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��TWÜQbK`tH �Qî[JQIKRçÚKJ*`tÛaXmú�JYü<î	úÇå£ü<î£J*I£R0ú�Õ ü�è

2;`aH�ígT^PYbKXEë}PQ`a\�NKJYX�J�ÛtÛtH Ù1Ú[ÛtH R7ÛtP�ÕxN£J*`xJQÕ�ÛaH�`aT^V H}ÛtN[H/`tPYå[bKX�ÛtI[H{XtX�P*Ö	J¬XaÕxN[H R�bK]^H��YTWI
P*ÛtNKH�`Eë�PY`aRKX�î{N[P�ë `aPQå[b£XlÛ�ÛtN[HUXaÕxN[H R�bK]^H}ë�PYb[]_R¬åOH}T^Ö£í�JQ`tT_J�ÛaT^PYIKX�TWI¬ÛaN[H'H X�ÛtTWÙºJ�ÛtH{X6bKX�H{R
ÛtPDåKb[T^]_R�ÛaN[H1XaÕxN[H{R�b[]WH¬ë�H `tH�ÛtP7P�Õ Õ<b[` J�Û¸`tb[I�
�ÛaT^Ù�HDý��Qî ��ÿ�èOé�]µÛaN[PQb[ÜYN�ÛtNKH�`aPQå[bKX�ÛtIKH XaX
Ù1H�Ût`aTWÕ�Ù�T^ÜYNsÛ6åOH'bKX�H�ÖÇb[]gT^I1H�í�JQ]^bKJ*ÛtTWI[Ü�P�íYH�`xJ*]W]YR�T��ÄH�`aH�IsÛEXaÕxN[H{R�b[]WH X î{T^ÛANKJQX�]WTµÛtÛt]WH'R[T^`aH Õ<Û



í�JQ]^bKHºÖÇPQ`¬PYb[`¬Ú[bK`tÚOPYXtH X��®N[H�`aHQî�ë�HºëUT_XtNæÛtP�bKXtHDXtÚ£H{Õ<T��£ÕºÕ<`aTµÛaH�`aTWJçÛaP�X�H ]^H{Õ�Û{î�J�Û¬`ab[I�

ÛtTWÙ1HYîAÚKJ*`tÛtT_Õ<bK]WJQ`¬ÛaJYX�\�X1åOH<ÖÇPQ`aH7ÛaN[H�H<Þ�H Õ�b�ÛtTWPQI4P*Ö�ëUNKTWÕxN T^Ûºë�PYb[]_R åOH@åOH�I[H �£Õ<T_J*]}ÛaP
`tH{XtÕxN[H{R�b[]WHQè���P1JYÕxN[T^H íQH/ÛtN[T_X î�ë�H¸å[b[TW]WRçPYI@J*I£RDH�ÞsÛaH�IKRDÛlë}P¬ÖÇb[IKRKJ*Ù�H�IsÛaJQ]	ÝsbKJ*IsÛtT^ÛtTWH X
ÛtNKJ*Û7NKJ�íQH�åOH�H�I bKXtH R�ÛtPÂÙ�H{JQXtb[`tH�`aPQå[b£XlÛaI[H XaX �6ÛaN[H ä ø[ô átñ�ó ð�� ñ î�JQIKR�ÛtN[H ä�ö ô òaâ P*Ö
J�I[P�R�HYè �'N[HÂX�ÚKJQ`tHMÛtTWÙ�HQîUÕ<PYÙ1ÚKb�ÛtH{R åOH<Ûlë}H�H I J4ÚKJ*TW`�P*Ö%R�H Ú£H IKR�H IYÛ�I[P�R�H{X@ÛtNKJ*Û
J*`aH@H TµÛaN[H�`ºÕ<PYI[I[H{Õ�ÛtH{R ågÔ�JQI�H R[ÜQHçT^I4ÛtN[H�û�é�× ú¨R[J*ÛaJØR�H�ÚOH�I£R�H�IKÕ�H{ü<îAPQ`�H<Þ�H Õ�b�ÛtH{R
X�bKÕ Õ<H{XtXtT^íYH�]WÔ PQI ÛaN[HæXtJQÙ1HØÙºJQÕxN[TWI[H úÇÙºJQÕxNKT^I[HæR�H Ú£H IKR�H�I£Õ<H{ü<î�X�NKP�ë�XDëUNKJ*ÛçT_XçÛtNKH
Ù�J*Þ�T^ÙºJ*]6ÛaT^Ù�H1ÛtNKJ*Û ÛtN[HºXtPQb[`xÕ<H1P*Ö�R[H�ÚOH�IKR�H IKÕ<HºÕ J*IØH<Þ�H Õ�b�ÛtH ß ð ó ù à � ó J��OH{Õ�ÛtTWI[ÜçÛtNKH
XlÛxJ*`tÛ�ÛtTWÙ�H�P*ÖAÛtNKH�XtTWI[\�P*Ö;ÛaN[H1R[H�ÚOH�IKR�H IKÕ<HYè �'N[H�X�]_JQÕx\çP*Ö�J@I[P�R�H%TWX R�H �KI[H R0JQX/ÛtNKH
Ù1TWI[TWÙ�b[Ù�XtÚKJ*`aH ÛtTWÙ�H�PYI�J*IgÔDÚKJ*ÛtN�ÖÇ`aPQÙ8ÛtN[T_X/I[P�R�HmÛtP7ÛtN[H¬H�Þ�TµÛ¸I[P�R�H¬P*ÖEÛaN[H%û�é�×1è
�'N[TWX T_X/ÛtN[H�ÙºJ�Þ�TWÙ�b[ÙÁR[H�]_J�Ô�ÛtNKJ*ÛmÕ J*I0å£H1ÛtPY]^H `aJ*ÛtH{R�TWIMÛaN[H�H<Þ�H Õ�b�ÛtTWPQIMÛtTWÙ1H�PQÖ�ÛtNKH
I[P�R�H/ëUT^ÛtNKPQb�ÛUJ �ÄH Õ<ÛtTWI[Ü�ÛaN[H¸P�íQH�`xJ*]W]KXaÕxN[H R[b[]^H¸]WH�I[ÜQÛtN	è ��Ö	ÛaN[H¸Xt]_JQÕx\�P*Ö�J%I[P�R�H�T_X}V�H `tP£î
ÛtN[HUI[P�R�H'T_XAÕ�JQ]^]WH R ò<á ð ó ð ò ô ö �sJ*IgÔ¬R�H�]_J�ÔmPQI%ÛtNKHUH<Þ�H Õ�b�ÛtTWPQI�ÛtTWÙ1HUPQÖKÛaN[TWXEIKPgR[HUëUT^]W][J �ÄH Õ<Û
ÛtN[HmÙºJ*\YH XtÚKJ*I@P*Ö6ÛtN[H¬JQÚ[Ú[]WTWÕ J�ÛaT^PYI	è

é�ÖÇPY`tÙºJQ]gR[H
�KI[T^ÛtTWPQIºJQIKR%JQI%H�Þ[J*Ù�Ú[]WH�ÖÇPY]^]WP�ë�åOH�]WP�ë ��ë�H'I[PQÛtH}ÛtNKJ*ÛEÛtN[H�R�H �KI[T^ÛtTWPQIKX
T^IØý �*ÿÄR�P%I[P*Û}ÛaJQ\QH/T^IsÛtP1JQÕ Õ<PQbKIYÛ�ÛtN[H Õ<PYÙ�Ù�b[I[T_Õ�J*ÛtTWPQIDÕ�PYX�Û�åOH<Ûlë}H�H IDR[J�ÛxJ�R�H Ú£H IKR�H IYÛ
ÛaJQXt\�X�î*ÛtN[H `tH åsÔ%]^TWÙ�TµÛaT^IKÜ¬ÛtNKH�TW`�J*Ú[ÚK]^T_Õ�JQå[T^]WT^ÛlÔQè��/bK`�R�H
�£I[TµÛaT^PYIKX�JQ`tH�JQb[ÜQÙ�H IYÛaH R%ÛtP¬ÛaJ*\YH
T^IsÛtPºJYÕ�Õ<PYb[IsÛ�Õ<PQÙ�Ù%b[I[T_Õ�J�ÛaT^PYI	è
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��PQIKXtTWR[H�`/J@XtÕxNKH R�b[]WH¬ÖÇPY`¸JDÜQTWíQH I�û�é�× �OÛtN[H�X�Ú£J*`aHmÛtTWÙ�H%åOH<Ûlë}H�H IMJ7I[P�R�H��UJ*IKR�JQI
T^Ù�Ù�H R�T_J�ÛaH¬X�b£Õ�Õ<H{XtXtPQ`���T_X�R�H �KI[H{RçJYX
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ëUN[H�`aH �9- ú:�sü}T_X'ÛaN[H¬H<Þ�ÚOH Õ<ÛtH R�X�ÛaJQ`�ÛUÛaT^Ù�H¬PQÖ6IKPgR[H;��ú¨PQI�ÛtNKH¬ÙºJQÕxN[TWI[HmëUN[H `tHmT^Û�NKJYX
å£H H�I7XaÕxN[H R�bK]^H{R�ÛaPsü<îYJ*I£R<2=4 - ú��*)+�gü6TWXAÛtN[HUÛaT^Ù�H�ÛtNKJ*Û�J*]W][ÛtNKH�R[J�ÛxJ `tH{Ýsb[T^`aH R1ågÔ�IKPgR[H
��ÖÇ`aPQÙ IKPgR[H=��ëUTW]^]�J*`a`tTWíQH1PQIæÛaN[HºÙºJQÕxN[TWI[HºëUN[H `tHºI[P�R�H>��H<Þ�H Õ�b�ÛtH{X�è ��P�TW]^]WbKX�Ût`xJ�ÛaH
ÛtN[T_X;ëUT^ÛtNºJ*I�H�Þ�JQÙ�Ú[]^HYîQÕ<PYIKXtTWR�H ` �6T^ÜYb[`aH ��JQIKR%ÛtN[H/XtÕxN[H{R�b[]WHUT^I �6TWÜQb[`aH �Yú�RKüUú¨R[H�`aT^íYH R
bKX�TWI[Ü�ÛtN[H G@? ��� N[H�b[`aT_XlÛaTWÕ%ý��	��ÿÇü�è �jI7ÛaN[TWX�H<Þ[JQÙ1ÚK]^HYîYÛaN[H �KI[T_X�NDÛtTWÙ1H¸P*Ö®ÛxJQXt\ ��T_X ����è 	
J*IKR0ÛtNKH7R[J�ÛxJçÛt`xJ*IKX�ÖÇH�` ÛaT^Ù�H�ÖÇ`aPQÙÁÛxJQXt\�� úÇPYI0ÙºJYÕxN[T^IKH#�Yü/ÛtP�ÛxJQXt\$�0úÇPYIØÙºJYÕxN[T^IKH
�Qü}T_X�þ�ú �BA �=, þsü�ÛtTWÙ1H�b[I[T^ÛaX î[N[H�I£Õ<H ÛtNKH¬J*`a`tTWí�J*]ÄÛtTWÙ�HmP*Ö6ÛtN[H¬RKJ�ÛaJ1ÖÇ`aPQÙ�ÛaJQXt\��1ÛaP
ÛaJQXt\#� T_X ���[è 	�è �'N[H¸XlÛxJ*`tÛ;ÛtTWÙ�H/PQÖ®ÛaJYX�\#�¸T_X � 	�è 	�î*ÛaN[H�`aH<ÖÇPY`tHYî*ÛaN[H/XtÚKJ*`aHUÛaT^Ù�H�åOH<Ûlë}H�H I
ÛaJQXt\ �DJ*IKRçÛxJQXt\ ��TWX 	�è �'NKTWX/TWX�ÛtN[H%ÙºJ�Þ�T^ÙºJQ]�í�J*]Wb[HmÛaNKJ�Û/ÛtN[H �KI[T_X�N�ÛaT^Ù�H�PQÖAÛaJYX�\ �
Õ�J*IçåOH¬R�H�]_J�ÔQH{R@J*Û'ÙºJYÕxN[T^IKH ��ëUT^ÛtNKPQb�Û�ÕxNKJQI[ÜQTWI[Ü%ÛtN[H¬X�ÛaJQ`�Û'ÛaT^Ù�HmP*Ö�ÛaJYX�\ �gè

�jI@JQRKR�TµÛaT^PYI	îgÖÇPQ`}ÛxJQXt\gXC�;JQIKRD�£îgëUN[T_ÕxNçJQ`tH¸JQR���JYÕ<H IYÛ'TWIDÛaN[H H<Þ�H Õ�b�ÛtTWPQIçPQ`xR�H�`}P*Ö6J
ÚKJ*`tÛtT_Õ<b[]_J*`'ÙºJQÕxNKT^I[Hºú�J*IKR@ÛaJYX�\5��H<Þ�H{Õ<b�ÛaH X �K`xXlÛ�ü�îgÛaN[H¬X�Ú£J*`aH/ÛaT^Ù�HmT_X�R�H �KI[H RçJQX
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ëUN[H�`aH�S - ú��lü'TWX�ÛtNKH �KI[T_XtN�ÛtTWÙ�H�PQÖ;I[P�R�H>�'TWI�ÛtNKH�ÜQTWíQH I�XtÕxNKH R�b[]WHQè �jI �6TWÜQb[`aH �YîKÖÇPY`
H<Þ[J*Ù�Ú[]WHQîAÛxJQXt\ � �KI[T_XtN[H X7J*ÛºÛtTWÙ�H"�*þKî;J*IKR4ÛaJYX�\ 	æXlÛxJ*`tÛaXºJ�ÛºÛaT^Ù�H"���[è 	��AåOP*ÛaNêPYI
Ù�JYÕxN[TWI[H���è��'N[HDXtÚKJ*`aH1ÛtTWÙ1H@å£H�Ûlë�H H�IæÛaN[H�Ù TWX �Qè 	�è �jIæÛaN[T_X�Õ�JYX�HYî	T^Ö}ÛaN[H7H�ÞgH{Õ<b�ÛaT^PYI
ÛtTWÙ1H�P*Ö6ÛaJQXt\ �ºR�H ]WJ�Ô�X}ÖÇPY`�I[PºÙ�PQ`aH¸ÛtNKJQI �Yè 	çî[ÛtN[H¬X�ÛaJQ`�ÛUÛaT^Ù�H¬PQÖ�ÛxJQXt\ 	1ëUT^]W]	I[PQÛ�åOH
J �ÄH Õ�ÛaH R®èOG�P�ë}H�íYH�`{îsPYI[H¬ÙºJ�ÔDIKP*ÛtT_Õ<H ÛaNKJ�Û/H�íQH I�JºR�H�]_J�ÔDPQÖ6]WH XaX'ÛtN£J*I �Qè 	1ÙºJ�Ô@Õ J*bKXtH



X�PYÙ1H�R�H ]WJ�Ô�TWIMÛaN[H�XlÛxJ*`tÛ/ÛaT^Ù�H�P*Ö�ÛaJQXt\ ���OÛaP@ÛxJ*\YH¬ÛtNKTWX TWIsÛtP�JQÕ�Õ�PQb[IsÛ{îOë}H1T^IsÛt`aP�R�bKÕ�H
PQI[H Ù�PQ`aH ÚKJ*`xJ*Ù�H<ÛaH�`{è

��P `aH�Ú[`aH XtH�IsÛEÛtN[H�Ù1TWI[TWÙºJ*]KXtÚKJ*`aH}ÛtTWÙ�HUÖÇPQ`AH{JQÕxN�I[P�R�HQîQT�è HQèWî�ÛtNKH�ÙºJ�Þ�T^ÙºJQ][R�H�]_J�Ô�TWI
ÛtN[H;H�Þ�H Õ<b[ÛtTWPQI P*ÖgÛtNKH;I[P�R�HEÛtN£J�Û�ëUTW]^]YI[P*Û�J��OH{Õ�Û	ÛaN[H�X�ÛaJQ`�Û®ÛaT^Ù�H;PQÖgJQIsÔ/P*Ö�T^ÛaX	R�H Ú£H IKR�H IYÛ
I[P�R�H X úÇåOP*ÛaN@PYI7ÛaN[Hmû�é�× PY`�PYI7ÛtNKH¸ÙºJYÕxN[T^IKH{ü�îgë}H/TWIsÛt`aP�R�bKÕ<H�� ��� ���E F"%$ îgëUN[TWÕxN@TWX
R�H
�KIKH R�JQX
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ëUN[H�`aH�2��ºTWX�ÛtN[H4X�H�ÛMP*Ö1ÛtN[H�ÛaJYX�\�XçÛtN£J�ÛMTWIKÕ<]WbKR�H{X�ÛaN[H TWÙ1Ù�H{R�TWJ*ÛtH�XtbKÕ Õ<H XaXtPQ`xX�P*Ö
ÛaJQXt\ �%T^IêÛaN[HMû�é�× J*I£R�ÛaN[H�I[H�ÞgÛºÛaJQXt\�TWI ÛtNKH�H<Þ�H Õ�b�ÛtTWPQI PQ`xR�H `ºP*Ö ÛtN[H�ÙºJYÕxN[T^IKH
ëUN[H�`aH�ÛxJQXt\D�ET_X}H<Þ�H Õ�b�ÛtH{R®îsJQIKR ���E F"%$ ú��*)+�güAT_X;ÛaN[H¸Ù1TWI[TWÙ�b[Ù PQÖ ���! #"%$�&�'�( ú��*)+�gü;JQIKR
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�jI J�X�TWÙ�T^]_J*`�ë}J�ÔMÛtP�ÛaN[H@R�H �KI[T^ÛtTWPQI TWI ý ��ÿ�î	ÛtNKHDX�]_JQÕx\0P*Ö�J�I[P�R�H5�/T_X�Õ�PQÙ�Ú[b�ÛaH R JYX
ÛtN[H�Ù�T^IKT^Ù%b[Ù XtÚKJ*`aH�ÛaT^Ù�H�PQIØJ*IgÔ�ÚKJ*ÛtN�ÖÇ`aPQÙÁÛtN[T_X¸I[P�R�H1ÛtP@ÛtN[H�H<Þ�T^ÛmI[P�R�HQè �'N[T_X¸TWX
`tH{Õ<b[`xX�TWíQH ]^Ô�Õ<PYÙ�Ú[b�ÛtH{R®îOT^IØJ*I�b[Úgë'J*`xR[XUÖ¨JYX�NKT^PYI�úÇT¦è HYè^î®X�ÛaJQ`�ÛaT^I[Ü7ÖÇ`tPYÙ8ÛaN[H1H<Þ�TµÛ I[P�R�H�ü
JQX}ÖÇPQ]W]WP�ë�X��
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�'N[HmX�]_JQÕx\ºÖÇPY`'ÛtN[HmH�Þ�TµÛUI[P�R�HmT_X�XtH<ÛUH ÝsbKJQ]ÄÛtP
�% � ("�$ úU� J*) �,+ ü , ��'

�'N[HçXt]_JQÕx\ÂP*Ö/H JQÕxN�ÛaJYX�\ÂTWIKR�T_Õ�J*ÛtH X1ÛaN[H�ÙºJ�Þ�T^ÙºJQ]}í�JQ]^b[H@ÛtN£J�Û7Õ�JQI4åOH�JQR[R�H{RÂÛaP
ÛtN[HçH<Þ�H Õ�b�ÛtTWPQI�ÛtTWÙ�H@PQÖ�ÛtN[T_X%ÛaJYX�\æëUT^ÛtN[PYb�Û7J �ÄH Õ�ÛaT^IKÜ�ÛtNKHçP�íYH�`xJ*]W];ÙºJ*\YH XtÚKJ*I PQÖ�ÛtNKH
XtÕxN[H{R�b[]WHQè ��PYIKX�T_R�H `tTWI[Ü�J*ÜsJ*TWI�ÛtNKH7H<Þ[J*Ù�Ú[]WH�T^I �6TWÜQb[`aH��QîÄÛtNKH7X�]_JQÕx\�PQÖ}IKPgR[H�þ�T_X ���
ÛtN[H�Xt]_JQÕx\7PQÖ6I[P�R�H �%T_X�JQ]WXtP�V�H�`aP�ú¨Õ�PQÙ�Ú[b�ÛaH R�JQX'ÛaN[H¬Xt]WJYÕx\7P*ÖEI[P�R�H�þ1Ú[]WbKXUÛaN[H¬XtÚKJ*`aH
ÛtTWÙ1HmåOH<Ûlë}H�H I �%JQIKR@þKî�ëUN[T_ÕxN@T_X'V�H `tPgü�è ��P�R�H 	�NKJQXUJ�XtÚKJ*`aH/ÛtTWÙ1HmPQÖ��%ëUTµÛaN�I[P�R�H �
J*IKR��DëUTµÛaNMI[P�R�H1þMú¨TµÛxX�Ûlë}PDTWÙ�Ù1H{R�T_J�ÛtH1X�b£Õ�Õ<H{XtXtPQ`xXUTWI�ÛaN[H%û�é�×�J*IKR�ÛaN[H�ÙºJYÕxN[T^IKH
ëUN[H�`aH TµÛUT_X'H<Þ�H Õ�b�ÛtTWI[Üsü
�[X�TWIKÕ�H/ÛaN[H¬Xt]WJYÕx\ºP*Ö�åOP*ÛaN@IKPgR[H X �%J*IKRçþ%TWX��KîgÛtN[H I@ÛaN[HmX�]_JQÕx\
P*Ö�I[P�R�H#	7TWX �[è �jIKR[H�H R	îÄÛtN[T_X¸TWX¸ÛaN[H%ÙºJ*ÞgTWÙºJ*]6ÛtTWÙ�H1ÛtNKJ*Û/ÛaN[H �KI[T_X�NMÛtTWÙ1H�PQÖ�I[P�R�H 	
Õ�J*IçåOH¬R�H�]_J�ÔQH{RDëUT^ÛtN[PYb�Û�J �ÄH Õ<ÛtTWI[Ü1ÛtN[H¬XaÕxN[H{R�b[]WH � X'Ù�JQ\QH{X�ÚKJQI	è

��]^H{J*`a]^ÔYî T^Ö[ÛtNKH�H�ÞgH{Õ<b�ÛaT^PYI�PQÖ£JUÛxJQXt\mëUT^]W]�XlÛxJ*`tÛ6J�ÛAJUÛaT^Ù�H'ëUN[T_ÕxN�T_X�ÜY`tH{J�ÛaH�`�ÛtNKJQI¬ÛtNKH
XlÛxJ�ÛtT_Õ�JQ]^]WÔmH X�ÛtTWÙºJ�ÛaH R1XlÛxJ*`tÛtTWI[Ü¸ÛtTWÙ1H'Ú[]WbKX6ÛaN[H�X�]_JQÕx\Äî{ÛtNKH}P�íYH�`xJ*]W]YÙºJQ\QH XtÚKJQI@ú¨JYXtXtb[Ù�TWI[Ü
ÛtN[HmH�ÞgH{Õ<b�ÛaT^PYIçÛtTWÙ1HmPQÖ6JQ]^]	PQÛtN[H `'ÛaJYX�\�X}ÛtN£J�ÛUÖÇPQ]W]WP�ë `aH�ÙºJ*TWIKX}ÛtNKH¬XtJQÙ1H�ü�ëUT^]W]�ÕxNKJQI[ÜQHYè
�/b[` `tH{XtÕxN[H{R�b[]WT^IKÜ@ÚOPQ]WTWÕ�Ô�T_X/å£JQXtH R0PQI�ÛaN[T_X PQåKXtH�`aí�J�ÛtTWPQIØJ*IKRMëUT^]W];XtH�]WH Õ�ÛaT^íYH�]WÔ�J*Ú[ÚK]^Ô
`tH{XtÕxN[H{R�b[]WT^IKÜmåKJQXtH R�PYI�ÛtN[H/í�JQ]^bKH X;PQÖ	X�]_JQÕx\çú¨J*I£R�ÛtN[H¸X�Ú£J*`aH'ÛtTWÙ1H�ü�è �'N[T_X;T_X�Ú[`aH XtH�IsÛaH R
T^IçÛtNKHmI[H<ÞgÛ�XtH Õ�ÛaT^PYI	è
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�'N[H�\QH Ô T_R�H JÂPQÖ/ÛaN[HMXtH�]WH Õ<ÛtTWíQH�`aH XaÕxN[H R�bK]^TWI[ÜæÚ£PY]^T_Õ<ÔêT_X�ÛtPÂH í�JQ]^b£J�ÛtHYî�J*Û7`tb[I�
�ÛaT^Ù�HQî
å£H�ÖÇPQ`aH�H JYÕxN ÛaJQXt\ XlÛxJ*`tÛaX7H�Þ�H Õ<b[ÛtTWPQI	î�ÛtN[HØXlÛxJ*`tÛtTWI[ÜÂÛtTWÙ�HMPQÖ H{JQÕxN I[P�R�H0J*ÜYJQT^I£XlÛDT^ÛaX
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H X�ÛtTWÙ�J*ÛtH{RêX�ÛaJQ`�ÛaT^IKÜæÛtTWÙ1HMT^IêÛtNKHMXlÛxJ�ÛaTWÕ�XaÕxN[H R[b[]^H�JQIKR4ÛtN[H�Xt]_JQÕx\ ú¨PQ`ºÛaN[H�Ù�T^IKT^ÙºJ*]
X�ÚKJQ`tH1ÛaT^Ù�H{ü ÛtP�ÙºJ*\YH�J�R�H{Õ<T_X�TWPQIØÖÇPY`m`tH{XtÕxN[H{R�b[]WT^IKÜKè �'N[HºTWI[Ú[b�Û%P*Ö}ÛtN[T_Xm`aH XaÕxN[H R�bK]^H `
TWX�JMû�é�×1î6ëUT^ÛtNêT^ÛaX�JQXaX�P�Õ�TWJ*ÛtH Ræí�JQ]^b[H{X�îAJQIKR JØXlÛxJ�ÛtT_ÕDXaÕxN[H{R�b[]WHçÕ�PQÙ�Ú[b�ÛaH R ågÔ ô �Kõ
XtÕxN[H{R�b[]WT^IKÜ�JQ]^ÜYPQ`aTµÛaN[Ù�è �'N[H�PQå��lH{Õ�ÛtTWíQH1P*Ö}ÛtNKH1ÚOPQ]WT_Õ<Ô�T_X¸ÛtP�PQÚ[ÛtTWÙ1TWV�H�ÛaN[H�ÙºJ*\QH{X�Ú£J*I
P*Ö6ÛtN[H¬XaÕxN[H R[b[]^H ëUN[TW]WHmÙ1TWI[TWÙ�T^V T^I[Ü�ÛaN[H ÖÇ`aH Ýsb[H�I£Õ<Ô7PQÖ�`aH XaÕxN[H R�bK]^TWI[ÜºJ�ÛtÛtH�Ù�Ú�ÛxX�è

é�X�ÛtN[H¸ÛxJQXt\gX}PQÖ	ÛtN[Hmû�é�× J*`aH/H�Þ�H Õ<b[ÛtH R	îYÛaN[H `tH{XtÕxNKH R�b[]WH�`}ÙºJ*TWIsÛaJ*TWIKX�Ûlë}P1XaÕxN[H R�

b[]^H{X�î �%$ JQIKR �'& è ��$ T_X�åKJQXtH R�PQI4ÛtN[H�X�ÛaJ�ÛaTWÕçÕ<PYIKX�Ût`abKÕ�ÛaT^PYI�P*Ö/ÛtN[H�XaÕxN[H R[b[]^HçbKXtT^IKÜ
H X�ÛtTWÙ�J*ÛtH{R�í�J*]Wb[H X�� �(& \YH�H ÚKX�Ûa`aJYÕx\�P*Ö�ëUNKJ*Û/ÛaN[H�XtÕxN[H{R�b[]WH�]WPgPQ\QH{R�]WT^\YH¬ÖÇPQ`¸ÛaN[H�ÛxJQXt\�X
ÛtNKJ*Û�NKJ�íQH¸å£H H�I�H<Þ�H{Õ<b�ÛaH RØúÇT¦è HYè^î[T^Û�Õ<PYIsÛaJ*TWIKX}TWI�ÖÇPQ`aÙºJ�ÛtTWPQI�J*åOPQb[Û'PYI[]WÔºÛtN[H ÛxJQXt\�X}ÛtNKJ*Û
NKJ�íQH �KI[T_X�NKH R7H�Þ�H Õ<b[ÛtTWPQI£ü<è���H�ÖÇPQ`aH/H{JQÕxNDÛaJQXt\�úÇH�Þ[Õ<H�Ú[Û}ÛaN[H H�IsÛt`aÔºI[P�R�H�ü�Õ J*IçXlÛxJ*`tÛ'H�Þ 
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H Õ<b[ÛtTWPQI	îÄT^ÛaX1úÇ`aH J*] ü�X�ÛaJQ`�Û/ÛtTWÙ�H1Õ J*I�åOH1Õ�PQIKXtT_R�H�`aH R�JYX�\gI[P�ëUI�è ��PYÙ1Ú£J*`aT^I[Ü7ÛtN[H�XlÛxJ*`tÛ
ÛtTWÙ1H7ÛtNKJ*Û�ë}JYXmXlÛxJ�ÛaTWÕ J*]W]^Ô0H X�ÛtTWÙ�J*ÛtH{RæT^IØÛtNKHDÕ<PYIKXlÛa`tb£Õ�ÛtTWPQIæPQÖ ��$ J*IKR0ÛtNKHDX�]_JQÕx\êúÇPY`
ÛtN[H/Ù1TWI[TWÙºJ*]£XtÚKJQ`tH'ÛaT^Ù�H{ü<îsJ�R�H Õ�TWXtT^PYI�ÖÇPQ`�`tH{XtÕxN[H{R�b[]WT^IKÜmTWX;ÛaJ*\YH�I	è��'N[H/JQ]^ÜYPQ`aTµÛaN[Ù ëUTW]^]
Ú[`tP�Õ�H�H R7ÛtP�J¬`aH XaÕxN[H R[b[]^TWI[Ü1JQÕ�ÛaT^PYIMð b�J*IgÔ7R�H�]_J�Ô�å£H�Ûlë�H H�IDÛtN[H `aH J*]ÄJ*I£RºÛtNKH¸H�Þ�Ú£H{Õ�ÛtH{R
XlÛxJ*`tÛ�ÛtTWÙ�HØú¨T^I ��$ ü¬PQÖUÛtN[H@ÛaJYX�\æT_X%ÜY`tH{J�ÛaH�`¬ÛaNKJ*I�ÛtN[Hçí�J*]Wb[HDPQÖ�ÛtNKH � ö ô òxâ úÇPQ`{î6T^IêJ
í�JQ`tT_J*IsÛºP*Ö ÛaN[H�Ú£PY]^T_Õ<ÔYî;ÛaN[HTc�ð � �Qø[ô átñ ü<è �'N[T_X7TWIKR�T_Õ�J*ÛtH{X�ÛtNKJ*Û î;TWI ÛtNKH �K`xXlÛ7í�J*`aT_J*IsÛ
ú�Zg]_JQÕx\[ü�î	ÛtN[H7ÙºJQ\QH XtÚKJQI0T_XmH<Þ�ÚOH Õ<ÛtH RØÛaP�å£H7J��OH{Õ�ÛaH R®î�ëUN[H�`aH JYX�î®TWIæÛtN[H7XtH Õ�PQIKRØí�J*`aT�

J*IsÛ î6ÛtNKHçX�ÛaJQ`�Û1ÛtTWÙ�H@PQÖ�ÛtN[H�XtbKÕ�Õ�H XaX�PY`aX�P*Ö�ÛaN[H�Õ<b[`a`tH IsÛ�ÛaJYX�\æëUTW]^]UåOH�J �ÄH Õ�ÛaH R úÇå[b�Û
I[P*Û�IKH Õ<H{XtXaJ*`aTW]^Ô�ÛaN[H7P�íYH�`xJ*]W]6ÙºJQ\QH XtÚKJQI£ü�è
�/I£Õ<H7J�`aH XaÕxN[H R[b[]^TWI[Ü�T_X�R�H{Õ<T_R�H R®î�ÛtN[H@X�H�Û
P*Ö�b[IKH<Þ�H Õ�b�ÛtH{R�ÛxJQXt\gX�ú�J*IKR�ÛtN[H T^`¬JYXtXtP�Õ<T_J�ÛtH{R�TWI�ÖÇPQ`aÙºJ�ÛtTWPQIOü�JQIKR�ÛaN[HºJ*]W`tH{JQR�Ô�\gI[P�ëUI
T^I�ÖÇPY`tÙºJ*ÛtTWPQI@JQå£PYb�Û}ÛtN[H/ÛaJYX�\�X}ëUN[PYXtH�H�Þ�H Õ<b[ÛtTWPQIDN£JQX}å£H H�IçÕ<PQÙ�Ú[]WH<ÛaH R0ú¨X�ÛtPQ`aH RDT^I � & ü
J*`aH�ÖÇH{R1ÛtP ÛaN[H�XaÕxN[H R�bK]^TWI[Ü¬J*]WÜQPY`tT^ÛtNKÙ bKXtH R1ÛtPmåKb[T^]_RºJ I[H ëêXaÕxN[H R[b[]^HYî*ëUN[T_ÕxNºTWX�XlÛaPQ`aH R
T^I ��$ è��'NKH¸í�JQ]^b[H{X'P*Ö � ö ô òaâ ú¨PQ`Kc�ð � �Qø[ô átñ ü'JQ`tH Xtb[åKXtH Ýsb[H�IsÛa]^Ô7`aH Õ�PQÙ�Ú[b�ÛaH R7ÖÇ`tPYÙ ��$ è

�'N[H Ú£PY]^T_Õ<Ô@TWX'TW]^]WbKX�Ût`xJ�ÛaH RçT^I%�6T^ÜYb[`aH �[è
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��P1H�í�J*]WbKJ*ÛtH�ÛaN[H¸Ú£H `�ÖÇPY`tÙºJ*I£Õ<H�PQÖ�PQbK`�`aH XaÕxN[H R[b[]^TWI[Ü%Ú£PY]^T_Õ<ÔYîsë}H/XtTWÙ�b[]_J�ÛaH R7åOP*ÛaNDí�J*`aT�

J*IsÛaX�P*Ö[PYb[`�`aH XaÕxN[H{R�b[]WT^I[Ü�Ú£PY]^T_Õ<ÔºúÇT¦è HQèWî{å£JQXtH RmPYI�X�Ú£J*`aHAÛtTWÙ�H}JQIKR ÛtNKH}Xt]WJYÕx\[üÄbKXtT^I[Ü�ÖÇPQb[`
R�T��ÄH�`aH�IsÛ;û�é�× XtÕxNKH R�b[]WTWI[ÜmJ*]WÜQPQ`aT^ÛtN[ÙºX��
�£JQX�ÛtH{XlÛ ��`aTµÛaTWÕ J*]�2AJ�ÛaN@ú ��� 2�ü}ý�� �Qÿ¦î*û/ÔgIKJ*Ù�T_Õ
�	H�íYH�]AZ�ÕxN[H{R�b[]WT^I[Üæú¨û ��ZKü%ý�� 	�ÿ¦î®G�H<ÛtH `tPYÜQH I[H�PYbKX@?�J*`a]^TWH X�Û �6TWI[TWXtN �'TWÙ�Hçú�G@? ����ü1ý����*ÿ
J*IKR ��H�íQH ]^TWV�H{R 
jÓ�T^I �'TWÙ�H@ú ��Ó ��ümý�� �*ÿ¦è!?�JQÕxN�JQ]^ÜYPQ`aTµÛaN[Ù Ú[`aP�ígTWR[H X}ÛtNKH�TWI[TµÛaTWJQ]�X�ÛaJ*ÛtT_Õ
XtÕxN[H{R�b[]WHmJ*IKRçT_XUÕ�J*]W]WH RçJ*ÜYJQT^IçëUN[H I@ÛaN[Hm`aH XaÕxN[H R�bK]^H `'R[H Õ<T_R�H{X}ÛtPº`aH�ÙºJ*Ú@ÛaJYX�\�X è

�0H�N£J�íQHUH�í�JQ]^bKJ*ÛtH{R®îsXtH�Ú£J*`xJ�ÛtH ]^ÔYî�ÛtN[H/å£H NKJ�ígT^PYb[`;PQÖ	PQb[`;`aH XaÕxN[H{R�b[]WT^I[ÜmÚOPQ]WT_Õ<Ô1ëUTµÛaN
H JQÕxNmPQÖ�ÛtN[H�ÖÇPQb[`6R�T��OH `tH IYÛEJ*]WÜQPY`tT^ÛtN[ÙºX î�åOP*ÛaN¬T^I¬ÛtH�`aÙºX�PQÖgÛtN[H�Ú£H `�ÖÇPY`tÙºJ*I£Õ<H;PQÖ�ÛtN[H �KIKJ*]
XtÕxN[H{R�b[]WH/JQIKR7TWI7ÛaH�`aÙ�X}PQÖ®ÛtN[H `ab[I[I[TWI[Ü¬ÛaT^Ù�HYè �0H¸bKXtH R7`xJ*I£R�PQÙ�]WÔ%ÜYH�I[H `aJ*ÛtH RDû�é�× X�î
H JQÕxNçÕ<PYIKX�T_X�ÛtTWI[Ü%PQÖ 	��¬ÛaP � ����ÛaJQXt\�X�îsÖÇPY]^]WP�ëUT^IKÜ¬ÛtNKH¬J*Ú[Ú[`aPYJYÕxN7R�H XaÕ<`aTWå£H{RDTWIØý��
��ÿ¦î�JQIKR
ë�H�Ûa`tTWH R ÛtP�XaÕxN[H R[b[]^H�ÛtN[H Ù PYI �æÛtPêþÂÙºJQÕxN[TWI[H{X�úÇ`xJ*IKR[PQÙ�]^Ô ÕxN[PsX�H I ëUTµÛaN H ÝsbKJQ]
Ú[`tPYåKJ*åKT^]WTµÛlÔ�ÖÇPQ`�H JQÕxN�ÙºJQÕxNKT^I[H�ü�è �'N[H�H X�ÛtTWÙºJ�ÛaH RºH�ÞgH{Õ<b�ÛaT^PYI�P*Ö	H JYÕxN1ÛaJQXt\�PYIºH JYÕxN7R�TµÖ 

ÖÇH�`aH�IsÛ;ÙºJQÕxN[TWI[H'TWXE`xJ*I£R�PQÙ�]WÔ¬ÜQH I[H�`xJ�ÛaH R�ÖÇ`tPYÙ J¸b[I[T^ÖÇPQ`aÙ R�T_XlÛa`tTWå[b�ÛaT^PYI�T^I1ÛtNKHUT^IsÛtH `tí�JQ]
ý 	��[î � ���*ÿ¦î{ëUN[TW]^H}ÛaN[HUÕ<PQÙ�Ù%b[I[T_Õ�J�ÛaT^PYI�
¦ÛtP�
jÕ<PYÙ�Ú[b�ÛaJ*ÛtTWPQI¬`xJ�ÛaT^P1ú � �}S�ü6T_X6`aJQIKR�PYÙ1]WÔ¬ÕxN[P 

X�H I%ÖÇ`aPQÙ ÛtN[H�T^IsÛtH `tí�JQ]�ý �Kè��Yî���ÿ¦è �KPQ`AÛaN[H�JYÕ�Ûtb£J*][H�ÞgH{Õ<b�ÛaT^PYI1ÛtTWÙ1H�P*ÖÄH JQÕxN1ÛxJQXt\¬ë�H�JYR�PQÚ[Û
ÛtN[H¸J*Ú[Ú[`aPYJYÕxN%TWIMý ��ÿ�îYJQIKR�ë�H�bKX�H�ÛtN[H�I[P*ÛaT^PYIºP*Ö
	 �Kô ö ð ó¦õ1à b�� � b à�á �ºô ó ð à�� ú�
/P���ü�è �'N[TWX
`tH Ú[`tH{X�H IsÛaX J*IØb[Ú[ÚOH�`måOPQb[I£R0PYIMÛaN[H�Ú£H `aÕ�H�IsÛaJQÜQH1P*Ö'H�`a`tPY`�ÛaNKJ�Û ÛaN[H7XlÛxJ�ÛaTWÕ1H X�ÛtTWÙºJ�ÛaH
Ù�J�ÔºN£J�íQH�ëUT^ÛtN@`tH{X�ÚOH Õ<Û�ÛaP�ÛaN[HmJQÕ<ÛtbKJQ]OH�Þ�H Õ<b[ÛtTWPQIºÛaT^Ù�HQèKZ�PKîsÖÇPQ`'H<Þ[JQÙ1ÚK]^HYîgJ%ÚOH�`xÕ<H�IsÛ 

J*ÜQH�H�`a`tPY`;P*Ö�� �� ë�PYb[]WR�TWIKR�T_Õ�J*ÛtH�ÛtNKJ*Û�ÛaN[H%ú�X�TWÙ�b[]_J�ÛaH RKü;`tbKI�
�ÛaT^Ù�H/H<Þ�H Õ�b�ÛtTWPQIºÛaT^Ù�H/P*Ö
J�ÛxJQXt\7ëUTW]^]	åOHmëUT^ÛtN[TWI � �� �úÇÚ[]WbKXUPY`}Ù�TWIgbKXaü}PQÖ�ÛaN[H¬XlÛxJ�ÛaTWÕ H{XlÛaT^ÙºJ�ÛaH¸ÖÇPQ`'ÛtNKH ÛaJQXt\Äè��jI
PQb[`UH�ÞgÚOH�`aTWÙ1H IsÛaX'ë}H Õ�PQIKXtT_R�H�`�JQI@H `t`aPQ`'P*Ö6b[ÚçÛtP�	��� Dè
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ÛtTWÙ1H�J*I£RÂÛtNKHçXt]WJYÕx\0í�JQ`tT_J*IsÛaX îEJ*IKR4Õ<PQÙ�ÚKJQ`tH{RØÛtN[H�XaÕxN[H R�bK]^Hç]^H I[Ü*ÛaNÂÛtNKH�ÔÂÜQH I[H�`xJ�ÛaH
ëUTµÛaN ÛaN[`tH H0PQÛtN[H `�J*Ú[Ú[`aPYJYÕxN[H X��;ÛaN[H XtHæJ*`aH0R�H I[P*ÛaH R åsÔ ä�ó ô ó ð ò î ð¨ï ñ ô ö î�JQIKR ô öyß ô õ�ä è
� ó ô ó ð ò `tH�ÖÇH�`xX�ÛtP�ÛtNKH¬JQÕ�ÛabKJ*]®`ab[I�
¦ÛtTWÙ�HmÚ£H `�ÖÇPY`tÙºJQIKÕ<H P*Ö�ÛtN[HmPY`tTWÜQTWIKJQ]ÄXaÕxN[H{R�b[]WH7úÇëUN[T_ÕxN
ë}JYX¸Õ�PQIKX�Ût`abKÕ<ÛtH RMbKXtT^I[Ü@ÛtNKH7XlÛxJ�ÛtT_Õ%Ú£H `�ÖÇPY`tÙºJ*I£Õ<H1H X�ÛtTWÙ�J*ÛtH{Xaü
�ÄÛtNKJ*Û T_X î®I[PçÕxN£J*I[ÜYH%TWI
ÛtN[H7PY`tTWÜQTWIKJQ];XlÛxJ�ÛtT_ÕºXaÕxN[H R�bK]^H�ÛxJ*\QH{XmÚ[]_JQÕ�H7J�Û¬`ab[I�
¦ÛtTWÙ1HYè�� ï ñ ô ö `aH<ÖÇH `aX ÛaP�J�XtÕxNKH R�b[]WHQî
ëUN[TWÕxN TWXçå[b[TW]^ÛDø à�ä�ó � à�á�ójñ � ��ÛaNKJ�Û�T_X�î�ÛtN[HæXaÕxN[H R�bK]^H0TWXçå[b[TW]^ÛÂô b ó�ñ�á ÛtNKH0`ab[I�
¦ÛtTWÙ�H
H<Þ�H Õ�b�ÛtTWPQI@P*Ö�H{JQÕxNºÛxJQXt\ºTWX}\gI[P�ëUI	è��'N[T_XUXtH�`aíQH X�JQX'J%`tH{JQXtPQIKJQå[]^H/]^P�ë}H�`�å£PYb[IKRDÛtP1ÛtNKH
Ú£H `�ÖÇPY`tÙºJ*I£Õ<HºÛaNKJ�Û�`tH{XtÕxNKH R�b[]WTWI[ÜMÕ�JQI JQÕxN[TWH�íYHQè ��TWIKJQ]^]WÔQî�ô öµß ô õ�ä `aH<ÖÇH�`xX�ÛtP0JMXtÕxN[H Ù�H
ÛtNKJ*Û�`tH 
�XaÕxN[H R[b[]^H{XUJ*]W]	`aH�ÙºJ*TWI[TWI[Ü�I[PQI�
�H<Þ�H{Õ<b�ÛaH RDÛaJQXt\�X'H JYÕxN@ÛaT^Ù�H¬J1ÛxJQXt\7TWX�J*åOPQb�ÛUÛaP
XlÛxJ*`tÛ'H�Þ�H Õ<b[ÛtTWPQI	è

�'N[HU`tH{X�bK]µÛxX�î�ÖÇPY`;H JYÕxN%PQÖOÛaN[H'ÖÇPQbK`�R�T��OH `tH IYÛ�JQ]^ÜYPQ`aTµÛaN[ÙºXAÕ<PYIKX�T_R�H `tH{R®î*J*`aHUX�N[P�ëUI�TWI
��TWÜQbK`tH �Kè��ØH�Õ<PYIKXtTWR�H `tH{RºJ�
/P �6H�`a`aPQ`AÚOH�`xÕ<H�IsÛxJ*ÜQH'ÖÇ`aPQÙ � �  ÛaP 	 �  7èsé�X�H<Þ�ÚOH Õ�ÛaH R®î
]WJQ`tÜYH�`'í�J*]Wb[H XUPQÖ�ÛaN[H�
/P ��H�`a`tPY`U`tH{X�bK]µÛUTWI�]WJQ`tÜYH�`UR�T��OH `tH IKÕ<H{X'å£H�Ûlë�H H�IçÛtN[H äxó ô ó ð ò JQIKR
ÛtN[H1ð¨ï ñ ô ö è��'N[H/í�JQ]^b[H{X�PQÖ	ÛtNKH�ÛaN[`tH H¸R[T��ÄH�`aH�IsÛ�`aH XaÕxN[H{R�b[]WT^I[Ü1J*Ú[ÚK`tPsJQÕxN[H{X�úÇT¦è HYè^î	ô öyß ô õ�ä î
J*IKR/ÛtNKH;Ûlë}P}í�JQ`tT_J*IsÛaX	P*ÖsÛtN[H;ÚOPQ]WT_Õ<Ô¸Ú[`tPYÚ£PsX�H{R�TWI ÛtNKTWX�ÚKJ*ÚOH�`{î ä�ö ô òxâ î ä øKô átñ ü	JQ`tHE`aPQb[ÜYN[]^Ô
Õ<PQÙ�ÚKJQ`aJQå[]WHQèÄG�P�ë}H�íQH ` î£ÛtNKTWXmT_X JQÕxN[TWH�íYH R0J�Û¬J@XtTWÜQI[T��£Õ�JQIsÛ åOH�IKH
�[Û{î	X�TWIKÕ<H�PYb[` Ú£PY]^T_Õ<Ô



1220

1240

1260

1280

1300

1320

1340

1360

1380

1400

1420

10 15 20 25 30 35 40 45 50 55

A
ve

ra
ge

 m
ak

es
pa

n

QoI error percentage(%)

static
ideal

always
Slack
Spare

� f�� �ÄqE�

1280

1300

1320

1340

1360

1380

1400

1420

1440

10 15 20 25 30 35 40 45 50 55

A
ve

ra
ge

 m
ak

es
pa

n

QoI error percentage(%)

static
ideal

always
Slack
Spare

� v	�A�Ä��Æ

850

900

950

1000

1050

1100

1150

1200

10 15 20 25 30 35 40 45 50 55

A
ve

ra
ge

 m
ak

es
pa

n

QoI error percentage(%)

static
ideal

always
Slack
Spare

� ·��6c'�Äu

900

950

1000

1050

1100

1150

1200

1250

10 15 20 25 30 35 40 45 50 55

A
ve

ra
ge

 m
ak

es
pa

n

QoI error percentage(%)

static
ideal

always
Slack
Spare

� ��� �����®Æ
� �"! ³��K³�´ ~�dth�f ½{d¸k¬f »�dx�jesf n � o�~{dahm�����1hlrsns�Uo n@h�f�ng�Yo km¶¿�@½ dxnsdth�f�ild��Dc ´ Å}� ��p_o�h¸~ f�hlwyo rs�
¶ydx~{dx¶y��o�p��}o.��¹;wyil�%p_o{rQh��jvt�Yd��YrY¶µwynY½mf ¶y½{o�hlw¿il�skm�x¾

J�Û�ÛaH�Ù�Ú�ÛxX¬ÛaP�`tH{XtÕxNKH R�b[]WHºPQIK]^ÔØT^I4J�`tH ]WJ*ÛtTWíQH ]^ÔØX�ÙºJ*]W]�Igb[Ù%å£H `�PQÖUÕ JQXtH X�`aJ*ÛtN[H `mÛtNKJQI
J*]Wë}J�Ô�X è

é�I[PQÛtN[H `AT^IsÛtH `tH{XlÛaT^IKÜ¸`aH�ÙºJQ`t\ ÖÇ`aPQÙ ÛtN[H �KÜYb[`aH X6TWXAÛtNKJ*Û;`tH{XtÕxN[H{R�b[]WT^IKÜ/Ö¨JQ]^]_XAXtN[PQ`tÛAP*Ö
ëUNKJ�Û'Õ�J*I@å£H¸JQXaX�bKÙ1H{R�ÛtP1åOH�ÛaN[H�T_R�H JQ]OÛtTWÙ1H��sÛtN[T_X�T_X}T^I@]^TWI[H/ëUTµÛaN7ÛtNKH/`aH Xtb[]^ÛaX�T^IØý��
��ÿ�è
�'N[H�`aH Xtb[]µÛxX;J*]_XtP¸TWIKR�T_Õ�J*ÛtHUÛaNKJ�Û�H�íQH I1ÖÇPQ`;`aH�]_J�ÛaT^íYH�]WÔ�N[TWÜQN�ÚOH�`xÕ<H�IsÛxJ*ÜQHUH `t`aPQ`xX î{T^Û�T_X�X�ÛtTW]^]
ÛtN[H7åOH�N£J�ísTWPQbK`mP*Ö}ÛtN[H7XaÕxN[H R[b[]^TWI[Ü�JQ]^ÜYPQ`aTµÛaN[Ù ÕxN[PsX�H IMÛaNKJ�Û�N£JQX¸ÛtNKH7N[TWÜQN[H{XlÛ¬TWÙ�ÚKJQÕ<Û
PQI@ÛtN[HmÙºJ*\YH XtÚKJ*I�è

� ��� � �����1�����3�������

é�]^ÛtN[PYb[ÜQN�ÛaN[H�ÛaN[`tH H�`aH XaÕxN[H R�bK]^TWI[Ü¬J*ÚKÚ[`tPsJQÕxN[H{X6ÛtNKJ*Û�ë}H�`aH�Õ<PYÙ1Ú£J*`aH R1T^I7ÛtN[H�ÚK`tH ísTWPQb£X
X�H{Õ�ÛtTWPQI0Ú£H `�ÖÇPY`tÙ-X�TWÙ�T^]_J*`a]^ÔYîOÛtN[HºJ*ÚKÚ[`tPsJQÕxN[H{X�åKJYX�H{RMPYI�ÛaN[H�Ú£PY]^T_Õ<Ô�ÚK`tPYÚ£PsX�H{R�TWIMÛaN[TWX
ÚKJ*ÚOH�`ºúÇT¦è HQèWî ä�ö ô òxâ J*I£R ä ø[ô átñ ü JQÕxN[TWH�íYH¬ÛtNKH7XtJQÙ1H1`aH Xtb[]µÛºúÇëUT^ÛtN ô öyß ô õ�ä ümJ*Û J�XtT^ÜYI[T���

Õ�J*IsÛa]^Ô�`aH R�bKÕ�H RºÕ�PYX�Û è ��JQå[]^H ��XtN[P�ë�XAÛaN[H/`ab[I[IKT^I[Ü¬ÛtTWÙ1H¸P*Ö	H{JQÕxNºPQÖ®ÛtN[H �¬J*ÚKÚ[`tPsJQÕxN[H{X
J�íQH�`xJ*ÜYH R%P�íQH ` 	 �m`ab[IKX�PQI7û�é�× X�P*Ö*	 � ÛxJQXt\�XAH JYÕxN	îQbKXtTWI[Ü 
/P � ���� DîQJ*I£R7XtÕxNKH R�b[]WTWI[Ü
PQI 	�ÙºJYÕxN[T^IKH X è ��Û�Õ J*I@å£H¬XtH�H IçJQ]WXtP�ÛaNKJ�Û'ÛaN[H Ûlë�P1í�J*`aTWJQIsÛaX}P*Ö6PQb[`'ÚOPQ]WTWÕ�Ô7`tbKIçJ*Û'IKP
Ù1PY`tH�ÛtNKJQI���	  P*ÖÄÛaN[H�ÛaT^Ù�H�ÛaNKJ�Û}TWX�I[H�H{R�H RDJ*IKRºJ*Û�ÛtH Ù�Ú�Û�ÛaP�`aH XaÕxN[H R�bK]^H'ÛxJQXt\gX�J�Û�IKP
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� �"! ³��O³Q´ ~�dth�f ½{d�hlrsnsnYwyns½�ilwykmd � o<~�dthA�����}hlrYns�®o n/h�f ns�Yo km¶y��½ dxnsdah�f<ild��/c ´ Å}�Ä¹;w¿il� �s� d�� �
k¬f�vt�Ywynsdx� �Äo p[pWo{rYh��jv��sd��Qrs¶ywyns½�f ¶y½{o�hlw¿il�skm�	¹;wyil�¬�*�Qngf kmwyvA�jv��sd��Qrs¶ywyns½�f�ng� o{rQh�hlda�jvt�Yd��YrY¶µwynY½
e�o ¶ywµvt��¾

Ù1PY`tH1ÛaNKJ*I � �  P*Ö}ÛtN[H�ÛaP*ÛxJ*]AIgb[Ù�åOH�`mPQÖ�ÛxJQXt\�XºúÇI[PQÛtH1ÛtNKJ*Û@ô öyß ô õ�ä ë}PQbK]WRØJ�ÛtÛtH�Ù�Ú�Û
ÛtPº`aH XaÕxN[H R�bK]^H¬JQ]^]®ÛaN[H ÛaJYX�\�XUH�Þ[Õ<H�Ú[ÛUÛtN[H¬H IsÛt`aÔ7I[P�R�HQî£N[H�I£Õ<H ÛtNKH¬í�J*]Wb[H � �sü�è��6TWÜQb[`aH �
X�N[P�ë�X�N[P�ë$ÛtN[H1`ab[I[I[TWI[ÜºÛaT^Ù�H1í�JQ`tTWH X�TµÖ�û�é�× X�NKJ�ígTWI[Ü � ��ÛtP%	 �ºI[P�R�H{X/JQ`tH�bKX�H{R®è ��Û
Õ�J*IMå£H�X�H H�I�ÛaNKJ�Û J�ÛtÛtH�Ù�Ú�ÛaT^IKÜDÛaPD`aH XaÕxN[H R�bK]^TWI[ÜDJQ]^ë'J�Ô�XU]^H{JQR[X�ÛtPDÖ¨JQX�ÛtH `/TWIKÕ<`aH JYX�H{X�TWI
ÛtN[Hç`tbKI[I[TWI[Ü�ÛtTWÙ�HDÛaNKJ*I�PQb[`1Ú£PY]^T_Õ<ÔYè ��Û1TWX%ë}PQ`tÛtNÂI[PQÛtTWI[Ü�ÛaNKJ�Û1ÛtN[HçX�]_JQÕx\Øí�J*`aTWJQIsÛ�TWX
X�]WT^ÜYNsÛt]WÔ�Ö¨JYXlÛaH�`�ÛtNKJQIºÛtN[H¸X�Ú£J*`aH�í�J*`aTWJQIYÛ	�*ÛaN[TWX�T_X�åOH Õ J*bKXtHUÛtNKH/Xt]WJYÕx\%T_X�Õ�b[Ù�bK]WJ*ÛtTWíQH�JQIKR
`tH�ÖÇH�`xX�ÛaP1ÛtN[HmÙºJ*\YH XtÚKJ*I@P*Ö�ÛtN[H¬XaÕxN[H R[b[]^Hºú�JQX'PQÚKÚ£PsX�H{R7ÛaP%ÛaN[HmX�Ú£J*`aH/ÛaT^Ù�H�ü'J*IKR®î[JYX'J
`tH{X�b[]^Û î�T^Û�ëUTW]^]	]WH JYR@ÛtP1ÖÇH�ë}H�`U`aH XaÕxN[H R[b[]^TWI[Ü�J�ÛtÛtH�Ù�Ú�ÛxX�è

� �0Î�Ë�Ñ1)�Ð 0gÒlÎ�Ë

�'N[TWX/ÚKJQÚ£H `/Ú[`aH XtH�IsÛaH R�J7IKP�íQH�]�`tH{XtÕxN[H{R�b[]WT^IKÜ7Ú£PY]^T_Õ<ÔçÖÇPY`¸û�é�× X îOëUN[TWÕxN0J�Û�ÛaH�Ù�Ú�ÛxX�ÛaP
`tH{XtÕxN[H{R�b[]WHçXtH�]WH Õ<ÛtTWíQH ]^Ô ú¨N[H�I£Õ<HQî�ëUTµÛaN[PQb�ÛºTWIKÕ<bK`t`aT^IKÜæJ0N[TWÜQN P�íQH `tNKH JQR£ü�î6ÔQH<Û7JYÕxN[T^H í 

T^I[ÜD`tH{X�b[]^ÛaX�Õ<PQÙ�ÚKJQ`aJQå[]WHmëUTµÛaN�ÛtN[PsX�H¬PYå�ÛaJQT^IKH R�ëUN[H I�`tH{XtÕxN[H{R�b[]WT^IKÜºTWX/J�Û�ÛaH�Ù�Ú�ÛaH R�ÖÇPY`
H�íQH `tÔ�ÛxJQXt\MPQÖ�ÛtNKH7û�é�×1è �'N[H7JQÚ[Ú[`aPYJQÕxN0TWX¬åKJQXtH R0PQIØH�í�J*]WbKJ*ÛtTWI[ÜçÛlë�P�Ù�H<Ûa`tT_Õ�X î®ÛtNKH
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� ±Y«�
�� #g³A´ ~�dah�f ½ d�hlrYnsnYwµnY½�ilwykmd1f�ng��n*rsk/·�dah�o p�ilwµkmda�/hldx�jv��sd��Qrs¶ywyns½7wy� f<ijildxkmeYild��çpWo h
dxf v���o p;il�Yhldxdmhldx�jv��sdx�Yrs¶ywyns½Df�eseYhlo{f v��sdx��rs�jwynY½7pWo{rQh f�¶µ½ o hlw¿il�skm�x¾®ÆE�sd%f<~{dah�f ½ d%wy��o�~{dah � �
hlrYns�ArY�jwµnY½¸h�f ns�Yo km¶y��½ dxnsdah�f<ild��1c ´ Å}�Ad�f v��1¹;w¿il� ����i�f �j»*�xz �}oQ� ����� f ns�%�jv��sd��Qrs¶ywyns½ o n
��k¬f v��swynsdx�x¾

Ù1TWI[TWÙºJ*]�XtÚKJ*`aH1ÛtTWÙ�H7J*IKR0ÛtNKH7X�]_JQÕx\Äî	J*I£RMT_XmÜQH I[H�`xJ*]¦îÄT^IØÛaNKJ�Û�T^Û�Õ�JQI0åOH7J*ÚKÚ[]^TWH R0ÛaP
J*IgÔDXaÕxN[H R�bK]^TWI[ÜºJ*]WÜQPY`tT^ÛtN[Ù�è

é�]^ÛtN[PYb[ÜQNºÛaN[H�`aH�NKJYX�åOH�H IDXtT^ÜYI[T��OÕ�J*IsÛ�ë}PQ`a\�TWIDX�ÛaJ*ÛtT_Õ�XaÕxN[H R�bK]^TWI[Ü¬N[H b[`aTWX�ÛtT_Õ�X îY]WTWÙ 

TµÛaH R7ë}PQ`a\�H<Þ�T_XlÛxX�TWI7Ûa`tÔgTWI[Ü¬ÛaP%b[I£R�H�`xXlÛxJ*IKR7N[P�ë R�ÔgIKJ*Ù�T_Õ*îg`ab[I�
¦ÛtTWÙ1H ÕxNKJQI[ÜQH{X�Õ�JQIDJ�Ö 

ÖÇH Õ�ÛEJ�X�ÛaJ*ÛtT_Õ�J*]W]WÔ/Ú[`aH R[H<ÛtH `tÙ�TWI[H RmXaÕxN[H{R�b[]WHQè��'NKH�H�Ù�H `tÜYH�IKÕ�H;P*Ö�TWÙ1ÚOPQ`tÛaJQIsÛ�bKXtH�Õ�JYX�H{X	TWI
×¸`tT_R7Õ<PYÙ�Ú[b�ÛtTWI[Ü£îsXtbKÕxNDJYX�ë}PQ`a\sìKP�ë�X�îYJQX;ë}H�]W]ÄJQX�I[H�ë T_R�H JYX�JQIKR7JQÚ[Ú[`aPYJQÕxNKH XA`aH�]_J�ÛaH R
ÛtP�XtÕxN[H{R�b[]WT^IKÜçý�� ��ÿÄJQ`tH¸H<Þ�ÚOH Õ�ÛaH R7ÛtP1Ù1PQÛtTWí�J�ÛtH¸ÖÇb[`tÛtNKH�`UJ*IKRDÙ�PQ`aH�H�]_J*åOPQ`xJ�ÛaH�`aH XtH JQ`aÕxN
T^IsÛtPºR�T��ÄH�`aH�IsÛ�JQXtÚ£H{Õ�ÛxX'`tH ]WJ*ÛtH RDÛtP�ÛaN[HmÙºJ*IKJQÜQH Ù1H IsÛ}PQÖ6`ab[I�
¦ÛtTWÙ�H¸TWI�ÖÇPY`tÙºJ�ÛaT^PYI	è

2 (��
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�{¾�u�¾ ´ ¶yw z ´ ¾ ´ ¾K��f�vxwyd���da¹;�j»*w z ��¾��Y¾£u*wµda½{dx¶	f�ng��� À¨� ¾[�Uwyk�¾gc'd � nsw¿ilwyo{n7o p6f¬��o ·srs��ilnYdx�j�

�1dtijhlwµv'pWo h���da�jo{rYhlvad ´ ¶y¶yo�v�f�ilwyo{nK¾%��n�������� �=�=��� �! #"$�&%('&�*)(��+�,.-/-#0{z������{�Q¾
�*¾ �6¾216dahlk¬f�n£z�f�ng����¾U7ço{¶y�j»*wÇ¾�ÆE�Yd ´ eses�£d<u%eQhlo��¦dxvai��Kf ��i�f<ilrs��hldae�o hji�¾��®hlo�vxdxd��QwµnY½{�'o�p
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