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0; ,0 ��m��Lvp��mJvp� � � {por�^or�p{xor�p�W� ��� � �pn  # $ # $ # % $ # # $ # $ # # $ # % $ # $ # �!��)
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� npo�or�p��~�vp� � ��ory�or��mJq � �p{/m�~��tor� � �p��o�~f|�y��}|��Lstor�x{pqun � 2�o�nxor�t�^or{ y�o����Jo � m����Km�np�L~�vp��n
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� s�� � �t�z��
 � :b~�vp��{7�ts ��oum�~OmJn � � ��y���y�~�m�npo�� � ��o � � � 
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 mJnpo�� � �tqJ~7mJvp�J� o <£or�Wm�qOvp��m�st�?�Jor��or��m��z� st���x~��Jo�{ 
 qJvp�3n � q �£~�:bor��{pstqLqJs�� � m�s�~��
� �p{/�LorqJs�qLmJs'2�oF2�~���m � ��o>{p�L~�� 
ps���m�~ �r�Ls�mJst� � �<stqLqJvpo�q :unpst�3n/n � 2�o m�~ w^o � {p{x�JorqLqJo�{Uw��}st��mJoD1
��� � m�o�{ ��st�L�rvpszmu{porqLst��� yKoWm�np~�{p~���~���s�orq� ��s�q 5 ) 
 � �Lo @!@ �  
��s����ps p� � ��m��LorqJo � �J�3nKn � q`w^oror��{poD2�~�mJor{KmJ~>m�npou�^~�:bor� 1��Lor� � m�or{��3n � ���to��p��orq�s��-st��m�o���� � mJor{
�rs��J��vps�m � � � �E{porqLst���  l�q � �JorqLvp��m 
�qLo 2�o�� � �xst�p{pvxqLm��h����o � {xst�p�){porqLst���Om�~�~��tq �p�J~�2�st{xo��^~�:bor�
~��xmJsty�stq � m�s�~�� 
 � � � �z��qJstq � �p{ �3n � � � �Wm�or�Lstq � m�s�~��	� � � � wps��ts�mJsto�q � ����� 5V� ��
 � � � 5!5 � 
X� � { 5 )��  
� nps��to �£~�:bor�%~��xm�s�yKs�q � mJst~��:n � q)w£o��r~�y�o � �ty�~�qLm � �pvpqJn 1�wpvxmLm�~�� {porqLst��� qLmJor� 
�m�npoO� � �
w^o�m :boror� m�npo {po�qJst��� � �p{ mJorqhm%� � y��pq��toW| muvp�pqJ~��'2�o�{ mJnpo �£~�:bor�)stqLqJvpo�q � qJqJ~��rs � m�o�{ :uszm�n
m�nxo � � mJorqLm �p�L~���orqLq  � ��y�~�qLm}� � qJo�q 
�mJnpo w^orn � 2�st~�vx�}~�| m�npo ��st�J��vps�m7vp�p{po��7m�orqhm stq
qJs����ps  � � ��mJ���}{ps"<<o��Jo���m%m�n � �U{pvp�Lst�p�Ks�mJq%�p~��Jy � � ~��^or� � m�st~�� y�~�{xo�{xvpoOmJ~Km�nxo�{ps"<<o��Jor��m
qJ��~��^orq`~�|^m�npoCm :b~Oy�~�{porq  � �-~��poun � �p{ 
��t~�:��^~�:�o��`{porqLst��� m�o��3np�ps'6�vxorq � �y� @ 0 
C�)� @�+ 
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 <~�� @�& 
^�[� � 5;� 
 � npo 5�5 �  
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�M� �Lst~�vpqbqJ��or� � �Lst~�q � m�qL��qLmJory � �p{/� � m�o��to 2�or� � �Jo s��J2�orqhm�st� � m�o�{ :us�m�n7mJnpo>vp�zm�sty � mJo%��~ � �
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�Jo��ts � wpst��s�m��O~�| � qJo�yKs��r~��p{xvp��mJ~��bqhm � �x{;1 � ��~��po){pstou~��M� � ��� � ��or{7� � �Lm  98;:=<7>@?BADCE<GF.HI?KJML@?NAO<=P
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1~�2�o�� � � � �p��oK~�|Cst�p�pv�m#2 � ��vporq  � ~�:bo 2�o�� 
�mJnpo�mJsty�o |�~��Oo >�n � vpqhm�s'2�or�z� mJorqhm�st�x� � ���
�^~�qJqLstwp��o�s��p�pvxm���~�y�wps�� � m�s�~��pq>���L~�:uqOo >x�^~��po���m�s � �t��� :us�m�n m�nxoK��vpy�w^or��~�|�st�p�pv�m�q  � ~
y � st��m � st� � �Jo � qJ~�� � wp��o m�o�qLmKm�sty�o�
bm�npo |�vp�p��mJst~�� � ��m�orqhm}y�vpqhm:|�~��rvpqK~���mJnpoU��o��por� � �
|�vp�p�Wm�s�~�� � �p{ �r~��L�por�)� � qLorq  RQ&F.<I:@S5F=>@?N:UTVAO<=PW?KJML@?BAO<=P 2�o��Js  orqum�npo ��st�J��vps�m�|�~���y � ��vx| � �D1
m�vx�Jst�x� {poW|�or�Wm�q�w�� |�~��rvpqLst�p� ~�� �rs��J�rvxs�m�qLmJ�Jvp�Wm�vp�LoK� � m�npo���mJn � � |�vp�p�Wm�st~�� � ��w^orn � 2�st~�vx�  
� � ��vx| � ��m�vx�Jst�x�	{po�|�o���mJq�st�p���tvp{xoK�p�L~�wp��ory�qOqLvp�3n � q��^~�:�o�� � �p{ ���J~�vx�p{ qJnx~��LmJq 
�~��^or�
st��mJor�J��~��p�po���m�~��:m�npo%{psto%� � vxqJor{}w��K{pvpqhmC� � �hm�s��r�to�q 
�qJnp~��Lm81 �rs��J�rvxs�m�o�{:qL~�vp�J��o ~��b{p� � s��:~�|
m�nxoKm�� � �pqLstqLmJ~���� � vpqLor{�w��QyKoWm � �`qJ�xs ��o 1 mJnp�J~�vx��n 
�oWm��  � � ��vx| � ��m�vx�Jst�x�	{po�|�o���mJq�yKs���n�m
�Jo�y � st� vx�p{po�mJor�Wm�or{ w�� |�vp�p��mJst~�� � ��m�orqhm�s��p�U��oWm � � vpqJo7vx�p{porqLst� � wp�toKw£o�n � 2�st~�vp�O{pvp�Lst�p�
�rs��J��vps�m�~��£o�� � mJst~��  � � ��vx| � ��mJvp�Js��p�	m�o�qLm-o�� � wp��orq�mJnpo}qJ���Joro��pst�x� ~�vxm ~�|){poD2�s��ro�q :uszm�n
qJvx�3nUqLmJ�Jvp�Wm�vp� � � {poW|�or��mJq  
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� npo�� � y � ��vx| � ��m�vx�Jst�x�U{poW|�or��m�~����rvp�Lq 
�m�npo:�pn���qLst� � ��{poW|�or�Wm-n � q � ��~���s�� � ��oD<<o���m ~��
m�nxoKw^orn � 2�st~�vp� ~�|�mJnpoK��st�L�rvpszm  � ~��>o > � yK�x�to�
 � qJst��� � ��qJnx~��LmJor{QmJ~ �^~�:�o�� � �x�£o � �Jq m�~
w^o��^or�Jy � �po���m�����nps���n 
J:unpst��o � qLst��� � ��qJnp~��hm�o�{7m�~����L~�vp�p{ � �p�£o � �JqMm�~�w^o �^or�Ly � �xor��m��z�
�t~�:  8 F.:UH ?��WC��=J@H L st�p���Jo � qJo m�o�qLm)��or�xor� � m�st~�� o �K��sto��p���/w��/y � �p�ps��p� �r~���mJ�J~���� � wp��o � �p{
~�wpqLor� 2 � wp�to)�pn���qJst� � ��{po�|�o���mJqbm�~Oy � m�npo�y � mJst� � �x��~��pqLmJ�Jvp�Wm�qMm�n � mb� � �:w^o%~��^or� � m�o�{Kvx�£~��
� ����~��Jszm�npy�st� � �t�z� � �p{�vp�p{xor�Jqhm�~�~�{�w�� � qL~�| m : � �JoMqJs�y�vp� � m�~��Xs�� ~��J{po�� mJ~u�p�J~�2�st{po � yKoWm��Lst�
|�~�� 6�v � ��s�m��:yKo � qJvp�Lory�or��m  
l�| � vp��muy�~�{por� s�q � {po�qJ�r�Lst�xmJst~�� ~�|1m�npo�w£o�n � 2�st~�vp� � �x{ � qLqJvpy��xm�s�~��pqu~�|?np~�: or��ory�or��m�q
st� � {poW|�or��mJs'2�oQ��st�J��vps�m7w£o�n � 2�o  � npo ��~ � �%~�|�| � vp��m/y�~�{por���tst�x� stq7mJ~ yK~�{por� � nxst��n
�^or�J��or��m � ��oO~f|1mJnpo �pn���qLst� � � {po�|�o���mJq)mJn � mu~��r�rvx�)s��7m�npo {poD2�st�ro � m�mJnpo npst��nxorqLmu�^~�qLqJstwx�to
�toD2�o��x~�| � wpqhm�� � ��mJst~��  � npoCnps���n���o 2�o��p~�| � wxqLm�� � ��mJst~����Jor{xvp�ro�q`mJnpoC��vpy�w^or��~f|�st�p{ps"2�st{pv � �
{poW|�or��mJq�m�n � mCy�vpqLmuw^o>�r~��pqJs�{por�Lor{ � �p{/�t~�:bor�LqCm�npo>��~�yK�x�toD>�szm��K~f| mJnpo � ����~��Jszm�npy�qMvpqJo�{
st�U��or�po�� � mJst�p�Km�npo�mJorqhm  � npo��LorqLvp��m>s�q%mJn � m�mJorqhm ��or�po�� � mJst~�� � � � ~��r��vp� o � �J��stor�)st� m�npo
{po�qJst��� �W�����to st�/��orqJq�mJsty�o :us�mJn ��orqLq)o >��£o��pqJs"2�o��r~�y��pvxmJst�p�-�Jo�qJ~�vx�J�ro�q � � � � 5V���  
� npo � � mJoD1 �to 2�or�£yK~�{por�£stq :us�{por�z� � ���ro��xm�o�{ � qCmJnpo>w^orqLmu��~�y��p�J~�y�stqLo w^o�m :boror� � wpqhm�� � �D1
m�s�~�����o 2�or� � �p{!m�npo � wps��ts�m���mJ~ �Jo��p�Jo�qJo���m/y�~�qhm7~�|>mJnpoU{poW|�or�Wm�q}st� m�npo �rst�L�rvpszm7vp�x{por�
m�o�qLm � � ��� �  �)o���stqhm�or� 1 mJ� � �pqh|�or�)�toD2�or� �n� ��� �Cy�~�{xor�t��st�p� s�q�m�~�~ � wxqLm�� � ��m%m�~ � �r��vp� � m�or�z�
�Jo��p�Jo�qJo���m%y � ���7~�|Em�nxo | � vp��mCm����^orq�
 � �p{/q8:uszm��3n;1 �to 2�or� y�~�{xor�t��st�p�Ostq�mJ~�~ ��~�y��pvxm � m�st~��;1
st��mJor�pqLs'2�o�� ��� � 5V���  
l6��~�y�yK~��x��� vxqJor{�y�o�mJ�Js�� |�~�� 6�v � ��s�m�� � qLqJorqLqJy�or��m}~�| {xst��szm � �C��st�L�rvpszm�q�stq-m�npo S5F.:=H ?
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  �LqLmb�pvpw;1
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�ts�qJnpo�{	st� ��@!+V� � �u~�m +V���  � m�y � ��orq mJnpo � qLqJvpy��xmJst~��UmJn � m�~��p��� ~��xo��ts��poOs��Um�nxo��rs��J�rvxs�m
stq`| � vp�zm�� � mb~��po%mJsty�o � �p{:mJn � mMm�npo)| � vp��mbstqM�^or�Jy � �po���m  � npo%o <£or��m�~�| m�nxo%| � vp�zmMstq`m�npo
q � yKo � q sz|MmJnpo�| � vp�zm��	�p~�{po-stq%m�sto�{ m�~������ � �t~���st� � � � ��~������
	 ���t~���s�� � � 5 � 
 :unxst�toOm�npo
~�mJnpor� � � mJorq�st� m�nxo���st�L�rvpszm � �Jo��p~�m � <£or�Wm�o�{ w�� m�npo-| � vp�zm  � npo:�p��l � y�~�{xor����~�2�or�Lq
y � ����~�|^m�npou�^~�qJqLstwp��o�y � ��v�| � ��mJvp�Js��p�>{po�|�o���mJqbs��:� � � � �rs��J��vps�mJq 
�qJvx�3n � q`y�stqJqLst�p� |�o � 1
m�vx�Jorq�
�qJ~�vp�J��oD1�{x� � s�� qJnx~��LmJq 
�{ps"<<vxqJst~�� �r~���m � y�st� � ��mJq � �x{ y�o�m � �t�ts�q � mJst~�� qLnp~��hm�q  � npo
� ��m�o��J� � mJst~�� � � � o��3np�p~���~����B�)~ � {py � �K|�~�����o�yKs��r~��p{xvp��mJ~��Jq ��@!@!@ � �	� �%� � � � �J~ @!@ � st�p{ps 1
� � m�orq�mJn � mb�p��l � �r~�2�o��Jq � w£~�vxm -�5�� ~�|£mJnpo��^~�qJqLstwp��o�y � ��vx| � ��m�vx�Jst�x�>{po�|�o���m�q`s��:� � � �
�rs��J��vps�mJq  � ~�:�oD2�or��
`�Jor��or��m-�Jo�qJo � �J�3n � �;� 5!5�� n � qOqJnp~�:u��m�n � m � 1�{poWm�or�Wm�m�o�qLm qLo�mJq�|�~��
�p��l �V� �Lo 2�or�L� o <£or�Wm�s"2�oU|�~���w^~�m�n m�sty�st�x� � �p{�n � �J{�| � s��tvp�Lorq  l��t��~��Jszm�npy�q�|�~�� � v;1
m�~�y � mJst��m�orqhm�� � mJmJor�L� ��or�po�� � mJst~�� ��l � � � � � �p{�| � vp�zm�qLsty�vp� � m�s�~�� ~�� ��~�y�wps�� � m�s�~�� � �
�poWm :�~�����q :us�mJn �p��l � � �LoF:�o��t� {poD2�or��~��^or{ � �p{/o ���rs�or��m � ��l 5!5 
 l�� � @!5 �  
� npo � :=H ?BA�GH J L@?B:I>21�3 F.?IS5F.:UH ?��WC��=J@H � �	��l � � � � � � 5V��� y � ��o�qCm�npo>q � y�o w � qLst� � qLqJvpy��;1
m�s�~��pq � q �p��l � 
<o >��ror��m>m�n � m s�m � �t��~�:uq)m :�~}~���y�~��JoO�tst�xorq�s��Um�nxo��rs��J�rvxs�m�mJ~7w^o�| � vp�zm��
� m-m�nxo q � y�o/mJsty�o  l%��m�nx~�vp��n �	��l � ��~�2�or�Lq � ���Jo � m�o��-��vxy�w£o��-~�|�{xo�|�or�Wm�q�
Cs�m � ��qJ~
st�x�r�Jo � qJo�q�m�npou��vpy�w^or�`~�|^| � vp�zm�q?:unps��3nKy�vpqLmMw^o � � � �z��qLor{�vp�p{po���m�nps�q � �p�p�L~ � �3n � &�� ( �|�~�������st�L�rvpszm>�p~�{porq  � vp�LmJnpor�LyK~��Lo�
 � ����~��Ls�m�nxyKqu|�~�� l � � � � �p{ | � vx��m qLsty�vx� � mJst~�� � �Jo
y�vp�3n}y�~��Lo��r~�yK�p��oD> � �p{:�p~�m � q :�o��t�£{po 2�or�t~��£o�{ 
 � �p{}��~�y�yKo��J�rs � � qJs�y�vp� � m�~��Lqb{x~ �p~�m
qJvx�p�£~��Lm��	��l � :bor���  � npo��Jo�|�~��Jo�
i�U��l � | � vp�zmuqJsty�vp� � mJst~��Kstq�� � �Jo����7vxqJor{  
� npo L@?N: >21�3 C�IJ@<,S5F.:UH ?��WC��=J@H � � �>� � � ��� � 5V��� � qJqLvpy�orq>m�n � m � qJst�x���to��xn���qLst� � ���tst�xo�st�
m�nxo��rs��J��vps�m)stquwp�L~ ��o�� � �p{ m�n � m)m�nxo��Jo�qJvp�zm�s��p�K~��£o��U�p~�{po�s�qu�p~�m)m�sto�{ mJ~:orszm�npo��������>~��
����	  � npo � {;2 � ��m � ��o}~�|)m�nxstq � �x�p�J~ � �3n s�q�m�n � m-s�m���~�2�or�LqK{xo�|�or�Wm�q-m�n � m � � � �p~fm-w£o
{poWm�or�Wm�o�{ w�� �x��l � � �p{=�	��l � yK~�{po��tq wpvxm�m�n � mO� � � w^o-m�orqhm�o�{ :us�mJnQ� � st�Jq ~�|���l �
m�o�qLm 2�o���mJ~��Jq  
�=2�o���s�|Om�npo �rs��J�rvxs�m {p~�orq �p~�m n � 2�o � �t~���st� � ��{poW|�or��m 
 s�m y � ��n � 2�o qJ~�yKo �pn���qJs�� � �
{poW|�or��m 
xqLvp�3n � q � �p�J~��ro�qJq 2 � �Js � m�st~�� 
�m�n � m����Jo � m�orq � � � �J��o)or�p~�vp��n:� � m�o%{por� � � mJ~�� � vpqJo
�p�L~�wp�to�yKq  � nxo ?BT F.< L@AO?NADCE< 3 �=J@H�F�� S5F.:=H ? �WC��=J@H � � � � 5V� � � qJqLvpy�orq?mJn � m?mJnpo���~���s��`|�vx�p��mJst~��
~�|XmJnpo ��st�J��vps�mbvp�p{xor��mJorqLm�stqbor�J�L~��`|��Joro�wpvxm�mJn � m � � � mJo%~�v�m��pvxm�y � ��w^o�qJ��~�:�m�~��LstqJo%~��
qJ��~�:!m�~�| � �t� � �p{:m�n � m`m�nps�qMmJsty�o)s�q`�t~��p��or��m�n � � � �Lo�6�vps��Jor{ 2 � �tvpo  � |XmJnpstqM{por� � �-stqM� � �L��o
or�x~�vp��n 
1m�npo�m�� � �pqJszm�st~��;1�{po�� � �U| � vp��m�w^orn � 2�o�q � q � ��l � � �p{ � � � w^oKy�~�{por���tor{ vpqLst�p�
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m�n � m yKoWm�np~�{  � nxo��x�Jsty � �h�R:bo � ���po�qJqLorq�~�|Mm�nxo-mJ� � �xqJs�mJst~�� 1 | � vp�zm�{xor� � � � �Jo m�n � m>m :�~
� � mLm�o��J� qLo�6�vpor�x�rorq � �LoK�xoror{xor{�|�~���st�pszm�s � �tstq � m�s�~�� � �p{ m�� � �pqLs�m�s�~�� {po�mJor��mJst~�� 
 � �p{Qm�npo
y�st�ps�y�vpy {por� � �7| � vp�zm�qJs��ro stq�{ps ���rvp�zm�m�~-{po�mJor�LyKs��po>w£o�� � vxqJo�~�|1mJsty�st�p��n � � � �J{pq  
� npo  F.?�� 3 �=J@H�F��RS5F.:UH ? �WC��=J@H � � � � 5;� � stq)qJs�yKs�� � ��mJ~KmJnpoOmJ� � �pqLs�mJst~��;1 {por� � �7y�~�{po��Est� � q 1
qJvxyKs��p�}m�n � m mJnpo-�t~���s���~�|bm�npo-�rs��J��vps�m vp�x{por� m�o�qLmOstq>or�L�J~�� 1 |��Loro  � ~�:bo 2�or� 
?st�pqhm�o � {Q~�|
y�~�{po��t��st�p�UmJnpo/| � vp��m � q�s�| � qLst�p���to}� � mJo {xor� � � s�� mJnpo ��st�L�rvpszm-stq-| � vp��m���
bmJnpstq-y�~�{po��
� qLqJvpy�orq>m�n � m m�npo m�~fm � ��{xor� � �Ust� � � � m�n |��J~�y6st�x�pvxm>m�~/~�v�m��pvxm�o >x��oro�{pq�qL~�yKo y � >J1
sty�vpyB2 � ��vpo  � npo-� � mJn;1�{po�� � �U| � vp��m�yK~�{por�?~�2�or�L�r~�y�orq � �^~�qJqLstwp��o �p�J~�wx�tory :us�mJn m�npo
m�� � �pqLs�m�s�~��;1 {por� � ��y�~�{xor� 
�st�3:unps��3n ~fm�npo��u| � qLm�o���� � mJorqust�7mJnpo �rst�L�rvpszm�y � �:�r~�y��^or�pq � m�o
|�~��Mm�npo%{por� � ��~�| � | � vp��m��-� � m�o  l �p�L~�wp�to�y :us�m�nKm�nps�qb| � vp�zmMyK~�{por�^stqMm�n � mbmJnpo ��vpy�w^or�
~�|1�£~�qJqJs�wp�to>� � m�npqu���L~�:uq)o >��£~��xor��m�s � �t�z�K:us�mJn}m�npo ��vpy�w^or�u~�|1�po�mJq  
� �J~�y m�nxo � w£~�2�o-{ps�qJ��vpqJqLst~�� ~�� | � vp�zm>y�~�{po��tq szm>y � � w^o���~��p���tvp{po�{ m�n � m>mJnpor�Lo-stq �p~
vp�ps"2�o��Jq � �£| � vp�zm�y�~�{por��m�~���~�2�or� � �t���£~�qJqJs�wp�to%�pn���qJst� � �<{xo�|�or�Wm�q  � nxstqC��~��p�r��vpqJs�~��:s�q � ��qJ~
qJvx�p�£~��Lm�o�{Qw��	mJnpo �Jo�qJvp�zm�q ~�|Mm�npo o >��£o��Jsty�or��m � �?:b~����	�x�JorqLor��m�o�{ s�� � �;� 5�5 �  � � �3nQ~�|
m�nxoC| � vp��m�yK~�{por��q?�p�LorqLor��m�o�{:stq�2 � �tv � wx�to�s�� �ro��Lm � st� qJszm�v � m�st~��pq?��oWm � �tqL~>n � q��ts�yKszm � mJst~��xq  
� ~���o � �3n � �p�x�tst� � m�s�~�� 
�{porqLst���po��Jq)n � 2�o�m�~-{po�mJor�LyKs��po>m�npo | � vp�zmuyK~�{por�<~�� 
 y�~��Jo ��s ��o�����

m�nxo:�r~�y�wpst� � m�s�~�� ~�|C| � vp�zm�yK~�{por��q :unpst�3n :us��t���p�L~�2�s�{po � q � mJstqh| � ��mJ~��L� ��o 2�o��b~f|C{poW|�or��m
�r~�2�or� � ��o  � npo �>�L� m�o��3np�ps 6�vpo�q%�x�J~��^~�qJo�{/st�7m�nxstqCm�nxorqJs�q 
pvx�p�to�qJqu~�m�nxor�8:us�qJo>qL�£o��rs por{ 

� �Lo�m � �L��o�mJst�p��m�o�qLm�s��p�:|�~��%qLmJvp���!1 � m>| � vx��m�q�
£{xvpo�m�~:mJnpo�o �K��sto��p��� � �p{ :ust{xo�st�x{pvpqLmJ�Js � �
� ���ror��m � �p��oO~f|1mJnpstqC| � vx��muy�~�{po��  
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��� vp�zm qJs�y�vp� � m�s�~�� {xo�m�o��Jy�st�po�q�m�nxo�| � vp��m��r~�2�o�� � ��o ~�| � qJo�m ~�|`m�orqhm 2�o���m�~��Jq  � m>� � � w£o
m�nx~�vp��n�m7~f| � qK�£o��L|�~��LyKs��p� qJo 2�or� � ����~���st�/qLsty�vp� � m�s�~��pq ��~��p�rvx�J�Jo���m���� 1�~��po/m�n � m:�Lor�;1
�Jo�qJo���mJq�mJnpo7| � vp�zm81 |��JoroK�rs��J�rvxs�m�
 � �p{ m�npo/�LorqLm mJn � m �Lor�p�LorqLor��mKmJnpo}�rs��J��vps�mJq��r~���m � st�ps��p�
| � vp�zm�q  l+| � vp��m�s�q�{poWm�or�Wm�o�{�o � �3n mJsty�o�mJnpo:~�v�m��pvxm��Jo�qJ�^~��pqJo}~f|Cm�npo�| � vp�zm��Qy � �3nps��po
{ps"<<o��Jq�|��L~�y mJnpo}~�vxmJ�pvxm-�LorqJ�^~��pqLo}~�|um�npo}��~�~�{ y � �3npst�xo:|�~�� � ��s"2�o��
2�or�Wm�~��  ��� vp�zm
qJs�y�vp� � m�s�~��K�x�J~�{pvp�ro�q � �tstqhmC~�| {poWm�o���m�o�{ | � vp��mJqb|�~��Co � �3n}m�o�qLm 2�o���mJ~��  ��� vp�zmCqJs�y�vp� � m�s�~��
stq>vxqJo�|�vx��|�~��>{po�mJor�LyKs��pst�p�Km�npo | � vp�zm>�r~�2�or� � ��o :unpor� m�npo-y � ��vx| � �Wm�vp�Lst�p�7mJorqLm%2�or��mJ~��Jq
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� �Lo7��or�xor� � m�or{ y � ��v � ����� ~���vxqJst�x� oD>�stqhm�st�x�	n � �L{V: � �Jo7m�o�qLm-� � mJm�o��J����o��por� � m�~��Jq qJvx�3n
� q)�ts��po � ��|�o�or{pw � ��� qLnps�| m%�Jo���stqhm�o��Jq � �E� �[��� 
 oWm��  � ~��u� � �J��o ~��u�r~�yK�p��oD> {po�qJs����pq 
�| � vp�zm
qJs�y�vp� � m�s�~��U� � �Qw^o 2�o��L�	mJsty�o��r~��xqJvpy�st�p� � �x{ ~f| m�or� m�nxo�m�orqhm�qJo�mJqO{x~ �x~�m ��s'2�o-��~�~�{
| � vp�zm��r~�2�or� � ��o  
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l�v�m�~�y � m�s��OmJorqLm�� � mJm�o��J� ��o��por� � m�s�~�� � l � � � ����or�po�� � mJorq>m�o�qLm�� � mLm�or�L�pq � �p{ �p�L~�2�s�{porq
| � vp�zm �r~�2�o�� � ��obqLm � m�s�qLm�s��rq |�~��Em�npoM��o��por� � m�o�{�� � mLm�or�L��qLo�m  l � � � |�~��1��~�y�wps�� � m�s�~�� � ���rst� 1
�rvxs�m�qMstq :bor���£vp�x{por�LqLm�~�~�{ 
 � �p{:��~��pqJo 6�vpor��m��z��
ps��Ky�~�qhmb� � qJo�q 
�s�mMstqM�£~�qJqJs�wp�to�mJ~���o��por� � m�o
m�o�qLm)qJoWm�q :us�mJn nxst��n}| � vp�zm��r~�2�or� � ��o  
��~�y�wxst� � mJst~�� � �xl � � � m�~�~��tq�vxqJo�w^~�mJnK� � �p{p~�y � �p{K{xo�m�o��Jy�st�ps�qLmJst�Cm�o��3np�ps'6�vxorqbmJ~���o��;1
or� � m�o mJorqhm%� � mJmJor�J�xqC|�~���| � vp�zm�qC~�� ��or���X�pst�xq � �bl 5!5 
xl�� � @�5��  � vx�Jst�x��� � �x{p~�y'� � mJmJor�J�
��o��por� � m�s�~�� 
1mJnpoKmJ~�~�� � qJqJs����pqOst�p�pv�m�qhm�sty�vp�tvpq�st� � �pqLorvp{x~ 1�� � �p{p~�y y � �p�po�� 
1mJnpor� s�m
�^or�L|�~��Jy�q | � vx��m qJs�y�vp� � m�st~���~���m�npob��or�xor� � m�or{$2�or�Wm�~��1m�~�{xo�m�o��Jy�st�po :unpst�3nO| � vp��mJq � �JoM{poD1
m�o���mJor{  l%qMmJnpo%��vpy�w£o��b~�|^| � vp�zm�q`{poWm�or�Wm�o�{7w��-qJvp���rorqLqJs"2�o>� � �p{p~�yV� � mJmJor�J�xqb{po��r�Lo � qLorq 

l � � � qJnpsz| m�q>m�~ � {xo�m�o��Jy�st�ps�qLmJst���pn � qJo  � vp�Js��p�}m�npo-{poWm�o��Jy�st�ps�qLm�s�� � � mLm�or�L� ��o��por� � 1
m�s�~��7�pn � qJo 
pm�npo�mJ~�~��<vpqLorq � � � mLm�or�L�}��or�xor� � m�st~�� � �t��~��Js�mJnpy w � qLor{/~��}� � m�n/qJo��pqJszm�s'2�szm��
�r~��p�ro��xm�qCmJ~���or�xor� � m�o � mJorqhm 2�o���mJ~��Cm�n � mC{poWm�or�Wm�q � qJ�^or�rs  ��| � vx��mbst�:mJnpo {po�qJst���  l%| mJor�
��o��por� � m�s��p� � 2�o���m�~�� 
pm�nxo m�~�~��£| � vx��m81 qJs�y�vp� � m�orq`m�nxoF2�or�Wm�~���mJ~ {po�mJor�Jy�st�xo�m�npo>��~�y��p�toWm�o
qJoWm-~�|�| � vp�zm�qO{po�mJor��mJor{ w�� mJnpoK2�o���mJ~��  � o�qLm-� � mJm�o��J����o��por� � m�s�~�� ��~���m�st��vpo�q vp��m�s�� � ���
| � vp�zm�qOn � 2�o7o�s�m�nxor��w^oro���{po�mJor��mJor{ ~��On � 2�o}w^oror��s�{por��mJs  o�{ � q�vp�x{po�mJor��m � wp��o7w�� m�nxstq
� ����~��Jszm�npy  
� vpo-m�~ m�npoKo <£or��mJq�~�|CyKo�yK~��h� � �p{Qm�sty�st�x� 
 l � � � |�~��OqLo�6�vpor��mJs � �M�rs��J�rvxs�m�q�stq�y�vp�3n
y�~��Jo}{ps ���rvp�zm m�n � � |�~��-�r~�y�wpst� � m�s�~�� � �b�rst�L�rvpszm�q  � | mJor� 
Ms�m-s�q��x~�m��£~�qLqJs�wp�to7mJ~Q��o��;1
or� � m�o nxst��n | � vp�zm ��~�2�or� � ��o-m�orqhm qJoWm�q |�~�� �r~�yK�p��oD>	qJo�6�vpo���m�s � ��{porqLst���pq�
 o 2�or��:unxor� vpq 1
st�x� qJo�6�vpo���m�s � �)l � � �  ��o 6�vxor��m�s � �ul � � � m�~�~��tq�vxqJo/{po�mJor�LyKs��pstqhm�st�:� � mJmJor�L� ��o��por� � 1
m�s�~�� � �t��~��Jszm�npy�qOw � qJo�{�~�� oD>�mJor�p{po�{ � �p�x�tst� � m�s�~��pq�~f|%mJnpo/� � m�n 1�qJo��pqJszm�s"2�szm�� ��~��p�ro��xm�q
� ��l 5!5 
pl�� � @!5 �  
��mJ�Jvp�Wm�vp� � � �>�L� mJor�3np�ps'6�vporq�
�qJvp�3n � qOs���m�or�L� � �`qJ� � � 
 qJs�yK�p��s�| � m�npo-m�o�qLm81 � � mLm�or�L� ��o��;1



������� ��� 	 ��� 
 � � � 	 	 � ����� � 	 ��� � � � 
 ��� 	 � +

or� � m�s�~��:m � q��:|�~����r~�yK�p��oD>:qJo 6�vxor��m�s � � {porqLst���xq 
p�LorqJvx��m�s��p� st�:npst��nxor��| � vx��m���~�2�or� � ��o � �p{
�Jo�{pvp��or{ mJorqhm�st�x����~�qLmJq  
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� ��m�o��J� � ��qL� � �O{porqLst��� s�qXm�npo`y�~�qLmE�^~��pvp� � � �>�L� m�o��3np�ps'6�vxo � �x{�n � q m�npo`���Lo � mJorqLm �^~�m�o��;1
m�s � �x|�~�� � �3npstoD2�s��p� npst��n-| � vp��m���~�2�or� � ��o � �bl 5!5 �  � nps�q�m�or�3nx�ps 6�vpo)qJs�yK�p��s  o�q?m�nxo)� � mJmJor�J�
��o��por� � m�s�~�� �p�J~�wp�to�y�w���{ps"2�st{ps��p� �r~�yK�p��oD>�qJo�6�vpo���m�s � � {porqLst���pq�s���m�~ |�vp������stqL~�� � mJor{�� |�vp�t� 1
qJ� � �U{xorqJs���� ��~��uqJo�yKs 1�stqL~�� � m�or{}��~�y�wps�� � mJst~�� � �Xwp�t~�����q ��� � �hm�s � �"1�qL� � �/{po�qJs���� �  � ��m�or�L� � �
qJ� � �-yK~�{ps  orq1oD>�stqhm�st�x� qJo 6�vxor��m�s � � or��ory�or��m�q�s���m�nxo�{porqLst����mJ~ qJvp�x�£~��hm � qJo��Js � ��qLnps�| m�� � 1
� � wxst�tszm���s�� � {p{pszm�s�~���m�~>m�nxorst���x~��Jy � ��|�vx�p��mJst~��pq  � nps�qMqLor�Ls � �pqLnps�| m`� � � � wxst�tszm���o��pn � �x�rorq
st��mJor�J� � �E�p~�{xo��r~���mJ�J~���� � wxst�tszm�� � �p{	~�wxqJor� 2 � wpst��s�m�� :uszm�n � y�st�ps�y�vpy=~�| � {p{xs�m�s�~�� � � � �j�
�ps��pq  
� s���vp�Jo �! "� qJnp~�:uq � � 
 s��;1 
 ~�� yK~�{ps  or{ mJ~ qJvp�x�£~��hm st��mJor�J� � ��qL� � �  � �p�xvxm�q�mJ~	m�npo
y�vp�zm�s��p�to >xo�� � �Lo m�nxo�{ � m � s��p�pvxm	~�|-m�npo 
 s��;1 
 ~�� � � � � �p{ m�npo�qL� � ��s��p�pvxm qLst��� � �
� qL� � � s�� �  � npo � �Wm�s"2�o�s��p�pvxmb~�|XmJnpo�y�vp��mJst�p��oD>�or�`stqb�r~���mJ�J~����tor{�w��KmJnpo�qL� � � 1�or� � wp�to%qJs�� 1
� � � ��qJ� � � or� � wx�to �  � �p�pv�mC�ps��pq � �Jo � {p{po�{Km�~�m�npo)�ro��t� |�~��`m�npo)qJ� � � st� � �p{:qJ� � � or� � wp�to
qJs���� � ��q  � �poO~�|?mJnpo�{ � m � ~�vxm��xvxm�q)~�|�mJnpo 
 s��;1 
 ~�� s�q%vxqJor{ � q)mJnpo�qL� � �U~�vxm��xvxm�qLst��� � �
� qL� � � ~�vxm �  � npo>qJ� � � ~�vxmuqLst��� � �<stq��r~��p�xor��mJor{/m�~ m�nxo>qJ� � � st�}qJs���� � �£~�| � �p~�mJnpor��qL� � �
�ro��t�<mJ~�|�~��Jy � qLor�Js � � qJ� � ��� qJnxs�| m ��� � � � wxst�tszm��  
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� s���vp�Lo �! '� � ��
 s��;1 
 ~�� :us�mJn qL� � � � � � � wpst��s�m��

� npo>y�~�{xs  o�{}qJo�6�vpo���m�s � �X�ro��t�tq � �Jo>�3n � st�po�{/mJ~���oWm�npo���m�~ |�~��Ly=~��xo>~��Cy�~��Jo � � �J��o�qJnxs�| m
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�Jo���stqhm�o��Jq  � nxorqJo-qLnps�| m��Jor��stqLmJor�Lq � �JoO� � ���to�{	qJ� � � �3n � s��pq ~�� qL� � � � � m�npq  � npo qJo 6�vpor�;1
m�s � � �ror���tq ��~��p�po���mJor{ s�� � qJ� � � �3n � st� � �Lo�qJ� � � �r~���m��L~��t� � wp��o � �x{ qL� � � ~�wxqJor� 2 � wp�to  l
qJo 6�vpor��m�s � �E�ro��t�Xs�q�qJ� � � ��~���m��J~��t� � wp�toA:unpor� s�m�� � � w^o qJoWm)mJ~ � ���p~�:u� qLm � m�o w��}qJo��Js � �t���
qJnxs�| m�s��p� st� qJ�^or��s  � �t~���st�K2 � ��vporq  l � � � m�~�~��tq ��~��pqJs�{por��qJ� � ����~���m��L~��t� � wp�to:�ror���tq � q
�pqLorvp{p~L1��p�Lsty � �L� st�x�pvxm�q%~�|�m�nxo��r~�y�wpst� � m�st~�� � � � � �hm ~�|�mJnpo�{po�qJs����  lVqLo�6�vpo���mJs � �?�ror���
stq qL� � � ~�wpqLor� 2 � wp�to3:unpo���s�mJq qLm � m�o/� � � w^o}~�wpqLor�82�or{!w���qLor�Ls � �����QqJnpsz| m�st�x� ~�vxm�{ � m �  
l � � � mJ~�~���q���~��pqJs�{por��qJ� � � ~�wpqJo��82 � wp��o �ro��t�tq � qC�pqLorvp{x~ 1��p�Lsty � �L��~�v�m��pvxmJq�~�| m�nxo>�r~�y 1
wps�� � m�s�~�� � �£� � �hmu~�|1mJnpo {porqLst���  
l�{x{pst�p�-qL� � � �rs��J�rvxs�m��h�:mJ~ � {po�qJst��� vxqJv � �����:n � q�m�npo>|�~����t~�:ust�x��o <£or�Wm�q �

�
� o�qJst��� qLs��ro � �x{U�^~�:bor�)st�x�r�Jo � qJo�qJ��st��n�mJ���7w^or� � vpqLo�qJ� � �U��or���tq � �LoOvpqLv � �����}� � �J��o��
mJn � �UmJnpo��p~��;1�qL� � � ��or�t��q)mJnpo�� �Jo��p� � �ro�
 � �p{UmJnpo��poWm�q vxqJor{	|�~��)mJnpo�qJ� � � qJs���� � ��q
vpqLo � {p{pszm�st~�� � � � �Jo �  

�
� o�qJst���U�^or�L|�~��Jy � �p�ro ��qJ�^oror{ �%{por���Jo � qJo�q y � �J��s�� � �t�z�:w^or� � vpqLo�~�|��3n � �p��orq%st� m�npo
o��tor�Wm��Lst� � �X�3n � � � ��mJor�Js�qLmJst�rqu~�| m�nxo�qL� � � �ro��t��qCm�n � mu�Lor�p� � �ro>mJnpo �p~��;1 qJ� � � ��or�t��q  

�
� �t~�w � ��mJorqLm`qLst��� � �tq?mJn � m`{p�Ls'2�o)y � ����qLo�6�vpo���mJs � ��o��tory�or��mJq�yKs���n�m��Jo 6�vxst�Jo�wxvV<<o�� 1
s��p��m�~��p�JoD2�o���m%or��or�Wm��Js�� � �<{porqLst���;1 �Jvp��oF2�st~�� � m�s�~��pq  

� orqLm�� � mJm�o��J�pq � �Jo � �x�p�ts�or{ m�~ � qL� � � 1�w � qLor{ {porqLst��� mJnp�J~�vp��n�m�npo}qL� � � �3n � st�pq  � npo
�p�L~���orqJq`s�q�m�npouq � yKoC|�~���|�vx�t�"1 qJ� � � � �p{�� � �hm�s � �"1 qJ� � ��{porqLst���xq  ��� � ���ror���tq�~��£o�� � mJo)s�� ~��po
~�|^m :�~�y�~�{po�q � � � � � �t��or�xy�~�{po � ~���� � �xmJvp�Jouy�~�{xo �1~���qLnps�| m`y�~�{po  � ~��?m�npouy�vx��m�s��p�to >�or{

 s��;1 
 ~��}qJ� � � qhm�����o>qJnp~�:u� st� � s���vp�Jo �! '� 
�m�nxo�y�~�{po stq��r~���m��L~��t��or{}w��7mJnpo qJ� � � or� � wp�to
�ps��  � � � � � � ���tor�fyK~�{po 
 mJnpo`st�p�xvxm m�~uo � �3n�qJ� � ��or�to�yKo���m1��~�y�orqX|��J~�y m�npo`��~�y�wps�� � m�s�~�� � �
�t~���st� wp��~����  � �	qJnxs�| m%yK~�{po�
 mJnpo�s��p�pvxm%�r~�y�orq)|��J~�y mJnpo�~�vxm��pv�m ~�|�mJnpo��x�Jo 2�s�~�vpq�qL� � �
�ro��t�X~�� � qL� � � st�p�xvxmu�£~��Lm  � mJnpor�uqJ� � �Uqhm����torq :b~����}s�� � qLsty�st� � �M| � qJnps�~��  
� ~ � �x�p��� � qL� � � � � mLm�o��J� 
pmJnpo>m � �L��o�mum�o�qLmJor�u�£o��L|�~��LyKqCmJnpo>|�~��t��~�:ust�p��qhm�o��pq �

�! ��o��to���m�q>qLnps�| m y�~�{po�w��	qLo�mJmJst�p�}mJnpo qJ� � � or� � wp�to �^~��Lm  � nps�q m�o�qLm qJs���� � �1stq>��~��;1
�po���mJor{ mJ~ � �t�£qJ� � �U�ro��t��q  

); ��nxs�| m�q`s���mJnpo%s��p�pvxmMqhm�sty�vp�tvpq�|�~��`mJnpo)qJ� � �7�ro��t�tq ���pqJo�vp{p~ 1 �p�Js�y � �L� s��p�pvxmJq � � m`m�npo
qL� � � st�p�xvxmu�£~��Lm�q  
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&V ��o��to���m�qu� � � � ���tor�£yK~�{po>w��}s��J2�or�hm�st�x��mJnpo qJ� � �;1�o�� � wp��o>�£~��hm  
(  l%�p�p�ts�orqCmJnpo st�p�pv�muqLm�s�y�vp��vpqCm�~ m�nxo��x�Jsty � �h�:s��p�pvxmJq  
0; ��npo�����q mJnpo ~�vxmJ�pvxm/�Jo�qJ�^~��pqLo � m}m�npo �p�Lsty � �L� ~�v�m��pvxmJq � | m�o��:m�npo ��st�L�rvpszm}n � q
qLo�mJmJ�to�{ � �p{	��~�y�� � �Jo�q%szm%mJ~KmJnpo�o >x�^or�Wm�o�{ | � vp��m 1 |��Jo�o �JorqL�£~��pqJo  � nps�q��p�L~���orqJq�stq
� � �t��or{}� � � � �t��or�£yKo � qJvp�Lo  

+V ��vp��qJorqK~��po ~��-yK~��Jo/�r��~�����qKmJ~Q� � �xmJvp�Jo/m�npo qLmJo � {x� 1 qLm � m�oU~�vxm��pv�m:�LorqJ�^~��pqLoU~�|
mJnpo��p~�� 1�qJ� � � �t~���st��wp�t~�����q st��mJ~7m�npo�qL� � � ��or���tq  � nxstq �p�L~���orqLq>stq�� � �t��or{	� � � � ���to��
� � �xm�vx�Jo  

-; ��o��to���m�quqLnps�| muy�~�{xo>w��/�LorqLo�mJmJst�p� mJnpo qJ� � �;1�o�� � wp��o��^~��hm  
/V ��nxs�| m�qb~�vxmbm�npo%~�vxm��xvxmC�LorqJ�^~��pqLo>~�| m�nxo�qJ� � �}�ro��t��q � �xqJorvx{p~ 1��x�Jsty � �h�-~�vxm��xvxm�q � � m
mJnpo qJ� � � ~�vxm��xvxm �£~��Lm�q � �p{ �r~�y�� � �Lorq mJnpo�qJ� � � �ror���?��~���m�or��mJq mJ~}m�npo�o >��£o���m�o�{
| � vx��m81 |��Jo�o �Jo�qJ�^~��pqJo  

��������� �
�
	 	�� � � � ��� � � ��� �	���&� � � 	 � � ��	
� � � � ��� � � �����

� � m�npo7|�vp���"1 qJ� � ��{porqLst����m�o��3np�ps'6�vxo�
 � �t��qLo�6�vpo���mJs � �u��or�t��q�st��mJnpo}{porqLst��� � �Lo/yK~�{ps por{
m�~ �£o��L|�~��Ly � qLor�Js � ��qJnxs�| m�|�vp�p��mJst~��  ��o�6�vpo���m�s � �bo��tory�or��mJqOm�n � m � �Jo��p~�mOqJ� � �p�por{ � �Jo
m��Lo � mJor{ � quwp� � ���:w^~�>}�ror���tq ���ror���tq :uszm�n/vp� ���p~�:u�U|�vp�x��m�s�~�� �  
� vp�t� 1�qL� � � {ps"2�s�{porq � qJo�6�vpo���m�s � �b{po�qJs���� s���mJ~ ��~�y�wps�� � mJst~�� � �?wp��~�����q � qOqLnp~�:u� st� � s�� 1
vp�Lo �� *); ���t~�vp{pqE�Jo��p�Jo�qJor��m?�r~�y�wxst� � mJst~�� � ����~���st�� �Jor�Wm � �x���to�q �Lor�p�LorqLor��m�qLo�6�vpor��mJs � ���t~���st�  
� npo |�vp�t� 1�qL� � �}{ps � ��� � y=qLnp~�:uq)mJnpo qJ� � � � � m�n/m�np�L~�vp��n/m�nxo�{xorqJs����  
� np�L~�vp��n/�pqLorvp{p~L1��p�Lsty � �L�:st�p�pv�m�q 
�m�npo>qL� � � � � mJn o�� � wp��orq�{ps��Jo���mu�r~���mJ�J~��<~�|?s��p�pvxmJqCm�~
� ���p�r~�y�wpst� � m�st~�� � �pwp��~�����q  � np�J~�vp��n:�xqJorvx{p~ 1��x�Jsty � �h� ~�vxmJ�pvxm�q�
�mJnpouqJ� � �7� � mJnKo�� � wp��orq
{ps��Jor�Wm-~�wpqLor�82 � mJst~�� ~�|%~�vxmJ�pvxmJq-|��L~�y � �t����~�y�wps�� � mJst~�� � �bwp��~�����q  � ����stor��m��r~�y�wpst� � 1
m�s�~�� � �xl � � � � ����~��Ls�m�nxyKq�� � �:w^o)vpqJo�{Km�~O��or�xor� � m�oum�orqhm�qLo�mJq :us�mJnKnxst��n-| � vp�zm`�r~�2�o�� � ��o
|�~��CmJnpo>|�vp�t� 1�qJ� � �}{po�qJst���  
� � m�npo � � �hm�s � �"1�qL� � ��{xorqJs�����m�o��3np�ps 6�vpo 
�m�nxo qL� � � �3n � s��pqK��~���m � s�� ~��p��� � |�� � ��mJst~�� ~�|
m�nxo qLo�6�vpor��mJs � �)�ro��t�tq�st� m�nxo {po�qJs����  � npo � � �LmJs � � 1�qL� � ��m�o��3np�ps'6�vxoU~�<£or�Lq � m�� � {poD1 ~�<
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w^o�m :boror� m�npo>y � >�sty�vpy � �3npstoD2 � wp�to�| � vp��m���~�2�or� � ��o � �p{}mJnpo o <£or��mu~�� {xorqJs����/qJs��ro � �p{
�^or�L|�~��Jy � �p�ro � l�� � @!5 
������ 5V� w �  � ~��KoD> � y��p�to 
 
 st�;1 
 ~��pqK~��!m�nxo	�r�Ls�m�s�� � �)� � mJnpq7~�|
{po�qJst���pq :uszm�n	��sty�s�m�o�{}m�sty�st�x��wxvp{p��oWm>� � �x�p~�m w^o��Lor�p� � �ro�{ :us�mJn	qJ� � � �ro��t��q � q)m�npo��ror���
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Vdd = Vsupply - Vdrop = Vsupply  - Idd x Rline
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Scan chain

Combinational logic

Bit positions

Test vector

Number of transitions
generated in the scan chain
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�� � ���� �� �� ! " � � " ��� #$ �� ! " � � " ��� % #$ % �� & # $ & ' "� ()* + " + ' , ' () *

& -./ 01 1 1 2 -43/ 5 . 5 0 6 7 0 - 5/ 3 5 - 8 0 7. . 0 - 0 5 . 73 8 - 0 - 0 3 8 6

. 1 1 1 2/ 3 81 . - 0 - 8 0 - 21 3 5 0 7 0 . / . 0 - 0 5 . 73 5/ 0 0 1 3 - -

81 1 1 2 63 0 . . 0 0 8 . 0 - 2. 3 6 2 . - . 0 . 0 - 0 5 . 83 8 0 6 1 3 0 6

51 1 1 2 63/ / 0 5 0 8 . 0 - 2 -43 -1 0 6 0/ . 0 - 0 5 . 83 5 6 . 1 3 1 .0/ 1 1 1 2 63 5 8 0 6 0 8 7 0 - 2/ 3 - 5 0 - 0 8 . 0 - 0 5 . 83 5 8 1 1 3 1 1

&/ 8 0 01 1 1 2/ 3 - 8 . 6 0 8 0 . 8 5 53 2 2 7 2 . 7 0 . 8 . 01 . 73 8 8 2 1 3 5 2

. 1 1 1 2 63/ . . . 0 . 0 . 8 2 0 3 7/ 7. . 0 0 . 8 . 0 0 . 83 - 8 2 1 3 8 -

81 1 1 2 53 1 / . 1 0 0 0 . 8 2. 3 1 0 71 . 0 0 . 8 7 0 0 . 83 5/ 01 1 3 . -

51 1 1 2 53 1 / . 1 0 0 0 . 8 2. 3 5 6 . 5 . 0 0 . 8 7 0 0 . 83 2 6 01 1 3 0 .

0/ 1 1 1 2 53 . 6 0 2 0 0 0 . 8 2 73 6 8 . 8 . 1 0 . 8 . 01 . 83 6 8 2 1 3 1 /

& 6 0 7 01 1 1 21 3 6 0 . 6 0 8 0 . 8 5 83 7 8 7 2 . . . . 8 . 0 . . 73 6 2 5 1 3 6 2

. 1 1 1 2 0 3 - 6 . . 0 . 0 . 8 5/ 3 - 5 7. . 0 0 . 8 . 0 . . 83 . . 2 1 3 8 -

81 1 1 2 0 3 2 0 . 1 0 0 0 . 8 5 63 1 2 71 . 0 0 . 8 0 0 . . 83 5 7 01 1 3 . -

51 1 1 2 0 3 2 0 . 1 0 0 0 . 8 5 63 6 5 . 5 0 2 0 . 8 . 0 0 . 83 2 6 5 1 3 01

0/ 1 1 1 2. 3 1 5 0 2 0 0 0 . 8 5 53 8 6 . 8 0 5 0 . 8 . 0 0 . 83 2 6 6 1 3 1 8

& 5. 1 01 1 1 5 63 1 / 6 6 8 6 - 0 - 5 0 3 - 7 6 6 - 7 - 0 - 0 5 . 83 - - / 1 3 - 6

. 1 1 1 5 23 6 6 / 8 7 5 - 0 - 5 63 1 / -/ 81 - 0 - 0 5 . 83 8/ . 1 3 01

81 1 1 21 3 8 6 / 0 7 6 - 0 - 5 23/ - 8 5 7 - - 0 - 0 5 . 83 8 - 9. 91 3 1 -

51 1 1 21 3 8 6 / 0 7 6 - 0 - 21 3 - 2 8 8 7 0 - 0 - 0 5 . 83 -. 9/ 91 3 1 6

0/ 1 1 1 21 3 8 6 / 0 7 6 - 0 - 2 83 0 . 7 8 . 6 - 0 - 0 5 . 83 - 7 9 01 91 3 1 /

& 5 7. 01 1 1 5 -43 81 6 8 8 6 - 0 - 6 23/ / 6 6 -. 8 0 - 0 5 . 83 -/ - 1 3 8 5

. 1 1 1 5 53 1 - / 0 7 5 - 0 - 5 -43 0 6 - - 81 - 0 - 0 5 . 83 8 6 . 1 3 01

81 1 1 5 53 6 8 - 5 7 6 - 0 - 5 63 5. 8 6 7 - 8 0 - 0 5 . 83 8/ 9. 91 3 1 -

51 1 1 5 53 6 8 - 5 7 6 - 0 - 5 53 5 - 8. 71 8 0 - 0 5 . 83 - 8 9 6 91 3 1 2

0/ 1 1 1 5 53 6 8 - 5 7 6 - 0 - 2. 3 71 7. . / 8 0 - 0 5 . 83 - 7 9 0 0 91 3 1 6
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�� � ���� �� �� ! " � � " �� #$ �� ! " � � " �� % # $ % ��� & #$ & ' "� () * + " + ' , ' () *

& 5 7 5 01 1 1 -/ 3 -1 0/ 5 0 7 0 0 7 5 - 23 81 0/ 5 0 7 0 0 7 5 0 5 . 83 51 1 1 3 1 1. 1 1 1 - 63 0 8 0/ 5 0 7 0 0 7 5 / 0 3 5 6 0/ 5 0 7 0 0 7 5 0 5 . 83 6 8 1 1 3 1 181 1 1 / 1 3/ 2 0/ 5 0 7 0 0 7 5 / -3/ 7 0/ 5 0 7 0 0 7 5 0 5 . 83 5 2 1 1 3 1 151 1 1 / . 3 71 0/ 5 0 7 0 0 7 5 / 63 5 5 0/ 5 0 7 0 0 7 5 0 5 . 83 6 8 1 1 3 1 10/ 1 1 1 / 83 6 6 0/ 5 0 7 0 0 7 5 61 3/ 5 0/ 5 0 7 0 0 7 5 0 5 . 83 6 2 1 1 3 1 1

& 2 - 7 01 1 1 5 83 6 0 / / 8 0 0 0 2 2 0 3 8 6 8 8 7 2 0 0 6 7 2 . 83 0 6 9. 91 3 0 2

. 1 1 1 2 73 0 8 8 8 ./ 0 0 2 2 73 2 5 7 - 7. . 0/ . 2 . 83 . 8 / 1 3 71

81 1 1 2/ 3 . 2 7 7 . 0 0 0 2 2/ 3 5 - . 8 . 8 . 0/ 0 5 . 83 0 2 7 1 3 1 6

51 1 1 2/ 3 . 2 7 7 . 0 0 0 2 2/ 3 2 8 . 7 . 7 . 0/ 0 5 . 83 . 8 . 1 3 1 .0/ 1 1 1 2/ 3 . 2 7 7 . 0 0 0 2 2/ 3 2 8 . 7 . 7 . 0/ 0 5 . 83 . 7 . 1 3 1 0

& 0 0 2/ 01 1 1 21 3 7 8 2 8 / / 0 0 2 6 73 2 0 0 8 5 0 . 8 0 0 2 8 2 . . 3 6 5 - 5 -3 8 8

. 1 1 1 2 73 81 / 2 8 6 0 0 2 6 23 7 0 0 . - 01 - 0 0 2 8 2 . 83/ / - 5 . 3 5 7

81 1 1 2/ 3 5/ - 7 7 5 0 0 2 5 73 0 6 0 0 7 2 - 0 0 2 8 2 . -43 8 0 - 6 0 3 8 0

51 1 1 2 53 8 6 8. 7 7 0 0 2 5 53 . - 21 6 5 0 0 2 8 2 . -43 1 0 8 - 1 3 -/

0/ 1 1 1 2 23 7/ 7 8 71 0 0 2 5 23 2 8 6 6 / / 0 0 2 8 2 . 83 2 8 7/ 1 3 . .

& 0 . 7 5 01 1 1 5 -43 1 . 01 / 6 0 0 0 2 / 53 8 2 0/ . 0 71 0 0 2 8 2 . . 3 61 - 2 -3 - 0

. 1 1 1 5 63 6 - 5 0 -. 0 0 2 6 73 8 7 0 7 6 01 2 0 0 2 8 2 . 83/ . - 6 . 3 6 5

81 1 1 2 0 3 . 2 / 7 8 8 0 0 2 6/ 3 6 - 0 . 1 2 6 0 0 2 8 2 . -43 81 - 7 0 3 7 0

51 1 1 2 73 7/ 8 2 7 6 0 0 2 5 0 3 5 - 01 1 5 8 0 0 2 8 2 . -43 1 1 8 6 1 3 - 5

0/ 1 1 1 2 83 . 8 8 0 7 7 0 0 2 5 73/ . 5 5 6 8 0 0 2 8 2 . 83 2. 8 0 1 3 ./

& 0 8. 7 01 1 1 2 63 8 2 7 7 0 5 0 . 5 2 73 7 7 8 7 . 5 0 . 5 . 0 7 . 83 - 2 01 1 3 2 5

. 1 1 1 2 53 . . . - 0 - 0 . 5 2 -3 0 . 7 8 . 1 0 . 5 0 0 8 . -43 0/ - 1 3 . -

81 1 1 2 53/ 0 . 0 0 7 0 . 5 2 -3 6 0 . 2 0 5 0 . 5 0 0 8 . 83 2 8 - 1 3 0 .

51 1 1 2 53 2 8 0 6 0 7 0 . 5 2 63 8 7 . 1 0/ 0 . 5 0 0 8 . 83 5. 7 1 3 1 8

0/ 1 1 1 2 23 1 0 0/ 0 7 0 . 5 2 63 8 2 . 1 0/ 0 . 5 0 0 8 . 83 2 7 7 1 3 1 .

:<; =>@? ACB �D EGF HI ;J KML FN =? OP ? ? N O Q? I J F I F L ? R RGS ; > TUWV XY Z[ :U \ ;N R O Q? OJ ; R K O KFN ; > L KN ]>@? TUWV X Y Z [ :U \ ^_ [ : `ab c



�������
���

�
� �

��
�
����
��
�

	����

��
�
�

�
�

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

& - 7 6 5 01 1 1 2 73 51 . . . 0 . 8 . . 2 5/ 3 0 5 7 - 6 0 2 2 . . 2 - 0 - . -43 1 8 6 - / 3/ 6

. 1 1 1 2 -3 - 5 0/ 0 01 7 0 . - 5 53 - 6 7 01 0 6 2 . . 2 8 0 - . -43 . 7 6/ 73/ 0

81 1 1 2 63 0 8 0 0/ 6 - 0 . - 21 3 5. . 8 5 0/ 0 . . 2 8 0 - . -43 1 8 5/ . 3 0 0

51 1 1 2 53 1 6 5 5 / 0 0 . - 2. 3 - 6 0 2/ 0 7/ . . 2 7 0 - . -43 1 . 6 - 1 3 2 7

0/ 1 1 1 2 53 - 0 61 - - 0 . - 2 83 - - 0 -. 01 2 0 . 2 7 0 - . 83 2 2 - 8 1 3 7 8

& 2. 7 8 01 1 1 6. 3 1 0 01 / 0 . / 0 . - 7 / 73 6 0 / ./ . 8 7 . - 7 . . 6 . 83 7 - 9 0 5 9 0 3 8 7

. 1 1 1 6/ 3 21 21 2 . 7 0 . - 7 / 63 1 7 - 5 8 . 71 8 - 7 . . 6 . 83/ 2 9 0 91 3 1 8

81 1 1 51 3 . 6 6 2 - . 0 - . - 7 61 3 -. - 8 7 . 0 - . - 7 . . 6 . 83 6 - 1 1 3 1 151 1 1 5. 3 8/ 6 0 5 . 1 1 . - 7 6. 3 6/ - 0 2 . 01 . - 7 . . 6 . 83 5 2 01 1 3 0 .

0/ 1 1 1 5 83/ 0 / 8 - 0 5 6 . - 7 6 83 2 8 8 2 0 . 1 . . - 7 . . 6 . -43 1 0 0 - 1 3 1 2

& 0 7. 1 6 01 1 1 6 63 - - 0 ./ 1 . 1 . . 0 . 7 5 0 3 0 8 6 2 0 7 0 2 7 . 8 7 0 7 . -43 . / 0 0 6 23 6 7

. 1 1 1 5 73 7. 01 7/ 0/ / 0 0 . 0 5 83 8/ / 2 5 . 6 6 7 . 8 . 0 7 . -43 . 6 0 0 0 -3 0 .

81 1 1 5 63 1 2 5 - 6 . . 1 . 7. 5/ 3/ - / 71 . -. 7 . 8 . 0 7 . -43 0 8 7. 1 3 6/

51 1 1 2 0 3 5 8 / 0 - 0 6/ . . 5 5 23 8 5 - 8 0 . 0/ . . 8 0 0 7 . -43 1 . 81 1 3 8 2

0/ 1 1 1 2 -3 0 2 8 0 6 0 71 . . 8 2 0 3 6 6 8 -1 0 2/ . . . . 0 . . -43 1 0 / / 1 3 8 0

& 0 - 5 -1 01 1 1 5 73 2 - 2/ 0 . / . 7 81 5 83/ / - 6 7 . 7 5 7 81 . . 0 . -43 0 8 9. 8 9 0 3 21

. 1 1 1 5 63 - - 6 2. . 7 7 . 81 5/ 3/ . -1 - . . 8 8 81 . . 0 . -43 01 9 2 91 3 81

81 1 1 5 23/ 1 / / 8 . 0 - . 81 5 53 . . 8/ 0 . 0 7 7 81 . . 0 . -43 1 1 9. 91 3 1 -

51 1 1 21 3 - 5 / 0 0 . 1 7 . 81 5 23 8 2 8 0 8 . 01 7 81 . . 0 . -43 1 7 6 1 3 1 2

0/ 1 1 1 2 0 3/ 7 -/ 1 . 1 1 7 81 2 0 3 - - 7/ - . 1 1 . 81 . . 0 . 83 2 2 1 1 3 1 1

& 7 5 8 0 6 01 1 1 5/ 3 -. . 6 7 8 / 0 5 8 5 5 5 83 5 2 0 8 01 8 2 5 7 5 5 . 8 - . 83 21 9 0 . 1 9 63 8.

. 1 1 1 5 63 2 - . - 7 - - 6/ 8 5 5 5/ 3 7/ 0 7 8 5 8 5 8 7 5 5 . 8 - . 83 2 7 9 2. 9 73 - 6

81 1 1 21 3 . 8 . . 2 - -. 7 8 5 5 5 63 0 7 0 7 0 8 8/ 6 . 5 5 0 8 - . 83 2 8 9 -/ 9 0 3 . 8

51 1 1 2 0 3 5/ . 1 6 6 8 -/ 7 5 5 5 53 71 0 . - 5 8 - 6 . 5 5 . 8 - . 83 2 - 0 1 3 1 0

0/ 1 1 1 2 73 8 0 0 5 6 - 81 0 7 5 5 5 53 5/ 0 . 7 0 8 8 5 7 5 5 . 8 - . 83 2 6 8 6 1 3 . 2

& 7 5 - 5 8 01 1 1 21 3 0 5 0 - 8/ . / 1 7 -/ 5 73 6 - . 1 5 - 7 - 0 8 -/ . . 2 . 83 61 2 0 63 . .. 1 1 1 2 0 3 6. 0 . 1 5 . 1 . . -/ 5/ 3/ . 0 61 / . 2 0 7 -/ . . 2 . 83 6 5 5 2 83 1 8

81 1 1 2 73 1 / 21 5 0 - 7 7 -/ 5 23 1 7 0 7 7 5 . 7 0 . -/ 7 . 2 . 83 2/ 6 5 0 3 5 5

51 1 1 2 83 0 - / 51 0 0 0 7 -/ 21 3 5 5 01 7 2 0 5/ . -/ . . 2 . 83 2 6 6 - 1 3 2.

0/ 1 1 1 2 83 2 2 8 6 6 6 7 7 -/ 2. 3 71 51 / 0 8 2 7 -/ . . 2 . 83 2/ 6/ 1 3 8 6
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Tester memory

Device under test

NSCh
scan

chains

NSC bits

NSP
scan

patterns

Tester
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unit

Scan chain

Device under test

Response
compressor

Functional module
(IP core)

Tester channel

s KLM8I2),'t�2Y�3D¤��&J7!R0&�>`"!R+9'*1H%(':+,%TI2+9KQ02MC!g%('*+W%V1"!R%^!UJ*?$AX#2),'*+,+9KL?$0F+,J^�2'*AC'

�&J*!$0&�>`2!$+9':1�%9'*+W%o+9?8iQID%(KQ?802+nID+9KL0DMm%('*+W%t1"!R%(!mJ*?8AC#2),'*+9+,KL?80.`D)9KL0DMf%(�2'gEG?$iLiL?_=]KQ02Mf!R1D6R!$0&�
%^!RM8'*+:¤

� 02?S%9'*+,%9'*)VAX?�12Khj"J7!R%9KL?80D+�!$),'}),'*�;I2KQ)9'*1 k

� %9'*+,%C%(KQAX'vKQ+U)9'*1DI2J*':1�!$+UiL':+9+C1"!R%^!�KL+U+,'*0c%v!R%U%9�2'H+9iL?_=������ EG)9':��ID'*02Jeb8k�=]�2KQiL'
?80��>J^�2KQ#F1D'*J*?$AX#2),'*+,+9KL?$0�),I202+V!R%]%(�2'oKQ0;%9'*),0"!$ipJ:iL?�J��fEG)9':��ID'*02Jeb8k



���

� %9'*+,%9'*)@AX':AX?8)Wbg),'*�;I2KL),'*AC'*0c%(+ !$)9'ViL?_=@'*)|J*?8AC#"!$),'*1U%(?�+,%^!R021"!$),1f+9J*!$0&� `"!$+9':1f%(':+,%
!$),J^�2KQ%9'*Je%(I2),'*+*k

� 02?FJ*KQ)9J:I2KQ%}AC?&12Khj"J7!w%(KL?$02+t!$),'C),'*�;I2KQ)9'*1�rG%9�2'X1D'*J*?�12KQ02M�ID02KQ%}KL+}!H+9':#"!$)(!w%('CiL?8M8KQJ
`2iQ?&J��&u Y

Z\�2':+9'm!R1D6R!$0c%^!$M8':+d!R)9'C!$J^�2KQ':68':1�!R%o%9�2'X' £&#l':02+9'X?$E\!v+9AX!$iQi[!$)9'*!F?_6$'*)9�D'7!$1�),'*�;I2KQ)9'*1
`cbm%(�D'}1D'*J*?�12KQ02Mf!R021H)9'*+,#l?$02+9'}J*?8AC#2),'*+9+,?8)]I202Kh%(+*Y
{t'*02':)(!$iQiQb8k]EG?8)v!�%(!$)9M8'e%vEy!$I2ih%7k]%(�2'.x[Z]z|{ %(?�?8iT+9#O'*J*Khj"'*+F?802ihb�!�+,Af!$iQin0;I2Ag`O'*)H?$E
+9J*!$0FJ*'*iQiL+:kD=]�2KLiQ'�%(�2't),'*AX!$KL0DKL02Mg+,J7!$0�#l?$+9KQ%9KL?80D+\!$)9'�j2iLiL':1m=]KQ%9�F)9!$0212?$A�6R!$iLI2':+*Y��&IDJ^�
EGI2iQiQb�+9#O'*J:KQj"':1N%9'*+,%C#"!w%9%(':)902+U!R)9'vAC?8)9'miQK �R'*iQb�%(?.1D':%(':J:%X!$121DKQ%(KQ?80"!$i�Ey!$I2ih%(+:k�!$021/J7!$0
`O'm+,%9?8)9':1N?$0/!�%(':+,%(':)*Y �T?_=@':68':)*k@!�+9KQ12'm':�l'*Je%U?$E\%(�D'v)(!$021D?8A j2iLi|KL+d%9�"!R%d%9�2'm%(':+,%
#"!R%,%(':)902+V!$),'t?P6$'*) �>+9#O'*J:KQj"':1�� � Z]� � �c-P� Y[Z '*+W%T12!R%^!SJ*?$AX#2),'*+,+9KL?$0vAX'e%(�2?�12+\'e£&#2iQ?8KQ% %(�2'
#2),'*+9':02J*'X?$E�ID02+9#O'*J:KQj"':1�r��W12?80�� %}J7!$),'���r q �\u9u�`2Kh%(+tKQ0�x[Z]z|{n�>M8':02'*)9!R%(':1�%9'*+,%�+9'e%(+}KL0
?8),12'*)�%9?FJ:?8AC#2)9':+9+t%(�2'g%9'*+W%�+,':%9+*Y q !R%(!fJ*?8AC#2),'*+9+,KL?80�AC':%9�2?&1D+t`"!$+9':1�?$0�),I20&� iL'*0DM$%(�
'*0DJ*?�12KL02Mf�"!768'g),'*J*':KQ6$'*1�+9#O'*J:K !$i !R%9%9'*0c%(KQ?80�`O'*J*!$I2+9'S?RE�%(�2':KL)T+9KLAC#2iQKLJ*Kh%>b8Y��&'e68'*)9!$i�),I20&�
iL':02M$%9��'*02J:?&1DKL02M�+,J^�2'*AC'*+S�2!_6$'m`O'*'*0�),'*J:'*0c%(ihb�#2),?8#O?8+9':1�EG?8)dJ:?8AX#D)9'*+,+9KQ02M�%(':+,%S12!R%^!
� x������Dk �\���D�*J$k �\���&�7`2� Ynx J*?8ACAC?80�J^�"!R)(!$Je%('*),KL+W%(KLJd?$E|!$iLi %(�D'*+9'U!R#2#2)9?8!$J^�2'*+nKL+n%9�"!R%
%(�D':b5I2+9'.!R+,b�AXAC':%9)9KQJFJ:?&1D'*+*k]K�Y�'RY�),I202+m?$Et�$+m!$),'�':02J*?�12'*1�1DKQ�l'*)9':0c%(iQbNKQ05%(':)9AC+f?$E
'*0DJ*?�12KL02MUiQ'*02M$%9�vEG)9?8A ),I202+]?$E@�7+*Y
� 'e%(�2?�12+f+,I2J^�~!$+��,12?80	��%fJ7!$),'���j2iLi\EG?8)UAXKQ02KLAdI2A %9)(!$02+,KQ%9KL?80NJ*?8ID0;%.� s � �T� �	�R�T!$021
+9J*!$0�i !R%9J^�.)9'*?$)912':)9KL0DM�� q ��z � ���R�[�"!768'U`O'*':0�':AX#2iQ?_b8'*1.EG?8)t),'*12IDJ*KL0DMF#O?_= ':)o12KL+,+9KL#2!w�
%(KQ?80B1DI2)9KQ02M�%9'*+,%f`cbB),'*12I2J:KL02M�%(�2'�0;I2Ag`O'*)m?$En%()(!R02+9Kh%(KL?$02+UKL05%9�2'�%9'*+W%v+9'e%(+*Y�Z\�;I2+*k
%(�D'*+9'TAX'e%(�2?�12+|M8'*0D'*)(!w%('T=]Kh%(�X'*�;I"!$iO#2)9?$`"!$`2KQiLKQ%>bd)9I20D+ ?$E[�*+ !$0D1f)9ID02+ ?$E �$+*Y �>0fJ*?802+,'e�
�;I2'*0DJ*'$kl%(�2'�)9'*+,I2iQ%9KL02MU%(':+,%n+9':%9+�J7!R0202?$%T`l'�J*?8AC#2),'*+9+,'*1.'�
XJ:KL':0;%9iQbHI2+,KL02Mf!$+,b�ACAX'e%(),KLJ
J*?�12KQ02M�+,J^�2'*AC'*+:k[!$+�KQ%t=]KLiQi[`l'C+9�D?P=]0�iL!R%(':)tKL0�%(�2KQ+}J^�2!$#D%(':)*YHZ\�2KQ+�?8`D+9'*)W6R!R%(KQ?80�+,I2MR�
M8':+,%(':1S%(�2'�KQ12'7!T?$EO12':6$'*iL?$#2KL02M�!�+,b�AXAC':%9)9KQJ )9ID0&�>iQ'*02M$%9�gJ*?�12KQ02M�+9J^�D'*AC'$k;K Y�'$Y #2)9?_6�KL1DKL02M
'*�;I"!Ri|iQ'*02MR%(��J*?�12'*+tEG?8)o)9ID02+�?RE��$+�!$021�)9ID02+�?REn�7+}?$E|%(�2'C+(!RAX'UiL':02M$%9�pk +9I2Kh%^!$`2iQ'gEG?8)
J*?$AX#2),'*+,+9KL0DMCiQ?_=<#O?P=@'*)\%9'*+,%V+,':%(+:Y
Z\�2'tj"),+,%]?8`�,':J:%9KQ68'o?$E %(�DKL+�J^�"!R#D%(':)VKQ+�%(?SKQ0;%9)9?�12I2J:'o!UM$'*02':)(!$ipAC':%9�2?�1mEG?8)\J*?80c6$'*),%9KL02M
!$+Wb&ACAC':%(),KLJ])9ID0&�>iQ'*02M$%9�fJ:?&12KQ02Md+,J^�2'*AC'*+ KL0c%(?}+,b�ACAX'e%()9KQJTJ:?&1DKL02M}+9J^�2':AX':+*Y|Z\�2'n'e� ':Je�



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

%(Kh68':02'*+,+S?$E�%(�D'f#2),?8#l?$+9'*1�%9)(!$0D+,EG?8),Af!R%9KL?80.=]KQiLi�`l'X12'*AC?802+W%()9!R%(':1�EG?8)S{t?8iQ?8Ag`�J*?�12'*+
��{o?8i �!�_� Y �T'e£�%*k %(�D'CJ^�2!$#D%(':)dJ:?80c%(KL0;I2':+}=]Kh%(��!$0�!$0"!$ihb&+,KL+o?$E@%(�2'C':�l'*Je%d?$E +9J*!$0�iL!R%(J^�
)9':?8)91D'*)9KQ02M.?80�%(�D'vJ*?8AC#2)9':+9+,KL?80/' 
CJ:KL'*0DJ:b8Y/� !$+9':1N?$0/%9�2'vJ*?$02J*iQI2+9KQ?802+S12)9!_=]0/EG)9?$A
%(�DKL+T!$0"!$ihb&+,KL+:kl!C#"!$)9!$AX'e%(),KL+(!R`2iL't+,J7!$0�iL!R%(J^��)9':?8)912':)9KQ02Mf!RiLM8?8),KQ%9�2A�KQ+T#2),?8#O?8+9':1�=]�2KLJ^�
?$�l'*),+]%9�2'o#l?$+9+9KQ`2KLiQKQ%>bC?$E J*?80c%9)9?8iQiLKL0DMd%(�2't%9)(!$12' �>?$��`l'e%>= ':'*0�#O?_= ':)]12KL+,+9KL#2!R%(KQ?80v12I2),KL02M
%(':+,%|!$0D1g%(�2'�6$?8iLI2AC' ?RElJ:?8AC#2)9':+9+9':1S%('*+W%�1"!R%(!Dkc!$J:J*?8),12KL02M�%9?n%(�D'\)9'*�;I2KQ)9':AX':0;%9+[?$E '7!RJ^�
+9#O'*J:KQj"J}!$#D#2iLKQJ7!R%9KL?80pY

"$#&% ')(+*-,/.1032146567 895$:;2<0>= (�?3@A215

Z\�2'CB 	�D�EGF2��	IH4���K�;J���DG�KDMLGJ�NJ	� �ODMP kD1D'*+9J:)9KQ`l':1FKQ0F� �"!$#D%9'*)V-&k�=]KLiQil+,'*),6$'}!$+\!gAC'7!$+,I2)9't?$E
%(�D'g!768':)(!$M8'�#l?_=@'*)T12KL+,+9KL#2!R%(KQ?80�1DI2)9KQ02MC%9'*+W%7Y q I2'}%9?X%9�2'd+W%()9?$02MfJ:?8)9),'*i !w%(KL?$0F`O':%>=@'*':0
Q ZV�a!$021�%9�2'd#O?_= ':)�12KQ+9+9KQ#"!R%9KL?80F12I2),KL02Mm+,�2KQE %*kl),'*12IDJ*KL0DMf%(�2' Q ZV�<iL'7!R12+nKQAX#2iQKLJ:KQ%(ihb
%(?C!U)9':12I2J:%9KL?80HKQ0F#O?_= ':)]12KL+,+9KL#2!R%(KQ?80v12I2),KL02MU+9�DKQE %7Y
Z\�2KQ+V+,'*Je%(KL?$0F#D)9?_6�KL12':+V%9�2'*?8),':%9KLJ7!Rip`"!$J��;M8),?8I2021�?80�{o?8iQ?8Ag`vJ:?&12':+*Y

R�SUT�SUT VXW-YZW-[]\_^`Wba�c9d

�>0�{t?8iQ?8Ag`���+�J*?�12KQ02M�+,J^�2'*AC'���{t?8ie�;�w��k '*!$J^��J:?&12'e= ?$)91�J:?8)9),'*+,#l?80D12+�%9?�! �OfgJihkj�	�JlE��mF Y
Z\�2'C`2KL02!$),b�J*?�12'*)o)9':J*':KQ68':+d!on DmJ6���OpqDmJ��rf � ��	IsAf�	�JtP�	 ?$E +Wb�Ag`l?$iL+*YUx�+9':�;I2'*02J:'f?$E �$+
!$021��7+]J7!R0�`O'o%9)9'*!R%(':1�!$+V!U+9':��ID'*02J:'g?$E�`DKL0"!$)Wbm'e68'*0c%9+t�4!$0D1 �lk2=]�D'*)9'g� PuLGJ;�vDmJif�	��
%(�D'd)9ID0�!$021 � ��kL��;� %(�2'g),I20pYTZ\�2'd12KQ+,%9)9KL`DID%(KQ?80�?RE[%(�2' ��flJihkj�	�JlE��mF )9!$0212?8A 6R!$),K !$`2iQ'
6R!$iLID'$k K�Y�'RYo�Dk �$k -&k Y:Y*Y:k KL+�J^�"!R)(!$Je%('*),KL+,'*1.`cb�%9�2'g#"!$)9!$AC':%(':)-wix(¤]%(�D' �,)9I20.J:?80c%(KQ0�ID'*+ �
#2),?8`"!$`2KQiLKh%>b8Y Z\�D' �,),I20F+,%(?$# �U#2)9?8`2!$`2KLiQKQ%>b$kyw{z k2KL+]J*!$iLJ:I2i !R%9'*1H!$+o�b|$wix(Y�x¦+9':�;I2'*02J:'d?$E
`2Kh%(+\AX!_bm`l'o#"!$),+9':1�KL0c%9?C),I20&� iL'*0DM$%(�2+]?$E~}*':)9?C?8)]AX?$)9'}� 'e68':0;%9+TEG?8iQiL?_=@'*1H`cbF!U+,KL02M$iL'
�v':68':0c%7Y
{t?8iL?8Ad`���+ #"!$)(!RAX'e%('*),KL+,'*1HEy!$AXKQiQbC?$E J*?�12'*+]J:?80c68'*)W%(+T)(!$02M$'*+]?$E�#D)9?8`"!R`2KLiQKQ%>bU6R!$iLI2'�w�x-�
���8-o%(?S!d+,KL02M$iL'n#2!$)(!$AC':%9'*)��lk&!$iQ+9? �;02?_=]0H!$+ %9�2'�� LGj LGN n�M8),?8I2#m+,K }*'RkD=]KQ%9�v!d#O?8+9Kh%(Kh68'
KL0c%9'*M8':)�6$!RiLI2't+,I2J^��%9�"!R%]%(�2'tEG?8iQiL?_=]KL0DMS!$#2#2),?7£DKQAf!w%(KL?$0m�2?8iQ12+*¤



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


�������������������� ������ �"!#��$��% &(')�"')*,+.-/'10�!
2 3 3$3$3
342 2 3$342
3$342 5 34263
3$3$342 7 342$2
3$3$3$342 8 9:3$3$3
3$3$3$3$342 ; 9:3$342
3$3$3$3$3$342 < 9:34263
3$3$3$3$3$3$342 = 9:342$2
3$3$3$3$3$3$3$342 > 9?9:3$3$3
3$3$3$3$3$3$3$3$342 @ 9?9:3$342
3$3$3$3$3$3$3$3$3$342 263 9?9:34263

Z !$`2iQ'}�DYQ�8¤|{t?8iQ?8Ag`mJ:?&12':+VEG?$)\M8)9?8ID#F+,K }:' �S¥ �

r w�xWu�A B �
- ry�2Y�3cu

Z\�2'H{t?8iQ?8Ag`�J*?�12'mJ*?$)9)9':+9#O?80212KQ02M�%9?�'7!$J^�N{t?8iQ?8Ag`�M8)9?8ID#�+9K }*'<��!$0D1�)9I20��>iL':02M$%9�DC
�"!$+\%>=@?XJ:?8AC#l?80D'*0c%(+:¤

� %9�2'fj"),+,%UJ*?$AX#O?802':0;%gKL+�%9�2' flJFE1GOp ?8)�n E:H$IKJ ':02J*?�12KQ02M.?$E\%(�D'mKL0c%(':M8'*) � 6R!$iQI2'*1
sAfiL:LKDMI�JNLPO ¥QC;�G�OY\Z\�2KL+TJ*?8AC#l?$02'*0c%�1D'*02?$%9'*+n%9�2'SR G/IUTWV ?$E�%9�2'S{t?8iL?$Ag`�J:?&1D'$k
':02J*?�12'*15!$+C!.I20"!$)Wb�0;I2Ag`O'*)U?$E]%(�D'HEG?$)9A ?RE�}:'*)9?�?8)SAC?8)9'��7+SEG?8iLiQ?P=@'*1�`cbN!
H�I�j DmNCDXLvDmJlE �ZY

� %9�2'�+9'*J:?8021�J*?8AC#l?$02'*0c% KL+ %(�D'|J:?&1D':=@?8)91�?$E&%9�2'|KL0c%(':M8'*) G/I�N[E;DmJrH�I\G�] ¥^C(_K`:a��OY
Z\�2KQ+ J*?8AC#O?802'*0c% 12':02?$%(':+ %(�2' LME;Dmj ?$E�%(�D'|J:?&1D'$kP'*02J:?&1D'*1d?$0SbU`&�1cU�n`2Kh%(+ KQ0�!\`2KQ0"!$)Wb
`"!R+9'$Y

s ?8)S'e£D!$AC#2iQ'm%(�2'F`2KL02!$),b�+,%(),KL02M��8�$�8�8�D�v=@?8I2iL1N`O'F':02J*?�12':1BI2+,KL02M6�B¥���!R+F�7� ���&�8k
=]�2':)9' O !$021 ] !$)9'S':02J*?�12':1�!$+U�_��d�!R021��D��co)9':+9#O'*J:%9KQ6$'*iQb$YUZ\�2'X{o?8iQ?8Ag`�J:?&1D'*+tEG?8)
)9ID0&�>iQ'*02M$%9�2+tEG)9?8A �v%(?��_�F!$)9'CiLKQ+,%(':1�KL0�J*?8iQI2AX0�3H?$E�Z !$`2iQ'X�2Yh�U=]�2'*),'X%(�D'X#2),':jD£�?$E
'7!RJ^��J:?&12'Rk"KQE !$0cb8k"KQ+\+9�2?_=]0�KQ0H`l?8iQ1pY



�����Z� � b��� �������g����	�>�
�~��� �
� �+���  ��9� � ��� � ��� � ���b� � � b����� ���

"$#�� � 21= �60������
@A215 ��� * @���56*�� 21:� /?
(+567$(�0>7 ! 2#" 2<= $

� 2q7%���

Z\�2KQ+ +9'*Je%(KQ?80o'e£&#2i !RKL02+ =]�cbtJ:?8AC#2)9':+9+9KQ?80oAX'e%(�2?�12+p`2!$+9':1�?80}!$+Wb�AXAC':%9)9KLJ J*?�12KL0DM\+9J^�2':AX':+*k
+9#O'*J:KQj"J*!$iLihbH{t?8iL?$Ag`mJ*?�12':+*k"Ey!$KLiO%(?UJ*?$AX#2),'*+,+T'�
XJ:KL':0;%9iQbviQ?_=4#O?_= ':)]%9'*+W%T+,':%9+*Y
xn+T+9�2?_=]0.KQ0�Z !$`2iL'��2Y�-&k !R+,b�AXAC':%9)9KQJ}J:?&1DKL02MX+9J^�2':AX':+*kp+,I2J^��!$+t{t?8iL?$Ag`HJ*?�12'*+:kp!$+,+9?R�
J*KL!R%('�+9�2?$),%tJ:?&12':+�%(?m),I202+t?$E@�<'e68'*0c%9+oj202KL+,�2'*1�`cb�!R0 ��':68':0c%7Y}Z\�2'S#2)9?$`2iL':A !R)9KL+,'*+
=]�2':0�!g),I20v?$E �f'e68'*0c%9+V?�J*J:I2)9+\KQ0f%(�D't`2KL0"!R),bC+,%9)9KL0DM2Y�&�!$J^� �fKL0f%9�2KL+ )9I20vKQ+ +9':'*0�!$+\!
}*':)9?UiL':02M$%9�v)9I20H?$E ��':68':0c%(+*kO!$0D1F�D'*02J:'�!U{t?8iQ?8Ag`mJ:?&12'tKQ+\!$+,+9KLM$02'*1v%(?S'*!$J^� �v'e68':0;%
KL0X%(�2't),I20pk2)9!R%(�2':) %(�2!$0m%(?g%9�2'�'*0c%9KL)9't),I20pY[Z\�;I2+:k2=]�2KLiQ'�!$+Wb&ACAC':%(),KLJTJ*?�12KL02MS+,J^�2'*AC'*+
J7!R0�J*?8AC#2)9':+9+v'�
XJ:KL':0;%9iQbB1"!R%^!�=]Kh%(���DKLM8��12':02+9Kh%>b�?$E�� ':6$'*0c%(+:kn%(�D'*KL)fJ*?8AC#2)9':+9+,KL?80
' 
CJ:KL'*0DJ:bH12':J*)9'*!$+9':+�!$+\%9�2'o12'*02+,KQ%>bv?RE �v':6$'*0c%(+TKL02J:)9'7!R+9'*+:Y
x�%9%9'*AC#D%(KQ02M.%(?�'e£&#2iQ?8KQ%d%(�2'F!$+Wb&ACAC':%()Wb�?$ET+,%(!$021"!$),1�{t?8iQ?8Ag`�J:?&12':+*k|%(�2'F!$#2#D)9?c!$J^�
#2),?8#l?$+9'*1�KL0N���\���D�_!w�[+9I2M$M8'*+W%('*1�j"iLiQKL02MX%(�2' q � +o?$E|KL0DJ*?8AC#2iL'e%(':iQbF+9#O'*J:KQj"':1�%9'*+,%}+,':%(+
=]KQ%9�56R!$iQI2'*+CJ*?8),)9':+9#O?80212KQ02M�%(?�%(�2'���':6$'*0c%vKL05?8)91D'*)U%(?�KQAX#D)9?_68'F%(�2'�J*?8AC#2)9':+9+,KL?80
' 
CJ:KL'*0DJ:b8Y��T?_= 'e68':)*k j"iQiLKQ02Mf!RiLi q � +n=]Kh%(��%9�2'd+9!$AC'�6R!$iLID'��"!R+n%>= ?fI20212':+9KL),'*1.'e� ':J:%(+
?80S%(�D'�= ':KLM8�2':1S%()(!R02+9Kh%(KL?$0gJ*?8ID0;%*k�!$021UJ*?80D+9'*�;I2':0c%(iQbU?$0g%(�2'\#O?_= ':)|1DKL+9+,KL#"!w%(KL?$0g12I2),KL02M
+9�DKQE %7¤

� � %VAX!_bHKQ0c%()9?�12I2J:'oI20202':J*'*+,+(!$)Wb�%9)(!$0D+9KQ%9KL?80D+VKQ0v%(�2'}+9J*!$0&�>KQ0F6$'*Je%(?8),+*Y\Z\�2KQ+V+,KQ%9I"!w�
%9KL?80�?�J*J*ID)9+t=]�2'*0�%(�2'Sj"iQi 6R!$iLID'S12KQ�l'*),+oEG),?8A %9�2'U+9#O'*J:KQj"':1�6R!$iLID'*+o!$1 �9!RJ*'*0c%}%(?
I20D+9#O'*J*Khj"'*1�`2KQ%9+*Y

� �T!$+\!$0vI20DJ*?80c%(),?8iLiL!$`2iQ'T'e� ':J:%]?80m%9�2'�%(':+,%\),'*+9#O?802+,'*+]KL0X%('*),AX+ ?$E +9J7!R0&�>?8I&%�%()9!$0&�
+,KQ%(KQ?80vJ*?$I20c%7Y

' ?_=a%()(!R02+9Kh%(KL?$0F%9'*+,%�+9':%9+*kl?8`D%^!RKL02':1�%(�2),?8I2M8�F%()9!$02+,EG?$)9AX!R%(KQ?802+V+9I2J^��!$+T+9J*!$0�i !w%(J^��),'e�
?8),12'*),KL02Mm?$) q �4j"iLi EG?8)TAXKQ02KLAgIDA�%()9!$02+9Kh%(KQ?80�J:?8I20c%7kpJ:?80c%^!$KQ0�=]KQ%9��'*�;I"!$i #2)9?$`"!$`2KQiLKQ%>b
)9ID02+U?$Ed�*+X!R021/)9I202+U?$En�$+:Y�Z\�2'*),':EG?8),'$k@EG?$)U!$0cb�?$EV%(�2'v%>=@?�#O?8+9+,KL`2iQ'm6R!$iLI2':+S?$EV%(�2'
�<!$021 ��':6$'*0c%(+:k�r��&kQ�Pu]!$021�rW�8k��cuekO!$+Wb�AXAC':%9)9KLJ}J*?�12KQ02MX+,J^�2'*AC'*+T=]KLiLipEy!RKLip%(?fJ*?8AC#2)9':+9+
' 
CJ:KL'*0c%9iQbv+,I2J^��%9'*+,%V+,':%(+:Y



������� � �>�$�������b��� �� ��b� �]�  � ����� � ��������� ���

Z\�2'}EG?8iLiQ?P=]KQ02Mg+,'*J:%9KL?80�#2)9':+9':0;%9+t!U+,b�AXAC':%9)9KQJo6$'*),+9KL?$0�?$E %(�2'd{o?$iL?8Ag`HJ:?&12KQ02MU+9J^�2':AX'
EG?8)\'�
XJ:KL':0;%VJ:?8AX#D)9'*+,+9KQ?80�?RE iQ?P= %()9!$02+,KQ%(KQ?80vJ*?$I20c%V%9'*+W%n+,':%(+:Y

"$#��  � = = ��?30>@ * ! 2 "A21= $ �)2q76@A5$.  q*	�%��= �

s )9?8A %9�2'd?$`2+9':),6R!R%(KQ?802+VAf!R12'�KQ0�%9�2'd#2),':6�KL?$I2+n+,'*J:%9KL?80�KQ%VJ7!$0�`l'�J*?802J:iLI21D'*1�%9�"!R%V%(�2'
+9�D?8),%9J*?8ACKL02MS?RE %9�2'o+,%^!R021"!$),1�ry!$+,b�ACAX'e%(),KLJ_u ),I20&� iL'*0DM$%(�vJ:?&12KQ02MU+9J^�2':AX':+T+,I2J^��!$+\%(�2'
{t?8iL?8Ad`�J:?&12KQ02M2kO!$),KL+9':+VEG),?8A %(�2'}jD£&'*1�!$+,+9KQM802AC'*0c%n?RE�%(�2'g�<!$021 �H6$!RiLI2':+*Y �>0�?8),12'*)
%(?fJ*?8AC#2)9':+9+t'�
XJ:KL':0;%9iQbF%(':+,%o+9'e%(+�=]Kh%(��`"!Ri !$02J:'*1.12':02+9Kh%(KQ'*+n?RE@),I202+�?RET�*+�!$021.),I202+t?$E
�$+}I2+9KQ02M�),I20&� iL'*0DM$%(��J*?�12KL02MF+9J^�D'*AC'*+gKh%�+,�2?8I2iQ1�`O'X#O?8+9+,KL`2iQ'C%9?�1&b&02!$AXKQJ7!$iQiQb.J^�2!$02M8'
%(�D'�6R!$iQI2'*+H?$E}%(�D'�� !$021 �~'e68'*0c%9+*Y Z\�2KQ+H+9'*Je%(KQ?80�#D)9'*+,'*0c%(+�!�M8'*02':)(!$ioAC':%9�2?&1~?$E
J*?$0;6$'*)W%(KL0DMX!R+,b�AXAC':%9)9KQJn)9ID0&�>iQ'*02M$%9�vJ*?�12KL0DMg+9J^�2':AX':+]KL0c%(?S+Wb&ACAC':%(),KLJTJ*?�12KL02MS+,J^�2'*AC'*+
=]KQ%9�HKLAC#2)9?_68':1�J:?8AC#2)9':+9+9KQ?80H' 
CJ*KQ'*02JebvEG?8)\iL?_=�#l?_=@'*)]%(':+,%V+9'e%(+*Y
�>0F!g0;ID%(+,�2'*iQi k&%9�2't#2),?8#l?$+9'*1v+Wb�AXAC':%9)9KLJnJ*?�12KL02Md+9J^�2':AX'}!$121D+]! �,+9KQM80m`2Kh% �gKQ0mEG)9?80c%\?$E
%(�D'�+,%(!$021"!$),1H!$+,b�ACAX'e%(),KLJnJ:?&1D'n=]�2KLJ^�m=]KQiLi +9#O'*J:KQE bC%(�2'Sr �nk �2u|6R!$iLID'n#"!$KQ) I2+,'*1vEG?8)|%(�2'
J*ID)9)9':0c%]J*?�12'$Y�Z\�2KQ+ =�!7b$k")9I202+\?RE@�*+\!$021H)9ID02+\?$E �$+�?$E %9�2'�+(!RAX'tiQ'*02M$%9�f=]KLiQil�2!_6$'t%(�2'
+(!RAX'�':02J*?�12KQ02M2kD1DKQ�l'*)9KQ02Mg?80DiQbXKL0f%9�2'�6R!$iLI2'T?$E %(�2' �W+9KLM$0m`2KQ% �2Y Q �2KQiL'n!$0H!$+,b�ACAX'e%(),KLJ
J*?�12KQ02Mf+,J^�2'*AC'SJ*?8AC#2),'*+9+,'*+t?80DiQbF)9I20D+�?$E��$+�!$021�Kh% �,' £D#2!$0212+ �v)9I202+n?$E]�7+*k !$+9+,I2ACKL02M
r �nk �2uV¥ r��Dkh�Pu k %9�2'}#2)9?8#O?8+,'*1�+Wb&ACAC':%(),KLJt6R!$)9KL!$0c%\=]KLiQi J*?8AC#2)9':+9+T`l?$%9��),I202+T?$E��7+T!$021
)9ID02+]?$E��R+*Y
z !R),%(KQJ*I2iL!$)9KQ+9KQ02MN%9�2'�!R+,b�AXAC':%9)9KQJe� %9?R�>+Wb�AXAC':%9)9KLJ.J:?&1DKL02M5+9J^�2':AX'�%9)(!$02+WEG?8)9AX!R%9KL?80~EG?8)
{t?8iL?8Ad`mJ*?�12'*+:kO!U),I20F?$E ?$02'o?8)\AX?$)9'}� 'e68':0;%9+n':0212'*1�`cbH! �H'e68'*0c%V=]KLiQip`l't':02J*?�12':1
I2+,KL02MC�~!$+ %9�2' �,+9KQM80&� `2KQ% ��EG?8iQiL?_= ':1v`cbf%(�D'o!$+,b�ACAX'e%()9KQJt{t?8iL?$Ag`mJ*?�12'�J:?8)9),'*+,#l?80D12KL02M
%(?�%(�2'mM$KQ68':0�)9ID0&�>iQ'*02M$%9�pY.� ?$iLI2AC02+�
H%(? ��KQ0�Z !$`2iL'X�2Y�-�+9�2?_=]+g%9�2' �,+,KLM80&� `2KQ% �2k %(�2'
+,b�ACAX'e%(),KLJo{t?8iL?$Ag`fJ:?&12'o!R021vKQ%9+�+9K }*'�EG?8)@)9I20&� iL':02M$%(�D+\KL0f%9�2'o�d%(? �g)9!$02M8'Rk"!$+9+,I2ACKL02M
r �nk �2u�¥ r��Dkh�PueY s ),?8A�J*?$iLI2AC02+}��!$021 �FKQ0�Z !$`2iQ'X�2Y�-&k KQ%}J7!$0�`l'X?8`2+,'*),6$'*1�%9�"!R%}%(�2'
+,b�ACAX'e%(),KLJFJ*?�12'*+CEG?8)X),I202+X?$Eo�$+f!$)9'���`2Kh%XiQ?802M8':)C%9�"!$0B%9�2'�+W%^!$0D1"!$)91B!$+,b�ACAX'e%(),KLJ
J*?�12':+*Y �T?_=@':6$'*)*kO%(�2'}+,b�ACAX'e%(),KLJoJ*?�12'*+VEG?8)])9I20D+T?$E��7+n!R)9'o+9KQM802KQj2J7!$0c%(ihbv+9�D?8),%9'*)]%(�"!$0
%(�D't!$+,b�ACAX'e%(),KLJt{t?8iQ?8Ag`C'*02J:?&12KQ02M8+:Y[Z\�2't#2)9?$#l?8+,'*1v+Wb&ACAC':%(),KLJTJ*?�12KL02Md+9J^�2':AX't?_68':)W�
J*?$AX':+@%(�D'n12KQ+(!$1D6R!$0c%(!$M8'V?$E +,%(!$021"!R)91F{t?8iL?8Ad`CJ:?&1D'*+ `cbC%(),'7!R%9KL02M�)9I202+@?$E �$+ !$021m),I202+



������� � �>�$�������b��� �� ��b� �]�  � ����� � ��������� � �

�����������
	��������������������������������� �!� "#	���$����%�&�'�(���������)�������*�!�
+ ��$�,�� -�,.��/0��� ���1��� 23����� 23�����4���65(� �.������/7����� 28����� 23�����9�:��5;�d < <�<�<*=?>�@ A < B1<�<�< C< d d <�< d A < B1<�< d C<�< d c < d%< A < B1< d%< C<�<�< d A < d�d A < B1< d�d C<�<�<�< d C d%<�<�< C < B d%<�<�< D<�<�<�<�< d D d%<�< d C < B d%<�< d D<�<�<�<�<�< d E d%< d%< C < B d%< d%< D<�<�<�<�<�<�< d F d%< d�d C < B d%< d�d D<�<�<�<�<�<�<�< d G d�d%<�<�< C < B d�d%<�<�< D
d�d%< c HJI:KL= c3MN>POQ<�<�<�<�<�<(@ E d R
< d%< C
d�d�d%< A HJI:KS=?ATM�>�OVUWUWU @ X d R
< d�d C
d�d�d�d%< C HJI:KS=�CYM�>�OVUWUWU @ d c d R�d%<�<�< D
d�d�d�d�d%< D HJI:KS=?DTM�>�OVUWUWU @ d%D d R�d%<�< d D
d�d�d�d�d�d%< E HJI:KS=?ETM�>�OVUWUWU @ d%G d R�d%< d%< D
d�d�d�d�d�d�d%< F HJI:KS=ZF3M�>�OVUWUWU @ c d d R�d%< d�d D
d�d�d�d�d�d�d�d%< G HJI:KS=?GTM�>�OVUWUWU @ c�C d R�d�d%<�< D

Z !$`2iQ't�2Y -�¤[xn+,b�ACAX'e%(),KLJo!$021F+,b�ACAX'e%(),KLJ}{t?8iL?8Ad`mJ*?�12'*+\EG?8)]M8),?8I2#H+9K }*'o�

?$E@�7+]I202KhEG?8)9ACiQb$Y
Z\�2'mEG?8iQiL?_=]KL0DMF' £D!$AX#DiL'm12':AX?$02+,%9)(!R%9'*+d%9�2'mKLAC#2),?P6$'*1�J:?8AC#2)9':+9+9KQ?80�' 
CJ:KL'*0DJ:b�?RE\%(�2'
+,b�ACAX'e%(),KLJfJ:?&1DKL02M�+,J^�2'*AC'HJ*?8AC#"!$),'*1�%9?�%(�2'v+W%^!$0D1"!$)91N{t?8iQ?8Ag`�J:?&1DKL02M.+,J^�2'*AC'mEG?8)
iL?_=�#l?_=@'*)]%(':+,%V+9'e%(+*Y

[\^]J_a`cbed � �gf LGJZH�DvH�I\G,LmFNIih LGjmj L B DmJlE JJj h n DXL L�I6H\L4k1IuP\LZL:G�l J4J4J4J4J4J4Jnmomomomomomomomom1Joprq FNI
H\LME;JrH4E1GIH � LGj LGN n I�JtPuLAH;DmJlE L(h LmFlD Hsk1IuP\LkL:G t(E:H6H�fgNCDmJlE E�E1G LGf R H�Dvu:I�L(h'wxt B Dmjmj n IVmomom^y
momom^yzmomom^y#momom^yzmomom^y8momom^y#momom^y J4Jnmom1Jop|{SI�JtP6I1t�LmFNISH\LME;JrH4E1GUH � LGj LGN n PuLAH;DmJlE H&PuFNI�N.I
h E;Dmj IIH LZL<PuLGN R G6I6H6H LmFNI L�I6H\L4k1IuP\LZL:G n p�} I V R E;JrH;DmJlE3~,LmFNI�DmJiDXLvD E;j GOflJihkj I�JlE1L F�h#G LGN JJj n DXLXH
LkL|�x� n DXLXH�pSq FNI�I�JtPuLAH;DmJlE�L(h�L FNI H E;N.I�L�I6H\LYk1IuP\LZL:G�f4H�DmJlE LmFNI H�pyNCN.I\L GODMP � LGj LGN n PuLAH;DmJlE
H&PuFNI�N.I B Dmjmj n I J Jnm1J4J�yJm J4Jnmomom.t B FNI\G/I LmFNI�fgJrH�I\GOj DmJ IIH R L$H�DXLvDMLGJZH G/I R G/I6H$I�JNL L FNI�} H�D�E;Jih
n DXLXH�~�p�q FNI I�JtPuLAH;DmJlE DmJ LmFlD H�P E:H$I<D H J4J n DXLUH j LGJlE�t LmFZE1L D H Jo� n DXLXH HuFiL:G#L�I\G L FZE;J LmFNI
H\LME;JrH4E1GIH E:H�pGNCN.I\L G�DMP � LGj LGN n I�JtPuLAH;DmJlE1j I�JlE1L F E;JrH�� n DXLXH HuFiL:G#L�I\G L FZE;J LmFNICL:G�D�E;DmJFE;j
GOfgJihkj I�JlE1LmFxp

s KQM8I2)9'H�2Y���J*?8AC#"!$),'*+U%(�2'FJ*?�12'�+,K }:'*+UEG?8)S%(�2'�!$+,b�ACAX'e%()9KQJF!$021N+,b�AXAC':%9)9KQJ�{t?8iQ?8Ag`
J*?�12KQ02MH+9J^�2':AX':+*Y���0�?802'U�"!$021 k =]�2':0�I2+,KL02MH%(�D'X!R+,b�AXAC':%9)9KQJC{o?8iQ?8Ag`.+,J^�2'*AC'$k %(�2'
J*?�12'\+,K }*'�EG?$)[)9I202+[?RE �7+[KQ02J*),'7!$+,'*+�iLKQ02'7!R)9iQbo=]Kh%(�g%(�D'V),I20UiL':02M$%(� k$=]�2KLiQ'�+9�D?8),%|J*?�12':+�!$)9'
!$+,+9KLM$02'*1C%(?d),I202+|?$E �R+*Y���0X%9�2'T?R%(�2':)@�"!R021pk;%(�2'V#2)9?$#l?8+,'*1X+,b�AXAC':%9)9KQJVJ:?&1DKL02M}+9J^�2':AX'
#2),?&12IDJ*'*+o':��I2!$iLihb�+,�2?8),%oJ:?&1D'*+tEG?8)�`O?$%(��),I202+o?$EV�7+o!$021�),I202+o?$E@�$+*k !mEG'*!R%(I2),'g=]�2KLJ^�



������� � �>�$�������b��� �� ��b� �]�  � ����� � ��������� ���

J7!R0�`O'S'e£&#2iQ?8KQ%9'*1.%(?H' 
CJ:KL'*0c%9iQb�J:?8AC#2)9':+9+oiL?_=	%()(!R02+9Kh%(KL?$0.J*?8I20c%o%(':+,%}+9'e%(+:YCZ\�D'��WI20&�
J*?$AX#2),'*+,+9'*1�)9I20H+,K }*' �XiQKL02'nKL0 s KQM8I2)9'n�2Y��U),'*#2),'*+9':0c%(+T%9�2'o�cb&#O?$%9�2':%9KLJ7!RipJ7!$+,'}=]�D'*0H%(�2'
J*?�12KQ02MU+9K }:'oKL+\'*�;I"!Rip%(?S%(�2'o),I20&�>iQ'*02MR%(�pY[xT`l?_68'o%(�DKL+]iLKQ02'�02?UJ*?$AX#2),'*+,+9KL?$0�KQ+]!$J^�2KL'e68':1
+9KQ02J*'m%9�2'v'*0DJ*?�12KL02M.+,K }:'m'e£&J*':'*12+U%(�D'v)9I20&� iL':02M$%(� Y � %S+,�2?8I2iQ1/`l'm0D?$%(':1/%9�"!R%*k|ID02iLK �$'
+,%(!$021"!R)91N{t?8iL?8Ad`�J*?�12KQ02M�=]�2KQJ^�/J*?8AC#2)9':+9+,'*+S?802ihb�)9I202+d?$ET�$+�=]Kh%(��iL':02M$%9�2+dM8),'7!R%9'*)
%(�2!$0m3o=]�2KLiQ' �W'e£&#"!$021DKL02M ��)9I20D+@?$E��7+*k;%(�2'V#2),?8#l?$+9'*1f+,b�AXAC':%9)9KQJVJ:?&1DKL02M}+9J^�2':AX'nJ*?8AS�
#2),'*+9+,'*+[`O?$%(�d)9I202+ ?$E �7+[!$0D1g)9I20D+�?$EO�$+ EG?8) iQ'*02M$%9�2+ M$)9'7!w%('*) %(�"!$0d�2Y s )9?$A s KLM8ID)9' �DY��TKQ%
J7!R0f!$iQ+9?o`O'V?$`2+9':),68':1X%9�"!R%�%(�2']J:?8AX#D)9'*+,+9KQ?80X'�
CJ*KL':02J:bUKQ02J*),'7!$+,'*+[=]KQ%9�C%9�2'])9I20��>iL':02M$%9�pY
�>02J:)9'7!R+9KL0DMo%9�2'\)9ID0&�>iQ'*02M$%9�2+�KQ+�'*�;I2Kh6$!RiL'*0c%�=]Kh%(�S),'*12I2J:KL02Mt%9�2'\+9J*!$0&�>KQ0g%()9!$02+9Kh%(KQ?80gJ*?$I20c%7k
%(�D'*)9'eEG?8)9'�KQ%VJ7!R0�`O'�J:?802J*iQI212':1�%(�"!w% G/IIH;fiP�DmJlE LmFNI H&P E;JihkDmJ L G E;JZH�DXLvDMLGJ`PuLGfgJNL�DmN R G L�k1I6H
LmFNICPuLGN R G6I6H6H�DMLGJ I�� P�DMI�JtP�p�L(h H�pGNCN.I\L G�DMP G�flJihkj I�JlE1LmF6PuLAH;DmJlE H&PuFNI�N.I6H Y

0

5

10

15

20

25

30

35

40

0 2 4 6 8 10 12

Run-length (bits)

E
n

co
d

ed
 s

iz
e 

(b
it

s)


Uncompressed run size

Compressed size for runs of 0s (Golomb)

Compressed size for runs of 1s (Golomb)

Compressed size for both runs (proposed)

s KQM8I2)9'��2Y��2¤B� ?&1D'�+9K }*'�J*?8AC#"!$),KL+,?80�EG?8)F%9�2'�!$+,b�ACAX'e%()9KQJ�!$021 +,b�AXAC':%9)9KQJ�{t?8iQ?8Ag`
J*?�12KQ02MU+9J^�2':AX':+VEG?8)]!SM8),?8I2#F+9K }*'t?$E �

� %�+9�D?8I2iL1S`O'\02?$%9'*1S%(�2!R%7kc!RiQ%(�D?8I2M8�SKQiLiLID+,%()9!R%(':1�EG?8)[{o?8iQ?8Ag`gJ:?&1D'*+*kc%9�2'�%()9!$02+,EG?$)9AX!R%(KQ?80
?$E !$0m!$+,b�ACAX'e%()9KQJTJ:?&1D'�KL0c%(?d!d+,b�ACAX'e%(),KLJn?$02'n`cbf!$I2M8AC'*0c%(KQ02M�%9�2'�J:?&12'e= ?$)912+�=]Kh%(�v!
H�D�E;J n DXL k"KL+\M8':02'*)9!$iLihbv!$#D#2iLKQJ7!$`2iQ'T%9? ]���� !$+Wb�AXAC':%9)9KLJn)9I20&� iL':02M$%(�HJ:?&12KQ02MU+9J^�2':AX'RY



��� ��� ��� � b��� ��� � �g���� �W���A� ���� � �3�$�������b��� � ���b� � � b����� ���

clk

load

FSM

xFF

bit in

en

vout

rs inc

counter
log2m bit

�������
	�����������������������������
���! "��	#��$��&%('�)*)+����	����-,.�0/���)213���4�
������%��5$
��)+�

68796 :<;&=?>*@ ACBD;&EDE�F�>*G HIGCFKJML0>NBPORQS@ @ ;TJ�B�FU= VW>NXK>N@ Y

Z >\[];&E

^!$���%_%(�����������`����%���	(��1a��%-�b$���1a��$�cUd������
	ec0�
�fc0	(�5$��������K�b��	(�*�0 g�b$��+���4hi�5$���j`��������)+j�	���%9h
%������k�����l�. "��	��b$��+j�	(��jm�0%����`%('�)+)*�K�b	(���n�����������3%��5$���)*�o�N^!$���%9�5c0	9�b���
�\ja�����p�. "�0	��b$��
j�	(��jm�0%����`���4hi�5$���j`��������)+j�	���%�%(�����`�����l�&��%��b$
�+�
����������	- "��	_,���/���)21C��������%-j
	���%(���q�b���
���srut!twv
xyc{z}|�~?$����5$���c0��1m�3��)*j
/���)+���q��������%(�����kc]���������3%(�5c{�b�3)*c0�5$����
�`�����
�8�_c0���
c8���0���q�b��	]rut!twv
xycoz��f�T%�)*���p�������
�����Uco	�/�����	�|D�b$��3%9'4)+)+���b	(���R���4�
�����8%(�5$���)+�\c0����%+c
%������4hi1����g���+ "	����q�#�o ��b$���%9�5c0�
��c0	��S,���/���)21+�����������*��	��
��	w���2j�	��yd����
��ce%($���	(�!c0���R���
�lh
�����]���
�����������n "��	?	(����%?�0 �vo%Tco���S	(����%��0 gxU%���^!$��-�5$�c0������%T)*c0�������+��$��-c0%('�)+)*�K�b	(���
,���/���)e1R�������4�
��	�������	��
��	#�b�*c0���������q�? "��	#��$��&%����0�4h�1��l�!���0��%���%(���0 ��

� ���
�-�����b	bc�%(�bco�b�&������$��&�������4�
��	������`|

� ���
�-�����b	bcn����j4hi���0j����
�D���5|�c0���

� ���
�&��������co�b�-c0���
�����b�n�b$��&������������	Tc0	(�5$�������������	��o�



��� ��� ��� � b��� ��� � �g���� �W���A� ���� � �3�$�������b��� � ���b� � � b����� ���

S0

S2

S1

S0’

S6S5

S4

S3

S7

S8

 --/1-000

 --/1-001

 1-/00110

 -0/00110

1-/00110 -1/1-000

0-/1-000

0-/1-000

1-/10010

1-/00010

0-/00010

--/00010

1-/00010

0-/0-000

--/11010

extra state
inputs / outputs

bit_in, rs / en, out, inc, v, load
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Logic

Scan segment 0

Scan segment 1

Scan segment (N -1)

Scan
control

unit

scan_enable

clk

test_mode

scan_in scan_out

reset

scan_clk[0:(N-1)]

scan_segment_select[0:(N-1)]

	jGQICE9+O) � YQ�&��x(F7#&2{#&+.Fp!9GQ'O),F;'OE9+O)NLbGQ'O!�<0E4'*E9#&dHdutW)}|4F;dHE9-.GQ6&)�-.F7#&2{-O);IC<8);2:'�#PF;'*Gu6P#P'*GQ>C2

Segment N-1

Segment 1

Segment 0

Test pattern
Dummy bit
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n #&S9dH) � Yu�"-.!9>MLb- 'O!9)m+.),dH#P'*GQ>C2NSw)='\L");),20'*!4)"#76C);+*#&I&)m%K>ML");+j39GQ-O-OGQ%$#P'OGH>C2�#&293�'*!9)�2qE9<0SK),+
>&@V-OF,#&2 Fp!$#&GH2�%9#&+.'OGQ'*GQ>C29-;Y  ">&dHE9<e2 /UF,>C+.+O);-O%K>C2939-c'*>]'O!9)1-.'*#&293$#P+O3�-OGQ29ICdH)}z\-.),IC<e),2:'
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f96&)W6C);+O-OGQ>C29-0>P@a'*!9)WdH>ML %K>lLm),+0#&+OFp!9Gu'*);F;'*E4+O)&_jnj#&S4dH) � YQ�8+O),%K>C+`'*-r'O!9)1#76C);+*#&I&)W%K>lLm),+
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�� #%$�&�� '�(�
��
+-,/.10�2 � .�3 4/. ,�3 5/4 ,10�3 ,/. .�3 0�, 0 � 3 5/4 4�3 2/, 0�2�3 60 4�3 4/2 2/4�3 0�2 � 3 2/4 2/5�3 4/.
+-7/4/.�6 4 � 3 0 � 7�3 4�6 ,/,�3 ./5 5�3 614 5/2�3 7/7 6�3 0�4 0/0�3 4/4 .�3 2/. 2 � 3 , � .�3 � 6 2�6�3 2/,
+ � ./4 � 0 .10�3 ./, � 0�3 ./7 ,/.�3 61. �g� 3 61. 5/7�3 ./7 2�3 0�, 0�5�3 ,/5 0�3 � � 2 � 3 4�6 ,�3 2�6 2�6�3 .10
+ � ,/2/, � 6 � 3 � 5 � 2�3 0�7 ,�6�3 4/, � 4�3 , � 5/7�3 ,/5 7�3 .�6 0/0�3 410 0�3 .�6 2/4�3 � . 5�3 4 � 2�6�3 2/2
+-./,/7/./4 6 � 2�3 0�6 4 � � 3 ,/. ,/4�3 �g� 6 � 3 2/4 7 � 3 � � 4/7�3 . � 7/. 4/.�3 �g� 7�6�3 612 4 � 3 5�6 7/,�3 � 0
+-./2�6 � 0 6 � 4�3 7/4 � 7/5�3 5/2 , � 3 � 7 ./5�3 5/. 7 � 3 7 � 410�3 ./, 7/.�3 4 � 4 � 3 617 7�6�3 510 � 0�3 615 7/,�3 510
+-./2/,/2�6 .10�4�3 5/, � 2/,�3 0�5 , � 3 � , 4/2�3 61. 7/4�3 .10 4 � 3 . � 7�6�3 4/7 � 5�3 5/, 7/,�3 ,/. � .�3 2/, 7/5�3 4/2
8�9�: � ./710�3 � , � 7/. , � 3 6 � ./4�3 2 � 7 � 3 0�6 4�6�3 2 � 7/.�3 0�5 � 7�3 ,/, 7/,�3 � 2 � 5�3 612 7/,�3 2/,
8�9�:;4 617 � 3 5 � 4/./2�3 5/, , � 3 ./5 4 � 0�3 � � ,10�3 0�7 � 7 � 3 614 5 � 3 � 7 .10�3 ./5 7/4�3 ./2 . � 3 5�6 7/.�3 0�5
8�9�:;. ,/./,�3 5/4 4/,10�3 6/6 , � 3 7�6 4 � 2�3 . � ,/7�3 4�6 4 � 4�3 6 � 5/4�3 4 � 61.�3 612 7 � 3 2/2 .10�3 . � 7/.�3 � .
8�9�:<6 ,/5/5�3 ,/2 4/5/4�3 � 7 ,/.�3 0�6 4/4/5�3 ./7 5 � 3 � 6 4 � 0�3 60 5/.�3 ./2 612�3 � 2 7 � 3 , � 6 � 3 4/5 7/4�3 0�4
8�9�:;, ,10�6�3 ./7 410 � 3 5/5 ,/4�3 0 � 4/4/7�3 7/2 ,/7�3 7/5 4 � 5�3 4/7 5�6�3 � 7 � 7/2�3 2/7 5/,�3 .10 6/6�3 0/0 7/4�3 4 �
8�9�:;5 ,/5/5�3 ,/2 4/510�3 5 � ,/4�3 0/0 4/4/4�3 7/7 5 � 3 5�6 4 � 0�3 617 5/.�3 ./2 � 7�6�3 , � 5/,�3 510 6 � 3 0 � 7/4�3 2 �
8�9�:-0 ,/710�3 7/4 4/2/2�3 ,/. , � 3 0�6 4/.10�3 � 6 5 � 3 ./, 4 � 6�3 510 5�6�3 � � � 7/2�3 ,10 5/5�3 0�7 6/6�3 ,/5 7/4�3 ,/,
8�9�:;2 5/4/5�3 � 7 4/710�3 � � ,/4�3 ,/, 4�6 � 3 ./4 5 � 3 615 4/4 � 3 7�6 5�6�3 ,/5 4 � .�3 4/5 510�3 ,�6 617�3 5 � 7/4�3 � 2
8�9�:;7 5/4/2�3 , � 4/7 � 3 � 7 ,/.�3 5/7 4�614�3 � . 5 � 3 612 4 � 2�3 614 5/,�3 4/, 4 � , 510�3 ./2 � 7/4�3 ,/. 5/7�3 .10
8�9�: � � 5/2 � 3 , � ./4/,�3 5/7 ,/4�3 4 � 4/5/4�3 � � 5 � 3 ,/5 4/.�6�3 � . 5/,�3 5/, 4 � 0�3 2 � 5/2�3 � 6 � 7/4�3 ,/. 5/7�3 .10
=>&��?� @ @ ,/4�3 2/. @ 5/7�3 2/. @ 0�.�3 710 @ 2 � 3 6 � @ 7 � 3 5/7
ACB (���� @ @ , � 3 � , @ ,10�3 0�7 @ 5 � 3 � 7 @ 5/,�3 .10 @ 5/7�3 .10
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�E�F! GHG IJGHG ' IJGHG ' I�GHG ' I�GHG ' I�GHG ' � #K�
+;,/.10�2 . � 6 � 6 6�3 615 , � 3 ,/7 � 6 6�3 615 � 7 5�3 � , � 6 6�3 615 � 3 2�6
+;7/4/.�6 ./2/7 � � 0 � 3 2 � 5 � 3 ,�6 7 4�3 . � 7 4�3 . � 6�3 2/4
+ � ./4 � 0 � � ,10 � 4 � 3 � 6 � 6 � 3 ./4 � 4 � 3 � 6 � . � 3 4/. � 6 � 3 ./4 � 6�3 � 0
+ � ,/2/, � 7�6 � 7/. 7�3 2/2 6/6 6�3 5/2 7/. 7�3 2/2 0 � 0�3 ,/, 7/. 7�3 2/2 , � 3 6 �
+;./,/7/./4 4/4�614 � � � 3 61, �g� � 3 617 �g� � 3 617 � 4 � 3 ,�6 � � � 3 61, 7/4�3 . �
+;./2�6 � 0 4 � ./7 � � � � � � 3 � , � 4 � 3 ,/5 � . � 3 5 � 4 � 0�3 ,
+;./2/,/2�6 4 � 0�. 4/,/. �g� 3 5�6 4/,/. �g� 3 5�6 4/,/. �g� 3 5�6 4/,10 �g� 3 2/. 4/,/. �g� 3 5�6 0 � ,�3 5�6
8�9�: � 4/,/./. � � � � � � 2/4 .�3 4�6 2/4 .�3 4�6 510�2�3 ,�6
8�9�:;4 ./2/7/7 � � 0 � � 3 2/4 4/4/, ,�3 0/0 4 � 0 ,�3 . � 4�6 � 5�3 � 2 0�7 � 3 0�6
8�9�:;. 6 � � � � � 3 � 4 � � . � 3 � 0 � � 3 � 4 � � 3 � 4 6 � 0�3 7/4
8�9�:<6 612/5�6 � � 3 � 4 � � � � 3 � 4 � � 3 � 4 � � ,/7/.�3 4�6
8�9�:;, , � ,�6 � � � � � � � � � � 6 � 6�3 2/2
8�9�:;5 , � 5/4 � � � � � � � � � � 0�4/2�3 2/5
8�9�:-0 ,/,10�4 � � 3 � 4 � � � � 3 � 4 � � 4 � 3 � 6 7/, � 3 � 5
8�9�:;2 ,/7/4/4 � � � � � � � � � � � � � 0�3 0�4
8�9�:;7 5 � ,/7 � � � � � � � � � � �g� � ,�3 � �
8�9�: � � 0 � 2 � , � 3 � 0 � � � � 4 � 3 � . � ./5 � 3 7/4 � 5/2/2�3 2/4
=>&��L� @ @ � 3 5/. @ � 3 .10 @ 4�3 � 5 @ 4�3 4/2 @ 4�3 612 @
ACB (��M� @ @ �g� 3 5�6 @ �g� 3 5�6 @ �g� 3 5�6 @ �g� 3 2/. @ �g� 3 5�6 @

n #&S9dQ) � Y /?��	TE9<0SK),+b>&@ )=|?'O),2939);3U29>?39);-V6?-,Y['O!9)N2?E4<0Sw);+b>&@j-.F7#&2J-O);IC<e),2:'*-

39GQ-O-OGQ%$#P'OGH>C2~� 1 �ON A �D#&-oLm),dHd"#&-r'O!9)s+.),d�#X'*GQ6&)W+.),39E9F='*GQ>C2�GH2 #76C),+O#&IC)1%K>ML");+039GH-.-OGQ%$#P'*GQ>C2
�/P ��+ " �A>CS4'*#&GH29);3y>l6&),+N'*!9)�-`'p#&2939#&+O3 -OF,#&2 Fp!$#PGH2�Y 	$>C+D)=|4#&<e%9dQ)&_�@B>C+DF;GH+OF;E9GQ'N-O57G � GP^9_
'*!4)T%9+.>C%K>C-O);3s-OF,#&21#&+.Fp!9GQ'O),F;'OE9+O)bLbGQ'O!8'\Lm>0-OF,#&2W-.),IC<e),2:'O-a+O);39E9F,);3W'*!4)�#76C);+*#&I&)�%K>lLm),+
S:t � ��� F,>&<8%$#P+O),3�'O>�'*!9)R-`'p#&243$#&+O3 -.F7#&2 #&+.Fp!9GQ'O),F;'OE9+O)PY�ni!9)]'O!9+O);)y-OF7#P2 -.),IC<e),2:'
#&+.Fp!9GQ'O),F;'OE9+O)r@BE9+.'O!9),+A+.),39E4F,),-A'O!9)c#76C);+*#&I&)c%w>MLm),+A39GQ-O-.GH%$#P'OGH>C2{S:t]#&2y#P3939GQ'OGH>C29#&d~^q/ � _
Lb!9GQFp!s+O);%9+O);-O),2:'O-b#r+O);39E9F='*GH>&2s>&@~�:/ � >l6&),+"'O!9)�-`'p#&243$#&+O3W-OF7#P21#&+OFp!4GQ'*);F;'OE9+O)PY�ni!4)�d�#P-.'
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'\Lm>�+.>MLb-�GQ2cnj#PS9dH) � YQ�i-.!9>ML '*!4)b#M6&),+O#&IC)V#&293cLm>C+O-`'�F7#&-.)V+.),39E4F;'*GQ>C29-[GQ2�#M6&),+O#&IC)i%K>lLm),+
39GQ-O-OGQ%$#P'OGH>C2�Y
n #&S9dH) � Y /c-O!9>MLb-b'*!9)N>M6C);+O!9),#&3]#P-O-O>?F,GH#P'*);3JLbGu'*!1'*!4)�%4+O>C%K>C-O);3{dQ>ML %K>ML");+T-.F7#&2{#&+OFp!4Guz
'*);F;'OE9+O)PY�ni!9)rGH29F;+O)7#P-O)oGQ2{'O),-.'OGH29Ie'*GQ<8)N39E9)r'*>8'O!9)o<oE9dQ'OGuz\F;dH>?Fp�WF,#&%4'*E4+O)oF=t?F,dH)rF7#&2USw)
39);+OGQ6&),3�@B+.>C< '*!9)s2qE9<oSw);+o>&@b-.F7#&2�-.),IC<e),2:'*-0#&293�'*!4)8'*>P'p#&d�2qE9<0SK),+0>&@"¢$GH%(z�¢$>C%9-rGH2
'*!4)s39),-.GHIC2�Y]ni!9)s2qE9<0SK),+o>&@i¢$GH%?z�¢$>C%4-oGH2 '*!9)W>C+OGQICGH2$#Pd[39),-.GHIC29-oGH-o-.!9>MLb2�GH2�F;>CdHE9<e2
/U�����b�=Y� ">CdHE4<829- � ��� -.!9>ML '*!9)r2?E4<0Sw);+T>P@[)=|?'*);2939);3R29>(34),-�24),),34),3]'*>eGH<e%9dQ),<e),2:'
'*!4)1%9+O>C%K>C-.),3 dH>ML %w>MLm),+�-OF,#&2�Fp!9#&GH2�@B>C+0),#&Fp! )=|(%w);+OGQ<8);2q',Y� ">CdQE9<e29- P -O!9>ML '*!9)
2qE9<0SK),+b>&@j)=|?'*);2939),3U29>(34),-V#&-V#e%K),+.F,);2q'*#&IC)�>&@j'O!9)D'*>&'*#&d�2qE9<0SK),+V>&@g¢$GH%?z�¢$>C%4-VGQ21'*!9)
>C+.GHICGQ2$#&dh39),-.GHIC2�Y�¡A),%K),2939GQ29Ic>C2s'O!9)D-O>CdQE4'*GQ>C2sE9-.),3�'*>cGQ<8%9dQ),<e),2:'�'*!9)D)}|('O),2934),3J29>(34)&_
'*!4)�2qE9<oSw);+V>P@ 'O!9),-.)r29>?39);-V+.),%9+.),-.),2:'*-;�

� ni!9)�2qE9<0SK),+N>&@m)=|?'O+*#1-OF,#&2�F;),dQdH-ALb!9GQFp!�!$#76&)e'O>1Sw)e#&3934),3y'*>1'*!9)�39);-OGQIC2�_~#&293
#&dQ-O>]'O!9)12qE9<0SK),+�>&@T#&3939Gu'*GQ>C2$#&d�-O!9Gu@�'�F,dQ>(Fp�q-c%K),+0'*);-.'e%$#P'.'*);+O2�_�Lb!9),2 )=|?'O),2939);3
29>?39);-T#P+O)NGH<e%9dH);<8);2:'*),31E4-OGH24Ie)}|?'*+*#�-OF,#&2�¢$GH%(z�¢$>C%9-r�!	jGHICE4+O) � Y �:�}Y

� ni!9)�2?E4<0Sw);+a>&@�-.F7#&21F;),dQdH-mLb!4GHFp!1!$#76C)T'*>0SK)A+O);%9d�#PF,),38LbGQ'*!W-OF7#P2(z\!9>&dH3W¢$GQ%(z�¢9>C%9-
Lb!9);20)=|?'O),2939);3c29>?39),-j#&+O)�GH<e%9dH);<8);2:'*),3�E9-.GH29IT-OF7#P2(z\!9>&dH3r¢9GH%(z�¢$>C%9-"��	jGQICE9+.) � Y �C�}Y
ng>]SK)s29>&'O),3 'O!$#P'0GQ2 '*!4GH-oF,#&-O)8'*!9)e'*>&'*#&dm2qE9<oSw);+0>&@b-OF,#&2�F,);dHdQ-rGQ2 '*!9)839),-.GHIC2
39>?),-b29>P'bGH29F;+O)7#P-O)&Y

D),29);+*#&dQdQtC_?'*!9)D%K),+.F,);2q'*#&IC)N>&@g)=|?'O),2939);3U29>?39);-i39),F;+O)7#P-O),-T#&293�F,#&2�IC);'V#&-idQ>ML #P- � _$#&-
'*!4)D2?E4<0Sw);+i>&@~¢$GH%?z�¢$>C%4-aGH2s'O!9)D39),-.GHIC2�GQ29F,+.)7#&-.),-,Y�ni!9GQ-iGH-aSK),F,#&E9-.)e_�@B>C+adH#&+OI&)A39),-.GHIC24-,_
'*!4)VdQ),29IP'*!�>&@K'*!9)b-OF,#&2e-O),I&<8);2q'O-�'O),293�'*>�SK)i<0E9Fp!e!9GHIC!4),+['*!$#P2�'O!9)b-OG��,)b>&@K'*!9)bd�#P+OIC);-.'
-.'O+O>C24IVF;>C<e%w>C24),2:'gGH2A'*!4)"x(¡=�#&293N'*!qE9-~>C24dQt�@B)=L >&+�29>T)}|?'*),2439),3r29>(34),-g#&+O)[24),F,);-O-O#&+.t
39E9+.GH29I�-.F7#&2JFp!$#&GQ2{%$#P+.'*Gu'*GQ>C29GH24I9Y ni!4)rdH#&-.'a'\Lm>W+.>MLb-VGQ2�nj#&S4dH) � Y /0+O),%K>C+`'i'*!9)�#76C);+*#&IC)
#&293�Lm>C+O-`'�F,#&-O)r%w);+OF,);2:'p#&IC);-T>P@k)=|?'O),2939);3]29>?39),-;Y � 6C);2{@B>C+i'*!4)�Lm>C+O-`'�F,#&-O)�-OF;),2$#P+OGH>&-,_
+O);39E9F='*GH>&29-rE4%�'*>J29),#&+Odut � � � GQ2 #M6&),+O#&IC)W%K>ML");+r34GH-O-.GH%$#X'*GH>&2 F,#&2 Sw)8#&Fp!9GQ);6C);3�E9-.GH29I
'*!4)r%9+.>C%K>C-O);3UdH>ML %K>ML");+T-.F7#&2]#&+OFp!9Gu'*);F;'*E4+O)r#P'b'*!9)�F,>C-`'A>&@jFp!$#&29I&GH29I8#P'V<8>&-.'��l/ � >&@
'*!4)�'O>&'p#&d�2?E4<0Sw);+T>P@j¢$GQ%(z�¢$>&%9-bGH21'*!9)�39);-OGHI&2{GQ2q'O>�)=|?'*);2939),3R24>(39);-,Ymni!9)rdH#&-.'VF;>CdHE9<e2
GH28nj#PS9dH) � Y /N-O!9>MLb-a'O!9)TLm>C+O-`'iF7#P-O)N � ��'OGH<e),-���GH28-O);F,>C2934-p�"+O)��qE9GH+.),3W'O>0%w);+.@B>C+.< '*!9)
-OF,#&2 Fp!$#&GH2 %$#&+`'*Gu'*GH>&29GH29IW#&dHI&>C+OGu'*!9< #&293y'*>�GQ29-O);+.'D'*!4)e+.),-.E9dQ'OGH29I�-OF,#&2 Fp!$#&GH2yGQ2q'O>1'*!9)
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	jGQICE9+O) � YQ�C�&�[�T6C);+*#&I&)N'O+O);2939-b@B>C+b#76C),+O#&IC)�%w>MLm),+V#&293J2qE9<0SK),+b>&@ )=|?'*);2939);3U29>?39),-

	jGQICE9+O) � Yu�C�W-.!9>MLb-c#76C);+*#&IC)8'*+O);2939-;_[39),+.GQ6C);3�@B+O>C< 'O!9)s)}|4%K),+.GH<e),2:'p#Pdm3$#X'p#{-.!9>MLb2�GH2
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+-,/.10�2 410/0 � � 510�5 ./7�3 ,/4 � 4 � 5 ,/5�3 612 �g� 7/, ,/5�3 210 7/2/4 5�6�3 ,/5 7/5/. 5/,�3 4/,
+-7/4/.�6 6 � . � 4/,�6 � ./5�3 7/7 4/, � 5 .10�3 ,/2 � 2/2/7 ,/.�3 � 6 � 0�210 ,/,�3 510 � 5/710 ,10�3 7 �
+ � ./4 � 0 5 � 614 ./5/,/7 ./7�3 6/6 4/2 � 6 ,/.�3 ,/7 � 0�5 � 0 � 3 210 � 0 � 0 0 � 3 0�, � 0/0�5 0 � 3 5 �
+ � ,/2/, � � � � 0 � , � 5 � 612�3 0�, .�61,/4 5/,�3 0�4 ./. � . 510�3 � � 4/7/./, 0 � 3 2/5 4�617/2 0�,�3 4 �
+-./,/7/./4 4�6/61,/2 4 � 0�2/5 � � 3 7/4 � 615 � 7 6 � 3 4/. � 2/,/5/5 4�6�3 � 7 6/61,�6 2 � 3 0�7 �g�g� 2�6 ,�6�3 410
+-./2�6 � 0 � 0�4/7/, � 4/7 � 2 4/,�3 . � �g� 6 � . .�6�3 � � 7 � 5/2 615�3 7/7 5/5/5�6 5 � 3 60 5 � 612 5�6�3 61,
+-./2/,/2�6 � ,/2�6 � �g� 0�./2 4/,�3 7 � 7 � � � 614�3 ,�6 0�2 � 4 , � 3 5/2 5/5/2/4 ,10�3 2/4 ,/2/4 � 5/.�3 4/5
8�9�: � 4 � 4/2/4 � � 612/. , � 3 0�6 2 � 0/0 5/4�3 � , 0 � 0�2 5/5�3 0�6 ,/5/2�6 0�.�3 4/7 614 � . 2 � 3 4/,
8�9�:-4 ./410�.10 � 5/,�6 � 617�3 612 � 7/5�60 ./7�3 7/7 � 2 � 0�7 6/6�3 0�2 � 6/60�5 ,/,�3 0�2 �g� 0 � 5 5�6�3 4 �
8�9�:-. 6 � 60�4 410�5/./, . � 3 0�4 4/4/5 � , 6/6�3 � 4 410�,/2/. . � 3 2/, �g� 7/2/. 0 � 3 ./7 � � ./2/4 0�6�3 ./,
8�9�:;6 60 � 7�6 .10 � 7/2 4 � 3 � 2 � 2 � .�6 5 � 3 0�7 � 5 � 7�6 5/,�3 7 � 4/4/4/2 � ,/4�3 0�7 �g� 210 � 0�6�3 2/,
8�9�:-, 60 � 7 � 4/4/7�6/6 , � 3 ./2 4/5 � ,/, 6/6�3 0�7 4/. � ,�6 , � 3 7�6 � 2 � � 6 5 � 3 5�6 � 4/7/2�6 0�4�3 617
8�9�:-5 , � ./,/. 4/7/4/,/2 6 � 3 2/7 4 � 61410 ,/7�3 61. � ,/210�5 5/2�3 60 4 � ,/4/4 ,10�3 4/5 �g� .�612 0/0�3 615
8�9�:M0 ,�617 � � 410 � 2�6 , � 3 510 4�6 � 2 � ,/,�3 7/5 � 0�.10/0 5/2�3 ./, 4/4/7 � � ,/2�3 4/7 �g� 0�5/5 0�2�3 ,10
8�9�:-2 ,10/0�4 � 6/61./,/2 4/.�3 � , 4�612 � 7 ,10�3 � 4 4 � 6/6/6 5�6�3 ,/2 � ./7/4 � 0�,�3 2/2 � 7�6/6 � 5/5�3 ./4
8�9�:-7 ,/7/5 � 6 6 � � 4/. ./4�3 2/, ./5 � 5/4 ./7�3 617 4/,/5/2/4 ,/5�3 7 � � 612/./2 0�,�3 � � � 614/510 0�5�3 � 5
8�9�: � � 0�./5/, � 6 � , �g� 61.�3 5/. ./7�617 � 615�3 ./2 ././210�6 ,�6�3 � � 4/./5/7/. 510�3 2/. � 7 � 5�6 0�6�3 �g�
����� 3 @ @ ./5�3 510 @ 617�3 612 @ ,/,�3 614 @ 5/,�3 5�6 @ 5/7�3 710
���	� +<: @ @ � � 3 7/4 @ .�6�3 � � @ 4�6�3 � 7 @ ,/4�3 0�7 @ ,�6�3 410
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Lm),+O)�-.GH<0E9dH#P'*);3�E9-.GH29IR%9-.),E934>C+*#&2439>C< 'O),-`'�%$#P'O'O),+.29-cGH2�>C+.39),+r'*>RF7#P%4'*E9+.)s'*!9)12qE9<cz
SK),+N>&@�'*+*#P29-OGu'*GH>&29-D>(F;F,E9+.+OGQ29I�GH2R'*!9)�F;GH+OF;E9GQ'N34E9+OGQ29I�)7#&Fp!�F,dH>?Fp�hY8 ">CdHE9<e2�/�GQ2ynj#&S4dH)
� Y 5J-.!9>MLb-r'O!9)8<8#X|(GH<oE9< 2qE9<oSw);+r>&@m'*+O#&29-OGu'*GQ>C29-D%K),+�F,dH>?Fp�U@B>C+N),#&Fp! 39);-OGQIC2 Lb!4),2�#
-.'*#&293$#P+O3 -.F7#&2�#&+OFp!9Gu'*);F;'*E4+O)8L"#&-rE9-O);3�Y�ni!9)8@B>CdQdH>MLbGH24I1F,>CdQE9<824-�I&GQ6C)�'*!4)W<8#X|(GH<0E9<
2qE9<0SK),+T>&@j'O+*#&29-.GQ'OGH>C29-b%K),+TF,dH>?Fp� � �E<�
 �i#&293{'O!9)o+.),dH#P'*Gu6C)�+O),34E9F;'OGH>C29-o�/P ��+ " �bLbGu'*!
+O);-O%K),F='"'*>N'*!4)V6P#&dQE9),-�GH2eF,>CdQE9<e2s/(_q>CS('p#&GQ29),3�LbGQ'O!e'O!9)T%4+O>C%K>C-O);3s-OF,#&2WFp!9#&GH2W#&+OFp!9Gu'*);F=z
'*E4+O)ALbGQ'O!1'\L">c'*>�-.Gu|1-.F7#&2�-.),IC<e),2:'*-;Y 	$>C+")=|4#&<e%9dH)P_(@B>C+aF;GH+.F,E9Gu'i-*57G � G&^9_4'O!9)D%9+.>C%w>&-O),3
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#%$'&)(+*',.-/&1032/(4*'5768&.9:03*'6<;>=?-A@B=?-DCE03F'G+&H&IG4&.,JCK-/=?*'(4,I2 L (+CL$<&JMNCK&I*'6'&I6OFP0QCLCK&I-/RSG4(+;>&T03*'6
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;d03,JCK=?-/2e(4*fCK=N6P01RUgh2e2/&.9i(4,I=?*'6'[',JCK=?-e(4*'6'[82/CK-DR?j�kl2�0l-/&.2/['G+C.m39i=?2/Ce(49i@U=?-DCE03*nCo,.=39:9i&.-/,.(p0qG
rDst68&.2L(+5?*uCK=N=?G42v;>&.0qCK[8-L&w@U= L &.-x=?@8CL(49i(42L0qCK(+=?*X,10q@P03F'(+G4(+CL(4&I2.jzy�*'2/['-L(+*'5{@'-L=N6'[',JC}|N['03G4(bC~R
(42o03*8=3CK$'&I-�V3&IR�&IG4&.9i&.*nCo;>=?-]9i&.&ICL(4*'5xCK$8&�2/$'=?-DC�CL(49i&J��CL=q�~9:03-/V3&IC L (4*'6'= L 2�03*'6f2L['-Dac(baN(4*'5
CK$8&X035?53-L&.2/2L(ba?&A,I=?9i@U&JCK(+CL(4=?*�=?*�CK$7rDs�9:03-/V3&IC.ju#%$'&.-/&I;>=?-/&3meCL&.2/C�(42f0T*'&I,.&.2/2K03-DR�2DCK&I@
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