¯ Kª¼E«·LNª�ETCÉILNFOob.EHS ^ K _H¬ b ¯ K ¶�_ OPb ¶�_ S[KWI ¶ Q _L^ KWOeOeK�O ÈILNOPbmETS ^ K,NS ¯ K�QeN�bmETS ^ K ��´� K�b�GUORK�·[ETª%NS[K:b ¯ K,K » K ^ b.O _H¬ b ¯ NO ¬ ETN�QmS[KWOeO ¶�_ CN ^ c8b _ b ¯ K ¶ QmK Å N _ GUORK�·[ETª ¶ C�KWO�´
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EHb 0 % ÁHS _,¶ Q _L^ K�OmO±NFO]OeK�Q Å KWI�OeN�S ^ K*��� ^ EHS[S _ b$ÄJK�OeK�Q Å KWI�ETSUI�OPNS ^ Kab ¯ K9C�KWETILNS[Ã ¶ Q _L^ K�OmO� ! NFORS _ b ¶�_ OPb ¶�_ S[KWI�� 470�Y ! ? 8 ¿�´EHb 0 � ÁUOPb _L^.¸ 8"O�EHSUI � � NO�OeK�Q Å KWI>´LYUETN�QmS[K�OmORNFORQeKWO ¶ K ^ beK�IÉ´
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EHb*0 # Á � $ _ S[Cc3NO�OeK�Q Å KWI�� � % QmK�ª¼EHNSUO ¶�_ OPb ¶�_ S[KWI¾OeN�S ^ K,b ¯ K
C�KWETILNS[Ã ¶ Q _L^ KWOeORNFO�S _ ³� $ �UOPb _L^.¸ 8 ¿T´EHb*0 $ Á�� # NFOÒI[K�CFE)cTK�I  _ QÒN�S ¯ K�QmN|b.O _H¬ ILNFOob &O �a8 / ��� _ Ä Å NEHbeK�O�QeK ^ G[QmQmK�SjbÒOeª�ETC�C±beQ.EHSJOoXE ^ bmN _ SUO�´EHb*0"%?ÁJOob _d^.¸ 8 � �Z� %¡ÄJK ^�_ ª�KWOab ¯ K,CK�E�ILN�SUÃ ¶ Q _L^ KWOeO9ETSUIÂNO�OeK�Q Å KWI �UOPb _L^.¸ 8"OL´EHb*0 � Á���$"NFOÒI[K�CFE)cTK�I  _ QÒN�S ¯ K�QmN|b.O _H¬ ILNFOob &O �a8 / ��� _ Ä Å NEHbeK�O�QeK ^ G[QmQmK�SjbÒOeª�ETC�C±beQ.EHSJOoXE ^ bmN _ SUO�´EHb*0 + Á+OPb _L^.¸ 8 / ��� ! ^ ETS�S _ ³ ÄJK%OPK�Q Å K�I ����#"EHSUI ��$�EHQmK,QeKWE ^ bmN Å EHbeK�I  _ QÒÄUE ^.¸ b _I[NOPb D� � 8 I[NOPb  / � 8>O �REHSUI'b ¯ K�cÂETQeK¡Nª�ª%KWILNFE«beK�C�cÂOPK�Q Å K�I��Z470�Y ! ?[8 ¿�´
YJEHNQeS[KWOeOaNFO9QmK�O ¶ K ^ beKWIÂETÃ�ETN�SÉ´

� ¤×¢ � ¦��Fm 	È¢ � Á�EHb�0"#�®Hb ¯ K�C�KWETILNS[Ã ¶ Q _L^ KWOeO]NO���!9³ ¯ N ^.¯ NFO$b ¯ K�QmK ¬²_ QeK�OeK�Q Å KWI>´Tß ¯ K�QeKNFORS _ ILKWETILC _L^.¸ ´

� ¤×¢ � ¦��Fm 	È¢ � Á�EHb�0"#�®Hb ¯ K�C�KWETILNS[Ã ¶ Q _L^ KWOeO]NO���!9³ ¯ N ^.¯ NFO$b ¯ K�QmK ¬²_ QeK�OeK�Q Å KWI>´Tß ¯ K�QeKNFORS _ ILKWETILC _L^.¸ ´
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Ö K ^�_ SUOeNFILK�QANO _L^ CFEHNª ^�_ S �UÃTGUQmEHbeN _ SUO�³ ¯ N ^.¯"¯ E ¶U¶ K�S _T¬ beK�S"³ ¯ K�S�b ¯ K�QeKaNFO±S _ E ¶ QmN _ QeN
¸ S _ ³9CK�ILÃ�KDE Å EHNCFEHÄ[CKDETÄ _ GLb±b ¯ K9ILNFOobmQeNÄ[GLbmN _ S _H¬ QeKWÓjG[K�OPbmO�´�ÔZS"b ¯ NO ^ ETOeK]b ¯ KRETC�Ã _ QmN|b ¯ ª
_T¬�¬ EHNQ�ILcdSUETª%N ^¡¶ QmK Å K�SjbeN _ SÂNO�OeNª ¶ C�N��UK�IÉ´ÇdG ¶U¶J_ OPK¡b ¯ E«b�ETC�C ¶ Q _L^ KWOeOeK�O ¯ E Å KÒb ¯ K
OmEHª�K ^ CFEHNª !  E � K !$#2% �:'�2� ��8 ! ��´Ô ¬+¬²_ Q$b ¯ K�CK�E�ILN�SUÃ ¶ Q _L^ K�OmO�®HSJEHª�K�I����+ÄJK�C _ ³,® Èµ�� � ¯[_ CFI[O;b ¯ K�S 3 ��470 ������98�470�Y ! ?³ ¯ N ^.¯ NO"OeETª�K8ETO 3 ��450 �� � � 	 +.-/% �10 �� � � 8 470�Y ! ? 	 +.-/% �10 �� � �¡³ ¯ N ^.¯ NFO
OeETª�K8ETO! 8\470�Y ! ?
	 +.-`% �10 �� � �Ú�O ¬²_ Q
EHCC ¶ Q _L^ K�OmOeK�O 3 ��470 )� �c8 ! b ¯ K�S 3 ��470 )� ��8]450�Y ! ? 	 +.-/% �10 �� � �¡EHSUI �µ-� �
¯[_ CIUO ¬²_ Q�EHCC ¶ Q _L^ K�OmOeK�O�´ÔZS¼b ¯ NOaNFO _L^ CETN�ª!OPcLOPbeK�ª N�bDNFOaOPGLÛ ^ N�K�S�bDb ¯ EHbxb ¯ KÒETC�C _L^ E«b _ QxETC�³RE)cLO ¸ K�K ¶ OxK�S _ G[Ã ¯QmK�O _ G[Q ^ KWO]b _ OeEHbeNFO ¬ cÂEHSdc8QmK�ÓjG[K�OPb _H¬ b ¯ K,CK�E�ILN�SUÃ ¶ Q _L^ KWOeO�´Ú QmK�O _ G[Q ^ K%QmK�ÓjG[K�OPb,NO�E ^�^ K ¶ bmK�I{³ ¯ K�S{N�b�NFO¡NOmOeG[K�I{Ädc¾b ¯ K¼C�KWETILNS[Ã ¶ Q _L^ KWOeO�® _ Q³ ¯ K�S¾b ¯ K�QmK"QmK�ª¼ETN�SUO:K�S _ G[Ã ¯ QmK�O _ G[Q ^ KWO�CK ¬ b ¬²_ Q:b ¯ E«b,C�KWETILNS[Ã ¶ Q _L^ K�OmO _ S ^ K"b ¯ K�QmK�XÓjG[KWOob ¯ E�ORÄJK�K�S�ÃTQ.EHSjbeKWI8b _ EHS _ b ¯ K�Q ¶ Q _L^ K�OmO�´

� _ S�E ^�^ K ¶ beKWI QeKWÓ�GUK�OPbmO8ETQeK ¶�_ OPb ¶�_ S[KWIØEHSJIÌb ¯ K�cÌETQeK¾K�·[EHª�N�SUK�IÐEHSUK�³ ³ ¯ K�SQmK�O _ G[Q ^ KWO�EHQmK�QmK�CK�E�OPKWI>´Jß ¯ NOÒK�·[EHª�NSUE«bmN _ S _H¬]¶�_ OPb ¶�_ SUK�I ¶ Q _L^ KWOeOeK�O�NO:I _ S[K�Ä�K ¬²_ QeKE ^�^ K ¶ beNS[Ã�S[K�³�QmK�ÓjG[K�OPbmO�´
� _ beK�b ¯ EHb�® ¬²_ Q]b ¯ KÒOmE ¸ K _H¬ ILK�E�ILC _d^.¸"¶ QmK Å K�SjbeN _ SÉ®TE ¶J_ Oob ¶J_ S[K�I�QmK�ÓjG[KWOobDO ¯ ETC�CJS _ bÄ[C _L^.¸ ETC�CDCEHbeK�Q
QeKWÓjG[K�OPbmO�®±OeN�S ^ K _ S[K _H¬ b ¯ K�OeK'CFE«bmK�Q
QmK�ÓjG[KWOob�ª¼E)cÊÄJKÂNOmOPGUK�I�Ädcºb ¯ K

^ G[QeQmK�SjbmC�c8CK�E�ILNS[Ã ¶ Q _d^ K�OmO9³ ¯ N ^.¯ b ¯ K�QeK ¬²_ QmK,ª�GUOPb�S _ bÒÄJK
ÄUC _L^.¸ KWI>´Uß ¯ NFO9NFO9b ¯ K ^ E�OPK³ ¯ K�S8b ¯ KÒCK�E�ILNS[Ã ^ C�NK�SjbRNOaQmG[S[S[NS[ÃU´Lß ¯ NFOaNORETCO _ b ¯ K ^ ETOeK ¬²_ Q ¶�_ OPb ¶�_ S[KWI ¶ Q _L^ KWOeOeK�OOeN�S ^ KT®;NSUILK�K�I>®;³ ¯ K�S×b ¯ K�C�KWETILNS[Ã ¶ Q _L^ KWOeO"QmK�CK�ETOeK�O%O _ ª�K'QmK�O _ G[Q ^ KWO"ETSUI b ¯ K�QmK ¬²_ QeKS _ C _ S[ÃTK�Q ¯[_ CIUO9b ¯ K"ª¼E«·¾ETC�C _ bmª%K�Sjb�®Jb ¯ K"S[K�³ CK�E�ILNS[Ã ¶ Q _L^ K�OmO�ª¼E)c�Ä�K _ SUK _H¬ b ¯ K
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	 � K�b:GUO¡K�·[EHª�N�SUK�b ¯ K ^ ETOeK _H¬ ETSÊNFO _L^ CETN�ª OecLOobmK�ª�´�B _ SUOeNI[K�Q,EÂOeK�b _H¬� 8 ¿gLIL ¶ Q _L^ KWOeOeK�O9³ ¯ N ^.¯ O ¯ EHQmK�E ¶�_d_ C _H¬ ' 8,O L L�QeKWO _ G[Q ^ K�O�´UÚ�CC ¶ Q _L^ K�OmOPKWO ¯ E Å KEHS3NFILK�SjbeN ^ ETC ^ CFEHNª _H¬ ! 8 / ´[ß ¯ NO ^�_ S �UÃ�G[Q.E«beN _ S'ª�E)c ^�_ QmQeKWO ¶�_ SJI¼b _ bmK�CK ^�_ ª�ª�G[S[N�X
^ EHbeN _ S%OPcLOPbeK�ª¼O�´TÇdG ¶[¶�_ OeKRE�G[SUNÓjG[K9EHCC _d^ E«b _ Q _H¬ OILIL�QeKWO _ G[Q ^ K�O ¯ ETOAÄ�K�K�S%NSUOob.EHCC�KWI>´«ÔÜbGUOeK�O ¬ ETN�Q�ILcdSUETª�N ^:¶ QmK Å K�SjbeN _ S3OPNS ^ KÒb ¯ K�QmK:NFORS _ b�K�S _ G[Ã ¯ QeKWO _ G[Q ^ K�O ¬²_ Q9Ä�K ¬²_ QeK ¯ EHSUI
¶ QmK ^ EHGLbmN _ SÉ´

Î�_ ³aK Å K�Q$QmK�O ¶ K ^ bmN�S[Ã
OmE ¬ K�boc"ETSUI ¬ EHNQeSUK�OmO$ª¼E)c ¯ E Å K�E ¯ N�Ã ¯8^�_ OobDE�O$NS�b ¯ K ¬²_ C�C _ ³RXNS[Ã8O ^ K�SUETQeN _ ´ÇdG ¶U¶J_ OPK ¬²_ Q:K�·[EHª ¶ CK
b ¯ E«b,ILG[QmN�SUÃ'S _ Qeª¼EHC ^�_ SUILN�beN _ SUO � � ¶ Q _L^ K�OmOPKWO ¯ E Å K
ÄJK�K�SÃTQ.EHSjbmK�I _H¬ ��QeKWO _ G[Q ^ K�ODK�E ^.¯ ®[³ ¯ N ^.¯ C�KWE Å K�ORE¼OPb _L^.¸8_T¬ / ¿T´ � K�b�E�Ä[G[Q.Oob _T¬ E ^ bmN Å N�beNK�O
_L^�^ G[Q]EHSUI ^ QeKWE«beKREHS _«Å K�QmC _ ETI
OeN|bmGUE«bmN _ SÉ´Hß ¯ GUOAb ¯ K / ½�QeK�ª¼EHNS[N�SUÃ ¶ Q _L^ KWOeOeK�O;ETC�C[OPbmETQPbb ¯ K�NQDbmQmETSUOmE ^ bmN _ SUO$³9N�b ¯ E
QmK�ÓjG[K�OPb _T¬ ¿�QmK�O _ G[Q ^ K�K�E ^.¯ ´jµ9KWO ¶�_ SJILN�SUÃ
b _ b ¯ K _«Å K�QeC _ E�INS Å�_ C Å KWOaETCO _ b ¯ EHb9b ¯ K��=�%S _ Qmª¼EHC ¶ Q _d^ K�OmOPKWOaQeKWÓ�GUK�OPb _ S[K¡ª _ QmK¡QeKWO _ G[Q ^ KÒKWE ^.¯Â¬²_ Q�E³ ¯ NC�K:Ä�K ¬²_ QmK�QmK�CK�E�OPNS[Ã
N�b9EHSUI ¶ Q _L^ K�K�I[N�S[Ã"EHÃ�ETN�S'³9N|b ¯ b ¯ K�NQaC _ ETS _H¬ �U´LÕÒS ^ KÒOeK�Q Å KWI>®K�E ^.¯ Ä[GUQmOPbeNS[Ã ¶ Q _L^ KWOeO:ª¼E ¸ K�O:O _ ª�K ¶ QmN�ª¼ETQec ^�_ ª ¶ GLbmEHbeN _ SÉ®�b ¯ K�S{QeKWÓjG[K�OPbmOcO8ª _ QeKQmK�O _ G[Q ^ KWO ¬²_ Q9N|b.O �USUETC ^�_ ª ¶ GLbmEHbeN _ SÉ´ÚabxÄ[GUQmOPbeNS[Ã¡beNª�KT® _ S[Cc / L¡Ä[G[Q.OobmN�SUÃ ¶ Q _L^ K�OmOPKWO$EHQmK�OPK�Q Å K�I>®«b ¯ NFO]CK�E Å KWO$E,Oob _L^.¸�_H¬¿
EHSJIÂE¼ÓjG[K�G[K _H¬ ½
ÄUG[QmOPbeNS[Ã ¶ Q _L^ KWOeOeK�O ²KWE ^.¯3¯ E Å N�SUÃ�E�ILNFOPbmEHS ^ K _H¬ / ®[E%Ã�QmETS�b _T¬ LEHSJI'E"QeKWÓ�GUK�OPb _T¬ ¿ � �jb ¯ K,ÓjG[K�GUKÒNFORO _d_ S3EHG[Ã�ª�K�SjbeKWI8Ädc �IO
S _ Qmª¼EHC ¶ Q _L^ K�OmOPKWO �K�E ^.¯
¯ E Å NS[Ã'E'I[NOPbmETS ^ K _H¬ ¿�®JE8Ã�QmETSjb _H¬ �ÂEHSUI¾E'QeKWÓjG[K�OPb _T¬ ¿ ��ETSUI�b ¯ K%OPb _L^.¸ Ä�K ^�_ ª�K�OSdG[CCÈ´UYUQ _ ªÝS _ ³ _ SÉ® _ S[Cc / ¿ ¶ Q _d^ K�OmOPKWORQeGUS ^�_ S ^ G[QeQmK�SjbmC�c�´Ö ¯ K�SÐb ¯ K / L°Ä[G[Q.OobmN�S[Ã ¶ Q _L^ K�OmOPKWO ¯ E Å K ^�_ S ^ G[QmQeK�SjbeCc �US[NFO ¯ K�IØb ¯ K�N�Q ¶ QeNª¼EHQmc
^�_ ª ¶ GLbmEHbeN _ SÉ®[b ¯ K�c8ÄJK ^�_ ª%K ¶�_ OPb ¶�_ S[KWI ²K�E ^.¯Â¯ E Å NS[Ã�E�ILNOPbmETS ^ K _T¬ / ®[E"Ã�QmETSjb _T¬ ¿EHSJIºEÂQeKWÓ�GUK�OPb _T¬ O ��´Éß ¯ GJO _ S[Cc ¿ ¶ Q _L^ K�OmO�®+EÂS _ Qeª¼EHC _ SUKT®+NO:QmG[S[S[NS[ÃJ´+ß ¯ K�YAÔoY;ÕÓjG[K�GUK _T¬U¶J_ Oob ¶J_ S[K�I ¶ Q _d^ K�OmOPKWO ^�_ SjbmETN�SUO$½RÄUG[QmOPbeNS[Ã ¶ Q _L^ K�OmOPKWO ¶ QmK ^ K�KWILN�SUÃ �IO�S _ Qmª¼EHC
¶ Q _L^ K�OmOeK�O ¶ Q _d^ K�KWILN�SUÃ / L%Ä[G[Q.OobmN�S[Ã ¶ Q _L^ KWOeOeK�O�´Ú ¬ bmK�Qab ¯ NO ¶ KWE ¸�_H¬ NSUE ^ beN Å N|boc�®Tb ¯ K:SjGUª�Ä�K�Q _H¬ QmG[S[S[NS[Ã ¶ Q _L^ KWOeOeK�ODOob.EHQebmOxÃTQ _ ³9N�S[Ã
Å K�QecÂOPC _ ³9C�c8E�Oab ¯ K ¶ Q _L^ KWOeOeK�O �USUNO ¯ b ¯ K�N�Q9bmQmETSUOmE ^ bmN _ SUO�´Ö ¯ K�S8b ¯ NO9O ^ K�SUEHQmN _ NOROeN�ª"G[CEHbeKWI>®dN|bRNO ^ EHQ.E ^ bmK�QmN�à�K�I�Ädc8E"ª%KWEHSÂQeKWO _ G[Q ^ K�QmK�beK�SLXbeN _ S%Q.E«beN _ NFO _H¬ ÏU¿��¡EHSJI�E�ª�KWEHS ^�_ S ^ G[QmQeK�S ^ c ¬ E ^ b _ Q _T¬ ¿�
�:I[G[QeNS[Ã¡E�b _ b.EHCdK�·LK ^ GLbeN _ SbeNª�K _H¬ ¿gO[¿ ��beNª%K,GUS[N|b.O�´ÇdK Å K�Q.EHC±E ¶[¶ Q _ E ^.¯ K�ORª¼E)c3ÄJK ^�_ SUOPNFILK�QeKWI ¬²_ Q�QmK�I[G ^ NS[Ã¼b ¯ NO ^�_ Oob _H¬$¬ EHNQmS[K�OmO�´�Ú�CCNSUOob.EHCC>E ^�_ ª ¶J_ OPN�beK¡EHCC _d^ E«bmN _ S'EHSUI'K�· ¶ K ^ bRb.E ¸ N�SUÃ%E�I Å EHSjbmETÃTK _T¬ b ¯ K:Oeª¼EHCC Å ETC�G[K _H¬
^ CFEHNª¼OxETSUI _H¬ b ¯ KÒO ¯[_ QebxILG[Q.E«bmN _ S _T¬ Ä[G[Q.OobmN�SUÃ¡beQ.EHSUOmE ^ beN _ SUO ¬²_ Q]ª¼EHNSjbmEHNS[NS[Ã�E,CFEHQmÃTK
^�_ S ^ GUQeQmK�S ^ c ¬ E ^ b _ QÒETSUI ¬²_ QÒQmK�ILG ^ NS[Ã¼b ¯ K"CK�S[ÃTb ¯¾_T¬ b ¯ K ¶�_ OPb ¶�_ S[KWI¾ÓjG[K�G[K�´ � K�b:GUOK�·[ETª%NS[K,O _ ª�K,E ¶[¶ Q _ E ^.¯ K�O�´Ú �JQmOPb%E ¶[¶ Q _ E ^.¯ ^�_ SUOeNOPbmO�N�S?ILN Å NFILNS[Ã¾b ¯ K'QmK�O _ G[Q ^ K8OeK�Q Å N ^ K ¬²_ Q�b ¯ K �10:beQ.EHSUOPXE ^ beN Å K ¶ Q _L^ K�OmOeK�O¡NSÊbo³ _�¶ EHQebmO�´�Ú�S�ETC�C _L^ EHb _ Q _T¬ OILIL3QeKWO _ G[Q ^ K�O:³9N�b ¯{¬ EHNQ
ILcdSUETª%N ^



¶ QmK Å K�SjbeN _ S _ Q ¬ EHNQRÄJK ¬²_ QmK ¯ ETSUI ¶ QmK ^ EHGLbmN _ SÂOeK�Q Å KWODE�OeG[ÄUOeK�b _H¬±¶ Q _L^ KWOeOeK�O�® ^ EHCCK�I¼b ¯ K
¬²_ QPbmG[SUE«bmK ¶ Q _L^ K�OmOeK�O,EHSJI E�³aETN|bmN�SUÃHXÜQ _d_ ª ¯[_ CFI[O,b ¯ K _ b ¯ K�QmO�® ^ EHCC�KWIºb ¯ K'K�· ¶ K ^ beNS[Ã
¶ Q _L^ KWOeOeK�O�´�ÕÒS[C�cÊE�ª�EH·LN�ª"G[ª _H¬ ����bmQmETSUOmE ^ bmN Å K ¶ Q _L^ KWOeOeK�O ^ EHS{ÄJK ¬²_ QPbmG[SUEHbeK8E«b
EÃ�N Å K�S8ª _ ª�K�S�bW´[Ú�Sdc ¶ Q _L^ K�OmOROob.EHQebeNS[Ã"E%S[K�³ÐbeQ.EHSJOeE ^ beN _ S'³ ¯ K�SÂb ¯ K¡SdG[ª"ÄJK�Q _T¬�¬²_ QPXbmG[SUE«bmK ¶ Q _d^ K�OmOPKWOANO$CK�OmOAb ¯ EHS ���¼³9NC�CUÄJK�E ^�^ K ¶ bmK�I"N�ª�ª�K�ILNFE«bmK�Cc"E�O$E ¬²_ QebeG[SUEHbeK _ SUK �N ¬ S _ bW®dN|baÄJK ^�_ ª�KWOxK�· ¶ K ^ beNS[Ã"ETSUI¼N�b ¯ ETO$b _ ³REHN�bDG[SjbmN�C _ S[K _H¬ b ¯ K ^ G[QmQeK�S�b ¬²_ QebeG[SUEHbeKbmQmETSUOeE ^ bmN _ S �US[NFO ¯ K�O�´Hß ¯ K9SdG[ª�Ä�K�Q _T¬ K�· ¶ K ^ beNS[Ã ¶ Q _L^ K�OmOeK�OANO9� # 8 ' %�� &L�K �10<;N������´ß ¯ NFO ¶J_ C�N ^ c¾ETN�ª¼O�b _ C�Nª�N|b.O�b ¯ K%SjGUª�Ä�K�Q _H¬ QmK�O _ G[Q ^ KWO�QmK�b.EHNS[K�I�Ädc ¶�_ OPb ¶�_ S[KWI ¶ Q _ X
^ K�OmOPKWO,EHSUIÊb _ E Å�_ NFIÊE�C _ SUÃ ^.¯ EHNS _T¬a¶ Q _L^ KWOeOeK�O¡³REHN�beNS[Ã ¬²_ Q�QeKWO _ G[Q ^ K�O�´>Ú�S G[QmÃTK�S�bbmQmETSUOeE ^ bmN _ SÉ®)N ¬ EHSdcT® ^ EHS�Ä�K ¶ CFE ^ K�I�E ¯ K�E�I _T¬ b ¯ K ¶ Q _L^ K�OmOAÓjG[K�G[KRN�S"b ¯ K9³aETN|bmN�S[ÃTXçQ _d_ ªETSUI8b ¯ K�S�³REHN�bmO _ S[C�c'G[SjbeNC>b ¯ K,K�SUI _H¬ b ¯ K �JQmOPb �US[NFO ¯ NS[Ã ¬²_ QPbmG[SUE«bmK:beQ.EHSUOmE ^ beN _ SÉ´ß ¯ K�O ^ K�SUETQeN _�¯ E�O�Ä�K�K�S×OPNª�GUCEHbeK�I ¬²_ Q"b ¯ NFO �JQmOPb%E ¶[¶ Q _ E ^.¯ ³9N�b ¯°¬ EHNQ%ILcdSUETª�N ^
¶ QmK Å K�SjbeN _ S¼³9N�b ¯ ��� 8 
 O�EHSUI¼³9N�b ¯'¬ EHNQDÄ�K ¬²_ QeK ¯ EHSJI ¶ QmK ^ ETGLbeN _ S'³9N|b ¯ ��� 8ÐÏTÏ"EHSUI��� 8 � L ÈY _ QÒÄ�K ¬²_ QeK ¯ EHSUI ¶ QeK ^ EHG[beN _ SÉ® ���ÊNO:E«b:ª _ Oob¡ÏTÏ8OeNS ^ K%ÏTÏ��  ! ;Ð¿ ��. O LILETSUI%³ ¯ K�S[��� 8 �IL:b ¯ K ¬²_ QebeG[SUEHbeK ¶ Q _L^ KWOeO]ETQeKRS[K Å K�Q ¶J_ Oob ¶J_ S[K�I ��´dß ¯ K9QeKWOPGUC|b.OxO ¯[_ ³b ¯ K,N�ª ¶�_ QebmETS ^ K _H¬A¶ QmK�OeK�Q Å NS[Ã�E ¯ N�Ã ¯�^�_ S ^ G[QmQeK�S ^ c ¬ E ^ b _ QW´

concurrency
factor

total execution
time

fair dynamic
prevention

allocation
policy

fair dynamic
prevention

no

yes

yes

yes

18

37

51

37

1213

608

407

610

82

66

50

100 61%

26%

13%

8%

waiting-roomnf
resource retention

ratio (mean)

fair beforehand
precaution

fair beforehand
precaution
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�	� ¦@�Fm 	�¢�� � K�b"GUO,K�·[ETª%NS[K¼S _ ³ b ¯ K ^ E�OPK _H¬ EHS ¯ K�beK�Q _L^ CFEHNª�OecLOobmK�ª�´�ß ¯ K'N�ª%X
¶ CK�ª�K�S�b.E«bmN _ SUO _H¬ I[NOPbeQmN�ÄUGLbeKWI _ ÄLÙoK ^ b _ QeNK�SjbeKWIºOecLOobmK�ª¼O¡OPG ^.¯ ETO,á:G[NFILK ¹ Î EHÃ�N�ª _ SjbÑ / À ¯ E Å K8O ¯[_ ³9S�b ¯ K ^�_ K�·dNFOPbeK�S ^ K _T¬ OPK Å K�Q.EHCDOPNà�K _T¬ ª�K�ª _ Qmc ^.¯ G[S ¸ O"EHCC _L^ E«beKWI{b _
_ ÄLÙoK ^ bmO:EHSUIÊEÂILNFOPbeQmN�Ä[G[beN _ S _T¬x_ Ä[ÙoK ^ b.O:³9N|b ¯ E ¶ KWE ¸�_H¬ OPª¼EHCC _ ÄLÙoK ^ bmO¡ETSUIºETS _ b ¯ K�Q
¶ K�E ¸'_H¬ CFEHQmÃTK _ ÄLÙoK ^ b.O�´UËaG » K�Q.O ¬²_ Q�I[E«b.E ^�_ ª%ª"G[S[N ^ EHbeN _ S�ª¼E)c ^�_ SjbmEHNS�OPª¼EHCCÉbmK�·dbmO�®CFEHQmÃTK �UCK�O _ Q Å K�Qmc8CFEHQmÃTK¡OPK�b _T¬ Nª¼EHÃ�K ¶ N|·LK�CFO�´Ö ¯ K�S×EHS _«Å K�QmC _ ETI _d^�^ G[Q.O�®ÉN ¬ b ¯ K�QmK8NFO�E¾OmE ¬ K'Ä[GLb"GUS ¬ EHNQ"ILcdSUETª�N ^ ETC�C _L^ EHbeN _ SÉ®
¶ Q _L^ KWOeOeK�O�³9N|b ¯ CFEHQmÃTK ^ CFEHNª�OÒª¼E)c�³aETN|b ¬²_ Q¡EÂC _ S[Ã8bmN�ª�K�ÄJK ¬²_ QmK"Ä�K�NS[Ã�OPK�Q Å K�I¾OeNS ^ Kb ¯ K�c¾ª¼E)c¾Ä�K _«Å K�QPb.E ¸ K�S¾ÄdcºE � _ ³ _T¬D¶ Q _L^ K�OmOeK�O:³9N|b ¯ Oeª¼EHCC ^ CFEHNª¼O�´ÉYUG[QPb ¯ K�Qmª _ QmKT®N ¬ E ¬ ETN�Q ¶�_ CN ^ c�NOÒN�ª ¶ CK�ª�K�S�bmK�I>®+b ¯ K%CETQeÃ�K ^ CFEHNª ¶ Q _L^ K�OmOPKWO�ª¼E)c�QeK ¬ QmETN�S�b ¯ K�OPª¼EHCC
^ CETN�ª ¶ Q _L^ K�OmOeK�O,b _ Ã�K�b�b ¯ K�NQ�QeKWO _ G[Q ^ K�O�EHSUI�b _ K�·dK ^ GLbmKÂ³9N�b ¯ N�SÌEºOeª�ETC�CaQmK�O ¶J_ SUOPKbmN�ª�KT´�ß ¯ NFO�O ¯U_ ³�Oab ¯ EHb�N|bÒNO�I[N|Û ^ GUC|b:N�S�Ä _ b ¯¾^ ETOeK�Oab _8¶ Q _«Å NFILK,EHS�KWÓ�GJEHC�ÓjGUETC�N�boc _T¬



OeK�Q Å N ^ K:b _ ETC�C ¶ Q _L^ K�OmOPKWO�´Ú ^�_ ª ¶�_ OeN|bmKDEHCC _d^ E«bmN _ S
ª¼E)cÒÄ�KaETS�E ¶U¶ Q _ E ^.¯:¬²_ Q;E ÅT_ NI[N�S[ÃÒERb _d_ CFEHQmÃTKDILN » K�QmK�S ^ KNSÂb ¯ K
OeK�Q Å N ^ K�´B _ SJOPNFILK�QaE ^�_ S ^ GUQeQmK�SjbDE ¶[¶ CN ^ E«beN _ S¼³ ¯ K�QmKÒÏIL ¶ Q _L^ K�OmOPKWO ¯ E Å KÒE ^ CFEHNª _H¬ ¿T¿ÒEHSUIQmK�EHCNà�K�O ¯[_ QPb�bmQmETSUOeE ^ bmN _ SUO ¬²_ Q¼³ ¯ N ^.¯ b ¯ K�QeKWO ¶�_ SJOPKÂbeNª�K�NO�Nª ¶J_ QPb.EHSjb  b ¯ K�c×ETQeK
^�_ SUOeNILK�QeKWI ETO%OPª¼ETC�C ^ CN�K�SjbmO��
EHSJI ³ ¯ K�QmK 
 ¶ Q _L^ K�OmOPKWO ¯ E Å K'E ^ CETN�ª _H¬ ¿gL[¿'ETSUI°EC _ S[Ã%beQ.EHSJOeE ^ beN _ S� b ¯ K�OeK
EHQmK ^�_ SJOPNFILK�QmK�I3ETOaCFEHQmÃTK ^ CNK�SjbmO���´ÔZS�S _ Qeª¼EHC>³ _ Q ¸ N�SUÃ ^�_ SUI[N|bmN _ SUO�®[b ¯ K�QeK
NFO�ETS _ ÄUOeK�Q Å K�I3ª�K�ETS _H¬ ¿7L¼Oeª�ETC�C ^ CN�K�S�b.OEHSJI�Ï�CETQeÃ�K _ S[K�O�´Uß ¯ NFO�CK�E�I[ORb _8¶ Q _«Å NFILK,E8OPb _L^.¸'_T¬ ½ LIL%QmK�O _ G[Q ^ KWO9EHSUI3b _ EHCC _L^ EHbeKb ¯ K�ª Ädc3ILcdSUEHª�N ^Ò¶ QeK Å K�SjbmN _ S��NÈ´ KT´[³9N�b ¯U_ GLb ¬ ETN�QmS[K�OmO���´� K�bxS _ ³ ^�_ SUOeNILK�QxE«bxbeNª%Ka08�L
E,C _ E�I _H¬ 
,CFEHQmÃTK ^ CNK�SjbmODOob.EHQebeNS[Ã�E¡bmQmETSUOeE ^ bmN _ S³9N�b ¯ EHS"N�S[N�beNFEHCUQeKWÓ�GUK�OPb _T¬ � LÒK�E ^.¯ ´«ß ¯ K�S%K�E ^.¯"^ C�NK�Sjb ¯ ETO;E ^ c ^ C�N ^ ÄJK ¯ E Å N _ Q±NS"³ ¯ N ^.¯N�b�QeKWÓ�GUK�OPbmO / L%QmK�O _ G[Q ^ KWO ¬²_ Q�E�³ ¯ NC�K¡Ä�K ¬²_ QmK,QmK�CK�ETOeNS[Ã�b ¯ K�ª�´Úab�beNª�K 0=8 ¿�E � _ ³ _T¬ Ï L{Oeª¼EHCC ^ CN�K�SjbmO¼OPbmEHQebmO�®R¿ �ÊÄdcØ¿ �º³9N�b ¯ E{CETÃ _T¬ ¿Ä�K�bo³aK�K�S{b ¯ K�ª�´�ß ¯ KWOPK ^ C�NK�SjbmO¡QmK�ÓjG[KWOob¼¿gL'QmK�O _ G[Q ^ KWO ¬²_ Q OÂG[S[N�bmO _T¬ bmN�ª�K8EHSJI¾b ¯ K�SÓjG[N�b�´

ß ¯ NFO'O ^ K�SUEHQmN _ ^�_ QmQeKWO ¶�_ SUI[N�S[Ã{b _ EHS _«Å K�QeC _ E�I ¯ ETO¼Ä�K�K�S�OPNª�GUCEHbeK�IÌ³9N�b ¯Ð¬²_ G[QILN » K�QeK�Sjb�EHCC _L^ EHbeN _ S ¶J_ C�N ^ NK�O�´ Ö K,ÃTN Å K¡Ä�K�C _ ³Øb ¯ K¡b _ b.EHCÉK�·LK ^ G[beN _ S3beNª�K
EHSUI ¬²_ QRb ¯ KÏIL L �UQmOPb¼beNª�K¾G[S[N�bmO�®$b ¯ K ^�_ S ^ GUQeQmK�S ^ c ¬ E ^ b _ QW®;b ¯ K¾ª�K�EHS ³ _ Q ¸ N�S[ÃÊbeNª�KºEHSJI×b ¯ Kª�K�ETS3³REHN�beNS[Ã%beNª�K ¬²_ Q9CFEHQmÃTK¡EHSUI3Oeª�ETC�C ^ CN�K�S�b.O�´

dynamic
prevention

fair dynamic
prevention

prevention
fair combined

1233

1076

1124

1343

CF

29

10

15

16 375

419

125

533

295

39

133

107

allocation
policy

total execution
time

5

504

6 at 561
2 at 38

255

at t=600

Large clients small clients

working time waiting time working time waiting time
mean on 8 clients mean on 8 clients mean on 60 clients mean on 60 clients

594

95

6 at 39
2 at 561

344

fair beforehand
precaution
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Ö N�b ¯ b ¯ K9ILcdSUETª�N ^a¶ QmK Å K�SjbeN _ S ¶J_ C�N ^ c�®WCFEHQmÃTK ^ CNK�SjbmO$ETQeKaS _ b]OeK�Q Å KWI  _ S[C�c���GUS[N|b.O
_H¬ ³ _ Q ¸ N�SUÃRbeNª%K ¶ K�Q ^ C�NK�Sjb �>³ ¯ NC�KaOPª¼ETC�C ^ CN�K�S�b.OÉª _ S _T¶�_ CN�à�K$b ¯ KaEHCC _L^ E«b _ Q &OTÑ �RGUS[N|b.O
_H¬ ³ _ Q ¸ NS[Ã"beNª�K ¶ K�Q ^ CN�K�S�b ¬²_ Q�E%ª�EH·LN�ª"G[ª ³ _ Q ¸ N�S[Ã"beNª�K _H¬ �ILIL���´Ô ¬ ³DK:beQ.EHSJO ¬²_ Qeª b ¯ K
ILcdSUETª%N ^:¶ QmK Å K�SjbeN _ S ¶J_ C�N ^ cÂN�S�E ¬ EHNQ _ S[K  ^ CN�K�S�b.O�OPbmEHQebeNS[ÃE,S[K�³ beQ.EHSUOmE ^ beN _ S¼EHQmK ¶ CFE ^ K�I�NS8E
³REHN�beNS[ÃHXÜQ _j_ ª N ¬ b ¯ K�QeK�NFOaO _ ª%K ^ CN�K�S�b ¶J_ Oob ¶J_ S[K�IÄdc�b ¯ K�ETC�C _L^ E«b _ Q ��®ACETQeÃ�K ^ C�NK�SjbmO ^ EHS?K�ETOeNC�c _ Ä[bmEHNS°b ¯ K�QeKWÓjG[K�OPbeKWI°QmK�O _ G[Q ^ KWO  �IL /G[S[N�bmO _T¬ ³ _ Q ¸ NS[Ã'beNª%K ¬²_ Q:EÂª¼E«·LN�ª"G[ª�³ _ Q ¸ NS[Ã'beNª%K _T¬ �HÏU¿ �9³ ¯ N�CK%Oeª¼EHCC ^ CN�K�S�b.O



ETQeK¡EHCª _ OPb9ETC�³RE)cLO ¶J_ Oob ¶J_ S[K�I  _ S[Cc �TÑ%G[S[N�bmO _H¬ ³ _ Q ¸ NS[Ã
bmN�ª�K ��´
Ö N�b ¯ b ¯ K ¬ ETN�Q±ÄJK ¬²_ QmK ¯ ETSUI ¶ QmK ^ EHGLbmN _ S ¶J_ C�N ^ c  ^ C�NK�Sjb.O�OPbmEHQebeNS[Ã�E�S[K�³�bmQmETSUOeE ^ bmN _ SETQeK ¶ CE ^ K�I°N�SÌE¾³REHN�beNS[ÃHXÜQ _d_ ª2N ¬Ò^�_ SUILN�beN _ S Èµ / ��I _ K�O"S _ b ¯[_ CFI ��®AÏºCETQeÃ�K ^ CN�K�SjbmOª _ S _T¶�_ CN�à�KÒb ¯ K,QmK�O _ G[Q ^ KWO ¬²_ Q �HÏ[¿:G[S[N�bmO�´
ß ¯ K ¬ EHNQ ^�_ ª"Ä[N�SUK�I ¶ QmK Å K�SjbeN _ S ¶�_ CN ^ c  ^ C�NK�Sjb.OÒOPbmETQPbmN�S[Ã3E8S[K�³ beQ.EHSJOeE ^ beN _ S¾ETQeK

¶ CFE ^ K�I�NSÊEÂ³REHN�beNS[ÃHXÜQ _d_ ªÆN ¬ b ¯ K�c¾EHQmK�SUK�N�b ¯ K�Q¡E ^�^ K ¶ bmK�I�Ädc�b ¯ K ¬ ETN�Q¡ILcdSUEHª�N ^�¶�_ C�XN ^ cÌª¼EHSUETÃTNS[Ã �HÏ L�QeKWO _ G[Q ^ K�O¼S _ Q8ÄdcÌb ¯ K ¬ EHNQ'Ä�K ¬²_ QeK ¯ EHSUI ¶�_ CN ^ cÌª�ETSUEHÃ�N�SUÃÐ¿ / LQmK�O _ G[Q ^ KWO ��®dª�E ¸ KWO ¶ Q _ ÃTQmK�OmOxKWÓ�GJEHCC�c¼b ¯ K
Oeª�ETC�C±EHSUI'b ¯ K,CFEHQmÃTK ^ CNK�SjbmO�´
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	É��� �¡ )¨ �  )¦�� �°§�¤ � §È¤ �neA¦
ÇdNª�GUCEHbeN _ S ¶ Q _ ÃTQ.EHª¼O ¯ E Å K%ÄJK�K�S{N�ª ¶ CK�ª�K�SjbmK�I{N�S�Ú�IUEÂ³9N�b ¯ bmE�O ¸ O¡EHSJI ¶ Q _ bmK ^ beK�I
_ ÄLÙoK ^ bmO�´[`]Q _ ÃTQ.EHª¼OaEHQmK:E Å ETN�CFEHÄ[CK _ S ¬ b ¶ ÁsÞTÞ«ÄUE ^�^.¯ GUO�´ ^ SJEHª�´ ¬ Q�Þ ¶ G[Ä�Þ«ETQPbmN ^ C�KWO.Þ

ÇdK Å K�Q.EHC9ETC�C _L^ E«bmN _ S ¶�_ CN ^ N�KWO ¯ E Å K3Ä�K�K�S ¶ Q _ Ã�QmETª�ª%KWI°OeG ^.¯ E�O�G[S ¬ ETN�Q8ILcdSUETª�N ^
¶ QmK Å K�SjbeN _ S�®JG[S ¬ EHNQ:Ä�K ¬²_ QeK ¯ EHSJI ¶ QmK ^ EHGLbmN _ SÉ® ¬ ETN�Q,ILcdSUETª�N ^"¶ QmK Å K�SjbeN _ SÉ® ¬ EHNQ:ÄJK ¬²_ QmK�X
¯ ETSUI ¶ QeK ^ ETGLbeN _ SÉ´

Ö K�OeG ¶[¶�_ OeK3b ¯ EHb8E ¶ Q _L^ KWOeO _ Q%NO�ETC�C _L^ E«bmK�I°b _ K Å K�Qmc ¶ Q _L^ K�OmO�®±b ¯ GUO¼ETC�C�E ^ beN Å KbmQmETSUOeE ^ bmN Å K ¶ Q _L^ K�OmOeK�O ²S _ b¼OeCK�K ¶ N�S[Ã �
³ ¯ N ^.¯ EHQmK'S _ b ¶J_ Oob ¶J_ S[K�I×K�·LK ^ GLbeK ^�_ S ^ GUQPXQmK�SjbeCcT´

	É�Fâ �É§D�Êå 	�¦L¥W§�¨�¤?£WäT¢d¤A¦L «§�¨
ß ¯ K,OeN�ª"G[CFE«beN _ S�O ^ K�SJEHQmN _ NO�ILK�O ^ QmN�Ä�K�IÂÄdcÂE�O ^ QmN ¶ bW®LN�S�³ ¯ N ^.¯

BDCFEHNª Nç®Ué]SjbeK�QRNÈ®Já:K�b�NÈ®Jµ9K�CK�E�OPK¡N ^�_ S ^ K�QeS3NÉQmK�O _ G[Q ^ KWO�®
ÇdCK�K ¶ Ù�® Ö _ Q ¸ Ù ^�_ S ^ K�QeS"ÙabeNª%K,GUS[N|b.O�EHSJI
�ÒG[N�b�NO�ETOmO _L^ NFE«bmK�I'³9N|b ¯ b ¯ K,QmK�CK�ETOeNS[Ã _T¬ ETC�CÉÃ�QmETSjbeK�I'QeKWO _ G[Q ^ K�O�´
ß ¯ K O ^ CFETOmOeK�O _H¬;¶ Q _d^ K�OmOPKWOaN�S�K�·[ETª ¶ C�K �%EHQmK¡K�· ¶ QmK�OmOPKWI'ETO ¬²_ C�C _ ³9NS[ÃUÁ

� é]· � S _ Qmª¼EHC;Á�BDCFEHNª 8 / ®[ËaK ¯ E Å N _ G[Q�8
çÇdCK�K ¶ ¿�®[é]SjbeK�Q��[® Ö _ Q ¸ ¿T®Uá:K�b
¿T® Ö _ Q ¸ ¿7L L[®Lµ9K�C�KWETOeK%¿�® Ö _ Q ¸ O LILU®��ÒG[N|b �

� é]· � Ä[G[Q.OobmN�SUÃ3Á+BDCETN�ª 8 / ®[ËaK ¯ E Å N _ GUQ 8
çÇdCK�K ¶ O[®[é]SjbeK�Q,¿T® Ö _ Q ¸ 
ILU®Uá:K�baOL® Ö _ Q ¸ ¿�®��ÒG[N|b �

ß ¯ K,Ï ^ CE�OeOeK�O _H¬A¶ Q _d^ K�OmOPKWORN�S3K�·[ETª ¶ C�K
Ï�EHQmK:K�· ¶ QmK�OmOPKWIÂE�O ¬²_ CC _ ³9NS[ÃUÁ

� é]·[Ï CETQeÃ�K"Á+BDCETN�ª 8 ¿7LU¿T®[ËaK ¯ E Å N _ G[Q 8
ÇLC�K�K ¶ ¿T®[éxS�bmK�Q �IL[®+¿7L��  Ö _ Q ¸ / ®Uá:K�b / LU® Ö _ Q ¸ �IL[®[µ9K�C�KWETOeK / L ��®��ÒG[N�b

� é]·[Ï OPª¼ETC�C N]Á�BDCFEHNª 8!¿�¿T®[ËaK ¯ E Å N _ G[Q�8
¿gLIL�� ÈÇdCK�K ¶ Nç®UéxS�bmK�Q,¿gL[® Ö _ Q ¸ OL®��ÒG[N�b�� �[³ ¯ K�QeKc�
8 ¿IHJH �[´



	É��� �É§D�Êå 	�¦L¥W§�¨�¤° «¢d£�å 	²¥W£
éxE ^.¯ OeNª�G[CFE«bmN _ SÂQmG[S ¶ Q _«Å NFILK�O:Á
� b ¯ K¡ª%KWEHS Å ETC�GUK�O _H¬ b ¯ K:QeKWO _ G[Q ^ KÒOPb _L^.¸ ® _H¬ b ¯ K¡QeKWO _ G[Q ^ K�QmK�bmK�SjbeN _ SÂQmEHbeN _ ® _H¬ b ¯ K
^�_ S ^ G[QeQmK�S ^ c ¬ E ^ b _ Q�®

� b ¯ K�b _ bmETCJK�·LK ^ G[beN _ S�beNª�KÒETSUI%b ¯ KÒQmEHbeN _
_H¬ bmN�ª�KÒO ¶ K�SjbDÄdc"b ¯ K ¶ Q _L^ K�OmOPKWO$N�S'K�E ^.¯
_T¬ b ¯ K�NQ�OPbmE«bmK�O�®

� ¬²_ QAKWE ^.¯"¶ Q _L^ K�OmOÉb ¯ Kab _ b.EHCjbeNª�K9O ¶ K�Sjb;N�S"b ¯ KRILN » K�QeK�Sjb ¶ Q _L^ KWOeOAOPbmE«bmK�OaÁHÇdCK�K ¶ N�S[ÃJ®éxS�bmK�QmN�SUÃU®JBDCFEHNª%NS[ÃJ® Ö _ Q ¸ NS[ÃU®[µ9K�C�KWETOeN�SUÃU®��ÒG[N�bPbeNS[ÃJ®
� ¬²_ Q�K�E ^.¯ OeN�Ã�S[N � ^ EHSjb�OeN�ª"G[CEHbeN _ S�I[E«bmKT®Lb ¯ K,SdG[ª�Ä�K�Q _T¬A¶ Q _L^ KWOeOeK�OaNS�K�E ^.¯ Oob.E«bmKT´

� ��	��P�P� �]��� � � �
¹ ËREHQ ¸ E _ G[NÒÑ 
«À:ËaETQ ¸ E _ G[N�M�´®x`]Q.ETIUE«bPXZ`;K�cdQmKÂVJ´ Ya´®��$K�QeN�� ^ EHbeN _ SÐNS B _ S ^ G[QmQeK�S�b`xQ _ ÃTQ.EHª�ª�N�S[ÃR³9N�b ¯ `;K�beQmN � K�bmO;ÇjbmQeG ^ beG[Q.EHCjß�K ^.¯ S[NFÓjG[K�O�® �Hb ¯ ÔoéxéDé ^�_ S ¬ ´ _ S Î NÃ ¯ÚÒOeOeG[Q.EHS ^ K,ÇLcdOPbeK�ª¼O9é]S[Ã�K�K�SUK�QmN�S[Ã  Î ÚÒÇLé�Í Ñ 
 ��® ¶[¶ ´¿gO / X.¿ �=�U® � _«Å K�ª�Ä�K�Q¡¿�Ñ�Ñ 
[´
¹ B _H» ª¼EHS�½L¿�ÀUB _H» ª¼EHS[S%é�´®WéxC ¶[¯ N ^.¸ � ´® Ç ¯[_ OmEHS[NdÚ
´®HÇdcLOobmK�ª¼O © KWETILC _L^.¸ O�®HB _ ª%X
¶ G[beNS[Ã'ÇdG[Q Å K�cdO9�U´ O[® ¶[¶ ´ Ïj½)Xo½ 
[®dVTG[SUK¼¿�Ñj½L¿T´
¹ © N Ù ¸ OobmQmE�Ïd½WÀ © N Ù ¸ OobmQmE%é�´ Ö ´®JB _j_�¶ K�QmEHbeNS[Ã%ÇLK�ÓjG[K�SjbmNETC+`xQ _L^ K�OmOPKWO�®�N�S�`]Q _ Ã�QmETª"Xª�NS[Ã � ETS[ÃTGUETÃTKWO�®LYa´ á:K�SdG[cLO�®LKWI>´�®JÚ ^ E�ILK�ª�N ^ `]QmK�OmO¡¿�ÑTÏd½d´
¹ Î ETÄJK�Qeª¼EHSUS�Ï�Ñ«À Î EHÄ�K�Qmª�ETS[S�Ú
´ � ´®±`]QmK Å K�SjbeN _ S _H¬ ÇdcLOobmK�ª © K�E�ILC _d^.¸ O�®±B _ ª%Xª"G[S[N ^ E«bmN _ SUO _H¬ b ¯ K
Ú�B � ¿`OL´s½d® ¶[¶ ´ �j½��HX)�d½T½L®�Ú�GUÃTGUOPb
¿�Ñ�ÏTÑ[´
¹ Î ETÃTNª _ Sjb±Ñ / À Î ETÃTNª _ Sjb © ´�®TB ¯ K Å ETC�NK�QA`;´ �%´�®WY[QmK�cLOmOPNS[K�bAÚ
´®)M¡Q.E ¸�_ ³9NE ¸ Ç+´® � E«X
^�_ G[QebeKÒÇ>´�® � _ OmOeN�K�QeK�VJ´�®jµ _ GJOeOeK�bDI[K�`]NSUE���´®d`;K�Q.OPNFOob.EHSjbaÕÒÄLÙoK ^ baÇdG ¶[¶J_ QPbDN�S¼b ¯ Ká:G[NFILK
ÇdcLOPbeK�ª�ÁLé Å ETC�GJE«beN _ SÂEHSUIÂµ9K�CFE«bmK�I Ö _ Q ¸ ´jÑHb ¯ B _ S ¬ ´ _ S�ÕÒÄLÙoK ^ bPXPÕÒQeNK�SjbmI`xQ _ ÃTQ.EHª�ª�N�S[Ã ÇdcLOPbeK�ª¼O�® � EHS[Ã�GUEHÃ�K�O¼EHSJIÌÚ ¶[¶ CN ^ E«bmN _ SUO ÜÕ,Õ:`DÇ � Ú ��` _ QebeCFEHSJI
_L^ b
¿WÑTÑ /
¹ Î�_ C|bÒ½d¿�À Î�_ C�bRµ
´�®UB _ ª�ª�K�Sjb.O _ SÂ`xQeK Å K�SjbmN _ S _H¬ ÇdcLOPbeK�ª�O © K�E�ILC _L^.¸ O�®LB _ ª%ª"GLXS[N ^ EHbeN _ SUO _T¬ b ¯ K
Ú�B � ¿ / ´�¿�® ¶U¶ ��Ï«X�� 
U®jVjEHSdGUETQec�¿WÑj½d¿ �
¹ Î�_ C|b8½ O)À Î�_ C�b"µ,´®AÇ _ ª�K © KWETILC _L^.¸ `xQ _�¶ K�QPbmN�KWO _H¬ B _ ª ¶ G[beK�Q%ÇdcLOobmK�ª¼O�®$B _ ª%X
¶ G[beNS[Ã8OPGUQ Å K�cLO / ´ �[® ¶[¶ ¿)½HÑ«X.¿�Ñ�Ï[®LÇdK ¶ bmK�ª"ÄJK�Q,¿�Ñj½IO
¹ M,EHNFOPK�Q9Ñj½WÀÉM,ETNOeK�Q�BÒ´�®[`xQmE�I[E«beXÜ`;K�cdQeK�VJ´ YD´®[µ9K�C�NFEHÄ[CK¡µ9K�O _ G[Q ^ K¡Ú�CC _d^ E«bmN _ SÂ³9N�b ¯ÚÒI[ETÑ��"`xQeK ¬ K�QmK�S ^ K,B _ SjbeQ _ Cç®JBDK�ILQmN ^ µ,´ µ,´UÑd½WX6LTÏU®LB � Ú � ¿�Ñ�Ñj½

�Ð�������*�
� ¦[¤�f�¢j 	�£¼¦
	 � ¨J )§�¥�� � è¼§²¥ � ¥� «¦[¤A£�¦[äT¥�§2hJ¢ mA «¨ÉäT¢d£W£�¢d£�¨J `eA¢j «§�¤ �
� K�b�b ¯ KÂOeK�b _H¬ beQ.EHSJOeE ^ beN Å K ¶ Q _L^ KWOeOeK�O
ÄJK _ Q.ILK�QmK�I{b _ bmETC�Cc{Äjc�NS ^ QmK�E�OPNS[Ã Å EHCG[KWO _H¬
3 �6470 2� � �[N ¬ bo³ _�¶ Q _L^ K�OmOPKWO ¯ E Å K¡OeETª%K 3 ��450 2� ��®[S _ ª¼E«bebeK�Q9b ¯ K�N�Q9QmK�CFE«bmN Å K _ Q.ILK�QW´ÇdG ¶U¶J_ OPK:b ¯ K ^ G[QmQeK�Sjb9ETC�C _L^ EHbeN _ S�Oob.E«beK¡NFO�OmE ¬ KT®LNç´ KT´ Èµ�� � ¯[_ CI[O�´
E��8QmK�ÓjG[KWOob _H¬ � � K�baE ^ ETSUILNFI[E«bmK ¶ Q _d^ K�OmO��  ³9N�b ¯ ETS8ETI[I[N|bmN _ SUEHC�QeKWÓjG[K�OPb %.3 3 &? ��� LU´�Ô ¬ �  ³RETOS _ bxbmQmETSUOeE ^ bmN Å KT®Hb ¯ EHS'N�SUOeK�QebxN�bDNS8b ¯ K�bmQmETSUOeE ^ bmN Å K�OPK�b�´dß ¯ K�ÄUETS ¸ K�Q�Í O]ETC�Ã _ QmN|b ¯ ªNFO ^ EHCCK�I¼³ ¯ K�SÂETS'EHCC _L^ E«beN _ S8OeK�K�ª¼O ¶�_ OmOPNÄ[CKÒOeN�S ^ K�470�Y ! ?=b %.3 3 &?
�DEHSJI8N�bmODQ _ C�KNFORb _¼^.¯ K ^.¸ ³ ¯ K�b ¯ K�Q9b ¯ K,SUK�³ OPbmEHbeK�®UE ¬ bmK�Q�EHCC _d^ E«bmN _ SÉ®LNO9OPbeNCC�OeE ¬ KT´
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Ä �'QmK�CK�E�OPK:Ädcn� 
Ú ¬ beK�Q�E%QeK�C�KWETOeK�b ¯ K,S[K�³ EHCC _d^ E«bmN _ SÂOPbmE«bmK,NO9OmE ¬ K
� �  ³9NCCDÄ�K'QmK�ª _«Å KWI ¬ Q _ ª _ QmI[K�QmK�I�OPK�b%ETSUI�ÄJK3QmK�NSUOPK�QPbmK�I�NS×E�S[K�³ QmETS ¸
-`% ��?�(?
��8 - ^Z- �:' # &? � �

� N ¬ �  ¯ ETO �US[NFO ¯ K�IÂN|b.OabeQ.EHSUOmE ^ beN _ SÉ®jN�bRNFOaS _ C _ S[ÃTK�QDNS'b ¯ K,OPK�b _T¬ beQ.EHSJOeE ^ beN Å K
¶ Q _L^ K�OmOPKWO�´

Y _ Q ¬ EHNQeSUK�OmO�® ¶J_ Oob ¶J_ S[K�I ^ ETSUILNFI[E«bmK�OaEHQmK ^.¯ K ^.¸ K�I ¬²_ Q ¶J_ OeOeN�ÄUC�K¡EHCC _L^ E«beN _ S�´jß ¯ K�c



ETQeK¼OeK�Q Å K�IÊNS�YAÔoY;Õ _ Q.ILK�Q¡E�O¡C _ S[Ã�ETO ¶�_ OmOPNÄ[CK8EHSUIºb ¯ K�QmK�E ¬ bmK�QW®ÉN ¬ b ¯ K¼C�KWETILNS[Ã
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