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rtsEu vxw1y{z�wt|X}�~:y�w����Gy1�G|��_�G�������_��|��1��y�w{��}:�8���
ô d lnxq��ln�?oPc o6l?{kj ¤qo6x�w=c°�#��l? � l���xq�no6~�f�eqmklI¸6o6x�wqe��e�byxµxqj#��l?o=� x�wLe�ok� �Lj�e¨�#�§w�bR� xqj xq� bLe���mE�
wRj � �6xqz=�#wyxqj#� � lnmkl?oCo6l?{kj ¤qo�e*bLe���m6p��kj�e�o"e��#wyxqj#�=xqj#��l?oP� x�wqe�o6~�� h%x � l?ok��l0��lnmEfn�EmEwyxq���Po6l?{kj ¤qok���� [ wqeq�#ok��}�bqe Þ �L�L� ! �%[¥e���mE�4o6l?{kj ¤qoCh"e��#j#�Rmkx�hkj�p�wyl � lnmEo6l � f���o6xq�n�|oiwE�#�#{khkok�E� �§�¨�#b=j#rR�v�E� �§�¨e�z�l?�%x
wR�R� �#{khkok�R���+o6l?{kj ¤qo6x�w%� ô �#�#{khko6~�o6l?{kj ¤qo=r+�#c´�#{6��lnmEo6~�z�l?o´�*x=mk���"pqmEf�e � c6�?�|���¶e¥wR�R� �#{khko6~�z�l?o
�*hkj#�����"pqmEf�e � c6�?�|���¶�kj�e�o"e����ª�

ß�xqhkj lnmEo"pio6l?{kj ¤qo6x�wLp.�#��l? � l�d#h%ln�?��p�z|o=r=� hkj#�|h"eqmkxq� o6l?{kj ¤qo6x�wyl � �#��l?� lL�Rb=� xqj�pCo6lnxq�6��e��={ � l
xqj#��l?o=� x�wLe�ok�;�?rRb=z|{6���¶õ�l?{kj ¤qoPr;w ��e�byl � � x�o6l?{kj ¤qo6x�wyl � �#��l?�#� � l(��xq�no6~tj xqf�mkl?z|�|�mkx�mE��� � {kokb=�
�
ok�E� � w=j � �#��l?w%� hkj#��}nxq� �kj�e�o=ré��¹q�n{ �PrR+�|�"e ��lnmEfn��o6l?{kj ¤qok����w mEwyx=��� j ¹qfno=rR��� wRj �#�#wLpq� �
eUwEd l?�#b=r �kj�e�oPr ��lnmEfn��mEwyxq����wRj �#�#wLe����*o6l?{kj ¤qo6x�w �#c°xqj#��l?oP� x�wLe�o6~´fn�6xRmEo6l � xq�kj�p�f�xqb Þ �|��¢I�
ô �#j x � w=j �#�#wyx�wyl � mkxqhkj lnmEo6l � o6l?{kj ¤qo6x�wyl � �#��l?�#����e�o"eq� �"pqmEf�e � ct�#j#�"wRj �#�#wRr.o6l?{kj ¤qo6x�wg�.wE�#�#{khko"pE�
�#bRj#rR��p.e�w=�E�#�#{khko"p � xq�kj�p�f�xqb Þ � Þ ¢I�

ô d l?�#bRr��kj�e�oPrte � o6l?{kj ¤qoPr+w�o6l?{kj ¤qo6x�wyl � �#��l?�#���#c+xq�6xRmEo6xq� l?o6~L����xRmEo6xq� xq{twR� �#{khkok�R���+o6lI�
{kj ¤qo6x�wg� c�fnz�xq�nb=r.wE�#�#{khko6~?�6x4wyl?bR� xqj�e¥�#��l?� lL�V��xRmEo6xq� xq{�bqe���mk~?�6xC�#b=j#rR� ~?�6xCe�z�l?��x�w=�E�#�#{khko6~?�6x
o6l?{kj ¤qo={ � l-j l�p�z|o6l�}?���#z�xk��bR� xqj ~-�e�wRr=h�xR}?�|��e�e�byx�wLp��6x�wLe�ok�i�#c6}nl?���6xRmEo6¹q�0o6l?{kj ¤qo6x�w��qf*b=� xqj#�E� �
mkxg{kwLe���x�wLe�o6~?�6x�o6l?{kj ¤qo={µhkj#��� �"pqmEf�e � cµ�kj�e�o=rX�

xi = f(neti)
� Þ �|��ey¢

neti =
J
∑

j=1

wij xj − ϑi

� Þ �|�?�N¢

bEmkl
xi

� l(�6xRmEo6xq��e�o6l?{kj ¤qoP{
i
�
J

� l(h%xR}nl?� � l?�6x£hkj lnmk���6x=mk�nx�w%�
wij

� l´xq�6xRmEo6xq� l?ok��l´�kj�e�o=r
f4o6l?{kj ¤qo={

j
mkxgo6l?{kj ¤qo={

i
�
ϑi

� l�hkj�e��µ�?�|�#z|�|wyxL�#�#�§o6l?{kj ¤qo={
i
e

f
� l¥e�b=�#�|wLeq}?o"p.�»{kokby�?��eE�

�
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î �kj�p�f�xqb Þ �|�?����xqf�mkl?z�l?ok��l�o6l?{kj ¤qo6x�wtw�mkxqhkj lnmEo6l � o6l?{kj ¤qo6x�wyl � �#��l?�#��mkxgd#�vrRj xR� �´mE��� � {kokb=�#ok�E� �
wRj �#�#��l?w

L1

�
L2

�
L3

e
L4

� hkj l?w=f�e�� ~¥f� [�wLeq�#ok��} bLe Þ �L�L� ! ¢I�

î �kj�p�f�xqb Þ � Þ �6óÐj x � wRj �#�#wyx�wqp�mkxqhkj lnmEo"p�o6l?{kj ¤qo6x�wLp��#��l? � hkj l?wRf�e�� ~¥f� [ wqeq� ok��} bLe Þ �L�L� ! ¢I�
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��j�e�� �?�|�#z|�|wyxL� �#��o6l?{kj ¤qo={ � lUj l�p�z|o6lU}?��� z�xk�ÍbR� xqj ~ � lµoP{k�#o6~£o"e�hkj#�|b=z�eqm hkj l£f�e���l?fnh%ln}nl?ok��l
� ���6xqhko6xL�#�#�%w=��eq�?wRj �#�#wyx�wyl � mkxqhkj lnmEo6l � o6l?{kj ¤qo6x�wyl � �#��l?� l�e�hkj x%$R�|��x�wqe��¦#{k��x�wyxq¦#o=cµ�#h�x � �|�#c��©{koE�
by�?�|{§��º*l?f�hkj�e��={i�?�|�#z|�|wyxL�#�#�=�Pr4xRmkxqfnwqe*o6l?{kj ¤qo6x�wyl � �#��l?� l0o"e�wR�#�#{khkok��wyl?bR� xqjÐfnz�xq��l?ok��f�x���e����E� �
o=ckzÐ��xqz�e�m6e�o"pgh�x=mE¦�e�j x�wRok���nl � Þ �|�?�N¢*z�l?o£e�b=�#�|wLeq}?o6xq{¡�»{kokby�?��xq{

f
� hkj l?� xq��l¥�6xRmEo6xq��e

neti
�=r

��xqz�e.w=��mEr´�y¢I�
ô hkj�e=$E�=�e�hkj l f � lnmEo6xRmE{6d l?ok��l-j x�wRok���nl � Þ �|�?�N¢Ð}�eq�#� x�hkj#��m6pnwLe�mkx�bLe���mkl � w=j � �#w=r�o6l?{kj ¤qo6x�wyl �

�#��l?� l � lnmkl?o£o6l?{kj ¤qo§�%bR� xqj ~?�6x(�6x=mEo6xq��e � lCf�e¨¸�$kx�wLe�o"p+o"e����L����x=mEo6xq�¬rµ�kj�p�o��#��l?j#{ � c6�?����� x=m
� xq�6xq� x�o6l?{kj ¤qo={µh�xq� xq�·�#z|ck�n��e�e�byx�hkj�e��=r´�?�|�#z|�|wyxL�#�#�§o6l?{kj ¤qo6x�w´w \ e�z�d l � w=j � �#wylL�

��bR�#�|wqeq}?o"p(�»{kokby�?��e
f

� l���xqo6xq� ¤qoko6l+j�eq�#�#c6��et�»{kokby�?��eE�§bR� xqj�p´f�xq�kj�e�fn{ � l�j l�p�z|o6l+}?���#z�e´o"e
xq�#wyxqj l?ok�t�|oP� l?j#wLe�z

(A,B)
�:®*eq�#� x���e.h%xq{k�n�|wLei�»{kokby�?��e

f(net) =
B + Ae−ξ

1 + e−ξ

� Þ � Þ ey¢
õ�e � }�eq� � l � d#��l���e.h�xq{k�n�|wLe � c¡�6xRmEo6xq�vr

A = 0
e

B = 1
e�z�l?�%x

A = −1
e

B = 1
�

ß�wyx � w=j � �#wyx�wLp�mkxqhkj lnmEo"p4o6l?{kj ¤qo6x�wLp4�#��l?0mkxL�#��pnwLe4e�byx�wR� �#{kh.wyl?bR� xqj0j l�p�z|oPrE� �+}?��� l?zª��b=� xqj ~I�
�6x.mE�|��l?okfn��e � l�fn�6xRmEo"pi�-h�x=}?� xq� wE�#�#{khkok�E� �to6l?{kj ¤qo6x�w�� ô �#�#{khko6~��6x=mEo6xq�¬r(�e¥h�x=mE¦�eij x�w=ok���
� Þ �|��ey¢ge � Þ �|�?�N¢io"e � hkj#w hkj lnd �|j#��e£o"e��#b=j#rR� ~+o6l?{kj ¤qoPrée£h%xq� xq��o"eUwR�R� �#{khko6~to6l?{kj ¤qoPry� ô �P�
�#�#{kh�xq� �#��l?� l � l(wyl?b=� xqj�fnz�xq��l?ok� f´�6xRmEo6¹q��wRd l?�#bR�E� �°wR�R�#�#{khkok�E� �°o6l?{kj ¤qo6x�w%�Í��xRmE����l?okbyxq{
�#hkj�p�w=o6l?�6x¥�©{kok�yx�wqe�ok��ei�#��l?� l � l�o"eq�#��enwyl?ok��l�w=�6xRmEok�E� �+xq�6xRmEo6xq� l?ok�%�kj�p�o � e�z�l?��x ;=U D 9<; K J D N<9<>*°¯�J-./*-, 4 9<; ¢I�<��j }nx�wLe�ok��l*w=�6xRmEok�R���gwqp��6x�w=�E� �gbyxRlI¸"�?��l?oP� x�wg��e�o"e�fn�Rwqe�{6}nl?ok��l�e�z�l?�%x��#j ~?o6x�wLe�ok��l
o6l?{kj ¤qo6x�wyl � �#��l?� lL�

rtsRr ±²��~:��� ² }��´³µ~:� ¯_¶ y¸·�¹8|X�_��� ²�º�¶G»�¼
à l?� ¤=m6e(�#h"á��#o6~?�6x´d �|j l?ok��e+���k�=��� õ�pnwRj�e�� Þ �L� Þ"! �#z|ck�n�0o"e(xqhk�#�|��e�z|�|f�pq�?�|{ �6xRmEo6¹q�4wqp��6x�w=�E� � � e
hkj�e��6x�w=�E� �N¢¶byxRlI¸"�?��l?oP� x�w.mkxqhkj lnmEo6l � o6l?{kj ¤qo6x�wyl � �#��l?� lL� # lÍf�e�z�xq��l?o"p4o"e����|ok�|��e�z|�|f�pq�?�|�Nx=mk���k�=z �
bRr4��lnmEfn�R�©{kokby�?��xq{§�qbR� xqj#ci��p�o6l?{kj ¤qo6x�wqp��#��l?0e�hkj x3$E�|��x�wLe���Pe��©{kokby�?��xq{§��bR� xqj#cgwC�#bR{k� x=}?o6xL�#�#�
�#��l?�j l�e�z|�|fn{ � lL��ó�e�bRck� x´� �=r=�k{ � l.hkj l � lnmkl?o�f�x(wR�#�#{kh�x�w£�#��l?� l.��xq�no6~gw=r � eqmEj#�|�o"eq� z�lnmE{ � c6�nxq{J D�½VM 9<;=9<&G¾E&
,�N"J-./9<& �

Ep =
1

2

K
∑

k=1

(dpk − opk)
2

� Þ �¾ãLey¢

bEmkl
p

� l��|o6mklI$ �#j ~?o6x�wLeq�?��l?�6xUwE�#�#{khk{§�
dpk

� l�h�xq��eqmkx�wLe�ok� wR�R� �#{kh �#��l?� l+hkj l�� l?oP� x£wE�#�#{kh;e
opk

� l4�#bR{k� xR}?ok�+wR�R� �#{kh¡�#��l?� lL�
õ�e �k¦�eqm6e�ok��l£���|ok�|��e � �=r=��x�wyl � �»{kokby�?��l

Ep

�e h�xq{k�n�|wqe ��l?� ¤=m6e ,:2RQBA 5 &�S"FI./* D 9¿0@A)UVS?& �
hkj#��b=� xqj l � �e�wtbqe���mkxq�^bRj xqb={£�#j ~?o6x�wLe�ok��e(�#��l?� l¥{khkj�e�w=��e+wLp��6x�wy~ibyx=lI¸"�?��l?o=�vrU� h%x � l?ok�Ð��lnmEfn�
o6l?{kj ¤qok���ª�%�0j li�#j x � wRj �#�#wyx�wRcUmkxqhkj lnmEo=c�o6l?{kj ¤qo6x�wRc£�#��l?���eg�#��l?� x+byx=lI¸"�?��l?o=�vr¡{khkj�e�w=��e�h�x=mE¦�e
wRf�xqj �nx�w

∆wkj = −α
∂Ep

∂wkj

= · · · = α (dpk − opk) f ′

k yj = α δok yj

� Þ � �Pey¢

∆vji = −α
∂Ep

∂vji

= · · · = α

(

K
∑

k=1

δok wkj

)

f ′

j xi = α δyj xi

� Þ � �L�N¢
bEmkl

wkj

e
vji

�#ciwqp��=r4�kj�p�oC��lnmEfn�Ro6l?{kj ¤qok���=w¥�#bRj#rR� l � e�w=�E�#�#{khko6l � wRj �#�#wylÍe���lnmEfn�Po6l?{kj ¤qok���
wyxiwR� �#{khko6l � eC� b=j#rR� l � w=j �#�#wyl � xq�kj�p�f�xqb Þ �¾ãy¢I�

α
� l�j#�E� �kz�xL�#*{6}nl?ok��eif��|oP� l?j#wLe�z|{

(0, 1)
�
f ′

k

e
f ′

j�#c´mkl?j#�|wLpq�?��lCe�bR�#�|wqeq}?ok�E� �´�»{kokby�?�|�ª�
yj

� l��6x=mEo6xq��e
j
�ª� l?�6x��#bRj#r=� ~?�6xgo6l?{kj ¤qo={£e

xi

� l��6x=mEo6xq��e
i
�ª� l?�6x�wE�#�#{khko6~?�6x�o6l?{kj ¤qo={ � e.f�p�j x�wyl-`

i
�ª��egfnz�xq�nbLegwE�#�#{khko6~?�6x�wyl?bR� xqj�e��#��l?� l�¢I�
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î �kj�p�f�xqb Þ �¾ã)� î fno"eq}nl?ok��l�o6l?{kj ¤qo6x�w+ei�#h�x � l?ok�N��lnmEfn�Nok�|���%w��#j x � w=j �#�#wyx�wyl � mkxqhkj lnmEo6l � o6l?{kj ¤��
o6x�wyl � � ��l?�#� � hkj l?w=f�e�� ~4fÀ� õ�p�w=j�e�� Þ �L� Þ"! ¢I�

rtsÂÁ Ãx�_�G��~:� º:Ät» ²1Å+Æ y�|��R~ ± ��}
# lnmEok�R� f�xtf�p�bRz�eqmEok�R��� �#� xR� �"eq�#�#����b=�E� � xqhk�#�|��e�z|�|f�eq}?ok�E� � e�z|�yxqj#�|�#��x�w � li�yl?o6l?�#����b=� e�z|�yxqj#�|�
�
�i{6��� [�wLeq�#ok��} bLe Þ �L�L� ! � # l?�6x��kz�e�w=o6xq{°�irRd#z|��l?okbyxq{ � l+o"e�h%xRmkxq�ko6l?ok��l´m6e�j#w=�|o6x�wR� byl � l?wyxqz|c6�?��l
o"e¥w=rR�#wyxqj l?ok��l�xqhk�#�|��p�z|o6l?�6xge�z�l?�%xC��e�b=��l?j-xqhk�#�|��p�z|o6l?�6x.j#��lnd l?ok��e4fnz�xq�n�|� ~?�6x.xqhk�#�|��e�z|�|f�eq}?o6~?�6x
hkj xq�kz�~?�i{§�Íä�l?o6l?�#��� bR�;e�z|�yxqj#�|�#�i{6� � l(� lnm6eµf�e�z�xq��l?ok�;o"eUw=f�p � xq��o6xq��h�xqj x�wRo"pnwLe�ok��j ¹qfnoPrE� �
j#��lnd l?ok��hkj xq�kz�~?�i{�e.hkj lI� l?j x�wLe�ok�Ðz�l?h6d ��� �¡j#��lnd l?ok�Ðhkj lnm´�6xqj d#�|���ª�

õ�e´f�mk¹qj�e�fno6l?ok��l´e�o"e�z�¤q�L��lt�ihkj#�|j x=mEf�l?ok�R� wR�R�%l?j xq� w hkj#�|j x=mkl(��e´w � l?j#���|o6xqz�¤q�L�|�*�yl?o6lI�
�#����by~?�6x�e�z|�yxqj#�|�#�i{é}�eq�#� xUh%xq{k�n�|wLe � c;� l?j#���|oPr f+xq�kz�eq�#�#�*�k��xqz�¤q�L��lL�Ç[¥e���mk~+j#��lnd l?ok��l(hkj xq�kz�~?�C{
f�e�by¤Rmkx�wLe�o6~¥mkxgj l?�e�f���e��k�|o"p�j#o=rR���U}?��� l?z§�e.o"e�fn�=wLe J DL5 9 Z 9ÉÈ%Ê Zg� à o6xq�n�|o"e����kj xq��xqf�¤q��x�wµ��e
o"e�fn�Rwqe A)9IA:&�YËUVJ-./2 �Ì[¥e���mE�£� �kj xq��xqf�¤q� � lgxq�6x=mEo6xq� l?ok�U�©{kokby�?��xq{ ¯ 4 ,�*E0+0 �NbR� xqj l � �6xRmEo6xq��e � l
�¬�=��wRrRd�d#��eE�k}?�|� � l4� �kj xq��xqf�¤q����j#��lnd�l?ok��l��+�kz|�|��d#�§xqhk�#�|��p�z|o6l?�i{§�

õ�e(f�eq}?��e��#bR{ }?�|oko6xL�#�#���yl?o6l?�#����by~?�6x£e�z|�yxqj#�|�#�i{ ��e(wRr=�yl?o6l?j#{ � lgo"p��6xRmEo"pth%xqhk{kz�pq�?��eµ� �kj x��
��xqf�¤q��x�w%� ô hkj#��l?��l?�P{8xqhk�#�|��e�z|�|f�pq�?��l��yl?o6l?�#��� bR�R�\e�z|�yxqj#�|�#��xq�\��p�� x h�xqhk{kz�pq�?��e h�xL�#�#{khko6l
wRr=z�l?h6d { � l�h�xq��x=�nxq{¡�#j xR� �µf�p�b=z�eqmEok�E� �£xqh%l?j�pq�?�|�@� ; KVM * 5 & 5 9ÉS<.6(+9<; � N 5 HÎÍÉ*-,�.62 eÏZ & 4 ULJ-./* �

ô bqe���mkxq� bRj xqb={¡e�z|�yxqj#�|�#�i{µ��eiw=rR�#wLp�j�eCo6x�wqp.h�xqhk{kz�pq�?��eg� �kj xq��xqf�¤q��x�w%�Nõ�e � hkj#w���eibRwqp¨�
fn�|o"p��6xRmEo6l�wRr=��l?j#c�mEwLe¥���kj xq��xqf�¤q�Cr � j xRmE��}?��ey¢�f�h%¹�wyx=mEo6l � h�xqhk{kz�pq�?��lL� ô �R�%l?j ���kj xq��xqf�¤q��x�w
f�p�w=���#�kxRm.��� ��¸6�#o6ln� ����}?�|� � lÍ¸6�#o6ln� �0� �kj xq��xqf�¤q�i{�wRrRd�d#��eE���¬�=� ��p�wLáq}nd#�|{�d�e�o6�?{��=r=�wRr=�kj�e�ok�y�^ mEwyxR� � j xRmE��}nx�wE�#b=�E� � ���kj xq��xqf�¤q��x�w ��e+h�xq� xq� �����#� xq{ hkj�enwEmkl?h%xRmkxq�ko6xL�# xq{

Prepro

b=j#�|��lI�
ok�|� w=rR�#wyxqj#��e \ e�z�d ��l�mEwLeE��h%xq� xq��byx�w=��eE�Ç[�j#�|��l?ok��l � l�w=z�eq�#�#o6l�byxq�C�k�|o"pq�?��e£mEwyxR� �;�k�|o"p�j#oPrE� �
j l?�e�f��nx�wXÐ6}�eq� � x���e.h%xq{k�n�|wLe.o"e�hkj#�|bRz�eqm � lnmEo6xq��xRmkx�wy~4bRj#�|��l?ok��lL�kbyl \ �#�§���kj xq��xqf�¤q�Cr´wRr=��l?ok��e
� lnmkl?o+c6��l?b�j l?�e�f���eE�6e�z�l?�%x.mEwyx � �%xRmkx�wy~�bRj#�|��l?ok��lL�=byl \ � �"wRr=��l?ok��e.mEwLe¥c6� l?bRr � xq�kj�p�f�xqb Þ � �=¢I�

�¶x+b=j#�|��l?ok��o"eq�#z�lnmE{ � lC�C{k��pq�?��e��(o"p��6xRmEo6~Cckhkj�e�w=r´h�xq� xq��byx�w��Nb=� xqj ~i��egj l�e�z|�|fn{ � cUo"e�hkj#� �
bRz�eqmto"p��6x=mEok�R� hkj l?bRz�xqh%l?ok�|�·ok��l?b=� xqj#�E� �¡�k�|� x�w´� �kj xq��xqf�¤q��x�w��%�0j�enwEmkl?h%xRmkxq�ko6xL�#��C{k��pq�?��l
Pmut

�=�=wLe.wLáq}nd#�|o6xq{´��e�z�p � j�pqmkx�wyx(�E�¾�E��¢I�6õ�pq�#z�lnmEo6l4��e.h�xq� xq��byx�wR��e � w+hkj#�|h"eqmklL�6��l��%xqz�xgj lI�
e�z|�|f�x�wqe�o6~�bRj#�|��l?ok��l�¢I�6e�z�l?�%xih%¹�wyx=mEok��j xRmE��}?��e � e�b���eCb=j#�|��l?ok��l�o6l?j l�e�z|�|f�x�wLe�z�xP¢-hkj#��m6e � c(mkx.o6x�wyl �
h�xqhk{kz�pq�?��lL��ó�xU�e¡xqh"e�bR{ � lL�¶e��+bR�=� ��e´h�xR}nl?�C� �kj xq��xqf�¤q��x�w w o6x�wyl � h%xqhk{kz�pq�?�|�-o6l?fn�6xRmE{ � l
�*h�x=}?� xq�[� �kj xq��xqf�¤q��x�wµw+h�¹�wyxRmEo6l � h�xqhk{kz�pq�?�|�ª�

à o6xq�6xqo"pq� xq�kok�R� xqh"e�byx�wLe�ok�|�ø�nl?z�~?�6x¡xqhk����e�o6~?�6x¡h�xL�#�#{khk{ ��e(w£h�xqhk{kz�pq�?�|� f�eq}?oPc;xq� � e¨�
wyx�wqe�´�#��p�z�l£bRwqe�z|�|�#o6l � d#��l�e bRwqe�z|�|�#o6l � d#��l�� �kj xq��xqf�¤q�iry��õ�eq�#��pnwLe hkj xq�kz�~?�¡�*bylnmEr � lµwR�6x=mEo6~
�yl?o6l?�#����b=�+e�z|�yxqj#�|�#�i{6�*f�eq�#��enwR�|��Eß�xq�kj xq{+�6l?{kj#���#�#�|byxq{ � l�o"e�hkj#�|bRz�eqm�f�eq� ��enwyl?ok��l4e�z|�yxqj#�|�#�C{´byl \
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î �kj�p�f�xqb Þ � ��� # lnmEo6xq��x=mkx�wy~�etmEwyx � ��xRmkx�wy~gbRj#�|��l?ok��l�� �kj xq��xqf�¤q��x�w�� ô l?j#�#�|bLp�z|o"e´}?��e�j�e({kj }?{E�
� lt�%xRm bRj#�|��l?ok��e e � �kj xq��xqf�¤q�irö�#��wRr=��l?ok��e�� wyx � l¡}�eq� �#����lnmEfn���v�R���|� x ��x=mE���ª� � hkj l?w=f�e�� ~
f� [ wqeq�#ok��}�bqe Þ �L�L� ! ¢I�

��e+wUh%xqhk{kz�pq�?�|��o"eq���"pqmEf�e´wLáq}nd#�|o"e+j x�wRo"e�b=�E� � � �kj xq��xqf�¤q��x�w���hkj#��}nxq� wRd�l?�#b=rµxL� ��e��#o6~�� �kj x��
��xqf�¤q�ir(��e � cµxRmtok��� �¡ok�|��d �|{´¸6�#o6ln� ���

rtsBÑ ÒÓ� ² ��~X� º � ² �G�_�G|��1�GyÔw1�)zn}��8��~X�Õ�Çw1y Å+ÖGº �8y1�
��byx�� xq��{k�¥�#h�xq��l?oP{kzª�ko"e��#j ~?o6x�wLe�ok��lCmkxqhkj lnmEo6l � o6l?{kj ¤qo6x�wyl � �#��l?� l4�e.o"e � }�eq�#� l � d#��l�h�xq{k�n�|wqe
��l?� ¤Rm6e¡�#h"á��#o6~?�6xUd#�|j l?ok��e¡���k�=�§��ó�p�� x¡��l?� ¤Rm6e¡mkxL��e��={ � l�hkj#� �#j ~?ok�|ok�L{;wqáq}nd �|o6xq{ mkxq�kj ~�wR�P�
�#z�lnmEbRry�Eó§j ~?o6x�wqe�ok��limkxqhkj lnmEo6l � o6l?{kj ¤qo6x�wyl � �#��l?� l � l�wEd�e�b���l?�nok�+xqhk�#�|��e�z|�|f�eq}?ok�´hkj xq�kz�~?�¡�Ehkj#�
bR� xqj xq� �e´�k¦�eqm6e � c;��e�by~+��e��#���nl(wqp��§�Ðb=� xqj ~+f�e���l?fnh%ln}?��eU}nxµo"e � ��l?o6d#�|{;�6x=mEo6xq�#{ � �=r=��x�wyl �
�»{kokby�?��lL�¨õ�e�w=rRj#��lnd l?ok��lÍ��e�by~?�6xq� x�hkj xq�kz�~?�C{ � l���xq�no6~-w=rR{k�n�|0e � �|o6~Íxqhk�#�|��e�z|�|f�eq}?o6~�e�z|�yxqj#�|�#�Cry�# lnmEo6xq{ f ��xq�no6xL�#�#� � l�h%xq{k�n�|�#��l��yl?o6l?�#����by~?�6x e�z|�yxqj#�|�#�C{§� ô ��e�byxq�Âhkj#�|h"eqmkl ��e bqe���m6p
byxqoE¸6�L{kj�pq�?��eUwLp��6x�wR�R��� byxRlI¸"�?��l?oP� x�w h%x�wqe��n{ � l�f�e � lnmEo6xµj#��lnd l?ok��l+hkj xq�kz�~?�C{§�¶� lnm6e´f�e � lnmkl?o
���kj xq��xqf�¤q�¡�V×¶�|�#o6ln� ��� �kj xq��xqf�¤q�C{ � lÍ��xq�no6~�mklI¸6o6x�wLe�0h%xq��xR�nxq{�� �=r=��x�wyl � �©{kokby�?��l-o6l?{kj ¤qo6x��
wyl � �#��l?� l � }?�|� � l����PrR�"e¥wRrRd�d#��eE�q�#�|� � l-¸6�#o6ln� ��ok�|��d#��ey¢I� ô hkj#��l?��l?�P{(xqhk�#�|��e�z|�|f�pq�?��l��yl?o6l?�#����b=�R�
e�z|�yxqj#�|�#��xq� ��e wRrRbyxqo"pnwLe wR�=��l?j��0bRj#�|��l?ok��l£e �C{k��pq�?��e o"eqmöh�xqhk{kz�pq�?��xq{ o6l?{kj ¤qo6x�w=�E� �8�#��l?�#�
��j ¹qfnoPrR����byx=lI¸"�?��l?o=�#���ª�%��j#��{kj }nx�wqe�ok�¶¸6�#o6ln� ��ok��l?bR� xqj l � �#��l?� l � lioP{k�#o6~io6ln� �"e� � {U�#hkj�eq�nx�wqe�
��o6xq�n�|o={�wR� �#{khkok�R����wyl?b=� xqj x�w�� x�fno"p��CrR���N�#hkj�p�w=o=r=���6wR�E�#�#{khk���"e�o"e�f�p�b=z�eqmkl � l � x=mEh�x�wylnmkl
wRr=h�xR}?�|��e�*���PrR�k{§�# l�f � enwRo6~L����l0hkj#�|o6�?�|h=r¥��e�by~?�6xq� x�j#��lnd l?ok��e�hkj xq�kz�~?�C{g�#j ~?o6x�wLe�ok��e�o6l?{kj ¤qo6x�wyl � �#��l?� l ��e*wyl?¦#���
�kz|�|�n��e�l?wyxqz|c6�?�|�Po6l?j#wyx�wy~?�6x��#rE�#� ~?�C{i�n�|w=�E� �.xqj#�Pe�ok�|fn��x�w�� ô h�xqhk{kz�pq�?�|�P�n�|wR�R���ixqj#�Pe�okfn��x�w¥��e � c
�#��l?�4wRrRd�d#�|{(de�o6�?{´o"e.j xqfn��o6xq��x�wLe�ok��lC�#� � lnmE�|o6�?�ª�kb=� xqj#�E� �´o6l?j#wyx�wqp��#c6�#��enwLe � l���� �6xqhko"p�m6p�wqe�
sªz�l?h6d#��l�CxRmEh%x�wylnmkl4o"egh�x=mEo6l?�¬rtfCxqbyxqz|��eE�"�¶x=mkxq�ko6xL� ���hkj#�|j xRmkxq{ � l¥x�� x�wRrEd d#��eE�R��l4h�x=mkxq�ko6l
e�byxg{´�n�|wR�R���¡xqj#�Pe�ok�|fn��x�w´��eiwylnmkxq��xL�#�#�§o"eqmkxq�k{6mEo={k� ~¥hkj#��{6}nl?ok�§{kbRz�eqm6e � c´wyx.�»xqj#��l�fn��l?o=r
wLp��¡�#h�x � l?ok����lnmEfn� � lnmEo6xq�#z|�|wR�=���§o6l?{kj ¤qok���ª�

ô �Rfno"e�� �yl?o6l?�#����by~?�6xCe�z|�yxqj#�|�#�C{�e�byx���l?� ¤RmErC�#j ~?o6x�wLe�ok��e�mkxqhkj lnmEo6l � o6l?{kj ¤qo6x�wyl � � ��l?� l ok��l
� l�z�l?o¡w(�e���xq�#o6xq� o"e��#j ~?o6x�wLe�ok���#��l?� lL� ô �E�#z�lnmEb=r(�#j ~?o6x�wLe�ok��e�}�eq�#� x��P�Rwqe � c´�6xqj d#��l¥eg�#j ~?ok�|ok�
wLáq}nd#�|o6xq{¥�#j#wLp*mEz|�6d#��l e�byx�hkj#�P�#j ~?o6x�wLe�ok�Ph�xq��x=�nxq{ie�z|�yxqj#�|�#�i{.� h"á��#o6~?�6x�d#�|j l?ok��e����k�=�§�¨��o"e�z�¤q�L��e
��lnmEfn���n�|wyxq{ hkj#�|j xRmkxq{ e��#j ~?o6x�wqe�ok�|� o6l?{kj ¤qo6x�wyl � �#��l?� l.h%xq��xR�nxq{��yl?o6l?�#��� by~?�6xµe�z|�yxqj#�|�#�i{ � l
wEd�e�b mk¹qz�l?�n�|�v�R��mk¹�wyxRmkxq�¡��hkj ln}nx���e¡�yl?o6l?�#��� bR� e�z|�yxqj#�|�#�C{6�go"eµ� l?oP� x£c6}nl?z-hkj lnmk��eµw=rR{k�n�|wqeE�
ä�l?o6l?�#����b=�µe�z|�yxqj#�|�#�i{6��� xq�#�|�i{k��xq�3`={ � liz�l?h6d#��l¥h�xR� �6xqhk�|�hkj xR�nln�#ry�"b=� xqj ~Cw´hkj#��l?�%l?�={£l?wyxqz|c6�?��l
�n�|wyxq��ego"e^%l?���Ðhkj l?�k��l?�"e�z|�Ðw(hkj#�|j x=mklL�
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à }nl?z�xq� hkj xq�Lj�e��i{§�ÐbR� xqj#� � xq� wRr=�#wyxqj#�|zÍw£j�p����?�Í� xq�6xq� x¡hkj x � l?b=�#{§� � l�{k��xq�nok�|Co"e��#j ~?o6x�wLe¨�
ok��lC�#j x � wRj �#�#wyx�wyl � mkxqhkj lnmEo6l � o6l?{kj ¤qo6x�wyl � �#��l?� lCh�xq��xR�nxq{UmEwyxR� ����l?� ¤=m´�t��l?� ¤RmEr¡�#h"á��#o6~?�6x
d#�|j l?ok��e+� �k�R� e+�yl?o6l?�#��� bR�=� e�z|�yxqj#�|�#��xq�¡���0j l?� xq��l�� xq�&� �6�nl?z0h�xqj x�wRo"e�4� � �6xqhko6xL� �� ��l?� l.e�hE�
j x%$R�|��x�wqe�-j ¹qfno6l��»{kokby�?��lL� � lnmEok�R�³f��?��l?¦ x�w���xqz�x¥wRrR�#wyxqj#�|Í{kok�|wyl?j#f�p�z|o=r�hkj xq�Lj�e��¡�=b=� xqj#���k{6mkl
{k��xq�3`6x�wqe�.�#j ~?ok�|ok�£� ��l?�#�Í�¥j ¹qfno6xq{ d#�#j#{kbR�#ckj xq{ � �ij ¹qfnoPrR� h�x=}?� xq� wR� �#{khkok�R���§���#bRj#rR�v�E� �;e
wR�R� �#{khkok�R���´o6l?{kj ¤qo6x�w6¢I�^�p�bRz�eqmkxq� hkj xq�Lj�e��C{��#cí�#j#�+�#j#��lnmEr � e�fnrRbLeáW�â�â��C�#j#��lnm6enã)ä�åÉæLç�è)é?çLê)ë?ìVí�é<èLæ%�¥�#j#��lnm6eî ë<ï)ë?ì�ð�åÉê)ë?ìVí�é<èLæ°e �#j#��lnm6eeñ)ä?ì)ä�òLë<ì%� î bRj l?� ok����� ��e w°hkj xq�Lj�e���lU��e���xqfnj l � ��lUo"eq� �"pqmEf�e
e � ok��l?byxq¦#byx�h%xq��xR�?ok�E� �´�#j#��lnm��kó§j#��lnm6eTñ)ä<ì�äLò�ë<ì���p.f�e.ckz�xq�={´o"eq}?�|��e���#j ~?o6x�wLeq�?��l¥m6p���e.f4lI$=�
� l?j#o6~?�6xé� ck�%xqj#{ e;f�e�by¤Rmkx�wLe�¡����� mkx �k�|o"p�j#oPrE� � j l?�e�f��nx�w���bR� xqj ~ ��e;h�xq� xq�1m6e � c8h%xq{k�n�|
e�byx(wE�#�#{khPr£o6l?{kj ¤qo6x�wyl � �#��l?� lL��ó§j#��lnm6e�ã)ä)å=æLç�è)é<ç�ê)ë?ìVí�é?èLæ´j l�e�z|�|fn{ � l��#j ~?ok�|ok�´o6l?{kj ¤qo6x�wyl � �#��lI�
� lµh%xq��xR�nxq{ �#h"á��#o6~?�6x;d#�|j l?ok��e � �k�R�§� �#j#��lnm6e î ë?ï)ë?ì�ðLå=ê)ë?ìVí�é?èLæ;j l�e�z|�|fn{ � lU� x ��� � ~¡h�xq��x=�nxq{
�yl?o6l?�#����by~?�6x+e�z|�yxqj#�|�#�C{§�

Á¥sEu ó ± � Å � ± �_�¡~:� º � ² }��´³µ~:� ¯_¶ y¸·�¹8|X�_��� ²�º�¶�»t¼
à x � e£�|��hkz�l?��l?o=��pq�?��e ��l?� ¤RmEr �#h"á��#o6~?�6x d#�|j l?ok��e����k�=�öw=rE� �"pqmEf�e fµe�z|�yxqj#�|�#�C{ö{kwyl?j l � o6l?o6~I�
�6x£w hk{k�kz|�|bLpq�?�|��� õ�p�w=j�e�� Þ �L� Þ?! �0a=�#j#{6}?o6ltfn�kj#o={k� ~L��e�z|�yxqj#�|�#�C{6��w bqe���mkxq��bRj xqb={;�#j ~?o6x�wLe�ok��e
sª{kbLp���l�Co6l?{kj ¤qo6x�wyl � �#��l?�#� � lnmkl?oµfi�#j ~?o6x�wLeq�?��� ��wR� �#{kh%x�wµe�wRr=h�x=}?�|��e�h%xRmE¦�e�wRf�xqj �nx�w � Þ � �L�N¢�e
� Þ � �Pey¢§fn��l?oPriwqp��6x�w=�E� �.byx=lI¸"�?��l?o=� x�w��L��x�hkj ln���6x=mkl-wEd l?�#b=�R���PwE�#�#{khk���Rw4�#j ~?o6x�wLeq�nl � ��o6xq�n�|o6l
� l���p�� xg��o6xq�n�|o"e�o"p��6xRmEo6l4hkj l?{6�#h�xqj#��eqm6e�o"p�e.�#j ~?o6x�wqe�ok��lCh%xqbRj�eq}?{ � l \ e�z�d#�|��hkj ln� �6xRmkxq�¡�

õ�e.{kbyxqo6}nl?ok��l4�#j ~?ok�|ok�L{£� xq��h%xq{k�n�|z���l?� ¤RmE{ 0EN"9 587ED 9È%2<0 4 2<;"*-,�.62 �kó�p�� x���l?� ¤=m6e��#h%xR}?�|wLe
w � xq�¡����lt��eµwEd l?�#b=r mkxL�#�#{khko6~twR� �#{khko6~(m6p���eUo6l?{kj ¤qo6x�wyl � � ��l?� l+j xqf�mkl?z|��e£o"e£mEwyl(��o6xq�n�|oPr
Atrain

e
Atest

� j xqfn�6xRmkxqz���xq�^��e�j xqf�mkl?z|�|���� � w´��o6xq���#� l?wRo6xq� h�xq��l?j lgã)�|��¢I�%�0j#���#j ~?o6x�wLe�ok�
��e�h�xq� xq�³h�xq{k�n�|wLe�z�l?o���o6xq�n�|o"e

Atrain

e�h%x¥bqe���mkxq�¼hkj ln� �6xRmkl�� xq{k� x4��o6xq�n�|o6xq{t��e�wRr=h�x=}?�|��e
���PrR�"e£e�hkj x%$R�|��pq�?��l(o6l?{kj ¤qo6x�wyxq{é�#��l? xq{ hkj l(xq�k��mEwyl(��o6xq�n�|oPr

Atrain

e �
Atest

��[��=� � �PrR�"e
o"eC��o6xq�n�|o6l

Atrain

�=r���e�z�eiw�hkj#��l?�%l?�={({6}nl?ok��e.�#��p�z�l�bRz�ln��e���=���PrR�"eio"e¥��o6xq�n�|o6l
Atest

f�eq}?o6l
w(���#� xq� xqbLe����|�P{U� �#ckh"e� � mkx=���"pqmEf�e�b(hkj l?{6}nl?ok�|{N¢�e.wR� lnmErt�e.�#j ~?ok�|ok��f�eq�#��enwR�ª�

��j#�%h�xq{k�n�|�#����l?� ¤=mEr+�#h"á��#o6~?�6xgd#�|j l?ok��e.� �k�R�(f�p�w=��� �%c6� h%lnd#o6xL�  �#j ~?ok�|ok�L{¡xRm�j#�E� �kz�xL�#�#��{6}nlI�
ok��e

α
���0j l?� xq��l ��x � �|� �?��l?¦ xq� o6l?��xqz�x�h�xRmEj xq�ko6l��#bRck��e�Ð�#ck� x���l?� ¤RmE{ � �?��l?¦ xq� �%xqz�x��#c6�#�#j lnmE�|

��e�o"e��yl?o6l?�#����by~ghkj xq�Lj�e���x�wLe�ok��l�¢I��fnwyxqz|�|z¶��xq�[�#ck� x+byxqo6d#��e�oP�#{ h�x�bRj�p��#byl � ckwLe��6l.e�ok��l?byxq¦#byx
��p�z�x�h%xqbR{6� xR� �io"e

α = 0, 05
���¶xRmkxq�ko6l-��xq� fnwyxqz|�|zke � j#�E� �kz�xL�#¶f�eq�#��enwyl?ok��e��#j ~?ok�|ok�L{i�4�#j ~?ok�|ok�

��e.f�eq� ��enwR��e�b(���PrR�"ego"eg��o6xq�n�|o6l
Atest

�#�#ckh"e�h%xR}�eq�*w=��eq�ie�byxg�P�gb=j xqbyx�w%�

½
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Á¥sRr ó ± � Å � ± �_�¡~:� º � ²ûÆ �_�G��~X� ºXÄ�¯_¶ y ²1Å+Æ y�|��R~ ± �
«¬��hkz�l?��l?oP��pq�?��eU�#j ~?o6x�wLe�ok��eU�#��l?� l�h�xq��x=�nxq{ �yl?o6l?�#��� by~?�6x e�z|�yxqj#�|�#�C{ � l�f�e�z�xq��l?o"p¡o"e 0 4 2<;=9ÉJ D0I./* 4 * �¶a=��enwyxq���#��l?� l�j xqfn{k����l?��mEwyl���e��#���nl+wqp��6x�w=�E� �;byxRlI¸"�?��l?oP� x�w�����byxUxq�6x=mEo6xq� l?ok��lt�#��e¨�
wR{ �#��l?� l � ¸6�#o6ln� �¢�� xq� ��e+h�x+ok��l?byxq¦#bR�E� � o6l?c6�#h�lnd#ok�E� � h�xqb={6��x=���£j xqfn�6xRmkxqz0h�xq{k�n�|��©{kokby�?�|{
{kwylnmkl?o=cµo"eg�#�#j�e�o6l Þ ÷y�gwü� [ wqeq�#ok��}�bqeE��½L½y� ! �

fitness =
1

1 − M

(

(1 − ε) i + ε − M
) � ãE�|��ey¢

bEmkl
M

� l0h�xR}nl?�Ð� �kj xq��xqf�¤q��x�w¥w�h%xqhk{kz�pq�?�|�ª�
ε
� l0��e�z�~�}?��� z�x � �E�¾�L÷y¢§e

i
� l�h%xqj�eqmE��lÍ� �kj xq��xqf�¤q�C{

w(j�eqmkl�w=f�xL� �#{khko6l4{6�#h�xqj#��eqm6e�o6xq�·h�x=mE¦�eg�6xRmEo6xq�vr(�»{kokby�?��l

f() = Etrain

� ãE� Þ ey¢
ýÇþ°ÿÇþ�� �������	�
������������������
óÐj ~?ok�|ok�.mkxqhkj lnmEo6l � o6l?{kj ¤qo6x�wyl � �#��l?� l��yl?o6l?�#��� bR�R� e�z|�yxqj#�|�#��xq��� xq�¼�|��hkz�l?��l?oP� x�wLe�z�o"eq�#z�lnmE{E�
� c6�?�|� �#h�¹L� xq�%xq� ����j#�0�#j ~?ok�|ok�L{ ��e(wRr=�#wyxqj#�0��o6xq�n�|o"e¡�#��enwyx�w�� ��l?� l � h%xqhk{kz�pq�?��ey¢4o"e(f�eq}?��e��#b={
�|ok���?��e�z|�|f�x�wqe�o"p¡o"p��6x=mEok�R��� }?���#z�e�����f��|oP� l?j#wLe�z|{

(−1, 1)
����xR}nl?�Chkj#wRbyx�w£w£� l � � x´h�xqhk{kz�pq�?�|� � l

byxq��hkj xq����� xq� ��lnmEfn�-w=�Rbyxqo6xq� e¡hkj ln�#o6xL�# xq{ �#j ~?ok�|ok�L{§��hkj l?� xq��l(� xq� ��xqz xq�k��lnmEf�l?ok� mkx��
�#�#{khkok�R����wR�=h�x=}?� x�w=�R����hkj xL�#�#j#��lnmEbLe����ª�6fnwyxqz|�|zÐ��xq��wyl?¦#byxL�#�h�xqhk{kz�pq�?��l����L�E�

ô bqe���mkxq� b=j xqbR{´e�z|�yxqj#�|�#�C{µ��eCwRr=�#wLp�j�e4h�xq��x=�?o"pih�xqhk{kz�pq�?��eih%xq� xq��byx�w%��^¡h%xqhk{kz�pq�?��l���e
bRwqp�fn�|o"p��6xRmEo6l�wRrR�%l?j�e � c�mEwLe � e¥j x=mE��}?��e¥h%xq��xR�nxq{ 2<Y PV9 5 . 46Z & 5 &�YÎ* 46½�� [�wLeq�#ok��} bLe Þ �L�L� ! �=��hkj�e�wP�
mkl?h�x=mkxq�ko6xL�  xq{

Prepro

mk¹ � mkl4bt��� �µb=j#�|��l?ok�|{�e.o"pq�#z�lnmEo6lC��hkj�e�wRmkl?h�xRmkxq�ko6xL�# xq{
Pmut

mk¹ � mkl
b��C{k��pq�?�|�Rh�xq� xq��byx�w��¨�¶xq� xq��byx�wR��e � e�z�l?�%x�j x=mE��}?��eE��e�b4o6lnmkxLd#z�x�bR{¥bRj#�|��l?ok�|{N¢§�#cCh%xq� xq� w=z�xq��l?ok�
mkxih%xq��xR�?o6l � h�xqhk{kz�pq�?��lL�kõ�e�byxqok��ln����ei�#h�x � �Nh%xq��xR�?o"pge¥�kz�e�w=o"pih�xqhk{kz�pq�?��e)�Rf��kz�e�w=o6l � h%xqhk{E�
z�pq�?��l.��e�wRrRz|c6}?�Ðh�xqz�x�wR����e����kj xq��xqf�¤q��x�w���o"e � ok�|��d xq{U¸6�#o6ln� �4e�mkxqhkz|ok�0��e�j x�w=o"e�bR�R�[h�x=}?� xq�
���kj xq��xqf�¤q��x�w¡f4h�xq��x=�?o6l � h�xqhk{kz�pq�?��lL���byxqo6}nl?ok��l¥�#j ~?ok�|ok�L{�� xq� hkj#���|��hkz�l?��l?oP��pq�?�|���yl?o6l?�#��� by~?�6x´e�z|�yxqj#�|�#�i{£h�xRmE����l?ok�|zÐ�v�R�¡�6��l
��e�w.e�bR�#{"p�z|o6l � h%xqhk{kz�pq�?�|�ko"eq���"pqmEf�e�o"e � ��l?o6l � åL��� �#��l?�#�k��hkj#�|�kz|�|�no6l*j x�wRo"e�b=�R���kbyxRlI¸"�?��l?oP�#���ª�# li��xq�no6~if�eqmklI¸6o6x�wLe�Ce � fnz�xq�n�|� l � d#��lih�x=mE����l?okbRr¡{kbyxqo6}nl?ok��eE��e�z�li� h%xq���|o"e�o"p�h%xRmE����l?okbLe���e
w(hkj#��l?�%l?�={¡� ln�#� x�wqe�ok��e�hkj xq�Lj�e��C{UmkxL� ��e�� x=}?o6l¥xL� wylnmk}?�|z�eE�
ýÇþ°ÿÇþ ÿ ���
������� �!�#"$�&%!' ���(�!)*),+,�-���� �!�
[�j#�|��l?ok��l.� �kj xq��xqf�¤q��x�wU� xq� wthkj xq�Lj�e���lij l�e�z|�|f�x�wLe�zÐ� xqj#��xq{ � lnmEo6xq��x=mkx�wy~?�6x�bRj#�|��l?ok��e����%x��
mkxq� b=j#�|��l?ok��e¡h%x�wyxqz�l?ok�=� z�l?o o"e´�kj�e�ok���?�Íj l?hkj l?f�l?oP��pq�?��ltmEwyxR� �;wqp��6x�w=�E� � byx=lI¸"�?��l?o=� x�w�����b
�=rµ��x=m£bRj#�|��l?ok��e(��xq�6xqz0�PrR�z�xqbLe�z|�|f�x�wLe�ok� e � {khkj xL�#�#j lnm�j l?hkj l?f�l?o=��pq�?��l � lnmEo6~?�6xtfgbyx=lI¸"�?��l?oE�
� x�w(�#��l?� l � ��e�b+��l4h�xqz�x�wR����eg�k�|� x�wyl � j l?hkj l?f�l?o=��pq�?��li}?��� z�e.�Prth%xR� �"pqmEf�e�z�e�f � lnmEo6~?�6x+e.h%xqz�x�w=����e
f�mEj#{k�6~?�6xU� �kj xq��xqf�¤q�i{N¢I��w=fnok�|bLe�z|���Pr � e�byxU� xq� lI$Eh%l?j#�|��l?o=��p�z|o6l+x�wyl?j#�|zÔ¢4hkj xq�kz�~?�ir �¥byxqoE�
wyl?j#�yl?o6�?��xq{ e�z|�yxqj#�|�#�C{§����j l?� xq��lij xqf��e��UwLp��U��¹q��li�PrR�mkxL�#�wyl?¦#bR�y��}�eq�#� x+�Prµ��e+�#��e�z�xk�N��lC�=r
wR�R� z�lnmEok�(wLp��6x�wR�¡byxRlI¸"�?��l?oP��w´�%xRmkl¥bRj#�|��l?ok��e��%xqz�wyl?¦#����xRmEz|��d#ok�¡xRmµxL�#��e��#ok�E� �£byxRlI¸"�?��l?oP� x�w
e.wR�R� z�lnmEo"pg�#��l?��Prt��e�z�egwyl?¦#������e�z|c´¸6�#o6ln� ���

à {k��pq�?�|{+���kj xq��xqf�¤q��x�w(� xq�³wRr=j#��lnd �|z6h%xq��xR�nxq{�hkj#�|h�x=}?�|��e�ok��eCo"p��6xRmEo6~?�6xC}?���#z�eC��z�xq�L���#�#���I�
bR�=� j xqf�mkl?z�l?ok�|�ï�Ðh"e�j�e���l?�#j xq�

σ = 1
��ó�e�by~?� x�j xqf�mkl?z�l?ok��l-mkxL�#Ðhkj ln�#o6l*e�hkj x3$E�|�C{ � lÍo6xqj#��p�z|o6l

j xqf�mkl?z�l?ok��l(etw=�E�#z�lnmEo"pto"p��6xRmEo"pthkj l?��l?oko"pU�4hkj�enwEmkl?h�x=mkxq�ko6xL�# xq{°½L½��^o"eqmkxq�kc6m6e¡�6x=mEo6x��
�¬r f(�|oP� l?j#wLe�z|{

(−5, 5)
� à {k��pq�?�|{°h�xq��x=�nxq{ o"p��6xRmEo6l � fn��l?oPr;�k�|� x�w;� xq�øw � xq�C� x hkj#�|h"eqmkl

o6l?h�xq{k�n�|z§f4h�x=mkxq�kok�E� �µmk¹�wyx=mkx�w%�%e�by~��%xqz|�Ð{kwylnmkl?o6~4w+hkj lnmkxLd z�xq�[xRmk�#��enwy�?�ª�
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�0j#�NlI$Rh�l?j#�|��l?oP� x�wqe�ok�%�0�#j ~?o6x�wLe�ok�|�³o6l?{kj ¤qo6x�wyl � �#��l?� l�� xq�í��e�o"e � hkj#w��#c6�#�#j lnmE�|zko"e�o"eq� ��enwyl?ok��l
�#hkj�p�w=o=rR��� byx=lI¸"�?��l?o=� x�w

Prepro

e
Pmut

��xRm bR� xqj#�R��� f�pnwR���#�Íok��l?z�l?o c6�#h�lnd#o6xL�#.o"e��#j ~?o6x�wLe�ok��e
�#��l?� lL�Ne�z�lie � � xk�"}?�Ð�egwy¹q�%ln�C�#j ~?ok�|ok�+f�eq� ��enwR�ª�"�¶x�xRmEz�eqmkl?ok�Ð�6xRmEo6¹q���v�E� �=� x�byxRlI¸"�?��l?oP� x�wU� xq�
ok��l?byxq¦#bR�=���klI$Eh%l?j#�|��l?o=�#���kh%xqj x�w=o"e�zEwR�=byxqoko6xL� �xq�k��mEwyxR� �g��l?� ¤Rm.�#j ~?o6x�wLe�ok��e��#��l?� l0�¥��l?� ¤RmEr
�#h"á��#o6~?�6x�d#�|j l?ok��e�� �k�R�Ue � �yl?o6l?�#��� by~?�6x(e�z|�yxqj#�|�#�C{§�

Ñ�sEu ® �_}�~Xy�w ²�º �8� ��|�y ¼�Å�¯�±76
�0j l?� xq��l�hkj xq�Lj�e��¡�RbR� xqj#��� xq�¼wRrR�#wyxqj#�|zª�P{k��xq�3`={ � l��#j ~?o6x�wqe�ok��l��#��l?� l�o"e¥hkj�e�bR�#��� bRr�¦#{k��x�wyxq¦#o=c
�»{kokby�?�|{§�Lxqb=j l?� � lnmEo6xRmE{6� �k�E� ����xRxqz�x�wE�#b=�E� �g�»{kokby�?�|� � bR� xqj ~*h%xq��eqmkx�wqe�z�xCf�eqm6e�ok��l�¢�� xq� wRr={k�n�|z
hkj#�§lI$Eh%l?j#�|��l?o=� x�wLe�ok�¶���#j ~?o6x�wLe�ok�|�[�#��l?� l¥e � fnz�xq�n�|� l � d ��l4hkj xq�kz�~?�Cr��
� Ç�ÇNð©ÇRÆ§Ú�ñ98 �¬Õ¶ÏÐñNØPÒ©Ñ;Ä�: ×k{kokby�?��e

f(A,B,C) = (A ⊕ B) ⊕ C
�EbEmkl

⊕
fno"eq}?�§�»{kokby�?�|{<; î �i�[ímE���#h�xqfn���?�|� � l4wRd�l?�#b=�E� �µå���xq�nok�R���µwE�#�#{khkok�R���µ�6xRmEo6¹q���"õ�l?{kj ¤qo6x�wLp��#��l?���p�÷��#bRj#r=�

�v�E� �öo6l?{kj ¤qo6x�w%��[�wy¹qz|��h�xq{k�n�|�#�|{ xqh�l?j�p�� xqj�e
⊕

� l´� l?o=� x hkj xq�kz�~?� j l?z�e��#�|w=o6lµ�e��nb=�°o"e
o"e��#j ~?o6x�wLe�ok��lL�

� Ç�ÇNð©ÇRÆ§Ú�ñ98 �¬Õ¶ÏÐñNØPÒ©Ñ Ê=: ×k{kokby�?��e
f(A,B,C) = (A ∧ B) ∨ C

��[�mE���#h%xqfn���?�|� � lgwEd l?�#bR�R��� å
��xq�nok�R���¡wR� �#{khkok�R���¡�6x=mEo6¹q���"õ�l?{kj ¤qo6x�wqp�� ��l?���p�÷g�#bRj#r=�¬�R���´o6l?{kj ¤qo6x�w��"óÐl?o=� x�hkj xq�E�
z�~?� � l�hkj�e�wRmkl?h�xRmkxq�ko6l4f�x�wEd l?�#b=�E� �´o"e � ¦�e��6d#�ª�

� Ç�ÇNð©ÇRÆ§Ú�ñ98 �¬Õ¶ÏÐñNØPÒ©Ñ É�: ×k{kokby�?��e
f(A,B,C,D) = (A ∧ B) ∨ (C ⊕ D)

�{[ mE���#h�xqfn���?�|� � l
wRd l?�#bR�E� � ��âg��xq�nok�E� �UwR�#�#{khkok�E� �µ�6x=mEo6¹q���Nõ�l?{kj ¤qo6x�wqp�� ��l?���p�÷g�#bRj#r=�¬�R���¡o6l?{kj ¤qo6x�w��
«¬mkl4xgj l?z�e��#�|wRo6l¥¦�e��kbR�thkj xq�kz�~?�¡�

> 8kÚ�Ç���ÓRÏ�Ò©Ó	: ô � �#{khé�#wyxqj#��e mEwylµ�nl?z�~µ}?���#z�e xRmé��h%x �R� ô �E�#�#{kh�xq� � ltwR�E�#z�lnmkxqb o"pq��xq�%l?ok��e
�v�E� �P� x´}?����l?zª� ô �#�#{khko6~.�6xRmEo6xq�vr£�#cUf�e�by¤Rmkx�wLe�o6~.��l?� ¤=mkxq{£svxqo6lI�ª�6xq� ���� lnm6e�bqe���mk~g}?���#z�x
� lCj l?hkj l?f�l?oP� x�wLe�o6~�¹L�#���|���¶�k�|�#���ª�"fib=� xqj#�E� �£hkj�pnwyl � lnmkl?o � l¥wR��mErto"eq�#��enwyl?ok�y� ô �R�#�#{kh
� l4f�e�by¤Rmkx�wLe�ok�¡�k�|o"p�j#o6lL��a=��l?���p+÷L���#bRj#r=�¬�R���µo6l?{kj ¤qo6x�w��%óÐl?oP� x(hkj xq�kz�~?� � l¥j l?z�e��#�|w=o6l
fnz�xq�n�|�v� bRwy¹qz|�*fnz�xq�n�|� l � f�p�w=���#z�xL� �#�Í��lnmEfn��wE�#�#{khk����e¡wR�R� �#{khk����e � b=wy¹qz|�-fnz�l � wRr=h�x=}?�|��e¨�
� l?¦#o6xL�#�#�§xqhk�#�|��e�z|�|f�x�wLe�o6l � �©{kokby�?��l � wR�=h�x=}nl?�-�#j#wLpimEz|�6x.bRwy¹qz|��wyl?¦#by~?�C{¡h�x=}?�#{(o6l?{kj ¤qo6x�w
w(�#��l?�#�Ô¢I�

þ ÑkÌ�ÒÔÛ�Ñ=: ô �#�#{kh°xq�6��e��={ � l´}?��� z�eUxRm°�Uh%x Þ ÷L÷E�¶w=�E�#�#{kh�xq� � l+h"e�j#�|��e£�k�|o"p�j#o6l � j l?hkj l?f�l?o=��pq�?��l
}?���#z�eE�qa=��l?0xq�6��e��={ � l������#bRj#r=�¬�R���.o6l?{kj ¤qo6x�w%� ô �#�#{kh�e � wR�E�#�#{khi�#c.by¤Rmkx�wLe�o6~*e�byx��k�|o"p�j#o6l
}?���#z�eE�k��mkl�� lnm6e�x � lnmEo6x=mE{6���k�thkj xq�kz�~?� � �#h�x=}?�|��e�ok��l¥h%xR}?�#{´oPckz§o"e.wE�#�#{kh�l�¢I�

�L�
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ó¶e��k{k¦#bqe �6�|�?�1^�p�w=���#z�xL� ´hkj#��l?�%l?�={8�#j ~?o6x�wLe�ok��e°x=m �6xRmEo6xq�vr h"e�j�e���l?�#j�e
Prepro

�*��e�j�e���l?� l?j
Pmut

��xqz�wyx�wEd l?�#bR�R���´hkj#�|h"eqmkx=���µj x�wRok�´�E�¾�E�L�

Prepro G(stop) G(90%) G(80%) Etrain Ntrain�E�¾÷L� ÷E��ãLã � �?�P÷L½ ���E�¾âLåL� åLâE�¾÷��
�E� �q÷ ÷L�LãL÷L÷ �qåy� Þ ��ãy�¨� Þ � �PåLã ½LâE�¾½��
�E�¾åL� ã��6��½y� Þ �q�L� �?�L�=� �6�¾�E�L� ½��6�¾å��
�E�¾åL÷ ���L�qåL÷ ãL�LåLâ Þ ãL�y� Þ � �P½L÷ ½LâE� �&�
�E�¾½L� Þ ��å��Pâ ãL÷y� Þ ��÷y�q÷ Þ �|�L��� ½L÷E�¾å��
�E�¾½L÷ �PãL�L½Lã �P÷Lå Þ Þ ãLâL� �6�|���Lã ½L÷E�¾ã��

ó¶e��k{k¦#bqe��6� Þ �=^�pnwR���#z�xL�#§hkj#��l?��l?�P{i�#j ~?o6x�wLe�ok��e�xRm��6xRmEo6xq�vr�h"e�j�e���l?�#j�e
Pmut

�n�¶e�j�e���l?� l?j
Prepro��xqz�wyxgwRd�l?�#b=�E� �¡hkj#�|h"eqmkxR� �µj x�wRok�´�E�¾åL÷E�

Pmut G(stop) G(90%) G(80%) Etrain Ntrain�E�¾�L�L÷ �L���L�Lã âL÷LâLã Þ �LâL÷ ½E� �6��� ½L�E�|�C�
�E�¾�E��� ���L�qåL÷ ãL�LåLâ Þ ãL�y� Þ � �P½L÷ ½LâE� �&�
�E�¾�L÷L� �L���q÷�� � ãL�y�qã ½E�|���y� åy�R�¾÷��
�E�|���L� Þ � Þ �?� � ãL÷E��� åE� �P÷L÷ åL½E�|�C�

D è¶ð»Ò©ØyÓ�: õ�e � fnz�xq�n�|� l � d#��f�hkj xq�kz�~?��x�w���« mkl�x;j l�p�z|o6l m6p���e;f xq�kz�eq�#�#�4�y~?o6x�wy~?�6x°�|ok�n�|ok��l?j � �#wqeE�
a=ck�%xqj*xq�6��e��P{ � l4ãE���q÷iwR�#�#{kh�x�w��=bqe���mE��f�ok��� �´xq�6��e��={ � l4âL�.}?��� l?z�x=mt�Ch%xgãE� ô �E�#�#{kh%xq�
� l.wR��mEr � lnmEo6x´}?��� z�x(xRm �+h%x´ãE� ô �#�#{khPr��#c�f�e�by¤Rmkx�wLe�o6~�e�byxt�k�|o"p�j#o6l�}?���#z�eE�%w=�E�#�#{kh � l
f�e�by¤=mkx�wqe�ok��svxqo6lI�ª�6xq� ��kõ�l?{kj ¤qo6x�wqp.�#��l?-��p Þ �.�#bRj#rR�v�E� �(o6l?{kj ¤qo6x�w��kóÐl?oP� xghkj xq�kz�~?����e
m6p�wyl?¦#���0mkxq�kj l.o"e��#j ~?o6x�wLe�4h%xq��xR�nxq{��#h"á��#o6~?�6xtd#�|j l?ok��e����k�=�§��e�z�li�#j ~?ok�|ok�t�#j#wqp�b=wy¹qz|�
w=rE� xqby~?�C{µh%xR}?�#{´wR� �#{kh%x�w(mEz|�6xk�

Ñ�sRr E »t¼ �Ç|áw ¶ y��G� »�º�¶ Ä y��GF º �+�_��~Xy�w
�0j#��wR�=��l?j lUw=�6xRmEok�R��� byx=lI¸"�?��l?o=� x�w hkj lU{6}nl?ok��l���e h�xq��x=�nxq{ �yl?o6l?�#��� by~?�6x e�z|�yxqj#�|�#�C{ � xq�
ok��l?byxq¦#byx£bRj�p��Co"e��#j ~?o6x�wLe�z*o6l?{kj ¤qo6x�wRc°�#��l?Co"eµhkj xq�kz�~?�IH 2 5 . 4 2 � ô ��e��k{k¦#bylt�6�|���#c fn�kj#oP{k� ~
c6m6e � ltxU�#j ~?ok�|ok�L{°fn��� bqe�o6~(hkj ltj ¹qfno6lt�6xRmEo6xq�vr h"e�j�e���l?�#j�e

Prepro

�¶w ��e��k{k¦#byl´�6� Þ f�eq��eUhkj l
j ¹qfno6l4�6xRmEo6xq�vr

Pmut

�
��j#w=� �#�KJ|h�ln�´bqe���mkl � f¡��e��k{kz|��l?b°xq�6��e��={ � l´�6xRmEo6xq�vr

Prepro

e�z�l?��x
Pmut

�0ß�j#{k�k�y���#j l?�#��e
d#�#wRj#�v���#�KJ|h�ln��xq�6��e��={ � l0h�xR}nl?���yl?o6l?j�pq�?�|�Ph�xq�#j l?�kok�R���Co"e*f�eq�#��e�wyl?ok��l�hkj xq�Lj�e��i{§��o"e�mkxL� ��e��koP{k�#��l
c6�#h�lnd#o6xL�#�#�

Ntrain = 90%
e�o"e�mkxL�#��e��ko={k�#��l c6�#h�lnd#o6xL�#�#�

Ntrain = 80%
���0��e��vr¥� �KJ|h%ln�Íxq�6��e��P{ � l

wR�R� z�lnmEoPcg� �PrR�k{
Etrain

e�h%xL�#z�lnmEok�i�#�KJ|h%ln� w=�E�#z�lnmEo=cic6�#h�lnd#o6xL�#�o"e��#j ~?o6x�wLe�ok��e
Ntrain

�¨��j#��l?�%l?�
���PrR�Pr

Etrain

hkj#�-�#j ~?o6x�wqe�ok���#��l?� lt�yl?o6l?�#��� bR�=� e�z|�yxqj#�|�#��xq� hkj ltj ¹qfno6lth"e�j�e���l?�#j l
Prepro

e
Pmut

� l�fno"p�f�xqj#o6l?ok�µe � o"egxq�kj�p�fnbyx=���µ�6�|�Ce.�6� Þ �^¡�v�E� �=� x�xq�kj�p�fnbyx�w � l�wR��mE��l?��R��l��yl?o6l?�#����b=�te�z|�yxqj#�|�#�C{6��wyl?¦#����j#�R���kz�xio"p � mkl���e�b=��l?j�xqhk�#� �
��p�z|o6l�j#��lnd l?ok��lL�ke�z�l�h%xq� xq� ��eCj#��lnd l?ok��l�z�l?otwyl?¦#����h%xq��e�z|r�fnz�l?h6d { � lL�R��e�bR��l�mEz|�6x.�#j#wLpE�PbR�R� ��e
�#hkz|ok�Ð{kbyxqo6}nx�wLeq�?��e�h�xRmE����l?okbqe+e�z|�yxqj#�|�#�C{§� ô hkj#�|h"eqmklChkj xq�kz�~?�i{0H 2 5 . 4 2 �#j#wqe�zÐ�#j ~?ok�|ok�+wR�=ok� �
��xR}?o6l�mEz|�6xC��� �=r=�"e.��eCbR{+byxqo6�?���#j ~?ok�|ok�L{´fnok�|��x�wLe�z�e.{k��z�l?o(o"eC�#j l? xq� mkln��e��#�|oko6xq� ����ln�#� lL�
hkj#��}nxq� b(fnok�|��l?ok�|{µmkxLd#z�x�hkj#�|�kz|�|�no6l¥j�e�f4f�e�mkln��e���yl?o6l?j�pq�?�|�ª�
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Prepro = 0,50
Prepro = 0,75
Prepro = 0,80
Prepro = 0,85
Prepro = 0,90
Prepro = 0,95

î �kj�p�f�xqbt�6�|�?�k�0j#��l?��l?�µ� �=r=�=r
Etrain

hkj#���#j ~?o6x�wLe�ok�Ð�yl?o6l?�#����b=�R�[e�z|�yxqj#�|�#��xq�·hkj l¥j ¹qfno6l4�6x=mR�
o6xq�¬r

Prepro

����x=mEo6xq��e
Pmut

� l�wyx�wEd l?�#bR�R���¡hkj#�|h"eqmkx=���£�E�¾�E�L�Nõ�eg�6xqj#�|f�xqo=��p�z|o6l � xL�#� � l4h�x=}nl?�
�yl?o6l?j�pq�?�|�ª�
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Pmut = 0,005
Pmut = 0,010
Pmut = 0,050
Pmut = 0,100

î �kj�p�f�xqbt�6� Þ �k�0j#��l?��l?�µ� �=r=�=r
Etrain

hkj#���#j ~?o6x�wLe�ok�Ð�yl?o6l?�#����b=�R�[e�z|�yxqj#�|�#��xq�·hkj l¥j ¹qfno6l4�6x=mR�
o6xq�¬r

Pmut

����x=mEo6xq��e
Prepro

� l�wyx�wEd l?�#bR�R���¡hkj#�|h"eqmkx=���£�E�¾åL÷E�Nõ�eg�6xqj#�|f�xqo=��p�z|o6l � xL�#� � l4h�x=}nl?�
�yl?o6l?j�pq�?�|�ª�
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�¶x+w=rRbyxqo"e�ok��lI$Eh%l?j#�|��l?o=� x�wµ�e�f�m6p��=r=�o"e � wR�R�6x=mEo6l � d#��egbyxq�i�k�|o"pq�?��e�h"e�j�e���l?�#j x�wµ�yl?o6lI�
�#����by~?�6x;e�z|�yxqj#�|�#�i{

Prepro = 0, 80
e

Pmut = 0, 01
����x=�?����xqz|���#��l?� x �6x=mEo6xq�¬r°fn���#bqe�o6~¡z�l?o

�#j ~?o6x�wqe�ok�|� � lnmEo6~?�6xihkj xq�kz�~?�C{§�R{kbLp�f�e�z�xC��eE�P��l�f�e���l?fnh%ln}?��e¥��e�b=��l?j-xqhk�#�|��p�z|o6l�w=�E�#z�lnmEbRri�#j ~I�
ok�|ok�L{¡hkj l�wEd l?�#bRr+hkj xq�kz�~?�ir´�#h%xq��l?o={k� ~¥w(hkj lnmkxLd#z�l � h%xRmEbqe�hk�|� xqz�lL�

Ñ�sÂÁ L y�|�y�w�� ² ���8� ± ��~:���
õ�e´bLe���mE� f(hkj xq�kz�~?��x�w �#h%xq��l?o={k�v�E� �°w h�xRmEbqe�hk�|� xqz�l+�6�|�+��xq� o"e��#j ~?o6x�wqe�z�o6l?{kj ¤qo6x�w=cé�#��l?
xq�k��mEwyxq������l?� ¤Rm6e����ª� à m6e � lL�"bR� xqj ~g� xq�^x+hkj xR�nln� lC�#j ~?o6x�wqe�ok��e(fn��� bqe�zª�%�#c£fn�kj#oP{k� ~.w¡��e��k{k¦
�
bLpq� � �6�¾ã¡e´�6� �6�¦^°ok��� � � l�wR��mE��l?��§��l�bqe���m6p¡f�h%xqj x�w=o"p�wqe�ok�E� �;��l?� ¤Rm ��p¡� wyx � l�wR�R�6x=mEr e �
o6l?wR�=�6xRmEry�ybR� xqj ~��e�hkj#�"bLe���mkxq�³hkj xq�kz�~?��l�hkj l � enwR�|z|�"�|o"e�b�� ô mkxRm6e��#b={(º o"e4byxqo6�?��mkxqb={k��l?oE�
�#{µ�e.o"eq� �"pqmEf�e � cUhkj l4bLe���mE�thkj xq�kz�~?�^e � �Lj�e¨�»r+hkj#��l?��l?�P{£� �k�R�Pr´o"eg� ln�#� x�wqeq�nl � e��#j ~?o6x�wLeq�nl �
��o6xq�n�|o6l4hkj#��xq�k��mEwyx=���µ�#j ~?ok�|ok�yxR� �§�
M�þ°ýÇþ�� NPO$ORQ!OTS-UV"W�*XK����"�� �!)5�
ó�l?oP� xthkj xq�kz�~?�&�%xqz¶hkj li��l?� ¤=mE{ �#h"á��#o6~?�6xtd#�|j l?ok��e(� �k�R�£hkj#�|z|��d��e��nb=�y�%ß�xqbqp�f�e�z�e+o"e��#j ~?o6x�wLe�
�#��l?Cz�l?o o"e¡÷L���&o"e¡xq�k��mEwyx=��� ��o6xq�n�|o"pq���§��ä�l?o6l?�#����b=� e�z|�yxqj#�|�#�i{6�i� � �4hkj xq�kz�~?��xq� h%xqj�eqmE�|z
z�l?h6d#��l¥e�h%xqj x�w=o"e�� l?¦#o6lCj#�R���kz�xk�
M�þ°ýÇþ ÿ NPO$ORQ!OTS-UV"W�*XK����"�� �!) ÿ
ß�j#{k�"p���xRxqz�x�wE�#bqpg�©{kokby�?��e��%xqz�e�hkj l4fn��l?oP{£hkj#�|z|��d��e��nbLp�hkj lC�yl?o6l?�#��� bR�µe�z|�yxqj#�|�#�C{6����õ�e�hkj#��l?b
� xq�i{§�=��l���xqz%� ���6xqhkok��wyl?¦#����mkxq�kj l�o"e��#j ~?o6x�wLe���#��l?��=o6lnmkxqbqp�f�e�z��#byxqo6}?�|��E�0j�e�wRmkl?h�x=mkxq�ko6l�� x
��xqz�xµf�e�hkj#��}?�|o6l?o6~t�¬�=�¡����l(hkj l�� l?o=� x�hkj xq�kz�~?��lI$R���#�#{ � c mEwyl�j ¹qfno6ltxqhk�#�|��p�z|o6ltbyxqoE¸6�L{kj�pq�?��l
wLp��§�6bR� xqj ~C��e � c£j x�wRo"e�b=c£¸6�#o6ln� ���N��z|�yxqj#�|�#�i{6��h%xq� xq�^o6l?wRr=�#wyxqj#�|z�h�xqhk{kz�pq�?�|{£�#bRz�eqm6e � c6�?{£��e
f4wLáq}nd#�|oPr(j x�wRo"e�bR�R���U� �kj xq��xqf�¤q��x�w%�%}nx � l�h%xRmE����l?okbyxq{ � l?�6xg{kbyxqo6}nl?ok��eE�
M�þ°ýÇþ ý NPO$ORQ!OTS-UV"W�*XK����"�� �!) ý
a � xq{k� x¡�»{kokby�?��xq{ �#�Í{6�#h�xqbyx � �|wyxµo6l?h%xqj�eqmE�|z�e�e�ok� � lnmEo"e´��l?� ¤Rm6eE� à l?� ¤Rm6e¡�#h"á��#o6~?�6x£d#�|j l?ok��e
���k�=� o6lnmkxqbLp�f�e�z�e´o"e��#j ~?o6x�wqe�g�#��l?¥�imkxL�#��e�� x=}?o6xq{ c6�#h�lnd#o6xL�# xq{§���yl?o6l?�#��� bR� e�z|�yxqj#�|�#�C{6�.f�eq��e
�#��l?�hkj l?�#j ~?o6x�wqe�z���e�b%�E��l¥o"e.� ln�#� x�wLeq�nl � ��o6xq�n�|o6lCmkxL�#��e��kz�egc6� h%lnd#o6xL� ����(�
M�þ°ýÇþYM Z[��UVO\�
���(�!�
ó�l?oP� xthkj xq�kz�~?� � lC�¬r=hk����b=�R� hkj#�|b=z�eqmkxq�¡��byl \ ��e(xqhkz�e��#��wRr={k�n�|��yl?o6l?�#��� bR� e�z|�yxqj#�|�#�C{6���Ì��x=�?�
h�xq��x=�nxq{i�#h"á��#o6~?�6x�d#�|j l?ok��e����k�=�i��e*�#��l?§o"e��#j ~?o6x�wqe�z�e�wyl?¦#���Po6l?bRwqe�z|�|�#o6lL���yl?o6l?�#��� bR�4e�z|�yxqj#�|�#�i{6�
mkxL�#��e��6xqz%���L��� e�ãE�C� c6�#h�lnd#o6xL�#§o"e��#j ~?o6x�wLeq�nl � e�� ln�#� x�wqeq�nl � ��o6xq�n�|o6lL�?W-l?o6xq{Cf�e�� x���xqzywyl?¦#���
mEz|�k�t}�eq���#j ~?ok�|ok�L{´����e�bR��l?j��6xRmE�|o"eE�
M�þ°ýÇþ^] �_)=���!�)
�0j xq�kz�~?�`H 2 5 . 4 2 � lCwyl?¦#���0fnwRz�pqd#�#o=ry�X��xR�?����mklgx � lnmEo6xRmE{6� �6~��#h�xR}?�|��e�ok��lCo=ckz0o"e�wE�#�#{kh�lL�"o6lI�
{kj ¤qo6x�wqp;�#��l?´��e h%xq��xR�nxq{ ��l?� ¤=mEr �#h"á��#o6~?�6x°d#�|j l?ok��e � �k�R�8o"e��#j ~?o6x�wLe�z�e;z�l?o o"e hkj#�|�kz|�|�no6l
÷L���(�Ì[4l \ � �0{kwylnmkxq���|��lL�§��lgwR�R�#�#{kh�xq� �#��l?� l � l � lnmkl?o �k�|�����#��l?4wRz�eq�#�#o6l�mkxL�#��e��kz�e´j x�wRo"e�b=c
c6�#h�lnd#o6xL�#�e�byx��yl?o6l?j�p�� xqj�o"p��6x=mEok�E� �£}?��� l?zª�

ä4l?o6l?�#��� bR��e�z|�yxqj#�|�#�i{6� byxqo=wyl?j#�yx�wLe�z"wyl?¦#���Nh%xq��e�z|ry�Pe�z�l�h%xL�#�#{khko6l�mkxqbqp�f�e�zko"p � �#�xqhk�#�|��p�z �
o={;byxqoE¸6�L{kj�pq�?�|{öwqp��§���0j xq�kz�~?��xq� ��xqz�x e � f�eq�#��e�wyl?ok��lµe�z|�yxqj#�|�#�C{§��ok��l?byxq¦#byx b=j�p�����eU�#��e�z�xk�
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ó¶e��k{k¦#bqe��6�¾ã)�q��xqj x�w=o"e�ok��l�xq�k��mEwyxR� ��e�z|�yxqj#�|�#��x�w4�4��e��k{k¦#bqe�hkj l-�#h"á��#o6~Íd �|j l?ok��lÍ���k�=�§� ô ��e��k{k¦
�
byl � l��nl?z|byx�wR�t}�eq�*�#j ~?ok�|ok�L{µw(� l?bR{ko6m6pq� �£ei���PrR�Pr¡e.c6�#h�lnd#o6xL�#�#��o"e��#j ~?o6x�wqe�ok��e�o"e.�#j ~?o6x�wLeq�nl �
e.� ln�#� x�wqeq�nl � ��o6xq�n�|o6lL�

�0j xq�kz�~?� }�eq�
Etrain Etest Ntrain

� ��¢
Ntest

� ��¢
º*x=xqzª� ��� �E� �q÷L½ �E� Þ �På ÷L�E�¾��� ÷L�E�¾���
º*x=xqz Þ ��� �E�¾âLåLâ �E� Þ �6� åLãE�¾ã�� ÷L�E�¾���
º*x=xqz�ã ��� �L�¾ãL½�� �E� �P½L½ ÷LåE�¾ã�� ÷L�E�¾���
õ�pq� xq� ��� ��½E� Þ ãLã ½E�¾½L��� ãy�R�¾÷�� Þ ÷E�¾���
��e�j#�|��e ãLâ�� Þ �6� Þ âLå �R�¾½LåL� ÷LãE�|�C� �=�R�¾½��
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