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Ñ�Ò i u `>t»Ó�Z]^VY[Z<ÔªZhi-`>^Vq�`>\ u `¬tfÕOiOZhU u]ÖV× Uf\ª`ØklrVTV^V` × Y[T u `>t�gVrVUft_^VUfTnÕØgVt_i0q�Ù}U_T
u�Ö Y	q�iOTn\ u ZhrVq u UfiOTÚi>ke^VU_\ u Z]Ufgnr u Y[^&k{`>rnt uhÛ.u iOt_Y�Z]`>T u ` jVj t_UfqR` u Ufi>TV\FÜpÝ�ÞNo Ò Ö Y j rVZ Û
j iO\hY¸i>k:\]rVq Ö `>T}`>t_ÕOiOZ]U u�ÖV× U_\ u i j Zhi�W�U_^VY�`�q�i ×&× rVTnUfqR` u Ufi>T j ZhU × U u UXWOY u�Ö ` u
`>tft_i�ß�\ j Zhi0q[Y�\]\hY�\ u i�`>ÕOZhY�Y,iOT u�Ö Yª\]Y u i>k × Y�\h\�`>Õ>Y�\ u]Ö Y[�Ø^VY�t_U_W>Y�Z!`¬TV^à`>t_\]i�i>T
u�Ö Y[UfZ¦^nY�tfUXWOY[Zh�diOZ]^nY�Z�o Ò i u `>tVÓ@Zh^VY�Z¦ÔªZ]iO`>^VqR`¬\ u U_\ j `¬Z u U_q�rVtf`>Z]tX�@rV\hY[klrVt u i�U ×àÛ
j tfY × Y[T u k{`>rnt uhÛ.u iOt_Y�Z]`>T u \]Y[ZhW�Ufq[Y�\ªg-�&rV\hUfTVÕd\]i>k u ßª`>ZhY Û gV`>\]Y[^�Z]Y j tfU_qR` u UfiOTdÜ ��á Þ.o
â�ãVä�åpæeçVè�élê�ä�ëhæFì�í�í�î�ïRë4é½ðlå ë�ñpñpò�æ½ó�ï[ï�èhé½ðlíô	ì�ò¸ðlä�í!ï�élè�õfí�ö.ð$÷½ø[ãnùlú�û]û]û4ùfühý]ûhû�þ�ÿ��������	��
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Ô,� Y ×&j tfi���UfTnÕ u]Ö Uf\ j Z]U × U u U_W>Y u i&^VUf\h\]Y × U_Ta` u Ybr j ^a` u Y�\�4�`¬tfteq�i>Z]Z]Y[q u q�i j UfY[\
i>kb`£\hY�Z�W0U_q�Y ^VY�t_U_WOY[Z u]Ö Y \]` × Y \]Y u i>k�r j ^V` u Y[\ UfT u�Ö Y \�` × YLiOZ]^VY[Z	4�`>Tn^
q�iOTV\hY	5(rVY[T u t_� u�Ö YL\ u ` u Y i>k u�Ö Y \]Y[ZhW�Ufq[Y Uf\&Ù>Y jnu q[iOTV\]U_\ u Y�T u o76T j `>Z u U_q�r Û
t¿`>Z�4 u�Ö Yb`>tfÕOi>Z]U u]ÖV×5j ZhY�\]Y[T u Y�^ UfT u]Ö Uf\ j ` j Y[Z¸Uf\<g:Y�U_TVÕàrV\hY�^ u ià\]r jVj i>Z u¸u�Ö Y
Z]Y j tfUfq�` u U_iOTLi>k j Y�Z]\hUf\ u Y�T u i>g08hY�q uhÛ i>Z]UfY[T u Y�^ Z]Y j iO\hU u i>Z]UfY[\�i>T ÕOY�i>ÕOZ�` jnÖ Ufq�`>tftX�
^VUf\ j Y[Z]\]Y[^ Tni0^VY[\FÜs�:9¬Þ.o
Ò Ö Y Ò i u `>t,Ó�Z]^VY[Z ÔªZhi-`>^Vq�`>\ u j Z]i>gVtfY × Ö `>\ g:Y�Y[T*Y&; u Y�TV\hU_WOY[t_�£\ u rV^VUfY[^

UfT u�Ö YdtfU u Y�Z]` u rnZ]Y>o Ò Ö Y[Z]Y[kli>Z]Y<4:\]Y�WOY[Z�`>t¦`>tfÕOi>Z]U u]ÖV× \ Ö `RWOYØg�Y[Y�T j Z]i j iO\]Y[^ u i
U ×&j tfY × Y[T u�u�Ö U_\ j Z]U × U u U_W>Y<4Rq[iOTV\hUf^VY[Z]UfTnÕ�`¸^VUXWOY[Z]\]Y�\]Y u i>knY;0Y�q�r u Ufi>TØY[T(W�U_Z]iOT Û
× Y[T u \�`>TV^ \h��\ u Y × × i�^VY�t_\�o Ñ t u�Ö iOrVÕ Ö × `>T-��q[t¿`>\h\]U>=VqR` u UfiOTV\<`>Z]Y j iO\]\hUfgVt_Y<4
ß Ö Y�TÂq�i>TV\]U_^VY�ZhUfTVÕ `>t_ÕOiOZhU u�Ön× \b^VY[\]UfÕ>TVY�^�kliOZ `>\h��TVq Ö ZhiOTViOrn\&\���\ u Y × \}U u Uf\
U ×&j iOZ u `>T u	u ßªi ^nUf\ u UfTVÕ>rVUf\ Ö u ßªi × `>U_T q�tf`>\]\hY�\@i>k�`¬tfÕOiOZhU u]ÖV× \�?¸`>t_ÕOiOZ]U u�ÖV× \
u�Ö ` u `¬\]\]r × Y�` j Y[ZhklY�q u k{`>Uft_rVZ]Y<^nY u Y[q u iOZª`¬TV^&`>tfÕOi>Z]U u]ÖV× \ u�Ö ` u `>\]\hr × Y�iOTnt_�
rVTVZ]Y[tfUf`>gVtfY	k{`>Uft_rVZ]Y�^VY u Y�q u iOZh\FÜA@OÞNoB6T u�Ö YC=aZh\ u q�` u Y[ÕOiOZh�<4ViOTVY × rV\ u `>t_\]i ^nUf\ Û
u UfTnÕOrVUf\ Ö `¬tfÕOiOZhU u]ÖV× \ u�Ö ` u i<D�Y�Z�rVTVUXkliOZ × u i u `>t#iOZ]^VY[Z�klZhi × u]Ö iO\]Y u�Ö ` u i<D�Y�Z
iOTVt_�ØTViOT Û rVTVUXkliOZ × u i u `>t0iOZ]^nY�ZFE u�Ö Y j ZhY�q[Uf\]Y¸^nUf\ u UfTVq u U_iOT g:Y u ß,Y�Y�T u�Ö Y�\]Y u ß,i
W>`¬Z]U¿`¬T u \ Uf\ ^VY�=aTnY�^ UfTHG0Y[q u U_iOT �JI o Ñ t_ÕOiOZhU u�Ön× \ u�Ö ` u `>\]\hr × Y rnTVZ]Y[tfU¿`¬gVtfY
k{`>Uft_rVZ]Y�^nY u Y[q u iOZ]\	i<D�Y�Z¸rVTVUXkliOZ × u i u `>t»iOZh^VY�Z[oK	i u \hrVZ j Z]Uf\hUfTVÕ>t_�:4 u�Ö Y × iO\ u Y�L&q�U_Y�T u `>t_ÕOiOZ]U u�ÖV× \�`>Z]Y u�Ö Y�iOTVY�\ u�Ö ` u `>\ Û
\]r × Y ` j Y�ZhklY[q u k{`>Uft_rVZ]Yà^nY u Y[q u iOZ `>Tn^�4¦` × iOTnÕ u]Ö Y�\hY<4 u]Ö iO\hY u]Ö ` udj Z]i�W�Uf^nY
iOTVt_� TniOT Û rnTVU_kliOZ × ^VY[tfU_W>Y�Z��@Ü � 9�4 � ÞNoF6T u�Ö U_\�\hY uhu UfTnÕM4�U_\�U_\ j iO\h\]UfgntfY u i j Z]i Û
W0U_^VY u i u `>t$iOZ]^VY[Z�^VY[tfU_W>Y�Z�� UfT `�\hUfTVÕ>tfY q[i ×Ú× rVTVUfq�` u U_iOT \ u Y j ?b`�\]Y�5�rnY�TVq[Y�Z
ga`>\]Y[^ Û `¬tfÕOiOZhU u]ÖV× Ü � 9�Þ!q�`>T¼^VY�t_U_W>Y�Z u]Ö Y × Y�\h\�`>ÕOY[\�klZ]i × u]Ö Y \]Y�5(rVY�TVq[Y�ZbUfT `
\]UfTnÕOtfYL\ u Y j 4�`>TV^'`£\h� ×Ú× Y u Z]U_q `>t_ÕOiOZ]U u�ÖV× Ü �¬�N4PO�4 � 4'Q�Þ�q�`>T'`>t_\]i*^VY[tfUXWOY�Z
× Y[\]\�`¬ÕOY�\dUfTJ` \]U_TVÕOtfYà\ u Y j ß Ö Y[T*`>t_t j Zhi0q[Y�\]\hY�\ `>Z]Y u Z]`>TV\ × U u]u U_TVÕVoàS	TV^VY[Z
u�Ö Y�\]` × Y@`>\]\hr ×&jnu U_iOTV\	4nrVTVU_kli>Z × ^VY�t_U_W>Y�Zh�ÚqR`¬TLg:Y j Zhi�W0U_^VY�^ ` u<u�Ö Y@q[iO\ u i>k
iOTVYà`>^n^VU u UfiOTa`¬t~q[i ×&× rVTVU_qR` u UfiOTL\ u Y j 4»kliOZ�` u i u `>t~i>k u ßªi q[i ×&× rVTVU_qR` u UfiOT
\ u Y j \�o�S	TnkliOZ u rVTa` u Y�tX�:4VUXk u�Ö Yb`>\h\]r ×&jnu UfiOTV\ª^ViàTVi u�Ö i>tf^�4 u�Ö Y[\]Yb`>t_ÕOiOZ]U u�ÖV× \
× `R� j Z]i�W�Uf^VYbUfTnq�iOTV\hUf\ u Y�T u Z]Y[\]rVt u \RE{i>Z<kliOZ]q[Y j Z]i�q�Y�\h\]Y[\ u i}q[Z�`>\ Ö Ü � Þ I o
Ó�T u]Ö Y i u�Ö Y�Z Ö `¬TV^�4�`>tfÕ>iOZ]U u�ÖV× \ u�Ö ` u `>\]\hr × Y rnTVZ]Y[tfU¿`¬gVtfY}k{`>Uft_rVZ]YÚ^VY Û

u Y�q u iOZh\ `¬Z]YTS�U$V<W�XZY0[&U]\)Ü � @>Þ/4^S`_`[	_a4 u]Ö Y[�ÆTVY�WOY[Z W�UfiOtf` u Y \�`¬klY u � Y�WOY[T�U_k u�Ö Y
`>\]\hr ×Új0u Ufi>TV\�^Vi TVi u�Ö iOtf^bE{U_T u]Ö Ydß,iOZh\ u qR`>\hY<4 u�Ö Y�� × `R� TVi u�u Y�Z × UfTV` u Y I o6 u Ö `>\ g:Y�Y[T \ Ö i�ß�T u]Ö ` u 4�U_T u�Ö U_\�\]Y u]u UfTVÕM4 u�Ö Y Ò i u `>t@Ó�Zh^VY�Z Ô,Z]i-`>^nqR`>\ u
j Z]iOgntfY × U_\bY	5(rVU_W¬`>t_Y�T udu i u]Ö YdcªiOTV\]Y[TV\]rn\ j Z]iOgntfY × ÜA@HÞ.oe6 uØÖ `>\ `>tf\hi g:Y�Y[T
\ Ö i�ß�T u]Ö ` u cªiOTV\hY�TV\hrV\�q�`>TVTVi u g:Yb\]iOtXWOY�^LUfT u�Ö Uf\ u � j Ydi>k¦\h��\ u Y × \�U_TLt_Y�\h\
u�Ö `>T u ß,iØq[i ×&× rVTVU_qR` u UfiOTØ\ u Y j \FÜ � ÝOÞ.ofG0UfTnq�Y × `>T-� Ò i u `>taÓ@Zh^VY�Z�Ô,Z]i-`>^nqR`>\ u
`>tfÕOi>Z]U u]ÖV× \�kliOZb`>\���TVq Ö Z]i>TViOrV\d\h��\ u Y × \dß�U u�Ö rVTVZhY�t_U¿`>gVt_Y k{`>U_tfrVZhY ^VY u Y�q u iOZh\
rV\]Y q[iOTV\hY�TV\hrV\b`>\�`ÚgVrVUft_^VUfTnÕÚgVt_i0q�Ùg4 u�Ö Y�� ZhY	5(rVU_Z]Y ` u tfY�`>\ u	u�Ö Z]Y�Y q�i ×&× r Û
TVUfq�` u U_iOT \ u Y j \FÜh@]4:�<O�4 ��� 4#�>ÝHÞ.o
Ò Ö Uf\ j ` j Y[Z j ZhY�\]Y[T u \�`�TVi�WOY[ta`>t_ÕOiOZ]U u�ÖV× u]Ö ` u q�i × gnUfTVY[\ u�Ö YªÕOi0i�^ j Z]i j0Û

Y�Z u UfY[\di¬k u]Ö Y&`>tfÕOi>Z]U u]ÖV× \�UfT u]Ö Y u ßªi j Z]Y�W0U_iOrV\bq�tf`>\]\hY�\[oi6TJÕOi�i0^ j Y�ZhUfi�^V\	4
ß Ö Y�T u]Ö Y&\h��\ u Y × Uf\b\ u `>gVtfYÚ`>TV^ j Z]i�q�Y[\]\hY�\à`>ZhYÚTni u \hrV\ j Y�q u Y[^�4 u�Ö Y�`>t_ÕOi Û

j



Z]U u]ÖV× i j Y�Z]` u Y[\@`>\�`¬T `>t_ÕOiOZ]U u�ÖV× kliOZ u]Ö Y j Y�Z�klY�q u k{`>Uft_rVZ]Yb^VY u Y[q u i>Z × i�^VY[t.o
Ò Ö Y�ZhY[kliOZhY<4ªU_TÂ\ u `¬gVtfY j Y�ZhUfi�^V\kE u]Ö Y × iO\ u q�i ×&× iOTÂqR`>\hY I 4 u�Ö YL`>t_ÕOiOZhU u�Ön×
Uf\@`>\@Y&L&q�UfY[T u `>\ u�Ö Y}`>tfÕOi>Z]U u]ÖV× \�U_T u�Ö Y^=aZh\ u q[t¿`>\h\�oml Ö Y�T j Zhi0q[Y�\]\hY�\Ø`>Z]Y
\]rV\ j Y[q u Y[^�4 u]Ö Y�`>t_ÕOiOZhU u�Ön× Z]rVTn\<`Øq[iOTV\hY�TV\hrV\ Û ga`>\]Y[^ ZhY�q[iOT�=aÕOrnZ�` u UfiOT jVÖ `>\hY
u�Ö ` u Y[TV\]rVZhY�\Ø\�`¬klY u �Oo Ò Ö Y�Z]Y�kliOZ]Y34 u]Ö YÚ`>tfÕOi>Z]U u]ÖV× Uf\@UfTn^VrVtfÕ>Y�T u `>\bU u q�i j Y[\
ß�U u�ÖÂj `¬Z u Uf`>t�\h��TVq Ö ZhiOT-�+`¬TV^Â\]iOtXWOY�\ u]Ö YLS�TVUXkliOZ × Ò i u `>t�Ó�Zh^VY�Z j ZhiOgVt_Y ×
`>\]\hr × U_TVÕ}iOTVtX��rVTVZhY�t_U¿`>gVt_Y�k{`>U_tfrVZhY�^VY u Y�q u iOZh\�o
Ñ ^V^VU u Ufi>Ta`>tftX�:4 u�Ö Yd\ u Z]rVq u rVZhYØi¬k u]Ö Y `¬tfÕOiOZhU u]ÖV× U_\¸Y&; j t_iOU u Y�^ u i j Z]i�W�Uf^nY

npo \/S�qrSas&\`SutmV0[&XvS�w<[&xyHo Ñ T i jnu U × U_\ u U_q�^VY�t_U_WOY[Zh�&Uf\ª`>T�Y�`>Z]tX�ÚU_TV^VU_qR` u UfiOT&i>k u�Ö Y
Y�\ u U × ` u Y[^ rVTVUXkliOZ × u i u `¬t0iOZh^VY�Z[o Ò Ö Y�` jVj tfU_qR` u UfiOTbq�`>TàrV\]Y u�Ö U_\¦Y�\ u U × ` u Y u i
j Y[ZhkliOZ × ` T(r × g:Y�Z¸i¬k~`>q u UfiOTV\ªi jnu U × U_\ u UfqR`¬tft_�<4>ß Ö U_q Ö `¬Z]Y�tf` u Y[Zªq�i ×Ú× U uhu Y�^
ß Ö Y�T u]Ö Yi=aTV`>t,^nY�=aTVU u UXWOY i>Z]^VY[Z Uf\ØY�\ u `>gVt_Uf\ Ö Y�^»o Ò Ö Y Õ>i-`>t�Uf\ u i Y;nY[q�r u Y
\]i × Y�` jnj tfU_qR` u UfiOT}\ u Y j \ªUfT j `>Z�`>t_tfY[tVß�U u�ÖÚu�Ö Y�q�i ×&× rVTVU_qR` u UfiOT&\ u Y j \ªi>k u�Ö Y
u i u `>teiOZ]^nY�Z�`>tfÕOi>Z]U u]ÖV× o Ñ t u]Ö iOrVÕ Ö \]Y�WOY[Z�`>t$`>tfÕ>iOZ]U u�ÖV× \ u�Ö ` u \hr jVj iOZ u i jnu U Û
× U_\ u U_qª^VY[tfUXWOY�Z�� Ö `RWOY	g:Y�Y�T j Zhi j i>\]Y�^&g:Y[kliOZhY�Ü � � 4 � �¬Þ/4 u�Ö Y[\]Y	`>ZhY	\ j Y[q�Uf`>tfU>z�Y�^
u iÄ\hi × Y \ j Y[q�U>=Vq TVY u ß,iOZhÙ u � j Y�\FÜs� � Þ�iOZÚU_T u Y�Z]`>q u UfiOT j ` uhu Y�ZhTV\FÜ � �¬ÞNo Ó�rVZ
` jVj Zhi-`>q Ö U_\ × iOZ]YbÕOY[TVY�ZhUfqØg�Y[qR`>rV\hY<4�UfT \ u `>gntfYdq�iOTV^nU u U_iOTV\�4:g:i u]Ö u�Ö Y i jnu U Û
× U_\ u U_q�`>TV^ÚrVTVU_kli>Z × iOZh^VY�Z,`>ZhY�^VY[Z]UXWOY�^ÚklZ]i × u]Ö Y�i>r u�j r u i>k»`dklrVt_t_�^{VY�^VÕOY[^
TViOT Û rVTVU_kli>Z × u i u `>t»iOZh^VY�Z	`>t_ÕOiOZ]U u�ÖV× o
Ò Ö Y j Z]U_TVq�U j tfY[\ i>k�i>rVZ ` jnj Z]i-`¬q Ö `>Z]Y u�Ö Y kli>tftfi�ß�U_TVÕVo Ñ T�Y&LÚq[UfY[T u `>t Û

ÕOiOZ]U u�ÖV×5u]Ö ` u<j Z]i�W�Uf^VY[\¸TViOT Û rVTVU_kli>Z ×5u i u `>t:iOZ]^VY[Z¸`>\h\]r × UfTVÕ ` j Y[ZhklY�q u k{`>U_t Û
rVZ]YL^VY u Y�q u iOZ&Uf\}rV\hY�^ u i j Z]i�W�Uf^VY k{`>\ u i j0u U × Uf\ u U_q ^VY[tfU_W>Y�Z��Oo|6�k j Z]i�q�Y[\]\]Y[\
`>Z]Y�Tni u \]rn\ j Y�q u Y�^�4 u�Ö Uf\ i j0u U × Uf\ u U_q&i>Z]^VY[Z Uf\ × `>^VYÚrVTVUXkliOZ ×�u�Ö ZhiOrVÕ Ö `¬T
`>^V^VU u Ufi>Ta`>t�Z]iOrVTn^ i¬k × Y�\h\�`>Õ>YLY;0q Ö `>TVÕOY¬o}6�k j Z]i�q�Y�\h\]Y[\ `>ZhY�\]rn\ j Y�q u Y�^�4<`
q�iOTV\hY�TV\hrV\ Û ga`>\hY�^'Z]Y[q�iOT�=aÕOrVZ]` u U_iOT jVÖ `>\hY U_\àY&;0Y�q[r u Y[^ u i Y�TV\hrVZ]Y u�Ö Y u Y�Z Û
× U_Ta` u U_iOT�i>k j Y�TV^VU_TVÕ}gVZ]iO`>^VqR`¬\ u \REl^VY u Y�Z × UfTnUfTVÕ}`àq�Y[Z u `>UfT ^VY[tfU_W>Y�Z�� iOZ]^nY�Z I
`>TV^ u iàZhY�q[iOT�=aÕOrnZ]Y u�Ö Y@i j Y[Z�` u UfiOT × i�^VY�kli>Z u�Ö Y@TnY&; u \ u `>gVtfY j Y[Z]Ufi�^»o Ò Ö Y
Z]Y�q[iOT�=aÕ>rVZ�` u UfiOT j Zhi0q[Y�^VrVZhY�^Vi�Y�\dTVi u `>\]\hr × Y�` j Y�Z�klY�q u k{`>U_tfrVZhY}^VY u Y�q u iOZ�o
Ò Ö Ybq Ö `>tft_Y�TVÕ>Y@i>k u]Ö Uf\�`>t_ÕOiOZhU u�Ön× U_\ u i}Y�Tn\]rVZhY u]Ö ` u�u�Ö YbiOZh^VY�Z�Y[\ u `¬gVtfU_\ Ö Y[^
g(� u�Ö Y@ZhY�q[iOT�=aÕOrnZ�` u UfiOT jVÖ `>\]Y@TVY�WOY[Z	q[iOT�{aU_q u \<ß�U u�Ö�u]Ö Y@iOZh^VY�Z¸Y[\ u `¬gVtfU_\ Ö Y[^
^VrVZ]U_TVÕ u�Ö Yb\ u `>gVt_Y Û�j Y[Z]Ufi�^»o
Ò Ö YÚZhY�\ u i>k u�Ö Y j ` j Y�ZbU_\d\ u ZhrVq u rVZ]Y[^*`>\bkliOtft_i�ß�\�oiG0Y�q u U_iOT	� ^nY�\]q[Z]U_g�Y[\

iOrVZ \��0\ u Y × × i�^VY[tª`>Tn^HG0Y�q u Ufi>T � ^VY�=aTnY�\ u�Ö Y \]Y�Z�W�Uf^VY j Zhi�W0U_^VY�^ `>Tn^�UfT Û
u Z]i�^VrVq[Y�\ u�Ö Y&gVrVU_tf^VU_TVÕ gVtfi�q�Ù(\ rV\hY�^*g-� u�Ö YÚ`>t_ÕOiOZ]U u�ÖV× o Ñ ^VU_\]q[rV\]\hUfiOT*i>T
u�Ö YÚq�iO\ u i>k u i u `>t�iOZh^VY�ZØUf\ j Z]i�W�Uf^VY[^*UfT~G0Y�q u Ufi>T�@M��U uØ× i u U_W¬` u Y�\diOrVZ TnY[ß
u i u `>t#iOZ]^VY[Zª`¬tfÕOiOZhU u]ÖV× ß Ö U_q Ö Uf\ j Z]Y[\]Y[T u Y�^ UfTdG0Y[q u U_iOT á o�G0Y[q u UfiOTFOdi<D)Y[Z]\ª`
j Y[ZhkliOZ × `>Tnq�Y<Y�W>`¬tfra` u UfiOT i>k u�Ö Y¸`¬tfÕOiOZhU u]ÖV× 4HUfTnq�tfrn^VUfTVÕ × Y�`>\]rVZhY × Y�T u \!klZhi ×
`LZhrVTVTVU_TVÕ j Z]i u i u � j Y¬o�G�Y�q u UfiOT�9 q�i ×Új `¬Z]Y�\biOrnZbß,iOZhÙ ß�U u�Ö ZhY�t¿` u Y�^ ß,iOZ]Ù
`>TV^�G0Y�q u Ufi>T�Ý}q[iOTVq[tfrV^VY[\ u]Ö Y j ` j Y�Z[o

�



� �F����Ê���� � Ì�ÍC���
�)�`� � z�� P~M3�FE�G�PFG:w z����Fz Q�C0�
lÄY@q[iOTV\]U_^VY�Z	`à^VU_\ u ZhUfgVr u Y�^ \���\ u Y × q�i ×&j i>\]Y�^ i>k$`^=aTVU u Y@\hY u i>k j Z]i�q�Y[\]\]Y[\�����p����u�]�2�	 2 2 	�/�M¡N¢ q�i ×&j tfY u Y[t_�¼q[iOTVTVY[q u Y[^ u�Ö ZhiOrVÕ Ö ` \]Y u i>k¸q Ö `>TVTVY[tf\�ocªi ×Ú× rVTVUfq�` u U_iOT�Uf\}g-� × Y�\]\]`>ÕOY j `>\h\]U_TVÕM4<`¬\h��TVq Ö ZhiOTViOrV\�`>TV^ Y[WOY[T u ra`>t_t_�
Z]Y�t_U¿`>gntfY>o Ñ \��0Tnq Ö Z]iOT-� × YR`>TV\ u]Ö ` u¸u�Ö Y�Z]YbU_\¸TVi}g�iOrnTV^ i>TLq[i ×&× rVTVU_qR` u UfiOT
^VY�tf`���\�4ªTViOZ}iOT j Zhi0q[Y�\]\&Z]Y[t¿` u U_W>Y \ j Y�Y�^n\�o Ñ T+Y�WOY�T u ra`>t�Z]Y[tfU¿`¬gVtfY�q Ö `>TVTVY[t
Y�TV\hrVZ]Y[\ u]Ö ` u ` × Y�\]\]`>ÕOY¸\hY�T u g(� ` j Z]i�q�Y[\]\ �M£ u ib` j Zhi0q[Y�\h\ �J¤ Uf\¦Y[WOY[T u ra`>t_t_�
Z]Y�q[Y�UXWOY�^ g(� �J¤ 4#UXk �M£ `>TV^ �N¤ `>ZhYbq�iOZhZ]Y�q u ElU.osY>o¥4#^ViÚTni u k{`>Uft I � o Ñ T Y[W>Y�T u ra`¬t
Z]Y�t_U¿`>gntfY�q Ö `¬TVTVY�tFq�`>T g:YbU ×&j tfY × Y[T u Y�^ g-� Z]Y u Z]`>TV\ × U uhu U_TVÕàtfiO\ u iOZ¸q�iOZhZ]r j0u
× Y[\]\�`¬ÕOY�\[o§¦¶Z]i�q�Y�\h\]Y[\ k{`>Uftªg(� q[Z�`>\ Ö UfTVÕ|Elß,YL^ViÄTVi u q[iOTV\hUf^VY[Z Ô,�0z�`>T u UfTnY
k{`>Uft_rVZ]Y[\ I o Ñ q�iOZhZ]Y�q uLj Z]i�q�Y[\]\ Uf\ ` j Zhi0q[Y�\]\ u�Ö ` u ^Vi�Y�\ TVi u q[Z�`>\ Ö U_T `¬T
UfT�=aTnU u YØZ]rVT)o¨lÄYà`¬\]\]r × Y u]Ö ` u iOTVt_� ` × UfTVi>Z]U u � i¬k j Z]i�q�Y[\]\]Y[\ × `R� q�Z]`>\ Ö 4S`_`[	_a4etfY um© g:Y u�Ö Y × `�;0U × r × T�r × g�Y[Zbi>k j Z]i�q�Y�\h\]Y[\ u]Ö ` u qR`¬TJq[Z�`>\ Ö 4 u�Ö Y[T
©«ª¬ � ¬A® �

�)�>� ¯±° K/²{w~E�C�³ C-Q�C�M>Q�G#E z
´ UXWOY�T u�Ö Y*U ×Új iO\h\]UfgnUftfU u ��i>k}ZhYR`>q Ö UfTVÕ�q[iOTV\hY�TV\hrV\ UfT `>\���TVq Ö Z]i>TViOrV\ \h��\ Û
u Y × \FÜ � �HÞ/4»`>t u Y[Z]Ta` u U_W>YØ\��0\ u Y × × i0^nY�tf\ Ö `RWOY g�Y[Y�T¼^VY&=aTVY�^µ? j `¬Z u Uf`>tftX��\��0T Û
q Ö Z]iOTniOrV\FÜZ9¬Þu4 u U × Y[^ `>\h��TVq Ö Z]iOTVi>rV\FÜ �O� Þu4à`¬TV^ `>\h��TVq Ö Z]iOTVi>rV\J`>rVÕ × Y�T u Y[^
ß�U u�Ö k{`>Uft_rVZ]Y	^VY u Y�q u iOZh\FÜA@-ÞNoB6T u�Ö U_\ j ` j Y[ZªßªY�kli>tftfi�ß u]Ö Y�tf` u]u Y�Z × i�^VY�tNo�l£Y
q�iOTV\hUf^VY[Z k{`>Uft_rVZ]Y ^VY u Y�q u iOZ]\}U_T q[t¿`>\h\·¶¹¸�E*ºPw<[&U]\/W�»<X�Xvy«¼g\/x n U0Y I 4 u]Ö Y¾½¿[�»�À�Á[ps&\¦q�tf`>\]\�i>k¶k{`>Uft_rVZ]Yd^VY u Y�q u iOZh\ u�Ö ` u `>tft_i�ß u i \hiOt_W>Y q�iOTn\]Y�Tn\]rV\d`>TV^ ` u i × Ufq
gVZ]i-`¬^VqR`>\ uÂ¬× rVt u UfqR`¬\ u�j Z]iOgVt_Y × \}Üh@>Þu?�\]rVq Ö k{`>U_tfrVZhY ^VY u Y�q u iOZh\@qR`>T × `>Ù>Y}`¬T
UfT�=aTnU u Y T�r × g�Y[Zài>k�k{`>tf\hY \]rV\ j Ufq[UfiOTn\�o~Ã#`>U_tfrVZhY ^VY u Y[q u i>Z]\&`>Z]Y ZhY	5(rVU_Z]Y�^ u i
\]iOtXWOY q[iOTV\hY�TV\hrV\L`>TV^�rV\hY�^ u i u ZhUfÕOÕOY[Z u]Ö Y ZhY�q[iOT�=aÕOrnZ�` u UfiOT�U_T+iOrnZ�`>t_ÕOi Û
Z]U u]ÖV× o

�)�>Ä v�GeM ° ²�ÅÆ²{GeM-Ç zrÈ G#EÊÉÌËFQ�K`� ° ²�B�C(E È G#E3� ° P$MOC
Ó@rnZ�`>tfÕOi>Z]U u]ÖV× ^Vi�Y�\¶TVi u Z]Y	5(rVU_Z]Y u]Ö Y¸rV\]Y�i>k jVÖ ��\]U_qR`>tnq�tfi�q�Ù(\ u i@Y�Tn\]rVZhY	q[iOZ Û
Z]Y�q u TVY[\]\[oÎÍ�i�ßªY�WOY[Z	4(U u `>^a` j0u \ u]Ö Yªq[iOT�=aÕ>rVZ�` u UfiOT `>q�q[iOZ]^VU_TVÕ u i@`>TØY�\ u U × ` u Y
i>k u�Ö Yª\]Y[TV^VU_TVÕ�Z�` u Y,` u Y�`>q Öàj Zhi0q[Y�\]\!`>TV^ i¬k u�Ö Y,TVY u ß,iOZhÙØ^VY[t¿`R�Ø` × iOTVÕ j Z]i Û
q�Y�\h\]Y[\�o¿6TLiOZh^VY�Z u i&iOg u `>UfT u]Ö Y�\hYØY[\ u U × ` u Y[\	4#`>T U ×&j t_Y × Y�T u ` u UfiOT Z]Y	5(rVU_Z]Y[\
u�Ö YàrV\hY}i>k�tfi�qR`>t~q�t_i0q�Ù(\@ß�U u]Ö `�\ u `¬gVtfYà^VZhU_k u Z�` u Y>o Ò Ö Y�\]Y&q�t_i0q�Ù(\b`>ZhY rV\hY�^
u i × Y�`>\]rnZ]Y u�Ö Y U_T u Y�Z Û `>ZhZ]U_W¬`>t u U × Y�i¬k × Y�\h\�`>ÕOY[\ `¬TV^ u i × Y�`>\]rnZ]Y Z]iOrnTV^
u Z]U j ^VY[t¿`R��\�o Ò Ö YàU_Ta`>q[q�rVZ]`>q[� i>k u�Ö Y�\]Yàq[tfi�q�Ù(\ × `R�LZ]Y[\]rVt u U_T \]rVg Û i jnu U × `>t
Ï ãVä�åpæ¦ô[è�í�æ~î�è�ð¦íuÐ�ö�ñpó�ô[í�ñpåsî[ê�!¹ëhåpñpó[élí�æ�ÿ0åh!#çVí¶élí#Ñ�ó�å élí¶ðläRë4ð¦ë�î�ò�ñpåpî�êÒ!¹ëhåpñpó[élí�åpæ$í*"]í�î�ðlóRëhñpñ ò

élí�ïRë�åpélí�ô��

Ó
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ò_4�[�N�.�h4�»�[�e©����#õ»¡H�[¤¨ä)æ$ç�è`î&ø�ùAúvûpøëê/ø*î&òôóCõ´¬�N¡��h©@��µ��h�N³�4���.�.�h�e°��.��4�]¤N¤»��©m÷L�hµ��h©[�.§H������³
ä±æ$çµè`î�øëùZúvû�ø�ê*ðëòôóCõ±
ÔÒÕ¿Ö�üåØÆÕ á��pß Û¥Ù ��� Û>Ý3Ù â ö¿¥#������.�N�]�F°��.��4�]¤N¤¨ä±æ$çµè`é�ê/ì�í&î�ïuípð#ñ¥ðëòôóCõ´¬�N¡H��©b�hµ����.³�����N¯
�.�h4�e°��N����h¤.¤»� ©C÷ �hµ��h©[�.§H������³eä)æ$ç�è`î&ø�ùAúvûpøëê*ðëòôóCõ±
ÔÒÕ¿ÖFýRØÆÔÚÙ�Û¥ÜÞÝ �pß Õ�Ý �h��þ Ý �pÿ�á��	â�� �4��ó��e��©H�'ó��F«>�F�l¾)��¢<�h¤.¤N�����h¤a�N¡H���)���.�Cä±ægç�è
é�ê/ì�í&î�ïuípð#ñ_±�� �!©����.��ó����·ó��¦�s¥0��©H���[©���³ª� ¥n�,°��.��4�h¤.¤�ò_4�[�N�.�h4�����)©����*õ�ä)æ$ç�è`î&ø�ùAúvûpøëê*ð
ó��$«>�4¥¨���.�fó	��±#º����.���-���������»��©¬¤{§��.�h¤)�.¡H���e�.¡��¶�.���¹���N����©
�L�¹¤e���³�4�����±
ÔÒÕ¿Ö��ÆØ
�Ù ��á2àH� Û ���]â�� ���»��©R³<¢<�h¤.¤N�����±ó ´R��µ��h�N³¸����.�N�]�:°��.��4�]¤N¤�������� µ[����¤$ó����»¢<�[¤{�
�[©H4�[´���©H���[©�� ³	�s¥Mó'¾)�[¤»°��.��µR� �[§H¤N� ³¸«��.�[�[����[¤l�»«R³�¤N��¢<�!°��.�R��h¤.¤����¨÷¦±

������������ "!$#&%�')(+*-,/.0(+.1�+��(+*324�5*76&*1(+68�5*1.1%9�;:

q�iOT�=VÕOrVZ�` u Ufi>TV\�UfT u Y�Z × \�i>k u�Ö YØ`RWOY[Z�`>ÕOYdt¿` u Y�Tnq[� i>k × Y[\]\�`¬ÕOYØ^nY�tfUXWOY[Zh� gVr u
Ö `>\�TVi}U ×&j `>q u iOT u�Ö Y j Zhi j Y[Z u UfY�\¸i¬k u�Ö Yd\hY�Z�W0U_q�Y¬o

< ���FË8=�Ð�Ï)�?> ���0ÏeË#Ð3@�ÊVÐ4ÌªÉBA�É�ÍDC Î@Ð���ÍbÐ�É�EFCH�4Ì�ÏHGF�
6T u]Ö Uf\ \]Y�q u U_iOT�4¶ßªY ^VY&=aTVY u�Ö Y \]Y�Z�W�Ufq�Y j Z]i�W�Uf^VY[^ g-��i>rVZà`>t_ÕOiOZ]U u�ÖV× `>Tn^
UfT u Zhi0^Vrnq�Y@\]i × Ybi>k u�Ö YbgVrnUftf^nUfTVÕ gntfi�q�Ù�\�rV\hY�^ UfT U u \¸^VY�\hUfÕOT»o

Ä)�`� I P~K È G#E3� JªGaQ ° ²RÉàE¬DFC(ELK E�G ° D$M ° z QNMÚKlQ �ÉÌË~Q�K/�*K z Q�K{M«³ C0²NKPO�Q
C�E �

S�TVUXkliOZ × u i u `¬taiOZ]^VY[Z�gVZ]i-`¬^VqR`>\ u U_\�^VY�=aTnY�^�iOT u�Ö Y	\]Y u � g(� u]Ö Y j Z]U × U u U_W>Y�\E �-ISR�TVU Á-W	x n »JV0t�»�s&\*EYX I ß Ö Ufq Ö Uf\]\hrVY�\ × Y�\]\]`>ÕOYZX u i � 4,`>TV^ E.� I[R�TVU Á
V0[&XvS�w<[&x]\*q	^�ß Ö Ufq Ö Uf\ u�Ö Y q�iOZhZ]Y�\ j i>TV^VUfTnÕ ^VY�t_U_WOY[Zh� i>kVX¼o¨l Ö Y�TJ` j Z]i�q�Y�\h\�M£ Y&;0Y[q�r u Y�\ R�TVU Á-W	x n »JV0t�»�s&\uE_X I E{ZhY�\ j R�TVU Á�V0[&XvS�w<[&x`\*q	^ I 4aßªYà\]`R� u]Ö ` u �M£
a RbTVU Á-W	x n »JV0t�»�s&\�såqdcåE{ZhY�\ j a R�TVU Á�V0[&XvS�w<[&x�såqdc I o Ò Ö Y j Z]i j Y�Z u U_Y�\	i>k u�Ö Y
j Z]U × U u U_W>Y R�TVU Á-W	x n »JV0t�»�s&\-Ü � OHÞ~`>ZhY@tfU_\ u Y[^ UfT Ò `¬gVtfY � o
Ó�rVZF`¬tfÕOiOZhU u]ÖV× UfTVq[tfrV^nY�\F`>Td`>^V^nU u U_iOTa`>t j ZhU × U u U_WOY RbTVU Á npo \`Á�V0[&XvS�w<[&x`\*q	^Hol Ö Y�T&` j Zhi0q[Y�\h\ �M£ Y&;0Y[q�r u Y�\ RbTVU Á npo \`Á�V0[&XvS�w<[&x`\*q	^�4Hß,Y¸\�`R� u�Ö ` u �M£ a R�TVU Á

npo \/Á�V0[&XvS�w<[&x�sPqdc�o Ò Ö YªiOZh^VY�Z~g-�dß Ö Ufq Ö ` j Z]i�q�Y[\]\ � S Ò Ó Û i jnuhÛ ^VY�t_U_W>Y�Z]\ × Y�\ Û
\�`>ÕOY[\,U_\�`>TÚY[\ u U × ` u Y�i>k u�Ö Y	iOZh^VY�Z�g-�àß Ö Ufq Ö � ß�U_tft R�TVU Á�V0[&XvS�w<[&x u�Ö Y�\]` × Y
× Y[\]\�`¬ÕOY�\[o¾K�i u Y u�Ö ` u U_T*\]i × Y q�`>\]Y[\ u�Ö YÚY�\ u U × ` u Y × `��Jg:Y ß�Z]i>TVÕM4'S`_`[	_a4
u�Ö Y,iOZ]^VY[Z¦g-�bß Ö Ufq Ö × Y[\]\�`¬ÕOY�\¶`¬Z]Y RbTVU Á npo \`Á�V0[&XvS�w<[&x�[�V × `R�b^VU¥D)Y[Z~klZhi × u�Ö Y
iOZ]^VY[Z!g-� ß Ö U_q Ö}u]Ö Y[� `>Z]Y RbTVU Á�V0[&XvS�w<[&x�[�V EN`>t u�Ö i>rVÕ Ö U_Tà\ u `¬gVtfY j Y�ZhUfi�^V\!U u Uf\
^VY�\hUfZ�`¬gVtfY u]Ö ` u U u Uf\ u]Ö Y@\�` × Y I oÎK�i u Yd`>tf\hi u�Ö ` u U u Uf\ j iO\h\]U_gVtfY u]Ö ` u ` × Y�\ Û
\�`>ÕOYbU_\¸^VUfZhY�q u t_� RbTVU Á�V0[&XvS�w<[&x�[�V ß�U u]Ö iOr u Y�WOY�Z	g:Y�UfTnÕÚS Ò Ó Û i jnu�Û ^VY[tfUXWOY�ZhY�^»o

e



Unstable
(processes are
suspected)

Stable period

(Perfect FD)

Broadcast

Suspect

(check configuration)

UTO-opt-deliver UTO-deliver

Uniformity
Consensus

Total Order

Regular Reliable Unreliable

Failure
Detector

Reconfigure
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Ä)�>� Kàw$K`²ND~K{P~�pKr²lGeM�Ç z
Ò Ö Y�gVrVU_tf^VU_TVÕbgVtfi�q�Ù(\<i>kei>rVZ<`>t_ÕOiOZhU u�Ön× `>Z]Y�`rq�Y�ÕOrnt¿`>Zsq	Y[tfUf`>gVtfY�Ô,Z]i-`>^nqR`>\ u
j Z]U × U u U_W>Y<4F`�cªiOTV\]Y[TV\]rn\ j Z]U × U u UXWOY}`>TV^Ä` Ò i u `>t,Ó@Zh^VY�ZØ`>t_ÕOiOZ]U u�ÖV× j Z]U × U Û
u U_W>Y·ElkliOZ u�Ö Ym¦~Y�ZhklY[q u Ã#`>Uft_rVZ]Yut�Y u Y�q u iOZ × i0^nY�t I 4n`¬\¸Uftft_rV\ u Z�` u Y�^�U_T Ã¦UfÕ>rVZ]Y �E{rVTVUXkliOZ × U u �}U_\�`>q Ö U_Y[WOY[^ g-� Z]rVTVTnUfTVÕ}`>TL`>^n^VU u UfiOTa`¬t:ZhiOrVTV^ i>k × Y�\h\�`>ÕOY@Y; Û
q Ö `>TVÕOY I o

v
wyx{z�|~}���v�w�|��)}&��|)w�������}&���i}&�5� lÄY�`>\]\hr × Y u�Ö Y�Y&;0Uf\ u Y�Tnq�Y�i>k~`�E{Z]Y[ÕOrVtf`>Z Ixp[&XvS`»4W	Xa[ gVZ]iO`>^VqR`¬\ uÚj Z]U × U u U_W>Y<4�^VY[TVi u Y[^��ÒÁ-W	x n »JV0t�»�s&\�\*q	^�4ª`>TV^ u]Ö YLq�iOZhZ]Y Û
\ j iOTV^VU_TVÕØZhY�t_U¿`>gVt_Y¸^VY�t_U_W>Y�Zh� j Z]U × U u U_W>Y<4O^VY[TVi u Y�^��ÒÁ�V0[&XvS�w<[&x`\*q	^Ho Ò Ö Y j Z]U × U Û
u U_W>Y��ÒÁ-W	x n »JV0t�»�s&\�\*q	^<\�` u Uf\�=aY�\ u]Ö Y�kli>tftfi�ß�U_TVÕ u�Ö ZhY�Y j Zhi j Y�Z u UfY[\	?FE �-I E{`>ÕOZhY�Y Û
× Y[T u I UXk!`&q�iOZhZ]Y[q u�j Z]i�q�Y[\]\�U_T � Ö `>\��ÒÁ�V0[&XvS�w<[&x�[�VJE_X I 4 u�Ö Y[T Y�WOY�Z�� q[iOZ]ZhY�q u
j Z]i�q�Y[\]\ U_T � Y�WOY[T u ra`>t_t_�S�ÒÁ�V0[&XvS�w<[&x�s	E_X I ��E.� I ElW¬`>t_Uf^VU u � I U_k¸`Lq�iOZhZ]Y[q uØj Z]i Û
q�Y�\h\��ÒÁ-W	x n »JV0t�»�s&\ s]\*q	^�4 u�Ö Y[T�Y[W>Y�Z��+q[iOZ]ZhY�q u j Z]i�q�Y[\]\ÚUfT � Y[WOY[T u ra`>t_t_���ÒÁ
V0[&XvS�w<[&xps	EYX I �ÒE �:I E{U_T u Y�Õ>Z]U u � I kliOZ `>T-� × Y[\]\]`>ÕOY�X«4¶Y[W>Y�Z��*q�i>Z]Z]Y[q uàj Z]i�q�Y�\h\
^VY�t_U_WOY[Z]\bX iOTnt_� UXk�X ß<`>\ j ZhY[W�UfiOrn\]t_� gnZ]i-`>^nqR`>\ u g-�L\]i × Y j Zhi0q[Y�\]\ �d�¾� o
Ñ T¼Y&;n` ×&j t_Y i>k,`�\]U ×Új t_YØU ×Új tfY × Y�T u ` u U_iOT i¬k,ZhY�t_U¿`>gVt_YØgnZ]i-`>^nqR`>\ u Uf\�Õ>U_WOY[T
UfT£ÜA@¬Þ.o

� �{���;wy����z�� l£YJ`>tf\hiÂ`>\]\hr × Y u�Ö Y Y&;0U_\ u Y[TVq�YJi>kØ` t n U�s [&U�s&WNs&klrVTnq u U_iOT�4
ß Ö Ufq Ö \hiOt_W>Y�\ u]Ö Y rVTnU_kliOZ × q[iOTV\hY�TV\hrV\ j Z]i>gVtfY × Üh@>ÞNo Ò Ö Y j Z]iOgVt_Y × Uf\Ø^VY Û=aTVY�^Li�WOY[Z�`à\hY u i>k j Z]i�q�Y[\]\]Y[\��å4VYR`>q ÖLj Zhi j i>\]Y�\	`>T U_TVU u U¿`>t#W¬`>tfrVY34a`>TV^ Ö `¬\
u i ^VY[q�Uf^nYàiOTJ`d=aTa`>t¦W¬`>t_rVY<4e\hrVq Ö u�Ö ` u E �-I `>Õ>Z]Y�Y × Y[T u ?�TVi u ß,i j Z]i�q�Y[\]\]Y[\
^VY�q[Uf^VY�^VU¥D)Y[Z]Y�T u t_�:4$EN� I u Y[Z × UfTa` u UfiOTµ?eY[WOY[Zh�&q�i>Z]Z]Y[q u�j Zhi0q[Y�\]\�Y[W>Y�T u rV`>tftX�à^VY Û

�



q�Uf^nY�\	4	`>Tn^ E �JI TViOT Û.u Z]UXW�U¿`>t_U u �$? u]Ö Y W¬`>tfrnY ^VY[q�Uf^nY�^'Uf\ÚiOTVY i¬k u�Ö Y W¬`>t_rVY�\
j Z]i j iO\hY�^»o Ñ TLY&;n` ×&j t_Y�i>k¦`}q[iOTV\hY�TV\hrV\�`>t_ÕOiOZhU u�Ön× kli>Z�`>\h��TVq Ö ZhiOTViOrn\�\h��\ Û
u Y × \�`>rVÕ × Y[T u Y�^ ß�U u]Ö rVTnZ]Y�t_U¿`>gntfY�k{`¬UftfrnZ]Y�^VY u Y[q u i>Z]\	Uf\¸ÕOUXWOY�TLUfT£Üh@¬ÞNo

� ����}�|s������wy���
� ��¡£¢$wy��¤¥w]�+�r¦H}{�)|�z���w¨§�w]��wy�+����� Ñ klrVTV^V` × Y[T u `>tFÕOi-`¬tei>k
iOrVZF^VY�\hUfÕOTdUf\ u i�q[Z]YR` u Y,`>T `¬tfÕOiOZhU u]ÖV× u]Ö ` u 4¬U_TØ\ u `>gVt_Y j Y[Z]Ufi�^V\�4¬U_\F`>\$Y&L&q�UfY[T u
`>\ u]Ö Y�`>tfÕOi>Z]U u]ÖV× \ u�Ö ` u `>\h\]r × Y�` j Y�Z�klY�q u k{`>Uft_rVZ]Y¸^nY u Y[q u iOZ�o Ò Ö Y[Z]Y�kliOZ]Y340ß,Y
Ö `RWOY�^VY[q�U_^VY�^ u i \hY�t_Y�q u `>T*Y;nU_\ u UfTVÕ `>tfÕ>iOZ]U u�ÖV× UfT u]Ö ` u q�tf`>\]\ u i \]Y�Z�WOY `¬\
u�Ö Ybga`>\hUf\<kliOZ¸i>rVZ�TVY[ß `>tfÕOi>Z]U u]ÖV× o
Ñ t u]Ö iOrVÕ Ö \]Y�WOY[Z�`>tn`>tfÕOi>Z]U u]ÖV× \ Ö `RWOY,g�Y[Y�T ^VY[\]q[Z]Ufg:Y�^ØUfT u�Ö Y�tfU u Y�Z]` u rnZ]Y�Ü � 4

á 4gO�4 � 904 � Q�4 � Þ/4aklY[ß ßªY[Z]Yd\ j Y�q�U¥=aqR`¬tft_� u `>ZhÕOY u Y�^ u i}i j Y�Z�` u YbUfT E{Õ>Y�iOÕOZ]` jVÖ0Û
UfqR`¬tft_� I tf`>Z]ÕOY Û \hqR`>t_Y&\���\ u Y × \[o�6T�`Lt¿`>ZhÕOY&\]qR`¬tfY&TVY u ß,iOZ]Ù j Z]i�q�Y[\]\hY�\�© u Z]`3L&q
j ` u]u Y�ZhTV\b`>Z]Yàrn\]ra`>t_t_� Ö Y u Y�ZhiOÕOY[TVY�iOrn\�o Ò Ö Y}\]` × Y ` jVj t_UfY�\ u i u�Ö YàTVY u ß,iOZ]Ù
tfUfTnÙ�\�?Ø\hi × Y j Z]i�q�Y�\h\]Y[\ ß�Uft_t!g�Y&tfi�qR` u Y�^ ß�U u]Ö UfT u]Ö YÚ\]` × YÚt_i0q�`>t¶`>ZhYR` TnY uhÛ
ßªiOZhÙÄß Ö Y[Z]YR`¬\ i u]Ö Y�Zh\}ß�U_tft,g�Y q�i>TVTVY�q u Y[^ u�Ö Z]iOrVÕ Ö \htfi�ß t_UfTVÙ(\�4ª`>Tn^ u]Ö rn\
\]rVg08hY[q u u iÄtfi>TVÕÄ^VY[t¿`R��\�o 6T�\]rVq Ö `>T2Y�T-W�UfZhiOT × Y�T u 4�TViOTnY i>k u]Ö Y j ZhY[W�U Û
iOrV\@` jnj Z]i-`¬q Ö Y�\�q�`>T j Zhi�W�U_^VY i jnu U × `>t j Y�Zhkli>Z × `>TVq�Y¬o Ò Ö Y[Z]Y[kli>Z]Y<4�ßªY Ö `�W>Y
i jnu Y[^ u i gV`>\]Y�i>rVZ<TVY�ß�`¬tfÕOiOZhU u]ÖV× iOT u]Ö YCÍ	��gVZhUf^ Ò i u `¬t»Ó�Z]^nY�Z¸`>t_ÕOiOZhU u�Ön×
^VY�\hq�Z]U_g�Y[^�UfTdÜs� á ÞNo Ò Ö Uf\ `¬tfÕOiOZhU u]ÖV× q�i × gVUfTnY�\ u ß,i¼i>k u]Ö Y × iO\ u rV\hY�^Â` j0Û
j Z]i-`¬q Ö Y�\ u i@Y�TnkliOZhq�Y u i u `>t0iOZ]^nY�Z!U_Tà\h��\ u Y × \!ß Ö Y�ZhY�` j Y�Z�klY�q u k{`>Uft_rVZ]Y�^VY u Y�q Û
u iOZ,Uf\<`RW¬`>U_t¿`>gVt_Y<4-\ j Y[q�U>=VqR`>t_t_�$? u�Ö Y^\ n ÀJ[&U]Áus&S�\#[»Ü á 4 � 9�Þ»`>Tn^�s&y3qrqd[&\`xSuteÜs�3@�4MO¬Þ
` jVj Zhi-`>q Ö oF6 u ^ni0Y[\�\]i g(�LU ×Új t_Y × Y�T u U_TVÕ}` ^n��Ta` × U_qdq[iOT�=aÕ>rVZ�` u UfiOT j i>tfUfq��
u�Ö ` u `¬^a` jnu \ u]Ö Y�`>t_ÕOiOZ]U u�ÖV× g:Y Ö `RW�Ufi>Z¶\]rVq Ö&u�Ö ` u¶u]Ö Y × i>\ u `>^nY	5(ra` u Y × Y�q Ö0Û
`>TVUf\ × Uf\}rV\hY�^'`¬\Ú`¼klrVTVq u U_iOT2i¬k u�Ö Y TVY u ßªi>Z]ÙÂ^VY�tf`R�0\Ú`>TV^2i>k u]Ö Y u Z]`3L&q
tfi-`>^)o

6T u�Ö Y u iOÙ>Y[T Û ga`¬\]Y�^Ä` jVj Zhi-`>q Ö 4$` j Z]i�q�Y[\]\dUf\bZ]Y[\ j iOTV\]U_gVtfYàkliOZ@i>Z]^VY[Z]UfTnÕ
× Y[\]\�`¬ÕOY�\�iOT g:Y Ö `¬t_k!i¬k u�Ö Y i u]Ö Y�Z j Z]i�q�Y[\]\hY�\�U_T u]Ö Y \��0\ u Y × o Ò Ö U_\ j Z]i�q�Y�\h\
ßªiOZhÙ(\¦`>\$`�\]Y	5(rVY[TVq�Y[Z!i>kn`>tft × Y[\]\�`¬ÕOY�\$`>TV^ØUf\ei>k u Y�T q�`>tft_Y�^ u�Ö Y�\ n ÀJ[&U Ö iOtf^VY[Z�o
Ò iOÙ¬Y�TL`>t_ÕOiOZ]U u�ÖV× \�`>Z]Y�` jVj YR`>t_UfTVÕØg�Y[qR`>rn\]Y u�Ö Y[� `>Z]Y�ZhY�tf` u UXWOY�tX�}\]U ×Új t_Y�`>Tn^
j Z]i�W�Uf^VY	ÕOi�i0^ j Y�Z�kliOZ × `>TVq[Y	ß Ö Y[T × Y�\h\�`>ÕOY u Z]`>TV\]U u ^VY�tf`���\,`>Z]Y�\ × `>t_t�E u]Ö Y[�
`>Z]Y j `>Z u Ufq[rVt¿`>Zht_�*ß,Y�t_t�\hrVU u Y�^�kliOZ&tfi�qR`¬t�`¬Z]YR`£TVY u ß,iOZ]Ù(\ I o Í�i�ß,Y[W>Y�Z	4�UfT+`
u iOÙ¬Y�T�`>t_ÕOiOZhU u�Ön× 4e` × Y[\]\]`>ÕOY&\]Y�T u g(�£` j Z]i�q�Y[\]\ u]Ö ` u ^Vi�Y�\dTVi uØÖ iOtf^ u�Ö Y
u iOÙ¬Y�T&Y&; j Y[Z]U_Y�TVq[Y�\�`@t¿` u Y�TVq�� i>k u ß�Ufq[Y u�Ö Y¸TnY u ß,iOZ]Ùà^VY[t¿`R� ElU.osY>o¥4 u�Ö Y u U × Y u i
^VUf\h\]Y × UfTV` u Y u�Ö Y × Y[\]\]`>ÕOY j t_rV\ u�Ö Y u U × Y u i iOg u `>U_TÚY[U u�Ö Y�Z u]Ö Y u iOÙ>Y[T iOZ<`¬T
iOZ]^VY[ZØT(r × g�Y[ZbklZhi × u�Ö Y u iOÙ>Y[T Ö iOt_^VY�Z I o Ò Ö rn\	4 u iOÙ>Y[T Û gV`>\]Y[^�` jVj Zhi-`>q Ö Y[\
`>Z]Y U_TVY�L&q�U_Y�T u UfT*k{`¬q�Y i>k	t¿`¬Z]ÕOY�TnY u ß,iOZ]Ù�^VY[t¿`R��\�o~6T u]Ö Y \h� ×&× Y u Z]U_q ` j0Û
j Z]i-`¬q Ö 4aiOZ]^nY�Z]U_TVÕ}Uf\�Y�\ u `>gntfUf\ Ö Y�^ g-�L`>t_t j Z]i�q�Y[\]\hY�\�U_TL`}^nY�q�Y[T u Z�`¬tfUaz[Y�^ ß<`R�<4
rV\]U_TVÕ�UfT0kliOZ × ` u U_iOTd`>g:iOr u!× Y�\h\�`>Õ>Y<\ u `>gVUft_U u �>o Ò Ö Uf\¶` jnj Z]i-`¬q Ö rV\]ra`¬tft_�bZhY�t_UfY�\
iOT«X n Y<Sut�»<X�t&X n tpÀ s�Ü �>�HÞ»iOZ¨w<[pt&\ n xÆt&X n tpÀ s�Ü � 4#��@�4 � Q¬Þu? × Y�\h\�`>Õ>Y�\�`>ZhY�^VY�t_U_W>Y�Z]Y[^
`>q�q[iOZ]^VU_TVÕ u i u]Ö Y�U_Z j `>Z u U¿`>t0iOZ]^nY�Z�`>TV^}q�i>TVq�rVZhZ]Y[T u,× Y�\]\]`>ÕOY[\,`¬Z]Y u i u `>t_t_�diOZ Û
^VY�ZhY�^ rV\]U_TVÕ \hi × Y�^VY u Y�Z × UfTnUf\ u Ufq�`>tfÕ>iOZ]U u�ÖV× ofG(� ×&× Y u ZhUfq�`>tfÕOi>Z]U u]ÖV× \ Ö `�W>Y
u�Ö Y j i u Y[T u U¿`>t,kliOZ j Z]i�W�Uf^nUfTVÕ¼t_i�ß t¿` u Y�Tnq[��U_T × Y[\]\�`¬ÕOY ^VY�t_U_WOY[Zh�*ß Ö Y�T�`¬tft

ª



«fÕPÖ¨×ÚØ �ÒàH�pá2á2ßÌá Ù �&â�ã �[©H¤{�¹���h�"¬Îægç�è`é�ê/ì�í&î&ï*ípð*ñÞòôóCõ±�ö¿¥V�¸����.�N�]�e°��.��4�h¤.¤»��©C÷L¡H�[¤
¬Îæ$ç�è`î&ø�ùAúvûpøëêuøuî&òôóCõ´H�N¡��h©��hµ��h�N³�����.�N�]�e°��.�R��h¤.¤)� ©m÷ �hµ��h©[�.§H������³u¬Îæ$çµè`î�øëùZúvû�ø�ê*ðëòôóCõ±
«fÕPÖ�ümØÆÕ á��pß Û¥Ù ��� Û>Ý3Ù â òX�[¤e²~º~Ã®&õ4±
«fÕPÖFýåØÆÕµÝ �h�-þ Ý �pÿ�á��2â�� �4��ó � ��©¬�Òó � «>�¶�l¾)�¸¢ª�]¤N¤.���[�h¤��N¡¬���$���N�V¬Îæ$ç�è`éëêuì�í�î&ï*í�ð#ñf±
� ��©����.�Òó � �Hó � �s¥!��©H�&��©���³à� ¥¦� 4���.�.�h�ª°��.�R��h¤.¤$¬Îæ$ç�è`î&ø�ùAúvûpøëê*ðPó � «¬��¥¨���.�Òó � ±
º0�������-�[�.���h�»��©H¤N§��.�h¤)�N¡¬���e�N¡H�¶�N�h�����N����©�� �¹¤e��4³��� �¹�±
«fÕPÖ��RØ
�Ù ��á2àH� Û ���]â òX��¤e²$º~Ã�¯	õ4±

����������jy "°V�5gih&�9��*7.0(+.1�+�H(+*-24�5*76&*-(+6��5*-.1%��;:

j Z]i�q�Y[\]\]Y[\ `>ZhY j Zhi0^Vrnq�UfTnÕ × Y�\]\]`>ÕOY[\�o76T+k{`>q u 4<rV\hUfTVÕ�` u Y[q Ö TVUa5(rVY qR`>t_tfY�^
Z�` u Y Û \���TVq Ö Z]i>TVUaz�` u U_iOTdÜ � á Þ/4!\h� ×&× Y u Z]U_q&`>tfÕOi>Z]U u]ÖV× \�qR`>TÄY&; Ö UfgnU u `Ltf` u Y[TVq[�
q�tfi>\]Y u i u�Ö YdTVY u ß,iOZhÙL^nY�t¿`R� j t_rV\u±04aß Ö Y[Z]Yr± U_\ u]Ö Ydt¿`>ZhÕOY�\ u U_T u Y�Z Û× Y�\h\�`>ÕOY
u Z�`¬TV\ × Uf\h\]Ufi>T u U × Y>o�S�T0kliOZ u rVTa` u Y�t_�<4 u�Ö U_\�`¬tf\]i × YR`>Tn\ u]Ö ` u `>tftBE{iOZ	` u tfY�`>\ u
` × `-8hiOZhU u ��ÜZO04 � Þ I i>k j Z]i�q�Y[\]\hY�\ × rV\ u \]Y[TV^ × Y�\h\�`>ÕOY[\ ` u ` Ö U_Õ Ö Z]` u Y u i
`>q Ö UfY�WOYLtfi�ß `>tfÕOi>Z]U u]ÖV× t¿` u Y�TVq��Oo Ò Ö Y[Z]Y[kli>Z]Y<4,UfT ` t¿`>ZhÕOY�\]q�`>tfY \��0\ u Y × 4ª`
u iOÙ¬Y�T Û \]U u Y ` jVj Z]i-`>q Ö U_\ × iOZhYÚk{`RWOiOZ]`>gVt_YÚß Ö Y[T u]Ö Y�U_T u Y�Z Û× Y�\]\]`>ÕOY `>Z]ZhU_W¬`>t
u U × Y!U_\~Õ>Z]YR` u Y�Z u]Ö `>T u�Ö Y�^VY[t¿`R�@i>k u�Ö Y�q�i ×Ú× rnTVUfq�` u U_iOT@\ u Y j `¬TV^ `¸\�� ×&× Y uhÛ
Z]Ufq�` jVj Zhi-`>q Ö U_\ × iOZ]Y	k{`�W>iOZ�`¬gVtfY�i u�Ö Y[Zhß�Uf\hY>o Ò Ö Y Ö ��gVZhUf^ `>t_ÕOiOZ]U u�ÖV× `¬tftfi�ß�\
\]i × Y j Zhi0q[Y�\h\]Y�\ u i i j Y�Z]` u Y	rV\hUfTVÕ i>TVY�` jnj Z]i-`¬q Ö ß Ö Uft_Y<40` u�u�Ö Y�\�` × Y u U × Y<4
i u�Ö Y[Z j Z]i�q�Y[\]\hY�\&rV\]Y u�Ö Y i u�Ö Y[Z}` jVj Zhi-`>q Ö 4,`>TV^ÂU_\}`>gVtfY u i q�i ×&× r u Y u�Ö Y
i j Y[Z�` u UfiOT × i�^VY@i>k$YR`>q Ö j Z]i�q�Y[\]\�UfT Z]rnT u U × Y>o
Ñ t_U × U u ` u U_iOT}i>k u]Ö Y Ö ��gVZ]U_^ u i u `¬t»iOZ]^nY�Z�`>t_ÕOiOZ]U u�ÖV× ^nY�\]q[Z]U_g�Y[^ U_TdÜ � á ÞeUf\

u�Ö ` u U u `>\]\hr × Y[\ u]Ö Y,`�W¬`>U_t¿`>gnUftfU u ��i>ka` j Y�ZhklY[q u k{`>Uft_rVZ]Y¦^VY u Y�q u iOZ!`¬TV^ j Z]i�W�Uf^VY[\
iOTVt_�J` Z]Y[ÕOrVtf`>Z�ElTViOT Û rVTVUXkliOZ × I WOY[Z]\hUfiOT*i¬k u i u `>t¶iOZh^VY�Z�4$ß Ö iO\hY j Zhi j Y[Z u UfY�\
`>Z]Y<^nY j U_q u Y[^}UfT Ò `>gVt_Y��0o Ñ \¶U u ß�Uftft(g:Y¸\]Y[Y�T�4(iOrVZ$TVY[ß�`>tfÕ>iOZ]U u�ÖV× `¬^V^VZ]Y[\]\hY�\
u�Ö Y[\]Y u ßªi&tfU × U u ` u UfiOTV\[o

² ³ É Ê8´¨�¶µ*Ì���Ê�Ìs·¹¸ÚÌ¶Ê�AÎ� ³ ËaÍC�FË
G0UfTVq[YÚi>T£ÕOY[iOÕOZ]` jVÖ U_qR`>t_t_� tf`>Z]Õ>Y Û \hqR`>t_Yà\h��\ u Y × \	4 u]Ö Y&TVY u ß,iOZ]Ù ^VY[t¿`R� Uf\biOTnY
i>k u�Ö Y × iO\ u tfU × U u UfTnÕ k{`>q u iOZ]\�i>T u�Ö Y j Y�Z�kliOZ × `>TVq[Y i>k�` u i u `>t$iOZ]^VY[Z@`>t_ÕOi Û
Z]U u]ÖV× 4�U_T u�Ö U_\ j ` j Y�Z�ßªYàq[iOTVq�Y[T u Z�` u Y}iOT¼`>TV`>t_�0z�U_TVÕ u]Ö Yàq�iO\ u UfT u Y�Z × \�i>k
u�Ö Y,T�r × g�Y[Z¦i>kVq�i ×&× rVTVU_qR` u UfiOTb\ u Y j \!TVY�Y[^VY�^ u i j Zhi�W0U_^VY u]Ö Yª\hY�Z�W0U_q�Y¬o Ò Ö U_\
× Y�`>\]rVZhY�U_\,t_Y�\]\ª` × gVU_ÕOrViOrn\ u]Ö `>T u]Ö Y�rV\hra`>t�T�r × g�Y[Zªi>kbº jVÖ `>\hY�\3»Vo Ò i Õ>U_WOY
`>T Y&;n` ×&j t_Y<4 u�Ö Y q[t¿`>\h\]U_qR`>t u ß,i jVÖ `>\hY q�i ×&× U u	j Z]i u i�q�iOt¿E.�<¦�c I Ö `>\ u]Ö Z]Y[Y
q�i ×&× rVTVU_qR` u UfiOT�\ u Y j \¼Üs�HÞ/?}E � I w n \#[kx�[�¼	Wg[ps&\�\]Y[T u klZhi × u�Ö YLq�i�iOZh^VUfTa` u iOZ
u i u]Ö Y j `>Z u U_q�U j `>T u \	4fE.� I x�[ o XvyØi>k u]Ö Y j `>Z u U_q�U j `>T u \	\]Y�T u@u i u�Ö Y q�i�iOZ]^VU_Ta` Û
u iOZ�4e`>TV^ E �:I V0[pt&Sas&S n U \]Y�T u g-� u�Ö Yàq�i�iOZ]^VU_Ta` u iOZ u i u]Ö Y j `>Z u U_q�U j `>T u \�oml£Y

½



¾À¿3Á)Â�Á)Ã�Á)Ä�ÅnÆ ÇHÈ�Á~ÉËÊ�¿0Å5ÌÎÍ]Å5Ã_Å1Ï�ÃYÐ�¿ ÑÒÐ�Æ�Ã
°V�5gih&�9��*7*-�;�9%9�������$�&*1(i�+2�m5�+:0. Ó�Ô �
Õ (i#�Ö_!$#&%�')(+*-,l×sØ]�&*3%92��H(+.1�+��Ù$*-24�5* Ú ,�%9#HÛÎ��ÜÞÝ5ß�à0jiá
!$#&%�')(+*-,/*1�;� %9�������$�&*1(i�+2&m5�+:1. Ó�Ô j
!$#&%�')(+*-,l×sØ]��*-%92r�H(+.1�+�âÙ$*-24�5* Ú ,�%9#HÛ�jiÜÞÝ5ß�à0�iá
ã (i#&:0�;#&:1h�: Ó�Ô j
ã (i#&:0�;#&:1h�:®���+:0�;2�.0(+.1�+�H(+*-24�5* Ó�Ô �

�����������y ã (i,�,uh&#�%9m5��.1%�(i#åäy.0�56�:

q�iOTV\hUf^VY[Z�UfT iOrVZ�`¬Ta`>t_��\hUf\�iOTnt_� u�Ö Y g�Y[\ u q�`>\]Yà\hq�Y�TV`>Z]U_iM4)UNo Y¬o@Z]rVTV\�ß�U u�Ö Tni
k{`>Uft_rVZ]Y&\]rV\ j Ufq[UfiOTn\�o Ò Ö U_\ Uf\ u]Ö Y × iO\ u klZ]Y�5�rnY�T u qR`>\hY UfT j Z�`>q u Ufq[Y>o S	\]UfTnÕ
u�Ö U_\ × Y u ZhUfq<4$ßªY TVi�ß `>Ta`¬t_�0z�Y u]Ö Y q�i>\ u i>k u]Ö Y�\]Y�WOY[Z�`>t¸ga`¬\]Ufq u i u `>t,i>Z]^VY[Z
`>tfÕOi>Z]U u]ÖV× \¶`>TV^�i¬keZ]Y[t¿` u Y�^&gVrVUft_^VUfTnÕdgntfi�q�Ù�\[o Ò Ö Y�\hY�q�i>\ u \ª`>Z]Y�\]r ×&× `>Z]U>z�Y�^
UfT Ò `¬gVtfY � o
Ò Ö YJq Ö YR` j Y�ZLi>k u�Ö Y t_Uf\ u Y�^ j ZhU × U u U_WOY[\�Uf\ ZhY�t_U¿`>gVt_Y gVZhi-`>^Vq�`>\ u 4�ß Ö U_q Ö

qR`>T g�Y U ×&j t_Y × Y�T u Y[^ U_T i>TVY£q[i ×&× rVTVU_qR` u UfiOT'\ u Y j o Ò Ö YÄTniOT Û rnTVU_kliOZ ×
Ö ��gVZhUf^�`>tfÕOi>Z]U u]ÖV× Y&; Ö UfgnU u \L`Ât¿` u Y�TVq��'i>k u ßªi2q�i ×&× rVTVU_qR` u UfiOT'\ u Y j \ iOZ
iOTVY Û q�i ×&× rVTnUfqR` u Ufi>TÚ\ u Y j j t_rV\æ± ß 4�ß Ö Ufq Ö Y[WOY[Z�Uf\ × iOZhY�k{`RWOiOZ]`>gVt_YrE¥± ß U_\ u�Ö Y
tfiOTVÕ>Y�\ u UfT u Y�Z Û�× Y[\]\]`>ÕOY u Z�`>Tn\ × Uf\]\hUfiOT u U × Y	i>kF`¬tft#\]Y�5�rnY�TVq[Y�Z]\ I gVr u `¬\]\]r × Y[\
` j Y[ZhklY�q u k{`>Uft_rVZ]YØ^VY u Y�q u iOZ[o Ñ rVTnU_kliOZ × ZhY�tfUf`>gVt_YØgVZhi-`>^Vq�`>\ ubj Z]U × U u U_W>YØq�`>T
g�Y�U ×Új tfY × Y�T u Y�^�U_T u ßªi}q�i ×Ú× rnTVUfq�` u U_iOT \ u Y j \FÜ � O>Þ.o Ò Ö Y Ö ��gVZhUf^ j Z]i u i�q�iOt
qR`>T¼`¬tf\]iÚg�Y u ZhU_W�U¿`>t_t_�ÚY&; u Y[TV^VY[^ u i \hr jVj iOZ u rVTVU_kli>Z × ^VY[tfU_W>Y�Z�� UXk�` j Y�Z�klY�q u
k{`>Uft_rVZ]Y	^VY u Y�q u iOZ¸q[iOT u UfT(rVY[\ u iàg:Y@`>\h\]r × Y�^�4ng(� Z]Y[\]iOZ u UfTnÕ u i}`>T `¬^V^VU u UfiOTV`>t
Z]iOrVTn^ i>k × Y[\]\]`>ÕOY Y&;0q Ö `>TnÕOY>o Ò Ö Y£q[iO\ u i>kØq�iOTV\hY�TV\hrV\ U_\ u ßªi2q�i ×&× r Û
TVUfq�` u U_iOT+\ u Y j \¾E u]Ö Uf\ÚUf\�`£tfi�ßªY[Z g:iOrVTV^dÜ � Ý>Þ I o 6 u \ Ö i>rVtf^�g:Y Tni u Y[^ u�Ö ` u
\]i × YØq[iOTV\hY�TV\hrV\b`>tfÕ>iOZ]U u�ÖV× \¸Z]Y�5�rnUfZ]Y × i>Z]Ybq�i ×&× rVTnUfqR` u Ufi>TL\ u Y j \�Y[W>Y�T¼U_T
k{`>Uft_rVZ]Y Û klZ]Y[Y}Z]rVTV\�ÜA@¬Þ.ok6T�q�Y[Z u `¬UfTÄ\ j Y[q�Uf`>t,q�`>\]Y[\	4!ß Ö Y[TÂ`>tft j Z]i�q�Y�\h\]Y[\ j Z]i Û
j iO\hY¸Y&;n`>q u t_� u�Ö Y¸\]` × YªW¬`>tfrVY34OU u Uf\ j iO\]\hUfgVt_Y u idZhYR`>q Ö q[iOTV\]Y[TV\]rn\,U_T}`�\]UfTnÕOtfY
q�i ×&× rVTVU_qR` u UfiOT \ u Y j o�Ã¦U_Ta`>t_t_�:4Fq[iOTV\]Y[TV\]rn\ Û gV`>\]Y[^ u i u `>t�iOZh^VY�ZØ`>t_ÕOiOZ]U u�ÖV× \
Z]Y	5(rVU_Z]Y¸` u tfY�`>\ u$u�Ö ZhY�Y¸q�i ×Ú× rnTVUfq�` u U_iOT \ u Y j \�E{iOTVYª\ u Y jàu i@^VU_\]\]Y × U_Ta` u Y u�Ö Y
× Y[\]\�`¬ÕOY j tfrV\ u]Ö Ybq�iO\ u i>k!q[iOTV\]Y[TV\]rn\ I o6T u�Ö U_\ j ` j Y�Z}ßªY j Z]Y[\]Y[T u `£TVY�ß `>t_ÕOiOZ]U u�ÖV×�u�Ö ` u Ö `>\ u�Ö Y kliOtft_i�ß�UfTVÕ
UfT u Y[Z]Y�\ u U_TVÕàklYR` u rVZ]Y[\	?

ç 6T \ u `>gntfY j Y[Z]Ufi�^V\FU u$j Zhi�W�U_^VY�\¦`>T R�TVU Á npo \/Á�V0[&XvS�w<[&xªUfTV^VU_qR` u UfiOTd`>\~k{`>\ u
`>\ u]Ö YbTViOT Û rVTVU_kli>Z × Ö ��gVZhUf^ u i u `>t»iOZh^VY�Z j Zhi u i�q�i>t.o

ç 6T�\ u `>gntfY j Y�ZhUfi�^V\�U u,j Z]i�W�Uf^VY[\<`>T RbTVU Á�V0[&XvS�w<[&x@U_TV^VUfq�` u U_iOTÚ`>\,k{`>\ u `¬\
` Ö ��gVZ]U_^ u i u `>t)iOZ]^VY[Z j Z]i u i0q[iOt»Y; u Y�TV^nY�^ u i&Y[TV\]rnZ]YdrVTVU_kli>Z × U u � � o

è¥é è�ðlí»ðläRë4ð#åsî�! ë�ö�íFè�!-ä[åZ�häªñpè�ëhô<ëhî�ôªä�åA�häªî�íNðfçVè�élê�ô[í�ñsë�ò�æ�ÿ[ðlä[í»ä�ò[ì�élåsô,ë�ñZ�hèhélå ðlä	% è-ê�í.élæ:ë%¦ó�ö{ä�%¶èhélíµ!¹ëë"]èhé{ëhì[ñpí~ñsë4ðlí�î�ö.ò�ðlä�ëhî<ë$ö�è]î[æ½í�î�æ½ó[æ�ì�ëhæ½íô,ëhñA�]è�élåpðlä�%'�
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ç 6T i jVj iO\hU u U_iOT u i u]Ö Y Ö ��gVZ]U_^ u i u `>t$iOZ]^nY�Z j Zhi u i�q�iOt'EN`>Tn^Ji u�Ö Y[Z j Z]i Û
u i0q[iOtf\bi>k u]Ö Y&\�` × YÚq[t¿`>\h\Ø\hrVq Ö `>\ u � j Ufq�`>t u iOÙ¬Y�T Û \]U u YÚi>Zd\�� ×Ú× Y u Z]Ufq
j Zhi u i�q�i>tf\ I 40U u ^Vi�Y�\ªTVi u `¬\]\]r × Y@` j Y�Z�klY�q u k{`>Uft_rVZ]Y	^VY u Y�q u iOZ[oB6TV\ u YR`>^µ4
U u TnY[WOY[Z�W�UfiOtf` u Y[\�\]`¬klY u �LUXk¦k{`>U_tfrVZhY@^VY u Y�q u UfiOT Uf\	U ×&j Y[ZhklY�q u `>TV^ ZhY�t_UfY�\
iOTLrVTVZhY�t_U¿`>gVt_Y�k{`>U_tfrVZhY�^VY u Y�q u iOZh\�i¬k u]Ö Ybq�t¿`¬\]\Ò¶¹¸ kli>Z u Y�Z × U_Ta` u UfiOT»o

Ò i × i u UXW¬` u Y u�Ö Y�TVY�Y[^ u i ^VY[\]U_ÕOT ` TVY�ß�`¬tfÕOiOZhU u]ÖV× 4Oß,YÚ=aZh\ u \ Ö i�ßÆß Ö �
\]i × Y¾U$»<S�w<[ q�i × gVUfTa` u Ufi>TV\ài>k u�Ö Y j Z]Y�W�UfiOrV\&` jnj Z]i-`¬q Ö Y�\Ú^Vi TVi u&j Z]i�W�Uf^nY
\�` u Uf\hk{`¬q u i>Zh��ZhY�\hrVt u \�o�ÃaiOZ¸UfTV\ u `>Tnq�Y<?

ç Ó�TVY × U_Õ Ö-u q�iOTV\hUf^VY[Z u i Y;nY[q�r u Y u�Ö Y Ö ��gVZ]U_^ u i u `>t Û iOZh^VY�Zb`>t_ÕOiOZhU u�Ön×E u i j Z]i�W�Uf^VY u�Ö YÚi j0u U × Uf\ u U_q ^VY[tfU_W>Y�Z�� I UfT j `¬Z�`>t_tfY�t$ß�U u�Ö ` q�iOTV\hY�TV\hrV\
ga`¬\]Y�^ `¬tfÕOiOZhU u]ÖV× E u i j Z]i�W�Uf^VYØrVTVU_kli>Z × ^VY[tfU_W>Y�Z�� I o�S	TnkliOZ u rVTa` u Y�tX�:4:U u
U_\ Y&; u Z]Y × Y�tX� rVTVtfU_Ù>Y[t_� u�Ö ` u u ß,i�\]Y j `>Z�` u Y¼`>t_ÕOiOZ]U u�ÖV× \ j Z]i�W�Uf^nY u�Ö Y
\]` × YdiOZh^VY�ZhUfTVÕVo Ò Ö Y�ZhY[kliOZhY<4:UfTL\]rVq Ö q�iOT�=VÕOrVZ�` u Ufi>T�4 u�Ö YdUfT0kliOZ × ` u U_iOT
j Zhi�W0U_^VY�^Lg-� RbTVU Á npo \`Á�V0[&XvS�w<[&xØß,iOrVt_^ g�Ybi>k$TVi j Z�`>q u U_qR`>t»rn\]Y>o

ç Ñ TVi u�Ö Y�ZL\]U ×&j t_Y `>t u Y�Z]TV` u UXWOY¼ßªi>rVtf^ g�Y u i Y&;0Y[q�r u Y u�Ö Y u ß,i�`>t_ÕOi Û
ZhU u�Ön× \¸\hY	5(rVY�T u U¿`>t_t_�¾Elg-� rV\]U_TVÕ u�Ö YbiOr u]j r u i>k u�Ö Y Ö ��gVZ]U_^ `>t_ÕOiOZhU u�Ön×
`>\!`>T UfT j r u~u i u]Ö Y<q�i>TV\]Y[TV\]rV\�ga`¬\]Y�^}`¬tfÕOiOZhU u]ÖV× I o)Í�i�ß,Y[W>Y�Z	4 u�Ö Y u i u `>t
T(r × g:Y�Z$i>kaq[i ×Ú× rVTVUfq�` u U_iOTb\ u Y j \~kliOZ¦S Ò Ó Û ^VY[tfU_W>Y�Z~UfTd\]rVq Ö ` jVj Z]iO`>q Ö
ß,iOrVt_^ g:Y u i�i Ö UfÕ Ö o

Ñ ^V^VU u Ufi>Ta`>tftX�:4~U uà× rV\ u g:Y�TVi u Y�^ u]Ö ` u u]Ö Y Ö �0gnZ]Uf^Â`¬tfÕOiOZhU u]ÖV× 4¦`>\à`>T-�
i u�Ö Y[Z&`>tfÕOi>Z]U u]ÖV× u�Ö ` u `¬\]\]r × Y[\Ú` j Y�ZhklY[q u k{`>U_tfrVZhY�^VY u Y�q u iOZ�4ªTVY[Y�^V\ u i g:Y
Z]Y�q[iOT�=aÕ>rVZ]Y[^ ß Ö Y�T k{`>Uft_rVZ]Y[\<`>ZhY�^VY u Y�q u Y[^»o¿ÃaiOZ,UfTV\ u `>Tnq�Y<4nUfT ` j rnZ]Y u i>Ù>Y�T Û
ga`>\]Y[^�` jVj Z]i-`>q Ö 4¦ß Ö Y�T u]Ö Y u iOÙ>Y[T Ö iOt_^VY�Zbk{`>U_tf\d`>TV^Ä` TVY�ß u iOÙ>Y[T Ö iOt_^VY�Z
Ö `>\ u iÄg:YLY�tfY[q u Y�^»oíì¶TV\]rnZ]UfTnÕ u�Ö ` uÚu]Ö Uf\&\]i>Z u i>k@Z]Y[q�iOT�=aÕOrVZ]` u U_iOT2U_\Ú\ u U_tft
j iO\h\]U_gVtfY<Y�WOY[TÚß Ö Y[T&k{`>U_tfrVZhYª^VY u Y[q u U_iOT}Uf\!Tni u�j Y[ZhklY[q u Uf\�`�q Ö `>tft_Y�TVÕOU_TVÕ�U_\]\]rnY
`>^V^VZhY�\]\hY�^ g(� i>rVZ�` jVj Zhi-`>q Ö o

î ¸S´¨�?ï7�1E,Ì�Ë#ÐÊ8´C�
ð)�`� É�O:C�E+OFKlC4M
6T u]Ö Y�\ u YR`>^n� Û \ u ` u Y<4 u]Ö Y	`>tfÕOi>Z]U u]ÖV× ßªi>Z]Ù(\�q�tfi>\]Y�tX� u i u]Ö Y�`>t_ÕOiOZ]U u�ÖV× i>knÜs� á Þ
ß�U u�Ö `¬^V^VU u UfiOTV`>t0\ u Y j \ u i@Y�Tn\]rVZhY	rnTVU_kliOZ ×9u i u `¬tniOZh^VY�Z[oÎcªY�T u Z]`>t u i u]Ö Y¸Y&;0Y Û
q�r u UfiOTØi>k u�Ö Yª`>tfÕ>iOZ]U u�ÖV× U_\ u]Ö YªTVi u Ufi>T i>k:`rt n U�ñ�Y<W�x�»<\`S n Uao Ñ q�iOT�=VÕOrVZ�` u Ufi>T
^VY�=aTnY�\�ß Ö Ufq ÖLj Z]i�q�Y[\]\hY�\�`>\]\hr × Yd`>T `>q u U_W>Y@iOZ�` j `>\]\hU_W>YdZhiOtfY�ß�U u�Ö Z]Y[Õ-`>Zh^
u i × Y[\]\�`¬ÕOY}iOZ]^VY[Z]U_TVÕVoåì�`>q Ö q[iOT�=aÕOrnZ�` u UfiOT Ö `>\d`>TJrVTVU>5(rVY}q�iOT�=VÕOrVZ�` u Ufi>T
Uf^»o Ñ TnY[ß q[iOT�=aÕ>rVZ�` u UfiOTÆU_\ UfTV\ u `>t_tfY�^+rV\]U_TVÕ `>TÆrVTV^VY[Z]t_��U_TVÕÂq�iOTV\hY�TV\hrV\
`>tfÕOi>Z]U u]ÖV× o�ì�`>q Ö Y;nY[q�r u UfiOT�i¬k�q�iOTV\hY�TV\hrV\	4,Uf^VY[T u U>=VY�^*g-� u]Ö Y `>\h\]i�q�Uf` u Y[^
q�iOT�=VÕOrVZ�` u Ufi>TL\hY	5(rVY[TVq�YØT�r × g�Y[Z	4aU_TV\ u `>tft_\¸`àTVY[ß�q�iOT�=VÕOrVZ�` u Ufi>T»o

�5ò



Ñ q u U_WOY j Z]i�q�Y[\]\]Y[\¶Uf\h\]rVY,\]Y	5(rVY[TVq�Y�T(r × g:Y�Zh\¦kliOZ u�Ö Y[UfZ$i�ß�T × Y�\h\�`>Õ>Y�\¶`>Tn^
iOT g�Y Ö `>t_k�i>kÚEl\]i × Y I j `¬\]\]UXWOY}TVi�^VY�\[o Ò Ö Y}\]Y�5�rnY�TVq[YÚT(r × g:Y�Zd`>\h\]U_ÕOTVY�^ u i
` Õ>U_WOY[T × Y[\]\�`¬ÕOYàUf\@q�`>tft_Y�^ `«\/SutpÀJ[&\{or¦$`>\]\hU_WOY}TVi�^VY[\d^niLTni u Uf\h\]rVY u Ufq�Ù>Y u \[o6T£Y�`>q Ö q[iOT�=aÕOrnZ�` u UfiOT�4FY�`>q ÖÄj `¬\]\]UXWOY&TVi�^VYÚU_\b`>\]\hUfÕOTnY�^ u iL`>T£rnTVUa5(rVYÚ`>q Û
u U_W>Y�TVi�^VY340q�`>tft_Y�^ u]Ö Y j `>\]\hU_WOY�TVi0^nYy©s\�s [�¼	W][&Uµtp[&x�o Ò Ufq�Ù>Y u \<U_\]\hrVY�^ g-�Ú`>q u U_W>Y
TVi0^nY�\ `>ZhY iOZh^VY�ZhY�^'rV\hUfTVÕÂ`Ä\�� ×Ú× Y u Z]Ufq u i u `>t	iOZ]^VY[Z `>t_ÕOiOZ]U u�ÖV× `>TV^ u�Ö Y
`>\]\hi0q[U¿` u Y�^ × Y[\]\]`>ÕOY�\&`>ZhY ^VY�t_U_W>Y�Z]Y[^+`¬q�q�i>Z]^VU_TVÕ u i u�Ö Uf\àiOZh^VY�Z[oTG0UfTnq�Y u�Ö Y
\h� ×Ú× Y u Z]U_q u i u `>t)iOZh^VY�Z	`>t_ÕOiOZhU u�Ön× ZhY	5(rVU_Z]Y�\�` j Y[ZhklY[q u k{`>Uft_rVZ]Y�^VY u Y�q u Ufi>T u i
u Y�Z × U_Ta` u Y<4¶U u × `R�ÄgVtfi�q�Ù£U_T�qR`>\hY i>k u�Ö Y�k{`>U_tfrVZhYÚi¬k�`¬T2`¬q u UXWOY TVi�^VY¬o Ò i
j Z]Y�WOY�T u gVt_i0q�Ù(U_TVÕM4(ß Ö Y�TL`>T `>q u UXWOY�Tni0^VY�Uf\ª\hrV\ j Y�q u Y[^�4#` q�iOTn\]Y�Tn\]rV\ Û ga`>\hY�^
jVÖ `>\hY Uf\�rn\]Y�^ u i u Y[Z × UfTa` u Y u]Ö Yà`>t_ÕOiOZhU u�Ön× `>TV^¼U_TV\ u `>tft~` TVY�ß q[iOT�=aÕ>rVZ�` Û
u Ufi>T»o Ñ ^VU>L&q[rVt u �di>k u]Ö Y¸` jVj Z]i-`>q Ö Uf\ u i�Y�Tn\]rVZhY u�Ö ` u$u�Ö Y,iOZ]^nY�Z!Y[\ u `¬gVtfU_\ Ö Y[^
g(� u�Ö Y�q�iOTn\]Y�Tn\]rV\ Û ga`>\hY�^ jVÖ `>\hY�TVY[W>Y�Z�q�i>T�{aUfq[\ªß�U u]Ö u�Ö Y�iOZ]^nY�Z<Y[\ u `¬gVtfU_\ Ö Y[^
UfT \ u YR`>^n� Û \ u ` u Y>o
Ò U_q�Ù>Y u \d`>Z]Yà^nUf\]\hY × UfTa` u Y�^¼U_T u ßªiLq�i ×Ú× rnTVUfq�` u U_iOT \ u Y j \�o^6T u�Ö Y^=aZ]\ u

\ u Y j 4 u]Ö Y u Ufq�Ù>Y u U_\$rV\hY�^ u i�Y[\ u `¬gVtfU_\ Ö `¬T i jnu U × Uf\ u Ufq!i>Z]^VY[Z]UfTnÕ�kliOZ u�Ö Yª`>\]\hi0q[U Û
` u Y[^ × Y[\]\�`¬ÕOY>of6T u]Ö Y<\]Y[q�iOTn^Ú\ u Y j 4 u�Ö Y¸rVTnU_kliOZ × U u �bi>k u�Ö Y u Ufq�Ù>Y u Z]Y[q�Y jnu U_iOT
Uf\FÕOra`>Z]`>T u Y[Y�^»o Ñ u~u�Ö Y,Y[TV^ i>k u]Ö Y�\]Y�q[iOTV^ \ u Y j i>k u]Ö Y u Ufq�Ù¬Y u ^nUf\]\hY × UfTa` u Ufi>T�4
U_k»TniØk{`>U_tfrVZhY�\¶i�q�q�rnZ	4 u�Ö Y�`>\]\hi0q[U¿` u Y�^ × Y�\h\�`>Õ>Y�q�`>T g:Y�rnTVU_kliOZ × tX� ^VY[tfUXWOY�ZhY�^»o
Ò Ö YbTVY&; u�j `>Z�`¬ÕOZ�` jnÖ \ j Z]Y[\]Y[T u�u�Ö Yd`>t_ÕOiOZhU u�Ön× U_T ÕOZ]Y�` u Y[Z	^nY u `¬Uft.o

ð)�>� � Q ° Q�C I ° EHK °�ó ²lC z
Ò Ö Y�`¬tfÕOiOZhU u]ÖV× Z]Y	5(rVU_Z]Y[\,\hY[WOY[Z�`>taW¬`>ZhU¿`>gVt_Y�\ u idg:Y × `¬UfT u `>U_TVY�^}` u Y�`>q Ö TVi0^nYE{^VY j Ufq u Y�^ÆU_T Ã¦UfÕOrnZ]Y � I o Ò Ö Y \hY u i>k × Y[\]\]`>ÕOY�\ u]Ö ` u Ö `RWOY g:Y�Y[T�S Ò Ó Û
^VY�t_U_WOY[Z]Y[^àUf\¦\ u iOZhY�^}UfTØW>`¬Z]U¿`¬gVtfY�W�Á�V0[&XvS�w<[&x�[�V>o¹G0U × Uftf`>Z]tX�:4 u]Ö Y<\]Y u i>k × Y�\]\]`>ÕOY[\
u�Ö ` uØÖ `RWOY g�Y[Y�T�S Ò Ó Û i jnu�Û ^VY[tfU_W>Y�ZhY�^ÄU_\Ø\ u iOZhY�^*U_T£W¬`>ZhU¿`>gVt_Y npo \/Á�V0[&XvS�w<[&x�[�V>o6T+iOZh^VY�Z u iJg:Y ^VY[tfUXWOY�ZhY�^�4,g�i u�Ö2u]Ö Y × Y[\]\]`>ÕOY `>TV^+U u \&`>\h\]i�q�U¿` u Y�^ u U_q�Ù>Y u
× rV\ u�Ö `RWOYàg:Y�Y[T j Z]Y�W�UfiOrV\ht_� Z]Y[q�Y�UXWOY[^»oÚl Ö Y[T ` × Y[\]\]`>ÕOYeElZ]Y[\ j o@` u Ufq�Ù¬Y u I
Uf\àZ]Y[q�Y[U_WOY[^+kliOZ u]Ö Yk=VZ]\ u}u U × Y U u Uf\à\ u iOZhY�^2UfT�W¬`>Z]Uf`>gVtfY�x&Á#x�[ptp[&S�w<[�V E{Z]Y[\ j ox&Á#\`SutpÀJ[&\ I oBl Ö Y[T u]Ö Y@rVTVUXkliOZ × U u �}i¬k u]Ö Y × Y�\]\]`>ÕOY·ElZ]Y�\ j o�` u U_q�Ù>Y u I Uf\<Õ>ra`>Z Û
`>T u Y�Y[^�4<U u U_\ × i�WOY[^ u i u]Ö YLW¬`>ZhU¿`>gntfY«W0Á#xp[ptp[&S�w<[�V E{ZhY�\ j o W�Á#\`SutpÀJ[&\ I o Ò Ö Y
\]Y	5(rVY[TVq�Y,T(r × g:Y�Zei>k u�Ö Y¶U_TV\ u `>tft_Y�^@q[iOT�=aÕOrnZ�` u UfiOT@U_\eÙ>Y j0u U_T�W¬`>Z]Uf`>gVtfY�t n U�ñ�Y<Ás&Uao Ò Ö Y q�i>T�=aÕOrVZ]` u U_iOTÄU u \hY�t_kªUf\d\ u iOZ]Y[^*UfT u�Ö Y&W¬`>Z]Uf`>gVtfY t&W0xx&Á�t n U�ñ�Y `>\ `
\]Y u i¬k u r j tfY[\·E �)�5ô5õ I orì�`>q Ö¼u r j tfY}`¬\]\]i�q�Uf` u Y[\@YR`>q Ö j Zhi0q[Y�\h\ �S� � ß�U u]Ö `
\]Y	5(rVY[TVq�Y[Z ônõö� � o Ñ q u U_W>Y j Z]i�q�Y[\]\hY�\}`>ZhY u�Ö iO\]Y `>\]\hUfÕOTVY[^�`>\ \hY	5(rVY[TVq�Y[Z]\
i>k�EN` u t_YR`>\ u I u�Ö Y[UfZ�i�ß�T × Y[\]\]`>ÕOY�\�� u]Ö Y�U_TVU u U¿`>t0q�iOT�=VÕOrVZ�` u Ufi>TÚU_\ j ZhY Û ^VY�=aTnY�^E{rV\hra`>tftX�:4F` \]U_TVÕOt_Y j Z]i�q�Y[\]\bUf\@U_TVU u U¿` u Y�^ `>\b`>q u UXWOY I o·Ã¦UfTa`¬tft_�<4)Y�`>q Ö£j Z]i�q�Y�\h\
\ u i>Z]Y�\ u�Ö YØt_Uf\ u i¬k!\]rn\ j Y�q u Y�^ j Z]i�q�Y�\h\]Y[\ÌE#s&WJs o [pt&\ë[�V I `>Tn^ u ß,i q�i>T u Z]iOt»W¬`>ZhU Û
`>gVtfY[\^E3W	X n tpÀJ[�V `>Tn^bx�[pt n U�ñ�Y I ß Ö iO\hY j rnZ j iO\]Ydß�Uftft)g�YdUfT u Zhi0^nrVq�Y[^ t¿` u Y�Z�U_T
u�Ö Y u Y; u o

�+�
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ð)�>Ä � Q�C ° D � Q � Q ° Q�CbÉÌË¶C(E ° Q�KlG:P
Ò Ö Y \ u YR`>^n� Û \ u ` u Y i j Y�Z]` u U_iOT*i>k u�Ö Y `>tfÕ>iOZ]U u�ÖV× U_\ ^VY j Ufq u Y�^ÂUfT~Ã¦UfÕOrnZ]Y�\ �
`>TV^k@Vo Ò Ö YØ`>tfÕOi>Z]U u]ÖV× Uf\�UfTnU u Uf` u Y[^�g-�L`àZ]Y	5(rVY[\ u klZ]i × u�Ö Yd` jVj tfUfq�` u U_iOT u i
S Ò Ó Û gVZhi-`>^Vq�`>\ u ` × Y�\]\]`>ÕOY¬oB6T ZhY�\ j iOTV\hY u i u�Ö U_\¸Z]Y	5(rVY[\ u 4 u]Ö Y × Y�\]\]`>ÕOYbUf\
\]Y�T u!u i u�Ö Y<i u�Ö Y�Z j Z]i�q�Y�\h\]Y[\¶rV\]U_TVÕ@`>T rnTV^VY�Zht_��UfTnÕ�Z]Y[tfU¿`¬gVtfY�gVZhi-`>^Vq�`>\ u¶j Z]U ×àÛ
U u UXWOY¬o Ò Ö Y[T�4)UXk u�Ö Y \]Y[TV^VY�Z�Uf\�`>T¼`>q u U_W>Y j Zhi0q[Y�\h\	4»U u U ×Ú× Y�^VUf` u Y[t_� Uf\]\hrVY�\�`
u Ufq�Ù¬Y u~u i u�Ö Y × Y�\]\]`>ÕOY34Hß Ö U_q Ö U_\$`¬tf\]i�ZhY�tfUf`>gVtX��gVZhi-`>^Vq�`>\ u E{U_T u]Ö Y�U ×&j tfY × Y[T Û
u ` u UfiOT�4 u]Ö Y u Ufq�Ù>Y u U_\ j U_ÕOÕ>��ga`>q�Ù¬Y�^ u i u]Ö Y × Y�\h\�`>Õ>Y UfTJiOZh^VY�Z u i i jnu U × U>z�Y
TVY u ß,iOZ]Ù&Z]Y[\]iOrnZ]q�Y[\ I o,Ô,i u�Ö}u�Ö Y × Y[\]\]`>ÕOY�`>TV^ u]Ö Y u Ufq�Ù¬Y u `>Z]Y	\ u ` ×Új Y�^&ß�U u]Ö
u�Ö YbUf^nY�T u U¥=aY�Z¸i>k u�Ö Ydq[iOT�=aÕ>rVZ�` u UfiOT u]Ö Y[� `¬Z]Yb\]Y[T u UfT)ol Ö Y�T ` × Y�\]\]`>ÕOY U_\�ZhY�q�Y[U_W>Y�^�4»U u U_\�\ u iOZ]Y[^¼UfT u]Ö Y�xÁ#x�[ptp[&S�w<[�VLW¬`>Z]Uf`>gVt_Y>o
Ñ ^V^VU u U_iOTa`>t_t_�:4 u]Ö Y × Y�\h\�`>ÕOY@U_\ªZhY u Z]`>TV\ × U u]u Y[^ u i Y[TV\]rnZ]Y@rVTVUXkliOZ × U u �>o¹6�k u�Ö Y
× Y[\]\�`¬ÕOY ßª`>\ \]Y[T u g-��` j `>\]\hU_W>Y¼TVi0^nY¼`>TV^'U_\�Z]Y[q�Y�UXWOY[^ g-� u�Ö ` u TVi0^nYy©s\
\]Y	5(rVY[TVq�Y[Z�UfT u�Ö Y�\�` × Y�q[iOT�=aÕOrnZ�` u UfiOT�U u ßª`>\¸\]Y[T u 4 u]Ö Y�\]Y�5(rVY�TVq[Y�Z	Uf\h\]rVY[\�`
u Ufq�Ù¬Y u kliOZ u�Ö Y × Y�\h\�`>Õ>Y>oPK�i u Y u�Ö ` u	× Y�\h\�`>ÕOY[\�ZhY�q[Y�U_W>Y�^ UfTL`àq�iOT�=VÕOrVZ�` u Ufi>T
^VU>D�Y�ZhY�T u klZhi × u�Ö Y iOTVY u�Ö Y�� ßªY[Z]Y \hY�T u U_T `>ZhYØTni u iOZh^VY�ZhY�^ rV\]U_TVÕ u Ufq�Ù>Y u \�4
u�Ö Y�� `¬Z]Y	iOZ]^VY[Z]Y[^�rV\]U_TVÕ `dq�iOTn\]Y�Tn\]rV\¸ga`¬\]Y�^ Û `>t_ÕOiOZ]U u�ÖV× o Ò Ö Uf\ × `R� Ö ` jVj Y[T
ß Ö Y�TÚ`@\]Y	5(rVY[TVq�Y[Z,U_\¶\]rV\ j Y[q u Y�^�`¬TÚ`�TnY[ß�q[iOT�=aÕ>rVZ�` u UfiOTàU_TV\ u `>tft_Y�^»o�t�rVY u i
u�Ö Y¸`¬\h��TVq Ö ZhiOT-�}i>k u�Ö Y¸\���\ u Y × 4 u]Ö Y<\hY	5(rVY�Tnq�Y�Z × `��Ø\]Y[TV^}\]Y�WOY�Z]`>t × Y�\]\]`>ÕOY[\
ß�U u�Ö `>TLiOt_^ q�iOT�=VÕOrVZ�` u Ufi>TLg:Y[kli>Z]YbU u ZhY�q[Y�U_W>Y�\ u�Ö YbiOr u q�i × Ybi>k$q�iOTn\]Y�Tn\]rV\[o
Ò U_q�Ù>Y u \ `>Z]Y¼iOTnt_� j Z]i�q�Y[\]\]Y[^�UXk u]Ö Y[�'`>Z]Y¼ZhY�q�Y[U_W>Y�^ UfT u�Ö Y¼q[iOT�=aÕ>rVZ�` Û

u Ufi>T u]Ö Y[��ß,Y�ZhY \hY�T u o 6T u�Ö Uf\}qR`>\hY<4 u]Ö Y[� `¬Z]Y \�`RWOY[^�UfT u�Ö Y xÁ#\`SutpÀJ[&\à\]Y u
`>TV^Lt¿` u Y�Z¸rV\hY�^ u i}iOZ]^VY[Z × Y[\]\�`¬ÕOY�\	i jnu U × Uf\ u Ufq�`>tftX�Oo Ò Ufq�Ù>Y u \�rV\]Y[^ u�Ö Uf\<ßª`��
`>Z]Y j i>\]U u U_W>Y�t_� `¬q�Ù�Tni�ß�t_Y�^VÕ>Y�^'rV\hUfTVÕÄ`>Tkjml8n�oqp2l8n�rbs × Y�\]\]`>ÕOY¬o Ó u�Ö Y�Z Û
ß�Uf\]Y34 u Ufq�Ù¬Y u \<`>ZhY	\hU ×&j t_� ^VUf\hqR`>Zh^VY�^ `>TV^&TVY�ÕO` u UXWOY�tX�}`>q�Ù(TVi�ß�tfY[^VÕOY[^�rV\]U_TVÕØ`
tvuwlwn�oxp2lwn�rbs × Y�\h\�`>Õ>Y>o¹l Ö Y[T ZhY�q�Y[U_W>Y�^�4 u�Ö YyjmlwnAoqp2lwnArbs)\�kli>Z × Y�\h\�`>Õ>Y
X E{ZhY�\ j ozt{u)lwnAoqp2lwnArbs)\ I `>Z]Y}\ u iOZhY�^JUfTJ`>T|»0tpÀ�Á#\/SutpÀJ[&\?| W¬`>Z]Uf`>gVt_YkE{Z]Y[\ j o

�j



U$»0tpÀ�Á#\/SutpÀJ[&\?| I o Ó�TVt_� u U_q�Ù>Y u \ u]Ö ` u `>ZhY j iO\hU u U_WOY[t_�Ä`>q�Ù(TVi�ß�tfY[^VÕOY�^2klZ]i × `
× `-8hi>Z]U u �Úi>k j Z]i�q�Y[\]\hY�\�`¬Z]YbrV\]Y[^ u iÚrnTVU_kliOZ × tX�&iOZ]^VY[Z × Y[\]\�`¬ÕOY�\[o

t@` u ` × Y�\h\�`>Õ>Y�\b`>ZhY × i�W>Y�^ klZhi × u]Ö Y�xÁ#x�[ptp[&S�w<[�V \]Y u�u i u]Ö YdW0Á#x�[ptp[&S�w<[�V
\]Y u `>\ \hi0i>T�`>\ `�ZhY u Z]`>TV\ × U_\]\]U_iOTÆUf\�ZhY�q[Y�U_W>Y�^ klZ]i × ` × `-8hiOZhU u �2i>k j Z]i Û
q�Y�\h\]Y[\�o G�U × Uft¿`¬Z]t_�<4 u Ufq�Ù¬Y u \ `>ZhY × i�WOY�^ klZ]i × xÁ#\`SutpÀJ[&\ u i W0Á#\/SutpÀJ[&\�ß Ö Y�T
`>TVjmlwnAoqp2lwnArbs�Uf\ ZhY�q[Y�U_W>Y�^ÂklZ]i × ` × `-8hiOZhU u �Ji>k j Zhi0q[Y�\]\hY�\[ob6�k	` u U_q�Ù>Y u
qR`>TVTni u g:Y × i�WOY�^ u i u]Ö Y rnTVU_kliOZ × \]Y u ^VrVY u iÄtf`>q�ÙÂi>k@Y[TViOrVÕ Ö+j iO\hU u U_WOY
`>q�Ù(TVi�ß�tfY�^nÕOY × Y�T u \�4 u�Ö YÚZ]Y�\ j Y[q u U_WOY × Y�\h\�`>Õ>Y Ö `>\ u i g:Y iOZh^VY�ZhY�^�rV\hUfTVÕ `
q�iOTV\hY�TV\hrV\ Û ga`>\hY�^ `>t_ÕOiOZ]U u�ÖV× o�G0rVq Ö `>tfÕ>iOZ]U u�ÖV× Uf\ u ZhUfÕOÕ>Y�Z]Y[^ g-� \hY u]u UfTVÕ u�Ö Yxp[pt n U�ñ�Y¾{#`>ÕVo Ò Ö Y[Z]Y `>ZhY�i u�Ö Y�Z u�Ö Z]Y�Y \hq�Y[Ta`>Z]U_iO\ u]Ö ` uà× `R� u Z]UfÕ>ÕOY�Z ` Z]Y Û
q�iOT�=VÕOrVZ�` u Ufi>T�?�SË^ u]Ö Y Y;0Uf\ u Y�TVq[Y�i>k	`>T E{rVTniOZ]^VY[Z]Y[^ I rVTVUXkliOZ × t_� ^VY�t_U_W>Y�Z]Y[^
× Y[\]\�`¬ÕOY}\]Y�T u UfTJ` j Z]Y[W�U_iOrV\bq�iOT�=aÕOrVZ]` u U_iOT���S�SË^ u�Ö YÚY;nU_\ u Y�TVq[YÚi>k<`>T|E{rVT Û
iOZ]^VY[Z]Y[^ I rVTVUXkliOZ × t_�}^nY�tfUXWOY[Z]Y�^ × Y�\h\�`>Õ>Y�\]Y[T u U_T u�Ö Y�q�rVZhZ]Y[T u q�iOT�=VÕOrVZ�` u Ufi>T
gVr u ß Ö iO\hY \hY	5(rVY�Tnq�Y�Z Uf\à\]rn\ j Y�q u Y�^�i>Z	�CS�S�SË^ u�Ö Y q Ö `¬TVÕOYLi>k u]Ö Y TVY u ß,iOZ]Ù
^VY�tf`���\ i>Z u Z]`3L&q t_i-`>^*t_YR`>^V\ u�Ö Y�`>^a` jnu ` u U_iOT j iOt_Ufq[� u i u ZhUfÕOÕ>Y�ZØ` q Ö `>TVÕ>Y
i>kªZhiOtfY[\ÌE u Z�`>Tn\]U u UfiOTn\�klZ]i × `>q u U_W>Y u i j `>\]\hU_W>YÚ`¬TV^¼W0U_q�Y Û WOY[Z]\]` I oÌ¦¶Z]i�q�Y[\]\hY�\
u�Ö ` u `¬Z]Yb\]rV\ j Y[q u Y�^¼`>ZhY@\]U ×Új tX� \ u iOZhY�^ UfT u�Ö Yrs&WJs o [pt&\#[�V W¬`>Z]Uf`>gVt_Y>o

q�Y�q[Y�UXWOY�^ u U_q�Ù>Y u \|E{UfT xÁ#\`SutpÀJ[&\ I `¬Z]Y�rV\hY�^ u i S Ò Ó Û i jnuhÛ ^VY�t_U_WOY[Z × Y�\ Û
\�`>ÕOY[\�o G0U × U_t¿`>Zht_�<4 u Ufq�Ù¬Y u \ ß Ö iO\]Y£rVTVUXkliOZ × U u � Ö `>\Lg�Y[Y�T ÕOrV`>Z�`>T u Y�Y�^ E{U_T
W�Á#\`SutpÀJ[&\ I `>ZhY�rV\hY�^ u i S Ò Ó Û ^VY[tfUXWOY�Z × Y[\]\]`>ÕOY�\[o Ò Ö Y�klrVTnq u U_iOT~}��7����Z]Y u rVZ]Tn\
u�Ö Y TnY&; u × Y�\]\]`>ÕOY u�Ö ` u Ö `>\�g:Y�Y[T'iOZ]^nY�Z]Y[^Æ`>TV^�Tni u ^VY[tfUXWOY�ZhY�^ ElU_kb`>T-� I o
� iOZ]Y}\ j Y[q�U>=VqR`>t_t_�:4eq[iOTV\hUf^VY[Z u ß,i u Ufq�Ù¬Y u \�� �¨� E�oqp2lwnAras�4 �µ�p�7��ô_��� X ��;ô_��� I
`>TV^�� �Ì� E�oxp2lwn�rbs¹4 �]�2�"��ô_�¹� X � �;ô_�µ� I o l£Y \]`R� u]Ö ` u � � ª � � U¥D¹4 ôO�±� ª
ôO����� E ôO�±�·�Dô_�����k�µ� ª �]� I o~K�i u Y u�Ö ` u iOTVt_� u U_q�Ù>Y u \àklZ]i ×�u�Ö Y \]` × Y
q�iOT�=VÕOrVZ�` u Ufi>T `¬Z]YJq�i ×&j `>Z]`>gVtfY¬o Ã#rnTVq u UfiOT�}������ Ö `>\ u�Ö ZhY�Y j `>Z�` × Y u Y�Zh\	?xp[&\`4,` \hY u i>k	Z]Y[q�Y[U_WOY[^ × Y�\h\�`>ÕOY[\	�C\�s [&\/4,`¼\]Y u i¬k u Ufq�Ù>Y u \&`>TV^µ�mV�s [&\/4,`¼\]Y u
i>k ^nY�tfUXWOY[Z]Y�^ × Y�\]\]`>ÕOY[\�o 6 u ZhY u rVZ]TV\ u]Ö Y × Y[\]\�`¬ÕOY£X ����ôO��� \]rVq Ö u�Ö ` u
X ����{ôO����� �7��|T�'��� ß��.� ?bX��z�� ��ôO���¡� ��|T� ª ��| `>TV^2kliOZ Y�WOY�Z��+i u�Ö Y[Z
\]Y	5(rVY[TVq�Y[Z ô 4¢�¤£�¥X� � ß��.� ?K�¢| ª � ß o

ð)�?¦ | C�MOG�P)§$��wFE ° Q�KlG:P
q	Y[q�iOT�=VÕOrVZ�` u Ufi>T Uf\$`>tXß<`R��\ j Y�Z�kliOZ × Y�^ u�Ö ZhiOrVÕ ÖØu�Ö Y,Y&;0Y�q[r u U_iOT i>k#`	q�iOTn\]Y�T Û
\]rV\b`>t_ÕOiOZhU u�Ön× o Ò Ö YàZ]Y�q[iOT�=aÕ>rVZ�` u UfiOT Ö `>\ u ßªi × `>UfT j rVZ j iO\hY�\	? u i UfTn\ u `¬tft
`ÚTVY�ß \hY u i>k¶Z]i>tfY�\ÆEN`¬q u UXWOY34 j `¬\]\]UXWOY34e`>TV^ \]Y	5(rVY[TVq�Y[Zd`>\]\hUfÕOT × Y�T u \ I `>TV^ u i
iOZ]^VY[Z u�Ö YàZ]Y × `>U_TVUfTVÕ&rVTVi>Z]^VY[Z]Y�^ × Y�\h\�`>ÕOY[\�klZ]i × u�Ö Y j Z]Y�W�UfiOrV\@q[iOT�=aÕ>rVZ�` Û
u Ufi>T»o
Ñ Z]Y�q[iOT�=aÕ>rVZ�` u UfiOT�U_\ u ZhUfÕOÕ>Y�Z]Y[^*ß Ö Y�T u]Ö Y�{#`>Õ}x�[pt n U�ñ�Y£U_\à`>q u U_W¬` u Y�^»o

Ò Ö YP=aZh\ u \ u Y j q[iOTV\hUf\ u \¦U_TØq[iOtft_Y�q u UfTVÕ u]Ö Y�\ u ` u Y�klZ]i × i u]Ö Y�Z~TVi�^VY�\$`>g:iOr uFu�Ö Y
tfUf\ u i>k�iOZh^VY�ZhY�^ × Y�\]\]`>ÕOY[\�o Ò Ö Uf\@U_\ j Y[ZhkliOZ × Y[^¼g-� Y&;0q Ö `¬TVÕOUfTnÕ©¨«ª¬�s¤u�s)r
× Y[\]\�`¬ÕOY�\[o Ò Ö Y®¨VªQ¬�s¤u�s)r × Y�\h\�`>ÕOY	qR`¬Z]Z]U_Y�\ u�Ö Y�q[iOT u Y�T u \ªi>k u�Ö Y�kliOtft_i�ß�UfTVÕ
W>`¬Z]U¿`¬gVtfY[\�` u YR`>q Ö Tni0^VY3?Fs&WJs o [pt&\#[�V<4)W�Á�V0[&XvS�w<[&x�[�V<4)xÁ#x�[ptp[&S�w<[�V<4)W�Á#x�[ptp[&S�w<[�V<4)xÁ\/SutpÀJ[&\`4)W�Á#\`SutpÀJ[&\{o,Ôª`>\]U_qR`>t_t_�:40U u q[iOT u `>U_TV\ u�Ö YbtfU_\ u i¬k¶`>t_t»^VY�t_U_W>Y�Z]Y[^ × Y�\h\�`>Õ>Y�\	4
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`>tft�Z]Y�q[Y�UXWOY�^ × Y[\]\]`>ÕOY�\�`>TV^ `>t_t)Z]Y[q�Y[U_WOY[^ u Ufq�Ù>Y u \[o
Ñ × `-8hiOZhU u � i¬kx¨«ª¬8s¤u�s)r × Y[\]\�`¬ÕOY�\ Ö `>\ u iLg:Y&ZhY�q[Y�U_W>Y�^ u i q[i ×&j r u Y

u�Ö YbTVY�ß \ u ` u Yd`¬k u Y�Z�Z]Y[q�iOT�=VÕOrVZ�` u Ufi>T»o Ò Ö YØTnY[ß \ u ` u YØU_\¸q�i ×&j r u Y�^LUfT u�Ö Y
kliOtft_i�ß�U_TVÕ × `>TVTVY[Z	?

ç Ò Ö YL\]Y�5(rVY�TVq[Y T(r × g:Y�Z&i>k u]Ö YLTVY&; u q�iOT�=VÕOrVZ�` u Ufi>T U_\}\]U ×&j tX�*q�i ×}Û
j r u Y�^ g-� UfTVq[Z]Y × Y[T u UfTVÕ u]Ö Ybq�rVZhZ]Y�T u q�i>T�=aÕOrVZ]` u U_iOT T(r × g:Y�Z�o

ç Ò Ö Y�tfU_\ u i>k)\]rV\ j Y[q u Y[^ × Y × g:Y�Z]\�U_\ u]Ö Y�rnTVUfiOT&i>k × Y × g�Y[Z]\�\]rn\ j Y�q u Y�^
g-� u�Ö Y<^nU>D�Y�Z]Y[T u!j Zhi0q[Y�\]\hY�\�E u�Ö U_\$t_Uf\ u Uf\$iOTVtX�brV\]Y[^ ß Ö Y�T}`>\h\]U_ÕOTVUfTnÕ u�Ö Y
`>q u UXWOY�ZhiOtfY u i j Zhi0q[Y�\]\hY�\�?�\hrV\ j Y�q u Y[^ × Y × g�Y[Z]\�\ Ö i>rVtf^Úg�Y�q�iOT�=VÕOrVZ]Y[^
`>\ j `¬\]\]UXWOYÚTVi0^nY�\ I o Ò Ö Y j Zhi0q[Y�\h\ØY;nq[tfrV^nY�\ØklZhi × u]Ö Y&\]rV\ j Y[q u Y[^*tfU_\ u
`>t_t u]Ö Y j Zhi0q[Y�\h\]Y�\¸klZhi × ß Ö Ufq Ö Uf\ Ö `>\<ZhY�q�Y[U_W>Y�^L`v¨«ª¬�s�u�swr × Y�\h\�`>Õ>Y
`>\	`>T U_T j r u�u i u]Ö YbTVY[ß�q�iOT�=VÕOrVZ�` u Ufi>TbElUfTVq[tfrV^nUfTVÕàU u \]Y[t_k I o

ç Ñ tft�Ù�Tni�ß�T × Y�\h\�`>Õ>Y�\ ElU.osY>o¥4 u�Ö i>\]Y�U_TVq�t_rV^VY�^ÄUfT u]Ö Y�q[iOtft_Y�q u Y�^V¨VªQ¬aû
s¤u�s)r × Y�\]\]`>ÕOY[\ I `>ZhY�Õ-` u�Ö Y[Z]Y�^ u i g:Y�^nY�tfUXWOY[Z]Y�^ g:Y[kli>Z]Y�`dTVY[ß q[iOT�=aÕ Û
rVZ]` u U_iOT Uf\¸U_TV\ u `>tft_Y�^»o

ç Ñ tft)Ù(TVi�ß�T u Ufq�Ù¬Y u \ÆElU.osY>o¥4 u]Ö iO\]YbU_TVq�t_rV^VY�^ U_T u�Ö Ybq[iOtft_Y�q u Y�^ü¨«ª¬�s¤u�s)r
× Y�\h\�`>ÕOY[\ I `¬Z]Y ÕO` u�Ö Y[Z]Y[^ u i�g:Y ` jVj tfU_Y�^Lg�Y�kliOZ]Y ` TVY�ß q�iOT�=VÕOrVZ�` u Ufi>T
U_\¸UfTV\ u `>t_tfY�^)o

çFý TVi�ß�T × Y�\h\�`>ÕOY[\Øß�U u�Ö iOr u ` u U_q�Ù>Y u `>Z]Y&Y&; j t_Ufq[U u tX� t_Uf\ u Y�^JUfTÄ`>T|W0U]Á
n x�V0[&x�[�VÌs [&\mEëWNs [&\ I o

ç Ñ TVY�ß q[iOT�=aÕOrnZ�` u UfiOTÆi>k j `>\h\]UXWOYJ`>TV^ `>q u U_W>Y Z]iOt_Y�\�U_\ q�iOTV\ u ZhrVq u Y�^
rV\hUfTVÕ�^a` u `�klZhi ×�u�Ö Yª`>^V` jnu UXWOY j i>tfUfq��ÌEl\]Y�Y,^VUf\hq�rV\h\]U_iOT g:Y�t_i�ß I `>Tn^ u�Ö Y
t_Uf\ u i>k�\]rV\ j Y[q u Y�^ × Y × g�Y[Z]\[o Ñ \@TVi u Y�^¼g:Y[kliOZhY<4»\hrV\ j Y�q u Y�^ × Y × g:Y�Z]\
q�`>T i>TVt_� g�Yd`>\h\]UfÕ>TVY�^ ` j `>\]\hU_W>YØZhiOtfY¬o

Ò Ö Y�TVY[ß \ u ` u Y�q�i ×&j r u Y�^ u]Ö Uf\�ß<`R��U_\ªrV\hY�^ `>\<`>T�UfT j r uªu i q�i>TV\]Y[TV\]rV\[oK�i u Y u]Ö ` u ^VU¥D)Y[Z]Y�T u$j Z]i�q�Y[\]\hY�\ × `R� Ö `RWOY,rV\]Y[^à`�^VU>D�Y�ZhY�T u \]Y u i>kA¨«ª¬�s¤u�s)r
× Y[\]\�`¬ÕOY�\	ß Ö Y�T¼q[i ×Új r u U_TVÕ u]Ö Y j Zhi j iO\�`>tekliOZ u�Ö Y TVY; u \ u ` u Y>oÚcªiOTV\hY�TV\hrV\
Y�TV\hrVZ]Y[\ u]Ö ` u `>tft�q�iOZhZ]Y[q u	j Z]i�q�Y[\]\hY�\�^nY�q�U_^VYbiOT u�Ö Yb\�` × Y@q[iOT�=aÕOrnZ�` u UfiOT»o
Ò Ö Yd^nY�q�U_^VY�^ q[iOT�=aÕOrnZ�` u UfiOT Uf\ªrV\]Y[^ u i&r j ^a` u Y u�Ö Y@tfi�qR`>t�\ u ` u Yb` u Y�`>q Ö

TVi0^nY>o Ò Ö Y \]Y u i>k�Ù(TVi�ß × Y�\h\�`>Õ>Y�\ U_\ `>^V^nY�^ u i u�Ö Y W0Á#x�[ptp[&S�w<[�VÄ\]Y u EN`>Tn^
Z]Y × i�WOY[^dklZhi × xÁ#x�[ptp[&S�w<[�V I o�G0U × Uftf`>Z]tX�:4 u�Ö Y�\]Y u i>knÙ(TVi�ß�T u Ufq�Ù¬Y u \$U_\F`>^V^VY[^ u iW�Á#\`SutpÀJ[&\CE{`>TV^ Z]Y × i�WOY[^LklZhi × x&Á#\`SutpÀJ[&\ I o Ò Ö Y[T�4#`>tft × Y[\]\]`>ÕOY�\<ß�U u�Ö ` u U_q�Ù>Y u
UfTHW�Á#\`SutpÀJ[&\ u�Ö ` udÖ `RW>Y TVi u g:Y�Y�TÄ^VY�t_U_WOY[Z]Y[^*`>ZhYÚ^VY[tfUXWOY�ZhY�^£UfT u�Ö Y&iOZ]^nY�Zdi>k
u�Ö Y[UfZ u U_q�Ù>Y u \�o�Ã¦U_Ta`>t_t_�:4 u�Ö Ydt_Uf\ u i>k × Y[\]\�`¬ÕOY�\�UfT¾W0Á#x�[ptp[&S�w<[�V ß�U u�Ö iOr u<u U_q�Ù>Y u \
Uf\�^nY�tfUXWOY[Z]Y�^¼U_T \hi × Y ^VY u Y�Z × UfTnUf\ u UfqdiOZ]^nY�Z�o¨K�i u Y u�Ö ` u�u�Ö Uf\ j `>Z u Ufq�rnt¿`>Z	\]Y u
i>k × Y�\h\�`>Õ>Y�\�Uf\<i>Z]^VY[Z]Y�^ `>\¸U_T u�Ö Ybq�i>TV\]Y[TV\]rV\ Û ga`¬\]Y�^ u i u `>t»iOZh^VY�Z�`>t_ÕOiOZhU u�Ön×
i>k¸Üh@>ÞNoÎÃ¦UfTV`>tftX�:4 u�Ö YbTVY�ß q�iOT�=aÕOrVZ]` u U_iOT Uf\¸UfTn\ u `¬tftfY[^»o

�;�



Ô,Y[kliOZhY<UfTVU u Uf` u U_TVÕ	`�Z]Y�q[iOT�=aÕ>rVZ�` u UfiOTkElU.osY<4¬g�Y�kliOZ]Y<\hY�TV^nUfTVÕbU u \Í¨«ª¬�s¤u�s)r
× Y[\]\�`¬ÕOY I Y�`>q ÖÚj Z]i�q�Y�\h\,Y[T u Y�Zh\�UfT u�Ö Y¸gntfi�q�Ù>Y�^&\ u ` u Y¬of6T&gVtfi�q�Ù>Y[^&\ u ` u Y<4 u�Ö Y
j Z]i�q�Y[\]\�^Vi�Y�\�TVi u \hY�TV^ TVY�ß × Y[\]\�`¬ÕOY�\@`¬TV^¼^Vi�Y�\�TVi u `>q[q�Y j0u TVY[ß u Ufq�Ù>Y u \[o
Ò Ö Uf\ j Z]Y[W>Y�T u \ u�Ö Y iOZ]^VY[ZàY�\ u `>gVt_Uf\ Ö Y�^�g-��q[iOTV\]Y[TV\]rn\ u i¼q�iOT�{aUfq u ß�U u�Ö `¬T
iOZ]^VY[Z�Y[\ u `>gVtfU_\ Ö Y[^ rV\hUfTVÕ u�Ö YØTVY[ß u Ufq�Ù¬Y u \[oF6 u `>t_\]i × U_TVU × Uaz[Y�\ u]Ö YØT(r × g�Y[Z
i>k × Y�\h\�`>ÕOY[\�\hY�T u�u i `>T iOgV\hiOtfY u Ydq�iOT�=VÕOrVZ�` u Ufi>T»o Ò Ö Y j Z]i�q�Y[\]\�q Ö `>TVÕOY[\ u i
u�Ö YbrVT(gVt_i0q�Ù¬Y�^ \ u ` u Yd`¬k u Y[Z¸UfTV\ u `>t_tfUfTnÕ `}TVY[ß�q�iOT�=VÕOrVZ�` u Ufi>T»o

ð)�~ð � D ° ËFQ�KPO:C B�G$²{KNM �
Ò i `>tft_i�ß ^n��Ta` × Ufq&Z]Y[q�iOT�=aÕOrVZ]` u U_iOT j Z]i�q�Y�\h\]Y[\ × rV\ u g:Y `¬gVtfY u iLY[W¬`>t_ra` u Y
\h��\ u Y × j `>Z�` × Y u Y�Zh\ `>\ u Z]`3L&q t_i-`>^£`>TV^*TVY u ßªi>Z]ÙJ^VY�tf`���\[o Ò Ö Y&kliOtft_i�ß�UfTVÕ
` jVj Zhi-`>q ÖÄ× `R� g�Y}rV\hY�^�? YR`>q Ö*j Z]i�q�Y�\h\ u U × Y�\ u ` ×&j \@Y[W>Y�Zh� × Y�\]\]`>ÕOY}ß�U u]Ö
U u \,i�ß�T tfi�qR`>t#q�t_i0q�ÙÚ` u,u�Ö Y u U × Y�i¬k u Z�`>Tn\ × Uf\]\hUfiOTµ�0ga`¬\]Y�^ i>T u�Ö Y × Y�\h\�`>Õ>Yy©s\
u U × Y�\ u ` ×&j 4)`>tft j Z]i�q�Y[\]\]Y[\Øq�`>TJ^VY u Y�Z × UfTnY u�Ö Y&`RWOY[Z�`>Õ>Y u Z�`>Tn\ × Uf\]\hUfiOT¼Z]` u Y
i>k u�Ö Y \]Y[TV^VY[Z j Z]i�q�Y[\]\[o Ò iÄ^VY u Y[Z × UfTVYL^VY�tf`R�0\ÚUfT2UfT u Y[Z Ûj Z]i�q�Y�\h\ t_UfTVÙ(\	4<`
\]U ×&j t_Y¸Z]iOrVTn^ Û�u Z]U j ^VY[t¿`R� × Y u�Ö i0^&Uf\�rV\hY�^»o Ñ u Y[W>Y�Zh� j ZhY Û ^VY u Y�Z × UfTnY�^Ì=�;0Y�^
UfT u Y[ZhW¬`>tni¬k u U × Y<4>`>tft�Z]Y[q�Y�UXW�UfTVÕ j Zhi0q[Y�\h\]Y�\�i>k�`�ÕOUXWOY[Tà^a` u ` × Y�\h\�`>Õ>Y¸Z]Y�\ j i>TV^
U ×&× Y[^VU¿` u Y�tX� ß�U u]Ö ` j iOUfT u�Û�u i Ûj iOUfT u T(rVtft × Y�\]\]`>ÕOY u i u]Ö Y iOZhUfÕOU_Ta` u i>Z j Z]i Û
q�Y�\h\ i>k u�Ö Ye=aZh\ uÚ× Y[\]\]`>ÕOY>o Ò Ö Uf\ j Zhi0q[Y�\]\&qR`¬T u�Ö Y�T+q�`>tfq[rVt¿` u Y u�Ö YL^nY�t¿`R�
g�Y u ßªY[Y�T U u \]Y[t_k$`>TV^ `>t_t)Z]Y[q�U j UfY[T u \�o6T¼i>Z]^VY[Z u i Y�W>`¬tfra` u Y \��0\ u Y × j `>Z]` × Y u Y[Z]\�gV`>\]Y[^Ji>T¼\�` ×&j tfY × Y�`>\]rnZ]Y Û
× Y[T u \	4$` \hU ×&j tfY�qd[�»<U]Áus7þ0S ÿ\¶^nY u Y[q u iOZØU_\brV\]Y[^�? `>T£UfTVU u Uf`>t × YR`¬TJW¬`>t_rVY}i>k
Z�` u Y¸`>TV^}^VY[t¿`R� U_\!qR`¬tfq�rnt¿` u Y�^àrV\hUfTVÕ u]Ö Y'=aZ]\ u�� \�` ×&j t_Y�\¦klZhi × Y�`>q Ö}j Z]i�q�Y[\]\[ol Ö Y�TVY�WOY[Z}` Z]rVTÄi>k � iOZ × i>Z]Y \]` ×&j tfY[\dk{`>t_t�Y�U u]Ö Y�Z `>tft�`>g:i�WOY u]Ö Y × YR`¬T
W>`¬tfrVY i>Zb`>tft~g�Y[tfi�ß U u 4 u�Ö ` u�× Y�`>T¼W>`¬tfrVY U_\�Z]Y[qR`>t_q�rVtf` u Y[^ `>TV^ rV\hY�^JUfT u�Ö Y
TVY&; u U u Y�Z]` u U_iOT»o Ñ \ u�Ö Yà\�� ×Ú× Y u Z]Ufq `>tfÕ>iOZ]U u�ÖV× ZhY�tfU_Y�\�iOT u�Ö YØk{`>q u�u]Ö ` u `¬tft
j Z]i�q�Y[\]\]Y[\ × rV\ u g:Y¸q�i>TV\ u `>T u t_� \]Y[TV^VUfTnÕ × Y�\h\�`>Õ>Y�\	4-\���\ u Y ×5j `>Z]` × Y u Y[Z]\!q�`>T
g�YbY[W¬`>t_ra` u Y�^L`¬k u Y[Z�`&\ Ö iOZ u�j Y[Z]Ufi�^ i>k$i j Y[Z�` u UfiOT)olÆU u�Ödu�Ö Y<\���\ u Y × j `>Z�` × Y u Y�Zh\ u�Ö Y¸`>tfÕ>iOZ]U u�ÖV× × rV\ u `>\]\hUfÕOT Z]iOt_Y�\ u i�Y�`>q Ö
j Z]i�q�Y[\]\�o¹6T iOZ]^nY�Z u i�q[iOT�=aÕOrnZ]Y u]Ö Yª\��0\ u Y × 4-` Ö Y�rVZhUf\ u Ufq u�Ö ` u `¬Ta`>t_��\hY�\!Y�`>q Ö
j `>UfZ¶i¬k j Zhi0q[Y�\]\hY�\,UfT&Uf\]i>t¿` u UfiOT U_\�rV\]Y[^»o�cªiOTV\hUf^VY[Zª` j Z]i�q�Y[\]\ � 4(\]rVg08hY[q u,u iØ`
tfi-`>^Lq Ö `>Z]`>q u Y�ZhUaz�Y[^ g-� ` × YR`>T UfT u Y[Z Û× Y�\h\�`>Õ>Y u Z�`>Tn\ × Uf\]\hUfiOT u U × Y�± õ 4)`>Tn^
\]rVq ÖJu�Ö ` ubu]Ö Y}^VY�tf`�� u i u�Ö Y}TVY�`>Z]Y[\ u E{UfT u Y�Z × \bi>k,TVY u ß,iOZ]Ù¼^nY�t¿`R� I `>q u U_W>Y
j Z]i�q�Y[\]\�� Uf\�� W õ Y ��Z o Ò Ö Yàq�iOTn^VU u UfiOT u�Ö ` u�× rV\ u g:Y \�` u Uf\�=aY�^ kli>Z j Zhi0q[Y�\h\ �u i¼`>\h\]r × Y ` j `¬\]\]UXWOY�ZhiOtfYÚUf\�� W õ Y �
Z	� ± õ�
 ��� W õ Y ��Z o«6T u]Ö Uf\ qR`>\hY<4¶UfT u Y�Z Û× Y[\]\�`¬ÕOY u Z�`>Tn\ × Uf\]\hUfiOT u U × YàUf\btfiOTnÕOY�Z u�Ö `>T u]Ö Y&Z]iOrVTn^ Û�u Z]U j ^VY[t¿`R� u i u�Ö Y
TVYR`>ZhY�\ u `¬q u UXWOY j Zhi0q[Y�\h\bE u�Ö Y[Z]Y�kliOZ]Y34 � qR`>TÆZhY	5(rVY�\ u `¬TV^ÆiOg u `¬UfT'` u U_q�Ù>Y u
klZ]i × ��g:Y[kliOZhY u]Ö Y�ZhY U_\�`&TVY[ß × Y�\h\�`>Õ>Y u i g:YØ\hY�T u I o�Ó�T u�Ö Ydi u�Ö Y�Z Ö `>TV^�4
U_k� W õ Y �
Z�� ± õ�� ��� W õ Y ��Z u�Ö Y[T�4 � \ Ö iOrntf^ `¬\]\]r × Y `>T `>q u UXWOY ZhiOtfYd\]U_TVq�YØU u Uf\\]Y�Tn^VUfTVÕ × Y�\h\�`>Õ>Y�\<k{`>\ u Y�Z u]Ö `>T u]Ö Y u U × Y�Z]Y�5�rnUfZ]Y[^ u i iOg u `>U_T ` u U_q�Ù>Y u klZhi ×
u�Ö Y u i>Ù>Y�T Û \]U u Y¬o
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ð)�8e Å G#E�E�C�M>Q�P~C zRz
Ò Ö Ybq�iOZhZ]Y�q u TVY[\]\ j Z]i�i>kl\�`>ZhY j Z]Y�\hY�T u Y[^ UfT Ñ jVj Y�TV^VUô;�o

f gÊ�~Ë�·�Ì�Ëg� A�É�Ï)�ih�=®AÎ�hÎ�A¦ÊVÐ�Ì,É
e)�`� � P ° ² � Q�K{M ° ²Bj	O ° ²Nw ° Q�KlG:P
6T u�Ö Uf\&\]Y�q u U_iOT u]Ö Y j Y�Z�kliOZ × `>TVq[Y i¬k u�Ö Y j ZhY�\]Y[T u Y�^Æ`¬tfÕOiOZhU u]ÖV× U_\ÚY�W>`¬tfr Û
` u Y[^'`>TV^'q[i ×Új `>Z]Y[^+ß�U u]Ö+u�Ö Y TViOT Û rVTVUXkliOZ × Ö ��gVZ]U_^Æ`>tfÕ>iOZ]U u�ÖV× `¬TV^ u�Ö Y
q�iOTV\hY�TV\hrV\�ga`>\hY�^ u i u `>t:iOZ]^VY[Z	40rV\]U_TVÕ q�i ×Ú× rnTVUfq�` u U_iOT \ u Y j \�o�ceY u ± ß g:Y u�Ö Y
× `�;0U × r × UfT u Y[Z Û�× Y[\]\�`¬ÕOY u U × Y,i>k�`>tft�\]Y�5�rnY�TVq[Y�Z]\,i>k�`@ÕOU_W>Y�Tàq�i>T�=aÕOrVZ]` u U_iOT»ol Ö Y�T u]Ö Y \hY�TV^VY[Z Uf\ u�Ö YÚ\]Y�5�rnY�TVq[Y�Zài>k�U u \di�ß�T × Y�\h\�`>Õ>Y�\ u]Ö Y�`>t_ÕOiOZhU u�Ön×
Z]Y	5(rVU_Z]Y[\ u ß,i q�i ×&× rVTnUfqR` u Ufi>Tà\ u Y j \ j t_rV\s± ß E{iOTnY	kliOZ�\hY�TV^VU_TVÕ u]Ö Y × Y�\h\�`>Õ>Y
ß�U u�Ö�u]Ö Y `>\]\hi0q[U¿` u Y�^ u U_q�Ù>Y u 4,`>TVi u]Ö Y�ZàÕOrV`>Z�`>T u Y�Y�U_TVÕ u�Ö Y rnTVU_kliOZ × U u �:4�`>Tn^
± ß u iÄ\ u `>gnUftfU>z�Y u�Ö Y u U_q�Ù>Y u I ��ß Ö Y�T u]Ö Y \hY	5(rVY�Tnq�Y�Z U_\ `£^VU>D�Y�ZhY�T u j Z]i�q�Y�\h\
u�Ö Y[T u�Ö Y�`>t_ÕOiOZhU u�Ön× Z]Y�5(rVUfZhY�\ u�Ö ZhY�Y�q[i ×&× rVTVU_qR` u UfiOTà\ u Y j \ j t_rV\$± ß E{iOTnY	kliOZ
\]Y�Tn^VUfTVÕ u]Ö Y × Y�\]\]`>ÕOY34-i u�Ö Y[Z!kliOZ¦\hY�TV^nUfTVÕ u�Ö Y u Ufq�Ù¬Y u 4(`>TVi u]Ö Y�Z�`>\h\]rVZhUfTVÕ@rnTVU Û
kliOZ × U u �<4�`¬TV^ö± ß u i \ u `¬gVUft_Uaz�Y u]Ö Y u U_q�Ù>Y u I oÒ6 u Uf\	U ×&j iOZ u `>T u	u i�TVi u Ufq[Y u�Ö ` u 4
^VrVY u i u]Ö Y�`>^a` jnu UXWOY j iOtfU_q[�di>k u�Ö Y�`¬tfÕOiOZhU u]ÖV× 4 u]Ö Y¸Y&;0Y�q[r u U_iOT u�Ö ` u Z]Y	5(rVU_Z]Y[\
u�Ö ZhY�Y@q�i ×Ú× rnTVUfq�` u U_iOT \ u Y j \	U_\<iOTVtX� q[iOT�=aÕ>rVZ]Y[^Lß Ö Y[T u�Ö Y@tf` u Y[TVq[� q�iO\ u i>k
iOTVY�q[i ×Ú× rVTVUfq�` u U_iOT&\ u Y j Uf\,\ × `>tft_Y�Z u�Ö `>T¨± ß o Ò Ö Y�i u]Ö Y�Z<U ×Új iOZ u `>T u q Ö `>Z Û
`>q u Y�Z]U_\ u Ufq¸i>k u�Ö U_\�`>tfÕ>iOZ]U u�ÖV× Uf\ u]Ö ` u ß Ö Y[T U u�× `>Ù¬Y�\�`>T&i jnu U × U_\ u Ufq�^VY�t_U_WOY[Zh�
i>k u]Ö Y × Y�\h\�`>Õ>Y�\	4 u�Ö U_\&i>Z]^VY[Z&U_\}Y	5(ra`>t u i u�Ö Y =aTa`¬t¸iOZ]^VY[Z&ß Ö Y�T+TniOTVYLi>k
u�Ö Y j Zhi0q[Y�\h\]Y�\dUf\�\]rV\ j Y[q u Y[^»o Ò Ö Uf\@^nY�tfUXWOY[Zh� U_\ × `¬^VY iOTVYàq[i ×&× rVTVU_qR` u UfiOT
\ u Y j g:Y[kliOZhY u]Ö Y u Y�Z × U_Ta` u U_iOT i>k u]Ö Y gnZ]i-`>^nqR`>\ u 4:\]i u]Ö Ydq�iO\ u i>k¦i jnu U × U_\ u Ufq
^VY�t_U_WOY[Zh� U_\	i>TVYØi>Z u ß,iM4#ß Ö Ufq Ö Y�WOY[Z�Uf\�g:Y�\ u UfT u Y[Z × \	i¬k¶t¿` u Y�TVq��Oo Ò Ö Y j Y�Z Û
kliOZ × `>TVq[Y i>k�i j0u U × Uf\ u U_qà^VY�t_U_WOY[Zh�£Uf\dY	5(ra`>t u i u]Ö Y j Y�Z�kliOZ × `>TVq[YÚß�U u]ÖÄu�Ö Y
TViOT Û rVTVU_kli>Z × Ö �0gnZ]Uf^ u i u `¬tniOZh^VY�Z�4 j Z]Y[\]Y�T u Y�^&UfT u�Ö Y Ò `¬gVtfY � 4O\]ibU_k:`¬T}` jVj t_U Û
qR` u UfiOT&qR`>T u `>Ù¬Y�`>^0W>`¬T u `>ÕOY	i>k u]Ö Uf\�Y�`>Z]tX�}^VY�t_U_WOY[Zh� u]Ö Y�q[iO\ u i>k u]Ö Y	rVTVU_kli>Z ×
`>TV^ TVi>T Û rVTnU_kliOZ × `¬tfÕOiOZhU u]ÖV× \FU_\ u�Ö Y<\�` × Y>o Ñ q[iOTV\]Y[TV\]rn\�gV`>\]Y[^ u i u `¬t�i>Z]^VY[Z
Z]Y	5(rVU_Z]Y[\ u]Ö Z]Y[Y q�i ×Ú× rnTVUfq�` u U_iOT \ u Y j \�4�\hi iOrVZ	`>t_ÕOiOZhU u�Ön× Ö `>\ u�Ö YØ\]` × YbiOZ
tfi�ßªY[Z�q�iO\ u ß Ö U_tfY j Zhi�W0U_^VUfTnÕ u]Ö Ybi jnu U × U_\ u Ufq�^VY[tfUXWOY�Z�� UfT u�Ö Yd\]` × YdT(r × g�Y[Z
i>k¦\ u Y j \�`¬\ u]Ö Y Ö �0gnZ]Uf^ `>t_ÕOiOZ]U u�ÖV× o

e)�>� jlk)Ë¶C(EHK/�ÄC�P�Q ° ²�j	O ° ²{w ° Q�K{G:P
lÄY Ö `RW>Y,U ×Új t_Y × Y�T u Y[^@` j Z]i u i u � j Y¶i>kni>rVZF`>tfÕ>iOZ]U u�ÖV× `>Tn^ j Y�Z�kliOZ × Y�^b\hi × Y
\]U ×&j t_Y j Z]i�i>k Û i>k<q�iOTVq[Y jnu Y&; j Y[Z]U × Y[T u \�o¼Ô,Y[kliOZhY j ZhY�\]Y[T u UfTnÕ u�Ö YÚq�iOt_tfY�q u Y[^
Z]Y�\hrVt u \	4�ßªYLgVZhUfY�{n�*^VY[\]q�ZhUfg:Y u�Ö Y q Ö `>Z]`>q u Y�ZhUf\ u Ufq[\&i¬k u]Ö Y U ×&j tfY × Y[T u ` u U_iOT
`>TV^ u�Ö YbY&; j Y�ZhU × Y�T u `>t)\]Y u r j o
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p1 p2 p3 p4

100 Mb/s Ethernet

p1 p2 p3 p4 p1 p2 p3 p4

100 Mb/s Ethernet 100 Mb/s Ethernet 100 Mb/s Ethernet 100 Mb/s Ethernet

Long-haul link (200 ms delay) Long-haul link (200 ms delay) Long-haul link (200 ms delay)

a) Sequencer-based b) Symmetric c) Hybrid

100 Mb/s Ethernet
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