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\qe�\[b'YAI:_1Z8V�\qVtr K TV:rxVtILe ��\qV�ZGVBe8KXb Z8V:r	ILKhWX_ �^io_1V�l�ro� �gZ���\ TV:i�KX_1W/l1Vtr HGKX_1Z io_1HJI:l1V:r
iBILKsI'ioW TVBKX_drxWX_dcfeGV:r \qV:rp\q_1{6V�Kkr Y�b[\^vVBlmV:r	IL_mZJrx_ c6e8VAc6e8VBl�c6e8V:r/K TV:rze8l1WsILWkr	WXj TV�b'KX_dcfeGV:r
iob'Z8Z[eJr<KXVBlm_ TV:r	vI�l*] I:H8H8KhVBZqWh_�rhrXIL} V HJI:KgK TV:rxVtILe � \qVpZ8VBe8Khb'Z8V:r ILKXWh_
�^i�_1VBldro� � I�KhVB{qeGV
rxV	WXVBKhY�_1ZGVgVBZAY�b ZqWhKkI:ZqW cfe8V�l�c6e8V:r lm_1Y�_mWXV:rN\qV:rFY�b[\^vV�l1V:r I'ioWhe8VBl�r��

� V~ikjJILH8_mWXKhV	��\ TV:i�KX_1W<V�ZU\ TVBWkI:_1l�rFl%]`_d\ TVBV H8Kh_1ZJi�_1HJI:l1Vprxe8} } TVBK TVBV~\GILZJr i�VBWXWhV WXjwvVtrxV6�?vI
rXIB{6b'_mK !�& �*) - /	� /
�2("-0/ ��� $'& ����� ���� �"!#� $'& (*)�)+�1���.- /
�1�2(3�.�k�JIL_mZJrx_?c6e8V	l�I Y TVBWXj8b[\[V HJb'e8K
��HJILKh{6VBZ8_mKB� � V:r<WXKkIB{ ILe �Ui�b'Z8Z8V��qV:r�KXVBlm_ TV:r vI�i�VBWXWhV _�\ TV�V���rxb'Z[W/ILe rXrx_?H8K TV:rxVBZ[W TVtro�

� V�ikjJILHG_1WXKhV � \qb'ZGZ8V�e8Z8V�|JI rxV�Whj TVBb'Kh_�c6e8V�H V�KXY�VBWhWkI:ZqWA\^]`V:rzWX_1Y�VBK�ldIPc6eJILlm_1W TV
\qV:r�K�vVB} l1V:r�\(] ILH8HGKXVBZ[WX_drXrXI:}'V H ILKkI:Y TVBWhKX_�c6e8V:r?WXKXb e8{ TVBV:r�HJILK b'H8Wh_1Y�_drXI:WX_1b Z,� �*l^ro] IL}'_mW
\(]`e8ZGV�V �[WXV�ZJrx_mb'Z \qV�l�IUWXj TVBb'Kh_1V�rxe8K~ldIUiBI:HJI'io_mW TVA\ TV:ioKX_mWXV�Z8b'WsILY�Y�VBZqW HJILK � ILH �
Z8_ � VBW � j8VBKX{6b Z8VBZ �[_�r ���	� �*�,I:H8H8lm_�c6e TVBV�ioVBWhWXV aDb _�r � io_ ILe � KBvVB} l1V:r	\(] ILH8H8KhVBZ[WX_�rhrXI:}'V
HJILKsILY TVBWhKX_dcfe8Vtro�

� lmeJrx_mVBe8Ksr�Y TVBWhj8b[\qV:r�\^]`b'HGWX_1Y�_�rXI:WX_mb'Z rxb ZqWAH8K TV:rxV�ZqW TVBV:r�I:e i j ILH8_mWXKXV 
 �<l�I \qV:r �
ioVBZ[WXV�\qe�} KkI \q_1VBZ[WB�,lmV�KhV:ioe8_mW	rx_mY�e8l TV6�Jl1V:r	ILlm}'b KX_1Whj8Y�V:r/} TVBZ TV�WX_�c6e8V:r	I:_1ZJrz_<c6e8V�ldI
H8KXb }'KkI:Y�YAI:WX_1b ZU} TVBZ TVBWh_�c6e8V6� � b'e8KpikjJI'i�e8Z8V6�JZ8b'e r�\[_�rXi�e8WXb ZJr	\qV�rxb Z�e8WX_ml1_drXILWh_1b Z
H b e8K/l*]`b H8WX_mY�_�rhILWh_1b'Z�\qV	K�vV�}'l1Vtr<\(] I:H8H8KXV�ZqWh_�rXrhIL} V�H ILKkI:Y TVBWhKX_�c6e8V:r��

� V~ikjJILH8_mWXKhV ��\ TV:i�KX_1W<WhKXb _�r/r TVBKh_1V:r<\(] V �[H TVBKX_mVBZJioVtr {[_�rhILZ[W~vI�\ TVBY�b'Z[WXKXV�KFl�I~K TVtILl1_drXI �
|8_1lm_1W TVp\qV~ldI�\ TVBY�ILKkikj8V	H8Khb'HJb6r TVBV6� � I�H8KhVBY�_%vV�KXV	r TVBKX_mV�\(]`V �[H TVBKh_1VBZ ioV:rFI�HJb'eGK�|Ge8W
\qV WhKXb'eG{6VBKgeGZ8V~K�vVB} l1V�\(] I:H8H8KXV�ZqWh_�rXrhIL} V~H b e8K	e8Z VBZJrzVBY�|8l1V	\[V~W"�I'ikj8V:r/\qV�iob ZJ\q_ �
WX_1b Z8Z8VBY�VBZqWNioldI'rXrz_�c6e8V6�'ldI \qV�e �q_%vVBY�V r TV�KX_1V/HJVBKXY�VBW�\qV/Y�b'Z[WXKhVBK�c6e,]`_ml8V:rzWFHJb6rhrx_1|Gl1V
\qV�WhKXb e8{6VBK	\qVtr�K�vV�}'l1Vtr \(] I:H8H8KhVBZqWh_�rhrXIL} V�HJb'e8K�\qV:r W"�I i jGV:r l1_1Z TV:IL_mKXVBY�V�ZqW<Z8b Z r TV �
HJILKsIL|8lmV:ro�,VBW ldI=WhKXb'_drx_%vVBY�Vpr TVBKh_1V�\(]`V��qH TV�KX_1V�ZJioV:r��8H8l1eJr { I'rzWXV6�,HJVBKhY�VBW	\(] e8Z8V~HJI:KXW
\qV~{ TV�KX_
� VBKgldI�WXj TVBb'Kh_1V~\ TV:ioKX_mWXV�ILe i jJI:H8_1WhKXV �8�,VBW	\(] ILe8WhKXV~HJI:KXW	\[V�iob'Y�H ILKXV�KglmV:r
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5 TVBKhVBZ[WXV:r	Y TVBWXjGb[\qV:r \^]`b'HGWX_1Y�_�rXI:WX_mb'Z�VBZ[WXKhV�VBlml1V:r�� S V=HGl1eJr���e8Z8V iob'Y�HJILKsIL_�rzb'Z
VBZ[WXKXV	lmV:rgY�VB_ml1lmVoe8KhV:r K�vVB}'lmV:rgWhKXb'eG{ TVBVtr�HJI:K	b'H8Wh_1Y�_drXILWh_1b ZUVBW/l�I�K�vVB}'lmV~\qV~ldI�K TV�WXKXb��
H8KXb HJIL}�ILWh_1b'Z�\qV l%]`VBKhKXVBeGK VtrxW<H8K TV:rxVBZ[W TV�V6�

� I�iob ZJiol1e rx_1b ZUKsILH8HJVBlml1V l%]`_mZqW TVBK �VBW/\[V l�I�\ TVBYAI:Kkikj8V6�8rzb'e8lm_1} Z8V~rzV:rgl1_mY�_1WhV:r V�WgH8Khb �
HJb6rxV c6e8VBldcfe8Vtr(IB{6VBZ[e8V:r,\qV�KhV:ikj8VBKkikj8V,aDe8WXeGKXV:r,|JI'r TVBV:r,rze8K lmV:r HGKX_1Z io_1HJI:e � K TV:rxe8lmWkI:Wkr
\qVpioVBWhWXV Whj,vV:rxV��
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ILZJr~i�V�ikjJILHG_1WXKhV6�,Z8b'e r _1Z[WXKXb[\[e8_�rzb'ZJr e8Z Y�b[\(vVBlmV�\qV�iBILldioe8l�|JI'r TV rxe8Kpe8Z8V
ILZJI:l1b }'_1V IB{6V:i~l1V�aDb ZJioWh_1b'ZGZ8VBY�VBZ[Wp\qe ioVBKh{6V:ILe��,lmV:r������� � (�� � $.� ������������� �

(��,- / � �3/ �1! � �"b Z#\[_1WAI:eJrXrz_ � � $ ��1!#��� �1��� � � � / ��� � /
��- ���k�s� �ge \ TV�|8e8WB� e8Z \qV:r�|Ge8Wkr
\qV~ioV�WXWXVpI:H8H8KXb[ikj8V TVBWsIL_mW/\(]`V �[H8lm_�c6e8VBKFV�W \qV�iob'Y�H8KXVBZ \qKXV	l1V aDb ZJioWX_mb'Z8ZGVBY�VBZ[W/\qe
ioVBKX{6VtILe �:b'ZAIB{ IL_mW \qb'ZJi/| VtILeJiob e8H�vI a%IL_1KhV/IB{6V:iFl�I	Z8VBe8Khb'|8_mb'l1b }'_mVgVBW�ldI H rx�Gi j8b l1b��
}'_1V�� �ge��Xb'eGKk\(] jqe8_%�JioV ZGb'|8lmV b'| �XVtioWX_ a�KXV:rzWXVpWXb'eGW�� vI&�Da%IL_1W I'ioWhe8VBl �JZ8b eJrgVBZ�rxb'Y�Y�V:r
WXb'e&�Xb'e8Ksr I:e � HGKXVBY�_mVBKkr,|JI:l1|8e8Wh_1VBY�VBZqWsr,\8ILZ r ZGb'WXKhV<WXVBZ[WkI:WX_m{6V<\(] TVBl1eJi�_�\qVBK,l%]`e8Z�\[V:r
rx�GrxW�vV�Y�V:r(l1Vtr;H8lmeJr?iob'Y�HGl1V �[V:r,c6e8VFZ8b eJr�iob Z8ZJI:_�rXrz_1b ZJro� S ] ILeGWXKXVtr b'| �XV:i�WX_�a%r?rxV/rzb'Z[W
ioVBHJVBZJ\8I:ZqW?I��Xb'e8W TV:ro� � b'Y�Y�V Z8b eJr,l1V�{6VBKXKhb'ZJr��Bl1V:r(K TV:rxVtILe �p\qV�Z8VBeGKXb'ZGV:r I:KXWh_
�^io_mVBl�r
H V�e8{6VBZ[W I:eJrXrz_ �V�WXKXV~eGWX_1lm_�r TV:r�HJb e8K	l�I�K TV:rzb'lme8WX_mb'Z�\qV~H8Khb'|8l%vVBY�V:r/iob Y�H8l1V��qV:r<\^]`_1Z �
WXVBlml1_1} VBZJioV ILKhWX_
� io_1VBlml1V<WhVBl�r�c6e8V l�I	KXV:i�b'Z8ZJI:_�rhrXILZ ioV	\qV ldI�HJI:KXb l1V b e�l1V:r�H8KXb |8l%vV�Y�V:r
\qVpiob'Z[WXK �b'l1V��
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� ] I:H8H8KXb[ikj8V�iob'ZGZ8V �[_1b'ZGZ8_�rzWXV�WXVBZ[WXV�\qb'Z i�\qV�ro]`_mZJrxHG_1KXV�K \[e aDb ZJioWX_mb'Z8ZGVBY�VBZ[W j[e-�
YAIL_mZ�HJb'e8K iob ZJioVB{6b _1K<\[V:r�Y�b[\(vVBl1Vtr KkI \q_�i�ILl1V�Y�VBZ[W ZGb'e8{6V:I:e �A\qe�iob'Y�H b KXWhVBY�VBZ[W
VBW?\qe~WhKkIL_mWXVBY�VBZqW^\qV l*] _1ZqaDb KXYAI:WX_1b Z,� � Vtr;Y�b[\^vVBl1V:r,rzV aDb ZJ\qVBZ[W Whb'eJrNrxe8K?l*] _1Z[WXVBKsiob'Z-�
Z8V �[_1b ZyaDb KXWXV \(] e8Z�Z8b Y�|8KhV TVBl1V�{ TV/\(] e8Z8_mW TV:r�\qV/WXKsIL_1WhVBY�VBZ[WNrx_1Y�H8l1V:r �*ILHGH V�l TV:r ����� �
������� �k�k� � V	iob Y�HJb'KXWhVBY�VBZ[W?} TVBZ TV�KkILl^\qV ioVg} VBZ8KhV	\qV/K TV:rzV:ILe�VtrxW<\ TVBWXVBKhY�_1Z TVFHJI:K<rXI
rxWhKXeJioWhe8KXV VBWFHJI:K<l1V/HJb'_�\Grg\qVtrFiob Z8Z8V �[_1b ZJr �"b e � �"� (*) � � �k�k� � jJI cfe8V iob'Z8ZGV �q_mb'ZAI
VBZ~V*5^VBW�e8Z�HJb'_�\Gro�6b'e���� �1(��3/#- �� � �"� (*) -0/ 
3� �k�[c6e8_8KXV�H8K TV:rzVBZ[WXV<l1V/\[VB}'K TV/\(]`_mZ��Je8VBZ ioV
\(]`eGZ8VArx�[ZJI:HJrxV�rxe8K~e8Z Z8V�e8KXb Z8V6� � ] TV�l TVB}�ILZJioV��;ldI rxb e8H8l1VtrXrxVAVBW~ldIUH8e8_drXrXI:ZJioV \qV
WXVBldr�Y�b[\^vVBl1V:r	K TV:rz_�\qV�\8ILZJr~l�I i�ILHJI io_1W TVA\(] I:H8H8KhVBZqWh_�rhrXIL} V \qV�Z8b'e8{6V�l1l1Vtr iob Z8ZJIL_dr �
rXI:ZJioV:r�HJILK<Y�b[\[_
�^iBI:WX_mb'ZA\qVtr HJb'_d\8r<\qV:r<iob Z8Z8V �[_1b ZJr vI H ILKXWh_1K \(]`V �[VBY�HGl1V:r�� �*lJ��I
rxb e8{6VBZ[W \(] IL_ml1l1V�e8Kkr<r TVBHJILKsILWh_1b'Z V�ZqWhKXV	l�I�HGjJI'rzV�\(] I:H8H8KXV�ZqWh_�rXrhIL} V~\qe K TV:rxV:I:e VBW/l�I
H8jJI rxV~b'H TVBKkI:WX_1b Z8Z8VBlml1V6� S ILZJrgldI�H8jJI rxV�\(] ILH8HGKXVBZ[WX_drXrXI:}'V6�Jb'Z HGK TV:rzVBZqWhV~I:e K TV:rzV:ILe
e8Z�} KkILZ \�ZGb'Y�|8KXV \(]`V��qVBY�H8l1V:r��'i ]`V:rzWF\[e8KkI:ZqW/ioV�WXWXV/H8jJI rxV	c6e8V lmV K TVtrxV:I:e�Y�b[\q_ �JV
l1VpH b _�\8r \qV�rxV:r iob'Z8ZGV �q_mb'ZJr��(|8KhVoa cfe,] _1l?I:H8H8KXV�ZJ\(� S _ 5 TVBKXVBZ[Wkr ILl1} b'Kh_1WXjGY�V:r<\(] ILH-�
H8KXV�ZqWh_�rXrhIL} V�b ZqW TVBW TV~H8KXb H b�r TV:r V�W�_ml�rgb ZqW TVBW TV~lmVyaDb[i�eJr	\qV�ldI�KXV:ikj8VBKsi j8V�\8ILZ r ioV
\qb'Y�IL_1ZGV \[e8KkI:ZqW lmV:r<WXKXb _�r \[VBKXZ8_%vVBKXVtrg\ TVtioVBZ8Z8_mV:ro� � VtrgI:l1}'b KX_mWXj8Y�Vtr�HJVBe8{6V�ZqW �VBWXKhV
� / �"! �1��/ 
3� ��� ����-	) ! (�� �2/ � !#�����Ji'] V:rxW ��vI �z\q_mKXV	c6e,] _1l�r�KXV:rzHJV:ioWXV�ZqW l1V:r iob'Z[WXKsIL_1Z[WXVtr |8_mb'l1b��
}'_dcfe8Vtr I ioWXeGVBl1lmVBY�VBZ[W?iob'ZGZqe8Vtr Z8b WkILY�Y�VBZ[W�ioV�l1l1V/\[V Z,]`eGWX_1lm_�rzVBK�c6e8Vgl%]`_mZqaDb'KhYAILWh_1b'Z
l1b[iBI:l1VAI:e ��Z8V�e8KXb Z8V:r VBW�ILe � i�b'Z8Z8V��q_mb'ZJr~\qe K TV:rxV:I:e,� � I:_�r _mlFV �[_�rzWXVAI:eJrXrz_/\qV:r
ILlm}'b'Kh_1Whj8Y�V:r�\^] ILHGH8KXVBZ[WX_drXrhIL}'V Z8b'ZA|8_mb'l1b }'_dcfe8V�Y�VBZ[W H8ldILeJrz_1|8lmV:ro�[c6e8_(eGWX_1lm_�rzVBZqW \qV:r
_1ZqaDb KXYAI:WX_mb'ZJr�V �qW TVBKX_mVBe8KhV:r�ILeUK TV:rxVtILe,�[VBW/cfeG_(|8_mVBZ rxb'eG{6VBZqW��8rzb'Z[WgH8lmeJrFV*4�iBI'i�V:r��h�

� b'e rgH8K TVtrxVBZ[WXb ZJr \8I:ZJr	ioVBWXWhV~rzV:ioWX_mb'Z e8Z�rze8KX{6b l�\[V:rgY�b[\^vV�l1V:r/iob'ZGZ8V �[_1b'ZGZ8_�rzWXV:r��
\qV~l1V�e8KpILZJI:l1b'} _1V�}'Khb6rXrz_%vVBKhV�IB{6V:i lmV�ioVBKh{6V:ILe�I:e ��\q_
5 TVBKhVBZ[Wkr	I'rzH VtioWkr WXj TVBb'Kh_�c6e8V:r
KXVBlm_ TV:r vI l%] I:H8H8KXV�ZqWh_�rXrhIL} V6�6VBZ�H I'rXrhILZ[WFHJI:KFlmVBe8Kkr�H8Kh_1ZJi�_1HJI:l1V:r�I:H8H8lm_�iBI:WX_1b ZJr�VBW�l1VBeGKkr
H8l1e rF}'KkI:ZJ\U\ TVoa%ILe8Wsro�
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� V:rgY�b[\^vV�l1V:r<iob Z8Z8V �[_1b Z8Z8_drxWXVtr rxb ZqW	\[b'ZJi Z TVtr \(]`eGZ8V } KXb6rhrx_%vVBKXV�I:ZJILlmb'}'_mV�IB{6V:i�lmV
ioVBKX{6VtILe,� �/e8VBl�c6e8V:r \qb'Z8Z TVBV:r�} TVBZ TVBKsILlmV:r	rxe8K	l1V�ioVBKh{6V:ILe ZGb'eJrpIL_�\[VBKXb ZqW�vI�Y�_1V�e �
iob'Y�HGKXVBZJ\[KXV ioVBWXWhV	ILZ ILl1b }'_mV6�

� V	ioVBKh{6V:ILe�jqeGYAIL_mZ�V:rzW<iob Y�HJb6r TV \(] VBZ[{q_mKXb'Z � � ���pvI�� � �	�<ioV�l1l1eGl1V:r ZGVBKX{6VBe rxV:r��qI:H-�
H V�l TVBV:r ����������� ����� � jJI'c6e8V�ioVBl1lme8l1V	V:rzWpiob'Z8ZGV:ioW TV�VAvI�VBZ[{q_mKXb'Z � ��
�ILe8WhKXV:r	ioVBlml1e8lmV:r
HJILK l1V/|8_�I:_�r�\qV	rzWXKXe ioWXe8KhV:r�rxH TVtio_�I:l1_�r TVBV:r�ILHGH V�l TVBV:r � � � (*) � ����� � ] V:rxW�HJI:KFl%]`_1Z[WXV�KXY TV��
\q_�I:_1KXV \qV ioV:r�\qV�KXZ8_%vVBKXV:r?c6e,]`e8Z�Z8VBeGKXb'ZGV<KXV �iob _1W�\[V:r�rx_m}'ZJI:e ��\qV:r�I:e8WXKhV:r�Z8VBe8Khb'Z8V:r��

�ge ILZJ\ e8Z rx_m}'ZJI:l*��b'e�_1Z �Je � Z8VBKh{6VBe �^��ILKhKX_m{6V�vI�e8Z8V rz�qZ ILHJrzV6�<ioVBldIUH8KXb:{6b[c6e8V
l�I�l1_m| TVBKkI:WX_mb'Z \(] e8Z Y TV:\q_�I:WXVBeGK�ikj8_1Y�_�c6e8V cfe8_	Y�b[\[_
�JV lmV H b WXVBZ[WX_mVBl TVBlmV:ioWhKX_�c6e8V
\qV	l�I�ioVBl1lme8l1V Z8VBKX{6V�eJrxV�vI~l�I'c6e8VBlml1V	rzV WhKkILZ rxY�VBW/i�V rz_1} ZJILl%� � _ vI�l�I�rxe8_mWXVp\qV~i�VBWXWhV
Y�b[\q_
� iBILWh_1b'Z l1V�HJb'WhVBZ[WX_1V�l6\ TVBH I'rXrzV�e8Z8V ioVBKhWkIL_mZ8V�{ ILlmVBe8K?\qV rxVBe8_ml*��l�I<ioVBlml1e8lmV TV�Y�VBW?vI
rxb'Z~Whb'e8KNe8Z~rz_1}'Z ILlJc6e8_GrxVFHGKXb'H IL}'V<H ILK�rzb'Z�I �[b'ZGV	�"{6b'_mK � }'e8KhV 5q�m�L�,{6V�Kkr?\(] I:e8WXKhV:r
ioVBl1lme8l1Vtr �6l�I~rz�qZJI:HJrxVpV:rxW ILlmb'Ksrg\q_mWXV � � �2/#-0("- �*/ �*�s� � _?ILe�iob'Z[WXKsIL_mKXV	l�I~Y�b[\q_ �^iBILWh_1b Z
a%IL_1W/\[_1Y�_mZqe8V�K�l1V	HJb'WhVBZqWh_1VBl%�6b'ZUH ILKXlmVpILl1b Kkr/\qVprx�[ZJILH rxV / ��� / � /#-0��/ �*�k�
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� IArxe8HJVBKh{q_drx_1b Z4Y�V:rxe8KhV~l�IAc6eJILZ[WX_mW TV�\(] _1ZqaDb KXYAI:WX_1b Z c6e,]̀ eGZ4K TV:rxV:I:e�\[V�Z8V�e8KXb Z8V:r
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} TVBZ TV�KkILl[l1V�a%I:_1WNcfe8V l*] �VBWXKhV j[e8YAI:_1Z	KXV �iob'_m{6V�\qV:r�rz_1} ZJILe �p\qV<KhVBZqaDb KkioVBY�VBZqWJlmb'Kkrhcfew]`_1l
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� VBK�rhI YAILWhKX_�i�V<\qV/HJb'_�\Gr��
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(0,0) (1,0)

(0,1) (1,1)

ET
(linéairement séparable)

OU-EXCLUSIF
(linéairement non séparable)

(0,0) (1,0)

(0,1) (1,1)

Légende

vrai

faux
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Y TVBWXjGb[\qVAvIAe8WX_ml1_�rzVBK/H b e8K WhKXb e8{6VBK lmV:r H b _�\8rpiob'KhKXV:rzHJb'ZJ\8I:ZqW�vI�l*] I:H8H8Khb �[_1Y�ILWX_mb'Z
\(]`e8ZGVgaDb'ZJi�WX_1b Z \qb Z8Z TVBV��

��������� � � � � � � 	 �  ��

� V:r K TV:rzV:ILe ��\qV�Z8VBe8Khb'Z8V:r	I:KXWX_ �^io_mVBl�r/IB�[ILZ[W�eGZ�rz_�}'KsILZJ\4HJb e8{6b'_mK \^]`V �[H8KXVtrXrx_mb'Z,�
_1l?\qVB{[_1V�ZqW<_mZqW TVBKXV:rhrXI:ZqW/\qV�iob'ZGZJI ��mWXKXVpl1V:r/I'rzHJV:ioWkr/\qV�iob'Y�HGl1V �[_1W TV KXVBlm_ TV:r vI�ioVpY�b �
\(vVBl1V�� � ILK V��qVBY�H8l1V6�[H8l1e rx_1V�e8Kkr<HJVBKkrzb'Z8Z8Vtr�rzV�rxb ZqW _mZqW TVBKXVtrXr TV�vI�l�I�iob'Y�HGl1V �[_1W TV	\qe
H8KXb |8l%vVBY�V \(] ILH8HGKXVBZ[WX_drXrXI:}'VpHJILK K TV:rxVtILe �A\[V Z8VBeGKXb'ZGV:rgI:KXWh_
�^io_mVBl�r/�"{6b _1K � � ���,HJb'e8K
e8Z8V	KXVB{[e8V'�s���g_mZJrx_%� � eJ\8\=Y�b'Z[WXKXV \8ILZJr �`� 
 �,lmV K TV:rze8l1WsILW<_mY�HJb'KXWsILZ[W/rxe8_m{ ILZ[W �

T
� WsILZ[WA\qb Z8Z TV�e8Z�K TV:rzV:ILeR\qV Z8V�e8KXb Z8V:rAILKhWX_
� io_1VBldr�I:KX|8_mWXKsIL_1KhV��

VBW eGZ8V W"�I'ikj8V I:KX|8_mWXKsIL_1KhV	� \qV�{'I:ZqW �V�WXKXV K TV:rzb'l1eGV H ILK
�	� lmV�H8KXb��
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|Gl*vVBY�V iob ZJrx_drxWsILZ[W/vI \ TV:i�_�\qVBK?rz_8\GILZJr�l*] V:rxH I'ioV \qV<Whb'eJr lmV:r,HJILKsILY�vVBWhKXV:r
\[V � �%rxV:r HJb'_d\8ro��rhI rxWhKXeJioWhe8KXV � _1l V �[_�rxWhV�eGZ8V rxb'lme8WX_mb'Z c6e8_FK TV:rxb e8W
I \ TV:c6eJILWhVBY�VBZ[W ���(VtrxW TV:c6e8_m{'I:l1VBZ[W	I:e4H8Khb'|8l%vVBY�V�\qV�rXI:WX_�r*a%IL_drXIL|G_1l1_mW TV6�
V�W�\qb'ZJi � � � �1� � ) ! �1-	�"{6b'_mK � 5 � �<HJb'e8K�e8Z8VA_mZqWhKXb[\qeJi�WX_1b ZRvI ldI � � �
i�b'Y�H8l TVBWXe \qV'�k� �g_mZJrx_%�'l�I KXVti j8V�Kkikj8V<\(] e8Z8V/WXVBlml1V/rzb'l1eGWX_1b Z �*i ]`V:rzW�� vI&� \q_1KhV
l%] I:H8H8KXV�ZqWh_�rXrhIL} V'��V:rxW � � � (���$�� �k�

� ILlm}'K TV ioV�l�Iq�N�<ILe8Y rxb'eGl*vVB{6V \8I:ZJr � � �<ldI HJb6rhrx_m|8_1lm_1W TV \qVAWhKXb'eG{6VBK~e8Z8V�rxb'lme8WX_mb'Z
�"e8Z VBZJrzVBY�|Gl1V \qV HJb'_d\8r � HJb'e8K � VBZUWhVBY�HJr�HJb'l1�[Z8b Y�_�I:l?rx_?b'ZUHJVBeGWge8Wh_1lm_�rxV�K/\qV:r
ILlm}'b'Kh_1Whj8Y�V:r�\^] ILHGH8KXVBZ[WX_drXrhIL}'V �1��� ��-0��� �*-0/ �1� � � �*l V��q_drxWXV<eGZAioVBKhWkIL_mZ�ZGb'Y�|8KXV \qV ioV:r
ILlm}'b'Kh_1Whj8Y�V:r~�"{6b _1K	Z8b WkILY�Y�VBZ[W � 5 ���"�/YAIL_dr I:eJioe8Z8V�H8KXVBeG{6V�\qV�iob'Z[{6VBKX} VBZJioV�VBZ
WXVBY�HJr�H b l1�[Z8b'Y�_�ILl^Z,]`V��q_drxWXV I'ioWhe8VBl1lmVBY�VBZ[W�HJb'eGK ioVtr<ILl1} b'Kh_1WXjGY�V:ro�

S ]`eGZ�H b _1Z[WA\qV {[e8V H8KsILWX_dcfeGV6�Fi�VBKXWsIL_1ZGV:r�V �[H TVBKh_1VBZJi�V:r VBY�H8_mKX_dcfe8Vtr��*\qb ZqW � �q� �"�
Y�b'Z[WXKhVBZ[W~c6e,]`b ZPHJVBe8W~a%IL_mKXV I:H8H8KhVBZJ\qKhVUe8Z8V W"�I i j8V�iob'Y�H8l1V �[V�vI e8Z�K TVtrxV:I:e�\qV
Z8VBe8Khb'Z8Vtr,ILKXWh_
�^i�_1VBldr VBZ	e8Wh_1l1_drXI:ZqW^l*] I:l1} b'KX_mWXj8Y�V�\qV�ldIFK TVBWhKXb'HGKXb'H IL}6I:WX_mb'Z~\[V l%]`VBKhKXVBeGK
VBZUWhVBY�HJr�� � � 
 �<b^ve � KXV�H8K TV:rzVBZ[WXV	l1VpZ8b'Y�|8KXV�\qV HJb _�\8r	\qe K TV:rxV:I:e,� � Z V�5(V�WB�
|8_1V�ZAcfew]`_1l8a%I:_1l1lmVgeGZ=WhVBY�HJr�V �[HJb'Z8V�ZqWh_1VBlN�*rxeGKFl1V Z8b'Y�|8KXV \qV HJb'_d\8r ��HJb'eGKgb |8WXVBZG_1K
l�I/rxb l1e8Wh_1b'Z�b'HGWX_1Y�ILl1V��Bb'Z~HJVBe8W�rzb'e8{6V�ZqW�V�Z~H8KkI:WX_�c6e8V rxV/iob ZqWhVBZqWhVBKN\(]`e8ZGV/rxb'lme8WX_mb'Z
rxb eJr �%b'H8Wh_1YAI:l1V	rhILWh_�r a%I:_�rhILZ[WXV b |8WXV�Zqe8V	VBZAWhVBY�HJr�H b l1�[Z8b'Y�_�ILl%�

��� ����� � � � � � #  "��� ����� � �  �� �� # ���� � �������! "���$#

S ILZ r�ioVBWhWXV rxV:i�WX_1b Z,��Z8b'eJr�\ TV:ioKh_1{6b'Z r�aDb'KXY�VBl1lmVBY�V�ZqW	l1V H8KXb |8l%vV�Y�VA\(] ILH8H8KhVBZ[WX_�r �
rXI:}'V rze8HJVBKX{[_�r TV6� I �JZ \(]`_mZqWhKXb[\qe8_mKXV l�I Z8b'Wh_1b'Z \qV � ���� ���� ("! /
�2("-0/ ��� \(] e8Z�rz�8rzWBvVBY�V
\(] I:H8H8KhVBZqWh_�rhrXIL} V6�
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� � �)(�*�..$�� � � ��* * ��� ( � � * %)*�
 � � *

� b'_mW�� e8Z8V	{ ILKX_dIL|8lmV	ILl TV:ILWhb'_mKXVp\qb'Z[W<l�I~\[_�rxWhKX_m|8e8WX_mb'ZA\[V�HGKXb'| IL|8_ml1_1W TV�����V:rxW �.�[V
YAIL_drg_1ZJi�b'Z8Z[e8V6�,VBWprxeGH8HJb6rxb ZJr�cfe,] _1l�V��q_drxWXV�e8Z8V�aDb'ZJioWh_1b Z�� ��	w� ��� 	 
�� � I:K
V �qV�Y�H8l1V��fHJb e8K lmV H8Khb'|8l%vVBY�Vp\qV~l�I�KhV:iob'ZGZJIL_drXrXI:ZJioV�\qV�i�ILKkI ioW�vV�KXV:r�� 	 ��� H V�e8W
�VBWXKhV e8Z8V	YAI:WXKX_dioV \qV	H8_ �[VBl�rFV�W�� ��
 lmV i�ILKkI ioW�vV�KXV	I:l1H8jJI:ZqeGY TVBKX_dcfeGV I rXrxb[i�_ TV6�

� V |8e8W \(] e8Z rz�8rzWBvVBY�V \(] I:H8H8KXV�ZqWh_�rXrhIL} V V:rzW I:l1b'Ksrg\[V H8Khb[\qe8_1KhV e8ZGV�aDb'Z ioWX_mb'ZUH I&�
KkILY TVBWXKh_�c6e8V �� ��	 ��
f� ����	 
 c6e8_,Y�_mZ8_1Y�_mrzV

�
�
� ��� � ��?��	 ��
6�����?��	(�X����� ��	(���'	 � 5q� �6�

VBZPY�b[\[_
�^I:ZqW�I'\ TVtcfeJI:WXVBY�VBZqW�rxV:r�HJILKsILY�vVBWhKXV:r�
���� �zio_*� � V:rxW�e8Z8VAaDb'ZJi�WX_1b Z \qV
iob �e8WprXiBI:l�IL_mKXV~|JI r TVBV�rxeGK�ldI�\q_ 5 TV�KXVBZJi�V~VBZqWhKXV �� V�W��P�"WhVBl1lmV~c6e8V~l1V�i�ILKXK TV�\qV�l1VBe8K
\q_
5 TVBKhVBZJioV�HJILK~V��qVBY�H8l1V'�s� � b'e8K~��H ILKX{6V�Z8_1K�It{6Vtiye8Z rz�8rzWBvVBY�V�\(] ILH8H8KhVBZ[WX_�rhrXI:}'V
HJILK�l%]`V �[VBY�HGl1V �"b'eRILHGH8KXVBZ[WX_drXrhIL}'V�rze8HJVBKX{[_�r TV'�~b Z#\q_drxHJb6rzV } TVBZ TVBKkI:l1VBY�V�ZqW�\(] e8Z
VBZJrxV�Y�|8lmVA\qV�� i�b'e8H8lmV:rA��	 � ���?��	 � �X�s�FHJb'e8K�� � ��	 ���<ikjJI'ioeGZPH8_m} TV:r�\GILZJr
��� ��
y� \qV a%I��iob'Z _1ZJ\ TV�H V�ZJ\8ILZ[WXV	VBW/rze8_1{ I:ZqW�� � �

� I�HJVBKxaDb KXYAI:ZJioV/\(] e8Z�WXVBl^rx�GrxW�vVBY�V rxV/Y�V:rxeGKXV/ILlmb'Ksr VBZ~aDb'ZJi�WX_1b ZA\qV/l�I	\q_ 5 TV�KXVBZJi�V
VBZqWhKXV��UV�W �� ILe � � HJb'_mZqWsrgikj8b'_drx_dr��

!
�
�#" � �

� ��;��	 � ��
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� 9*�.)9* (���� �!� � $�� !�.

� ]`_mY�HJb'KXWsILZ[WXV ZGb'WX_mb'Z�\qV � ��,� �����("! /
�2("-0/ ����HJVBe8W ILl1b Kkr �VBWXKhV	{qe8V�IL_mZJrx_ �JILH8K�vV:rgIB{6b _1K
e8WX_ml1_dr TV~e8Z rx�GrxW�vVBY�V�\(] ILH8H8KhVBZ[WX_�rhrXI:}'V�H b e8K~H8Khb[\qe8_1KhV ��?�,e8Z8VAI:H8H8KXb��[_1YAI:WX_mb'Z�\qV
� �,VBZ�e8WX_ml1_drXILZ[W � V �[VBY�HGl1V:r \[V � H8_1} TV:r rzVBl1b Z���� �?\qVAc6e8VBl1lmV~YAILZG_*vVBKhV�� V�W ��
\q_
5 vVBKhVBZ[W��%VBl1lmV:r � � b'Y�Y�VBZ[W ���rzV/iob'Y�HJb KXWXV �*W �*VBlml1V rxeGK�\qV:r V��qVBY�H8l1V:r^\q_
5 TVBKhVBZ[Wkr?\qV:r
� i�b'Z8Z[eJr � �/Z I:WXWXV�ZJ\=|8_mVBZ r"�e8Kp\(] e8Z rz�8rzW�vVBY�V	cfeG_ } TVBZ TVBKsILl1_drxV	|8_mVBZUe8ZGV |Jb'Z8ZGV
ILH8HGKXb��q_mYAILWh_1b Z�\qV �=HJb e8K<WXb e8W/rxb ZU\[b'YAI:_1Z8V6� VBWFZ8b Z rxVBe8lmVBY�VBZ[W?l1V:r�� iob Z8Zqe ro�
� b'eGKFK TV�H b ZJ\qKhV�vI~i�VBWXWhV c6e8V:rzWX_1b Z,�qZGb'eJrF_mZqWhKXb[\qe8_drxb ZJrFe8Z�aDb KXYAI:l1_�rzY�V<_1Y�H b KXWsILZ[W
VBZAWXj TV�b'KX_mV	\qV	l*] ILH8HGKXVBZ[WX_drXrXI:}'V��[l�I~Z8b'Wh_1b ZU\[V �1(*) (��3/#- ��k�

� b'_mW�� � ��	 � �8� � ��� ��
��	VBW�rzb'_mW � ��� ��
f�	l%]`VBZ rxVBY�|8l1V�\[V:r�aDb'ZJi�WX_1b ZJr HJI:KkILY TV��
WXKh_�c6e8V:r�\qV ldI aDb'KhY�V��^��� ��
6�k� � ILKFV��qVBY�H8l1V \8ILZJrFlmV	iBI rF\qV:rFK TV:rxVtILe ��\qV Z8V�e8KXb Z8V:r
ILKhWX_
� io_1VBldro���^��� � KhVBH8K TV:rxVBZ[WXV e8Z8V ILKsi j8_mWXV:i�WXe8KhV<\qV/K TV:rzV:ILe�VBW�e8Z8VFaDb ZJioWh_1b'Z�\qV iob �e8WB�

 KXVBHGK TV:rzVBZqWhV l*] VBZJrzVBY�|Gl1V/\qV:r<HJb'_d\8rg\[e=K TV:rxVtILe,�JVBW��~l1V:rF{6V:i�WXVBe8KsrF\(] VBZ[WXK TV�V VBW/\qV
rxb KXWX_mVp\ TV:rx_mK TVBV/aDb'e8KhZ8_�r<I:eUK TVtrxV:I:e,� �g_1Z rx_*�

�^��� ��
6�
� � � �� ��	 ��
f����� ��	(�h� � 5q�m�'�L�

� b'KsrXc6e8V � �
	 � �B��� � ILHGZ8_ ��\ TV��JZ8_1W�\8ILZ r ��
'� �FldI �1(*) (��3/#- ���$.� �p��� ��
f�piob Y�Y�V
TVBWkI:ZqWpl1V�ZGb'Y�|8KXV�YAI �[_1Y~eGY \qV�HJb _1Z[Wkr 	 � � 	 � � 2 2 2 � 	�
�HJb'eG{'I:ZqW �VBWhKXVAr TVBHJILK TV:r�vI
WXb e8W�i�b'e8H VBZ�\qV�e � ioldI'rXrzV:r�\q_�rzWX_1Z ioWXV:rAvI l*] IL_d\qV \(]`e8ZGV�aDb ZJioWh_1b'Z \8ILZ r �p��� ��
6�k�
� ILK l�I�rze8_1WhV6� � I:H8Z8_ ��\ TV:ioKh_1W ILeJrhrx_�eGZ8V~V �[WXVBZJrz_1b Z�\qV�rXI�\ TV*�JZ8_mWX_1b Z HJb'e8K	l1V�i�I'r
b^ve � � � �	� S I:ZJr ioV�iBI'r�� ldI�i�ILHJI io_1W TV V:rzW \ TV��JZ8_1V�iob'Y�Y�VglmV Z8b Y�|GKXV YAI��q_mY�eGY
\(] I rXrzb[io_�I:WX_1b ZJr�� � ��� � � 2 2 2 ��� 
 HJb e8{ ILZ[W �VBWhKXV ILHGH8KX_drxV:r vI�l%] I:_�\qV�\^]`e8Z8V�aDb ZJioWX_mb'Z�\8ILZJr
�p��� ��
6��IB{6V:i�e8Z�iob �e8W � _mZqa TVBKX_mVBe8K vI�e8Z�rxV�e8_1lGi jGb'_�rz_8HJb'e8K YAI �[_1Y�_�rxV�K,l�I	iBI:HJI'i�_1W TV��

� ILK<V��qVBY�H8l1V6� l�I~iBI:HJI'io_mW TVp\(] e8ZAVBZJrxV�Y�|8lmV/\qV aDb'ZJi�WX_1b ZJr<l1_1Z TV:IL_mKXV:r \qV	l�I�aDb'KhY�V
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V:rxW TVB}�ILlmV�vI � � ���Dl1V	Z8b Y�|8KhV \[V�H ILKkI:Y vVBWhKXV:rFH8lmeJr �L�s�

� _�l*]`b Z iob ZJrx_d\(vVBKXV�e8Z�K TV:rxVtILe \qV�Z8VBe8Khb'Z8V:rpILKhWX_
� io_1VBldr	iob'Y�Y�V e8Z rz�8rzW�vVBY�V~H V�K��
Y�VBWXWsILZ[W<\qV�i jGb'_�rz_1K/e8Z8V	aDb'ZJioWh_1b Z HJILKhY�_,e8ZUV�ZJrxVBY�|8lmV	\ TVBWhVBKXY�_mZ TV HJI:KgldI�rxWhKXeJi��
WXe8KhV/\qe�K TV:rxVtILe,�6I:l1b Kkro�6ldI�i�ILHJI io_1W TV/\qe�rz�8rzW�vVBY�VFKXV�H8K TV:rzVBZ[WXVFlmV<Z8b'Y�|8KhVFYAI��q_mY�e8Y
\(]`V �[VBY�HGl1V�r(c6e8V�l1VFK TV:rxVtILe HJVBeGW�ILH8HGKXVBZJ\[KXV<i�b'KXKhV:ioWhVBY�VBZ[WB� � l1eJr,e8Z�rx�GrxW�vV�Y�V�H V�e8W
ILH8H8Khb��q_mY�VBK \qV�aDb ZJioWh_1b'Z r<\q_
5 TVBKhVBZqWhV:ro�8HGl1eJr<rhI�iBI:HJI'i�_1W TV	V:rzW TV�l1VB{ TVBV6����ZU} TVBZ TVBKsILl*�
H8l1eJr	l1V�Z8b'Y�|8KhV�\qV�H b _�\8r~\^]`e8Z�K TV:rxVtILe \qV�Z8VBe8Khb'Z8V:r~I:KXWh_
�^io_mVBl�r V:rzW TVBlmVB{ TV6�(H8lmeJr
rXI iBI:HJI'io_mW TV ILeG}'Y�VBZ[WXV�� �/Z ILH8HJVBlml1VArzb'e8{6VBZ[W~l�I i�ILHJI io_1W TVU\^]`e8Z rx�GrxW�vVBY�V�\(] I:H-�
H8KXVBZ[WX_drXrhIL}'V rXI�� /	� �����2/ ����� (*)+� /�� � � � ����
3��������� /
�~�"b e � � \q_mYU�k� \qeAZ8b Y \qVprzV:r
ILe8WhVBe8Kkr��

S V:r�K TV:rze8l1WsILWsr _1Y�H b KXWsILZ[Wkr�\qV � �8�J���8� 
 ���JKXVBlm_1VBZ[W�l�I	} TVBZ TVBKkI:l1_�rhILWh_1b'Z�\(] e8ZArx�GrxW�vVBY�V
\(] I:H8H8KXV�ZqWh_�rXrhIL} V�vI�rXI~i�ILHJI io_1W TV \[V�ldI�a%I �iob Z rze8_1{ ILZ[WXV �

� b'_mWUe8Z rz�8rzW�vVBY�V�\(] ILH8HGKXVBZ[WX_drXrXI:}'V I:KX|8_mWXKsIL_1KhV IB�[ILZ[WUe8ZGV � � �
\q_mY TVB}6I:l1V vI��;�^VBWpIt�[I:ZqW iob'KhKXV:ioWhVBY�VBZ[W/ILHGH8KX_dr�e8Z�VBZJrzVBY�|Gl1Vp\qV��
V �[VBY�HGl1V:r \^]`e8Z8V�aDb'ZJioWh_1b Z ILKh|8_1WhKkIL_mKXV�� IB�[ILZ[W e8Z8V�\q_�rzWXKX_m|8e8Wh_1b'Z \qV
H8Khb'|JI:|8_1lm_1W TV �.�qVpYAIL_dr�_mZJiob Z8ZqeGV6�(I:l1b Kkrgb Z4HJVBe8W b'|8WhVBZ8_1K e8Z8V |Jb KXZ8V
rze8H TVBKh_1VBe8KhV � rxe8K	ldI=\[_
5 TVBKXV�ZJioV~V:rzH TVBK TV�V~VBZqWhKXV�l*] VBKXKhVBe8K \(] I:H8H8KXV�ZqWh_�r �
rhIL}'VAVBW	l%]`VBKhKXVBe8K \qV�} TV�Z TVBKkI:l1_drXILWh_1b Z
	 VBZ�H8_mKXV�iBI'rprxe8K�\qV:r�V��qVBY�H8l1V:r
aDe8Whe8Kkr/\ TV*� Z8_1V	I:_1ZJrz_ ��
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�/Z�VBZ \ TV:\qe8_mW~I:_1ZJrz_Fl1Vtr K TV:rxeGl1WkI:Wkrprxe8_m{'I:ZqWsr��?H b e8K~e8Z�ZGb'Y�|8KXV �.�[VA\(] V �[VBY�H8lmV:r
� ��rz_<b'Z iob'Y�Y�VBZJioV�IB{6V:i�e8Z rx�GrxW�vV�Y�VA\(] ILH8H8KhVBZ[WX_�rhrXI:}'V IB�[ILZ[W~e8Z8V � � \[_1Y �

Y�_1ZG_1Y�ILl1V�VBW cfe,] b'Z�l*] ILe8} Y�VBZ[WXVFHGKXb'} KXV:rhrx_m{6VBY�VBZ[W,���k� � \ TV:ioKhb'_mW.�XeJrXc6e,]dvI�i�V c6e,]`eGZ8V
{ ILl1V�e8K�ioKX_mWX_dcfe8V�\qV���rxb _1W�I:WXWXV�_1Z[WXV6� � I'rhr TV i�V�HJb'_1Z[WB��I:e8}'Y�VBZqWhVBK ��I:e8KkI HJb'e8K
V*5^VBW�\(] ILe8} Y�VBZ[WXVBK ��� S VUH8lmeJro��HJb e8K�e8Z � �.�qV���ILe8} Y�VBZ[WXVBK�� I:Y TVBl1_mb'KhVBKkIAl�I
} TVBZ TVBKkI:l1_�rhILWh_1b'Z �XeJrhcfew]�vI e8Z8V	{ ILlmVBe8K/I rx�[Y�H8WXb WX_dcfe8V cfe8_w\ TVBHJVBZJ\ \qV �,�

� V:r K TV:rze8l1WsILWsr�rzb'Z[W WhKBvV:r _1Y�H b KXWsILZ[Wkr iBI:K	_1l�r	rzb'Z[W�{ I:l1_�\[V:r H b e8K Zw]`_1Y�H b KXWhV�cfe8V�l
rx�GrxW�vVBY�VA\(] ILH8HGKXVBZ[WX_drXrXI:}'V6� Z,]`_mY�HJb'KXWhV cfe8V�l1l1V�aDb ZJioWX_mb'Z �?� VBW�Z,] _1Y�HJb'KhWXV�cfe8V�l1l1V
\q_�rzWXKh_1|8e8Wh_1b ZA\qV	H8KXb |JIL|G_1l1_mW TV eGWX_1lm_�r TVBV HJb'e8K/} TV�Z TVBKXV�KFl1VtrFV �qV�Y�H8l1Vtro� � VBHJVBZ \8ILZ[WB�8_ml
V:rxW rxb e8{6VBZ[WFi�b'Y�H8lm_�c6e TV/\qV	i�ILl�i�e8l1VBKNl�I � � \q_mY �=\^]`e8ZArz�8rzW�vVBY�V \(] ILH8HGKXVBZ[WX_drXrXI:}'V
iob'Y�H8l1V �[V	WXVBlNc6e,]`e8Z�K TVtrxV:I:e�\qV�ZGVBe8KXb Z8V:r I:KXWh_
�^io_mVBl�r/Y�e8lmWX_ �ziob eJikj8V:r	vI�aDb'ZJi�WX_1b ZJr
Z8b'ZAlm_1Z TV:I:_1KhV:ro�

� ��� 	 � � �:���/� 
F�����4
 ����
 ���� 
��	� ��
 � � � � � �F��� � 


�~� 
 � � � ��� �:


�F_1VBZ c6e,] I rXrxV��=K TV:ioVBZ[Wkr�� lmV:r�K TV:rxV:I:e � \qVAZ8V�e8KXb Z8V:r~ILKhWX_ �^io_1V�l�r rzb'Z[W�\ TV �:vIUe8Wh_1lm_�r TVtr
\8ILZ r H8lmeJrx_mVBe8Kkr ILH8HGl1_�i�ILWX_mb'ZJr�� S ILZJr<i�VBWXWhV rzV:ioWX_mb'Z,�6Z8b eJrFHJI rXrxb ZJrFKkI:H8_�\[VBY�VBZ[W�VBZ
KXVB{[e8V lmV:r/\q_1{6VBKsrF\qb YAIL_mZ8V:rFb eUl1VtrFK TV:rzV:ILe � \qVpZ8VBe8Khb'Z8Vtr<ILKXWh_
�^i�_1VBldrFb'Z[W \ TV �:vI TVBW TV
ILH8HGl1_�c6e TV:r IB{6V:i rxe iBi'vV:r��

� V:r�K TV:rxVtILe ��\qV�Z8VBeGKXb'ZGV:r I:KXWX_ �^io_mVBl�r rzb'Z[W~rze8KXWhb'e8W~e8Wh_1lm_�r TVtrgHJb'e8K~Whb'e8W�ioV�cfeG_FI
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WXKkI:_1W vIyldI KXV:iob Z8ZJI:_�rXrhILZJi�V \[V aDb KXY�Vtrg�"ZGb'WkI:Y�Y�VBZ[W�ldI KXV:iob Z8ZJI:_�rXrhILZJi�V~\qV	i�ILKkI i �
WBvVBKhV:r YAI:Zqe rXioKh_1Wkr�� � ���"�s�6l�I KXVtiob'Z8Z IL_�rhrXI:ZJioVp\qV	l�I HJI:KXb l1V���� � 5 �D�k�[VBWFlmV WXKsIL_1WhVBY�VBZ[W
\qV<rz_1}'Z ILl?��� �6�q� 
����D�k� S ILZ rFioV:r?iBI r �%l�Iq� b'Z�e8WX_ml1_�rzVFH8Kh_1ZJi�_1HJI:l1VBY�V�Z6W(l*] ILlm}'b'Kh_1Whj8Y�V \qV
l�I�K TVBWXKhb'H8Khb'HJI:}6I:WX_1b Z \qV l*]`V�KXKXV�e8K,���?VBWFlmV:r K TV:rxeGl1WkI:Wkr�b'|8WhVBZqe r HJb'e8K ioV:r�H8KXb |8l%vV�Y�V:r
K TVBH8eGW TV:r/\q_
4�io_ml1V:r rxb'Z[W } TVBZ TVBKsILl1V�Y�VBZ[WFY�VB_ml1lmVoe8KsrFc6e,] IB{6V:i Whb'e8WhV~ILeGWXKXV~WhV:ikj8Z8_�c6e8V
WXKkI \q_1Wh_1b Z8Z8VBlml1V6�

� ldr�rxb'Z[W/ILe rXrx_,eGWX_1lm_�r TV:r HJb'eGK/\qV:rFH8Khb'|8l%vVBY�V:r�KXV�l1_ TVtrgvI ldI�Khb'|Jb'Wh_�c6e8V��"HJI:K<V �qV�Y�H8l1V��
l1V	rz�8rzWBvVBY�V \qV � ��� �^H b e8K ILH8H8KhVBZJ\qKhV�vI~iob'ZJ\[e8_1KhV'��b'e \8I:ZJr�lmV	\qb YAIL_mZ8V	\qV:r��XV�e �(�
�g_1ZJrz_*�:l1V:r?H8KXb }'KkI:Y�Y�V:r � VBe8KXb � ILY�Y�b Z,�:H8e8_�r u<S � ILY�Y�b Z~\qV u V:rXI:e8KXb ��
 �q� 
 ���
rxb'Z[W�I ioWXe8V�l1l1V�Y�VBZ[W(l1Vtr Y�VB_ml1l1V�e8Kkr(H8Khb'} KkILY�Y�V:r?\qV<|JI'i �[}6ILY�Y�b'ZpILe�Y�b ZJ\qV6� u<S �
� I:Y�Y�b Z,�BHJILK V �[VBY�H8lmV6�oe8Wh_1lm_�rxV e8Z�ILl1} b'Kh_1WXjGY�V/\(] I:H8H8KhVBZqWh_�rhrXIL} Vg_mZ8} TV�Z8_1VBe ��| I'r TV
rxe8K,ldIFK TVBWhKXb'HGKXb'H IL}6I:WX_mb'Z�\qV�l*] VBKXKhVBe8K^\8I:ZJr;lmV�WXVBY�H r c6e8_6HJVBKhY�VBWNvI�eGZ�K TV:rxVtILep\(] I:H-�
H8KXVBZ \qKXV/VBZ��2���.(��.-^iob ZqWhKXV/l1e8_ �*Y��V�Y�V'� S V H8l1e ro�6b'Z�lmV:r�e8WX_ml1_drxV/\8I:ZJr<\qV:r�rx�GrxW�vVBY�V:r
jq�[|8KX_d\qV:r�IB{6V:i/\qV:rFY TVBWhj8b[\qV:r \(]`_mZqWhVBl1lm_1} VBZJioV ILKXWh_
�^i�_1VBlml1V �*! ( �1�2/ 
2� ��� H b e8K \qV:rF\[b �
YAIL_mZ8V:r�iob'Y�Y�VglmV:rFrz�8rzW�vVBY�V:r V �[HJVBKXWsr ����
	� �D��VBW<l1V	ldILZ8}�IL}'VpZJILWhe8KXV�l���� � 5q��� ���"�k�

S V�YAI:Z8_%vVBKhV�} TVBZ TVBKsILlmV6�,b'Z�rzVBKkIU|G_1VBZ IB{[_�r TVA\(]`eGWX_1lm_�rzVBK	l1V:r	K TV:rzV:ILe � \qVAZ8VBeGKXb'ZGV:r
ILKXWh_
�^i�_1VBldryHJb'eGKUK TVtrxb'e \qKXV�WXb e8WAH8KXb |8l%vVBY�V H b e8KAl1V:c6e8VBl b'Z H b�rXr�vV:\qV�e8Z }'KsILZJ\
Z8b'Y�|8KXV/\^]`V �[VBY�H8lmVBr?ILlmb'KsrFc6e,]`_mlJro] It{^vVBKhV \q_ 4Ai�_1l1V \(]`V�Z�\ TVt\qe8_1KhV \[V:r�KBvVB} l1V:r�ioldIL_1KhV:ro�
� ]`V:rzWXj TVBWh_�c6e8V�VBW,ldI<rx_mY�H8l1_dio_1W TVN\qV�l*] ILH8H8KhVBZ[WX_�rhrXI:}'V�HJI:K l%]`V �[VBY�HGl1V?\qVB{[_1V�Z8Z8VBZ[W^ILl1b Kkr
\qV:r<ILWhb'e8Wsr�_mY�HJb'KhWkILZ[Wkr��
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 ��� ��� 
�� ��� �F� �:� �� 
 �� � �h� � �4� � ��
F�:
 �


N� ��� ���~� ���� 
N��� ��
 � � ��� � � ����� 
 �~� 
F�
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� Z \qV:rFH8Khb'|8l%vVBY�V:r�YAI �XVBeGKkr<\qV:rFK TV:rxVtILe � \qV	Z8VBeGKXb'ZGV:rgI:KXWh_
�^io_mVBl�r IyWhKkI:_1W ILe \[V��
rx_m}'Z,� S VB{ ILZ[W�e8Z8V�W"�I i j8V vI�K TV:rxb eJ\qKXV H ILKAK TV:rzV:ILe � \qV Z8VBe8Khb'Z8Vtr=I:KXWh_
�^io_mVBl�r�� lmV
i jGVBKkikj8VBe8K�\qb'_mW~H8KXV�ZJ\qKXV�\qV:r~\ TVtio_�rz_1b'Z r�\qV \qVtrx_1} ZPZ8b Z TVB{[_�\[VBZqWhV:r�V�W�HJb'eGKXWkI:ZqW
WXK�vV:ry_mY�HJb'KhWkILZ[WXVtr���IL_mZJrx_/HJI:K�V �[VBY�H8lmV6�,_1l<a%ILe8W�} TVBZ TVBKsILlmVBY�VBZ[W~\ TVtio_�\qV�K�\qVUl%] ILK �
i jG_1WXVtioWXe8KhV~�"ZGb'Y�|8KXV	\[V Z8VBeGKXb'ZGV:r iBI i j TVtrFHJILK V��qVBY�H8l1V6�6b e Z8b'Y�|8KXV \qV~iob eJikj8V:r
iBI'ikj TVBVtro�:VBW�_1Z[WXV�Kkiob Z8Z8V �[_1b Z(�k� rxb e8{6VBZ[W�\qV<a%I �iob Z (�$ � � � b'e�VBZ~e8WX_ml1_drXILZ[W�c6e8VBldcfe8Vtr
K�vVB} l1V:r�j8V�e8KX_drxWX_dcfeGV:r�rx_1Y�H8l1V:r�� � V � e8ZA\ TV:i�KX_1W ioV/H8Khb'|8l%vVBY�V/\8I:ZJr �`� � �(V�Z�V:rhrXIB�[ILZ[W
\q_1{6V�KkrxVtr�I:Kkikj8_1WhV:ioWhe8KXV:r	HJb'e8K~e8Z H8KXb |8l%vV�Y�V�\qb'ZGZ TVUVBWpVBZ iBILldioe8ldILZ[W l*] VBKXKhVBe8Kp\qV
} TVBZ TVBKkI:l1_�rhILWh_1b'Z�H b e8K i jJI ioe8Z8V�� ��ZUV*5^VBW��qj8b KXY�_dr e8ZGV�KhV:ikj8VBKkikj8V/V �[jJILeJrzWX_m{6V6�[ILe-�
ioe8Z8V/Y TVBWhj8b[\qV<Z,] V:rxW iob Z8Z[e8VgHJb e8K/\ TVBWhVBKXY�_mZ8VBK,l%] ILKsi jG_1WXVtioWXe8KhVFb H8WX_mYAILlmV<H b e8K<e8Z
H8KXb |8l%vV�Y�Vp\qb'Z8Z TV6� �/K Whb'e8WhV~l�I�Whj TVBb KX_1V�rxe8K	lmV:r�K TV:rxVtILe ��\qV Z8V�e8KXb Z8V:r	ILKhWX_
� io_1VBldro�
l1VBeGK�H8e8_drXrXI:ZJioV	\[V iBI:l�ioeGl*�'b e�l1VBeGK a%I ioe8lmW TV \qVg} TVBZ TVBKsILlm_�rXI:WX_mb'Z�Z8V/WX_mVBZ[WFc6e8V rx_Jl*] b'Z
e8WX_ml1_drxV/l*] I:Kkikj8_1WhV:ioWhe8KXV/_�\ TVtILl1V��"b'e WXb e8W I:eAY�b'_mZJr<rxe.4�rXI:ZqWhV	VBW<Z TV:ioVtrXrXI:_1KhV'�k�

� Z8V�rzb'l1eGWX_1b Z vIUi�V�H8Khb'|8l%vVBY�V�iob'ZJrz_�rzWXV�vI�e8Wh_1l1_drxVBKp\qVtr�I:l1} b'KX_mWXj8Y�V:r��1��� ��- �*� �*- / �1�
WXVBldr�c6e8V � 5 � �Jc6e8_Jiob Y�Y�VBZ ioVBZ6W?IB{6V:i eGZ8V I:Kkikj8_1WhV:ioWhe8KXV Y�_1Z8_mY�I:l1V�V�W�I �Xb'eGWXVBZ[W \qV:r
Z8VBe8Khb'Z8Vtr�VBW \qV:r iob Z8Z8V �[_1b ZJr/ILeUaDe8K V�W~vI�Y�V:rxe8KhVp\qV~l*] ILH8H8KhVBZ[WX_�rhrXI:}'V6� S ] I:e8WXKhV:r
rxb l1e8Wh_1b'Z r WhVBl1lmV:r�c6e8V � �8� �Je8WX_ml1_�rzVBZ[W�H8l1eGW"�b'W�e8ZGVgWhV:i jGZ8_�c6e8VF_mZq{6V�KkrxV �JvI HJILKhWX_1K \(] e8Z8V
ILKsi j8_mWXV:i�WXe8KhV	iob'Y�H8l%vVBWhV6�q_ml�r TVBl1_mY�_1ZGVoZ[W<ioV�KXWkI:_1ZJrFZGVBe8KXb Z8V:rgV�W��Bb e�iob'ZGZ8V �[_1b'Z rgc6e8_
rxVBY�|8lmVBZqWNZ8b'Z V:rXrzVBZqWh_1VBldro�

S VBH8eG_�r�HJVBe,�qb ZAiob Y�Y�VBZJi�V vI	e8WX_ml1_drxVBK \qV:r�Y TVBWhj8b[\qV:r�\(] b'H8Wh_1Y�_drXILWh_1b Z~H b e8K<ikj8VBK �
i jGVBK�l*] ILKsi j8_mWXV:i�WXe8KhV _d\ TV:I:l1V6� �g_1Z rx_*� H8l1eJrz_1VBeGKkr WhKkIB{ ILe ��H8KXb HJb6rxV�ZqW�l*] e8WX_ml1_drXILWh_1b Z�\qV:r
ILlm}'b'Kh_1Whj8Y�V:rg} TVBZ TVBWh_�c6e8V:r~��� 5	�[��� 5 �"� H b e8K b H8WX_mY�_�rzVBK l%] ILKsi jG_1WXVtioWXe8KhV~\qVtr�K TVtrxV:I:e �
\qV	Z8VBe8Khb'Z8Vtr �"{6b'_mK ���[��� 5��,HJb e8K \[V:rFV �[VBY�H8lmV:ro�'b e ���'���(HJb e8KgeGZ8V KhVB{qeGV'�k�
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� Z�I:e8WXKhV4H8Khb'|8l%vVBY�VAWX_mVBZ[W�I:e i j8b _ � \qV:r�HJI:KkI:Y vVBWXKhV:r�\qV:r�\q_m{6VBKkr�ILlm}'b KX_1Whj8Y�V:r
\(] I:H8H8KXV�ZqWh_�rXrhIL} V6� ��Z V*5^VBWB�JikjJI'c6e8V	K�vV�}'l1V�\(] I:H8H8KhVBZqWh_�rhrXIL} V e8Wh_1lm_�rxV } TVBZ TV�KkILlmVBY�VBZ[W
e8Z�i�VBKXWsIL_1Z~ZGb'Y�|8KXV/\qV/HJI:KkILY�vVBWXKhV:r HJb'e8K }'e8_d\qVBK�l*] ILH8HGKXVBZ[WX_drXrXI:}'V6� �g_mZJrx_%�LldI�K�vVB}'lmV
\qVFldIgK TVBWhKXb H8KXb HJIL}�ILWX_mb'ZA\[VFl*] VBKXKhVBe8K?V:rxWN|JI'r TVBV<Z8b'WsILY�Y�VBZqWwrxe8KNl1VFWsILe ��\^] ILHGH8KXVBZ �
WX_�rhrXI:}'V6� � V<WsILe �~{ I:KX_1V/\^]`e8Z8V<W �I'ikj8VpvI l*] ILe8WhKXV6�:VBW�VBZ iob'KhV<e8Z8VFaDb'_dro�'b Z�eGWX_1lm_�rzV<rxb e-�
{6VBZqW/\[V:r�K�vVB}'lmV:r<j8VBe8Kh_�rxWh_�c6e8V:r<rz_1Y�H8lmV:rFHJb'e8K \ TVBWXV�KXY�_mZ8VBK<rhI�{ ILlmVBe8K/_�\ TV:I:l1V6� S ILZJr
l�IUY��VBY�V�{6VB_mZ8VAc6e8VUHJb e8K�l1V ikj8b'_ � \qV:r�ILKsi jG_1WXVtioWXe8KhV:ro�?b'Z e8WX_ml1_�rzVAYAIL_mZqWhVBZJILZ[W
\qV:r�Y TVBWhj8b[\qV:r�iob Y�Y�V�l1V:r�I:l1}'b KX_mWXj8Y�Vtr } TVBZ TVBWX_dcfe8Vtr HJb e8K<ikj8b'_drx_mKFi�V:r�HJILKsILY�vVBWhKXV:r
�����6�J� � �,VBW ��� � �,HJb'e8K/e8Z8V	KhVB{qeGV'�k�

S ILZJrpioVBWhWXV�WXjwvV:rzV6�,Z8b'e r�Z8b eJr H8KXb HJb6rxb ZJr�\(] I:l1l1V�K H8l1e r�l1b _1Z�VBZJiob KXV�V�W \[VAi jGVBK��
i j8V�KB�qH ILK \qV:rFY TVBWhj8b[\qV:r<\^]`b'HGWX_1Y�_�rXI:WX_mb'ZAiob Y�Y�V<lmV:r<ILlm}'b'Kh_1Whj8Y�V:r�} TVBZ TV�WX_�c6e8V:r��,vI
WXKXb e8{6VBK�\[V � ��� 
 �1!#! ��� ���� �"!#��� $'& (*)�)+�,�,�.-0/
�1�2(3���k� � b'eJr \ TV:ioKh_1{6b ZJr�\8ILZJr�l1V/H8KXb[ikjJI:_1Z
i jJI:H8_1WhKXV	i�b'Y�Y�V�ZqW���HJILKh{6VBZ8_1K��
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b'eJr IB{6b ZJr�{[e I:e�i j ILH8_mWXKXV35�c6e8V	l�I�iBILKsI'ioW TVBKX_drxWX_dcfeGV l�I~H8l1e rgKXVBY�ILKkc6eJI:|8l1V
\qV:r<K TV:rzV:ILe � \qVpZ8VBe8Khb'Z8VtrgI:KXWX_ �^io_mVBl�rFV:rzWglmVBe8K/iBI:HJI'i�_1W TV�\(] I \8ILHGWkILWh_1b Z vI�e8Z

VBZq{[_1Khb'Z8ZGVBY�VBZ[W�{ ILKh_�IL|Gl1V6�Gi']`V:rzW�� vI&� \q_1KhV	l1VBe8K�a%I'ioeGl1W TV $'& (*)�)+�1���.- /
�1�2(3�.�k�

� ] ILHGH8KXVBZ[WX_drXrhIL}'V�\8ILZ r eGZUK TVtrxV:I:e�\qV Z8V�e8KXb Z8V:r I:KXWX_ �^io_mVBl�r<rzV�a%IL_mWgH ILK l%]`_1Z[WXV�KXY TV��
\q_�I:_1KXV�\(]`eGZ8V ���� � !#� $'& (*)�)+�1���.- /
�1�2(3�.�k� v� l%]`_mZJrxWsILKA\qVtr�rx�GrxW�vVBY�V:r~Z8VBKh{6VBe � |8_1b l1b��
}'_�c6e8V:r?b^ve�l*]`b Z�I \qY�VBW I'ioWhe8VBl1lmVBY�V�ZqW?c6e8V<l%] ILHGH8KXVBZ[WX_drXrhIL}'V rxV�KkIL_mW�l1V/K TVtrxe8lmWkILW \qVgldI
) ! ( ��-0/ �2/#- �� � �"� (*) -0/ 
3� �<�DY�b[\q_
� iBILWh_1b'Z�\[Vgl%]`V*4�iBI'i�_1W TV \(] e8Z8V rx�[ZJILH rxV'�s�flmV:r Y�b[\^vVBl1V:r
\qV<K TV:rzV:ILe ��\qV<Z8VBe8Khb'Z8Vtr I:KXWh_
�^io_mVBl�r?e8WX_ml1_�rzVBZ[W�\qVtr K�vVB}'lmV:r�\(] ILH8HGKXVBZ[WX_drXrXI:}'V cfeG_J\q_�i��
WXVBZ[W�e8Z8V { ILKh_�I:WX_1b Z \qV:r HJb _�\8r<\qVtr<iob'Z8ZGV �q_mb'ZJr�VBZ�aDb ZJioWX_mb'ZA\[V l*] VBZq{[_1Khb'Z8ZGVBY�VBZ6W��

� lJV �[_�rzWXV eGZ8V Y�e8l1Wh_1WXe \qV/\qV Y�b[\^vVBl1V:r�\qV	K TV:rxV:I:e ��\qV Z8VBeGKXb'ZGV:r<ILKhWX_
� io_1VBldr�VBWFWhb'e8W
ILe8WsILZ[W�\qVFK�vVB}'lmV:r?\(] I:H8H8KXV�ZqWh_�rXrhIL} V	�"{6b'_mK � �	� �8HJb'e8K�eGZ8V<KXVB{[e8V'�s� �*lfa%I:e8W�ioVBHJVBZ \8ILZ[W
Z8b'WhVBK<H8l1e rx_1V�e8KkrFH8Khb'|8l%vVBY�V:r�KhVBl1_ TV:rFI:e �AKBvVB} l1V:r \(] I:H8H8KXV�ZqWh_�rXrhIL} V~I'i�WXe8VBlml1V:r��
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u b e8W�\(] IL|Jb'Ks\(�'VBW?|8_mVBZ�cfeGVFl1Vtr ikj8VBKsi j8V�e8Kkr,r�]`VBZ[WXVBZ \qVBZ[W,H b e8K�Z8b'WhVBK�l%]`_1Y�H b KXWsILZJioV
\qV/l�I K�vVB} l1V \(] I:H8H8KhVBZqWh_�rhrXIL} V \GILZJrFlmV:r�rx�GrxW�vVBY�V:rNiob'Z8ZGV �q_mb'Z8ZG_�rxWhV:ro�6ldI HGl1e8HJI:KXW \qV:r
Y�b[\^vVBlmV:r(e8Wh_1l1_drxVBZ[W?\qV:r�� �����*/
��- / 
3� ����HJb e8K�l1V�e8K�\[V:rx_m}'Z��DZ8b'WsILY�Y�VBZqW,HJb e8K�l1V i jGb'_ �
\qV:r�HJI:KkILY�vVBWXKhV:r�_1Z[WXKX_mZJr�vVtcfe8Vtr<vI ioVtr K�vV�}'l1Vtr �k� � b eJrFIB{6b ZJr�\(] I:_1l1lmVBe8Ksr Y�VBZqWh_1b Z8Z TV	vI
l�I	rxVtioWX_mb'Z�5q� �	\q_ 5 TVBKXVBZ[Wkr�H8Khb'|8l%vVBY�V:r,KXV�l1_ TVtr�ILeA\[V:rx_m}'Z�\qV:r�K�vVB} l1V:r�\(] ILH8HGKXVBZ[WX_drXrXI:}'V
VBW<\[V�lmVBe8KsrFHJILKsILY�vVBWhKXV:r<I:_1ZJrz_?cfeGV l1V:r<rzb'lme8WX_mb'ZJr/I'ioWhe8VBlml1VBY�V�ZqW�eGWX_1lm_�r TVBV:ro�

S VFHGl1eJr��Lb Z�i j8V�Kkikj8V�VBZ a%IL_mW�\qVtr K�vVB} l1V:r?\(] ILH8H8KhVBZ[WX_�rhrXI:}'V<e8Z8_m{6VBKkrzVBl1lmV:ro��iBILH IL|8lmV<\qV
K TV:rzb'eJ\[KXV~Z,] _1Y�HJb'KhWXVpc6e8VBl1lmV	W"�I'ikj8V6�^ioV�c6e8_?Z,]`V �[_�rzWXV	HJVBe8W ���VBWhKXV~HJI r~�*IL_mZJrx_%� Y��VBY�V
\8ILZ rgl1V:r rx�GrxW�vV�Y�V:r<Z8VBKX{6V�e ��|8_mb'l1b }'_dcfe8Vtro�(b Z�I'\qY�V�W c6e,]`_ml V��q_drxWXVpH8KXb |JIL|Gl1VBY�V�ZqW
Z8b'Z HJI rUe8Z8V YAI:_�r=HGl1eJrz_1VBe8Ksr=K�vVB}'lmV:rU\(] ILH8HGKXVBZ[WX_drXrXI:}'V6�	rzH TV:io_dILlm_�r TV�V:r�H b e8K \qV:r
W"�I i j8Vtr i�b'}'ZG_1WX_m{6V:r�\q_
5 TVBKhVBZ[WXV:r�� 5 5 �D�k� � ]`V:rzW<I:_1ZJrz_(c6e8V Y��VBY�V�l1V:r�Y�VB_ml1l1V�e8KhV:r;K�vVB}'lmV:r
\(] I:H8H8KhVBZqWh_�rhrXIL} V V �[_�rzWkILZ[W<I ioWXeGVBl1lmVBY�VBZ[W�VBW It�[I:ZqW/rzb'e8{6V�ZqW \qVprxb'lm_�\qVtr |JI rxV:r<YAI&�
WXj TV�YAILWh_�c6e8V:r TVBHGKXb'eG{6VBZqW \qV:r HGKXb'|Gl*vVBY�VtrNa%I ioV�vI l�I�K TV:rxb l1e8Wh_1b Z�\qV W"�I'ikj8V:r \q_
4�io_ml1V:r
�"Z8b eJr<IB{6b'ZJr�{qe�HJILK<V �[VBY�HGl1VpvI l�IprxV:i�WX_1b Z#5q����cfeGVgldI KBvVB} l1V \qV	l�I�K TVBWXKhb'H8Khb'HJI:}6I �
WX_mb'Z�\qV<l%]`VBKhKXVBe8K?V:rzW�rxVBZ rx_1|Gl1V/ILe �~Y�_1Z8_mY�IFlmb[iBILe �~VBW�HJVBe8W �V�WXKXV<lmVBZ[WXV	vI	iob Zq{6V�KX}'V�K
HJb'e8K ioVBKhWkIL_mZJrFH8Khb'|8l%vVBY�V:r�\qV	}'KsILZJ\[V WkI:_1lml1V'�s�
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� b'e r HGKXb'HJb�rxb'Z r�\8I:ZJr i�VBWXWhV�Whj,vV:rxV�e8Z8V�Y TVBWhj8b[\qV~HJVBKhY�VBWXWsILZ[W l�IAKXV:ikj8VBKsi jGV~\qV
Z8b'eG{6VBl1lmV:r K�vVB}'lmV:r<\(] I:H8H8KhVBZqWh_�rhrXIL} VprxH TV:i�_�ILlm_�r TVBV:r HJb e8K l�I K TV:rxb l1e8Wh_1b ZU\[V~ioldI'rXrzV:r<\qV
W"�I i j8Vtr |8_mVBZ�\ TV*�JZ8_mV:ro� � b'e8K/i�V�a%I:_1KXV��qZ8b eJr<iob'Z rx_�\ TVBKXb ZJrFl�I	KBvVB} l1V	\(] ILH8HGKXVBZ[WX_drXrXI:}'V
iob'Y�Y�V	e8Z8V aDb'Z ioWX_mb'Z�HJILKsILY TVBWhKX_dcfe8V~V�W�vI�l*] I:_�\qV�\[V�\q_m{6VBKkrzV:rgY TV�WXj8b[\qVtr \(]`b H8WX_ �
Y�_�rhILWh_1b'Z WXKsI'\q_mWX_1b Z8Z8VBlml1V:r/WXVBlml1V:r/cfeGV~l�IA\qV:rhioVBZ[WXV�\qe�}'KsI'\q_mVBZqW��(l1V~KhV:ioe8_mW rz_1Y�e8l TV
VBW lmV:r~ILlm}'b KX_1Whj8Y�V:r	} TVBZ TVBWX_dcfe8Vtr � ��ZGb'eJr~H8KXb HJb6rxb ZJr�\(] b'H8Wh_1Y�_drxVBK	lmV:r HJILKsILY�vV�WXKXVtr
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\qV�i�VBWXWhV~KBvVB} l1V�\qV�rzb'KhWXVAc6e,]`V�l1l1VpH8e8_drXrxV �VBWhKXV�e8WX_ml1_�r TVBV~HJb'e8KpK TV:rzb'eJ\[KXV�e8ZGV�ioldI'rhrxV
\qb'Z8Z TVBVp\qV	W"�I'ikj8V:r��

� b'e8K��pHJILKh{6VBZ8_1K��'Z8b eJr�\qVB{6b'Z r HGK TV:I:l�IL|Gl1VBY�V�ZqW TVBWsIL|8lm_1K�lmV:r�jq�[HJb'Whj,vV:rxVtr \[V<WXKkIB{ IL_ml
rxe8_m{'I:ZqWhV:r��

� ldI Y��VBY�V�K�vVB}'lmV<V:rxW�eGWX_1lm_�r TVBVFHJI:K�H8l1eJrz_1VBeGKkr Z8V�e8KXb Z8V:r<�*ioV�WXWXV iob'Z[WXKsIL_mZqWhV<H V�e8W
�VBWhKXV TVBWXV�ZJ\qe8VpvI e8Z8V<K�vVB}'lmV<HJb'e8K i jJI cfeGV<Wx�[HJV/\qV/Z8VBe8Khb'Z8V<b eA\qV/rx�[ZJI:HJrxV��o�s�
� V:r?Y�b[\(vVBlmV:r(I ioWXe8V�l�r,\qV K TV:rzV:ILe � \qVFZ8V�e8KXb Z8V:r?ILKXWh_
�^i�_1VBldr Z,] e8WX_ml1_�rzVBZ[W,c6e,]`e8ZGV
rzVBe8l1V/K�vV�}'l1V \(] ILH8H8KhVBZ[WX_�rhrXI:}'V/H b e8KFWhb'e8WhV:r lmV:r�iob'ZGZ8V �[_1b'Z r \[e�K TV:rzV:ILew� S ILZJr
lmV:rgY�b[\^vV�l1V:r<c6e8V ZGb'eJr H8Khb'HJb6rzb'ZJr�� b'Z HJb e8KXKsI�V�Zq{[_�rhIL}'V�KgH8lmeJrx_mVBe8Ksr�Y TVtiBI&�
Z8_drxY�VtrF\(] ILH8H8KhVBZ[WX_�rhrXI:}'V~\[_
5 TVBKXV�ZqWsro�

� _ml<V �q_drxWhV�e8Z8V \ TVBHJVBZ \8ILZJi�V4� TVB{6VBZ[WXe8V�l1l1V�Y�V�ZqW rxWXb[ikjJI rxWX_dcfeGV'�	VBZ[WXKXV�l�I Y�b �
\q_ �^iBI:WX_1b Z�rz�qZJI:H8WX_dcfeGVUVBW�ioVBKhWkIL_mZ8V:r _mZqaDb'KhYAILWh_1b'Z r�\q_drxHJb'ZG_1|8lmV:rUvI i jJI cfeGV
rz�qZJI:HJrxV 
'� ��ZA\^] ILeGWXKXVtr WhVBKXY�V:ro�:l1V i j ILZ8} VBY�VBZ[W�\[VgHJb'_d\8r Zw]`V:rzW H I'r Whb'WsILl1V �
Y�V�ZqW l1V aDKXe8_mW/\qeAjJI'rhILKs\UVBW/\ TVBHJVBZJ\ \qV	{ ILKX_dIL|8lmV:rFHJb'e8{ I:ZqW �V�WXKXV	Y�Vtrxe8K TVBV:r
lmb[iBILlmVBY�VBZ[WB� � VBWhWXVAjq�[HJb'Whj,vV:rxV V:rxW~Z TV:ioV:rhrXIL_mKXV rXI:ZJr�c6e8b'_<b Z�rzVBKkI:_1W aDb'Ksi TV
\(] I'\qY�VBWXWhKXV l%]`_1Y�H b�rXrz_1|8_ml1_1W TV \qV	Y TV:iBI:Z8_�rzY�V�r \^] ILHGH8KXVBZ[WX_drXrhIL}'V��

� ioV�WXWXV�\ TVBHJVBZ \8ILZJi�V�HJVBe8W �V�WXKXV�ILHGH8KXb��[_1Y TVBV�IB{6V:iyeGZ8V�HGK TV:io_drx_mb'Z ILKX|G_1WXKsIL_mKXV
HJI:K<e8Z8VgaDb ZJioWh_1b'Z�HJILKsILY TVBWhKX_dcfe8V��'i'] V:rxW ��vI �z\[_1KXV e8Z8V<aDb'ZJioWh_1b ZAcfeG_,ro] V �[H8KX_mY�V
rzb'eJrgldI�aDb'KhY�V
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b^ve � �	�������8�,KhVBH8K TV:rxVBZ[WXV l�I Y�b[\q_ �^iBI:WX_1b Z~\qV<HJb _�\8r vI ILH8HJb KXWXV�K	vI l�I i�b'Z8Z8Vti �
Wh_1b Z=V�ZqWhKXV lmV:r Z8V�e8KXb Z8V:r�� VBW �J�qlmV:r 	 � rzb'Z[W<l1V:r��U{ ILKh_�I:|8l1V:r \qV	l�I�aDb ZJioWX_mb'Z
V�W<l1V:r�
��(rzb'Z[WglmV:r � HJILKsILY�vV�WXKXVtro�

� jJILlmY�VBKsr������ � �D��vI \^] IL_ml1lmVBe8Kkr(HGKXb'HJb�r TV/e8Z8VF_d\ TVBV rx_1Y�_1l�I:_1KhV VBZA���'� ��rze8K�l%] TVB{6b l1e8Wh_1b'Z
\qVFl%] I:H8H8KXV�ZqWh_�rXrhIL} V/\8ILZJr�lmV:r;K TV:rxVtILe ��\qV<Z8VBe8Khb'Z8Vtro� � b'eJr�H8K TV:rxV�ZqWhb'ZJr<vI/l�I rzV:ioWX_mb'Z
�q�
��l1V:r/K TV:rze8l1WsILWkr/H8KX_mZJio_1H ILe ��\qV�rxV:r/WXKkIB{ ILe �(�(V�Z l1V:rgY�VBWXWsILZ[WgVBZ KhVBl1_mVoa It{6Vti ioV
cfeG_(V:rzW<H8KXb H b�r TV�\8I:ZJr/ioVBWXWhV WXjwvV:rxV6�
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� b'WhKXV KBvVB} l1V \^] ILHGH8KXVBZ[WX_drXrhIL}'V VtrxW�\qb'ZJiUV�Z�K TV:I:l1_1W TVAe8Z8VUaDb'Z ioWX_mb'Z \(] e8Z�ioV�KXWkI:_1Z
Z8b'Y�|8KhV \[V~{'I:KX_dIL|8lmV:ro�^\q_�rzHJb'Z8_m|8l1V:r�vI�e8Z8V�rz�qZJI:HJrxV��(VBW	\(] e8Z i�VBKXWsIL_1Z ZGb'Y�|8KXVp\qV
HJILKsILY�vV�WXKXVtro�,WXb eJr%� �qV:r~\^]`e8Z8V�rx�[ZJILHJrzV vIUl%] ILeGWXKXV�� � V rxb ZqW �XeJrzWXVBY�VBZqWpioVtr HJI&�
KkI:Y vVBWXKhV:r�cfeGV�ZGb'eJr<Z8b'e r�H8Khb'HJb6rzb'ZJr \(]`b H8WX_mY�_�rzVBK�H b e8K/WXKXb e8{6VBK<e8ZGV�K�vVB}'lmV	\(] ILH-�
H8KXV�ZqWh_�rXrhIL} VFi�ILHJI:|8l1V \qV�K TVtrxb'e \qKXV�e8Z8V ioldI'rhrxV \ TV*�JZG_1V�\qV�W �I'ikj8V:ro� �*l'a%ILe8W?ioV�H V�ZJ\8ILZ[W
K TVB} l1VBK,HGK TV:I:l�IL|Gl1VBY�V�ZqW^H8l1eJrz_1VBeGKkr H8Khb'|8l%vVBY�V:r,\[V<\qV:rz_1} Z�\qb'Z[W�Z8b eJr�\q_drXioe8Whb'ZJrN\8ILZJr
ioVBWhWXV	rzV:ioWX_mb'Z,�
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� V:r~{'I:KX_dIL|8lmV:r�\qV l�I KBvVB} l1V \^] ILHGH8KXVBZ[WX_drXrhIL}'V �"lmV:r 	 � \qV l*] TVtcfeJI:WX_mb'Z#�%�q�m�L�X��rxb ZqW
\qV:r _mZqaDb'KhYAILWh_1b ZJr�c6e8_8HJVBe8{6VBZ[W�_mZ��Je8VBZ ioVBK�ldIgY�b[\q_ �^iBILWh_1b Z�rx�[ZJILH8Wh_�c6e8V6���/Z�HJVBe8W
iob'Z rx_�\ TVBKXVBK�HJI:K�V �[VBY�H8lmV�l1V:r�{'I:KX_dIL|8lmV:r ! � �1("! ����vI�ikjJI cfe8V�rx�[ZJILH rxV �*c6e8_gKhVBH8K TV��
rxVBZ[WXV�ZqW \qV:rgY TV:iBILZG_�rxY�V:r H8j[�Grx_�c6e8VBY�VBZqW H8KXb[ikj8V�\qV~ldIArx�[ZJILHJrzV'�k� � I � }'e8KhV��q�1�
Y�b'Z[WXKhV�c6e8VBldcfeGV:r�V �[VBY�HGl1V:r \[V�{ ILKX_dIL|8lmV:r l1b[i�ILl1Vtr~cfe8_ HJVBe8{6VBZ[W _mZ��Je8VBZ ioVBK l%]`Voa �



�	


�^iBI'i�_1W TV�rx�[ZJILHGWX_�c6e8V VBW�cfe8_ rxb'Z[WA|JI'r TVBV:rArxeGK=ZGb6rAiob'ZGZJIL_drXrXI:ZJioV:rAI ioWXe8V�l1l1Vtr�\qe
aDb'ZJioWh_1b Z8Z8VBY�V�ZqW \qe ioVBKh{6V:ILew�

Neurone postsynaptique

Neurone facilitateur

Synapse neuro-modulatrice
Synapse

Modulateur chimique

Neurone présynaptique

n _1} e8KXV �q�1� � � _�rzWXV<Z8b Z-�%V �qj ILeJrzWX_1{6V/\[V:r TVBl TVBY�VBZ[Wkr^cfe8_GH V�e8{6VBZ[W _mZ��Je8VBZ ioVBK?l�IgY�b[\��
_
�^iBI:WX_mb'Z rx�[ZJILHGWX_�c6e8V6�

�gZ�KXVBYAI:Kkc6e8V/Z8b'WsILY�Y�V�ZqW�l1Vtr { ILKh_�IL|Gl1V:r<rze8_1{ ILZ[WXVtr��qldI { ILl1V�e8K<\qVprzb'KXWh_1Vp\qeAZ8VBe �
KXb'ZGV/rx_1Whe TV It{ I:ZqW�l�I rx�[ZJILHJrzV~�"b e�ZGVBe8KXb Z8V/H8K TV:rz�qZ ILH8Wh_�c6e8V'�,VBWNl*] TV�WkILW \(] I ioWX_m{'I:WX_mb'Z
\qe�Z8VBeGKXb'ZGVArx_mWXe TV�ILH8K�vV:r�ldIUrz�qZJI:HJrxV��Db'e�Z8V�e8KXb Z8V�HJb6rzWkrx�[ZJI:H8WX_dcfe8V �k� � Vtr \qVBe �
{'I:KX_dIL|8lmV:r�rxb'Z[W�e8WX_ml1_dr TVBV:rN\8ILZJr�l�I H8lme8HJILKhW \qV:r�Y�b[\^vVBlmV:r�\(] ILH8HGKXVBZ[WX_drXrXI:}'V/j8VB|8|G_1VBZ,�
�gZprhIL_1W?\[V HGl1eJr,c6e,]`_ml:V �q_drxWhV�e8ZpioVBKhWkIL_mZ Z8b Y�|8KhV�\qV�Y�b[\qeGl�ILWhVBe8Ksro�oWsILZ[W?i jG_1Y�_dcfe8Vtr
cfe,] TVBl1VtioWXKh_�c6e8V:ro�GcfeG_ HJVBeG{6VBZqW _1Z��JeGVBZJioVBK/l*] V*4�iBI'io_mW TV�\(]`e8ZGV�rx�[ZJILHJrzV6���g_1Z rx_�b Z�I
H8e�b'| rxVBKh{6VBKpioVBKXWsIL_mZJr Z8VBe8Khb'Z8V:r��*c6e,]`b Z ILHGH V�l1l1V�\qV:r	Z8VBe8Khb'Z8Vtr �2(��3/#! /#- ("- ���.���	b'e
� � $���! ("- ����� �k�/c6e8_ TV�WkIL|Gl1_�rhrxVBZ[W \qV:r	iob'ZGZ8V �[_1b'Z r \q_1KhV:ioWhVBY�VBZ[W<IB{6V:i~\qVtr rx�[ZJILH rxV:r
�"H8lme8W"�b W c6e,] It{6Vti \(] ILe8WhKXV:r Z8VBeGKXb'ZGV:r iob Y�Y�Vpi'] V:rxW lmV�i�I'r jJIL|G_1WXeGVBl1lmVBY�VBZ[Wo�s� � V:r
Z8VBe8Khb'Z8V:r�_1Z��JeGVBZJioVBZ[WA\qb ZJi'�FZGb'Z HJI'r \(] I:e8WXKhV:r�Z8VBeGKXb'ZGV:ro�<YAI:_�r~|8_1VBZ \[V:rArx���
ZJILHJrzV:ro� � Z��JZ,�(_ml�V:rxW H b�rXrz_1|8lmV�cfe8V~ldI�{ ILlmVBe8K	I ioWXe8V�l1l1V�\(]`eGZ8V~rz�qZJI:HJrxV�_1Z �Je8VBZJi�V
rXI H8Khb'H8KhV H8ldI'rxWh_�io_mW TV	rz�qZ ILH8Wh_�c6e8V6�



�	�

�/Z H V�e8WpILeJrhrx_�VBZ[{q_drXIL} VBK	\qVtr { I:KX_�I:|8l1Vtr � ��� ! � �1("!#���yvI=ikjJI cfe8V�rz�qZ ILHJrzV6� �g_mZJrx_%�
l1V:r?ILlm}'b KX_1Whj8Y�V:r,\[V<KXVBZqaDb KkioV�Y�VBZ[W(e8Wh_1l1_drxVBZ[W,Z8b WkILY�Y�VBZ[W(e8Z8V�aDb'ZJi�WX_1b Z�\qVFl%]`VBKhKXVBeGK
}'lmb'|JI:l1V \qe�K TVtrxV:I:e�HJb'e8K/iBI:l�ioeGl1VBK�lmV ikjJI:Z8}'VBY�VBZqW \qV HJb'_d\8r vIpi jJI cfeGV	iob'ZGZ8V �[_1b'Zw�

��� ����� � � � � � ��  � � � �  ��
� � � � 
 � ��� � �� � � � 
 � � � � � � #  "��������� �

�gH8K�vV:r�It{6b _1K i j8b _�rz_ l%]`VBZ rxVBY�|8l1V \qV:r�{'I:KX_dIL|8lmV:rFc6e8_JHJVBe8{6VBZ[W�_1Z��JeGVBZJioVBK�l%]`V*4�iBI'i�_1W TV
rx�[ZJILHGWX_�c6e8V6�6b Z \qb _1WFV�ZJrxe8_mWXV	\ TV:io_�\[VBK<\qeAZ8b Y�|GKXV \qV HJI:KkILY�vVBWXKhV:r VBW \qV	l�I a%I �iob Z
\(] I rXrzVBY�|Gl1VBK�l1VtrF{'I:KX_dIL|8lmV:rFVBW<l1VtrFHJILKsILY�vVBWhKXV:r \qV	l�I~K�vVB} l1V	\^] ILHGH8KXVBZ[WX_drXrhIL}'VpHJILKsI&�
Y TVBWhKX_�c6e8V6���/Z \qb'_mWFH8KhVBY�_%vV�KXVBY�VBZ[W�\ TV�WXVBKhY�_1Z8V�K�l1V:rFb H TVBKsILWXV�e8Kkr<c6e8_(HJVBeG{6VBZqW �VBWXKhV
e8WX_ml1_dr TV:r��DWXVBldr c6e8V<l�I<Y�e8l1Wh_1H8lm_�iBI:WX_ b'Z,��l*] I'\8\q_mWX_mb'Z,�:l*] V �qHJb Z8VBZ[WX_�I:WX_mb'Z,�BVBWsiL�k� ��ZJrze8_1WhV6�
VBW�iob Y�Y�V _1l8V �[_�rzWXV<e8Z�WXK�vVtr } KkI:ZJ\�Z8b Y�|8KhV/\qV<aDb'KXY�V:r�\qV/K�vVB} l1V:r�\(] ILH8HGKXVBZ[WX_drXrXI:}'V
e8WX_ml1_drXILZ[WFlmV:rF{ ILKh_�IL|Gl1V:r��qHJI:KkILY�vVBWXKhV:rFVBW<b'H TVBKkI:WXVBe8Ksr<i jGb'_�rz_�r��8_1l a%I:e8W iob'ZJi�VB{6b'_mKFe8Z
ioVBKhWkIL_mZAZ8b'Y�|8KXV \qV~iob ZqWhKkI:_1Z[WXV:r<HJb'e8K lm_1Y�_mWXV�K�l1V:r/i jGb'_ �^� � I�rzV:ioWX_mb'Z �q� ��\q_drXioe8WhV
\qVpiob'Z[WXKsIL_mZqWhV:rFKkI:_�rxb Z8ZJI:|8l1V:r<VBZ[{q_drXI:} TVBV:r<\GILZJr/ioVBWhWXV Whj,vV:rxV�� � Z��JZ,�Jiob Y�Y�V/Z8b'eJr
l1V {6V�KXKXb ZJrpvIyldI~rxV:ioWh_1b Z 
[���G� _ml,V:rxW/I:eJrXrz_ HJb6rhrx_m|8l1V�\qV a%IL_1KhV { ILKh_1VBK<ldI�aDb'KhY�V	\qVpl�I
K�vVB} l1V \(] I:H8H8KXV�ZqWh_�rXrhIL} V I:e�Y��V�Y�V�WX_1WhKXV/c6e8V<l1Vtr HJILKsILY�vV�WXKXVtr HJVBZJ\8I:ZqW�l1V<HGKXb[ioV:rhrxeJr
\(]`b H8WX_mY�_�rhILWh_1b'Z \qVpl�I�K�vVB}'lmV6� �*l Zw]`V:rzW \qb ZJi H8lmeJrgZ TV:i�V:rXrhIL_1KhV~\qV �.�[VBKgldIyaDb'KhY�V6�8_ml
rxe.4�Wprx_mY�H8l1V�Y�VBZ6W \qVA\ TVBWhVBKXY�_1Z8VBK/l1Vtr�b'H TVBKkI:WXVBe8Ksro�?l1V:r { ILKh_�IL|Gl1V:r��;V�W l1V�Z8b Y�|8KhV
\qV	HJILKsILY�vV�WXKXVtr YAI��q_mY~e8Y c6e8V	l�I K�vVB}'lmV�HJVBeGW/iob'Z[WXVBZG_1KB�
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� �JZR\qV�K TV:\qe8_mKXV�l*]`VtrxHJI ioV�\[V�KXV:ikj8VBKsi jGV \qV:rAK�vVB} l1V:r \(] I:H8H8KhVBZqWh_�rhrXIL} V��"lmb'KsrU\qV
l*] b'H8Wh_1Y�_drXILWh_1b Z \qV:r H ILKkI:Y vVBWhKXV:rk�k��Z8b eJr HJb'e8{6b ZJr \ TVBWhVBKXY�_mZ8VBK e8Z VBZJrzVBY�|Gl1V
\qV�i�b'Z[WXKkI:_1Z[WXV:r�rxeGK�l�I aDb KXY�V VBW l1V:r { ILKX_dIL|8lmV:r�\qV l�I K�vVB}'lmV�\(] ILH8HGKXVBZ[WX_drXrXI:}'V
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HJILKsILY TVBWhKX_dcfe8V 	 �

��������� � ��� � � � � � ���  �� � ��� ��� �$��� � �

� IgH8KXV�Y�_%vVBKhV iob'Z[WXKsIL_1Z[WXV cfeGVFZ8b eJr�It{6b ZJr�ikj8b'_drx_J\GILZJr�l�I/H8l1e8H ILKXW \qV:r V �[H TVBKh_1VBZ ioV:r
K TV:I:l1_�r TVBV:r I:e ikjJILH8_mWXKhV �AVBZ�V:rzW�eGZ8VA\qV ) ! (��"�2/ � /#! /#- �� � / �"! �1��/ 
2� �k� � V�l�I={6V�e8Wp\q_1KhV
ro]`V�Z WXVBZ8_mK�vIU\qV:r K�vVB}'lmV:r	cfe8_NKXV:rzH VtioWXVBZ[W	l1V:r iob'Z8Z IL_�rhrXI:ZJioV:rpcfe8V�Z8b eJr IB{6b'Z r I'i��
WXe8VBlml1VBY�VoZ[W,rze8K�l1Vtr Y TV:iBI:Z8_�rzY�V�r(rx�[ZJI:H8WX_dcfe8Vtr�\8ILZ r lmV<ioV�KX{6V:I:e,� � l1eJrz_1VBe8Ksr KkI:_�rzb'ZJr
Z8b'eJr<b'Z[W<HJb'eJrhr TV�vI�ikj8b'_drx_mK<ioVBWhWXVpiob ZqWhKkIL_mZqWhV��

� u b'e8W \(] I:|Jb'Kk\^�flmVgHGKX_1Z io_1HJV<Y��VBY�V�\(] TV�WkIL|Gl1_1K \qV:r�iob'Z[WXKsIL_mZqWhV:r {[_�rxVpvI	K TV:\[e8_1KhV
l%]`V:rzHJI'ioV \qV:r<rxb l1e8Wh_1b ZJrFVBZ[{q_drXIL} TVBV:r�� �*l a%I:e8W/ioVBHJVBZJ\GILZ[W<ro] I'rhrxe8KhVBK c6e8V	i�VBWXWhV
K TV:\qeJioWh_1b Z�Z,] TVtiBILKhWXV/HJI'rFWhb'e8WhV:rFl1V:r�rzb'l1eGWX_1b ZJrF_1Z[W TV�KXV:rhrXILZ[WXVtro� � I~iob'Z[WXKsIL_mZqWhV
\qV	H8ldILeJrz_1|8_ml1_mW TV<|8_mb'l1b }'_dcfe8V Z8b'eJrFHJVBKhY�VBW �XeJrzWXVBY�V�ZqW�\[V K TV:I:l1_drxVBK ioVBW b'| �XV:i��
Wh_�ah� � b'Y�Y�V~b'Z H V�e8W�lmV�{6b'_mKAvI l�I �J} e8KXV��q� 5q��K TVt\qe8_1KhV�l*] V:rxH I'ioVA\[VUi�VBWXWhV
a%I��iob'Z Z8b eJr rze8}'}GvVBKXV~Whb'e8W \qV Y��VBY�V cfe,] _1l,V �[_�rzWXV	H8Khb'|JI:|8l1VBY�VBZqW ILe Y�b _1ZJr
e8ZGV~KBvVB} l1V�\(] ILH8H8KhVBZ[WX_�rhrXI:}'V�\8I:ZJr l*]`VtrxHJI ioV~\qV~KhV:ikj8VBKkikj8V6�wvIArXIB{6b'_mK	ioVBlml1V6�%r �
e8Wh_1lm_�r TV�V6�*rk�	\8I:ZJr l1V:rprx�GrxW�vVBY�V:r |8_mb'l1b }'_dcfe8Vtro� � b'WXb ZJr~ioVBHJVBZ \8ILZ[W�cfeGV�H8l1e �
rz_1VBe8Ksr�K�vVB}'lmV:r<e8WX_ml1_�r TVBV:r \8ILZJr/l�I~l1_1WhW TVBKsILWhe8KXV	\[V:r�K TV:rxVtILe � \qVpZ8VBe8Khb'Z8V:r/ILKhWX_ �
�^i�_1VBldr �"WXV�l1l1VtrFc6e8V~ioV�l1l1V \qV	l�I~K TVBWhKXb'HGKXb'H IL}6I:WX_mb'Z�\qVpl*]`V�KXKXV�e8Ko� rxb'Z[W/V �8i�l1e8V:r
\qV�ioV	rzb'eJr �*V:rzHJI'i�V6�

� � V rzV:iob ZJ\ i�KX_1W�vVBKXV VBZ V:rxWAe8ZR\qV ���� ("! /
�2("- / ��� � ("- �����/ �1!#!#�s� � �JZRc6e8V�\[V:r
K�vVB}'lmV:r	\ TV:iob e8{6VBKXWhV:rgHJI:K~ioV�H8Khb[ioV:rXrzeJr \^]`b'HGWX_1Y�_�rXI:WX_mb'Z H8e8_drXrzVBZqW �VBWhKXV�I \ TV��
c6eJILWhVBY�VBZ[W�e8WX_ml1_dr TVBV:r \8ILZ rg\qVtr<ILH8H8lm_�iBI:WX_mb'ZJrFH8KsILWh_�c6e8V:ro�[VBW<WXV�ZJILZ[W<iob Y�H8WhV
\qV	l%] I'rzHJV:ioW�aDb'KhWXVBY�V�ZqW�HJI:KkILlml TVBlm_�rhIL|8lmV \qVtr K TVtrxV:I:e ��\[V Z8VBe8Khb'Z8Vtr<ILKXWh_
�^i�_1VBldro�
_ml8V:rxW �XeJ\q_�i�_1VBe �p\qV<KhV:rxWhKXVB_mZJ\qKhVFl*] V:rxH I'ioV \qV<KXV:ikj8VBKsi jGVF\[VFa%I �iob Z vI Z,] e8WX_ml1_�rzVBK
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Point initial de
la recherche

Processus
d'optimisation

Règle de la
rétropropagation

de l'erreur

Règle utilisée dans les
systèmes biologiques

Espace des règles d'apprentissage

Espace des règles
biologiquement plausibles

n _1} e8KXV	�[�65 � ��rxH I'ioVp\qV:rFK�vVB}'lmV:r<\(] ILH8H8KhVBZ[WX_�rhrXI:}'V6�

c6e8V	\[V:r { ILKh_�I:|8l1V:r�l1b[iBI:l1V:r vI ikjJI'c6e8V	i�b'Z8Z8V��q_mb'Z,� � VBWhWXV/KXV:rzWXKX_dioWX_mb'Z�HJVBKXY�V�W
V�Z�V*5^VBWp\(]`V�Zq{[_�rhIL}'V�Kga%I'io_ml1VBY�VBZqW<eGZ8V�K TVtILl1_drXI:WX_1b Z4HGjq�Grx_dcfe8V�\[e�K TV:rzV:ILe \qV
ZGVBe8KXb Z8V:r�H b e8{ ILZ[W/ILH8HGKXVBZJ\[KXV6� �/KB�[ioVBWhWXV/iob ZqWhKkI:_1Z[WXV \qVglmb[iBILlm_1W TV<V:rxW �XeJrxWhV��
Y�VBZqW ILWhWXVB_mZqWhVglmb'Kkr/\qe ikj8b'_ ��\qV	ldI~iob'Z[WXKsIL_1Z[WXV \qV	H8l�I:eJrx_m|8_1lm_1W TV/|8_mb'l1b }'_dcfe8V��

� ��Z.� Z,��l�I iob'Z[WXKsIL_1Z[WXV�\qV�HGl�ILe rx_1|G_1l1_mW TV�|8_1b l1b }'_�c6e8V�HJVBe8W~Z8b eJr }'e8_d\qVBK�\8ILZJr
lmV�ikj8b _ � \[V~l�I�aDb'KhY�V~\qV�l�I�K�vVB}'lmV�\(] I:H8H8KXV�ZqWh_�rXrhIL} V6� �gZ�HJVBe8W	VBZ V*5^VBW	_mZ-�
i�l1e8KhV lmV:r?\q_
5 TVBKhVBZqWsr(Y TV:iBI:Z8_�rzY�V:rJ\qV�Y�b[\q_ �^iBI:WX_1b Zprx�[ZJILH8Wh_�c6e8V<i�b'Z8Z[eJr?\8ILZJr
lmV:r	rx�GrxW�vVBY�V:rg|G_1b'lmb'} _�c6e8V:r i�b'Y�Y�Vp\qVtr�Y�b[\qeGl1V:r	\qV�l�I�K�vV�}'l1V�\(] ILH8H8KhVBZ[WX_�r �
rhIL} V6� � V K �b'lmV \[V:r�H ILKkI:Y vVBWhKXV:r<\ TV�WXVBKhY�_1Z8V�KkI I:l1b Kkrgl%]`_1Z �Je8VBZJi�V HJILKhWX_dioe8l1_%vVBKXV
\[VAi j I'c6e8V�Y�b[\qe8l1V�rxeGK l1V�ikjJILZ8} VBY�VBZ[W	\qV�H b _�\8r�� � I �J} e8KXV��q� �AY�b'Z[WXKhV
i�b'Y�Y�V�ZqW	l�I K�vV�}'l1V \(] ILH8HGKXVBZ[WX_drXrXI:}'V HJILKsILY TVBWhKX_dcfe8V�H V�e8W �V�WXKXV iob ZJrxWhKXe8_mWXV
vI HJI:KXWX_mK~\qVAY�b[\[e8l1V:r	\ TVtioKX_m{'I:ZqW�\qV:r Y TVtiBILZ8_drxY�V�r iob Z8Z[eJr��*iob Z8ZJI:_�rXrhILZJi�V
(�� )+�*/ ����/���VBW/\qV	Y�b[\qeGl1V:r�l1_1|GKXV:r��



�'�

modules
a-priori

module
libre

∆w()

y(i) x(j) w(i,j) y(mod(j))

n _1} e8KXV��q� � � � Wh_1l1_drXI:WX_1b Z�\qV�i�b'Z8ZJI:_�rhrXILZ ioV:r�(��#)+��/ ���*/ HJb e8KAl1V \[V:rx_m}'Z \qV K�vVB}'lmV:r
\(] I:H8H8KXV�ZqWh_�rXrhIL} V�H ILKkI:Y TVBWhKX_�c6e8V:r�� v�#HJI:KXWX_mK \[V ��{ ILKh_�IL|Gl1V:r	�"l%] I'i�WX_1{[_1W TVgHGK TV:rz�qZJI:H-�
WX_�c6e8V��J���x�s��l1VUHJb WXVBZ[WX_mVBl<HJb6rxWsrx�[ZJILHGWX_�c6e8V 	,���8�s� l%] I'i�WX_1{[_1W TVA\(] e8ZPZ8V�e8KXb Z8VUY�b[\��
e8l�I:WXVBe8K�� ��� � �8� �8�X�	VBWpl1V�HJb'_d\8r�\qV�l�I rz�qZ ILHJrzV �	���%���8�X� HJb e8{ ILZ[W�_mZ��Je8VBZ ioVBK ldI
Y�b[\q_
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� I�Y�VB_1lml1V�e8KXV<K�vVB}'lmVp\(] I:H8H8KXV�ZqWh_�rXrhIL} V�WhKXb e8{ TV�V�VtrxW

� �	�������8�
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��� �*l�Y�b ZqWhKXV�ILe rXrx_ cfeGV�H8lmeJr�lmV~Z8b'Y�|8KhV�\qV�W"�I i jGV:r e8WX_ml1_�r TVBV:rgHJb e8K l%]`b'HGWX_1Y�_ �
rhILWh_1b'Z \[VUl�I K�vV�}'l1VAV:rzW�} KkI:ZJ\(�FY�V�_1l1lmVoeGK�VtrxW�l1VAK TV:rze8l1WsILW�\qVUl%] I:l1}'b KX_mWXj8Y�V
} TVBZ TVBWh_�c6e8V6�

�F_1VBZ r"�e8K��,ioV:rFV �[H TVBKh_1VBZ ioV:rFb'Z[W TVBW TV	K TVtILl1_dr TVBVtrg\8I:ZJrge8Z VBZ[{q_mKXb'ZGZ8VBY�VBZ[W�WXK�vV:rgrz_1Y �
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Z8V K�vVB}'lmV \(] I:H8H8KhVBZqWh_�rhrXIL} V#\[VB{qKsIL_mW �V�WXKXV i�ILHJI:|8l1VR\(]`V�ZqWhKkI ��mZ8VBK�HGl1eJrz_1VBe8Ksr
rxb'KhWXV:r \qV/K TV:rzV:ILe ��\[V Z8VBe8Khb'Z8VtrFILKhWX_ �^io_1V�l�ro�:HJb'e8K<K TV:rxb eJ\qKhVgH8lmeJrx_mVBe8Ksr rzb'KhWXV:r

\qV<W"�I i j8Vtro� � Vg|Ge8W \qVgldI H8K TV:rzVBZ[WXV<WXjwvV:rxV<V:rzW�Z8b'WsILY�Y�V�ZqWN\qV<Y�b ZqWhKXVBK�c6e,] b'Z�H V�e8W
b'H8Wh_1Y�_drxVBKpe8Z8V K�vV�}'l1V�\(] I:H8H8KhVBZqWh_�rhrXIL} V HJb'e8K c6e,]`VBlml1VArzb'_mWAiBILH IL|8lmV�\qV K TV:rzb'eJ\[KXV
Z8b'Z HJI'r�rzVBe8lmVBY�VBZ[W	e8Z8VUW �I'ikj8VAYAIL_dr |8_1V�Z eGZ ��� � ��� � ! ��$.� - �(�� � ����IB�[ILZ[W�\[V:r
iBILKsI'ioW TVBKX_drxWX_dcfeGV:rFiob Y�Y�e8Z8V�ro�

� b'e8K WXKhb'e8{6VBK e8Z8V WhVBl1lmV<K�vVB} l1V	\^] ILHGH8KXVBZ[WX_drXrhIL}'V��qZ8b eJrFH8KXb HJb6rxb ZJr/\qb'ZJi	\(] b'H8Wh_1Y�_ �
rxVBK/rzV:rFHJILKsILY�vV�WXKXVtrFVBZ�aDb'ZJioWh_1b Z \qVprxb Z iob Y�HJb'KhWXVBY�V�ZqW \qe8KsILZ[W<l*] ILH8H8KhVBZ[WX_�rhrXI:}'V
\(]`e8Z VBZJrzVBY�|Gl1Vp\qV W �I'ikj8V:r�� �*l�HJVBe8W �VBWXKhV _1Z[W TV�KXV:rhrXILZ[W \qV�rxV�\qV�YAILZJ\[VBK/iob'Y�Y�VBZ[W
K TV:I:}'_1KsIAILl1b Kkr Z8b WXKXV�KBvVB} l1V�\(] ILH8H8KhVBZ[WX_�rhrXI:}'V�IL_1Z rx_�b'H8Wh_1Y�_dr TVBVpl1b KkrXc6e8V�iob ZqaDKXb ZqW TVBV
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� VBWXWhVgY TVBWXj8b[\[VgV:rzW ioVBHJVBZJ\8I:ZqW WXK�vV:rFrzVBZJrx_m|8l1V ILe ��Y�_mZ8_1Y�Iglmb[iBILe �^� �*l V��q_drxWXV/H8lme-�
rx_mVBe8KkrJ{ ILKX_dILZ[WXV:r?\qV ioVBWhWXV�Y TVBWXj8b[\[V6�kH8l1eJr,KkI:H8_�\[V:r(VBW,H8lmeJr(K TV:rz_�rzWkILZ[WXVtr,ILe � Y�_1Z8_mY�I
l1b[iBI:e �^�;H ILK	V �[VBY�H8lmV VBZ�WXVBZ ILZ[W i�b'Y�H8WhV~\(] _1ZqaDb KXYAI:WX_mb'ZJr	\qe rxV:i�b'ZJ\ b'Ks\qKXV6�,b e
IB{6V:ige8Z�� {'I:KX_dIL|8lmV�� ��
[�J�����D�k�

S ILZ r;lmV:r \[VBe � H8Khb[i j IL_1ZGV:r rzV:ioWh_1b'Z ro�:Z8b'eJr?V �qHJb�rxb'Z r�\qVBe � Y TVBWXjGb[\qV:r(HJVBKXY�VBWXWsILZ[W
\qV/iBI:l�ioe8lmVBK�lmV<}'KkI \q_1V�ZqW \ TV:rz_1K TVgHJb'eGKFl*] b'H8Wh_1Y�_drXI:WX_1b Z~\(] e8Z8V<K�vVB}'lmV \(] ILH8HGKXVBZ[WX_drXrXI:}'V
HJILKsILY TV�WXKX_dcfeGV��6l�I H8KhVBY�_%vV�KXV/V:rxW/|JI'r TVBVprxe8K/l*] ILlm}'b'Kh_1Whj8Y�V \qV ldI K TVBWhKXb'HGKXb'H IL}6I:WX_mb'Z
\qV	l*] VBKXKhVBe8K�VBW<l�I~rzV:iob ZJ\qVprxe8K/l�I Y TVBWXj8b[\[V	\qV:r<Y�eGl1WX_mH8l1_miBI:WXVBeGKkr�\qV � IL} KkILZG}'V6�
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n _m}'e8KhV 
[�1� � � cfeGVBl1VBWhWXV	\[V�l%] I:l1}'b KX_mWXj8Y�V \qV	l�I~\[V:rXioV�ZqWhV	\qeU} KkI \q_1VBZ[WB�

����� ��� ` ���� � 	 �� ����# � � � � ��  � � � � � � ��� �� ����# 
 � � � � � � � � �

� ] ILlm}'b KX_1Whj8Y�V	\[V~l�I~K TVBWhKXb'HGKXb'H IL}6I:WX_mb'Z \qV l%]`VBKhKXVBe8K<HJVBKhY�VBW \(]`V*5^V:i�WXe8VBK<eGZ8V�\qV:r �
ioVBZ[WXV \qeA}'KkI \q_1V�ZqW/rze8K<l1V:r�HJb'_�\Grg\(] e8ZAK TV:rzV:ILe�\qV	Z8VBe8Khb'Z8V:r�� � ]`V:rzWFe8ZGV�Y TVBWXj8b[\[V
rx_1Y�H8l1V�c6e8_�aDb'e8KhZ8_1Wpl1V�} KkI \q_1VBZ[W~\^]`e8Z rz�8rzW�vVBY�V�\(] TV:c6eJI:WX_1b ZJr�ZGb'Z l1_mZ TV:IL_mKXV:r	rhILZJr
It{6b _1K�vI l1V�iBI:l�ioeGl1VBK�Y�ILWXj TVBYAILWh_�c6e8VBY�VoZ[WB��i�V�c6e8_ Z,] V:rxWAHJI r=Whb'e��Xb e8Kkr rx_1Y�H8l1V#�
iob'Y�Y�V<Z8b'eJr<l1V {6VBKXKhb'ZJr<\8I:ZJr<l�I~H8KXb[ikjJIL_mZ8VprxV:i�WX_1b Z,�

� b'e8K~HJb e8{6b'_mK e8Wh_1l1_drxVBK�ioVBWhWXV�Y TVBWXjGb[\qV�HJb'e8K�iBI:l�ioe8lmVBK	l1V�} KkI \q_1VBZ[W H ILK�KkILHGH b KXW
ILe � HJILKsILY�vVBWhKXV:r/\(] e8Z8V K�vVB}'lmV�\(] I:H8H8KhVBZqWh_�rhrXIL} V6�J_1l,a%ILe8Wp\qb ZJi WXKhb'e8{6VBK e8Z8V�a%I��iob'Z
\(]`V �[H8Kh_1Y�VBKJlmVFH8Khb'|8l%vVBY�V�\qV<WhVBl1lmV rxb'KhWXV cfe8V<lmV:r,HJILKsILY�vVBWhKXV:r,\[VFl�I/KBvVB} l1V<\^] ILHGH8KXVBZ �
WX_�rhrXI:}'V	rzb'_1V�ZqW KXVBH8K TV:rxV�ZqW TVBV:r HJI:K<l1V:r�HJb'_d\8r<\(] e8Z�K TV:rxVtILe \qV/Z8VBe8Khb'Z8V:r/�"H8eG_�rXc6e8V ldI
K TVBWhKXb'HGKXb'H IL}6I:WX_mb'Z \[V l*] VBKXKhVBe8KFWhKXb e8{6V l1V }'KkI \q_1V�ZqW \qV	l*]`V�KXKXV�e8K�HJILK<KsILH8HJb'KhW~vI~\[V:r
H b _�\8rk�k�
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� Z~K TVtrxV:I:e�\qV<Z8VBe8Khb'Z8VtrgvI	iob eJikj8V:r HJVBe8W ILH8H8Khb��q_mY�VBK?Z,]`_mY�HJb'KXWhV cfe8V�l1l1V�aDb'ZJi�WX_1b Z,�
VBZ�ILeGWkILZ[W cfew]`_1l[HJb6rhrovV:\qV rxe�4ArhILY�Y�V�ZqW?\qV<ZGVBe8KXb Z8V:r�i�I'ikj TV:rF�D{6b'_1K rxV:ioWh_1b Z�5q��
[�1�:�k�
� I%� }'e8KhV 
q� 5yY�b'Z[WXKXV e8ZUV �[VBY�HGl1V \(]`e8Z HJVBWX_mW<K TV:rzV:ILe�\qV Z8V�e8KXb Z8V:r/iBILldioe8l�I:ZqW<lmV
i j ILZ8} VBY�VBZ[W \[V~H b _�\8rp\(]`eGZ8V�i�b'Z8Z8V��q_mb'Z rxVBlmb'Z�l�I�K�vVB} l1V�\qV �gVB|G|,� �/Z�rhIL_mW c6e8V
l�I~K�vVB} l1V�\qV �gVB|8|�\ TVBHJVBZJ\ \[V~\qVBe �U{ ILKh_�IL|Gl1V:r�� �J���x� VBW 	,���8�k�Jl�I�{ I:l1VBe8K \qV�rzb'KXWh_1V
\qe�Z8V�e8KXb Z8V	H8K TV:rz�qZ ILH8Wh_�c6e8V VBW<l%] TVBWsILW<\^] I'i�WX_1{ I:WX_1b ZA\qeAZ8VBeGKXb'ZGV�HJb�rxWkrz�qZ ILH8Wh_�c6e8V6�
� V:r/\qVBe �A{ ILKh_�IL|Gl1V:r/rxb ZqW	\[b'ZJi lmV:r�V�ZqWhK TVBV:r<\[e K TV:rzV:ILe�\qV ldI �J}'eGKXV 
[�65[� �*l�r<rxb ZqW
iob'ZGZ8V:ioW TV:r<vI e8Z~Z8VBeGKXb'ZGV �D{q_dI \qV:r�iob Z8Z8V �[_1b ZJr'�.�qVtr TVB}6I:l1V:r vIy�:�N\qb'Z[W�l*]`b H TVBKsILWX_mb'Z
iob'Z rx_�rzWXV�vI a%I:_1KXV/l1V/H8Khb[\qe8_1W \qV rxV:r�VBZqWhK TVBVtro� � V \qVBKhZ8_1VBK�Z8V�e8KXb Z8VgVtrxW<i�b'Z8Z8VtioW TV/I:e
Z8VBe8Khb'Z8V�\qV�rxb KXWh_1V {[_�I�e8Z8V~i�b'Z8Z8V��q_mb'Z�\qb ZqW ldI�{ ILlmVBe8K rxVBKsI�_1Z[WXVBKhH8K TV�W TVBVpiob Y�Y�V
l�I~iob ZJrxWsILZ[WXV�\qV �gVB|8|��"{6b _1K<l%] TV:c6eJILWh_1b Z � 5[� �f� HJI:KgV �[VBY�HGl1V'�s���/ZU{6b'_mW/\qb'Z i�c6e8V
l�I�rxb KXWX_mV�\qV�ioVpH V�WX_1W K TV:rzV:ILe�\qVpZ8VBe8Khb'Z8Vtr iob'KhKXV:rzHJb'ZJ\ |8_1V�Z�ILe�ikjJILZ8} VBY�VBZ[W/\qV
HJb'_�\GrAvI V*5^V:i�WXe8VBK�rxe8K�\[V:r�i�b'Z8Z8VtioWX_mb'ZJr~\(] e8Z�K TV:rxV:I:e�\qV�Z8VBe8Khb'Z8V:r~e8Wh_1l1_drXI:ZqWpl�I
K�vVB} l1V	\[V �/VB|8| iob'Y�Y�V<H8KXb[i TV:\qe8KhV \^] ILHGH8KXVBZ[WX_drXrhIL}'V��

S VFldI�Y��VBY�V?YAILZ8_%vVBKXV��ob'ZpHJVBe8W�\ TV��JZ8_1K?\[V:r K�vV�}'l1Vtr,\(] I:H8H8KXV�ZqWh_�rXrhIL} V<HJILKsILY TVBWhKX_dcfe8V
H8l1e r�iob'Y�H8l1V �[V:r�� �g_1ZJrz_*�BldI � }'e8KhV 
q� � Y�b ZqWhKXV l*] I:Kkikj8_1WhV:ioWhe8KXV \(] e8Z~K TV:rzV:ILe�\qV<Z8V�e-�
KXb Z8V:r?iBILldioe8l�I:ZqW,lmV i jJI:Z8}'V�Y�VBZ[W,\qV�HJb'_d\8r�rxV�l1b'Zpl�I<K�vVB} l1V \ TV*� Z8_1V ILe�i j ILH8_mWXKXV �<HJILK
l*] TV:cfe ILWX_mb'ZA�%�q�656�k� � VBWhWXVFaDb'_dr � io_*� l1V:r�VBZ[WXK TVBV:r�rzb'Z[W lmV:r�\q_
5 TVBKhVBZ[WXV:r { I:KX_�I:|8l1Vtr lmb[iBILlmV:r
\q_�rzHJb'Z8_m|8l1V:rpvI�l�I�rz�qZ ILHJrzV��(l1VpHJb'_�\Gr ���������8�k�^l�I�{ ILlmVBe8K \qV�rxb KXWh_1V�\qVpl*]`eGZ8_1W TV H8K TV��
rx�[ZJILHGWX_�c6e8V��J���x�s�8l*] TV�WkILW/\^] I'i�WX_1{ I:WX_1b Z \qV	l%]`e8Z8_mW TV	HJb6rzWkrx�[ZJI:H8WX_dcfe8V�	,���8�k�JVBW<l�I~{ I&�
l1VBeGK�\qV	rzb'KXWh_1V \(]`eGZ�Z8V�e8KXb Z8V Y�b[\qeGl�ILZ[W�l1V<Z8V�e8KXb Z8V HJb6rzWkrx�[ZJI:H8WX_dcfe8V �g��� ���8���8�h�k�
��ZJiob'KhV�e8Z8V�aDb _�ro�?b'Z e8Wh_1l1_drxVA\[V:r�Z8V�e8KXb Z8V:r )+��� $���/#-�HJb'e8K�V*5^V:ioWhe8VBK~\[V:r~iBILldioe8ldr
_1Z[WXVBKhY TV:\q_mI:_1KXVtro� S ILZJr�l�I �J}'e8KhV 
q� �q�[l1V:r�iob Z8Z8V �[_1b ZJr } KX_�rzV:rFi�b'KXKhV:rxHJb ZJ\qVBZ[W<I:e � �

HJILKsILY�vV�WXKXVtrF\qVpl*] TVtcfeJI:WX_mb'Z �%�q�656�k�^ILlmb'Kkr/c6e8V	l1V:r<iob Z8Z8V �[_1b ZJr<Z8b'_mKXV:r<rzb'Z[W �.� TVBV:r	vI
�'�




 �

poids fixe (= 1)
poids variable
(à optimiser)

∆w

∏

Légende

neurone calculant le
produit de ses entrées

connexion de poids ε,
représentant la constante
de correlation de Hebb

sortie du neurone ∆w
(représentant la modification

de l'efficacité synaptique)

y(i) x(j)

∆w = ε y(i) x(j)

n _1} e8KXV 
q�65 � �/Kkikj8_1WhV:ioWXeGKXV	\(] e8Z K TVtrxV:I:e \qV~Z8V�e8KXb Z8V:r<V*5̂ V:ioWXe ILZ[W l1VpiBI:l�ioe8lNiob KXKXV �
rxHJb'ZJ\GILZ[W~vI~l�I K�vVB}'lmV \[V �/VB|8|,�

0 ..$ 9* * (��-$�� !�.

� V4K TV:rxV:I:e#\[V Z8VBe8Khb'Z8V:rAiBI:l�ioeGl�ILZ[W�lmV�ikjJILZG}'VBY�V�ZqW�\qV HJb'_d\8rUrzVBl1b Z e8ZGV4K�vVB}'lmV
\(] I:H8H8KXV�ZqWh_�rXrhIL} V�H ILKkI:Y TVBWhKX_�c6e8V	\[b'_1W �V�WXKXV	_mZqW TVB}'K TV	ILe K TV:rzV:ILe \qVpZ8VBe8Khb'Z8VpikjJILKh} TV
\qV~K TV:rzb'eJ\[KXV~l�I�b e4lmV:rgW"�I i jGV:r IB{6V:i i�VBWXWhV~KBvVB} l1V�\(] ILH8H8KhVBZ[WX_�rhrXI:}'V~HJI:KkILY TVBWXKh_�c6e8V6�
� b'e8K ioV a%IL_mKXV6�(b Z4eGWX_1lm_�rzV l�I - � ��� � / 
3� � $.��� ) ��/ $ � ) (��1- (3� ����p�"_mZqWhKXb[\qe8_mWXV~HJb'eGK�ldI
H8KXVBY�_*vVBKhVFaDb'_�r<\GILZJr ��
[���"�k�

� VBWXWhV WXVti j8ZG_�c6e8V~iob ZJrx_drxWhV vI�aDb KkioV�K	\qVBe � b'e�H8l1e rx_1V�e8Kkr i�b'Z8Z8V��q_mb'ZJr \̂ ]̀ e8Z Y��V�Y�V
K TV:rzV:ILep\qV�Z8VBeGKXb'ZGV:rFvI<i�b'ZJrzVBKX{6VBK,lmV�Y��VBY�V,H b _�\8r,WXb e8WNILe lmb'Z8} \qV�l*] ILH8HGKXVBZ[WX_drXrXI:}'V6�
� b'Kkrhcfew]̀ e8Wh_1l1_dr TV	I \ TV:c6eJILWhVBY�VBZ[WB��ioVBl�I HJVBKhY�VBW \qV	K TVt\qe8_1KhV l�I �1(*) (��3/#- �� \(]̀ eGZ=K TV:rxVtILe
\qV<Z8VBe8Khb'Z8Vtro�'VBWN\qb ZJi TV�{6VBZqWhe8VBlml1VBY�VoZ[W,\̂ ] ILeG}'Y�VBZ[WXV�K�rhIg} TVBZ TVBKkI:l1_�rhILWh_1b'Z �"{6b _1KNrxV:i��
WX_1b Z 5[��
[� �f�s� �/Z IUrxb e8{6VBZ[W KhV:iob'eGKkr�vIUioV�WXWXV�WXVti j8ZG_�c6e8V~l1b KkrXc6e8V�\qVBe ��Z8VBeGKXb'ZGV:r
\qb'_m{6VBZqW iBILldioe8lmVBK<l�I~Y �VBY�VFaDb ZJioWh_1b'Z �"KhV:iob'ZGZJI ��mWXKXVpl�I Y��V�Y�V i�ILKkI ioW TV�KX_�rzWX_dcfe8V HJILK




	�

poids fixe (= 1)
poids variable
(à optimiser)

∏ ∏

Légende

∏

∆w

w(i,j)

Σ

y(i) x(j) y(mod(j))

1

n _1} e8KXV 
q� �-� �gKkikj8_1WhV:ioWhe8KXV	\̂ ]̀ e8Z K TV:rxV:I:e \qV~ZGVBe8KXb Z8V:r<V*5̂ V:ioWheJILZ[W l1VpiBI:l�ioeGl�iob KXKhV��
rxHJb'Z \8ILZ[W�vI~e8Z8V	K�vVB} l1VpIB�[ILZ[W �pHJI:KkILY�vVBWXKhV:ro� � V:r�ZGVBe8KXb Z8V:r/iBI'ikj TV:r��#V*5̂ V:ioWhe8VBZ[W
l1V HGKXb[\qe8_mW \[V�lmVBe8KsrFVBZqWhK TVBVtro�

V �[VBY�H8lmV'�,HJb'e8K \qV:rFV�ZqWhK TVBV:r \q_
5 TVBKhVBZ[WXV:r �o�

S ILZ r�Z8b WXKhV i�I'ro�8_ml?ro] IL}'_mW/\qVpioK TV�VBKFe8Z Z8b'eG{6V:ILeAK TVtrxV:I:eU\[V�ZGVBe8KXb Z8V:r<_1Z[W TVB} KkI:ZqW��

� i�VBl1e8_ iBI:l�ioeGl�ILZ[W lmV�ikjJILZG}'VBY�V�ZqW \qV�HJb'_d\8r rzVBl1b Z4ldI=K�vVB}'lmV�\(] ILH8HGKXVBZ[WX_drXrXI:}'V
H ILKkI:Y TVBWhKX_�c6e8V~�%ILH8HJVBl TVpio_ � ILH8K�vV:rFl1V ������ � (�� � ���� � !#�X�k�8V�W

� i�VBl1e8_ \qVB{ ILZ[W�K TV:rzb'eJ\qKhV l�I b e�l1V:r�W �I'ikj8V:rF�%ILH8HJVBl TV	io_ � ILHGKBvV:r�l1V ������ � (�� �0-��(���� �X�k�

� b'eGK�ioV�a%IL_mKXV6�,b ZPKXV�Y�H8l�I ioV�ikjJI'c6e8VAiob Z8Z8V �[_1b Z \qe ������ � (�� �0-��(���� � H ILK~e8Z8V�iob �
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H8_1V \qe������� � (�� � ���� � !#�k� ��WFHJb'eGK/ro] I rXrze8KXVBK cfeGV l1V%���� � � (�� � ���� �"!#��e8Wh_1lm_�rxV�KkI l1V:r�Y �VBY�Vtr
HJILKsILY�vVBWhKXV:r �"l1Vtr HJb'_�\GrF\qe ���� � � (�� � ���� �"!#�h��HJb'e8K WXb e8WXV:r�l1V:rNiob'Z8ZGV �q_mb'ZJr�\qe ������ � (�� �
- �(���� �s�8b'ZAe8WX_ml1_drxVBKsI�l�I WhV:ikj8Z8_�c6e8V \qV:rFHJb'_d\8rFHJI:KXWkI:} TV:r<VBZ�aDb'K �iBILZ[W<l1VtrFiob Z8Z8V �[_1b ZJr
\qeAZ8b'e8{6VtILeUK TV:rxVtILe vI�iob ZJrxVBKh{6VBK<l1VtrFY �VBY�V�r�H b _�\8r<HJb'e8K l1V:r<iob Z8Z8V �[_1b ZJr/iob'KhKXV:r �
H b ZJ\8I:ZqWhV:r��%\(]`e8ZGV�rx�[ZJILHJrzVA\qe ���� � � (�� �0-��(���� ��vIAl*] ILe8WhKXV'�s� � I �J} e8KXV 
q���AY�b'Z[WXKhV
iob'Y�Y�VBZ6W ioK TVBV�K<ioV ZGb'e8{6V:I:e �2�3) ��� � ������ � (��6�

∏

Σ

w(i,j)

connexions
avec délai

i

j mod(j)

i

j

mod(j)

réseau-règle

une connection
du réseau-tâche

intégration avec
 le réseau-règle

n _1} e8KXV�
[��� � � KXb[i�V:rXrzeJr \(] _1Z[W TVB} KkI:WX_1b Z�\qe ������ � (�� � ���� �"!#��vI�Whb'e8WhV:r�lmV:r iob Z8Z8V �[_1b ZJr
\(]`e8ZAK TV:rxV:I:e \qVpZ8VBe8Khb'Z8Vtrg\qV�{'I:ZqW/K TVtrxb'e \qKXVpe8Z8V	W"�I i j8V�\qb'ZGZ TVBV	VBZUeGWX_1lm_�rhILZ[W<e8Z8V
KBvVB} l1V<HJI:KkILY TVBWXKh_�c6e8V �Dl1V ������ � (�� � - �(���� �h�k� � V/Z8VBeGKXb'ZGV �PV*5^V:i�WXe8V<lmVgH8Khb[\qe8_mWF\[V rzV:r
VBZqWhK TVBVtro� ILl1b Kkr�c6e8V<l1V<Z8V�e8KXb Z8V � V*5^V:i�WXe8V<ldI rxb Y�Y�VFHJb ZJ\ TVBK TVBV \[V/rxV:r�VBZ[WXK TVBV:ro� v�
l*]`V��8ioV�H8WX_mb'ZA\qVtr iob'ZGZ8V �[_1b'Z r iob'Z[WXV�Zqe8Vtrg\8I:ZJr l1V ������ � (�� � ���� �"!#�k�^WXb'eGWXV:rglmV:r I:e8WXKhV:r
rxb'Z[W �.� TVBV:r	vI��	VBW<Z8V	{ ILKh_1VBZ[W<HJI'r��



�	�

S ILZ rgioV�WXWXV �J} e8KXV�� lmV:rFZ8VBe8Khb'Z8Vtr �#V*5^V:ioWXeGVBZqW<lmV	H8KXb[\qeG_1W	\qVtrF{'I:l1VBeGKkr/\qV~rzb'KXWh_1V
\qV lmVBe8KkrFZGVBe8KXb Z8V:r/\(]`V�ZqWhK TVBV6�6VBW<lmV Z8VBeGKXb'ZGV � V�5(VtioWXe8V	ldI~rxb'Y�Y�VgHJb ZJ\ TVBK TVBVp\qV:r
{ ILl1V�e8Kkr \[V�rzb'KXWh_1V�\qV�rxVtrgZ8VBe8Khb'Z8Vtr�\^]`VBZ[WXK TVBV6� � V�HJb'_d\8r	\qV~l�IAiob Z8Z8V �[_1b Z � 	 �

Y�b[\qe8l TVBVUH ILK�� � �8� �8�A\qe ���� � � (�� �0-��(���� ��VtrxW ILlmb'KkrAiob ZJrxV�KX{ TV�\8I:ZJr=lmV Z8b'eG{6V:ILe
K TV:rzV:ILeAHJI:KglmV Z8VBeGKXb'ZGV � �

v� iBI:eJrxV \qV ldI4K TVBWhKXb�I'ioWh_1b'Z \[V l*]`V�KXKXV�e8KB��lmV Z8b'e8{6VtILe�K TVtrxV:I:e \qV Z8VBe8Khb'Z8Vtr�VtrxW
K TV:i�e8KXKhVBZqW�� � ZGV�aDb'_dr iob ZJrxWhKXe8_mWB�Jb'Z HJVBe8W ILlmb'Kkr ILH8H8lm_�c6e8VBK/l*] ILl1} b'Kh_1WXjGY�V	\qVpl�I�K TV��
WXKhb'H8Khb'HJI:}6ILWh_1b ZA\qV<l*] VBKXKhVBe8K vIgWXKsIB{6VBKkr lmVFWhVBY�HJr?I �JZ�\(] V*5^V:ioWXeGVBK eGZ8V \[V:rXioV�ZqWhV<\qe
}'KsI'\q_mVBZqW/HJI:K KkI:H8HJb'KXW ILe � HJILKsILY�vVBWhKXV:r/\qVpZ8b'WhKXV K�vVB}'lmV~\(] ILH8HGKXVBZ[WX_drXrXI:}'V6� � �VBY�V
rx_ l1V�Z8b e8{6V:I:e K TV:rxVtILe�V:rzW~WXK�vV:r�} KXb6r���_1l Z8V iob'Z[WX_mVBZqW	VBZ�a%IL_1W�c6e8V�HJVBe \qV�H b _�\8r
�"} K"�I'i�V�vI=ldI=WXVti j8ZG_�c6e8V�\qV:r	H b _�\8r	HJILKhWkI:} TV:rk�k��H8K TV:io_�r TVBY�VBZ[W/e8Z�Z8b Y�|8KhV TVB}6I:l<I:e
Z8b'Y�|8KhV \qV	HJI:KkI:Y vVBWXKhV:r<\qV	l�I K�vVB}'lmV	\(] ILH8H8KhVBZ[WX_�rhrXI:}'V~\[b'_1W �V�WXKXV iob'ZJrzVBKX{ TV6�

� VBHJVBZJ\8I:ZqW��BHJb'e8K�\[V:r;W �I'ikj8V:r,_1Y�HJb KXWkI:ZqWhV:ro�:i�VBWXWhV Y TVBWXj8b[\[VF\[VB{q_mVBZ[W,\q_ 4Aio_ml1VBY�VBZ[W
ILH8HGl1_�i�IL|8lmV6��� Z V*5^VBWB�8ldI WkI:_1l1lmV	\qe Z8b'e8{6VtILeAK TV:rzV:ILe \qVpZ8VBe8Khb'Z8Vtr �"VBZAZ8b Y�|8KhV	\qV
Z8VBe8Khb'Z8Vtr � V:rxW/\8I:ZJr ��� � � � � 
 �Fb^ve�� � V:rzWglmV	Z8b'Y�|8KXVp\qV	Z8V�e8KXb Z8V:r/\qe ���� � � (�� �
���� � !#�<VBW � 
 l1V ZGb'Y�|8KXVp\qV�iob Z8Z8V �[_1b ZJr \qe ������ � (�� �0-��(���� �k� �/Z�ILKhKX_m{6V~ILlmb'Ksr KsILH8_ �
\qVBY�V�ZqW vI~e8ZUK TV:rxV:I:e \qVpZ8VBe8Khb'Z8VtrgIB�[ILZ[W<H8lmeJrx_mVBe8Kkr<i�VBZqWsIL_mZ8V:ro�8{6b _1KhV�Y�_1l1lm_ VBKkr�\qV
Z8VBe8Khb'Z8Vtro�?ioV�c6e8_ \qVB{[_1VBZ[W _1Z[e8Wh_1l1_drXI:|8l1VpVBZ4HGKkILWh_�c6e8V �*rxeGKXWXb e8W V�Z�ioV�c6e8_�I=WhKkI:_1W
vI l�I } V:rxWh_1b'Z�\qV	l�I~rzWXKXe ioWXe8KhVp\qVp\qb'Z8Z TVBV:rFVBW/I:eUWXV�Y�HJrF\[V i�b'Z[{6VBKX} VBZJioV'�s� � lJa%ILe8W
\qb'Z i~\8ILZJr	ioVtr iBI'r/VBZq{[_�rhIL} VBK e8Z8V�I:e8WXKhV~WXV:ikj8Z8_dcfeGV�HJb e8K V*5^V:i�WXe8VBK/l�I�\qV:rXi�VBZqWhV
\qe } KkI \q_1VBZ[WNrxe8K�lmV:r(HJI:KkILY�vVBWXKhV:r��BldI�Y TV�WXj8b[\qV \qV:r,Y�eGl1WX_mH8l1_miBI:WXVBeGKkr(\[V � IL} KkI:Z8}'V 
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 � � ��� � � # � �

S ILZJrNioVBWXWhV rxV:ioWh_1b Z 	 �:Z8b'e r H8K TVtrxVBZ[WXb ZJr;eGZ8VFY TV�WXj8b[\qV�|JI r TVBV/rze8K?l1V aDb KXYAI:l1_drxY�VN\qe
� IL}'KsILZ8} _1VBZ�H b e8K/\ TVBKh_1{6VBKNl1V:r;aDb KXY�e8l1Vtr Z TV:ioVtrXrXI:_1KhV:r�H b e8KFV�5(VtioWXe8V�K eGZ8V \[V:rXioV�ZqWhV
\qe }'KkI \q_1V�ZqW�rze8K~l1V:r H ILKkI:Y vVBWhKXV:rp\(]`e8ZGV=K�vVB}'lmVA\(] ILH8H8KhVBZ[WX_�rhrXI:}'V6� � V � e8Z,��\GILZJr
�`�	� �*�[e8WX_ml1_�rzV I:eJrXrz_,l�I Y TV�WXj8b[\qV \qe � IL}'KsILZ8} _1VBZ HJb'e8K TVBWheJ\q_mVBKFlmV:r Y TVtiBILZ8_drxY�Vtr�\qV
l*] I:l1} b'KX_mWXj8Y�V \qV	ldI K TVBWhKXb'HGKXb'H IL}6I:WX_mb'Z�\qV	l*] VBKXKhVBe8K��

� V � I:}'KkI:Z8}'_mVBZ�V:rzW�l�I	rxb Y�Y�V \(]`eGZ8V�aDb ZJioWh_1b'Z�b'| �XVtioWX_m{6VFVBW�\^]`e8Z�ioVBKhWkIL_mZ~Z8b'Y�|8KhV
\qV�WhVBKXY�V:r�V��qH8Kh_1YAI:ZqW l1V:r	iob ZqWhKkIL_mZqWhV:r \qe rx�GrxW�vV�Y�V6�^i jJI ioe8Z�Y�eGl1WX_mH8l1_ TV	HJILKpe8Z8V
{'I:KX_dIL|8lmV6�(I:H8HJVBl TV�V � ��! - / ) ! / �1("- �,�.� $.��� (3� ��(��"�.�s� �*l�rxe.4�W	I:l1b'Ksr	\qV�\ TVBKX_m{6VBK i�VBWXWhV
aDb'ZJioWh_1b Z=H ILK/KkILHGH b KXW�vI~WXb e8WXVtr�lmV:rF{ ILKX_dIL|8lmV:r/\qe rx�GrxW�vV�Y�V VBW \qV aDb'KsioVBK/ioV:r<\ TVBKX_ �
{ TVBVtr vI � TVBKXb�HJb e8K	b'|8WhVBZ8_1K e8Z b'H8Wh_1Y�e8Y � TVB{6VBZ[WXe8VBlml1VBY�V�ZqW l1b[iBI:l"�/\qV~ldIyaDb'Z ioWX_mb'Z
b'| �XV:ioWh_1{6V6�6b e l1b'KsrXc6e,]`_ml,Z8V~rzV~\ TVt\qe8_1W/HJI r \q_1KhV:ioWhVBY�VBZ6W��flmV	}'KkI \q_1V�ZqW/HJVBKXY�V�WXWkI:ZqW
\qVpro]`V�ZAILH8HGKXb[ikj8VBKB�

� ! $��-$�� !�.

� b'ZJrz_�\ TVBKhb'ZJr?e8Z K TV:rxV:I:e~\qV Z8VBe8Khb'Z8Vtr IB�[ILZ[WN\qV:r,Z8VBe8Khb'Z8V:r,Y�b[\qeGl�ILWhVBe8Ksr,iob'Y�HJb�r TV
\qV�� Z8VBe8Khb'Z8V:r�VBW \(] e8Z8V/iob Z8Z8V:i�WX_1{[_1W TV<c6e8VBldiob'ZJc6e8V6� � b'Z rx_�\ TVBKXb ZJrF\qV<HGl1eJr�c6e8V/ioV
K TV:rzV:ILe�rxV/{6VBKXKsIgH8K TV:rxVBZ[WXV�K��	{6V:ioWhVBe8KkrN\(]`VBZ[WXK TVBV<rzeJiBioVtrXrx_ a%r�H b e8KFlmV:rXc6e8VBldr _1lGV �q_drxWhV
e8ZA{6V:ioWXV�e8K<\qVprzb'KXWh_1Vp\ TV:rz_1K TVBV �8�

SUTVBZ8b WXb'Z r;HJI:K
	 �k���J�Jl*] TV�WkILWw\(] I ioWX_m{ ILWX_mb'Zp\qepZ8VBe8Khb'Z8V ��vI�ldIFH8K TVtrxVBZ[WkI:WX_1b Zp\qe � ���� � �
{6V:ioWXV�e8K	\(] VBZqWhK TVBV�� S V�ldI=Y��VBY�V�a%I �i�b'Z,� � �o� � � KhVBH8K TV:rxVBZ[WXV~ldI rxb KXWX_mVA\qe�ZGVBe8KXb Z8V
�(� ��� � � � � � l1V�HJb'_d\8r \[V�l�I iob'Z8ZGV �q_mb'Z�V�ZqWhKXV�l1V�Z8VBe8Khb'Z8V � VBW	lmV�Z8VBe8Khb'Z8V �(�,VBW
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� � ��� �,ldI�{ I:l1VBe8KN\ TV:rz_1K TVBV \qe Z8V�e8KXb Z8V/\qV<rzb'KhWX_1V �(� � V:r;ZGVBe8KXb Z8V:r Y�b[\qe8l�I:WXVBeGKkr,rxb ZqW
Z8b'W TV:r<\qVpl�I�a%I �i�b'Z rze8_1{ I:ZqWhV�� � ���8��� � KXV�H8K TV:rzVBZ[WXV lmV�ZGVBe8KXb Z8VpcfeG_,Y�b[\qe8lmV WXb e8WXV:r
l1V:rpiob'ZGZ8V �[_1b'Z r ILKhKX_m{'I:ZqW�I:e Z8VBe8Khb'Z8V �^��VBW~rz_ � � � ���8� � �k��I:l1b'Ksr � � �����J� � �k�
��Z.�JZ,� ���	

�	� � � � � KhVBH8K TVtrxVBZ[WXV~l%]`VBZJrzVBY�|8l1V�\qV:r�ZGVBe8KXb Z8V:rpiob'Z8ZGV:ioW TVtr�I:e Z8VBe8Khb'Z8V
�(� � � ���o� � �	l*] VBZJrzVBY�|Gl1V�\qV:r~Z8VBeGKXb'ZGV:ryb^ve � rxV�iob'ZGZ8V:ioWhV6��VBW �	�	� �%� ��KXVBHGK TV:rzVBZqWhV
l*] VBZJrxV�Y�|8l V/\qVtrFZ8VBe8Khb'Z8V:r/\qVprxb KXWh_1V6�

� !.( 
 $��!�-$ � !�.�� $ �)(�!.' ���*�
 *

� V:r TV:cfe ILWX_mb'ZJr/\qVp|JI'rzV~K TVB} _�rXrhILZ[Wgl%] I:H8H8KXV�ZqWh_�rXrhIL} V \GILZJrgeGZ K TV:rzV:ILe�\qV Z8V�e8KXb Z8V:r
IB{6V:i�K�vV�}'l1V�\(] I:H8H8KXV�ZqWh_�rXrhIL} V=H ILKkI:Y TVBWhKX_�c6e8V�V�W~Z8VBe8Khb'Z8V:r Y�b[\qe8l�I:WXVBeGKkr~rxb ZqW~lmV:r
rxe8_m{ ILZ[WXV:r�� u b e8W \^] IL|Jb Kk\(�/l�I K�vVB}'lmV�\qV�H8Khb'HJI:}6I:WX_1b Z \q_�ioWhV�iob'Y�Y�VBZ[W�iBILldioe8l1V�K
l*] TVBWkI:WF\^] I'i�WX_1{ I:WX_1b ZA\(] e8Z�ZGVBe8KXb Z8V	VBZ�aDb ZJioWX_mb'ZA\[V l�I	{'I:l1VBeGK<\qV rxb KXWX_mV	\qV:r ILe8WhKXV:r
Z8VBe8Khb'Z8Vtro�

	 �k���J� � �! � �������$� �$� � #
���k��� � � ��� � �k���8� � 
q� 5f�

��ZJrxe8_mWXV6�[e8Z8VgaDb ZJioWh_1b'Z \qVprzb'KXWh_1V	HJVBKXY�VBW \qVpiBILldioe8l1V�K ldI~rxb KXWX_mV	\(] e8ZAZ8VBe8Khb'Z8V	VBZ
aDb'ZJi�WX_1b Z \qVprxb'Z TVBWkI:W/\(] I ioWX_m{ ILWX_mb'Z,�

� � ��� � ���p��	 � ��� �h� � 
q� �f�

b^ve �?��� ��V:rzW eGZ8VgaDb'Z ioWX_mb'ZAiob ZqWh_1Z[e8V	�"b ZAe8WX_ml1_�rzV/rxb e8{6VBZ[W eGZ8VgaDb'Z ioWX_mb'ZArz_1}'Y�b � ��\[V'�k�

��Z.�JZ,�Je8Z8VpKBvVB} l1V~\^] ILHGH8KXVBZ[WX_drXrhIL}'V�\q_�i�WXV	l�I�{ I:KX_�I:WX_mb'Z \[V:rgHJb'_d\8r \8I:ZJrgl1VpWXVBY�HJro�
S ILZ r�ZGb'WXKhV�iBI'r��<ioVBWhWXV KBvVB} l1V V:rzW�KXVBY�H8l�I i TVBVAHJILK�e8Z8VUaDb'Z ioWX_mb'Z HJILKsILY TVBWhKX_dcfe8V
iob'Y�Y�V/ioVBlml1V \qV	l*] TVtcfeJI:WX_mb'Z �%�q�656�k�
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 ��� � ��� � � � 	 � � � ��� ��� � � � � � � � �k��� ���8���J�X��� � �o� �8�X� � 
q���[�

b^ve ��V:rxW~lmV�WkI:e ��\^] ILHGH8KXVBZ[WX_drXrhIL}'V�� � � V:rzW~e8Z8V�aDb ZJioWh_1b'Z \qV�H8l1eJrz_1VBeGKkr�{ I:l1VBe8Ksr
l1b[iBI:l1V:r~�"H ILK V��qVBY�H8l1V ���k��� � �J�k��� �����8�k�(V�WkiL�s�;V�W�
 � V:rzW�lmV�H ILKkI:Y vVBWhKXV�iob ZqWhK"�b'ldILZ[W
l*]`_mZ��Je8V�ZJioVA\qe�Y�b[\qe8l1V � � �"HJI:K�V �[VBY�H8lmV6� � � � �J���8��� 	;� � �~V:rzW�eGZ�Y�b[\qe8lmV
V �qHGKX_1Y�ILZ[W ldI K�vVB} l1V	\[V �/VB|8|(�s�

� b'Y�Y�V \8I:ZJr�Whb'e8W rx�GrxW�vVBY�V	\^] ILHGH8KXVBZ[WX_drXrhIL}'Vprze8HJVBKX{[_�r TV6�8l1V	K TVtrxV:I:e \qb _1W TVB{6b l1e8VBK
\qV�a%I �iob ZAvI<Y�_1Z8_mY�_mrxVBKJe8Z�iob �e8W�\qb Z8Z TV6� �zio_%�oZ8b eJr e8Wh_1lm_�rxb ZJr(l1V ioKh_1W�vVBKXV�\[V:r;Y�b'_1Z \qKXV:r
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[ LwMVLNE�H�IRM�Lŝ ÌXO�L+E�H � G Q HwoCL�beS5IXMVM�LN_CFiIXMgb J?LNHzb��	� � LNÒ S5L�beS5IRM�M�LN_CFiIRM&bebhIRM3O
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O�H�IXEVJ(ULNLrb Q J?LrS
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H+PLN{ [ L}PQ � G Q H Q ^�PL+O�H�LrbAFiM&S [ E Q M3O [ Q H+PL+{ [ L
oCL [ Q HVULNO�H�IXG�H�IXG Q { Q O�FiIRM�o3L []\ LNH�H�LNE�Hvo Q M&b
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� IXO�IXM&bTo Q M&beS5LNO�O�LeH+PLN{ [ L [ Q n IXH�O�LwG�HVULNG&IXM&o(ULNH Q M&S5L`o3E0o3LNH�M�FiL+H�G Q H Q ^�PL+O�H�L a�^wI �
o3E [ Q MCO [ L {RH�IRE�G&L%H�LNG�HVUL�bhLNMCO Q M3O [ Q H+PLN{ [ L�oCL [ Q HVUL+O�H�IRG�H�IRG Q { Q O�FiIXM�o3L []\ L+H�H�L+E�H t�� M
H�LN^ Q HZD?E�L Q E&b�bdF-D?E�LeS5L+H�O Q FiM&b�G Q H Q ^�PLNO�H�L�b bdIXMCO�f&L Q EgS5IXE�G�^`IXFiMgb
FiM��&EVLNM3Ozb D?E�L
o \ Q E�O�H�L�b%L+OeF [ LrbhOeG�H�IXf Q f [ L D?E�L []\ IXM0G&IXE�H�H Q FiOjH�UL�o3EVFiH�LjLNM&ScIXH�L [ Q S Q G Q S5FiOVUL�o3L
M�IXO�H�L�H+PL+{ [ L b Q Mgb|O�H�IXG o
ULNOVULNH�FWIXH�L+Hjb Q G&LNH n IRH�^ Q M&S5L�LNM UL [ Fi^wFWM Q MCO�G Q H|LN_CLN^wG [ L
[ L�b-o3L+E�_ Q J Q M3O � oCLNH�M�FWLNHZb�G Q H Q ^�PLNO�H�L�b t �-LNG&LNM&o Q M3O+auEVM�L�FiMCO�L+H�G�HVULNO Q O�FiIRMeG [ EgblG�HVUL �
S5FBbdL
o3L [ Q J Q [ LNE�Hyo3L�b�G Q H Q ^�PLNO�H�L�b-bhLN^jf [ Lyo3F # S5F [ L�LNO-G&IXE�H�H Q FiO n Q FiH�L [~\ IXf ��L+O
o \ E�M
O�H Q J Q F [ bdE�f&bCUL�DuEVLNM3O t

z FiM Q [ L+^wLNMCONaVPQ O�FiO�H�LTo3LTJ(ULNH�F � S Q O�FiIRM�bhE�GVG [ ULN^`LNM3O Q FWH�L?aXMVIXE&b Q J?IXM&b�O�L�bdOVUL [ Q H+PLN{ [ L
o3L []\ UL�D?E Q O�FiIXM � � t � � bdE�H�oCLNE�_ Q E�O�H�L�b O �CG&L�b�o3L�GVH�IXf [ PLN^wLrb5�(o3L�bwO xQ SkY�Lrb f&I?I �
[ ULNL+M�M�L�bca�LNO EVM�L�O xQ SZY�Leo3LeH�L�S5IRM�M Q F�b�b Q M&S5LjoCLeS Q H Q ScONPLNH�L�b t � IXEVH [ L�b�O xQ SkYVL�b f&I?I �
[ ULNL+M�M�L�bcaXM�IXEgb Q J?IRM&blEVO�F [ FBbCUL [ Q ^ xLN^wL Q HzSkY�FWO�L�ScO�E�H�L
o3L�HVULrbhL Q E�o3L
M�LNE�H�IXM�L�b � J?IXFWH
� {XEVH�L � t � �zt � Q M�IXEVJ?L [i[ L|H+PLN{ [ L n E�O�L ��LrS5O�FWJ?LN^wLNMCO�S Q G Q f [ L�oCL HVUL�bhIRE&o3H�LwO�IRE�O�L�b
[ L�b n IXM&S5O�FiIRM&b%f&I?I [ ULNLNM�MVL�b5a [ FWM�UL Q FiH�L+^wLNMCO
b3ULNG Q H Q f [ L�bTLNOTM�IXM b3ULNG Q H Q f [ L�b t �-L|HVUL �
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bhIXEgb � LNM&bhL+^|f [ L�oCL�b O xQ SZY�L�b�o3L}S [ Q b�bhF � S Q O�FiIXM�f�F � oCFi^wLNMgbhFiIRM�M�L [W[ L t

� Q O xQ SZY�L�oCL�H�L�S5IRM�M Q FBb�b Q M&ScL�o3L
S Q H Q S5O+PL+H�L�b � bhL [ Fi^wFWO Q MCO Q EV_eSZY�F �qH�Lrb�bhLNE [ LN^wL+M3O �
S5IXM&bdFBbdO Q FWO-LNM|EVM|G�H�IXf [ PLN^wLyo3L�S [ Q b�bhF � S Q O�FiIRM|G [ E&b-S5IX^`G [ LN_CL�oCIXMCO [~\ L�bdG Q ScL
o \ LNM �
O�HVUL+L Q J Q FWO � oCFi^wLNMgbhFiIRM&b�LNOTH�LNGVH�UL�bdLNM3O Q FWO [ Q G�HVUL�bhL+M&S5LjIXE []\ Q f&bdLNM&S5L`o3L�b � bhL+{ �
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S5IXM&bdFBbdO�LTo3IRM&SePQ o(UL+O�LNH�^wFiM�L+HNa�G�IRE�H
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M�LNE�H�IXM�L�bTo3L`O Q F [i[ Ljo3F �pULNH�LNM3O�LeLNO�G [ E&b�{XH Q M&oCL�DuEVLwS5L [ E�F-E�O�F [ F�bCULeG&IXEVH []\ IXG�O�Fi^wF �
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LNH�H�LNE�H�oCL%{vULNMyULNH Q [ FBb Q O�FWIXM t

z FW{XE�H�L
� t � ��� �][i[ E&bhO�H Q O�FiIRMso \ E�M Q # SZY�LNE�H PQ � bhLN{R^wLNMCOZb t



� � �

�
	�-
	 � � ����� "p���&��� �

P��[ Q [ EV^wF~PLNH�L
o3L�b�HVUL�bdE [ O Q Ozb
IXf�O�LNM3Egb�PQ [ Q bdL�S5O�FWIXM�G�HVUL�S�UL�o3L+M3O�L?a?F [ LrbhO
FiMCO�ULNH�L�b�b Q MCO
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O xQ SZY�L�bTS5IRM&bhF�o
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