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D2EGFGFGH�FJILKGMONGPRQTSOU!VXWAU!YBZ>[/\BU!V�]^Y
F`_a[cbdU;e/f>g

SOU;e/e,_�g�hTU!V�i>]�V�j6_AQ

kd]^V>Vmln_;SOZ>V

DporqXIts;s CXu Nwv2x=vzy�_�YBY9l{]^|�U;e�]^[/U;e,\�_�g u ��}M� SOe�]�b�~�U!e�i>gGSOU;e/V>_�etDpU�];i
K`U;Y�o�iX_�Y u FG� }#�!� s;s u h>�>U;V._AQO� }!�^� �^qA� � q } s � u ~�]^��QO� }!�^� �^q�� ��� s C;C

_�o�]�\BY*Q{��]�V>Vn��e,_�g�_�]^e�j��9��]^[/[���j6U;o
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v��>_d]^|>\�YB\�[c��U^~.o Z>YB[/\BY�]��!_�e>|�]!j�f � h.e,U;h ]��A]�[,\�U;V V>_�[�bdU;e,f.gn[,U2Y�_�]^e/V
j6U;o h.YB_�� u �>\��;� � iX\�o _�V�g�\BU;V ]^Y u V>U;V �

YB\�V>_�]^e o�]^h>h.\BV���g ~�e,U!o Y�]^e��;_�j6U!YBY�_�j6[,\�U;V�g
U^~{_a�>]�o h>YB_�g o�]�fA_�g{[,�>_�o U;|�WX\�U;Z�gOj�]�V�iX\'i>]^[/_�g ~�U;eO\Bo�]��;_

e,_�j�U��;V.\B[,\�U;V U!e g�h�_�_�j�� e,_�j�U��;V.\B[,\�U;V [�]!gcf.g��*g�_�_��nNOv2v2MOD`F D�M�S��=IGFtHcv2H��tF NGFtP FGMOEGD�NGl

FGMOv����tD! #"%$��dH%Vz[,�._ [,e�]!iX\B[/\BU!V�]^YGo U�iX_�YGU�~Rh ]^[,[/_�e,Vze,_�j6U��!V>\B[/\BU;V u ] ��]^V i � i�_�gc\��;V>_�i ~�_�]�[,Z>e/_

_���[,e�]!j6[,U!e���]^[,�._�e�g�e/_�YB_�W!]�VX[O\BV�~�U;e,o ]^[,\�U;V ~�e,U!o [/�>_G\BV.h>Z>[2]�V�i _�YB\�o \BV ]^[,_�g \Be/e,_�Y�_�W!]^V�[wW!]�e,\�]�|>\BY�\B[/\B_�g��

N [/e�]�\BV�]�|>YB_�j�Y�];g/gc\'&�_�e=[,�>_aV j�]�[,_(�!U;e/\*)�_�g=[,�>_ e,_�gcZ>Y�[,\BV%� ~�_�]�[,Z>e/_ WA_�j�[,U;e�g+� U;e g�[,e/\BV���gJU^~tg��Xo |�U;Y'g,$

\BV�[,U�j�Y�];g/gc_�g�� H*V [,�.\�g=g,j��>_�o _ u g�[�]^V i>]^e�i u ~�Z>Y�YB� � j�U;V>V>_�j6[,_�i�o Z.YB[,\�Y�]��A_�edV>_�[�b�U!e,f.gJja]^V |T_ Z�g�_�i ]!g

j6Y�]!g,g�\-&�_�e�g6�
N h�U;[,_aVX[/\�]^Y�YB�Go U;e,_ \BV�[,_�e/_�gc[/\BV�� g,j��>_�o _
\�g{[,U�_�YB\�o \?V�]^[/_ [/�>_ ~�_�]^[/Z>e,_d_���[,e�]!j6[,U!e u ~�_�_�iX\BV��

[,�>_ V>_�[�bdU;e,f b2\B[/��./e�]�b!/ \BV.h>Z>[�g0� _A�1�>��V>U;e/o�]^Y�\*)�_�i \Bo�]��;_�g2$ u ]^V�i [,U e/_�YB� U!V |�]!j�f�h>e,U!h�]���]^[/\BU;V

[,Um[,Z>e/V [/�>_3&�e�gc[J~�_ab Y�]��A_�e�g`\BV�[,U ]^V ]�h>h>e/U;h>e/\�]^[/_ ~�_�]�[,Z>e/_ _���[,e�];j6[/U;ea��� �>\BY�_ [/�>\�g=j�]�V |�_ iXU!V>_

b2\B[/� ]^V U!e�iX\�V�]^e/� ~�Z>Y�YB�mj6U!V>V>_�j6[/_�i ~�_a_�i � ~�U;e,b ]^e�i V>_�[�b�U!e,f�b2\B[/� gcU!o _ g�Z�j�j6_�g,g�~�U;eG[�];gcf.g=gcZ�j�� ]!g

j�� ]^e�]!j6[,_ae�e,_�j6U��!V>\B[/\BU;V u [,�>_�e/_
]^e,_=h>e/U;|>Y�_�o�g��

4 \Be�gc[/YB� u [��Xh.\�j�]�YT\�o�]��!_�g u U!e2gch�_�j�[,e�]�Y{e,_�h.e,_�g�_�VX[�]^[/\BU;V gwU^~$gch�U!fA_�V b�U!e�i>g u ]^e/_GY�]�e��;_ u U^~�[/_�V�b2\B[/�

gc_�WA_ae�]^YO��Z>V�iXe/_�i W!]^e/\�]�|>YB_�g�� N ~�Z>Y�YB� � j�U;V>V>_�j6[,_�i5&�e�gc[RY']��A_�e=b2\B[,� u g,]�� ] ~�_ab ��};} �.\�i>iX_aV Z>V>\�[�g u

b�U!Z>Y�i ]�YBe/_�];iX� j6U!VX[�]^\BV gc_�WA_�e�]^Y ��} u }!};} b�_�\��;��[�g6�6��WA_�e7& [,[,\�V���h>e,U!|>YB_ao�gGo�]�� U�j�j6Z>e
\ ~�[,e�]^\�V>\BV��

i>]^[�] \'gRg,ja]^e�j�_A��H*V ];i>i�\B[,\�U;V u [,�>_ o _�o U;e,��e/_�8#Z.\Be,_ao _�V�[p~�U!eR[,� ]^[Ro ]^V�� b�_a\*�;��[�gGo�]��me,Z>Y�_ U!Z>[

j6_�e/[�]^\�V ��]�e�iXb ]^e,_
\Bo h.YB_�o _�V�[�]^[/\BU!V�g6�
y�Z>[ u [,�._Jo ]^\BV iX_9&�j6\�_�V�j6� U^~ Z>V�g�[,e/Z�j6[,Z.e,_�i V>_�[�g ~�U!e2\Bo�]��;_

U;e gch�_�_�j���]^h.YB\�ja]^[,\�U;V�g \'gw[,� ]^[2[,�._�� ��]�WA_`V.U |>Z>\BY�[ � \BV \BV�W!]^e,\']^V�j�_`b2\�[,� e/_�gch�_�j6[O[/U [,e�]�V�gcY']^[/\BU;V g u U!e
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YBU�j�]�Y�iX\�g�[,U;e/[,\�U;V�gOU^~
[,�._`\�V>h>Z>[�g6� y�_�~�U;e,_�|�_�\BV%�Rg�_�V�[w[/UR[/�>_ & �X_�i � g�\*)�_�\BV>h.Z>[OY�]��A_�e U�~ ] V._�Z>e�]�Y�V>_�[ u

j�� ]^e�]!j6[,_aeG\Bo�]��;_�g u g�h�U;fA_�V b�U!e�i gch�_�j6[/e�] u U!eJU![,�>_ae C P U!e � P g�\*�;V ]^Y�g u o Z�g�[`|�_ ]^h>h.e,U��X\�o�]^[/_�YB�

gc\�)�_ � V>U;e/o�]^Y�\*)�_�i
]^V�i j6_�V�[,_�e/_�iJ\�V [/�>_`\�V>h>Z>[ &�_�Y'in� E`V�~�U;e,[/Z>V�]�[,_�Y�� u V>U gcZ�j�� h.e,_�h>e/U�j6_�g/gc\BV%� j�]�V |�_

h�_�ec~�_�j�[�Q ��]�V�iXb2e,\�[,\�V�� \�g�U�~�[,_�VmV>U;e/o�]^Y�\*)�_�i ]^[�[,�>_
b�U!e�i Y�_�WA_�Y u b2�.\�j�� ja]^V ja]^Z�g�_ gc\�)�_ u g�Y�]^V�[ u ]�V�i

h�UAgc\�[,\�U;VRW!]�e,\�]�[,\�U;V�gT~�U!e \�V�iX\BW�\�i�Z�]^Y�j���]�e�]!j6[,_�e�g � b�U!e�i>g
j�]^V=|�_dgch�U;fA_aV ]^[{W!]�e,��\BV���g�hT_a_�i u h>\B[�j�� u ]�V�i

\BV�[,U!V�]^[/\BU;V9�Ov��>\�gOb2\BYBY�j�]�Z�gc_tW;]�e,\']^[,\�U;V�g�\�V [,�._Gh�UAgc\�[,\�U;V U�~OiX\'gc[/\BV�j6[/\BWA_�~�_�]�[,Z>e/_�gw\�V \BV.h>Z>[�U!|���_�j6[�g6�

H*V h>e,\�V�j6\�h>YB_ u ]J~�Z>Y�YB� � j�U;V>V>_�j6[,_�i V>_�[�bdU;e,f U^~ g�Z�� j6\B_�V�[2g�\*)�_tj6U!Z>Y�i YB_�]^e,V [,U h>e/U�iXZ�j6_=U;Z.[,h>Z>[�g�[,��]�[

]^e/_G\BV�W!]^e,\']^V�[�b2\�[,� e/_�gch�_�j6[2[/U gcZ�j�� W!]^e/\�]�[,\BU!V�g6�OK�U^bd_�WA_�e u Y�_�]^e/V>\BV%� gcZ j���]R[�];g�f b�U!Z>Y�i h.e,U;| ]^|>Y��

e,_�g�Z>YB[d\BV�o Z>YB[/\Bh>Y�_2Z>V>\B[�g�b2\B[/� \'iX_�V�[,\'j�]^Y�b�_�\��;��[�h�]�[,[,_ae,V�g2h�UAgc\�[,\�U;V>_�i�]�[`W!]^e/\BU!Z�g�YBU�j�]�[,\�U;V�g2\BV�[,�._

\BV>h.Z>[��
ln_�]�e,V>\�V��`[/�>_�g�_wbd_�\*�!�X[9j6U;V & �;Z>e�]^[/\BU;V g e,_�8AZ>\�e,_�g�]�WA_�e,��Y�]�e��;_dVXZ.o |�_�e�U^~ [,e�]�\BV>\�V��2\BV gc[�]�V�j6_�g

[,U
j6U�WA_�e [/�>_tgch�]!j6_`U�~{h�UAg/gc\�|>YB_GW!]�e,\�]�[,\�U;V�g����`V [,�._`U![,�>_�eO��]�V�i u \BV j6U!VXWAU!YBZ>[/\BU;V ]^Y>V>_a[cbdU;e/f>g u g��>\ ~�[

\BV�W!]^e,\']^V�j�_w\'g ]�Z>[,U!o�]^[/\�j�]�YBY��GU;|>[�]^\�V>_�iJ|��G~�U;e�j6\BV���[,�._�e,_ah>YB\'j�]^[/\BU;V=U�~nbd_�\*�!�X[
j�U;V & �!Z>e�]�[,\�U;V�gO];j�e,UAg/g

gch�]!j6_A�

"A_�j6U!V�iXY�� u ]Ri�_9&�j6\�_�V�j6�=U^~�~�Z>YBY�� � j6U!V>V>_�j6[/_�i ]^e�j��.\B[,_�j6[,Z>e/_�g{\�g [,��]�[�[/�>_`[/U;h�U;Y�U��!� U�~{[,�._`\�V>h>Z>[O\�g

_�V�[,\Be/_�YB�=\��;V>U!e,_�in�Ov��._G\BV>h.Z>[OW;]�e,\']^|>Y�_�g�j�]�V |�_Gh>e/_�gc_�V�[,_�i \�V ]�VX� � &��X_�i $ U!e�iX_�edb2\B[/�>U;Z>[ ]���_�j6[/\BV��

[,�>_=U!Z>[�j6U!o _=U^~O[/�>_R[/e�]�\BV>\�V��>� ��Vm[,�>_ j6U;V�[,e�]^e,� u \Bo�]��;_�g u U;e gch�_�j6[/e�]^Y
e,_ah>e,_�g�_�V�[�]^[/\BU!V�g�U^~dg�h�_�_�j��

��]�WA_2]=gc[/e,U!V�� C P Y�U�j�]^Y�g�[,e/Z�j6[,Z.e,_ u [/\Bo _ � g�_�e,\�_�gn��]�WA_2]=gc[/e,U!V�� � P g�[,e,Z j6[,Z>e/_AQ{W!]^e,\']^|>Y�_�g���U;eOh>\B��_�Y'g,$

[,��]�[ ]�e,_ gch�]�[,\�]�YBY�� U!e [/_�o h�U;e�]^Y�YB� V>_�]^e/|X� ]�e,_ �.\*�;�.YB� j6U!e,e/_�Y�]�[,_�in� lnU�j�]^Y=j�U;e,e/_�Y�]�[,\�U;V�g ]^e/_ [,�._

e,_�]!gcU!V�g ~�U;e�[,�>_ bd_�YBY � f�V>U�b2Vz];i�W;]�VX[�]��!_�g U^~ _a�X[/e�];j�[,\BV%� ]^V�izj6U!o |>\�V>\BV%�	��

����� ~�_�]�[,Z>e/_�g |�_6~�U;e/_

e,_�j�U��;V.\*)�\�V��=gch ]^[,\']^Y�U;eO[,_�o hTU!e�]�YTU!|���_�j6[�g6�wSOU!VXWAU!YBZ>[/\BU!V�]^Y�V>_�[�bdU;e,f.g ~�U;e�j6_`[/�>_�_��X[/e�]!j6[,\�U;V U^~
Y�U�j�]^Y

~�_�]^[/Z>e,_�g�|X� e/_�gc[/e,\'j6[,\�V��R[/�>_=e,_�j6_ah>[,\�WA_ &�_aY�i>g�U�~ �>\'i>iX_�V�Z>V.\B[�g�[/U |�_=YBU�ja]^Y*�
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SOU;V�WAU;Y�Z>[,\�U;V�]�Y`V>_a[cbdU;e/f>g j�U;o |>\BV>_�[/�>e,_�_ ]^e�j��>\�[,_�j�[,Z>e�]^Y�\�iX_�]!g [/U _�V�gcZ.e,_ g�U;o _ iX_(�!e,_�_ U�~ g��>\ ~�[

]^V�i�iX\'gc[/U;e,[/\BU!V \�VXW!]�e,\�]�V�j6_AQ
YBU�j�]�Y{e,_�j�_�h>[,\�WA_ & _�Y�i>g u g���]^e/_�i bd_�\*�!�X[�g � U!e2b�_�\��;��[�e/_�h>YB\'j�]^[/\BU!V $ u ]^V�i u

gcU!o _�[,\�o _�g u gch ]^[,\']^Y�U;e [/_�o h�U;e�]^Y.gcZ>| g,]^o h>YB\�V��>�
N [��Xh.\�j�]�Y�j6U;V�WAU;Y�Z>[,\�U;V�]�YAV>_�[�b�U!e,fG~�U;e e/_�j6U �;V>\�)�\BV��

j�� ]^e�]!j6[,_ae�gw\'g�g��>U�b2V \BV3& �;Z>e/_ � � ~�e/U;o	�*ln_;SOZ>V�_�[ ]^Y�� u � �!� } $�$��2v��._G\BV>h.Z>[�h>Y']^V>_te,_�j6_a\BWA_�g \�o�]��!_�g

U^~
j���]�e�];j�[,_�e�g [/��]^[�]�e,_ ]^h>h>e/U��X\�o�]^[/_�YB� gc\�)�_ � V>U;e/o�]^Y�\*)�_�i ]^V�i j6_�V�[,_�e/_�in� MO];j�� Z.V>\B[ U^~ ] Y�]��A_�e

e,_�j�_�\BWA_�g�\BV>h>Z.[�g ~�e/U;o ]mgc_�[
U^~tZ>V>\�[�gJY�U�j�]^[/_�i \BV ]mgco�]�YBYOV>_�\��;��|�U;e,�.UAU�i \BV [,�>_ h.e,_�W�\BU!Z�gRY�]��A_�ea�

v��>_�\'iX_�]`U�~�j6U!V>V>_�j6[/\BV��tZ>V>\B[�g [/UGYBU�ja]^Y�e,_�j6_ah>[,\�WA_ & _�Y�i>g{U;V [/�>_�\�V>h>Z>[ �;UA_�g | ];j�fJ[/UG[,�._�� _�e�j6_�h>[/e,U!V

\BV [/�>_=_�]^e/YB��
 } g u ]^V i b ];g�]^Y�o UAg�[2gc\�o Z.YB[�]�V>_�U!Z�g b2\B[,� K`Z>|�_�Y
]^V i � \�_�gc_aY���gOiX\'g,j6U�WA_�e/� U^~ YBU�j�]�YBY�� �

gc_�V gc\B[/\BWA_ u U!e,\B_aVX[�]^[,\�U;V � gc_aYB_�j6[/\BWA_ V>_aZ>e,U!V�gR\BV [/�>_�j�]�[���gRWX\'gcZ�]�Y2gc�.gc[/_�o �mlnU�j�]^Y�j�U;V>V>_�j6[,\�U;V�gR��]�WA_

|�_�_�V e/_�Z�g�_�i o�]�VX� [,\Bo _�gR\BV V>_�Z>e�]^Y�o U�iX_�Y'gRU^~
WX\'gcZ�]�Y`Y�_�]^e/V>\BV%� ��gc_�_ ��� U�)a_�e u � �;� � � ln_ SOZ>V u

� � � 
 $ ]^V�i FGM��=S��=IGFtHcv2D �tF \BV [,�>\'g`��]^V iX|�UAU;f $���� \B[/� YBU�j�]�YOe,_�j6_ah>[,\�WA_ & _�Y�i>g u V>_�Z.e,U;V gRj�]�V

_���[,e�]!j6[ _�Y�_�o _�V�[�]�e,� W�\�gcZ ]^Y2~�_�]^[/Z>e,_�g gcZ j�� ];g U;e,\�_�V�[,_�i _�i �!_�g u _�V�i � h�U;\BV�[�g u j6U;e/V>_�e�g � U!e g�\Bo \�Y�]�e

~�_�]^[/Z>e,_�g \�V gch�_�_�j�� gch�_�j6[/e,U �;e�]�o�g,$�� v��._�gc_ ~�_�]^[,Z.e,_�g
]^e,_ [,�._�V j6U!o |>\�V>_�i |�� [,�>_ �>\*�!�>_�e=Y�]��A_�e�g6�

NGg2gc[�]^[/_�i _�]�e,Y�\B_�e u iX\'gc[,U!e,[/\BU;V gpU!e�gc�>\?~�[�g2U^~O[/�>_=\BV>h>Z.[�j�]^V j�]^Z�g�_=[,�>_=h�UAg�\B[,\�U;V U�~Og/]^YB\�_�V�[�~�_�]^[/Z>e,_�g

[,U W!]�e,�A�tH%V ]!i>iX\�[,\BU!V u _�YB_�o _�VX[�]^e/� ~�_�]�[,Z>e/_ iX_a[,_�j6[/U;e�g`[,��]�[=]^e/_RZ�g�_6~�Z>Y U!V U;V>_ h ]^e,[tU^~d[,�>_
\Bo�]��;_

]^e/_ YB\�fA_�YB��[,Um|�_ Z gc_6~�Z>Yd]!j6e,U�g,gR[,�._ _�V�[,\Be/_ \Bo�]��;_A��v��.\�gJf�V>U�b2YB_�i �;_�ja]^V |�_�]�h>h>YB\�_�i |X� ~�U;e�j6\BV��

] g�_�[RU�~�Z>V>\B[�g u b2�>UAg�_ e,_�j�_�h>[,\�WA_ &�_�Y'i>g=]^e,_ YBU�j�]�[,_�i ]�[ iX\���_�e,_�V�[=h>Y�]!j6_�g=U;V [/�>_ \�o�]��!_ u [,U ��]�WA_

\�iX_aVX[/\�j�]�Y>b�_�\��;��[OWA_�j6[,U!e�g��*D2Z>o _aYB��]�e,[ u K`\BV�[,U!V ]�V�i�� \BYBY�\�]�o�g u � � � 
 $���v��._GU;Z>[/h>Z>[�g�U^~ gcZ j���]
gc_�[

U^~ V>_�Z>e/U;V�g
j6U;V�g�[,\�[,Z>[/_ ]���� ����������� �! �� N2[G_�]!j�� h�UAgc\�[,\�U;V u iX\ ��_�e/_�VX[t[c��h�_�gGU^~�Z>V.\B[�gG\�V iX\���_�e,_�V�[
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~�_�]^[/Z>e,_ o ]^h�gGj�U;o h>Z.[,_
iX\ ��_�e/_�V�[G[��Xh�_�g`U�~�~�_�]�[,Z>e/_�g6�
N gc_ 8#Z>_aVX[/\�]^Y
\Bo h>YB_�o _�V�[�]�[,\BU!V�U^~d[,�>\'g u ~�U!e

_�];j�� ~�_�]�[,Z>e/_ o�]^h u b�U;Z.Y�i |T_ [/Umg,j�]�V [/�>_ \�V>h>Z>[t\Bo�]��;_Rb2\�[,� ]�gc\BV%�;YB_ V._�Z>e,U!V [/��]^[=��]!g=] Y�U�j�]^Y

e,_�j�_�h>[,\�WA_�&�_�Y'i u ]�V�iR[,U=g�[,U!e,_2[,�._�gc[�]�[,_�g
U^~�[,�>\'g V>_�Z.e,U;V ]�[Oj6U!e,e,_�gch�U;V�i�\BV��=YBU�ja]^[,\�U;V�g
\BV [,�._w~�_�]�[,Z>e/_

o�]^h9�Rv��>\'gGU;h�_�e�]�[,\�U;V \'g`_�8AZ>\BW!]^Y�_�V�[`[/U ]�j6U!VXWAU!YBZ>[/\BU!V b2\B[,� ]mgco�]�YBY gc\�)�_RfA_�e/V>_�Y u ~�U;Y�YBU�b�_�i�|X� ]

g�8AZ�];g��>\BV%� ~�Z>V�j6[/\BU!V{�=v��>_ h>e/U�j6_�g,g=j�]�V |�_ hT_aec~�U;e/o _�i \BV h ]^e�]�YBY�_�Y |���\Bo h.YB_�o _�V�[,\?V��R[/�>_R~�_�]�[,Z>e/_

o�]^h ];g ] h.Y�]^V._ U^~tV>_�Z>e/U;V�gR[/��]^[���� � ���G] g�\BV��!YB_ bd_�\*�!�X[
WA_�j6[/U;e��mE`V>\�[�g=\BV ] ~�_�]�[,Z>e/_ o�]�h ]^e/_

j6U;V gc[,e�]^\�V>_�i [,U h�_�ec~�U!e,o [/�>_
g,]^o _JU!h�_�e�]�[,\BU!V U!V iX\��n_ae,_�V�[�h�]�e,[�gpU�~O[,�>_=\�o�]��!_A� N j6U!VXWAU!YBZ>[/\BU;V ]^Y

Y�]��A_�e=\�gRZ gcZ�]�YBYB� j6U!o h�UAgc_�i U�~=g�_�WA_�e�]^Yw~�_�]^[,Z.e,_ o�]�h�g3��b2\B[/� i�\ ��_�e,_aVX[
b�_�\��;��[RWA_�j6[/U;e�g,$ u g�U [,��]�[

o Z.YB[,\�h>YB_G~�_�]�[,Z>e/_�g=j�]^V |�_ _a�X[/e�];j�[,_�i ]�[R_�]!j�� Y�U�j�]^[/\BU;V9��v��>_ & e�gc[=�>\'i>iX_�V Y�]��A_�e�\BV6& �!Z>e,_ � ��]!g
q ~�_�]�[,Z>e/_Ro�]�h�gpb2\�[,� � |X� � e,_�j�_�h>[,\�WA_ &�_�Y�i.g6� "A�>\?~�[,\BV%� [/�>_R\�V>h>Z>[GU�~d] j6U!VXWAU!YBZ>[/\BU!V�]^Y
Y�]��A_�e2b2\�YBY

gc�>\?~�[G[,�._RU;Z.[,h>Z>[ u |>Z>[Gb2\�YBY
YB_�]�WA_R\�[`Z.V�j�� ]^V��!_�i�U![,�>_ae,b2\�g�_A� ��V�j6_ ] ~�_�]^[,Z.e,_ ��]!g`|�_�_�V iX_�[/_�j6[/_�i u

\B[�gJ_��.];j6[ Y�U�j�]^[/\BU!V |�_�j�U;o _�g=YB_�g/gJ\�o h�U;e,[�]^V�[ u ]!g Y�U;V�� ]!g \�[�gR]�h>h>e/U^��\Bo ]^[,_ hTU�gc\�[,\BU!V e,_�Y']^[,\�WA_ [/U

U;[/�>_�e2~�_�]^[/Z>e,_�g�\'gph.e,_�g�_�e,WA_�i��Ov��>_�e,_�~�U;e,_ u _�];j��mj6U;V�WAU;Y�Z>[,\�U;V�]�Y{Y�]��A_�e�\'g ~�U!YBY�U^bd_�i |��m]^V ]!i>iX\�[,\BU!V�]^Y

Y�]��A_�e=b2�>\'j�� h�_�e�~�U;e/o�g=] YBU�j�]�Y�]�WA_ae�]��!\BV�� ]^V�i ] g�Z>|�g,]�o h>Y�\BV�� u e,_�iXZ j6\BV��m[,�>_ e,_�g�U;YBZ.[,\BU!V U^~t[,�._

~�_�]^[/Z>e,_2o ]^h u ]^V i e/_�iXZ�j6\�V��=[,�>_�g�_�V�g�\B[,\�WX\�[��JU�~
[,�>_2U!Z>[,h.Z>[�[/URg��>\ ~�[�gO]^V�i i�\�gc[/U;e/[,\BU!V�g6�Ov��._Gg�_�j6U;V i

�>\�i.iX_�V Y']��A_ae�\BV0& �;Z>e/_ � h�_�e�~�U;e,o g C |�� C ]�WA_�e�]��;\�V�� ]^V i gcZ.|�g,]�o h>YB\�V�� u ~�U;Y�YBU�b�_�i |���]R[,e�]^\BV ]^|>Y�_

j6UA_ � j6\B_aVX[ u ] [/e�]^\�V�]^|.YB_ |>\'];g u ]^V i ] gc\��;o U!\�in� v��>_ [,e�]^\�V�]^|>Y�_ j�UA_ ��j�\B_�V�[=]^V i |.\�];g
j6U;V�[,e/U;YO[,�._

_ ��_�j6[OU^~ [,�._=g�8AZ�];g��>\BV%� V>U;V � YB\�V>_�]�e,\B[�� ��~�U;e�_a�>]�o h>YB_ u \ ~9[,�>_=j�UA_ ��j�\B_�V�[ \�gdgco�]�YBY u [/�>_�V [/�>_�V>_�Z>e/U;V

U;h�_�e�]^[,_�g \BV ] 8#Z ];gc\ � Y�\BV>_�]^e o U�iX_�$�� "�Z�j�j6_�g/gc\�WA_ Y']��A_�e�gRU�~ j�U;V�WAU;YBZ.[,\BU!V�g ]^V�i g�Z>|�g,]�o h>Y�\BV�� ]^e/_

[��Xh>\'j�]^Y�YB� ]�YB[,_ae,V�]�[,_�i u e,_�g�Z>YB[/\BV��
\BVm]5.,|.\ � hX��e�]�o \�i�/�Q ]�[2_�];j���Y�]��A_�e u [/�>_GV�Z>o |�_�edU^~
~�_�]^[/Z>e,_to�]^h�g

\�g=\BV�j6e/_�];g�_�i ]!gR[,�>_�g�h�]^[/\�]�Y�e,_�gcU;Y�Z>[,\�U;V \'g iX_�j6e/_�];g�_�in� MO]!j�� Z.V>\B[
\BV [/�>_ [,�.\Be�i �>\�i>i�_�V Y�]��A_�e=\�V

& �;Z.e,_ � o ]�����]�WA_ \�V>h>Z>[
j6U!V>V>_�j6[/\BU!V�gp~�e,U!o gc_�WA_ae�]^Y{~�_�]�[,Z>e/_ o�]�h�g`\�V [,�>_ h>e,_aWX\�U;Z�g`Y']��A_�e�� v��._
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j6U;V�WAU;Y�Z>[,\�U;V���gcZ>| g,]^o h>YB\�V�� j�U;o |>\BV�]�[,\�U;V u \BV�g�h>\Be/_�i |�� K�Z>|�_�YO]^V i � \�_�gc_�Y���g2V>U;[/\BU!V�gGU^~ .�g�\Bo h>Y�_�/

]^V�i6.�j�U;o h>Y�_��%/Gj6_�Y�Y�g u b2];gO\Bo h.YB_�o _6V�[,_�i \�V [/�>_tF`_�U�j6U �;V>\�[,e,U!V o U�iX_�Y ��gc_�_tFGM��=S��JItFGH�v2D �tF $ u

[,�>U!Z��;� V>U �;YBU!|�]^Y�YB� gcZ>h�_�e/WX\'gc_�i Y�_�]^e/V>\BV�� h.e,U�j6_�i�Z>e,_mgcZ j�� ];g |�]!j�f � h.e,U;h ]��A]�[,\�U;V b2]!g ]�W;]�\BY']^|>Y�_

[,�>_aV{�

INPUT 
28x28

feature maps 
4@24x24

feature maps
4@12x12

feature maps
12@8x8

feature maps
12@4x4

OUTPUT
26@1x1

Subsam
pling

Convolution

Convolution

Subsam
pling

Convolution

4 \*�!Z>e,_ � Q�SOU;V�WAU;Y�Z>[,\�U;V�]�Y{F`_aZ>e�]�Y{F`_�[�bdU;e,f ~�U;ed\Bo�]��;_Gh.e,U�j6_�g/gc\�V�� u _A�1�>� u � ]^V�iXb2e/\B[/\BV�� e/_�j6U��!V>\B[/\BU!V

"A\BV j6_ ]�YBY
[,�>_
b�_�\��;��[�gG]�e,_RY�_�]^e/V>_�i b2\�[,� | ];j�f � h>e,U!h�]���]^[/\BU;V u j�U;V�WAU;YBZ.[,\BU!V�]^Y
V>_�[�bdU;e,f.gGj�]�V |�_

gc_�_aV ];gOgc��VX[/�>_�g�\*)�\�V��G[,�._�\Be U�b2V ~�_�]^[/Z>e,_2_a�X[/e�];j�[,U;ea� v��>_�b�_a\*�;��[Og���]^e/\BV��=[,_�j��>V.\ 8AZ>_���]!g [,�>_�\BV�[,_�e �

_�gc[/\BV��
g�\�iX_2_ ��_�j�[ U^~
e/_�iXZ�j6\�V��G[/�>_`V�Z>o |�_�e U�~n~�e/_�_2h�]^e�]^o _a[,_�e�g u [/�>_�e,_a|X�
e,_�iXZ j6\BV��t[,�>_0.�j�]�h�];j�\B[���/

U^~�[,�._�o�]!j��>\�V>_O]�V�iR\Bo h.e,U�WX\�V��2\B[�g �!_�V>_�e�]^Y�\*)�]�[,\BU!V ]�|>\BY�\B[��+�*g�_�_ ��ln_;SOZ>V u � � � � $
U;V bd_�\*�!�X[
g���]^e/\BV�� u
]^V�i l{MONGD�FGH�FJI NGFGP IGMOFGMOD�NGl{H���NOv2H �tF ~�U;e
]�V _��Xh.Y�]^V ]^[,\�U;V U�~2V>U![,\BU!V�gGU^~ j�]�h�];j6\�[�� ]�V�i

�;_�V._�e�]�YB\*)�]^[,\�U;V $�� v��>_�V>_�[�bdU;e,f \�V & �;Z>e/_ � j6U;V�[�]�\BV�gO]^|�U!Z>[ ��}!} u }!};} j6U!V>V>_�j�[,\BU!V�g u |>Z.[wU!V>YB� ]�|�U;Z>[
CXu 
 };} ~�e/_�_�h�]^e�]^o _�[/_�e�g |�_�j�]�Z�gc_=U�~
[,�>_Gbd_�\*�!�X[dg���]^e/\BV��.� "AZ j�� V._�[�b�U;e/f>gOj6U!o h�]�e,_2~�]�WAU!e�]�|>YB� b2\B[/�

U;[/�>_�e o _�[/�>U�i>gRU!V � ]^V�iXb2e/\B[/[,_�V j���]^e�];j6[/_�e e,_�j�U��;V.\B[,\�U;V [�]!gcf.g��*y�U![,[,U!Z _�[ ]�Y*� u � �;��q $ ��gc_�_ ]^Y�g�U

KGNGFGP �zD`H�v2v2MOF PGH,ItH�v D�M S��=ItFGH�v2H��tF $ u ]^V�i [,�._�� ��]�WA_
|T_a_�V iX_�h>Y�U��A_�i \BV j6U!o o _�e�j�\']^Y

]^h>h.YB\�ja]^[,\�U;V�g��
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4 \B��_�i � gc\�)�_=j6U!VXWAU!YBZ>[/\BU!V�]^Y{V>_a[cbdU;e/f>g2[,��]�[Gg���]^e/_Rbd_�\*�!�X[�g`]�YBU;V%��] g�\BV��!YB_=[,_ao h�U;e�]�Y
iX\Bo _�V�gc\�U;V

]^e/_Rf�V>U�b2V ];gtv�\Bo _ � P`_�Y']�� F`_aZ>e�]�Y
F`_�[�b�U!e,f.g �*v2PGFGFtg,$���v2PGFtFGgp� ]�WA_=|�_�_�VmZ�gc_�i \BVmh>�>U!V>_�o _

e,_�j�U��;V.\B[,\�U;V � b2\�[,�>U!Z>[ gcZ>|�g/]^o h.YB\BV%� $0�*l{]�V�� ]�V�i K`\�VX[/U;V u � � �;� � � ]^\B|�_�Y2_a[ ]�Y*� u � � � � $ u gch�U;fA_aV
b�U!e�i e/_�j6U��!V>\B[/\BU!V5��b2\B[,� gcZ>|�g/]^o h.YB\BV%� $
�*y�U![,[,U!Z _�[ ]^Y*� u � �;� } $ u ]^V�i U!V � YB\BV._G��]^V iXb2e,\�[,\BV%�Re,_�j6U��!V>\ �

[,\�U;V �cI�Z>�AU!V _a[�]^Y*� u � �!� � $��

� � � � � ����� ��� � ��� � � ��� � ��� 
 ���
��� ��� � � �	� ����
 ���

� � � �

SDNN

Single
Character
Recognizer

4 \*�!Z>e,_ C Q
	d]^e/\�]�|>YB_ � gc\�)�_�e,_�h>Y�\�j�]�[,_�i j6U;V�WAU;Y�Z>[,\�U;V�]�Y{V>_�[�b�U!e,f u "�PGFtF

� �>\BY�_Oj���]^e�];j6[/_�e�g�U;e
gc�.U;e,[ gch�U!fA_�V=b�U;e�i>g{j�]�VJ|�_dgc\�)�_ � V>U;e/o�]^Y�\*)�_�i`]�V�i`~�_�iG[,U�] &���_�i � gc\�)�_ V>_�[�bdU;e,f u

o U;e/_dj6U;o h.YB_���U;|���_�j�[�g
gcZ�j�� ];g b2e/\B[/[,_�V
U;eOg�hTU!fA_�VRbdU;e�i>g ]^V i gc_�V�[,_�V j6_�g{��]�WA_�\BV.�>_�e,_aVX[/YB��W;]�e,\']^|>Y�_

gc\�)�_A� ��V>_�b2]�� U�~
��]^V�i�YB\BV%� gcZ j���]
j6U;o hTU�gc\�[,_�U;|���_�j6[O\'g$[/U gc_(�!o _�V�[ \B[O�>_aZ>e,\'gc[,\'j�]^Y�YB�
\BV�[,U
gc\�o h>YB_ae

U;|���_�j�[�g2[,��]�[=j�]^V |�_ e/_�j6U��!V>\*)a_�i \�V�iX\BW�\�i�Z�]^Y�YB�6��_A� �.� u j���]�e�]!j6[,_�e�g u h.�>U;V>_ao _�g,$���K`U�b�_�WA_�e u e,_�Y�\�]�|>YB_

gc_(�!o _�V�[�]�[,\BU!V=�>_�Z>e/\�gc[/\�j�g{i�UGV>U;[ _��X\'gc[{~�U;e gch�_�_�j��RU!eOj6Z>e�gc\�WA_w� ]^V�iXb2e/\B[/\BV��.� N |.e,Z>[/_w~�U;e�j6_2g�U;Y�Z>[,\�U;V



���������
	��
���������������������������������! ��#"$�%�'&���(*),+.-/��(
0�12 ,���*+*3�465��*�*7*8639 ��;:=<>�?12�*@�4A��(��B�*+ �

\�g [,U g/j�]^V ��U;e�e,_ah>YB\'j�]^[/_�$ ] e,_�j�U��;V.\*)�_�e ]^[ ]�YBY=h�UAg/gc\B|.YB_ YBU�j�]�[,\BU!V�g ]!j�j6e/UAg,g [/�>_ \�V>h>Z>[a� � �>\�YB_

[,�>\'g j�]^V |�_ h>e/U;�>\�|>\B[/\BWA_�Y�� _��Xh�_�V gc\BWA_�\�V �!_�V>_�e�]^Y u j6U!VXWAU!YBZ>[/\BU!V�]^Y2V>_a[cbdU;e/f>g j�]^V |�_ g/j�]^V.V>_�i U!e

e,_�h.YB\�ja]^[,_�i WA_�e,� _ � j6\�_�VX[/YB��U�WA_�eGY']^e��!_ u W!]�e,\�]�|>YB_ � g�\*)�_ \BV>h.Z>[ &�_aY�i>g�� SOU;V�g�\�iX_�e
U;V>_ \BV�g�[�]^V j6_ U�~t]

j6U;V�WAU;Y�Z>[,\�U;V�]�Y>V>_�[ ]^V�i \B[�g ��� � � ����� 
G]�[2]GV>_�]�e,|�� Y�U�j�]^[/\BU;V9�Oy�_�j�]^Z gc_�U^~{[/�>_=j6U!VXWAU!YBZ>[/\BU!V�]^Y�V�]�[,Z>e/_

U^~t[,�>_mV>_�[�b�U!e,f.g u Z>V.\B[�g \BV [/�>_�[cbdU V>_�[�gR[,��]�[ Y�UAU;f ]^[ \�iX_aVX[/\�j�]�YwY�U�j�]^[/\BU!V�g U!V [/�>_�\BV>h>Z.[ ��]�WA_

\�iX_aVX[/\�j�]�Y�U;Z.[,h>Z>[�g u [,�._�e,_6~�U!e,_�[,�._�\Be U!Z>[,h>Z.[�iXUA_�g V>U;[ V>_�_�i [,U |�_ j6U;o h>Z>[,_�i [�b2\�j6_A� H*V _ ��_�j�[ u

e,_�h.YB\�ja]^[,\�V��
] j6U;V�WAU;Y�Z>[,\�U;V V._�[�b�U;e/f j�]^Vmg�\Bo h>Y��R|�_
iXU;V._G|X� \BV j6e,_�]!gc\�V��R[/�>_=gc\�)�_GU�~ [/�>_ &�_�Y'i U�WA_�e

b2�>\�j�� [/�>_ j6U!VXWAU!YBZ>[/\BU;V gG]^e/_ hT_aec~�U;e/o _�i u ]^V i�e/_�h>YB\'j�]^[/\BV�� [,�._ U;Z>[/h>Z>[=Y�]��A_�e u _ ��_�j�[,\BWA_aYB� o�]�fX\�V��

\B[�] j6U;V�WAU;Y�Z>[,\�U;V�]�YGY�]��A_�ea� N`V U;Z>[/h>Z>[mb2�>UAg�_ e,_�j�_�h>[,\�WA_ &�_aY�i \�g�j6_aVX[/_�e,_�i U!V ]�V _�Y�_�o _�V�[�]�e,�

U;|���_�j�[Jb2\�YBY h.e,U�iXZ�j�_ [,�>_ j6Y'];g,g=U^~�[/�>\�gGU;|���_�j6[ u b2�>\�YB_ ]^V \�V � |�_�[�bd_�_�V U;Z.[,h>Z>[ o ]���|�_ _�o h>[�� U!e

j6U;V�[�]�\BV ��]^e/|�]��!_A� v��>_ U!Z>[,h>Z.[�g j�]^V |�_�\BV�[,_ae,h>e/_�[,_�i ];gR_aWX\'iX_�V�j6_ ~�U;e [/�>_�j�]�[,_(�!U;e/\B_�g=U^~tU;|���_�j6[

j6_�V�[,_�e/_�i ]�[ iX\���_�e,_�V�[Gh�UAg�\B[/\BU;V gJU^~�[/�>_ \BV>h>Z.[ & _�Y�in� N h�UAgc[ � h.e,U�j6_�g/gcU!e \�gG[,�>_ae,_6~�U!e,_ e,_ 8#Z>\�e,_�i [/U

h>Z>Y�Y U!Z>[=j6U!V�gc\'gc[�]�VX[t\BV�[,_�e/h>e,_�[�]^[/\BU;V gpU�~2[,�._RU;Z.[,h>Z>[a�RK�\�i>iX_aV � ]^e/fAU�W � U�i�_�Y�g ��K � � $OU;e=U![,�>_�e
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