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Z�UhSE�WXYS.[WgWlegWbuaÊS.fWXYbulEf nH_`fWg�Z+UWS"kP_`Z·wjXYU¢_`Z+Z+S.VYbuf��ÊgWbuaÊS.fhX+bulLf×n�_LfWg�S��JUWb �WbÒZÑXYlEaÊS"|�\ulEXYS
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kmlE\d\ul'� � O S.|�Z+bulEf¯��|�lEf�Z~_LbdfWX"Z+UWSÊ|´_L\d|.[W\u_`Z�bdlEfWX¿lLktZ+UWSÊ[�����S.VE��lE[WfhgWX.n �8UWS.VYS´_LX:\dl'�<S�V
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input nodes/layer

computation nodes

output node

hidden nodes/layer

fan-out

fan-in
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fWl}gWS.X�n¿lEfWS¾UWbughgWS.fã\Ý_´�ES�V�|�lEfWX+bdXYZ+buf��;lLk � UWbughgWS.fãfWlJghS.X.n�_`fWg lEfhS¯lE[JZ �W[hZ�fWl}gWS!"
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S�Z¿_L\M" > é'B �AN C kmVYlEa X+bdf��E\uS"fWS.[hV+lEfWX¿bdf�Z�UhS:zJbdX+[¢_`\�|.lLVYZ�S���l`k�aÊlEfWc`S��}X¿X+Uhl&� Z�UW_`Z2Z�UhS
X+S�\uS�|�Z�bÒz}bdZj�Ðl`k^Z+UWS.bdV�V+S�|.S��JZ�bdzLS�.¢S.\dgWX�|~U¢_Lf��LS.X��8bdZ�UÐZ+UWSÅ_Lf��E\dS2lLk ��_!R�S!"�]�lEVYS.lszES�V.n¢Z�UhS
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buf�Z+S.V�_`|�Z�bdlEf�l`k¢Z�UWS<z}bdX+[¢_L\}XYZ+bua:[h\u[WX�_LfWg�Z+UWStS��LS8�HlLX+bdZ+bulEfÅbuf"Z�UWS�X+S�fWS�[WV+lEfhX,buX^kmlE[WfWg�Z+l
��S�a:[W\dZ+b �W\dbu|._`Z�bÒzES!"10�Uq[WX�Z+UWS���|�lE[W\dg�|.lEf�Z�VYb �W[JZ�StZ�l2Z+UWS�S.fh|.l}gWbuf���lLk�X-�¢_`Z�bu_L\h\dlJ|._`Z�bdlEfWX
bufhgWS���S.fWghS.f�ZÑl`k�S0�ESS�HlEXYbdZ+bulEf#"

O [���_&S�Z�_L\M"D> é3B7B � C gWS�X+|.VYb ��St_LVYV�_´�}X�lLkWfWS.[WV+_L\ .¢\dZ+S.V+X9buf�Z�UWS<_L[WgWbÒZ�lEV·��XY�}XYZ+S.a lLkWZ�UhS
�¢_`Z¿Z+U¢_`Z��hV+lsz}bugWS5_ÍaÊS´_LfWX2kmlLV9�WV+l}|.S�X+XYbuf���|.lLa(�W\dSI��X+lE[hfWg¯XYb �EfW_L\uX9����l7�HS�V�_`Z+buf���_`X
a:[W\ÒZ�b��W\ubdS.V+X;" $&XÑXY[W|~U�Z�UWS0��_LV+SÅbuf�zElL\dzES�g�bdf�_?|�V+lEXYX·w­|.lEVYV+S.\u_`Z�bdlEf _Lf¢_L\Ò�}X+buX1lLk�ghbuXYZ�_LfW|�S
bufJkmlEV+a?_`Z�bdlEfe|�lEf�zES0�ES.g����ÍS�|~UWleghS.\Ý_´�}XS>CXYS.S"_L\uXYl O [���_hn é3B7B � C "
ijf�zES.X·Z�b���_`Z�bdf��?Z+UWS�zJbdX+[¢_`\^X·�}XYZ�S�a l`k,Z�UWSÅ\ul}|.[hXYZ´n P _`Z�XYl7�HlL[W\ulEX8S0Z2_L\Q"�> é'B!B N C X+UWl'�

Z�UW_`Z,_1X+bdf��E\uS`nLaÊlLZ�bdlEfJw­X+S.fhX+bdZ+bdzLS�fWS.[WVYlEf×nEcqfWl'�8f5_LX^Z�UWS�\ul7�h[W\Ý_8�Ebu_Lf�Z�aÊlLZ�bdlEf�gWS�Z+S.|0Z�lEV�n
��S.VYkmlLV+aÊX2_Ða:[W\ÒZ�b��W\ubd|´_`Z+bulEf�lLk�Z5��l�bufWgWS;�HS�fWgWS�fqZ�bdf��W[hZ2X+b �Lf¢_L\uX;"¿o¢V+lEa SI�H��S.VYbuaÊS.f�Z~_L\
g¢_`Z�_tZ�UWS0��gWS.VYbdzES�_LfÅ_L\��ElEVYbdZ�Uha Z+U¢_`Z(|.lL[W\ug=��S�[hX+S.g"buf¿Z�UhS3z}bdX+[¢_L\LXY�}XYZ+S.a�Z�l1_Lf�Z�bd|.b��¢_`Z�S
Z�UhSÅZ+buaÊSÅl`k,|.lL\u\ubdX+bdlEf �8bdZ+U�_!�/�WV+l�_`|~UWbuf��Êl7�D%YS�|�Z+X�"�0�UWSÅV+S.XY[W\dZ+XÑVYS�zES._L\^a:[W\dZ+b �W\dbu|._`Z�bdlEf
Z�l �HSÍ_`f S.\dS.aÊS.f�Z~_LV·� �h[Wbu\dgWbuf�� �W\dlJ|~c�[WfWghS.V+\Ò�}buf���aÊlLZ+bulEf¾gWS�Z+S.|0Z�bulLf%buf bdfWX+S�|�Z�X;")ijf
Z�UhS �<lLV+cÊlLk��Å_!�/�WbÝ_Lfhb�S0Z8_L\Q" > é'B7B7B C Z�UhS.X+SÑbuf�zES�XYZ�b���_`Z+bulEfWX<_LV+SÑ|.lEf�Z�bdfq[WS.gÍVYS.X+[h\dZ�bdf��:bdf
_�|.lEfH.¢V+a?_`Z�bdlEf�_LfWg �ES�fWS.V+_L\ub�R´_`Z+bulEfÐl`k9Z+UWS�a?l}gWS.\Q"
ijf�_Lf"SI�H�HS�V+bda?S�fqZ�_L\qXYZ+[Wgh�"lLkhZ+UWS�z}buXY[¢_L\qXY�}X·Z�S.a lLkWZ+UWS<|._`Z´n*$Ñf�R._LbqS�Z,_L\M" > é'B7B7B _JnT� C

.¢fWg Z�U¢_�Z&fhS.[WV+_L\(a?S�|~U¢_LfWbdX+aÊX1[hfWgWS.VY\d�}buf/���hbufWl}|.[W\u_LV�buf�Z+S.V�_`|�Z�bdlEf _LV+S=�¢_`X+S.g�lEf�a�[W\Òw
Z�b��W\ubd|´_`Z+bulEf " 0�UWS�� X+UWl'� Z�U¢_`Z?Z�UWS �<S�\u\Òw­XYZ+[WgWbuS�g XYbua��W\uS�_LfWgN|�lEa��W\uS�� |�S.\d\uXebdf Z�UhS
z}buXY[¢_L\×|�lEVYZ+SI� ��S.VYkmlLV+aàa�[W\dZ+b �W\dbu|´_�Z�bdzLS&l!�HS�V�_`Z+bulEfWXt_Lf¢_L\dl7�ElE[WX�Z�l�Z�UWlLX+S¿Z�U¢_�Z1_LV+S�[WXYS.g
buf¯_Lf _L\ �ElLV+bdZ+UWa kmlEVÅZ+UWSÊ|.lEa��W[hZ�_`Z�bdlEf�lLktbdfqZ+S.VYlJ|�[W\Ý_LV�|�V+lEXYX·wj|�lEV+VYS.\u_`Z�bdlEf#"<0�UhS.X+S?V+S�w
X+[h\dZ�X(�WV+lsz}bughS�_ ��lEX+XYb �W\dS�S��H�W\Ý_LfW_`Z�bdlEf lLk2UWl'� Z+UWS�z}bdX+[¢_L\1XY�}X·Z�S.a |.lE[h\ug XYlE\dzLS�Z�UhS
XYZ+S.VYS.lÊ|.lEVYV+S.X-�HlLfWgWS.fh|.SE�hV+l7�W\dS.a "
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��_LV+\Ò�:lEf5bdf:Z�UWS8UWbdXYZ�lLVY�:l`k _`VYZ�bY.¢|.bu_L\hfhS.[WV+_L\WfWS0Z5�<lEVYcqX<_Lfhg?a?_L|~UWbdfWSt\uS._LV+fhbuf��WnLUWb �EUhS.V·w
lEVYgWS.V�fWS�[WV+lEfhX"U¢_´zLS(��S.S�f [WXYS.g _`XÅfW_`Z�[WV+_L\�SI�}Z+S.fWXYbulEfWX"lLk�Z�UWS+�8bughS0wjX-�WV+S._Lg \dbufWS._LV+\Ò�
��S.b �LUqZ+S.g fhS.[WVYlEf%a?l}gWS�\uX�"�49S.VYU¢_!�WX:lLfWSelLk<Z�UWS�.¢V+X·Z:a?_L|~UWbufhS?\dS´_LVYfWbuf���_L\��ElEV+bÒZ�UWaÊX
[WXYbuf�� Uhb �EUWS�V·w­lEV+gWS�V?Z+S.V+aÊXÐaÊb �EU�Z(�HS�Z�UWS)|~UWS�|~cLS�V �h\Ý_´�}buf��X�hV+l7�EV+_La gWS�zLS.\dl7�HS�g �q�
O _La�[WS.\8> é'B N B C "�i­Z�X¿gWS�|.bdX+bulLfWX�_LV+SE�¢_LX+S�g¯lLf)|.lEa��W[hZ+buf���_<��S.b��EU�Z�S.g�XY[Wa bufh|.\u[hgWbuf��
X+S�|.lEfhgJwjlEVYgWS.V:{<lJlL\uS´_`f¯|�lEfU%Y[WfW|0Z�bdlEfWX�"�ijf Z�UhSÐX+b �JZ+buS�X"UWb��EUWS�V·wjlLV+gWS�V�[WfWbÒZ�X=�<S�V+SezLS.V·�
|.lLa?aÊlEfNbdf �¢_`ZYZ�S.VYf V+S�|.l7�EfhbdZ�bdlEf �8UhS.V+S�Z+UWS��N_!����S´_LVebuf Z+UWS�kmlEVYa lLkS��lE\d�}fWlLa?bu_L\
gWbdX+|.VYbuaÊbuf¢_`fqZ9km[WfW|0Z�bulLfWX > 2<lszES�V.n é'B�� N G �&bd\uX+XYlEf×n é3B�� N G �2[hg¢_�_LfWg P _LV·Z´n é'B � �DC " 0�UWS.VYS
buX1_Lf l7��z}bulE[hX&VYS´_LXYlEf�kmlEVtZ+UWbuX���l7�W[W\u_LV+bÒZj� � P b �EUhS.V·w­lEV+ghS.V�[WfWbÒZ�X&_LV+S�|�lEa(�h[hZ~_`Z+bulEfW_L\u\Ò�
aÊlEV+S���l'�<S�VYkm[W\8Z�U¢_`f XYbuf��E\dSÍfWS.[hV+lEfWXÊX+bdfW|.S�Z�UhS�UWb��EUWS�V·wjlLV+gWS�V:Z�S.VYa?XÊ_L|0Z?_LX?UhbugWgWS�f
[WfWbÒZ�X;"�o¢[WVYZ+UWS.VYa?lLV+SLn9X+bdfW|.SeZ+UWS.XYSÐUWbdgWgWS.f [WfWbdZ+X�U¢_´zLSÍfWl ��S.b �LUqZ+X�Z�UhS.V+S?buX"fWl�fWS�S.g
Z�l �¢_L|~c �WV+l!�¢_!��_`Z+S)S.VYV+lEVYX<�8UWS.fÕ[WXYbuf�� �EV�_LghbuS.f�ZÍghS.X+|�S.f�Z�kmlEV?Z+V�_LbdfWbuf/��" 0�UWS�V+S0kmlEV+S`n
|.lLfWX+bdgWS.VYbuf��¯_¾Uhb �EUWS�V·w­lEV+gWS�V5[WfWbdZ?_LX?_�\ubufhS´_LV�[WfhbdZÊbuf;_Lf _L[��EaÊS.f�Z�S�g bdf��W[hZÊX��W_L|.S`n
_L\d\8_sz`_Lbd\Ý_!�h\uSÍ\uS._LV+fhbuf���aÊS�Z�UhlJgWX5kmlEVÊ\ubdfWS´_LV�[hfWbdZ+Xe_LVYS�_*���W\ubd|´_!�h\uS!" R(_`Z�S�VÊZ+UWS�gWS�\dZ�_
V+[h\uSLn<gWS.\dS�zES�\ul7��S.g �8bdZ�Uhbuf Z+UWS�kmV+_LaÊS;��lEV+c lLk��W_LV�_L\d\uS�\�gWbuX·Z�V+b��W[hZ+S.g �hV+l}|.S.XYX+bdf��Wn6�<_LX
S´_`X+bu\Ò���ES�fWS.V+_L\ub�R.S.g¾Z�l fWS�Z5��lEVYc}X�U¢_´zJbdf���UhbugWgWS�f [WfhbdZ�XÅlLk�Uhb �EUWS�V·w­lEV+gWS�V.n^V+S�X+[W\ÒZ�buf/��bdf
_5\uS´_`V+fWbdf��?aÊS�Z+UWl}g kmlEV�Z+UWSV�W_L|~c �WV+l7�W_!��_`Z+bulEf lLk�S�V+V+lLV+X1buf fWS�Z5��lEV+cqX&lLk�UWb��EUWS.VxwjlEVYgWS.V
X+b��EaÊlEbug¢_`\H[WfhbdZ�XS>Cv1[WaÊS.\dU¢_LV·Z�S�Z1_L\Q"dn é'B � � _JnT� C "
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O l}lEf×n,UWl'��S�zLS.V.n3UWb��EUWS�V·wjlLV+gWS�V"fWS0Z5�<lLV+cqX+�<S�V+SÐ|._L[��EU�Z:[/� �q� �8U¢_`Z�buXÅcqfWl'�8f _`X
Z�UhS¯|�[WV+XYS lLk�gWbuaÊS.fWXYbulEfW_L\ubÒZj�7" �2[WS�Z�l Z�UWS�kP_L|�Z Z�UW_`Z�Z�UWS¾fq[Wa���S.V lLk:aÊlEfWlEaÊbÝ_`\uX
buf _�UWb��EUWS�V·wjlLV+gWS�VÅ[hfWbdZ"|´_Lf �HS?SI�H��lEfWS.f�Z+bÝ_L\�buf�Z�UWS?buf��h[hZ�ghbuaÊS.fWXYbulEf�Z�UWS?|.lEa��W\dS�Z�S
V+S;�WV+S�X+S�fqZ�_`Z�bdlEfÅlLkJ_8Uhb �EUWS�V·w­lEV+gWS�V×[WfWbÒZ(X+[W|�|.[WaE�WX^Z+l1_t|.lEa��hbuf¢_`Z+lEV+bu_L\�SI�H�W\ulLX+bulLf#" �3zLS.f
bdk<Z�UWSÐlLV+gWS�V:lLk�Z�UhSÐa?lLfWlEaÊbÝ_L\dX¿buX�VYS.X·Z�V+bd|�Z+S.g ��� XYlEaÊS(./�JS.g%z`_L\d[WSLn�Z+UWSÐfq[Wa���S.V"lLk
UWb��EUWS.VxwjlEVYgWS.V,Z+S.VYa?X�nq_LfWg5Z�Uq[WX3Z�UWS�kmV+S�S8�¢_LV+_La?S0Z�S�V+X�Z�l�a?_LfWb �h[W\Ý_`Z+SLnEbdX�SI�H��lEfWS.f�Z+bÝ_L\¢bdf
Z�UhbuX �HlE[hfWg��ÕX·Z�bd\u\×Z�l}le\u_LV��LS�kmlLV&a?_Lf�� �WV�_L|0Z�bd|´_L\^_!���h\ubu|._`Z�bdlEfWX;"80�UWS.VYS�kmlEVYSLn fhS�Z5��lEV+cqX
lLk&UWb �LUWS.VxwjlEVYgWS.V:fhS.[WVYlEfWX5U¢_´zES���_LbdfWS.g bda(��lEVYZ�_LfW|�Sebuf |._LX+S�XW�8UhS.V+SÍZ+UWS�f}[ha��HS�V�lLk
�¢_LV+_LaÊS�Z�S�V+X,|._LfW�HS<cLS��JZ3\ul'�=" �2fWS8_LVYS´_2lLkH_!�/�W\ubd|´_`Z+bulEf�kmlEV�Z+UWS.XYS�X��¢_LVYX+S8UWb��EUWS.VxwjlEVYgWS.V
fWS0Z5�<lEVYcqX?bdX:Z�UWS�V+S�|.l7�LfWbdZ+bulEf _Lfhg;|�\Ý_LXYX+bY.¢|´_`Z+bulEf%l`k �¢_�Z+Z�S�V+fWX�Z+U¢_`Z5[WfWghS.V+\dbuSÐz`_LVYbulE[WX
�ES�lEa?S0Z�VYbu|�Z+V�_LfhXYkmlEVYae_`Z+bulEfhX�X+[h|~Ue_LX�XY|´_L\dSLnEZ+V�_LfWXY\Ý_`Z+bulEf nL_LfhgÊVYlLZ~_�Z�bulLf#"�]�_U�D�<S�\u\WS0Z�_L\M"
> é3B � �DC gWS�X+|.VYb ��S�_Êa?S0Z�UWl}g�kmlEV8bufW|�lEV���lEV�_�Z�buf/�Êbdf�zL_`V+bÝ_`fW|.S=�WVYl7�HS�VYZ+buS.X1buf�Z+le_5fWS�Z5��lEVYc
lLk¢Uhb �EUWS�V·w­lEV+gWS�V9[hfWbdZ+X^Z+UWS.VYS�����XYb �Efhb�.¢|._Lf�Z�\d��VYS.gW[h|.buf/�&Z�UhS<fq[Wa���S.V9lLk �¢_LV+_LaÊS�Z�S�V+X >CX+S�S
_L\dX+l¿�¿bu\dS.X9_LfWg5]�_&�H��S.\d\Ûn é'B ��� G {�buX+Uhl7�×n é3B7B NJnskmlEV�_Lf:SI�H�W\u_Lf¢_`Z+bulEf C " 0�U}[hX.nq_L\dX+lÑkP_LX·Z�S�V
Z�V+_Lbufhbuf��Í|._Lf ��SÊ_L|~UWbuS0zES�gX����S.fW|�lJgWbdf�� buf�Z�lÍZ�UhS?fWS0Z5�<lLV+c¾_ �hV+bulLV+b,cqfWl'�8\uS�g��ES5Z�U¢_�Z
fWS�S.gÊfWlLZK��S�\uS´_`V+fWS�g#" O S0zES.V+_L\¢XYZ+[WgWbdS.X3[WX+bdf���buf�z`_LV+bu_Lf�Z�V+S�|.l7�LfWbdZ+bulEf�_`fWg5|.\Ý_`X+X+bY.¢|´_�Z�bulLf
SI�H��S.VYbuaÊS.f�Z�XtXYUWl'�ãZ+U¢_`Z<UWb �EUhS.V·w­lEV+ghS.V<fhS�Z5��lEV+cqX�|´_`f��HS&X+[���S.VYbulEV�Z�l�XYZ�_LfWg¢_`V+gÐfWS�[WV�_`\
fWS0Z5�<lEVYcqX�_LfWg lLZ+UWS.V?a?S0Z�UWl}gWX(�8bÒZ�UNVYS.X-�HS�|�ZÐZ+l Z�V+_LbufWbdf���Z�buaÊS�_LfWg �ES�fWS.V+_L\ub�R´_`Z+bulEf
|´_*�¢_!�Wbd\ubdZ+buS�X >PX+S.S`nÑS*"T��"Òn��¿bu\dS.Xe_LfWgÕ]�_U�D��S.\d\Ûn é'B ��� G 4�S.V+_Lf�Z�lEfhbuX�_LfWgÕRTbdX���l�_hn é3B7BAFHG
O |~UWaÊbugJZ1_LfWg��¿_sz}bdX.n é'B7B �/G O �WbdV+c`lQz}XYc`_?_LfWg�v1S�bug×n é'B7B � C "3ijfqz`_LVYbÝ_Lfh|.S=�WV+l!�HS�VYZ�bdS.X1_LVYS
_L\dX+l1S.XYZ�_!�W\dbuX+UhS.g"kmlLV(Z+UWS�X+l`w­|´_L\d\uS.gS�WbÃwjX+b��Ea?_tfWS�Z5��lEV+cqX,bdf�Z�V+l}gW[W|�S.gV�q�"�¿UWlEXYU:_Lfhg O UWbdf
> é3B7BAF C " $ �WbÒw­X+b��Eae_�fWS0Z5�<lLV+cÅ|.lEfWXYbuX·Z�X,lLkWlEfWS<UhbugWgWS�f:\Ý_´�LS.V^lLkpX+[WaÊaÊbuf��8[WfWbÒZ�X�_LfWg:U¢_`X
_eaÊlEfWlEaÊbÝ_`\(_LXÑlE[JZ �W[hZ2[WfWbdZ�"�2<lEa��¢_LVYS.g�Z+lÍ_eXYb �Ea?_�w5�hb^[hfWbdZ.nHbÒZÑU¢_`XÑZ�UWS:_Lghz`_Lf�Z~_!�LS
lLk×km[hVYZ�UhS.V<VYS.gW[h|.buf/��Z�UWS&fq[Wa���S.V<l`k(_LgU%Y[WX·Z~_!�h\uS �¢_LV�_`a?S0Z�S.VYX�"
0�UWS&gWS���S.fhgWS.fW|�S¿lLkTZ�UhS
fq[Wa���S.V2l`k ��S.b��EU�Z�X2lLf�Z�UWS:lLV+gWS�V2buX2\dbufWS._LV8kmlEV2_ �WbÃwjXYb �Ea?_ÊfhS�Z5��lEV+cpn#�8UWS�V+S´_`XÅbÒZ2|._Lf
��SÅS��H�HlEfhS.f�Z�bu_L\×kmlEV8_�UWb �LUWS.VxwjlEVYgWS.V�[WfhbdZ3"

ZÕUWbu\dS<bdfqz`_LVYbÝ_Lfh|.S�_LfWg+�WbÃwjX+b��Ea?_1fWS0Z5�<lLV+cqX�_LV+S�a?lEX·Z�\Ò�"[hX+S.g��8bÒZ�U�VYS.XYZ+V+bd|�Z�S�g�lEV+ghS.V.n
V+S�X+S._LV+|~UWS�V+X5U¢_´zES _L\dX+l�X·Z�VYbdzES�f%Z�l�[hZ+bu\db R.S5Z�UhSÐkm[W\u\�|.lEa��W[hZ�_`Z�bdlEf¢_L\K��l'�<S�V�lLk1UWb �EUhS.V·w
lEVYgWS.V1fWS�Z5��lEVYc}X�n Z�UW_`Z2bdX.n �8bdZ+UWlE[hZ&bua��HlLX+buf/�?_`fq� |�lEfWXYZ+V�_Lbdf�Z�X1lEf�Z�UhS"gWS;�EV+S�S:lLk�a�[W\Òw
Z�b��W\ubd|´_`Z+bdzLS�buf�Z+S.V�_`|�Z�bdlEfWX;":ijf¯lLV+gWS�V2kmlEV2Z�UWbdX2Z�l���S5_L|.|�lEa(�h\ubuXYUWS.g nTUWl'�<S0zES.V�n�bÒZ¿buX¿fWl`Z
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