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BDCAE F�GIHKJMLON	P8Q 2 LIG 7
RTS:U�VXWZY[S]\_^	`ba�\_S]S]`dcZ\_e�\fV4`hg_ijWke�\la�\_S]Sj\nmX\_oqp�\_e�gf\na�isrtWkS]Su`Zp�a�WvUK\fVwp�exrfijV4rfp�i]yzWva�ijckijyX`ZSj\nV4`hU�{
U�VX\_mz\_eqyX`|p�e}U~p�e�yzW|rt\_eqyzV4`ZSj\be�\_S]S���`Z^DY[ijyzW�a�\_S����������]�����smXi]`�UK\fV�S]\nV4i]S]\f��`ZeqyXisU�V4WZY[Sj\_^	`hyXi]rA��\
yz\fWZV4i]rA��\DrA��\wmXiMi]e[rtWke�yzV4`Ze�W	e�\_S]SjW	mz��i]S]p�U�UKWDa�iM`Za�\fckp[`hyXi6`ZSjcZWZV4i]yX^	i���mXi]`8UK\fV4rA�K�\OUKWke�\Oi]^�UKWZVz{
yX`Ze�yXi�rtWke�a�ijg_i]Wke�`Z^�\_eqyXiMmXp�S]S]`�U�V4WZcZ\fyzyX`hg_ijWke�\DmXyz\_mXmX`	a�\_iMrfi]V4rfp�ijyXis��i]edyz\fVA^	i]e�iMa�iM`hVAr4��ijyz\fyzyXp�V4`
\wa�iMmXiue�yz\_mXi��A�
��\_SMa�\_mXrtV4ij�Z\fV4\�S]\IU[VXW�rt\_a[p�VX\�a�i�cZ\_e�\fV4`hg_ijWke�\Oa[i~�Z\fyzyzWZVAiMa�iKrtWkS]S]`Zp�a�W���mXi� �`hV��`8V4ij �\fV4i]^	\_e�yzW

`ZS]SjW¡mXrA��\_^	`�rtWke�rt\fyzyXp�`ZSj\�i]e�yzV4W�a�WZyzyzW¡e�\_S�¢%`hU6�£mXp[S]S]`¤m4i]^Dp[S]`hg_ijWke�\%a�iqckp�`ZmzyXi���iueDrfp�i�mXi��Z\fV4i]¥[rf`
r4��\Di]SMrfijV4rfp�i]yzW	mXi]`8U�V4i]�ZW8a[iKckp�`ZmzyXi��
R¦e§U[`hVXyXi]rtWkSu`hVX\Z��i]S¨U~p�e�yzWva[i¨U[`hVXyz\_e�g_`bUK\fVwSu`b^	`hcZckijWZVwU~`hVXyz\	a�\fckS]i?`ZSjcZWZVAijyX^	isa�i¨cZ\_e�\fVz{

`hg_ijWke�\/`Zp�yzWk^	`hyXi]rf`Ia�ih�Z\fyzyzWZV4i�a�iZrtWkS]Su`Zp�a�WD��a�\f¥~e�ijyXiZrtWk^�\�WZV4ij\_eqyX`hyXiq`ZiZckp[`ZmzyXi��Z©�ª�«k¬­�­®­¯±°4�²��������³��
�\�p�e�`lS]i]mzyX`la�i�ckp�`ZmzyXi?a�`´V4ij�Z\_S]`hV4\Z�KrA��\d�\�WZyzyz\_e�ijY[iuSj\Da�`ZSuS]`na�\_m4rtV4ijg_ijWke�\8a�\_S¨rfijV4rfp[ijyzWla[ijckijyX`ZSj\
\´a�`�p�e}p�exi]e�mXi]\_^�\�a�i:^�W�a�\_S]Sui£a[isckp�`ZmzyzW��v��\_SscZ\_e�\fV4`hVX\n�Z\fyzyzWZVAi/a[isrtWkS]S]`Zp�a�WvUK\fVwoqp�\_mzyXi
ckp�`ZmzyXi���mXi£V4i]rt\fV4rf`bp�e|rtWk^�U[VXWk^�\_mXmzWbWZyzyXiu^	`ZSj\8 ²VA`liuS£rtWkmXyzWµa�\_S]Sj\�WZUK\fV4`hg_ijWke�i¨e�\_rt\_m4mX`hV4ij\8UK\fV
cZ\_e�\fV4`hVX\D\_aµ`hU�U~S]i]rf`hVX\OiM�Z\fyzyzWZVAi�a�i:�����_�s\�S��¶\f·nrf`Zrfi]`	a[iMyX`ZS]i¸mz\_o�p�\_e�gf\Z��^	i]mXp�V4`hyX`	i]edyz\fV4^ni]e�i
a�iMrtWZUK\fVXyXp�V4`��
¹:iX�p*i]e*a�\fyzyX`hckS]ijW��%i]S.rtWkmzyzWºU[p��W§\_mXmz\fV4\bV4i]rtWke�a�WZyzyzWx`§a�p�\byz\fV4^	iue�i��:i]S/U�VAi]^�W§a�\_i.o�p�`ZS]i

�\nrtWkmzyXijyXp[ijyzWva�`Zi¨yz\_^�U[i:a�i?rf`ZS]rtWkSjWµe�\_rt\_mXmX`hV4i¨UK\fV¡cZ\_e�\fV4`hV4\nS]`bmz\_o�p�\_e�g_`va[i?rtWkS]S]`Zp�a�W���^�\_e�{
yzVX\di]S:mz\_rtWke[a�Wx�\ba�`hyzW|a�`ZSsyz\_^	U�W|e�\_rt\_mXm4`hV4ijWµUK\fV8rtWkS]S]`Zp�a[`hVX\np�e»rtWk^�UKWke�\_eqyz\la�p�V4`Ze�yz\lS]`
U�VXW�a�p�g_ijWke�\Z��rA��\n�\OyXi]U[i]rf`Z^�\_eqyz\¡U�VXWZUKWZVXg_ijWke[`ZSj\¡`ZS¸eqp[^�\fVXW	a�iK�Z\fyzyzWZV4i�a�iMrtWkS]S]`Zp[a�W��½¼
¾­¿�À¦Á�ÁÃÂ?Ä­ÀTÅAÆ­ÇÃÂ:ÈTÁÉÂ4Ê�Ê�Ç�ÈzÂ/Ë�À¦ÁhÈ¦ÅAÁÃÁÃÂ4ÌhË±Å�ÁÃÂsÊ�ÀTÈ¦Å�Í�Ë�ÂsÈ¦Å�Î.ÏZÅAÍ�À¦ÍfÄ­À6Ë±À¦Á�È¦Å�Ê�Ä­Å@ÐÀ�Ê�ÀTÎ.Ï±Æ­À¸Ê�Ä�Â4Ä�ÂsÈ¦Å�Í±Ê�ÇÃË±ÀTÆ�ÂXÄ�Â:È¦ÅAÎ.À
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Ú�`lp�evU~p�e�yzWla�iM��i]mzyX`nyz\fWZV4i]rtW��Moqp[i]e�a�i���S��¶WZY~ij\fyzyXij�ZWnU[V4i]e�rfijU~`ZSj\Oa�`	VA`hcZcki]p�e�cZ\fVX\n�\�o�p�\_S]SjW
a�i�cZ\_e�\fVA`hVX\Omz\_o�p�\_e�gf\Oa�iKS]p�e�ck��\fgfg_`8^	i]e�i]^n`OUK\fV.p�eba�`hyzW��h`ZSjWZVX\¡a�iKrtWZUK\fVXyXp�V4`8mXp�SuS���i]e�mXi]\_^�\
a�i�ckp�`ZmXyXi�rtWke�mXi]a�\fV4`hyzW��?Û!rf`Zp�m4`¡a�\_S]S]`�cZV4`Ze�a�\@rtWk^	U[Sj\_mXmXi]y±�`Ia�\_i�rfijV4rfp�ijyXi�rA��\@��`¡mz\_e�mXWOrtWke�mXi]a�{
\fV4`hV4\Z��oqp�\_mzyX`�WZUK\fV4`hg_ijWke�\@a�\f�Z\.\_m4mz\fVX\@mz�ZWkSjyX`wi]e8^�W�a�WO`Zp�yzWk^	`hyXi]rtW���^�\_a�i]`Zeqyz\@`ZSjcZWZV4ijyX^ni�rA��\
e�\_S�SjWZVXWniue�mXij\_^�\OrtWkmXyXijyXp�i]mXrtWke�WnckS]i�mzyzV4p�^�\_eqyXiMUK\fV�Su`�cZ\_e�\fV4`hg_ijWke�\�`Zp�yzWk^n`hyXi]rf`´a[i¸mz\_o�p�\_e�gf\
a�iMrtWkSuS]`Zp�a�Wv��Ü¤Ý¨Þ Õ�ß Ü8«���¯�×nª�����Ø�Ý~���_�:Þ¨ª��z���A°A� Õ ���~�A°�ª���¯±°��A�
Û*o�p�\_mzyzWIU�VXWZUKWkmXi]yzW���W�rfrtWZVXVX\/V4i]Sj\f�h`hVX\:rtWk^�\%S]`¤V4i]rt\fV4rf`�a�i�mz\_o�p�\_e�gf\/a�i�Sup�e�ck��\fgfg_`�^	i]e�i]^n`

mXiu`Oyz\fWZV4i]rf`Z^	\_e�yz\OrtWke�rt\fU~ijY[i]Sj\Z��^	`�i]enU[V4`hyXi]rf`�e�Wked`�à�VXWkeqyX`hY[i]S]\Ia�`ZS~U[p�eqyzW8a�i���i]mzyX`�a�\_iKrtWkmzyXi
a�iMrf`ZSurtWkSjWn`Ze�rA��\OUK\fV@rfijV4rfp�i]yXi�a[i¸a�i]^�\_e[mXijWke�i�^�\_a�ij\Z�
á \8o�p�i]e[a�i�Su`dV4i]rt\fV4rf`da�\_S]Su`lmX\_oqp�\_e�g_`ba�i?rtWkS]S]`Zp�a�Wda[i£Sup�e�ck��\fgfg_`b^	iue�i]^	`´e�Wke§��ij\_e�\Z�¸i]e

cZ\_e�\fVA`ZSj\Z��UK\fV4mX\fckp�ijyX`��/�Z\_e�cZWke�WxrtWk^�p�e�o�p�\bU�V4\_mXi.`ZrfrtWZVXcki]^�\_eqyXi@UK\fV	VAi]a�p�VXV4\lS]`§Sup�e�ck��\fgfg_`
a�\_SuS���i]e�mXi]\_^�\/a[i��Z\fyzyzWZV4i~cZ\_e�\fV4`hyzW��:â�V4`Do�p�\_mzyXi~`ZrfrtWZVXcki]^�\_eqyXi�^�\fV4ijyX`O^	\_e�g_ijWke�\I��`OS���p�mXWwa�\_S]Sj\
ijUKWZyz\_mXiKi]eqyzVXW�a�WZyzyz\Oe�\_S¸rf`hU~ijyzWkSjW	mXp�iK^�W�a�\_S]Sui�a[i~ckp[`ZmzyzWnrtWk^�\Z��`Zab\_mz\_^�U[i]W���oqp�\_SuS]`Da[iKckp�`ZmzyXi
mXiue�cZWkS]ih\:UK\fV4^n`Ze�\_e�yXi­��e�Wke[r4�M�\�a�\_S]Sj\:rtWke�a[ijg_ijWke�iZa�iqa�Wk^	i]e[`Ze�g_`. �V4`@ikckp[`ZmzyXi���Ú�`Ioqp�\_mzyzW¤U[p[e�yzW
a�ik��i]mXyX`����\%S���p�yXi]SuijgfgfW@a�\_S]S]`.m4i]^Dp[S]`hg_ijWke�\sa�i�ckp�`ZmzyzW�r4��\/rtWke�mz\_eqyz\/p[e�`@e�WZyz\f�ZWkSj\%rtWk^�U[`hyzyX`hg_i]Wke�\
a�\_SuSj\¡mz\_oqp�\_e�gf\wa�iMrtWkS]Su`Zp�a�W8cZ\_e�\fV4`hyz\Z�
R¦e� �`hyzyXi���U�\fV�WZcke�i�ckp�`ZmzyzW8e�Wkel`Ze�rtWZV4`�V4ij�Z\_S]`hyzW���ckS]i�`ZSjcZWZV4ijyX^ni[r4��\��Z\fVXVA`Ze�e�W8i]S]S]p�mXyzV4`hyXi�e�\_S

mz\fckp[ijyzWwcZ\_e�\fVA`Ze�W�p[e�WwW�U[iX�p��Z\fyzyzWZVAi�a[i[rtWkS]S]`Zp[a�WDi]encZV4`Za�W�a�i�V4i]�Z\_S]`hV4SjW�ãqyX`ZS]i[�Z\fyzyzWZVAi�m4`hV4`Ze�e�W
yXijU~i]rf`Z^�\_eqyz\li]eºcZV4`Za�W§a�i:V4ij�Z\_S]`hVX\d`Ze�rA��\´ckp[`ZmzyXi%a�ij�Z\fV4mXi�a�`ZS]S��¶WZY~ij\fyzyXij�ZWµUK\fV8rfp�i/mzWke�W§mzyX`hyXi
cZ\_e�\fVA`hyXi��6ckp�`ZmXyXi?r4��\	UKWkmXmXWke�Wb\_mXmz\fVX\	iue�a�ij��i]a�p�`hyXi�^�\_a�i]`Zeqyz\	mXi]^�p�S]`hg_i]Wke�\�i]e§^�W�a�Wba�`be�Wke
V4iur4��ij\_a�\fVX\¡S]`8cZ\_e�\fV4`hg_ijWke�\wa�iMp�Sjyz\fVAijWZV4i��Z\fyzyzWZV4i��
��\_S�SjWZVXW¡rtWk^�U[S]\_mXmzW��k`ZSjcZWZV4i]yX^	iqrA��\.WZUK\fV4`Ze�W�e�\_S�^�W�a�WIa�\_mXrtV4ijyzyzW¡i]eDU�VX\_rt\_a�\_e�g_`��Z\_e�cZWke�W

a�\f¥~e�ijyXi£rtWk^�\ºäza�\fyz\fV4^ni]e�i]mzyXiurfi]å��¸i]e|oqp[`Ze�yzWvWZcke[i?�Z\fyzyzWZVX\n��ij\_e�\8cZ\_e�\fVA`hyzW�mXp�SuS]`nY~`Zmz\	a�i?p�e
U�V4\_rfi]mzWbWZY[ij\fyzyXi]�ZW��d��\fckS]is`ZS]cZWZV4ijyX^	isa[i?yXijUKWvrf`ZmXp�`ZSj\æ��°Aªh�K³�¯�×´�A�¨i]eq�Z\_rt\Z�£i:�Z\fyzyzWZV4i��Z\_e�cZWke�W
cZ\_e�\fVA`hyXi¡i]e�^	`Ze�ij\fV4`»rf`ZmXp�`ZS]\æ¥~e�W*`ZS�VA`hcZcki]p�e�cki]^	\_e�yzW*a�i�p�e�a�`hyzWç�h`ZSjWZVX\§a�i�rtWZUK\fVXyXp�V4`��
a�\fyz\fVA^	i]e�`hyzW�^�\_a�i]`Zeqyz\�S]`wmXi]^�p�S]`hg_ijWke�\�a�i�ckp�`ZmzyzW���è�enyXijU[i]rtWwm4r4��\_^	`DUK\fV�S]`OcZ\_e�\fV4`hg_ijWke�\�a�i
�Z\fyzyzWZV4i�a�iMrtWkS]S]`Zp[a�Wd�\wi]S]S]p[mzyzV4`hyzW�i]ebâ¨ijc���é�� Ñ �
¹£\fVno�p�`ZeqyzW}V4ijckp[`hV4a�`æckS]i.`ZSjcZWZV4i]yX^	i.r4��\µ�Z\fVXV4`Ze�e�W}iuS]S]p�mzyzVA`hyXi/e�\_S.mz\fckp�ijyzW��%mXi.e�WZyX`}rA��\

o�p�\_mzyXiM �`Ze�e�WnV4ij �\fV4i]^�\_eqyzW�`np�eviue�mXij\_^�\¡a�i¸ckp�`ZmzyXi6a[iKU[`hVXyz\_e�g_`nWZyzyz\_eqp�yXi�a�`	a�i]�Z\fV4mXiM^�W�a�\_S]S]i
a�iKckp[`ZmzyzW���\w`	p[ebS]ij�Z\_S]SjW�a�iMa�\_mXrtV4ijg_ijWke�\�a�\_S¸rfijV4rfp�i]yzW��
Û,oqp�\_mXyf��p�SjyXi]^�WwV4ijckp�`hV4a�W���mXiue�WZV4`wmXWke�W�mXyX`hyXi�mX��i]Sup�U�U[`hyXi�`ZSjcZWZVAijyX^	i�a�i�cZ\_e�\fVA`hg_ijWke�\¡`Zp�yzWh{

^	`hyXiurf`Da�i[�Z\fyzyzWZV4iMa�i~rtWkS]S]`Zp�a�W�`wU~`hVXyXijVX\¤a[`ZS~S]i]�Z\_S]SjWw�_ê:�­�TØTë´¥[e�W�`Do�p�\_S]SjW�rtWk^�UKWZVXyX`Z^�\_eqyX`ZSj\Z�
¹£Wki]rA�K�\Ii�U�V4i]e�rfi]U[i�Y[`Zmz\¤a�i�yX`ZS]i�`ZSjcZWZV4i]yX^	i�mzWke�WDrtWk^Dp�e[i�UK\fV:i�a�i]�Z\fV4mXi�S]i]�Z\_S]S]i�a�i�a�\_m4rtV4ijg_ijWke�\

rfijVArfp�ijyX`ZSj\Z��rtWke���ij\_e�\8rtWke�mXi]a�\fV4`hVX\8i]S6rf`ZmzWdU[iX�pµmz\_^�U~S]i]rt\wrtWkmzyXi]yXp�ijyzWda�`nckp[`ZmzyXi¨a�i¸yXijUKWl�_�X«�Øíì�®
ª��@iue}rfijV4rfp�i]yXi£a�\_mXrtV4ijyzyXis`µS]ij�Z\_S]SjWl�qª����±�br4��\Z�£`Ze�`ZS]WZck`Z^�\_e�yz\l`vo�p�`Ze�yzW���iumzyzWve�\_Ssrf`ZmzWæa�\_S]S]`
mXiu^Dp�Su`hg_ijWke�\¡a�iKckp�`ZmzyzW��6�\w`Ze�r4��\wi]SKU[iX�pda�ijàKp�mXW��
ÁÃÂ�Ï�Ç�ÐÌDÇ�Î.ÏZÅAÆ�Ä�ÂAÍfÄ­À�îsï£Ç~ðfÌ±Ç�Í�Å4Ä­À¦ñtÅ�Á�Ç�Ê�ò½Å4Æ­ó¦Ç[ÏZÀTÆ?Î.Ç�Í�Ç�Î.Ç�ó¦ózÂXÆ­À/Ç�Á�Í�Ì±Î.ÀTÆ­Å¤Ë±Ç�ñtÀíÄ�Ä­ÅAÆ­Ç[Ë±Ç�È¦ÅAÁ�ÁÉÂ4ÌhË�Å±î%ô²Í¡Æ­ÀzÂAÁ¶Ä4ÐÂ�õ
ðfÌ�À¦Ê�Ä­Å6Æ­ÇÃÎ@Â4Í�ÀMÊ�À¦Í±ó�ö ÂAÁ¶Ä�Æ­Å?ñtÀTÆ­Å£ÇÃÍ�È¦Ç¶Æ­È¦Ì�Ç¶Ä­Ç±Ï±Æ­Å_Ë±Å4Ä�Ä­Ç±Ê�Ì�ÁÃÂ4Æ­÷tÂ?Ê�ÈzÂ4ÁÃÂ�õfÎ@Â6ÇÃÍ%Ë±ÀTÄ­ÀTÆ­Î.Ç�Í�Â4Ä­ÀMÂ4Ï�Ï�Á�Ç�ÈzÂ4ó¦Ç�Å�Í�Çqø]ù¨ú_ô�ûMüíõ
Ç�Í.È¦Ì�ÇhÊ�ÅAÍ�Å:Ç�Ä­À¦Î.Ï±ÇhË±Ç�Ê�ñ�Ç�Á�Ì�Ï±ÏZÅsË±À¦Á�Ï±Æ­Å_Ë±Å4Ä�Ä­Å:Â�Ë.À¦Ê�Ê�ÀTÆ­À�ÈTÆ­Ç¶Ä­ÇÃÈTÇ]õ�ÁÃÂ?Ï±Æ­ÅAÊ�ÏZÀTÄ�Ä­Ç�ñ�Â?Ï�Ì�ÐÅsÈzÂAÎ�ý�ÇÃÂ4Æ­À¸Æ�Â�Ë�ÇÃÈ¦ÂAÁ�Î.À¦ÍfÄ­À�î
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no     

no  

lista di guasti
descrizione     
del circuito 

modelli di guasto

seleziona un
nuovo guasto

tenta di generare
un vettore di test  

si    

esiste?

simulazione
di guasto

lista di guasti        
vuota        

si      

esce con la
sequenza di test

â¨ijckp�V4`%é�� Ñhÿ�� ijU[i]rtW.mXrA��\_^	`�a�i��[p�mXmXW.U�\fV¸p[eO`ZSjcZWZV4ijyX^	W¤a�ihcZ\_e�\fV4`hg_i]Wke�\:a�iZ�Z\fyzyzWZVAi�a�iZrtWkS]Su`Zp�a�W
WZV4ij\_eqyX`hyzWv`Zi6ckp[`ZmzyXi��¡ÚIWZU�Wdr4��\l�\�mzyX`hyX`dcZ\_e�\fVA`hyX`lp[e�`´mX\_oqp�\_e�g_`´a�i£rtWkS]S]`Zp[a�WnUK\fV�i]S¸ckp�`ZmXyzW
åhWZY[ij\fyzyXij�ZWkå��DS]`çmXi]^�p�S]`hg_ijWke�\§a�\fyz\fVA^	i]e�`çmz\}`ZSjyzVAi�ckp�`ZmzyXiOmzWke�W mzyX`hyXi¡V4i]�Z\_S]`hyXi¡a�`ZS]S]`çmzyz\_m4mX`
mz\_o�p�\_e�g_`��n¢/Wk^�\�mXi¨�Z\_a�\	Su`´cZ\_e�\fV4`hg_ijWke�\	a�i£�Z\fyzyzWZV4i:a�i¨rtWkS]S]`Zp�a�WdUK\fV¡p�e§a�`hyzWbckp�`ZmXyzWbU[p��W
e�Wke§`_�Z\fV4\	mXp�rfrt\_mXmzWbUK\fV4rA�K�\ ÿ `��IiuS6ckp�`ZmXyzWve�Wke»�\�V4ij�Z\_S]`hY[iuSj\Zã~YK�¤iuS�rtWkmzyzW�a�i6yX`ZS]\�WZU�\fVA`hg_ijWke�\
V4i]mXp[SjyX`�\_rfrt\_mXmXij�ZW��

R¦e´o�p�\_mzyX`DyzV4`hyzyX`hg_ijWke�\��Z\fVXVh�`DrtWke�m4i]a�\fV4`hyzW�U�V4i]^n`Oi]S�rf`ZmzW�a�i~rfijV4rfp�i]yXi[rtWk^DY[i]e�`hyzWZV4i[UK\fV�UKWki
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\fV4`hg_i]Wke�\µa�i%�Z\fyzyzWZV4iIa�i.rtWkS]Su`Zp�a�W§\_a �\æi]e*U�V4`hyXiurf`§oqp�\_SuSjW}r4��\�a��`}S]p�WZcZWx`ZS@^	`hcZckijWZVlrtWkmzyzW



Ó�Ô»Õ �����A°Aª�Ö_�²¯��~�¡ª�«���¯�×nª�����ØAªl³q�?Ù����z��¯±°A�s³q�£Ø�¯�¬u¬uª�«�³�¯ (

stuck-at-1

a     

b   

c   

d   

e   

f   

g        

h          

i       

l       

m      G1  

G2  

G3  

G4  

G5  

â¨ijckp�V4`¤é�� Ò�ÿ #�mz\_^�U[ijW�a�iZcZ\_e�\fV4`hg_i]Wke�\/a[i�p�ew�Z\fyzyzWZVX\.a�ikrtWkS]S]`Zp[a�W�i]ewp�ewrfijVArfp�ijyzW�rtWk^DY[i]e[`hyzWZV4ijW
U�V4ij�ZW�a�i?V4i]rtWkeq�Z\fVXcZ\_e�gf\da�is©�ªh�[®­¯�«��¦�d¹£\fV�`hyzyXi]��`hVX\li]S?ckp�`ZmXyzWx�\´e�\_rt\_mXmX`hV4ijWµU�WZV4yX`hVX\´S]`µS]i]e�\_`
) `ZS¤�h`ZSjWZVX\��»e�\_S�rfi]V4rfp�ijyzWxU�V4ij�ZW»a�i@ckp�`ZmXyXi��¤^�\_eqyzVX\|S]`}U�V4WZU[`hck`hg_ijWke�\æV4i]rA��ij\_a�\+*-,.�x\
/ , Ñ � ) ,0�nU~p��Wn\_mXmX\fVX\Dckiup�mzyXij¥[rf`hyzWli]^�UKWke�\_e�a�W2143�56, Ñ �K^	\_e�yzVX\ / , Ñ �\8cki]p�mzyXi]¥[rf`hY[i]Sj\
i]^�UKWke�\_e�a�WO`Zan\_mz\_^	U[ijW'78,9���%��p�iue�a�i�`hU�U[Sui]rf`Ze�a�WOi]S��Z\fyzyzWZVX\ ÑZÑ �:��;+;�mXi[V4ij\_mXrt\I`OV4i]�Z\_S]`hVX\
i]SKckp�`ZmzyzW��

rtWk^�U[p�yX`hg_i]Wke�`ZSj\Z�

G1

G2  

G3  

G4  

G5

a  

b  

c  

d  

e  

f  

g  

h  

i  stuck-at-0

â¨ijckp�V4`¤é��Ãþ ÿ #�mz\_^�U[ijW�a�iZcZ\_e�\fV4`hg_i]Wke�\/a[i�p�ew�Z\fyzyzWZVX\.a�ikrtWkS]S]`Zp[a�W�i]ewp�ewrfijVArfp�ijyzW�rtWk^DY[i]e[`hyzWZV4ijW
rtWke V4i]rtWkeq�Z\fVXcZ\_e�gf\§a�i¤©�ªh�[®­¯�«��¦��¹£\fVb`hyzyXij��`hV4\æi]S¤ckp�`ZmzyzW �\§e�\_rt\_mXmX`hV4i]WxUKWZVXyX`hVX\æS]`ºSui]e�\_`=<
`ZS.�h`ZSjWZVX\ Ñ e�\_S¤rfijV4rfp�ijyzW|U�VAij�ZW}a�i%ckp�`ZmzyXi­��yX`ZSj\b�h`ZSjWZVX\}�\µcki]p�mzyXij¥~rf`hY[i]Sj\da�`ZS]S���`Zm4mz\fcke�`Z^�\_eqyzW
5>,?���@$µ\_eqyzVX\�S]`|U[VXWZU[`hck`hg_ijWke�\bU~p��W§\_mXmz\fVX\µ �`hyzyX`§Wx`hyzyzV4`_�Z\fV4mXWBADC W6ADE ÿ e�\_S%U[V4i]^�W
rf`ZmzW �\bV4iur4��ij\_mXyzWF1G, Ñ �%^	`|yX`ZSj\v`ZmXmX\fcke�`Z^�\_eqyzWxi]^�U~S]i]rf`+5�, Ñ \+HI,?���/o�p�\_mzyf��p[SjyXi]^�W
��`ZS]WZVX\wi]^�UK\_a�iumXrt\�UK\fV��W´S]`8U�VXWZU[`hck`hg_i]Wke�\wa�\fckS]iK\tàK\fyzyXi£a�\_SKckp�`ZmzyzWl`hyzyzV4`_�Z\fV4mXW+AKJM� �# o�p�i]e�a�i
e�\_rt\_mXmX`hVAijW	rf`Z^wY~i]`hVX\OS]`�mXrt\_S]yX`� �`hyzyX`	\¡U�VXWZU[`hck`hVX\¡ckSuiK\tà�\fyzyXi�a�\_SKckp�`ZmzyzW	`hyzyzV4`��Z\fV4mzWLAME6��rfií�W
V4i]rA��ij\_a�\ON ,-Pær4��\n�\Dcki]p�mzyXi]¥[rf`hyzWna�`Q1�3�7=,-���R1D,S�	i]^�U~S]i]rf` ) , Ñ ã~yX`ZSj\w�h`ZSjWZVX\DrtWke�mz\_eqyz\
rtWk^Dp[e�oqp�\wS]`8U�VXWZU~`hck`hg_ijWke�\Oa�\fckS]i¸\tà�\fyzyXi�a�\_SKckp�`ZmzyzWl`hyzyzV4`_�Z\fV4mXWKATJ¸�
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rfijVArfp�ijyzWwa�`hckSui[i]e�cZV4\_mXmXi�\�a�`Zi[mX\fcke�`ZS]i�i]e�yz\fVAe�i�`Za´\_mXmzW�U�\fV�cZ\_e�\fV4`hVX\�`ZSjcZ\fY�VAi]rf`Z^�\_eqyz\Ii[�Z\fyzyzWZV4i
a�iMrtWkSuS]`Zp�a�W��
á i]`Ze�W��"xy,{z}| ¼ 3�|�~�3�����3�|����æ\L��,-Nq�Zx��K,{z}� ¼ 3��p~�3�������3��p���|i¤�Z\fyzyzWZV4i�a�\_S]Sj\b�h`hV4i]`hY~i]S]i.a�ii]e�cZVX\_mXmzWb\na�\_S]Sj\	p�mXrfi]yz\na�i?p�e}rfi]V4rfp�ijyzWvrtWk^DY[i]e�`hyzWZVAijWµi]e§rfp�i:mXi?��p�WkSj\	V4i]�Z\_S]`hVX\	S]`bU[VX\_mz\_e�g_`

a�i?p[e}ckp�`ZmzyzWæa�i¨yXijUKWµ�_�X«�Øíì�®�ª��¤mXpxp�e}mz\fcke�`ZS]\ni]eqyz\fV4e�WT�[� � `ZSj\nmz\fcke�`ZS]\Z�£mX`hVh�`µ`vmXp[`b�ZWkSjyX`
 �p�e�g_ijWke�\�a�\fckS]iMi]e�cZVX\_m4mXi���,G���Zx��A�
á WZyzyzW´o�p�\_mzyz\wijUKWZyz\_mXi­��mXiMU[p��WnyzVXW��h`hVX\DS­�¶\_mzU�VX\_mXm4ijWke�\¡r4��\�i]e�a�i]��i]a[p�`wS���iue�mXij\_^�\¡a�\_i¸�Z\fyzyzWZV4i

a�iIrtWkS]S]`Zp[a�Wxi]e!cZV4`Za�Wça�i�V4ij�Z\_S]`hV4\�yX`ZSj\æckp�`ZmzyzW��IyzV4`Za�p[rt\_e�a�Wçi]e \_mzU[VX\_mXmXijWke[i¤`ZSjcZ\fY�VAi]r4��\|Sj\
rtWke�a[ijg_ijWke�i�UK\fV@S���`hyzyXij�h`hg_ijWke�\wa�\_SKckp�`ZmzyzW´mXyz\_mXmzW	\wSu`8U�VXWZU[`hck`hg_ijWke�\Oa�\_i¸mXp�WkiK\tàK\fyzyXi��
R¦e�U[`hVXyXiurtWkS]`hVX\Z�h`ZiZ¥[e�iha�\_S]S­��`hyzyXij��`hg_i]Wke�\sp�e��Z\fyzyzWZVX\/a�iZrtWkS]S]`Zp�a�W@a�W���V��`.mzW�a�a�i]mX �`hVX\?S��¶\_o�p�`hg_ijWke�\

���Zx��k, Ñ�� ����e�\_S6rf`ZmzWna�iKckp�`ZmXyzW´a�iKyXijUKW��_�X«�ØTì�®�ª��­®����f���A�
¹£\fV�oqp�\_S]SjW	r4��\DV4i]ckp�`hV4a�`�S]`	U�VXWZU[`hck`hg_ijWke�\�a�\fckSuiM\tà�\fyzyXi­�£�\�e�\_rt\_mXmX`hV4i]W´r4��\DS]`´S]i]e�\_`��bmXi]`

WkmXmX\fVX��`hY~i]Sj\d`Za `ZS]^�\_e�W§p�eçp�m4rfijyX`��p�va�\_S.rfijVArfp�ijyzW|UK\fV8Su`æo�p�`ZSj\ba�\f�Z\µ��`ZSj\fV4\dSu`�V4\_S]`hg_ijWke�\
�p���Zxd3��9,����%�S�p�q�Zxd3��9, Ñ �D, Ñ ��a�W±�Z\L�8,9Nq�Zxd3����z�	V4`hU�U[VX\_mz\_eqyX`}S]`}a�i]U�\_e[a�\_e�g_`|a�\_S]Sj\
p�m4rfijyz\Oa�`��lrA��\O��ij\_e�\¡��i]mzyX`�rtWk^�\w��`hV4iu`hY[i]Sj\¡i]e�a[ijUK\_e�a�\_eqyz\±�A�

�¡p�i]e�a�i­�hS­��i]e�mXij\_^	\/a�\_i[�Z\fyzyzWZV4i[a[i�rtWkS]S]`Zp�a�WOi]e�cZV4`Za�WDa�i�V4ij�Z\_Su`hVX\Z�kUK\fVs\_mz\_^�U~ijW��qp�e	ckp�`ZmzyzW
a�iKyXi]U�W��_�X«�Øíì�®�ª��­®��´�\DrtWkmXyXijyXp�ijyzW	a�`Zi¸�Z\fyzyzWZV4i6rA��\wmzW�a�a�i]mX �`Ze�W8S]`8VX\_Su`hg_ijWke�\ ÿ

���Zx��[���Z�p���Zxd3��Q,��������p���Zxd3��Q, Ñ �z�k, Ñ ��é�� Ñ �
��\_S]S]`ºmXp�`|�Z\fV4mXi]Wke�\µWZV4i]cki]e�`ZSj\Z�/oqp�\_mXyzWx^�\fyzW�a�Wº\fVA`}S]i]^	i]yX`hyzW}`ºrfijV4rfp[ijyXi.a�i@a�iu^�\_e�mXijWke[i

\_mzyzV4\_^	`Z^�\_eqyz\:V4i]a�WZyzyz\:`@rf`Zp�mX`�a�\_S]S���iu^�UKWkmXmXijY[iuS]i½y±�`sa�iZVA`hU�U�VX\_mz\_eqyX`hVX\s\_aO\_S]`hYKWZV4`hVX\:i]e¡^n`Ze�ij\fV4`
\f·nrfi]\_e�yz\�\_mzU�VX\_mXm4ijWke�iZYKW�WkSj\_`Ze�\Z��#�mXmzW�V4ij�Z\_mzyz\/`hyzyXp�`ZS]^�\_eqyz\/^n`hcZckijWZVX\�iu^�UKWZVXyX`Ze�g_`@i]ewoqp�`ZeqyzW
S]`�V4`hU[U�VX\_mz\_eqyX`hg_ijWke�\¡a�iK\_mzU[VX\_mXmXijWke[i[YKW�WkSj\_`Ze�\¡^�\_a�i]`Zeqyz\4�%ÚIÚ����%�]�~ª�°� D¡O��Ø4�]�X��¯��T¡I�²ª±�k°Aªh×´�
��`���iuedU[`hVXyz\Z��V4iumzWkSjyzW	o�p�\_mzyzW	yXijUKW�a�iKU�V4WZY[Sj\_^	i��
¢%Wk^�\�\_mX\_^�U[ijW�mXi[U~p��WDrtWke�m4i]a�\fV4`hVX\Ii]S[rfi]V4rfp�ijyzW�a�i[â¨ijc���é��Ãþ��/¢/Wkeli]S�ckp[`ZmzyzW�a�i�yXijUKW��_�X«�Øíì�®

ª��­®��DmXp�S]S]`8S]iue�\_`�<[�~`ZmXmzW�rfi]`Ze�a�W	p�e[`8��`hV4iu`hY[i]Sj\�YKWqWkS]\_`Ze�`�`	rfi]`ZmXrfp[eµmz\fcke�`ZS]\wS���p�mXrfi]yX`8VX\_`ZS]ijgfg_`
S]`8 �p�e�g_i]Wke�\ ¢�,-£"¤t¥ ¤6¦��[^�\_eqyzVX\�£�, �m§©¨_�gª��%��p�i]e�a[i~S��¶\_o�p�`hg_ijWke�\¡é�� Ñ `ZmXmXp[^�\OS]`8 �WZV4^	`

�m§«¨_� ª �z��¥O¤t¦��u� Ñ �X, �m§ ª ¤t¨ ª ��¥ ª ¦ ª 3 ��é�� Ò �
rA��\�V4`hU�U[VX\_mz\_eqyX`´U[VXWZU�V4ijWlS���i]e�m4ij\_^�\Da�\_i��Z\fyzyzWZVAisa�i¨rtWkS]S]`Zp�a�W§��¥�§©¨�¦T,��:�:�:��3�� Ñ �:��3��:� Ñ �q�

i]edcZVA`Za�Wna�iKV4i]�Z\_S]`hVX\�ckp�`ZmzyzWlijUKWZyXijgfg_`hyzW��
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�s��`ZSjcZWZVAijyX^�Wh{�Ú,�\%mzyX`hyzW�i]SZU�VAi]^�W¤^�\fyzW�a�WIi]eOcZV4`Za�WIa�ik ²WZV4e[ijVX\:p�ew�Z\fyzyzWZVX\.a�i�rtWkSuS]`Zp�a�W��hoqp[`ZSjWZV4`
\_mXi]mzyz\_eqyz\Z�@UK\fV´p[e a�`hyzW»ckp�`ZmzyzW»WZY[ij\fyzyXij�ZW»a�i.yXijUKWº�_�X«�Øíì�®�ª��d��mX\_^�U�VX\µe�\_S¤rf`ZmzWça�i@rfijVArfp�ijyXi
rtWk^wY~i]e�`hyzWZV4i²�A� ¹�\fVdS]`}a�\fyz\fV4^	i]e�`hg_i]Wke�\�a�\_SuSj\vrtWke�a�ijg_i]Wke�i@a�i�`hyzyXij��`hg_i]Wke�\�\�U�VXWZU[`hck`hg_i]Wke�\Z�
S���`ZSjcZWZV4i]yX^�W}p�yXi]S]i]gfg_`�p�eç �WZV4^	`ZSui]mX^�W|i]e*rfp�i%i]S.mXiu^wYKWkSjW�² V4`hU[U�VX\_mz\_eqyX`§i.rf`Z^wY~i]`Z^�\_eqyXi@a�i
��`ZS]WZVX\´a�\_SuSj\	S]i]e�\f\�a�W±��p�yXi:`ZS]S]`vU�VX\_mz\_e�g_`µa�\_S?ckp�`ZmzyzW��dR¦e}U[`hV4yXi]rtWkS]`hVX\Z�£p�e�`vS]iue�\_`b`ZmXmXp�^	\ni]S
��`ZS]WZVX\R²&mz\.e�\_S�rfijV4rfp[ijyzW�U[V4ij�ZW�a�i�ckp[`ZmzyXi���`ZS]\ Ñ \.i]e8o�p�\_S]SjW�ckp�`ZmzyzWO���d�6`�mXijyXp[`hg_ijWke�\/WZU�UKWkmzyX`
��i]\_e�\Oi]eq�Z\_rt\wa�\_e�WZyX`hyX`´a�`ZS¸mXi]^DYKWkSjW ²v�

!�SjyzV4\´`Zi:m4i]^wYKWkS]ik²�\ ²��Z\_e�cZWke�W|p�yXi]Suijgfg_`hyXisi���`ZSjWZVAisSjWZcki]rfi%�µ\ Ñ \li]S:mXiu^wYKWkSjWT; UK\fV
a�\_e�WZyX`hVX\DS]i]e�\f\¡i]SMrfp�i¸��`ZSjWZV4\Oe�Wke|�\D`Ze�rtWZVA`	mzyX`hyzW´`Zm4mz\fcke�`hyzW´a[`ZS]S���`ZSjcZWZV4i]yX^�W��

��p�\_mXyf��p�SjyXi]^�W§i]e[ijg_i]`µ`Zm4mz\fcke�`Ze�a�W}`ZS%�h`ZSjWZVX\K² ��e�\_S.rf`ZmzWºa[i/p[e»���X«�Øíì�®�ª��­®��±�	`ZSuS]`|S]i]e�\_`
mz\_a�\�a�\_S�ckp�`ZmzyzWd\�U�VXWkmz\fckp�\8U�V4WZU[`hck`Ze�a�WlyX`ZSj\���`ZSjWZV4\D�Z\fV4mXWdS]\�p�m4rfijyz\DU[V4i]^	`hV4i]\Z�[V4i]mXWkSj�Z\_e�a�W
rtWke�yz\_^	U�WZVA`Ze�\_`Z^�\_eqyz\�iKU�V4WZY[Sj\_^	iKa�iKcki]p[mzyXij¥[rf`hg_ijWke�\Or4��\wm4iKU�Wke�cZWke�W��
��\_S� �`hVX\doqp�\_mzyzW��sS���`ZSjcZWZV4i]yX^�Wh{�Ú�p�yXi]Suijgfg_`µp�ex`hU�U�VXW�rfrfijW� ²WZV4^n`ZSj\lrA��\lY�\_exmXi�U�VX\_mzyX`æ`Za

\_mXmz\fVX\}iu^�U[Sj\_^�\_eqyX`hyzWçi]e�p�e \f·nrfij\_eqyz\§U�VXWZcZV4`Z^	^n`xa�i�rf`ZS]rtWkS]W»\}rA��\|�Z\fVXV��`*i]SuS]p�mzyzV4`hyzW»i]e
mz\fckp�ijyzW´rtWkeµ^	`hcZckijWZV4\wa�\fyzyX`hckS]ijW��
Û&o�p�\_mzyzWdU�V4WZU�Wkm4ijyzW���rtWkeq��ij\_e�\�i]eqyzVXW�a[p�VXVX\w`ZSurfp�e�\8a�\f¥[e�ijg_i]Wke�i6rA��\8 �`Ze�e�W´V4i] ²\fV4iu^�\_e�yzWl`

rfp�Y[i��qW����Z\fVXW�`De�{­U[Sj\�a[i��h`ZSjWZV4i[a�\_S]S���`ZSjcZ\fY�VA`n����� Ñ ��;x�&²µ� ²d�A��rfi]`ZmXrfp[e�W�a�\_i[o�p�`ZS]i[rtWZV4V4i]mzUKWke�{
a�\_eqyz\w`	p�ebmz\fcke[`ZSj\wa�\_SMrfijVArfp�ijyzW	rtWke�mXiua�\fV4`hyzW ÿ

³ iuS�Ú�{�rfp�YKW¤a[ihU�VXWZU[`hck`hg_ijWke�\¤���K°�¯��¸ª±�qª����²¯���¡¡®íØ±«w´��f��a�iZp�e¡cZ\_e�\fVAi]rtW%�qª����.�\:a[`hyzW¤a�`ZS]S���iue�mXij\_^�\
a�\_S]Sj\�rtWke�¥�ckp�V4`hg_i]Wke�iMa�iMi]e�cZV4\_mXmzW�i]edcZV4`Za�W	a[iKV4ijUKWZVXyX`hVX\¡S]`8U�V4\_mz\_e�g_`�a�iMp�ebm4i]^wYKWkSjW8Ú
iue�i]e�cZVX\_mXmXW��?¢/Wk^	\.\_mz\_^�U[ijW��[�\@V4ijUKWZVXyX`hyX`¡a�i�mz\fckp[ijyzWwS]`�yX`hYK\_S]S]`�a�\_SuS]`I�Z\fV4ijy±�`Oa�i�p[e8ck`hyz\
ÛI�IÚ `�a�p�\Oi]e�cZV4\_mXmXi ÿ

� Ñ ; ² ²
� � � � � �
Ñ � Ñ ; ² ²
µ � ; ; ; ;
² � ² ; ² �
² � ² ; � ²

ckSuiMi]e�rtVXW�rfiMrtWkevi¸mXiu^wYKWkS]i�²�\ ²�rtWZVXVAi]mzUKWke�a�Wke�W�`Zif�M°�¯��¸ª±�qª����²¯��K¡¡®íØ±«w´��Ia�\_SM�qª���� ÿ



¶ Ó�ÔxÕ �����A°Aª�Ö_�²¯��~�¡ª�«���¯�×nª�����ØAªd³��?Ù����z��¯±°4�?³q�£Ø�¯�¬u¬uª�«�³�¯

i]e�cZVX\_m4mXi p[mXrfijyX`
Ñ ² ²
Ñ ² ²
² Ñ ²
² Ñ ²
²�² ²
² ² ²

³ i]S:Ú�{�rfp�YKW|U�V4i]^nijyXij�ZWº���K°4�u×	�­���­Ù��Q¡�®íØ±«f´��f�OUK\fV�p[e}�qª����´\dp�exckp�`ZmzyzW|V4`hU�U�V4\_mz\_e�yX`æSj\
rtWke�a�ijg_ijWke[i@a�i¤`hyzyXi]��`hg_ijWke�\�a�\_S�ckp�`ZmzyzW�� á \_^�U�VX\æe�\_S¤rf`ZmzWça�i�p�e*�qª����µÛ��IÚ�`xa�p�\
i]e�cZVX\_mXm4i���iMÚ¤{�rfp�Y[iMU�V4iu^	ijyXij��i[UK\fV@iKUKWkmXmXi]Y[i]S]i[ckp�`ZmzyXi6mXWke�W	a�`hyXi¸a�` ÿ

i]e�cZVX\_m4mXi p�mXrfijyX` ckp�`ZmXyzW
��� ²
� Ñ ² p�m4rfijyX`��_�X«�ØTì�®�ª��­®��
Ñ � ²
Ñ�Ñ ² p�m4rfijyX`��_�X«�ØTì�®�ª��­®��
² Ñ ² i]e�cZVX\_mXmzW��_�X«�ØTì�®�ª��­®��
Ñ ² ² i]e�cZVX\_mXmzW��_�X«�ØTì�®�ª��­®��

³ �6`8rtWZUK\fVXyXp�V4`�mXiue�cZWkS]`hVX\����X�]���~«k¬uª�°IØ�¯ZÙ��A°��%a[i�p[en�qª�����V4`hU�U�VX\_mX\_e�yX`8Sj\¡rtWke�a�i]g_ijWke�iKmXp�ckS]i
i]e�cZVX\_mXm4i?r4��\´U�Wkm4mzWke�Wva�`hVX\´S]p�WZcZWµ`Zi?�h`ZSjWZV4i:SjWZcki]rfiX�b\ Ñ \nmz\fV4�Z\na�p�V4`Zeqyz\nS]`dckiup�mzyXij¥�{
rf`hg_ijWke�\Z��ÛIab\_mz\_^	U[ijW���e�\_SMrf`ZmzWla�iMp�ebÛI��Ú �qª����OmXi¸��` ÿ

i]e�cZVX\_m4mXi p[mXrfijyX`
�·; �
;¸� �
Ñ	Ñ Ñ

�¡p�\_mzyz\�a�\f¥[e�ijg_ijWke[ih�Z\_e�cZWke�W�p�yXi]S]ijgfg_`hyz\�a�`ZS]S���`ZSjcZWZVAijyX^�Wh{�Ú*e�\_Sqmz\fckp�\_eqyz\/^�W�a�W ÿ U�\fV6U�V4i]^	`
rtWkmX`}�Z\_e�cZWke�Wxrf`ZSurtWkS]`hyXi¤i@rfp�Y[i.a�i.U�V4WZU[`hck`hg_ijWke�\x��m4i]`|UK\fV2²+rA��\vUK\fV ²b�8a�i%yXp�yzyXi¤i%�qª����
U�V4\_mz\_e�yXi¨e�\_S¨rfijVArfp�ijyzW}��UKWke�\_e�a�Wd`M;+Sj\�S]i]e�\f\�e�Wke|i]eqyz\fVX\_mXm4`hyz\	a�`lyX`ZS]i¨rtWke�a�ijg_ijWke[i�SjW�rf`ZS]i¨a�i
U�V4WZU[`hck`hg_ijWke�\±�A�b¹£\fVDo�p�\_S]SjWvrA��\nVAijckp�`hV4a�`bSu`b �`ZmX\na�i?cki]p[mzyXij¥[rf`hg_ijWke�\Z��i]eq�Z\_rt\Z�¨��ij\_e�\	rtVX\_`hyX`
p�e[`DyX`hYK\_S]Su`�r4��\wrtWkeqyXij\_e�\DS]`��X�]���~«k¬uª�°IØ�¯ZÙ��A°�a�iMrfi]`ZmXrfp�eb�qª����±�
R¦e|U�V4`hyXiurf`��6oqp�\_mzyz\	a�p�\8yX`hYK\_S]Sj\�V4i]`ZmXm4p�^�Wke�WdyXp�yzyz\	Sj\�i]e� ²WZV4^n`hg_ijWke�i¨mXp�S]Su`´mzyzVAp�yzyXp�V4`da�\_S

rfijVArfp�ijyzW��,¹£\fVbmz\fckp�ijV4\�^�\fckS]i]Wxi�U[`ZmXmXi¤U[iX�p VAi]Sj\f�h`Ze�yXi�e�\_S]S��¶\_mz\_rfp�g_ijWke�\�a�\_S]S���`ZSjcZWZV4i]yX^�Wh{�Ú���mXi
rtWke�m4i]a�\fV4i~S��¶\_mz\_^�U[i]WDa�i�â¨ijc���é��¶é���UK\fV.i�oqp�`ZSui[S]`DyX`hYK\_S]S]`�rtWkeli�rfp�Y[i�a�i~U�VXWZU[`hck`hg_i]Wke�\�\Io�p�\_S]S]`
rtWkevSu`��X�]���~«Z¬²ª�°�Ø�¯ZÙ��A°�mzWke�W	i]S]Sup�mzyzV4`hyz\¡i]e � `hY¸��é�� Ñ \wé�� Ò ��V4i]mzUK\fyzyXij�h`Z^�\_eqyz\Z�
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G3  
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1
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â¨ijckp�V4`»é��¶é ÿ #:mX\_^�U[ijWça�iIVX\fyz\}rtWk^DY[i]e�`hyzWZV4iu`»rtWkeqyz\_e�\_eqyz\}V4i]rtWkeq�Z\fVXcZ\_e�gf\}a[iI©�ªh�[®­¯�«��¦�IUK\fV
S���`hU�U[Sui]rf`hg_ijWke�\¡a�\_S]S­��`ZSjcZWZV4ijyX^�W�Ú��

ck`hyz\ rfp�YKW S]iue�\_`
Ñ Ò þ é ( U ¬ ¶ ¹ Ñ �

A�º ¨©» Ñ ² ²
¨ ¼ ² Ñ ²

AK¼ ¨©½ Ñ ² ²
¨«¾ ² Ñ ²

ATC ¨©¿ � ² ²
¨©À ² � ²

ADE ¨�Á Ñ ² ²
¨©Â ² Ñ ²
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mz\fcke�`Ze�a�Wl`ZSjyzVAi6i]e�cZV4\_mXmXi����¡p�\_mzyzWnU[VXW�rt\_m4mzW��Ma�\_e�Wk^	i]e[`hyzW�´h°Aªh�MØTë��]�����[��ij\_e�\wVAijUK\fyXp�yzW	¥[e�Wl`
oqp[`Ze�a�W ÿ `��%S­��`hyzyXij��`hg_i]Wke�\OWnS]`	U�VXWZU[`hck`hg_ijWke�\we�WkevmzWke�W	U[iX�pdUKWkmXmXi]Y[i]S]i�ã�Y��%i]SK�h`ZSjWZVX\'²���W ²b�
��i]\_e�\¡cki]p�mzyXi]¥[rf`hyzW�\OU�VXWZU~`hck`hyzW´`Zav`ZS]^	\_e�W	p�ebp�mXrfi]yX`8U�V4i]^	`hVAi]`8a�\_SMrfijV4rfp�i]yzW��

��S]i�`ZmXmz\fcke�`Z^	\_e�yXiIUKWkmXmzWke�WºV4i]mXp�S]yX`hVX\vi]e�rtWk^�U~`hyXijY[i]S]i%rtWke S]`§U�V4WZU[`hck`hg_ijWke�\|a�\_S.ckp�`ZmXyzW
��rtWke�a�ijg_i]Wke�\/`��z�A��U�\fVAr4�M�\ ÿ `���`��6iuS�ckp�`ZmXyzW�e�Wkew��ij\_e�\%`hyzyXij�h`hyzW���UK\fV4rA�K�\@S]`¤Sui]e�\_`¤mX\_a�\/a�\_S�ckp�`ZmXyzW
`ZmXmXp�^	\Ip�e´�h`ZSjWZVX\�p�ckp�`ZSj\I`Do�p�\_S]SjW�a�\_S�rfijV4rfp�ijyzW�rtWZVXVX\fyzyzWq�Aã[`��¶YK�se�Wkedrh�j�\¡`ZS]rfp�elrf`Z^	^	i]e�WD �V4`
S]`wmX\_a�\�a�\_S[ckp�`ZmzyzW8\�S]\�p�mXrfi]yz\@U�V4i]^n`hV4ij\@`hyzyzV4`��Z\fV4mzW	rfp�i~mXi]`OUKWkmXm4ijY[i]Sj\/U�VXWZU~`hck`hVX\IiuS���`ZS]WZVX\Í²��
RTe§o�p�\_mzyXi?rf`Zm4i��¸mXi¨yzWZV4e�`b`ZSuS���p�SjyXi]^	W´i]e�cZV4\_mXmzWb`ZmXmz\fcke�`hyzWµ\µ��mz\�oqp�\_mXyX`bmzyzV4`Za�`be�Wkeç�\n`Ze[rtWZV4`
mzyX`hyX`�UK\fV4rtWZV4mX`��:mz\�e�\IrtWk^	U[Sj\_^�\_eqyX`DiuS��h`ZSjWZVX\���´�¯�«k�K³q�]�����A��`ZSjyzV4i]^	\_e�yXi~mXi[U[VXW�rt\_a�\¤V4i]m4`ZSj\_e�a�W
i]S~U�VXW�rt\_mXmzW�a�id´h°Aªh�KØ¦ë��]����¥[e�W8`�yzVXW��h`hVX\Op�e�`�mXrt\_SjyX`8e�Wkeb`Ze[rtWZV4`8`hyzyXp�`hyX`���UK\fV%U�Wki~V4ijU~`hVXyXijVX\Z�
RTeDU�V4`hyXiurf`��ki]SkU�V4W�rt\_mXmXW�a�iÄ´h°Aªh�KØ¦ë[®�ªh�K³�®�´�¯�«Z�M³�mXi�rtWke�¥�ckp�V4`�rtWk^�\.S��¶\_mzU[S]WZV4`hg_ijWke�\:a[iqp�eD`ZSjYK\fVXW
Y[i]e�`hVAijW��
¢%��iu`hV4`Z^�\_eqyz\Z��mX\Ia�p�V4`Ze�yz\�i]S~U�VXW�rt\_mXmzW8a�i[´h°Aªh�KØ¦ë��]���8S]`wmXrt\_S]yX`�a�\_S]S]`wSui]e�\_`wa[i~i]e�cZVX\_mXmzW8a�`

`ZmXmz\fcke�`hV4\¡\Ia�\_S�VX\_Su`hyXij�ZW8��`ZSjWZV4\���ij\_e�\�`hyzyXp�`hyX`�i]el^	`Ze�ij\fVA`Drf`ZmXp[`ZSj\Z��i]S[e�p�^�\fV4W�a�iKijyz\fVA`hg_ijWke�i
a�\_S]S���`ZS]cZWZV4ijyX^�WæV4i]mXp[SjyX`v\_e�WZVA^�\d\_mXmz\_e�a�W|U[`hVAi/` Ò�Õ ��W��Z\KÖ �\vi]S%eqp[^�\fVXW|a�i%i]e�cZVX\_mXm4i²�A�}¹£\fV
V4i]mzWkS]�Z\fVX\Io�p�\_mzyzW8U�V4WZY[Sj\_^	`���rfi]`ZmXrfp�e[`�m4rt\_SjyX`8rt\fV4rf`�a�i�mzW�a[a�i]mz �`hVX\�p[e´WZY~ij\fyzyXij�ZW���yz\_e�yX`Ze[a�W	i]e
U�V4`hyXi]rf`�a[i�`��q��i]rfi]e[`hVX\¡SjW�mzyX`hyzW	a�\_SMrfijV4rfp[ijyzW�`�o�p�\_S]S]W�i]edrfp�iMm4i��[`�Su`DVAij�Z\_S]`hg_ijWke�\¡a�\_S�ckp�`ZmXyzW��
R¦e8U[`hVXyXi]rtWkS]`hV4\Z�Z��ij\_e�\�U�VAi]^	`�U�\fVAmz\fckp�ijyX`IS���`hyzyXij�h`hg_ijWke�\.a�\_S�ckp�`ZmzyzW¡\.mzWkSu`Z^�\_e�yz\@iueDmz\fckp[ijyzW

mXi�rt\fVArf`�a�ikU�VXWZU[`hck`hVX\Ï²��Z\fV4mzWISj\�p�m4rfijyz\sU�V4iu^	`hV4ij\sa�\_S�rfijV4rfp�ijyzW���RTewU�V4`hyXi]rf`��Zrfi]`Zm4rfp�eOWZY[i]\fyzyXij�ZW
V4i]rA��ij\_a�\Z��i]e�i]g_i]`ZS]^�\_eqyz\Z��a[iKU�WZV4yX`hVX\¡`�a�`hyXiK��`ZS]WZV4iM`ZS]rfp�e�\¡S]iue�\f\Ia�\_SMrfijV4rfp�ijyzW��?ÛIab\_mz\_^�U~ijW���mz\
S��¶WZY[ij\fyzyXi]�ZW�iue�ijg_i]`ZSj\�rtWke�mXi]mzyz\.e�\_S�rt\fV4rf`hVX\@a[iq`��q��i]rfi]e�`hV4\Ï² `ZS]Sj\%p�mXrfijyz\%a�\_S�rfijV4rfp�ijyzW��km4iq`Ze�`ZSuijgfg_`
S]`µÚ� ²VXWkeqyXij\fV4`µ\´mXi�mXrt\fckS]ij\li]S¨�qª����nU[iX�p}��i]rfiue�Wx��i]eºyz\fV4^	i]e�i:a�ise�p�^�\fVXWæa�isS]ij�Z\_SuS]i?a�i:S]WZcki]rf`��
�Z\_a�iKâ¨ijc��qé�� U ��`ZS]S]\�p�mXrfi]yz\�a�\_S�rfijV4rfp�i]yzW��¨¹£\fV%U�VXWZU~`hck`hVX\�²<`hyzyzV4`_�Z\fV4mXW�yX`ZSj\¤�qª����D�\�e�\_rt\_mXmX`hVAijW
`ZmXmz\fcke�`hV4\	p�e�rt\fV4yzWb��`ZSjWZV4\�`ZS]S]\�mXp�\�S]iue�\f\Da�i£i]e�cZV4\_mXmzWdmXp|rfp�i�e�Wke»�\8U�V4\_mz\_e�yz\�i]S£mXi]^DYKWkSjWÓ²
��`Zav\_mz\_^	U[ijW	e�\_SMrf`ZmzWla�iMp�ebÛI��Ú�\_m4mz\wa�\f�ZWke�Wn�Z\_e�ijVX\O`ZmXmX\fcke�`hyz\D`ZSM�h`ZSjWZVX\ Ñ �A�
Û o�p�\_mzyzW�U[p�eqyzW�����ij\_e�\I`hyzyXij��`hyX`8p�e[`OU�VXW�rt\_a�p�VA`Oa�i�´�ªqØíìK��°AªqØ��±��r4��\IU�VXW�rt\_a�\Ia�`ZS[mz\fcke[`ZSj\

ä¦WZY[ij\fyzyXij�ZWkåv�Z\fV4mzWvckS]i?iue�cZVX\_mXmXi£U�VAi]^	`hV4i£a�\_S?rfijV4rfp[ijyzW�� � `ZSj\�U�V4W�rt\_a�p�V4`lU�VXWkmz\fckp�\�¥~e�Wb`ba�\t{
yz\fV4^	i]e[`hVX\�p�e§i]e�cZVX\_m4mzWdU�V4i]^	`hVAijWn\	p�e|mXp�Wb��`ZSjWZV4\�yX`ZSui?a�`b^	`ZmXmXiu^	ijgfg_`hVX\8S]`dU�VXWZY~`hY[i]S]ijy±�`´a�i
mzW�a�a�i]mz �`hVX\@S��¶WZY~ij\fyzyXij�ZWDa[i�U[`hVXyz\_e�g_`d��mXi~e�WZyXi[rA��\Io�p�\_mzyX`wU�VXW�rt\_a�p�V4`we�Wke	yz\_eqyX`Da[i�cki]p�mzyXi]¥[rf`hVX\
S��¶WZY[ij\fyzyXi]�ZW�i]e[ijg_i]`ZSj\Z��^	`Dm4i~S]iu^	ijyX`O`8rt\fV4rf`hVX\¡a�i�i]e�a[ijV4ijgfg_`hVX\�rtWke��Z\_e�i]\_e�yz\_^�\_eqyz\Oi]S~U�VXW�rt\_mXmzW8a�i
´h°Aªh�KØ¦ë[®�ªh�K³�®�´�¯�«Z�M³��A�
R¦ebU�V4`hyXi]rf`��~`�WZcke�iMU[`Zm4mzW	a�\_S]S]`�U�V4W�rt\_a�p�V4`�a�iX´kªqØTì���°AªqØ��OmXi¸��`�rtWk^	\wU[p�eqyzW	a�iKU[`hV4yz\_e�g_`

��WdWZY[ij\fyzyXij�ZWbrtWZVXVX\_eqyz\±��S���p�mXrfi]yX`na�i£p�e�ck`hyz\	`´p�eæa�`hyzWd�h`ZSjWZVX\Z� á i6yzVA`hyzyX`��6oqp[i]e�a�i���a[i�`ZmXmX\fch{
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obbiettivo 1

â¨ijckp�VA`�é�� U�ÿ #:mz\_^	U[ijWna�i6mXrt\_SjyX`la�\fckS]iMWZY[i]\fyzyXij��i�a�`	U~`hVXyz\Da�i6¹Ï!�Ú #%$ UK\fVIS]`�U�VXWZU~`hck`hg_ijWke�\
a�\fckSui�\tà�\fyzyXiKa�\_S[ckp�`ZmzyzW��sâ�VA`Di��qª����@rA��\IrtWk^	U�Wke�cZWke�WDS]`wÚ¤{­ �VXWkeqyXij\fV4`���mXi[yz\_e�yX`�a�i�U�V4WZU[`hck`hVX\
² `hyzyzV4`��Z\fV4mzW8oqp�\_SuSjW¡U[iX�p���i]rfi]e�WO`ZS]Sj\@p�mXrfi]yz\@U�V4i]^n`hV4ij\.a�\_S[rfi]V4rfp�ijyzWO`ZmXmX\fcke�`Ze�a�W�` Ñ S���iue�cZVX\_mXmzW
rA��\wmXiMyzV4W��h`_�h`´`�;x� � `ZSj\¡�h`ZSjWZVX\n�\wU�Wki6S��¶WZY[ij\fyzyXij�ZW´i]e�ijg_i]`ZS]\�UK\fV¤S]`8U[VXW�rt\_a[p�V4`�a�ik´�ªqØíìK��°AªqØ��±�
rA��\Oyz\_eqyX`na�iMi]e[a�ij��i]a�p�`hVX\�p�ev`ZmXmz\fcke[`Z^�\_e�yzW´UK\fV@S]`8 �`ZmX\wa�iX´h°Aªh�MØTë��]�����

e�`hV4\�WZU�UKWZVXyXp[e�`Z^�\_eqyz\�p�e�W8a�\fckS]i�i]e�cZV4\_mXmXi[a�\_S��qª����IrA��\IrtWkmXyXijyXp�ijV��`DUKWki~S­�¶WZY[ij\fyzyXij�ZW8a�\_S~U[`ZmXmzW
mz\fckp�\_e�yz\Z�

�6\/m4rt\_Sjyz\%WZU�\fVA`hyz\/a�p�V4`Ze�yz\%i]SÄ´kªqØíìK��°AªqØ��/p�yXiuS]ijgfg_`Ze�W@WZU[U�WZV4yXp�e�\�^ni]mXp�VX\/a�i�rtWkeqyzVXWkS]Su`hY[i]S]ijy±�`��
W±�q�Z\fVXW���`ZS]WZV4ise�p�^�\fV4i]rfi?rA��\no�p�`ZeqyXij¥[rf`Ze�WvS]`v �`Zrfi]Suijy±�`brtWkeºrfp�i?p[e}a�`hyzWµmz\fcke[`ZSj\	U[p��Wb\_m4mz\fVX\
UKWZVXyX`hyzW�`ZS[�h`ZSjWZVX\¤S]WZcki]rtW��DW Ñ ��oqp�\_mXyz\�UKWkmXmzWke�WO\_mXmz\fVX\Ia�`hyz\Z��`Za	\_mz\_^	U[ijW���a�`ZS]S]`�U�V4WZY[`hY[i]S]i]y±�`
rA��\@p�e8mz\fcke�`ZSj\.mXi�UKWZVXyXi�` Ñ W¡`4�IrtWke�p[e�`Zm4mz\fcke�`Z^�\_eqyzWwrf`ZmXp�`ZS]\@a�\fckS]i�i]e�cZVX\_m4mXiqa�\_S�rfi]V4rfp�ijyzWq�A�
¹£\fV��Z\_a�\fVX\�rtWk^�\	S]\�^	iumXp�VX\wa[i�rtWkeqyzVXWkS]S]`hY~i]S]ijy±�`n�Z\_e�cZWke�Wb`hU�U[S]iurf`hyz\�a�p�V4`Ze�yz\8i]S�U�VXW�rt\_mXmzW

a�i�´kªqØíìK��°AªqØ��æmXiIrtWke�mXiua�\fV4i]e�Wxi�mz\fckp�\_e�yXiI\_mz\_^�U~i�� á iImXp�U[U�Wke�ck`}r4��\§S��¶WZY~ij\fyzyXij�ZWxm4i]`xp[e Ñ
mXp[S]S���p�mXrfi]yX`}a�iIp�e!ÛI�IÚD�.i]e o�p�\_mzyzWçrf`ZmzW*p�e�`ZSjcZWZV4ijyX^�Wça�i¤cki]p�mzyXij¥~rf`hg_ijWke�\æyz\_e�yz\fVX\fY[Y�\|a�i
UKWZVXyX`hVX\lyXp�yzyXi/ckS]i/i]e�cZVX\_m4mXi�` Ñ �:Su`µU�V4W�rt\_a�p�V4`µa�i ´kªqØTì���°AªqØ��ba�i�¹"!�Ú #%$ �\Z��i]e��Z\_rt\Z�/^�WkSjyzW
U[iX�p	mz\_^�U[Sui]rt\@\�`Zm4mz\fcke�`�p�enmz\fcke[`ZSj\¤UK\fV/�ZWkSjyX`��?RTenU[`hVXyXi]rtWkSu`hVX\Z��mX\_Sj\fg_ijWke�`Doqp�\_SuSjWOU[iX�pna�ij·nrfi]S]\
a�`æUKWZVXyX`hVX\b` Ñ �«×4ë[ª�°_³����_�©×_�%rfijW��\voqp�\_SuSjW§rtWke*i]S%^	i]e�WZVX\l�h`ZSjWZVX\va�i%rtWkeqyzVXWkS]S]`hY[iuS]ijy±�`æ` Ñ  �V4`
i/a�ij�Z\fV4m4i:i]e�cZV4\_mXmXi:a�\_S:�qª����f�w\bSjWæUKWke�\´rtWk^�\be�p�W��ZW|WZY[i]\fyzyXij�ZW��=��p�\_mzyzW��sUK\fV4rA�K�\brtWke���ij\_e�\
yz\_eqyX`hVX\8S���`ZmXmz\fcke�`Z^	\_e�yzWdU[iX�pvU�VXWZY[Sj\_^n`hyXi]rtWnV4i]�Z\_S]`Ze�a�WnrtWkmT� Çç\f�Z\_e�yXp�`ZSui�i]e[rtWq\fVX\_e�gf\wU�V4iu^	`	a�i
`��Z\fVX\�`ZmXmz\fcke�`hyzWlyXp�yzyXi�ckS]i6`ZSjyzVAi6i]e�cZV4\_mXmXi6a�\_SM�qª����±� á \Z�~i]eq�Z\_rt\Z�MS���p�mXrfi]yX`	a�\_S6�qª����OÛI��Ú a�\f�Z\
\_mXmX\fVX\%U�WZV4yX`hyX`¡`4����¹Ï!�Ú #Ï$<mXrt\fckSuij\.S���i]e�cZVX\_m4mzW�U~iz�pw �`Zrfi]Sj\.a�`�rtWkeqyzVXWkS]S]`hV4\@`����qoqp�\_mXyzW¡U�\fVAr4�M�\
a�i]�Z\fV4mX`Z^�\_eqyz\�a�`ZS~rf`ZmzW�U�VX\_rt\_a�\_eqyz\��\�mXp�·´rfij\_e�yz\¤U�WZV4yX`hVX\�p�e´i]e�cZVX\_m4mzWD`ZS[��`ZSjWZV4\�SjWZcki]rtW��wUK\fV
a�\fyz\fVA^	i]e�`hVX\¡i]SK�h`ZSjWZVX\Oa�\_S]S���p�mXrfi]yX`��
¢%Wk^�\D\_mX\_^�U[ijWda�i�U�VXW�rt\_a�p�V4`la�i"´kªqØíìK��°AªqØ���mXi£rtWke�mXi]a�\fV4i�â¨ijc��Ké��Ø¬q�MW±�Z\	rtWk^�\�^	i]mXp�VA`na�i

rtWkeqyzVXWkS]S]`hY~i]S]ijy±�`Om4i6�\¡p�yXi]S]i]gfg_`hyX`wS]`wU�VXWZY[`hY[iuS]ijy±�`Oa�i~mz\fcke�`ZSj\Z��¢%Wk^�\Im4i[�Z\_a�\Z��S��¶WZY~ij\fyzyXij�ZW8i]e�ijg_i]`ZS]\
�\@a�i�UKWZVXyX`hVX\@` �¡S���p�m4rfijyX`�a�\_S���ÛI��ÚÙADÚ��?¹£\fV? �`hVX\@oqp�\_mzyzWOmXi�mXrt\fckS]ij\.S���iue�cZVX\_mXmzW�rtWke	i]S��h`ZSjWZVX\
U[iX�p�Y~`ZmXmzWba�i?rtWkeqyzVXWkS]S]`hY[iuS]ijy±�`l` Ñ �6r4��\	iue§oqp�\_mXyzWvrf`ZmzWµrtWZVXV4iumzUKWke�a�\D`ZSuS���p�mXrfijyX`da�i%ALÛd��¹£\fV
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UKWZVXyX`hVX\D` Ñ S���p�m4rfijyX`	a�i¸o�p�\_mzyf��p[SjyXi]^�W��qª������\DmXp�·nrfij\_eqyz\wUKWZVXyX`hVX\w`Ó�np�e�W	a�\fckS]i6iue�cZVX\_mXmXi ÿ i]e
oqp�\_mzyzWnrf`ZmzWlmXiMmXrt\fckS]ij\OSu`�S]i]e�\_`�^�\fckSuijW�rtWke�yzVXWkSuS]`hY[i]Sj\	��i]e�cZVX\_mXmzWQÜD�A�
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obbiettivo "hardest""easiest"

P GR
GQ

â£i]ckp�V4`8é��Ø¬ ÿ #�mz\_^�U[i]W8a�\_S]S]`�U�VXW�rt\_a�p�V4`�a[iX´kªqØíìK��°AªqØ��¡a[iM¹Ï!�Ú #%$º�
Ú�i~mX\fckp�ijyzWn�\�V4ijUKWZVXyX`hyzWwp�en\_mz\_^�U[i]Wwa�i�`hU�U~S]i]rf`hg_ijWke�\@a[i�¹Ï!�Ú #Ï$0��â£i]c���é�� ¶ �A� � `ZSj\¤\_mX\_^8{

U[ijW´�\¡U[`hVXyXi]rtWkS]`hVA^�\_e�yz\�mz\_^�U~S]i]rt\¤\¡o�p�i]e�a[i�e�WkelUK\fV4^�\fyzyz\¡a�i~�Z\_a�\fVX\¡i�U[`ZmXmXi�mz�ZWkSjyXiKa�p�VA`Ze�yz\�i]S
´h°Aªh�KØ¦ë��]���	e�\_SuS]`8mXrt\_SjyX`	a�\fckSuiMi]e�cZVX\_mXm4iK\Oa�\_i¸SjWZVXW��h`ZSjWZV4i­��UK\fV@rfp�iKckSui¸i]e�cZVX\_m4mXi��Z\fVXV4`Ze�e�W	mX\_^8{
U[S]i]rt\_^	\_e�yz\D\_mzU[SjWZV4`hyXi6i]eµp�evWZV4a�i]e�\D`hVXY[ijyzV4`hVAijW��Ï�:�¶\_mz\_^�U[i]W	V4i]^	`Ze�\wrtWk^Dp[e�oqp�\wmXijcke�i]¥[rf`hyXij�ZW
UK\fVwoqp�\_S]SjWbr4��\nV4ijckp�`hV4a[`lSu`bmzyzV4p�yzyXp�VA`ba�\_S]S���`ZSjYK\fVXWda�i?a�\_rfiumXijWke�i?p�yXiuS]ijgfg_`hyzWbUK\fV¡\_mzU[SjWZVA`hVX\	Sj\
UKWkmXmXijY[iuS]i[rtWke�¥[ckp�V4`hg_ijWke�iMa[iMi]e�cZVX\_mXmXW	â£i]c���é��Ô¹��

a

b

c

d

e

f

g

h

G1  

G2  

G3  

G4  

â£i]ckp�V4`8é�� ¶�ÿ #�mz\_^�U[i]W8a[iMrfijV4rfp�ijyzW�UK\fV@S���`hU[U[S]i]rf`hg_ijWke�\�a[iM¹Ï!�Ú #%$º�

VXWÝÈ[WZY Þ�ß8à

�s�¶\_mzU~SjWZV4`hg_ijWke�\la�\_S]SjW�mzU[`hg_ijWæa�\_S]Sj\	UKWkmXm4ijY[i]S]i¨rtWke�¥[ckp�V4`hg_ijWke�i�a�i:iue�cZVX\_mXmzWærtWkexp[eº`ZSjcZWZV4i]yX^�W
a�iX´h°Aªh�MØTë[®�ªh�K³�®�´�¯�«k�K³8rtWkmXyXijyXp�i]mXrt\¡i]SK^	`hcZcki]WZVX\O�h`Ze�yX`hcZckijW´a�iK¹Ï!�Ú #%$º��i]ebo�p�`ZeqyzW���V4i]mzUK\fyzyzW
`ZS]S���`ZSjcZWZVAijyX^�Wh{�Ú���rtWke�mz\_eqyz\�a[i��Z\fV4ij¥[rf`hVX\�^�WkSjyzW¡U[iX�p8VA`hU[i]a�`Z^�\_eqyz\@S]`¡rtW�\fVX\_e�g_`Da�\fckS]i�`ZmXmz\fcke[`�{
^�\_eqyXik\_mz\fckp�i]yXi��£Ú���`ZSjyzVA`@U[`hVXyz\Z�hckS]i�`hU�U�VXW�rfrfiZ\_p�V4iumzyXi]rfikp�yXiuS]ijgfg_`hyXika�p�V4`Ze�yz\�S]`. �`Zmz\�a�i�´h°Aªh�KØ¦ë��]���
mzWke�W	\_rfrt\_m4mXij�h`Z^�\_e�yz\8mz\_^�U~S]i]rfi���UK\fV4r4�M�\De�Wkevyz\_e�cZWke�W´rtWkeqyzW´a�i¸a[ij�Z\fV4mz\OrtWke�a[ijg_ijWke�iMi]edcZVA`Za�W
a�i�V4i]a�p�VXVX\�e�WZyz\f�ZWkS]^�\_eqyz\¤i]S�eqp�^	\fVXW¡a�\_S]Sj\%ijyz\fV4`hg_ijWke[i�e�\_rt\_mXmX`hV4ij\%UK\fV?`hVXV4ij�h`hVX\.`ZS]S]`Ia�\f¥[e[ijg_ijWke�\
a�iMp�eb�Z\fyzyzWZV4\Da�iMrtWkS]Su`Zp�a�W��
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a

b

c

d

test

0

0

0

0

1

1

1

(step=1, 0XXXXXXX)

(step=2, 00XXX101)
nessun cammino fra f e h

(step=3, 01XXXXXX) 

(step=4, 010X1101) 
nessun cammino fra f ed h
guasto non attivato 

(step=5, 011X0D1X) 

(step=6, 01100110) 
guasto non attivato

(step=7, 01110D1D’) 

â¨ijckp�VA`	é��Ô¹ ÿ Î¤`hU[U�VX\_mz\_eqyX`hg_ijWke�\�cZV4`h¥[rf`|��`ZSjYK\fVXW´a[i6a�\_rfi]m4ijWke�i²�%a�\_i¸U[`ZmXm4i�mz�ZWkS]yXi6a�`l¹Ï!�Ú #Ï$
UK\fVscZ\_e�\fVA`hVX\�p�en�Z\fyzyzWZVX\�a�i�rtWkS]S]`Zp[a�WOUK\fV:p�enckp�`ZmzyzWD���X«�Øíì�®�ª��­®���mXp�S]S]`¡Sui]e�\_`4NIa�\_S[rfijVArfp�ijyzWOa�i
â¨ijc���é�� ¶ �/¢/Wk^	\�m4i[�Z\_a�\Z��i�U[`Zm4mXi~a[i[´Z°Aªh�KØTë[�]��� Ò ��é8\ U a�`Ze�e�W8S]p�WZcZW�`8rtWke�a�ijg_i]Wke�i~a[i�´�¯�«Z�K³
mXiu`8U�\fV@rfiT�W	r4��\OVAijckp�`hV4a�`�S­��`hyzyXij��`hg_i]Wke�\Or4��\DS]`8U�VXWZU[`hck`hg_i]Wke�\Z�

¹£\fV.mz �V4p�yzyX`hVX\�`ZS�^�\fckS]ijW8Sj\¤UKWkmXm4ijY[i]S]i]y±�`Ia�\_S�´h°�ªh�KØTë[®�ªh�M³�®�´�¯�«Z�K³´�\¡mzyX`hyzW�mz��i]S]p�U[U[`hyzWwâ�Û��D�
rA��\	V4`hcZcki]p[e�cZ\	p�e�`d^	ijckSuijWZVX\8\f·nrfij\_e�g_`ba[i?¹Ï!�Ú #%$+UK\fVOa�ij�Z\fVAmXi¨rfijV4rfp�ijyXi­�¸i]e§oqp[`Ze�yzWbyz\_eqyX`
a�i~mz �V4p�yzyX`hVX\I`ZS~^�\fckSuijWDS]`DrtWke�WkmXrt\_e�g_`8a�\_SuS]`¡yzWZUKWkSjWZcki]`Da�\_S~rfi]V4rfp�ijyzWOUK\fV/V4i]a�p�VXVX\.i]S[e�p�^�\fV4WDa�i
ijyz\fVA`hg_ijWke�i��Kmz\_^�U[Suij¥[rf`hVX\wi�U[`ZmXm4`hcZcki£iue�yz\fV4^	\_a�i6\8a�\fyz\fV4^ni]e�`hVX\�S���i]e�\_mXiumzyz\_e�g_`na�\_S]S]`nmXWkS]p�g_ijWke�\
i]SKU~i]pM��U�VX\_mzyzW	UKWkmXm4ijY[i]Sj\Z�
¹£\fVIrtWk^�U�VX\_e�a�\fVX\¡iM��`ZeqyX`hcZcki£a�iMâ�Û��D�M�\wrtWkeq�Z\_e�ij\_eqyz\Di]eqyzVXW�a�p�VXVX\�`ZS]rfp�e�\Oa�\f¥[e�ijg_i]Wke�i ÿ
Ñ ��p�e�`	S]iue�\_`8��i]\_e�\wa�\f¥[e[ijyX`�rtWk^�\T´�¯�«k�K³�®�¬]�]���@mz\DU[p��W�\_mXmX\fVX\wV4`hcZckiup�e�yX`´a�`np[ebU[p�eqyzWna�i
©�ªh�[®­¯�«��¤��W����Z\fVXW´p[ebe�W�a�W	rtWkeµ©�ªh�[®­¯�«��n� Ñ �Aã
Ò ��Sj\OS]i]e�\f\¡e�Wkeµa�iKyXijUKWK´�¯�«k�K³nmzWke�W	a�\f¥~e�ijyz\¡rtWk^�\D©²°��f�t®�¬]�u�~�±ã
þ���p�e�`�©u°t�f�/¬]�]�~��r4��\¡�\@i]e�i]e�cZVX\_m4mzW¡`ZS]SjWOmzyz\_mXmXW��qª����.a�i�p�e�`Q´�¯�«Z�M³¡¬u�]�~�±�hWZU�U[p�V4\%S­��p�mXrfijyX`�a�i
p�ed�qª����wr4��\DU[i]SjWZyX`�a�\_i6V4`Z^	i¸a[i¸©�ªh�~®­¯�«��¤��i6o�p�`ZS]iMmXWke�W�´�¯�«Z�K³n¬u�]�~�f�/mXi¸a[i]rt\w`Za�i]`Zrt\_eqyz\
`	p�e�`K´�¯�«Z�K³	¬]�u�~�¤\¡��ij\_e�\Oa�\f¥[e�ijyX`8rtWk^�\�ë~�tªq³´¬]�u�~�±�

��`dâ£i]c���é�� Ñ �µi]S]S]p�mXyzV4`	S���`hU�U~S]i]rf`hg_ijWke�\�a�i¨oqp�\_mzyz\�a�\f¥[e�ijg_i]Wke�i6`ZS?rf`ZmzWva[i£p[eæmX\_^�U[S]i]rt\�rfijVz{
rfp�i]yzW��
¢%Wk^�\lm4isU[p��W��Z\_a�\fVX\bSj\lë~�tªq³|¬u�]�~�8mzWke�WæSj\lp�mXrfijyz\da�i:VX\fyXi:U[V4ij�Z\´a[i:©�ªh�[®­¯�«��¦�?UK\fV�rfp[i:i]S

�h`ZSjWZVX\va�i¤rfi]`ZmXrfp�e�`§a[i.\_mXmz\vU~p��W§\_mXmz\fVX\�`ZmXmz\fcke�`hyzWçmz\_e�g_`}rf`Z^DY[i]`hV4\µi]S%�h`ZSjWZVX\µa�i.Sui]e�\f\ve�\_S
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â¨ijckp�V4`8é�� Ñ � ÿ #:mz\_^�U~ijW�a�\_S]Sj\¡a�\f¥[e[ijg_ijWke�i�p�yXi]S]i]gfg_`hyz\Oa�`�â�Û�� UK\fV@rf`hV4`hyzyz\fV4ijgfg_`hV4\Dp�ebrfijVArfp�ijyzW
rtWk^wY~i]e�`hyzWZV4ijWça�`ZS�U[p�eqyzWxa�i¤��iumzyX`ºyzWZUKWkSjWZckiurtW ÿ Sj\�©²°��f�t®�¬]�u�~�±�@i]e�a�iurf`hyz\µi]e!yzV4`hyzyz\fcZckijW���rtWZVz{
V4i]mzUKWke�a�Wke�Wb`bVX\fckijWke�i¨U[V4ij�Z\	a�i?©�ªh�[®­¯�«��@a�\_SsrfijV4rfp�i]yzWº��1
áÍ5%áãâ%áÍ*&á�äåáã7%áÍ<�áãæ6�Aã?Sj\nSui]e�\f\�`
��`ZSuSj\Oa�iMe�W�a�iMrtWkeµ©�ªh�[®­¯�«��ã� Ñ mXi¸a[i]rtWke�W+´�¯�«Z�K³�®�¬u�]�~�O��çpádèpáXéXá[ê��Aã[Sj\¡ �VX\f\t{�S]iue�\Oâº\_aLäDmXWke�W
ë~�tªq³�®�¬]�u�~��i]eboqp[`Ze�yzW���VAi]mzUK\fyzyXij�h`Z^�\_e�yz\Z��Sui]e�\f\�a�iM©�ªh�~®��]�ba�i��qª����¡rtWke�´�¯�«k�K³�®�¬]�]������rtWk^�\D`ZSjyzV4i
i]e�cZVX\_m4mXiK\wS]i]e�\f\�`�©�ªh�[®­¯�«��ã� Ñ �

rfijV4rfp�i]yzWµa�ij�Z\fV4mX\´a�`vo�p�\_S]S]\nrtWk^�U�VX\_mX\´e�\_S�rtWke�Wæa[is©�ªh�~®��]�ºa�\_SuS]`bë~�tªq³§¬]�]�~�±�d¹£\fVXyX`Ze�yzW���p�e�`
�ZWkSjyX`O`ZmXmX\fcke�`hyzWwi]S��h`ZSjWZVX\.`Op�e[`Ië��tªq³�®�¬]�]�~�±�ZSj\.WZUK\fV4`hg_i]Wke�i�a�i�´kªqØíìK��°AªqØ��w��´h°Aªh�KØ¦ë	ªh�K³Ó´�¯�«Z�K³��
e�\_S]S���`ZS]Y�\fV4W|a[i.a�\_rfi]mXijWke[i.e�\_rt\_mXmX`hV4i]\vUK\fV	cki]p�mzyXi]¥[rf`hV4SjW��/mXi%UKWkmXmzWke�W} �\fV4^	`hV4\v`ZS]S]`}ë~�tªq³»¬]�]�~�
mz\_e�g_`8Y[iumzWZcke�W�a�iKijyz\fV4`hVX\¡mXp�ckS]iKi]e�cZVX\_mXm4i~rA��\¡UKWkmXmzWke�W8\_mXmz\fV4\�`Zm4mz\fcke�`hyXi¸i]ed^	`Ze[ij\fV4`8p�e�ij�ZW�rf`��
á i/mXp�U�UKWke�ck`��?`Zax\_mz\_^�U[i]W��sa�is�ZWkSj\fV4\lrtWkeqyzVXWkS]S]`hV4\lS]`ç��ë~�tªq³�®�¬u�]�~�f�4äµ`ZS:�h`ZSjWZVX\dSjWZcki]rtW����

oqp�\_mzyzWvU[p��Wd\_mXmX\fVX\	 �`hyzyzWµrtWkeºp�e§mX\_^�U[S]i]rt\8`ZSjcZWZV4i]yX^�Wvr4��\nU[`hVXyz\_e�a�Wva[`ZS]S]`dS]i]e�\_`di]eæ\_mX`Z^	\Z�
U�VXW�rt\_a�\µ`ZmXmX\fcke�`Ze�a�Wx��`ZSjWZVAi@`hckS]i¤iue�cZVX\_mXmXi.a[i@rfi]`ZmXrfp�e �qª����dyX`ZS]i�a�`§cki]p[mzyXij¥[rf`hV4e�\vi]S%��`ZS]WZVX\
a�\_S]S���p[mXrfijyX`¡¥[e�WD`DV4`hcZcki]p�e�cZ\fV4\�ckS]i~i]e�cZVX\_m4mXi[a�\_S~rfijV4rfp�i]yzWDr4��\IrtWkeqyzVXWkS]S]`Ze�WDyX`ZSj\IS]i]e�\_`l��i]e	U[V4`hy¦{
i]rf`��smXi/`ZmXmz\fcke�`�*F, Ñ �kæ�, Ñ \´UKWkiÏ7ë,ì���A�æR¦exo�p�\_mzyzW§^�W�a�W��?mXi/��`�p[ex`ZmXmX\fcke�`Z^�\_eqyzW
rtWq\fV4\_e�yz\ba�\fckS]i/i]e�cZV4\_mXmXi��¨i]eq�Z\_rt\Z�si]eºp�e[`vU�VXW�rt\_a�p�VA`µa�i�´h°Aªh�KØ¦ë»ªh�K³B´�¯�«Z�K³[�¨mz\li]Ss�h`ZSjWZVX\D�
 ²Wkm4mz\wmzyX`hyzWl`ZmXmz\fcke�`hyzWl`ZS]S���i]e�cZV4\_mXmzW�*nmXiMm4`hVX\fY�YK\O`_��p�yX`	p�e¸��i]e�rtW�\fVX\_e�g_`��
èIe!p�S]yz\fV4ijWZVX\b�h`Ze�yX`hcZcki]W»a�i¤â�ÛI� �\æiuS@^�W�a�Wºi]e rfp[i.yzV4`hyzyX`»i¤rf`Z^	^	iue�i@`hyzyzV4`��Z\fV4mzWçrfp�i

�Z\_e�cZWke�W}U[VXWZU[`hck`hyXi.ckS]i/\tàK\fyzyXi¤a�\_S%ckp[`ZmzyzW��*¹�\fV´rf`hU[ijVX\vo�p�\_mzyzW}`ZmzUK\fyzyzW}a�\_S%U[VXWZY[Sj\_^	`���mXi
rtWke�mXi]a�\fV4i6p�e�yXijU[iurtWn\_mz\_^�U~ijWla�\_S]Sj\OWZUK\fV4`hg_ijWke[i�mz�ZWkS]yz\�a�`l¹Ï!¡Ú�#Ï$0e�\_S£rf`ZmzWba�\_S]S]`nU[`hVXyz\8a�i
rfijV4rfp�i]yzW	i]S]S]p�mXyzV4`hyX`8i]ebâ¨ijc���é�� ÑZÑ
á i~mXp�U�UKWke�ck`¡rA��\�S]`wÚ¤{­ �VXWkeqyXij\fV4`DmXi]`OrtWkmzyXi]yXp�ijyX`wa[`O1æ��1M,9²d�A�s¹£\fV�U�VXWZU[`hck`hVX\Ii]S�mz\fcke[`ZSj\

²�`hyzyzV4`_�Z\fV4mXW+ATí ��*�, ²b�A�M�\De�\_rt\_m4mX`hV4ijWn`��Z\fVX\�58, Ñ ��Û o�p�\_mzyzWnU[p�eqyzW��[¹Ï!�Ú #Ï$ \_mz\fckp�\
S]`�U�VXW�rt\_a�p�V4`Ia�iÄ´kªqØíìK��°AªqØ��/UK\fV¨i]e�a�ij��i]a�p[`hVX\sp�eDWZU�UKWZVXyXp�e�WI`ZmXmz\fcke�`Z^�\_eqyzWwa�\fckSuiqi]e�cZVX\_mXmXi�� á \
yX`ZSj\O`ZmXmz\fcke[`Z^�\_e�yzW��[WkSjyzVX\¡`8cki]p�mzyXi]¥[rf`hVX\ 5�,Iº[��i]^�U[Sui]rf`w`Ze�rA��\ON�,-����ckS]i[\tàK\fyzyXi¸a�\_S�ckp�`ZmXyzW
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a

b

f
g

c
e

d

GA             
GB                

GC                    �

â¨ijckp�VA`8é�� ÑZÑhÿ ¢%ijVArfp�ijy.p�mz\_adyzWniue�mzyX`ZeqyXi]`hyz\'²���`ZS]p�\¡U�VXWZU[`hck`hyXijWkeµi]ebâ�Û��D�

e�WkeµUKWkmXmzWke�W	\_m4mz\fVX\wU[VXWZU[`hck`hyXi¸WkS]yzVX\QALî	�%¹"!�Ú #%$�e�Wke�mXi¸`ZrfrtWZVXcZ\Z�MUK\fV��W´a�\_SMU�VXWZY~Sj\_^	`�\
UK\fVXyX`ZeqyzW	yz\_eqyX`	i]e�p�yXi]S]^�\_eqyz\¡a�iKU�VXWZU~`hck`hVX\ ²�`hyzyzV4`_�Z\fV4mXW+ADï ��<·,9²b�A�
¹£\fVIV4i]mzWkS]�Z\fVX\Ooqp�\_mzyzW´U[VXWZY[Sj\_^	`���â�ÛI� i]e�a[ij��iua�p�`wiuSMU[iX�pvSup�e�cZWnrf`Z^	^ni]e�Wn`hyzyzV4`��Z\fV4mzWbrfp�i

²�U[p£�Wn\_mXmz\fV4\DU�V4WZU[`hck`hyzWlmX\_e�g_`´rA��\8mXi�`hY[Y[i]`Ze�Wna�\_S]Sj\wmXrt\_S]yz\d��W±�q�Z\fVXWva�\_i6e�W�a�i6rtWke|©�ªh�[®­¯�«��
� Ñ �:\¡i]^�UKWke�\ImXp�Y[i]yzW�Sj\�rtWke�a�i]g_ijWke�i¨��p�e�i]rA��\±�:U�\fV%S]`�U�VXWZU~`hck`hg_ijWke�\¡a�\fckS]i~\tà�\fyzyXi6a�\_S�ckp�`ZmzyzW
S]p[e�cZW8yX`ZSj\wrf`Z^	^	iue�Wµ�z«Z����ð�«����A�����4�­���jÖ�ª����²¯��~�A�
��\_S¸rf`ZmzW´a�iMâ¨ijc���é�� ÑZÑ �~i]e� �`hyzyXi���â�ÛI� iue�a�ij��i]a�p�`wi]^	^�\_a�iu`hyX`Z^�\_e�yz\OrA��\wi��qª����·ADí��ÄAMïd�

ALî�rtWkmzyXijyXp�i]m4rtWke�W§p�e�«Z����ð�«��n�A�����X�­���]Ö�ª����²¯��8�¸ª���ëç\Z�:UK\fVXyX`ZeqyzW���`ZmXmX\fcke�`§rtWke�yz\_^	U�WZVA`Ze�\_`�{
^�\_eqyz\'5%3�7k3�N4, Ñ rtWkmT� Ç}a�`�`_�Z\fV4\ ) , ²��:Û o�p�\_mzyzWnU[p�eqyzW���ij\_e�\¡\_mz\fckp�ijyX`	Su`8U�VXW�rt\_a�p�V4`8a�i
´kªqØTì���°�ªqØ��D��rA��\�rtWk^�\¡mXi��Z\_a�Vh�`De�\_S~mz\fckp�ijyzW´�\Ia[ij�Z\fV4mX`Da�`wo�p�\_S]S]`wp�yXi]S]ijgfg_`hyX`Da�`w¹"!�Ú #%$|�?UK\fV
`ZmXmX\fcke�`hVX\we�p�W���iM�h`ZSjWZV4i¸`hckSui¸i]e�cZVX\_m4mXi��¨RTeµoqp�\_mXyzWn^�W�a�W	\f�Z\_eqyXp�`ZS]i¸i]e[rtWk^�U[`hyXijY[iuS]ijy±�`D�Z\_e�cZWke�W
i]^n^�\_a�i]`hyX`Z^�\_eqyz\Oi]e�a[ij��iua�p�`hyz\¤VAi]mzU[`hV4^ni]`Ze�a�W�WZUK\fV4`hg_ijWke�iMi]e�p�yXi]Sui��
¹£\fV�o�p�\_S]SjWær4��\dV4ijckp[`hV4a�`��si]eq�Z\_rt\Z�:Sj\lU�VXW�rt\_a�p�VX\la�i ´kªqØíìK��°AªqØ��le�\_rt\_mXm4`hV4ij\lU�\fV8i]e�a[ij��iua�{

p�`hV4\�Sj\�S]i]e�\f\�a�i6iue�cZVX\_mXmzWda�`´`ZmXmz\fcke�`hVX\Z�¸^	\_e�yzVX\�¹"!�Ú #%$0`´U[`hVXyXijV4\Da�`lp�eæa�`hyzW´WZY~ij\fyzyXij�ZW
mz\_S]\fg_ijWke�`Op�e[`OS]i]e�\_`�UK\fVs�ZWkS]yX`���â�ÛI� \_mz\fckp�\�p�e+´kªqØTì���°AªqØ��¤^�p�SjyXijU[S]WOi]e�a�ij��i]a�p[`Ze�a�W¤U~iz�p�S]i]e�\f\
UK\fV.�ZWkSjyX`�\_a�`ZmXmz\fcke�`Ze[a�W�UKWkmXmXijY[iuS]^�\_eqyz\�U[iX�pbi]e�cZVX\_mXm4i��
¹£\fV	rf`hU[i]VX\bi��h`ZeqyX`hcZcki¤a�i%o�p�\_mzyzW§`hU�U�VXW�rfrfijW§mXi%rtWke�mXiua�\fV4i/i]S%rfijV4rfp�ijyzW|a�i%â¨ijc��?é�� Ñ_Ò \vmXi

mXp�U�UKWke�ck`8r4��\wS­�¶WZY[ij\fyzyXij�ZW	mXiu`�oqp�\_SuSjW�a�iKUKWZVXyX`hVX\OS]`�S]iue�\_` / `Q���
�6\OWZUK\fV4`hg_ijWke�i6mz�ZWkSjyz\wa�`n¹Ï!�Ú #%$ e�\_S%´kªqØíìK��°AªqØ��wmzWke�Wni]SuS]p�mzyzV4`hyz\¡i]eµâ£i]c���é�� Ñ_Ò `n\wV4i]mXp�Sj{

yX`Ze�W´e�\_S]S���`ZmXmX\fcke�`Z^�\_eqyzWna�\_S]S���iue�cZVX\_mXmzW·5»`Q���
�¡p�\_mzyzW´`Zm4mz\fcke�`Z^�\_eqyzWle�Wkeº�\wyX`ZS]\Da�`ncki]p�mzyXij¥~rf`hVX\Oi]SM�h`ZSjWZVX\�a�i / \_aº�\wUKWkmXmXijY~i]Sj\Z��r4��\8e�\_i

U[`Zm4mXi~mX\fckp�\_e�yXi­��`ZSjyzVX\�S]i]e�\f\�a�i�i]e�cZVX\_mXmXWD�Z\_e�ck`Ze�W	`ZmXmz\fcke�`hyXiM`��h`ZSjWZV4iKi]e�rtW�\fVX\_eqyXi�rtWkebiuS[�h`ZSjWZVX\
a�i / �

�:��`ZSjcZWZV4ijyX^	W	â�ÛI�D�~i]eq�Z\_rt\Z����â¨ijc���é�� Ñ_Ò Y��@`ZmXmz\fcke�`	yXp�yzyXi6iK�h`ZSjWZV4iMp�e[ij�ZW�rf`Z^	\_e�yz\wa�\fyz\fV4^	i½{
e�`hyXi~a�`ZS]S��¶WZY~ij\fyzyXij�ZWwi]e[ijg_i]`ZSj\w��\_mz\fckp�\_e�a�WDa�\_S]Sj\¤mXrt\_S]yz\¤W��Z\¡i]eq�Z\_rt\�o�p�\_mzyz\�rtWke�a�i]g_ijWke�i�e�WkelmzWke�W
�Z\fV4i] �rf`hyz\Z�srtWk^�\be�\_S�rf`ZmzW§a�i:p[eº�IÛ��IÚ�rtWke»p�mXrfi]yX` Ñ � ÿ UK\fVXyX`ZeqyzWæo�p�\_mzyz\di]e�rtW�\fVX\_e�gf\le�Wke
UKWkmXmzWke�W�\_mXmz\fVX\¡cZ\_e�\fVA`hyz\Z�
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â¨ijckp�V4`�é�� Ñ_Ò�ÿ #�mz\_^�U[ijW8a�\_S]S]\¤WZUK\fV4`hg_ijWke�i�mz�ZWkSjyz\¡UK\fV/cki]p�mzyXi]¥[rf`hVX\�i]S[�h`ZSjWZVX\4�8a�\_S]Su`wS]i]e�\_` / a�` ÿ
`��.¹"!�Ú #%$º�~r4��\wUK\fV¤rfi]`ZmXrfp[eb�qª����wa�\fyz\fV4^	i]e[`	p�evmzWkS]W	��`ZS]WZVX\wa�i¸iue�cZVX\_mXmzWæ��i]SMU[iX�pv �`Zrfi]S]\wa�`
rtWke�yzV4WkS]S]`hVX\�mz\DS���p[mXrfijyX`na�\_SM�qª����w��ÛI��Ú��\�` Ñ \�i]SMU[iX�pµa�ij·nrfi]S]\¡��i]rt\f�Z\fVAmX`Ó���Aã�Y��@â�ÛI�D�~r4��\Z�
oqp[`Ze�a�WlU�\fV¡p�e|a�`hyzWb�h`ZSjWZVX\8a�i¨p�mXrfi]yX`´a�\_S��qª����b���de�\_S¨rf`ZmzWva�\_S£�IÛI��ÚO��yXp�yzyXi¨ckS]i£i]e�cZV4\_mXmXi
mzWke�Wna�\fyz\fV4^	i]e�`hyXi­��SuiM`ZmXmz\fcke�`	a[`Ze�a�W	rtWkmí� ÇxS]p�WZcZW	`	rf`Z^	^ni]e�iM^�p�SjyXijU[Sui[a�ik´�ªqØíìK��°AªqØ��±�

BDC�B ñ �~7 P8N�L�J = G8N�LÍ	 ò 7X� H 2 G �
�¤\_SuSj\b^�\fyzW�a�WkSjWZckij\ba�i/rtWkS]S]`Zp�a�W|a�i/yXijUKW�rf`Zm4p�`ZSj\Z��i/�Z\fyzyzWZV4i¤a�i�rtWkSuS]`Zp�a�Wæ�Z\_e�cZWke�W§cZ\_e�\fVA`hyXi
i]ev^	`Ze[ij\fV4`	rf`ZmXp[`ZSj\OWæ��U~mz\_p�a�W�rf`ZmXp�`ZSj\Z�~S]`�a�i]mzyXiue�g_ijWke�\� �V4`	i¸a�p�\Oyz\fV4^	i]e[iK�Z\fVXV��`nrA��i]`hV4i]yX`�e�\_S
mz\fckp�ijyzWça�i�oqp�\_mXyzWxU[`hVA`hcZV4`h ²Wq�n`xU[`hVXyXijVX\�a�`ºp�e[`ºa�`hyX`»a�i]mzyzVAijY[p�g_ijWke�\da[i@U�VXWZY~`hY[i]S]ijy±�`���R¦e
U[`hVXyXi]rtWkSu`hVX\Z��mz\nyX`ZSj\na�i]mXyzV4ijY[p�g_i]Wke�\´�\lp�e�ij �WZV4^�\v��W����Z\fVXW|mz\	WZcke�is�Z\fyzyzWZVX\la[i?rtWkS]S]`Zp�a�Wv�[`vS]`
mzyz\_mXmX`nU�VXWZY[`hY~i]S]ijy±�`8a�iK\_mXmX\fVX\wcZ\_e�\fVA`hyzW��~\wo�p�i]e[a�iKrfi]`ZmXrfp�eviue�cZVX\_mXmzW´��`	p�e�`�a[i]mzyzV4ijY~p�g_ijWke�\�a�i
U�VXWZY[`hY~i]S]ijy±�`�a�i���`ZS]\fVX\ Ñ i]e�a�ijUK\_e�a�\_e�yz\/a�`¡oqp�\_S]S]`Ia�\fckS]i�`ZSjyzV4i�i]e�cZVX\_mXmXi�\@rtWke��h`ZSjWZVX\.`hyzyz\_mzWDU[`hV4i
`K���Ô(k�A�¨mXi¨U[`hV4S]`lU�V4WZU�V4i]`Z^�\_eqyz\	a�i¨cZ\_e�\fVA`hg_ijWke�\na�i£�Z\fyzyzWZV4i�a�i?rtWkS]S]`Zp[a�Wba�i¨yXijUKWd°Aªh�K³�¯�×b��mz\
i]eq�Z\_rt\IyX`ZS]\�a[i]mzyzV4ijY~p�g_ijWke�\.e�Wke��\¡p�e�ij �WZV4^�\D��`Zad\_mX\_^�U[ijW�mz\Irfiu`ZmXrfp�edi]e�cZVX\_m4mzWD��`DU�VXWZY~`hY[i]S]ijy±�`
a�ij�Z\fV4m4`�a�`����Ô(k�.mXi¸U[`hV4S]`8a�iKcZ\_e�\fVA`hg_ijWke�\O°Aªh�M³�¯�× UK\_mX`hyX`µ�¦ê?���½��ë�����³´°Aªh�K³�¯�× �����_���]�����A�

Î¤iumzUK\fyzyzWI`ZS]Su`@cZ\_e�\fV4`hg_i]Wke�\/a[i��Z\fyzyzWZV4i�a�i�rtWkS]S]`Zp[a�W¤a�iqyXijUKW�a�\fyz\fVA^	i]e�i]mXyXi]rtW��±S]`�cZ\_e�\fV4`hg_i]Wke�\
rf`ZmXp�`ZSj\8U�V4\_mz\_e�yX`li]S���`ZeqyX`hcZckijWba�i£p�e�`´^	`hcZckijWZVX\�mz\_^�U~S]i]rfijy±�`´a�\fckS]i6`ZS]cZWZV4ijyX^	i£p�yXi]S]i]gfg_`hyXi¸\�SjW
mz�h`Ze�yX`hcZckijW	a[i�p[e�`D^ni]e�WZVX\�\f·nrfij\_e�g_`���rA��\�V4i]mXp�S]yX`wi]el^	`hcZckijWZV4iKS]p[e�ck��\fgfgf\¡a�\_S]Sj\Imz\_o�p�\_e�gf\¡a�i
rtWkS]S]`Zp�a�W�`vU~`hV4ijy±�`va�i�rtWZUK\fVXyXp�V4`»��W�i]ex^	i]e�WZV4is��`ZSjWZVAi:a�isrtWZUK\fVXyXp�V4`µ`µU[`hV4ijy±�`�a�i:S]p[e�ck��\fgfg_`
a�\_S]S]`�mX\_oqp�\_e�g_`�a�iMrtWkS]S]`Zp�a�Wq�A�
èIe�`|a�\_S]Sj\l^	`hcZckijWZV4i.`hU�U~S]i]rf`hg_ijWke�i�a�i/oqp�\_mXyX`æ^	\fyzW�a�WkS]WZcki]`»�\da[`hyX`æa[`ZS]S]`�U�Wkm4mXijY[i]Suijy±�`ba�i

i]eqyz\fcZV4`hVX\}a�ijV4\fyzyX`Z^�\_e�yz\}m4p�S�rA��ijU�cZ\_e�\fVA`hyzWZV4i¡a�iI�Z\fyzyzWZV4iOa�i�rtWkS]Su`Zp�a�Wça�i�oqp�\_mXyzW*yXijUKW»rA��\
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V4iumXp�SjyX`Ze�W´^�WkSjyzWdU[iX�pærtWk^�U[`hyzyXi@��\_mXmX\_e�a�WdyXijU[i]rf`Z^	\_e�yz\�rtWkmzyXijyXp[ijyXi�a[`´V4\fcki]mzyzV4i£`dmXrtWZVXV4i]^	\_e�yzW
VX\fyzV4Wk`hg_ijWke�`hyXi�S]i]e�\_`hV4^	\_e�yz\±�sa�i[o�p�\_S]S]i�V4i]r4�[ij\_mzyXi[a[`Oyz\_rfe�i]rA��\�a�i�yXijUKWwa�\fyz\fV4^	i]e�iumzyXi]rtWn��i]e´U�V4`hy¦{
i]rf`���a�\_S]Sj\4În!4$ i]ebrfp�i¸^�\_^	WZV4ijgfg_`hVX\wiK�Z\fyzyzWZVAi6a�iMrtWkS]Su`Zp�a�W�cZ\_e�\fV4`hyXi�`ZSjcZWZV4ijyX^ni]rf`Z^�\_eqyz\±�A�

�6\�mz\_oqp�\_e�gf\�cZ\_e�\fV4`hyz\	i]e|o�p�\_mzyzWvrf`ZmzWvm4i£a[i]rtWke�WlU[iX�pæU�VXWZU�VAi]`Z^�\_eqyz\�a�i£yXijUKWlU[mz\_p�a�W�rf`�{
mXp[`ZSj\Z��iueµo�p�`Ze�yzW��MckSui6`ZSjcZWZV4i]yX^	i�a[i¸cZ\_e�\fV4`hg_i]Wke�\�a�i¸�Z\fyzyzWZV4i?a[i6rtWkS]S]`Zp[a�WlrA��\�U�Wkm4mzWke�Wn\_m4mz\fVX\
i]eqyz\fcZV4`hyXi£mzWke�Wli]evcZV4`Za�W´a�i6 ²WZV4e[ijVX\wmz\_o�p�\_e�gf\�r4��\8mzWkSjWli]ebU[`hV4yz\�`hU�U[VXWkmXmXi]^n`Ze�W	Sj\Drf`hVA`hyzyz\fVz{
i]mXyXi]r4��\Ia�i�mz\_oqp�\_e�gf\Irf`Zm4p�`ZS]i��¨R¦e� �`hyzyXi­��mz\fU[U[p�VX\¤Su`wU�V4WZY[`hY[i]S]i]y±�`¡a�i[�h`ZSj\fVX\ Ñ a�i[rfi]`Zm4rfp�edmz\fcke�`ZSj\
e�\_SuSj\�mX\_oqp�\_e�gf\�U[mz\_p�a�W�rf`ZmXp�`ZSui:�\n`hU�U[VXWkmXmXi]^n`hyXij��`Z^	\_e�yz\8U[`hV4i¨`T���Ô(��¸\_m4i]mzyz\	mXi]`drtWZVXV4\_S]`hg_ijWke�\
 �V4`Iiqa�i]�Z\fV4mXi�mz\fcke�`ZS]i�a�i�i]e�cZVX\_mXmXWIrA��\/rtWZV4VX\_S]`hg_ijWke�\% �V4`Iiqa�i]�Z\fV4mXiq�Z\fyzyzWZV4i�r4��\%�Z\_e�cZWke�WIcZ\_e�\fV4`hyXi��
R¦ebU�V4`hyXiurf`��~p�e�`8�ZWkS]yX`	cZ\_e�\fV4`hyzWdp�eb�Z\fyzyzWZV4\Z��o�p�\_mzyzWle�WkebU[p��WnV4ijU�VX\_mX\_e�yX`hV4m4iK\wSj\wrf`hV4`hyzyz\fVAi]m¦{
yXi]rA��\�a�\_S�U�VXW�rt\_mXmzW�a�i�cZ\_e�\fV4`hg_i]Wke�\�a�\_i[�Z\fyzyzWZV4iKa�i�rtWkS]Su`Zp�a�Wwa�i]�Z\_e�yX`Ze�WDoqp�iue�a�i�mXi]^ni]S]i�`wo�p�\_S]Sj\
a�iMp[eb\_mzUK\fV4i]^�\_eqyzW	mz\_e�g_`	VX\_i]eqyzVXW�a[p�g_ijWke�\Z��mz\OUKWkiMS]`�Sup�e�ck��\fgfg_`	a�\_S]S]`8mz\_o�p�\_e�g_`v�\w^n`hcZckijWZVX\
a�i¤oqp�\_SuS]`§^	`ZmXmXiu^	`}a�i@rtWkeqyz\fcZckijWça�\_S¤rfi]V4rfp�ijyzW}p�yXiuS]ijgfg_`hyzW}UK\fVncZ\_e�\fV4`hV4S]`��.mXi@�[`Ze�e�Wº`Ze�rA��\
rf`hV4`hyzyz\fVAi]mzyXi]rA��\wa�iKUK\fV4ijW�a�i]rfi]y±�`��
¢%Wk^Dp�e[oqp�\Z��mz\¡S]`8mz\_o�p�\_e�g_`8p�yXi]Suijgfg_`hyX`´�\Om4p�·nrfij\_eqyz\_^�\_eqyz\IU~iz�p´rtWZV4yX`�a�iKoqp�\_SuS]`D^n`ZmXmXi]^	`

WZyzyz\_e�i]Y[i]Sj\�a�`ZS¨VX\fckiumzyzVXWvp�yXi]Suijgfg_`hyzWbUK\fVOS]`lcZ\_e�\fV4`hg_ijWke�\´a�i¨�Z\fyzyzWZV4i��¨`ZS]SjWZV4`dSj\	rf`hVA`hyzyz\fV4i]mzyXi]rA��\
mzyX`hyXiumzyXi]r4��\dmXWke�Wæ^	WkSjyzW§mXi]^	i]Suis`�o�p�\_S]S]\´a�i/p�e�`æmz\_o�p�\_e�g_`æ°Aªh�K³�¯�×v�|¹£\fV	o�p�\_mzyzW|^�WZyXij�ZW|\
UK\fVOVX\_e[a�\fVX\	U[iX�p}mz\_^�U[Sui]rt\	S]`byzV4`hyzyX`hg_i]Wke�\Z�soqp[`Ze�a�Wµe�Wkexa�ij�Z\fV4m4`Z^�\_e�yz\lmzUK\_rfij¥[rf`hyzW��¨mXis �`hV��`
V4i] ²\fV4iu^�\_e�yzW�`ZS¸rtWkSuS]`Zp�a�W�a�iMyXi]U�W�rf`ZmXp[`ZSj\Z�
ÛIe�rA��\lmX\nU[`hVXyXiurtWkS]`hV4^�\_eqyz\´p�yXiuSj\ne�\_S/rf`ZmzW|a�i:rfijVArfp�ijyXisi]eºcZV4`Za�W|a�i:`Zp�yzW�rtWkS]Su`Zp�a�`hV4mXi­��S]`

cZ\_e�\fVA`hg_ijWke�\@a�i��Z\fyzyzWZV4i�a[i�rtWkSuS]`Zp�a�W¡a�i�yXijUKW¡rf`ZmXp�`ZSj\%U[p£�WI\_m4mz\fVX\@p�yXi]Suijgfg_`hyX`�i]e8`ZSjyz\fV4e�`hyXij�h`�`hckS]i
`ZSjcZWZVAijyX^	i£a�i¸yXijUKWda�\fyz\fV4^	iue�i]mzyXi]rtW´`Ze�r4��\�e�\_S£rf`ZmzWbi]eærfp�i£i��Z\fyzyzWZVAi?mXi]`Ze�W´cZ\_e�\fV4`hyXi?rtWkeæU�VXWh{
cZV4`Z^n^	i�a�i~mXi]^�p�S]`hg_ijWke�\Z�£R¦e	oqp�\_mzyzWDrf`ZmzW���mXi��Z\_a�V��`wrtWk^	\IS��¶\f·´rfij\_e�g_`¡V4iumzUK\fyzyzWw`Zi�U�V4WZcZV4`Z^	^	i
a�\fyz\fVA^	i]e�i]mXyXi]rfi~m4i]`8U[i]p�yzyzWkmXyzW�V4i]a�WZyzyX`�\Oo�p�i]e[a�iKmXi]`Ze�W	e�\_rt\_m4mX`hV4i¸p�S]yz\fV4ijWZV4iK`ZrfrtWZVXcki]^	\_e�yXi��
¹£\fV¨oqp�\_S]SjW¤rA��\�VAijckp�`hV4a�`¤i]S�mzW�a�a�iumz �`Zrfiu^�\_e�yzW�a�ikWZY[i]\fyzyXij��iqa�i�o�p�`ZS]i]y±�`@a�`@U~`hVXyz\/a[ikmz\_o�p�\_e�gf\

a�i/yXijUKW§rf`ZmXp�`ZS]\º��U[p�eqyzW}r4��i]`��Z\vUK\fV	oqp�\_mzyzW§yXijUKW§a�i.^�\fyzW�a�WkSjWZckij\±�A�/`Ze�r4��\�i]eçoqp�\_mXyzWºrf`ZmzW
S��¶WZY~ij\fyzyXij�ZWda�`nmzW�a�a�iumz �`hV4\	�\8yXi]rf`Z^�\_eqyz\8a[`hyzWla�`lp�e���`ZS]WZVX\�a[i�rtWZUK\fVXyXp�VA`na�i�ckp�`ZmzyXi��K^�\_eqyzVX\
i]S6rtWkmzyzWæ�\8o�p�`ZmXi6p[e�i]rf`Z^�\_eqyz\Da�`hyzWla�`ZS]S]`nS]p�e�ck��\fgfg_`´a�\_S]S]`nmz\_oqp�\_e�g_`na�`ncZ\_e�\fV4`hVX\Z�KUK\fV4rA�K�\Di]S
rtWkeqyzV4ijY[p�yzW	a�\_S]S]`�U[`hVXyz\DrtWk^�U[p�yX`hg_ijWke[`ZS]i£�\w\_mzyzVX\_^n`Z^�\_e�yz\DV4i]a�WZyzyzW��

#�mz\fckp�\_e�a�WæS]`æmXi]^�p�S]`hg_i]Wke�\´a�i�ckp�`ZmzyzW|UK\fV�rfi]`ZmXrfp�ex�Z\fyzyzWZVX\µa[i�rtWkS]Su`Zp�a�WµcZ\_e�\fV4`hyzW ��mXi]`
a�`np�evU�V4WZcZV4`Z^	^	`´r4��\�a�`np�e�rfijV4rfp�i]yzWq�%mXi6rtWke�WkmXrt\�iu^	^�\_a�i]`hyX`Z^	\_e�yz\�i]SM�h`ZSjWZVX\DrtWZV4VX\_e�yz\8a�i
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p�e§`Ze�`ZS]iumXi£U�VXWZY[`hY[iuS]i]mzyXi]rf`´a�\_S?rfijV4rfp[ijyzW�� � `ZSj\	`Ze�`ZSui]mXi�yzV4`ZmXrfp�V4`bS]\	rtWZVXVX\_S]`hg_ijWke[i¨ ²V4`di?a�i]�Z\fV4mXi
mz\fcke�`ZS]i6a�\_SMrfijV4rfp�i]yzWµ��\woqp[i]e�a�i� �WZV4e�i]mXrt\¡p�evV4i]mXp�S]yX`hyzW�\_m4`hyzyzW´mzWkSjW´e�\_SMrf`ZmzW´iuebrfp�i¸S]`8VX\fyz\DmXi]`
U�V4ij�h`8a�iKV4i]rtWkeq�Z\fVXcZ\_e�gf\�a�iK �`Ze�{­Wkp�yA�A�
R¦e o�p�\_mzyX`}WZyzyXiurf`��¤S]`}U[VXWZY[`hY[i]Suijy±�`|r4��\æp�e ckp�`ZmXyzWxmXi]`ºV4ij�Z\_S]`hyzWxa�`ºp�e �Z\fyzyzWZVX\|a�i.yXijUKW

°Aªh�K³�¯�× �\}a[`hyX` a�`ZSIU�VXW�a�WZyzyzW a�i¡o�p�\_S]S]`»r4��\ºi]SIckp�`ZmzyzW mXiu`*`hyzyXij��`hyzW!rtWke oqp�\_S]S]`��*)��Z�la�i
U�VXWZU[`hck`hVAe�\OckS]iK\tàK\fyzyXi6`ZS]S]\Op�mXrfijyz\Oa�\_SMrfi]V4rfp�ijyzWµ��yX`ZSj\Doqp�`ZeqyXijy±�`b�\wa�\fyzyX`	WkmXmz\fV4��`hY[iuS]ijy±�`��A�
¹£\fVwa�\fyz\fV4^ni]e�`hVX\8oqp�\_mzyz\	oqp[`Ze�yXijy±�`��s�\	e�\_rt\_mXmX`hV4ijWva�\fyz\fV4^	i]e�`hV4\�S]`lU�V4WZY[`hY[i]S]i]y±�`na�i���`ZS]\fVX\

Ñ WM�na�i�rfi]`ZmXrfp�e�mz\fcke�`ZSj\8a�\_S�rfijV4rfp�ijyzWnW´rtWkeqyzVXWkS]S]`hY[iuS]ijy±�`µ��UK\fV�p[e�`	S]i]e�\_`·�vmXi6a�\f¥~e�i]mXrt\O¨�+',
,-	/.:§}z��Ó, Ñ ���A� á i¸rtWke�mXiua�\fV4i���`Zaµ\_mz\_^�U[ijW��~p�evÛI��Ú rtWkeæi]e�cZV4\_mXmXi�0 \�1l�[S]`	U�VXWZY[`hY[iuS]ijy±�`8a�i
`_�Z\fVX\ Ñ i]e}p[mXrfijyX`}��mXp�U[U�Wke[a�\_e�a�Wdismz\fcke�`ZSui?e�Wke}rtWZVXVX\_Su`hyXi²�D�\na�`hyX`�a�`ZS¨U�VXW�a�WZyzyzWµa�\_SuSj\�a�p�\
U�VXWZY[`hY~i]S]ijy±�`�a�iM`_�Z\fV4\ Ñ i]ebiue�cZVX\_mXmzW�ã�VAi]mXp�SjyX`8o�p�i]e�a[i�¨3254�6�,9¨87�¨89.�
¹£\fVIa�\fyz\fV4^	i]e�`hV4\OS]`�rtWke�yzV4WkS]S]`hY[i]Suijy±�`�a�iMrfi]`ZmXrfp[eµmz\fcke�`ZS]\we�\_S¸rfijVArfp�ijyzW���yzV4`hyzyX`Ze�a�WkmXi6a�i6mz\t{

oqp�\_e�gf\Orf`ZmXp�`ZS]i­��S]`�U�VXWZY[`hY[iuS]ijy±�`�a�\fckS]iMi]e�cZV4\_mXmXi���i]\_e�\¡`ZmXmz\fcke�`hyX`´`����Ô(8\Z�[o�p�i]e�a�i­�qS���`ZSjcZWZVAijyX^�W
U�VXW�rt\_a�\º�Z\fVAmzW S]\ºp�mXrfijyz\xU�V4i]^n`hV4ij\§a�\_Swrfi]V4rfp�ijyzW `Zm4mz\fcke�`Ze�a�W i]SO�h`ZSjWZVX\»a�iOrtWkeqyzVXWkS]S]`hY~i]S]ijy±�`
a�\_S]S���p[mXrfijyX`»a�i�rfi]`ZmXrfp�e�ck`hyz\º`çU~`hVXyXijVX\|a�`çoqp�\_S]S]iIa�\fckS]i¡i]e�cZV4\_mXmXiIp�yXi]S]ijgfg_`Ze[a�W»S]\æV4\fcZWkSj\}i]S½{
S]p�mzyzVA`hyz\Di]e � `hY¸�~é��Ãþ	r4��\DV4`hU[U�VX\_mz\_eqyX`Ze�WnS]`´a�\_mXrtV4i]g_ijWke�\¡U�VXWZY~`hY[i]S]i]mXyXi]rf`8a�i¸rfi]`ZmXrfp[evck`hyz\8e�\_S
rf`ZmzW´iuebrfp�iMmXi¸rtWke�m4i]a�\fV4`Ze�W8ckS]i6i]e�cZVX\_mXm4i�iue�a�ijUK\_e�a�\_eqyXi��

�s�¶\_mX\_^�U[ijW8a�i�â£i]c��qé�� Ñ é	i]SuS]p�mzyzV4`wi]S[rf`ZS]rtWkS]W8a�\_S]S]`wrtWkeqyzVXWkS]Su`hY[i]S]ijy±�`we�\_SKrf`ZmzW�a�i~p[e´mz\_^	U[S]i]rt\
rfijV4rfp�i]yzWnrtWk^wY~i]e�`hyzWZV4ijW´rtWkevV4i]rtWkeq�Z\fVXcZ\_e�g_`la�iM �`Ze�{­Wkp�yf�@¢/Wk^�\DmXi¸U[p£�W��Z\_a�\fVX\DSu`	mzyXi]^	`na�\_S]S]`
rtWke�yzV4WkS]S]`hY[i]Suijy±�`Oe�Wke��\�U[iX�p	\_m4`hyzyX`�e�\_S~rf`ZmzW�a�\_SuS���p�mXrfijyX`���i]e� �`hyzyXi���yX`ZSj\��h`ZSjWZVX\I��ij\_e�\�mXyXi]^	`hyzW�a�`
¢n!�¹çrtWk^�\ Ñ üK¨8:[¨3;:��\_mzU[VX\_mXmXijWke�\¤r4��\8�\���`ZSui]a�`OmzWkS]W�mz\�i�mz\fcke�`ZS]i=<,\ � mzWke�W8i]e�a�i]U�\_e[a�\_e�yXi­�
^	`¡yX`ZSj\�ijUKWZyz\_mXi�e�Wkeb�\@�Z\fV4i]¥[rf`hyX`Oe�\_S�rfi]V4rfp�ijyzW¡i]e8\_mX`Z^	\�i]e�o�p�`ZeqyzWwoqp�\_mzyXi�mz\fcke�`ZS]i[a�ijUK\_e�a�Wke�W
a�`����

�s�¶Wkm4mz\fVX�h`hY[i]S]ijy±�`ba�\_S]Sj\�a�ij�Z\fV4mX\	S]i]e�\f\Z�6iue��Z\_rt\Z�£��i]\_e�\	rf`ZS]rtWkS]`hyX`�`bU[`hVXyXijV4\	a�\_S]Sj\�p�mXrfi]yz\	a�\_S
rfijV4rfp�i]yzWDrfp�i[��ij\_e�\¤`hyzyzV4ijY[p[ijyzWwi]S[��`ZSjWZV4\ Ñ \I��ij\_e�\@V4i]U�WZV4yX`hyX`O�Z\fV4mzW�ckS]i~i]e�cZVX\_mXm4i�a�\fyz\fV4^	iue�`Ze�a�W



Ò é Ó�ÔxÕ �����A°Aª�Ö_�²¯��~�¡ª�«���¯�×nª�����ØAªd³��?Ù����z��¯±°4�?³q�£Ø�¯�¬u¬uª�«�³�¯

ck`hyz\ ¨ 2>4�6
Û��IÚ ?

@BA ÷
¨ A ÷

! Î Ñ ü ?
@BA ÷
� Ñ üF¨ A ÷ �

� ! � Ñ üF¨ A ÷��ÛI�IÚ Ñ ü ?
@BA ÷

¨ A ÷
� ! Î ?

@BA ÷
� Ñ üF¨ A ÷ �

� `hYK\_S]S]`�é��Ãþ ÿ

A

B

C

D

E

F

G

OUT

0.5

0.5

0.5

0.5

0.25

0.25

0.625     

0.8125    CORRETTO

0.84375 COP

â¨ijckp�VA`´é�� Ñ é ÿ�C `ZSjWZV4i?a�i¨rtWkeqyzVXWkS]S]`hY[iuS]i]p�y±�`|��U�VXWZY[`hY~i]S]ijy±�`´a�i¨`_�Z\fVX\ Ñ mXp§p�e|mz\fcke�`ZSj\±�¡rf`ZS]rtWkS]`hyXi
rtWke}¢n!�¹ UK\fV�p�e�mX\_^�U[S]i]rt\�rfijV4rfp�i]yzW´rtWk^DY[i]e�`hyzWZV4i]W��¡¢/Wk^	\8m4i6U[p£�Wn�Z\_a�\fVX\n¢n!¡¹ rtWk^n^�\fyzyz\
p�ed\fV4VXWZVX\Oe�\_S¸rf`ZmXWna�\_S¸mz\fcke[`ZSj\Oa�i¸p�m4rfijyX`�mXpbrfp�i¸m4iM��`8V4i]rtWkeq�Z\fVXcZ\_e�g_`´a�iK �`Ze�{­Wkp�yf�

S��¶Wkm4mz\fVX�h`hY[i]S]ijy±�`Da�iKrfi]`ZmXrfp�edi]e�cZVX\_mXmzW8a�i�ck`hyz\wmz\_rtWke�a�W�V4\fcZWkSj\Oa�i�yXijUKWDU[VXWZY[`hY[i]Sui]mzyXi]rtW��d��p�i]e�a[i��
rtWke	S]\%p[mXp�`ZS]i�ijUKWZyz\_mXi�a�i�mz\fcke�`ZSui�e�Wke�rtWZVXVX\_S]`hyXi­��S��¶WkmXmz\fV4��`hY[iuS]ijy±�`¤a[i�p�e�`�S]i]e�\_`Ia�i�i]e�cZVX\_mXmzW¡a�i�p�e
ck`hyz\	�\wp�ckp�`ZSj\¡`ZS]S]`�U�VXWZY~`hY[i]S]ijy±�`Dr4��\¡ckSuiK\tà�\fyzyXi¸a[i�p[e�`���`hV4iu`hg_ijWke�\¡a�iKyX`ZSj\OS]iue�\_`Dm4i]`Ze�W8yX`ZS]iMa�`
rf`Z^DY[i]`hVX\�S���p�m4rfijyX`Da�\_S~ck`hyz\¡UK\fV%S��¶WkmXmz\fV4��`hY[iuS]ijy±�`Oa�\_SuS]`DSui]e�\_`wa[i~p�m4rfijyX`Da[i[yX`ZSj\�ck`hyz\Z�Ï�¸\IVX\fcZWkSj\
UK\fV�rf`ZSurtWkS]`hVX\DS­�¶WkmXmz\fVX�h`hY[i]S]i]y±�`8U�\fVIS���i]e�cZV4\_mXmzWEDxa[i6p�ebck`hyz\�rtWkeæp�eµp[mXrfijyX` � mzWke�W´V4ijUKWZVXyX`hyz\
i]e � `hY¸��é��¶é��
R¦ewo�p�\_mzyzWI^�W�a�W�mXiq��`@p�e[`¤mzyXi]^n`@a�\_S]S]`@U�VXWZY[`hY[iuS]ijy±�`%a�ikU[VXWZU[`hck`hVX\�ckS]ik\tàK\fyzyXiqa[i�p�ewckp�`ZmzyzW��
á i�rtWke�m4i]a�\fV4i�`Za�\_mX\_^�U[ijWdp�e�ck`hyz\	Û��IÚ&S]`lrfp�i£S]i]e�\_`´a�i£p�mXrfijyX` � ��`´WkmXmz\fVX�h`hY[i]S]i]y±�`Q��� U �

\nS]\nrtWke�yzV4WkS]S]`hY[i]Suijy±�`ba�\fckS]isiue�cZVX\_mXmXiF0 \�1#mzWke�WµVAi]mzUK\fyzyXij�h`Z^�\_e�yz\Q���Ô(µ\2���Ø¬qã:S­�¶WkmXmz\fVX�h`hY[i]S]i]y±�`
a�\_SuS]`nS]iue�\_`G1��\8a[`hyX`la[`ZS]S]`	U[VXWZY[`hY[i]Suijy±�`	r4��\H0 ��`ZS]ck` Ñ UK\fV�S]`nU[VXWZY[`hY[i]Suijy±�`	r4��\	S���p�mXrfijyX`´mXi]`
WkmXmX\fVX��`hY~i]Sj\�\_a}�\OU[`hVAiM`Q���Ãþ��
��\_SMrf`ZmzW	a�iKp�e[`�Sui]e�\_`I, rtWkeb �`Ze�{­Wkp�yO� Ñ ��S]`8mXp�`�WkmXmX\fVX��`hY~i]S]ijy±�`DU[p��W8\_mXmz\fV4\IVAi]rf`_�h`hyX`	a�`
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ck`hyz\ ¨ 254�6
ÛI��Ú��[�IÛI��Ú )KJ·,�) ; ?

@BA ÷�L� J
¨ A ÷

! ÎO���4! Î )KJ·,�) ; ?
@BA ÷ML� J
� Ñ üF¨ A ÷ �

�4! � ) J ,�)N;

� `hYK\_S]Su`8é��¶é ÿ Î¤\fcZWkSj\Da�i£¢n!�¹ UK\fV¤rf`ZSurtWkS]`hVX\DS­�¶WkmXmz\fVX�h`hY[i]S]i]y±�`�a[i¸p�evmz\fcke[`ZSj\wa�i¸iue�cZVX\_mXmzW	`´p�e
�qª����±�
oqp�\_S]S]`�a�\_iMmXp�WkiKV4`Z^	i¸`ZmXm4p�^�\_e�a�W	rA��\wo�p�\_mzyXiMmXiu`Ze�W	i]e�a�i]U�\_e[a�\_e�yXi~\Or4��\wS]`�o�p�i]e�a�iKS]`�Sui]e�\_`l�\
WkmXmz\fVX�h`hY[i]S]\Omz\OSjWv�\w`ZS]^	\_e�W	p�e�W	a�\_iMm4p�WkiMV4`Z^	iMa[iK �`Ze�{­Wkp�yfã[a�`�rfp�i¸m4iM��` ÿ

)BO8, Ñ ü ?
@ ý
� Ñ üP) ý � ��é�� Ñ ���

a�W±�Z\�ûnV4`hU�U�VX\_mX\_e�yX`�p�evcZ\_e�\fV4i]rtW	VA`Z^�W	a�iK �`Ze�{­Wkp�yf�
�¸\nWkmXmz\fVX�h`hY[i]S]i]y±�`´a�\_i?mX\fcke�`ZS]isa�\_SuSjWlmXyz\_mXmzWµrfijVArfp�ijyzWbp�yXi]S]i]gfg_`hyzWve�\_S?rf`ZmzWµa�\_SuS]`drtWke�yzVXWkSuS]`�{

Y[i]S]i]y±�`�mXWke�W�V4ijUKWZVXyX`hyz\Oi]ebâ¨ijc��[é�� Ñ (��
�6`OU�VXWZY[`hY[iuS]ijy±�`Ia�i�V4ij�Z\_S]`hV4\%i�ckp�`ZmzyXi�U[p£�W¡\_mXmz\fVX\@i]^n^�\_a�i]`hyX`Z^�\_eqyz\@WZyzyz\_e�p�yX`wa[`ZS�U�VXW�a�WZyzyzW

a�\_S]S��¶WZU[U�WZV4yXp�e�`8rtWke�yzV4WkS]S]`hY[i]Suijy±�`8UK\fV¤i]SM�h`ZSjWZVX\�a�iMWkmXmz\fV4��`hY[iuS]ijy±�`�a�iMyX`ZS]\DS]i]e�\_` ÿ e�\_S�rf`ZmzW´a�i�p�e
ckp�`ZmzyzW�a�i~yXijUKWD�_�X«�Øíì�®�ª��­®��wmXi���`Do�p�i]e[a�iw¦å�4,9¨��K)���\4¦å�4, � Ñ üL¨��h�Q)���UK\fV%p[enckp�`ZmXyzW8a[i�yXijUKW
�_�X«�ØTì�®�ª��­®��h�

A

B

C

D

E

F

G

OUT

1

0.25

0.625

0.125

0.0625

0.3125

0.3125

0.3554

0.0625

0.1875

â¨ijckp�V4`8é�� Ñ ( ÿRC `ZSjWZV4iMa�i¸WkmXmz\fVX�h`hY[i]S]i]y±�`DmzyXiu^	`hyXi¸a�`n¢n!¡¹ UK\fV@SjW	mzyz\_mXmXWnrfijV4rfp�i]yzW	a�iMâ¨ijc���é�� Ñ é��
�¸\�U�VXWZY[`hY~i]S]ijy±�`.a�ikV4ij�Z\_S]`hVX\�ikckp�`ZmzyXi�e�\_SqrfijV4rfp�ijyzW�p�yXi]S]ijgfg_`hyzW�rtWk^�\�\_mX\_^�U[ijW¤a[i�`hU�U[Sui]rf`hg_ijWke�\

a�i�¢ã!�¹xmXWke�WDrtWke� �VXWkeqyX`hyXiKi]e � `hY¸��é��Ô(���rtWkedoqp�\_S]S]i�\_mX`hyzyXi���¢%Wk^�\Im4i�U[p��WwWkmXmz\fVX�h`hVX\Z��¢n!�¹»e�\_S
rf`ZS]rtWkSjW�a�\_S]S]`D³�������Ø��­ª&´Z�u¬]�­�ö na�\_i�ckp�`ZmzyXi�rtWk^	^	\fyzyz\�\fVXV4WZV4i�r4��\@UKWkmXmzWke�W¡\_mXmX\fVX\�`Ze�rA��\¤e�WZyz\f�ZWkSui��
UK\fVlVAi]mzWkSj�Z\fVX\æoqp�\_mzyzWçU�VXWZY[Sj\_^n`ºmzWke�W*mzyX`hyXi�mz��i]S]p�U�U[`hyXi¤a[ij�Z\fV4mXi�`ZSjcZWZV4ijyX^	iIr4��\|rt\fVArf`Ze�W a�i
WZyzyz\_e�\fVX\O^	iumXp�VX\�U[iX�pl`Zrfrfp�V4`hyz\¡yz\_e�\_e�a�W�i]elrtWkeqyzW��[mz\fU�U[p�VX\�i]el^	`Ze�i]\fV4`D`hU[U�VXWkmXmXiu^	`hyX`���a�\_S]S]`
rtWZVXVX\_S]`hg_i]Wke�\O �V4`�i¸mz\fcke�`ZSuiMa�\_SMrfijV4rfp�i]yzW��



Ò:U Ó�ÔxÕ �����A°Aª�Ö_�²¯��~�¡ª�«���¯�×nª�����ØAªd³��?Ù����z��¯±°4�?³q�£Ø�¯�¬u¬uª�«�³�¯

ckp�`ZmzyzW ¢ã!�¹ rtWZVXVX\fyzyzW
Û��_�X«�ØTì�®�ª��­®�� ��� �p¹Zþp¬�( ��� � UZÒ (
���_�X«�Øíì�®�ª��­®�� ��� �kþ Ñ_Ò ( ��� � UZÒ (
¢��_�X«�ØTì�®�ª��­®�� ��� Ñ ¬:¬:¬ ��� Ñ}¶ ¬�(
¢��_�X«�ØTì�®�ª��­®�� ��� Ñ ¬:¬:¬ ��� Ñ}¶ ¬�(
¢�� Ñ �_�X«�ØTì�®�ª��­®�� ��� �kþ Ñ_Ò ( ��� �
¢�� Ò �_�X«�ØTì�®�ª��­®�� ��� Ñ ( UZÒ ��� Ñ_Ò (
Ú �_�X«�Øíì�®�ª��­®�� ��� Ñ ( UZÒ ��� Ñ}¶ ¬�(
# ���X«�Øíì�®�ª��­®�� ��� �kþ Ñ_Ò ( ��� � UZÒ (
âç�_�X«�ØTì�®�ª��­®�� ���¶é U:¶ ¬�( ���¶é�þp¬�(

!�è � �_�X«�Øíì�®�ª��­®�� ��� ¶ é�þp¬�( ��� ¶�Ñ_Ò (
!�è � �_�X«�Øíì�®�ª��­®�� ��� Ñ ( UZÒ ( ��� Ñ}¶ ¬�(

� `hYK\_S]Su`Dé��Ô( ÿ ¹sVXWZY~`hY[i]S]ijy±�`�a�iKV4i]�Z\_S]`hVX\OiMckp�`ZmXyXi¸e�\_SMrfijV4rfp[ijyzW	a�iMâ¨ijc���é�� Ñ é��

$µ\_a�i]`Zeqyz\	o�p�\_mzyzWbyXijUKWda�i¨^	i]mXp�V4\�a�i¨rtWkS]Su`Zp�a�`hY[i]Suijy±�`v�\	o�p�i]e�a�i6UKWkmXmXijY[iuSj\Da�\fyz\fVA^	i]e�`hVX\8S]`
U�V4WZY[`hY[i]S]i]y±�`¡a�i�V4i]�Z\_S]`hVX\�i~ckp�`ZmzyXi~\�oqp�iue�a�i�S]`DS]p�e�ck��\fgfg_`�a�\_S]S]\¤mz\_o�p�\_e�gf\�rf`ZmXp�`ZS]i�a�`w`hU[U[S]i]rf`hVX\
`ZSKrfijV4rfp[ijyzWwUK\fV/WZyzyz\_e�\fVX\Oa�`hyXi��h`ZSjWZV4i�a�i~rtWZUK\fVXyXp�V4`���a¸��`ZSjyzV4`DU[`hVXyz\��\�`Ze[r4��\�UKWkmXmXijY~i]Sj\@i]e�a[ij��iua�{
p�`hV4\�i�ckp�`ZmXyXiMr4��\Oa�`Ze[e�W�S]p�WZcZW�`8U�VXWZY[S]\_^	i~a[i~rtWZUK\fVXyXp�VA`d��°�ªh�K³�¯�× °����X�u�_�­ªh�~����\_ad\_Sui]^	i]e�`hVAS]i
^�\_a[i]`Ze�yz\¡yz\_rfe[i]r4��\Da�iMÚ�â � �

VXW VXW]\ S�_fqk_wopvÄrwjhb�qX_topv
qkckb5T UR_�V�v�a:v
RMV4`hcki]Wke�`Z^�\_eqyXi� �`hyzyXi�¥[e�W¤`Ioqp�\_mzyzWI^	Wk^�\_e�yzW�V4i]ckp�`hV4a�`Ze�W�a�i]mzyzV4i]Y[p�g_ijWke�ihp�e[ij ²WZVA^	iZa�\_i�mz\fcke�`ZS]i
a�i�i]e�cZV4\_mXmzW��h\_mXi]mzyzWke�WIrf`ZmXi�i]e�rfp�i��Zi]eq�Z\_rt\Z���\%U�VX\f �\fV4ijY[iuSj\:`_�Z\fV4\@i]e�cZVX\_mXm4i�rtWke���`ZS]WZV4i�a�ij�Z\fV4mXiqa�\_S]S]`
U�V4WZY[`hY[i]S]i]y±�`wa�iM`��Z\fVX\Dp�e Ñ W´p�e�W���� á iMrtWke�m4i]a�\fV4iK`Zab\_mz\_^	U[ijW	i]SKrfijV4rfp[ijyzW	a�iKâ¨ijc���é�� Ñ}U �~a�W��Z\
�\	\f��i]a�\_eqyz\	r4��\nU�\fVO^n`ZmXmXi]^	i]gfg_`hVX\�S]`dU�VXWZY[`hY~i]S]ijy±�`´a�i¨V4ij�Z\_S]`hV4\8i¨ckp[`ZmzyXise�\_S?mzWZyzyzW�rfijV4rfp[ijyzWW�
isrfp[is\tàK\fyzyXi�mXi:a�\f�ZWke�WµU[VXWZU[`hck`hVX\l`hyzyzV4`_�Z\fV4mXWæi]Ssck`hyz\la�i:p�mXrfijyX`����\le�\_rt\_m4mX`hV4ijWµrA��\´Sui]e�\_`ba�i
i]e�cZVX\_mXmzW·;�`hY�Y[i]`�p�e[`DU[VXWZY[`hY[i]Suijy±�`Da[iK��`ZSj\fV4\ Ñ U[iX�pdcZV4`Ze[a�\Oa�i
���Ô(��
¢.��i]`hV4`Z^�\_eqyz\Z�hoqp�\_mXyX`@S]i]e�\_`.e�Wke¡UKWZyzV��`@`_�Z\fV4\�p�e�`%U[VXWZY[`hY[i]Suijy±�`%a�ih��`ZS]\fVX\ Ñ yzV4WZU�UKW.cZV4`Ze�a�\Z�

`ZSjyzVAi]^�\_eqyXi�Su`wV4i]�Z\_S]`hY[i]S]i]y±�`wa�\_S]S]W��_�X«�Øíì�®�ª��n��mXp�S]S]`�S]i]e�\_`Dmzyz\_m4mX`�a�ij�Z\_eqyz\fVX\fY�YK\IyzVXWZU�UKW8U[i]rfrtWkS]`��
á ihyzVA`hyzyX`�o�p�i]e�a[i�a[ika�\fyz\fV4^	iue�`hVX\sikåhUK\_mXi]åO��S]\sU�VXWZY[`hY~i]S]ijy±�`%a�ih�h`ZSj\fVX\ Ñ �¸a�\fckS]ikiue�cZVX\_mXmXiZrt\fVArf`Ze�a�W
a�iq^	ijckS]i]WZV4`hVX\sS]`¤V4ij�Z\_S]`hY[iuS]ijy±�`%a�ikckp[`ZmzyXi�°�ªh�K³�¯�× °t���X�]�_�­ªh���~mX\_e�g_`¤a�`Ze[e�\fcZcki]`hVX\/oqp�\_SuS]`@a�i�ckp�`ZmzyXi
rA��\Im4`hVX\fY�YK\fVXWO �`Zrfi]S]^�\_eqyz\¤VAij�Z\_S]`hY[i]Sui�rtWkelmX\_oqp�\_e�gf\Irf`ZmXp[`ZS]i��q^n`wr4��\�UKWZyzVX\fY�YK\fVXWDe�Wken\_m4mz\fV4SjW
UK\fV�a�`hyz\µa�iumzyzV4ijY[p�g_ijWke�isa�\fckSui.i]e�cZVX\_mXm4i��t��Sui/`ZS]cZWZV4ijyX^	i.rA��\bV4i]rf`���`Ze�W}i%UK\_mXi/WZyzyXi]^n`ZS]i.a�\fckS]i
i]e�cZVX\_mXmXi¨mzWke�WµyXijU[i]rf`Z^�\_eqyz\�Y[`ZmX`hyXi�mXp§^	i]m4p�VX\�a�i?rtWkS]S]`Zp[a�`hY[i]S]i]y±�`���R¦e|U�V4`hyXiurf`���`bU[`hV4yXijVX\	a�`Zi
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â¨ijckp�V4`æé�� Ñ}U�ÿ ¢%ijVArfp�ijyzW�p�yXi]S]ijgfg_`hyzW|UK\fV�^�WkmzyzV4`hVX\vS­�¶\_mXijcZ\_e�g_`|a�i%a�i]mXU�WZV4VX\na�i/U�VXWZY~`hY[i]S]ijy±�`�a�i
��`ZS]\fVX\ Ñ a�ij�Z\fVAmz\Oa�`����Ô(	e�\_S]S]`�cZ\_e�\fV4`hg_ijWke�\wa�iK�Z\fyzyzWZV4i£a�iMrtWkS]S]`Zp[a�W�rf`ZmXp�`ZSj\Z�

��`ZS]WZV4isa�i?VAij�Z\_S]`hY[i]Suijy±�`´a�\_i?ckp�`ZmzyXi:WZyzyz\_eqp�yXi�rtWkeºUK\_mXi?p[e�ij �WZV4^	i¨mXi?�h`hV4i]`Ze�W�i?UK\_mXi?a�\_isa�i]�Z\fV4mXi
i]e�cZVX\_m4mXi~^ni]mXp�V4`Ze[a�WOWZcke�i~�ZWkSjyX`8p�e�`�rfij �V4`wa�i�^�\fV4i]yzWd��yXijU~i]rf`Z^�\_eqyz\�Su`wS]p�e�ck��\fgfg_`Da[i~rtWkS]Su`Zp�a�W
UK\fV�p�e�`�a[`hyX`´rtWZUK\fVXyXp�VA`��/¥[e�Wn`ZaµWZyzyz\_e�\fVX\8p�e�`�WnU[iX�pva�iumzyzV4ijY[p�g_ijWke�i�a�iMU�VXWZY~`hY[i]S]ijy±�`�yX`ZS]i�a�`
^	i]e�iu^	ijgfg_`hV4e�\	iuSs�h`ZSjWZVX\Z�µ¹£\fV�rtWk^�U�VX\_e[a�\fVX\´rtWk^	\lmXiu`Ze�W�rtWkeq�Z\_e�ij\_eqyXi:U~iz�pºa�iumzyzV4ijY[p�g_ijWke�i¨a�i
UK\_mXi��kmXi�rtWke�m4i]a�\fV4i�p�e�rfi]V4rfp�ijyzW¡rtWkmzyXijyXp[ijyzWOa�`¡p�e�ÛI��Ú�\�p�e2! Î rA��\@rtWke�a�i]��i]a�Wke�W¡p�e�eqp[^�\fVXW
`ZSjyzW�a�i�i]e�cZ\_mXmXi­�¨��\_SKrf`ZmzW	a�\_S]S­�qÛI��Ú���rtWke���ij\_e�\¡`��Z\fVX\Op�el`ZSjyzV4`�U�VXWZY[`hY~i]S]ijy±�`Oa[i~`��Z\fVX\Oa�\fckS]i Ñ
\���iurt\f�Z\fV4mX`be�\_S¨rf`ZmzWµa�\_S]S��Ø! Î ��i]e§o�p�\_mzyzWb^�W�a�W��¸mXi?^	i]ckS]ijWZV4`´e�WZyz\f�ZWkS]^�\_eqyz\nS��¶WkmXmX\fVX��`hY~i]S]ijy±�`
a�\_S]Sj\�S]i]e�\f\Ia�i�i]e�cZV4\_mXmzWq�A� á \¡mXiK`Za�WZyzyX`�p�e[`�m4i]e�cZWkS]`�a�i]mzyzVAijY[p�g_ijWke�\Z��`ZS]SjWZV4`DV4i]m4p�Sjyz\fVX\fY�YK\fVXWDa�\_i
UK\_mXi?U[`hV4i�`K���Ô(�mz\´i]eq�Z\_rt\´m4i:`hU�U[Sui]rf`Ze�Wva�p�\´mz\_oqp�\_e�gf\´rf`ZmXp[`ZS]isS]`bU[V4i]^	`vrtWkeºUK\_mXin�>���Ô(v\
��iurt\f�Z\fV4mX`	S]`�mX\_rtWke�a�`��~Su`8V4ij�Z\_S]`hY[iuS]ijy±�`wa�\_iMckp�`ZmzyXi¸`Zp[^�\_e�yX`nmXijcke�ij¥~rf`hyXij��`Z^	\_e�yz\Z�

BDCYX �Bò�ñ[Z �l7 J 3s2 J 3 P 2 H 2K��7]\ P 7 G8Q 24=@942

�6`xcZ\_e�\fV4`hg_ijWke�\�a�i¤�Z\fyzyzWZV4i�a�i¤rtWkS]Su`Zp�a�Wºe�\_S�rf`ZmzWça�i¤rfijVArfp�ijyXi@mz\_o�p�\_e�g_iu`ZS]iO�\|p�e U�V4WZY[Sj\_^	`
^�WkSjyzW§U[iX�pxrtWk^�U~Sj\_mXmzW}rA��\ve�\_S%rf`ZmzWºa�i%rfijVArfp�ijyXi/rtWk^wY[iue�`hyzWZV4i��sUK\fV4rA�K�\vmXi]`æUK\fV�`hyzyXij��`hV4\µp�e
ckp�`ZmzyzW��£mXi]`dUK\fV�U�VXWZU[`hck`hV4e�\�ckS]i£\tà�\fyzyXi�`ZS]Sj\�p�mXrfijyz\�a�\_S?rfi]V4rfp�ijyzW��¸mzWke�Wve�\_rt\_mXmX`hV4i]\	mz\_oqp�\_e�gf\
a�i£U[iX�pæ�Z\fyzyzWZV4isa[i£rtWkSuS]`Zp�a�W�����p�\_mzyzWbU�V4WZY[Sj\_^	`µ�\	 �`ZrfiuS]^�\_eqyz\8iue�yXp�i]Y[i]Sj\´��m4i¨U�\_e[mXi�`ZS?rf`ZmXWµi]e
rfp�i¸mXi¸�ZWZckS]i]`�V4i]�Z\_S]`hVX\Op�ebckp[`ZmzyzW´�_�X«�Øíì�®�ª��n�Dm4p�S]S���p�m4rfijyX`Da�\_Suõb^�WQ�~ijU�{h��WZUva�i6p�edVX\fcki]mzyzV4Wn`
mXrtWZVXV4iu^�\_e�yzW�`�ÖæmXyX`Za�i ÿ UK\fV/`hyzyXij�h`hVX\¡i]S~ckp�`ZmzyzW�mzWke�W8e�\_rt\_mXm4`hV4i
õn�Z\fyzyzWZVAiM`ZS]S���i]e�cZV4\_mXmzWwmz\fVAi]`ZSj\
\OUK\fV.U�VXWZU[`hck`hVAe�\OckS]iK\tàK\fyzyXi6`ZS]S­��p�mXrfijyX`8mz\fV4iu`ZSj\Oa�\_SKVX\fcki]mXyzVXWnmz\fVX�ZWke�WQÖTü=õd�Z\fyzyzWZV4i²�A�

�6`w^	`hcZckijWZVX\¤rtWk^	U[Sj\_mXmXi]y±�`Ia�\_S]S]`IcZ\_e�\fV4`hg_ijWke�\¤a�i��Z\fyzyzWZV4i�a[i�rtWkS]S]`Zp�a�W¡UK\fVsrfijVArfp�ijyXi�mz\_o�p�\_e�{
g_i]`ZS]i¸m4i¸mzU[ij\fck`nrtWkS6 �`hyzyzW´rA��\Da�i]�Z\fV4mX`Z^�\_eqyz\Da�`ZS6rf`ZmzWla�\_i¸rfijV4rfp�i]yXiMrtWk^wY[iue�`hyzWZV4i��[Su`�V4i]rt\fV4rf`nmXi
mz�ZWkSjcZ\de�\_S]S���`Z^DY[ijyzWva[isyXp�yzyz\lSj\nUKWkmXmXi]Y[i]S]i£mz\_o�p�\_e�gf\´a[i?�Z\fyzyzWZV4i%a�isi]e�cZVX\_mXmzWv\le�Wkeºiueºo�p�\_S]SjW
a�i?yXp�yzyXi�i?UKWkmXmXijY~i]S]i��Z\fyzyzWZV4i��+��p�\_mzyX`µa�ij·nrtWkSjy±�`b�[`va�`hyzW�Sup�WZcZWµ`ZS]S]`vV4i]rt\fV4rf`va[ismzWkS]p�g_i]Wke�i?a�i
Ú�â � yX`ZS]i?a�`dV4iurtWke�a�p�VXV4\�i]S?rtWkSuS]`Zp�a�Wba�i?p�e§rfi]V4rfp�ijyzWbmz\_o�p�\_e�g_i]`ZS]\	`boqp�\_SuSjWba�\_S]S]`dmXp�`dU~`hVXyz\
rtWk^wY~i]e�`hyzWZV4i]`�rtWk^�\@S]\�yz\_rfe�iur4��\@a�iqU�VXWZcZ\fyzyzWwY[`ZmX`hyz\@mXp�SuSjW��tØAªh�~®��¸ª���ëM�k��p�\_mzyz\%yz\_rfe�iur4��\.o�p�`ZS]i
U�VX\_mz\_eqyX`Ze�Wæa�\fckS]isi]e[rtWke��Z\_e�i]\_e�yXi?\´oqp�iue�a�i£V4`hU�U�V4\_mz\_e�yX`Ze�WµmzWkSjWµp[e�`bmzWkS]p�g_i]Wke�\�U[`hVXg_i]`ZS]\	a�\_S
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U�V4WZY[Sj\_^	`���oqp�iue�a�i�a�i]�Z\fV4mz\�Sui]e�\f\�a[i[V4iurt\fV4rf`D�[`Ze�e�WD`�àKVXWkeqyX`hyzW	i[yz\_^ni�S]\fck`hyXi�`ZSuS]`OcZ\_e�\fVA`hg_ijWke�\
a�i[�Z\fyzyzWZV4iKa�i[rtWkSuS]`Zp�a�WDU�\fV%rfijV4rfp[ijyXi�mz\_o�p�\_e�g_i]`ZSui[mz��i]S]p�U[U[`Ze�a�W¡`ZSjcZWZV4i]yX^	i[i]encZV4`Za�W8a�i�yzVA`hyzyX`hVX\
rfijVArfp�ijyXiK`Ze�r4��\w`hY�Y[`ZmzyX`Ze�g_`	rtWk^�U[Sj\_m4mXi��
��\_S�a�i]mXrfp�yz\fV4\�o�p�\_mzyz\Iyz\_rfe�i]r4��\ImXi�p�yXi]Suijgfgf\fV��`��qiuS[rf`ZmzW�a�i~rfijV4rfp�ijyXi[mz\_oqp�\_e�g_i]`ZS]i~mXi]e�rtVXWke[i[rtWke

ckp�`ZmXyXi?a�i¨yXijUKWl���X«�Øíì�®�ª��¤rA��\	rtWke�mz\_eqyz\n`ZS]rfp�e�\8mX\_^�U[S]ij¥~rf`hg_ijWke�i���V4i]mzUK\fyzyzWb`ZSsrf`ZmzWva[i?rfijV4rfp�ijyXi
`ZmXiue�rtVXWke�i�� è�e�`ZSjyzVA`xijUKWZyz\_mXiw�\§oqp�\_SuS]`ºrA��\§i�rfijVArfp�ijyXiI`hY�Y[i]`Ze�W»p�e�W»mzyX`hyzW a�i�VX\_mz\fyd\ærA��\
o�p�i]e�a[i¸S]`	cZ\_e�\fV4`hg_ijWke�\�a�\_S]Su`nmz\_o�p�\_e�g_`la�i£rtWkS]S]`Zp�a�Wl`_���Z\_e�ck`v`´U[`hVXyXijV4\Da�`lp�e�WlmzyX`hyzWve�WZyzW��
��p�\_mzyX`´i]U�WZyz\_m4i��\8cki]p�mXyXij¥[rf`hyX`la�`ZS6 �`hyzyzWvr4��\8m4i]`nUK\fVIU�VXWZY[S]\_^	i6a�i£rtWkS]S]`Zp[a�W´rA��\�a�i�rtWZV4VX\fyzyzW
rtWk^�UKWZVXyX`Z^	\_e�yzWnrtWkeq��ij\_e�\OU�V4WZcZ\fyzyX`hVX\Di¸rfi]V4rfp�ijyXiKi]ebo�p�\_mzyzWn^	W�a�W��

#�mXi]mzyzWke�W.yz\_rfe�i]r4��\Z�hrA��\�e�Wke¡�Z\fVXV4`Ze�e�W@\_mX`Z^	i]e[`hyz\Z��UK\fV¸VAi]rtWke�a�p�V4\¨p[eOrfijV4rfp�i]yzW@mz\_oqp�\_e�g_i]`ZSj\
`�p�e�W�mzyX`hyzW¡e�WZyzW��s¹£\fV?rtWk^�U�VX\_e[a�\fVX\%iqU[VXWZY[Sj\_^	iqSj\fck`hyXi�`Zi�rfijV4rfp�i]yXi�mz\_o�p�\_e�g_i]`ZSui~�\.i]eqyz\fVX\_mXmX`Zeqyz\
�Z\_a�\fV4\@rtWk^�\@mXi]`�UKWkmXmXijY[iuSj\s\_mzyz\_e�a�\fVX\.ckS]i�`ZSjcZWZV4ijyX^ni�mXyXp�a�i]`hyXi�e�\_S�rf`ZmzWOa�i�rfijVArfp�ijyXi�rtWk^wY[iue�`hyzWZV4i
`�oqp�\_SuSjW@a�\_ikrfijVArfp�ijyXikmz\_o�p�\_e�g_iu`ZS]i��¸¹£\fV� �`hVX\/oqp�\_mXyzW��hiuSkrfijV4rfp�i]yzW@mz\_oqp�\_e�g_i]`ZSj\s��ij\_e�\:yzV4`Zmz �WZV4^	`hyzW
i]e!p�e�`xmz\_oqp�\_e�g_`xi]yz\fV4`hyzyXij�h` ���­���A°�ª����­Ù��æª�°X°Aª© ~�na�i@VX\fU~S]i]r4��\�a�\_S]Su`§U[`hVXyz\|rtWk^wY~i]e�`hyzWZV4i]`»a�\_S
rfijVArfp�ijyzW�rfi]`ZmXrfp�e[`�a�\_S]Sj\¡oqp[`ZS]iKrtWZVXV4i]mzUKWke�a�\I`ZS]S]W8mXyX`hyzWna�\_SMrfijV4rfp[ijyzW�i]ebp�edrt\fVXyzWni]eqyz\fVX�h`ZS]SjW�a�i
mXiurtVXWke�i]mX^	Wd��©²°Aªh×´�f�A�
¢.i]`ZmXrfp�e�`|a�i¤oqp�\_mXyz\vVX\fU[S]iur4��\ba�\_S@rfi]V4rfp�ijyzW}��`§rtWk^	\�i]e�cZV4\_mXmXi%ckS]i.i]e�cZVX\_mXmXi%U�VAi]^	`hV4i%a�\_S

rfijVArfp�ijyzW|\µi@mz\fcke[`ZS]i.rtWZVXV4i]mXU�Wke[a�\_e�yXi%`ZS]S]W}mzyX`hyzWºU�V4\_mz\_e�yz\�i]e*oqp�\_S.©u°Aªh×l�±� ¢/Wk^�\µp[mXrfijyz\vmXi
��`Ze[e�W�S]\�p[mXrfijyz\�U�V4i]^n`hV4ij\�a�\_SKrfijV4rfp�ijyzW8\¡iMmz\fcke�`ZSui�a[i�mXyX`hyzW	 �p�yXp�VXW�r4��\OmXWke�W8U�WkiKi]ebiue�cZVX\_mXmzW
`ZS]Su`DV4\fU[S]i]rf`�a�\_SMrfi]V4rfp�ijyzW	rtWZVXVAi]mzUKWke�a�\_eqyz\¡`ZS¸©u°�ªh×´�Imz\fckp�\_eqyz\l��â¨ijc���é�� Ñ ¬Z�A�

X Z

y Y

X(k-1)

Y(k-1)=y(k)

X(k) X(k+1)

Y(k+1)=y(k+2)Y(k)=y(k+1) 

Z(k-1) Z(k) Z(k+1)

Y(k+2)

X(k+2) Z(k+2) 

Y(k-2)=y(k-1)
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â¨ijckp�VA`µé�� Ñ ¬ ÿ Î�`hU�U�VX\_mz\_eqyX`hg_ijWke�\ba�i/yXijUKW|�­���A°Aª����­Ù��lª�°X°�ª©  a�\_S]S��¶\f�ZWkS]p�g_ijWke�\da�p�i/p�eçrfijV4rfp�ijyzW
mz\_o�p�\_e�g_iu`ZSj\Z�

�¡p�\_mzyzW�mXr4��\_^	`�cZ\_e�\fV4`ZS]\8�\Oo�p�i]e[a�i�\_o�p�ij�h`ZSj\_eqyz\O`�p[ebrfijV4rfp�ijyzW8rtWk^DY[i]e�`hyzWZV4i]W�\IUK\fVXyX`ZeqyzW
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