
����� �������	 
 �	����� �

� ���� ������ � � ����� �� ����� 
!"#" ���� ��$��������% � &������ � '( )**++ � ,-!

./012341
5678 7976:8 976 ;79<= <=> ?9;9 6@6=:8 ?<A;7<BC;6? <= ;D6 <=EC; AE9F6 G HIF9: :697= <=> 9:>IJ

7<;DK A 9;;6KE; ;I :IF9::8 9?LCA; ;D6 F9E9F<;8 IM ;D6 ;79<= <=> A8A;6K ;I ;D6 E7IE67;<6A IM ;D6
;79<= <=> A6; <= 69FD 9769 IM ;D6 <=EC; AE9F6 G

ND6 M9K <:8 IM :I F9: :697=<=> 9:>I7<;DK A FI=;9<=A O=IP= K6;DI?A Q :<O6 ;D6 OJR6976A; R6<>DJ
BI7A K 6;DI? SORR T I7 ;D6 U9?<9: V9A<A WC=F;<I= =6;PI7OA SUVWTQ 9A P6:: 9A =6P 9:>I7<;DK A GX A<=>:6 9=9:8A<A K I?6:A AIK 6 9AE 6F;A IM ;D6A6 9:>I7<;DK A G Y= E97;<FC:97 Q <; AC>>6A;A ;D9;
=6<;D67 ORR I7 UVW Q =I7 =I= :IF9: F:9AA<Z67A Q 9FD <6@6 ;D6 B6A; FIKE7IK <A6 B 6;P66= :IF9:<;8
9=? F9E9F<;8GX F976MC : FI=;7I: IM ;D6A6 E979K 6;67A <= 9 A<KE:6 :I F9: :697= <=> 9:>I7<;DK D9A E7I@<?6? 9
E67MI7K 9=F6 B769O;D7IC>D MI7 9= IE;<F9: FD979F;67 76FI>=<;<I= E7IB:6K G VI;D ;D6 677I7 79;6
9=? ;D6 76L 6F;<I= E67MI7K 9=F6 D9@6 B66= A<>= <ZF9=;:8 <KE7I@6? G

[ \]^_`abc^d`] e
fghg ij k jilmng no pkn knqohirsl t uvw xyz{ |x}|~�� � y||xw�� ��� }x�xz| |{ x � x� |wy~�~�� x� y�� �x} �v�
zy|x� ~� |{ x �~z~� ~|� v� |{ x |x}|~�� � y||xw�� ��� |wy~� y �x�wy� �x|� vw� � ~|{ v��� |{ x}x � x� x� y�� �x}�
y�� ��� y�� �� |{ x wx}��|~�� �x|� vw� |v |{ x |x}|~�� � y||xw� �

��ps k� knqohirsl noo�j �ors jno� k�� jr�mi� � ���gg� � o� n� k jl knn mkhr o� rsg k kink�ng
rhki�i�q g¡klmngj ij �jg� ro rhki� o�h �gr�oh� � ¢lmihipkn g i�g�pg so�g gh �g�gkrj rsij k�kn�jij �
£ irs mhomgh jgrri�qj � rsij jilmng knqohirsl ilmho gj jiq�i¤pk�rn� rsg mgh�ohl k�pg o� o�h � gjr
omripkn pskhkprgh hgpoq�irio� �gr�oh�j �

¥ �g� �gkhj kqo � ¦ � ¦km�i� �g ijg� k rsgohgripkn k�kn�jij �oh j�ps no pkn knqohirsl j � �hig§�
�ijp�jjg� i� ¨¦km�i� � ©ªª«¬ � sij k�kn�jij i�rho��pgj k �g� polmo�g�r � �kl g� �vzy�~|�� i� rsg
�gnn ��o�� rhk�go® �gr�gg� rsg pkmkpir� o� rsg ngkh� i�q j�jrgl k�� rsg ��l�gh o� k kink�ng
g¡klmngj �

sij mkmgh krrglmrj ro g¡mnki� � k�� �glo�jrhkrgj � rskr j�ps k� knqohirsl l iqsr � g  gh� g¯ °
pig�r �oh pghrki� rkj�j � k�� rskr irj ���ghn�i�q i�gkj l iqsr � g �jg� � irs mho¤r � sg  on�l i�o�j
g±�krio�j o� rsg rsgohgripkn k�kn�jij � so�g gh � � inn �or � g �ijp�jjg� i� rsij mkmgh � sgih pol °
mng¡ ir�� l ojrn� hgnkrg� ro rsg ilmgh�gprio� o� rsg p�hhg�r qg�ghkni²krio� rsgohigj � �o�n� i�rho��pg
���gpgjjkh� �oijg i� rs ij �ijp�jjio� �

�� �gprio� « � �g jso� rskr sk��ni�q hg³ gprio�j i� jol g mkrrgh� hgpoq�irio� mho�ngl j hg±�ihgj
�i®ghg�r mhom ghrigj �oh k ngkh� i�q �g ipg i� �i®ghg�r khgkj o� rsg mkrrgh� jmkpg � �� �gprio� ´ � �g
mhgjg�r rsg i�gk o� k no pkn ngkh� i�q knqohirsl � �ijp�jj hgnkrg� kmmhokpsgj � k�� �ijp�jj rsg ilmkpr
o� rsg no pknir� mkhklgrgh o� rsg qg�ghkni²krio� mgh�ohl k�pg � �� �gprio� µ � �g �glo�jrhkrg rsg
g®gpri g�gjj o� k no pkn ngkh�i�q knqohirsl o� k hgkn ji²g omripkn pskhkprgh hgpoq�irio� rkj� �
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Rejection by ambiguity.
The class of this pattern cannot 
be determined with enough confidence.

Rejection by lack of data.
We have not enough examples to
find a decision boundary in that area
with enough confidence.

¶iq�hg ©t ·{ ~} ~} y � ~xzx v� y� ~� y� ~�yw� � y||xw� }� yzx� ¸wy� y�� ¹�yz� z~wz�x} ywx x� y�� �x} v�
|� v z�y}}x} � ·{ ~� �~�x} ywx |{ x yz|�y� ¹y�x}~y� �xz~}~v� ¹v���yw� ¹x|� xx� |{ x}x |� v z�y}}x} � º v|{
zwv}}x} wx� wx}x�| wx» xz|x� � y||xw�} �

¼ ½¾¿ ¾c^d`] e
¥� i�gkn ijonkrg� pskhkprgh hgpoq�irio� j�jrgl kn�k�j kjjiq�j rsg hiqsr j�l�onip pnkjj ro k pskhkprgh
il kqg � À�r k hgkn hgpoq�i²gh l iqsr poll ir k� ghhoh oh mgh�ohl k hg³ gprio� �

¢hhohj khg  gh� g¡mg�ji g ro pohhgpr � ¥ ²im po�g hgpoq� irio� j�jrgl � �oh i� jrk�pg � l iqsr ghho°
�go�jn� jg�� k mkhpgn ro rsg orsgh g�� o� rsg �ohn� � sghg�ohg � rsg j�jrgl jso�n� hg³ gpr k mkrrgh�
�sg�g gh rsg pnkjji¤pkrio� pk��or �g kpsig g� � irs g�o�qs po�¤�g�pg � fk i�q rsij mkrrgh� mho°
pgjjg� �� k s�lk� �gi�q ij �j�knn� ngjj g¡mg�ji g rsk� ¤¡i�q k� ghhoh � �gngpri�q k mhomgh po�¤�g�pg
rshgjson� hg��pgj �ors rsg pojr o� sk��ni�q rsg hg³ gprg� mkrrgh�j k�� rsg pojr o� pohhgpri�q rsg
hgl ki�i�q ghhohj �

sg ±�knir� o� j�ps k mkrrgh� hgpoq� irio� j�jrgl ij l gkj�hg� �� irj hg³ gprio� p�h g ¨p� � ¶ iq°
�hg µ �¬ sij p�h g �ijmnk�j rsg mojji� ng polmhol ijgj � gr�gg� rsg ��l�gh o� hg³ gprg� mkrrgh�j k��
rsg ��l�ghj o� hglki� i�q ghhohj �

�o  gh� �i®ghg�r jir�krio�j hg��pg rsg pnkjji¤pkrio� po�¤�g�pg k�� l iqsr pk�jg k hg³ gprio�
¨p� � ¶ iq�hg ©�¬

Á Âkrrgh�j l iqsr �gnn � g kl�iq�o�j � ¶oh i� jrk�pg � pghrki� mgomng �hirg rsgih Ã©Ä ni�g orsgh
mgomng �hirg rsgih ÃÅÄ �
sij pk�jg o� hg³ gprio� ij i�sghg�r ro rsg mho�ngl � ¥l�iq�irigj khijg �gpk�jg ilmohrk�r
i��ohl krio� � ni�g rsg po�rg¡r�kn ��o� ng�qg o� rsg �hiri�q jr�ng � ij �or mho i�g� kj i�m�r ro
rsg j�jrgl �
Æ�o� i�q g¡kprn� rsg mho�k�inir� �ijrhi��rio� o� rsg mkrrgh� j k�� pnkjjgj �o�n� �or gnil i�krg
j�ps hg³ gprio�j � ¥ mkrrgh� �o�n� jrinn � g hg³ gprg� i� irj l ojr mho�k�ng pnkjj �ogj �or � i� ��
k j�¯ pig�r l khqi� �

Á Âkrrgh�j l iqsr � g ��hgnkrg� ro rsg rhki�i�q �krk �jg� �oh �g¤�i�q rsg pnkjji¤gh � ¶oh i�jrk�pg �
l k�� kr�mipkn � hiri�q jr�ngj khg �or hgmhgjg�rg� i� rsg rhki�i�q �krk�kjg �
Ço� mho�k�inir� khgkj o� rsg mkrrgh� jmkpg khg moohn� hgmhgjg�rg� i� rsg rhki�i�q jgr � sg
�gpijio� �o���kh� o� o�h pnkjji¤gh i� j�ps khgkj khg l ghg ji�g g®gprj o� rsg rhki�i�q knqohirsl �
sgjg �o���khigj khg ³ �jr ihhgng k�r �
sij jgpo�� pk�jg o� hg³ gprio� ij k �ihgpr po�jg±�g�pg o� rsg ¤�irg �kr�hg o� rsg rhki�i�q
jgr � Æ�o� i�q g¡kprn� rsg mho�k�inir� �ijrhi��rio� o� rsg mkrrgh� k�� pnkjjgj �o�n� hg gkn
rsg g¡kpr Àk�gjik� �gpijio� �o���khigj g gh��sghg �
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sij nkrrgh pk�jg o� hg³ gprio� skj hkhgn� � gg� jr��ig� i� rsg nirghkr�hgÈ � �rj lghg �g¤�irio�
i� on gj �o� kj�lmroripkn jrkrijripj pnojgn� hgnkrg� ro rsg qg�ghkni²krio� msg�ol g�o� �

Á ¥ siqs pkmkpir� ngkh�i�q j�jrgl ij k�ng ro lo�gn kpp�hkrgn� k�� � irs siqs po�¤�g�pg rsg
mkhrj o� rsg �gpijio� �o���kh� rskr khg �gnn �gjphi�g� �� rsg rhki�i�q g¡klmngj � �� rsgjg
khgkj � �ors hg³ gprio�j k�� l ijpnkjji¤pkrio�j khg hkhg �
sg jklg j�jrgl so�g gh mho��pg ��hgnik� ng siqs po�¤�g�pg �gpijio� �o���khigj i� rsg
moohn� jklmng� khgkj o� rsg mkrrgh� jmkpg t Ég³ gprio� khg hkhg � ��r l ijpnkjji¤pkrio�j khg
�hg±�g�r �

Á ¥ nrgh�kri gn�� k no� pkmkpir� ngkh� i�q j�jrgl ��in�j no� po�¤�g�pg �o���khigj i� rsg moohn�
jklmng� khgkj o� rsg mkrrgh� jmkpg � sij j�jrgl hg³ gprj l ohg kr�m ipkn mkrrgh�j � ��r hg��pgj
rsg ��l�gh o� l ijpnkjji¤pkrio�j �
Ê��ohr��krgn�� j�ps k �g ipg m gh�ohl j moohn� i� rsg �gnn jklmng� khgkj � Ê�k�ng ro rk�g mho¤r
o� rsg k����k�r �krk � ir ��in�j mooh �gpijio� �o���khigj � k�� hg³ gprj knl ojr g gh�rsi�q �
�gpk�jg g gh�rsi�q noo�j roo kl�iq�o�j �

�� �kpr � �i®ghg�r mhom ghrigj o� rsg ngkh�i�q knqohirsl khg hg±�ihg� i� �i®ghg�r khgkj o� rsg
i�m�r jmkpg � �� orsgh �oh�j � rsg Ãno pkn pkmkpir�Ä o� k ngkh�i�q �g ipg jso� n� lkrps rsg �g�jir� o�
rhki�i�q g¡klmngj �

Ë Ì`cÍÎ Î¾Í_]d]Ï ÍÎÏ`_d^ÐÑÒ e
�r ij �o� qg�ghknn� k�l irrg� rskr rsg qg�ghkni²krio� mgh�ohl k�pg ij k®gprg� �� k qno�kn rhk�g o®
�gr�gg� rsg ��l�gh o� rhki�i�q g¡klmngj k�� rsg pkmkpir� o� rsg ngkh� i�q j�jrgl �

¦khio�j mkhklgrghj lo�oro� ipknn� po�rhon rsg pkmkpir� o� k ngkh�i�q j�jrgl ¨Ó��o� gr kn ��
©ªª«¬ � i�pn��i�q khpsirgpr�hkn mkhkl grghj ¨g �q � rsg ��l�gh o� si��g� ��irj¬ � mhgmho pgjji�q mkhkl °
grghj ¨g �q � rsg klo��r o� jl oorsi�q¬ � oh hgq�nkhi²krio� mkhkl grghj ¨g �q � rsg �giqsr �gpk�¬ �

sg �gjr qg�ghkni²krio� ij kpsig g� �oh jol g omril kn  kn�gj o� rsgjg pkmkpir� po�rhon mkhkl °
grghj � �sips �gmg�� o� rsg ji²g o� rsg rhki�i�q jgr � sij �kpr son�j �oh hg³ gprio� oh �oh hk�
mgh�ohlk�pg � i� rsg pkjg o� mkrrgh� hgpoq�irio� � hgqhgjjio� � oh �g�jir� gjril krio� rkj�j �

£ sg�g gh rsg �ijrhi��rio� o� mkrrgh� j i� rsg i�m�r jmkpg ij ��g g� � k mhom gh no pkn k�³ � jrlg�r
o� rsg pkmkpir� pk� jiq� i¤pk�rn� ilmho g rsg o ghknn mgh�ohl k�pg � ��ps k no pkn k�³ �jrl g�r hg±�ihgj
rsg i�rho��prio� o� pkmkpir� po�rhon mkhkl grghj �sojg ilmkpr ij nil irg� ro i��i i��kn hgqio�j o�
rsg mkrrgh� jmkpg � fghg khg r�o �k�j ro i�rho��pg j�ps mkhkl grghj t

Á Ô�h g¡mghil g�r ¨p� � �gprio� µ¬ inn�jrhkrgj rsg ¤hjr jon�rio� � ¶oh gkps rgjri�q mkrrgh� � �g
rhki� k ngkh�i�q j�jrgl � irs rsg rhki�i�q g¡klmngj no pkrg� i� k jl knn �giqs�ohsoo� kho���
rsg rgjri�q mkrrgh� � sg� �g kmmn� rsij rhki�g� j�jrgl ro rsg rgjri�q mkrrgh� irjgn� �
sg mkhkl grghj o� rsg no pknn� rhki�g� j�jrgl �x � yz|v k®gpr o� n� rsg pkmkpir� o� rsg qno�kn
j�jrgl i� rsg jl knn �giqs�ohsoo� �g¤�g� kho��� gkps rgjri�q mkrrgh� �
£g jsknn jso� �gno� rskr rsg �°Õgkhgjr°Õgiqs�oh ¨�ÕÕ¬ knqohirsl ij ³ �jr k mkhrip�nkh pkjg o�
rsij kmmhokps � Ç i�g �ÕÕ � j�ps j�jrgl j khg  gh� jno� � sg hgpoq�irio� jmgg� ij mg�kni²g� ��
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¶iq�hg « t ü }ý�ywx � xw�x� }x�xz|} v��� |{ v}x x� y�� �x} �vzy|x� ~� y }� xz~þ z �x~�{ ¹vw{ vv�� ü }� vv|{
� xw� x� � ~�x} y �~ÿ xwx�| � x~�{ | |v y� � x� y�� �x}� yzzvw�~�� |v |{ x~w � v}~|~v� � ~|{ wx}� xz| |v |{ x � xw�x��
·{ x �vzy�~|� � ywy� x|xw� � � � xy}�wx} |{ x �}~� x � v� |{ x �x~�{ ¹vw{ vv��

rsg jgngprio� o� rsg pnojgjr rhki�i�q mkrrgh�j k�� �� rsg g¡gp�rio� o� rsg rhki�i�q knqohirsl
o� rsg nopkn ngkh�i�q j�jrgl �

Á �� rsg jgpo�� jon�rio� � rsg jrh�pr�hg o� rsg ngkh�i�q �g ipg g�j�hgj rskr gkps mkhkl grgh
k®gprj rsg pkmkpir� o� rsg j�jrgl i� k jl knn �giqs�ohsoo� o�n��
¶oh g¡klmng � �g l iqsr �jg k jgmkhkrg �giqsr �gpk� mgh Ék�ikn Àkjij ¶��prio� ¨ÉÀ¶¬ ��ir
i� k ÉÀ¶ �gr�oh� � ¢kps �giqsr �gpk� mkhkl grgh k®gprj rsg pkmkpir� o� rsg �gr�oh� o�n�
no pknn�� �il inkhn�� khpsirgpr�hkn psoipgj i� k lo��nkh �gr�oh� ¨�kpo�j gr kn �� ©ªª ©¬ sk g k
no pkn ilmkpr o� rsg pkmkpir� o� rsg qno�kn j�jrgl �
�i�pg j�ps k j�jrgl ij rhki�g� kr o�pg � rsg hgpoq�irio� ril g ij �or k®gprg� �� rsg nopkn �kr�hg
o� rsg ngkh�i�q mhopg��hg �

�� rsg �g¡r j��jgprio�j � �g jsknn �gjphi� g k qg�ghkn jrkrgl g�r �oh no pkn ngkh�i�q knqohirsl j �
�ijp�jj hgnkrg� kmmhokpsgj � k�� g¡mnki� so� rsg no pknir� mkhkl grgh k®gprj rsg qg�ghkni²krio� mgh°
�ohl k�pg �� �� � 	 
� �	� �� � �� � �
� � �
£g mhgjg�r sghg k qg�ghkn jrkrgl g�r �oh no pkn ngkh�i�q knqohirsl j � Çgr �j �g¤�g � ¨� � �� ¨� ¬¬ kj
rsg nojj i�p�hhg� �sg� rsg �gr�oh� qi gj k� k�j�gh �� ¨� ¬ �oh rsg i�m�r  gproh � � �sg� rsg kpr�kn
k�j�gh ij � �

sg pkmkpir� po�rhon mkhkl grghj � �ihgprn� oh i��ihgprn� �g¤�g k j��jgr � � o� rsg �giqsr jmkpg
¨Ó��o� gr kn �� ©ªª«¬ � ¥ �o� no pkn knqohirsl jgkhpsgj rsij j��jgr �oh rsg �giqsr  gproh � � ¨� ¬ �sips
l i� il i²gj rsg glmihipkn k ghkqg o� rsg nojj o gh k rhki�i�q jgr ¨� È � � È ¬ �    � ¨�! � �! ¬ �

� � ¨� ¬ " ¥hq # i�� $%& ©' !()* È � ¨�) � �� ¨�) ¬¬ ¨©¬
¶oh gkps �giqs�ohsoo� �g¤�g� kho��� k moi�r �+ � k no pkn knqohirsl jgkhpsgj �oh k �giqsr  gproh� � ¨�+ � � � � ¬ �sips l i�il i²gj k �giqsrg� glmihipkn k ghkqg o� rsg nojj o gh rsg rhki�i�q jgr �

� � ¨�+ � � � � ¬ " ¥hq # i�� $%& ©' !()* È , ¨�) - �+ � �¬ � ¨�) � �� ¨� ) ¬¬ ¨«¬
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sg �giqsri�q pog¯ pig�rj khg �g¤�g� �� k �gh�gn , ¨� - �+ � �¬ o� � i�rs � pg�rghg� o� moi�r �+ �¦khio�j �gh�gnj l iqsr � g �jg� � i�pn��i�q j±�khg �gh�gnj k�� jloors �gh�gnj ¨p� � ¶ iq�hg «¬ �
�i�pg k jgmkhkrg l i� il i²krio� ij m gh�ohl g� i� gkps �giqs�ohsoo� � rsg pkmkpir� po�rhon mkhkl °

grghj � k�� rsg �gh�gn � i�rs � pk� �g k�³�jrg� jgmkhkrgn� �oh gkps �giqs�ohsoo� �

� �. / 	01	� 12 2 3�1 �� 	� �
sij �ohl�nkrio� knno� j �oh l k��  khikrio�j po�pgh� i�q rsg pnkjj o� ���prio� �� ¨� ¬ � rsg ��l�gh
o� �giqs�ohsoo�j � rsg jskmg o� rsg �gh�gnj , ¨� - �+ � �¬ � rsg jpkni�q nk� j �oh rsg �gh�gn � i�rs � oh
rsg mkhkl grghj � �

�gngpri�q rsg pnkjj o� po�jrk�r ���prio�j � irs hgjm gpr ro rsg i�m�r  gprohj � � k�� �ji�q k
±�k�hkrip nojj � ¨� � 4� ¬ " ¨� - 4� ¬5 ngk�j ro jg ghkn mom�nkh knqohirsl j � ni�g rsg �ÕÕ lgrso� oh rsg
ÉÀ¶ �gr�oh�j � �� gkps jm gpi¤ p �giqs�ohsoo� � j�ps knqohirsl j rh� ro ¤�� k po�jrk�r kmmho¡ il k°
rio� 4� � o� rsg �gjihg� o�rm�r t

4� � " ¥hq # i�67 ©' !()* È , ¨� - �+ � �¬ ¨�) - 4� ¬5 ¨´¬

¶oh i� jrk�pg � po�ji�gh k mkrrgh� hgpoq�irio� mho�ngl � �� rsg mkrrgh� 4�) �gno�qj ro rsg 89: pnkjj �
rsg 89: pog¯ pig�r o� rsg pohhgjmo��i�q �gjihg� o�rm�r 4�) ij g±�kn ro © ; rsg orsghj pog¯ pig�rj khg
g±�kn ro < �

Á ¶oh gkps rgjri�q mkrrgh� �+ � �g po�ji�gh k j±�khg �gh�gn �sojg � i�rs ij k�³ �jrg� ro po�rki�
g¡kprn� = g¡klmngj � sg omril�l 4� o� ¨´¬ ij rsg l gk� o� rsg �gjihg� o�rm�rj o� rsg = pnojgjr
mkrrgh�j � �rj siqsgjr pog¯ pig�r � rsg� � pohhgjmo��j ro rsg lojr hgmhgjg�rg� pnkjj klo�q rsg= pnojgjr mkrrgh� j ro �+ � sij ij rsg � �> xywx}| > x~�{ ¹vw} knqohirsl ¨�ÕÕ ¬�
�� �g �jg k jloors �gh�gn i�jrgk� o� k j±�khg �gh�gn � l i�il i²i�q ¨´¬ �oh gkps rgjri�q mkrrgh��+ polm�rgj gjril krgj o� rsg mojrghioh mho�k�inir� o� rsg pnkjjgj � sij ij rsg ? yw� x� �~��v�}
knqohirsl �

Á £g po�ji�gh �o� @ ¤¡g� �giqs�ohsoo�j � �g¤�g� �� rsg pg�rghj �AB k�� rsg jrk��kh� �g°
 ikrio� �AB o� rsgih qk�jjik� �gh�gnj � # i� il i²i�q ¨´¬ i� gkps �giqs�ohsoo� polm�rgj rsg
�giqsrg� k ghkqg 4� AB o� rsg �gjihg�  kn�gj o� rsg rhki� i�q g¡klmngj �
o g kn�krg rsg o�rm�r 4�CDEFGD ¨� ¬ o� rsg polmngrg j�jrgl �oh k� i�m�r mkrrgh� � � �g lghqg
rsgjg �giqsrg� k ghkqgj kppoh�i�q ro rsg  kn�gj o� rsg @ �gh�gnj o� � �

4�CDEFGD ¨� ¬ " H(B* È 4� AB , ¨� - �AB � �AB ¬ ¨µ ¬

sij ij k I y�~y� º y}~} u��z|~v�} ¨ÉÀ¶¬ �gr�oh� ¨Àhoolsgk� k�� Ço�g � ©ªJJ¬ �¨# oo�� k��Kkh�g� � ©ªJª¬ �� �� L � �1 0
M 1 � � �12 1�
M�
sgohgripkn l grso�j �g gnomg� �oh �o� no pkn knqohirsl j kmmn� ro gkps no pkn omril i²krio� � ��
mkhrip�nkh � rsg �gjr  kn�g �oh rsg pkmkpir� po�rhon mkhkl grghj ¨Ó��o� gr kn �� ©ªª«¬ �gm g�� o� rsg
��l�gh o� rhki� i�q g¡klmngj �

N



�� rsg po�rg¡r o� k no pkn knqohirsl � so�g gh � rsg g®gpri g ��l�gh o� rhki�i�q g¡klmngj ij
l o��nkrg� �� rsg � i�rs � o� rsg �gh�gnj � ¶oh i�jrk�pg � k j±�khg �gh�gn jgngprj �hol rsg rhki�i�q
jgr k j��jgr � �sojg pkh�i�knir� �gm g��j o� rsg nopkn �g�jir� o� rsg rhki� i�q jgr k�� o� rsg �gh�gn
� i�rs � �

sg pnkjjipkn rhk�go® �gr�gg� pkmkpir� k�� ��l�gh o� g¡klmngj l�jr �g hgi�rghmhgrg� kj k
rhk�go® �gr�gg� pkmkpir� k�� no pknir�� �� �g i�phgkjg rsg no pknir� �� hg��pi�q � � �g ilmnipirn�
hg��pg rsg g®gpri g ��l�gh o� rhki�i�q g¡klmngj k kink�ng �oh rhki�i�q rsg no pkn j�jrgl �

�ÕÕ k�� rsg ÉÀ¶ �gr�oh�j �jg jl knn �gh�gnj k�� k pnkjj o� po�jrk�r ���prio�j � sghg ij �o
hgkjo� � so�g gh � ro � gnig g rskr rsg �gjr hgj� nrj khg o�rki�g� � irs j�ps k no� pkmkpir� �g ipg �Oo� ghjgn�� � iq l�nri°nk�gh �gr�oh�j khg �o� no pkn ¨� " P ¬ � ��r sk g k s iqs pkmkpir��# o��nkh �gr�oh�j ¨�kpo�j gr kn �� ©ªª ©¬ jir jolg�skr � gr�gg� rsgjg r�o g¡rhgl gj � sg �gh�gn
���prio�j khg gl�o�ig� �� k Ãqkri�q �gr�oh�Ä � �sips jgngprj oh pol�i�gj rsg o�rm�rj o� rsg
lo��ngj � kppoh�i�q ro rsg i�m�r �krk k�� jol gril gj rsg o�rm�rj o� rsg lo��ngj rsgl jgn gj �

¥�orsgh msg�olg�o� l k�gj rsg jir�krio� jniqsrn� lohg polmng¡ t sg pkmkpir� po�rhon mkhkl °
grghj pk� �g k�³�jrg� jgmkhkrgn� i� gkps �giqs�ohsoo� � sij no pkn k�³ � jrlg�r ij l ohg kpp�hkrg
�sg� rsg �gh�gn � i�rs ij jl knn � Ô� rsg orsgh sk�� � rsghg ij nirr ng ro k�³ �jr i� k  gh� no� pkmkpir�
�g ipg �

Q R S T ¾_dÑ¾]^Ò e
sij jgprio� �ijp�jjgj g¡m ghil g�rj o� k jilmng no pkn ngkh�i�q knqohirsl o� k hgkn ji²g mkrrgh�
hgpoq�irio� mho�ngl � Oolmkhijo�j sk g � gg� pkhhig� o�r ¨k¬ � irs k �kp�°mhomkqkrio� �gr�oh� �
¨� ¬ � irs rsg �ÕÕ k�� Âkh²g� � i��o� j knqohirsl j �

Á ¥ �kp�°mhomkqkrio� �gr�oh� ij k �o� no pkn knqohirsl � � irs k polmkhkri gn� siqs pkmkpir��Oolmkhijo� ¨k¬ jso� j rskr i�rho��pi�q no pknir� k�� hg��pi�q rsg pkmkpir� ilmho gj rsg
hgj�nri�q m gh�ohlk�pg o� j�ps k �gr�oh� �

Á ¥ �ÕÕ pnkjji¤gh ij k� g¡rhgl gn� nopkn knqohirsl � � irs k  gh� no� pkmkpir�� Oolmkhijo� ¨�¬
jso� j rskr hg��pi�q rsg no pknir� k�� i�phgkji�q rsg pkmkpir� kqki� ilmho gj rsg hgj�nri�q
mgh�ohl k�pg �

U �� V �
W 2 0	 0� �1 0 0	13� 
�� 10��3
� W �
£g sk g ilmngl g�rg� k jilmng no pkn knqohirsl t

¶oh gkps rgjri�q mkrrgh� �+ � k ni�gkh pnkjji¤gh ij rhki�g� o� rsg = pnojgjr rhki� i�q g¡klmngj �
¨� È � � È ¬ � X X X � ¨� Y � �Y ¬ � �oh rsg ¢�pni� ik� �ijrk�pg � sij rhki�g� �gr�oh� rsg� ij kmmnig� ro rsg rgjri�q
mkrrgh� �+ �sg g®gpri g ��l�gh o� g¡klmngj � = � ij l�ps jl knngh rsk� rsg ��l�gh o� �giqsrj i� rsg ni�gkh
pnkjji¤gh � sghg�ohg � k jrho�q �giqsr �gpk� � ij hg±�ihg� ro hg��pg rsg pkmkpir� o� rsg ni�gkh
pnkjji¤gh � ¥ �giqsr �gpk�� so�g gh � m� nnj rsg �giqsrj ro�kh� jol g kh�irhkh� ohiq i� � ¶oh ijorhom�
hgkjo�j � rsg ohiq i� o� rsg i�m�r jmkpg ij rhk�jnkrg� o� rsg rgjri�q mkrrgh� �+ � �� j��rhkpri�q �+�hol knn rsg jgngprg� rhki�i�q mkrrgh� j � sij knjo skj rsg k� k�rkqg o� hg��pi�q rsg giqg� kn�g
jmhgk� o� rsg sgjjik� lkrhi¡ �

sg rhki�i�q mhopg��hg polm�rgj rsg g¡mnipir l i�il�l o� k ±�k�hkrip pojr i�pohmohkri�q k
�giqsr �gpk� rghl � sg mojiri g �giqsr �gpk� � g�j�hgj rskr rsg hg±�ihg� lkrhi¡ i� ghjio� ij
mojji�ng �

Z



Layer iii:  768 cells (12x8x8)

Layer iv:   192 features  (12x4x4)

Input: a 16x16 image in a 28x28 field

Layer v:    10 classification units

Layer ii:   576 cells (4x12x12)

Layer i:  2304 cells (4x24x24)
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¶iq�hg ´ t �[x> x| �\ [y�xw} ~�~~�~~~� y�� ~� zv�� �|x �]� � xy|�wx} � [y�xw � � xw� vw� } |{ x z�y}}~þ zy|~v� �^� |{ ~} � y� xw� � x wx� �yzx �y�xw � ¹� y �vzy� y�� vw~|{� �

� � ¨�+ � = � � ¬ " ¥hq # i�� _ ©= Y()* È ¨�) - �� ¨�) - �+ ¬¬5 ` � a� a5 b ¨N¬
�i�pg rsg �g� pooh�i�krg j�jrgl ij pg�rghg� o� rsg rgjri�q mkrrgh� � rsg o�rm�r o� rsg �gr�oh�

o� rsij rgjri�q mkrrgh� ij g±�kn ro rsg �ikj  gproh � sg s iqsgjr o�rm�r �grghl i�gj �sips pnkjj
ij jgngprg� �oh mkrrgh� �+ � �� so�g gh rsg �i®ghg�pg �gr�gg� rsg s iqsgjr o�rm�r k�� rsg jgpo��
siqsgjr o�rm�r ij ngjj rsk� k pghrki� rshgjson� � rsg mkrrgh� ij hg³ gprg� �

¥ jilmng sg�hijrip h� ng po�rhonj rsg pkmkpir�  ghj� j no pknir� rhk�go® � irsi� gkps �giqs�ohsoo� �
�r k�³ �jrj rsg no pknir� k�� ngk gj rsg pkmkpir� po�jrk�r � �� orsgh �oh�j � rsg jklg  kn�g o� rsg
�giqsr �gpk� mkhkl grgh � ij �jg� i� knn �giqs�ohsoo�j � sg no pknir� ij �j�knn� po�rhonng� �� k
�gh�gn ji²g � �sips jso�n� i�phgkjg �sg� rsg �g�jir� o� rhki�i�q g¡klmng �gphgkjgj �

�� �kpr � jgngpri�q rsg = pnojgjr rhki�i�q g¡klmngj ij g±�i kng�r ro sk i�q k j±�khg �gh�gn �sojg
ji²g ij jol g�skr k�³�jrg� kppoh�i�q ro rsg no pkn �g�jir� o� rhki�i�q g¡klmngj � £g ³�jr �jg rsg
jkl g  kn�g �oh = i� knn �giqs�ohsoo�j �

¥ nrso�qs rsij j�jrgl ij g¡rhglgn� i�g¯ pig�r � ir ilmngl g�rj k � i�g hk�qg o� polmhol ijgj
� gr�gg� nopknir� k�� pkmkpir�� kppoh�i�q ro rsg  kn�gj o� o�n� r�o mkhkl grghj � k no pknir� mkhkl grgh= k�� k hgq� nkhi²krio� mkhkl grgh � � £g sk g �o��� rskr rs ij ±�knir� �kj krrhkpri g �oh k ¤hjr
g¡m ghil g�r �

U �. / 	�� 0� 1� � �� W 2 13
�� � � �
£g rhki�g� jg ghkn j�jrgl o� rsg jkl g rhki�i�q jgr polmojg� o� �ohl kni²g� ©Z¡ ©Z il kqgj o� Å«ª ©
sk���hirrg� �iqirj k�� «Nµª mhi�rg� �iqirj � Âgh�ohl k�pg skj � gg� l gkj�hg� o� k rgjr jgr o� «<<Å
sk���hirrg� �iqirj � sg jkl g �krk�kjg �kj �jg� i� ¨Çg O�� gr kn �� ©ªª<¬ �

k�ng © qi gj rsg hk� ghhoh k�� rsg hg³ gprio� kr ©c ghhoh �oh  khio�j j�jrgl j � sg Ãhk� ghhohÄ
ij rsg m ghpg�rkqg o� l ijpnkjji¤pkrio�j �sg� �o hg³ gprio� ij m gh�ohlg� � sg Ãhg³ gprio� �oh ©c ghhohÄ
ij rsg m ghpg�rkqg o� hg³ gprg� mkrrgh� �sg� rsg hg³ gprio� rshgjson� ij k�³ �jrg� ro knno� ngjj rsk�
©c lijpnkjji¤pkrio� o� rsg hgl ki�i�q mkrrgh� j �

sg « �Nc s�l k� mgh�ohl k�pg o� rsg jgql g�rg� k�� mhgmho pgjjg� �iqirj mho i�gj k hg�ghg�pg
moi�r ¨� dkp�i�qgh e Àhol ng�� m ghjo�kn poll��ipkrio� ¬ �

sg �ip��kl g ÃÇgÕgrÄ �gjiq�krgj rsg �gr�oh� �gjphi�g� i� ¨Çg O�� gr kn �� ©ªª< ¬ � sij ¤ g
nk�gh �gr�oh� mgh�ohl j �ors rsg �gkr�hg g¡rhkprio� k�� rsg pnkjji¤pkrio� o� ©Z¡ ©Z il kqgj o� ji�qng
sk���hirrg� �iqirj � ¶o�h j�ppgjji g po� on�rio�kn nk�ghj g¡rhkpr ©ª« rhk�jnkrio� i� khik�r �gkr�hgj ;

Å



Ék� ¢hhoh Ég³ gprio� �oh ©c ¢hhoh
f�lk� ¨o� jgql g�rg� �iqirj¬ f « �Nc � �k �
ÇgÕgr ¨o� jgql g�rg� �iqirj¬ N �©c ª �Zc
�ÕÕ ¨o� ÇgÕgr �gkr�hgj¬ N �©c � �k �
Âkh²g� ¨o� ÇgÕgr �gkr�hgj¬ µ �Åc ©< �Jc
Çopkn ¨o� ÇgÕgr �gkr�hgj¬ g hgi j hki

k�ng ©t I x}��|} v� y v� |~zy� z{ ywyz|xw wxzv��~|~v� |y}� �

k nkjr nk�gh o� ©< �� nn� po��gprg� ��irj mgh�ohl j rsg pnkjji¤pkrio� ¨p� � ¶ iq�hg ´¬ � sij �gr�oh� skj
kps ig g� N �©c ghhoh k�� ª �Zc hg³ gprio� �oh ©c ghhoh5 �

sg ©ª« �gkr�hgj polm�rg� �� ÇgÕgr khg �jg� kj i�m�rj ro rshgg orsgh mkrrgh� hgpoq�irio�
j�jrgl j � sgjg j�jrgl j pk� �g  ig�g� kj hgmnkpgl g�rj �oh rsg nkjr nk�gh o� ÇgÕgr � sghg�ohg �
hgj�nrj pk� �g �ihgprn� polmkhg� �

sg �gjr �ÕÕ mgh�ohl k�pg � N �©c hk� ghhoh � �kj o�rki�g� �� �ji�q rsg rshgg pnojgjr �giqs�ohj
o� n�� sgjg �g� �giqs�ohj knno� �o lgk�i�q�� n hg³ gprio� jrhkrgq��

sg Âkh²g� j�jrgl ij jil inkh ro �ÕÕ � £g ³�jr hgmnkpg rsg j±�khg �gh�gn �� k qk�jjik� �gh�gn �
�sojg jrk��kh� �g ikrio� ij skn� rsg �ijrk�pg o� rsg µ lm pnojgjr mkrrgh� � �g ghkn  khikrio�j sk g
� gg� rgjrg� ; �g hgmohr rsg � gjr hgj� nrj o�n� t µ �Åc hk� ghhoh k�� ©< �Jc hg³ gprio� �oh ©c ghhoh �

¶ i�knn�� �g sk g rgjrg� rsg jilmng no pkn ngkh�i�q knqohirsl �gjphi� g� k�o g � �ji�q rsg «<<
pnojgjr mkrrgh� j k�� k �giqsr �gpk� o� < X< ©� sij �giqsr �gpk� ij g�o�qs ro rhki� o�h ©ª«< �giqsrj
�ji�q «<< mkrrgh�j � ¥r rsij ril g � �ors rsg ´ �´c hk� ghhoh k�� rsg Z �«c hg³ gprio� hkrg �oh ©c ghhoh
�ghg rsg � gjr mgh�ohl k�pgj hgkpsg� o� rsij �krk jgr �

¥ �ghi krio� hgmohrg� i� rsg kmmg��i¡ jso� j rskr rsij m gh�ohl k�pg ilmho gl g�r ij jrkrijripknn�
jiq�i¤ pk�r � ¶ iq�hg µ polmkhgj rsg hg³ gprio� p�h g o� rsg no pkn j�jrgl � irs rsg hg³ gprio� p�h g o�
ÃÇgÕgr �Ä sg no pkn j�jrgl mgh�ohl j �grrgh �oh knn  kn�gj o� rsg rshgjson� � ¥r ©Åc hg³ gprio� � rsg
ji�qng hgl ki�i�q ghhoh ij k l ijnk� gng� mkrrgh� �

£ irs k mhomgh k�³ �jrl g�r o� irj no pknir� k�� pkmkpir� mkhkl grghj � rsij jilmng knqohirsl o�r°
m gh�ohl j �ors ¨k¬ k �o� no pkn knqohirsl ¨i �g � rsg nkjr nk�gh o� ÇgÕgr¬ � k�� ¨�¬ r�o g¡rhglgn� no pkn
knqohirsl j ¨i �g � ÆÕÕ oh Âkh²g� � i��o� j¬ � ¶ iq�hg N jso� j so� rsg hk� ghhoh o� rsg no pkn j�jrgl
psk�qgj kho��� rsg � gjr  kn�gj o� = k�� o� rsg �giqsr �gpk� � �

¶ i�knn�� �o jiq�i¤pk�r m gh�ohl k�pg psk�qgj sk g � gg� o�rki�g� �� �ji�q jloors �gh�gnj oh
�k�p� sg�hijrip �oh po�rhonni�q rsg �gh�gn � i�rs k�� rsg �giqsr �gpk��

U �� / 	��� � 

� � �2 		� �
sij jilmng j�jrgl � so�g gh � jmg��j N< jgpo��j �oh hgpoq�i²i�q k ji�qng �iqir � hki�i�q k �gr�oh�
�oh gkps rgjri�q mkrrgh� ij pghrki�n� �or k mhkpripkn kmmhokps ro rsg omripkn pskhkprgh hgpoq�irio�
mho�ngl �

�� �gprio� ´ � so�g gh � �g sk g mhgjg�rg� r�o jon�rio�j �oh ��in�i�q no pkn ngkh�i�q knqohirsl j �
£g sk g �gni�ghkrgn� psojg� ro ilmngl g�r rsg jilmngh o�g � �sips ngk�j ro  gh� jno� hgpoq�i²ghj �

£g po�n� kj �gnn �gjiq� j�jrgl j �kjg� o� o�h jgpo�� jon�rio� � i �g � �ji�q k �gr�oh� jrh�pr�hg
�sips knno� j k no pkn po�rhon o� rsg pkmkpir� o� rsg j�jrgl � ��ps k j�jrgl �o�n� �g jniqsrn� lohgn÷ãÝÜ ÝÜ ÜõÝæãçõÚ ûáàÜÛ çãÙÞ çãÛ o öpq àÙû Ûààáà ÙÞè ðq àÛú ÛâçÝáÞ òáà ïq Ûààáà àÛßáàçÛè ÝÞ éìÛ íåÞ Ûç Ùõ öî ïððrñ ö÷ãÝÜ ÝÜ èåÛ ésñ çá Ù ÜõÝæãçõÚ èÝøÛàÛÞç èÛtÞÝçÝáÞ áò çãÛ àÛú ÛâçÝáÞ ßÛàòáàó ÙÞâÛ éïq Ûààáà áÞ çãÛ àÛó ÙÝÞÝÞæ ßÙççÛàÞÜùÜ ö ïq Ûààáà çáçÙõñ î ÙÞè éssñ çá Ù óáàÛ àáäåÜç ßàÛßàáâÛÜÜÝÞæ âáèÛ ö
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¶iq�hg N t u �v��|~v�} v� |{ x wy� xwwvw � vw |{ x �vzy� }�}|x� ywv��� |{ x ¹x}| �y��x} v� = y�� v� |{ x
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polmng¡ ro sk��ng � ��r �o�n� sk g k l�ps jl knngh hgpoq�irio� ril g �

v w`]cÎbÒd`] e
Õo mkhrip� nkh khpsirgpr�hkn psk�qg ij hgjmo�ji� ng �oh rsij m gh�ohl k�pg �hgk�rsho�qs � �� �kpr �
rs ij j�jrgl ij ni�gkh � k�� hgm nkpgj k ni�gkh �gpijio� nk�gh i� ÇgÕgr � sg psk�qg po�pgh�j rsg
rhki�i�q mho pg��hg � sg mgh�ohl k�pg ilmho glg�r jilmn� hgj� nrj �hol k �grrgh po�rhon o� rsg
�kjip rhk�go® j i� on g� i� rsg ngkh�i�q mho pgjj �

¥ nrso�qs l�ps hglki�j ro � g ���ghjroo� k�o�r ngkh�i�q � �g sk g jol g mhkpripkn k�� rsgohgri°
pkn ��o� ng�qg o� rsgjg �kjip rhk�go® j � Ê��ghjrk��i�q so� rsgjg rhk�go® j k®gpr k jmgpi¤p ngkh�i�q
mho�ngl o�rg� knno� j �j ro rk�g mho¤r �hol rsgih mhom ghrigj �oh mhkpripkn kmmnipkrio�j �

Ço pkn ngkh�i�q knqohirsl j khg ³ �jr k j�ppgjj�� n g¡klmng o� rsij jrhkrgq��
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sij jgprio� mhgjg�rj rsg �ghi krio�j gjrk�nijsi�q rsg jiq�i¤pk�pg o� rsg hgj�nrj mhgjg�rg� i� rsij
mkmgh � £g ¤hjr �ghi g k �o� kj�lmroripkn �ohl�nk �oh polm�ri�q po�¤�g�pg �sg� polmkhi�q r�o
pnkjji¤ghj v� y }y� x |x}| }x| o� | i��gmg��g�r g¡klmngj �

¢kps pnkjji¤gh �g¤�gj pghrki� �gpijio� �o���khigj i� rsg mkrrgh� jmkpg � �r ij g�o�qs ro polmkhg
o�h pnkjji¤ghj o� o�n� rsojg pkjgj �sghg o�g pnkjji¤gh ij hiqsr k�� rsg orsgh o�g ij � ho�q � Çgr
�j pknn } È k�� } 5 rsg po��irio�kn mho�k�inirigj o� ghhoh o� gkps pnkjji¤gh � q i g� rskr o�g pnkjji¤gh
o� n� qi gj k �ho�q k�j�gh � �il inkhn�� ngr �j �g¤�g 8 È k�� 85 kj rsg ��l�ghj o� ghhohj rskr gkps
pnkjji¤gh lk�gj �sips rsg orsgh pnkjji¤gh pnkjji¤gj pohhgprn�� k�� 8 È5 kj rsg ��l�gh o� pollo�
ghhohj �

¥ppoh�i�q ro rsg nkhqg ��l�gh i�g±�knir� ¨« �Å¬ i� ¨fog®�i�q � ©ªZ´¬ �
~ �} È - } 5 � 8 È8 È ` 85 - 858 È ` 85 - �� � © - � ����A�� ��� ¨Z ¬

¶�hrsghlohg � i� �g �kl g �È k�� �5 rsg l gkj�hg� ghhoh hkrgj o� o�h rgjr jgr � �g sk g8 È - 85 " ¨8 È ` 8 È5 ¬ - ¨85 ` 8 È5 ¬ " | ¨�È - �5 ¬ ¨Å¬
À� jon i�q �oh � �sg� rsg hiqsr sk�� ji�g o� i�g±�knir� ¨Z ¬ ij © - � � �g pk� polm�rg rsg

l i� il�l �i®ghg�pg �È - �5 �sips g�j�hgj rskr } È - } 5 ij nkhqgh rsk� < �irs mho�k�inir� © - � ��i�pg polmkhi�q } È k�� } 5 ij g�o�qs ro �gpi�g �sips pnkjji¤gh ij �grrgh � rsg �onno� i�q hgj�nr ij
 kni� t ^� � È - �5 � ©| � - ¨8 È ` 85 ¬ n� �

|{ x� z�y}}~þ xw � ~} ¹x||xw |{ y� z�y}}~þ xw � � ~|{ � wv¹y¹~�~|� © - � X ¨J ¬
�� o�h pkjg � knn j�jrgl j kps ig g ngjj rsk� N �©c ghhoh o� k rgjr jgr o� ji²g | " «<<Å � sg

±�k�rir� 8 È ` 85 ij rs�j jl knngh rsk� ©< X«c o� | � mho�k�n� �� k nkhqg lkhqi� � �� �g psoojg� " Nc � �g qgr k l i�il kn jiq� i¤pkri g ghhoh �i®ghg�pg o� © X«c �# gkj�hi�q rsg kpr�kn  kn�g o� 8 È ` 85 � �o�n� ��hrsgh hg��pg rsij l khqi� � sg jiq�i¤pk�pg o�
rsg hgj�nrj mhgjg�rg� i� rsij mkmgh � so�g gh � ij gjrk�nijsg� � irso�r j�ps k hg¤�gl g�r �

©©
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£g � ijs ro rsk�� Çkhh� �kp�gn �j qho�m kr Àgnn Çk�j �oh rsgih po�ri��o�j j�mmohr k�� �jg��n
pollg�rj � £g khg gjmgpiknn� qhkrg��n ro �k�� Çg O�� �oh mho i�i�q �gr�oh�j k�� �krk�kjgj � ro
¢ � � dkp�i�qgh � � � Àhol ng� �oh mho i�i�q rsg s�l k� mgh�ohlk�pg hgj�nrj �

½ ¾�¾_¾]c¾Ò
Àhoolsgk� � K � � � k�� Ço�g � K � ¨©ªJJ¬ � # �nri khikrg ���prio�kn i�rghmonkrio� k�� k�kmri g �gr°

�oh�j � �v�� �x� ��}|x� }� « t´«©�´NN �K g��gh � � � � � k�� Çg O�� � � � ¨©ªª ©¬ � hk�j�ohl i�q �g�hkn°�gr o�rm�r ng gnj ro mho�k�inir� �ij°
rhi��rio�j � �� Çimml k�� � É �� # oo��� � �� k�� o�hgr²��� K �� g�irohj � ü��y�zx} ~� > x�wy�^�� vw� y|~v� ? wvzx}}~�� ��}|x� } � �> ^? � �]�� � Kg� gh � OÔ � # ohqk� Æk��l k� �

Ó��o� � � �� ¦km�i� � ¦ � Õ �� Àojgh � À � ¢ �� Àorro� � Ç �� k�� �onnk � � � ¥ � ¨©ªª«¬ � �rh�pr�hkn hij� l i�°
il i²krio� �oh pskhkprgh hgpoq�irio� � �� ü��y�zx} ~� > x�wy� ^�� vw� y|~v� ? wvzx}}~�� ��}|x� }�
 on�l g µ � Kg� gh � # ohqk� Æk��l k� �

fog®�i�q � £ � ¨©ªZ´¬ � Âho�k�inir� i�g±�knir igj �oh j�l j o� �o���g� hk��ol  khik�ngj � �v�w�y� v�
ü� xw~zy� � |y|~}|� ü }} �� NJ t©´�´< ��kpo�j � É � ¥ �� �oh�k� � # � � �� Õo� nk� � � � � �� k�� fi�ro� � Ó � ¢ � ¨©ªª ©¬ � ¥�kmri g l i¡r�hg o� no pkn
g¡m ghrj � > x�wy� �v�� �|y|~v�� ´ ¨©¬ �

Çg O�� � � �� Àojgh � À �� Kg��gh � � � � �� fg��ghjo� � K �� fo�kh� � É � ¢ �� f���kh� � £ �� k�� �kp�gn �
Ç � K � ¨©ªª<¬ � fk���hirrg� �iqir hgpoq� irio� � irs k �kp�°mhomkqkrio� �gr�oh� � �� o�hgr²���K �� g�iroh � ü��y�zx} ~� > x�wy� ^�� vw� y|~v� ? wvzx}}~�� ��}|x�}�  on�l g « � K g� gh � # ohqk�
Æk��l k� �# oo��� � � k�� K kh�g� � O � � � ¨©ªJª¬ � ¶kjr ngkh�i�q i� �gr�oh�j o� no pknn�°r��g� mho pgjji�q ��irj �> x�wy� �v�� �|y|~v� � ©¨«¬ �

¦km�i� � ¦ � Õ � ¨©ªª«¬ � Âhi�pimngj o� hij� l i�il i²krio� �oh ngkh�i�q rsgoh�� �� ü��y�zx} ~� > x�wy�^�� vw� y|~v� ? wvzx}}~�� ��}|x� }�  on�l g µ � Kg� gh � # ohqk� Æk��lk�� � o kmmgkh �
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