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Z]`��HUoX�v[hqpb_jh��4fWXb_@Z�fW`b_jfWUuY]_�he_i�UWUWV^v[nj�6\^hefgY]`m_LfgheY]fgnjh�Z]vW�:~�Ug�
Z]UWv�Z�Z]UWf{�j_jhq�@njUgv�X�Y]U�_6UWU�i�U�i�a�`*Y�Z]�jUgv[U�fuY]`mv[v�Z{Xbde��a�Xbn6deZ]v�v[he_jfWU
Z]�jUuw�\XWw�f�Xbn6v[U�n6_4XbfgfWUWV6Z{X*�jdeU�VHUgY[a�`bY]\X*_jfWU�i6UWp*Y{XmijX�Z]he`m_��8��U
Xb_jXbd�w� WU�Z]�6U�he\^V4X*fgZ�`*a�fuY]`mv[v�Z{Xbde�laOX*njd�Z]v�`m_¡XfWh�Y]fWnjh�Z�¢ v�VH`���UgY
i6hev[v[heV4X�Z]he`m_��zkzY]`bv[v�Z{Xbde�LaOX*njd�Z]v�fWXb_^�HU�i6UuZ]UWfgZ]U�iL�@w�\^`m_jh�Z]`*Y]hq_6p
Z]�jU�i�w�_jXb\^hef�v[njV6Vjd�w$fWn�Y[Y]UW_@Z���£��6U�Z]Ugv�Z�\^UgZ]�6`}i$hqv��4Xbv[UWiD`b_
X Y]UWfWUg_}Z]d�w�i6UWsmUWde`mVHU�i�i}w�_4Xb\^hefL¤�iji'Z]Ugv�Z�\^UuZ[Y]hqfb|=Z]�jU^UW_6UgY]pbw
fW`b_jv[nj\^V�Z]he`m_LY{X*Z]he`�¥2c�k�¦�§u��czk�¦o¨F�4X*v[U�iLZ]UWv�Z��jXbv��HUgUW_^v[�j`���_
Z]`��HUlUg©AUWfuZ]hqsmUDX*Z�Z]`mdeUgY{X*Z]he_6p�Z]�jUlhe\^V4X*fgZ�`ba�V6Y]`@fgUWv[v sbX*Y]hqX*¨
Z]he`m_6vW�D¤�_�Z]�jhev�V4X*VHUgY�|.��UªXbV6Vjd�w�XDczk�¦o¨F�jXbv[U�i�Z]UWv�Z�\^UgZ]�6`}i
f�X*dqdeU�i«czk�¦o¨F¬�T�TZ]UWv�Z�Z]`Di6UgZ]UgfgZ�Z]�6U^fgY]`mv[v�Z{X*de��aOX*njd�Z]vW�¡£��jU
Ug©AUWfuZ]hqsmUW_jUWv[v�`ba:Z]�jU�\^UuZ]�j`}i$hev�i6Ug\^`m_jv�Z[Y{X�Z]U�il�@wlv[he\�njdqX�Z]hq`b_
Y]UWv[n6deZ]vW�
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r�_6he_}Z]Ug_4i6UWifWXbV4X*fWh�Z]hestU�he_@Z]UgY{XbfgZ]he`b_ �HUgZx��UWUW_ªv[hepm_4X*d�dehe_jUgv�hq_ªX
fWh�Y]fWn6heZ�|�Y]Uga�UuY[Y]U�i'Z]`$X*v�fgY]`mv[v�Z{X*dq�H|.hev�X v[hepm_6h��4f�X*_}Z�fg`m_jfgUgY]_�he_
i6UgUWVªv[n6�6¨F\^hefgY]`m_fWh�Y]fWn6h�Z]vW��kzY]`bv[v�Z{Xbde��f�XbVjXbfWh�Z{Xb_6fWU�\XWw^f�X*njv[U
nj_jXb_@Z]hefWheV4X�Z]U�iKXmiji�h�Z]hq`b_4X*d�i6UWdqXWw�v ���jhef{�¶\XWw��HU'n6_4XbfgfWUWV6Z[¨
Xb�6deUm��£��6U�fWh�Y]fWnjh�Z�\X�ws}he`mdqX�Z]U�Z]he\^he_jp�Y]U��@njh�Y]UW\^UW_@Z]v��HUWf�X*njv[U
`ba8Z]�jUWv[U�fgY]`bv[v�Z{Xbde�ªa�Xbn6deZ]vW�:¦oUWv[U�X�Y]fu�6UgY]v��jX�stU�i6UgstUWde`mVHU�i�\^`}i�¨
UWdev�Z]`lY]UWV�Y]UWv[UW_@Z�Z]�6U�Uu©AUWfgZ]vL`*a�fuY]`mv[v�Z{Xbde�«f�X*V4XbfgheZ{X*_jfWUb��£8UWv�Z
Z]UWf{�j_6h·�@n6UWv�Z]`�i�UgZ]UWfgZLfgY]`mv[v�Z{X*dq�«aOX*njd�Z]vW|����6hqf{�¸X�Y]U$�4X*v[U�i¹`b_
de`mpbhqf�Z]UWv�Z�|@�jX�stU�Xbdev[`��HUWUW_�Y]UgVH`bY[Z]U�i�he_LZ]�6U�dqh�Z]UgY{X�Z]n6Y]U<ºe»g¼6¨zº �m¼2�
£8UWv�ZLZ]UWf{�j_6hq�}n6UWvL�jXbv[U�i«`m_½\^`m_6heZ]`*Y]he_jp'Z]�6U i}w�_4Xb\^hef�fWn6Y[¨

Y]UW_@Z��4X�stU�Y]UWfWUW_@Z]d�w �HUgUW_ v[�6`���_ªZ]`L�HU�njv[Uua�njd�Xbd�Z]UgY]_jX*Z]hestU�Z]UWv�Z
\^UgZ]�6`}i�º ��¼=¨�º ¾b¼2�o¿�_jU�v[njf{�li}w6_jXb\^hef�fWn�Y[Y]UW_@Z�Z]Ugv�Z�Z]UWf{�j_6hq�}n6U
hev:Z]�6U�UW_jUgY]p*wLfW`b_jv[n6\^V6Z]he`m_�Y{X*Z]he`¥2c�k�¦�§u|@X�Z]UWv�Zz\^UgZ[Y]hef��4X*v[U�i
`m_�\^`m_6h�Z]`bY]he_jp�Z]�jU�X�stUgY{XbpbU�i�w�_jXb\^hef�fWn6Y[Y]UW_@Z�fg`m_jv[n6\^U�iL�@wX
fWh�Y]fWn6heZ�º À*¼2��czk�¦Á�jXbv[U�iDZ]UWv�Z�f�X*_��HULv[�j`���_¡Z]`$i6UuZ]UWfgZ�\Xb_@w
aOX*njd�Z]v�v[n6fu��Xbv:Y]U�i6n6_4i6Xb_@Zza�Xbn6deZ]vW|�`bVHUW_LaOX*njd�Z]vW|��6Y]hqi6pbhq_6p�a�Xbn6deZ]v
Xb_ji�i�UWdqX�w�a�Xbnjd�Z]v	he_��H`*Z]��v�Z{X�Z]hqf�X*_4i�i�w�_4X*\^hqf�k�yl¿�Â�fWh�Y]fWn6h�Z]vW�
y$Xb_@w�`ba�Z]�jUWv[U�aOXbn6d�Z]voUgv[f�XbVHU�i�UgZ]UWfgZ]he`m_���h�Z]� `bZ]�6UgY�Z]UWv�Z�Z]UWf{�6¨
_jhq�@njUgvW�.£��j`bnjpb��Z]�jU�VjX*Y{Xb\^UuZ]UgY	\^`m_6heZ]`*Y]U�i��@w�Z]�jUzZ]UWfu�6_jhq�@njUm|
Z]�jU�v[njVjV6d�wDfWn6Y[Y]UW_@Z�|Ãhev�Xb_�X*_4X*dq`bp$V4X�Y{Xb\^UgZ]UuY�|�Z]�6U�Z]UWv�Z�Z]UWf{�6¨
_jhq�@njU�hqv�stUuY[wlZ]`mdeUgY{Xb_@Z�Z]`ªZ]�6ULhe\^V4X*fgZ�`ba�V�Y]`@fWUWv[v�sbX*Y]hqX*Z]he`m_6vW�
czk�¦o¨F�4X*v[U�iLZ]UWv�Zz�4Xbvz�HUWUW_�i6Ug\^`m_jv�Z[Y{X�Z]U�i�Z]`��HUostUgY[wLUu©AUWfgZ]hestU
Z]�6Y]`bnjpb��Ug�}Z]UW_6v[hqsmULv[he\�njdqX�Z]hq`b_¸º Àb¼zXb_ji��@w¡XbVjV6dehqfWX*Z]he`m_�Z]`lX*_
XbfuZ]n4XbdÃ\Xb_}n�aOXbfuZ]n6Y]U�i�¤[kÄº�»�Åb¼2�
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�4X*v[U�i¹\^UuZ]�j`}i6vLZ]`�i6UgZ]UWfuZfgY]`mv[v�Z{X*dq�«aOX*njd�Z]vW�K��U$v[�6`��ÐZ]�jX*Z
fgY]`bv[v�Z{Xbde��aOX*njd�Z]v�fWXb_��4X�stU�X$\^U�X*v[n6Y{X*�jdeUhq\^VjXbfgZ�`m_�Z]�6U^UW_6¨
UgY]p*wRfW`m_6v[nj\^U�iR�@wRX«fWh�Y]fWn6heZ��Á��U'XbV6Vjd�wKczk�¦o¨F¬�T�TÑZ]Ugv�Z�|
X'sbX*Y]hqX*_}Z`*a�czk�¦ÐZ]UWv�Z�\^UgZ]�6`}iÃ|:Z]`�i6UuZ]UWfgZ^fgY]`bv[v�Z{Xbde�¹a�Xbn6deZ]v
�@wD\^U�Xbv[n�Y]he_jpªZ]�6U�Y{X*Z]he`$`*a�UW_6UgY]pmheUWv�fW`b_jv[nj\^UWi¡`b_'Z]�jU�v]Xb\^U
VHUgY]he`}i6hef�Z]UWv�ZLstUgfgZ]`bYLX*ZLZx��`¡i6h�©AUgY]UW_@Z�v[njVjV6d�w�st`bdeZ{X*pmUWvW����U

he_�smUWv�Z]heptX*Z]U�Z]�jU�X*�jhedeh�Z�w^`*aÃc�k�¦�¨F¬�T�T¸Z]UWv�Z:Z]`�i6UuZ]UWfgZzfgY]`mv[v�Z{X*dq�
aOX*njd�Z]v�f�Xbn6v[U�iD�}w$fgY]`mv[v�Z{X*dq�¡pmdeh�Z]f{�'Ug©AUgfgZ�Xb_ji¡fuY]`mv[v�Z{Xbde�¡i6Ugd·XWw
Ug©AUWfgZ��$¿�n6Y�Y]Ugv[njd�Z]v�he_ji6hef�X*Z]U^Z]�jX*Z�Z]�jUczk�¦fWXb_�VH`*Z]UW_@Z]h·X*dedew
�HU�stUgY[w�Ug©AUWfuZ]hqsmU�X*Z�i6UuZ]UWfgZ]he_jpLfuY]`mv[v�Z{Xbde��aOXbn6d�Z]vW�
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Â�UWsmUgY{Xbd�i�w�_jXb\^hef�ÙWÚ{Ú«�4X*v[U�i¶Z]UWv�ZD\^UuZ]�j`}i6vª���jhefu�<\^U�Xbv[n�Y]U
Z[Y{Xb_6v[hqUg_}Z�`*YLi}w6_jXb\^hef�v[n6VjV6dew¡fWn�Y[Y]UW_@Z�Z]`li6UgZ]UgfgZ�aOXbn6d�Z]v��jX�smU
�HUWUW_�V�Y]`mVH`mv[UWi¸º ��¼�¨�º ¾b¼2�DT�w�_jXb\^hef^ÙWÚ{Ú \^UgZ]�6`}i6v��4X�stU^�HUWUg_
v[�j`���_�Z]`��jX�stU Z]�jU VH`bZ]UW_@Z]hqXbdoZ]`�i6UgZ]UgfgZ^aOX*njd�Z]v�Z]�jX*ZUWv[fWXbVHU
`bZ]�6UgYZ]UWv�Z^Z]UWf{�j_jhq�@njUgvW�KÛÜdehe\^h�Z{X*Z]he`m_�a�`bYªi�w�_jXb\^hef Ù Ú{Ú Z]UWv�Z
\^UgZ]�j`}i�vhqvZ]�4X�Z�|o_j`bY]\X*d�V�Y]`@fWUWv[vªsmX�Y]h·X�Z]he`m_Rf�X*_Rf�Xbn6v[UDZ]�6U
v[njV6Vjd�w½fWn6Y[Y]UW_@Z^he_�X�fWh�Y]fWnjh�Z^Z]`�sbX*Y[w«v[n6�jv�Z{X*_}Z]hqX*dqd�w@|�Z]�6UgY]UW�@w
i6UWp*Y{Xmi�U�Z]�jU�aOX*njd�ZofW`�stUgY{X*pmUm�
£��6U�he\^VjXbfgZ:`baÃV�Y]`@fWUWv[v�sbX*Y]hqX*Z]he`b_jv�fWXb_�HU�_jUWpmX*Z]U�iL�@wL\^UWX*¨

v[n6Y]he_jpLZ]�6U�Y{X*Z]he`mv�`ba	fWn�Y[Y]UW_@Z]v�fg`m_jv[n6\^U�iª`b_ Z���`i6h�©AUgY]UW_@Zohe_6¨
Vjn�Z8stUgfgZ]`bY�Z[Y{Xb_jv[h�Z]he`m_6vW�	£��jU:Y{X*Z]he`o`ba6X�stUgY{XbpbU�fWn�Y[Y]UW_@Z]vW|*`m_�Z���`
i6h�©AUgY]UW_@ZoVHUgY]he`}i6hef�he_jVjn�Zov[U��@njUW_6fWUWvW|4hev�i6Ug�j_jU�i Xbv�Z]�jU�UW_6UgY]pbw
fW`m_6v[nj\^V�Z]hq`b_ªY{X�Z]hq`l¥2czk�¦�§u�
£��6Uoc�k�¦¸Z]UWv�Zz\^UgZ]�6`}i�fW`m_6v[hev�Z]v�`baAZ{X*��he_6p�Z]�jUoX�stUgY{XbpbU�fgn6Y[¨

Y]UW_@Z:\^U�Xbv[n�Y]UW\^UW_@Z]v.`m_L�A¥�Ý�Þm§=he_jV6n6Z:v[U��@njUg_jfWUWv:X*_4i�f�X*defWnjdqX*Z[¨
he_jp�ß*àqß*á�âxãä czk�¦�vW�zåj`*Y�U�Xbf{�ªc�k�¦¶X�Y{Xb_jpbU�a�`bY�pm`@`}i�fWh�Y]fWnjh�Z�hev
V6Y]Ug¨FfW`b\^Vjn�Z]U�iÃ��¤xaÃX*_}w�`baAZ]�jU�czk�¦ov:a�XbdedH`mn�Z]v[h·i�U�Z]�jU�Ug��VHUWfgZ]U�i
Y{Xb_6pmUªZ]�6UW_�Z]�jU�fWh�Y]fWnjh�Z^hev^i�UWfWdqX*Y]UWi«Z]`¡�HU�a�Xbn6deZxw@��åj`*Y^�6æ�Þ}|
pm`@`}i Y]UWv[n6d�Z]vo`b_lXbfuZ]n4XbdÃv[hedehqfg`m_l�4X�stU��HUWUW_ Y]UWVH`*Y[Z]U�i�º À*¼zº�»�Åb¼2�
Û¹smX�Y]h·X*_@Z�`*aÃc�k�¦�Z]Ugv�Z�\^UgZ]�6`}iÃ|tc�k�¦�¨F¬�T�T�Z]Ugv�Z�|@�4X*vz�HUWUg_

i6UWsmUWde`mVHU�iªZ]`Li6UgZ]UWfuZ�i�UWdqXWwªa�Xbnjd�Z]vçº�»m»W¼2��£��jU�czk�¦o¨F¬�T�TèZ]UWv�Z
i6UgZ]UgfgZ]v�aOXbn6d�Z]vo�@w�\^U�X*v[n6Y]he_jp�Z]�jU�Y{X�Z]hq`^`*a.UW_6UgY]pmheUWvofW`m_6v[nj\^U�i
`m_¸Z]�6Ulv]Xb\^UDVHUgY]he`}i6hefDZ]UWv�Z smUWfgZ]`bYªX�ZªZx��`½i6h�©AUgY]UW_@Z�v[njV6Vjd�w
st`md�Z{X*pmUWvW�z¤xZ�hev�v[�j`���_ªhq_éº�»m»W¼ÃZ]�4X�Z�Z]�jU�c�k�¦�¨F¬�T�TKZ]UWv�Z�hev�Uga�¨
a�UWfuZ]hqsmU�he_�i6UgZ]UWfuZ]hq_6p�Y]UWv[hev�Z]hqsmU��6Y]hqi�pmUWv�X*_4i^`mVHUg_jvz���6hefu�f�X*njv[U
i6UWdqXWw�aOXbheden6Y]UgvW�q�
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£��jUDV6Y]he\X�Y[w¹v[`bn6Y]fWUD`*a�fgY]`mv[v�Z{X*dq�¹he_}Z]UuY{XbfgZ]he`m_R�HUuZ���UgUW_¸Z���`
��h�Y]UWv�he_ªnj_4i�UWv[h�Y]U�iªfWXbV4X*fWh�Z]hestU�fW`mn6Vjdehe_jp6�zå=hep6�Ã»�v[�6`���v�X�Zxw�V6¨
hef�Xbd	\^`}i6Ugd8njv[UWilZ]`Y]UWV�Y]UWv[UW_@Z�fgY]`bv[v�Z{Xbde�lUg©AUWfuZ]vW��kzY]`mv[v�Z{X*dq�lhev
\^`}i6UWdeU�i¡�@w¡Xmiji�he_jplX�f�XbVjXbfWh�Z]`bY��HUgZx��UWUW_'he_}Z]UuY{XbfgZ]he_jpª��heY]UgvW�
£��jUgY]U�X*Y]U�Z���`^\X�ò�`bY�fgY]`mv[v�Z{X*dq� Ug©AUWfgZ]vWó�fuY]`mv[v�Z{Xbde�lpbdqh�Z]f{�DXb_ji
fgY]`mv[v�Z{X*de�<i�UWdqXWw@�ôkzY]`bv[v�Z{Xbde�Kpmdeh�Z]fu�K`@fWfWn�Y]v ���jUg_KZ]�6UgY]U¡hqv$X
v���h�Z]fu��a�`bY�Z]�6U�v[hepm_jXbd�X*Z�`b_jU�dqhe_6U�Xb_jiZ]�6U�v[hepm_jXbd�X*Z�Z]�6U�`bZ]�6UgY
dehq_6U�hev�i}Y]hqsmUW_^v�Z]U�Xmi}w@|}he_���6hefu�f�X*v[U�X�pmdeh�Z]fu��hev�a�`*Y]\^U�iX*Z�Z]�6U
`mn�Z]Vjn6Z�`ba�Z]�6ULv�Z]U�Xmi}wDdehq_6Um�£��6ULfW`m_ji6h�Z]he`m_�a�`bY�fgY]`bv[v�Z{Xbde��i�Ug¨
dqX�w�hev�Z]�4X�Z�Z]�jU�v[hepb_4Xbd8X*Z��H`*Z]� dehe_jUWv�v���h�Z]f{�jUWv�Z]`�Z]�6U�`mV6VH`mv[h�Z]U
i6h�Y]UWfgZ]he`b_��z£��jU�Y]UWv[n6d�Z�hevoXb_ hq_6fgY]U�X*v[U�he_�Z[Y{Xb_jv[h�Z]he`m_$Z]he\^Um�
£��6U�fgY]`bv[v�Z{Xbde�^Ug©AUWfuZ��4X*v�X�pbY]U�X�Z�he\^V4XbfuZ�`b_Z]�6U�VH`���UgY�i6hev�¨

v[heV4X*Z]he`b_�`baoZ]�jU�fWh�Y]fWn6heZ]vW�½£�`'hededenjv�Z[Y{X*Z]U�Z]�jhevW|:��U he_}stUWv�Z]hepmX*Z]U
X�v[he\^VjdeUlfWh�Y]fWnjh�Zªv[�j`���_Rhe_Rå=hep6�oÞ@�õ£��6U¡f{�4X*_j_6UWd�deUW_6pbZ]�¸hev
Å�� Þm��öÃ\÷X*_4i'��ULhe_4i�hqfWX*Z]ULZ]�jU�Y{X*Z]he`l`ba���hqi}Z]�jv�`ba�Z]�6U^øzyl¿�Â
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Xb_ji¡~�yl¿�Â¡å.c:£�v�Xb�H`�stU�U�Xbf{��pmX*Z]Um�L£��jULv[n6VjVjd�wDst`bd�Z{XbpmU�hqv
Þ}� ��¬�|*Xb_ji�£�Âjylk�Å}� Þm��öÃ\¶Z]UWfu�6_j`bdq`bpbw��jdeUWv=X�Y]U�njv[UWi�a�`bY.i6UWs}hefWU
v[he\�n6d·X�Z]he`m_��:Ûov[v[nj\^UoZ]�4X*Z�dqhe_6U��¶Xb_4i�¤�X�Y]U�de`m_6pLXb_ji�fgdq`bv[U�Z]`
U�X*fu��`bZ]�jUuY��.¤8hev.Z]�jU�X�©AUWfgZ]he_jp�dqhe_6U�Xb_ji���hev.Z]�jU�s�hefgZ]he\Ädehe_jUb�	Û
f�X*V4XbfgheZ]`*Y�� â hev�V6n6Zz�HUgZ���UWUW_ �¶Xb_ji¤.Z]`�\^`}i6UgdjZ]�jU�fgY]`bv[v�Z{Xbde�fW`bnjVjdehe_jp�f�XbVjXbfWh�Z{X*_jfWUm�:£��6U�he_}stUgY[Z]UgY	i}Y]hes�he_6p�dehe_jU�¤Ãhev	Xbv[v[n6\^U�i
Z]`L�HU�X��jn6©AUuY���heZ]� v�Z[Y]`m_jpi}Y]hes�he_6p�v�Z[Y]UW_6pbZ]���
��U�v�Z]n4i}wªZ]�6U�he\^VjXbfgZ�`ba:fgY]`bv[v�Z{Xbde�lpmdeh�Z]fu�DUg©AUgfgZ��6Y]v�Z��o£��jU

he_jV6n6Z]v�X*Y]UªXbd�Z]UgY]_jX*Z]U�i��HUgZx��UWUg_�stUWfgZ]`*Y]v�¬�»ªæÑ¥2Û"!�k�T�cz§�æ
Å�»b»m»b»�Xb_4i¬�Þ�æ¥2Û#!�k�T�c�§�æèÅ}»m»WÅ�»���h�Z]�$X�VHUuY]hq`}i�`ba�»WÅb_6vW�
£=X*�jdeU�»ov[�6`���v:Z]�jUoX�stUgY{X*pmUov[njVjV6d�w�fWn�Y[Y]UW_@Z�¥OÙ%$&$�§:Xb_jiLfu�jX*Y]pb¨
he_jp('bi6hev[f{�4X�Y]pmhe_jp¸fgn6Y[Y]UW_@Z$`b_)� â ¥OÙ+* â §�n6_4i6UuY Z]�jU¡fgY]`bv[v�Z{Xbde�pmdeh�Z]f{�$Ug©AUWfgZ��.��U�n6v[U�dqUuZ[Z]UgY ,�å.-�Z]`�i6UW_6`bZ]U�Z]�6U�f�X*v[U�Z]�4X�Z�Z]�jU
pmdeh�Z]f{��V�Y]`mVjXbptX�Z]UWvzZ]`�Z]�6U�`mn6Z]V6n6Z�|tXb_4iLdeUgZ[Z]UuY/,10#-�a�`bY�Z]�6U�f�Xbv[U
Z]�4X�Z�_6`lpmdeh�Z]fu�«V�Y]`mV4X*ptX�Z]UWv�Z]`$Z]�6U�`bn6Z]V6n6Z��D£��6U�pbdeheZ]f{�½i6`@UWv
_j`*ZLV�Y]`mV4X*ptX�Z]U�Z]`lZ]�jU�`mn�Z]Vjn�Z����6UW_�� â32 Å�4e»6587¶¥2å=hqp��:9mXm§u|�jn�Z�V6Y]`bV4X*ptX*Z]Ugv�Z]`ªZ]�jU�`mn�Z]Vjn6Z����jUW_�� â ÝõÅ�4e»;587�¥2å=hep6�<9b�4§u�£��jUzfgY]`mv[v�Z{X*de��pbdeheZ]f{��v[�6`mn6d·i�VjXbv[v	X�fWUgY[Z{Xbhe_�Z]�6Y]UWv[�6`mdqi�Z]`�V�Y]`mV6¨
XbpmX*Z]U�Z]`�Z]�6U�`mn6Z]V6n6Z�����U�i�Ug�4_6U>=�?¡Xbv.Z]�jU�_}n6\��HUgY.`*aHZ[Y{Xb_6v[he¨
Z]he`m_6vzhe_LZ]�jU�fWXbv[Uo`baÃ_j`�fgY]`bv[v�Z{Xbde�Lpbdqh�Z]f{�^V6Y]`bV4XbpmX*Z]he`m_Ã|�Xb_ji@=�A
XbvoZ]�jU�_}nj\��HUgYo`ba	Z[Y{Xb_6v[heZ]he`b_jv�he_lZ]�jU�f�X*v[U�`*a:fgY]`mv[v�Z{X*dq�lpbdeheZ]f{�
V6Y]`bV4X*ptX*Z]he`b_��'£8`¡X �jY]v�Z�`bY{i�UgY^X*VjV6Y]`���he\X*Z]he`m_Ã|=Z]�jU�X�stUgY{X*pmU
v[njV6Vjd�w�fWn6Y[Y]Ug_}Z�Ù%$&$�hev�Z]�jU�v[n6\ô`ba.Z]�jU�i�w�_4X*\^hqf�fWn6Y[Y]UW_@Zoi�njU
Z]`�ptX*Z]U�Z[Y{Xb_6v[heZ]he`b_jv^¥OÙ%B8§�Xb_ji$Z]�jU�fu�jX*Y]pmhe_6pC'bi�hev[fu�jX*Y]pmhe_6p$fWn6Y[¨
Y]UW_@Zo`m_D� â ¥OÙ * â §u��Â�`^Ù%B'hqvoÙ $:$FE Ù * â |j���6hqf{�$hev�Xbdev[`^v[�j`���_he_�£=Xb�6dqU�»m�:GÃUgZ�Ù $&$:A ¥OÙ $:$ ?.§.�HU�Z]�jU�X�smUgY{XbpbU�v[n6VjVjd�w�fWn6Y[Y]UW_@Z
a�`*Y�Z]�jUof�X*v[U�`ba�fgY]`mv[v�Z{X*de��V�Y]`mVjXbptX�Z]he`m_8¥O_6`�V�Y]`mVjXbptX�Z]he`m_H§u|}Z]�6UW_

Ù $&$:A æ¸Ù%BIH�Ù * â æJ= A �LK $:$ 7MH�� â K $:$ 7 ¥�»�§

� â Ù $:$ Ù * â Ù%B
Å 9b��� À�NON�ö8Û�¥P0�§ Å 9b�6� À�NON*ö�Û

Å�� ÅmÅ}»WV 9t�@� Þ��@Þ�ö8Û�¥P0�§ Å�� Þm��ö8Û 9b�6� ÀbÀtÞ�ö�Û
Å�� Å�»gV 9(Q@� ��QOQ�ö8Û�¥P0�§ Þ}� ��ö�Û 9t�}� ÅOQOQ�ö�Û
Å�� Åt��V �tÀ}� �@»+Q�ö8Û�¥P0�§ »�Þ}� ��ö8Û 9(Q}� Å}»+Q�ö�Û
Å��e»gV QmÞ@� Å*�t¾�ö8Û�¥2å	§ Þm��ö�Û �CQ}� Å*�t¾*ö�Û
Å��e»���V ¾t�@� Àb¾m¾�ö8Û�¥2å	§ 9(Q}� ��ö8Û �t¾�� �m¾m¾*ö�Û
Å�� Þ�V ÀmÀ}� 9}»%N�ö8Û�¥2å	§ �bÅ*ö�Û �tÀ�� 9}»%N*ö�Û
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(a) Glitch not propagate to the output (C1=0.05pf)
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(b) Glitch propagates to the output (C1=0.1pf)
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Ù $&$ ?DæRÙ�B�H�Ù * â æb=T?:�LK $&$ 7MH�� â K $&$ 7 ¥FÞm§
���6UgY]U�k½hevzZ]�6U�Z]`*Z{XbdHf�X*V4X*fWh�Z{Xb_jfgU�he_LZ]�jU�fWh�Y]fWn6heZ�Ug��fWUWV�Zc� â �Â�he_jfgU�= A�d =T?�|jÙ%B�hev�dqX*Y]pbUgY�he_$Z]�6U�f�Xbv[U�`ba	fgY]`bv[v�Z{Xbde�$pbdqh�Z]f{�

V6Y]`bV4XbpmX*Z]he`m_Ã�ªÂ�`���UL�jX�smU�Ù+$:$&A d Ù+$:$ ? �kzY]`mv[v�Z{X*de�'pbdqh�Z]f{�
v[hepm_jh��jf�Xb_@Z]d�wDX*©AUgfgZ]v�Z]�6U�VH`���UgY�fg`m_jv[n6\^V6Z]he`m_ `ba	Z]�jU�fWh�Y]fWn6heZ]vW|
Z]�}njv�fgY]`bv[v�Z{Xbde�DaOXbn6d�Z]v�fWXbnjv[UWi'�@wDfgY]`mv[v�Z{X*de�'pbdqh�Z]f{��f�X*_��HU^i�Ug¨
Z]UWfgZ]U�iª�}w\^`b_jh�Z]`bY]he_6p�Z]�jU�X�stUuY{XbpmU�v[n6VjVjd�wfWn�Y[Y]UW_@Z��

� â Ù $:$ Ù * âÅ »b»%9}� ��Q�ö�Û�¥e!�§ Å
Å�� Å�»gV »�9mÅ}� N}»gö�Û�¥e!�§ »�Å�ö8Û
Å�� Åt��V Þ@»�Þ@� ÀOQ�ö�Û�¥e!�§ �bÅ�ö8Û
Å��e»gV Þb¾*�6� �tÅ�ö8Û�¥OT�§ »�ÅbÅ*ö�Û
Å��e»�Þ�V ÞbÀb¾�� ÞOQ�ö8Û�¥OT�§ »�Þ*Å*ö�Û
Å��e»W�bV 9mÅ*�6� �tÀ�ö8Û�¥OT�§ »W�mÅ*ö�Û
Å��e»%N*V 9mÅm�}� QOQ�ö8Û�¥OT�§ »%NbÅ*ö�Û
Å��e»�¾*V ÞbÀbÀ�� 9�»uö�Û�¥2å	§ »�¾bÅ*ö�Û
Å�� Þ�V ÞbÀOQ}� ��N�ö�Û�¥2å	§ ÞbÅbÅ*ö�Û
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ûCX�û��mÉ3Y1�ÃýUZ\[÷Î�Í��.���U�^]HÇW�·É��jú4û_�ý
~�`�� ��Uªdq`@`b�«X*Z�Z]�jU�hq\^VjXbfgZ�`ba�fgY]`mv[v�Z{X*de�¹i�UWdqXWw�Ug©AUWfgZ�Z]`

Z]�jU^VH`���UuY�fW`b_jv[n6\^V6Z]he`m_�`*a�Z]�jU^fWh�Y]fWn6h�Z��D£��jUhe_jV6n6Z]v�X*Y]U�Xbd�¨
Z]UgY]_4X�Z]U�i�HUgZ���UWUW_�stUWfgZ]`*Y]v�¬�»�æÁ¥2Û#!�k�T�c�§�æ »m»b»�Å}»�Xb_ji�¬�Þ
æ ¥2Û"!�k�T�cz§�æçÅ}»�Å�»b»���h�Z]�DXLVHUgY]he`}i$`*az�*_jvW�o£8Xb�jdeU^»�v[�j`���v
Z]�jU�X�stUgY{X*pmU�v[njV6Vjd�w�fWn6Y[Y]Ug_}Zo¥OÙ+$:$�§.Xb_ji�f{�4X*Y]pbhe_jpC'*i6hev[f{�4X*Y]pbhe_jp
fWn6Y[Y]Ug_}Z�`m_�� â ¥OÙ+* â §�nj_ji6UgY�Z]�jU^fgY]`bv[v�Z{Xbde�«i6Ugd·XWw�Ug©AUWfgZ��$��Ui6Ug�j_jU^Z]�6Y]UgU�UuY[Y]`bY�Z�w�VHUWvWógikjml�n�oqp�iWr�p�n�i sht1uu|�vCuaikp�wTr�p�n
i s�t1uu|:Xb_ji



x uzyn{l�yJuztzt6j�t{����Unjv[UªdqUuZ[Z]UgYf,;G<-DZ]`'i�UW_j`*Z]U�ikjml�n�oqp�i8r�p�n�i shtmuu|
deUgZ[Z]UgY ,xT�-�a�`*Y�vCuaikp�w>r�p|n�i shtmu�Xb_jiªdeUgZ[Z]UgY ,;!�-�a�`bY x uzyn{l�y�uztqt1j�t{�
ikjml�neompOihr�p|n�i shtmu�\^U�X*_jvoZ]�4X*Z�heaz��U�XbVjV6d�w¡XZ]UWv�Z�UWh�Z]�jUgY�X�Z�v[de`��
`bY��6hepm� v[VHUgU�iÃ|}Z]�jU�fgY]`mv[v�Z{X*de� i�UWdqX�w�Ug©AUgfgZ���hedqdÃf�X*njv[U�X�aOXbheden6Y]U
X*Z�Z]�6U�`mn6Z]V6n6Z���vCuaikp|w�r�p�n�i shtmu�hev�Y]Uga�UuY[Y]U�i Z]`�Z]�jU�fWXbv[U�Z]�4X�Z�Z]�jU
fgY]`bv[v�Z{Xbde�li6Ugd·XWwªUg©AUWfgZo��heded=_j`*Z�f�X*njv[U�X�aOX*hedqn�Y]U�X�Z�v[de`��Äv[VHUgU�i
¥OUm� p6�e|zXªa·Y]U��@njUW_6fgw�`*a�ÞbÅmÅmy3�� �§u|	�6n6Z���heded�f�Xbn6v[U X a�Xbheden6Y]U�X*Z
�jhepb�jUgY�v[VHUWU�i¸¥OUm� p��q|:X a·Y]U��@njUW_6fgw'`bao�tÅbÅty3�� �§u� x uzyn{l�y}uztzt6j�t
\^U�X*_jv	Z]�jUofgY]`mv[v�Z{X*dq�i�UWdqXWwLUg©AUWfuZ�f�X*njv[UWv�_6`�de`mpmhef�X*dÃXb_4ii�UWdqX�w
aOX*hedqn�Y]Um�
£��jU^f{�4X*Y]pbU�Xb_4i'i6hev[f{�4X*Y]pbU`ba�fgY]`bv[v�Z{Xbde��f�X*V4X*fWh�Z]`bY/� â �4XbvpbY]UWX*Z:he\^V4XbfuZ.`m_�Z]�jU�VH`���UgY:i6hev[v[heV4X�Z]hq`b_L`bajZ]�jU�fuY]hqfgnjh�Z��:� â ��hededf{�4X*Y]pbU�Z���hefWU�Xb_ji i�hqv[f{�4X�Y]pmU�Z���hefWU�he_lX�fWde`@fu��VHUgY]he`}iÃ|�Z]�}njv

Ù * â æKÞO� â K $:$ 7 ¥e9t§
Â�he_jfWUoÙ * â hev�V�Y]`mVH`*Y[Z]hq`b_4X*dAZ]`�Z]�6U�sbXbdenjU�`*a�Z]�6U�f�X*V4X*fWh�Z{Xb_jfgUm|Z]�jULX�smUgY{XbpbU�v[n6VjV6dew¡fWn�Y[Y]UW_@Z�he_jfgY]U�X*v[UWv�XbvM� â hq_6fgY]U�X*v[UWv�n6_@Z]hqdZ]�jU�fgY]`mv[v�Z{X*dq� i6UWdqXWwªf�Xbn6v[UWvoX�de`mpmhef�X*d8aOX*hedqn�Y]Um�
£��jURi�he©AUuY]UW_jfWU�hq_ÁUgY[Y]`bY«Zxw6VHUgv�Xbdev[`õfW`b_}Z[Y]he�6n6Z]UWv�Z]`¶Z]�jU

f{�4Xb_6pmUªhq_«Z]�jU i�w�_4X*\^hefªv[n6VjVjd�w�fgn6Y[Y]UW_@Z��½å=hep6�z�'v[�6`���vLZ]�jU
st`bdeZ{X*pmUWv$X*Z Z]�6UDhq_6Vjn�Z�|�`b_jU¡UW_4iR`*a/� â Xb_ji¸Z]�jUD`mn�Z]Vjn6Zªhe_Z]�jUof�X*v[U�`ba�vCuaikp�w~r�p�n�i shtmuzXb_4i�ikjml�neompOi+rap�n�i shtmuu�:Ûovc� â he_6fgY]U�Xbv[Ugv_j`}i�Uc��Y]hev[UWvzXb_4i�aOXbdedev:\�njf{��\^`*Y]U�v[de`���dew@�:£��6U@,[¿�~�Z]he\^U�-�`ba
Z]�jU�v[hqpb_4X*d8X�a�Z]UgYoV4X*v[v[he_jpL_6`}i6U#�¶Y]U�i6n6fWUWv�X*_4i^a�`bY]\^voX�pmdeh�Z]fu�Ã�
�R�6UW_ � â d Å�4e»%Nq587�|@Z]�jU�pbdqh�Z]f{�f�Xb_6_j`bZ:V�Y]`mV4X*ptX�Z]UoZ]`�Z]�6U�`mn6Z[¨Vjn�Z_j`}i�U$~�|:���jhef{��f�X*njv[U¡X�de`mpbhqfWXbd�a�Xbheden6Y]U¡X*ZZ]�6U$`mn�Z]Vjn6Z��
£��jU�_}nj\��HUgY�`baoZ[Y{Xb_jv[h�Z]he`m_6vLhe_�Z]�jUf�Xbv[Uª`ba�ikjml�neompOiWr�p|n�i shtmu�hqv
v[\XbdedeUgY^Z]�jXb_¹Z]�jX*Z^he_½Z]�jU fWXbv[Ul`ba@vCuaikp�w@rap�n�i shtmuLX*_4i x uzy\n{l�y
uztqt1j�t{|.Z]�jUgY]Uua�`bY]UfWh�Y]fWn6h�Z]v�n6_4i�UgY�de`mpmhef�X*d�aOX*hedqn�Y]U^��hqdedzfW`m_6v[nj\^U
deUWv[v�i�w�_4X*\^hqf�v[njV6Vjd�w�fWn6Y[Y]UW_@Z��
Û dqX�Y]pmU^_}nj\��HUgY�`*a�fgY]`bv[v�Z{Xbde�laOX*njd�Z]v�X*Y]U�pmUW_6UgY{X*Z]U�i'i6n�Y]hq_6p

dqXWw@`mn�Z$i�UWv[hepm_õ¥OUm� p6�e|oZ���`�dq`b_jp���h�Y]UWv X*Y]UlZ]`@`«fWde`mv[UDZ]`�U�Xbf{�
`bZ]�6UgYu§u�D¤xa�Z]�6UgY]U^��UgY]U`b_jU�fgY]`mv[v�Z{X*dq�'aOXbn6d�ZLpmUg_jUgY{X�Z]U�i�he_�Z]�jU
dqXWw@`mn�Z�i�UWv[hepm_Ã|6Z]�6UW_lXbdedÃZ]�jU�fWh�Y]fWn6h�Z]vo��`mnjdqi �HU�a�Xbn6deZxw@�z£��jUgY]Ug¨
a�`*Y]U'h�Zªhev$i6h��^fgnjd�ZªZ]`«i�hev�Z]hq_6pmn6hqv[�Rpb`@`}iKXb_4i�a�Xbn6deZxwRi�UWv[hepm_jv
�@w�`m_jd�w�\^`m_6h�Z]`bY]he_jp�Z]�6U�i�w�_jXb\^hef�v[njV6Vjd�w�fWn6Y[Y]Ug_}ZoX�Z�X�v[he_jpmdeU
v[njV6Vjd�w�st`md�Z{X*pmUm�zÂ}`�he_�Z]�jU�_6Ug�}Z	v[UWfgZ]he`m_Ã|m��U�X*VjV6dew�czk�¦o¨F¬�T�T
Z]UWv�Z�|jX�sbX*Y]hqXb_@Z�`*a	c�k�¦¶Z]UWv�Z�\^UgZ]�6`}iÃ|@Z]`^i�UgZ]UWfgZ�Z]�6U�fgY]`bv[v�Z{Xbde�
aOX*njd�Z]vofW`m\^U�a·Y]`m\ôdqXWw@`mn�Z�i6UWv[hepm_Ã�
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(a) Delay failure caused by crosstalk delay effect (C1=0.1pf)
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(b) Logical failure caused by crosstalk delay effect (C1=0.2pf)
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Z]�jU¹czk�¦o¨F¬�T�T Z]UWv�Z�\^UgZ]�6`}ièZ]�jU½X�stUgY{XbpbU�v[n6VjVjd�wèfWn6Y[Y]UW_@Z

� â |~� ä X�Y]U \^U�X*v[n6Y]U�i�`b_�Z]�jU�v]Xb\^Uhe_jV6n6Z�v[U��@njUW_6fWUg� â |:�jn�Za�`*Y^Z���`¡i�he©AUuY]UW_@ZLv[njV6Vjd�w�st`bd�Z{XbpmUgvIK â $&$�|�K ä $:$��«£��jU�Y{X*Z]he`�T������$:$�æ�����z� hqvonjv[UWi Z]`i6hev�Z]he_jpmn6hev[�¡pb`@`}iDXb_4i a�Xbn6deZxw$fWh�Y[¨fWnjh�Z]vW�	¤Fa.�T������$:$«a�Xbdedev���heZ]�6he_ X�V6Y]U�i�UgZ]UgY]\^he_jU�i�Y{X*_jpbU�Z]�jUW_
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��U�he_}stUWv�Z]heptX�Z]U�Z]�jU�Ug�6X*\^VjdeU�fWh�Y]fWnjh�Z�he_^v[UWfuZ]hq`b_39}�:£��jUohe_jVjn�Z]v
X*Y]UlX*d�Z]UgY]_4X�Z]U�i¹�HUgZx��UWUg_¹stUgfgZ]`bY]vL¬�»læé¥2Û#!�k�T�cz§Læ Å}»m»WÅ�»
Xb_ji¡¬�Þªæ ¥2Û#!�k�T�cz§�æÅ}»m»b»m»L��h�Z]�'X�VHUgY]he`}i¡`ba�»WÅb_6vW��£��6U
v[njV6Vjd�wfWn6Y[Y]Ug_}Z]v�`m_$i�h�©AUgY]UW_@Z�fgY]`bv[v�Z{Xbde�ªfWXbV4X*fWh�Z{Xb_6fWU�X*Y]U�\^UWX*¨
v[n6Y]U�i�X*Z�Z���`�v[n6VjV6dew½st`bd�Z{XbpmUgvlÞ}� ��¬ÑXb_4i¶»m� Þm��¬���£��6UlY{X*Z]he`
�T��� ��$:$ hev�fWXbdefWnjdqX�Z]U�i¹X*_4i�v[�6`���_«he_½£=Xb�6deU39}��£��6U�a�Xbnjd�Z
a�Y]UWU$Y{X�Z]he`�hev � �P�<�� �;�<� æ

äz� �
â � ä1� æÑÞ}�¹��U v[UuZ�X'pmnjX*Y{i½�4Xb_ji½`*a»�Å�VHUgY]fWUW_@Z�|�v[`ªZ]�jU�njV6VHUgY��H`bnj_4iD`ba~�T�����.$:$<hev�Þ}� Þ}�Lc�k�¦

hev�Y{X*Z]�6UgYLhe_6v[UW_jv[h�Z]hestUZ]`¡V�Y]`@fWUWv[vLsbX*Y]hqX�Z]hq`b_«v[`'Xlpbn4X*Y{i��jXb_4i
`ba�»�Å'VHUuY]fWUW_@Z^hevLY]U�Xbv[`b_4X*�jdeUm��£��jU$fWh�Y]fWn6h�Z]v���h�Z]�}�T��� �.$:$
\X*Y]�tUWiª�@wg��X*Y]U�i�UWfWdqX*Y]U�i�Z]`^�HU�aOX*njd�Z�w@�	�R�6UW_ªZ]�6U�fgY]`mv[v�Z{X*dq�
f�XbVjXbfWh�Z{X*_jfWU�hev	�HUgZ���UWUW_�Å��e»WV�aAXb_ji�Å��e»�9bV6ax|tZ]�jUzfgY]`mv[v�Z{X*de��pbdqh�Z]f{�
��hedqdjV6Y]`mVjXbpmX*Z]U�Z]`�Z]�jU�`bn6Z]V6n6Z:X*Z	Z]�6UoÞ}� �*¬Rv[n6VjVjd�w�st`bdeZ{X*pmU��jn�Z
��hedqd:_j`*Z�V6Y]`bV4X*ptX*Z]ULX*Z^»m� Þb�*¬�|ÃZ]�}njvoZ]�jU�Y{X�Z]he`g�T��� ��$:$ f�X*_
�HU���Y]h�Z[Z]UW_lXbv

�T��� ��$:$ æ =TA��LK â $&$>7TH^� â K â $&$c7=T?:�LK ä $&$ 7TH^� â K ä $:$ 7
¥O�@§

Â}he_jfWUT= A^d =T?�|4Z]�jU�Y{X�Z]hq`I�T��� ��$&$ ���jUW_$Z]�6U�fgY]`mv[v�Z{X*dq�
f�XbVjXbfWh�Z{X*_jfWU^hev��HUgZx��UWUW_'Å��e»gV6a�X*_4i¡Å��e»%9*V6a�hev�dqX*Y]pbUgY�Z]�4X*_DZ]�6U
aOX*njd�Z�a�Y]UWU�Y{X*Z]he` � ������ �6��� |AZ]�}njv�f�Xb_¡�HULi�UgZ]UWfgZ]U�iD�@wDczk�¦o¨F¬�T�TZ]UWv�Z��
£8Xb�jdeU:��v[�6`���v�Z]�jU&�T��� �.$:$ Y{X�Z]he`�f�X*defWnjdqX*Z]UWi��jXbv[U�i�`b_�Z]�6U

v[njV6Vjd�wDfWn6Y[Y]Ug_}Z�\^U�Xbv[n�Y]U�iDX*Z�Þ}� ��¬ Xb_ji«»g¬��A��U�v[UgZ�Xªpbn4X�Y{i
�4X*_4i `*ao»WÅLVHUgY]fWUW_@Z�Z]`^UW_6v[n6Y]U�Xbded8Z]�6U�pm`@`}ilfWh�Y]fWn6heZ]voV4X*v[voZ]�6U
Z]UWv�Z��£��6ULnjV6VHUgY��H`mn6_4iD`ba>�T��� �.$&$ hev�Þ@� Qb�}��£��6ULfWh�Y]fWnjh�Z]v
��h�Z]�f� â Ý<Å�4e»;587�X*Y]U�i6UWfgd·X�Y]U�i$Z]`ª�HU�aOX*njd�Z�w@���R�jUg_�K â $:$¶hevi6UWfuY]U�Xbv[U�iA|th�Z	hev.�4X�Y{i6UgY.a�`bYzX�fgY]`bv[v�Z{Xbde��pmdeh�Z]fu��Z]`�V4X*v[v	X�fWUuY[Z{Xbhe_
Z]�6Y]UWv[�6`mdqi$v[njf{� Z]�jX*Zoh�Z�f�X*_$V6Y]`bV4X*ptX*Z]U�Z]`�Z]�6U�`bn6Z]V6n6Z��:�R�jUW_
Z]�jU�v[n6VjV6dew�st`bd�Z{XbpmU�hevoXbv�de`��<Xbv�»W¬�|6Z]�6U�fgY]`mv[v�Z{X*de� pmdeh�Z]f{� ��hedqd
_j`*Z�V6Y]`bV4X*ptX*Z]UoZ]`�Z]�jUo`mn6Z]V6n6ZzfWh�Y]fWnjh�Z]v�X*v�de`m_6p�X*v>� â>� Å�4 Þq587��¤xZªhevªv[�6`���_R`b_K£=Xb�6deU¡��Z]�jX*Zª\^`bY]UlfWh�Y]fWn6h�Z]vª�jX�smUDi6h�©AUgY]UW_@Z
_}nj\��HUuY�`*a�Z[Y{Xb_6v[h�Z]hq`b_jv�X�Z�Z���` v[njV6Vjd�wlst`bd�Z{XbpmUgvW|�Z]�6UgY]UW�@wlf�X*_
�HU�i6UgZ]UgfgZ]U�iª�@wªczk�¦o¨F¬�T�T��

� â »m� Þb�*¬ Þ@� ��¬ �T��� �.$:$
Å 0 0 Þ}� Å�Nb�

Å�� ÅmÅ}»WV 0 0 Þ}� Å�NO9
Å�� Å�»gV 0 0 Þ}� Å�Nt�
Å�� Åt��V 0 0 Þ}�e»b»m»
Å��e»�Å*V 0 å Þ}� 9�NmÀC�
Å��e»m»gV 0 å Þ}� 9*�tÀC�
Å��e»�Þ�V 0 å Þ}� 9}»�¾C�
Å��e»%9*V 0 å Þ}� Þ|NtÞ(�
Å��e»W�bV å å Þ}�e»%Q�N
Å��e»%N*V å å Þ}�e»%Q�N
Å��e»�¾*V å å Þ}�e»WÀmÀ
Å�� ÞbÅ*V å å Þ}� Þ|9mÅC�
Å�� Þm��V å å Þ}� 9*�tÅC�
Å�� 9mÅ*V å å Þ}� �ONmÅC�
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� â »g¬ Þ@� ��¬ �T��� ��$&$
Å 0 0 Þ@� ��Q�N

Å}� ÅbÅ�»gV 0 0 Þ@� �*¾mÅ
Å}� Å}»WV 0 0 Þ@� �*¾�»
Å}� Åm�*V 0 0 Þ@� N�NtÞ
Å}�q»WÅbV 0 å 9�� Å*�@Þ(�
Å}�q»b»WV 0 å 9�� Å*�(NC�
Å}�q»�Þ*V 0 å 9�� Å*�t¾C�
Å}�q»�9bV 0 å 9�� Åm��9C�
Å}�q»g�mV 0 å 9�� ÅOQ�9C�
Å}�q»�NbV 0 å 9��e»b»%NC�
Å}�q»W¾bV 0 å 9��e»�Nb�h�
Å}� Þ*ÅbV 0 å 9��e»WÀmÀC�
Å}� Þb�*V å å 9�� Þ*Àm¾C�
Å}� 9bÅbV å å 9�� �b��9C�
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hev äz� �â � §1� æ�»O4 �@Þ*À��ô¤Fa���U'v[UuZlX«pmn4X�Y{i¸�4X*_4iR`ba»�Å«VHUgY]fWUg_}Z�|
Z]�jU�njVjVHUuY��H`mnj_ji3�T������$&$¹a�`bY�pm`@`}i fWh�Y]fWn6h�Z]v�hev�»m� �OQ@��å�Y]`m\
£=X*�jdeU�����U�\XWw^v[UWU�Z]�jX*Z�|�fWh�Y]fWn6heZ]v���h�Z]� i6h�©AUgY]UW_@Z�UgY[Y]`*Y�Z�w�VHUWv
X*Z�Zx��`$v[n6VjVjd�w¡st`bdeZ{X*pmUWv��jX�smU^d·X�Y]pmUgY��T��� ��$:$ Y{X*Z]he`bvW� ¤FZ�hqv
fWdeU�X�Y]dew«Uu�6V6dqXbhe_jU�i�he_Kº�»m»W¼�Z]�jX*Z�|zX*ZLi6h�©AUgY]UW_@ZLUuY[Y]`bYLZxw6VHUb|.Z]�jU
_}nj\��HUgY�`ba�pmX*Z]U�Z[Y{Xb_jv[h�Z]he`m_6vLhev^i6h�©AUgY]Ug_}Z���¤xaoZ]�jU�fWh�Y]fWnjh�Z��4Xbv
i6h�©AUgY]Ug_}ZoUgY[Y]`*Y�Zxw6VHUgv�X�Z�Zx��`i�he©AUuY]UW_@Z�v[n6VjVjd�wªst`md�Z{X*pmUWv�K â $&$Xb_ji¦K ä $&$ |8Z]�jUI�T��� �.$:$ Y{X�Z]he`¡hev�_j`lde`m_6pmUgY�Z]�jULa�Xbnjd�Z�a�Y]UWUY{X*Z]he` � ������ �6��� �låj`bY�Ug�6Xb\^V6dqUb|=h�aofWh�Y]fWnjh�Z��4Xbv�XFvCuaikp�wTrap�n�i shtmu�X*ZK â $:$ X*_4i�ikjml�neompOiOrap�n�i shtmu�X*Z"K ä $:$ |}Z]�jU��T��� �.$:$ Y{X*Z]he`^hev

�T��� �.$:$ æ =TA�$cK â $&$�H�� â K â $&$= A�¨ K ä $&$ H^� â K ä $&$
¥F�m§

�R�jUgY]U�=TA<$�¥e=TA�¨Ã§�hev�Z]�jU�_}nj\��HUuY�`*azZ[Y{X*_jv[h�Z]he`m_6v�X*Z@v(uaikp�w
r�p�n
i s�t1u�¥1ikjml�n�oqp�iOr�p|n�i shtmu�§u�
¿�n6Y�Y]Ugv[njd�Z]v�Xb�H`�stUov[�j`��RZ]�jX*Z�Z]�6U�czk�¦�¨x¬�T�TR��hedqdA�HU�pm`@`}i

X*Z�i�UgZ]UWfgZ]he_jp^fuY]`mv[v�Z{Xbde��aOXbn6d�Z]v�f�X*njv[U�iª�}w�fgY]`bv[v�Z{Xbde� pbdeheZ]f{�DXb_ji
i6Ugd·XWw@�

©�¯ ì�² ± �Ãñ�´o��µ�² ±
��U�v[�j`���U�i�Z]�4X*Z	fuY]`mv[v�Z{Xbde��Ug©AUWfgZ]v	�jX�smU�X�p*Y]U�X*Z:he\^V4X*fgZ	`m_�Z]�jU
X�stUgY{X*pmU^v[njV6Vjd�w¡fWn6Y[Y]Ug_}Z�|=Xb_ji'he_}stUWv�Z]heptX�Z]U�i'Z]�jU^fWXbV4X*�jhedeh�Z�w'`ba
czk�¦o¨F�4X*v[U�iLZ]UWv�Z�\^UuZ]�j`}i6v:Z]`�i6UgZ]UWfuZ�fgY]`bv[v�Z{Xbde�^aOXbn6d�Z]vW�.��U�XbV6¨
VjdeheU�i�Z]�6Uªczk�¦�¨x¬�T�T Z]UWv�Z�|:XlsbX*Y]hqXb_@Z�`ba�c�k�¦ÁZ]UWv�ZL\^UgZ]�6`}iÃ|
Z]`¹i6UgZ]UWfuZlfgY]`mv[v�Z{X*de�Ka�Xbn6deZ]vlfWXbnjv[UWi¶�@wRfgY]`bv[v�Z{Xbde�Kpmdeh�Z]fu�<Xb_ji
fgY]`bv[v�Z{Xbde��i6UWdqXWw@�=¿�n6YÃY]UWv[njd�Z]v8v[�6`���U�i�Z]�jU	Ug©AUgfgZ]hestUW_jUgv[v8`bajczk�¦
�4X*v[U�iªZ]UWv�Zo\^UgZ]�6`}i6v�he_li�UgZ]UWfgZ]he_6pLfgY]`mv[v�Z{X*de�ªaOX*njd�Z]vW�

�¹Ô��{Ô8�jÔ ± �AÔ8�
º�»g¼ Û�� ¦onj�6he`6|�~�� ¤FZ{Xb �X*�}h2|fª���ª�n�|�Xb_ji�«L�3«�he_6`mv[�jh�Z{X}|

,�Û�_÷Û�V6V6Y]`tX*fu�ÑZ]`ÜZ]�6U Ûo_4Xbd�w�v[hev Xb_jiéT�UuZ]UWfgZ]he`m_÷`ba
kzY]`bv[v�Z{Xbde��åjXbnjd�Z]vKhe_�T�hepmh�Z{X*d�¬�G8Â�¤�k�h�Y]fWnjh�Z]v1-6|V¬6::
®\t1p�y\¯�°L±:j�²#³s�´�uztzµ
¶�nevCu1v�·�uz¯mn{l�yVj6r@¬qy\´�uel�t1p�´�u1vV±�n
t6oas�n�´�¯
p|yWv@¯qw|¯m´�uz²M¯]|H¬:`mdO�A»%9}|4~�`���9}|jV6Vg9b¾(Q}|�»�ÀbÀb�6�

� â »m� Qb�*¬ Þ@� ��¬ �T��� �.$:$
Å ! ! »m� �m¾b�

Å�� ÅmÅ}»WV ! ! »m� �m¾b�
Å�� Å�»gV ! ! »m� �(QbÅ
Å�� Åt��V ! ! »m� �(Qm�
Å�� Åm¾*V T ! »m� �|NON
Å��e»�Å*V T T »m� Nm�b¾C�
Å��e»�Þ�V å T »m� Q�Qm�(�
Å��e»W�bV å T »m� ¾}»�Þ(�
Å��e»%N*V å T »m� ¾}»%9C�
Å��e»�¾*V å å »m� Q�QbÅC�
Å�� ÞbÅ*V å å »m� Qb��NC�
Å�� Þm��V å å »m� Q��m�h�
Å�� 9mÅ*V å å »m� Q��(9C�
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º Þ�¼ �Ä�jk��6UW_�|jÂA��«L�0�njV�Z{X�|6Xb_ji$y'�6Û��\!zY]UgnjUgY�|&,�£8Ugv�Z"0�UW_6¨

UgY{X�Z]he`m_ªa�`bY�kzY]`bv[v�Z{Xbde�@¨x¤x_4i�njfWU�iT�UWdqXWwhe_ª¤x_@Z]UWpbY{X�Z]U�i k�h�Y[¨
fWn6h�Z]v1-6|&¹~t1j%o+°&¬qy´�uztqyWp�´�nej|yWpOi"®8uz¯m´/±:j�y%r�uztmuzyWoqu�|=VjV¹»WÀ�»b|
»WÀmÀmÀ}�

º 9*¼º«L�Ã£��<G�UgUm|.k��Ã~�`bY{ij�@n6hqv�Z�|�»��8Û��ÃÛ���Y{Xb�4X*\$|>,�£8Ugv�Z�0�UW_6¨
UgY{X�Z]he`m_'a�`bY�kzY]`bv[v�Z{Xbde��c.©AUWfgZ]v�hq_'¬�G8Â�¤�k�h�Y]fWnjh�Z]v1-6|.¹~t1j%o+°
¬6:&½¼W¾�¿�¬/®8uz¯m´~¿w|²#³�j�¯mn
sh²�|jV6VgNtÞ*¾�|�»�ÀmÀb¾��

º �b¼ºª��!�XbhO|HÂH�}T�Ugw@|�X*_4i3»��6¦�X�ò��}v[hO|�,�Â�UWd�a�¨x£8Ugv�Z�y UuZ]�j`}i6`bde`mpbw
a�`bY�Û�Z�Â�VHUWU�i^£�UWv�Z�`*a=kzY]`bv[v�Z{Xbde�^he_ªk��jheV¤�_@Z]UgY]fW`b_j_jUgfgZ]v1-6|
¹~t1j%o+°<·�uz¯mn{l�yg¶�sh´Pj�²@p|´�nej�y�±:j�y%r%uzt1uzyWoquu|4V6VgN}»�À�|HÞbÅbÅmÅ��

º ��¼ ÂH�=£��.Â�n�|8¦��=y$Xb�}�}hO|.X*_4i�£��8~�XbpbdeUm|L,�£ÃY{Xb_jv[heUW_@Z�ø=`���UgY
Â}njVjV6d�wlk�n�Y[Y]UW_@Z�y `b_jh�Z]`bY]he_6p�¨�Ûè~�Ug�è£8UWv�Z�y UgZ]�j`}i a�`bY
k�yl¿�Â ¬#G=Â�¤�k�h�Y]fWnjh�Z]v1-6|�Àhj|s�tqyWp�i�j6r">i{u1oa´�t1j|yneo3®Wuz¯q´�n�yhlCÁ
®<Âu1j�tqw�p�yWvIpz³(³�i neomp�´�nej�y\¯{|jVjV4Þ�9�|Ã»�ÀbÀt�@�

º N*¼Ã»6� å��ªø	dqn6v]�@njUWdedehefm|�T�� y'�ªk��6hqX*Y]njdedeh¡Xb_ji ÂH� ø=�IGÃUWs}heZ{X*_�|
,xT�hepmh�Z{Xbd^¤x_}Z]UgpbY{X*Z]UWi k�heY]fgnjh�Z�£8Ugv�Z]hq_6pRr�v[he_jp¶£�Y{X*_jv[heUW_@Z
Â}hqpb_4X*d�Ûo_4X*dew�v[hev1-6|�¹~t1j%o+°�¬qy´�°~®8uz¯m´�±:j�y%r%°e|6V6V��}�m¾�»m|Ã»�ÀbÀON}�
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