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�MkFXq]_X&["]_X�[¶`�yFlQ^arQ^_y\�TX<d)e¸do^akFXq]M["lQnodm]arQ^_kF`>h�¦MkFr£j_k>s	[ É�«wb�jq[)b>x4X�j¥dm`'Y\["]_X7��^_d\zoxFyF^<^_kFXMharQ`'YFlQXqha^�rQh<YF]_dmx\[)xFlQi
^akJX(j¥do`>Y4Xq^arQ^_rvuoX�lQX7["]_bFrQbFn	Ê p �HÌ¶["lQnodm]arQ^_kF`§ÍQ|?��Ïa¢¶«wb»Y4["]a^_r£j¥yFl£["]�z\^_kFX%����d"eK^_�>umXZ]aharQdob»d)e©^akFrQh�["lQnodm]arQ^_kF`ÃÊw� p �HÌ¶[)h
YF]_XqhaXqbT^_X7�%xTi 
Md"¦Ml£["b,Ív| @ZÏ<hak\[)]aXqh�^_kFX�h�[)`>X¶YF]_dmx\[)xFrQlvrQh_^ar£j�["h_hayF`'YF^arQdobFh&[)h&^_kFdmh_X�yJhaX7�3rQb	^_kFX(��Xq]arQum["^_rQdmb	d)e©^akFX
s	[ É�«wb	[)lvnodm]_rv^_kF`»¢�� p �3yJhaXqh�^akFX�eKdolvlQd"¦MrQbFn�¦ XqrQnmkT^ yFY��F["^_X�]ayFlQXmÔ
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a) Multiplicative Normalization b) Subtractive Normalization

È¾rQnmyF]_X(|oÔ�C��&s�yJlv^_rQYFlQr�jZ["^arQuoX�¦ XqrQnmkT^MbFdm]_`�[)lvrQ�7[)^arQdmbAiTrQXql£�Th¶Ê<#J�a�TrQ`>XqbJharQdmb\[)l£Ì�haYFkJXq]ar£jq[)lH¦ XqrQnmkT^MumX7j�^adm]_h�Y4dmrQbT^aX7��[)^
^akJX(j¥XZbc^_Xq]�d)e±j�lvyJha^aXZ]�d"e<rQbFYFyF^�Y\["^_^aXq]_bFh7¢����&�TyFxF^_]�[oj¥^arQumXA¦ XqrQnmkT^�bFdo]a`�["lQrQ�7["^_rvdob�iTrvXZl���h�¦ XqrQnmkT^�uoX7j¥^ado]ah¶Y4dmrQbT^arQbFn
["^M^_kFX�j¥dm]_bFXq]�d"e©[�Ê #J�Ü��rv`'XqbFh_rvdob\["l£Ì�kTiTY4Xq]�j¥yJx\X�j�lvdohaXqh_^�^_d�^akFX�rQbFYJyF^Àj�lvyJha^aXZ]7¢
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¦MkFXq]_X�^_kFX�Y\[)]�[)`>Xq^_Xq]ah¶Ò Ó Û Ö Ñ×Ó ["b\�	Ð Ñ ��["]_X��TX¥·\bJX7�»[)h�rQb�^akFX´`�yFlQ^ar¼��yJbFrQ^©s	[�ÉF«wb»��Xq]arQum["^_rQdmbH¢ �MkFrQh�lQX7[)]abFrQbFn�]_yFlQX
rQh�^_kFX>h¥["`'X>["h p ��ÊUX7Åoy\["^_rvdob �oÌ¶yFharQbFn%[�lQX7[)]abFrQbFn3]�[)^aX>^_k\["^��TX7j�]aX7[)haXqh�d"umXZ]�^arQ`>Xo¢	�MkFrQhArvhA^akJX��ah_^�[)^arQha^_r�jZ["lQlQi
j¥do]a]aX�j¥^a�3¦À[�i�^_d�Y4Xq]ÜeKdm]_` rQ^_Xq]�[)^arQumX'ÊKdobT��lQrQbFX7Ì�¦ XqrQnmkT^¶yFY��F["^_Xqh7z¾xFyF^¶rQb»YJ]�[mj�^ar£j¥X 6 Ó rQh¶rQbFrQ^ar£["lQrQ�qX7��^ad��×~ ,����=[)b\�
x4dmyFb\��X7�'xci9,��8��zT¦MkFXq]aX�, rvhM^_kFX¶bTyF`�x\XZ]<d"e�rvbJYFyF^ Y\["^_^aXq]_bFh&[)b\�9�/rQh ^akFX¶bTyF`�x4Xq] d"e²doyF^aYJyF^©yJbFrQ^ah7¢��MkTyFh�zTrQ^
rQh�[A]aX7[)hadob\["xFlQX¶harQ`'YFlQr�·�jq["^_rvdob�^_d�]aXqYJl�[oj¥X�^_kFrQh�[m�F[)YF^arQumX¶lQX7[)]abFrQbFnA]�[)^aX�¦MrQ^ak	[Aj¥dmbJha^�[)bT^7z4¦MkFr£j_k>rQhM¦Mk\["^M¦ X��TdArQb
dmyJ]MharQ`�yFl£["^_rvdobFh¾eKdm]M]_X7["h_dmbFh�^ak\[)^�["]_X&X�É�YJl�[)rQbFX7�'x\XZlvd"¦�¢

«wb(j�dm`>Y4["]arQbFn�s
[�ÉF«wb�¦MrQ^_k�� p �<z�^_kFXMrQhahayJX©d)e\`�yFlQ^arQYFlQr£jq["^_rQumX�	
�Hh_yFxF^a]¥[mj¥^_rQumXMbFdo]a`�[)lQrv��["^arQdob�rQhH]_XqlQXqum["bT^7¢¾�MkFrQh�rQh
X¥ÉFYFlQdm]_X7� ·\]ah_^7z)eKdmlQlQd"¦©X��¶xTi�harQ`�yFl£["^_rQdmbFh4¦MkFr£j_k�h_kFd"¦�¦Mk\[)^�k\["YFY4XqbFh±^ad¶^akFXZhaX�["lQnodm]arQ^_kF`>h�¦MkFXZb�^_kFXMrQbFYFyF^�Y\[)^a^aXZ]abFh
["]_X�j¥lQyFha^_Xq]aX7�
rQb>^_rv`'Xm¢
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p dm`'Y\Xq^_rQ^arQumX7��X7[)]abFrQbFn
rvhAj¥lQdmhaXZlvi%]_Xql£["^_X7�%^_d	^akFX�â�µq[�]ayJlvX
ÊKX7Åoy\[)^arQdmb��oÌqz¾¦MkFr£j_kHz�¦MrQ^ak%lQrQbFX7["]´dmyF^_YFyF^�yFbJrv^_h7z
bFdo]a`�[)lQrv�ZXqhM^akFXA¦ XqrQnmkT^�uoX7j¥^ado]�^ad'yFbFrQ^�lQXqbJnm^ak¾¢¶�MkFrQh&jq[)yFhaXqh´X7[mj_k3¦©XqrQnokc^�^ad']aX98\X�j¥^�^_kFXA¦©XqrQnokc^_X7�	[�uoXq]�[)nmX'ÊKd"umXZ]
["lQl�rQbFYFyJ^MyFbFrQ^ah�[)b\�'rvbJYFyF^MY\[)^a^aXZ]abFh¥Ì�d)e²X7[oj_k	rQbFYFyF^�Ä hM^_Xqb\�TXZb\j¥i	^_d�x\X�[oj¥^arQuoXm¢<�MkFrQh�jq[)b�x\X�h_XqXqb	rQb	[AharQ`'YFlQX�¦M[�i
xTi>]_XqYFl£[mj¥rQbFn>Ò Ó ¦MrQ^ak'^akFX´lvrQbFX�["]�[mj�^arQum["^_rvdobAeKyFb\j�^arQdmbHÔ � Ñ Ð Ñ � Ö Ñ×Ó zF[)b\��j¥dm`'YFyF^_rvbJn�^_kFX¶X7ÅoyFrQlvrQxF]_rQyF`á¦ XqrQnmkT^Mum["lQyFX
eKdo]�[�h_rvbJnmlQX¶rvbJYFyF^ umX7j¥^_dm]�¢<¿:kFXZb Õ�Ö Ñ×Ó �!@FzFÐ Ñ �)�:Ò Ó Ö Ñ×Ó z\["b4��Ô
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¦MkFXq]_X	Ê % Ì¶�TXqbJdm^aXZh�X7ÅoyFrQlQrQxF]arQyF`3z\[)b\� ! rQh�["b3rQb\�TX¥É3d"umXq]�[)lQl²^_kFX�rQbFYFyF^¶yFbJrv^_h7¢��MkJX�Y\["^_^aXq]_bT��¦MrQh_X�X7ÅoyFrQlvrQxF]_rQyF`ºrQh
µ¥yFh_^©[¶h_rv`'rQl�[)]H¦ XqrQnmkT^aX���hayJ`}d"uoXq]©[)lvlJrvbJYFyF^<Y\[)^a^_Xq]abFh�¢<�MkFrQh<`�["¹oXqh�rv^ j¥lQX7["] ^ak\[)^<^akJX&â�µq[¶]_yFlQXMrvh±Y\Xq]ÜeKdm]_`>rQbFn¶¦Mk\[)^
s�rQlQlQXq] ( s	[mj'&&[�i3Í �ZÏ²^aXZ]a` �a`�yFlQ^arQYFlQr£jq[)^arQu"Xq�AÊKrw¢ Xm¢<�TrQuTr£�TrQbFn�xTi>^_kFX¶hayF`�Ì<bFdo]a`�["lQrQ�7["^_rvdobH¢

«wb(j�dmbT^a]¥["ha^�zm^_kFXMs	[�ÉF«wbAlvX�["]abJrvbJn�]ayJlvX�ÊKrQbA^akFX harQ`'YFlQr�·4X7�¨eKdm]_`�Ì�Y4Xq]ÜeKdm]_`>h²[�¹TrQb\�¶d)e\hayFxJ^a]�[oj¥^arQuoXMbFdm]_`�["lQrQ�7[)^arQdmbH¢
«wb\�TXZX7��z�^_kFX�s	[ É�«wb
]ayFlQX�d)egX�Åmy4["^arQdob �DrQh�r£�TXqbT^ar£jq[)lH^_d>^akJX)(4Xq]ad)�Ü��yF`ÃªMXqxJxFr£["b	lQX7[)]abFrQbFn�]_yFlQX�Ê�(��Fª�ÌAÍv|��ZÏazF¦MkFr£j_k
jq[)yFhaXqh´^akFX�^_dm^�[)l�¦©XqrQnokc^¶rQb\j¥]_X7["h_X�^ad	['yFbFrQ^�^_d�x\X�x\[)l£["b\j¥X��	xTi	["b3X7Åoy\["l ["`>doyFbT^Md"e©¦ XqrQnmkT^��TX7j�]aX7[)haXmz�iTrQXql£�TrQbFn
['bFXq^�j_k\["bJnmXAd"eM�qXq]ad4¢��MkFrQh¶hakJdmyFl£�
x\XAXquTr£�TXqbT^¶eK]_dm`ºX7Åoy\[)^arQdmb��'h_rvb4j¥X ' �'rQh�^_kFX�`>X�["b�d"eM^akFXAXqlQXq`'XqbT^ah¶rQb	^akFX
umX�j¥^ado]�4Ð���ÊKh_XqX�X7Åoy\["^_rQdmb%~mÌq¢´¿:kFrQlQX�s�rQlQlQXq] (ás
[mj*&¶[�i�Í ��Ï©�TrQh¥j¥yFhah´^akFX>�Tr¼Á�Xq]aXZb\j¥XqhAx\XZ^w¦©XqXZb%`�yFlQ^arQYFlQr£jq["^_rvuoX&[)b\�
hayJxF^a]¥[mj¥^_rvuoX�bJdm]a`�["lQrQ�7["^_rQdmb�["^�lQXqbJnm^ak¾z\[AharQ`'YFlQXM·\noyF]aX�jZ["YF^_yF]aXqh¶^_kFX�XZhahaXZb\j¥Xm¢��MkFX�`�yFlQ^_rvYJlvr£jq[)^arQumXMbJdm]a`�["lQrQ�7["^_rQdmb
rQb»^_kFX�â�µq[']_yFlQX>jq["yFh_Xqh�^akJX�¦©XqrQnokc^´umX7j¥^_dm]�^_d	`>d"uoX�^ad
^akFX,+¥°Z­T®Ü°Zß¶d"eM^akJX>j¥lQyFha^_Xq]ah�rQb3^akFX��F["^¥[�[)h�jq[)b%x\X'haXqXqb
rQb»^_kFX�kTiTY\Xq]_haYFkJXq]aX�]aXZYF]aXqh_XqbT^�[)^arQdmb,rvb3·4nmyF]_X	|m¢�«wb%j¥dmbT^_]�["h_^7z�^_kFX�hayFxJ^a]�[oj¥^arQuoX�bFdm]_`�["lQrQ�7[)^arQdmb�rQb¡s
[�ÉF«wb�jq["yJhaXqh
^akJX�¦ XqrQnmkT^ah�^ad�nmd'^ad"¦M["]¥�Th�^_kFX�­4°�Ý)ß�°��¥®�+�à)ßq­\°ZßMd"e ^akFXAkTicY4Xq]¥j¥yFx4X�^ad>^_kFX��F["^¥[>j¥lQyFh_^aXq]�¢ 
Mdo^aXA^ak\[)^¶^akFrQh�X�Á¸X7j�^�rQh
rQb\�TXqY4Xqb\��XqbT^�d"e<^_kFX�[mj¥^_rvum[)^arQdmbDeKyFb\j�^arQdmbH¢

¿:kFrQlQX�� p �%�TdTXqh¶bFdm^Mk4[�umX�^_kFX�bFdo]a`�[)lQrv��["^arQdob�YF]_dmY4Xq]a^_rQXqh¶d"e<^akFXAâ²µZ[�]ayJlvXozFrQ^��TdTXqh�]_XqhayJlv^¶rQb	[A¦©XZrvnokT^MumX7j¥^_dm]
Y4dmrQbT^arQbFn�["^�^_kFXÀj�XqbT^aXq]<d)e\^akJXÀj¥lQyFh_^aXq]±d"e\rQbFYFyJ^HY\[)^a^aXZ]abFh<^_kFX yFbFrQ^H]_XqYF]aXZhaXqbT^ah�¢ �MkFX<rQ`>Y4dm]_^�["b4j¥X<d"e4^akFXMj¥dm]_bFXq]�	
��^akFX
j¥XqbT^_Xq]©�TrQha^_rQb\j¥^arQdob�rQh�^ak\[)^Hh_rvb4j¥XM^akFXM¦ XqrQnmkT^_hHyFb\��Xq]©s	[ É�«wbAk\[�uoX©[�YF]aXqh_hayF]_X�^_d&XZb\��yJY�rQb�[¶j¥do]abFXq]±d"e\¦ XqrQnmkT^Hh_Y\[mj�Xmz
^akJXqi�k\[�umX�["b
rvbT^_]arQbFhar£j�YF]_X¥eKXq]_]aX7�%�TrQ]_X7j¥^arQdob>eUdm]&��rvh_^arQbFnoyFrQhakFrQbFnAx\XZ^w¦©XqXZb»rQbFYFyJ^�j¥lQyFha^_Xq]ah�¢�{�h�rQhMhakFd"¦Mb
rvb'·\noyF]aXA�
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È¾rQnmyF]_X&�FÔ��TyFxJ^a]�[oj¥^arQuoX&bJdm]a`�["lQrQ�7["^_rQdmb�lQrQ¹mXM^_k\["^MYF]_XqhaXZbc^MrQb�s	[�ÉF«wb�]aXZhayFlQ^ah�rQb>[�YF]_X¥eKXq]_]aX7�
�TrQ]aX7j¥^_rQdmb	ÊUrQb\�Tr£jq["^_X7��xTi
^akJX�umX�j¥^ado]<·\XZl��DlQrvbJXqh�Ì¾eUdm]<^_kFX�¦ XqrQnmkT^Mjak4["bFnoXqh7zoXqbFk\[)b\j¥rQbFn��TrQha^_rvb4j¥^arQdmbJhÀ[)lvdobFn¶^akFrQh©��rv]_X7j¥^_rvdob�[)b\�ArQ`>Y\[)rv]_rQbFn�^_kFXq`
dm^_kFXq]_¦Mrvh_Xm¢<�MkJX&h_X7j¥dob\��Y\[)bFXqlHh_kFd"¦Mh�["b�X¥É\[)`>YFlQXMd"e©[)b>rQ`>Y\[)rQ]aX7���TrQ`'XqbFharQdobH¢

eKdo]�^akFX�^w¦ d"�a�TrQ`>XqbJharQdmb\[)l²jq[)haXmz±^akFrQh��TrQ]aX7j�^arQdmb,lvrQXqhAY4Xq]aY4Xqb\�Tr£j¥yJl�[)]�^_d»^_kFX���r�[)nmdob\["l<x4Xq^w¦ XqXqbÇrQbFYFyF^��TrQ`>XZbFharQdmbJh7¢
«wbT^aXq]_Xqha^_rQbFnmlQiTzm^_kFrQh©�TrQ]aX7j�^arQdmb�j¥dm]_]aXqh_Y\dob\�ThM^ad´^akFX¶jq["h_X�d"eH^_kFX�rQbFYJyF^©j¥lQyFh_^aXq]_hMk\[�uTrvbJn&^_kFXqrQ]©j¥XZbc^_Xq]ah¶["^<Y4dmrQbT^ah±¦MkFXq]aX
^akJX�j¥dTdm]¥�TrQb\["^_XqhMhayF`º^_d�^_kFX�h¥["`>X�um["lQyFXAÊKrw¢ Xm¢�^_kFXqi�k\[�umX¶^_kFX¶h�["`'X�`'X7["b'rvb�^_kFX�haXZbFhaX�rQb�¦MkFr£j_k ' Ó rQh�j¥dm`'YFyF^_X7�
eKdo]M^akFX�s	[ É�«wb	[)lvnodm]_rv^_kF`�ÌZ¢

â�bFX�¦ dmyJl��'X¥ÉFY4X7j¥^¶^ak4["^�^_kFX�h_yFxF^a]¥[mj¥^_rQumXAbFdm]_`�["lQrQ�7[)^arQdmb�rQb	s	[�ÉF«wb	¦ dmyJl��'XqbJk\["b\j�X�rQ^ah¶["xFrQlQrQ^wi�^ad��TrQha^arQbFnoyFrQhak
jq[)^aXqnodm]arQXqh¶["lQdmbJn�^akFX´YF]aX¥eUXq]a]_X7�	�TrQ]aX�j¥^arQdmb	[)b\�'rv`'Y\["rQ]©��rvh_^arQb\j¥^_rQdmbFhM["lQdmbJn�do^akFXq]���rv]_X7j¥^_rvdobFh7¢±{�lQnmdo]arQ^akJ`>h<^_k\["^MYFyJ^
^akJX�¦©XqrQnokc^¶uoX7j¥^ado]ah�[)^¶^akFX>j¥XZbc^_Xq]Ad"eM^akFX>j¥lQyFh_^aXq]_h7z�lQrQ¹mX�� p �<z�dob»^_kFX�dm^_kFXq]�k\[)b\��z¾hakFdoyFl£�	bJdm^¶k\[�umX�['YF]aX�eKXq]a]_X7�
�TrQ]aX�j¥^arQdmb¾¢��MkFXqhaX'YF]aX��Tr£j¥^arQdmbJh�¦ Xq]aX'^aXqh_^aX7��xTi¡j¥dobFha^_]ay\j�^arQbFn3^w¦©d)�Ü�TrQ`'XqbFharQdob\["l¾rvbJYFyF^�Y\[)^a^_Xq]abFh��T]¥[�¦Mb3eK]ado`Ã^w¦ d
Ë�[)yFhah_r�[)b>noXqbFXq]¥["^ado]ah�lvdFjq[)^aX7�
["^M�Tr¼Á¸Xq]_XqbT^�Y4dmrQbT^ahMrQb�^akFX¶rQbFYFyJ^MhaY\[oj¥XmzFxJyF^M¦MrQ^ak	[�j¥dm`'`>dob �
d"eM¢ �J¢H«wb�dobFX�jq["h_Xmz
^akJX�j�XqbT^aXq]_h>d"e�^_kFX	Ë�["yJhahar£[)bFh�¦ Xq]_X�lQdFjq[)^aX7�,["lQdmbFn
^akFX�YF]_X¥eKXq]_]aX7�:��rv]_X7j¥^_rvdob%eKdo](s
[�ÉF«wbH¢%{�h�bFdo^aX7�Ç[)x\d"uoXmz�^akFX
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Ê��Js	Ì�j¥dob\�TrQ^arQdmb¾¢��MkFX>j¥dTdm]¥�TrQb\["^_XqhAyFhaX7��¦©XZ]aX	Í¼Ê�¢Q|mzQ¢ �mÌ Ê�¢ �FzQ¢Q|7Ì�Ïaz²Í¼Ê¥¢ �JzQ¢ �oÌ�Ê�¢ �FzQ¢×�mÌ�Ïaz²Í¼Ê¥¢ �JzQ¢ *oÌ¶Ê¥¢ *JzQ¢ �oÌUÏaz�Í¼Ê�¢ �\zQ¢×ÎmÌ Ê�¢×ÎFzQ¢ �cÌ�ÏÜz
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