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k)l�mXnpo\m%��� � r�sXtvu�l�n

x sX�)E-�GF�x.H�� � FJI � x\sXtvtvlLKXl

M u � F)F�lU�JI�mNI � s5nOF��/DQP � IJI�lUuRI�s4ISH�l
y0n �UT lU�)F � I � s�V x m�PWD�� � u/KXlXV�sX�.ISH�lG{0lLKX��lUl

s�V�{0s � I�sX��s�V�YZH � tvs�F�s�E>H5�
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� >&W]L.J-BKJ):=M.A�8

� H)l0��lLF�l�m%� � Hfu�lLF � � � D
lUu � nRISH � F u � F)F�lU�JI�mNI � s5n��\m F � m%��� � lUups5��I$D]� ISH)lGmX��ISH)sX�$D
l I�� lUl�n�� � I�s�D�lU�G�D���X�
mXn)u kIlLEGI�l[PWD
lU���D�X��\&q�z	� � lLEGI0m F � n�u � � mNI�lUu � n ISH)l I�l
�,IU�ISH)l � s5n0I�l�n0I)F0m%��l�l�n0I � ��lUt �psX� � K � n�m%t�mXn)u m%��l
n)s I$ISH�lG��lLF��)tUI�s�V��\sX�� u�s5n)l � n � sXtvt£m D�sX�®mNI � s5n
q ��s E-m%�)I�s�V ISH � F�u � F)F�lU�JI�mNI � s5n9H-m F$D
lUl�n�F��GDQP � IJI�lUuRI�s
mXng� s ISH�lU��y�n �UT lU�)F � I��Xq\� H)l�tvl�n/K ISH�s�V ISH)l�u � F)F�lU�)I�mNI � s5n � F�tvlLFSF$ISH�mXnf�X�]���������\sX��u/F � nRI�s I�m%t¦q

kIl�mXnpo�q-r�sXtvu�l�n

� W=j�8�A&hHL.>&Q Y�>���>I8�:Dc

� H�mXn���F m%��l\u-�)l%�����)FJI mXn)u V�sX��l[P9s�FJIU�*I�s P�� F��GE
lU� T � F�sX��{0�Uq�Y�l I�lU�|��mU�)n)lU��V.sX��H � F m%u T � � l mXn)u4F��GE/E
sX�JI
u-�)� � nGKXISH)l�t£m FJICV�l����5l�m%�)FUq � m%t F�s ISH-mXn�� ISH�s�F�l�� H�sGmXnGF��\lU��lUu P�� ��nGF�sXt � � � I�lUu l[P9m � t F mXn�u EQH)s5n�l � m%tvt F
m F� � nGK V.sX����nGE��GD�t � FSH)lUu��\sX���q
��n�l F�� � H E
lU�)F�s5n�� m F�{0�Uq��@m%�JI � n M n*ISH�s5n5�X��� H)s9��m%t F�s ISH�mXn����
m%tvs5nGK�� � ISH@{0�Uq0k,I�l T lb��l�n-m%t FU�

V.sX� E-��s]s�V.��l�m%u � n/K ISH)l#u � FSF�lU�JI�mNI � s5n
q2� H�mXn��,F V.sX�XE���s&s�V���l�m%u � nGK T m%� � s5�GF E�m%�JI)F0s�V�ISH)lbu � F)F�lU�)I�mNI � s5n�m%��l
m%t F�s u-�)l I�s ��mU� M � � H0I�lU��tvs5��n � l%����s�D � n �fsX��� � FU��k � Pes5n �0s&u/F � tvt¦�+{0�Uq M n � t�!Gs��%m%��m�P��
{0�Uq"�@m%t � sXt P
� m �$# lUs&u@mXn)up{0�Uq%�@m�H)lLF®mXn�� � �®mXn'& mXn+q

��m � �In)s(��tvlUuQKXl$ISH)l.H)lUt E s�VQISH)l�k � � l�n � l�mXn)u z nGK � n)lUlU� � n/K���lLF�l�m%� � H9x\s5��n � � t¦�Ix\sX�)E-�GF x.H�� � FJI � x\sXt �
tvlLKXl%��mXn)u x m�PWD�� � u/KXl y�n �UT lU�)F � I�� z nGK � n)lUlU� � nGKG{0lLE-m%�JISP9l�n*IU�)� H)s E���s T � u�lUu V¦��n)u � n/K V�sX�CP9m � n0I�l�n�mXn � l
mXn)uOV.sX��mNIJI�l�n)u � nGK F�l T lU��m%t � s5nGV.lU��l�n � lLFUq

� ISH�mXn�� P�� V¦m�P � t �X� V�sX� E���s T � u � nGKfl�n)sX�SPes5�/FGmXn)u KX��l�mNI�t �Zn)lUlUu-lUu�F��GEQE�sX�)I0u��)� � nGK�P��9I � P9l � n
x m�PWD�� � uQKXl�mXn)u+� V.sX�XISH�mNI P9mNIJI�lU�U��m%tvt ISH)lWI � PelWD
lLV�sX��l ISH�mNIGm F*�\lUtvt¦qG� H�m T l P9m%u�lWP9mXng� V.� � l�n)u/F � n
x m�PWD�� � uQKXl\m%tvt-s�V+� H)s*P H�m T l D�lUl�n4I���l[Pel�n)u-s5�GF�V.��n+�]mXn)u ISH�mXn��,F|m%��l u��)l�I�s ISH)l[P m%tvt¦q � n E-m%�JI � � ��t£m%�U�
�CISH�mXn�� ISH)l E-m FJI�mXn�uOE���lLF�l�n0I Pel[PWD
lU�)F\s�V x\sX�)E-�/F x$H)� � FJI � x\sXtvtvlLKXlbo s5mNI0x\t£�GD�q
, >]C+h#A�BKQ c

� H)l V.sXtvtvs(� � nGK��Xl �)� sX��u/F P9m�� D
lG�GF�lLV.�)t V.sX� � n)u-l
� � nGK4E��)�)E
s�F�lLF$-
x\s5n�n�l � I � s5n � FJIGn)l I.�\sX��,F$/ KXl�n)lU��m%t �10 mNI � s5n�/ E���s�D-m D-t �fm E/E���s(� � P mNI�lUt � � sX����l � I32 Y M x54 tvl�m%��n � nGK ISH)lUsX� �6/
F�lUt V��'FJI���� � I���� � nGK�/]�®m%u � m%t/D-m F � F!V.��n � I � s5nen)l I.�\sX��,F$/)7 sXtUI�lU����m2n�l I.�\sX���F(/]��lLK5�)t£m%� �10 mNI � s5nHn�l I.�\sX���F(/,Pes&uI�
� �-lUu8!2mXn)lU� T mOPes&u�lUt F$/�7|m E-n � �g��x.H)lU� T s5n)l�n�� � F�297�x540u � Pel�nGF � s5n�/ KX��s:�$ISH V.��n � I � s5n�/�E�sXt �)n)s*P � m%t u � Fª�
� � � P � n�mXn*I V¦��n � I � s5nGF$/\t � n)l�m%��t �8� l � K*H0I�lUu � s5n�n�l � I � s5n � FJI n)l I�� sX�;��F$/�E
lU� � lLEGI���s5n/F$/CP#�)tUI � t£m��5lU� E
lU� � lLEI�
I���s5nGF(/ H � u�u-l�n t£mU�5lU�RD-m � �5�'E���s�E-m K5mNI � s5n�/ � s*P E-�GI�mNI � s5n�m%t�tvl�m%�®n � nGK ISH)lUsX���+/ � m E-m � � I��6/ � n*I�lU�SE�sXt£mNI � s5n</
tvl�m FJI F=I��m%��lLF$/��\l � K*H*I�u�l � m��+/�tvl�m F)I P9l�mXnOF=I��m%��lLF>2 # � k+4�m%t KXsX� � ISH/P�/ F � nGK5�)t£m%� T m%t£��l�u�l � s*P E
s�F � I � s5n
2�k)70{?4/>P � n � P#�/P n)sX� P�q
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� H�l4FJI��)u)� s�V � s5n�n�l � I � s5n � FJI�n)l I�� sX�;��FWH�m FGs�V I�l�n D
lUl�n � � � I � � �10 lUu�V.sX�2mXn s T lU��m%tvt|t£m � � s�V � � KXs5�)�U�
mXn)u�V.sX�.D
l � nGK D-m F�lUu�s5n�l
� � lLF)F �UT lUt �fm%uOH)s � I�l � H�n � =&�)lLF�q|z T l�nRISH�s5�GK*H � s5n�n)l � I � s5n � F)I�n)l I.�\sX��,F H�m T l
n)s:� D
lUl�n ISH)l F��GD�&ªl � I s�V�F�l T lU��m%t�u-l � m%u�lLF�s�V FJI��)u)�X�GISH�lGm T m � t£m D�tvl D
s&u)� s�V���lLF�l�m%� � H � F � H�m%��m � I�lU� �10 lUu
D]� ISH)l9l
� � FJI�l�n � lHs�V�m F � K5n � � � mXn0IWD
s&u)� s�V l
�GE
lU� � Pel�n0I�m%t|��lLF��)tUI)FU� mXn)u�m@t£m%�)KXl n]�QP D
lU��s�V u �� lU��l�n0I
I�l � H-n � =&��lLFU��� � ISH���lUt£mNI �UT lUt �pt � IJI�tvl F��GEQE�sX�)I � nGKI�&l
�GE�t£mXn�mNI�sX��� ISH�lUsX� �Xq|� H � F�u � F)F�lU�JI�mNI � s5nfm%u�u���lLF)F�lLF.ISH)l
ISH)lUsX� ��s�V�������������������� �!�#"���$%���'&�"��)(*����+,��mXn)u-����+/.0�#�1�2+3�!45�6�87�����9+��!�:"�� V.sX��m F)E
l � � � � � t£m F)F s�V � s5n�n)l � I � s5n � F)I
n)l I�� sX��,F$/�mWF��/D/F � u � m%� �Hm � P � F�I�s � s*P E-m%��l ISH�lLF�l�n)l I.�\sX��,F � � ISH ISH)l��\lUtvt �.�&n)s:��n � t£m F)F�s�V P#�)tUI � t£m��5lU�
E
lU� � lLEGI���s5n/FUq

M V I�lU��u � F � �GFSF � nGK � n�KXl�n)lU��m%t I�lU�SP F.ISH�l Pes I �UT mNI � s5nOV.sX��s5�)�$FJI���u)�X��� l � n0I���s&u-� � l2mXn�u���l T � l�� ISH)l
� t£m F)F�s�V�n)l I.�\sX��,F s�V � n0I�lU��lLFJIU��� H � � H �\l � m%tvt<;>=?�@���!AB" �2CD7%�5m%tvs5nGK � � ISH ISH)l ��lUtvl T mXn*I�F��GE
lU� T � F�lUu I��®m � n � nGK
m%t KXsX� � ISH/P FUq � n E-m%�JI � � �)t£m%�U� �\l�m%�)K5�)l ISH�mNIE; � n)l I�� sX�;��F � mXn � n
KXl�n)lU��m%t D�lAI��®m � n)lUu F � K5n � � � mXn*I�t �
V¦m FJI�lU��ISH�mXn4P#�)tUI � t£mU�5lU�!E�lU� � lLEGI���s5nGFU�gmXn�u?�\l\u�l[Pes5n/FJI���mNI�lCISH�mNI�P9mXng� FJI�mXn)u�m%��u n)l I.�\sX��,F|m%��l�F)E
l � � � �
l
��m�P E�tvlLF�s�VF; � n)l I�� sX�;��FUq

x.H-m EGI�lU�)F$\&���emXn)uf� � s5nGF � u-lU�$KXl�n)lU��m%t �10 mNI � s5n9E
lU�)V�sX� P9mXn � l Dg� E���lLF�l�n0I � nGKemXn�mXn�m%t ��F � F$D�m F�lUu�s5n
I�s&sXt F V.��s*P � s*P E-��I�mNI � s5n-m%t�tvl�m%��n � n/K ISH)lUsX� �Xq � n � H�m EGI�lU� \3�\l � n0I���s&u-� � lbmXn)uf��l T � l�� ISH)l ISH)lUsX��l I � � m%t
m E/E-m%�®mNI��GF ��l$=I� � ��lUu+� � H � � H � F u���m(��n4V.��s*PHGI��"�J9��J��LK>MI$ $@��"�N��O(*���1����KQPF"��)�6�2+��SRTG�M*P�UV��9���)�W�O�5�X�#.%�2" �,K-q
� n � H�m E/I�lU�2���\l � n T lLF)I � K5mNI�l ISH�lY����"�AF�#.�&/45�@+��!�:"��_mXn�uHZBP\[ �O(����<7)�:"��=V�sX� KXl�n)lU��m%t|mXn)u�F)E
l � � � � ; �
n)l I�� sX��,FU��s�DGI�m � n � nGKOF�l T lU��m%t|n)l�� ��lLF��)tUI)FUqX]�l9m%t F�s � n*I���s&u-� � lem I�l � H�n � =I�)l3� H � � H�m%tvtvs:� F��GFXI�s@�GF�l
ISH)l#��lUtvl T mXn*I Y M x tvl�m%��n � n/K V.sX�SP m%t � FSP I�s K5m � nAF�s*Pel � nGF � K*H0I � n0I�s ISH)l#l � l � IGs�V�I���m � n � nGK�m%t KXsX� � ISH/P F
� H � � H m%u-m EGIGm%� � H � I�l � I��)��lem F*�\lUtvt�m F*�\l � K*H0I)F 29� l � m%tvt�ISH)lLF�l^7���� &)=17)�!�)4<+��!4%�)�O�0�Q�!�?� �O�W�#�0�E���_� "��)�#�#.0(�7'4�q
]�l ISH)l�nH�GF�l�s5�)� ��lLF��)tUI)FZI�sWE-��s T � u�l�m ISH)lUsX��l I � � m%t+l
��E�t£mXn-mNI � s5n V.sX�CISH)l�s�D/F�lU� T mNI � s5n ISH�mNII; � n)l I.�\sX��,F
� mXn � n E���m � I � � l ��l$=&� � ��l m_��lUt£mNI �UT lUt � t£m%�)KXl�n&�/PWD
lU� s�V � l � K*H0I)F�� H�l�n � s*P E-m%��lUu � � ISH
P#�)tUI � t£m��5lU�
E
lU� � lLEGI���s5n/FUq`�ªn � H-m EGI�lU�f� � l u�lU� �UT l n)l�� n)l � lLFSF�m%� � mXn�u F®�%` � � l�n0I � s5n�u � I � s5nGF�s5n ISH)l n]�QP D
lU�
s�VZI���m � n � nGK�l
��m�P E�tvlLF���l$=&� � ��lUu � H)l�n9I���m � n � nGKpmQ; � n)l I.�\sX��AF�� � H ISH�mNI � l � mXn�l
��E
l � I�mRE-m%�)I � � �)t£m%�
KXl�n)lU��m%t �10 mNI � s5n E
lU�)V�sX� P9mXn � l%qa]�l � s*P E-m%��l s5�)� ��lLF®�)tUI)F�� � ISHWISH)s�F�l\u�lU� �UT lUu lUt F�l�� H)lU��l�V.sX� V.lUlUu/V.sX��� m%��u
n)l I�� sX��,FGs�V # � n)l�m%�2� H)��lLFSH�sXtvu z tvl[Pel�n0I)FU� mXn)u �\lel
��I�l�n)u s5n)l s�V s5�)����lLF���tUI)F I�sRI�m �Xl � n0I�spm �U� s5��n0I
ISH)lGl � l � I�s�V �GF � n/Kem4F�lUt V��'FJI���� � I��)� � nGK I���m � n � nGK m%t KXsX� � ISH/P�q

� n � H�m EGI�lU���3�\l � s5nGF � u�lU� � nfu-l I�m � t ISH�l E���s�D-tvl[P s�V u�lLF � K5n � nGK m KXs&s]u F�lUt V��'FJI���� � I��)� � nGK I��®m � n � nGK
m%t KXsX� � ISH/P"V�sX�	; � n)l I.�\sX��,FUqB]�lGu � F � �GF)F.ISH�l D�lLF)I%� mU� � n � H � � HRI�s9u�l���n)l�mXn�s�EGI � P#�/P m%� � H � I�l � I��)��l%�
mXn)u �\l ISH)l�n �GF�l T m%� � s5�GF � u�l�m F V.��s*P t � n)l�m%��m%t KXlLD���m I�sHu�lU� �UT l mXn m%t KXsX� � ISH/Pp�<� H � � H��\l I�lLF)I0l
�GE
lU�ª�

� Pel�n0I�m%tvt �Xq ���)� � n � I � m%t mXn�m%t ��F � F�m%tvtvs(� FG�GF I�sRFSH)s:� ISH�mNIXISH)l?�\lUtvt �.�&n)s:��nbAc�����d.5�e[��2+,��Kfm E/E���s5m � H9I�s
F�lUt V��'FJI���� � I���� � nGK � F#n)s I K5��m%��mXn0I�lUlUu I�s9E���s T � u�lHm@n)l I.�\sX�� � H � � H H�m F#mXn�m%� � H � I�l � I��)��l � tvs�F�l I�s9ISH)l
s�EGI � P#�/P s5n)l%qB]�lGm%t F�sel
�,I�l�n�u�s5�)��ISH)lUsX��l I � � m%t<�\sX�� � n sX��u�lU��I�s4E���s T � u�l�m D-m F � F.V.sX��ISH)l0u�lU� �UT mNI � s5n
s�V mXn � P E-��s T lUu T lU�SF � s5n�s�V�s5�)��m%t KXsX� � ISHQP�q

~ � n�m%tvt �X� � H�m EGI�lU�>f E���s T � u-lLF � s5n � t£�GF � s5n/F�mXn)uOF®�GK�KXlLFJI � s5nGF V�sX�$V¦��I��)��l���lLF�l�m%� � H
q
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� � 8�:KBKA+Q V�WX:%M.A�8 �
�Xqv� � H)l2k � s�E�l�s�V ISH � F�{ � FSF�lU�JI�mNI � s5n����������������������������� �
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depending on the
vector wi of parameters.
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OQPGRTSVUXWZY[PV\]RTSV^`_ba[cXcXaed>UfPhgjiBShYlkVRm^onpdq^rkhnm^oWm^ePsRNY�\h^tRTYlUXcX^o\KWQRTuV\hv[w[uhWmUfPVg�^BxyRm^ePV\h^o\ K  >z cX^eYln{PVUfPVg�RTSh^oa[nQv[wa[_qRTSV^�Yl|}UXcXU~R�v&a[_>�r��PV^tRmW�Rma�k�^onm_ba[nT��g[^ePV^on{YlcXUX�eY�RmUXa�P���OQP,RTSV^�cfYlWmR]i{S}YlkVRm^on�d�^MWTYed�Shaed8RTSh^Mg[nmaed>RTS_�uhPVitRmUXa�PMY[PV\MRTSV^@� z \hUf��^ePVWmUXa�PKa[_IYGPV^tR�dqa[nm��ieY[PM|E^�uhWm^o\MUfP�a[nm\}^onNRma�UfPs��^oWQRmUXg�Y�Rm^jU~RmWrg[^ePV^onTYlcXUX�eY�RmUXa�PYl|hUXcXU~R�v[�r�>SVUXW�iBShYlkVRm^on@khnm^oWT^eP�RmW@Y[P�UfPs��^oWQRmUXg�Y�RmUXa�P�a[_�RTSV^�g[nmaed�RTS�_�uhPVitRmUXa�P�Y[PV\�� z \hUf��^ePVWmUXa�P�a[_�|�alRTSg[^ePV^onTYlcpY[PV\�WTkE^oioU~��i]�r��PV^tRmWow�d>U~RTS�|�alRTS��hxy^o\�Y[PV\�Yl\}YlkVRmUfPhg�|}YlWmUXWj_bu}PVitRmUXa�PVWo�q�&^]YlcXWma�\h^e�Ma�PhWQRmnTY�Rm^RTShY�RrRTSV^oWm^>k�YlnTY[�M^tRm^onmWr\ha]PhalRrYlcXcXaed/uVW`Rma���Yl�[^>Y���^eY[PVUfPVg[_�uVc}Y[PhYlc~vyWmUXWqa[_�RTSh^>g[^ePV^onTYlcXUX�eY�RmUXa�P�Yl|}UXcXU~R�va[_ ioa�PhPh^oitRmUXa�PVUXWQR>PV^tR�dqa[nm�¡W�RmnTYlUfPV^o\�uVWTUfPVg]Y�Wm^ocX_¢��WQRmnTuVitRTuhnmUfPVg]RmnTYlUfPVUfPVgKYlcXg[a[nmU~RTSh��wVY[Ph\�d�^�UfP�Rmnma¡\}uVio^�Y�M^tRTSha£\�djSVUXiBS�YlcXcXaed>W>uhWrRma�k�^onm_ba[nT�¤Y[P�Ylkhkhnma[k}nmUfY�Rm^GY[PhYlc~v¡WTUXW@_¥a[n>�r��Ph^tRmW�d>U~RTS��Vxy^o\�|�YlWmUXW�_buhPhitRmUXa�PVWUfP�RTSVUXW¦ieYlWT^l�N�&^quVWT^`a�uVnpnm^oWTuVc~RmWpUfP�RTSV^qPh^Bx¡RZi{ShYlkhRm^on¦Rma§\h^onmU~��^�PV^oio^oWmW{YlnQv]Y[PV\]WTu 5 ioUX^ePsRpioa�Ph\hU~RmUXa�PVWZa�PRTSV^�P£u}�]|�^on¦a[_VRmnTYlUfPVUfPVg§^BxhY[�MkhcX^oWpnm^o¨yuVUXnm^o\K|sv�YG�r��Ph^tRpUfP]a[nm\h^onpRma§a[|VRTYlUfP�Y>k�YlnQRmUXieuVcfYlnZg[^ePV^onTYlcXUX�eY�RmUXa�Pk�^onm_ba[nT��Y[PVio^l�
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�>Shnma�uVg�SVa�uyR]RTSVUXWMY[PV\·RTSV^�_¥a[cXcXad>UfPVg¬iBShYlkVRm^onKd�^�YlWTWTuh�M^�RTShY�R��r��PV^tRmW�ShYe��^�º "�»�¼�½ � ªd�^oUXg�S�RmW�uhPVcX^oWmW�alRTSV^onmd>UXWm^�WQRTY�Rm^o\I�¯¾j^oieYlcXc>YlcXWma¬RTShY�R�d�^�\h^eYlc@a�PVc~v®d>U~RTS¯PV^tR�dqa[nT�£W�d§SVUXi{S¯ioa���k}uyRm^_�uhPVitRmUXa�PVWZ¿�ÀÂÁ[O ¾�ÃKÄÅO Æj� � a���^$a[_VRTSV^qnm^oWTuhc~RmW¦khnT^oWm^eP�Rm^o\�UfP�RTSVUXWNY[PV\�RTSV^q_ba[cXcXaed>UfPVg�iBShYlkVRm^onNShYo��^�|�^o^ePk}uV|}cXUXWTSV^o\�k}nm^t�¡UXa�uhWmc~v[wVa[n�YlnT^§Ylioio^okVRm^o\�_ba[n�k}uV|hcXUXieY�RmUXa�P �ÈÇ a[cX\h^eP�Y[PV\�¾jYevyPV^on�É ½Ê[Ë w ½Ê[Ì[Í w Ç a[cX\h^eP�Y[PV\ P�RTSVa�Psv®É ½[½ÊlÍ w Ç a[cX\h^ePÎÉ ½[½[½ w ½[½ ª Í w�Y[Ph\  P�RTSha�P�v�Y[PV\ Ç a[cX\h^eP¯É ½[½ °yw ½[½ © Í�� Ylc~RTSVa�uhg�S�RTSh^�^BxVkEa[WTU~RmUXa�Pkhnma�¡UX\}^o\�SV^onm^GUXWjioa�PVWmUX\h^onTYl|}c~v�^BxVk}Y[PV\h^o\ �
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¤ZUXnmWQRow@d�^�ioa�PhWmUX\h^on�WTUf�MkhcX^�¾§Æ�¤�=§W�a[_�RTSV^�_ba[nT��¿�Àu2 a43 , b É � % n�6±f & n[7�2�( a � )2n!( 3 Í � �§WMRTSh^oWm^PV^tR�dqa[nm�¡WjYlnT^]�r��PV^tRmW@djU~RTSVa�uyRjY�uhPhU~R@Rm^onT� UfP�RTSh^G^Bx¡Rm^ePV\}^o\���^oitRma[njdq^�Ph^o^o\�RTSV^G_ba[cXcXaed>UfPVg�nm^oWTuVc~Ro�

���S���=> X;ZB\S§ @ K ASJ�?]L|ClGwH! SC�PQ>ME�J�J	�<v Ã K��E� N A�PQHR? K ASJ �¿�ÀÂÁ+: ¾�Ã�Ä : Æ P K 1 «DN H4C�L 0�� E`ADCQH / K G�� /� SClGIC��
�¿�Àu2 a43 , b É & f�7[fU2 a43 ¼�jljlj�¼ & %

7
%
2 a43 Í � 2È© � ª�© 32OAYC�� N E9HR? K A���%����8�¾H! SC & n{E9GIC�GIC�E9> J�E9A�L H! SC�7�nwE9GIC=} 3VCFL 0 E�JO?_J � N A�PQHR? K ASJ��gE9A�L,/�C`H! SClGIC �lK GIC� 8E��3C1E

ADCQH / K G��v?]L|ClA�HR?BP�E9>2H K E�J�H�E9A�L|E9GÂLM� - ADCQH /�?¿H! (H! SC�C 3|P�C « HR? K A H! 8E9H7?¿H� 8E3JmA K N A�?BH H4ClG(1 ?¿A*H! SC�C 3 H4CQA�L|CFL��CFPQH K GH% © K G"H! V?zJ{ADClH / K G�����H! SCÁ��@�L9? 1�CQASJ�? K A(��2��<° Ã 3 ?zJmJ N PH ¡H! 8E Hp��2��<° Ã 3 *0 %
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AB! W2W�® �jW�RTSV^GWTk}Ylio^Ga[_�nm^eYlc � �[YlcfuV^o\�_�uhPVitRmUXa�PhW@a[_�RTSV^G_ba[nT� � % n�6±f & n[7�n�2 a43 ieY[P�^eYlWmUXc~v�|�^§W{SVaedjP�RmaM|�^YK��^oitRma[n§Wmk}Ylio^�a[_p\hUf��^ePVWmUXa�P�Y�Rj��a[WQR 0 wVRTSVUXW�UXW§Y�\hUXnm^oitR�ioa�PhWm^o¨¡uh^ePVio^�a[_¦RTSV^oa[nm^e��©y� 9 � ³

�wW ! W�¹R¹ >�! ) X[Z]\8X @ K A%J�?]L|ClGwH! SC�GÂE|L9?BE > 0 E�J�?zJ � N A�PxHR? K A A~ClH / K G �xJ Kq� H! SC �lK G41w�

¿�Àu2 a43 , b
- %5 n�6±f$& n87�2�( a �*)2n�( 3 5 2È© � ª 9 3

/� SCQGiC�H! %C�P�CQA�HRGiCOJ � )2n � E GiC�}�3VC�L(E A�L(L9?zJ�HR?BA�PQHeE9A�L 7 ?zJ K ADC K�� H! SC � N A�PxHR? K ASJ�7���� = �47����	��
�
D�47����K G/7��� �� L|C]}7ADC�L1?BA P� 8E « H4CQG � %L2OAÁCFE PH *P�E�JlC8/�C? 8E+��Cg��2��<v Ã 3 , 0 %
AB! W2W�® Ærv�RTSV^oa[nT^e��©y� ½[½ w47����	��
�
Áo@: <7d�Y[Ph\@7��� ���o@: <7d � �§cXWma�RTSV^�_buhPhitRmUXa�PVW  (�Y[PV\ 2)( ¼ > K 3��djSV^onT^ Ê������/½ WTY�RmUXWm_¥v�RTSV^�ioa�PV\hU~RmUXa�PhW>khnma�¡UX\}^o\�|£v�RTSh^oa[nm^e� ©y� ½ ª�É ©[© Í ���>S£uhW�UfP�YlcXc�_ba�uVnjieYlWm^oW�d�^ShYe��^���2��<° Ã 3 � 0 |sv�RTSV^�YlnTg�uh�M^ePsRmW�g[U~��^eP¬Yl|Ea��^l�B�jcXWTaywEd�^K\h^e�Ma�PhWQRmnTY�Rm^o\�UfP�cX^e����YM©y� ½ °�RTS}Y�R§_ba[nRTSVUXW@R�v¡k�^�a[_ZPV^tR�dqa[nm�(��2��<° Ã 3 *0 Y[Ph\�RTS£uhW@dq^]��uhWQR�ShYo��^w�/2��<° Ã 3 , 0 � ³

�&^�PVaed�ioa�PhWmUX\h^on@RTSV^]�Ma[nm^�g[^ePV^onTYlc¦¾jÆ�¤4=jW§YlW�\h^t��Ph^o\�^eYlnmcXUX^ono�
�wW ! W�¹R¹ >�! ) X[Z]\k� @ K A%J�?]L|ClGwH! SC |CQADClGiE9>;GiE L9?]E9> 0 E�JO?_J � N A�PQHR? K AÁADCQH / K G���J K�� H! SC �lK G(1w�

¿�Àu2 a43 , b
- %5 n�6±f'& n87
2�( a �*)2n�( 3 ¼ -�2�� s a4365 2È© � ªl¹ 3

/� SCQGiC -/2�� s a43 ?zJwE1L|C  GiC�C�� « K > � A K 1�?BE9> �
-/2�� s a43 , , d ¼ , f�h;f ¼ , K h K ¼�jljlj�¼ , Ã h Ã s 2È© � ª9� 3

H! SC°P�ClA�HRGiCOJ � ) n � E9GICvE4|E9?¿Av} 3VCFL¡E9A�L*L9?_JOHR?¿ADPQHB� 0 � t�¼?½ �rE9A�L*7�?zJ K ADC K�� H! %C � N A�PxHR? K ASJ 7�� ��� K G7 � C	
�% u  SCÁ��@�L9? 1�CQASJ�? K A K�� H! %C�ADClH / K G � K 0 C � J 0À ��2B<° Ã 3 *0K¼ t�¼
½ %
AB! W2W�® Ærv�RTSV^oa[nm^e��©y� ½[½ w�7�� ��� o�: <JK�Y[PV\@7 � C	
 o�: <�KGY[PV\²Wma�|£v�RTSV^]Ylnmg�u}�M^ePsRmW�g[U~��^eP,Yl|Ea��^�d�^ShYe��^{��2B<  Ã 3�� 0 �r�>Sh^�uVkhk�^on@|�a�uhPV\�UXW§YM\hUXnm^oitRjioa�PVWm^o¨yuV^ePVio^�a[_NcX^e����Y�©y�¶©�Y[PV\�RTSV^]nm^oWTuVc~R>_ba[cXcXaedjWo�
³

����M���M ��/ +m# &1'*)�$ 	��=���0��$ )4��S�/1�2&3)4& +�5 ��68$ )�:±��&
�§c~RTSVa�uVg�S�d�^�Ylnm^GkhnmUf��YlnmUXc~v�UfPsRm^onm^oWQRm^o\²UfP��r��PV^tRmW>ShYe�¡UfPhgK�Vxy^o\�|�YlWmUXW�_�uhPVitRmUXa�PVWowVd�^�PVad/|hnmUX^��hv�ioa�P¡�WmUX\h^onpWma���^r�r��PV^tRmWZShYo�yUfPVg�Yl\}YlkVRmUfPVg§|}YlWmUXWp_�uhPVitRmUXa�PVWo� � k�^oioU~�}ieYlcXc~v[w[d�^qPVad®ioa�PhWmUX\h^on¦RTSV^`ioa�PVWT^o¨¡uV^ePhio^oWa[_�YlcXcXaedjUfPVg�RTSV^�io^ePsRmnm^oW � )2n � a[_�RTSV^�|}YlWmUXW�_�uhPVitRmUXa�PhW]UfP·Y�nTYl\}UfYlc`|}YlWmUXW�_�uhPVitRmUXa�P¸Ph^tR�d�a[nm�¬Rma,Yl\}YlkVR\}uVnTUfPVg�Rmn{YlUfPVUfPVg � ioa�PVWm^o¨yuV^eP�Rmc~v[wqRTSV^�P¡uh��|E^on�a[_�d�^oUXg�SsRmWMUXWMPVaed�ººf , 0 2 t²¼Â½ 3 _ba[nKRTSV^�PV^tR�d�a[nm�¡Wa[_q^o¨¡uhY�RmUXa�P¸©y�«ª 9 Y[PV\¸º K , 0 2 t�¼�½ 3 ¼�t�¼�½ _¥a[n�RTSV^MPV^tR�d�a[nm�¡W�a[_q^o¨¡u}Y�RmUXa�P&©y�«ªl¹¡�`¤ZUXnmWmRow�d�^MPValRm^RTShY�R�a[|s�yUXa�uVWmc~v�RTSh^>nm^oWTuhc~RmWrg[U~��^eP�Yl|�ae��^§Uf����^o\hUfY�Rm^oc~v�khnmae�yUX\h^§cXaed�^on�|Ea�u}PV\hWNa[_[��2B< 3�� 0 a�PMRTSV^>� z\hUf��^ePVWmUXa�P�a[_NPV^tR�d�a[nm�¡W>a[_¦RTSVUXW@R�vyk�^�djSV^eP�Ylkhk}nma[khnmUfY�Rm^G|}YlWTUXW�_bu}PVitRmUXa�PVW/7�Ylnm^�uVWT^o\I�N�&^�YlcXWmaMa[|hRTYlUfPRTSV^�_ba[cXcXaedjUfPVgMWmUf��khcX^Gnm^oWTuVc~Ro�
�wW ! W�¹R¹ >�! ) X[Z]\ � @ K A%J�?]L|ClG¾H! SC¾GiE L9?]E9> 0 E3J�?zJ � N ADPQHR? K A(ADClH / K G���J K�� H! SC¾H � « COJ N JlCFL�?¿A¡P K G K >¿>ME9G�?]COJ ��%�� �E9A�L �o%�����% 2 � H! SC�P�ClA�HRGIC�J � )2n � E9GIC�E9>B> K /�CFL(H K E L E « HrL N G�?BA��HRGiE9?¿A�?¿A�(H! SClAÁH! SC�A~ClH / K G �xJ�E GiC�E9>B>±E 0 >¨C
H K J� 8E9HRH4CQG`E9A � JlCQH K�� 0 L9?zJ�HR?BA�PQH « K ?BA�HBJH% ��� K H4C`H! 8E H « E GÂE 1vCQH4ClGFJ�> K G � ?BA�H! SC 0 E�J�?zJ � N A�PxHR? K ASJ°E9GiC
J�HR?B>B>9} 3VCFL+% 	
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�>SV^�khnTa£a[_ha[_Eioa[nma[cXcfYlnQv�©y� ½ ¹GUXWNWTUf�MkhcX^ � RTSV^@PV^tR�dqa[nm�¡W$ieY[P�W{ShY�RQRm^onNRTSV^�Wm^tR$a[_ 0 k�a[UfP�RmWNioa[nmnT^oWmk�a�PV\hUfPVgRma�RTSV^�io^eP�RmnT^oW � ) n � whY[PV\�RTSV^oWT^§io^ePsRmnm^oW@ieY[P�|�^>k}cfYlio^o\�Y[P�v¡djSV^onm^l�_: R�UXW@UfP�Rm^onm^oWmRmUfPVgKRTShY�R�RTSV^ 0 k�a[UfPsRmWYlnm^�PValR@nm^o¨yuVUXnm^o\�Rma�|�^jUfP�Y[Psv��¡UfPV\�a[_ |CQADClGiE9> « K JO?¿HR? K A ( YlWqUXW@uVW{uhYlcXc~vMRTSV^§ieYlWm^�UfP�WmUf�MUXcfYlnqnm^oWTuVc~RmW�_ba[nalRTSV^on�R�v¡k�^oW@a[_¦Ph^tR�d�a[nm� 2ÈWm^o^G_ba[n@^BxhY[�MkhcX^ z ae��^on�É ½ � Í 3 �J�§W�RTSV^�ioa[nma[cXcfYlnQv�WTSVaedjWrRTS}Y�R�UfP�RTShUXW@ieYlWm^�RTSV^PV^tR�dqa[nm�¡W>ieY[P�WTShY�RQRm^on{E A � WT^tR>a[_ 0 \hUXWQRmUfPVitR�k�a[UfPsRmWowhd�^GWTuVg[g[^oWQR>RTShY�R�RTSV^�cXadq^onj|�a�uhPV\hW�g[U~��^eP�Yl|Ea��^_ba[n�RTSV^oWm^�PV^tR�dqa[nm�¡W>Ylnm^�PhalR@RmUXg�S�R � U~R�nT^e��YlUfPVW@Y[P�a[k�^eP�¨¡uh^oWQRmUXa�P�djSV^tRTSh^on�RTSV^tv�ieY[P�|�^�Uf�Mk}nmae��^o\IwV_ba[n^BxhY[�MkhcX^�U~RrUXW`UfPsRm^onm^oWQRmUfPVg�Rma]YlWm��djSV^tRTSh^on$U~RrUXWrkEa[WTWmUX|hcX^�Rma�a[|hRTYlUfPMcXaed�^onq|Ea�u}PV\hWNioa��Mk�YlnTYl|hcX^@RmaGRTSha[Wm^a[_�� 2�º cXa[g K º 3 khnma��^o\�|£v ��Y[YlWmWMÉ ½ ª ½ w ½ ª[ª Í _¥a[n�io^onQRTYlUfP�R�v¡k�^oW§a[_$_¥^o^o\}_¥a[nQd@Ylnm\¬PV^tR�dqa[nm��w�djSVUXiBS�d�^\hUXWmieuhWmW�UfP�\h^tRTYlUXc�UfP�RTSV^�PV^BxyR�Wm^oitRmUXa�P��
�&^KShYo��^]|�^o^eP�uhPhYl|}cX^GRma�a[|VRTYlUfP�uVkhk�^on@|�a�uhPV\}W@a�P�RTSV^�� z \hUf��^ePVWmUXa�P�a[_ZnTYl\}UfYlc�|}YlWmUXWj_bu}PVitRmUXa�PPV^tR�dqa[nm�¡W@d>U~RTS�Yl\�YlkVRmUfPVg�io^ePsRmnm^oW�_ba[n�YlcXc |}uyRqRTSV^GWmUf��khcX^oWQR�ieYlWm^oWo�`�&^�PhalRm^�RTShY�R�UX_ RTSV^G|�YlWmUXW@_bu}PVitRmUXa�P7²UXW>a[_¦RTSV^�_ba[nT��w 7�2)( 3 , ( n 2È© � ª Ë 3

djSV^onT^vq>UXW�Y[P&^t��^eP�wNk�a[WmU~RmU~��^�UfPsRm^og[^on�RTSV^eP&U~R]UXW�RmnmU~�yUfYlc$Rma²WTSVad8RTShY�R]RTSV^�PV^tR�dqa[nm�¬ioa���k}uyRm^oW]Wma��M^WTuV|}Wm^tR@a[_¦RTSh^GWm^tR�a[_¦_�uhPVitRmUXa�PhW�ioa��Mk}uVRm^o\�|sv�YM�r��PV^tR>ShYe�¡UfPhgm} 3VCFL�|}YlWmUXW>_buhPhitRmUXa�PVW�djSVUXiBS�Ylnm^�a[_¦RTSV^WTY[��^G_¥a[nT��YlW@RTSVa[Wm^�UfP�Y <�D¾¤q��¤ha[nj^BxVY[��khcX^lw}UX_pq , ª£w t , ªMY[PV\ » , ½ d�^Gioa�uVcX\�ShYo��^lw
¿�À�2 a43 , b É & fO7�2�( a �*).f ( 3 Í, b É & fU2q2]h[f����8f 3 K ¼ 2]h K ��� KU3 K 3 Í, b É & fU2]h K f �·ª�h;f��8f ¼ � Kf ¼ h KK �·ª�h K � K ¼ � KK 3 Í, b Ég2 & f�� Kf ¼ & f�� KK 3 �·ª��8f & fIh;f��¸ª�� K & fIh K ¼ & fIh K f ¼ & fIh KK Í 2È©y�«ª Ì 3

Y[PV\¸Y[P·uVkhk�^onG|�a�uhPV\,a�P¬RTSh^�� z \hUf��^ePVWmUXa�P,UXW]^eYlWmUXc~v&a[|VRTYlUfPV^o\®uVWmUfPVg�cX^e����Y�©y�¶© � UfP¬RTSVUXW]ieYlWm^�d�^ShYe��^{��2B< 3  9 �� _buVnmRTSV^on�¨¡uV^oWmRmUXa�P?djSVUXiBS?khnmae�yUX\h^oW�Y®WTuV|��µ^oitR�_ba[n�_buVnmRTSV^on�nm^oWm^eYlnmiBS´UXW�RTShY�R�a[_]RTSV^,^HGE^oitR�a[_YlcXcXaedjUfPVg �®Rma�Yl\}YlkhRGdjSV^eP,uVWmUfPVg�RTSV^�|�YlWmUXW�_�uhPVitRmUXa�P 7 ������
 
 � �§P&Y[PhWQdq^on�Rma�RTSVUXWG¨¡uh^oWQRmUXa�P,d�a�uVcX\|�^Ga[_¦WTUXg�PVU~�}ieY[PsRjUf�Mk�a[nQRTY[Phio^§a�P�RTSV^�|}YlWmUXW>a[_pk}nTYlitRmUXieYlc�^BxVk�^onmUX^ePVio^l�

��� � � ��� � � � �����D���! �D���ª�	� �������MH;�  �
 �������jL�mF�
�>SV^²� z \hUf�M^ePhWmUXa�P ieY[P?|�^�nT^og�Ylnm\h^o\´YlW�Y®��^eYlWTuVnm^�a[_�RTSV^�ieYlk}YlioU~R�v?a[n:�±^Bxyk}nm^oWmWmU~��^,k�aed�^onl��a[_]YPV^tR�dqa[nm� � RTSV^§cfYlnmg[^onqRTSV^>� z \hUf��^ePVWmUXa�PMa[_¦Y�PV^tR�dqa[nm��RTSV^j��a[nm^>k�adq^onm_�uVc}dq^j^Bxyk�^oitR�U~RrRma�|�^jY[PV\�RTSV^�Ma[nT^@cXUX�[^oc~v�RTShY�RrU~R`UXWrieYlk}Yl|hcX^ja[_EcX^eYln{PVUfPVg�YGg[U~��^eP�Wm^tR`a[_�^BxhY[�MkhcX^oWe� � PKRTSV^�alRTSV^onqShY[PV\Iw¡YlW`\hUXWmieuhWmWm^o\UfP�i{S}YlkVRm^on>°¡wVRTSV^GP¡uh��|E^onqa[_�^BxhY[�Mk}cX^oW�djSVUXi{S��KuVWmRq|�^§cX^eYlnTP�Rj|E^o_ba[nm^jdq^GieY[P�^BxVk�^oitR@Rma�a[|VRTYlUfP��[YlcXUX\g[^ePV^onTYlcXUX�eY�RmUXa�P�ieY[P²YlcXWmaM|�^G^Bxyk�^oitRm^o\�RmaMUfPVionm^eYlWm^�d>U~RTS�UfPVionm^eYlWTUfPVgMieYlk}YlioU~R�v[�:QP¯RTSVUXW�Wm^oitRmUXa�P
dq^�Yl\h\hnm^oWTW�RTSV^�¨yuV^oWQRmUXa�P a[_�SVaed�RTSV^�� z \hUf��^ePVWmUXa�P¯a[_GY·�q��PV^tR�UXW�cXUX�[^oc~v Rmaioa��Mk�Ylnm^�Rma·RTShY�R�a[_�Y[P
Ylc~Rm^onTP}Y�RmU~��^,R�vykE^²a[_�PV^tR�dqa[nm�
ShYo�yUfPVg·RTSV^�WTY[��^²P¡uh��|�^onMa[_�dq^oUXg�SsRmWo���&^YlWm�®RTSVUXW�¨¡uh^oWQRmUXa�P _ba[nMRTSV^²_¥a[cXcXad>UfPVg·nm^eYlWma�P�� �§WMd�^²�M^ePsRmUXa�PV^o\
UfP¯i{ShYlkhRm^on�ª£wj�r��Ph^tRmW�ShYe��^²|�^o^ePionmU~RmUXioUX�o^o\�_¥a[njk�alRm^eP�RmUfYlcXc~v�nm^o¨yuVUXnmUfPhgMY�nm^ocfY�RmU~��^oc~v�cfYlnmg[^�P£u}�]|�^on�a[_pdq^oUXg�SsRmWow�Y[PV\�d�^]Ylnm^�UfPsRm^onm^oWQRm^o\²UfPRmnQvyUfPVg�RmaK\h^tRm^onT�MUfPh^>djSh^tRTSV^onqRTSVUXW�ionmU~RmUXioUXWT��d>UXcXc�|�^j�lYlcXUX\�UfP�g[^ePV^onTYlc�w}YlW@U~R�ShYlW@PValR�Rma�\}Y�Rm^�|�^o^eP�RTSV^WTuV|��µ^oitR@a[_ khn{YlitRmUXieYlc a[n�RTSV^oa[nm^tRmUXieYlc WmRTuV\Vv[�$�>SVUXWqionmU~RmUXioUXWT� UXW��Ma[WQR�ioa�����a�PVc~v�YlkhkhcXUX^o\�Rma�k�a[c~vVPVa��MUfYlc\hUXWmionTUf�MUfPhY[PsR�_bu}PVitRmUXa�PVW?2ÈnT^oieYlcXc RTShY�R�Y[P 2 t.s # 3 \hUXWmionmUf��UfPhY�Rma[n�nm^o¨yuVUXnm^oW�� Ã9� 5Ã dq^oUXg�SsRmW 3�� PValRm^]Shaed�^t��^onRTShY�R`U~RqShYlWrYlcXWma�|E^o^ePM_¥a�uhPh\MUfP�khnTYlitRmUXieYlc�ioa��Mk}YlnTUXWma�PVWNd>U~RTS���uhc~RmUXcfYov�^onqkE^onTio^okVRmnma�PVWNRTS}Y�R`nTYl\hUfYlch|�YlWmUXW_�uhPVitRmUXa�P�PV^tR�dqa[nT�£W>d>U~RTS��VxV^o\�io^eP�RmnT^oW>ieY[P�nT^o¨¡uVUXnT^Gnm^ocfY�RmU~��^oc~v�cfYlnmg[^]P¡uh��|�^onmWqa[_¦d�^oUXg�SsRmW?2ÈWm^o^�É ¹ Í Y[PV\nm^o_b^onm^ePVio^oW>RTSV^onm^oUfP 3 �
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-netΦ

Φ

with error = 0

with error > ε

Training algorithm
potentially find this network.

There is a probability of 

training algorithm finds
this network.

with    too small.k

From a specific distribution    .P
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Function to be learnt
Function computed by network
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