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ε
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≤ ε
��
≤ ε
¾�g�ÌJ�K�Z P?L6N�M_J��	PWM�H	Mt�Jgf�H%E

ε
¾�M`J�h_i1E�U[Y�K�NPWZ�E�\J�i	f�hVNM�JIf,f�ET\�L6D�J�K_LD�E��	E�\6M_PETK%ET\7��h
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j3KpL6D1P�N�a�J�a�E�\�^�E}JgK�Jgf�h�QE}L6DIE}U�Y]K1Z�H�U�L6J�KIU[EbY�S�Ã1¹F�H�J�K%L�H1M§M`P�UT\cY]U�Y]K1N3L\P�U[LP?YIK·PWKRJbM�E[LJgf�^`P�LDRJ�K�Y�a�E�K��E�\M`P�NcH�\S3J�U[E%lrj)L`PWN_N�D%Y�^`KpLD�J�L�L6D%E}U�Y]K1Z�H�U�L6J�KIU[E ¬M`J�hÈZ1P�N6a�f�J�hÈK%Y�LpY]K�f�h�N:L�E�a�N ¬ ö i�H%LGJ�fWN3Y�K�E���J�L6P�t�EN�L:ETa%N
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¬ ö �¤J�N{Jv\�E�N3H�f�L{Y�SeLD�E�fWPWM_P�L:ETZÑ^_PWZ�L6DÑY�S

F�H	J�K�L�H	M U�Y]K1Z�H�U�L6P�K��ªN:H�i�i�JgK�Z�N
∆ε = ε Þ.ß�� − ε Þ�à ç lC�D�E_a�Y�P�K%L�U�YIKIL6J�U�L�N�aIE[U�L6\:H�MÑ� � ¬  ��® �sU�Y]K%L6J�P�K�N�L:^�YN:ET\:P�E�N_YIS�M`J��	PWM�J�l�Õ`K%E�Y�S�L6D%ETM�U�Y]\\3E�Na�Y�K�Z1N_L�YeL6DIEt�Y%f�LJ���ETN�� ®

= ±
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(ε � − ε Þûà ç ) �`J�NpPWKÈ�%¹ªM�P�U�\:Y�U�YIK%dN:L6\:P�U[LP�Y]K1N�J�K1ZpÃ1¹ aIY]PWK%L�U�Y]K%L6J�U�L6N�PWKeM�E�L6JgfWN�^�P�LDeJ�KPWNcY]L\3Y�a�P�Uk�	E�\�M_P�N:H�\�S3J8U[Ekz�u���|�lsC�D�EeN:E[U�Y]K1Z¸NcET\P�E�N²Y]SM_J���P�M_JbN�J�LP�N6S3P�ETN¥L6D�E_U[Y�K�Z%P�L6P�Y�K�� ®

= ±
�
(ε � − ε Þ�ß� ) lj�S�L6DIE`U�Y]K%L6J�U�L�J��	P�NsU�Y]P�K�UTP�Z�E�N�^`P?LDRLD�EVJ��	P�N�Y]S�L6DIEY�a�E�Kp�	ET\M�P³NcH�\:S3J�U[E%��S)YI\¥L6D�Eba�J�\:L6P?U�PWa�J8L6P?Y�K�Y]S�LD�E��IL6D

F�H	J�K�L�H	MÖM�Y�Z�EkP�K±LD�EeEgf�E[U�L6\:P�UTJgf�U�H�\\3E�K%L���K�Y�L�Y]K�f�hM�H�N:L}L6DIEÌM_PWK�PWM�H�M ETKIET\c��hkYIS_LD�EpL6\J�K�N:t�ET\N3EeM�YIZIE
ε ���� ( � )

i�E N:M`Jgf)f�ET\¼L6D�J�K
ε� ±

� ® r��� i�H�LªJgfWN:Y
ε ��� � ( � ) ≥ ε� ±

¯"!  ����^`D�E�\�E � = (
� # � � õ ) PWN�L6D%E}N3E�LY�S L:^�Y L6\:J�K�N:t�E�\6NcE Z1P�N:U�\3E�L�E F%H�J�K%L�H�M K%H�M�i�ET\NT�
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ε ��� � ( � )
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ε ��� � ( � � � ) = ε � ±
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��^`D�E�\:E
δε
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ε
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= � ö ∑1�� ( � (ε Þ�à�ç ) −
( � (ε Þ�ß� ) |�l ��Ä	�

m	E�LsH�N�U�Y]K1N�PWZ�E�\�J�´]M�Y]Z%Egf�M�E[LJgf7µ²^`P?L6D·L6DIE}�	E�\6M_PN�H1\6S3J�U�E
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 ⊥) + ε # ( 	 ⊥)
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 ε # � ε ö � �[y1�
^`D�E�\3E��~PWN_LD�EGNcETa%J�\�J�LP�Y�KXi�E[L:^�E�ETKXL6D%ERJ�L:Y]M_N�l�C�D�E´�^`J�\a�E�Z£µ�U[h1fWPWK�Z%ET\

ε( 	 )
PWN�J�KpPWK�S3P�K�P?L�E}N:H�\S3J�U�E}PWK·L6D�EZ�PW\cE[U�L6P�Y]K :����J�K�Z·P�K¤L6D1PWNsZ�P�\3E�U[LP�Y�KRa�J�NN3E�N�LD�\cY]HI�%D·Jgf,fU[Egf,fWN_Y�S�L6D%ER\3E�UTP�a�\:Y�U�J�fsN�a1J�U[E%l�j7S�L6D�E�U�Y�K�L6J8U[LbJ���P�NbPWN

a�J�\:J�f)f�EgfnL:Y}LD�E	: �� J��1PWN��	L6D%E�L6\J�K1N3t�E�\�N:E`a1J�\3L
ε ö Y�S�L6D�EL�Y�L6JgfeE�K�ET\c��h©P�N¸F%H�J�K%L6P?Q�E�Z

ε ö = ε ö ( � )
leÇnH1L¸PWK L6D�EZ�PWS3S)E�\3E�K%U[EÈS3\:Y]M L6D�E�Na�D�E�\6P�UTJgfe�	E�\6M_PpN3H	\�S3J�U�E���L6D�E^`PWZ�LD�N�Y�S�F�H1J�N6P�d�Y�K�ETd)Z1PWM�E�K�N:P�Y�K�JgfrN:H�i�i�JgK�Z�N�D�J8t�EbL6D�Ef�PWM_P�L:ETZ t�Jgf�H%E

ε # (� )
l���Y	�GPWSXL6D%E�ETK�E�\c��h

εÞ.ß6� ( � ) =
= ε ö ( � ) + ε # ( � )

P�N�N�M_Jgf,f�ET\�LD�J�K²LD�Eb�	ET\:M`P�ETK%E�\)��h
ε � �L6D%E¡N3H1i�i�J�K1Z±i1E�f�Y�^ÖLD�E{�	E�\6M_P�f�E�t�EgfVP�NRU�Y]M_a1f�E[L:E�f�hS3P)f,f�E�ZeJ�K�ZeZ�Y�ETN�K%Y�L�a1J�\3L6P�UTPWa%J�L�E}PWKpLD�EbU[H1\6\cETK%L�lnC�D�J�L\�E�N3H£f�L6NbP�KXL6D%E¤K%E��%J�LP�t�ERN:L�E�a�N

−
¬ ö H�K1Z�ET\_LD�E�U�Y�K�Z�P�dL6P�Y�K

ε ��� � ( � ) = ε� l�CnDIE���P?��l�usP�f,f�H�NcL6\J�L�E�N�LD�E�U[Y�K�Z�H%UTdL6J�KIU[E�Y�S~JvU�D�J�K1K�E�fpY]SXN6FIH�J�\cE�UT\:Y]NNkN:E[U�L6P?Y�KÑJ�NkJS)H�K�U�L6P�Y]KvY]S�LD�E{N:P�Q�E � lb��Y�\pN�PWM_a1fWP�U�P�L�h�^�EkH�N:ETZvJM�Y�Z�Egf`Y�S²L6D%E{�	E�\�M_PbN�H1\�S3J�U�E¡P�K±^`D�P?U�D
ε
�

= 	 ⊥
õ ����J�K�Z

ε
¾

=
U[Y�K�NcL�lÇ�h~U�D�J�KI�%P�Kg�¡LD�E�t]Y1f�L6J���E�� ® ^�E�U�J�KXUTD�J�KI��E�L6D�EK�H�M�i�E�\�Y]S�Y�a�E�KRF�H1J�K�L:H�M M�YIZIETN�S)Y]\�Z�P�S3S)ET\cETK%L�Z�P�\3E�UTdL6P�Y�K�N�Y�S�LD�E_E�f�E�U[L\�Y�Kpt�E�f�Y�UTP?L�hXz�uA�1|�l³j7KeJ²M�E[LJ�f�^`P�LDJ_U�f�Y]N:E�ZR�	E�\M�P�N�H1\�S3J�U�E%�%P�S³LD�E�i�PWJ�N�P�N�fWJ�\)��E�\�L6D�JgK²L6D�EZ�PWNcL6J�K%U[E�N¢i�E[L:^�E�ETK�ETK%ET\7��h�f�E[t�Egf�N8�]LD�E�K}J�N�LD�E�t�Y�f�L6J���EPWNbPWK�U�\:ETJ�NcETZ��³L6D%E¤KIH�M�i1E�\�Y�S�F�H	J�K�L:H�MOM�Y�Z�E�N_i�Egf�Y�^

L6D%E E�K�E�\c�IhOf�E�t]Egf
ε� +

� ® ¢� P�K%UT\cETJgN3E�N��[J�K1Z E�J�U�DL6PWM�E�L6D%E�U�Y�K�Z%H�U[LJ�K�U�E�PWK�U�\:ETJ�NcETN�i�h ¬ ö r�1�g��^`D�P)f�E�L6D�EK�H�M�i�E�\pY�SRM�Y�Z�E�N·i�Egf�Yg^ªLD�E±f�E[t�Egf
ε� −

� ® ���ZIETdUT\:E�J�N�E�N���J�K�Z�LD�J�L�f�E�J�Z�N¥L�Y_Â�H	M�a�N
−
¬ ö  �pl�C�D%E`a�E�J���NYIK L6D�E aIY]PWK%L6d�U[Y�K�LJ�U[L}N:a�E�U�L6\3H1M � ¬  ��® Jg\3EeZ�E�L�E�\�dM`PWKIETZÔi�hkLD�EeM`P�K�PWM�H�M E�K%ET\7��P?ETN²Y�S_L6D%EGL\J�K�N:t]E�\N3E

Egf�E�U[L\:Y]KÈM�Y]Z%E�N
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