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5<3 �=,<*43�0BE6Ï
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AOEB36;QE�.19<0z5/*43¥D836,<¾C3
>C?=A.=z?<36¹-¹43CÂLFI3�,<Ho3c?<,=58>C¹-¹43�,8ãh*-¹-EB360B,
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Ö�>CA(D8Æ/5/36¹-¹�ÆCÎL3�02*-360OE(º»*-E�ÈI*-360(ÈC3602A2À�;<*4365/36,<3�,�ÐL36*wE23�,'Â<½�3�¹§À�;<3
5/*43
Ã�0�A2À�;<3�*4,I?<,<¾oAO.1ÆC02º»3�,
5/360�ÐL3�*-E&*-,Ëº¥?=¹wE2*-º»365<*4>C¹-36,ÑÖzÆCHI?<º»3�,QE23�,Ñ?<,=5ËÖz>@EB36,=A[E20BÙoº»3�,Ñ*-º 7zÆC,QE23�ØIE$Èo3�0BEB36*-¹-EB360
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tM : M → T
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;=>C¹-Ì836*-,<3�AzÖzÆCHI?<º»36,oE�A(36*-,=5<3�?/E2*-¾�*§AOE6ÏsÖ�*43�D83�5/*43�,<Á63�*-Ez*4,<,<3�02;=>C¹-Ì836*-,<3�A(º�?<¹wE2*-º»3�5/*4>C¹-36,
ÖzÆCHI?<º»3�,QE2A�ÌL3�¾o*-,=,oE(º»*-E(5/3�º�3�0�A[E23�,lD8365/*43�,=ÆCÌ2�[36HoE�ÌL3�*£Ý$?<,q5�AOEB36*-¾CE�AOEB023�,=¾$º»Æo,<Æ@E2ÆC,
>@,£Ï
ÇU,83�*4,<36º ÎL3�02*-Æ/5/*§ABÀ�;=3�,8Ö�ÆoHI?<º»3�,QE(¹4ÉoABAOE�AB*4À�;85/*43¥D83�5/*-36,<Á�36*wE�>C?=A(5/360(Õ}3�02*-Æ/5/3cÌL3�0236À�;<Å
,<36,'Ï«Ã�*4,�Ôz*45/36Æ/5/ÆCHI?<º»3�,QE:Ìq36*4ABÎ<*43�¹§AO½�3�*§AB3¥º»*wEc36*-,<360:Á�3�*-EB¹4*§À�;<3�,¤¼(?/áqÙoAB?<,<¾�ÈoÆC,¤Þ�D�à�*4¹wÅ
5/360B,>�[3�FI3�HI?<,q5/3»;=>|E

n
Ã�*-,<Á63�¹4Ì<*4¹45/3606Â�5/*-3&*4º FQE20BÆoº �[3�½�3�*4¹§Ac5/?<0�À�;�36*-,¤D8365<*-36,<ÆCÌ2�[36HQE

mi, i ∈ 0, ..., n − 1
5<>@02¾C3�A[E23�¹4¹wE$½W36025/36,�B�5=>@º»*wE$H|>@,<,Ó5=>@,<,Ñ5/*-3�D8365<*-36,<Á�36*wE

tM
3�*4,<36A

�[365<3�,8D8365<*-36,<ÆCÌ2�[36HQE2A
mi

Ìq360B3�À�;<,<3�E(½�3�0�5/36,�5/?=02À�;

tM (mi) = i ∗
1
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tS : P × O → T
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FQE20BÆoº$ÆoÌ2�[3�HQE�A&Ìq36*z36*-,=3�º Õ�0BÆoÁ�3�ABABÆC0�Ï�ãh9<0�Õ�02ÆCÁ636A2AOÆo0B36,'Â©ÌL3�*z5<3�,<36, 5<>CA�FQEB02ÆCº»ÆCÌK�[3�HQE
,<Æ/À�;�,=*4À�;QEc3�*4,<¾C3�EB02Æ@äs3�,�*§AOE Sr?<,=5�36A�3�Èo3�,QEB?=3�¹4¹}>C?=À�;�,=*-3$½�*-0�5)U�Â«*4AOE
5/*-3&FQE20BÙoº¥?<,<¾QAOÁ63�*-E
,<*§À�;QE�5/3
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tS
Ìq36Á�36*4À�;<,=3�Ez;=*-360:5<3�,�ÐL36*wE2Î<?<,<HQEc5/36A

Ô©3�02¹§>CA2AO36,=A�5/3�0.=z?<36¹-¹43CÏ
)+*4025836*-,�Öz>@EB36,=A[E20BÆoº *-,�ÃWÀ�;oE2Á�36*wE:ÈC3602>C0BÌL3�*-EB3�E6ÂqABÆ�?=,oE23�0�ABÀ�;=3�*§5/3�EzAB*§À�;�5/*43$D83�5/*43�,<Á63�*-E
3�*4,<3�AcD8365/*43�,=ÆCÌ2�[36HoE�A�?<,=5 FQEB02ÙCº�?<,<¾QAOÁ63�*-E:5/3�A:HCÆo0B0236ABÎqÆo,=5/*43�023�,=5<3�,�FQE20BÆoº$ÆoÌ2�[3�HQE�A�>C?/.
3�*4,<36º Õ�02ÆCÁ636A2AOÆo0z?<º 3�*4,<3�,¤HoÆC,=AOE2>C,oE23�,¤FI?<º»º&>@,=5/36,'Â£5/3�ABAB3�, ��02ÙCGC3$ÈCÆo,�5<3�0cÃ�,QEO.1360OÅ
,I?<,<¾$5/36A�Õ�02ÆCÁ636A2AOÆo02A�ÈCÆC,�5/3�0 =z?<3�¹4¹43�>CÌ<;=É@,=¾@E6ÏQÇUº ¼(¹4¹4¾C3�º»36*-,<36,�H|>@,=,�3�*4,�Ö�>|E23�,=AOEB02ÆCº
É@;=,<¹-*§À�;»½�*-3�ÌL3�*q3�*4,<3�ºÛÔ�*§5/36ÆC0236À�Æo025<3�0��[365/Æ/À�;&>@?qÀ�;»A2À�;<,<36¹-¹43�0 SrÁCÏ à�Ï@.19<0�7zÆCÎ=*-360BÆoÎq3602>@EB*4Æ@Å
,<36,"U�Æ/5/3�0�¹4>C,<¾oA2>@º»3�0 S�ÐL3�*-EB¹4?<ÎL3 U�>CÌ<¾C3�AOÎ<*43�¹-E(½�3�0�5/3�,'Âq>@¹§A�5/*-3�A(ÈoÆCº Á6?<¾C02?<,=5/36¹-*43�¾o3�,=5<3�,
ÖzÆCHI?<º»3�,QEzÈoÆC02¾C36¾C3�ÌL3�,l*§A[E�ÏqÇUº�D�ÆI5<3�¹4¹�½�*4025�5/*-3�AO3¥Ã�*-¾o3�,=A2À�;=>@.�E�5/?<0�À�;�5/36, ��36A2À�;I½�*-,<Å
5/*4¾CHo3�*-E2AO.r>@HQEBÆo0

v ∈ R
>@?=AB¾C3�5/0B9qÀ�HoE�Ïhãh9<0

v = 1
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