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D]�
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�

{0lLE-m%�JISP9l�n*I�s�V�z n/K � n)lUlU� � nGK k)lLEGI�l[PWD�lU���%�&���D�X��\
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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

T �



���������	��


� 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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function 
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depending on the
vector wi of parameters.
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_ba[n§YlcXc a o�: ¾�Ã}� z cX^eYlnmc~v�RTSV^onm^o_ba[nm^]RTSV^�uhkhk�^on�|�a�uhPV\�a[_NcX^e����Y�©y�¶©�UXW��M^tRj_ba[n�Y[P�v�RTSVnT^oWTSVa[cX\¬�r��PV^tR_ba[n�djSVUXi{S�RTSV^�Wm^tR�a[_¦_bu}PVitRmUXa�PVW �[½9s 7 f s �o�o� s 7 £ � UXW@cXUfPV^eYlnTc~v�UfPV\h^ok�^ePV\}^eP�R � RTSVUXW�_�YlitR�UXW�uVWm^o\�UfP&É ½[½­ÊlÍ RmaWTSVa­d?RTShY�R�RTSVnm^oWTSVa[cX\��r��PV^tRmW@ioa���k}uyRmUfPVg]k�a[c~vyPVa���UfYlc}\hUXWTionmUf�MUfPhY[PsR�_buhPhitRmUXa�PVWq��^o^tRrRTSh^�uhkhk�^on`|�a�uhPV\2ÈWm^o^�YlcXWmaCB`a�u}PVgMY[PV\)D�aedjPhW�É ½[½­Ë[Í 3 �E: R@ieY[P�YlcXWmaM|�^§uhWm^o\�RmaKkhnmae�yUX\h^�Y[P�Ylc~Rm^onTP}Y�RmU~��^�khnma¡a[_�a[_�RTSV^�� z\hUf��^ePVWmUXa�P�|�a�uhPV\�a[_ZcX^e����Y]©y�¶©ywEY[PV\�RmaMkhnTae��^�cX^e����Y�©y�«ª£�F�PV_ba[nQRTuhPhY�Rm^oc~v[wEkhnmae�yUfPVg�RTS}Y�RjY�g[U~��^eP²Wm^tR>a[_Z_bu}PVitRmUXa�PVW�UXWjcXUfPV^eYlnmc~v�UfPV\h^ok�^ePV\h^ePsR@UXWjuVW{uhYlcXc~v�|£v�PVa�M^eY[PhWZY§RmnTU~�¡UfYlchk}nma[|hcX^e��w�Ylc~RTSVa�uhg�S�U~R`UXWNa[|£�¡UXa�uVWTc~v�Wm^ePhWmUX|hcX^�Rma�uVWm^�WTuhi{SMY�Wm^tR$a[_�_bu}PVitRmUXa�PVW$UX_�kEa[WTWmUX|hcX^lwYlW>alRTSh^onQd>UXWm^GWma���^Ga[_pRTSV^G_bu}PVitRmUXa�PVW>Ylnm^�^HGE^oitRmU~��^oc~v�nT^o\}uhPV\}Y[PsRo�IKJMLON
P9LOQSRUTWV9X8V�YMV�Z[Z9\M]^V_N[Va`!Z!XKbcX8V4X8dMV4egfhTiTkjUV9lmYUnWX[nWL�Y�L�eob"pOVqPaX8LON�ZrRMbOP9V >�s N[V�V9Yut vOvcw�xzyK{&|�}�~[�������E���U�H�K~En�Z
b"Z!X8N[fmPaX8fhN[VP9L�YmZ!n�Z!X[nWYM�EL�e�X�]^LEZrV9XKZ&b�Ymj�X8dMV9nWNobOZ[ZrL�Pan�bcX8Vqj�L�R�V�N8b�X[nWL�YmZ�ZrfMPKd$X8dmb�X&LOYhVO\HX8dhV�V9TWV�QSV�Y�XKZkL�e�]�dhn�P8d�b�N[V
P�bcTWTWVqj�}�~[�������K��\�egLON[Q�Zb�Y(|���V9Tin�b�Y$�ON[L�fMR�\Hb�YMj�X8dMV�L�X8dMV9N�\�X8dhV^V9TWV�QSV�Y�XKZ�L�eM]�dhn�PKd(b�N[V�P�bcTiT�V�j/�a�K���i���a��\HegLON[Q�Zkb
lMV9T�j�{kJMfMNrX8dMV9N[QSLON[VO\cX8dMV�LOR�V�N8bcX[n�L�YL�e&�a�K���i�����$�h���z� ��� ���8�O�z�����/n�Z^jhV9lMYMVqj"]�dUngP8d�RMN[L�jhfMP9VqZ^bEpHVqPKX8LON�b�Z&X8dMV�RMN[L�jhfMPaX^L�ekb�Z[P�b�T�b�N�b�Ymj�bEpHVqPaX8L�N�\UjUn�Z!X8NrnW�MfhX8V�Z�LcpHV�NbOjhjUniX[nWLOY�L�ek��L�X8d�pHVqPaX8L�N8Z
b�Ymj/Z[P�b�T�b�N8Z9\�b�Ymj�n�Z
b�Z[ZrL�Pan�b�X[nWpHVE]�niX8d�Q(fUTWX[nWRUTWn�P�bcX[nWLOY�L�e�Z[P�b�T�b�N8Z9{
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:QP,RTSV^MPV^BxyR�i{ShYlkhRm^onow¦d�^�d>UXcXc$Ph^o^o\&cXaed�^on]|�a�uhPh\hWGYlWGdq^ocXcqYlW�uVkhk�^on�|�a�uhPV\hW�a�P&RTSV^K� z \hUf��^ePVWmUXa�Pa[_GY¬g[U~��^eP?�r��PV^tRo� �&^²WTYod4Yl|�ae��^�RTS}Y�R�_¥a[n��r��PV^tRmW�UfP djSVUXiBSÎRTSV^�nm^ocX^t�[Y[PsR�_�uhPVitRmUXa�PVW�YlnT^�cXUfPV^eYlnmc~vUfPV\h^ok�^ePV\}^eP�RNRTSV^�� z \hUf�M^ePhWmUXa�P�UXW$^o¨yuhYlchRma�RTSV^>P¡uh��|E^onZa[_Ed�^oUXg�S�RmW@º UfPKRTSV^>Ph^tR�d�a[nm�}�_:µ_�dq^�ieY[P}PValRkhnma­��^�RTShY�RjRTSVUXW>UXW>RTSV^�ieYlWm^]RTSV^eP���PV\hUfPVg�Y�cXaed�^onj|�a�uhPV\²��Yov�|�^�\hU
��ieuhc~R � U~R>UXW�PValR>k�a[WmWmUX|}cX^�_¥a[n>RTSV^ioa��Mk}cX^tRm^oc~v·g[^ePV^onTYlc@iocfYlWTWMa[_j�r��PV^tRmWKRma¬\}^onmU~��^�Y²g[a¡a¡\®cXa­dq^on�|Ea�u}PV\·a�P ��2B<  Ã 3 Ylc~RTSVa�uVg�S¯Y²RmnmU~�yUfYlc|�a�uhPV\Ma[_;�/2B<° Ã 3�� ½ UXW�a[|VRTYlUfPV^o\�^eYlWmUXc~v[whYlg�YlUfP�|£vMioa�PVWmUX\h^onmUfPhg�RTSV^§uVWm^ja[_�Y]Ph^tR�d�a[nm��djSVUXiBS�ieY[P�a�PVc~vioa��Mk�uyRm^GRTSV^�^BxyRm^ePV\h^o\���^oitRma[n �a�� , É ½ ½ jljlj4½²Í ���2WmUf��khcX^�d@Yov�Rma�a[|hRTYlUfP�cXa­dq^on�|�a�uhPV\hW@UXW>Rmaioa�PVWmUX\}^onriocfYlWmWT^oW@a[_��r��PV^tRmW�UfPMd§SVUXi{S�RTSV^>WT^tRqa[_ |�YlWmUXWr_�uhPVitRmUXa�PhWqShYlWq|�^o^eP�nT^oWQRmnmUXitRm^o\�UfP�WTa��M^j��Y[PhPV^ono���Y[P�v�a[_NRTSV^�WQRTY[PV\}Ylnm\&�r��Ph^tRmW§UfPsRmnma¡\}uVio^o\�UfP�i{ShYlkVRm^on�ª�ioa�PsRTYlUfP¬|}YlWmUXW�_�uhPVitRmUXa�PVWjdjSVUXiBS²ioa[nTnm^oWmk�a�PV\RmaKRm^onT��WrUfP�Y�k�a[c~vyPha��MUfYlcEUfP�Yl\h\hU~RmUXa�P�Rma�Wma���^j_�uVnQRTSV^onq|}YlWmUXW@_�uhPVitRmUXa�PhWowhY[PV\�dq^�RTSV^onT^o_¥a[nm^�UfPsRmnma¡\}uVio^RTSV^�_ba[cXcXaedjUfPVgM\h^t��PhU~RmUXa�P��
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D¾¤ZW]Y[Ph\=<�D¾¤ZW]Ylnm^MiocX^eYlnTc~v&nm^oWQRmnmUXitRm^o\Î�r��PV^tRmWowZYlW�Ylnm^MWma���^�nTYl\hUfYlcN|}YlWTUXW�_�uhPVitRmUXa�PVW�PV^tR�dqa[nT�£WKY[PV\nm^og�uVcfYlnTUX�eY�RmUXa�P²PV^tR�dqa[nT�£Wo�r�&^�ieY[P�Phaed�\h^onTU~��^�Y�cXaed�^on§|Ea�u}PV\�a�P(�/2B<° Ã 3 YlW�_¥a[cXcXa­d>Wo�
���S���=> X;Z�? u  SCÁ��@ L9?�1vCQASJ�? K A K�� E�GIC�JOHRG�?]PQH4CFLM�.- A~ClH_ SE�J�E�> K /�ClG 0 K N A�L K�� t�¼³½ %
AB! W2W�® :µ_rd�^MWm^tR�c�n , Ê _¥a[nwq , t�¼/½9s �o�o� sm» w¦RTS}Y�R]UXWowpdq^�Wm^tR�RTSV^Mdq^oUXg�SsRmW]ioa[nTnm^oWmk�a�PV\hUfPVg�Rma�RTSV^|}YlWmUXWj_bu}PVitRmUXa�PVW�7 Ã9� f�2 a43 Rma�7�£C2 a43 UfP�^o¨yuhY�RmUXa�P²©y� 9 Rma��o^onmayw�RTSh^�PV^tR�d�a[nm��ioa���k}uyRm^oW�RTSh^�iocfYlWmW=< Ã a[_ShYlcX_bWmk}Ylio^oW�UfP�RTSV^jUfPhk}uyR`Wmk�Ylio^>djSh^ePMd�^>�[YlnQv�RTSV^§nm^e��YlUfPVUfPVgGd�^oUXg�S�RmWe�`�>S¡uVW7��2B< Ã 3 , t�¼·½ khnTae�yUX\h^oWY�cXa­dq^onj|Ea�u}PV\�_¥a[n=�/2B<  Ã 3 � ³;¦^tR7<DC�E�F$2 t.s # 3 |�^jRTSV^�iocfYlWmW@a[_ k�a[c~vyPha��MUfYlc�RTSVnm^oWTSVa[cX\�_�uhPVitRmUXa�PVW�a�P�: ¾@ÃMioa���k}uyRm^o\�|sv�Y[P�2 t.s # 3\hUXWmionTUf�MUfPhY�Rma[no�_:QP¸É ½[½­ÊlÍ U~R>UXW�khnma­��^o\�RTShY�Rj_¥a[n@RTShUXW@R�vyk�^�a[_¦iocfYlWTWmU~�}^onow

��2B<DC�E�F(2 t.s # 3q3 ,HG tM¼ ## I � 2È© � ¹ 3
z cX^eYlnmc~v�d�^�ieY[P�uVWT^�RTSVUXW>nm^oW{uVc~R@RmaMkhnma­�¡UX\}^�YKcXaed�^onj|�a�uhPh\�a[_�w

�/2B<  Ã 3J� G t�¼ ## I 2È© � � 3
a�P¸RTSV^M� z \hUf��^ePVWmUXa�P&a[_���a[nm^Mg[^ePV^on{Ylc`R�v¡k�^oWKa[_@nm^oWQRmnmUXitRm^o\ �r��Ph^tR]UfP¸djSVUXi{S®Y²WTuV|hWm^tR]a[_@RTSV^�|�YlWmUXW_�uhPVitRmUXa�PVWjioa[nmnm^oWmk�a�PV\hW�RmaMRTSVa[Wm^]uVWm^o\�Rma�ioa��Mk}uVRm^�RTSV^�k�a[c~vVPVa��MUfYlc�RTSVnT^oWTSVa[cX\�_�uhPVitRmUXa�PhWo�$:QP�Y[P�^t��^eP�Ma[nT^�g[^ePV^onTYlcEWm^ePVWm^lw¡UX_�dq^j�¡Phaed³RTSV^>^BxhYlitRr� z \hUf��^ePVWmUXa�P�a[_ Y��r��PV^tRrioa�PhWQRmnTuVitRm^o\�uVWmUfPVg]Y�k}YlnmRmUXieuVcfYlnWm^tR��¢f�a[_$|}YlWmUXW�_�uhPVitRmUXa�PVWowERTSV^eP²d�^]ieY[P,Uf���M^o\hUfY�Rm^oc~v�a[|VRTYlUfP,Y�cXaed�^onG|�a�uhPV\²a�P�RTSh^�� z \hUf��^ePVWmUXa�Pa[_�Y[Psv®�r��PV^tR�ioa�PVWQRmnTuVitRm^o\ÎuVWmUfPhg�Y�WT^tRK� , � � f s �LK � a[_@|}YlWmUXW�_buhPhitRmUXa�PVW�djSh^onm^��LKMUXW�Y[Psv&_buhnQRTSV^onWTuVU~RTYl|}cX^�Wm^tRo�
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:QP�RTSV^@cfYlWQR$i{S}YlkVRm^on$d�^�PValRm^o\�RTShY�RNRTSh^@ieYlk}YlioU~R�vMa[_�YGPV^tR�d�a[nm��UXW$\hUXnm^oitRmc~vKnm^ocfY�Rm^o\�RmaGU~RmW$g[^ePV^onTYlcXUX�eY�RmUXa�Pk�^onm_ba[nT��Y[PVio^l�@�&^]RTSV^onm^o_ba[nm^�^Bxyk�^oitR�Wm^ocX_¢��WQRmnTuVitRTuVnTUfPVgMRma�|�^�Yl\V�[Y[P�RTYlg[^oa�uVWGUfP²ioa�PVWQRmn{uVitRmUfPVg�PV^tR�d�a[nm�¡WdjSVUXiBS�g[^ePV^on{YlcXUX�o^rd�^ocXc�w�YlW�RTSh^$ieYlk}YlioU~R�v�a[_VY>PV^tR�dqa[nm�GUXWpUfP�g[^ePh^onTYlcs\hUXnT^oitRmc~v�nm^ocfY�Rm^o\�Rma>U~RmWpWQRmnTuVitRTuVnT^`Y[PV\
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d�^GieY[P�RTSV^onm^o_ba[nm^G\h^oWmUXg�P�WT^ocX_f��WQRmn{uVitRTuVnmUfPVgKRmn{YlUfPVUfPVgMYlcXg[a[nmU~RTSh��W�djSVUXiBS�Y�RQRm^e�MkVR@Rma�a[kVRmUf��UX�o^GieYlk}YlioU~R�v[�:QP�g[^ePh^onTYlc�RTSV^oWm^GYlcXg[a[nmU~RTSh��W�d>UXcXcIY�RQRm^e�MkVR�Rma��MUfPhUf�MUX�o^§ieYlk}YlioU~R�v�Y[PV\�ioa�PVWm^o¨yuV^ePsRmc~v�Rma���UfPVUf�MUX�o^jRTSV^WmUX�o^�a[_NYMPh^tR�d�a[nm�@2�djSV^onm^��±WmUX�o^3�EUXW>YlkhkhnTa[khnmUfY�Rm^oc~v�\h^t��PV^o\ 3 �� ^ocX_¢��WQRmnTuhitRTuVnmUfPVg¬ieY[P¯|�^�Ylkhk}nma�Yli{SV^o\ UfP¯Wm^t��^onTYlcj\hUzGE^onT^eP�R�d@YovyWow�djSVUXiBSÎdq^�d>UXcXc@WTuh����YlnmUX�o^�UfPi{S}YlkVRm^on@¹¡�_:µPMRTSVUXW�\hUXWmWm^onQRTY�RmUXa�P�d�^jYlnm^§ioa�PVio^onTPh^o\�d>U~RTS�a�PV^§k}YlnQRmUXieuVcfYln�YlkhkhnTa�Yli{S�wVUfP�djSVUXi{S�d�^>|�^og[UfPd>U~RTS&Y��±cfYlnmg[^3�pPV^tR�dqa[nT�&Y[PV\,RTSV^eP¸Y�RQRm^e��kVRGRma�nm^e��ae��^�d�^oUXg�SsRmW�djShUXi{S¸YlnT^MPValR�nm^o¨yuVUXnm^o\ � Ylg�YlUfP�wpRTSV^nm^eYlWma�PhW�_¥a[n�Yl\ha[kVRmUfPhg²RTShUXWKYlk}khnma�Yli{S¯YlnT^�\}UXWmieuVWmWm^o\ÎUfP®i{S}YlkVRm^onM¹¡�-:µP®alRTSV^onKd�a[nm\hWew$g[U~��^eP Y¬�r��PV^tRdjSVUXiBS�ioa��Mk�uyRm^oW�RTSV^�iocfYlWmWja[_¦_�uhPVitRmUXa�PhW�<° Ã w}a�uVn@Wm^ocX_¢��WQRmnTuVitRTuhnmUfPVg�YlcXg[a[nmU~RTS}�MW�|hUfYlW�RTSV^GWm^eYlnmiBS�_ba[n>Y[Pa[kVRmUf�Kuh� d�^oUXg�S�R���^oitRma[n�UfPÎ_�Yo��a�uVnMa[_�Y���^oitRma[nMdjU~RTS¯��Y[Psv·�o^onma&^ocX^e��^eP�RmWe��=§aed�w�U~RMUXWMUf��kEa[nmRTY[P�RRma,PValRm^MRTShY�RKWTuViBS¸YlcXg[a[nmU~RTS}�MW�Wm^eYlnmi{S®a­��^on�k}nm^oioUXWm^oc~v&RTSV^�WTY[�M^�iocfYlWmWKa[_@_buhPhitRmUXa�PVWowNPhY[�M^oc~v <° Ã w$YlWWQRTY[PV\�Ylnm\MRmnTYlUfPhUfPVg]YlcXg[a[nmU~RTS}�MWrdjSVUXi{S���Yl�[^§PVa�Y�RQRm^e�MkhR`RmaKYl\}YlkVR`RTSh^>WQRmnTuhitRTuVnm^�a[_�RTSV^§PV^tR�d�a[nm���_:�RqUXWRTSV^onm^o_ba[nm^`PhalR¦k�a[WmWmUX|hcX^ZRmaj\hUXnm^oitRmc~v�Y[PhYlc~vyWm^NRTSh^`^HG�^oitR¦a[_¡RTSVUXW R�v¡k�^$a[_yWm^ocX_¢��WQRmnTuhitRTuVnmUfPVg�a�P�g[^ePV^onTYlcXUX�eY�RmUXa�Pk�^onm_ba[nT��Y[PVio^]d>U~RTSVUfP¬RTSVUXW�k}YlnQRmUXieuhcfYln�_¥a[n{��YlcXUXWT��w�|�^oieY[uVWT^�|Ea�u}PV\hW�a�P,RTSV^�g[nma­d�RTS&_�uhPVitRmUXa�P¬Y[Ph\¬� z\hUf��^ePVWmUXa�P®_¥a[n�<  Ã YlnT^�PValR�Ylc~Rm^onm^o\ UfP Y[Psv®d�YevÎYlW�Y&nm^oWTuVc~R�a[_§U~RmW�uVWm^l� �²Yli��]Yov�É ½­Ê ° Í ShYlW���Yl\h^^HG�^oitRmU~��^oc~v�RTSh^�W{Y[�M^�ionmU~RmUXioUXWT��Ylg�YlUfPVWQRGRTSh^�uVWT^]a[_`RTSV^�� z \}Uf�M^ePVWmUXa�PI�j�&^�ieY[P¬SVa­dq^t��^on�g�YlUfP,Wma��M^UfPVWmUXg�SsRjUfPsRma�RTSV^�^HG�^oitR§a[_pRTSVUXWjR�vyk�^�a[_ZWm^ocX_¢��WQRmnTuVitRTuhnmUfPVg�|£v�nm^oWQRmnTUXitRmUfPVg�<  Ã UfP²Y���Y[PhPV^on@djShUXi{S�RTYl�[^oWUfPsRma�Ylioioa�uhPsRGY[PV\�Wm^ePhWmUX|hc~v�nm^��}^oitRmW§RTSV^]|hUfYlW>UfP²_bYe��a�uVn§a[_Zdq^oUXg�SsRj��^oitRma[nTWjdjU~RTS²��Y[P�v��o^onma�^ocX^e�M^ePsRmWo�:QP�a[nm\}^onrRmaK_�YlioUXcXU~RTY�Rm^�Y[P�Y[PhYlc~vyWmUXWqdq^�UfPsRmnma£\�uVio^>RTSh^jioa�PVio^okhR�a[_¦Y[P	� -ÂGiCOJ�HRG�?BPxHR? K A�wVdjShUXi{S�d�YlW�UfPVWTkhUXnm^o\|£v�YKWmUf��UXcfYln�Rm^oi{ShPVUX¨yuV^�uVWT^o\�UfP&É�� Ì[Í 2ÈWm^o^GWm^oitRmUXa�P 9 �¶© 3 �q�>SVUXW�ioa�PVio^okVR>d>UXcXc�|E^GuVWT^o\�UfP�a�uVn@Y[PhYlc~v¡WTUXW�UfPRTSV^�Ph^Bx¡R�iBShYlkVRm^ono�
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Training examples 
Tk

-net

-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

could

at least 1/100 that the
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Training

Operation

Training examples 
Tk

New inputs
Same     -net

-net
with      weightsW

With probability close to
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An instance of the 2-circles problem
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