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ã^äGå=æ�ç1èêéÏëíìTìTë îÅïËð=è@ñ�èóò�ô�ì)ëÐï[ë õTëíô�öíöí÷zï[ô�éøå�ù¿ô�ì)ô�ïËô�ú�û/îÅïP÷1éXüýî�ûÿþ/ð=öíî��Bô�öwè@ìTõ.ûTîÅéÿåHõ.ûT÷�üýî�û)èCì.õ.ûTî��
� äP÷1ìTëíúHì����@ñ�ï õTä[ëíìCì.å�ï[ìTålõTäGå`ô�ì.õ.ûTîÅéøåHõ.ûT÷ � åHûTü%î�û/éÿå�ù
	òFä[ëíú
ä¨òFëÐöíöÑûTåHü%åHûCõ.î£ô � û/ëÐéøô�ûT÷£üýû
ô�éÿålü%î�û/éÿå�ù���÷
�� ô�ìTô�û
ì�	Pëíì�õTô�ëíö î�û/å�ù`õ.î�òÓô�û/ù[ìgõTäGå^éÏô�ëíïÿô�ì.õ.ûTî � äK÷1ìTëíúHì#î����.å�ú�õTë���å�	KïBô�éÿå�ö ÷lô'ìTõTô�õTëíì.õTëíúHô�öíöí÷Ôú�îÅé � ö åHõ.å^ú�å�ïBì  ì
î�ü�õTäGåzð'ô�öíô���÷���ã^äGå'ô�ì.õ.ûTîÅéøåHõ.ûT÷�	ëíï£õ  û/ï
	[ùGå � å�ï[ù[ì�îÅïrõTäGåÍëíï[ì.õ.û  éÿå�ïKõÓô�ïBù¨éøëíìTì/ë îÅï£ú/ä[ô�û/ô�ú�õ.åHû
ëíì.õTëíúHì��

ñ3õFëÐìÓõTäGåHûTåHü%î�ûTåÔëíï[ìTõ.û  ú�õTë���å'õ.îÏöÐëíì.õÓõTäGåÔéøëÐìTìTë îÅï
��ì�î���åHû/ô�öíö���îÅô�öÐìFô�ï[ù¨ì/úHë å�ïPõTë��ú=î����.å�ú�õTë���å�ì��uã^ä[åÍéÿîÅì.õ
û/å�ö å���ô�ïKõÍô�éÿîÅï��ËõTä[å�écëíï[úHö  ù[å����Sô��! ô �"� ëíï"��î�ü�õTäGå# ëíö�$�÷&%�ô�÷(')�*�(�'ç�õ.å�öíöíô�û � äK÷1ìTëíúHì+�SúHöíô�ìTìTë��úHô�õTë îÅï
	
éÏô�ìTì.å�ì�	1ö  éøëÐïGîÅìTë õTë å�ì,	�õ.å�é � åHû/ô�õ  ûTå�ì�	�éÿåHõTô�öíëíúHëíõTë å�ì-�-'
�Sú.�0/ÍëÐïGå�éøô�õTëíúHì6ô�ï[ù21C÷1ï[ô�éøëíúHìuî�üÑõTäGå'ð=ô�öíô��1÷3'��Sù3�
1=ëíìTõTô�ï[ú�åÔìTúHô�ö å�ì4�%õ.û/ë���îÅïGîÅéÿåHõ.û
ëíú � ô�û/ô�öÐöíô���å�ìÓõ.î�5�6+$ � ú�	[ú�å � ä[å�ëíù[ì)ô�ï[ù&787:9"÷KûFúHô�öÐë��[û/ô�õTë îÅï(�-'
�%å��)è;��ålî�ü
õTä[å=<@ïBë���åHû/ì.å;�?>Óö  ì.õ.åHû"ù[ëÐô���û/ô�éøì�	�ù[ëíì.õTô�ï[ú�å�ì,	�ö  éÏëíïGîÅìTë õ3÷��-'��%ü-�@1=ô�û�$Íéøô�õ.õ.åHûA�%õTäGûTî  �Åä � î�õ.å�ïKõTëíô�öÅõ.û
ô�ú�åHû/ì-�-'
�*�B�07^åHü%åHûTå�ï[ú�å^ü%û/ô�éÿå�ìC�*�nî�õTä � û/ëíéÏô�ûT÷lùGåD��ïGå�ùE�K÷ �� ô�ìTô�û/ìuô�ï[ùÿåD�1õ.å�ï[ùGå�ù  ìTëíï��'ì.õ.å�öíöÐô�ûuô�ì.õ.ûTîÅéÿåHõ.û/÷��-'��Sä3�
æ0��õ.û
ô��7ì.îÅöíô�û � öíô�ïGåHõTìF�HG �� ë õ.åHû�úHöíô�ìTì�	Gô�ì.õ.ûTîÅéøåHõ.û/ëíúCô�ï[ù � äGî�õ.îÅéÿåHõ.û/ëÐú@éÿåHõTä[î�ù3�-'��SëI�=J  ïBù[ô�éÿå�ïKõTô�ö � äP÷1ìTëíúHì
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ô�éÿåHõ.åHû/ì�	Fô�ïBù ú�îÅï[ìTõ.û/ô�ëíïKõTì�îÅï õTäGå û/ô�õ.å î�üÍú/ä[ô�ï���å&î�ü'õTäGåO��û/ô.��ë õTô�õTëíîÅï[ô�ö@ú�îÅïBì.õTô�ïPõËô�ï[ù îÅï
��û
ô,�1ë õTô�õTë îÅï[ô�ö�òÓô,��åÍå�ïGåHûP��÷��-'Q�R�-�6ç1îÅöíô�û)ì.÷�ìTõ.å�éS�Sã�ô��1îÅïGîÅéÔ÷�	3 ô�ìTìTå�ì�	3TCû��BëíõTì�	Kô�ï[ù¿õTäGå=ù[ëíì/ú�î.��åHûT÷�î�ü"ïGåHò
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äËô��nî  õZ5F�BëíöÐöíë îÅïøî�����å�ú�õTìFòFëíöíö(�nå=î��Bì.åHû���å�ùËõ.îÏî��[õTô�ëíï
ô�ì.õTô�õTëíì.õTëÐúHô�öíö ÷£ú�îÅé � ö åHõ.åzú�å�ï[ì  ìFî�ügõTäGåzð=ô�öíô��1÷�	nô�ï[ùrô�öíìTîøî�ü6ç�îÅöíô�ûCç1÷�ì.õ.å�é ô�ï[ùËåD�1õ.û/ô��Åô�öíô�ú�õTëÐúzìTî  û/ú�å�ì�	
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ô�ù[ëíô�ö(��å�ö î1úHë õ7÷�	Bô�ïBùËì � å�ú�õ.ûTîÅìTú�î � ÷h�Söíî�ò � û/å�úHëíìTë îÅï3�-�
J#ë��  ûTå#5ÍìTäGî�òFì)õTäGåÍéÏëíìTìTë îÅï���ìÓõTëíéÿå�öíëíï[åCô�ï[ù¨î�û��Bë õTô�ö � öÐô�ú�å�éÿå�ïPõ��

ñ�ïËõTä[åÍïGåD��õFõ7ò�î�ì.å�ú�õTë îÅïBì)ò6å � ûTå�ì.å�ïKõFô`ûTå��1ë åHòêî�ü#õTäGåÍô�ì.õ.û/îÅéÿåHõ.û/ëíúÍô�ïBù
	Gõ.î�ôÿö å�ì/ì.åHû^åD�1õ.å�ïPõ�	 � äGî�õ.î��
éøåHõ.û/ëíúFúHô � ô��Bëíöíë õTëíå�ìgõTä[ô�õ6ô�û/å8��îÅëíï"�Ôõ.î���å  ì.å�ù�õ.îlùGåD�ï[åFõTäGå'ð=èFñ�è � û
ëíéøô�ûT÷zûTåHü%åHûTå�ï[ú�åFü%û/ô�éÿå�	�ü%îÅöíö î�ò�å�ù
��÷Ýô¨ù[ëíì/ú  ìTìTë îÅï&î�üÓõTäGå�ú�îÅï[ì.õ.û  ú�õTëíîÅï�î�üÓõTäGå � û
ëíéøô�ûT÷ üýû
ô�éÿåÏë õTì.å�öíüV�øñ�ï�õTäBëíìÍì.å�ï[ìTåøõTä[ëíì � ô � åHûlú�îÅöíö å�ú�õTì
õTä[å@åDinî�ûTõTìÓî�ü"ì.å���åHû
ô�önûTå�ì.å�ô�û/ú
äGåHû/ì)ú�îÅï[ïGå�ú�õ.å�ù£õ.î`õTäGå=éøëíì/ìTë îÅï
	Kõ.îzò@äGîÅé î  ûÓù[å��[õ�ô�ïBù�ô �"� ûTå�úHëíô�õTë îÅï¿ô�ûTå
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ã^äGåÔð=è@ñ�è � ô�÷1ö îÅô�ù¨ëÐï[úHö  ùGå�ì6õ7ò�îÏô�ì.õ.û/îÅéÿåHõ.û/ëíú#�V§UèCì.õ.ûTî��{��õ.å�öíå�ìTú�î � å�ì^ì.å � ô�û/ô�õ.å�ù&�K÷£ôE�Bô�ìTëíú=ô�ï��Åöíå'î�ü
5�6`¨�©�	�òFëíõTä�ôrú�îÅéøéøîÅï¥ü%î�úHô�ö � öíô�ïGå�	#ô�ï[ù¥û/ô�ù[ëíô�öd��å�öíî�úHë õ3÷�ì � å�ú�õ.ûTîÅéÿåHõ.åHû`ô�ï[ù � äGî�õ.îÅéÿåHõ.û/ëíúÏëíï[ì.õ.û  éÿå�ïPõ
ëÐïPõ.å���û/ô�õ.å�ù&ëíïrõTäGå2§²ç � å�ú�õ.ûTî��Bõ.å�ö å�ì/ú�î � å�	nõTä[ô�õ � ûTå�ú�å�ù[å�ì@õTä[ålèCì.õ.ûTî¿õ.å�ö å�ìTú�î � å�ìC�K÷ª_�« © ô�ï[ùx5D¬�¬ © �8N@î�õTëíú�å
õTäBô�õÑõTäGå�èCì.õ.ûTî^õ.å�ö å�ì/ú�î � å�ì"ô�öíì.îFùGî��BûTîÅô�ùF�Bô�ï[ù � äGî�õ.îÅéÿåHõ.ûT÷��#ã^äGå�ì.å � û/ëíéøô�ûT÷@ëíï[ì.õ.û  éÿå�ïPõTìwô�û/åuì ��"� î�ûTõ.å�ù
��÷£õTäGåÍî � õ.î��7éøå�ú/ä[ô�ï[ëÐúHô�ö���õTäGåHû/éøô�ö�ô�ìTì.å�é4�Bö ÷Ëú�îÅï[ì/ëíì.õTëíï��ÿî�ü)�LK�åHûTûT÷1éøô�ï
	(U�6�6`_��(�-�Z�SëI�ÓôÏì/ëíï��Åö åÍì.õ.û  ú�õ  û/ô�ö
õ.î�û  ìËì ��"� î�ûTõTëÐï�� ô�öíö'éÏë ûTûTî�û/ì¿ô�ï[ù ü%î1úHô�ö � öíô�ïGå�ì�	@å�é � ö î�÷�ëÐï�� ìTëíöíëíú�îÅïÈúHô�û��ëíùGå üýî�û&�nî�õTä éøëíûTûTî�û/ì¿ô�ï[ù
ìTõ.û  ú�õ  ûTå® õTäGåHûTåÿëíìCô¿ì.÷�éÏéÿåHõ.û/ëíúHô�ö�ú�îÅï��¦�  û
ô�õTë îÅï üýî�û=õTäGåzõ7ò�îËô�ì.õ.ûTîÅéÿåHõ.û/ëÐú4�1ë åHòFëÐï��Ïù[ë û/å�ú�õTë îÅï[ì�	�òFë õTä
õTä[åÍç � å�ú�õ.û/îøì.÷�ìTõ.å�éeô�úHú�îÅéøéÿî1ù[ô�õ.å�ù¨òFëíõTä[ëíï�õTäGåÍìTô�éÿåÍì.õ.û  ú�õ  ûTå�'��SëíëI�6ôÿùGå � ö î�÷Åô��Böíå=ì  ï[ìTä[ëíå�öíùøõ.îøô.��îÅëíù
ùBë ûTå�ú�õ�ç  ïÍëíöíö  éøëíï[ô�õTë îÅïCô�ï[ùÔûTî�õTô�õTëíï��CìTä[ô�ùGî�òFìÑîÅïlõTäGå � ô�÷1ö îÅô�ùÔéÿî1ù  öíå�	�ú�îÅé4�BëíïGå�ùÔòFë õTä'õTäGå�ì.îÅöíô�û�ô�ûTû/ô�÷
ô�ì/ì.å�é��ö ÷3'��SëíëÐëI��ú�îÅïKõ.ûTîÅöwî�ü�õTäGåÍäGå�ô�õ^ëÐï���å�ú�õTëíîÅï�ü%ûTîÅéXõTäGåÍìTåHû���ëÐú�å=éøî�ù  ö åCëÐïPõ.îÿõTäGå � ô�÷�öíîÅô�ù¨éÿî1ù  ö å�	1ô�ï[ù
ú�îÅïKõ.ûTîÅö#î�ü6õTäGå`üýî1úHô�ö � öíô�ïGå`ô�ìTì.å�é4�Bö ÷ � î�ò6åHûÍù[ëÐìTìTë � ô�õTëíîÅïrëíï î�û/ùGåHû=õ.î � ûTî���ëÐùGålô�ï  öíõ.û/ô��7ì.õTô��Bö å`ëíïKõ.åHû/ï[ô�ö
õTä[åHû/éøô�öÑå�ïB�1ë ûTîÅï[éÿå�ïKõ�'��Së��"�)ô�ï ô�öíë��Åï[éøå�ïPõFéøå�ú/ä[ô�ï[ëÐìTé îÅïrõTäGålì.å�ú�îÅïBù[ô�ûT÷¨éøë û/ûTî�û)üýî�ûCå�ô�ú/ä ô�ì.õ.ûTîÅéøåHõ.û/ëíú
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ô�õTë îÅï�ô�ï[ù�éÏë ûTûTî�û
éÏëíìTô�öíë��ÅïBéÿå�ïPõ�ô�õ)õTäGåF�nå��Åëíï[ï[ëÐï��Íî�ü#öíë ü%å�'@�*�"��ô � åHû/éøô�ïGå�ïKõ�éøîÅï[ë õ.î�û/ëíï"�lî�ü�õTäGåF�Bô�ìTëíúCô�ï��Åö å�	��  õÓòFë õTäGî  õ
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ã^äGå=ëíïPõ.å���û
ô�õ.å�ùËû/ô�ù[ëíô�ö3��å�ö î1úHë õ7÷¿ì � å�ú�õ.ûTîÅéÿåHõ.åHû^ô�ï[ù � äGî�õ.îÅéÿåHõ.û/ëíú'ç � å�ú�õ.ûTîÿëíï[ìTõ.û  éÿå�ïKõ6ú�îÅé � û/ëíì.å�ìÓô�ï
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ã^äGåÏç � å�ú�õ.ûTî¨ëíï[ìTõ.û  éÿå�ïKõTì'ìTä[ô�ûTåÿõTä[å�ç�$K÷O ô �¦� åHû
ì�	ÑõTä[ô�õÔú�îÅïBìTëíì.õTì=î�üÓõ7ò�îf�Bû
ì.õ'ú�îÅö  éøï[ì=î�ü � ë��1å�öíì
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î�����å�ú�õTì@ô�ï[ù£õ.îÏùGåHõ.åHû/éÏëíïGå'õTäGå'î � åHû/ô�õTëíï"�ÿòFëíï[ùGî�òFì�õ.îøü%îÅöíö î�ò å�ô�ú
ärõ.û
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ô � ûTå�úHëíì/ë îÅïÿî�ü05,X'õ.î^5D$�é^Â�ì6ü%ûTîÅé õTäGåFüSô�ëíïKõ�å�ï[ùøõ.îlõTäGå;�Bû/ë��ÅäKõ�å�ï[ù
�#ñ�õuòFëíöÐö � ûTî.�1ëíùGå)õTä[åFû/ô�ù[ëÐô�ö���å�ö î1úHë õTë å�ì
î�ü^ô��nî  õEU�X�6 éÏëíöíöíë îÅï&ì.õTô�û
ì �� õ.î õTä[å�5,« []\ éøô��Åï[ë õ  ù[å�	�ú�îÅöíöíå�ú�õTëíï��¨îÅï ô,��åHû/ô���åe5�6�6 ì � å�ú�õ.û/ô � åHûzì.õTô�û
î���åHû�õTä[åréøëíìTì/ë îÅï � åHû/ë î1ùÃ�L/Íô�õ W 	;U�6�6`_�	8U�6�6`X`�-� ã^äGåréøå�ù[ë  éÄ�Bô�ïBù � äGî�õ.îÅéÿåHõ.û/÷ ëÐï[ì.õ.û  éøå�ïPõÿú�î.��åHû
ì
5�5£éÿå�ùBë  éÅ�ô�ï[ù[ì  ìTëíï"��«��Bö  åD�7ì.å�ïBìTë õTë���å¿ô�ï[ùÆÁrûTå�ù��7ì.å�ï[ìTë õTë]��åa>)>A1=ì���ãFäGåa>)>�1Cìzî � åHû/ô�õ.åËëíï õTëíéÿå
ù[å�öíô�÷¿ëíïPõ.å���û
ô�õTë îÅïh�Sã)1CñY��éÿî1ùGå�	Gô�ï[ù¿õTäGå'ì � ô�õTëÐô�öû/å�ì.îÅö  õTë îÅï¿ëíì!5a°Ç5��RX`ô�û/úHì.å�ú+�SëH�Êå���	�5�6h°±5,X�bÑé � ë��1å�öíì�	
ô�öíîÅï��lô�ï[ù¿ô�ú�ûTîÅìTìÓìTúHô�ï(�-�6ç�å���åHû/ô�ö(�Bô�ï[ù[ì6éÿå�ô�ì  û/åFõTäGå=ú�îÅïPõTëÐï " éZòFä[ëÐö å)î�õTäGåHû/ìÓô�ûTå=ö î1úHô�õ.å�ùÏîÅï£ì � å�ú�õ.û/ô�ö
ü%å�ô�õ  ûTå�ì`ì.å�ïBìTë õTë���å�õ.î ö  éøëíïGîÅìTëíõ7÷�	#éÿåHõTô�öíöíëíúHëíõ7÷�	gå�ö å�éÿå�ïKõ`ô��  ï[ù[ô�ïBú�å�ì�	gô�ï[ù�ÈCÉ�å�éÏëíìTìTë îÅï��ªc�å�ìTëíùGå�ìzõTäGå
ìTõ.å�öíöíô�û=ô�ì.õ.ûTî � äK÷�ì/ëíúHìCûTå�ì  ö õTì,	õTäGå � äGî�õ.îÅéøåHõ.û/ëíúzéÿå�ô�ì  ûTå�éøå�ïPõTì=òFëÐöíö � öíô�÷rô�ï&ô�öíö�ëíé � î�ûTõTô�ïKõ � ô�û/õCëíï õTäGå
�� ô�ìTô�ûFûTå�ú�î��Åï[ë õTë îÅï�	 � ô�ûTõTëíú  öÐô�û/ö ÷øõTäGîÅìTåÍõTä[ô�õ^òFëÐöíö�üýî�û/é õTäGå � û/ëíéÏô�ûT÷ÏûTåHü%åHûTå�ï[ú�å'ü%û/ô�éÿå^�HG�î�û/ù[ë?	�U�6�6`_�ú.�-�

è@öíö#ô�ö îÅï"�¿õTä[å+X���÷�å�ô�û��7éøëíìTìTëíîÅï&õTäGåÿè@ì.õ.û/î¨ëíï[ì.õ.û  éÿå�ïPõ@òFëíöíö�î��[õTô�ëíï ûTå�öÐô�õTë���å � îÅì/ë õTë îÅï[ì�	�ü%ûTîÅécë õTìCõ7ò�î
õ.å�öíå�ìTú�î � å�ì�	nüýî�ûCî����.å�ú�õTì8�Bû/ë��ÅäKõ.åHû@õTä[ô�ï éøô��Åï[ëíõ  ùGå`ð�ÊFU�6h�%òFä[ëíú
ä¨õ.û/ô�ï[ì/öíô�õ.å�ìCõ.îaGÅîÅä[ï[ì.îÅï�ÀFÊZU�5Ôü%î�û8À8�
ñ�ÊFU��Ë6�	"ô�ïBù´ÀFÊFU�6��RXËüýî�ûFÀ8��ñYÊ+5��Ë6��-�`ãFäGå`î.��åHû/ô�öíö�î � õTëíúHô�ö � ô�õTä&î�ü�å�ô�ú/ä ô�ì.õ.ûTîÅéÿåHõ.û/ëÐúlõ.å�öíå�ìTú�î � åøëíì'éøô�ùGå
î�ü)ìTë��&ô�ï[ô�ìTõTë��Åéøô�õTëíú�	#ìTëíö���åHû��7ú�îÅô�õ.å�ù¥ûTåD¯å�ú�õ.î�û/ì�	�õ7ò�îrî�üÓòFä[ëíú
ä�ô�ûTåÏú�îÅéÏéÿîÅï�ü%î�ûÔõTäGåÏõ7ò�îrõ.å�ö å�ìTú�î � å�ì�	�õ.î
ô¿ü%î�úHô�ö#ö å�ï"��õTä î�üM¬�¨��R¨`Á�éf�lãFäGåzô � åHûTõ  ûTåzëÐì45��Ì¬µ°±6��RX�é#²��Íã^ä[åzõ3ò6î£õ.å�ö å�ì/ú�î � å�ì'ô�û/å`ìTå � ô�û/ô�õ.å�ù´��÷rõTäGå
5�6`¨ © �Bô�ìTëíúÔô�ï��Åö å�	nô�ï[ù¨õTäGåÔõ7ò�î³�Bå�öÐù[ì^î�ü��1ë åHòóî�ü06��RÍ�¬ © °Î6��{Á�¬ © ô�ûTålì �� åHû/ëíé � îÅì.å�ù¿îÅï¨õTä[åÔü%î�úHô�ö � öíô�ïGå
�LK�åHûTû/÷�éøô�ï�	¦U�6�6`_�ú.�-�AJ#ë��  ûTå�_��[û/ëíï"�Åì)ùGåHõTô�ëíöíìÓî�ü#õTäGåÍèCì.õ.ûTîøü%î1úHô�ö � öíô�ïGå��

ã^äGåuõ3ò6î8�Bû/ìTõ�ú�îÅö  éÏï[ìÑî�üGõTäGåÓèCì.õ.ûTîCüýî1úHô�ö � öíô�ïGåuú�îÅïKõTô�ëíïzõTäGåÓç�$K÷Z ô �"� åHû/ìM�%îÅï[å6ü%î�û�å�ô�ú
ä`õ.å�ö å�ìTú�î � å��-�
ãFäGåH÷rùGåHõ.å�ú�õ=õTäGå`î����.å�ú�õTì=å�ïPõ.åHû
ëíï��¿õTäGå��å�öíùrî�ü=��ë åHò�	nô�ïBù ú�îÅéøé  ï[ëÐúHô�õ.å`ù[åHõTô�ëíöíì@î�üuõTäGåzõ.û/ô�ï[ìTëíõ@õ.î£õTäGå
ì  �Bì.å �� å�ïKõÑô�ì.õ.ûTîÅéÿåHõ.û/ëÐúgô�ï[ùF�[ûTîÅô�ùZ�Bô�ï[ù � äGî�õ.îÅéøåHõ.û/ëíú�ùGåHõ.å�ú�õ.î�û
ì��d7^å�ô�ö���õTëíéøå�ô�ï[ù'õ.å�ö å�éÿåHõ.û/÷C�ô�ï[ùGòFëíù[õTä
ú�îÅïBì.õ.û/ô�ëíïKõTìuëíé � îÅìTå^ôÔì.õ.åHû/ï � ûTî1ú�å�ìTì�î�üÑù[åHõ.å�ú�õTë îÅï
	1ú�îÅï��Bû/éøô�õTëíîÅï
	Kô�ï[ù�ì.å�ö å�ú�õTë îÅïÏî�ünõTäGå@ì.î  û/ú�å�ì�õTä[ô�õ6òFëíöíö
ô�ú�õ  ô�öíö ÷h�nåÏõ.û/ô�úP$�å�ù
�&ã^äGå�ì/úHô�ï ëÐìÔéøô�ùGå¿òFë õTäBëíï�ô�ï î��Bì.åHû���ô�õTë îÅï òFëíï[ùGî�ò î�ü8¨Î°Ï5,U � ë���å�öíìÍî�ûa5,UÐ°
5,U � ë���å�öíì,	ûTå�ì � å�ú�õTë]��å�ö ÷�	wüýî�û'ì.î  û/ú�å�ìCü%ô�ëíïKõ.åHû'î�û!�[û/ë��ÅäKõ.åHû=õTä[ô�ï&éøô��Åï[ë õ  ùGå^5,¨h�L9�ëíï[ùGå���û/å�ï
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ä[ô�ï���å�ìÍëíï õTäGåzî � åHû/ô�õTëíï��
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Nutation estimates, IGG VLBI solution

WRMS: 0.419
RMS:  0.680
−0.012 mas +0.019 mas/y
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WRMS: 0.182
RMS:  0.275
−0.036 mas −0.010 mas/y
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EOP offset estimates, IGG VLBI solution

WRMS: 0.300
RMS:  0.634
−0.212 mas −0.005 mas/y
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WRMS: 0.325
RMS:  0.617
0.108 mas +0.037 mas/y
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WRMS: 0.012
RMS:  0.030
0.776 us +0.158 us/y
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Abstract

Since its inception on 1 Jan 1998, the fundamental ICRF has been set by the VLBI positions
of 212 “defining” extragalactic radio sources. In all, there are ∼ 3000 sources with usefully accurate
(< few mas) positions consistent with the ICRF. The uses of the ICRF include fundamental astrometry,
monitoring of Earth orientation, and spacecraft navigation. For fundamental astrometry, stability and
accuracy are most important, and realizations at different frequencies must be in proper registration.
However, there is no preferred frequency, and the GAIA mission has the potential for an optical ICRF
with 500,000 objects at the 50 microarcsec level some time after the planned 2011 launch. The radio
ICRF should be properly prepared for a transition to assure long term stability and consistency. Earth
orientation monitoring requires objects attached to the solid Earth, and VLBI will continue to be the
fundamental technique. For this purpose it is essential that the new VLBI stations contemplated in the
VLBI2010 report be capable of observing a sufficiently large and well-distributed set of stable sources,
and identifying these sources is an on-going effort. Spacecraft navigation by differential VLBI is planned
using the Ka-band telemetry signal, and work has begun towards an ICRF realization suitable for this
purpose. The balancing of different needs related to the VLBI ICRF is discussed.

1. Introduction

Since 1 January 1998 the fundamental ICRF (International Celestial Reference Frame) has been
set by VLBI positions of extragalactic radio sources, formally the 212 defining sources. The ∼ 3000
radio sources with accurate positions in the ICRS (International Celestial Reference System) have
uses in fundamental astrometry, geodesy, spacecraft navigation, and astrophysical observing. Con-
sequently, the observations and analysis for continued strengthening, refinement, and densification
of the VLBI source catalogue as well as the development of advanced VLBI instrumentation such
as VLBI2010 must balance the various needs. In addition, the transition to an optical extragalac-
tic celestial reference frame with many more objects and significantly improved precision must be
prepared.

2. Fundamental Astrometry

The ICRF-Ext.2 (Fey et al., [2]) shown in Figure 1 is the latest refinement of the original ICRF
(Ma et al., [4]). It retains the positions of the 212 defining sources unchanged as well as the overall
error characteristics of the ICRF while improving the positions of the remaining sources and adding
∼15% more. For fundamental astrometry accuracy and stability of positions and distribution over
the sky are of greatest importance. The data used for the original ICRF spanned 1979.7 - 1995.6.
However, Gontier et al. [3] showed that data after ∼1990 are considerably better for astrometry
than the older data in the ICRF analysis, and Feissel-Vernier [1] showed that some of the 212 ICRF
defining sources are less than ideal when considering the currently available VLBI data. The overall
data distribution is deficient in the southern hemisphere, and many of the ICRF defining sources
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have been poorly observed since 1995. Consequently the IVS began a celestial reference frame
(CRF) monitoring program in 2004 to improve the data set for high quality astrometric sources
and for ICRF defining sources, which is described below.

3. Geodesy

VLBI geodesy encompasses two main areas, regular monitoring of EOP (Earth orientation
parameters), for which VLBI has unique capabilities, and maintaining the ITRF (International
Terrestrial Reference Frame), to which VLBI contributes scale and long term data. These observing
sessions use a subset of the VLBI sources often called the geodetic catalogue. The current geodetic
catalogue has ∼100 sources and is shown in Figure 2. The geodetic catalogue has evolved over
the years following development of VLBI instrumentation and networks, and the small number of
geodetic sources constitute well over 90% of all VLBI geodetic/astrometric observations. Ideally
geodetic sources should be strong, point-like and stable in position, but very few sources meet all
the criteria all the time. In particular, as shown in Figure 2, there has been a trade-off between
stability and source strength in some cases, and sources that are usually quite good occasionally
drop in flux density or evolve structure for some period. MacMillan (this volume) shows some
effects in the geodetic results caused by source instability. Maintaining and updating the geodetic
catalogue has been a sporadic effort, hampered by the absence of objective criteria and sufficient
data for regularly adding or removing sources. As with fundamental astrometry, the geodetic
catalogue should be improved in the future by data from the CRF monitoring program.

212 defining 505 non-defining 

Figure 1. ICRF Ext.2 sources.

16 unstable (F.-V. A&A 2003) 91 others 

Figure 2. Geodetic sources.

4. Celestial Reference Frame Monitoring Program

The CRF monitoring program was started by the IVS in the spring of 2004 to remedy serious
gaps in the astrometric observing profile, primarily the paucity of data for most of the stable sources
identified in Feissel-Vernier [1] and subsequent analysis (Feissel-Vernier, personal communication).
See Figure 3. Potentially stable sources, i.e., those with insufficient data to determine stability
but no obvious deficiencies (Figure 4) as well as poorly observed ICRF defining sources are also
included. Some stable sources and some ICRF defining sources are in the geodetic catalogue and
are not included in the CRF monitoring list since they have more than sufficient observations. The
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current set of CRF monitoring sources is shown in Figure 5.

The CRF monitoring program uses ∼10% of the
observations of certain geodetic sessions (cur-
rently R1 and RDV) to systematically observe
sources in the CRF monitoring list. The goal
is to have at least one session per target source
every six months. Figure 6 shows that this goal
is being met. These data will allow the exten-
sion of the Feissel-Vernier [1] time series analysis
and improvement of the positions of the ICRF
defining sources. In addition, the RDV sessions,
which use the VLBA and up to ten other sta-
tions, provide data for structure maps. The
CRF monitoring data will be essential to prop-
erly select defining sources for the next radio-
frequency ICRF realization. To increase the
data in the southern hemisphere, the IVS has fo-
cused its astrometric observing program on mid
and far southern sources.

Geodetic:
Non-geodetic:

77 F.-V. A&A 2003 11 F.-V. additional
121 F.-V. A&A 2003 42 F.-V. additional

Figure 3. Total stable sources.

25 ICRF 36 Others

Figure 4. Potentially stable sources from M. Feissel-

Vernier (personal communication).

ICRF:
Other:

74 Stable 25 Potentially stable 83 Other defining+
89 Stable 36 Potentially stable
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Figure 5. Total CRF monitoring sources.

5. Spacecraft Navigation

Spacecraft navigation using differential VLBI has become a standard technique for NASA
spacecraft equipped with delta-DOR (Differential One-way Range) at X-band and has been tested
at Ka-band. The Cassini-Huygens probe was tracked while descending to Titan in January 2005 by
a global array of astronomical VLBI stations using phase referencing at S-band. Such spacecraft
navigation requires a high density of sources near the ecliptic with positions at the telemetry
frequency. As the telemetry frequency has evolved from S-band (2 GHz) to X-band (8 GHz) to
Ka-band (30 GHz) to provide greater signal bandwidth, the source catalogues must also evolve.
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Figure 6. Source monitoring.

Since there is not yet sufficient observing capability to build a true Ka-band catalogue, K-band
(22 GHz) and Q-band (43 GHz) observations have been used as proxies. See Jacobs et al. (this
volume). These higher frequency observations have shown that sources are generally more compact
but weaker than at S/X-band.

6. Astrophysical Observing

A standard technique for observing weak radio
sources with VLBI is phase referencing, i.e., in-
tegrating the differential VLBI signal between
a weak target source and a nearby calibrator.
Many sources of error are cancelled or sharply
reduced in this mode. For this purpose the spa-
tial density and distribution of the calibrator
catalogue are most important, and the require-
ments for absolute position accuracy are some-
what relaxed. Figure 7 shows the VLBA Cal-
ibrator Survey (VCS) sources up through the
third VCS densification. These positions at the
∼1 mas error level are the result of a series of
VLBA sessions begun in 1994 (Petrov et al.,
[5]). The finished catalogue should be essentially
complete at the 200 milliJansky level for S/X-
band sources above -30 deg.

1579 VCS1 243 VCS2 308 VCS3

Figure 7. VCS sources.
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7. Future Fundamental ICRF at Optical Wavelengths

The GAIA mission is scheduled for launch at the end of 2011 and has the potential for an optical
ICRF with 500 000 extragalactic objects at the 50 microarcsec level. See Andrei (this volume).
Transferring the orientation of the radio ICRF precisely and accurately to such an optical ICRF
will not be trivial since most of the radio ICRF objects are at the faint end of the sensitivity
planned for GAIA. In addition, nonregistration of the radio and optical emission points and source
structure in the radio (and possibly in the optical at the planned GAIA precision) will add noise to
the orientation transfer. It may be desirable to focus some VLBI observing over the coming years
on a small set of quasars where the balance of radio and optical strength and position precision
make them the best candidates for the tie. However, it is possible that the best tie will come from
using the largest number of objects although the radio and/or optical positions are not the best.

8. Considerations for Future Observing and Technical Developments

Since there is not an infinite amount of VLBI observing at all relevant radio frequencies with
global networks of large antennas, it is impossible to improve all aspects of ICRF use equally. In the
abstract, a better radio ICRF would use higher frequencies than S/X-band for source compactness
(and probably source position stability) and large, geographically well distributed antennas to
cover the full sky more densely by observing weaker sources. In practice, it is likely that the
past and future S/X-band data will continue to be the basis for the best radio ICRF, and the
existing large antennas will be needed for catalogue maintenance and source monitoring. For EOP
monitoring, which can never be done using the optical GAIA ICRF, a limited but well distributed
set of strong, stable sources observable by the smaller, faster antennas envisioned by VLBI2010 is
required. For spacecraft navigation sources along the ecliptic must be found and accurate positions
at the telemetry frequencies must be determined. Observations for this purpose may become a
separate effort from the general astrometric program. Phase reference observations will continue
to be well served by the VCS catalogue. This set of sources may also provide the link to the GAIA
optical frame if a larger number of tie objects with larger uncertainties is better than a severely
limited set of sources optimized at both the radio and the optical wavelengths.
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Q�?�%0+./¤KL7�8*7B/(%0'�7B/hZ

�P7B'�7B�¢<*+6=R¦&79Q ª[7B-�+.-��0/�';C(-��DE�7B/·@�8*?�M ± 79?,/D79<*4.'¤¸e-!<*%0M¹�BºT»wº¶FH¦�ª ± ¸��BºT»wº�J�<V?¥¦�ª ± ¸��! � � ��©¼���Z
A$CD7�¦eª ± ¸��BºT»wº�½$Q$C04.'qC¶:V798*5�7B/¶<*CD7�'9-�/0-�:V<V8;-�+P:*=�:V<V7BM¾?�@3¦&79Q�ªL7B-�+.-��0/�@�?�8G<*CD7�+.-�:V<�"! ³=�7B-!8;:9½uC0-�/
4~�w<V798;�(-�+�/04.:V<V?�8;<*46?��0:I?�@O%D�	<V?�¿GM /0%D7�<V?�<*CD7�+.4.MG46<*-!<*4.?��0:u?�@�<*CD7�:;%D8*5�79=¤<V7B';C0�0?�+6?�E�=	%0:V7B/	<V?U/D7�¬[�D7�46<
-��(/�<*CD727�¯L7B'�<*:3?�@�7B-!8*<*C�/079@�?�8;M�-!<*46?��hZuAPCD7��D79QÀ/0-!<*%0MÁ¦eª ± ¸e�! � � ¤'9+6?�:*7B+6=�MG-!<*';CD7B:&<*CD7���AP�&��½(-��0/
<*C07�7B+.+.46�(:*?�4./U'qCD?�:V7B��4.:I<*CD7 ± 79?,/D79<*4.'��P79@�798*7B�0'�7�Y�=,:V<V7BMÂ�Bº�Ã! �F ± �eYDÃ! wJqZ

\[]_^a`�b�c�Ä�f&}�c;�Å��cqkao_katwlDÆ p�p>n�byk9n�c;^�]_r&oÇm�rqk9n�]_matU]ÇtUn�Èwc�É�ma`�n�È�c;b�t|Ê�c;ie]zp>s�Èwc;b�caf&}�c;����cqkao_katwlN]zpu]ÇtUn�Èwc2r*c;tTn�b�c3mBË
n�È�cei�kBs0f$Ì�kal�]_`wpumBË�n�È�c�l�k�p>È�c�lUr;]Çbyr*o_c3]_p3dqÍwÎ Í�ÍaÍ�x!iÏkaoÇm�t�^�k�^�b�c�k9n�r;]Çbyr*o_caÎD��Èw]_ryÈ¤r*m�b�b�cqp�s¢m�twl�pOn�mNk�ÐwÎ Í�ÍaÍ�xTi
Ñ kap�c;o_]Çt�c�f�{~Ò�b�mBÓ�c�rVn�]Çm�t0ÔhvOÕ;]_i$`�n�Èwkao0cqÖT`�]zl�]zp�nykBtTnqf©�

APCD7��D79Q«/0-!<*%0MÁ/D7�¬¨�04.<*46?���4.:$@�8*?�W97B�-!<3<*CD7�:V�L7B'94z¬¨7B/�79�L?�'qC·F¡�! � � ,Z� wJ3-��0/�/D?�7B:&�D?�<34.�0'9+.%(/D7�<*4.MN7
/079�[7B�(/D7B�0'9467B:9½�:*%0'qC�-�:N:V<*-!<*46?��·5�7B+6?,'946<*467B:9½�8;-!<V7B:�?�@&';C0-��DE�7�@�?�8�<V8;-��0:V@�?�8;MG-!<*4.?��³�(-!8q-�MN79<V798;:9½O79<*'!Z¥�y�
8;7B-�+.46<>=�½0:;%0';C�'qC0-��DE�7B:$Q$4.+.+¨?�'9'9%08$4.�¤<*CD7�@H%D<*%D8*7�×�7�Z©EDZ¨+.-!8*E�72'�?�?�8;/04.�0-!<V7�Ø*%0MN�¨:�M�-B=¤KL738;7BÙ¢%04.8*7B/¤4.�¤E�79?!Ú
+.?�E�4.'9-�+.+6=N/D=,�0-�MG4.'&¦$79Q�ª[7B-�+.-��(/U-�:u-�8*7B:*%0+6<�?�@h7B-!8*<*C0Ù�%0-!)�7B:u?�8I+6?,'9-�+.4.:V7B/UMG-!8*)GMN?�5�7BMN7B�w<9Z�APCD798*79@�?�8*7�½
MG?��046<V?�8;4.�0E�?�@P';C0-��0E�7B:�KL79<�Q�797B�·<*CD7¤/0-!<*%0MÛ-�:�-�Q$CD?�+.7�-��0/R<*CD7�E�+6?�K¨-�+�8*79@�798*7B�0'�7|@�8;-�MN7F��yAP�&��J�4.:
7B:;:V7B�w<*4~-�+¡Z�ÜÝC(4.+67&- ± µ�YU:V<*-!<*46?����D79<�Q�?�8;)|-�+.+.?aQ$:�K(%04~+./04.�DE2-�8;7B+.-!<*465�7�+6?,'9-�+¨5�7B+.?�'946<�=UMN?,/D7B+¡½�?��0+6=UX3Þß��
4~:�-!K¨+67u<V?2/0468*7B'�<*+6=�+.4.�D)�<*C04~:uFH+.?�'9-�+�JMN?,/D7B+�<V?�<*CD7I�yAP�$��Z�¸3795�7B+6?��(MN7B�¢<O?�@[-�¦$79Qàª[7B-�+~-��0/�X3Þß���:V798*5,4.'�7
@�?�8uE�79?�/07B:V=U4.:�?��D7e?�@<*CD7�'�7B�w<V8;-�+L<*-�:*)�:I4.�¤:*%(:V<*-�4.�04.�0E2<*CD7�¦$79QjªL7B-�+.-��0/ ± 79?,/D79<*4.'e¸e-!<*%0M �! � � N4.�U<*CD7
@H%D<*%D8;7e-��(/�MG-�4.�¢<*-�4.�04.�0E�46<*:$+.4.�D)U<V?G<*CD7��yAP�$��Z

APCD798*724.:$-�+.:V?�-G�0797B/�<V?�'�?��0:;4./D798P<*CD7�'�?��w<*4.��%04.�0EN7�¯[7B'�<*:&?�@�E�8*?�%0�0/�/079@�?�8;M�-!<*46?���-��0/	<*CD728*7BÙ�%0468*7�Ú
MG7B�w<*:�?�@$¦&79Qáª[7B-�+~-��0/h��:��0-!<*46?��0-�+�CD7B46E�C¢<�/0-!<*%0Mâ@�?�8�<*CD7U@�?�8;7B:V797B-!K(+67|@�%0<*%D8*7�Z�XeÞ�ß��24.:�8*7BÙ¢%(468*7B/£@�?�8
5�798;<*4.'9-�+�/0-!<*%0M /D795�7B+6?��(MN7B�¢<$4.��¦&79QÀª[7B-�+~-��0/hZ

"B$#��D�E�E,FG
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é %D8*8*7B�¢<�Q�?�8*)�4.���$-�/(46?¥#&:V<V8;?��D?�M�=�4.:N'�7B�¢<V8*7B/¶?���<*CD7��D79Q&+6=³@�?�8;MN7B/ é 7B�¢<V8*7¤@�?�8G�$-�/046?��¨Cw=,:*4.'9:
-��(/ÝY��(-�'�7�P7B:V7B-!8q';C«F é �3Y,�eJ�+6?,'9-!<V7B/à-!<|#I1&AêFH#3%0'*),+.-��0/à1&�04.5�798;:*46<�=·?�@2A7B';C(�D?�+6?�E�=0JqZ�#I1&AçC0-�:
%(�0/D798*<*-!)�7B�	<*CD7�<*-�:*)�?�@O/D795�7B+6?��(4.�0EGX3Þß��P@�-�'94~+.46<*467B:P4~��¦$79Qëª[7B-�+.-��(/hZPAPC04.:PQ�?�8*)�4~:PKL7B4.�DE�'�?��(/0%0'�<V7B/
4~�£'�?�+.+.-!KL?�8;-!<*46?��£Q$46<*CRY�Q&4.�wK¨%D8;�D7�1&�(465�798;:*46<�=�?�@uA7B';C(�D?�+6?�E�=�FHì�7B+6KL?�%D8;�D7�Je-��(/£Q$46<*C£<*CD7�:*%D�(�[?�8;<�?�@
<*C072#&%0:*<V8;-�+.4.-N¦3-!<*46?��0-�+�A7B+67B:*'�?��L72�0-�'94~+.46<>=�-��0/�<*CD721&�(465�798;:*46<�=U?�@�A�-�:*MG-��04.-�-!<$§$?�K¨-!8*<$4.��#3%0:V<V8;-�+~4.-,Z

#íE�8;-��¢<�?�@[¦�ª�î!¼! � ,½� � � �Q�-�:�?�K(<*-�4.�D7B/�@�8;?�M«<*CD7P¦$79QàªL7B-�+.-��0/�ì�4~�04.:V<V8*=�?�@¨��'�?��0?�MG4.'u¸3795�7B+6?��(MN7B�¢<
FHì��¸2J&<V?�:*%0�0�L?�8*<$<*C04~:&Q�?�8*)[Z�APC07�ì��¸ï:V797B:eXeÞ�ß��&-�'�<*4.5�46<�=�-�:2-|�L?�<V7B�¢<*4.-�+�%0:V798�?�@�<*C07�#3/D5!-��0'�7B/
¦&79<>Q�?�8*)[½(Q$C(4.';C�4.�¤<*%08;�¤@�?�8qMG:P-N5,46<*-�+�'�?�MN�L?��D7B�¢<I?�@�<*CD7�E�?a5�798q�0MN7B�¢<9��:3¸e46E�4.<*-�+�Y�<V8;-!<V79E�=�Z

# :V7B+6@&'�?��w<*-�4.�07B/�8;-�/046?-�:V<V8*?��D?�M�=R8;7B'�7B465�4~�DE-��(/R8;7B'�?�8;/04.�DE�:V=,:V<V7BMÛ@�?�8NXeÞ�ß���Q�-�:N'�?��0:*<V8;%0'�<V7B/
FH:*797�/D79<*-�4.+.:$4.�£� »!��JqZ�APC07eM�-�Øy?�8346<V7BMG:I?�@�7BÙ¢%(46�(MN7B�¢<P4.�0'9+.%(/D7�×

ð �P7B'�7B465�798&?��L798;-!<*4.�DEG-!<��!Zòñ�"�Ã ± §&W�'�7B�¢<V8*72@�8*7BÙ¢%07B�0'�=�½��BñNì§$W�K(-��0/DQ$4~/D<*ChZ
ð #&��Ã�K(46<I:*-�MN�¨+6798&��/046E�4.<*4.:V798uK(-�:V7B/�?���-Gì-T®,4.Mó��»�»wÃG#3¸ é Z
ð ¸e4.:V)�K(-�:V7B/	8*7B'�?�8;/04~�DE�:V=,:V<V7BMç'�?��0:V<V8;%0'�<V7B/@�8*?�M -U¸37B+.+µ�?�Q�798*7B/0E�7¤�Bñ! � wY é ¬¨<V<V7B/	Q$4.<*C�-Uì�79<yÚ
:*-�CD?�5�4hX2Y��yßÅ4.�¢<V798*@�-�'�7�'9-!8;/hZ

ð Y�<*-��D@�?�8;/��$7B:V7B-!8;';C�Y�=,:V<V7BMG:P�OY0¿!��"N�&%DK(4./(4.%0Mô�D8*7BÙ�%D7B�0'�=	Y�<*-��0/0-!8q/hZ
ð A�8q4.M�K¨+67�APC¢%(�0/D798*KL?�+6<��08*7B'94.:*4.?�� ± µ�Y|?�:;'94.+.+.-!<V?�8BZ

�D797B/�-��(/	/D?�Q$�0'�?��¢5�798;:*46?���:V=�:*<V7BM -!8*7�+6?�';)�7B/�<V?U<*CD7��&%DK(4./04~%0MÏ@�8*7BÙ�%D7B�0'�=�:V<*-��0/(-!8;/hZ�#ë��Zò"�CD?�%D8
+.?¢?��R<*4.MN7�'�?��0:*<*-��w<�Q�-�:�%0:V7B/£<V?/04~:*'946�(+.4~�D7�<*CD7|�OY0¿!��"�<V?�<*CD7��Uµ�µuY¥:*46E��(-�+��08*?,/0%0'�7B/¥K�=�<*CD7 ± µ�Y
%(�046<9Z�APC04.:�'�?�M�K(4.�0-!<*46?��¤�(8*?a5,4./D7B/¤:*%,S|'9467B�w<I'�?��¢<V8*?�+h?�@<*CD72+6?��DE�<V798;Má/D8q46@�<�?�@�<*CD7��$%DK(4~/04.%0MÏQ$46<*CD?�%D<
KL7B4.�0E�<V?¢?/D79<V8;4.MN7B�¢<*-�+O<V?�46<*:�:*CD?�8*<2<V798qMâ:V<*-!K¨4.+.46<�=�Z|APC07U�$%0K(4./04.%(M Qu-�:�'9-�+~46K08;-!<V7B/³Q$46<*C¥<*CD7|%0:V7U?�@
§&=,/D8*?�E�7B��MG-�:*798;:�FH4.��§&?�K(-!8*<&-��0/�µ�-!8*)�7B:qJqZ���<I�08;?a5�7B/�<V?�K[72:*<*-!K(+67�<V?|õ«�9 �ö �H¨ Z

Y,46E��0-�+.:@�8*?�M«<*CD7u�08;4.MG7�@�?�'9%(:�?�@(<*CD7u<V7B+67B:*'�?��L7IQ�798*7I'�?�+.+67B'�<V7B/NK�=�-e'9468q'9%0+.-!8�Q�-a5�79E�%04./D7IQ&46<*C�:*4.MN�(+.7
:;'9-�+.-!8$';C0?�)�7�8;4.�0E�-��(/�-G:*4.�0E�+67�+.4.�D7B-!8I�L?�+.-!8;4~:*-!<*46?��|�(4.';)�%D��Z

APCD7¤Q$CD?�+67|�(-�';)T-!E�7�Qu-�:G/D7B:;46E��D7B/�-�:G-�L?�8*<*-!K(+67�:V=,:V<V7BMê@�?�8G%0:V7¤?��¶/04z¯L798*7B�¢<�8q-�/046?<V7B+67B:*'�?��L7B:9½
:;4.�0'�7G<*CD7U?��D7�<*C(4.�DE�<*C0-!<�¦&79Qáª[7B-�+~-��0/³+.-�';)�:�-!<�<*CD7UMN?�MG7B�w<�4.:28*7B-�/0=£-�'9'�7B:*:�<V?-�+.-!8*E�7U'�?�+~+67B'�<*4.�DE
-!8;7B-,½0@�%(+.+6=�:V<V79798q-!K(+67�-��¢<V7B�0�0-,Z

Ü¥7G-!8*7N7�®��¨+6?�8;4.�DE|�L?�:*:*46K¨4.+.46<*467B:I-!8q4.:*4.�DE|@�8*?�M÷'�?�+.+.-!KL?�8;-!<*46?��Q$4.<*C�#3%0:V<V8;-�+~4.-,Z�#ø�¢%0M�KL798e?�@�A8;-��0:yÚ
A�-�:*MG-��<V7B:V<*:�C(-B5�7�KL797B��'�?��0/(%0'�<V7B/�4.��! � �"|KL79<�Q�797B�<*CD7�#I1&Aù:*=�:V<V7BM�4.�(:V<*-�+.+67B/	?��-¤ñUMN79<V8*7N/04.:*C
+.?�'9-!<V7B/Ý-!<|ú�-!8;-!)T-,½�Y�?�%D<*Cà#&%0';)�+~-��0/h½P-��0/à<*CD7�#3%0:V<V8q-�+.4.-£A7B+67B:*'�?��L7 é ?�MN�(-�'�<|#$8*8q-B=�4.�à¦&-!8;8;-!K08;4¡½
#3%0:V<V8q-�+.4.-,ZGAPC04~:eQ�?�8*)¥C0-�:2K[797B�³:*%0'9'�7B:*:V@H%0+¡½�Q$46<*C¥@�8;4.�DE�7B:�+.?�'9-!<V7B/³@�8*?�MÂ<*CD7G8*7B'�?�8;/07B/³/0-!<*-�-��(/£C046E�C
8;7B:V?�+.%D<*46?���4~MG-!E�7�?�@�<*CD7�Ù�%0-�:*-!8$µ�ú�YL�Bº��,��Ú���º�¼�?�K0<*-�4.�D7B/¤@�?�8P<*CD7�¬¨8;:V<I<*4.MN7�F�¬¨E�%D8*7�¼�JqZ

APCD7B:V7$MG7B-�:*%D8*7BMN7B�¢<*:O@�?�8;Mù<*C07PKL79E�4.�0�04.�0E&?�@hMN?��04.<V?�8;4.�DEeE�79?�E�8;-!�(C(4.'$+6?,'9-!<*46?��N?�@L<*CD7&¦$79QÅª[7B-�+.-��0/
��AÅQ&46<*C¤8*7B:V�L7B'�<P<V?G<*C072Þ�ßu#áFH#&%0:*<V8;-�+.4.-wJ�-��¢<V7B�0�0-�:9Z�APCD7�E�79?�E�8;-!�(C(4.'2+6?,'9-!<*46?���?�@�<*CD7�ñ!Mû��Aj4.:9×

ü¤ý«þ ¼�¿Tÿ� �"��6"�¼ � »0�BÃ�¼!²�Uý �a¿�» ÿ »wº � »w¼ � ñ�",�BÃ!²����+.+.4.�(:V?�4./|CD7B46E�C¢< ý "�Ã � »wº���M± 79?�4./�CD7B4.E�Cw< ý ¼�� � º�¼�"UM
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APCD7�E�79?,'�7B�w<V8;4~'2'�?¢?�8q/04.�0-!<V7B:I?�@�<*CD7�ñ!MÁ��A�-!8*7�×

� ýÀþ "! w¿!��¿�»�» � �BºT»¤M� ý »w"�º! �Ã�" � ¿�»w"�¼¤M
� ý«þ ¼�Ã���ñ,�B��¼ � º����|M

APCD7N/04.:V<*-��('�7NK[79<�Q�797B�³<*CD7G#�A é #ï-!<2¦3-!8*8;-!K08q4�-��0/£¦&79Qôª[7B-�+.-��0/£ñ!Mó/04.:*C�Qu-�:�@�?�%0�0/�@�8*?�M�<*CD7
¬¨8;:V<uX3Þß���<V7B:*<P<V?GKL7���¼�º�ÃT»wÃ�¼ � ¿!�
	· �  D��M�Z
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APCD7�'�7B�¢<V8;-�+<*-�:V)�@�?�8&¦&79Qùª[7B-�+~-��0/�8;-�/(46?�-�:V<V8*?��0?�M�=	4~:P<V?¤-�'9Ù¢%04.8*7�-G8q-�/046?G<V7B+67B:;'�?��[7�Q$46<*C�K(46E�E�798
'�?�+~+67B'�<*4.�DE�-!8*7B-�-��0/·�(-!8;-�MN79<V798q:N/D79<V798;MG4.�07B/R4.�R<*CD7¤��X�Y³Ü ± ¼��$79�[?�8;<��z����ZRAPC04.:�/D795�7B+6?��(MN7B�¢<�Q$4.+.+
MG?�:V<�+.4.)�7B+6=�K[7&'�?��0/0%0'�<V7B/|4.�G<*C07$@�8;-�MN79Q�?�8*)N?�@�<*CD7&?��DE�?�4.�DE�/D795�7B+6?��(MN7B�¢<�Q&46<*C ± 79?�:;'9467B�0'�7�#&%(:V<V8;-�+.4.-,Z

X�7B�w<*%D8;7Y�?�%D<*C0+~-��0/h½�-£8*79E�46?��0-�+P/0795�7B+6?��(MN7B�¢<GE�8*?�%D��½�C0-�:�-�'9Ù¢%04.8*7B/í-������9M /04.:*C�@�?�8U46<*:�:*46<V7�4.�
#&Qu-!8;%0-2-��0/U4.:OQ�?�8*),4.�DE2Q&46<*CG#I13A�<V?��08*79�(-!8*7&46<O@�?�8�8;-�/04.?2-�:V<V8*?��D?�M�=�Z�#ÅC046E�CDÚ>:V�L797B/N�D79<>Q�?�8*)�+.4~�D)�4~�DE
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03K�8�j�Va.9R�2	5�8d2	V6VaK�_«RT=?2	5�8�2'J{8dRT.U=T=?465/X�RU� _`,�46Va.FRT=?46V<VlX	.U=T=?4<5/X$=TK	=?2	V�I"Ky_\.UJ�0d.92	R^j/J?.90d.95l=?RK	xi=?,/.-OPK�5 s	.UJ^=T.98
O{,�2	5�5/.9V�qk��V6460p4a=T.98|.P�"K	J?=~R?,/K�j�V68�:".t2	R?R?j�J?.98|K�5�=?,/.���n|R?4<8/.]=TKe465�OUV6j�8/.$=?,/.�R?j/I�I"K	J?=-x}K	JE=?,/.SB~DFD-G
8�j/.$=TK3=?,/.o4603I�V646OU4a=F��nl�*V64aw	.$RT=TJ{j�OP=?j/J?.$K	x�=?,/.oOPK�030p2	5�8�Ru=?,/.tBEDFD-G®4<R-2':�Va.$=TK3J^.9OPK	X�5�4a�U.	q

BE4a�i.UJ?.95l=~OPK�5(��X�j/J^2'=?46K�5�RkOU2	5A:".SR?j/I�I"K	J?=T.98�=TKvK	:�=?2	465;R^460346V62'Jy��:�j/=E5/K	=E4<8/.95 =?4<OU2	V´��x�j�5�OP=?46K�5�2	V64a=?4a.9R9�
R^j�O^,Q2	Run�n(D78/Ky_k5pOPK�5ls	.UJ?=T.UJ9�/_`468�.u:�2	5�83I�2'J^2	V6Va.9V���[N�o��2	5�8pI"K�Vafl��I�,�2	R?.-��[N�E�M����+$��=TKS03.95 =?4aK�5v2ox}.U_oq
+`,/.eIiK�R^R?4a:�46V<4a=*fA=TK%465�8�.UIi.95�8/.95 =?V6f�=?j�5/.18�4��".UJ?.95 =dO{,�2	5�5/.9V6R9��2	5�8b=TK%,�2ys	.|=?,/.90µ��Va=T.UJ^.98m2'=38�4��i.UJ^.95 =
:�2	5�8/_`468�=?,��(=?,/K�j/X�,�2	5|K	:�s�4aK�j�R-x}.92'=?j/J?.t4<51=?,/.t2	5�2	VaK	XQ4603I�Va.90d.95l=?2'=?4aK�5���4<R`5/K	=`R?KpK	:�s�4aK�j�R`2pR?K�V6j/=?4aK�5
x}K	JS=?,/.v8�4aX�4a=?2	V�4603I�Va.90d.95l=?2'=?4aK�5���2	R�8�4��".UJ?.95 =SRTK�V6j/=?46K�5�R]OPK�j�V<8>2'I�I".92'JS=TK;:".Q03K	J?.Q2'I�I�J?K	I�J^462'=T.	q;�/K	J
=?,�46R-J?.92	R?K�5;=?,�.tI�J^KMLN.9OP=~2	V6VaK�_`R`4603I�Va.90d.95l=?2'=?4aK�5|K	x�8�4��".UJ?.95 =E2'J^O^,�4a=T.9OP=?j/J?.9R~2	5�8;=?,/.�2':�46V64a=£fQ=TK1O{,�2	5/X	.
=?,�.90¶2'=`OPK�5ls	.95�4a.95�OP.	q

�·G\K	J^. r K(8�j�V6.AOU2	5±,�2	5�8�Va.�2c0p2MW(460Sj�0¯465�I�j/=v:�2	5�8/_`4<8/=?,«K	xd0dK	J^.�=?,�2	5±¦M¥��E:�4a={�MRU�$2	5�8®2
0p2MW(460Sj�0©K�j/=TI�j/=~:�2	5�8/_`4<8/=?,�K	xF¨�q6 9¸	¤��E:�4a={�MRUqd+u_\K|,�4aX�,AJ{2'=T.3:�j�RT.9R$2'J^.dI�J?.9RT.95l=U��5�2	0d.98 z n�[E2	5�8
z n�¹S�UJ^.9RTI".9OP=?4as	.9Vaf	�y_k4a=?,~=?,/.�2	8�8�4a=?4aK�5~K	x(2ux}j�J?=?,/.UJ�G\K�5l=TJ?K�V��	G\K�5/��X�j/J^2'=?4aK�5i� r K�5�46=TK	J�:�j�RU��5�2	0d.98tG-G r q

º��»�¼�&��	��½ ¾Q
�½�)u
���������&

[�5;��46X�j/J?.3 o=?,�.]B~D\D-G�46R-R^,/Ky_`5���_`,�46V6.~2QR?O^,�.9032'=?46Oos(4a.U_�K	x�=?,�.t465�R?=TJ^j�0d.95l=u46R-s(46R?4a:�Va.E4<5|��4aX�j/J?.
¤�qFn(4aX�5�2	V6R\OPK�03465�Xdx�J?K�0�=?,�.EJ^.9OP.94as	.UJ^Ru=TJ?K�j�X�,e=?,/.tG\K�5�8�46=?4aK�5�465/X r K(8�j�V6.E2'J?.$w	.UI�=-2'=u=?,/.$I�J?K	I".UJuVa.Us	.9V
:".Ux}K	J?.$=?,/.oR?2	03I�V6465/X�I�J^K�OP.9R?R9q

+-,/.��kB~D\K�2'J^8«¿���4aX�j/J^.d¦�ÀkI".UJ?x}K	J^03Rk=?,/.d2	5�2	VaK	X'��=TK'�*8�4aX�4a=?2	V�OPK�5ls	.UJ^R?4aK�5�2'=o2vJ^2'=T.dK	xF¤ ªTÁ z �	qS�/K�j/J
K	xt=?,/.9RT.�j�5�46=?RQ2'J?.%2':�Va.;=TK7x}.U.98°x}K�j/Je[���Rv_`4a=?,®¨���:�4a=eJ?.UI�J?.9RT.95l=?2'=?4aK�5®465�=?,/.AI�J?K(OP.9R?R?465/Xbj�5�46=?RU�-=?,/.
GFK	J?. r K�8�j�Va.p:"K�2'J^8�RQ¿���4aX�j/J?.v¥lÀ{q;+`,/.Q032MW/460Sj�0µ5lj�0t:".UJ]K	x`R^j�O^,m���\�~�¬:"K�2'J^8�R]46Rv 9§�4<5>2�RT=?2	O?w
OPK�5/��X�j/J^2'=?4aK�5�q]+-,/.d��46Z�2A¿���4aJ^RT={�MZ�2	RT={Àk:"K�2'J^87¿���X�j/J?.3¢�ÀkK	I".95�R~2	5�8�OUVaK�R?.9R~=?,/.dO^,�2	465�qt+-,�4<R`:"K�2'J^8A46R
4<5�8/.U.98|j�R?.98|4651=?,/.S465�4a=?4<2	Vi2	5�81��5�2	V�I�2'J?=-K	x=?,/.tRT=?2	O?w|=TKQI".UJ?x�K	J{0¶0dK	J?.ox�j�5�OP=?46K�5�RUÂ\¤dY$n�[u465l=T.UJ?x�2	OP.9RU�
B`�Ã03K�5�4a=TK	J9��+-4<03465/X�RTf(5�O^,/J^K�5�4a�92'=?4aK�5|2	5�8�GFVaK(O?w�n�f(5 =?,/.9R^4a�U.UJ9��G\K�030Sj�5�46OU2'=?46K�5���Ä�+��`��O{,�2	5�5/.9V´q

+-,/.p���\�$�kR�G\K	J?.vG\K�5/��X�j/J^2'=?4aK�5%J?.UI�J?.9RT.95l=o=?,/.3��J^0t_\2'J?.p=TK�I".UJ?x}K	J^0©=?,/.p8/.9R^4aJ?.98�x�j�5�OP=?4aK�5�2	V64a=*f	�
R^j�O^,72	Rd=?,�.;n�n(D�:�2	RT.1:�2	5�8bOPK�5ls	.UJ^R?4aK�5�qbB~4��".UJ?.95l=32'J^O^,�4a=T.9OP=?j/J?.9R3OU2	5c:i.1j�R?.98b:i.9OU2	j�RT.1K	x`=?,/.1x�j�V6V
I�J?K	X	J^2	03032':�46V64a=£f3K	x�=?,/.o0dK(8�j�Va.	q

+-,/.���K�_�.UJtBE4<RT=TJ^4a:�j�=TK	J`:"K�2'J^8;X	.95/.UJ^2'=T.9R$=?,/.dR?j�I�I�Vafvs	K�Va=?2'X	.9R$x}K	J~.92	O^,�:"K�2'J^8;K	x�=?,/.�O^,�2	465�q$+-,/.
R?K	x�=£_\2'J?.	��2':�Va.p=TK�032	5�2'X	.v=?,�.p.95l=?4aJ?.vx}j�5�OP=?4aK�5�2	V64a=£fAK	x-=?,/.eBEDFD-GE�46RtJ^j�5>K�5m2�OPK�0dI�2	OP=d�FG�:"K�2'J^8
_k4a=?,�=?,/.v,/.9VaI%K	xF=*_\KA�\G\[$OPK�030d.UJ{OU462	V�465l=T.UJ?x�2	OP.9RUq�n�f(RT=T.90 r 2	5�2'X	.90d.95l=pn�K	x�=£_\2'J^.Q46Rt��46.9V68hn�f(RT=T.90
K	J{4a.95 =T.98���RTK~=?,�2'=RT=?2	5�8�2'J^8SOPK�03032	5�8�R�=TK~R?.U=�2	5�8Sj�RT.�=?,�.F4<5�RT=TJ^j�03.95 =�2'J?.u��46.9V68�n(f�RT=T.90d�*V64aw	.	�'J?.9��j�4aJ^465�X
2p03465�460Sj�0�.P�iK	J^=-=TKp465l=T.UX	J^2'=T.]=?,�.]B~D\D-G�465 =TKd=?,�2'=-.95 s(4aJ?K�5�0d.95 =Uq
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Å�ÆÜÇyÉ Ê£Ë-Ý	Í�Î\Ï�Ï�Ð�Ù�ÒNÞ�Ë^Û$ÑUÚ�ÆÜÒ�ß6É�ÕlÒTÚ£ÆÜàyÕlÑ9á�Ê�Ë^â�Ê�Ë{Ù£Ë^ÕMÚNÑUÚ£ÆÜàyÕ�Í
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BE4a�i.UJ?.95l=p2'J^O{,�4a=T.9OP=?j/J^.9RQOU2	5«:i.|j�RT.98«465b=?,�.�G\K	J?. r K(8�j�Va.9RU�F,�2ys�465�X>8�4��".UJ?.95l=dIi.UJ^x�K	J^0p2	5�OP.|2	5�8
:".9,�2ys�46K	J^RUq�¹~5�.�I"K�R?R?4a:�V6.�OPK�5/��X�j/J^2'=?4aK�5t46R�=?,/.�BEBoG>8�4aX�4a=?2	V 8/Ky_`5]OPK�5 s	.UJ?=T.UJ465o=?,/.�RT.95�RT.�K	x(=?,/.�OUV<2	R?R?46OU2	V
4<0dI�Va.90d.95l=?2'=?4aK�5�q�[N5eR?j�O^,12�RTK�V<j/=?4aK�5e2d8�4aJ?.9OP=-n�n(D�OPK�5ls	.UJ^R?4aK�5146R\=£flI�4<OU2	V6Vaf3I".UJ?x}K	J^0d.98v:".U=*_\.U.95|2�,�4aX�,
8�2'=?2pJ^2'=T.dR?2	03I�Va.98;[��«:�2	5�8�2	5�8;2vVaK�_�.UJo8�2'=?2QJ^2'=T.�:�2	RT.S:�2	5�8�q~¹~5/.SK	J~=*_\K1O^,�2	5�5�.9V6Rk2'J^.SX	.95�.UJ^2'=T.98
x}K	Ju.92	O^,;OPK�5 s	.UJ^=T.UJ9��2	Rk465v=?,/.o2	5�2	VaK	Xp4<0dI�Va.90d.95l=?2'=?4aK�5�q�[N0dI"K	J?=?2	5l=F8�4��i.UJ^.95�OP.9RU�/X	J?.92'=?Vafe460dI�J?Kys(465/XS=?,/.
I".UJ?x}K	J^032	5�OP.Q2'J?.QI�J?.9RT.95l=UÂd=?,/.eVaK�OU2	V�K�R?OU46V<V62'=TK	Jt46RS2�kj�03.UJ^46OU2	V6Vaf%G\K�5l=TJ?K�V6Va.987¹~R?OU4<V6V62'=TK	Jv¿�$G-¹oÀ{��=?,/.
0p4�W�.UJ�46R�OPK�0dI�V6.PW$2	R�Z�K�K	w$�`IS+�2':�V6.�0tj�Va=?4aI�V646.UJ9�P=?,/.�VaK�_u��I�2	R?R�:�2	5�8~�iVa=T.UJ^R�2'J?.���4<5�4a=T.[N0dI�j�V6R?.��`.9RTI"K�5�RT.
¿���[N�EÀ{q/BE.9OU46032'=?4aK�51OU46J^OUj�4a=TJ?fd46RF2	8/K	I�=T.98Q:".9OU2	j�R?.EK	x�=?,/.$,�4aX�,QJ^2'=?4aKS:i.U=£_�.U.95|[��h2	5�8vK�j/=TI�j/=F8�2'=?2SJ^2'=T.
2	5�8346RI".UJ?x}K	J^0d.98�_`46=?,30tj�Va=?4aJ^2'=T.��M0Sj�Va=?46R?=?2'X	.`��[��]q B~4aX�4a=?2	V�+�K	=?2	V���K�_�.UJ$¿�B~+-�\À�0d.92	R?j/J?.903.95 =�2'=�:�2	RT.
:�2	5�8AVa.Us	.9V46R~2	8/K	I�=T.98�æ��-.9R?OU2	V<465/Xl�	�~2	465%G\K�5l=TJ?K�V-¿��-�oG-ÀE4<R$2	8/K	I�=T.98Ax}K	Jo8/f�5�2	0346OtJ^2	5/X	.3OPK�5l=TJ?K�V2	5�8
�i5�2	V�8�2'=?2tJ?.UI�J^.9RT.95 =?2'=?46K�5�q�+-,/.-=?j�5�465/X]R?=T.UIe4<R`  z �	��X�4as(465/Xo=?,/.EI"K�R?R?4a:�46V64a=£f]=TKt��5/.9Vaf�=?j�5/.k=?,/.`J^.9OP.94as	.UJ

8¹6�CYD5E5EFGü���������;5�)JL���������,?ü-����=������M����,?5> O�P¡ç
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ÅiÆÜÇyÉ�Ê�ËFð Í�Ð�àyÊ�Ëuñdà	Ö	É�áÜË-Ï�à�Ñ9ÊNÖoÆ�Ù�Ú£Þ Ëuâ�Ê£à	Ò^Ë{Ù�Ù*ÆÜÕ�ÇEË^áÜË^Û~Ë^ÕMÚ{ò óÆCÚ�ÞtÚ�Þ�Ê�Ë^ËuÞ�ÆÜÇyÞ�Ö�ÑUÚNÑEÊ�Ñ9Ú£ËFô£õyö7ê�É Ù{Í

x}K	J$RTI".9OP=TJ?K�R?OPK	I�f�K	J$2	5lf�K	=?,/.UJ~I�J?.9OU4<RT.tx}J?.9��j/.95�OPf�R?.U=T=?465/X�RUq$E2'J?J?Ky_�:�2	5�8/_`468�=?,1=*f�I�46OU2	V6V6f|2	8/K	I�=T.98�46R
8�.P��5/.98;x�K	J$=?,�4<R`I�J^KMLN.9OP=$465�=?,/.�J^2	5/X	.	ÂS 9§���¨���¥/��¤��� '���(qC¢����(qC¤	¢ r�z �	qd¹~j/=TI�j�=k8�2'=?2eJ^2'=T.d46R$¦	¤QK	J]§M¥
r�z �32'=$I�J?.9RT.95l=$465�K	J^8/.UJ~=TK1:".�2':�Va.S2	5�8���=~_`4a=?,�=?,/.dRT=?2	5�8�2'J{8���5/Ky_²2	8�K	I�=T.98AY$n([*� z 8�2'=?2eJ^2'=T.	q��
 9¤	¨ r;z �]OUVaK(O?weJ^2'=T.t46RF=?,/.]032MW/460Sj�0¬R?j/I�IiK	J^=T.98�q

÷��;ø�)�å��������

+�.9RT=?4<5/X>_`46=?,7J?.92	VkK	:�RT.UJ?s'2'=?4aK�5�RQRT=?2'J?=T.98�_`4a=?,«0pBEDFD-G�¿}[��k�-��n z �`¹ù2'X	J?.U.90d.95l={À{Â%x�J{465/X	.9Rp,�29s	.
:".U.95Q8/.U=T.9OP=T.98vK�5p:"K	=?,p2	5�2	VaK	X'�*8�4aX�4a=?2	V�2	5�8p8�4aX�4a=?2	V��*8�46X�4a=?2	V/:�2	RT.9V<465/.9RUq���4aJ^RT=�2	5�2	VaK	X'�*8�4aX�4a=?2	V�x�J{465/X	.9R�,�29s	.
:".U.95m8/.U=T.9OP=T.98bK�5h=?,/.1n(.9R?,�2	5(�*�kJ^j�0Sj���4�:�2	RT.9V<465/.3K�5m`K�sm¤	¦���¤'�	�'¥/��_`,�46Va.3��J^RT=S8�4aX�4a=?2	V�x�J^4<5/X	.9Ro_\.UJ?.
8�.U=T.9OP=T.98�K�51=?,�.o`K	=TK'��n�.9R^,�2	5�:�2	RT.9V6465/.~K�5|��.U:�¤���¤'�	��¢�q

¤'�	��§3_`4<V6Vi:i.o8�.98�46OU2'=T.98|=TKv2	5|K	:�R?.UJ?sM2'=?46K�5�ú K	I�=?460346�92'=?4aK�51I�J?K(OP.9R?RUq r K	J^.UKys	.UJ9�"2	5�j/I�8�2'=T.$I�J?K	X	J^2	0
x}K	Je460dI�J?K�s�4<5/X%I".UJ?x}K	J^032	5�OP.�4<RQj�5�8/.UJp_F29f	qÃ[£=e465�OUV<j�8/.9R3���\�$�ûYE46J?=T.PW�¥m8/.Us(46OP.;=T.9R?=?465/X>x}K	Je8/K�j/:�Va.
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ÅiÆÜÇyÉ�Ê�Ëü	Í"Å�Æ�ý�ÑFÏ�à�ÑyÊ�Ö-Ô�×'É�â�â�àyÊ£Ú�Ú�ó�à�þF×'ô�ÆÜÕMÚ£Ë{Ê*ß<Ñ�Ò?Ë{Ù{òyÎ�é�Ò^àyÕ'ÿyË{Ê*Ú�Ë^Ê¡ò���Ð1Ò^àyÛ~Û`É Õ�ÆÜÒ{ÑUÚ�ÆÈà�Õ�ò�����é��%â�Ê£à�ÇyÊNÑ9Û~Û~ÆÈÕ Ç Í

I�J?K�OP.9R^R?465/X3OUVaK(O?w|2	5�8|I�J^4<OP.$J?.98�j�OP=?4aK�5�æ���2	RT=T.UJ$�EB²R?2	0dI�V6.UJ-x�K	J~465�OPJ^.92	R?465/Xd=?,/.t465/I�j/=u:�2	5�8/_`468�=?,�æ/�kB
R^2	0dI�Va.UJ�I�V62	OP.98e465�R?4<8/.u=?,/.~J?.9OP.94as	.UJu2	5�8vR?2	0dI�V6.98Q8�2'=?2�RT.95l=\=?,/J?K�j/X�,v2	5vK	I�=?46OU2	V���:".UJ9æl�k��[ r 46=?4aX�2'=?4aK�5
D\K�2'J^8�æ�2	5�81=?,/.~��J{RT=`G\K	J?. r K�8�j�Va.3¿�R?2	0d.o,�2'J{8/_\2'J^.�À\2	OP=?R`2	R`�k��[�I�J^K�OP.9R?R?K	J-465e=TJ^2	5�RTx}.UJ?J^4<5/Xt=?,�.oI�j/J?.
R^2	0dI�Va.9818�2'=?23_`4a=?,eI�J?K	I".UJ-OPK�5(��X�j/J^2'=?4aK�5�q

���¾Q
����/!*��&M�*
���&

+-,/.pB~DFD-G²RTf(RT=T.90�46Ro2�,�4aX�,�Vaf���.PW(46:�Va.d465�RT=TJ{j�0d.95l=$:i.9OU2	j�RT.p4a=]4<Ro2':�Va.3=TK;I�J?K(8�j�OP.3465�8/.UI".95�8/.95l=
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Figure 1: the digital down converter configuration 
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Figure 2: DDR mode and processing with 4-bus parallel in FPGA 
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Figure 3: The zero baseline fringe 
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Figure 4: The fringe of radio source 3C454.3 
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Figure 5: The poly-phase filter + FFT configuration 

hYñOÌ4ë©î?p9iLt�ï"j_t�l¸t�ë�ì/º
ó:ô`ü¶öa.�ùBý�2 ü¶ö}ö'þ�÷�÷zùBýMÿFõOøP�T� ÿ'ô�õ ³ �1ÿ'ü�ù/� ��� ³ �1ÿ'þ�ý����+�=û%ü�õ���û�õ�	`ù�þ �`ø �1ÿ'ü�ù/� ùBú�*�ô`ü������>õ���õ%ý����F©ý'ù��

�Bý����Í��|�J/Á�J/I�J�J/�/��#:`Yõ ÿ'ô����32
Î�ô����3��G>ü¶þ 6Oô�ù/�3�3,5�=ô¢þ
	�õ��3��û�ôCþ �_,�Î�ô¢þ
�:õ��~¾'ü�õ�,Éó	þ^�6þ`üM� ü��U����ø ùBÿ'ô�õ%ý
û�ù/�M��õ�����þ�õOö#ùBú�ÿ'ô�õS*#ô`ü���õOöFõ-@(AB'C$ ³ õ%ÿ�.�ùBý12|ú�ùBý:ÿ'ô�õOü¶ý:ô�õ���÷_#

��24365�7�798:�	�$���;&
��=<>�$���(�����:��;()%?$�$�$@������A DFE�Ï



���������	��
��������
������ ������� �� #"���$ #�$�%�&
M�(��)9�6���>+4-z-/.

¹
t m�t`íOt�ëfñNt�º
ÐÒÑ1ÓHÔdÕ\Ö(Õ{×�Ø�ÙYÙ�Õ�Ú-ÛOÜ�ÝEÞÒß{Þ¢Ù�à�á�â�âÅÔ�ã�Õ{×�Ù�ä/Ø+ÜEå�æ�Üèçzé~Ù%Ø�×�ã�Ø�×%Õ\Ö(Ø1Ù%Ø�×°ê/Ü"å�æ:Ü�æ�Ø�Ö(Õ�ë\ì~í�ê/î�ì{ì\ì
Ð î>Ó�ï?ðOñ�ñ�à�×%ÞBÚ-Û?ÝEØ�ò\Ø�áÒÕ{ó/Ö(Ø�é~Ù+Õ�ã�à�Ý"Þ«ß\ÞÒÙ%à\áBôOà{õYØ�â�à�éKö<ÔdÕ{é�ò\Ø�×�Ù�Ø�×�÷MÝCâ5âÅÔ�ø1ù?â�à\õ�Þ«ñ(úBáÒØ�Ö-Ø�é~Ù%õ+à\éOö�û_×%Ø�á«ÞÒÖ(Þ«éOà�×%ü

ý Ø°õYð/áÒÙ%õ�Û4þ\ÿ"Ø�� ï?Ø�ñ�ä/éOÕ\á«Õ\ß\Þ«Ø�õ0ÞÒé��Eå?â5çLþ/êBÜ���û ÔdÕ{é�ã�Ø�×%Ø�éKñ1Ø���Ø�×%ÞÒØ°õ�ê��4Õ{á Û4ë{ì	�/êBî\ì\ì{ë/êXØ�ö3Û�
-ÛBÔEÛXæ�ÞÒé/äè÷��/à�é
 ×�à�éKñ1Þ�õ�ñ�ÕOùXÜ���û5ø�ê/ó/ó�Û Ñ�������Ñ��{î

Ð ë�ÓHÔd×%Õ�ñ�äOÞÒØ�×�Ø ý Û«ê ý à�ôOÞÒé/Ø�×Åå_ÛOæ�ð/á¢Ù%ÞÒ×�à�Ù%ØFÝ"Þ«ß\ÞÒÙ%à\á���Þ«ß\éOà\á û_×%Õ�ñ�Ø�õ%õYÞ«é/ßKê~ÿ"Ø����\Ø�×%õ�Ø�ü�ûB×�Ø�é{Ù%Þ«ñ�Ø����"à\áÒáNçzéOñ\ÛÒê Ñ��	�{ë

DFE�H �!243>5M797�8:�	�$����;&
M��<>�$�®�(����#��;()%?$�$�F@S����9A



���������
	���������
������������������� �!���#"
$%�!�&�'��()�*+��,.-0/�132546��$%"
�7��	38+�:9;�0<=�?>�@�-�4:4
A5B C�D5E5F&�:9�":"G�!�H,I9���JK��8�4
1LCM� N2O�&����	�(=��P!�#Q2O-�4RC�N�N#SKT0�!�
��	U���WVX�!����9��:YKAZ	��&P!�!�!�
9��:Y��!Q�")��[!\ >^]:[^\�\JM����"_� @#@�9��M��P!P#� Y��`(aP#� �������6� Y#�b�
@�"
�:c
�79�P^�b��9��#�:�U@bY#$RC�N#N#S#@�d �����6�

egfhif?j�kilnmofqpXrskRtvuxwyfz {g|~}�����uKm�lnjbf?�s��pn�^r��:���R�q{��n�����X�R�
����� ��lnl�f��z��!r���ux����} �¡ U¢£��pXr3f?��tMu%¤�f

¥+¦G§�¨:©�ª6«.¬�«®+¯�«W°K±+²_¨�©�³�´µª6«�¬�«&¶'²)·¸²�°º¹�´Oª6«G¨#³�´i¥�²)»�¦®©5¼�³�´�°�½¾«®ª#´�§!²)»)².¬n´O·¿©�ª&²
ÀÂÁ Ã�Ä�Å=Æ¡Á¡Ç6È®Á
É!ÊHËqÊ^Ã�Ê!Á&Ì�É�Ä�ÍIÊ�Î_Ï�ÊbÌ!Ð�ÑRÁ&ÏOÅÓÒ&ÎWÁ&Ô)ÕbÎ®Ã^ÏOÅ=ÏµÖGÏ�ÊRÒU×Õ^Î�×bÒMÌ^ÆÂÁMÏµÅÓÒMÎ.ÁMÎ�ØÙÍ�ÒMÆiÆXÖGÎ_ÅÓÉ!ÁMÏµÅÓÒMÎ®ÃÛÚ)Ê�É!Ä�ÎWÒ&ÔÜÒ�Ý6Þ
ÍIÒ&Î_Ï�Á6É�Ï�Á&ÖGÏ�Ä®Ò&Ì�ß¡Ú)ÊbÏµÃ^ÖGÌ�ÒKÀÂÒ&ÎWØ6ÒMÐàÊbá�Æ¡Á&Å=Ôâßsã®ä6å®æ�ä�ç6åZè:é ê0ë�ì®äºë�í6î

ï�ð+ñ&ò
ó
ô�õ®ò
��J
�%*�����9��������'2O�
�`��9����6���ö��(�2O�
(â��	�$K�b��97���n���:�n÷3�#$%$q�:�
97P!����9��#�
����!PUJ:�:�����#Y�øù<=*02`÷��ID�J����?�6�!� �!���#"G�!�Û��
��,�-0/�132�����$%":����	'�:�
9;�'�:��$%�^�q�?>#@�-�4:46A'B#C��
�^�697P!�����^�H������úÓ-0/�132�,IJ
9�P�J%9��'�����:P!P!��������	3������J
�I�?>#@�-�4:46AZ���J
�H$K��û69�$H�
$ü����$%"
�79��
YK(Ü	��^F&�:�!�
P�øÂ"G��	�P�J:���
�:�!�W��('��J
�q�?>�@�-�4:4
A5B C%9���S�ý¡VXþ0ÿ�QG,IJ:9�P�J 9��0(â�#�
	0��97$%�������(a���`�0������J��b�+��(Z�?>#@b-�4
4
AW�:2µ�Â���:�
9;��9��#�i���H��J:��$K�bû
9�$q�:$v����$%":��9��:Yq(â	��^F&�:���:P�ø&QM��J:��	���97�º�ö�69 � ��	��!�:P���97�i��J:�9��&����	�(=��P!�����ö�HJ
�#�`�+A'÷+���~8�4
1.CM� NÂ<=80�
97�#��	������)46��	�9Ü���W13�
����"G�!P!9���P!����9��#�Â	��!�M9���9��#� C&� N D�9��M����	�(=��P��?9��I�:���!�R���P!���:�
�!P�����J
�0����$%"
����	�,I9;��JX�?J:�#�`��A3÷�9��i��J
�0�?>�@�-�4
4
A5B C&Q6,IJ
9��7���HA'÷32µúÓc:�
��9��M����	�(=��P���97��9��K��J:�+�?>#@�-�4:46AZ�2Ó�I97�IJ
�!�:P!��"G������9�c:�������ö�:������� �!�Â�q�:������cG�&�#diA3÷�(a��	0-0/�132'�#c
����	��#�b��9��#�:�I,I9;��JX��J:�0�?>#@�-�4:46A'B#CM�

���
	��������������������

���! #"%$�&('*)�+,$�-/.0+213&('*&(4!&3 �)�56.7+!58)�9;:<$�&('*)�+=$�+,>@?A)�:=:B4,+2'DCE$�&('*)�+,1��� FCG�,+!)�-*)�H�I
JK"L.3?M�LN��,$�1�>! EO� F-*)�PQ F>
$R+! EST1($�:UP2-D E9V>! F>2'DCE$�&3 F>W&3)XH� E)Y>! E&('DC@Z\[�]A.^13IY13&3 F:_+,$�:U F>W`^a�b�Zdc,cYe�f�gX&(�,$�&h'D1B Fij42'*P,PQ F>kS#'D&(�l$
m cY]ng�oqpRJ m +,'DO� E9;1($�-�c� E9G'D$�-6]r4,1#13PQ FCE'tsuCE$�&('*)�+v9( EOY'D1('*)�+
g�oqpwN�'D+j&3 E9(58$�Cx �ory� FCx F+j&L1;$�:UP2-* E9;1#>! EO� F-*)�PQ F>{z�I
"L.(?r�|$�9( }CE$�&3 EH�)�9;'*~E F>�'D+j&3)h&�SA)U&�I�PQ F1E���\+! }'D1A`^a�b�Zdc�.�13 E9G'* F1A Fij4,'DP,PQ F>=S#'D&(��$VZdc�.%J8Z\[�]A.rcY&($�+,>,$�9;>
.7+j&3 E9(58$�Cx �N{'D+w&3 E9;58$�Cx l$�+2>�&(�! �)�&(�! E9
'�1�`^a�b�Zdc,cYe�13 E9G'* F1�$�'D:<'�+!H�$�&
>,'*9( FCx&{Cx)�+,+, FCx&('*)�+nS#'D&(��$�eA?%o
`Ba�b�Z}c,c!e�f�g=zu F-D)�+!H�1�&3)@&(�! h-D$�&3&3 E9%CE$�&3 EH�)�9;I�od`^a�b�Z}c2cYe|'D1�&(�! h+,$�:U B)�5�&(�! V1($�:UP2-* E9\>! EO� F-*)�PQ F>�s29;13&
'�+v&(�,'D1MCE$�&3 EH�)�9(I�'D+v)�9G>! E9�&3)<9( F>24,Cx d+! E&�SA)�9(�j��Cx)�13&\$�+,>v&3)='D:UP29()�O� d'D+j&3 E9;Cx)�+,+, FCx&('*O�'D&�I@S#'*&(�v)�&(�! E9%1('*&3 F1
'�+V$%9( F$�-*��&('D:U rZ%[�]A.�13IY13&3 F:{o�`^a�b�Zdc,cYek1;$�:UP2-* E9�'D1�$}eA?r.�z24,1�zQ)�$�9;>h:U)�4,+j&($�z2-* r)�+U$\:U)�&(�! E9;zu)�$�9G>h)�5
$^13&($�+,>,$�9;>�eA?�$�+2>=�,$�1�$d:<$��!'D:B42:�1($�:UP2-�'D+!H\5�9; Fij4! F+2CxIV)�5��F�^�X�L~#PQ E9�CG�,$�+,+! F-�o�.0&��,$�1�Cx)�+w&39;'Dz24!&3 F>
&3)Bz,9()�$�>! F+=&(�! �z2$�1( #58)�9�Z\[�]A.�4,13 E9;1F�j'�o� �o*��$�+wI<er?� Fi�4,'*P,PQ F>hS#'*&(�=$^`^a�b�Zdc,cYeWeA?A.���z24,1�zu)�$�9G>=CE$�+<zQ 
$hZ\[�]A.A9( FCx)�9;>! E9��,$�+,>v&(�! d>,$�&($U&39G$�+,1358 E9M&(�!9()�4!H��v&(�! }.7+j&3 E9;+! E&�'D1r F$�1('�-*I=9( F$�-�'*~E F>6o�`^a�b�Zdc,cYe��2$�1�$�-D13)
P29()�H�9( F1(13 F>�H�9; F$�&(-*IX&(�, h>, EO� F-*)�P2:U F+j&})�5�&(�, <13)�5�&�SA$�9; =Cx)�9(9( F-D$�&3)�9�oV`^a�b�Zdc,cYeAf�gv'D1}$v1(4,CECx F1(1()�9d&3){&(�! 
`Ba�b�Z}c,c!e��6z/4!&}$ m c!]�g�oqp
'D1}+! ES#-*IR$�>!)�P,&3 F>k$�1^$�+k'D+j&3 E9(58$�Cx =S#'*&(��${�!)�13&der?%o��R$��Y'D:V4,: 1;$�:UP2-D'D+,H
589( Fi�4! F+,CxI�PQ E9VCG�,$�+,+! F-�'D1^'�+,Cx9( F$�13 F>W4!Pl&3)���¡��X�L~�oX¢%1B$R`^a�b�Zdc,cYeAf�g�4,+,'D&^�,$�1B¡RCG�,$�+,+! F-�$�+,$�-*)�H
'�+!P24!&(1E�2¡@4,+2'*&(1#CE$�+�Cx)�O� E9<�F�@CG�,$�+,+! F-D1LS#�,'�C;�
'�1L$@1(4Y£�CE'D F+w&%+j4,:BzQ E9#)�5�CG�,$�+,+! F-�1L'D+XCE$�13 h)�5�H� E)Y>! E&('DC
Z\[�]A.¤o�.7+¥&(�! R:< F$�+w&('D:< ��#`^a�b�Zdc,cYe�f�g¦CE$�+|Cx)�+,+! FCx&v&3)�$¦+!)�&3 EzQ)�)���eA?�)�9{$¦-�$�P,&3)�P�er?§&(�,9()�4!H��
m cY]�g�oqp�'D+j&3 E9(5K$�Cx �oV.0&}'D1}�! F+,Cx UPQ)�1(1;'*z2-* B&3)�4,13 U${+!)�&3 EzQ)j)���eA?¨$�1}$v9; FCx)�9;>! E9^+!)�&})�+2-*I�58)�9^$vZ%[�]A.
)�z/13 E9(O�$�&('*)�+Wz24!&h$�-D13)�5�)�9<$RH� F+! E9G$�-rP24!9(PQ)�13 �)�z213 E9(O�$�&('*)�+�1(4,CG��$�1U$�CEij4,'D9;'D+!HXH� E)�P2�wIY1('DCE$�-M>2$�&($Yok©� 
CE$�9;9;'* F>�)�4,&L$<Z\[�]A.M589;'D+!H� ^&3 F13&%421('D+!H<zQ)�&(�X$=>! F13��&3)�P�eA?ª$�+,>
$�+!)�&3 EzQ)j)���er?%�/$�+,>
S� h1(4,CECx F1;135842-D-*I
H�)�&#5�9;'�+!H� F1Eo

«��X¬��®2¯�°�°�±@²�«�°�³6´�µ�¶�·,�

¸ 'DH�4!9( 
��1(�!)�SL1B$
z2-*)YC(��>,'D$�H�9;$�:¹)�5M&(�! �`Ba�b�Z}c,c!e�f�gX1($�:UP2-* E9B4,+,'*&Eo{���! E9; =$�9( =¡R$�+,$�-*)�H�'D+!P24,&
CG�,$�+,+! F-�1L'D+X$�42+,'*&EoLº�$�C;��C;�2$�+,+! F-�1('*H�+,$�-�'D1L5� F>X&3){$�+
)�PQ E9;$�&('*)�+2$�-�$�:UP/-D'ts2 E9hJK¢L»}¼�p��Y��N%&(�,$�&\�,$�1L&(�! 

2O-�4RC�N�N#SKT0�!�
��	U���WVX�!����9��:YKAZ	��&P!�!�!�
9��:Y�� [^\#>



���������
	��H���#���6�H���+������� ���!� �!����":$%�!�&����(��?>#@�-�4:46A'B#C

½u¾À¿�Á�Â0Ã%Ä�Å�Æ�Ç�ÈÊÉ�Ë7ÌBÍ�¾ÊÎ�¿�Â7ÎFÏ�É�Ð2Ñ�ÒwÃ�Ó�Ô�ÕxÖr×�×�Ø�Ù�ÚLÛ�Î�Ï%ÜwÈÀÃGÂGÅ

z/$�+,>!S#'D>,&(�k)�5%f�p�p��R�L~���&(�! F+�'*&h'D1h1($�:UP2-D F>lz�I¦4,1;'D+!HX$�+�¼���z2'D&h$�+2$�-*)�H���&3)���>,'*H�'*&($�-dJK¢}b�»dNVCx)�+wO� E9;&3 E9
JK¢%»}Ý�g�¼�f�N%S#'*&(�X&(�! U1($�:UP/-D'D+!H<589( Fi�4! F+,CxI�)�5A��¡v�R�L~�o^���! V¢L»}Ý�g�¼�f{�,$�1\$�+�'D+!P/4!&#z2$�+2>!S#'D>!&(��)�5�¡jÞ�a
�R�L~^&(�,$�&#'�1MS#'D>! E9M&(�2$�+�&(�,$�&�)�5�&(�! B¢L»}¼�p��Y���Q&(�j421�1('*H�+,$�-�1M4!P�&3)@f�p�p��X�L~��2SL�,'DC;�
'D1M-D'D:<'D&3 F>vzjIv&(�! 
'�+!P24!&M)�PQ E9;$�&('*)�+2$�-�$�:UP/-D'ts2 E9#¢%»}¼�p��Y����CE$�+RzQ B�,$�+,>2-* F>{z�I�&(�! B`Ba�b�Z}c,c!e�f�g�1($�:UP2-* E9�o#º�$�CG��>,'*H�'*&('*~E F>
1;'*H�+,$�-�'D1%5� F>�&3){$v>,'*H�'*&($�-�s/-*&3 E9}13 FCx&('D)�+� Fij4,'DP,PQ F>�z�IX4,1('�+!H�$�+ ¸ eAß}¢^o�[�)�SM��P2$�1;17��s/-*&3 E9;1UJK[�e ¸ 1GN#S#'*&(�
CE4,&7��)�à@589( Fi�4! F+,CE'* F1�)�5Qg���¡!��¼��2�F���j$�+,><f�g\�X�L~#$�9( M'D:<P2-* F:U F+j&3 F>h'D+V&(�! �>,'*H�'*&($�-js/-D&3 E9�1( FCx&('*)�+6o�.0+213 E9(&('*)�+
)�56[�e ¸ 1�)�9�zjI�P2$�1(1;'D+!H}&(�! #s/-*&3 E9�'D1�13 F-* FCx&($�z2-D �5�9;)�:á$^�,)�13&�er?%owº�$�CG�<su-*&3 E9( F><1('DH�+,$�-,'D1�9( x��1($�:UP2-D F>US#'*&(�
1;$�:UP2-D'D+,H{P2$�9;$�:U E&3 E9;1BH�'*O� F+¦5�9;)�:â$R�!)�13&VeA?ã$�+2>¦'D1^5�)�9G:<$�&3&3 F>�'D+w&3)W�¤��13 FCx)�+,>W589;$�:U �>2$�&($�&(�,$�&h�,$�1
$�5�)�9;:=$�&^Cx)�:UP2$�&('*z/-* US#'*&(��&(�, =`^a�b�Zdc,cYe���z24!&d�2$�1^$�+k x�YP2$�+,>, F>k�! F$�>! E9Fo{?r-*)YC(��1('*H�+,$�-�1}&3)�)�PQ E9;$�&3 
&(�, V`^a�b�Zdc,cYeAf�g=1;$�:UP2-* E9%$�9( BH� F+, E9;$�&3 F>R5�9()�:ä$�9( E5� E9; F+,Cx V1;'*H�+,$�-�o#º�'*&(�! E9h�Ep��R�L~B)�9da��X�L~V1;'*H�+,$�-D1
CE$�+�zu }4,1( F>{$�1�$h9( E58 E9( F+,Cx d1('*H�+2$�-�o����! ¸ eAß\¢§JK¢%-*&3 E9;$Uº�eAg�c!f�pwN�&(�,$�&#'�1�&(�, d1($�:U })�+! }S#�, E9( }>,'*H�'*&($�-
su-*&3 E9;1r$�9( }'D:UP2-D F:U F+w&3 F>@CE$�9(9;'D F1r)�4!&r&(�! }1('*H�+,$�-uP,9()YCx F1(1('�+!H!o�¢ m cY]¥g�oqpU'D1r4,1( F>@$�1#$�+@'�+w&3 E9(5K$�Cx }S#'*&(�@$
�,)�13&}eA?%o ¸ '*H�4!9( Ug@1(�!)�SL1}$�P/'DCx&(4!9( V)�5�&(�! U`^a�b�Zdc,cYeAf�gv4,+,'*&%$�+,>R&(�! {�F����C;�k:U)Y>,4,-D BCx)�+,1('�13&('D+!H@)�5�¡
42+,'*&(1Eo���$�z2-* <�d1(42:<:<$�9;'*~E F1r&(�, ^13PQ FCE'ts/CE$�&('*)�+21r)�5�`^a�b�Zdc,cYeAf�gUCx)�:UP2$�9; F>{S#'*&(�v&(�! B`^a�b�Z}c2cYe�o

½u¾Ê¿�Á�Â0Ã�Ú�Å�Æ�Ü�¾tË3Ñ0Á�Â0ÃAÉ�Ð/Ñ0Ò�Ã�Ó�Ô�ÕEÖA×�×�Ø�Ù�Ú�Á�å�¾ÀÑ#æDÈÊÃ(Ð*Ñ3ç�ÎFåwÍBÑ0Ò�Ã}ÄGèFéKË7ÒVÓ�Ô�ÕxÖr×�×�Ø�Ù�ÚMÏ\É�Í�Á�ÈÊÃdæDÂ0¾Ê¿�Ò�Ñ7ç(Å

[^\#S 2µ-�4XC�N#N�SKT0�!�:��	U���ZVX�!����97�
Y%AZ	��&P!�!�^�697�
Y#�



���������
	��H���#���6�H���+������� ���!� �!����":$%�!�&����(��?>#@�-�4:46A'B#C

êuÎFÇwÈÀÃ}Ä�Å6×�ÜjÃ¤Ë(¾ÀëjË;ÎFÑ�¾ÊÉ�åwÛ�É�ÐQÓ�Ô�ÕxÖA×w×�ØXÎ�åwÍhÓ�Ô�ÕEÖA×�×�Ø�Ù�Ú
`Ba�b�Z}c,c!e `^a�b�Zdc,cYe�f�g

cY$�:UP/-D'D+!HV5�9; Fij4! F+2CxI pYoqp�¡!�upYoD���/pYoìg��/pYoìa������/g�� pYoqp�¡!�/pYoD���upYoìg��2pYoìa������ug��
JK�R�#~�N ¡!�/¼����F� ¡!�/¼����F���uf�g��u��¡
[�e ¸ JK>,'*H�'*&($�-us/-D&3 E9¤NxJK�X�L~�N í g��,¡!�/¼����F���,&(�!9()�4!H��
¢%+,$�-*)�HUz2$�+,>,S#'D>!&(� �Ep�p��X�L~ f�p�p<�R�#~
¢%»�z2'*&(1 ���/g��2¡!�/¼ ���/g��,¡!�u¼
î )�5�C;�/b�42+,'*& ¡ ¡

��¡@�
z,P/1Gb�C;� ��¡=�Xz,P21¤b�C;�
�R$��Y'D:V4,:�>2$�&($U9;$�&3 ��¡@�
z,P/1Gb�4,+,'*& g�a��<�Xz,P21¤b�4,+,'*&

g�a��=�
z,P/1Gb�¡�4,+,'*&(1 �Ep�g�¡��Xz,P21¤b�¡�4,+,'*&(1
»d?�)�à613 E& +!)�&L$�>�ï34213&($�z2-* $�>�ï(4,13&($�z2-D %589()�:�$=�!)�13&�eA?
y� E58 E9( F+,Cx B1('*H�+,$�-D1 �de�eAcu���Ep=�X�L~ �}e�ercu���Ep<�R�#~UbhaU�R�#~
�L F$�>! E9L1('D~E ��¡<z/'*&(1 g�a��hz2'D&(1^J8&�I�P2'DCE$�-�N#ð
.7+w&3 E9(5K$�Cx dS#'D&(�{eA? er?A.���z/4,1 m cY]Mg�oqp

ñ Ý��hz2'*&(1dJ�s2�� F>/N#ò¨O�$�9G'D$�z2-* }$�4Y�!'D-D'D$�9;IUs2 F-D>kJ7�F��p=z2'*&(1r&�I�P2'DCE$�-8N

«����6�Xó��w����ô�·Wõ%·2ö�

½u¾À¿�Á�Â�ÃMÙwÅ�Æ�Ç�ÈÀÉ�Ë7Ì^Í�¾ÊÎ�¿�Â7ÎFÏ�ÉFÐuÑ�Ã¤Û�Ñ�É�ÇwÛ�ÃGÂ�÷EÎFÑ�¾ÊÉ�å,Å

¢ø&3 F13&U)�z/13 E9(O�$�&('*)�+�4,1('�+!HX&(�, �`^a�b�Z}c2cYe�f�g�1;$�:UP2-* E9hSr$�1<CE$�9(9;'* F>�)�4,&U)�+�"#)�O/oD�EpY��g�p�p�al4,1('D+!H�$
f�¡���:ø$�+w&3 F+,+2$U$�+,>�$�+����¤��:ø$�+j&3 F+,+,$U$�&�`^$�1(�,'D:<${J8z2$�1( F-D'D+! \-* F+!H�&(�{'D1M$�zQ)�4!&}�x¡wÝU:@NGo ¸ '*H�4!9( dfh1(�!)�S#1

2O-�4RC�N�N#SKT0�!�
��	U���WVX�!����9��:YKAZ	��&P!�!�!�
9��:Y�� [^\¤ù



���������
	��H���#���6�H���+������� ���!� �!����":$%�!�&����(��?>#@�-�4:46A'B#C

$�z2-*)YC(�X>,'D$�H�9;$�:ú)�5�&(�! V&3 F13&\)�z213 E9;O�$�&('*)�+�o\¢�P,9()�&3)�&�I�PQ V:<)�>! F-�)�5�`Ba�b�Z}c,c!e�f�g=SA$�1}4,1( F>X$�&\&(�! V&3 F13&
)�z/13 E9(O�$�&('*)�+6�r$�+,>�+!)l>,'DH�'*&($�-�s/-*&3 E9<Sr$�1='D:<P2-* F:U F+j&3 F>�$�&<&(�,$�&<&('D:< �o����! E9( E58)�9( {SA 
4,13 F>�$�+�$�+,$�-*)�H
-D)�SM��P2$�1;17��s/-*&3 E9h&3)�9( F>,4,Cx {$�-D'�$�1('D+!H!o�¢�>! F1(�j&3)�P�er?�Sr$�1U4,13 F>�$�1U$��!)�13&Uer?á$�&hzQ)�&(�W&(�! �f�¡���:û$�+,>
���¤��:¹$�+w&3 F+,+2$�1('*&3 F1Eoh¢ü+!)�&3 EzQ)j)��ReA?§JK»% F-D-�.7"\c!e�.7yM�}"üÞ�p�p�:�N%Sr$�1d$�-D1()�4,13 F>�$�1d${�!)�13&der?¨$�&d&(�! 
f�¡���:ý$�+w&3 F+,+2$k1('*&3 �o���$�z/-* 
g�1(4,:<:=$�9;'*~E F1h1(CE$�+�'D+,5�)�9;:=$�&('*)�+�$�+,>�1($�:UP2-�'D+!HRP2$�9;$�:U E&3 E9;1=$�&U&(�! {&3 F13&
)�z/13 E9(O�$�&('*)�+6o

êuÎFÇ�ÈÊÃ#Ú�Å�×�Á�Ï\Ï}ÎFÂ0þdÉ�Ð/Ñ0ÃGÛ�Ñ�É�ÇwÛ�Ã;Â0÷EÎEÑ�¾ÊÉ�åBÉ�åhÿ�ÉE÷YÅÊÄ�����Ú�����Ô
y ¸ 589( Fi�4! F+,CxI ?r�V����¼�gY�EpYoìÝ�Ý=�R�L~

?r�\g���¼�g�g�pYoìÝ�Ý=�R�L~
?r�\f���¼�g�a�pYoìÝ�Ý=�R�L~
?r�L¡!��¼�fY�EpYoìÝ�Ý=�R�L~

eA?M¢L[¦1('*H�+,$�-D1 f�¡���:ø$�+j&3 F+,+,${�L�}�X�L~B13&3 EP
���¤��:ø$�+j&3 F+,+,${�Aah�X�L~B13&3 EP

cY$�:UP/-D'D+!HVP2$�9;$�:U E&39G1 f�gU�R�#~��ª�}z2'*&���¡=CG�
f�gU�R�#~��ª�}z2'*&��n�dCG�
��¡=�R�#~��ª�}z2'*&��n�dCG�

c�)�4!9GCx F1 f�?Mf�¡wa��uf�?�¼�¡
cYCE$�+�'�+!5�)�9G:<$�&('*)�+ cYCE$�+ î �}pwÞj�D�����qp�p�íjpwÞj�D�����D��pXf�?Mf�¡wa<f�g��R�L~����xz2'*&���¡�CG�

cYCE$�+ î ghpwÞj�D�Ff��ìf�p�íjpwÞj�D�Ff���¡jpXf�?Mf�¡wa<��¡��R�L~����xz2'*&����ECG�
cYCE$�+ î fhpwÞj�D�F¼��qp�p�íjpwÞj�D�F¼��D��pXf�?M¼�¡ ��¡��R�L~����xz2'*&����ECG�
cYCE$�+ î ¡<pwÞj�D�FÝ��ìf�p�íjpwÞj�D�FÝ���¡jpXf�?M¼�¡ f�g��R�L~����xz2'*&���¡�CG�
cYCE$�+ î ahpwÞj�ìg�¡!�qp�p�íjpwÞj�ìg�¡!�D��pXf�?M¼�¡ f�g��R�L~����xz2'*&����ECG�kð

ñ ¢�+!)�&3 EzQ)j)��veA?�Sr$�1#4213 F>{$�&Lf�¡���:ä$�+w&3 F+,+2$

���! v)�z213 E9(O� F>�>2$�&($�SA$�1hP,9;)�Cx F1(1( F>�zjIW4,1('D+!HR&(�! {`^aR13)�58&�Sr$�9( 
Cx)�9(9; F-D$�&3)�9
	t���#'D:<:< F>,'D$�&3 F-*Ik$�58&3 E9
)�z/13 E9(O�$�&('*)�+�s/+,'D1(�, F>6o�?A)�9;9( F-D$�&('*)�+�9( F1(4,-D&(1�$�9( }1(�,)�S#+@'D+ ¸ 'DH�4!9( %¡B58)�9#?r����o����! %PQ E9;'*)Y>,'DC�Cx)�:<Pu)�+, F+w&
SL'*&(�{$hPQ E9;'*)Y>�)�5�pYoìg��13 FC}1( E F+�'D+v&(�! d>! F-�$FIv>,'*9( FCx&('*)�+kJK1( E F+
CE-* F$�9;-DI�'D+
cYCE$�+ î ��Nr'D1M>,4! \&3)<&(�, }P2�,$�13 
CE$�-�'*z,9;$�&('*)�+RJKeA?r¢%[�N�1('*H�+2$�-D1�'D+�ï7 FCx&3 F>@&3)Vzu)�&(�@$�+j&3 F+,+,$�1EoA?r)�9(9( F-D$�&('*)�+21�zQ E&�SA E F+{eA?r¢%[�1('*H�+,$�-�1�$�P,PQ F$�9
$�1�PQ E9;'*)Y>,'DC@1('*H�+,$�-�1US#'*&(��&(�! �PQ E9;'*)Y>�zQ F'D+!Hk'D+jO� E9;13 X&3)l&(�! R-* F$�13&=Cx)�:<:<)�+¥:V4,-*&('*P/-* v)�5} F$�C;��eA?r¢%[
1;'*H�+,$�-��q1r589( Fi�4! F+,CxIv13&3 EP��2'�o� �o*�/pYoìg��13 FC�J��h��b�a��R�#~�NGoM]r$�13 F-D'�+! d-* F+!H�&(��'�1M1(�!)�9(&^J��h�x¡wÝ=:�Nr$�+,>v x�YPQ FCx&3 F>
589;'D+,H� <9;$�&3 �'�1d)�+,-*I�pYoD�@�#~�)�9V-D F1(1Eo{�
)�9; E)�O� E9U&(�! @'D+w&3 EH�9G$�&('*)�+lPQ E9;'D)�>�'D1^)�+,-*Ika��}�X13 FCx)�+,>,1F��13)X&(�,$�&
Cx)�9;9( F-D$�&('*)�+,1�zQ E&�S� E F+<er?r¢%[�1('*H�+,$�-�1�$�9; �+!)�&�S� F-�-t��13 EP2$�9;$�&3 F>h589()�:�&(�!)�1( �>! E9;'*O� F>h589()�:�&(�! M9;$�>2'*)}13)�4!9;Cx 
)�+h&(�, M5�9;'�+!H� r9;$�&3 �>!)�:<$�'D+�o�¢%-*&(�!)�4!H��hCx)�9(9; F-D$�&('*)�+,1�)�5ueA?r¢%[�1('DH�+,$�-D1�$�9( M)�O� E9;-D$�P,PQ F>hS#'*&(�V589;'D+!H� F1�589()�:
&(�, U9;$�>,'*){13)�4!9GCx ���SA =CE$�+k13 E =${CE-D F$�9dPQ F$��R$�&d&(�, <Cx F+w&3 E9B)�5A&(�, <>! F-D$FI�$�+,>�589;'D+!H� x��9G$�&3 <13P2$�Cx <58)�9^$�-D-
1;CE$�+,1Eo�¢%1r&(�! %Cx F+j&3 E9�PQ)�1('*&('D)�+�Cx)�9(9; F13PQ)�+,>,1�&3)U&(�! %$���P29;'*)�9;'u>! F-D$�I�$�+,>@589;'D+!H� %9;$�&3 }CE$�-DCE4,-D$�&3 F>@589()�:T&(�! 
$�+j&3 F+,+,$^PQ)�1('*&('*)�+U$�+,>=9;$�>,'*)���1()�4!9;Cx �PQ)�1('*&('D)�+6��S� %CE$�+=Cx)�+,CE-�4,>! �&(�,$�&�S� LCx)�4,-D><H� E&A$dH�)�)�>=5�9G'D+!H� M58)�9�$�-D-
1;CE$�+,1Eo�.7+�P/$�9(&('DCE4,-D$�9��j&(�! \589;'D+!H� L)�z,&($�'D+! F>v58)�9M1(CE$�+ î aV'D1r:U F:U)�9G$�z2-* \$�1M'*&�Sr$�1M&(�! %s29G13&�)�+, %)�z/13 E9(O� F>
z�Iv$<+!)�&3 EzQ)j)��veA?\o

²����������!¶���ö������

©� h�2$FO� U>! EO� F-*)�PQ F>R$�+! ES�1($�:UP/-* E9%+2$�:U F>X`Ba�b�Z}c,c!e�f�g��QS#�,'DCG�
'D1%$@1(4,CECx F1(13)�9\&3)@&(�! h`^a�b�Z}c2cYe
$�+2>='D1� Fij4,'DP,PQ F>hS#'*&(�<$ m cY]¥g�oqpB'D+j&3 E9(5K$�Cx �o����! #:=$��Y'D:V4,:�1;$�:UP2-D'D+,H}5�9( Fi�4! F+,CxIU'D1�'D+,Cx9( F$�1( F>=4!P�&3)V��¡

[^\�� 2µ-�4XC�N#N�SKT0�!�:��	U���ZVX�!����97�
Y%AZ	��&P!�!�^�697�
Y#�



���������
	��H���#���6�H���+������� ���!� �!����":$%�!�&����(��?>#@�-�4:46A'B#C

½u¾À¿�Á�Â0Ã��jÅ���É�Â0Â�ÃGÈÊÎFÑ�¾ÊÉ�å^Â0ÃGÛ�Á�ÈÀÑ0Û�ÐDÉ�Â����|Ä�Å

�R�L~d$�+,>{&(�! d:<$��!'D:V4,:T>,$�&($U9;$�&3 }PQ E9�4,+2'*&A'�1M$�-D13)<'D+,Cx9; F$�13 F>{4!P{&3)=g�a��U�Xz,P21Eo��#�! }$�>!)�P,&('*)�+{)�5�&(�! 
m cY]Mg�oqp{'D+j&3 E9(5K$�Cx V F+2$�z2-* F1\4,1\&3){4,13 U$v+!)�&3 EzQ)j)��X)�9d-D$�P,&3)�P�eA?¨$�1}$v�!)�1(&\er? )�5�&(�! U1($�:<P2-* E9Fod����4,1
`Ba�b�Z}c,c!e�f�ghCE$�+�zQ }4,13 F>
+!)�&M)�+,-*I�5�)�9�Z\[�]A.r)�z213 E9;O�$�&('*)�+21rz24!&�$�-D13)U58)�9�H� F+! E9G$�-t��P24!9(PQ)�13 \H� E)�P2�jIY1('DCE$�-
)�z/13 E9(O�$�&('*)�+,1LS#�,'DCG�
9( Fi�4,'*9; dP,9( FCE'D1( ^&('D:U V&($�H�1Eo}¢ã589;'D+!H� B&3 F13&\4,1('D+!H@`^a�b�Zdc,cYe�f�g�>! F:U)�+213&39;$�&3 F>R&(�,$�&
&(�, #+! ES¥1;$�:UP2-* E9��2$�1�$}H�)�)�>=PQ E9(5�)�9G:<$�+,Cx #'D+<&3 E9;:<1�)�5613IY13&3 F:üCx)��! E9( F+,Cx �o�©� %$�-D13)BH�)�&�&(�! Ms/9;13&�589;'D+!H� 
1;4,CECx F1(135K4,-D-*Ih$�1r$�+@)�z213 E9(O�$�&('*)�+@4,1('D+!HB$B+!)�&3 EzQ)�)��=eA?\ow©� \S#'D-D-2CE$�9(9(I<)�4!&r$hg�¡����!)�4!9A x��PQ E9;'D:< F+w&A4,1('D+!H
&(�, d`^a�b�Z}c2cYe�f�gh&3)=O� E9;'*58I�&(�! ^Pu E9;5�)�9;:=$�+,Cx }$�1#$UH� E)Y>! E&('DC}Z\[�]A.r1($�:UP2-D E9Fo

� ·��7·,�w·2���Y·2ö
 Ä"!\ÓrÉ�åwÍ�É#� êrÅ$�#%{ÅwÓr¾ÊÏ#Á�Â7Î���&LÅwÓrÉEþ�ÎFÏ}Î���ÎFåjÍ���Å('AÛ0ÎFÌ�¾)�*��Á�Â�Â0Ã;å�Ñ�Û�Ñ0ÎFÑ�ÁwÛ�É�ÐQÛ�ÉFÐ*Ñ�+�ÎFÂ0ÃMË(É�Â�Â0Ã;ÈtÎEÑ0É�Â7Û�Í�ÃG÷�ÃGÈÀÉ�ÜjÃ¤ÍVÎFÑ
ÓMÎ�Û�Ò�¾ÊÏ}Îd×�ÜwÎ�Ë(Ã-,�Ã¤Û�Ã¤ÎFÂ7Ë7Ò.��Ã;å�Ñ�ÃGÂ��WÕ0/�Ç2143537698Ê�Î�Ê�Ì�Á&Ô;:LÊ�Ê�ÏOÅ=Î:Ý=<0Ì�Ò#É!Ê!Ê�ØMÅ=Î:ÝMÃ!Ð�Ê!Ø&Å=Ï�Ê!Ø?>�ÞXÑA@5ËB@C/)Á&ÎWØ6Ê�Î(>!ÊbÌOÝ
ÁMÎ�ØXÀD@FED@FG?ÁIH Ê�Ì!Ð�Ñ�JHÇ�J�K'ÍL<0á�1M3�3"6®á�14NI1�1MO�OP�QÄ�Q�èSRYÄ�T5����ÚI�����wÅ

2O-�4RC�N�N#SKT0�!�
��	U���WVX�!����9��:YKAZ	��&P!�!�!�
9��:Y�� [^\�\



���������
	������������������������! �"�#%$'&)(*$,+.-/�%�0�213��45���76�83+9&:1<;%=>=>?A@)������ 0�%�B�<�7�����C��DFEG �HJI��7�LK��C��D>478NMO	 ;%=>=LP�;�=%Q
3�R��MO� S>S%�CT34RI7I>	 D�45UVI>	 �W�%4���	 D>H!T�S%M�X�Y����CIL�!���CH>��40S!D>6Z;%=>=>?>S!�������������[

\^]`_ba cFdfehgji kml'ion^pqcjr,ctsvuxwGr�_
y

zx{R|~}����2�����7�0}����

�������Z�3���L�5���������L�%�%�L���3�5�3�L�
�!�R���J ¢¡¤£m¥�¦�§O¨3©O¥�ª*«J¬N¥OJ®)¯±°�²>¬)¯0³�´�µ

¶¸·�¹Jº�»�¼G½�º

��������% �"�#�$�&)(*$,+.K��!�0�¾45��45���76¿�C4ÀK��74R�CD>���7KZ��Hj4RX�M�MNH% R�f����)&:1�+±ÁÃÂ'�C�J���� ��W�!���CH>�W�%��4RMN�7I7��ÄWIL�!���CH>�~	.+Ã����4
Y���4R�LKAH>�A�����4���6F�)M�J��4R�CIL�%�NM����%�RU¤H� �6��%�WKAX�4R�74.����)4��%6F�:K���4R"JÁ±6FH3K�X��C�74��%4�����)���% �"�#���Å3�C�f���C4RH24RX�M�MNH� R��4
����<4���6F�<6A�%Æ��C6jX�6ÇK��%�0�� 0�!����H�Uj[L=�;!QÈ�<Y�M�47	¸-:�%�0��U¤H� �6A�!�R������D`�%�WK����C6F��ÁÉ�0�%D>D>�C��DÊ�C4AK�H����<�C�J���� ������C���
Ë ������C�A����)���% �"Z#%$�	�����C4f���C�CH Ë 478�U¤H� f�ÌÆ��%6FM��C�>83��Æ��C45���C��D
&:(~$���45��45����6F4.��H
Y3��M���4R4.�����&)(*$���U¤H� �6A�%�R���Ì L8
Ë ���I0Z��4.�C��6F�����LK2��Hj#3[L;¾�<Y�M�478�����KFI7H>�����7I��fK��� ��7I������2��H�����ÍH>X���M�X��.H�U~&:(~$���4���6FM����Ì �4)ÎV��� �H�X�D����4R�C6FM��C��C�J���� RU¢�%I7�!Ï,�!�f�/6A�%Æ��C6jX�6�K��!�0�/ 0�!����H%U.[7=�;!Q2�<Y�M�47	GÐ�H% ���Æ��C45���C��DA[7Q%Á9$,$fÑ����% �"j+9&�45��45���76F478�����:���! �"A#�$
�%���CH Ë 4:I7H������7I����CH>�vH�U.�%���.[7QZ$�$fÑ�Ò 4)��HF� Ë HZ���% �"v#%$�Ò 4�U¤H� /�2��H%�0���B�%D>D� ���D��%���jK��!�0�F 0�!����H�UÀ[!Ó%Ô�;Z�<Y�M�47	À+Ã���K�K������CH>�O8�����/���! �"�#%$¸�C4�K��74R�CD>���LKZ��H¾4RX�M�MNH% R�Í���C�OI� �������I7����UVX���I����CH>�����C���9�ZH�UÕ��������% �"A+Ã&Ö1J�0�%���CH>��×)�����L8�4RH
����%�)����2���! �"v#�$Ø6A�7��M����7��Y���I0"�K��� ��7IÌ���C�<��HA����2���! �"�+9&�I7H% R ��7���%��H% /��� �H>X�D>v�A4R�C6FM��C�¾�C�J���� RUV��I7�>	:����
���! �"�#%$�45��45����6���4À��Æ�MN�7IÌ���LK���HjYN���LT����C����Y����/��Hj����:&:(~$,+,I�H>6F6jX������9�2���<�L�% �����S%6F��K�;%=>=�?�	

ÙÀÚÜÛbÝ�Þ�ßáàfâäãæå�â�çØè)é�ê�ëNì�í îÖïÀÝfðÌê

ñ�òGó�ôNõ%ö,ôNõ�÷Wø!ùÉòBúvöGõ�ùÉûÈ÷Wõ%ùÉüÉý�ü¢ô�þAÿ0ó�ô��Lø����¾ÿ���÷��
	�� ó�ô�û ö�ô�ò	3ò~ø����~ø���	�� ÷Wõ��������Lý��Lø
	3û����! "��#Bö�ö,ôNõ%ø��$�G÷Wø!÷
õ�÷Wø
	��%#Bö�øLô&��'�(*)+�,�Gö-����õ�	3ó�ôNõ.�Gù±òBúvøLô�÷Nò ÷Wõ!õ%÷3ý ô�/fùÉò�	10*ö2	3ò��!ù43�	jõ.	3û ô53W÷���ü6	Añ87:9�;*<>=?<@�Gù4���A�CBD�
	�	FE:ù¢ú�#Bõ�	
�5GIHJ=C�	 ú�	3ò�	Jõ%÷Nü�úNô�÷Nü4��ô�/Fø��	&� ÷Wõ��K���L�Lý��Lø
	3û ÷Wõ�	¸ü¢ô�þmó�ô��Lø��:õ!ô��-#��Lø�ôNö2	Jõ%÷Wø!ùÉô�òM�%�ON:�Gö-�P�G÷Wø!÷Øõ%÷Wø
	��
ó�ô�ò�/ÃôNõ%û�÷NòGó1	�øLôRQTS*ñÌÿVUW�!ö"	3óJù6X.óJ÷Wø!ù¢ô�òM�A	3÷��Lý¸øLõ%÷Nò��Lö�ôNõ!ø!÷���ù±üÉù¢ø0ý��Õ÷Nò��Y(*)WÿV�Bô�#BõC#�òG÷WøLø
	3ò��	��¸ôNö2	Jõ%÷Wø!ù¢ô�ò�÷WøT�
N:�Gö-��H

<�üÉüZ�-#Bøjø��	�üÉ÷��LøjúNô�÷NüM�G÷�3�	vòGô�þ[�2	�	3ò¸÷NóI�Gù6	�3�	��M\Bø���	<üÉ÷��!øjúNô�÷Nü��(*)WÿV�Gô�#BõC#GòG÷WøLø
	3ò���	�� ôNö2	Jõ%÷Wø!ùÉô�ò ÷WøT�
N:�Gö-���Bù4��	10Õö2	3ó�ø
	���øLô��2	�÷WøLø!÷NùÉò	��Y�*ý�ø��	T	3ò-��ô�/?(�'�'�]ÈþZù¢ø���ó�ô�òOø!ù±ò^#	��_�	�3�	3ü¢ôNö�ûR	3ò~øAùÉòY�GùÉú��Õÿ0óJ÷Wö�÷NóJù¢øÌý
��ù4�
��ø
	3óI�GòBô�ü¢ôNúNý�H

`Zacb5dfehg:i5jlk&m�eonqpsr�t-u?vxw�m�y8mFzh{�z�yog.|

;�=>= +Ã&/1<;%=>=�?A@)�7���� 0�%�B�<�7�Ì������DFEB �HJI7�7�LK�����D>4



���������
	��������������� ����
���% �"<#�$�&)(*$,+�-:�%�0�F1J��45����6

}/Ú�~��
Ý,ÞOÝ2�*ëNìGÞ^�0ê�ë��V�Bê�ïl��ë��
ì¿Û Ý,ÞOß àfâ�� Ý,ëWÝoè�é�ê�ëNì�í

=C�	P� ÷Wõ��J���W�LýA�!ø
	3û��G÷��Fø��	q/Ãô�üÉüÉô�þZùÉòGú`óI�G÷Wõ%÷Nó�ø
	Jõ%ù��Lø!ùÉó����
��� ��	��Aø��	P�!÷Nû�	�ó.�G÷��.�!ù4�A÷Nò��_�Gù4�
� ö�÷Nó����Z÷��Fø���	q�Ü÷Wõ.�J��<�BD�
	�	+E)ùÉú�#Bõ�	��5G
� ñ�ûÈö�ü6	3ûR	3ò~ø��2ø��	PQ:���jñ2ñ�ò~ø
	Jõ�/5÷Nó1	+S*ø!÷Nò���÷Wõ.�
� �Ü÷*0BùÉû+#Gûbõ�	3ó�ôNõI�Z;�ö�üÉ÷�ý^��÷Nó.�Y�G÷Wø!÷�ÿ�õ%÷Wø
	xù��P��'�(*)O�,�Gö-�PBD�!÷Nû�	�÷��s� ÷Wõ�����<:G
��� 	��A#Gù¢õ�	��Fò�	JþW�Ü÷Wõ.�Y���^ñ�;��áóJ÷Wõ.�l��ó�#Bõ!õ�	3ò~ø!ü¢ý�#Gò��	JõC�	��%ù¢ú�ò
� 9
üÉù±ûÈùÉòG÷Wø
	��jø��	�ò�	�	��Y/ÃôNõ�÷NòY	10*ø
	Jõ�òG÷Nül/9ôNõ%ûÈ÷WøLø
	Jõ�B��-#BøFõ�	��A#Gù¢õ�	��Fû�÷Wø!ùÉòBúRQPS*ñjù±òOø
	Jõ�/5÷Nó1	��IG
��� ùÉø�� ÷��1)WÿV�������Ü÷Wõ���ñhQ@7C<TS"�#Bö¸øLô��5����(��,�Gö-�jóJ÷Nò��2	Zõ�	3ó�ôNõ.��	���þZùÉø���øÌþ¾ô`ö�÷Wõ%÷Nü±ü6	3ü-� ÷Wõ��O���
�Lý��Lø
	3û��

� �Ü÷Wõ.��ñhQ�SÕø!÷Wø!ù¢ô�ò � òGù¢ø<óJ÷Wö�÷���ùÉüÉùÉø!ù6	��A÷Wõ�	+�	��!ù¢ú�ò	��ÜùÉò~øLô�ø��	��Ü÷Wõ.�_���W�Lô¸ø��G÷Wø�� ÷Wõ��,�����Lý��Lø
	3û��
óJ÷Nò��2	�ó�ô�òGò	3ó�ø
	��ÜøLô&� ÷Wõ�� ñoQ ó�ôNõ!õ�	3üÉ÷WøLôNõI�AþZù¢ø��Gô�#Bø2ø��	P#��
	vô�/:÷�� ÷Wõ���ñhQ�S*ø!÷Wø!ù¢ô�ò � òGùÉø�H

� ��#GùÉü¢ø7ÿ0ùÉò¸ö-��÷��
	�ÿ0óJ÷Nül	10ÕøLõ%÷Nó�ø!ù¢ô�òÜ÷Nò��Y�Lø!÷Wø
	�ÿ0ó�ô�#Gò~ø!ùÉòBú���#Bõ%ùÉòGúxõ�	3ó�ôNõI�GùÉòBúÈ÷Nò��'ö�üÉ÷3ýA��÷Nó.�
��� ù±üÉùÉò�0 Ex��N:<[�	��!ù¢ú�ò ù4�¡#BöM�G÷Wø
	3÷���ü6	�3ÕùÉ÷T�Lô�/9ø0þ2÷Wõ�	��Bô�þZòGü¢ô�÷���/Ãõ!ô�û¢����BD� ÷Wõ�����<[E?��N:< õ�	��A#Gù¢õ�	��
öGõ!ôNúNõ%÷Nû�ûÈùÉòBú�/9õ!ô�û ÷��
	Jö.÷Wõ%÷Wø
	P	10Õø
	Jõ%òG÷Nül�Lô�#Gõ%ó1	£G

��� ö�úNõ%÷��	�/9õ!ô�û�� ÷Wõ�����< øLô �Ü÷Wõ������¿õ�	��A#Gù¢õ.	��:ô�òGü¢ý�õ.	Jö�üÉ÷Nó1	3ûR	3ò~ø�ô�/M�Ü÷Wõ.�R��< ñ�;��^ùÉò~ø
	Jõ�/5÷Nó1	ZóJ÷Wõ.�
þZù¢ø���÷�� ÷Wõ������^ñ�;��áùÉò~ø
	Jõ�/9÷Nó1	xóJ÷Wõ.�

¤/ÚÜÛbÝ�Þ�ßáàfâ¥� ì.ê*�V¦�§

=C�	:�Ü÷Wõ��Y��� óJ÷NòY�2	<ó�ô�ò�X.ú�#Bõ�	���÷���	3ù¢ø��	JõA÷�7<ño�¨BD7�÷Wø!÷ ñ7òBö-#Bø��Øô���#Gü6	£G
ôNõ�7P�:�¨BD7<÷Wø!÷��:#BøLö-#Bø
�Üô���#Gü6	£GC3*ù±÷O�Lô�/9ø0þ2÷Wõ�	�ó�ô�ò~øLõ!ô�ü©�fþ��GùÉó.�Öü¢ô�÷��-��ø���	��
	3ü6	3ó�ø
	��Öö2	Jõ.�Lô�òG÷Nü±ù¢ø0ý'ùÉò~øLô�ø��	`ô�òÕÿ���ô�÷Wõ.��Ex��N:< H � 	
þ�ùÉüÉü"�	��!ó�õ%ù6�2	�ø��	q7<ñ8�t÷Nò��Y7P�:�ª�
	Jö�÷Wõ%÷Wø
	3ü¢ý�H

¤/Ú0ÙfÚ,��Ý.ëNÝ ç£§$«�¬/ëÜÛ ïx%¬
ð0ì�®!� ç�Û°¯
=C�	�7<ño� ù4�Èõ�	��Lö�ô�ò��!ù6�.ü6	&/9ôNõ ÷NóJó1	JöGø!ù±òBú�ø��	_��÷Wø!÷ ô�ò�ø��	�QPS*ñ`ùÉòBö-#Gø`ó�ô�ò�ò	3ó�øLôNõ��2öGõ!ôNö2	Jõ%ü¢ý ø!ùÉûR	�ÿ

ø!÷WúNú�ù±òBú�ù¢ø��À÷Nò��±�
	3ò��Gù±òBú ù¢ø<øLô�ø��	R�Ü÷Wõ.�²���Gù4�
�Üû ôA�-#Gü6	�HT<��!ùÉûÈö�üÉù�X-	�����ü¢ôÕó��,��ùÉ÷WúNõ%÷Nû ô�/
ø��	�7<ño� ù4�
�.�Bô�þZò�ù±ò�E:ù¢ú�#Bõ�	P(AH

7�ñ8�³/�#�òGó�ø!ù¢ô�òG÷NüÉùÉø0ý�ù4�A÷&�!øLõ%÷Nù¢ú��~ø
/ÃôNõ!þ2÷Wõ.�'ù±û ö�ü6	3ûR	3ò~ø!÷Wø!ù¢ô�ò�ô�/:ø��	 QTSÕñ0ÿVU´�Lö2	3óJù�X.óJ÷Wø!ùÉô�òK� )� �H�µ�(&�G÷Wø!÷
�.ù¢ø7ÿV�LøLõ�	3÷Nû���BD�CSÕò"GZ÷NóJó�ô�ûÈö�÷NòGù6	��±�*ý ó�ôNõ%õ�	��Lö�ô�ò��GùÉòGúJ���x�P��¶R�x���¡��S ÷Nò��±�$Qx<��Íño7·�!ù¢ú�ò�÷Nü4��÷Wõ!õ%ù63�	`ô�ò
÷Nò±�²7 � ÿh¸�'�ó�ô�òGò	3ó�øLôNõxóJ÷Wõ!õ!ýÕùÉòBúJ��Q:7TS,�!ùÉú�òG÷Nü4��H:=C�	J���¡��S_�%ù¢ú�òG÷Nü:ù4�F#��
	��&¹
#-�Lø�ô�ò�ó1	YB9ô�ò ó�ô�û�ûÈ÷Nò��ZG
øLô��!ý*òGóI�Bõ!ô�òGù4º�	�ø��	�ùÉò~ø
	Jõ%òG÷Nü27�÷Wø!÷O�F�Z�
	Jõ�3�	T=AùÉûR	RBD7P�:=�G¾óJü¢ôÕó��"�Bþs�GùÉóI�¸ø��	Jõ�	3÷�/9ø
	JõC��	�	Jö-�Fø!ùÉû�	<ô�ò�ü¢ý �*ý
ó�ô�#�òOø!ùÉòGúT���x�P��¶ ó�ý*óJü4	���H>=Fþ¾ô�÷Nü¢ø
	Jõ%ò�÷Wø
	�	10*ø
	Jõ%ò�÷Nü"��ö�ö-�:ùÉòBö-#Bø���÷Wõ�	F÷Nü4�Lô�÷�3W÷NùÉüÉ÷���ü4	%/9ôNõ$�LýÕòGó.�Bõ%ô�òGù6º3÷Wø!ù¢ô�òM�
ü±÷��"	3ü4	���<���=P���%��SÈ÷Nò��&<F��=s(��¡��S"Hf<F�A=q���¡��S�ù4��óJ÷Wõ%õ%ù6	��Èô�ò ÷PQPS*ñÌÿV�Lö2	3óJù�X-	����²7 � ÿ.�1)`ó�ô�òGò	3ó�øLôNõ2þZù¢ø��
�fQF7PS ü6	�3�	3ü4��\�<F��=s(��¡��Sæù��x÷53�÷NùÉü±÷���ü6	�÷�� ÷²=s=C�fÿ0ü6	�3�	3üCS��²�qó�ô�òGò	3ó�øLôNõ ô�ò¿ø��	���ô�÷Wõ.�MH»��òGüÉý ô�ò	�ô�/
ø���	��
	 ��öGöZ�¡�!ù¢ú�ò�÷Nü4�
ûÈ÷�ý��2	s�
	3ü6	3ó�ø
	�� øLô`ùÉòGù¢ø!ùÉ÷Nü±ù6º�	2ø��	F7P�:= óJü¢ôÕó��"H$<s/9ø
	Jõ�7T�T= óJü¢ôÕó���ù±òGù¢ø!ùÉ÷NüÉù4º3÷Wø!ù¢ô�òM�Wø��	
	10Õø
	Jõ%òG÷Nü¡��öGö-�C�!ùÉú�òG÷Nüfù4�FòBôNøs#-�
	��J�~ý�ø��	P7<ñ8�¼H

=C�	�ò^#�ûq�2	JõFô�/�÷Nó�ø!ù43�	P��ù¢ø��LøLõ�	3÷Nû&�FøLô��2	�õ�	3ó�ôNõ.�	���ûÈ÷�ýJ�"	R���-(A��)�-¸A�½��]ÊôNõ�µ�(A��÷��Fö2	JõFø��	TQPS*ñÌÿVU
�!ö"	3óJù6X.óJ÷Wø!ù¢ô�òMHC=C��	q�
	3ü6	3ó�ø
	��²��ù¢ø��LøLõ�	3÷Nû���÷Wõ�	Êû #GüÉø!ù¢ö�ü6	10�	��M��÷��<ò	3ó1	����!÷Wõ%ý��"�2	�/9ôNõ�	�þZõ%ù¢ø!ùÉòBú øLô¸ø��	�µ�(�ÿ���ù¢ø
þ�ù4�	 Ex�%7F�W�-#���þs�GùÉóI�±�Bõ%ù63�	��<ø��	`þAõ%ùÉø!ùÉòBúÈô�/¾ø��	R�Gù4�
����HP=C�	��Gù4���_�G÷Wø!÷�÷Wõ�	R�Gù63Õù4�	�� ùÉò~øLô��
	��A#	3ò~ø!ùÉ÷Nü
��'��¾'�'�'�ÿ��*ý*ø
	 7�ù4�
�&EGõ%÷NûR	��PBD7:E$GI�	3÷Nó.��ô�/�þs�GùÉóI� ù4�¾öGõ�	3ó1	���	��J�~ý�÷Rµ�(�ÿ��*ý~ø
	vòGô�òÕÿV�G÷Wø!÷�ÿ�õ�	Jö�ü±÷Nó1	3ûR	3òOøC7�ù4���

+9&/1Z;�=�=>?A@)�7���� 0���Õ�<�7�����C��DAEB �HJI7�7�7K��C��D�4 ;�=3[



���������
	��������������� ����
���% �"<#�$�&:(~$,+,-:�%�0�F1J��45����6

`"acb5d�eogC¿�jlÀ�ac|FÁfÂÃaÃÄfgIw+Å�ÂcÆ�Ç8n w�a�m�b£eom5|�Æ�È2k�m�eon p�u¼É¡v�k

EGõ%÷NûR	�U�	3÷��	Jõ,BD7:ExU:GÊ÷Nò���ù±òGóJü4#��	��Ê÷±�LýÕòGó>ÿ�þ¾ôNõI�M�¾÷±7:Eáò^#Gû �2	Jõ�B5û ôA�-#Gü¢ô ô�ò	Y�
	3ó�ô�ò��ZGI�2÷Nò�� ø!ùÉûR	
	3ò�ó�ôA�	��¿ùÉòæø��	Y�!÷NûR	�/ÃôNõ�ûÈ÷WøÊ÷�� ÷,Q:����< ø!÷Wö2	�/Ãõ%÷Nû�	��	3÷���	Jõ���ùÉòGóJü4#-�GùÉòBú�ø��	�÷NóJó�ô�û ö�÷Nò~ýÕùÉòBúÊ��]�ÿ���ù¢ø
� � �s�^ó�ôA��	�H¡=C�	T7:E�/Ãõ�÷NûR	�òA#Gûq�2	JõAù4�F÷NüÉþj÷�ýA�Zõ�	��
	JøAøLô&'�÷WøC	�3�	Jõ!ýY�
	3ó�ô�ò��Øø!ùÉó��"H

<�ü4�!ôZùÉòGóJü4#-�	���ùÉò�ø��	¡7<ñ8� ù4�À÷C�Lø!÷Nò-�G÷Wõ.�PQPS*ñ,ø
	��Lø7ÿ�3�	3ó�øLôNõ/ú�	3ò	Jõ%÷WøLôNõ�BD=�Q�NPGÀ÷Nò��vø
	��!ø7ÿ�3�	3ó�øLôNõ)õ.	3ó1	3ù63�	Jõ
BD=CQ � GIHl=C�	�=�Q�N·��÷Wø!÷�óJ÷Nò��2	 þAõ%ù¢øLø
	3ò øLô_�Gù��
��/9ôNõ�÷NòG÷Nü¢ý��!ù4�F	3ù¢ø��	JõT�*ý±�Lô�/ÃøÌþj÷Wõ.	���ôNõvûÈ÷�ý±�"	`ö�ü±÷3ý�	��
�.÷Nó���øLô�÷�=�Q � ù±ò�÷�7P�:�¼H

<�ò ô�òÕÿ���ô�÷Wõ.� ö-�G÷��
	�ÿ0óJ÷Nü,öGõ!ôÕó1	����LôNõ2óJ÷Nò�	10*øLõ�÷Nó�ø:��]�øLô�ò	���/9õ!ô�û¢	3÷NóI��ô�/¡��]xó.�G÷NòGò�	3ü4�
ô�/½�G÷Wø!÷��B÷��¾þ�	3üÉü
÷����Lø!÷Wø
	xó�ô�#�òOø��s/ÃôNõ�	3÷Nó.�ØóI�G÷NòGò	3ü��Ë�£ �H%�jôNø��Üø��	vö-�G÷���	�ÿ0óJ÷NüÀ÷Nò����Lø!÷Wø
	�ÿ0ó�ô�#�òOø�ùÉò/9ôNõ%ûÈ÷Wø!ùÉô�ò�ûÈ÷3ýJ�2	�õ�	3÷��
	�3�	Jõ%ý��
	3ó�ô�ò-�M\Bø��	T�Lø!÷Wø
	�ÿ0ó�ô�#Gò~øZùÉò/9ôNõ%ûÈ÷Wø!ùÉô�ò¸û�÷3ý��"	:#��
	��¸øLô��BýÕòG÷NûÈù±óJ÷NüÉü¢ýÈ÷��*¹�#��Lø��!ù¢ú�ò�÷Nü.ü6	�3�	3ü��Fó�ô�ûÈùÉòBú
ù±òOøLô�ø��	��G÷Wø!÷�ÿ0÷Nó��^#�ù4�!ù¢ø!ù¢ô�ò&�LýA�!ø
	3û ùÉò`ôNõ.�	Jõ
øLôvôNöGø!ùÉûÈù4º�	Fø��	s�!ù¢ú�ò�÷NüVÿ�øLôWÿ0òBô�ù4�
	Fõ�÷Wø!ù¢ô�ô�/l(:��ù¢øI;*�!÷NûÈö�ü6	��G÷Wø!÷�H

=C�	 �%7C<>=?<Ì�!ùÉú�òG÷NüÍù4�<ó�ô�ò^3�	Jõ!ø
	�� øLô � S~ÿh(�µ�(¸÷Nò��±�
	3ò~ø�øLô�÷NòÜô�òÕÿ���ô�÷Wõ.� � S~ÿh(�µ�(¸ó�ô�òGò�	3ó�øLôNõ���þs�	Jõ�	
ùÉøAûÈ÷3ýJ�2	vùÉò~ø
	Jõ�/9÷Nó1	��'øLô�÷��
	Jõ%ù±÷NüfùÉòBö-#Bøjö�ôNõ!øFô�ò�ø��	 �Bô��LøC���[/ÃôNõAö�õ!ô*ó1	��.�!ùÉòBúH

<LÍ�óJ÷��!óJ÷��	�Î.û ôA��	<ô�/�ôNö2	Jõ%÷Wø!ù¢ô�ò�ô�/Íø���	:� ÷Wõ��J��� ù����.#BöGö�ôNõ!ø
	����Lô ø��G÷Wø2ø��	P�!ù¢ú�ò�÷Nü4�
õ.	3ó1	3ù63�	���ô�ò�ø��	
QPS*ñC�²7 � ÿh¸�'�ó�ô�òGò	3ó�øLôNõ�÷Wõ�	xõ�	Jö�üÉùÉóJ÷Wø
	��Üô�ò ÷�QPS*ñC�,7 � ÿh¸�' ô�#GøLö-#Bø�ó�ô�ò�ò	3ó�øLôNõ�H�=s�Gù4��/�	3÷Wø�#Bõ�	`ûÈ÷3ýY�2	
#-�
	���øLô�ÍÏ�G÷Nù��LýOÿ0óI�G÷NùÉòMÎ� ÷Wõ��������Lý��Lø
	3û��AøLôNú�	Jø���	JõZøLô�	10Õø
	3ò��'ø���	vøLôNø!÷Nü�#Gò�÷WøLø
	3ò��	���ô��-�
	Jõ.3*ùÉòGú ø!ùÉûR	�H

¤/ÚÐ}:Ú,��Ý.ëNÝ@Ñ�¬�ë�«%¬/ëÖÛbï>¡¬¾ð�ì�®I��Ñ'Û�¯
=C�	&7P�:� ù4�võ�	��Lö�ô�ò��!ù6�.ü6	�/ÃôNõÊ÷NóJó1	JöGø!ùÉòBú²�G÷Wø!÷'ø��G÷Wø+�G÷��vö�õ�	�3*ùÉô�#��!ü¢ý,�"	�	3òæõ�	3ó�ôNõ.�	��æô�ò¼�Gù��
�Z��ø��	3ò

õ.	3ó�ô�ò��LøLõ.#Gó�ø!ù±òBú�õ�	Jö.üÉùÉóJ÷���ô�/fø���	ZôNõ%ù¢ú�ù±òG÷Nü-�G÷Wø!÷+�LøLõ�	3÷Nû&�¾÷Nò�� ø!ùÉûÈù±òBúP�!ù¢ú�òG÷Nü���ô�ò ø��	�QPS*ñ>�²7 � ÿh¸�'Êô�#BøLö-#Bø
ó�ô�ò�ò	3ó�øLôNõ�H%<Ò�!ùÉûÈö�üÉù�X-	��O��ü¢ôÕó��J�GùÉ÷WúNõ�÷Nû ô�/)ø���	q7P�:� ù��C���Bô�þZò�ùÉò�E:ù¢ú�#Bõ.	TµAH

� �	3ò'ôNö"	Jõ�÷Wø!ùÉòBú ÷��Z÷�QPS*ñ�7T�T�¼�GôNö2	Jõ%÷Wø!ùÉô�ò�ù4���^#�ù¢ø
	P�LøLõ%÷Nù¢ú��~ø
/9ôNõ!þj÷WõI�MH$9>0Õø
	Jõ%òG÷Nüfø!ù±ûÈùÉòBúÊõ�	�/�	Jõ�	3òGó1	
�%ù¢ú�òG÷Nü4�T7:��SM���¡��S ÷Nò��K7:��S����?�P��¶���òGôNõ%ûÈ÷NüÉü¢ýÜú�	3ò	Jõ%÷Wø
	��»�~ý ø��	�ó�ôNõ%õ�	3üÉ÷WøLôNõ�øLôÜþs�GùÉóI�Öø��	&7P�:�hù4�
ù±òOø
	Jõ�/5÷Nó1	��M�O÷��.��#Bõ�	Fø��G÷Wø
ø��	s�G÷Wø!÷�ô�#GøLö-#Bø:ô�/�ø��	C7P�:� ù4�/ó�ôNõ!õ�	3ó�øjùÉò�	Jö�ô*óI�È÷Nò��`õ%÷Wø
	�H$=C��	C�G÷Wø!÷v÷Wõ!õ%ù43*ùÉòGú
/9õ!ô�û ø��	s�Gù4���A�>3ÕùÉ÷�ø���	sEx�¡7:���-#���÷Wõ�	��LøLõ%ù¢öGö2	��`ô�/M7�ù4�!óCEGõ%÷NûR	:Us	3÷��	JõI���^�	�ÿ0û+#Gü¢ø!ùÉö�ü6	10�	�� ÷��¾ò	3ó1	��.�!÷Wõ!ý��
÷Nò-� ÷xó�õ!ô����
��÷WõFù4�%#��
	�� øLôxõ.	��LøLôNõ�	<ø��	s��ùÉø7ÿV�LøLõ�	3÷Nû��¾øLôxø���	3ù¢õ¾ôNõ�ù¢ú�ùÉòG÷NüBö�ô��!ùÉø!ù¢ô�ò��
ù±òÈø��	���ù¢ø7ÿV�LøLõ�	3÷Nû ûÈ÷����ZH
=s�	T�G÷Wø!÷ ÷Wõ�	�ø��	3ò�õ.	Jú�	3ò	Jõ%÷Wø
	���þZùÉø���÷R�	3üÉ÷3ý±B9þPH�õ�H�ø�HGø���	:7:��S2���¡��S�÷Nò�� � �:=P���%��S ø!ùÉó.�A�IGj÷NóJó�ôNõI�GùÉòBú
øLôJ#��
	JõF�Lö2	3óJù�X.óJ÷Wø!ù¢ô�òlHC=C�	 �%ù¢ú�òG÷Nü4�s	3ûR	Jõ!ú�ùÉòBúO/Ãõ%ô�û ø��	+QTSÕñjô�#GøLö-#Bø��²7 � ÿh¸�'�ó�ô�òGò	3ó�øLôNõ�÷Wõ�	`÷¸ûÈù¢õ!õ!ôNõ
ô�/�ø��	P�!ù¢ú�ò�÷Nü4�jþs�GùÉóI��þ�	Jõ�	vùÉòBöZ#Bø¾ùÉò~øLô ø��	T7<ño� ÷WøFø��	�ø!ùÉûR	�ô�/)ø��	�õ�	3ó�ôNõ.�Gù±òBúH><�ò�ô�òÕÿ���ô�÷Wõ.��öZ�G÷��
	�ÿ0óJ÷Nü

;�=�; +Ã&/1<;%=>=�?A@)�7���� 0�%�B�<�7�Ì������DFEB �HJI7�7�LK�����D>4



���������
	��������������� ����
���% �"<#�$�&)(*$,+�-:�%�0�F1J��45����6

`Zacb5dfehg�Ó�j�À�aÃ|:Á�ÂcaÏÄ^gIw+Å�ÂcÆ�Ç8n w�acm5b5e8m�|�Æ5È2k�m5ehnqp5uKÉ�Ô�k

ö�õ!ô*ó1	��.�LôNõ�óJ÷Nò±	10*øLõ%÷Nó�øO��]�øLô�ò�	��T/Ãõ%ô�ûÕ	3÷NóI� ô�/���]�óI�G÷NòGò	3ü���ô�/��G÷Wø!÷��À÷���þ�	3üÉü)÷��T�Lø!÷Wø
	�ó�ô�#Gò~ø��:/ÃôNõT	3÷NóI�
óI�G÷NòGò	3ü�\Bø��	�öGõ!ôÕó1	����!ùÉòGúÊõ.	���#Gü¢ø��A÷Wõ.	�õ�	3÷��'ö2	Jõ%ù¢ô��GùÉóJ÷Nü±ü¢ý ÷Nò���øLõ%÷Nò��%ûÈù¢øLø
	���øLôÈø���	�ó�ôNõ!õ�	3üÉ÷WøLôNõ5H

=C�	P7P�:�t÷Nü4�LôÈùÉò�óJü4#��	�����ôNø���÷�=�Q�N ÷Nò��'÷�=�Q � /9ôNõAø
	��Lø!ù±òBú ö-#Bõ!ö�ô��
	���H

Ö
Ú è�ëNÝ,ë���ï�§´×K§%�Rë�Ø íÙ¬¾ð�Ý,ë���ï�§L~ Ý2«
Ý2Ú%�ÌðV�Rë�é

�jô�ò�X�ú�#Bõ.	���÷��x÷,7P�:�¼�)ø��	��Ü÷Wõ��¼��� óJ÷Nò ÷Nü4�!ôÜ÷Nó�ø`÷��x÷Øõ�	Jö�üÉ÷Nó1	3ûR	3ò~ø+/ÃôNõxø��	O� ÷Wõ�� ñoQÕS*ø!÷Wø!ù¢ô�ò
� òGù¢øR�Lôæø��G÷Wø ø��	_� ÷Wõ��Ê���bóJ÷Nò ùÉò~ø
	Jõ�/5÷Nó1	_�Gù¢õ�	3ó�ø!üÉý�øLôæ÷K� ÷Wõ��¿ñhQ ó�ôNõ!õ�	3ü±÷WøLôNõ�HÛ�<ö2	Jõ%÷Wø!ùÉòBú ùÉòÊ7P�:�
�!ø!÷Wø!ù¢ô�òÕÿV#GòGùÉø2ûÈôA�	��Bø���	q�Ü÷Wõ.�Y������÷��C�
	�3�	Jõ%÷Nü�/�#Gò�ó�ø!ù¢ô�ò����

� 7F	3üÉ÷3ý�� ø��	Y�G÷Wø!÷Ö÷NóJó�ôNõ.�Gù±òBúÖøLô�÷_XZ/Ãø��Õÿ�ôNõI�	JõR�Lö�üÉùÉò�	Èö�ô�ü¢ý*òGô�ûÈùÉ÷Nü���#BöGö�ü±ù6	�� øLô ø��	_S*ø!÷Wø!ù¢ô�ò � òGù¢ø
�2	�/ÃôNõ�	�ö�õ�	��
	3ò~ø!÷Wø!ù¢ô�ò�øLô�ø���	vó�ôNõ!õ�	3üÉ÷WøLôNõ�öGõ!ôNö2	Jõ

� ñ�ò-�
	Jõ!ø��q��	3÷��	Jõ.�ÊùÉòOøLôÜø��	J�G÷Wø!÷_�LøLõ.	3÷Nû þ�ù¢ø��æû ô��	3ü¾ùÉò/9ôNõ%ûÈ÷Wø!ù¢ô�ò øLô²�2	O#���	��K�*ý ø��	 ó�ôNõ!õ.	3üÉ÷WøLôNõ
öGõ!ôNö2	Jõ

� 9>0ÕøLõ%÷Nó�ø��s#Gö'øLô_��]`ö-��÷��
	�ÿ0óJ÷NüÉù6�Gõ�÷Wø!ù¢ô�òY�!ù¢ú�òG÷Nü���/Ãõ!ô�û·	3÷NóI�ÜóI�G÷NòGò	3ü
� �jô�#Gò~ø��C�Lø!÷Wø
	+�Lø!÷Wø!ù4�Lø!ùÉó��AøLôÈöGõ!ôNö2	Jõ%ü¢ý òBôNõ%ûÈ÷NüÉù4º�	vó�ôNõ!õ�	3üÉ÷Wø!ù¢ô�òØó�ô^	1Ü óJù4	3òOø��

=s�	�ùÉû ö.ü6	3ûR	3ò~ø!÷Wø!ù¢ô�ò�ô�/Fø��	���	&/D#GòGó�ø!ù¢ô�ò���ù4��÷Nù4��	��K�*ý�÷Nò�ô�òÕÿ���ô�÷Wõ.��(���],�²� ûR	3ûÈôNõ!ý�û ô���#Gü6	 þs��ùÉó.�
÷Nü±ü¢ô�þs�Íõ%÷Wö�ù4�T�Gý*òG÷Nû�ùÉó�ó.��÷NòBú�	���ù±ò�ø��	%��÷Wø!÷�ÿV�	3üÉ÷3ýx÷Wø�ùÉò~ø
	Jõ�3W÷Nü4���Lö2	3óJù�XZ	��:�~ý�ø��	jó�ô�òOøLõ%ô�üÉüÉùÉòBúC��	3üÉ÷3ývû ô��	3ü©H

à/ÚÜÛbÝ�Þ�ßáàfâ ç�ÝlÑ ç£§�ëNìGÞ��7ÝM�Õì�â�ïÀÝ�Þf

<�ò ÷NòGòBôNø!÷Wø
	��Öö-�GôNøLô ô�/�ø���	 � ÷Wõ��,��� ñ
;�����ô�÷Wõ.���Ë]� :ù4�����Bô�þZòÜù±ò,E:ù¢ú�#Bõ.	q)H:ÞZôNø
	`ø��G÷Wø<ø��	Jõ�	`÷Wõ�	
��	Jö�÷Wõ%÷Wø
	q�²7 � ÿh¸�'�ó�ô�ò�ò	3ó�øLôNõ.��/ÃôNõCQPS*ñÌÿVU ù±òBö-#BøF÷Nò���ô�#GøLö-#Bø�H¡<<ü4�LôÈòBôNø
	�ø��	q(���]��,� ûR	3û ôNõ!ý�û ô���#Gü6	
ø���÷WøZù4�2ö�ù¢úNúNýA��÷Nó.��	��'ô�ò~øLô�ø��	T��ô�÷Wõ.��øLôO��#BöGö�ôNõ!øjôNö2	Jõ%÷Wø!ù¢ô�ò�ô�/:ø��	P� ÷Wõ������ ùÉò²ÍÏ�Lø!÷Wø!ù¢ô�ò,#GòGù¢ø�ÎBû ô��	�H

ß/Ú_à ð0ÝBé>Ú
ÝM��ßL~ ïÍíá«
Ý,ë���Ú��0ðV��ë3éáâ,�Rë�� ÛbÝ�Þ�ß àMã

=C�	q� ÷Wõ������@�G÷Wø!÷&/ÃôNõ%û�÷Wø�ù4�C��	��!ù¢ú�ò	��,�LôÈø��G÷WøF�Gù4�
��û ô���#Gü6	��2õ�	3ó�ôNõI�	��Øô�òÜ÷&� ÷Wõ������oùÉò���	�3�	Jõ%÷Nü
ó�ô�û�û ô�òGü¢ý~ÿV#��
	���ûÈôA�	���óJ÷NòK�2	 ö�üÉ÷�ý�	��K��÷Nó.� ô�ò ÷NòK	3ò���÷NòGó1	��K� ÷Wõ��K��<�#�òGù¢ø�����#����2	���ÍÏ�Ü÷Wõ��K��<Tä+Î6H

+9&/1Z;�=�=>?A@)�7���� 0���Õ�<�7�����C��DAEB �HJI7�7�7K��C��D�4 ;�=Iå



���������
	��������������� ����
���% �"<#�$�&:(~$,+,-:�%�0�F1J��45����6

`Zacb5dfehg�æfjlk&m�eonqp�u�vhç£Ô�v©è*yhgIeVÈ�m£Ç�g�u?Æ£m�e8w

=s�	s� ÷Wõ��&��<:äoõ�	��A#Gù¢õ�	���ø��G÷Wø¾÷�����ù¢ø!ù¢ô�òG÷NüBóJ÷Wö�÷��.ùÉüÉù¢øÌý+�2	Z÷��-�	�� øLôÊø��	�� ÷Wõ�����<q\*ø��	�	3òBú�ùÉò	�	Jõ%ù±òBú�þ¾ôNõ.�
øLô�÷����Üø��Gù4�<óJ÷Wö�÷���ù±üÉù¢ø0ý'ù���òBô�þ ùÉò'öGõ%ôNúNõ�	�����÷Nò��ÜþZùÉüÉüÍõ�	��^#�ù¢õ�	vô�òGüÉý'÷ õ.	3ó�ô�ò�X�ú�#Bõ%÷Wø!ùÉô�òØô�/�ø���	+Ex��NT< ô�ò
ø���	�� ÷Wõ��&��<^ñ
;��oùÉò~ø
	Jõ�/9÷Nó1	F��ô�÷Wõ.�MHx=C�	Aö.üÉ÷3ýA��÷Nó��R/9ôNõ%ûÈ÷Wø¾ô�/fø��	�� ÷Wõ��&��<Tä@#�òGù¢ø/þs�	3ò�õ�	3÷��GùÉòGúq�Ü÷Wõ.�
���[�Gù��
�A�¾þZùÉü±ü-�2	FQF�½��< øLõ%÷Nó.�O/9ôNõ%ûÈ÷Wø�H$=C��ù4��Í�ó�ô�û ö�÷Wø!ù6��ù±üÉù¢ø0ý"Î~ûÈôA�	�þZù±üÉü�÷NüÉüÉô�þ@�G÷Wø!÷`õ�	3ó�ôNõI�	���ô�òY�Ü÷Wõ.�
���á�Lý��Lø
	3û��2øLô��2	�ó�ôNõ!õ.	3üÉ÷Wø
	���ô�òJ	10Õù��Lø!ùÉòBú+�Ü÷Wõ��J��<Çó�ôNõ!õ.	3üÉ÷WøLôNõ.����#Bõ%ù±òBú�ø��	<øLõ%÷Nò��%ù¢ø!ù¢ô�ò ö"	Jõ�ù¢ôA��øLô��Ü÷Wõ.�
���FH

é Ú èx¬¾í^í Ý�ÞNé

=C�	�� ÷Wõ��������!ýA�Lø
	3û ù4� ø��	��
	3ó�ô�ò-� ùÉò¿ø��	'üÉù±ò	�ô�/F� ÷Wõ��Ù�²QF�½�jñ���÷Wø!÷��LýA�!ø
	3û���÷Nò��¿ø���	YX�õ.�Lø
øLô�ù±û ö�ü6	3ûR	3ò~øÊø��	YQTSÕñ0ÿVUÕ�Lø!÷Nò��G÷Wõ.�lH»��#GùÉü¢øÊô�ò¿ø��	��!÷Nû�	¸ö.üÉ÷Wø
/ÃôNõ�ûä÷��`ø��	��Ü÷Wõ.����< �/ø��	Y�Ü÷Wõ.�����
ô�ê2	Jõ.�¡�,ôNø���÷q�!ùÉûÈö�ü6	FûÈù¢úNõ%÷Wø!ùÉô�ò ö�÷Wø��R/9ôNõ¡	10Bù4�Lø!ùÉòGúP�Ü÷Wõ�����<�#���	Jõ.��÷Nò��È÷Nò ùÉò	10Õö2	3ò��!ù63�	�QPS*ñ0ÿ0ó�ô�ûÈö�÷Wø!ù6��ü6	
Q:���jñ��G÷Wø!÷K�Lý��Lø
	3ûë/9ôNõÈò	Jþ ù±ò��Lø!÷NüÉüÉ÷Wø!ùÉô�ò���Hæñ7ò�÷����GùÉø!ù¢ô�òM�
÷�� ÷Wõ��Ê����;*� ÷Wõ�����< ó�ô�û ö�÷Wø!ù6�.ùÉüÉù¢øÌý�ö�÷Wø��
��÷��q�2	�	3òK	��!ø!÷���üÉù4����	���øLô²	3÷��
	¸ù±ò�ø��	¸øLõ%÷Nò��!ùÉø!ù¢ô�òK/9õ!ô�ûì� ÷Wõ��»��< øLô²� ÷Wõ��¼���FH>=C�	O� ÷Wõ��¼�,�Lý��Lø
	3û��
÷Wõ.	F�2	3ùÉòGú+�	�3�	3üÉôNö"	���þ�ù¢ø��J��#BöGö�ôNõ!ø%/Ãõ!ô�û���¶TN+�-í��%�$�¶TQ:Þq��²��ñ!��Þ�<TS�< ��íNñoQF9s��Þ � <s� ÷Nò�� � S�ÞT�+H
� �	3òÛ�	�3�	3ü¢ôNö�ûR	3ò~ø ù���ó�ô�û ö�ü4	Jø
	��M�Fø��	,� ÷Wõ��������!ýA�Lø
	3ûî�	��!ùÉú�ò�þZùÉüÉü��2	'øLõ�÷Nò��
/�	Jõ!õ�	�� øLôÊ�jô�ò���#�÷NòOø
�2ôNõ!ö�ôNõ%÷Wø!ù¢ô�ò�ùÉòY�Íô�òBú�û ô�ò~ø��"�C�Ò/9ôNõAõ�	Jö�ü±ùÉóJ÷Wø!ù¢ô�ò�÷Nò�����ù4�LøLõ%ù6�Z#Bø!ù¢ô�òÈøLô ø��	TQ:���jñFó�ô�ûÈû #�òGù¢ø0ý�H

ï ì��7ìGÞOì-§¡�Õì�ê
ð i.ñ:òxó�gTk�m5ehn&pqô?g.ÅOzhaÃyhgTm�ysõW�9�¾öG£ ÷5÷AøÍ���!ù¾õ��3���7�R���7�£ù¤�� ¢�©ù¢�8ú�û1÷~���J�Ì�£ü8÷*���3�Ì�£ü5ùÃõW�9��Ç�Æ5è*y8m�acèfz�|sdfÇ8ó�m5w�w�aÃyhacÆ5è^m�Â2aÃè�ý
È4Æ£eh|Tm�yoaÃÆ£è+m5Å^Æ£d�y>yhófgCk�m�eonqp:zV{�zVyhgI|+j

ð ¿�ñ�þhr%t-u?v>À*yom5èfw�m5eow+ÿ¡m5eow�ôxm�eog¡v©è*yog.ehÈ�m5Ç�gCÀ�ÁAgIÇ.aÏÄAÇ.m�yoaÃÆ£è+ýlr�À�vDý©ÿ�� � �>g���a�zVacÆ5è�i5j � ���
	 dfb5dfzVy%¿����� � m���m�acÂ�m�Å�Âcg�m�yõN�Ã�ÏöB£ ÷£÷�ú��8ö��%�5ù¾õ��3���L�5�����£ù¢�8ú�û1÷~���L Ë÷~ ��Aú�����ù¾õW�9��¡Ïj
ð Ó�ñ�þok�m�eon p�u¼w�gIzhaÃb£è+zhÁAgIÇ�aÃÄ^ÇIm�yhacÆ5è^z�� � m���m5aÃÂ�m�Å�Âcg�m�y��7�ÏöB£ ÷5÷AøÍ���!ù¾õ��3���L�5�����£ù¢�8ú�û1÷�ö�ûO�©÷*���3�Ì�5ü�÷�������ù öfú��8j
ð æ5ñ�þoÉ%m�yomFv©è�Á�d�y�kRÆ�w�d�ÂcgCk�m�eonqp�u�vhç£ÔÊu?Æ£m5eow òxó�g.Æ£eh{qÆ�ÈMÔ%ÁAg.e8m�yoaÃÆ£è�� �m���m�acÂ�m�Å�Âcg�m�y��7�¾öG£ ÷5÷AøÍ���!ù¾õ��3���7�R���7�£ù¢�oú�û1÷�ö�ûO�©÷*���3�Ì�£ü
÷�������ù ö^ú��8j
ð p�ñ�þ� lófm£zVg"!?m�Â$#�%�yhe8m5Ç
yoaÃÆ£èPÈ4Æ£exyhó�gCk�m5ehn+p�u&� � m���m�acÂcm5Å�Âcg�m�y'�7�¾öG£ ÷5÷^øÍ�>�!ù¾õ��J���L�R���7�5ù¢�8ú�û1÷�öAûO��÷~���J�Ì�£ü�÷��(�)�5ù ö�ú��
j
ð * ñ�þok�m�eon p�uKvhç5Ô�u?Æ£m5eow+ ló�{�zVa�Ç.m5Â�É¡g!zhÇ.ehacÁ�yoaÃÆ£è�� � m���m�acÂcm5Å�Âcg�m�y��7�¾öG£ ÷5÷^øÍ�>�!ù¾õ��J���L�R���7�5ù¢�8ú�û1÷�öAûO��÷~���J�Ì�*ü
÷������*ù öfú��

;�=�Q +Ã&/1<;%=>=�?A@)�7���� 0�%�B�<�7�Ì������DFEB �HJI7�7�LK�����D>4



���������
	������������������������������� ����!��"#��$%�'&(����)+*�,.-/����0�1%��2�)+340�56����78 ���������$��'&(����)9�;:<	=���>�������������@?A�;:B3+C�D�D�E9F#�����������
&
������ ��%�G-H����2�����I� ��%��5�?JLK C�D�*@M4C�DN*
$4�>��O� P�P� �Q45>2�2�K ��56"R2�K ����5���K ����Q�P��S%1��� �2@���� ����%5�P���7TC�D�D�E�P�2@��%��������

U/V
W=XZY\[^]_W�`�a\Vba\cdW�efXhg ]G[^ikjml npo�]Bq�rf]Gstibuvq'wxW=Xzy `�V
W�a{W^efX|g ]G[^i}U�~
� aT[^[^Xzo�]_W=a\[

�f�J�=�����G�����B�L�����

�'���!�T�4�N�@�6�����9�Z�@�����@�N�4�6�4�@�
���>����� �¢¡¤£¦¥O§�¨4©Oª�«¬�®JªO§�¯#°²±x³�®#°>´%µ�¶

·¹¸�º�»�¼�½/¾¦»
¿�$��f&(����)À*�,.�>P�ÁÂ1J�N����I�5�?Ã����������Ät Å��$Æ�f"R��ÄÇ5>S%%J���>�� ��%�97G�4I�S�����5�?�Ät ����B1��� ��%���È�4S%7É1J���T��"z�%��Ä

2@�����1% ��� ��� ���5Z���Ê��$%�Ê&(����)'��:Ë2����>�������������@KmÌÍ Å��$v��$% �5BS%�������I��_Ä��ÉÄt ����Î����5>�(1J�G��1%���_���\���� �7G ��%�����m7Ê���40(��"
��$��Ã�����1%����7G5^��5>5>��2� ������@I
Ät Å��$\��$��B&(����)\��:Ï56������ ����
S��% Å�@KHÌf�#Ät ����LI� �5>2�S%5>5���$��Z&(����)\*�,¹"R�@����S�����5�?�S%¦I������
��$��É56������S%5Ã��"= �7G%����7G���4������ �������"=1J����$v2����>�������������Z$%����I4Ä^�����_���%Iv5>��"Ð��Ä^������?H���%I������5>�����Ã�T1��� ��Ñ"=������)� ������
��S��t"RS���S����Ã��¢���%5^"R���#7Ê��Ò� �7G �Ó� ����z��$��B��Ô¦��2��� �QN�ÃS�5������z��"���$%�B&(����)
*�,�K

Õ Ö\×JØ@Ù'Ú;Û�×¦ÜhØ�ÝHÙ'Þzßxà Ø@×JÛ�á�âZãÊÝ/Ùv×�äJÙ�Û�Ý/Ù4åJß/áT×JÚÃØ�ÝHÙ'×JÛ�åJæ^ç/Û�Ù4á�Ù4èOØ�å�Ø�à ×¦èÆ×JÚÃØ�Ý/àéáÊêN×¦èLØ@Û�à ëxì/Ø�à ×¦èÍê�åJèÆë�ÙvßH×�íTè�î
æé×¦åJßHÙ4ß¹Ú�Û�×¦ÜïØ�Ý/Ù
ð�ñvò!ó�ôJô¦õ�ö
Ù4èHÙ�Û�åJæ^÷ÏÙ�Ù�Ø�àéèHøfí_Ù�ëÆá�à Ø@ÙJùZúÉæ Ù4åJá@Ù(øJÙ�ØGØ�ÝHÙvú#×�í_Ù�Û�ú#×¦àéèLØmûÎæ Ù(×JÚAØ�Ý/Ù
çxÛ�Ù4á@Ù4è�î
Ø�å�Ø�àé×¦èüå�Ø�Ø�ÝHÙÈý\þ\ÿ����������	��
�����	�������������������������	����� �	!#"�����$��$&%'��(�) *�$	$���
+�'���	,#-�-	.	��	%'$��$�'�'����
������&�
�*/,�-	-#. 0')#-#1 �����#����(#(#�����	���=ù 2

�;:B3TC�D�D�EÊF#������������&
������ ��%�Ê-H����2�����I� ��%��5 C�D�*



���������
	��������������������������� �!�!"#�%$ ��&'�!()� ��	*��	�"+���!�,"!-��.���0/�1�1�2034�!�����5��6879�!����:;�<(>=?��$��!�!�!@�:;�<(�"!-BADC / 1�2FE�/�G!1
�����A'� H�H :;I�"��!��C (�"+�%��C �B� "���C (�$FI�H A�J<K�6L:;�M�F��:;$��<"5HF(��0/ 1�1�2�H "��
	�����

NPORQSQUT9V�WYX#Z�[,\�W^]_Z�`0XbacW^d0[,\�efOgeR]UVhWYij]

kmlDnporqts�uwvyx

zR{�|~}0���)�M�+�����t�^�M� � �M�)���+���M�
�F���*���������D� �D�<�<�'�B�������8�������)�4���U )�y���<��¡

¢¤£y¥�¦�§�¨U©�¦
ªh��YJ�A<( �5��@��^$ �«�¬7��F��*® ¯°��� �5�,ª'�5���<"�A±$ ������	�"+���!�³²���ª´�<µ���$07�� ���®�¶~���M·�J<:¸���!"¹�,$�������<����"�:;�,A�6;	

J�A<(��5��@�:;�<(g��<��7�� ��t® ¯º"+	�"+���!�»��$¼7��F��t®�¶yC���:L���!�¬�����7��F��t®�¯º"+	�"+���!�¾½h��",@��!"�:;(��<�!@¿� ">�RA�6LJ�(�À�:;�
���!A�6L���!�!�,�����Y�%$ �>�R7�� ��¼���Á$��Â��&8¶�¯Ã�5��A±�>���!�!$��5@����M-U��<�>"+�5� ��:;$��¿$ �Ä�!$ �����!6L� ��$��Ä:L���������%���!��"Â��$*��<�,�5��A±�
���!��$��5@��w�¬��ª´�m�
J<"+�ÄK±�9�!$���I)�������!@m��$R��<�������w-?����9�4&8¶��Ä���5���<@<�F�5@t�������w����������CÅª8$R��B�F�>�!�B@�-#�Æ"��w�>$��
:;����������� �!�¹K±$)� �5@�"�<��"«K±�!�!�>@���"�:L(��<�M@Ä��$�:;����������� �!�47�� ��Ä���~$�����&8¶�¯¤"����,A�6L�w��"«��$���<�´������:;�<A�J��«$��D�^7��F��
® ¶t���F�5���.��A<J���79$�@�J<6;��-�� �B@Â��$�:;����������� �!�¹����y7�� ��,® ¶t��� �5�^Ç4J���A�J���79$�@�J�6;�´��$���$Y�^7��F��Â�.�Å��$������!6L� ��$ �MC
ªh�:L"¹AB� A±���¹@���"�����:;K±�!"¹�����@��w�5��:;6;"y$ ����<�!"���:;���������%���!�^@��!I�:L���!"!C

È´ÉcÊ�ËyÌ±Í�Î�ÏYÐ
Ñ8Ì�Ò�Î¹Ë

Ó>Ô�Õ)Ô�ÖD×¿Ø�Ô�Ù�Ú±Õ)ÛÁÜ�Ý¹ÞÂß¼àFÔ�Õ)á±à âUã�Ö?ÙäÚ±ÖUâÁå«ØæÚ�ÛDçrÚ±ÕFèºéMÛ�éM×MÔ�êmémÚBà Ôëç«Ú±éMÔ�âìá�Öºêíá�âUã%î«Ô�âðï±Ô�à é ã�á�ÖUéíá±ñ�×Fò?Ô
ó¬á�Ö?Ô�Û8ô
Ô�Ø�ØYõöá8â?Ô�ØÂ÷±øcù4ÚBåhÔ¿ú9à ã�ï±Ô±ûëù0ò?Ô�éMÔtØ�Ô�Ù�Ú±Õ)ÛpéMÛ8éF×MÔ�êmé�ü�Ú±ÖUâý×FòUÔ¿Ö?Ô�ôþêíá8â«ÿUØ�Ô�é*×FòUÚB× ô0ãæØ�Ø�àFÔ�å«ØæÚ±Õ)Ô
×FòUÔ�êPãæÖUÕ�Øæÿ«â?Ô

� Ü9ÝyÞ�� ú�ÚB×FÚ��¬Õ��8ÿUãæéFãæ×Fã�á�Ö��8Û8éF×MÔ�ê
	
� Ü�Ý¹Þ���?á±à êmÚB×M×MÔ�à9àFÔ�å«ØæÚ±Õ)Ô�âëô0ã�×Fò
� Ü��8ß����9ÖUã�ï±Ô�à�éFÚ±Ø��Âá�ÖDï±Ô�àF×MÔ�à

� Ü9ÝyÞ����Äá±àFàFÔ�ØæÚB×Má±à�	
� Ü�Ý¹Þ����8×FÚB×Fã�á�Ö��9ÖUã�×
� ùyámçhÔ�âUÔ�×MÔ�à êmãæÖ?Ô�âÅã�Ö~×Fò?Ôgñ+ÿ?×Fÿ?àFÔ

� õöÚBà è¤ß�Ü_ú9ÚB×FÚ��¬Õ��8ÿUãæé ã�×Fã�á�Ö��8Û�éM×MÔ�ê
	
� õ°ÚBàFè¿ß�Ü��?á±à êmÚB×M×MÔ�à9àFÔ�å«Ø�Ú±Õ)Ô�âÅô0ã�×Fò
� õ°ÚBàFè��BÞ���Ú±êíå«Ø�Ô�à,õöá8â«ÿUØ�Ô

� õöÚBà è¤ß�Ü��Âá±àFàFÔ�ØæÚB×Má±à�	
� õ°ÚBàFè¿ß�Ü��8×FÚB×Fã�á�Ö��9ÖUã�×,à Ô�å«ØæÚ±Õ)Ô�â~ô0ã�×Fò
� õ°ÚBàFè��BÞ��Âá±àFàFÔ�ØæÚB×Má±à0ß�ÖD×MÔ�àFñ+Ú±Õ)ÔRõcá�âUÿUØæÔ

ù>ò?Ô�å«ÿ?àFåhá�éMÔ9á±ñyÚ±Ø�Øhá±ñ¹×Fò?Ô�éMÔgã�Ö'×MÔ�àFñ+Ú±Õ)Ôgêíá�âUÿUØ�Ô�éÄãæéÄ×MámÕ)á�ÖDï±Ô�àF×>×FòUÔ����ÄÝýãæÖUå«ÿ?×ÄÚ±ÖUâ~á�ÿ?×Må«ÿ?×,Ø�Ô�ï±Ô�Ø�éÄá±ñ
×FòUÔ9Ø�Ô�Ù�Ú±Õ)Û¿éMÛ8éF×MÔ�êméÂ×MáÆ×Fò?Ô�Ý�Ü�ú��mØæÔ�ï±Ô�ØæéYá±ñ¹×Fò?Ô9õ°ÚBàFè��BÞìÜ���ß^ãæÖ'×MÔ�à ñ.Ú±Õ)Ô�é�û
õcá�éM×Âá±ñ´×Fò?Ô9ñ+ÿUÖUÕ)×Fã�á�ÖUéYá±ñ´×Fò?Ô
ñ.á±à êmÚB×M×MÔ�à�é,Ú±ÖUâÅéM×FÚB×Fã�á�ÖÅÿUÖ«ã�×Fé
ò«Ú�ï±ÔgçhÔ�Ô�Ö~ãæÖUÕ)á±àFåhá±à ÚB×MÔ�â~ãæÖD×Má¼×Fò?Ô*õöÚBà è��BÞ ú�ÚB×FÚíß�ÖUå«ÿ?×Äõcá�âUÿUØ�Ô �+ú9ß�õ"!
Ú±Ö«â¿×FòUÔ�ú�ÚB×FÚ�#*ÿ?×Må«ÿ?×Âõcá�âUÿUØ�Ô �+ú�#�õ"!�û$�?á±à>êíá±àFÔ*ãæÖUñ�á±à êtÚB×Fã�á�Ötá�Ö~×FòUÔ�õ°ÚBàFè��BÞ ú9ß!õ Ú±ÖUâÅú�#�õpü?éMÔ�Ô
ù0ò?ÔgõöÚBà è��BÞ Ü�Ý¹ÞÂßÄú�ÚB×FÚ%�8Û�éM×MÔ�ê ç8Û
�¬ØæÚ±Ö�&SòUã�×FÖUÔ�Û('*),+�û

È´É5È#É�-/.10
243"5�Ì6572äÑ98�Ð
Ò;:BÒ�Ì�Ò�ÎyË�<�=>:�Ì6?$@A:
�?á±à*Ü9ÝyÞ�� âUÚB×FÚ~Ú±Õ��Dÿ«ãæéFã�×Fã�á�ÖöéMÛ�éM×MÔ�êmé�üh×Fò?Ô ñ�á±à�êmÚB×M×MÔ�à�ô0ãæØæØ#çhÔ àFÔ�å«ØæÚ±Õ)Ô�âöç8ÛcÚtÜ��8ßB�³ÿ«ÖUã�ï±Ô�à éFÚ±ØyÕ)á�Ö �

ï±Ô�à ×MÔ�à*ç�á�ÚBà�â°âUÔ�éFÕ)à ã�çhÔ�âöÔ�ØæéMÔ�ô0ò?Ô�à Ô�'DCE+�ûRù0ò?ÔÆÜ��8ßB�»ç�á�ÚBà�â°Õ)á�ÖDï±Ô�àF×Fé*×FòUÔ çrÚ±ØæÚ±ÖUÕ)Ô�â(�F�ÄÝðá�ÿU×Må«ÿ?×9á±ñY×Fò?Ô

/�1�2 �����9/ 1�1�2>34�!�<���5� 6?79�!�w��:L��(,=?��$��!�!�M@�:L��(�"



���������
	������� �������.���������%���!��"

Ü�Ý¹Þ�� éFÚ±êíå«Ø�Ô�à�êíá�âUÿUØ�Ô�é0×Má~Ü��8ß0ñ�á±à*ãæÖ?årÿ?×0×Má~×Fò?Ôíõ°ÚBàFèG�BÞ_ú9ß�õpûH��ãæÖUÕ)ÔÆ×Fò?Ô¼×Má±×FÚ±Ø�á�ÿ?×Må«ÿ?×�âUÚB×FÚ¤à ÚB×MÔ
á±ñ¹×Fò?Ô�×5ôÂáíÜ9ÝyÞF�¾éFÚ±êíå«ØæÔ�àÄêmá8âUÿ«Ø�Ô�é
ã�Ö¿Ú Ü�Ý¹Þ��»âUÚB×FÚ¼Ú±Õ��8ÿUãæéFãæ×Fã�á�Ötà�Ú±ÕFè¿ã�éIC�JLK,MmõöçON<é�üUÕ)á�Ö«Ö?Ô�Õ)×FãæÖ?Ù ×Fò?Ô
Ü�Ý¹Þ�� éFÚ±êíårØ�Ô�à é�×MácÚëõ°ÚBàFèP�BÞbéMÛ�éM×MÔ�ê âUá�ÿ?ç«Ø�Ô�é�×Fò?Ô¿êmÚ,Q�ã�êÆÿUê â«ÚB×FÚÅà ÚB×MÔtá±ñÄÚÅÜ�Ý¹Þ�� éMÛ�éM×MÔ�êjñ.àFá�ê
�RC�KmõcçON<é0×MáSC�JLK,M¿õöçON<é�û

È´ÉUT�É�-/.10
2WV¿Î¹Í�ÍL?$X;5rÌ±Î´Í

�?á±à�×Fò?Ô ÖUÔ�ÚBà9ñ+ÿ?×Fÿ?à Ô±ü«×Fò?Ô Ü9ÝyÞ���Õ)á±àFàFÔ�Ø�ÚB×Má±à�ã�é0å«Ø�Ú±ÖUÖUãæÖ?Ùí×Má~ÿUéMÔ õöÚBà èG�Y��Z éMÛ�éM×MÔ�êmé9×Má~å«ØæÚ�ÛÅç«Ú±ÕFè
õ°ÚBàFè
�¼ÞSàFÔ�Õ)á±à âUã�Ö?Ù�é�ü?Ú±é>â?Ô�éFÕ)à�ã�çhÔ�â¿Ô�Ø�éMÔ�ô0ò?Ô�àFÔ*ãæÖ~×Fò«ãæéÄï±á�ØæÿUêíÔ*ç8Û��Æû[&SòUã�×FÖ?Ô�Û('*),+�ûYù>ò«ãæéÄÚBàFà Ú±Ö?Ù±Ô�êíÔ�ÖD×
à Ô��DÿUãæàFÔ�éÄå«ØæÚ�ÛDç«Ú±Õ è¿×FòUàFá�ÿ?Ù�òÅ×Fò?ÔRÜ9ÝyÞF�_éM×FÚB×Fãæá�ÖëÿUÖUã�×Fé�ü8ô¬òUãæÕ òÅØ�ãæêmã�×FéÂ×Fò?ÔRâ«ÚB×FÚíà ÚB×MÔg×Má��RC�Ktõcç\N<é�û

È´ÉU]�ÉG^_5�Ía`»Ê�-W3"5�Ì6572äÑ98�ÐYÒb:<Ò�Ì�Ò�Î¹Ë�<c=>:�Ì6?$@
ù¹á Õ)á�Ö'ï±Ô�à ×mÚöõ°ÚBàFèýß�Ü âUÚB×FÚ°Ú±Õ��Dÿ«ãæéFã�×Fã�á�ÖpéMÛ�éM×MÔ�ê ×Má õ°ÚBàFèd�BÞ9ü�×Fò?Ô¤ñ�á±à�êmÚB×M×MÔ�àíãæéÆÕ)á�ÖDï±Ô�àF×MÔ�âÁ×Má Ú

õ°ÚBàFè"�BÞbéFÚ±êíå«ØæÔ�àgêíá8â«ÿUØ�Ô¼çDÛ°àFÔ�å«Ø�Ú±Õ�ãæÖ?ÙÅéMá�êíÔmá±ñÂ×Fò?ÔtÕ�ãæà Õ�ÿUã�×�çhá�ÚBà âUé�ô0ãæ×FòäÚÅÖ?Ô�ô Ü��8ß¬çhá�ÚBà â´ûe�Uá±àÆÚ
ïBÚBà ã�Ô�×wÛtá±ñyàFÔ�Ú±éMá�ÖUé�ü�×Fò?Ô�Ü��8ßB�ìÕ)á�ÖDï±Ô�àF×MÔ�à¬ç�á�ÚBà�â¤âUÔ�éFÕ)à ã�çhÔ�âtÚBçhá�ï±Ô*ñ�á±à>ÿUéFÔ9ô¬ã�×FòtÜ�Ý¹Þ��¾éMÛ8éF×MÔ�êmé,Õ�Ú±ÖÅÖ?á±×
çhÔ*ÿUéMÔ�âëñ�á±à>×Fò«ãæéÄå«ÿ?àFåhá�éMÔ±û

CBû0ù>ò?Ô*á�ÿ?×Mårÿ?×Fé,á±ñ4×Fò?ÔRõ°ÚBàFè¿ß�ÜbéFÚ±êíå«ØæÔ�à é,ÚBàFÔRéFã�Ö?Ù�Ø�Ô � Ô�ÖUâ?Ô�â´û
K8û0ù>ò?Ôm×Má±×FÚ±Ø
åhá�ôÂÔ�àÆãæÖD×MÔ�Ù±à ÚB×Má±à é ãæÖä×FòUÔ¿õ°ÚBàFèäßwÜ ï�ãæâ?Ô�ácÕ)á�ÖDï±Ô�àF×MÔ�à é àFÔ��8ÿUã�à ÔmÚPCtó1ft×FãæÕ èäñ�à á�ê ×Fò?Ô

ñ�á±à�êmÚB×M×MÔ�à�û
)8ûg�¬ÖpÓI�9K6)6KcõG��ùþãæÖD×MÔ�àFñ+Ú±Õ)Ô¿ãæé*à Ô��DÿUãæàFÔ�âä×MáöÚ±Ø�Ø�á�ôh�4ãæÔ�Øæâd�8Û�éM×MÔ�ê Õ)á�ÖD×MàFá�Ø
á±ñÄ×Fò?ÔtàFÔ�Õ)á±à�âUãæÖ?Ùëêíá�â?Ô
�.Ù±Ô�á8âUÔ�×FãæÕBü«Ü�Ý¹Þ��ÆüUá±à>×MÔ�éM×>ï±Ô�Õ)×Má±ài!>Ú±é>âUÔ�éFÕ)à ã�çhÔ�âÅãæÖ~àFÔ�ñ.Ô�àFÔ�ÖUÕ)Ô%'*Kj+

kElnmpoqsrut

vuw;xsyFz{s|s}�~ �s�u�
���

���

�����s�;�

�s���u�s�s�u��u�;�s�F�

���s�
�E�n�p 

¡s¢s£�¤¥u¦;§s¨F©ª�«u¬;�®u¯s°b±

²�³�´bµu¶u·b¸�¹uº¼»s½¾u¿uÀ¼ÁbÂbÃ

ÄuÅ¼ÆbÇ;ÈuÉuÊ;ËUÌ;Í
ÎsÏsÐÑ�ÒsÓ;Ô�ÕuÖu×
Ø�Ù�ÚÛ�ÜUÝßÞUà>á¼âbã

äså�æUç
èuéëêUìßí�î�ïsðsñ
ò�ósôbõ ö�÷søù�ú

ûsü�ýUþ ÿ��

�

�

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

.�/10�243'5�6�7�8�9�:';

<�='>@?BA'C'D�E-F"G�H�I�J�K

L�M

N�OQP-R@S�T�U�V
WQX�Y'Z�[�\�]�^

_�`�a�bQc�d
e�f-g�h
i
j�k

l�m�n�o�p�qBr�s�t

u"v�w-x
y�z'{�|�}�~B���'�

�
���1�������������1������

�'�����
���Q���B�Q������� �' '¡£¢�¤£¥Q¦�§�¨©Qª�«'¬��®�¯�°

±�²�³'´

µ�¶�·-¸-¹

º¼»�½-¾

¿'ÀBÁQÂ
Ã�Ä�Å�Æ�Ç

È'É�Ê'Ë�Ì�Í�Î�Ï�Ð-Ñ
Ò�Ó�ÔÖÕ"×�Ø�Ù
Ú"Û'Ü-Ý

Þ�ßBà£á¼â-ã�ä�å�æ�ç-è'é
ê�ë
ì�íQî�ï'ð"ñ�ò�ó

ô�õ�ö-÷-ø

ù�ú'û�ü'ý

þ�ÿ������

������	�


��������

�������������� "!$#&%('*),+-��.����*.0/1%�243�5��7698;:$:�<=3��>��2?.@'A�7!$%@.0�*BC2D%@�E3�5��GFH.0��)JI0!K8�.0/�L�#��M�NFO%(B(��#��

�Pç«Ø�á�ÕFèpâUãæÚBÙ±à Ú±ê á±ñ>×Fò?Ô~Ü��8ßRãæÖD×MÔ�àFñ+Ú±Õ)Ô~ç�á�ÚBà�âÃã�é é ò?á�ô0ÖðãæÖ ��ã�Ù�ÿ?àFÔ(CBûýß!ÖðÚ±âUâUã�×Fã�á�Ö ×Máä×Fò?Ô¤×Fò?àFÔ�Ô
ñ+ÿUÖUÕ)×Fãæá�ÖUé,ØæãæéM×MÔ�âÅÚBçhá�ï±Ô±ü«×FòUãæé>ç�á�ÚBà�âÅÚ±ØæéMámÔ�ÖUÕ)á�â?Ô�é,×FòUÔRéFã�Ù�ÖëÚ±Ö«âëêmÚBÙ�ÖUã�×Fÿ«â?Ô�ç«ã�×>éM×MàFÔ�Ú±êté>×MátêmÚBè±ÔÆ×Fò?Ô�ê
Õ)á�êmå«ÚB×Fã�ç«Ø�ÔÆô0ã�×Fòö×Fò?Ô ç«ã�×¬éF×MàFÔ�Ú±êmé�åUàFá�âUÿUÕ)Ô�âcçDÛc×Fò?ÔÆÜ�Ý¹Þ�� éFÚ±êíå«Ø�Ô�à�é�û �9é�Ú±ÖöÔiQ�×Mà Ú¤ñ.Ô�ÚB×Fÿ?àFÔ±ü#éFã�Ù�Ö°Ú±ÖUâ
êtÚBÙ�ÖUã�×FÿUâ?Ô*çrã�×>éM×MàFÔ�Ú±êmé0ñ�à á�êPÚ±Ö'Û~×wô
á¿ï8ãæâUÔ�átÕ)á�Ö'ï±Ô�à ×MÔ�à é¬Õ�Ú±ÖcçhÔgâUã�àFÔ�Õ)×MÔ�âÅ×Má¿×Fò?Ô,P;Q�PtÚ±ÖUâRP=S�P¿ãæÖ?å«ÿ?×Fé

�.���0/�1�1�2>34�!�����5��6�79�!����:;�<(>=?��$��!�!�!@�:;�<(�" /�1UT



���������
	������� �������.���������%���!��"

á±ñ�Úíõ°ÚBàFètß�Ü ú9Ô�Õ)á�â?Ô�à>×Mámêíá�Ö«ã�×Má±à>éFÚ±êíå«ØæÔ�à>éM×FÚB×FãæéM×FãæÕ�é,Ú±Ö«â~å«òUÚ±éMÔ*Õ�Ú±Øæã�ç«à ÚB×Fã�á�Ö¤×Má�Ö?Ô�é�ûYù0òUãæéÂñ�Ô�ÚB×FÿUàFÔgòUÚ±é
çhÔ�Ô�Ö°ÿUéMÔ�â°×Má~ï±Ô�à ã�ñ.ÛëåUàFá±åhÔ�à¬á±å�Ô�à�ÚB×Fã�á�Ö°á±ñY×Fò?Ô åUàFá±×Má±×wÛDåhÔíéFÚ±êíå«ØæÔ�à9êíá�âUÿUØæÔ±û ��ã�Ù�ÿ?àFÔeK¤ãæé¬Ú¤å«òUá±×Má±Ù±à ÚBå«ò
á±ñ#×FòUÔ¬Õ�ã�à Õ�ÿ«ã�×^çhá�ÚBà â#ü'Ú±Ö«â���ã�Ù�ÿ?à Ô1)gãæé
ÚRårò?á±×Má±Ù±à ÚBå«òtá±ñ´ÚRõ°ÚBàFèmß�Ü ñ.á±à êmÚB×M×MÔ�àÄ×FòUÚB×ÄòUÚ±éYç�Ô�Ô�Ö¿Õ)á�Ö'ï±Ô�à ×MÔ�â
×Má¿ÚmõöÚBà è��BÞ³é Ú±êíå«Ø�Ô�à>êíá�âUÿUØæÔ±û

���&�@�����7V� �W�5�%�3�%@���*.0L�5X%�243�5��7698(:Y:�<=3��>��2?.@'A�7!$%@.���BX2D%��E3�5Z�GF[.0��),I0!K8�.0/�L�#��M�NFO%(B(��#��

���&�@�����]\Z �W�5�%�3�%@���*.0L�5X%�2^.�F[.���)C:�6_�Z%���/C.`3�3��M�N'M%�<;a��>��3��>BC3�%X.�F[.0��),I0!K8�.0/�L�#��M�NFO%(B(��#��

/�1Ub �����9/ 1�1�2>34�!�<���5� 6?79�!�w��:L��(,=?��$��!�!�M@�:L��(�"



���������
	������� �������.���������%���!��"

È´ÉDc^ÉG^_5�Ía`»Ê�- V¿Î´Í�Ía?$X�5�Ì±Î´Í

� çrØ�á8Õ èÃâ«ãæÚBÙ±à Ú±ê á±ñ�×Fò?ÔcÕ)á±à àFÔ�ØæÚB×Má±à¿ã�Ö'×MÔ�àFñ+Ú±Õ)Ôcçhá�ÚBà â ���Äß�Þ !íã�éíéFò?á�ô¬ÖºãæÖ ��ã�Ù�ÿ?à Ô
M?ûìß�×tÕ)á�Ö'ï±Ô�à ×Fé
×FòUÔëÝ�Ü�ú��ÁØ�Ô�ï±Ô�Øæéíñ.àFá�ê ×Fò?ÔÅÜ��8ß á�ÿ?×Må«ÿ?×¼á±ñ�×Fò?Ôëõ°ÚBàFè �BÞ ú�#�õf×Má ×Fò?ÔcÕ)á�Ú,Q?ãæÚ±Ø>éMÔ�à ã�Ú±Ø,ØæãæÖ?èýá�ÿU×Må«ÿ?×Fé
à Ô��DÿUãæàFÔ�âëñ.á±à�×Fò?Ô ã�Ö?å«ÿ?×>çhá�ÚBà â«é>á�Ö°×Fò?Ô¼õöÚBàFècßwÜ�Õ)á±à àFÔ�ØæÚB×Má±à�û�ß�×9Ú±ØæéFá¿åhÔ�àFñ.á±à êmé¬éMá�êíÔíØ�á±Ù�ãæÕ�Ú±Øyñ.ÿ«ÖUÕ)×Fã�á�ÖUé
×MáäÕ)á�ÖDï±Ô�àF×m×Fò?Ô�)6K éFãæÙ�ÖÃÚ±Ö«âÃêtÚBÙ�ÖUã�×FÿUâ?Ô¤Ü��8ßgç«ã�×¼éM×MàFÔ�Ú±êté¼ñ�àFá�ê ×FòUÔ~ú�#�õf×Máä×Fò?Ô�MZd°Ô�ÖUÕ)á�â?Ô�âðéFã�Ù�Ö#ü
Ô�Ö«Õ)á8â?Ô�âcêmÚBÙ�ÖUã�×FÿUâUÔ±ü�Ú±Ö«âÅï<Ú±Ø�ãæâUã�×wÛtç«ã�×Fé,éF×MàFÔ�Ú±êmé,àFÔ��8ÿUã�à Ô�â~çDÛ¤×Fò?Ôgõ°ÚBàFè~ßwÜ_Õ)á±àFàFÔ�ØæÚB×Má±à�ûYù>ò?ÔgÕ)á±àFà Ô�ØæÚB×Má±à
ã�Ö'×MÔ�àFñ+Ú±Õ)Ô¼çhá�ÚBà â Ú±ØæéMá~åUàFá�ï8ãæâUÔ�é0×Fò?Ôíú�#�õ ô0ã�×Fò°×Fò?Ô¼Ü���ß0Õ�Ø�á�ÕFèöÚ±Ö«â C¼ó1fí×FãæÕFèöñ�à á�ê ×FòUÔ¼Õ�Øæá8Õ èöêíá�âUÿUØ�Ô
á�Ö~×FòUÔ�õ°ÚBàFè¿ßwÜ_Õ)á±àFàFÔ�ØæÚB×Má±à �.ï�ãæÚ ×Fò?ÔXP±ù1�fe �gPa!�û>�»å«òUá±×Má±Ù±à ÚBå«ò¤á±ñy×FòUÔ��Äß�Þ ãæéÄéFò?á�ô0ÖÅãæÖ%�4ãæÙ�ÿ?àFÔ��ihUÚ±ÖUâ
Úmå«ò?á±×Má±Ù±à ÚBå«òcá±ñ�ÚtÕ)á±àFàFÔ�Ø�ÚB×Má±à¬ãæÖD×MÔ�àFñ+Ú±Õ)ÔÆêíá�âUÿUØ�Ô±ü?ô¬ã�×FòÅåhá�ôÂÔ�à¬éFÿUåUå«Øæã�Ô�éÄÚ±ÖUâcÚ%�Âß!Þ ãæé>éFòUá�ô0Öëã�Ö���ã�Ù�ÿ?àFÔ
ø8û

j�k
l�mon

p�q�rAs?tou]vowyx�z
{�|

}�~��M�D�A�]�o�?���
���G���������*���o�����

�����

�����M�D�A�]�o�?�� 

¡�¢�£A¤

¥y¦�§�¨�©
ª�«�¬�¯®o°�±�²

³�´�µ�¶�·�¸*¹�º�»
¼�½�¾�¿�À�Á

Â�Ã�Ä

Å�Æ*Ç�ÈoÉ�Ê�Ë
Ì�ÍoÎ�Ï�Ð�Ñ

Ò�Ó�Ô�ÕAÖ�×�Ø�Ù�Ú
Û�Ü�Ý�Þ

ß�àyá*â�ã�ä]å�æ
ç*è�é�ê*ë�ì

í�î�ïoð9ñ�ò
ó�ô�õ�ö�÷�øoù

ú�û�üoýoþyÿ
���
������	�
� ���

������
�

�������������� �!�"#
$�%�&�'�(�)+*

,�-�.�/0�1�2354�67

8�9:�;5<�=+>
?�@ACB�D�E

F�G�HJIK�L�MONP�Q�R�S

T�UV5W�XY

Z�[�\�]^�_�`a+b�c
d�e�f�gh�ij�k�lnmo�pq�r�s�t

u+v�w+x5y�z+{

|�}�~n��

���������C������O�

������������C����O�

���������

�C���¡ £¢+¤¦¥+§�¨�©

���&�@�����¦ª  ^!$#�%('*),+ � .0�@��.�/ %0243�5���«Y%@�����M# .`3�%��$:�<=3��M��2?.�'M�7!Y%=.0�*B

T�É"<�Ð @A@75hÍ6=

�0ñ.×MÔ�à9ÿUåUÙ±à Ú±âUãæÖUÙí×Má¿õ°ÚBàFèS�BÞ9ü�Ú±ØæØ´×FÚBå�ÔÆàFÔ�Õ)á±à â?Ô�à��F�,Ý��+Ó�� MaK6KL!>ã�Ö'×MÔ�àFñ+Ú±Õ)Ô�é9ÚBàFÔRàFÔ�årØæÚ±Õ)Ô�âëô0ãæ×FòÅÜ���ß
Ý'Ü9ú��¿ãæÖD×MÔ�àFñ+Ú±Õ)Ô�é�ûYù>ò?Ô9ñ+ÿUÖUÕ)×Fã�á�ÖUÚ±Ø�ã�×5Ûíá±ñy×Fò?Ô�Ü9ÝyÞF� Ú±ÖUâ~õ°ÚBàFètß�Ü»ñ.á±à êmÚB×M×MÔ�à é,ã�éÂã�ÖUÕ�ØæÿUâ?Ô�â¿ãæÖ¿×Fò?Ô*õöÚBàFè
�BÞ ú9ß�õpü?Ú±ÖUâ¿×Fò?Ô�ñ.ÿUÖ«Õ)×Fã�á�ÖUÚ±Øæã�×wÛ¼á±ñ¹×Fò?Ô�õöÚBà ètß�Ü»éM×FÚB×Fã�á�Ö~ÿUÖUãæ×
ãæéÂãæÖUÕ�Øæÿ«â?Ô�âtãæÖt×Fò?Ô*õöÚBà è��BÞ ú�#�õpû?ù>ò?Ô
à Ô�Õ)á±à âUãæÖ?Ù*âUÚB×FÚgà ÚB×MÔ0ãæé�â?á�ÿUç«Ø�Ô�â ×Má C�JLK,MÆõöçON<é�ô¬ã�×Fò¼Ü9ÝyÞ�� éFÚ±êmå«Ø�Ô�à é�Ú±ÖUâm×Má KYJYMZdgõöçON<é^ô0ãæ×Fò õ°ÚBàFè¼ß�Ü
é Ú±êíå«Ø�Ô�à é�û ��ãpQ8×MÔ�Ô�ÖcÜ9ãæâUÔ�á��Âá�ÖDï±Ô�àF×MÔ�à é¬á±à9ÞÄÚ±éMÔ � çrÚ±ÖUâ(�Äá�Ö'ï±Ô�àF×MÔ�à�ée�.á±à�Útâ«ã�Ù�ã�×FÚ±Ø#ç«Ú±Õ èëÔ�ÖUâ !,Ú±ÖUâGKtõöÚBàFè
�BÞSà Ô�Õ)á±à â?Ô�à é>ÚBà ÔgàFÔ��8ÿUã�àFÔ�â¤×MátÚ±Õ�òUã�Ô�ï±ÔR×FòUÔgñ.ÿ«ØæØ KYJYMZdmõöçON<é>âUÚB×FÚíà�ÚB×MÔ±û

]�ÉG2äÑL`�ËYÎ¬GX;?«Ï¯®H?$@�?«ËyÌ6:

ù>òUãæéÆô
á±à èÃÕ)á�ÿUØ�âÃÖUá±×¼ò«Ú�ï±ÔëçhÔ�Ô�Öðâ?á�Ö?Ô~ô0ã�×FòUá�ÿ?×Æ×FòUÔëò?Ô�Ø�åÃá±ñge4Ô�×MÔëÞÂá�Øæãæé�ü
ú9Ú�ï±ÔS��ã�Ô�ØæâUé�üYÚ±ÖUâ±°*Ô�Ö
&SãæØæéFá�Ö#ü�ô0ò?áméMè�ãæØæØ�ñ+ÿUØæØæÛ¼Õ)á�ÖDï±Ô�àF×MÔ�â°êRÛ~â?Ô�éFãæÙ�ÖUé,ãæÖD×MámàFÔ�Ú±Ø´òUÚBà�â?ôÂÚBà Ô±û

�.���0/�1�1�2>34�!�����5��6�79�!����:;�<(>=?��$��!�!�!@�:;�<(�" /�1J²



���������
	������� �������.���������%���!��"

���&�@�����7I� �W�5�%�3�%@���*.0L�5X%�2^.³«Y%@�����M# .`3�%��$:�<@3��M��2?.�'M�]!$%=.0�*B

���&�@�����¦´Z "W�5�%�3�%��@��.�L�5X%�2^.³«Y%������M# .`3�%@�Y:�<=3��M��2?.�'A�7FO%(B(�Z#&�

µ ?·¶ß?UÍa?«ËYÑR?$:
¸ �¡¹»º �&3�.�)`.0����¼¾½  ¿¼ÁÀG YFO�ÃÂ���<��><·¼¯Ä�Å��&3+ÆÃÇX6ÉÈ !$:g.0<ZB �M6�È !$:�Ê �&3�5ÌËÎÍÐÏCÑE5Z�Ï�8;5��M#&2Ò«Y%@/�L %@<��M<=3�ÇJ¼$:�<·ÓO:�698 V�ÔÕÔ�ª

Ä9�><��M�*.0# F[�M�A3��&<Z� W���%;'M�M�UB(�&<Z�ÕÇJ¼×ÖÉÀ-8ØÀ¦ÆÙ«$WÛÚ�V�ÔÕÔ�ª�Ï�V(�ÜÔÙÔÕÔ@VØ¼ÛÖG ×º7 �6�.�<ZB(�M<ÝÅi�M��� .0<ZBßÞ� +  Y!E. a@�M�áàD�UB�ÇM ãâ+¼
�Üä@VÜÚ �Jä=IØ¼(V�ÔÙÔÙªZ 

¸ VÃ¹C8;/�å=3�5��Õ¼Z+¯ æ¼Z6]8;:$:�<@3��M��2?.�'M�9!$%@.���B,2D%��E3�5��GF[.���)C:�6_�Z%���/�.03�3��M�Ü¼�F[.0��)JIgFO�M/�%èç,�J´é¼
2 3�L·ÓãÆÕÆêÊ$�¡Å  5Z.êåØÇ�3�.�'*)  /�� 3U �UB(�ÐÆ LZ��ÅÐÆ /C.���)�IÕÆ�Ô��Ü´� LiB;2�¼Øë�½@.�<=� .0��åÙ¼�V�ÔÕÔ�ªZ 

¸ \�¹íì 5��&3�<Z�¡åÙ¼ÐÀG æ¼éÑE5��GF[.���),I�! 6ÉÈ4!$:$+9.`3*.�8ØåÝÇ�3��>/î¼(3�5��ïÇ a@%�#���/��Ù¼ZV�ÔÕÔÙ´Z 

/�GM1 �����9/ 1�1�2>34�!�<���5� 6?79�!�w��:L��(,=?��$��!�!�M@�:L��(�"



���������
	����������������������	��������! �"$#!%!��&'�(��)+*-,��(�.�/�0�21!�(�435�6��768:9<;-3=��>�&+�?��)�>=�.@A#B�DC:E0F+F�G�H<������>6�0�JIK�(��������LNMA>�).7(�(�PO4����L+3(@
*�	 ERQ�QTS4E.Q?U
R�=��*V� W+W0��&R3=7(7+	 L�35XY7+	 �Z�03��4	 L+)?&-W0*-[�;-����7P�?����)+��36W?L+,\E0F+F+G+W?�]-���������-^

_<`Vacbedgfihc_Djk_/l0mkn�op_/qKrts�rvuws
xNyzr{s�|J}�~v�:y�_
�{j�s�r{m\�{x
���=�����������{�(�6�������������.���?�'�������������V�'�R�$�

�N -¡�¢\£R¤'¥P¦5£-§�¨ª©
«P¥0¬0P®'£R¦5¯RP¤
° ¯.±V¦=£4§0¦D£.²³¦µ´¶¯.0·D¸2¹º£R±¼»¾½2¿À´ZÁ�¦Â±�¬0¤.ÃÄ¬0Å=ÆÇ£RÁ�¹º·ÉÈ-Ê�ËVÌ4Í¶È-Î�Ï.Ð¶È¶Ñ.Ò<Ó�Ô�Õ+Ð�Ó6Ö4×-Ø

Ù�Ú�Û.Ü-Ý-Þzß¶Ü
1<�P�435�6�07T8N9<;-3=��>�&+�?��)�>=�À��3D�(�-L'��L��PO����¼�k,�[-�������µXY��7(�����(OÀ�T�B�< �"$#�O-��&'�(��)+*-,��(�.�!*->�)�L�>6�0,Ç	��à�P�����µ����,������-�

����>�7�)+�.�������(�.�6���¶��á4*³��>���,��(�.��3{[-3=����L�IÇ�?>�8kU��âO��0�6�/35�435���(,�3�����O\��-�DIÇ�0>�8¾#B�ã7()0>=>��(���0��)0>!�?�J1!�(�435�6��768�Z�P&'�
;³�(���K*³��>=Xä)�>�,��PO\�0�J3=[-35�6�������POkO��?�6�/>6�0����3à[-*\��)�URQPE�IK;�*-36W035�6�0����)���	$C4*³�(7��º�0����å��POÇ����L�)�>������,�3J�0�ZOk*4>�)���).7()���3
Xä)�>æ�����! �"$#ç�?>��{;³�(����LDO4�(&'�(��)�*³�PO/��)à�6��8'����O-&����.�6��L���)�XZ��-�{[��-��èR[-�$76Z�?>6��7�����>���35����7(3æ)�X³�T�B�< �"$#6	0é<���Bê{)�>�8
*³��>=�
Xä)�>�,¾���-7(��,�)�������)�>����-L\��).)���3D��P&'�2;³���(�NO-�(&'����)�*³�POV	D���ZOÇ>��(3=�(�0>�76���3!;³�(���-Lk7()��ZO4[�7����POë[-3=���-LKOR�4�Z��,���7P�0�����
35êJ����76��POª)+*4����7(���J*Z�?���32��)N*->�)?&R��O-�¾êJ��O-�ëO4�PO-��7P�?���PO�*���*³�(3�Xä)�>¾�����! �"$#/O��?�6�ë�=>6�0��3=,���3=3=��)+�V	�ì{��K;-��L+L+��35�
)�;�35�6��7�����3\��)¼êJ��O4�(3=*->��P��O������! �"$#��?>��ë����,������PO�7()+�-���(7T����&R���Â��)0X!���(���(3=7()�*³�(3K�0�ZOª����,��T�B&��0>=�4����LN�(��O4�µ��)����(��O
�-���Âê$)�>�8¾*³��>=XY)0>�,¾���-7(�+	

íJîâï-ð�ñ³ò¶óDô/õ2ö�ñ¶÷�óàð

ø'ù�úKû�ü2ý�þAø.ÿ³ø���������ø��
	�����Nø�������zþzøRþ�������µþ������4ÿ³ø���	��Aø������	 �Pø.ÿ³ø�����!�³ø������"$#%	�&'(�)��	��*�+-,/.��Pø��Pù
ÿ��	�������012.����3³þ4������5�����6��7
ø'ù�úÇûàü�ý\þAø.ÿ³ø���������ø��8	/�9�':��zþAø���;%���<>=�?@0A�9��*��9:zþ��9��5��zø�	B;!����+C��	����	Pø�5�����zþ
������	��)*��3��þAø.ÿ³ø��������ªø��8	�0�����	��9*���9����ùB��;D�9	�*��AøRþE�zø�	B;!����+âþAø.ÿ³ø���������ø��8	�0A��F;�ø��9�G��D.H��	��eø����$ø��I�9��ø��
	���J��zþ
������þ�:�*�	����3��ø'ù�úKû�ü�ý�þ��	��	��������7Âø�����"DýK�L	����M�%����{ø���0N;2øO;D�9�9�A.����µø�P���þAø���*��I��.{øQ	��zø��PøO��?ø���D��7R�*�	���ÿ���	S��"

TDî4U ôWVHX�ð�ñ�XHYJZ�[eóJ\]Z�^I_�`'a�ï

ø'ù�úKû�ü2ýb*��3�N7Âø����b	����?ø.øO��	����3��5c³þAÿ���8	��5³ø��'	��ªúÇûàü�ý!�ªø����:N�?ø���ø��
	���d
=�"\ü%��zþN;D�µþ�	��25����(;F	��C�A��	Pø��
	��9��17e���D���953�Aø��F�Pø������9	���ÿ)�9	B�Ad fg��³þ���	��9�3������0ø�*����0þçùB��zþçùB��������úKû�ü2ý!�9�%�9�9�:ù
��	PøRþ2	���]7Âø�;ihQ.�����0�ø'ù�úKû�ü2ýj����!	��AøD�H��	Pø��
	��9��A	�� �9��*��?ø���Pøkþ��	�]�I�	Pø��j	��L=�k�ù�=�k�kchQ.�����0�þ�����l�	(ù
�9*���9�����9�������4ÿ��9�N5��Pø�������	��µÿ)��	S�2��zþC����53�Aø��Pù@���?ø�*��9�����3��þAø��M��m��ø����:N�?ø��ªø��8	���"

n "DoD�����þm������*'ø������9�N5�	�:N�I������3:��zþJd pq����*'ø������9��5l��7DúKû�ü�ý¾þ��	�2*���4.{ør�?øRþ�:�*'øRþE7e���3�s;�ø.ø�+��Itu���3�
	����
	��C�N�3:N�I��01;D���9*I�$�9�v�9���H����	���
	/7w���Oxj���	��çù@�����µø��8	��	����3����ø����:N�?ø��ªø��8	���0G�����	��9*�:��M������CyQfr=�0J;D���9*��
��:N���H����	%���0ø�*��9�����3�m��4ÿ)��53�	��9�3�1"

z "Q{!�3��|�þzø���*'ør�9��ø�}):�������ø��
	b��zþE�Pø�	�:��Jd ø'ù�úÇûàü�ý'��M���(;D�'	Pø���	ëþ��	�2	��m.$ø *������?ø��9�	PøRþ$�9�4³þAÿ����*'ø���7
��.��Pø��?ÿ��9�N5��Pø��������3���b	���ÿ³ø�����7e�2�������$ø���ø�}):������ªø��8	F�Pø�	�:��C��zþL���{ø����	����3�J"

~Dî4� ÷B[-ñ³óJò��góJ\rZN^I_�`Da�ïL� �W�bZzòV÷S��Zæð�ñ�X1�'��ZNVGZ��6óJ�j��Zæð�ñ3[

#�.�����ø�7j�*�*��3:��8	��9��5E��7�ø'ù�úKû�ü2ýv�l�M��ø���	��3�Aø��r�	]&'(�)��	��*�+�,Q.��?ø��?ÿu�	������$�c��$.{øl�9����	���:�*�	���ÿ³ø�	��C:��çù
þzø�����	���zþm	��AøO���	Pør��7R������5��?ø����'�9��ø'ù�úÇûàü�ýId
� n k�k n d

��� ø���'�?ø���Yù@	��9�ªøëúKû�ü2ý�þ��	�l	��������7Âø����?øRþL�	Q�r��k�kc�4.����%7e���3��� ø���	�7e���0þC��æþ4hrh/#D,

#Â�DC\E�F�F+G¾H<�(�-��>6���çIK�(��������L¾MA>�).7(�(�(O-����L�3 ERQ�Q



�������k�/	4�]������-���\���à����	�� �����! �"$#$%<�(&'�(��)+*-,��(�.�J�0�J1<�(�-35�6�07T8

��� ������	F�9�
	Pø���*��3�
	��9�Aø��
	����ø'ù�úÇûàü�ýId�� ø���	�7e���0þçùB�r������9�l��	Q� n kc�C.����
� o¾ø���Yù@	��M��øÀø'ù�úÇûàü�ý�þ��	��	��������7Bø��F7e���3�6hOh/#D,�	��c&Q�����	��*�+E��.��Pø��?ÿ��	������L�	 n ���c�C.����

� n k�k z d
��� ������	�ø'ù�úÇûàü�ýQ��ý��
	Pø������µÿ³ø���y'fO=v�?ø���:��9	%�M�L:��zþAø�� nu� ���3:N����ù�� ø���	�7e���0þçùB�O������9�l

� n k�k � d
� ü�ø�53�9�L���3:N	��M�Aø þ���9����y'fO=Çý��
	Pø�������ÿ³øNø'ù�úKû�ü2ý%	��������7Bø��I�b7w���3��� ø�	�	��.ø��9�
� o¾ø���Yù@	��M��øÀø'ù�úÇûàü�ý%.$ø�	S;2ø.ø��C� ø���	�7e���0þC��zþ�hrh/#D,��	 z�n �C.����
��� ������	F�9�
	Pø���*��3�
	��9�Aø��
	���1�?ø���Yù@	��M��øëø'ù�úKû�ü�ý�ø����{ø����9��ø��
	�dW� ø���	�7e���0þçù�,/������9l�	 z�n �C.����
� o¾ø���Yù@	��M��ør7e���9�N5³ø��b�	O= n �c�C.����%.{ø�	B;�ø.ø��E� ø���	�7e���0þC��æþ4hrh/#D,
� o¾ø���Yù@	��M��ør7e���9�N5³ø��b�	'��= n �C.����%.{ø�	B;�ø.ø��E� ø���	�7e���0þC��æþ4hrh/#D,
� ü�ø�53�9�L�?ø�53:��M��F	��������7Âø����b��7 �O��þ��	��7w���3�¡�r������M�l 	��c&'(�)��	��*�+

� n k�k3�
� o¾ø���Yù@	��M��ør7e���9�N5³ø��%� ø���	�7e���0þçù�,v������9��	 n ��¢c�C.����
� fG�I������l�9�������3�4��7j��9��{F, � fFk3��þ��	�m7e���3�£fF��:N+):�.�l	��C&Q�����	��*�+-¤K=��eþ�����v�	 n ��¢L�4.����I¥I¦
���3:N	��9�zø ø'ù�úKû�ü2ý%	���������l�9�������3����7R��9�àþ��	��7e���3�¡fF��:�+):N.�]��zþC�r������9�c

� o¾ø���Yù@	��M��ø�ø'ù�úKû�ü2ý:þAø����3����	����	����3�-�	2§�:��$ø��l{!�3����:N	Pø�� n k�k3��*��3�N7Âø��?ø���*'ø�dLfF�N�0ø.ø'ùB��	��	����3�
¤e� ø���	�7e���0þçù�hrh/#D,Kù�,/������98¥r�?ø���Yù@	��M��ø�ø'ù�úKû�ü�ýr�	]��= n �4.����Itu��	��	����3�1"m{%�����?ø��9�	����3�$�0ø���:���	��
	���������c��	�	PøRþL	���§�ø��	�	��µøO���N�¨;F���)�3��P��)���D�9�m�?ø���Yù@	��M��ø�"j§�ø.ø � ��53:N�0øl=�"

� x�����9� n k�k3¢
� ü�ø�53�9�E*��3�l�l�M�������3���M�N5]��7b=�k�kl�4.����¾ø'ù�úKû�ü2ýb�9�M�N+l	�� � �VùA©#Q��ø���:��zþ1¦çø��)�{ø�*�	F	��c.$ø�53�M�m���3:N	��9�Aø
ø'ù�úKû�ü�ý!	��I������l�9�������3���%���)�3�

fF���9�v��:�*�*'ø��������3����7�ø.ÿ³ø��
	��]�����(;D�v	��zøªø.ÿ��3�9:N	����3�ª��72ø'ù�úÇûàü�ýv7e���3�«���N����	v�3�Aø'ù@	��9��øªø����{ø����9��ø��
	��/	��
�*�	�:���g������þ�:�*�	����3�E	��I�����7Âø����D�-ÿ³ø��rc�{ø����9��þC��7 z �³ø���I��"vfF�N�3:N53�4	����9�D������5��?ø����/�l(�C�Pø.ø��¬�9�����?ø�������ÿ³ø�0
	��zø��?ør��?øO��	��M�9�1�l��
�2������.���ø��l�%	��l�-ÿ³ø���*��3��ø].$ø�7e���?øëø'ù�úÇûàü�ýF*���L.{ø�*��3��ør���3:N	��9�Aø/�3�C�53�9��.���1.�����M��"

A®°¯¨±3²S³/´¨µH¶q³I·�¸°¹eºS®¼»Q³%³�¹e½!¾�¿RÀRÁ3³�»/Âv·�ºjÃ�±3Ä)³�²jÅgÂ¨»/Ä3±�ºS³I²jÆ�Ç¨Ç¨ÈDÉ�Â(Ê3Ë9³�²�³�Ê8É�³(Ì3ÍqÂ�Î Æ�Ç(ÇuÈ

ERQ?E #B�DCKE0F+F�G¾H<�(����>6�0�AIK�(�T�����-L�MA>�).7(�(�PO4���-L+3



�������k�/	4�]������-���¾��������	�� �����< �"$#�%!�(&'�(��)�*�,��(�.�J�?��1<�(�-35�6�07T8

~Dî6í�î�ÏmÐqX1�B�BZæðqYJZ�[]óJ\OZN^I_�`Da�ï
fF�Aør�9�9��	!��7 *�����9��ø��N5³ø��'*��3�N7w���3�8	��9��5����3:N	��9�Aø/;D��þAø������?ø�³þ�53����.����ø'ù�úKû�ü�ý%�M�F����53����|�*���8	�d
� ��ûG���	(ùB�c�9��ø���*��3���Aø�*�	��µÿ)��	S�m	��l	Pø���ø���*����{ø��

� �C�3��	F	Pø���ø���*����{ø��D��0øNþAø��9��.{ø����	Pø��9�l���9�*'øRþE�M�m�?ø�����	PøO��?ø���
� �4¨Ñ����F�9���9	��9�	���ÿ³ø����M�c���M�*'øQ�9��x�:������{ø�0)Ò3��������æþ2#Q:���	�����M�9r	���*��3���Aø�*�	%	Pø���ø���*����$ø���¦�y]"°§A"N�9�
�9�5�53�9�N5

� x��zþAù@	��Zù�ø��zþE�Aø�	S;j����+m�{ø���7e�����l���*'ør�M�%��7w	Pø��C;2ø��9�H.{ø����¨;Ó³þAÿ³ø���	��M�PøRþL���	Pø��
� p<ø���7w���I�l���*'ør��7 	���������A����	!������	��)*��3�M�

� y'�
	�:��AøRþCf'{%pÔ��	��*�+)��¦�7Õ:��zþ����ø��
	���1�9�9�c��	��!��7R�0ø�53:��9��Df'{bp
� fF�N���3:�53�N��:N	%�9�9�l�9	��	����3���!��7�{F,/f'§������þN;!��0ø

��Ö �9��+�	��
t¨7w���3� � ø�	S;j����+
� o¾ø���Yù@	��M��øëúKû�ü�ý�þ��	��	��
t¨7w���3�s�Aø�	S;j����+

� {!�3�����µø�����	S�c��7!ø'ù�úÇûàü�ý�ø��)�{ø����9�ªø��8	��
� ø'ù�úKû�ü�ý�ø����{ø����9��ø��
	��F*�:N���?ø��8	��9�c�?ø�}):����?øv���953���>|�*���
	b�Aø�	B;!����+]ø����$ø���	��9�Pø/	��c*��3�zþ�:�*�	

� fF�9��ø'ù�ÿ�������9�N5����	�:N�0øv��7 �zø�	B;!����+
� o'×vxØ�Aø�	B;!����+��F	Pø��zþE	��l.{ør:�����	��.��µø�0)�����	��9*�:��9��I���l	��(;%��0þ��\ø��zþL�H�3�9�
	��

Ù/î4U ð�ñ�Zæð/ð�XiÏ�óàð2ðqZæö�ñ¶÷@VD÷�ñ��

fF�Aøb7e�3�9���(;'�9�N5v�9�9��	q���N�(;D�q	��Aø¾ýKpÚ�Aø�	S;j����+�*��3���Aø�*�	���ÿ���	B����71�l��
� ��7H	��AøD;j������þ��!úKû�ü�ý ��
	Pø�������j��zþ
*������?ø��9�	������O¤e5³ø��çþAø�	��9*]����	Pø��F��0øO:��zþAø��I�9�9�AøRþ�¥Id
��Û n hQ.�����d!Ò¶ýTú/xi{!�����?ø��9�	�����¤Ü¢ªÝÞ= hQ.����I¥I¦�&Q�����	��*�+ ¤ n "ß��hQ.����I¥I¦�� ø���	�7w���0þ 0���#¡¤K=�k�hQ.����F	��
&'(�)��	��*�+A¦R=]h/.����%	��l�3:N	����µþAøv;!�����µþ�¥I¦��r������9�l 0�Ò3������¤ n "ß�2hQ.����I¥I¦�yQ��:zþ��0�Ò8������¤ n "ß�2h/.����I¥I¦
� ��.{ø��3��l�0HÒ3�����Ú¤ n "ß�2hQ.����I¥I¦��v��53��Aø��Ü0�Ò8������¤ n "ß��hQ.����I¥I¦�fD��:N+�:N.� 0�Ò3�����Ú¤ n "ß�2hQ.����I¥

��Û =OhQ.�����d�hrh/#D, 0A� Ö ¤K=]hQ.����I¥I¦�,/������M 0�§);2øRþzø��ª¤K=OhQ.����I¥I¦�fg����:��J0�pR�3�9��æþ�¤K=OhQ.����à¥I¦N� ø���	(ù
ø���.H����+A0�fF�Aø � ø�	��Aø����9��zþ��r¤K=]hQ.����à¥I¦��âøRþ��M*��9�� ¤K= hQ.����I¥I¦�Ò��çþN�?ø��M�$ü%��N+�¤K=]hQ.����I¥

� ,Q	��Aø�����d'#'�?ø�*���.H�N0Jp�o¡¤K=����L�4.����à¥I¦1� ø�	�	��.ø��9� 0ghKø��I�l��8�-¤@� z kL�4.����I¥I¦J�r��+³ø.ø]p ���+ 0J&\ý�¤Õ�N�3�l�Yù
����9���L� z kl�4.�����0�.�:�	F*�:N���?ø��
	�����þ��9��*��3���Aø�*�	PøRþA¥I¦�f�ý�hr, ¤@� n �4.����à¥I¦�§�ÿ³ø�	�����øc¤Õ���{ø.øRþE:��N+��N�(;'��¥

ýK�m������5��0ø�����d
� &D��.����	 ù��5��?ø.ø���ø��
	Q�?ø��*��AøRþC	��c�9����	���9�H����53�çùB���{ø.øRþ�|�.{ø���¦AþAø�	���M�9�b�N��	F+��N�(;'�
� � ��ùA©#Q��ø���:��zþ ùb;j����+4�9�4������5��?ø����/	��������4ÿ��µþAøm=�k�kL�C.����/�9�9�N+m7e���ëø'ù�úKû�ü2ýKþ��	�m	��L&'(�)��	��*�+�,Q.Aù
�Pø��?ÿ��	������

� � ����	����ø��� ù�7Õ:��zþ��b�Pø�*�:��?øRþL7e���b|�.{ø��F*��3���Aø�*�	����3�C�	 n "ß�2hQ.�����¦çø������� n k�k3¢
� �âø�	�����N�4ÿ�� ù'= hQ.����b�9� n k�k3¢
�Ôá ø���ø���*I�
:�+)��+���3�0 oD:������9�ù/þAø�	���9�9�D:��N+��N�(;D�

#Â�DC\E�F�F+G¾H<�(�-��>6���çIK�(��������L¾MA>�).7(�(�(O-����L�3 ERQ(^



�������k�/	4�]������-���\���à����	�� �����! �"$#$%<�(&'�(��)+*-,��(�.�J�0�J1<�(�-35�6�07T8

� ü%³þ������0 o':������MNù/þzø�	���9�9�F:���+)�N�¨;D�
{!�3�����µþzø����.���ø�ø�âH����	2�9�c�N�(;ã.{ø��9�N5 ø����$ø��æþAøRþ-	��Ú*��3���Aø�*�	2���3��	l��7v	��AøE�?ø��c��9���9�N5ª��
	Pø�������2��zþ

*������?ø��9�	�������0�.�:N	F*��3���Aø�*�	��9�3���F*���E.{ør}):���	Pøëø����{ø�������ÿ³øv��zþE��0ør��7w	Pø��4�9�9�l�9	PøRþ2.)��.�:zþN5³ø�	�����m�?ø����3:N��*'ø���"
,v�Aør�l¨Ñ����D:���*��3���zø�*�	PøRþL�?ø����3:N�I*'øO�9�%	��AøÀúÇûàü%#������(�m��7g	Pø�� n ���¡��
	Pø��������"

äDîCZ�^à_�`Da�ï4å�ñ�X�ð/ô�X$ò�ô/÷@æNX$ñ¶÷�ó�ð¡ç�_èå!ï�^��cé

#��?ø�7Bø��0ø���*'ø]�9�l����ø���ø��
	��	����3�L��7W	��Aø]�������H�3�PøRþ]úr§�ýTùBx�¤ÂúKû�ü2ý'§�	���zþ���0þâý��
	Pø���7Õ�*'øÀù2ø'ù�úÇûàü�ý�¥O< n ?R�9�
���(;�.{ø��9�N5m	Pø���	PøRþÚ�9�$	��������7Bø����r.$ø�	S;2ø.ø��Ú�r������M�lm��zþª&Q�����	��*�+A"�fD���9�v�9������ø���ø��
	��	����3���9�v�9�
	Pø��zþAøRþ
	��E�*�	]��r]þAø����3����	����	����3�����çþAø�� 7e���ëúv§�ýTùBxê��zþ��9�/Rÿ���9�9�.���ø�	��C��M�R�M�8	Pø��?ø���	PøRþ������	���ø���" fF�zø¼úr§�ýTùBx
7e�����ø�;!����+������-ÿ)�µþzø��r����53����M�9�N5N0J*��3�
	����3�Ü0G7e����l�M�N5L��zþª��	��	��9��	��9*��r��:N���A����	/��æþª�9�v�� ø���	Pø��������3�ª	��C	��Aø
�M�8	Pø����zø�	'o fFpi��	���zþ���0þ1"¾ý�	Q��M���c�����4ÿ��µþAø��DPæø����9.��9�9��	S���M�E	����	/��	'��M���(;D�Q:��Pø��I�D	��m*��N�)�3�Pø�	��Aø 	���������H����	
������	��)*��3�q	����	v.{ø���	r��:���	��Q	��Aøl�zø�	B;!����+ ø��Vÿ������3���ªø��8	c¤Âø�"ë5N"ly Ö pg0gf'{%pi���r��	��zø��Àÿu��I�9��8	��à¥I"2,/��*'ø�	��Aø
�0ø�7Bø��?ø���*'ør�9������ø��ªø��8	��	����3�m�9�!7Õ:��9���l*I�Aø�*�+³øRþC�3:N	F��zþL��
�2�Aø.øRþzøRþL*�����N5³ø��'��?ør�l³þAø�0N�	�	Pø��
	����3�E;'�9�9��.{ø
	�:����AøRþm	��l����	��M�l�����9�N5�	��Aør*��çþAør7e���D���953�çùB���{ø.øRþm���{ø����	����3�1"

ìDî4í�Ð
ò¶óàõ�YGÐq��õDñ$`\÷B�i÷�ñ�X$ñ¶÷�ó�ðgóJ\�ÏCîEíEåÞ�ÚX$ò�ôWïmX$ò8Z

fF�N�3:N53��	��Aør�����+��:þ��	�����)��	Pø��«< z ?J*���L�?ø�*����0þL��zþ����M��).��*�+�þ��	���	r=rhQ.�����0��9	%�M�!��:N�������M���9�N53���
þ��>ð2*�:���	R	��O�l����5³øD	��N�3�PøF�����ø\þ��	�v�I�	Pø��q	��
t¨7e���3�ñ�Aø�	S;j����+�*��3���Aø�*�	����3����"qoD�3:N	��9�Aø�ø'ù�úÇûàü�ý ���{ø����	����3�
�	O��= n �C.����v�9�/�?ø�³þ��9�9�C�*����µø.ÿu�.��µø�;D��	���	���þ���A�ò�O������	Pø��l��0G.�:N	/���{ø����	����3���	c=�k nu� �4.����v�M�ëþ��>ð2*�:��9	�"
ýK���9�.H�����	������E	Pø���	��v�	v&Q�����	��*�+�,Q.��Pø��?ÿ��	������C:����M�N52���953�çù�ø��zþ�p!{Ó����	��Aø���.H�3��0þ��Q;D�9	��ãþ�:���G.H�3�zþAøRþ
hv��53�.���	 xq	��Aø����zø�	]�9�9��+)��0<þ��	��	��������7Âø��O�I�	Pø��]��7':N��	�����= n ��k��C.����]��Rÿ³øm.{ø.ø����*�����ø.ÿ³øRþ1"$fG� þ��	Pø�0
���(;�ø.ÿ³ø���0�	��Aø��?ør���	Pø��D��Rÿ³øO�N��	D�³ø�	F.{ø.ø��E�*����µø.ÿ³øRþC�9�L��
�m�����*�	��9*����ø'ù�úÇûàü�ý�ø����$ø��I�9��ø��
	���"
#��Aø�;�5³ø��Aø����	����3�$��7jp!{Þ����	��Aø���.H�3��0þ��'�9�Q�N�¨;�����{ø�����9�N5l;'���9*��4�?ø����M�*'ø 	��zø p%{�ýF.�:��';D��	��4	��Aø

p%{�ýKxW�����?ø����].�:���"ªfD���9� ����53�çùB���{ø.øRþè�Pø����M���.�:��]�����3�l�9�Pø���� :�*��è���953�Aø������{ø.øRþÚ���{ø����	��9�3�-��zþè���N�3:��µþ
��M���(;ê���3:N	��9�Aø/���{ø����	����3�L��7<ø'ù�úÇûàü�ýF�	F���	Pø��\ø���*'ø.øRþ��M�N5E=]hQ.�����"

ó îâï-ð�ñ�Z��S�6÷@YGZæð�ñ�Z�^à_�`Da�ïEU$�j�j�6÷Tö�X$ñ³÷6óàð�[

ü!��?øRþô�3�õ��.��?ø��?ÿ³øRþô:����5³ø���	��	��9��	��M*��2��7]�	S�
���M*���QoQ×vxö.��*�+).H�3�Aø�0'��:�*��ô���	��Aø � § � =�kÔhQ.����
#'.��9�µø��AøF.��*�+
.H�3�AøQ�Aø�	B;!����+c�9�c	��Aø'y]"°§A"�0N��	��M�j*���ø���!	����	!	��Aø��?øQ�9�j� :�*I�2:��):��PøRþ2*�����*���	S��"
ø'ù�úKû�ü�ý/þ��	�
����Q���3��ø :����9}):Aø]}):���9��	��µø��F	����	v�l(�C��9���¨; ø'ù�úÇûàü�ý'	���ø�â{ø�*�	���ÿ³ø�����:��Pø����3��ø ���r�]:�*�����7q	����9�Q:��):��PøRþ
�ß�?ø�*��3�zþ�����A���Aø�	S;j����+E*�����*���	B��"F§)�{ø�*��9��1*�������*�	Pø����9��	��M*��D��7!ø'ù�úÇûàü�ý%	����	'�l�953�8	b.{øv	��+³ø���³þAÿu��
	��5³ø ��7
�M��*��9:zþAø�d
� #D.��9�9��	S�c	��l	��3��ø��I�	PøO���3��øO�9�3���b��7!þ��	�4¤Õ:N�L	��m�v�3÷����D���
¥%�9�L�l��
��*���?ø��
� #D.��9�9��	S�E	��L	��3��ø����	Pø�þzø��9��$��zþ2Ñ���	�	Pø��r�9� þ��	�m	���������l�9�����9�3�10H;D���9*I��*�����N�����l��9�9�E.{ø��*�*��3�c���Zù
þ��	PøRþE.)�m�9���5³øv.�:�â{ø����F�	D.A��	��m	��I������l��	�	��M�N5���zþL�?ø�*'ø���ÿ��9�N5�ø��æþ

�ô��	��L��:����H����	j7e���3��	��zø � �	����3����g§�*���ø���*'ø � �3:��zþ��	����3�J0�&Q�����	��*�+�,Q.��Pø��0ÿu�	������m�9��þAø.ÿ³ø��9�����9�N5���$�ßxq��ù
�{ø����M��ø��8	Oh/:��µþAøRþ�#Kþ����	���ÿ³øcxj�zþN�H�3�9�
	��q¤Õx!h/#Qx!¥/��	����	Pø�5�� þAø�����53�zøRþ�	��C��ø.ø�	]	����9�v*�����9��ø��N5³ø�"�x!h/#Qx
�{ø���7e�����l�ÇþN������l�M* ³þ����	��	����3��.���?øRþ$�3�ª���9������ø ����53�çùB��ø.ÿ³ø��!þAø���*��I����	����3����7�ø��)�{ø����9�ªø��8	/�?ø�}):����?ø��ªø��8	��
��æþØ��	��2��:N�����3:��zþ��9��5 ø���ÿ������3����ø��
	�0�ø������?ø����PøRþ��9�Ø�9��N53:��5³ø$��������������9�	PøE	���	��Aø$��*���ø��
	��>|�*eø��æþçùB:��Pø���"
fD�Aø��Pør�?ø�}):����0ø���ø��8	��b��0øO	��Aø��L	��I������9�	PøRþC.
�L��E������9�9*��	����3�çùB���$ø�*���|�*Q	���������9�	����'�9�8	��2���{ø�*��>|�*v�Aø�	S;j����+
�0ø�}
:��9�?ø���ø��
	���"bx!h/#Qxô*��3�8	����3�M��ø����D�	'.H��	��E	��Aø �Aø�	B;!����+âþ��	�2��zþC*��3�
	����3�g���9��Aø��D53�	��Aø��v�9�N7e�����l�	����3�

ERQKø #B�DCKE0F+F�G¾H<�(����>6�0�AIK�(�T�����-L�MA>�).7(�(�PO4���-L+3



�������k�/	4�]������-���¾��������	�� �����< �"$#�%!�(&'�(��)�*�,��(�.�J�?��1<�(�-35�6�07T8

��æþª�?ø��*�	 	��4�Aø�	S;j����+ª*��3�zþ���	����3���r.)�$��9	Pø����9�N5E	��zø�þ��	�EP��(;ö.{ø�	B;�ø.ø���	��Aø Ö ý��ù��zþ Ö ,/�ù���4��]	��
.{ø�$�ò7e����ø��zþ������H:��Pø��v�3�ª	��Aøl�Aø�	B;!����+A0R���$ø�*���|�*���9���E���¨;2ø��I�9�N5eþ��	�L�I�	Pø��O}):��9*�+����E;'�Aø�������53�Aø��v������������	S�
�ò�����9�l����A��:��Pø�����þAø��c��zþL�Aø�	B;!����+�.���zþN;'�µþN	��1" #Ó������	���	B�)�{ørx!h/#Qxõ�9�l����ø���ø��
	��	����3�m�9�b�N�¨;ê�9�L:��Pøv�9�
������þ�:�*�	����3��ø'ù�úKû�ü�ý!	��I�����7Âø����F�	D&Q�����	��*�+A"

úDî4�$�
ðqX1�i÷6ö�X1�S�Ü�ûîE�
ñ¶÷6ö�X1�B�@�R^(ågï ÷=ñ¶ö8Ð�ZæôÓ`k÷@YGÐ�ñCü�X$ñ3Ð�[

&'(�)��	��*�+û,Q.��?ø��?ÿu�	������ô�M�L*��3�9�9�.H�����	��9�N5-;'��	��ô	��Aø�yQ����ÿ³ø�������	B����7��4������9��zþi��æþi��	��Aø����4�9�ô	��Aø
Ö o'#Dhr, � ¤ Ö ������l�M*vo¾ø����3:N�I*'ør#'�9�9�)*��	����3��ÿ��9lh/��p/ûR§L,/��	��9*��� � ø�	S;j����+)�I¥%�����uÑPø�*�	O< � ?@0�:��zþAø��b���H�3�çù
����������������7�	��zø � �	����3�����§�*���ø���*'ø � �3:��zþ��	����3�1"]fD�Aø���.�Ñ(ø�*�	��µÿ³ø���7�	��Aø Ö oD#DhO, � p����uÑPø�*�	r�9�Q	��E*��?ø��	Pø
þ��)����c�9*O��zþ þzø�	Pø����l�9���M��	��9*ëø��zþAù@	��Zù�ø��zþ��Aø�	B;!����+�	���������H����	/�Pø��?ÿ��9*'ø��Q7e���r����53�çù�ø��zþãø'ù�§�*���ø���*'øl������9�9*��ù
	��9�3����0���zþ2�M�j*��3��*'ø��
	����	��9��5 �3���3�çù6þzø��l��zþm*��?ø��	����3�m��zþ2	Pø���0þN�¨;D�m��7J����	��9*���M���VùB��;D��	�*��zøRþ2�9�953�8	j���	�����"
fD���9�H	B�)�{øW��7N�Aø�	B;!����+v*��3�zþ���	��9�3���9�N5b�9�1�l³þzøq�H�3������.��µøg.)�/	B;!�D7Õ��������F�0ø�*'ø��8	g	Pø�*����N�3�9��53�9*���3.��0ø��+
	��N���3:N53����d
=�" Ö ø����PøE;%Rÿ³ø'ù6þ��µÿ)�9�����3�Ô� :���	������µø��ô¤ Ö � Ö �$¥l	Pø�*������3����5���0b;D���9*I�Ô��9���¨;D�l�l��
�i¤Õ�����?øC	�����ê=�k�k8¥
�9�zþ��µÿ)�µþ�:���G;%Rÿ³ø��µø��N5�	���� 	��4.{øl���9�*'øRþª�3��C���M�N53��ø�|�.{ø���0�ø��*��è*�����.��µøc��7F*���������9�N54�	 ��ø����	2=�k
hQ.����F��7<þ��	��"

n "Q,Q��	��9*���1��;D��	�*��zø��F*�����.���øO��7R��;'��	�*����M�N5��9�zþ���ÿ��µþ�:����;%Rÿ³ø���ø��N5�	����D����3�N52��C�����(�m��7G|�.{ø�����"
fF�Aø��Pøq	S;j�Q*�����.��9�M��	���ø���0�;!����+��9�N5F	���5³ø�	��zø���0���9���(;Ú	��Aø/þN������l�M*W*��?ø��	����3� ��zþv	Pø���0þN�¨;D�]��7���M�Yù@����	��9*���

����53�çù@.���zþ�;D�µþN	�� ���	������3�2:��Pø��2þAø��c��zþ1"!ü2ø�*��:��Pø'	��zø'��;D�9	�*����9��5O�9�q��9��ù@����	��9*���Ü0�ø��)�{ø������µÿ³øF���3:N	Pø����j��zþ
��;D��	�*��zø���08;D���9*��l� :���	j*��3�Vÿ³ø���	!7e���3������	��M*���Yù@	��Zù�ø���ø�*�	����9*����ù@	��Zù@����	��9*���Ü0�*���2.{ø�ø��9�9�l�9���	PøRþ����j�l�M���9�l���.øRþJ"
&'(�)��	��*�+�,Q.��Pø��?ÿ��	��������9�D;!����+��9�N5m;D��	��4	��Aø Ö oD#Dhr, � �����uÑ(ø�*�	/	��eþAø.ÿ³ø�����������7e	B;%��?øl������9�9*��	����3�

�M�8	Pø���7Õ�*'ø���������9�9*��.���øm	���ø'ù�úÇûàü�ýl��zþÔ��	��zø��2������M�9*��	����3����	����	2�l��53�
	l.{ø��Aø�|�	c7w���3�ý	����9�l	Pø�*I�����9}):Aø�"
yQ��	��9�c�	Pø�����0g	��zø Ö oD#Dhr, � �����uÑPø�*�	]�l(�ª��9���(;Éø'ù�úKû�ü�ýNþ��	�E	��
t¨7e���3�þ&Q�����	��*�+-,Q.��Pø��?ÿ��	������$	��C.{ø
���3:N	PøRþ ø��
	����?ø����-¤e���]�	 ��ø����	O���3��	����N¥/����	��9*���9����	��
t¨7e���3�«	��Aø2#D.��M��ø��Aø�.��*�+).H�3�Aøc�Aø�	S;j����+ª�9��	��Aøcy]"°§A"
fD���9�!;j����+�;'�9�9�A.{øQ7Õ:��9�9�c�9�
	Pø�5����	PøRþE;D�9	��m	��AøOx!hv#'xØ�����uÑPø�*�	¾þAø���*����9.$øRþL�.H�-ÿ³ø�"

ÿDî�å!õj�ô�ØX{ò��

fF�N�3:N53� ø'ù�úÇûàü�ýQ����/.$ø.ø�� þAø.ÿ³ø��9�����9�N5�������µþ����L�4ÿ³ø��r	��zø������	/7Bø�;��³ø���I��0G� :�*��������0ø ;!����+��Aø.øRþ��
	���.{øãþN�3�zøC.{ø�7w���0ø���	�*���õ.{ø�*��3��ø�	���:��9�-���$ø��I�	����3����Ü"ÓfD���9�c�M��*��9:zþAø��c�N��	2�3�����Ô���3��ø4��7r	��Aø$��?ø���
;�øc��4ÿ³ø�þAø���*�����.{øRþ$�Aø��?ø�0G.�:N	r�]:���	r�9��*��9:æþAø���	��Aø����O��r;2ø��9�@" � ���Nø��N������µø�0g��O�l���?øl����53�çù@.���zþN;D�µþ�	��
������9�9*��	����3���O*��3���{ø�	PøL7e�����M�9�l��	PøRþÚ�Aø�	B;!����+�.���zþN;D�µþ�	��10g.���zþN;D�µþ�	��çù@�?ø��Pø��?ÿ��	����3�Ú���)��	Pø��l����zþ þ����?ø�*�	
����	��9*���9����ùB��;D��	�*I�AøRþ����	����q.$ø�*��3�ªøF�	�	����*�	���ÿ³ø�"�����8��5����3:����q�9���Pø.ÿ³ø��I���*��3:��
	�����ø��q��0øb;j����+��9�N5v�3�l	��Aø��Pø
������.���ø��l��0g��zþ�ø'ù�úKû�ü2ýO;D�9�9� .{øl	���:�������:�*�*'ø�����7Õ:��q�3�����$;D��	���	��Aø�*����3�Pø��9�8	Pø��I���	����3����j*��3�9�9�.H�����	����3����7
	��zøëúKû�ü2ýb��zþE53����.���1�Aø�	S;j����+��9�N52*��3�l�]:�����	���ø���"

� Z�\KZzò8Zæð/ö�Z�[
� ´����j·��	�Bº�·¨É�
v³�¹Õ½j¾�¿gÀgÄ3²�Â(¯(²K·�»i®¼Ê�Ë9Â¨²S»v·�º�®°Â¨Ê ·�Î�·(®°¸>·�3¸¼³%·�º�´Z¦Â¦��A· �����à¬�«+½�´¶£R¤'¥P¦5£-§�¨-½äÆkÁ�¦��ç¬0Å=®+¹º«?Á �A¬?®+¹º«�Á�½�´³¦BÆK¹
� Æ��Q½%Ã�ÀG®¼Ê�Ë9Â(²�»v·�º�®°Â¨Ê]·�Î�·�®¼¸¼·��3¸¼³!·�º��S½j¾�¿RÀgÃ�º�·�Ê
Á3·�²KÁrÀÜÊuºS³I²BËM·¨É�³bÃ�Ä)³IÉ�®��
ÉI·�ºS®¼Â(Ê]¹1½!Ã�ÀÕ¹��FÌ ���q±3¯¨±��BºWÆ(Ç(Ç(Ç8Ìu¶q³�Î�®��S®¼Â(Ê
´¨µ Ç8Ì3·�Î�·(®°¸>·�8¸°³%·�º�´³¦B¦��A· �����à¬+«�½�´V£.¤'¥P¦5£-§�¨-½�¬� .²���®0¥PÁ ��Á�±! 4¬#"Z½�´³¦ÂÆk¹ä½

� $ ��%l·(²&
 ÈD®¼Ê�Ë9Â¨²S»v·�º�®°Â¨Ê ·�Î�·(®°¸>·�3¸¼³%·�º�´Z¦Â¦��A· �����à¬�«+½�´¶£R¤'¥P¦5£-§�¨-½�¬� .²���Æë£.T¨�'�����£RT¨�'4½�´³¦BÆë½
� ( ��)!¶*�*+-,!ÍèÄ3²�Â.@³àÉ�ºqÁ�³�ºK·�®¼¸���·�º2´Z¦Â¦/�z· ���0 .T£21-¯R±�½äÆë£�"�1RÁ�1�£#�V¯#�z½ä±�¬0¦���¦3��Áº¨RÁ �z«?Á�±���®+Á�¬4�5�	6�»/¸87�©:9;���à¬+«T¢k¯.Æë¬

#Â�DC\E�F�F+G¾H<�(�-��>6���çIK�(��������L¾MA>�).7(�(�(O-����L�3 ERQPU



����������	�
����������������������� �!��"$#&%('*),+&�.-/�.� �/0��1��23��!45	���6����7�989#&%:',)<;��=�>��.�@?3)A#&;6B�C/C/DFE7�.2���
G���IHJ�����	 2�K1LM
��N.�.�PO=	 2�K/�.?
0:� B3Q.D�R=B�B�C
�3���0S� T/T�	 -3��N.N/� K��>UVN/� 2W����=� K/��-XT�0X��YX�Z	 NP���	 �/2��GT�K/�[B�C/C/D/T�\]�P�3�����

^7_S`badcfehgb^�iJ^9j�kJlnmo^9p@q,rtsvuPq�wxq<wy^{z}|}`~a�cfe�����r!q,^9m
���:���(���A�3�������!�:�����]�1�����G�W�(�3�������������/�7�����/���.�: :���n�A���(���d�]��¡��A�3���/���[�5�: ¢���!£��,���]�

�¤�:�]�: ¢��¡¥�¦����§I�S�W��¨

©ª�«@¬�G®°¯�±@¬�²3³S¬=´.µF¶9µ��µ.¬�·¸´.®�¹5µ�ºS»�µ�·.¼*½6¬�»A¯$¾�º(¬3¿:ÀPºSP»¦¯�»AÁ°»>µ6¾Â�À�º�Â�¾�·P±Ã¬�»A¯$¾�º�¬�ºIÄn¹5¾�±J±JÁ°ºS¯$´.¬�»A¯$¾�ºSÆÅSµ.´.®Wº(¾3¿Ç¾�È3É
Ê¸ª�½6¬�»A¯$¾�ºI¬�¿(À�º�P»A¯�»¦Á°»�µ�¾Â�ÀPº�Â�¾3·P±@¬3»¦¯$¾3º�¬3º(ÄË¹<¾3±6±JÁ°ºS¯$´.¬3»¦¯$¾3º�¥ÅSµ.´.®WºI¾�¿Ç¾�È3É
¹5¾�ºS»�¬=´�»�¬�Á°»Ì®�¾�·�Í¥Î:¬�PÁX®W¯�·¸¾6«J¾3É=¬�±Ã¬=¼Ïµ�Ð�±Ã¬�¯�¿ÇÍÒÑ�Ó=Ô�Õ]ÖIÕW×3ØMÙ�Ú�Û7Ü>Ý�Ó�ÜGÞ=ß

à�á�â�ãXäXå¢æ�ã
ç��X�è�98F#&%:',)<�>�=�>��.�é������Y°�.�.2�OX�.-/�.� �/0°�PO�����������������X	 ���6;30W��N.��ê��.���P��
N¸�¥ë,�.2����
7��U!����9ì&���	Z��2W���

)¦2��>�	���X�����U°)A2=UV��
�����	 �/2���2�OFë,�/�1����2X	ZN.���	 �/2X�¢ç(�.NG��2���� �/K��[í�ì�)�ë�ç5î¸�/ç�����N.��2�N.��0X�¢��U�������985#&%('*):�>�=�>��.�
	 �*���
�P��� 	Zï���
�P��� "Ì�	 �1��#&%('*)M�/Y����¸
-/���	Z��2��,��2WO1N.��
�
�.�Z���	 �/2[0X
��N��.����	 2�K9��2WO=��
!����5-/��
	 �/���*�/YX����
-3	Z2XK��1�3OX�.�
Y��yN��/�èYX	 2�	 2�K��è�X���	Z0X� �6N.���10°�/2X�.2����	 2ð��ñ���ò=	 Y�� �6����2�2X��
P�yç��X�J�>�=�>��.�ó	 �1��� ���Æ	 2���.2�OX�POÆ���Y°�[#�;=)$"$ô
N.���10�� 	Z��2��<Y��1�X��	Z2XK9��X��#&;=)$"¦ô�L*ë,),	 2����
�UV��N.�&N.��
GO[��2WO1#&;=)¦"¦õyN.���10�� 	Z��2��<Y���O=�.-]�.� �/0X	 2�K��9��������UI����Uö�¦4<��
�
0=
�/K�
G���1�:������S4���
\�45	������X�¢-3�01í�#7%(',)Wç:
G��2X�>UV��
¢LM
�����N��/�Çî:� 	 YX
G��
	 �.�IOX�.-]���Z��0°�PO����(ô&�.�=�>�G��NG\&÷7YX����
-������
����
ç��X�&N.�X
�
��23���>�G������,��U(��X�7�98�#&%('*)*�>�=�>��.�@ø �<O=�.-]�.� �/0X�1�.2������2WO1�����
��N.�.2��5��NG��	 �.-/�.�1�.2���,UV��
5��"$#&%:',)*Y��
�X��	Z2XKè����7�98�#&%:',),�>�=�>��.�¤45	 � �(Y°�&
�.0°��
���POS�

ù5údûXü�ý°þ�ÿ������(ý��ÿ�ü
�
	��	�������	���	���������������� 	"!�	�#%$�&(')	��*���,+-��� 	"�/.0$���12��	������ $�#-$�3�42���5!�	6��	���78#%��	���+-������	��*!9+%��$���':	��*�

+;��.<��+-���=����	>� 	"�/.0$���1?�������@����������':+-����+%$��=������	6AB����	C9�	"	��8����� 	6�������D��	��$�����+-��3E������	6$�AF'G��3�� 	"��+-�
����&H	I��	��$���� 	"���KJL�/4M&8+-�"��#-#-4ON"P�QSR�TVU�&8�XWY�����Z��	��	����[��+;��1\U8����	��6]_^a`0bc��	��$�����+-� 3,��4M����	�'G�"d�e
� 	"��	"AL$���	�f
�Z��+%3���+%g(�"���*�:+;')&���$h!�	�')	��*�K+-�@��� 	V��	�����+%��+-!M+%�i4Z$�Ac]_^a`0bj$�U8��	"��!S����+%$��8�G�"���=Uk	,	CM&H	����	��2+%Al��	���#nmo��+-')	
�$�����	�#-����+%$��I&���$9�	�����+-��3p$�Aq$�U8��	"��!S����+-$��I�������j�"���KUH	<&H	"��AL$���')	��G.<+%��� $�7 ����� 	_�������p��	��$�����+-� 3[&���$9�	���7 ��	
���,$�U8��	"��!9+-� 3D��+-��	��"drbs�t������+%��+%$��qfl.<+-������� 	>� 	�����mo��	���#nmo��+-')	u&���$M�	�����+-� 3@$�AF]v^w`�bx$�U8��	"��!S����+-$����������
	��8��U8#%	��OUM4E	mo]_^a`0bXf��6��+-3��9mo&���	��"+-��+%$��E	�����+-':����+%$��D$�Av����	,+%����	"3�78#-���j!S����+;����+%$����)$�Acy��������@$���+%	���������+%$��
&(������')	"��	"���zUH	��$�')	��{��� 	"$���	"��+;�"��#-#%4Y&H$�����+-U8#%	�f5.l��+-���F+-�[��7 ���F�"���j#%	����F��$_+;')&���$h!�	��p&���	��"+-��+%$��F+-�Y��������19+-� 3
��	"	"& m/��&8���	c&���$�Uk	��|�����}':$���	c&���	��"+-��	v� 	"��	"��':+-������+%$��K$�Az��� 	Y������	�#-#;+%��	_$���U8+%����#H+-� AL$���':����+-$��G��	�~M7�+%��	��IAL$��
�8+%3��9mo&���	��"+;��+%$��I�_�|�I')	�����7 ��	�':	��*���"d�e
� 	���	_� 	"!�	�#%$�&8':	��*��������	v	C9&k	����	��x��$)':��1�	c�j��+%3��8+ng(�"������$h!�	"����#-#
�$�������+%U(7 ��+%$��x��$:��� 	_g(	�#-���|$�A���&8���	Y	C9&8#%$�������+%$��}�����}3�	"$9� 	���4�d

�<	"!�	"������	�#%	����"f(��	�������+;�"��#q&���$�U(#%	�':�|��	�':��+;��+-�}��� 	[��+%3��9m/��&H	"	��x�������8��':+-����+%$��x$�A�':������+%!�	p!�$�#-7�')	��<$�A
�8�����)$5!�	"�l��� 	cbs����	"��� 	"�"d|�M$�')	c$�A{��� 	���	c&���$�U8#%	�':�0AL$���'�+-����	"��	�����+-��3F����	�')	��
AL$�����	���	��������,�����,� 	"!�	�#%$�& m
':	��*���
+;�}� 	"�/.0$���1K��	������ $�#-$�3�4�f8.<+%���x��$�&(+-�"��+-���"#-78��+-� 3F':�SC9+;':+%��+-� 3j7���	_$�A{��!���+-#-��U8#-	Y�������j����������'G+-����+%$��
�"��&(���"+%�/4K+-�G����	l&���	���	����	v$�Aq$���� 	"�|�/4M&H	���$�Aa�����S�I�v$��|	�k	����+%!�	c�$�� 3�	�����+%$��}�$��*����$�#k78��� 	"�0��� 	v��+%��7�����+%$��
$�A(��+%3���+ngk�"���*�{� 	"�/.0$���1[����������':+;����+%$��[� 	�#-��4�d��v�"�$�����+-��3�#%4�f���7�':	"��$�7��w��	���	�������� 	"��������	��"7 ����	��*��#%4cAL$9�"7���+-� 3
�$��8�	"����	���	�H$������
$��,��� 	���	Y�����,��+-':+-#;���|������#-#%	���3�	��"d

bs�I��� 	v&8�����"fM��� 	vew$�1M4�$jTV	"����$�&H$�#-+%�����I��+-� 	l�l��	��)�0��7�������#8�v	"A�$���':����+%$��xT,$��8+%��$���+-� 3F����$S��	���YJB��#-��$
19� $h.<�V���l��� 	j�c	"49����$�� 	j����$S��	���"fH$��v�[� �0W�#;��7�������	���UM4���� 	j�|$�':'[78��+-�"����+%$����l�
	���	��������u^a��UH$�������$���4
Jo���<^�f�� $h.E�lb���elW���	"&���	���	�����	��F��� 	�g(�����a	�H$������z��$c+-������$M�87��	���� 	0	mo]v^w`0bw�$����	"&���+-����$v��� 	0�8��+-#%4_]v^w`0b
$�&H	"������+-$����"d��M49����	�'r� 	"!�	�#%$�&(')	��*��AL$������ 	c&���$S��	���
�����}���<+%���|3�$���#���� 	Y��+-3��9mo&���	��"+-��+%$���f��8+%3��9moAL��	�~�7�	����4
':	�����7 ��	�')	������v$�A���� 	[��	�#-����+%!�	F&H$���+%��+%$����<$�A�AL$�7 �l]_^a`0b
��������+-$����"f������V.0���_������78���7 ��	��V��$I$h!�	"����+-� 	F��� 	
	C +-����+;� 3
AL����')	".0$���1Y$�A ]_^a`0bq$�U8��	"��!S����+%$��F��49����	�':�z������	"!�	"����#�&k$�+;�*���|���h�od��_� 	���7����F+-��� $h!S����+-$��p+-��!�$�#%!�	��

B3QPD )¦#�;JB�C/C�D�E7�.2���
G���MHJ�.�¸�	Z2XK1LM
��N.�.�PO=	Z2XK/�



����������	�
���������������¸�7�����Z� ��"$#&%:',),+&��-]�.� �/0X�1�.2���,45	���J����&�989#&%('*)<;3�=�>��.�

����	���	���#-+-������+%$��Y$�A ��	���#%mo��+-')	�]_^a`0b�$�U8��	"��!S����+%$��F�������l&���$9�	�����+-��3�A�$��z��� 	�AL$�7 ��m/��������+%$���f���+nCMmoU8����	�#-+-��	���������4
!9+-�:���V��e
T�JB�v��4M�8��� ��$���$�7��<ew��������AL	"�lTV$9� 	hW�� 	"�i.�$���1(d�e
��+;�
��49����	�'}f(��	"!�	�#%$�&H	��,7�����	"�
��� 	[��78��&8+-�	��
$�A0�x�$�#-#-��UH$�������+%$���UH	"�/.0	"	��>�|�<^������\�le
e��0$�'G'[7��8+-�"����+%$����"fHb�����d%fq� ����'G����+-�"��#-#%4���	���7��	������ 	j��+-')	
��	�~�7�+-��	��GAL$����������F&���$9�	�����+-��3[��	�#;����+%!�	l��$)	C +-����+;� 3[��49����	�':��f .<��+-���G��	�#;+%	��G$��x':��3���	"��+-�_����&H	l��	��$�����+-� 3 d
�87 ����� 	"��f0����+-�:.0���G��� 	}g8�����G��49����	�'�$�Ac+%���)19+-���O��$ZUH	��$�')&8#%	"��	�#%4@��7 ��$�'G����	���AL��$�'�$�U8��	"��!S����+-$��D��$
�8�����p&���$M�	�����+-� 3p�����K������#%49��+-��.<+%���I��� 	<��	���7�#%����$�Aq��� 	v������#%49��+-��$�Aw� 	�����#%4:� $�� m/����$�&I]_^a`0b�$�U(��	"��!�����+%$����
��7���$�':����+-�"��#-#%4��5!S��+;#-��U8#%	[��$I��� 	[&87 U8#;+-�_$��,����	[b��*��	"��� 	"�F�nN�odve
� 	p��	"!�	�#%$�&8')	����l$�A�����+-�<��4M����	�'�&���$h!�	��
���8���q	mo]v^w`0bk��	������ $�#%$�3�4Y�$�78#-�c	�����U8#-	�� 	�����mo��	���#nmo��+;')	���������&���$M�	�����+-� 3�.<+%���_!9+%����78��#-#%4<� $
��	�#-��4_UH	"�/.0	"	��
$�U(��	"��!�����+%$��������}&8��$M�	�����+-� 3 d

�<$h.�	"!�	"��fz����+-�v$�U8��	"��!S����+-$��u�����\&���$9�	�����+-��3K��49����	�' .|���c����+-#-$���	��\��$����u��e
T¡� 	"�/.0$���1kdj�v�Y��78����f
����	l��49����	�'¢�$�7�#-�K� $���UH	<7���	��G��$j�$���� 	���|'[78#%��+%&8#%	�]_^a`0b���������+-$�����������$�7 3�� $�7 ����� 	<.0$���#-�I��+-���	v+%��.|���
��$��[AL	�����+%U8#-	I��$u�$���������7���)���E+;�*��	"���8����+%$�����#|� 	���+-�"����	��O��e
T£� 	"�/.0$���1���7����[AL$��j	mo]v^w`�bXd�ew$\+;�����	�����	
����	F!�	"��������+-#-+%�i4�$�A����8+-�_��4M����	�'}f���� 	)� 	"!�	�#%$�&8':	��*�c$�A���� 	)�p¤I$�U8��	"��!�����+%$��\�����\&���$9�	�����+;� 3I��49����	�'¥.|���
UH	"3�7��j+-�)Q�P�P�P9fM	"!�	��*��78��#-#%4p��	���$�#%!9+-� 3v	�����#-+%	"��&���$�U8#%	�':�wU�4F	�����U8#;+-� 3_�������_����������'G+-����+%$��[!9+-�vbs��JLb�����	"��� 	"�
����$���$9�$�#�W�f87�����	"��bs����	"��� 	"�<��	"�/.0$���1}�$�����+%��+%$��8��+-�*!�$�#-!M+-��3F����	c&���	���	����	c$�A{$���� 	"�l�/4M&H	���$�A{�����S�I��d

¦�úV§u¨ ©w¨8ªÿq«0¬2¨!ü�ý��ÿa®�ý�¯�¨O°E±�²z³�Xý�¨8¬
e
� 	��p¤v]_^a`0b���4M����	�'�+-��� 	���+-3�� 	��j��$c&H	"��A�$���'´��	���#nmo��+-')	�$���� 	�����mo��	���#nmo��+;')	�]v^w`0bw$�U8��	"��!S����+-$����������

�$�����	�#-����+%$��)&8��$M�	�����+-� 3Y7���+-� 3cb��6$5!�	"�|�$�':')$��8#%4)7���	��:���8����	��:� 	"�i.�$���1:#;+-� 	��"dz]�����+%$�7����$�')&H$�� 	��*��������	
UH	�+-��3l� 	"!�	�#%$�&H	��F��$_��	���#-+%�"	0��� 	|������3�	"��3�$���# +-�F!�����+%$�7��z����')&(#-+-� 3v')$M��	��z���8�F��&k	"	��8�"dwe
��	�	�����+%��	���49����	�'
.l+-#-#{�$5!�	"�j!�����+%$�7��c�$�'[U8+-������+-$����c$�A�����')&8#;+-� 3x������	��"f{��78'pUH	"�Y$�A����8����� 	�#-�"fz�����6�M7�'[Uk	"�p$�A|����')&8#-+-��3
U(+%���"d��v#-#�$�A�����	p�$��*!�	�����+%$�����#z3�	"$9� 	"��+-�p]v^w`�b|$�U8��	"��!S����+-$��,')$9� 	��
.l+-#-#HUH	Y��7 &�&H$�����	��,���<.0	�#-#q���<$���� 	"�
��&8&8#-+-�"����+%$��8�p#-+%1�	K��+-� 3�#-	m/��+-���6��&k	������$����$�&8+-�K')	�����7 ��	�')	��*���F$��j&87�#;�����p��+-'G+-� 3�$�U8��	"��!S����+-$����"d\ew��U8#-	VN
��� $5.<�0�$�')&8����+-��$�����$�Aq��� 	_�p�Mf9�cRF���8�I�p¤[��49����	�':�|+-�G!S����+-$�7�������&k	�����0��$j+-� 	�����+%AL4F����	v�������������	"��+-����+-�"�
$�Aw��� 	Y�p¤F��49����	�'}d��v����� $h.<�}+-�xez��U8#%	)N�f���� 	c�p¤j��49����	�'r+-���������������	"��+-�"	���UM4G��� 	Y7���	v$�Az�)��+-��1GU8����	��
��	��$�����+-� 3K')	"��� $9�\�����,UM4���� 	j7���	F$�A���� 	jb���&���$���$9�$�#zA�$��v	mo]v^w`0b�dqe
��	[�������x�$�����	�#;����+%$���&���$9�	�����+-� 3
+;�p&H	"��AL$���')	��EUM4>7���+-��3���$�AL�/.|����	��$�����	�#-����$��)&���$�3�����'G�[��7�����+-��3�$��@'[78#%��+%&8#%	I�0�¢��49����	�':�j+-�E��� 	}�p¤
��4M����	�'�dV�9+-':+-#;����#%4�fq��� 	K�cRV��4M����	�'µ�"���EUH	G�������������	"��+%�"	��EU�4u����	I7���	I$�A���$�������4�m/� 	�����f��"������	"����	}�i4�&H	
'G��3�� 	"��+-�
����&H	l��	��$���� 	"����f������I��� 	<�p�p��49����	�'¶�"���IUH	<���8���������	"��+%�"	��KUM4)��� 	l7���	
$�A�$�&H	��9mo��	"	�#8'G��3�� 	"��+-�
����&H	c��	��$���� 	"���"d

bs�V�$��*���������l��$K��� 	p��	���#nmo��+-')	p�$�����	�#-����+%$��V&���$9�	�����+-��3:7���+%�<��	"!�	�#%$�&H	���AL$��<��� 	F�[�9�zf8.<�8+-���}��	���#-+%�"	��
�8+%3��9m/��&H	"	��\��+%3�+%����#{��������&���$9�	�����+-� 3x��� ��$�7 3��\��� 	G7���	)$�A���� 	:�{�|�_�pfw�}��$�A��i.0����	I�$�����	�#;����$��[�����_UH	"	��
��	"!�	�#%$�&H	��}A�$��l��� 	p�p¤:��4M����	�'���$G&H	"��AL$���'r��+;������+%U87���	��I&8��$M�	�����+-� 3:7���+-� 3:�:�|�2��7����8+-� 3j$����:!�	"��������+-#%	
$�&H	"������+;� 3I��49����	�'}dl�2�8+-#%	p�K������� .|����	F�$�����	�#-����$��c#-����1M�l·8	C +%U8+-#;+%�/4x��7 	[��$I��� 	F	C9��	���� 	���� 	"!�	�#%$�&8')	����
��+;')	,��	�~M7�+%��	���f0�E��$�AL�/.|����	u�$�����	�#-����$��x':�54DUH	V')$9��+ng8	��D	�����+-#%4O��$O�����=��	".¸AB7������+%$����G$��I��$E��	"!9+-��	
&8��$M�	�����+-� 3E')$M��	��"d�b��2���8��+%��+%$���fl� 	"!�	�#%$�&8')	����}+-�x��#-��$@7�����	"��.0�54DAL$�����$�A��i.0����	u��	�~�78+%��	��2��$O	�����U8#%	
�8+-������+%U(7 ��	��E&���$9�	�����+-� 3u7���+-� 3u��!���+-#-��U8#-	��$�')&87 ��	"�I��	���$�7 ���	���JB�$�����+-����+-� 3u$�Ac'[78#%��+%&8#%	��|��¹l��Wj��$6��� 	
'G�SC9+-'F7�'º	CM��	����"f*+-�[$���� 	"�z��$_&���$h!M+-��	���� 	|� 	"	�� 	��F&���$9�	�����+;� 3l�"��&8���"+-�/4pAL$����������_�$�#-#%	����	��j������78')	"��$�7��
]_^a`0b|��������+%$����l+-�x��� 	Y�$�����	CM�v$�A{#-����3�	m/���"��#%	p]v^w`�b|	C9&H	"��+-')	������"d

e
� 	:�$����	"&��p$�A���� 	:�[¤}��49����	�'»+-�c����$5.<�6+;�u�z+-3�7 ��	}N�dG�v�c��N"P�P�P9fz�v�Y� Q�P�P�P9f������u�l�Y� ��P�P�PV����	
�8+%3��V��&k	"	��\�c¼S�½����')&8#%	"���"dp�_7 ��&87 �v��+%3�+%����#{��+-3�����#-�lA���$�'¾��� 	���	j�c¼S�½����')&8#-	"���l����	j+;�*��	"��AB���	��\��$x��� 	
�|�0b�U(7��|$�Aw����	Y�0�=UM4K7���+-� 3F��� 	Y�0��mo]Y�Mb�Uk$������}���"�$�����+-� 3)��$G��� 	c]c�9b/m/�¢JL]v^w`�b<�M�����8�������xb��*��	"��AB���	
�v����� .|����	0��&H	��"+ng(�"����+%$����XWH�$�')&8#-+;���*�a��+%3�����#-+-��3 dq�2��	"��	����a����	��v�c��N"P�P�Pv+;�a� 	���+-3�� 	��Y���{�<��+;� 3�#%	����8����� 	�#
�8+%3��,��&H	"	��V����')&8#%	"�_7���+-�"f���� 	j�l�Y� Q�P�P�Px+-�v� 	���+%3���	���AL$��l3�	"$9� 	"��+-�[]v^w`0b
$�U8��	"��!�����+%$����lUM4���7 &�&H$�����+-��3

)A#�;[B�C�C/D�E7�.2X��
G���IHJ�.���	 2�K�LM
��N.�.�.OX	 2�K�� B3Q�¿



����������	�
���������������¸�7�����Z� ��"$#&%:',),+&��-]�.� �/0X�1�.2���,45	���J������98�#&%('*)5;3�=�>��.�

ÀkÁ�Â*ÃÅÄ_Æ5ÇwÈwÉhÊ_Ë*Á�ÌsÍÏÎiÉ5Ð�ÎaÉ5Ñ(ÒsÓ�Ä
Ô�Õ�Ö�Ô|×�Ö�Á5Ð*ØjÔ
ÙvÎ/Ú�Î/ÒiÄ�ÊcÎ�Ç
��Û ��Ü �98

+����G�èê��.N.��
GOX��
� H@��K/2X���	 N�ç(��0°�.� H@��K�2����	 N9çI��0°��� ô7��
GO6+7	Z��\3�
%S�/2XK/	���WO=	Z2����Sê���N.��
GO=��
� ê����G��
��[ô7�.�/OJê��.N.��
GOX��
�

��"$#&%('*) ç:�.� �.0��X�/2���%S	 2�� Ý*ç5H )AL
ë,��
�
�.�Z�����
� ô7��
GO34<��
� ô&��
GO=4<��
� ;3��Uö�¦4<��
�
�,�P��
�5	Z26����� Q�ÞXß�Û�" Q�Þ�Þ/C�" B�C/C]BP"
;3�=�>��.�1� H_Þ�DFê���N.��
GO=��
P? +&)Aê5"QPC�C/C=?="¦%�"AH¥? �98�T�#�;X;XLI?=�98/T�#�;�;=L(Û/B3?

��Û0à���
���������
P? +�àIë�Q�QPC�C=?°+�à(ë<B3Q.C/C=? �98�T�#�;3)¸?hÝ�+�;�QPC�C/C3?
��Û�#7ë�? ��ÜF#�ë íÌç!�=0°��"Q/?WB/î¸? Ý�+�;�B�C/C/C3?�Ý�+�;hÛ�C/C�C=?
��ÛFë,��
�
�.�Z�����
 ç�+�;S¿�ß�Ü=?�Ý�+�;�QPC�C/C3? ;3��Uö�¦4<��
�èë,��
�
�.�Z������

E&',ê�QPC/C�C=?SE&'*ê&B�C/C/C�+è? í�N.��
P?XUÇò N.��
P?°E7)>ë<÷{Û]î
��Ü�ë,��
�
���Ç�����
P?
�9;XL ë,��
�
�.�Z�����
�.?
E7)�ë<÷�?WE7)�ë<÷�B

ákÍÏâ5ã�ÌsÄ_Æ5ÇaÈwÉ5Ð*ä�Ä�Ë�Ò�É5Ñ8ÒsÓ�Ä�Ä�ÐSÒiÍÏÌsÄ|Ô
ÙvÎiÚ�ÎoÒsÄ�ÊjÇ

N�å:����������	�#-�|.<+%���x����')&(#-+-� 3F������	��
7 &}��$G��Q�T���&8�<A�$���	������,��������� 	�#æd�e<� 	c�l�Y� ��P�P�PI�_¼S�ç����':&8#%	"��7���+%�
+;���"7 ����	�����#%4j7���� 	"��� 	"!�	�#%$�&8')	����������I+%��.<+;#-#9��7 &�&H$����{!�����+%$�7���$�U8��	"��!9+-� 3Y')$9� 	���UM4)7���+-��3Y�z�|�_��JB�{+%	�#-�
����$�3�����':'G��U8#%	x�c����	x�l�����54 Wp�����O�VR��_��&8�F��+%3��E��&H	"	��>�c¼S������')&8#%	"�F����+%&adVe
� 	I&���$���$��i4�&H	x7���+%�[$�A
����	G�l�Y� ��P�P�P������cUH	"	��Z�$�')&8#%	"��	��6���8�6��� 	)g(�����cAL��+-� 3�	).|���p� 	"��	����	��ZUH	"�/.0	"	��>����	I�SR�m/'è���8�DN�NXm/'
��������+%$����v���l�Y�����8+-':�:7���+-� 3:��+-��3�#%	Y�������8� 	�#a$�U(��	"��!�����+%$����
.l+%���,Q�P�R*é�T���&8�"fqQSU8+%����mo&k	"��m/����')&8#%	Y����')&8#-+-��3
':$M� 	�dv��� 	��,��	�#-����+%!�	�#%4,#-$5.´����')&8#-+;� 3:������	��c����	F��	�~M7�+%��	��qf(�0�t��49����	�':�v.<+%���V��� 	Fbs��mo]v^w`0b<7���+%���l����	

B3Q�ß )¦#�;JB�C/C�D�E7�.2���
G���MHJ�.�¸�	Z2XK1LM
��N.�.�PO=	Z2XK/�



����������	�
���������������¸�7�����Z� ��"$#&%:',),+&��-]�.� �/0X�1�.2���,45	���J����&�989#&%('*)<;3�=�>��.�

78��	��j������� $h.<�)������� 	|UH$�����$�'ç$�A(�{+%3�7 ��	_N�d��v��+%3�+-����#-#-4�fS��&H	��"+-��#;#%4Y� 	���+%3���	��F�|�0baUH$������8�z�"��#;#%	��jbs��mo]v^w`0b
UH$������8�c.�	"��	I7���	��Z+-�u��� 	K�p¤�¼h]Y���9�´��49����	�'}d}e
� 	:UH$������8�p����	K+-��������#-#-	��\$��>��� 	I�0�0b_	C9&8������+%$��>U87��
��#%$����v��$x��7 &�&H$����<Rx+-� &(7 �l��������� 	�#-�_����':&8#-+-� 3I���_7�&V��$6N�å�T���&8�"dY�<	��	��*��#-4�f���� 	j	CM��	"���8��#z�[¤�¼h]c��� ����Q
78��+%���Y���5!�	IUH	"	��Z� 	"!�	�#%$�&H	���d�e
� 	I�p¤�¼h]c�8�9����Q,7���+%���[����	I�$�����	����	��Z.l+%���u��� 	K�0�ç��4M����	�'èUM467���+-� 3
¹c�9`¸QMdêPE+-����	"��AB���	V�"��U8#%	���d�e
� 	V��	".�7���+-���:��7 &�&H$����G��Q�T���&8�x�����2åSR�TV��&8�I����')&8#-+-��36��&H	"	����:.<�8+-���
.0	"��	x� $��[��7 &�&H$�����	��6UM4u��� 	x�0�0bc�i4�&H	Kbs��mo]v^w`0bcUk$��������"d,`04>7���+-� 3�AL$�7 �j7���+%���p$�A���� 	K�[¤�¼h]c��� ����QMf
N�åE��������� 	�#_3�	"$9� 	"��+-��]_^a`0bG$�U8��	"��!S����+-$����}�"����UH	V&H	"��AL$���')	���dç]Y���9�r+;�K���������$���49'ëA�$��}]�	"��������+-#%	
� �"+%	��*��+%g(�:�9��')&8#-+;� 3}����$9�	�����$���dIe
��+-�c����':	:+-�Y7���	��6Uk	��"��78��	)��� 	G��49����	�'è+-�c� 	���+%3���	��u��$�UH	:7���	��uAL$��
3�	���	"����#q���"+%	�����+ng(�_')	�����7 ��	�')	������"d�e
��	Y��4M����	�'���������� 	[�"��&8��U8+-#-+-�/4G��$I����')&8#%	c������#-$�3G�������)������	���'G�
UM4
78��+-� 3K��� 	)	C9��	"������#�AL��	�~M7 	����4V���������������u��+-3�����#{�����\��� 	)&���	��"+;��	:+-� AL$���':����+%$���$�A0��� 	)����')&8#-	��\��+-':+-� 3 d
e<� 	Y��49����	�'¸+-����#;��$G7���	�����$:&���$9�	����
����	Y����')&8#%	��,�������9d�� $��l3�	"$M��	"��+-�Y]_^a`0b|$�U8��	"��!�����+%$�����f��:��$�AL�/.|����	
�$�����	�#-����+%$��x&���$�3�����'½��7�����$��}��� 	c�p¤�¼h]Y���9����4M����	�'}d�e
� 	"��	"AL$���	�f�+%���"���xUH	c����+-�K����������� 	cAB7������+-$����0$�A
����	vAL$���':������	"�5f ��� 	Y�������F��	��$���� 	"�5f������K��� 	Y�$�����	�#-����$��
����	Y�$�'pU8+;� 	��x+-�*��$)�)��+;� 3�#%	_��4M����	�'}d�bi���$�����+-�����
$�AvAL$�7 �G¹v�<bsì �0�¢��49����	�':�"d�bs�Dez��U8#%	,QMf0��� 	,�������������	"��+;����+-�"�:$�Av��� 	���	V�_¼S� ����':&8#-+-� 3u�$�')&H$�� 	������
��	"!�	�#%$�&H	��xA�$��l��� 	Y�p¤)��49����	�'�����	p��� $h.<��d

ÀkÁ�Â�ÃÏÄ
í�ÇwÈwÉ5Ê_Ë*Á5ÌiÍnÎiÉ5Ð*ÎzÉ�ÑHî0ï�ðDÎiÁ5Ê_Ë�ÃÅÍÏÐ�âcÎiÚ�Î/ÒiÄ�ÊcÎ{ÍÅÐFÒiÓ*Ä
Ô
ÙlÎiÚ�ÎoÒsÄ�ÊjÇ
�98/T�#&;�;=L �98/T�#�;�;=L(Û/B Ý�+�;�QPC�C/C Ý�+�;�B�C/C/C Ý�+�;hÛ�C/C�C

;X���10X� 	Z2XK1;30°�.�PO Ü]C=?SQPC�C=?°B�C/C3? Ü]C3?:Q.C/C=?°B�C�C=? QPC/B�Ü]HJô7ï D�Ü�HJô7ï B�C�ÜXß]HJ��0��
8�C/C�\3ô7ï/?SQ/?WB3? 8�C�C�\3ô7ï/?SQ/?WB3?
ÜX?Sß=?SQPD]HJô�ï ÜX?Sß=?SQPD3?�Û]B�?

D�Ü]HJô7ï
;X���10X� 	Z2XKF',	��� Q/?WB3?hÜX?�ß Q/?WB3?hÜX?�ß Q/?WB Q�?°B D
ì7�X�,ë,����2�2X�.� � Q/?hÜX?SQPD Q/?hÜX?SQPD Q Q.D LM
�/K�
G���1����Y�� �

íV45	 ��lÜ]L*ë,�Gî íV45	���vÜ]L*ë,�Gî 45	���càML*E{Ý
H@��ò��!+����G�èê����� 83Q�B�HJY�0X� B�C�Üß]HJYX0�� B�C�Üß/HJY�0�� B�C�Üß/HJY�0X� Ü/CXÞ�D]HJY�0X�

íV45	 ��lÜ]L*ë,�Gî íV45	���vÜ]L*ë,�Gî

ñ�ú,¨9òXó>ô<õ�û}§uö,ý�ö=÷Jþ�ö<ü�S®�¨¢þuø6��Gü�ù�óO²&û"òXú
`�4�78��+-� 3)��� 	F� 	"!�	�#%$�&H	��,�[¤:��49����	�'}fk.�	F����!�	j����������	���	�H$������l��$I�������8��A�	"�l��� 	p$�U(��	"��!�	����������:$h!�	"�

����	:� 	"�/.0$���1u7���+-��3K����	:]c�9b/m/yt&���$���$9�$�#æd)]c�9b/m/yº+-�Y7�����	"�_�8+-���"7�����+%$�����$,����������������+%�"	)��� 	)&���$���$M�$�#�$�A
'G������+%!�	c��	���#%mo��+-')	Y�������)����������AL	"�
A�$��<	mo]v^w`�bp��Qh�od0`|����	��}$�������	Y�"7 ����	����<� ����AL��&���$�&H$�����#H$�Az��� 	Y]Y�Mbim/y
f
!M��&uJL]v^w`�b�ea�����8��&H$���������$���$M�$�#�W�#-+%U8������+%	������5!�	_Uk	"	��I� 	"!�	�#%$�&H	��IU�4:�_��!9+-�K^a��&8��#%	"4:�����G�8+-���$�#-#-	���3�7 	��
���F�l�54M��������1D�vU8��	"��!�����$���4�d�e
��	G#-+%U�������4V+-����	"��AB���	��[�8�����V������	���'ûAL��$�'»����	G����������':+%����+-� 3V��+%��	��Y��$V��� 	
��	��	�+%!M+;� 3I��+-��	��<$h!�	"�Y��� 	Fbs����	"��� 	"�_� 	"�/.0$���1�7���+-� 3G	�+%��� 	"�cel�|�|¼hbs�2$��c¹l�_�|¼hbs�zd��l��+-����	"��AB���	F&8��$�3�����'
AL$��Y��� 	:�[¤x��������������	���'è���Y��� 	)�������8��':+%����+-��3x��+%��	:�����cUH	"	��u� 	"!�	�#%$�&H	��uUM4\7��c�����u��� 	)&8��$�3�����' .|���
78��	��}.<+%���x����	Y!���&�#-+%U�������+%	��"d�`04}7���+-��3F����	���	Y&���$�3�����':�"f8�:g(#%	cAL$���':���<�$���!�	"����+%$��V� 	�')$�������������+%$��}.|���
&H	"��AL$���')	��x+-��ü*7�#%4xQ�P�P�¤:���
����$5.<��+;�}�z+-3�7 ��	pQMd��<	��	��*��#%4�f8.�	p����	Y�$��*��+-�M7�+-��3)$�7 ��	�k$������
��$G7���	c��� 	���	
&8��$�3�����':�vAL$��v��	���#nmo��+-')	j�$�����	�#-����+-$��\U�4,78��+-� 3I��� 	)TV����1,bi]¢�$�����	�#-����$��Y���_��� 	)�v��49��������1>�vU8��	"��!S����$���4
��AL��	"�)�$��*!�	"����+-� 3\��� 	x�p¤VA�$���'G���F�������\������	���'µ���j��� 	K����������':+%����+-� 3���+%��	x�����E��	�����+-��3,��� 	x�$��*!�	"����	��
�8�����[������	���'½$5!�	"����� 	_� 	"�/.0$���1K7���+-� 3p��� 	_]c�Mbim/yE&���$���$9�$�#H���0��� $5.<�x+-�I�{+%3�7 ��	cQMd�bs�I��� 	_� 	C9�0����	"&afM.0	
����	<&8#-���8��+-� 3c��$j� 	"!�	�#%$�&x���I+;�*��	"��AB���	<AL$��0��� 	l��	��	�+%!M+;� 3p��+-��	
��$[UH	<�$���!�	"����	��}+-����$p����	l�p¤p�������[������	���'
AL$���':���"d���� 	��I��� 	v&���$�3�����'¢+-���$�':&8#%	"��	���f +%��.<+-#-#9UH	��$�')	v&H$�����+%U8#-	���$F�$�����	�#-����	_��� 	<�������8��':+%����	��K�������
.l+%���\��� 	I�[¤}��$�AL�/.|����	I�$�����	�#-����$��F+;�\��	���#nmo��+-')	GU�4u7���+;� 3x��� 	G�������V������	���'û��+%3�����#-�c����������':+%����	��>7���+-� 3

)A#�;[B�C�C/D�E7�.2X��
G���IHJ�.���	 2�K�LM
��N.�.�.OX	 2�K�� B3Q�Þ



����������	�
���������������¸�7�����Z� ��"$#&%:',),+&��-]�.� �/0X�1�.2���,45	���J������98�#&%('*)5;3�=�>��.�

����	c]c�Mbim/yD&8��$���$M�$�#od

á(ÍÏâ5ã*ÌiÄ
í�ÇqákÍÏÃÅÄ|Ñ-ÉhÌiÊcÁ�Ò�ä�É5Ð�ý5Ä�ÌsÎiÍÏÉ5ÐYÂ�ÚYã*ÎiÍÏÐ�âcþ0ÿ�������Ç

ákÍÅâhã�ÌsÄ|Õ*Ç���Ä�Á5Ã��LÒiÍÏÊ_Ä
Ø�Á"Ò�Á<ÒsÌsÁ5Ð*Î/Ñ-Ä�Ì�Â�ÚYã*ÎiÍÅÐ*âvþ|ÿ�������Ç

	�
� pyk�svj�^����[^9m ^9pJq

e<� 	j	mo]v^w`�bv��	���	��������u�����u� 	"!�	�#-$�&8')	������Y����!�	)UH	"	��\�$�����78���	��K��$�+;�*��#%4,.<+%���\�K3���$�7 &u$�A���	���	���������	"���
AL��$�'ç!�����+%$�78��+-������+%��7���	���+-���"#-7��8+-� 3<����	<�l�54M��������1K�vU(��	"��!�����$���4[$�AH��� 	lTV�����������M7���	"������bs������+%��7 ��	�$�A�ea	����9m
��$�#%$�3�4�d½bs�tü*��&8����fv��� 	6�lb��|e +;�}�$�#-#-��UH$�������+-� 3O.<+-���=����	6�l����+%$��8��#Y�l������$�� $�':+-�"��#p�_U8��	"��!�����$���42$�A
ü*��&8����fM��� 	Y�v	"$�3�����&8��+;�"��#�� 7 ��!�	"4:b�������+%��7���	�f���� 	cü���&(���K�l	"��$���&(���	_y�CM&(#%$�������+%$��I�<3�	����4�f(�c+%AL7K¹v��+%!�	"��m
��+%�/4�f8���8������':��3�7����8+a¹v��+%!�	"����+-�/4�d��u	p����	p� 	"	"&8#%4I3�������	"AB7�#�AL$��
��� 	Y��7 &8&k$����0$�Az��� 	Y�ve
e�^w��Uk$�������$���+%	��"f
�p�v�vb{���c��^w��Uk$�������$���+%	��"f*�ve
e=�|$�':'[78��+-�"����+%$�����f�bs����dzAL$���7���+-��3v����	���	���	��������9m/� 	���+-�"����	��I��+%3��9m/��&k	"	��
��	"�/.0$���1(f����8�I��$j��� 	_�����S�\')	�'pUH	"���|':���8��3�+-� 3F��� 	_��	���	��������}� 	"�/.0$���19�|$�Aq��� 	Yü��_�lb�bXfMew���������k�<�
QMfMb��9m
��	"��� 	"��QMf(�����,� 7 &H	"�l�Mbs�vy�eYd

� ¨�®�¨¢þ*¨!ü��9¨8
� Æ��_Ô|É"ÚSÁ�ÊcÁ�Ö��lÇÏÖ��<Ç�Ô|ã�ÌiÍÏÓ*Á5ÌsÁ*Ö�À|Ç�Ô|É5Ð*Ø�É�Ö��}Ç(ÿ�Ä! �ÍÏØ�É�Ö"�lÇ8ÀkÁ# "Á5Ó*Á5ÎiÓ�ÍLÖ�$
Ç8Ô|ÍÏã*ä�Ó�ÍLÖ8Á�Ð�ØGÔ_Ç�$�Ä! �Í�Ökî�ã�ÒsÉ5ÊcÁ"ÒsÄ�Ø

âhÄ�É�Ø�Ä�ÒsÍÏä�ý5Ä�ÌiÚ_ÃÏÉ5Ð�âvÂ*ÁhÎ/Ä�ÃÅÍÏÐ�Ä0ÍÅÐSÒiÄ�Ì/Ñ-Ä�ÌiÉhÊ_Ä�ÒiÌsÚ_É5Â*ÎiÄ�Ìsý"Á"ÒsÍÅÉhÐYÁ�Ð*ØFØ�Á"Ò�Á<Á5Ð*Á�ÃÏÚ�Î/ÍnÎwÎiÚ�ÎoÒsÄ�ÊjÖ%�aÁ5Ì/ÒsÓ'&qÃnÁ�Ð*Ä�ÒsÎ{ÿ�Ë*Áhä�ÄhÖ
(�) Ö*Ë�Ë�Ç+*#,.-/�0*�íhí�Ö�Æ!-.-21�Ç

� í/�_ð�ÌsÁ�Ñ%Ò3&qÌsÉ5ËMÉhÎsÁ�ÃMÑ-É5Ì�þ|ÿ������4�5��Ä�ýFí�Ç6*�Ö�Áý"Á�ÍÏÃÏÁ5Â�ÃÅÄ|Á"Ò{Ñ%ÒsË�7�ïhï98zÄ�Â�Ç Ó*ÁÚ�Î/ÒsÁ5ä: 9Ç Ê_Í ÒXÇ ÄXØ�ãMïË*ã�ÂMïÄ��Lý�ÃÏÂ�Í-ï�Ö�;hÁ5Ð�Ç*í#,2,�×*Ç
� Õ#���qÉSÎ/Ó�ÍÏÐ�É�Ö*À|ÇÅÖ"<�ý5Ä�Ìsý�ÍÅÄ!86É�Ñ(ÒiÓ�Ä
Ô|Ä�Ú[ÿSÒsÉ5Ð�Ä=&aÌiÉ.>oÄ�ä�ÒXÖ*ÿ�ËMÄ�ä�ÍnÁ�Ã?�oÎsÎiã�Ä�É�Ñ(ÒiÓ�Ä=;�ÇMÈwÉ5Ê_ÊjÇ%��ÄXÎ�ÇA@(Á�Â�ÇÏÖAB"C�Ö�Ë*Ë�Ç Õ#��D*Ö

ÆE-.-.-*Ç

B/B�C )¦#�;JB�C/C�D�E7�.2���
G���MHJ�.�¸�	Z2XK1LM
��N.�.�PO=	Z2XK/�



���������
	�������������	������������! #"%$'&)(+*+����,.-��/�/��01��23*54��
-��76�"�&98:���;&1-<�����������=8:��6>��?@������0A���/���B$�CBDE(�F�(G$'&H2�I�I�J94���0��������LKM�������!0�N
OL���A�����3P��!0�N���F<-�� 2�21Q�R)2�2�S
	1�
��-� T�T��!U1�
����� N��V8W��� 0<�����)� N��=U�T�-���X��/�!�3�=���!��0���T=N�,Y2�I�I�J�T=������������	��

Z []\_^a`ab'cedgfih�j=k9lMmon;`LpoqrfsqutvZw\yx1cYz{\|fsk.b'};b'z#k.xAm~t�j3��};z#}�lMm#j=k9h�[o����^

�|�5�1�@���E�e�7�����@�L���r�������@�������a�a���i�5���a�A�L�����B�r�����r�;�s���B�) A�5���L�B¡H¢>�B�����r�'£����r�5�a�¤¥�L���¦���§�@����¨7�A�L��©E��
�ª�@�«���B�)���¬�@��©r�B�.��a�<�a�r�5�1���¬�A¢����®�

¯H°�±«²<³�´µ°µ¶)·@°�¸�¹¥º»¹3±�¹�°A¼�¸�²¬½7¹�¾�¿
¹=¼�ÀrÁY°A¿5³+ÂA¾°AÃaÄ=¾@±3¿5³�¿GÅÆ¿
¹YÂ�Ç;Ä3¾�Ç=Â1¼3´H°1¿G³+Â1¾�°1¾BÈÉ½#Â1´e´MÅÆ¾�³+¸�°1¿G³+Â1¾@±ËÊa¹�¸�²<¾ÂAÃÌÂ�Í)Î
Ï Á»ÄA½�Ê@Ð�ÀªÑÆ°�·@°1¾

½7ÂA¾�¿
°)¸�¿'°AÅÆ¿Ò²@ÂA¼�Ó>Ô9³�¼«Â�±«²<³ÕÊ�°�Ö)¹�Å�¸�²Æ³�À×¹�Ø
´H°1³�ÃÌÓvÙÆÚ@Û)ÜÞÝ�ßAÚ�à
á@â7à�ã)ä

å¬æ�çAè�é�êLë@è

"ì2�I�í�î�*5KM�
-��.ï+2�I�í�îHKM��N��M����,.-��!���>-Æ�����
������0�P<ð�P������Y���3ñA���/�
�����!��0|�Vò)�V����,~ï�6�">&�ð#��	����'����,.-��!�!����ó7����	
$�CBDE(Õ&1����0�P��=��Pô(50A�����
8W�����Ëï�$'&)(Vð»	<���9XÆ����0�P)��U����!��-Æ�3P��õ�r	��H0��«óö"�T�6÷����,.-��!���3F#0���,.�3Pø"�6'&1*Gù�I�I�I)Fr�/�
��-1ór����PË����,.-<�=���!X��!�.ó7�!��	É"ª6;&1*�Q�I�I�I1FÞ���)�
����0A�
*GN���0��«�������!��0�Q«*V4��
-��»����,.-��!�������
��PË8W����ó7�/P���*+X���0<P1ó7�/P)��	i���V*
�
����0���,.�!�3���#��X��
����U��=���!��0����s�r	��!�Õ0���ó�6�">&Ë	<���»�Gór�_$'&)(+*+�¦���)��-����»-Æ���
���Õ��0<Ps������	ô��-Æ�����������Õ���.�ú���!�A���
8Ì���3ñA����0���òÉ��8>ù�2sKM��ûH���YJ�íiKM��û��ü�r	1���¥��	��H,9��ý)�!,¥��,�������-����Õ���=���M���3���«	����.í�I�þ�JÉKMX�-������r	��Mÿ����V�
*
��U����#í�*54�X�-��'ï+2�I�í�î.KM�
-���T�2»X�������ðE$>CBD�(���ý)-Æ�����!,.��0A�����Æ��X��
�«��U��=���/��0��#ór�«���>�
���������
�V8W���/��òe-Æ���
8W����,.�3P9XÆ���5óE����0
�;���
	��!,9�Mù�í�,u��0�P��;���
	��!,9�_Q�Q�,���0A����0�0<���;��0����=U���,»XÆ���;2�S1F 2�I�I�SµXAòú���
�!0�NM��	����
�.����,.-��!�������YDE����	|��	��
P������.����,.-��/�!0�NÕ�������9ï+294��
-���ð���0<Pe��	��'���������P������Õ���=���eï�íY4�X�-���ðr����������P)�3PM��	��;	��/N�	����V������������U��������
��PM8W���
$�CBDE(��

�����
	������������������	

������ "!$#&%'%)("(+*-,.*/*�0'132+�4!.��,.��5�6��7!�5�6+%�5�8+,. +%�9�%':�,$%)0; +6<5�=75�����%)!>8?5�@�!$%)6+!;��,.��A�%�@B*�(+��5�0C5�63,.�76�2+2+DE5�FG!$%'@.A-*IH
,.�75�6+!��76�J/K�LNMBO3P�5Q(<%',$%)0C,�8R*��46S,$%'@T@B*�(+��5U!$5�2<@;0C%)!TVW��,. X*Q!. +5�@.,$%'@��763,$%'��@;*-,.��5�6X,.�4DX%�YSZ�M$[\P] G*�!T(<%'A�%)=�5�#&%)(
 G���� ^H_!$#&%'%)(a`/�7��*-FG��,�bUcIde!;*�DX#G=�%'@;!)Y>6+*�Df%)(agih�c
JQj�MQ!$%'@B��%)!'Yk,. +*-,�!.2<#+#&5�@.,U,. <%lJQj�M_H_�m!.#n%)0'��op0'*-,.��5�6+!
qsrut ONb�dQj3H r'v�v�vwqyxIt �7!W*XJUj^M_H_0C5�DX#p=7�7*�63,'Y+!.�76<��=�%CH_0B +*�6+6<%)=�Y x H�FG��,zbUcId{!.*�DX#G=7%'@|VW <5�!$%i!;*�DX#G=7�76+��@;*-,$%"�7! r
`U�W}�O\M~,��7!|V��7(<%)=�:l2+!$%)(�*-,/��*-#G*�6+%)!$%i(<5�DX%)!.,.�70QJ/K�LNM|!$,.*-,.��5�6+!W%)!$#&%)0'�7*�=7=�:l8R5�@WVW�7(+%'FG*�6+(�*�!$,$@.5�6+5�Df�70'*�=
5�Fp!$%'@.A-*-,.��5�6+!'O|b�dUj�H x-v�v�v �4!W*fJQj�M�H_0C5�DX#G=7�4*�6S,'Y x H�Fp��,�bUcId�!.*�Df#G=�%'@z%)1�2+��#+#&%)(�VW�7,. r)� H_0; G*�6+6<%)=>*�6+*�=�5��
�46<#G2<,�#n5�@;,.!'Y�VW +�40; w�7!/(<%)(+�70'*-,$%)(�,$5���%'5�(<%',.�40�J�K�L�M�5�FG!$%'@;AI*-,.��5�6G!'OXj<*�DX#G=7�76+��@;*-,$%��4!�!.%)=�%)0C,.*-FG=�%X8R@.5�D
x Yy�<Y���Y r)� Y�� x 5�@ � �f����}i*�6+(�,. �2+!|,$5�,.*�=�(G*-,.*�@;*-,$%i�7!|2<#�,$5 x `/F+#G!'OTb�!z*X!.2+0'0C%)!;!$5�@z5�8>,. <%)!$%i!.*�Df#G=�%'@;!'Y
VN%i(<%'A�%)=75�#n%)(�*�6<%'V�bUcId�!.*�DX#G=�%'@z6G*�DX%)(�b�dUj�H�� v�v�v  +*�A��46<�X,. <%U8R5�=7=�5�V��76<��8?%)*-,.2+@.%)!'�

� d/*-,.*�!.*�DX#G=4�76<�l@;*-,$%f�7!U�76+0C@;%)*�!$%)(w,$5 x `/��}�Y�#+@;5�A^�7(+�76<��� x ,.�7DX%)!U�4DX#+@.5
A�%)(�!$%)6+!.��,.�7A���,�:�8R5�@Q*�!�H
,$@.5�6<5�Df�40'*�=+#G2<@;#n5�!.%)!T,. +*�6�2+!.�76<��b�dQj3H r'v�v�v ONPz <%z8R@.%)1�2<%)6+0C:f(+�s�&%'@.%)6+0C%WFn%',�V�%'%)6l,. <%�=�5�VN%)!$,\*�6+(
,. <%| +���� <%)!.,�8R@.%)1�2<%)6+0C:i0B +*�6+6<%)=7!k*-,���H�FG*�6+("%C�<0C%'%)(+!�h v�v ���W}|�76�!$5�DX%\@.%)0C%)63,�M~JUj�!$%)!.!;��5�6+!'O>Pz +�7!
(+*-,.*f!.*�Df#G=7�76<�"@;*-,$%"�7!| +���� �%)6<5�2+�� �8?5�@�!.2+0; ���%'5�(<%',.�40Q!$%)!.!.�75�6+!'O

� Pz <%i6�2+D�F&%'@z5�8T132G*�6S,.��})*-,.�75�6�FG�7,.!z�7!W�46+0C@.%)*�!$%)(�,$5l�XFp��,.!'ON�� +�4=�% x H�FG��,.!�132G*�6S,.��})*-,.�75�6��7!W%)6<5�2<�� 
8?5�@�6<5�@;Df*�=<@B*�(+��5Q!$5�2<@B0C%)!��76X0C5�63A�%)6S,.�75�6+*�=+J/K�LNM�!$%)!.!.�75�6+!'YS��,T�4!T6<5�,T%)6<5�2+�� X8?5�@N +���� �j^Z���!;����6+*�=7!
!.2+0B �*�!z!.*-,$%)=7=4��,$%Q(<5�V�6+=7�76<9�!.����6+*�=7!\5�@W8?5�@W!;�76<��=�%CH_(+�4!. �#&5
V�%'@$H_Df%)*�!.2<@.%)DX%)63,z%C�^#&%'@;�7DX%)63,.!z!.2+0B �*�!
#G2+=7!;*-@�,.�7D��76<��5�Fp!$%'@.A-*-,.��5�6+!'OQPz G�7!WV��7(<%�1�2+*�63,.��})*-,.��5�6wFG�7,�(<%'#+,. w*�=7=75�VW!/��,�,$5�F&%"2+!.%)(�6+5�,�5�6G=�:
8?5�@WJ�K�L�M\FG2+,\*�=4!$5f8R5�@W*XA-*-@;��%',_:l5�8k��%)6<%'@;*�=�*-#G#G=7�70'*-,.��5�6G!'O

��%/(<%)!.0C@B��F&%|,. <%�!$#&%)0'�son0'*-,.��5�6+!T5�8�,. +%�b�dUj�H�� v�v�v *�6G(f@.%'#&5�@.,T5�6�,. <%WoG@;!$,TJ/K�LNM�%C�^#&%'@;�7DX%)63,.!TVW�7,. X,. <%
dWb/jnO

(5$'&Y2�I�I�J94���0��������KM�������!0�N9OÞ���A������P��!0�N�� 2�2AQ



���������
	��B����������«	����«�������/ "�$'&1(G*+����,.-��!�/��0A�723*V4��
-��76�"�&

 ���¡�¢T£
��¤G¥ ¦�§�¤+�§��_¤<¨

Pz <%QDf*��76�!.#n%)0'��op0'*-,.��5�6+!\5�8k,. <%Q!.*�Df#G=�%'@z*-@.%i!;2+DfDf*-@;�7}'%)(�*�!z8R5�=7=�5�V�!'�
� �z%'8R%'@.%)6+0C%i!;����6+*�=©� r #+#p!z!.����6+*�=�Y�@;%'8?%'@.%)6G0C% r'v H_�ª��}�0'=75�0;9�« v (<FGD�¬�-(<FpD�YGh v�®W¯
� b/cId°�76<#G2+,'� v JQ¬ x h v DXJ�#<H�#�«©h v�®W¯ YUj^*�DX#G=7�46<�w@;*-,$%�� x-v �S�±����}²«?o+�^%)( ¯ YW��O��²`/��}�8³2+=7=|#&5�VN%'@
�76<#G2+,NFp*�6+(<VW�7(+,. �«?H��-(+L ¯

� `/*��76�´n*-,.6<%)!.!'�N¬ v O x (+LU«R8?@.5�DµdQ[¶2<#�,$5 r O�hl`/�W} ¯
� K�5
VE�76<#p2<,�JQj��¶�Q� r O x �ª*I��·<@.5�DµdQ[¶,$5 x O�h�`U�W}
� j^·kd/�¸EH�hI��(GLN0-Y � O�hX¹��&%)0C,.��A�%"LN�7,.!|8?5�@ x `/��}i�76<#G2+, q H r (+L\·�j t
� L\��,|%'@.@.5�@z@B*-,$%�� r'v %CH r)x *-, x `/!$#G!
�²º Kk»µ#G +*�!$%�6<5��4!$%�� r'v�v �W}CH_2+#¼,$5a½ v (+L\��cI�W}�Y r 9^�W}CH_2<#�,$5±� v (+L\D�cI��}�Y r'v 9^��}CH_2<#],$5a¾ v
(+L\D�cI��}�Y r'v�v 9^�W}CHN2<#�,$5 r�r'v (GLNDlcI�W}

� d/�7DX%)6+!.�75�6��T����O r DfD�«³� ¯ ���S� x O � DfD�«R� ¯ ���S� v DfD�«³d ¯
�²º 5�VN%'@�!.2+#+#G=�:fA�5�=7,.*-��%���bW[ r'v�v J�H x � v J

M�6¿,. <%�!.*�DX#p=�%'@)Y��
H�FG��,f(G������,.*�=7��}'%)(¿(+*-,.*wVW�7,. ¿* x H~`U!$#G!'Y r'v H�FG�7,fb/cIdÀ0C5�63A�%'@.,$%'@�«³b\,.DX%)=�[N5�@.#&5�@;*-,.��5�6�Y
P�j<��� r'v�x ` v L ¯ *-@.%�!.%)6S,X,$5�·k��%)=7( º @.5���@;*�DfDf*-Fp=�%�`U*-,$%�bW@;@;*):Á«³· º `/b ¯ (<%'A^�70C%�«R���7=4�76^�&Y���[ x J º � vS¯
,$5lF&%�#G@.5�0C%)!;!$%)(¿«³·k���<O�� ¯ OUPz G�7! r)� H~`�FG#G!/�76<#G2<,�(+*-,.*�0'*�6ªF&%"(<%)0'�7Df*-,$%)(�VW��,. �,. <%�· º `/b{,$5�=7�7D���,z,. <%
,$5�,.*�=&5�2+,$#G2<,�@B*-,$%�V���,. +�76X�3`/F+#G!'Y�,. <%/ +���� <%)!$,�5�2<,$#G2<,N@;*-,$%�@.%)*�=7��}'%)(�VW��,. �,_VN5�JUj^M_H_�Á#&5�@.,.!)OTj^%)=�%)0C,.*-FG=�%
5�2+,$#G2<,�Df5�(<%)!�*-@.%�=7�7!$,$%)(ª�76�P>*-FG=�% r O�LN%)0'*�2+!$%",. <%�2+!.%)(ªbUcId�0C5�63A�%'@.,$%'@Q0; G��#ª +*�!�*�!.%)6+!.��,.��A^��,�:�2+#�,$5
��O��l`/��}�YG,. <%" +���� <%'@|5�@;(+%'@�!.*�DX#p=7�76<�XDX%',. <5^(�YG�46�VW +�70B �FG*�6+(^H_=4�7Df��,$%)(�!.����6G*�=7!|VW +�40; � +*�A�%i,. <%� +���� <%'@
8R@.%)1�2<%)6+0C:i0C5�Df#n5�6+%)6S,.!k0C5�DX#G*-@;%)(�,$5�,. +%NZ�:�1�2+�7!.,�8R@.%)132+%)6+0C:Q5�8G,. +%N!.*�Df#G=�%'@|« r `U�W} ¯ Y��7!�*�=4!$5�*�AI*��4=7*-FG=�%�O
· º `/bÂ0C5^(<%��7!i%)*�!.�7=�:w#+@;5���@;*�DfDf*-FG=7%fF3:��46+!$%'@.,.�76+��*�[N5�DX#p*�0C,.·>=4*�!. �«�[|· ¯ DX%)DX5�@;:w0'*-@B(�Yk5�6±VW G�70; 
· º `/bÃ#+@.5���@;*�DÄ�7!iVz@;��,$,$%)6�Y>�763,$5�,. <%�[\·Å!.=�5�,l«³·>�7�<O x�¯ 5�8|,. <%lb�dQj3H�� v�v�v !$5ª,. +*-,���,i0'*�6aFn%�2+!$%)(�8R5�@
D"2+=�,.�7#G=�%/�76+(<%'#&%)6+(<%)63,\*-#+#G=7�70'*-,.�75�6+!'O

ÆnÇ)ÈSÉËÊUÌ
Í�Î-Ê;ÉÏÊBÐ.Ñ~Ç)ÈSÉËÊ|Ò
Ó�Ñ�Ô�Ó�Ñ�Õ/Ò-Ö�ÊB×kÒ)Ø�Ù�Ú\ÎIÛ©Ü�Ý
Ý�Ý�Í�ÆkÞSÊ;ß~ÊNàs×TÇ�Ñ~ß~Ç
Ö�Ê.Û³Ò)áfÈ�Ê.Ñ�â>Ê;ÊBã�×~Ç)Õ/Ô�ÉÏàÏã�ä/ß~Ç)Ñ�Ê|Ç)ãSÖ"ã-Ó�Õ�È3ÊBßTÒ)Ø
å ÓSÇ�ãIÑ�àÏæBÇ'Ñ~àËÒ
ã�ÈSà�Ñ�×;Í

çNè è)êGé ê#êGë±ìké³í³î�ï ð èGñ ò é è ë
ó ô�õªè�ìkõ7èXö�ê�÷uø;ù
é�êLè�ú é�êÞè�ú æ>íGè)ç é�êLè�ú ì è é�è)ç
r `�F+#G! r)x �f��!$#G! � � x ���W} º 5�@., r
x `�F+#G! r'v�x ����!$#G! x � x ���W} º 5�@., r «³��j^L ¯Wû º 5�@;, x «³K>j^L ¯
x `�F+#G! h r)x ��!$#G! � � x ���W} º 5�@., r «³ü�#+#&%'@ x FG�7,.! ¯|û º 5�@., x «³K�5�VN%'@ x FG�7,.! ¯
x `�F+#G! x h � ��!$#G! � � x ���W} º 5�@., r «³ü�#+#&%'@z��FG�7,.! ¯|û º 5�@., x «³K�5�VN%'@���FG�7,.! ¯
x `�F+#G! x h � ��!$#G! � � �����W} º 5�@., r
�3`�F+#G! x-v �S�f��!$#G! x � �����W} º 5�@., r «³��j^L ¯Wû º 5�@;, x «³K>j^L ¯
�3`�F+#G! r'v�x ����!$#G! � � �����W} º 5�@., r «³ü�#+#&%'@ x FG�7,.! ¯|û º 5�@., x «³K�5�VN%'@ x FG�7,.! ¯
�3`�F+#G! h r)x ��!$#G! � � �����W} º 5�@., r «³ü�#+#&%'@z��FG�7,.! ¯|û º 5�@., x «³K�5�VN%'@���FG�7,.! ¯

2�2�2 (G$'&M2�I�I�J94���0��������ÞKM���«���/0�N.OÞ���A�����3P)�/0�N��



���������
	��B����������«	����«�������/ "%$>&)(G*+����,.-��!�/��0A�ª23*V4��
-��76�"�&

ýnàÏä�Ó�ß~Ê/Ì�Í�ý�ß~Ò�ãIÑTþ-àËÊBâ±Ò�Ø&Ù�ÚNÎIÛ©Ü�Ý
Ý�ÝSÍ

ýnàËä
Ó�ß~ÊNÿ�Í���ÊuÇ)ßkþ-àËÊBâ�Ò)ØnÙ�Ú\ÎIÛ³Ü
Ý�Ý
Ý�Í&ý����\Ù±ÉÏÒ�ä
àÏÐ�àÏ×>ÊuÇ�×�àËÉ��
Ô�ß~Ò�ä
ß~Ç�Õ�ÕUÇ�È�ÉËÊ�â�à�Ñ~Þ�Ç	��Ò�Õ/ÔSÇ�Ð.Ñ~ýnÉsÇ�×�Þ�Ð;Ç�ß~Ö�

Ò
ßkÇ�ã��Ñ�Þ�ÊBß_Û
ã�Ê;Ñ�Ô�Ò�ß�Ñ>â�Þ�àsÐ�ÞQâ�àÏÉËÉ^È�Ê�Ê å ÓSàËÔ�Ô�ÊBÖ�Ç'Ø�Ñ~Ê;ß�Ñ�Þ�ÊNã�Ê��-ÑkÓ�Ô�ä
ß~Ç
Ö�Ê�Í
ÿ)Ý����)Û�����æ������+ÛRÒ
Ó�Ñ�Ô�Ó�ÑzÔ3Ò
ß_ÑWÇ�ãSÖ�ÿ)Ý����'Û����Tæ/àÏã�Ô�Ó�Ñ�Ô3Ò
ß_Ñ
Ç)ß~ÊUÖ�àÏß�ÊuÐ$Ñ�É���Ð;Ò�ã�ãSÊBÐ$Ñ~ÊBÖlàÏãlÕ/ÒI×�ÑWÐBÇ�×�ÊB×BÍiÿ)Ý����'Û����Tæ/ß~Ê.Ø7ÊBß_Û
Ê;ã3Ð.Êi×�àËä
ãSÇ)ÉkÐ;Ç�ã�È3Ê"Ö�às×�Ñ~ß�àÏÈ�Ó�Ñ~ÊBÖ�Ñ~Ò�Ò�Ñ�Þ�ÊBßWÓ�ã�àËÑ~×�È���ÓS×_àÏã�ä
Ñ�ÞSÊB×�ÊNÔ�Ò�ß�Ñ~×BÍ

AD
 

ATMEL
 

TS83102G0B
!

Analog
"

In
RF up to
3.3GHz
# 8bit

2Gbps

DMUX
AT84CS001
$

512 Mbps
x 4 x 8bits

Differential
ECL FPGA

Xilinx
Vertex II Pro

XC2VP40

64MHz x 32 LVDS

VSI port 1(2Gbps)

VSI port 2(2Gbps)

PLL

2GHz clk
%

10MHz
input
&

Configuration
'

Compact
'

flash
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TSUWV8XZY\[I]_^a`�^ab,^a[�b�cde^a`gfhIhIikjl`�d>c�monpX5qWrtsvu�m,w(x�cy�bzhIi�{}|>f~I�kb�w�^a`��Iw��a�Ic���j�]�],^a[I`v[I`�denp`�d�^a[I`
m�[Id�^+w?b�c�+c],y�wIu�c]�^a`�VtTS��n5[Iy�b,^a��^+b,^ac]���f��R��U3^+m�]�btwI�l]�c�m,��[�b,^+w�`�]tY�c�m,c�y�[�m,m�^acd�w�j>b�Y�^+b,��b,�>c��>c�au�wI���E��{
� b�c�m���^a`�[I�a]�[I`�dkb,�>cE���PTW�I \[I�+b�cy��k�\�+w�y,�¡n,n¢y�wIm,m�c�a[�b�wIm�kq.�>c`£^+b�y�w�`�b,^a`�j>cd£Y�^+b,�¤[¥],c�m�^+c]�wI�t]�w��a[�m
Y5^a`�d�m�[Id�^awoY�[��Ic¦c�§�u�c�m�^a�¨c`�b,]©[�m,m�[I`�ªIcd?x�w�^a`�b,�a«zY�^ab,�¬©s�X;�Wq.�>c¦ \[I`l[Id�^a[I`®s � ]�«�],b�c�¯[I`�d®¬8�5r�°�±
�Wc`�b,^ay�b�w�`²±³s � y�wIm,m,c�a[�b�wIm�YPc�m,c¢j�]�cd_d�j�m�^a`>ª�b,�>c©`>c�§�b�]�b,[�ªIc©wI�3b,�>c�ulm,w(xpcy�b�b,��[�b�[I�a�+w�YPcd_m,cy�c^+��^a`>ª¨b,�>c
´ m�]�bµTSUWVtXv^a��[�ªIc]LwI�²r�¶tX¢��q.��c.X5�3q·Vvnp`�b�c�m�`�c�bL�l[I]�cd¸[Iy�¹�j�^a]�^+b,^+w�`²±Ib�m�[I`l]��=c�mP[I`�d�y�wIm,m,c�0[�b,^+w�`�]�«�]�b�c�
�l[I]3�³c�c`¨jl]�cd¨],^a`�y�c � |I|���^0`�^0`��Ic]�b,^aª�[�b,^a`>ªtb,�>c5s�w��a[�mµ],«�]�b�c�º�³w�d�^+c]�Y�^+b,��`>c�Y¤VtTS��nWm�[Id�[�mLb�cy���`�^a¹�j>c]��
np` � |I|�»�±Pb,�>c ´ m�]�b¢T�UWV8X¼d>c�ab,[({RV8T��Pn;m�j�`�½wIm��z[�m�]�{}¾L§�u�m,c],]�^a`�b�c�m,ul�a[I`>c�b,[�m�«��¸^a],],^+w�`®y�w�`�b,^0`�j>cd®b,�>c
],c�m�^+c].wI�Lb,��c©c[�m��a^+c�m8]�ul[Iy�cy�m�[��½bt`�[��^+ª�[�b,^+w�`Ec�§�u�c�m�^a��c`�b,]�b,��[�b�Y�c�m,c;ulm,w�y�c]�]�cd_Y�^ab,�EX5n:�5U�n·y�wIm,m�c�a[�b�wIm
^0`¿X¢�PX5w���ªIwIm,w�dC�Àr��½b�c�m�b,�>cz��c�ª�^a`l`�^a`>ª�wI�©�a^a�¸^+b�cd¤wIu�c�m�[�b,^+w�`�]¸wI��b,�>czX5np��UWn}{Á�®y�wIm,m,c�0[�b�wIm�[I`�d�b,�>c
X8�3q·VÂy�wIm,m,c�0[�b�wIm�^a`¸X�wIb�w>±�b,�>c�T�UWV8Xey�w��¨u#�+c�b�cd¸b,��c��a[I]�b�`>cy�c],],[�m,«¨u#[�m,bµwI�²[©VtTS��nµ`>c�bÁYPwIm,�³±���[��^a`>ª
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[I�am,c[Id>«k[��[I^a�a[��#�+cz[¡]�c�b?wI�©m�[Id�^aw�b�c�+c],y�wIu�c]?y�w��a�a[���wIm�[�b,^0`>ª�½wIm�wI�#]�c�m,��[�b,^+w�`�]�±�]�y��>cd�jl�a^a`>ª�[I`ld¿u�w�]�bp{
ulm,w�y�c]�],^a`>ªoªIm,w�j�ul]�±3[I`�d[_b�cy���`>w��+wIªI«®d>c��Ic�+wIul�¨c`�b;b�c[I�_�_qSw�d�[«[z`>c�Y©±Wc`�b,^am,c�+«�d�^+ª�^+b,[I�L�#[Iy,��{Rc`�d
],«�]�b�c�¼�l[I]·��c�c`?c�a[���wIm�[�b�cdo[I`�do[¨`>c�YÂd>cdl^ay�[�b�cd_X8�Wq.VÃ]�wI�½b}Y\[�m,c;y�wIm,m�c�a[�b�wIm5^a]\j�`ld>c�m·d>c��Ic�+wIul�¨c`�b
�½wIm�[�dl^a]�b�m�^+�#j>b�cd¦y�wIm�m,c�a[�b,^+w�`oulm,w�y�c]�]��

ÄLBEÅ�Æ�Ç�È�É¸ÊÌË²FNKgH�ÍÎoÎzÏ

q.�>c�c�{}X8�Wq.VÐnp`�b�c�m�`>c�b.�l[I],cd_[Iy�¹�jl^a],^+b,^+w�`C±�b�m�[I`�]��½c�m.[I`�d_y�wIm,m,c�0[�b,^+w�`_]�«�]�b�c�Ñulm,w���^ad>c]·[��¸[(§�^a��j��
m�cy�wIm�d>cd¨],^+ª�`l[I���l[I`�d>Y�^0d>b,�;wI�³Ò�~t��Ó�ÔI±�Õlc�§�^a�l�+«;],y�[I�0[��l�+c·j>u¨b�w©�½c�Y¤��^0�+w��>c�m,b�ÔI�3q.�>c.]�«�]�b�c�g^a]3�#[I]�cd¨w�`
f5wIm � �l^+bP]�[I�¨ul�a^a`�ª;[�b\�l[I]�c8�l[I`�d��+c��Ic��±�Y�^+b,�¦�½j�m,b,�>c�mPdl[�b,[¢u#[Iy,��^a`>ª�[I`�d�m,cy�wIm�d�^a`�ª;b�w¨�� P{}dl^a]��¨[I] ´ �+c]
b,��m,w�j>ª���[od>cd�^ay�[�b�cd���w�[�m�d²±C[I`ld��l[I]�[¦u�w�],]�^+�l^a�a^ab}«?b�wob�m�[I`�]��½c�mtb,�>c��½jl�a��[I��w�j�`�b�wIm�u�wIm,b,^aw�`EwI��V8T���n
dl[�b,[¦^a`E`>c[�m5m�c[I�Sb,^a��c;b�w?[¸y�wIm,m,c�0[�b�wIm±²j�],^a`>ª�[�]�b,[I`�dl[�m�d_np`�b�c�m�`>c�b8y�w�`l`>cy�b,^+w�`£� � �R��X8�Wq.V�{Rb�c�m��¸^a`�[I�a]
[�m�c;y�j>m,m,c`�b,�+«�^a`�]�b,[I�a�acd�[�b5X�wIb�w>±³�Pc[�mtTS[��Ic]±lÖ�m�j���¹�^�±ls�^a�¨c^+ÔI±>[I`�dE¾µ��ul[�b�wIm�^a[���°tb,�>c�m.b�c�m���^0`�[I�a]�Y�^a�a�
��c;^0`�]�b,[I�a�+cdE^a`_�Njl],y���^0`>w�wIm©s�b,[�m�[«�[��Njl]�b}«�`¡×Ø�5j�],],^0[�Ù��\¬tj>m�^a`>ª � |I|�»�[�¶���s?m�cy�c^+�Ic�mtY�[I]8^a`�b�c�ªIm�[�b�cd
b�w¦X5�3q·V5{Rb�c�m���^a`l[I�a]·^a`?wIm�d>c�m�b�w¸],^a�¨u#�a^+�½«¨b,�>c;]�«�`�y���m,w�`�^+Ô[�b,^+w�`?wI�3b,�>c�m�cy�wIm�d>cdoVtTS��n·d�[�b,[��

rÚ`>c�Yg�#[Iy,�Ic`�d],«�]�b�c�¯��[I]���c�c`�d>c ´ `>cd��½wIm�b,�>c���[Idl[�m©V8T���n8`>c�bÁYPwIm��zwIu�c�m�[�b,^a`�ª�Y5^+b,�¥[I`¥^a��{
ulm,w��Icd?c�{}X8�3q·VÃm�cy�wIm�d�^a`>ª�b�c�m��¸^a`�[I���µs�j�y��?u�m,w�y�c],]�wIm±>`�[I�¨cd?m�¬8�\�. Û^a]\[��l�+ctb�w¨b�m�[I`l],�a[�b�ctb,�>c���U¡wIm
npUu�wIm,b,^aw�`�wI�C�l[I`ld²±�Y���c�m,c�b,�>c8m�[Id�[�m�cy���w�^0]Nc�§�u�cy�b�cd²±�b�w¢b,�>c8m,cy�wIm�d�c�m�.f5`l[�m,m,w�YÛ�l[I`�d�^a]Pj�]�cd��¨w�]�b
wI�\b,�>c¸b,^a�¨cI±W�lj>b�b,�>c¦b�c�m���^a`�[I�N^a]©[��l�+c¨b�w���[I`�d��ac¨u³wIm�b,^+w�`�]�wI�\�l[I`�dl]��=m�w��Üf � »_Ý;Ó�Ô�j>ub�w®fiE�zÓ5ÔI�
q��>c¨b�c�m���^a`l[I�L^a]�^a`�b�c�ªIm�[�b�cd�Y5^+b,��b,�>c¨m,cy�wIm�d�c�m¢[I`�d�¸[I`�[�ªIcdc��Ic`�m,c�¨wIb�c�+«I±3]�wob,��[�b©b,��c��=m�c¹�j>c`ly�«
],c�b�b,^a`>ª�]�±�w�j>b�ulj>b¦�¨w�d�c]�±�[I`ld¤b,�>c_m,cy�wIm�d�^a`>ªy�[I`¿�³cowIu�c�m�[�b�cd¿�=m�w��Þ[y�c`�b�m�[I�.u�w�^a`�b¨�=wIm¦b,�>c_c`�b,^+m,c
`�c�b}Y�wIm,�#��n:`�ulj>b3�l[I`�d�^0].f � ~;��Ó5ÔI±�]�u#[I`�`�^a`>ªt�½m,w��º|��af5�zÓ5Ô5j>u¸b�w � �!Ò�¶�Ó�ÔI±�]�w©b,��[�b·s��l[I`�d¸^a]µd�^+m�cy�b,�+«
d�w�Y�`¥y�w�`��Ic�m,b�cd²�¨r8`�«zwIb,�>c�m;��^+ª���c�m8wI�#]�c�m,��^a`>ª��l[I`�],d¥`>c�cd�b,��c`�b�wo�³c¨y�w�`��Ic�m,b�cd�^0`�[I`�«�u³wIm�b,^+w�`�wI�
b,�l^a]NY5^ad>ct^a`�b�c�m��([I����rÂ�Ic�m�«¦y�w��¨ul[Iy�b�V8T��PnPb�c�m���^a`l[I�#^a]\]�w�wI��b,[I^0`>cd?^a`?[¦ß']�^a`>ª��+c8��w§�ß+±��l[��^a`>ª¨[I]·^a`>ulj�b
b,��c5]���«���U¿×½��c�+w�Y � �!Ò�¶tÓ5Ô�ÙP[I`�d¸[I]�w�j>b�ulj�bµb,�>ct`>c�b}Y�wIm,�¸y�w�`�`�cy�b,^+w�`²±��=wIm���wIb,�¸��[I`�[�ª�^0`>ª;b,�>ct]�«�]�b�c�
[I`ld¤d�[�b,[¥b�m�[I`�],�=c�m�¤àv�>c`£b,�>cz`>c�b�y�w�`�`>cy�b,^+w�`¿^a]�`>wIb¨�Ø[I]�b¨c`>w�j>ª��C±Pb,�>c_dl^a]���m�cy�wIm�d�^a`>ª¥[Iy�b,]¦[I]¸[I`
c�ac�¨c`�b,[�m�«��#j�á³c�m��

q.�>ctb,�>m,c�c©��[I^0`?c�+c�¨c`�b,].[�m,c�b,�>c`_y�w�`l`>cy�b�cdob�w��½m,w��¼[¨],^a`�ª��+c�]�«�],b�c�o±�[¨d�^+ª�^+b,[I��d�[�b,[�u�m,w�y�c],]�wIm±
[¢d�^+ª�^+b,[I�ld�^a]���m,cy�wIm�d>c�m�±�[I`�^a`�d�j�],b�m�^a[I���� 8��¾L§�b�c�m�`�[I��c�ac�¨c`�b,]P[�m,cIâµ[;X8��¾NrÀ¶t�\s�m,cy�c^+�Ic�m�Y�^+b,�¸]�c�m�^a[I�
y�w�`l`>cy�b,^+w�`²±lÓ�{}��[I]�c�m5y��+w�y,�o[I`�d�f��N��s�±���U£y�w���^a`>ª¨�½m,w��¼b,��c;[I`�b�c`l`�[��

rÃ`>c�YÃd>cd�^ay�[�b�cd_],wI�=bÁY�[�m,c¢y�wIm,m,c�a[�b�wIm8^a]·j�`�d>c�m.d�c��Ic�+wIul�¨c`�b�±l],��[�m�^a`>ª¨�¨wIm,c�u�m�w�y�c],],c].[I�¨w�`>ª¸dl^+�0{
�½c�m,c`�bµ�� ®ul�0[�b��=wIm��¸]L[I`�d¨��c^a`>ª8�l[I]�c�a^0`>c·d>c�u�c`�d>c`�b��WrÛ],^a�¨u#�a^ ´ y�[�b,^+w�`¢[I`�d�y�wIm,m�c�a[�b,^+w�`�b,^a�¨c·m�cd�j�y�b,^+w�`
Y5^a�a�²y�w��¨c¢�=m,w��ãb,�>c¢^0`�b�m,w�d�j�y�b,^aw�`owI�L[I`z^a`l^+b,^a[I��u�m,c�ulm,w�y�c]�],^a`>ª¨^a`Eb,�>c¢[Iy�¹�j�^a],^ab,^+w�`o]�b,[�b,^+w�`z��c��=wIm,c¢]�c`�d�{
^0`>ª�dl[�b,[?b�wob,�>c¨y�wIm,m,c�a[�b�wIm��q.�>c�u�m,c�ulm,w�y�c]�],^a`>ª?]�b�c�u^a]8u�c�m,�½wIm��¨cd�Y�^+b,��^0`_b,�>c¨[Iy�¹�j�^a],^+b,^aw�`�y�w���ulj>b�c�m
b,[���^a`>ª_^0`�b�w_[Iy�y�w�j�`�b¢[I`�^a`>ulj>b ´ �ac�y�w�`�b,[I^a`�^0`>ªob,�>c�[({Ru�m�^awIm,«zc�§�u�cy�b�cd�½m,c¹�j>c`�y�«EwI�\b,�>c¨cy��>wz]�^+ª�`�[I�a]��
rÀy�w��¨ul�+c�§?UWU3qv^a]�u�c�m,�½wIm��¨cd¦Y�^+b,����^+ª����=m�c¹�j>c`ly�«�m,c]�w��aj�b,^+w�`�×Ø|��'|>f»�Ó�Ô�ÙP[I`�d�w�`��+«¦d�[�b,[�[�m,w�j�`�d¦b,�>c
jl]�c��½jl�N],^+ª�`l[I�P[�m,c��Ic�u�b�b�w���c¸b�m�[I`�],�=c�m,m�cd��½wIm¨y�wIm,m,c�a[�b,^+w�`C��q.��c¦b�wIb,[I�·d�[�b,[�m,cdlj�y�b,^+w�`¡y�[I`¡[Iy���^+c��Ico[
�Ø[Iy�b�wIm�wI�·f�|I|I|�âaf¢d>c�u�c`�d�^a`>ª�w�`_b,��c�cy��>w¦�=m,c¹�j>c`�y�«?]�u�m�c[Id²�

äLB¥åWJ�æRË�HEçèQ}FNKÃÊ�é5Î?D¸Æ�È�Ë²KNQ}JÂå3JSMNFPKNQ}FNêvJCë¨Ï�Q}H�O>MNìví(JSæ}Ë³HEî¦æRË²í�ìÛË

rº]�c�m�^+c]8wI�Pc�§�u�c�m�^a��c`�b,]5w�`�V8T���n.m�[Id�^+w�u�m,wI�#^a`>ª¸wI�P]�w��a[�mtY�^a`�dzul�a[I]���[�Y\[I]�y�[�m,m�^+cd�w�j>bt[�b¢ 8±�T
[I`ld��v�#[I`�d�]5�=m,w��ïfhIhI~�{ � |I|�»��¨rºVtTS��n8[�m,m�[«zm,cy�c^+�Icd�b,�>c�m�[Id�^aw¦c��^0],],^+w�`zwI�µc�§�b�m�[�ª�[I�a[Iy�b,^ay�],w�j>m�y�c]
�aw�y�[�b�cd¢[�bSd�^�á�c�m,c`�bC[I`>ª�j��a[�mSdl^a]�b,[I`�y�c]²�½m,w��eb,��cPs�j�`�×���{�f��|�ð�Ù²[��=b�c�m�u�m,wIul[�ª�[�b,^+w�`;b,�>m,w�j>ª��©b,�>cLb,j>m,�ljl�+c`�b
y�^am�y�j���]�w��0[�m¦ul�0[I],��[��ñ �wIm,m,c�0[�b,^+w�`ÛwI�;m,cy�wIm�d�cdÛdl[�b,[®Y\[I]oy�[�m,m�^acd�w�j�b?^0`��Wc`�b,^ay�b�w�`eY�^+b,�ÛX5n:�5U�nÁ{Á�
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ó³ôöõ�÷�ø:ù.ú�û�ü�ý�þpý�ý�ÿ��(÷�ô��}ô þÁô����	�
���·û�Ró?ÿ����8ô���õ��aø����¿þ���ùPø:ù�ÿ�ù�ô���ù�øCô�������������ÿ�������ù�øÁþÁù��8÷
�}ô���õ·þ���ùNøpü ���"!�ÿ�������ù�ø}þ:ù�ø
��#�ù�ø:ýþÁô���õ�ô$�¦þ���ù©ø:ý���õ�ù	%�ûöú��'&Iû (�%�%*),+.-�/0����ù�ø:ù8þ'�1�2��ýþ:ý�ÿ3��ý4�
��ù�5��6�4�7��ýø:ôöý�895 ù:8�ý��
���Lô���þ��_ý�øÁù	�}ù;5 ù�ÿ�þ:ù;�¦þ��28�ù
þ:ø:ý��
�<�aù�ø:øÁù��;þ��©þ���ù5ü�ý�þpý*=Nÿ;�(÷�ô��Áô þÁô����2�	���I÷95öù�û6>?��ù@��øNþ'�1�A8�ô þ6��ý�þpý;ýø:ù@�}þ���ø:ù;�B���C�Iô��<D�ý4�E�,�}ù;�(þNþ���ø���÷�õ���þ���ù
F�(þ:ù�ø���ù,þ�ûAG3ô$�tùH�<I���ÿ3��ø�����ô$-�ý�þ:ô$���¸ô��.ý����}÷�øÁù��,8�I¸ýB�Iù;��ôöÿ�ý�þÁù��KJ6L1M¸øÁù�ÿ,ù�ô���ù�ø�ûHG7��ù8þ:ù�ø��8ô���ý�5Cô��N�Áù,þ·þ���ø���÷�õ��¸þ���ù
F�(þ:ù�ø���ù,þµÿ����9��ù�ÿ�þÁô����O�P��ø"�a÷95$5�I;ø:ù��	��þÁù6��#�ù�øpý�þ:ô$���
��û

ulm,w�y�c]�]�wIm�]��¦Vµ[I�aj>c�wI�.]�w��0[�m©Y�^a`�d��Ic�aw�y�^+bÁ«RQ [I`�d[I`�^0`�d>c�§�wI�\],ul[�b,^a[I�µ]�u�cy�b�m�jl� wI�\c�+cy�b�m,w�`¡d>c`�],^+bÁ«
Õ³j�y�b,j�[�b,^+w�`�]TS�y�w�j��0d���c.wI��b,[I^a`�cd���«�[;]�u�cy�b�m�[I�#[I`�[I�+«�],^a]µwI�²b,��c5y�wIm,m,c�0[�b�cd¦],^aª�`�[I�a]���f��R�µ¬t^a],b�m�^+�lj>b,^aw�`�wI�
�0[�m,ªIc�{}],y�[I�+c¨^a`�b�c`�],^+�Ic�^+m,m�c�ª�j��a[�m�^+b,^ac]·wI�µc�+cy�b�m,w�`¥d�c`�],^+bÁ«_^a]td>c�m�^+�Icdz�=m�w�� b,��c¢��[�m�^a[�b,^+w�`l]�wI��]�u�cy�b�m�j��oß']
Y5^ad>b,�²±�[I`�d�d�^a]�b�m�^+�lj>b,^+w�`twI�#b,�>c�YPc[���],��[I�a�+{}],y�[I�+cP^am,m,c�ª�j��a[�m�^+b,^+c]S�¸[«;��c�j�`�d>c�m�],b�w�w�d;�½m,w��Ãb,�>c·]�u�cy�b�m�j��
U Y5^a`>ª�] U ],�l[�u³c]�µq.�>c�T²{R�l[I`ldon:X8qWrts�|I|�� �¨c�§�u�c�m�^a��c`�b;×Ø��c[�m5T�[��Ic]5�3q\{Ái(Ò>±#X�wIb�w��Wq·{Á� � ±�¶t���3q\{RÒ�»�±
Ó8[�m,b,�5r�° �Wq·{ � i�±�s���[I`>ª��l[I^P�3q\{ � »�±��Nj�],y���^a`>wz�Wq·{ �I� Ù�[I�a�+w�Y�cd¡b�w¥�¨c[I],j>m,c�b,�>c��([I�0j>c]�wI�:Q [I`�dVS
�½m,w��ïwI�l],c�m,�([�b,^aw�`�]¨wI��i�]�w�j>m�y�c]�w�`¿���#[I]�c�a^a`>c]â���c[�m¦T�[��Ic]�W�Ó8[�m,b,��r�°�±���c[�m¦TS[��Ic]3W�X�wIb�w>±.X5wIb�wXW
Ó8[�m,b,�5r�°��³U3^+ª�j�m,c � d�c�¨w�`�]�b�m�[�b�c]5b,�>c�],[I�¨ul�+c]�wI�Lu�w�Y�c�m8]�u�cy�b�m�jl��]·wI�Lb,�>c�^a`�b�c�m��=c�m,w���c�b�m,«om,c]�u�w�`�]�c
w�`¸b,�>c¢f»�f�Ò?Y � Ò�ft]�w�j�m�y�c�c��^0],],^+w�`¨�+w�y�[�b�cd�[�bP[I`>ª�j��0[�mNd�^a]�b,[I`ly�c.wI�µf�Ò¢d>c�ªIm�c�c]N�½m,w��ºb,��c8s�j�`²�WVLc�+w�y�^+b}«
wI�C],w��a[�mPY5^a`�d�Y\[I]�d�c�b�c�m���^a`>cd���«¨�½m,c¹�j>c`�y�«CZ?wI�C]�u�cy�b�m�jl�º��m,c[���u�w�^a`�b,]N[Iy�y�wIm�dl^a`>ª;b�w�b,�>c5c�§�u�m�c],],^+w�`
ZR[\Q ]�^®×_^_{·�l[I]�c�0^a`>c;ulm,w(xpcy�b,^aw�`�w�`�Y�[��Ic�{R�=m,w�`�b�Ù���q.�>c�[�Ic�m�[�ªIc¸��[I�aj>c�wI��]�w��0[�m8Y5^a`�dzY�[I]�c],b,^a��[�b�cd
[I]CQ`[ �(Ò �Oa f�b�Ý©���(]��¥¾µ��[I�aj�[�b,^+w�`�]�wI�.b,��c?],u³cy�b�m�[I��^0`�d>c�§KS¤YPc�m�c?y�[�m�m�^+cd®w�j>b¨[Iy�y�wIm�d�^a`>ª�b�w¥b,�>c
]��+wIu�c�wI�Lb,�>c;^a`�b�c�m,�½c�m,w��¨c�b�c�mt],^+ª�`�[I�C],u³cy�b�m�j��o�\q.�>c;[��Ic�m�[�ªIc��([I�aj�c©wI�3b,�>c¢]�u�cy�b�m�[I��^a`�d>c�§cS�^0]·c¹�jl[I�Cb�w
Sd[Ú�I»9b a |fe'|I|�i��¸nÁb©^a]8b,�>c ´ m�]�btb,^a�¨c¨b,��[�b�b,��c¨ul[�m�[I�¨c�b�c�m�]cQÑ[I`�dgS®YPc�m,c¨c���[I�aj�[�b�cd�^a`�d>c�u�c`�d>c`�b,�+«
wI�t^+m,m�c�ª�j��a[�m�^+b,^ac];],y�[I�+c]±�y�w��¨u#[�m�[��l�+c?Y�^+b,�¡�l[I],c�a^a`>c?�+c`>ªIb,��]��½m,w�� � |I|I|�b�w�h�|I|I|¥���_�¡q.��c�wI�lb,[I^a`>cd
m�c],j��+b,]3y�w�` ´ m��¨cd�b,�>c.[Id�[�u�b,[��#^a�a^+bÁ«;wI�³b,�>c U �=m�c�c�Ô^a`>ª�{}^a`¨��«�u�wIb,�>c]�^a] U [I`�d¨Ý�w��a�¨wIªIwIm�w���u�w�Y�c�mN]�u�cy�b�m�j��
�½wIm¨b,�>c_d>c]�y�m�^+u�b,^+w�`¡wI�8]�ul[�b,^+w�{Rb�c�¨u�wIm�[I�.�([�m�^0[�b,^+w�`�]�^a`£]�w��a[�m�Y5^a`�d®w�`k�a[�m,ªIcod�^a],b,[I`�y�c]��=m�w�� b,�>cEs�j�`
hji¿Ò�|�hlke×mh*kÃ{N]�w��0[�m.m�[Id�^ajl]�Ù��

nNBporqÇ È�Ålí�MNæRGIí?JSë;D�Ç¡É	o®å7sTsµB=äutcv�w·Å�H�QÁì�Å#FSG

q.�>ctn:X8qWrts�|I|�� ��c�§�u�c�m�^a�¨c`�b·�a[I]�b�cdo[���w�j>b.»�|¨�>w�j>m�]�^0`¦u�c�m�^aw�d � ~��afIf�� hIh�{N|>f��af � � hIh¸[�b.�+c��=bp{}y�^am�y�j��a[�m
u�w��a[�m�^+Ô[�b,^+w�`²��¾N[Iy��£]�w�j�m�y�c?Y�[I]�wI�l]�c�m��Icd¡^0`¡»�W�i�],y�[I`�]�wI�5��|���^0`�j>b�c]�zq.�>c�VtTS��n;d�[�b,[�wI�5~z�zÓ5Ô
�#[I`�d>Y�^ad�b,��Y�^+b,�Ef�{R�#^+bN],[I�¨u#�a^a`>ª�Y\[I]Nm�cy�wIm�d>cd�j�],^a`>ª�b,��c� \[I`l[Id�^a[I`¦s � ]�«�]�b�c�Ú[I`ld�b,�>c`�y�wIm,m,c�a[�b�cd�^a`
�Wc`�b,^ay�b�w�`�[�b � »Ii�]�u�cy�b�m�[I�Wy��l[I`�`>c�a]�±#c[Iy����f�� � »¦��Ó�Ô�Y�^+b,� � ]t^a`�b�c�ªIm�[�b,^+w�`zb,^a�¨c¢�=wImtr�¶tX8]�[I`�dz|��af�]
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�2�Wù�ý�ø
|#ý4D�ù;�<�m+PýøÁþ��"=.>�~0øÁôöõ��(þ"�}ô��Iù���8�ý��Áù�5öô$��ù;�

�½wIm\]�w��a[�m\Y�^a`�d¸]�w�j>m�y�c]��µq��>c5d�[�b,[�[I`�[I�a«�],^0]�±�cd�^ab,^a`>ª>±�[I`ld¦y�[I�a^a��m�[�b,^+w�`¸YPc�m,c�d>w�`�c5j�],^0`>ª;]�b,[I`�dl[�m�d¦r5np��s
ulm,w�y�cdlj>m,c]���¶t[I^a`�y�j>m,�Ic]t[I`�d�]�«�],b�c� b�c��u³c�m�[�b,j>m,c]t�¨c[I],j>m�cdE�½wImtc[Iy���ul[�m,b,^0y�^+ul[�b,^a`>ª¦[I`�b�c`�`l[¸Y�c�m,c
jl]�cdE�½wIm�[I�¨ul�a^ab,j�d>c¢y�[I�0^+��m�[�b,^+w�`EwI�Nb,�>c�VtTS��n5d�[�b,[��©q��>c¢ulm�^a��[�m,«ou#��[I]�c�y�[I�a^+��m�[�b,^aw�`_Y\[I]�d>w�`>c�j�],^a`>ª
b,��c¦r5n:�\s¥b,[I]��®UW��n:X�¶ãY�^+b,��f � |�]�y�w��>c�m,c`�b�^a`�b�c�ªIm�[�b,^+w�`¡b,^a�¨cI±3Y�^+b,�®],j>�l]�c¹�j>c`�b©ul��[I],c¦y�wIm,m,cy�b,^aw�`�]
�½wIm¨b,�>com,c]�^ad�j�[I��d>c�a[�«�]¨�½wIm¨b,�>coc`�b,^+m,c?b,^a�¨cowI�5b,�>coc�§�u³c�m�^a�¨c`�b�jl],^a`>ª���c[�m¸TS[��Ic]¦[I]�b,�>com,c��½c�m,c`�y�c
[I`�b�c`�`�[��µq��>c5^a�¸[�ª�^a`>ª©Y\[I]�u³c�m��=wIm���cd¸^a`�¬8npU3�zr8�W��rÂu³w�^0`�bN],w�j>m�y�c5[�b�b,�>c8ul��[I]�c8y�c`�b�c�m\Y\[I]\[�u�ul�a^+cd
�½wIm©b,�>c�^0`�^+b,^a[I�W�¨w�d>c�a]�^a`�b,�>c���«���m�^ad���[�u�u#^a`>ª>��UW^aª�j>m,c¸�?u�m�c]�c`�b,];y�w�`�]�b�m�j�y�b�cdV8T��PntTSTC{}^a��[�ªIc];wI�
�\TkT�[Iy�wI��xpcy�b¨f�Ò�f~9��»(Ò�i®×m�g[º|feaf» � Ùt[I`�d�[?¹�j�[I]�[�m¢ \q�rãf�| � ×m��[ f�e'|��9bIÙ�����wIb,�]�w�j>m�y�c]5m�c��Ic[I�+cd
w�`�c�{}],^ad>cd?y�wIm,c�{�x�c�b.]�b�m�j�y�b,j�m,c�×½��cy�[Ij�],c8wI�W¬8wIu�ul�+c�m\��w�w�],b,^a`>ª�ÙµY�^+b,��[�u³w�]�^+b,^+w�`¸[I`�ª��+ctwI�Pf � | ð [I`�d�f�Ò�» ð ±
[I`ld¸Y�^ab,�¸c]�b,^0��[�b�cd?��m�^+ª���b,`>c],]Pb�c�¨u�c�m�[�b,j>m�c]PwI�Pf�e �@��f�| �@��� [I`�do»�e hN��f�| �@��� �½wImtf�Ò�f~9�©»(Ò�i¨[I`�d_ \qWr
f�| � ±#m,c]�u�cy�b,^+�Ic�+«I�
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q.�>c�d>c�+b,[({RVtTS��ntb�cy��l`�^a¹�j>c¸[I�a�+w�Y�]�b�wE�0^a`>�Eb,��c�]���«�u�w�],^+b,^aw�`�wI��[_��c[I],j>m,cd¥wI�>xpcy�b¢Y�^+b,��b,�>c�u�w�{
]�^+b,^+w�`�wI�P[oy��+w�],c�n, \�5U�¹�j�[I],[�m�w�`�b,�>c�y�c�ac]�b,^a[I�3]�ul�>c�m�c�b�wom�cy�w�`�]�b�m�j�y�btb,�>c¨wIm��l^+b8wI��[I`�wI��x�cy�b©^a`�b,�>c
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ö¨êÍýÄêÍîÍì5û&î�ü"��øHü"ç¨û�æAïEéPì5éPêÍë�ñ:R c>=E�ñ:R c>�ø�H+êÍïÊýiæÁûPåjûPå�í�û�å�ïEå�ãKéPì5éPêÍùÁå�æÁð.éPø¨åiì5éPýiæAïEí�ø�å�ûPå�ìÁï~ýÄå�ìÁïPú¨ûPå�ç ÷"ü
û&ìÁç�ê�æAïEæAã�ç�å�ïqéPø�ìÁã êÍï^âyR ï�êÍã�ë�å{ñ�R A>�ø ý�ì�ÏÁå�ï+ú�ïEå�æÁð.ìÁîÍî�î�å�ùÁå�îµï^æÁðDéPø¨å�ì5éPýÄæAïEí�ø¨å�ûPå�í�ûPæ	ù"êµç¨å�çw÷"üwéPø¨å
95I�RÐ�^ø�êÍî�åÊâSR' 2øwú�ïPå�ï æAã�î�üºìÄïPêÍã¨äAîÍåÊîÍå�ùÁå�î�ÿ

�qø¨å�í�û�êÍýÄì5û�üÊç�êX�9å�û�å�ã�ë�å.÷#å�é��.å�å�ãjâSR' ìÁã�ç�ñ:R c> êÍï³éPø¨å ì�ù5ìÁêÍîÍì5÷�êÍîµê�é�üÁÿ³âyR êµï�í�û�æ"ç�ú�ë�å�ç{æAãjì+äAî�æÁ÷�ìÁî
äÁû&êÍç ìÁã�ç êµï~éPøHú�ï{ë�ìÁîÍë�ú�îµì5÷�î�åið�æÁû�ìÁãHü îÍæ"ë�ì5éPê�æAãbæAã éPø¨åºïPú¨ûPðNìÁë�åÄæÁð0éPø¨åC^.ì5ûPéPø����Rø�êÍî�åjñ�R' c>�ûPå��Hú�ê�ûPå�ï~ì
ïPå�í�ì5û�ì5éEå{ë�ìÁîÍë�ú�îÍì5éPê�æAã�æÁðéPø¨åní�ì5û�ìÁýÄå�éEå�û�ï ð�æÁûqå�ìÁë�ø êÍã�ç�ê�ùèêÍç�ú�ìÁî�î�æèë�ì5éPê�æAãZÿ� ¨æÁû^ñ+ò³ó�â.éPø�êµï ø�ìÁïqã¨æÁé ÷#å�å�ã ì
í�ûPæÁ÷�î�å�ý ÷9å�ë�ìÁú�ïEå�æÁð<éPø�å�ïPý�ìÁîÍî³ã"ú�ý�÷#å�ûRæÁðDïPêÍéEå�ï��9ïPæÉéPø¨å�ñ�R' c>�í�ì5û�ìÁýiå�éEå�û&ï+ø�ì�ùÁåj÷#å�å�ãÙë�ìÁîÍë�ú�îµì5éEå�ç ð�æÁû
ìÁîµî#ñ+ò³ó.â ïPêÍéEå�ï ð;û�æAý éPø¨å~å�ì5û�îÍêÍå�ïEé í#æAïPïPê�÷�îÍå+ú�ïPåÁÿ

8Êã éPø¨å�æÁéPø¨å�ûiø�ìÁã�ç��<éPø¨å ã"ú�ý�÷9å�û�æÁðÊô~õ�öÐïPê�éEå�ïiêÍï�ùÁå�ûPü îÍì5ûPäÁå ïEæ éPø¨å�ìÁýiæAú�ãHé�æÁð+ë�ìÁîÍë�ú�îÍì5éPêÍæAãÐð�æÁû
ñ�R A>{êÍï êÍã�ø�êÍ÷�ê�éPêÍã¨ä¨ÿ�@^ïRìÄë�æAã�ïEå��"ú¨å�ã�ë�å~ñ�R' c>�êÍï ì�ù5ìÁêÍîÍì5÷�îÍå~æAã�î�ü�ð�æÁûRìiïPú�÷�ïEå�é æÁðXôÊõ�ö�ï�ê�éEå�ïqìÁã�ç ìÁïRæÁð
éPø�êÍïc�qû�ê�éPêµã¨äjæAã�î�ü�ð�æÁû^ç�ì5éPìiéPì�ÏÁå�ãÙïPêµã�ë�ål��g"gi#CÆKìÁã±>5ÿXâ�ãwë�æAãHéEû�ìÁïEéRâSR ýÄì�ü�÷#ånë�ìÁîÍë�ú�îÍì5éEå�çwð;æÁûRìÁãHü ïPê�éEå
ð�æÁû ìÁãKü�å�í9æèë�øºïPêÍã�ë�å7>�;iM�;�ÆAìÁã�>5ÿ��qø�åRí#æAïPïPê�÷4î�åRë�æAã�ïEå��"ú¨å�ã�ë�å+æÁð�ú�ï�êÍã¨ä{éPø�å+î�æ��.å�û ìÁë�ë�ú¨û&ìÁë�ü�âSR' ±�RêÍîÍî¨÷#å
ïPå�å�ãwêÍãÙö"å�ë�éPê�æAã/�¨ÿ

=�I�Ì �;/<8+=�>�>&?q@���(�������¨*+���)���B�	- C¨���������E,7�B�	-�%



���������	�Z
³�������Í� �#��$ ��%�'(�	�����<*+��,7�������(-q�&�(,Ê�³�(�&�Ã67%���%8�����������-�6

ÑD×QÒÉÝ-º_Ó.á�Úe09ÛÁá�Ý�Ú Ý}Ôl¹ ÛiºÅÝ-1	¼�,e(�Üi(�0ZÚDÞ¯ÕQ(�Ý-º�(¨ÛÁÜKá�à±. ÚDà�(�ÜAÛ�0Zá)Ú�ÛAá�(21

�qø¨ånå�ûPû�æÁû�ïRç�ú�å~éEæÉéPø¨å{é���æºë�æAýií#å�éPêÍã�ä�ë�ø¨æAêµë�å�ï^ì5ûPå�ú�ã�ë�æÁûPû�å�îÍì5éEå�ç���ïEæÉéPø¨å{éEæÁéPìÁî³å��#å�ë�é5�RêµîÍî#÷#ånë�î�æAïEå
éEæÙéPø¨åC�"ú�ìÁç¨û�ì5éPêÍëiï�ú�ý ÿ?@+ã å�W¨ìÁýií�î�åÄêÍï{ïPø¨æ��^ã êÍãQ 2ê�äAú¨ûPå$�F�³ð;æÁûiôÊêÍîÍë�û�å�å�Ï4ÿC@+ã êÍýÄí9æÁû�éPìÁãKé~ûPå�ï�ú�î�é~ë�ìÁã
÷#å�ïPå�å�ã ð�ûPæAý éPø�êµï3Y�äAú¨û�å"Ö�ìÁï�éPø¨åÉì7ùÁå�û�ì5äÁå�äÁå�æAýiå�éEû�êÍë�å�ûPûPæÁû{æ	ùÁå�ûiìÁîÍîXå�î�å�ù5ì5éPê�æAã�ï�ç¨å�ë�ûPå�ìÁïEå�ï��2ê�ÿÃåÁÿ�ìÁï�ìÁã
ìÁãHéEå�ã�ã�ìÄ÷9å�ë�æAýÄå�ïqýiæÁûPå{ïPå�ã�ïPê�éPê�ùÁå"�¨éPø�å~æÁí�éPêÍý�ú�ýlýÄêÍã�êÍý�ú�ýyå�î�å�ù5ì5éPê�æAã êÍã�ë�ûPå�ìÁïEå�ï�ÿ
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GILCREEK 65°

24hr+NMF
24hr+GMF
24hr+IMF
24hr+VMF1
24 hr sol’n

qsrut�viwyx��O{�Èex�rut�~	�avn�n��x�w��S��ru���+�5����w!×Aru�u��w�x�x�£3���a����vi�n����ru���[������r��nr��5vi�\��Øn��x�w � x���x��ux � ���yr����3 !~ix��7�����<Øiru�iru�it���~nx
x�Ù�x��ª�S�����J��~nxl¨����`~i��viw���x�����ru���o����wy�����}vi�n��x�w��y��r��	�+�C���n�¥��~ix3�3���i�iru�it���vi�n����ru���=x�wywy��w�{7���¥��~ixK�ux��Í�<��~ixKx�Ù�x��ª�S�
��w�x���~i�� !������w�x����S~������y���2�3���i�nr��itl��vi�n����ru���C���n������we��~ix5t�x�����x��yw�rX�cvi�n��x�w��y��ru�	�+��{A���?��~ix5w�rut�~	���y~ix<x�Ù�x��ª�y�A��wyx
�����5Øir��nx��7É�vO���"wS���yru�����u����Ú	��~ix<¨����`~i��vnw�vn�n��x�w��S��ru���+�3rX�!ru�n���uvn�"x��[����w!wyx���x�wyx��O��x������y~ix����� �x�����ËÌ�i����~ix��nÎ��ur��ix�{

�qø¨ånéEæÁéPìÁî2ë�æAý�÷�êÍã¨å�ç ú�ã�ë�å�ûPéPìÁêÍãHéPê�å�ï^ì5ûPå�ï�ø¨æ��Rã êÍã/ 2ê�äAú�ûPå[#ið�æÁû+é���æºìÁãHéEå�ã�ã�ìÁï+éPø�ì5é+ø�ì�ùÁå�ûPå�îÍì5éPê�ùÁå�îÍü
îÍæ�� ìÁã�ç ø�ê�äAø ïEå�ã�ïPêÍéPê�ù"êÍéPê�å�ïjð;æÁûºå�ìÁë�øÅæÁð~éPø¨å ð;æAú�ûÉýÄì5í�í4êÍã¨ä ðNú�ã�ë�éPê�æAã�ï�ÿ��Rø¨å'�	��
�ø¨æAú¨û�ïEå�ïPï�ê�æAã ø¨å�êÍäAøKé
ú�ã�ë�å�ûPéPìÁêÍãHé�ü»E�éPø�å¥D5äÁå�æAýiå�éEû&êÍë�D ú�ã�ë�å�ûPéPìÁêÍãHé�ü�H{êÍï�ìÁîµïEæ ïPø�æ��RãZÿ â)éjêÍï�ì5í�í�ì5ûPå�ãHé{éPø�ì5éjý�ì�Ï"êÍã�äÙú�ïEåºæÁð éPø¨å
95I�RZ
�÷�ìÁïPå�çiýÄì5í�í�êÍã�äRðNú�ã�ë�éPê�æAã�ïïPø¨æAú�îÍçnûPå�ï�ú�î�é2êÍã�ï�ýÄìÁîÍî�å�û2ø¨å�ê�äAøHéú�ã�ë�å�ûPéPìÁêÍãHéPê�å�ïð;æÁû<ìÁîÍîH÷�ú¨ééPø¨åc��å�ì�ÏÁå�ïEé
ìÁãHéEå�ã�ã�ì�E`Û~æ"ÏÁå�å�H&ÿÀ �ú¨ûPéPø¨å�û�ýÄæÁûPå ú�ïPêÍã¨äÐñ:R c> í�ûPæ7ùèêÍç¨å�ïÉ÷#å�éEéEå�ûºí�ûPå�ë�êÍïPê�æAã éPø�ìÁãÅâyR }ð�æÁû�éPø¨å ýiæÁûPå
ïPå�ã�ïPê�éPê�ùÁå�ìÁãKéEå�ã�ã�ìÁï�ÿ3 2êÍã�ìÁîÍî�ü"�9ê�ð<ñ�R' c>jêÍï+ú�ïEå�ç��Zç�ì5éPìºç¨æ��^ã éEæ=#"L{å�î�å�ù(ì5éPêÍæAã ï�ø¨æAú�îÍçÙ÷9åjïPë&ø¨å�ç�ú�î�å�ç ìÁã�ç
êµã�ë�îÍú�ç¨å�çºêÍã�éPø¨å�ïEæAîÍú¨éPê�æAãÂÿ

@^ïÄêµã�ç�êÍë�ì5éEå�ç ì5÷#æ7ùÁåÙêµã ö"å�ë�éPê�æAã_����éPø¨åwë�æAãKùÁå�û&ïPê�æAã ð�ûPæAý ç¨å�îµì�übå�û�ûPæÁû�ì5éiéPø¨åwî�æ��.å�ïPéÄå�î�å�ù5ì5éPê�æAã éEæ
ø�å�ê�äAøKé+ú�ã�ë�å�ûPéPìÁêµãKé)üÙêÍï+êÍã êÍéPïEå�î�ð<ú�ã�ë�å�ûPéPìÁêµã��4í#å�û�ø�ì5í�ïq÷"üÙìÁïÊý�ú�ë�ø ìÁï3�"#imºÿ~ö¨êÍã�ë�å{éPø�å�å��#å�ë�éPï~ì5ûPåjìÁç�ç¨å�ç
�"ú�ìÁç¨û&ì5éPêÍë�ìÁîÍî�üiìÁã�çÉéPø¨å^ý�êÍã�êÍý�ú�ý æÁðÂéPø�åRûPå�ïPú�î�éPìÁãKé0ïEí�ìÁã�ïDïEå�ùÁå�û�ìÁî#ç¨å�äÁû�å�å�ï�êµãÄå�î�å�ù5ì5éPê�æAã��¨ìÁã�çºïPêÍã�ë�åRéPø¨å�ûPå
ì5û�å�îÍêÍÏÁå�îÍüÉéEæº÷#ånæÁéPø¨å�û+å�ûPûPæÁû�ï^éPø�ì5é^ø�ì�ùÁåjã¨æÁéR÷#å�å�ãÙêµã�ë�îÍú�ç¨å�ç}�¨éPø�êÍïRîµìÁë�Ï æÁð<í�ûPå�ë�êµïPê�æAãwïPø�æAú�îÍçwã¨æÁé+ø�ì�ùÁåjì
ï�ê�äAã�êXY4ë�ìÁãHé êÍýií�ìÁë�é æAãwéPø¨å{ë�ø�æAêÍë�ånæÁð<ýÄêÍã�êµý�ú�ý¥å�î�å�ù5ì5éPê�æAãZÿ

â)éÄêÍïiêµýií#æÁûPéPìÁãKéjéEæbã�æÁéEåwéPø�ì5éÄéPø¨å æAã�î�ü±�0ì�ü éEæ ûPå�ç�ú�ë�å éPø¨åwë�æAý�÷�êÍã¨å�ç ø¨å�êÍäAøKéÄú�ã�ë�å�ûPéPìÁêÍãHé�ü êÍïj÷"ü
û�å�ç�ú�ë�êÍã¨äÊéPø¨å^í#å�ûª
�ïEå�ïPïPêÍæAãiú�ã�ë�å�ûPéPìÁêÍãHé�üÁÿ��Rø�êÍïJ�RêÍîµîèí9å�û&ýÄê�é2û�ìÁêÍïPêµã¨äÊéPø¨åRýÄêÍã�êÍý�ú�ý å�î�å�ù(ì5éPêÍæAã�ìÁã�çiû�å�ç�ú�ë�êÍã¨ä
éPø�å�û�å�îÍì5éPê�ùÁå0ë�æAãKéEû�êÍ÷�ú¨éPê�æAã�æÁð�éPø¨å ì5éPýiæAïPí�ø¨å�ûPå ýiæèç¨å�îÍêÍã�äqå�ûPûPæÁû�ÿ!�qø�êÍï�ýÄì7ü�ìÁîÍûPå�ìÁç¨ün÷#å�éPø¨å ë�ìÁïEå0ð;æÁû<ûPå�ë�å�ãHé
ïPå�ïPïPê�æAã�ïïPú�ë&ø�ìÁïe6<8�95�<gi#qæÁû2ð�æÁûéPø�åAG5Ü ñ ïEå�û&ê�å�ï��ÁìÁã�ç�éPø�êÍïìÁã�ìÁî�üèïPêÍïïPø¨æAú�îÍç{÷#å.ì5í�í�îµê�å�çnéEæÊéPø¨å0ìÁãKéEå�ã�ã�ìÁï
ð�æÁû~å�ìÁë�ø é�ü"í9åiæÁð�ïEå�ïPïPêÍæAã ê�ðXéPø¨åjí#å�ûª
�ïEå�ïPï�ê�æAã ø¨å�ê�äAøHéÊú�ã�ë�å�ûPéPìÁêÍãHéPê�å�ï~ì5ûPåiç�êX�#å�ûPå�ãHé�ÿ¥E�â�ç¨å�ìÁîÍî�ü éPø¨åiìÁã�ìÁî�üèïPêÍï
��æAú�îÍçw÷9å�ýÄìÁç¨ånð�æÁû^å�ìÁë&ø ïPå�ïPïPê�æAã��4÷�ú¨é éPø�ì5éÊêÍï í�ûPæÁ÷�ì5÷�î�ü�ã¨æÁé�ÝEú�ïPéPêXY�å�ç�÷#å�ë�ìÁú�ïEå�æÁðéPø�å�ú�ã�ë�å�û�éPìÁêÍãKéPêÍå�ïRêÍã
éPø�ånýiå�éPø¨æèçZÿ�H
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KOKEE    22.1°
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24 hr sol’n
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LA−VLBA  35.8°

NMF
GMF
IMF
VMF1
24 hr sol’n
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��ru�iru�<vi�ã��Øn��x�w � x��7x��ux � ���yr����[����w!��~nx5�����<Øiru�ix��[x�Ù�x��ª�S�������y~ix5¨����§~n��viw���x��y��ru���7����w��3���2~ix�rut�~	��vi�n��x�w��y��r��	�+�[���n�
�y~ix��3���i�nr��it:��vi�O�ª��ru����x�w�wy��w�{

ä<×/å�(�àèÝ-º�º�(�ÚDÞe09ÛÁá�Ý�Úe1

æ �qø¨å~ñ�R' c>�ýÄì5í�í�êÍã�ä�ðNú�ã�ë�éPê�æAã�ï ïPø¨æAú�îÍç�÷#å~ú�ïEå�çwð;æÁûqäÁå�æèç¨å�éPêÍënñ+ò³ó.â ìÁã�ìÁîÍü"ïPêµï�ÿ
æ IÅêÍéPø{éPø¨å�ø¨å�ê�äAøHé�ú�ã�ë�å�û�éPìÁêÍãKéPêÍå�ï³ì5éEéPìÁêÍã�å�ç{÷"ü~éPø¨å.ë�ú�ûPûPå�ãHé�ìÁãKéEå�ã�ã�ìÁï��ÁæÁ÷�ïEå�û�ù(ì5éPê�æAã�ï�ïPø¨æAú�îÍç~÷#åDïPë&ø¨å�ç�

ú�î�å�ç�ð�æÁûqå�î�å�ù5ì5éPê�æAã�ïqç�æ��Rã éEæ¥# L �Rø¨å�ã ú�ï�êÍã¨äjñ:R c>5ÿ

æ �qø¨å�âyR ý�ì5í�í�êÍã¨ä�ð�ú�ã�ë�éPê�æAã ë�ìÁã ÷#å�ú�ïEå�ç/�^ê�éPø îµê�éEéPî�å�îÍæAïPïRæÁð.ìÁë�ë�ú¨û�ìÁë�ü ì5é~ýiæAïPé+ïPêÍéEå�ï��9ìÁîÍéPø¨æAú¨äAø
éPø¨å{ýÄêµã�êÍý�ú�ýyå�îÍå�ù(ì5éPê�æAã ïPø¨æAú�îµçÉ÷#å~éPìÁêÍîÍæÁûPå�ç�éEæÄéPø¨å{ïPå�ã�ïPê�éPê�ùèê�é)üÉìÁã�çwîÍæ"ë�ì5éPê�æAãwæÁð³éPø¨å�ìÁãKéEå�ã�ã�ìèÿ

å�(�ÔS(�Ün(�ÚDà�(21
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ËÞ������x��"�yx�� � x�wy��ru���7Î
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Abstract

This study compares the two parallel 24-hour R1 and R4 networks run by the IVS since 2002.
We investigate the possible influence of the network geometry as well as the consistencies between
Earth orientation parameters solutions and terrestrial reference frame realized separately through R1
or R4 experiments. We point out finally that the effects of using two different networks with different
geometries and observational strategies show up in the operational series. Such consequences should
be carefully examined in the future.

1. Overview of the Networks

The 24-hour rapid R1 and R4 experiments are conducted on Mondays and Thursdays, re-
spectively, since January 2002. They are the cornerstone in the production of Earth orientation
parameters (EOP) through very long baseline interferometry (VLBI) on a regular basis. It has
been shown that the network geometry can produce inconsistencies at the level of accuracy of the
actual VLBI measurements (see e.g., [1]). Therefore, it is essential to assess the consistency of
the current networks, with two main goals: to correct the errors and to orient the future VLBI
network towards a more perfect scheme.

R1 and R4 parallel networks used a total of 15 stations between 2002 and 2005.5. The stations
are not the same for the two networks and their rate of use is also different. Figure 1 displays
the most representative sites of the R1 and R4 networks over 2002-2005.5. A strong difference
appears in the geometry, especially in the spatial extension of the networks. The R1 network
allows very long East-West baselines (America-Europe and Europe-Japan) and large polyhedral
areas sensitive to all 3 Earth orientation parameters (xp, yp and UT1 − UTC) thanks to sites in
the southern hemisphere and across the five continents. The R4 network is significantly smaller,
covering about a third of the Earth’s surface. Sites in the southern hemisphere are poorly used,
except FORTLEZA. TIGOCONC becomes sparsely used in 2003.

Figure 2 shows the number of sessions in which each station is participating over the 2002-
2005.5 observing program. It appears that R4 uses quite systematically a subset of stations
(WETTZELL, NYALES20, KOKEE, FORTLEZA, ALGOPARK for which the number of sessions
is larger than 100) while the other sites are poorly used (number of sessions decreasing rapidly
well below 20). In the R1, WESTFORD, WETTZELL and GILCREEK are systematically used,
followed by TIGOCONC and HARTRAO. The number of sessions for the rest of the sites remains
well above 20 excepted for 4 of them. This implies that, unlike the R4’s, the R1 geometry is
changing from one session to another, involving a lot of different baselines, and therefore the
network geometry can be very different from one session to another.
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Figure 1. R1 (left) and R4 (right) networks represented with the most representative stations participating

in the 2002-2005.5 observing program.

Figure 2. Number of sessions per stations in R1 (left) and R4 (right) networks over 2002-2005.5 observing

program.

2. Comparison of EOP and TRF Realizations

Global solutions are run, carrying stations positions and velocities, antennas axes and sources
positions as global parameters. The no-net-rotation and no-net-translation constraints on positions
and velocities with respect to VTRF 2005 (Nothnagel 2005) are applied to all stations, excluding
sites having known episodic motions (GILCREEK’s position has been corrected in November 2002
after the Denali fault earthquake 100 miles south of Fairbanks). A no-net-rotation constraint
is also applied to all the 212 ICRF defining sources. Other observed sources are estimated as
global parameters. EOPs are estimated as arc parameters and compared against IERS Bulletin A
([3]). The following solutions are obtained with the CALC/SOLVE geodetic VLBI data reduction
package developed at NASA/GSFC:

• EOP1, realized through the R1 experiments from experiment number 1 to 172,
• EOP4, realized through the R4 experiments from experiment number 1 to 176, and
• EOPA, realized through all the R1 and R4 experiments (348 sessions).
The CONT02 campaign is not included (note that its effect remains marginal). The EOP

series are displayed in Figure 3. It appears that the current R1 experiments have residuals against
Bulletin A with standard deviation similar to R4. However, EOP1 and EOP4 have different
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Figure 3. Differences between solutions EOP1 (left column, circles), EOP4 (left column, triangles), EOPA

(right column with different markers for R1 (circles) and R4 sessions (triangles)) and IERS Bulletin A for

the terrestrial pole coordinates xp (top), yp (middle) and UT1 − UTC (bottom) over 2002-2005.

biases and rates. The lower rates yielded by the R1-derived solution make EOP1 closer to the

266 IVS 2006 General Meeting Proceedings



Sebastien B. Lambert et al.: Comparing R1 and R4 Networks

Bulletin A. The differences in bias and rate between EOP1 and EOP4 can reach several hundreds
of microarcseconds over a year, which is significant compared to the formal errors obtained on
the EOP estimates (typically 100 µas). One must keep in mind that the two solutions EOP1 and
EOP4 are obtained using the same assumptions and constraints. The only difference is the subset
of stations used in the network (location of the antennas within the continents, geometry of the
array, capabilities of the receivers, system failures, plate motions and faults, episodic events, etc.).
It is obvious that the network and its geometry are the key parameters in the accuracy of EOP
determined by VLBI among other sources of error. This raises very challenging questions and
concerns which must be addressed before scheduling observations. This section seems to show that
R1 experiments are “better” (in the sense that they give EOP realizations that match better the
Bulletin A).

In the solution EOPA (combining both R1 and R4 sessions), it appears that the R1 and R4
xp-components are evolving separately with a different rate. Before 2003, R4 is below R1 and this
is reversed after 2003. The same phenomenon is visible also on the other components with a lower
magnitude. It does reflect the differences in rate between EOP1 and EOP4.

The Helmert’s parameters between individual TRF realized through solutions EOP1 and EOP4
and VTRF 2005 are reported in Table 1.

Table 1. The Helmert transformation parameters in mm for ∆X, ∆Y and ∆Z, in ppm for s and in µas for

α1 and α2, and µs for α3, between R1 and R4-derived TRF and VTRF 2005. Formal errors are in italics.

∆X ∆Y ∆Z s α1 α2 α3

EOP1 -1.0 0.5 0.7 0.6 -0.3 0.5 0.001 0.001 33 305 370 242 -10 20

EOP4 -0.6 0.6 0.2 0.6 -0.1 0.6 -0.004 0.001 -246 208 150 166 62 31

The determination of α1 and α2 for the R1 network shows significantly larger errors than for
the R4’s while the errors are comparable on α3. If one remembers that the formal error is inversely
proportional to the number of observations, one can explain these differences between R1 and R4
by crossing the results of Table 1 with the information of Figure 2. It has been pointed out in
the previous section that a large part of the R1 sites are not used in all sessions but sparsely,
and their respective number of observations is decreased. In the R4 network, a subset of sites are
used regularly so that the network is almost the same in each session. A consequence is that the
efficiency of R1 for the TRF determination is degraded compared to the R4. These remarks do
not allow to conclude that the current R4 network is better than the R1 but they indicate:

• that a large number of sites is clearly an advantage in constraining and estimating the TRF,
• but that a changing network significantly degrades the TRF estimates.

3. Concluding Remarks

To conclude, consider a recent USNO analysis center 24-hour VLBI EOP solution ([4]) in which
the other experiments are dropped (see Figure 4). The discrepancy between R1 and R4 noticed
for EOPA is still present in component xp with a weaker effect: the R4 experiments appear to be
above the R1. The discrepancy is not significant for the other components.

Next, we would like to address the arguments that could be made that a limited study, such as
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Figure 4. VLBI operational solutions USNO 2005b (xp) represented with different markers for R1 (circles)

and R4 sessions (triangles) against IERS Bulletin A.

this one, using only a small subset of VLBI sessions, is not truly representative of the long-term
VLBI solutions. The argument that the long-term VLBI solutions consider many older sessions and
that these additional sessions partly cancel out the effects of the inconsistencies observed here due
to imperfect network is not completely valid. Many of these older experiments use similar networks
(e.g., NEOS) and have their own sources of error that are not fully understood. Furthermore, this
study clearly shows that the effects of these inconsistencies do show up in the operational data.
Since the IVS is continuing to run these two networks in parallel and new stations will be needed
to replace older ones that go out of service, the sources of errors affecting operational data must
be investigated.
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ËwÌ�ÍZÎ�Ï�Ð�Ñ�ÒÔÓHÒ�Õ�Î�Ö�ÍZ×
Ò�Ó�Ñ�Ø�Ñ�Ò�ÙuÓpÚ-Ò�ÎhØ�Ì�ÍÜÛHÝ¾Þ`ßàÏSÎ�ÍÜÒ�á�Ø�Ï�Ñ�Ù�Í;Ðãâ`Ñ�Ø�ÌåäDæ�ç�ÛpØHÍ;Ö�Ì�Ù�Ñ�è:Õ�ÍÜÏ�Ù�ÐåÎ�ÍGÚ-ÍGÎ�Î�Í;ÐåØHÒ
ÏZéuê�Í;ÐÔØ�ÑìëmÍxÍG×3Ò©Ö�Ìbí:îSï�ï�ï©ðñËwÌ�ÍhéµÎ�ÓHØ�ÖGÏSØ�Ï�ò�Ò�ó�Õ�ÍñÖ�Ò�ÙuÓ�ÑìÓHØHÍ;ÐôÒ�Ú4õSï�öÜÒ�á©÷HÍ;Ö�Ø�ÓGøºî©ù;îÜÒ�Ú�Ø�Ì�Í;ëúâ�ÍGÎ�Íüû'Ð�Í�éµÙ©ý
Ñ�Ù�ó�û,ÓHÒ�Õ�Î8Ö�Í;ÓþÚ-Ò�Î�ëmÑìÙ�óüØ�Ì�ÍÿÖ�Ò�Î�ÍÿÒ�Ú4Ø�Ì�ÍmÛ�Ý¾ÞUß��Rù���ðÜÛ�ÙãÏ�Ð�ÐuÑ�Ø�Ñ�Ò�Ùãî����Xû'ÖGÏ�Ù�Ð�ÑìÐ�ÏSØHÍ�û�ÓHÒ�Õ�Î�Ö�Í;Ó7Ì�Ï	�©ÑìÙ�óÂÚ=ÍGâ ÍGÎ
Ò�áµÓHÍGÎ
�SÏSØ�Ñ�Ò�Ù�ÓwÏ�Ù�Ð¶ø©éµÙ�Ï�òìò���øfùGï�îÜû�Ò�Ø�Ì�ÍGÎ;ûuÓHÒ�Õ�Î8Ö�Í;Ówâ ÍGÎ�ÍpÏ�Ð�Ð�Í;ÐÜØHÒÿÐ�Í;Ù�Ó�Ñ�Ú�ñØ�Ì�ÍþÛHÝ4ÞUß ð

� Ï�Ù��XÎ8Ï�Ð�Ñ�ÒôÓHÒ�Õ�Î�Ö�Í;Ó;ø�×�Î�Í;Ó�Õ�ëmÏSáuò��bÖ�Ò�Ù�Ó�ÑìÐ�ÍGÎ�Í;Ð ×3Ò�Ñ�Ù�Ø�òìÑ���Í�ø)Ó�Ì�Ò"â Ï�Ù�Í�ê�ØHÍ;ÙuÐ�Í;Ð ÓHØHÎ�ÕuÖ�Ø�Õ�Î�Í���î���ð�ËwÌ�Í
Ó�ØHÎ�Õ�Ö�Ø�Õ�Î�Í ÑìÙ�ÓHØ�ÏSáµÑìòìÑ�Ø��ÜÖGÏ�ÕuÓHÍ;Ó�ØHÍ;ëx×
Ò�Î�Ï�ò��/ÏSÎ�Ñ�ÏSØ�Ñ�Ò�Ù�Ó`Ò�Ú)Ø�Ì�Í Î�Ï�Ð�Ñ�ÒZÓHÒ�Õ�Î�Ö�ÍxÏ�ÓHØHÎ�Ò�ëxÍGØHÎ�ÑìÖ7×
Ò�Ó�Ñ�Ø�Ñ�Ò�Ùfð��DÒ�Ù:Ø�Ñ�ÍGÎ
ÍGØ¾Ï�òPð������fÙ�Ò�ØHÍ;ÐÜÏ��/ÏSÎ�Ñ�ÏSáuÑìòìÑ�Ø��hÒ�Ú¶Ø�Ì�Í�Ð�Ñ��
ÍGÎ�Í;Ù�Ø�Ñ�Ï�ò�Î�Ò�Ø�ÏSØ�Ñ�Ò�ÙÜÏ�Ù�ó�òìÍ;Ó�Ú-Î�Ò�ë���Í;ÏSÎ4ØHÒ���Í;ÏSÎ Ò�Ú�ÓHÍ���ÍGÎ�Ï�òfÌ�Õ�Ù�Ð�Î�Í;Ð
Ó�Ò�Õ�Î�Ö�Í;Ó Ò ��ÍGÎ ù	��ö"!&ý�ù	������ø4ëxÒ�ÓHØ�ò��bá
ÍGÚ=Ò�Î�Í ù	���Sï©ðbß�Í;ÑìÓ�Ó�Í;òRý�ä>ÍGÎ�Ù�Ñ�ÍGÎ#� �$�wÐ�Í���Í;ò�Ò�×
Í;ÐåÏ Ð�ÍGØ�Ï�Ñìò�Í;ÐåÓ�Ö�Ì�Í;ëmÍZÚ-Ò�Î
Ø�Ì�ÍhÓ�Í;ò�Í;Ö�Ø�Ñ�Ò�ÙôÒ�Ú ÓHØ�ÏSáuò�ÍxÎ�Ï�ÐuÑ�ÒZÓ�Ò�Õ�Î�Ö�Í;ÓþÕ�Ó�ÑìÙ�óZØ�ÑìëxÍxÓHÍGÎ�Ñ�Í;Ó�Ò�Ú�Ø�Ì�Íx×
Ò�Ó�Ñ�Ø�Ñ�Ò�Ù Í;ÓHØ�ÑìëñÏSØHÍ;ÓpÐ�Õ�Î8ÑìÙ�ó ù	�"!$�"ýEîSï�ï�î
×uÎ�Ò�ÐuÕ�Ö�Í;Ð á�� Ø�Ì�Í&%('*)DÏ	�SÏ�ò,+�áuÓHÍGÎ
�SÏSØHÒ�Î
��ð ËwÌ�Í-��Í;ÏSÎ�ò��*�SÏ�òìÕ�Í;ÓxÚ-Î�Ò�ë ù	���Sï©ð'ïXØHÒåîSï�ï�î�ð'ïXÒ�Ú�Ø�Ì�Í Î�Ñìó�Ì�Ø
Ï�Ó�Ö�Í;Ù�Ó�Ñ�Ò�Ù Ï�Ù�Ð Ð�Í;ÖGòìÑ�Ù�ÏSØ�Ñ�Ò�Ù~Ï	��ÍGÎ�ÏSó�Í;Ð Ú-Î�Ò�ë Ø�Ì�Í;Ñ�ÎÜÒ�Î�Ñìó�ÑìÙ�Ï�òDÐ�Ï�Ñìò���×
Ò�Ó�Ñ�Ø�ÑìÒ�Ù�Ómâ ÍGÎ�ÍôÏ�Ù�Ï�ò��©ÓHÍ;Ð~ØHÒ�Ð�ÍGÎ�Ñ���Í
Ó�Í���ÍGÎ�Ï�ò4ÓHØ�ÏSØ�ÑìÓHØ�Ñ�ÖGÏ�ò�×µÏSÎ�Ï�ëxÍGØHÍGÎ�ÓhÚ-Ò�Î.��õ�î ×�Î�Í;ÓHÍ;ò�Í;Ö�ØHÍ;ÐåÎ�Ï�ÐuÑ�Ò Ó�Ò�Õ�Î�Ö�Í;ÓGðbßºÑìÙ�Ï�ò�ò���ø4ù	��� Î�Ï�Ð�Ñ�ÒÔÓHÒ�Õ�Î�Ö�Í;Ó â ÍGÎ�Í
Î�Í;Ö�Ò�ëmëxÍ;Ù�Ð�Í;ÐÂÚ=Ò�ÎDÚ0Õ�Î�Ø�Ì�ÍGÎUÑ�ëx×�Î�Ò/��Í;ëxÍ;Ù�Ø`Ò�Ú>Ø�Ì�ÍpÛ�Ý¾Þ`ß�øµÏ�ÓUá
Í;ÑìÙ�óÂû'ÓHØ�ÏSáuò�Í�û�ð4Û�Øwâ¾Ï�Ó`Ú-Ò�Õ�Ù�Ð Ø�Ì�ÏSØUØ�Ì�Í Ù�ÍGâ
Ó�Í;ò�Í;Ö�Ø�Ñ�Ò�ÙbÓ�Ö8Ì�Í;ëxÍZÑìëx×�Î�Ò/��Í;ÐôØ�Ì�ÍñÓ�Ø�ÏSáuÑìòìÑ�Ø�� Ò�Ú Ø�Ì�ÍmÛ�Ý¾Þ`ß���0���ÑìÙôÖ�Ò�ëx×µÏSÎ�ÑìÓHÒ�Ùôâ`Ñ�Ø�ÌôØ�Ì�Í û'Ð�Í�éµÙ�ÑìÙ�ó�û
Û�Ý¾ÞUß
Î8Ï�Ð�Ñ�ÒxÓHÒ�Õ�Î�Ö�Í7òìÑìÓHØGð

%`Ù�Ú-Ò�Î�Ø�Õ�ÙuÏSØHÍ;ò���ø�Ø�Ì�ÍGÎ�Í7ÏSÎ�ÍþÒ�Ù�ò��#!�!hÖ�Ò�ëmëmÒ�Ù Ò�á©÷HÍ;Ö�Ø�Ó`Ñ�ÙÜØ�Ì�ÍpòìÑìÓ�Ø�Ó¾Ò�Ú>î©ù;î û'Ð�Í�éµÙ�Ñ�Ù�ó�û�Ï�Ù�Ðbù	���üû'Ó�Ø�ÏSáuò�Í�û
Î8Ï�Ð�Ñ�ÒÂÓHÒ�Õ�Î�Ö�Í;ÓGðüËwÌ�ÍGÎ�ÍGÚ-Ò�Î�Í�øºØ�Ì�ÍñÐuÏ�Ñìò��ÔÓHØ�ÏSØ�Ñ�Ò�ÙX×3Ò�Ó�Ñ�Ø�Ñ�Ò�ÙôÍ;ÓHØ�Ñ�ëmÏSØHÍ;Ó7ÐuÑ��3ÍGÎ&ø�Ð�ÍG×
Í;Ù�ÐuÑìÙ�óÜÒ�ÙbØ�Ì�ÍÿÎ�ÍGÚ-ÍGÎ�Í;Ù�Ö�Í
Î8Ï�Ð�Ñ�ÒxÓHÒ�Õ�Î�Ö�Í7òìÑìÓHØ¾Ø�Ì�ÏSØUÑ�Ó4Õ�ÓHÍ;Ðfð
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ËwÌ�Í ó�ÍGÒ�Ð�ÍGØ�Ñ�ÖhØ�ÑìëxÍ�ý1ÓHÍGÎ�ÑìÍ;Ó`â ÍGÎ�ÍhÒ�á�Ø�Ï�ÑìÙ�Í;ÐÔÚ=Î�Ò�ë}ØEâ�Òüó�ò�Ò�áµÏ�ò�ä�æ,ç ÛDÓHÒ�òìÕ�Ø�Ñ�Ò�ÙuÓ`Ú-Î�Ò�ë ÏSá
Ò�Õ�ØI�ZëmÑìòìòìÑìÒ�Ù
ó�Î�Ò�Õ�×ÿÐ�Í;ò�Ï	�©Ódá
ÍGØ1â ÍGÍ;Ù ù	�"!$�7Ï�Ù�ÐZîSï�ï"0�ð;J`ò�ò�Ð�ÏSØ�Ïþâ ÍGÎ�Í`×�Î�Ò©Ö�Í;Ó�ÓHÍ;ÐñÕuÓ�ÑìÙ�ó�Ø�Ì�Í�+þÝwÝKJ � ÓHÒ�Ú-Ø1â¾ÏSÎ�Í���õ/�3âUÑ�Ø�Ì
Ø�Ì�ÍUò�Í;Ï�ÓHØ Ó�è:ÕuÏSÎ�Í;Ó)Ö�Ò�òìòìÒ�ÖGÏSØ�Ñ�Ò�ÙÿëxÍGØ�Ì�Ò©Ð&�L!/��ð>ËwÌ�ÍUÓHØHÎ�ÏSØHÍGó��ñÏ�ÙuÐmÒ�áuÓHÍGÎM�/ÏSØ�Ñ�Ò�ÙuÏ�òuÐ�ÏSØ�Ï7ÓHÍGØ)Ò�Úfá
Ò�Ø�ÌmÓHÒ�ò�Õ�Ø�Ñ�Ò�Ù�Ó
ÐuÑ��3ÍGÎ,Ò�Ù�ò���á���Ø�Ì�Í�òìÑìÓ�Ø¶Ò�Ú�Î�Ï�Ð�Ñ�Ò`ÓHÒ�Õ�Î�Ö�Í;Ó�ØHÎ�Í;ÏSØHÍ;ÐhÏ�Ó,ó�òìÒ�áuÏ�ò�×uÏSÎ8Ï�ëxÍGØHÍGÎ�ÓGðºËwÌ�Í)éuÎ�ÓHØ,Ó�Ò�òìÕ�Ø�Ñ�Ò�ÙON0Ð�Í;Ó�Ñ�ó�Ù�ÏSØHÍ;Ð7Ï�Ó
Ï�ÕuÓ�îSï�ï"0/á,ù P�Õ�ÓHÍ;Ó�Ø�Ì�Í�îSïQ!�Û�Ý¾ÞUß�ýBRdê�ØGð�î7Ò�á©÷HÍ;Ö�Ø�Ó���ö��3Ï�Ó ó�ò�Ò�áuÏ�òµÎ�Ï�Ð�ÑìÒ7ÓHÒ�Õ�Î8Ö�Í;Ó)âUÑìØ�ÌmØ�Ì�Í()S)DÞ4ý1Ö�Ò�ÙuÓHØHÎ�Ï�ÑìÙ:Ø�ÓGø
â`Ì�ÍGÎ�Í;Ï�Ó�Ø�Ì�ÍxÓHÍ;Ö�Ò�Ù�ÐôÓ�Ò�òìÕ�Ø�Ñ�Ò�ÙTN0Ï�Õ�Ó�îSï�ï"0/á3î"P�Õ�ÓHÍ;ÓDØ�Ì�ÍmòìÑ�ÓHØUÒ�Ú�ù	��� û'ÓHØ�ÏSáuò�Í�û
Î�Ï�ÐuÑ�ÒZÓ�Ò�Õ�Î�Ö�Í;ÓU� �$��ðZùGïQ!ÿÎ�Ï�Ð�Ñ�Ò
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Ó�Ò�Õ�Î�Ö�Í;ÓUN�ùGï�îÔû�Ò�Ø�Ì�ÍGÎ;û,Ï�Ù�Ð�0Ôû'Ð�Í�éµÙ�ÑìÙ�ó�ûVPUÏSÎ�ÍmØHÎ�Í;ÏSØHÍ;ÐãÏ�Óxû'ÏSÎ�ÖSû,×uÏSÎ�Ï�ëxÍGØHÍGÎ�ÓþÚ=Ò�Î�Ø�Ì�ÍÿÏ�Õ�Ó�îSï�ï"0/á,ùmÓ�Ò�òìÕ�Ø�Ñ�Ò�Ùfø
Ï�ÙuÐ~ù;õ��Xû'Õ�ÙuÓHØ�ÏSáuò�Í�û�Î�Ï�Ð�Ñ�ÒÔÓHÒ�Õ�Î8Ö�Í;Ó7Ú-Ò�ÎhØ�Ì�ÍüÏ�Õ�Ó�îSï�ï"0/áµî�ðWJ`òìò�Ò�Ø�Ì�ÍGÎxÎ�Ï�ÐuÑ�Ò ÓHÒ�Õ�Î�Ö�Í;Óhâ�ÍGÎ�ÍZÖ�Ò�Ù�Ó�ÑìÐ�ÍGÎ�Í;Ð Ï�Ó
ó�òìÒ�áuÏ�òf×uÏSÎ�Ï�ëmÍGØHÍGÎ�Ó4âUÑ�Ø�Ì�Ò�Õ�Ø4Ø�Ì�ÍI),)`Þwý1Ö�Ò�Ù�ÓHØHÎ�Ï�ÑìÙ:Ø�ÓGð

ç�Ò�Ø�ÌZÓHÒ�òìÕ�Ø�Ñ�Ò�Ù�Ó>â ÍGÎ�ÍUÐ�Ò�Ù�ÍUÑìÙxØEâ�ÒhÓHØHÍG×uÓGð>ËwÌ�Í4éuÎ�ÓHØdÓ�ØHÍG×ÿØ�Ì�ÍU×3Ò�Ó�Ñ�Ø�Ñ�Ò�Ù�ÓºÒ�ÚfØ�Ì�ÍUÎ�Ï�Ð�Ñ�ÒþÓHÒ�Õ�Î�Ö�Í;ÓGø�ØHÎ�Í;ÏSØHÍ;Ð
Ï�ÓDó�ò�Ò�áµÏ�ò�×µÏSÎ�Ï�ëxÍGØHÍGÎ�ÓGø
â ÍGÎ�ÍhÒ�Ù�ò�� Í;Ó�Ø�ÑìëmÏSØHÍ;Ðfð�ËwÌ�ÍhÓHÍ;Ö�Ò�Ù�ÐÔÓHØHÍG×ôÏ�òìò û'ÏSÎ�ÖSû
×uÏSÎ8Ï�ëxÍGØHÍGÎ�ÓXN0ÑìÙ�ÖGòìÕuÐ�ÑìÙ�ómÐ�Ï�Ñ�ò��
Í;Ó�Ø�ÑìëmÏSØHÍ;ÓwÒ�ÚºØ�Ì�ÍpäDæ�ç�Û¾Ó�Ñ�ØHÍ7Ö�Ò:Ò�Î�ÐuÑìÙ�ÏSØHÍ;ÓYP�â ÍGÎ�ÍþÍ;ÓHØ�Ñ�ëmÏSØHÍ;Ð âUÑìØ�ÌÜÎ�Í;ÓH×
Í;Ö�ØwØHÒmØ�Ì�ÍpÎ�ÍGÚ=ÍGÎ�Í;Ù�Ö�ÍþÎ�Ï�Ð�ÑìÒmÓHÒ�Õ�Î�Ö�Í
×
Ò�Ó�ÑìØ�Ñ�Ò�Ù�ÓGø©Ñìëx×�Î�Ò ��Í;Ð ÑìÙÜØ�Ì�Íþ×�Î�Í��©Ñ�Ò�Õ�Ó4ÓHØHÍG×,ð

ß�Î�Ò�ë¢Ð�Ï�Ñìò��xÖ�Ò�Ò�Î�Ð�ÑìÙuÏSØHÍ;Ó)Ò�Ú,Ï�ò�òuØ�Ì�Í`äDæ�ç Û)Ó�Ñ�ØHÍ;Ó�â�ÍDÍ;ÓHØ�ÑìëñÏSØHÍDØ�Ì�ÍDÑìÙuÑ�Ø�ÑìÏ�ò©×
Ò�Ó�Ñ�Ø�Ñ�Ò�ÙZN-Ú=Ò�Î¾ÍG×
Ò©Ö�Ì ù	���"!:ð'ïQP
Ï�ÙuÐ~ò�ÑìÙ�Í;ÏSÎÜÐ�Î�Ñ�Ú-ØÿÒ�Ú7Í;Ï�Ö�Ì Ó�Ñ�ØHÍ�ð ËwÌ�Í;Ù¶øwØ�Ì�ÍÔØ�ÑìëxÍ�ý1ÓHÍGÎ8Ñ�Í;ÓZÒ�Ú7Ð�Ñ��
ÍGÎ�Í;Ù�Ö�Í;ÓÜá
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0212+015 DEC - Test of residuals for normal distribution
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0212+015 RA  - Test of residuals for normal distribution
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ÀÈÕ+�mÁM}ÇÝÞØyÚ¤Âh�¼Ø0~�Ø-ß)Ú²×ÄÃÅ}�ÆÇ}Ç×�Û�}Ç×¼ØÈÃÅ}�ÉÊ~�ËlÌ Ú²ß���} Ú¼×ÎÍ Ú�Ïs~jÙKßÊ~?×�Ý�}ÑÐÒ~�Ø-ÙKßÊÓ

ä â(ö3öHáCâ'õ�âJíðìJôÔ� ��� ¡i¢ # ì/öYì*éEöHì/öHóðç�û¥�2èjâiþ�ó¨ë-âJûyè�ô�E� ��� ¡"¢ # ��� ��� Õ  ¡ �Ñ�Ö� �5� � ¡i× � � ��� Ø � � ��� Ù � � ��� Ú ��Û]Û]Û]Û �2RLH����� Õ  ¡ � óùéSöHáCâ	þ-â(ç�ü*â(öEê!óðï5õCâJíùìJô0�?� �5� � ¡i× óðûÇïTç-ê � ç-ê!ì/öEâJéSèjç-öHá ï(ì-íðó¨è�ê�ì/öHó¨ç�ûyì-û�õ ü*ç~õCâJíðóðû�þ*öEâ(ê!ü�é��Äà3áCâm����� Ø
ì/ê!â�éEöHì/öHó¨ç�û õ�â � âJûÇõCâJûKö�õCâJíùìJôÃâ(êHêHç-ê3öEâ(ê�ü�é��2à3áCâiç-èréEâ(êHë/ì/öHó¨ç�û�ì-í ûCç�óùéEâ½� ���	� ¡i¢ # ����H%ý ç-ê3èrì-éEâJíðóðûCâ?�5�móðé�E� ���	� ¡i¢ # ����H��������	� �� "!# ����H*�Ö�����	� Ø�����H*� �����	� ÙÇ����H:� �����	� Ú%����H*�ÜÛ]Û]Û �2SLH
ÿYáCâ(êHâN� �f�	� �4 g!.#I����HÈóðéÈöHá�âYü*âJì-éHò�êHâJü*âJû�ö�ûCç�óðéHâSõ�òCâ�öEç öHáCâSïTç-êHê!âJíðì/öHó¨ç�û � êHç~ïTâJéHé(î�ì-ûÇõ*öHáCâSê!âJü�ì-óðû�óðû�þiöEâ(ê!ü�é
ì/ê!â�õ�òCâÄöEç#õ�ó¨ú�â(êHâJû�öÇW~óðû�õ�é%ç-ý+éEöHì/öHó¨ç�û õCâ � âJû�õCâJû�ö%õ�âJíðìJômâ(êHêHç-ê�E������	� Ø\����H\������� Ø�����H<·��.�	� Ø\����H�

à3áCâiý;ç�íðí¨ç0ÿYóðûCþ*ì-éHéHò�ü � öHó¨ç�û�é%éHóðü � íðó¨ý;ô*öHáCâ'â(ë/ì-íðò�ì/öHó¨ç�û ç-ý¼öHáCâ	ïTç0ë/ì/ê!óðì-û�ïTâ�ü#ì/öEê!ó`DsEF��NkÄóPú�â(ê!âJûKöMW~óðû�õÇé�ç-ýÈõCâJíùìJômâ(êHêHç-êSì/êHâ	ò�û�ïTç-êHêHâJíùì/öEâJõ*EÇ¬r� Ø � Ù ®)�Üv*ý;ç-êN�cÝ��Þ8�KT�Nk@âJíðìJôÃâ(êHêHç-ê�é3ì/öSõ�óPújâ(êHâJû�ö�öHóðü*âJé3ì/ê!â�ò�û�ïTç-êHê!âJíðì/öEâJõ*EÇ¬r� �f�	� Ø ����H"� ¨�©Z� Ø ���  H�®?��v*ý;ç-êM��Ý���  �
8;4È&S<�=�=�>3
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OT�Nk@âJíðìJôÃâ(êHêHç-ê�é3ì/öSõ�óPújâ(êHâJû�ö3éEöHì/öHó¨ç�û�éYì/êHâ'ò�û�ïTç-ê!êHâJíðì/öEâJõ*�
à3áCâ ïTç0ë/ì/ê!óðì-û�ïTâ ü�ì/öEê!ó`D óðé�¦à�m¬à� ;¡i¢ # ®½� å_ô�ì-é!éHò�ü � öHóðç�ûÜF/î_öHáCâ ïTêHç�é!é5öEâ(ê!ü�é*ë/ì-û�óðéHá î\ì-û�õ öHáCâ

ïTç�ë�ì/ê�óðì-û�ïTâ	ü#ì/öEê!ó`Dmóùé<6EòÇéEö�ì�éHò�üfç-ýöEâ(ê!ü�é�E¦ � ¬r� ;�� "!# ®Ü�l¬r� ;Ø ®��l¬�� ;Ù ®Ü�l¬r� ;Ú ®áÛ]Û]Û� ¦ �4 g!.# �Ö¦MØ8�Ö¦MÙ|� ¦MÚ�Û]Û]Û]Û
àSáCâ%oÇê!éEöÈöEâ(ê�üâ¦ �� "!# óðé+öHáCâm�Oõ�óðì/þ-ç�û�ì-í5HÈïTç0ë/ì/ê!óðì-û�ïTâSü#ì/öEê!ó`D*ì-éHéEç~ï(óðì/öEâJõ�ÿSóðöHá5öHáCâSü*âJì-éHò�êHâJü*âJû�ö � êHç~ïTâJéHé(î
ì-ûÇõ öHáCâiêHâJü�ì-óùû�óðûCþ5öEâ(ê!ü�éSì/êHâ'öHáCâ'ïTç�ë�ì/ê!óùì-û�ïTâ	ü�ì/öEê�óðïTâJé3ì-éHéEç~ï(óðì/öEâJõyÿSó¨öHáÃâJì-ï!á ö)ô � âiç-ýÈûCç�óðéEâ0�@YéHé!ò�ü � öHó¨ç�û¥K#óðü � íùó¨âJé%öHá�ì/öSöHá�â�ïTç0ë/ì/ê!óðì-û�ïTâ5ü�ì/öEê!ó]DÃóðéSèÇí¨ç~ï�WÃõ�óðì/þ-ç�û�ì-í�î�ÿSó¨öHá âJì-ï�á èÇí¨ç~ï�WÃèjâJóðûCþ*öHáCâ
ïTç�ë�ì/ê�óðì-û�ïTâ ü�ì/öEê!ó`D ý;ç-êÃì éHóùûCþ�í¨âyéHï(ì-û¤��å_ô ì-éHé!ò�ü � öHó¨ç�ûÜOÞîYïTêHç�é!éij�öEâ(ê!ü�éÃóðû�ë-ç�í¨ë~óðûCþ õ�ó¨ú�â(êHâJû�ö éHöHì/öHó¨ç�û�é
ë/ì-û�óðé!á*�Èà3áCâ'õ�óðì/þ-ç�ûÇì-í?âJí¨âJü*âJû�öHé�ý;ç-ê3èÇì-éEâJíðóùûCâ?�5�mì/êHâ0E

¦ÇØ:� ���	� �f���2ãåä�æ-ç±H��è¬��1����� Ø¥·C��	� Ø<H ; ®)�è¬�� ;��� Ø � � ;�	� Ø ®)�Ü� ;�5� Ø � � ;�	� Ø �ÊU0H
óÊ�Åâ0�¨îs6EòÇéEö	öHá�âméHòÇü ç-ýSöHáCâ ûCç�óðéEâmöEâ(ê!ü�é ý;ç-ê*âJì-ï!á éEöHì/öHó¨ç�û¤�Ðà3áCâmç/ú�j)õ�óùì/þ-ç�û�ì-í%öEâ(ê!ü�é ç-ýSöHá�âÃïTç�ë�ì/ê�óðì-û�ïTâ
ü#ì/öEê!ó`D ì/êHâ'ûCç�û�jÊY(â(êHç+� éê�����ëÔ����3íì8� é öHáCâièÇì-éEâJíùóðûCâJé�á�ì0ë-â	ì�éEöHì/öHóðç�û óðû ïTç�ü�ü*ç�û¤�2æ,û öHá�óðé�ï(ì-éEâ'ÿ_â�á�ì0ë-â0E¦ Ø¤� ���	� �]© �2ãIä�æQç±H��l·�¦ Ø:� ����� ©ª� �m¬��1� ��� Ø ·�� �	� Ø Hs�2� ��� Ø ·�� ©Z� Ø H�®)�m¬q� ;��� Ø ®)�î� ;��� Ø �2XLH'Yç-öEâ%öHá�ì/öè�ç-öHá�öHáCâ%õ�óðì/þ-ç�û�ì-íÞì-û�õ	ç/ú�j)õ�óùì/þ-ç�û�ì-íKöEâ(ê�ü�é+õCâ � âJû�õ�����3ïì'ç�û	öHáCâ_ë�ì/ê!óùì-û�ïTâ\ç-ý�öHá�â_ûCç�óùéEâ0�±ðYâJû�ïTâ
éHöHì/öHó¨ç�û õ�â � âJûÇõCâJûKöYõCâJíðìJô û�ç�óðéEâ	áÇì-éSö:ÿ�çmâTú�âJïTöHé�EwFIH3àSáCâ�ûCç�óðéHâ	í¨â(ë-âJí¼ç-ýÈöHáCâ�ç-èréEâ(êHë/ì/öHó¨ç�û�é@óðéSóðûÇïTêHâJì-éEâJõ*J
ì-ûÇõ+KLHM$@èÇéHâ(êHë�ì/öHóðç�û�é�óðû�ë-ç�í¨ëÞóùûCþ*ì�ïTç�ü�ü*ç�û éHöHì/öHó¨ç�ûyì/öSì�þ�ó¨ë-âJû öHóðü*â'ì/ê!â�ïTç-êHêHâJíðì/öEâJõ¤�&~óðû�ïTâ öHáCâ*ïTç0ë/ì/ê!óðì-û�ïTâ�ü#ì/öEê!ó`D óðé@èÇíðçÞï	Wyõ�óðì/þ-ç�û�ì-í�î�èrò�óðíðõ�óùûCþ�ò � öHáCâ5ûCç-ê!ü�ì-íâJñÞò�ì/öHó¨ç�û�éÄþ�ó¨ë-âJû óðûÈ=�ñ���2OLH_óùé�éEöEê�ì-ó¨þ�áKöEý;ç-êHÿ%ì/ê!õ*�2à3áÇóðé�óùé_õ�ç�ûCâYç�ûÃì5éHï(ì-ûÃèÞô éHï(ì-ûmèÇì-é!óðé�EÇFIH_ïTç�ü � òCöEâ@öHáCâiïTç0ë/ì/ê!óðì-ûÇïTâ'ü�ì/öEê!ó`D#ý;ç-ê
ì�þ�ó¨ë-âJû éHï(ì-û*J�KLH%óðû�ë-â(êHö3ó¨ö�J�ì-û�õ+OLH�ïTç�ü � òCöEâ'öHá�â�ïTç�ûKöEê�ó¨èÇòCöHó¨ç�ûmç-ý+öHá�óðé�é!ï(ì-û öEç�öHáCâ'û�ç-ê!ü�ì-í ü�ì/öEê�ó`D��
ñ\ÕÅÍ8É)Ú+Ý-òáÌ Ú²ß���}�~?×�ÛyóÈô�ß�õ Ü2Ø0ö\~*ÉNóÅ�åË�õÜõÜ}CØ-Ù0ËáÐ ß���õWÚ+Û\}�É)ß:×�÷Wß)×���{N�ÃÖ

æ,û öHá�óðé'éEâJïTöHóðç�û æií¨çÞç0WÐì/ö�öHáCâ âTú�ý;âJïTö ç-ý%óùû�ïTç-ê � ç-ê!ì/öHóðûCþ éHöHì/öHó¨ç�û õ�â � âJûÇõCâJûKö	õCâJíðìJô â(êHê!ç-ê	ò�éHóùûCþ ö)ÿ_ç
ãÄä²å_æSõÇì/öHìméHâ(öHé�EmFIH u $¾'YàMvLR óðéÄï(í¨ç�éEâ öEçÃöHáCâ*ï(òCêHêHâJû�öÄéEöHì/öEâ*ç-ý2öHáCâ*ì/êHöióðû þ-â(çÞõ�â(öHóðï ã@ä¼å�æ�î?ì-û�õ ì-íðíç-ý
öHá�â#éEâJéHéHóðç�û�é�ì/êHâ ïTç�ûKöHó¨þ�ò�ç�ò�é	óùû öHóðü*â0J�KLHiàSáCâ�(wFøxº(MP éEâJéHéHóðç�û�é'õ�òCê�óðûCþ¥K�v0vLRyì/ê!â ì êHâJíùì/öHó¨ë-âJí¨ô þ-ç�ç~õ
ç � â(ê!ì/öHóðç�û�ì-í?ûCâ(ö)ÿ_ç-ê�W ÿSóðöHá éEâJéHéHó¨ç�ûÇé%ç0ë-â(êÄì � êHç�í¨ç�û�þ-âJõ � â(ê�ó¨çÞõmç-ý+öHóðü*â0�

æ�ü*ç~õ�ó`oÇâJõmöHáCâwù½&V7 u 
��03í/0��ì-ûÇì-í¨ôÞé!óðé%éEç-ý ö:ÿ_ì/ê!â'öEç*öHì�W-â	óðû�öEç*ì-ï(ïTç�ò�û�ö3öHáCâiâTújâJïTöHé3ç-ý+ï(í¨çÞï	W-j)íùó]W-âÄâ(êHêHç-ê
ì-ûÇõ ì/öHü�ç�é � áCâ(ê!óùï�ì�YJóðü òCöHá�ì-íÞü�óðé!ü*çÞõ�âJíðóðûCþV� u í¨çÞï	W�íðó]W-â%õCâJíðì0ô'â(êHêHç-êÈï(ì-û5èjâ�ï(ì-òÇéEâJõ5è�ô	ò�û�õCâ(ê � ì/ê!ì-ü*â(öEê!ó]Y�j
óùûCþ öHáCâ#ï(í¨ç~ï�W ë/ì/ê!óðì/öHóðç�û?î²èÞô â(êHêHç-ê!é'óùû öHáCâ#ï(ì/èÇíðâ#ï(ì-íðó¨è�ê�ì/öHó¨ç�û?î²ì-û�õÐç-öHáCâ(ê éHç�òCê!ïTâJé�� æÄì-é!éHò�ü*â�öHáÇì/ö�öHáCâ
ë/ì/ê!óðì-ûÇïTâ'óðé3ò�û�óðý ç-ê!ü ì-û�õ öHóðü*â'óðû�õ�â � âJûÇõCâJûKö�E � ;¿ ©í¨ ��æ ;¿ ©ª¨ �2dLH$iûCâ éEç�òCê!ïTâ ç-ýiì/öHü*ç�é � áCâ(êHâyü#óðéHü*ç~õCâJíðóðû�þ óðé5öEç�ûCâ(þ�í¨âJïTö�öHáCâ âTújâJïTö#ç-ýÄöHòCê!èÇò�í¨âJû�ïTâ0�Ö@@éHéHò�ü#óðûCþ ì�KLB�O� ç�ÿ�â(êSíùìJÿ{ý;ç-êYé � ì/öHóðì-í�prò�ïTöHò�ì/öHóðç�û�é(îCöHáCâ'ò�ûÇü*çÞõ�âJí¨âJõÃì�YJóðü	ò�öHá�ì-í?ë/ì/ê!óðì-û�ïTâ'óðé�E� ;!ú �º¹.æ !	ú¾û ïTç-ö ;�üiý �2þIÿÊH ¼ ; �iF�v-H
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7+ó¨þ�ò�êHâ)F � íðç-öHé¼öHá�â%õÇóPú�â(ê!âJû�ïTâ_óùû	èrì-éEâ�j
íùóðûCâ êHâ � âJì/öHì/èÇóðíðó¨ö:ô-îiì-é ì ýOò�û�ïTöHó¨ç�û ç-ý
èrì-éEâJíðóðûCâ í¨âJû�þ-öHá?îÄè�â(ö:ÿ�â(âJû öHáCâ éHöHì-û�j
õÇì/ê!õ éHç�íðòCöHó¨ç�ûmì-û�õÃì5éEç�íðòCöHó¨ç�ûmì-éHéHòÇüèj
óùûCþ öHá�ì/öÔæ !	ú � F�R � émì/öÃâJì-ï!á{éHöHì�j
öHóðç�û*�l>ç�óðû�öHé ì/èjç0ë-â��;èjâJí¨ç0ÿ?H*öHáCâ � j
ì�DCóðé ì/êHâ èÇì-éHâJíðóðûCâJé ÿSáCâ(ê!â öHáCâ é!ï(ì/öij
öEâ(ê�óðû*öHáCâ3éEöHì-ûÇõ�ì/ê!õ�éEç�íùòCöHó¨ç�û*óðéÈíðì/ê!þ-â(ê�Oé!ü�ì-íðí¨â(ê.HÄöHá�ì-û óðû öHáCâ û�â(ÿwéEç�íðò�öHó¨ç�û*�7�ç-ê½P-Smç�òCöÄç-ý%R�P èrì-éEâJíðóðûCâJéJî�öHá�â5û�â(ÿ
éHç�íðòCöHó¨ç�û*ê!âJõ�ò�ïTâJé�öHáCâYéHï(ì/öEöEâ(ê�ì-û�õ+�5���
� �i��/0�.
#öHá�â�ã@ä¼å_æ@éEç�íùòCöHó¨ç�û*��à3á�â�ìJëQj
â(ê�ì/þ-â óðü � êHç0ë-âJü�âJûKöÃóðé�v��ªX�F ü�ü î�ç-êF0F��ZF����Sà3áCâ ìJë-â(ê!ì/þ-âè9±;'ç-ýÈöHáCâ	èrì-éEâ�j
íùóðûCâÐéHï(ì/öEöEâ(ê ý;êHç�ü öHáCâ éEöHì-ûÇõ�ì/ê!õ éHç�j
íùòCöHó¨ç�û�óðéÅKT�ZF�SÞî#óðû�õ�óùï(ì/öHóðûCþ öHáÇì/ö öHáCâ
ý;ç-ê!ü�ì-í_â(êHê!ç-ê!é5ì/êHâÃöEç�ç ç � öHóðü#óðéEöHóðï#è�ô
� KTÛZF�S	�cF�ÛfPQUQÛ à3áCâ	ì0ë-â(ê!ì/þ-âh9±;�ý ê!ç�ü
öHá�â#ûCâ(ÿ éEç�íùòCöHó¨ç�û óðéhF���vLXÞîÈóðû�õÇóðï(ì/öHóðûCþ
öHáÇì/ö@öHá�â ý;ç-ê!ü�ì-í+â(ê!êHç-ê!éÄì/êHâ5öEç�ç ç � öHó`j
ü#óðéEöHóðï@èÞômì*ýOì-ïTöEç-êSç-ýÇF���v�PV�
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æ2ê!ì-ûÃì5éEâ(ê!ó¨âJé�ç-ý¼éEç�íùòCöHó¨ç�û�é_ò�éHóðû�þ	õ�óPújâ(êHâJû�ö�ë/ì-íðòCâJé�ý;ç-ê%æ ¿ ©í¨ ì-û�õ�æQ!ú���7Cç-ê�âJì-ï!áyéEç�íðòCöHó¨ç�û æ\ïTç�û�é!óðõCâ(êHâJõì-íùí?èÇì-éEâJíðóùûCâJé%ÿSó¨öHá ü�ç-êHâ'öHá�ì-û F�v#ç-èÇéEâ(êHë/ì/öHó¨ç�û�éJî�ý ç�òÇû�õ öHáCâ'èjâJéEö%oröSíðóðûCâÄöHáCê!ç�òCþ�á öHáCâ�èÇì-éEâJíðóðû�âÄíðâJûCþ-öHá�é(î
ì-ûÇõ	ï(ì-íðï(òÇíðì/öEâJõw9<; � â(ê¼õ�â(þ-êHâ(â�ç-ýÇý êHâ(âJõ�ç�ü ì-û�õ	öHáCâ�^Ü(�[È&	ì/èjç�òCö²öHá�â\èjâJéEö¤oröíðóùûCâ0�²àì/èÇí¨â�F_éHò�ü#ü�ì/ê!ó]Y(âJé
öHá�âJéEâ5êHâJéHò�í¨öHé��)7Cç-ê�âJì-ï!á éEç�íðò�öHó¨ç�û?îjà¼ì/èÇíðâ8F5õ�óðé � íðìJô~éYöHáCâ ^�(N[Å& ì-û�õG9 ; ìJë-â(ê!ì/þ-âJõ ç0ë-â(ê�ì-íùí²èÇì-éHâJíðóðûCâJé��@@íðéEç õÇóðé � íðì0ô-âJõÐóðéiöHá�â#ìJë-â(ê!ì/þ-âÃï!áÇì-ûCþ-â óðû éHï(ì/öEöEâ(ê ïTç�ü � ì/êHâJõÐöEç öHáCâ#éEöHì-ûÇõ�ì/ê!õÐéEç�íùòCöHó¨ç�û?î â�D � êHâJé!éEâJõÐóðû
ü#óðíðíðóðü�â(öEâ(ê!éjì-û�õ'óðû � â(ê²ïTâJû�ö(î�ì-û�õiöHá�â�ûÞò�ü�èjâ(ê?ç-ýCèÇì-éHâJíðóðûCâJéjÿSá�â(êHâ2öHáCâ\é!ï(ì/öEöEâ(ê+óùé?êHâJõ�ò�ïTâJõ¤�²æ�û�ïTç-ê � ç-ê!ì/öHóðûCþ
öHá�â@âTújâJïTö3ç-ý+ï(í¨ç~ï�WQj)íðó]W-â'ûCç�óðéHâÄü#ì�W-âJéÇ9±;Äü*ç-êHâÄêHâJì-íùóðéEöHóðï/îCó2�Åâ0�¨î�ï(í¨ç�éHâ(ê3öEç¥F/îCèÇòCö�õCçÞâJé�ûCç-ö�êHâJõ�òÇïTâ@èrì-éEâJíðóðûCâ
é!ï(ì/öEöEâ(ê2ë-â(êHô	ü ò�ï�á*� æ�û5ïTç�ûKöEê�ì-éEö(î�óðûÇï(íðò�õ�óðû�þ3öHáCâ%âTú�âJïTöÈç-ý�ì�YJóðü òCöHá�ì-íCì-éHéEô~ü*â(öEêHô	êHâJõ�ò�ïTâJé<9<;_ì-ûÇõ	ê!âJõ�ò�ïTâJé
öHá�âièÇì-éEâJíðóðû�âÄé!ï(ì/öEöEâ(ê�E�à3á�âiý ç-ê!ü#ì-í?â(êHêHç-ê!éSì/êHâ'ü*ç-êHâ'ê!âJì-íðóðéEöHóðï/îCì-û�õ öHáCâ�éEç�íðò�öHó¨ç�û óðé%èjâ(öEöEâ(ê��\à3á�âiç � öHóðü�ì-í
ë/ì-íðòCâiý;ç-êNæ !	ú óðéSì/è�ç�ò�ö½F�R � é��

à¼ì/èÇíðâ�F��\=ÈújâJïTöSç-ý+ï(í¨ç~ï�W ì-û�õ ì/öHü*ç�é � áCâ(êHâ'éEöHì/öHóðç�ûyõCâ � âJû�õCâJû�ö�õCâJíðì0ô0�u $?'@àMvLR (wF(é)xy(MP�éSý ç-ê)K�v0vLRæ ¿ ©í¨ æ !ú @SëÞþ ^�(N[Å& @Yë�þV��æ,ü � � f5å%ä @SëÞþV� ^�(N[Å& @YëÞþV�2æ,ü � � f5å%ä� é � é 9±; ü�ü ü�ü � æ�ü � � ü�ü ü�ü � æ�ü � �v v KT�ZF�S UQ�ªR0S j j j F��ªd�P F�KT�ªKLU j jR v F��ªd0S UQ�ªR0K ��v�P v��ªS�� O�PQB�R�P F��ªX0O F�KT�ªK0R v���vLK v��ZF�� K�PQB�R�FF�v v F��fP UQ�ªR�F ��vLR F���v � O�FIB�R�P F��ªS�P F�KT�ªK�P v���vLK v���v � K�PQB�R�FF�R v F��ªK�F UQ�ªR�P ��vLK v��ªS�� K0XLB�R�P F��fP-S F�KT�ªO�v j�v���vLO j�v��ªS�� K0OLB�R�Fv R F��íU�R UQ�ZFIU v��ªO0d RT�ªK�� P-dLB�R�P F��íU�O F�KT�ZF0F v��ZF�S F��íUL� OLU0B�R�Fv F�v F��ªO�P ST�ªXLU v��ªS0d dT�ªX�� P-XLB�R�P F��fP-S F0F��ªd0d v��ªK0X KT�ªd�� O0RLB�R�Fv F�R F���vLX ST�íU�R v��ªX�F F0F��ZF�� P-SLB�R�P F��ªK0R F�KT��v0v v��ªKLU KT�ªX�� O0KLB�R�Fv K�v v��ªd�F ST�íU�O v��íU�K F0F���v � P-RLB�R�P F��ZF�v F�KT�ZF0F v��ZFIU KT��v � K0dLB�R�FF�v F�v F��ªK�v ST�ªd0d v��ªRLU XT�fPG� P-dLB�R�P F��ªO0R F�KT��vLS v��ªK�F KT��v � O�PQB�R�F
8;4È&S<�=�=�>3
�����,�)���~�@���, �����A3BC���(D�����.�����A�� <�F�I



�������'�	�-
����������� �������������H ������'"+$�� ��%&J )�H ������Ä"+���-�,�/.��,�J  1¼�������È���@46Þ7�8

$ÄûCâ � ç�éHéHó¨èróðíðó¨ö:ô óðéiöHá�ì/ö'öHá�â#óðü � ê!ç0ë-âJü*âJû�ö'óðû èÇì-éHâJíðóðûCâ*éHï(ì/öEöEâ(ê5óðéiõ�òCâ*âJû�öHó¨êHâJíðô öEçyóùû�prì/öHóðûCþÃç-ý%öHáCâ
õÇóðì/þ-ç�û�ì-í�ïTç�ü � ç�ûCâJûKöHé%ç-ý²öHáCâiïTç0ë/ì/ê!óðì-û�ïTâiü�ì/öEê!ó]D�îCó2�Åâ0�¨î~öHáCâ@ç�û�í¨ô#óùü � ç-êHöHì-ûKö�âTú�âJïTö�ç-ý¼éEöHì/öHó¨ç�û�j)õCâ � âJû�õ�âJûKö
û�ç�óðéEâióðé%öEç#óðûÇïTêHâJì-éEâÄöHáCâ'ûCç�óðéHâiç-ý¼öHáCâiç-èréEâ(êHë/ì/öHó¨ç�û�é(î�ì-û�õÃöHá�â'ïTç-êHêHâJíðì/öHó¨ç�ûÃèjâ(ö:ÿ�â(âJûyç-èÇéEâ(êHë/ì/öHó¨ç�û�é�ï(ì-û èjâ
óðþ�ûCç-êHâJõ*�_à²ç öEâJéEöSöHá�óùé�öHáCâ(ç-êHô æ%êHâ(ê!ì-ûyéEç�ü*â�ç-ý+öHáCâ ì/èjç0ë-â	éHç�íðòCöHó¨ç�û�éJî�éEâ(öEöHóðûCþ öHáCâ'ç/ú�j)õ�óðì/þ-ç�û�ì-í¼öEâ(ê!ü�éSç-ý
öHá�â�ïTç0ë/ì/ê!óðì-û�ïTâ ü�ì/öEê!ó`DÃöEç�v��_à3áCâiêHâJéHòÇí¨öHé3ì/êHâ�õÇóðé � íðì0ô-âJõ óðû àì/èÇí¨â KT�4@Yí¨öHá�ç�òCþ�á öHáCâ'èrì-éEâJíðóðûCâiéHï(ì/öEöEâ(êÄóðé
ê!âJõ�ò�ïTâJõ?î�öHáCâ5ì-ü*ç�ò�û�öYç-ý2ê!âJõ�ò�ïTöHó¨ç�û óðéSç�ûÇí¨ô á�ì-í¨ý+öHá�ì/öÄç-ý\ò�é!óðûCþ�öHáCâ ýOò�íðí ïTç�ë�ì/ê!óùì-û�ïTâ*ü�ì/öEê!ó`Djî�óùû�õ�óðï(ì/öHóðû�þ
öHáÇì/ö3öHáCâ'ïTç-êHêHâJíùì/öHó¨ç�û�é3ì/êHâ	óðü � ç-êHöHì-û�ö(î�ì-û�õ óðû�ï(íùò�õ�óðûCþ	öHáCâJü óðü � êHç0ë-âJé3öHáCâ�éEç�íðò�öHó¨ç�û*�
àì/èÇí¨âwKT��=ÈújâJïTö3ç-ýÈï(í¨çÞï	W ì-û�õ ì/öHü*ç�é � á�â(êHâ�éEöHì/öHó¨ç�ûyõCâ � âJû�õCâJû�ö3õCâJíðìJôÅ�Oõ�óðì/þ-ç�ûÇì-í ïTç�ü � ç�ûCâJû�öHé3ç�û�í¨ô�H�u $?'YàNvLR (wF(é	x¾(NP�é�ý;ç-ê�K�v0vLRæ ¿ ©í¨ æ !ú @SëÞþV� ^�(N[Å& @YëÞþV�2æ,ü � � f5å%ä @Yë�þV� ^�(N[Å& @YëÞþV�2æ,ü � � f5å%ä� é � é 9 ; ü�ü ü�ü � æ�ü � � 9 ; ü�ü ü�ü � æ�ü � �v v KT�ZF�S UQ�ªR0S j j j F��ªd�P F�KT�ªKLU j jv R F��ªd�P UQ�fP-K v��ZF�P KT�ªR�� P0PQB�R�P F��íU�d F�KT�ªK�v v���vLX v��ªd�� O�PQB�R�Fv F�v F��ªS�F UQ�ªK0X v��ªK0X RT��v � P-KLB�R�P F��ªRLU F�KT�ZF�R v��ZF�R F��ªS�� O�PQB�R�Fv F�R F��ªO0S UQ�ªK0O v��]�ªO0O ST�ªK�� PLv-B�R�P F��ªO0X F�KT�ZF�X v��ZF�O F��ªR�� O0KLB�R�F

gÈÕÅÍ Ú²×�ÝVÉ)Ü���ß)Ú²×l~?×\Ûih2Ü2Ø-Ü\ÙL}kj Ú ÙLò
æ,û�ï(íùò�õ�óðûCþ5éEöHì/öHó¨ç�û õCâ � âJû�õCâJû�ö3õCâJíðì0ô ûCç�óðéEâ'á�ì-éSöHáCâ � ç-öEâJû�öHóðì-í?öEç êHâJõ�ò�ïTâ'èrì-éEâJíðóðûCâ'é!ï(ì/öEöEâ(êYâJéEöHóùü�ì/öEâJé

ì-ûÇõ êHâJéHò�í¨ö*óðû ü�ç-êHâ êHâJì-íðóðéHöHóðïmý ç-ê!ü#ì-í%â(êHêHç-ê!é�� à3á�â âTú�âJïTö�ç-ýÄóðû�ï(íùò�õ�óðûCþ ï(í¨ç~ï�WQj)íðó]W-â â(êHêHç-ê�é*óðé5êHâJíðì/öHó¨ë-âJíðô
é!ü�ì-íðí2�Äæ�û ïTç�û�öEê!ì-éEö(î¼óðû�ï(íðò�õÇóðûCþ�öHáCâ âTújâJïTö'ç-ý�ì/öHü*ç�é � áCâ(ê!óðï ì-éEô~ü�ü*â(öEêHôyêHâJéHò�í¨öHéÄóðû ìÃõCê!ì-ü�ì/öHóùï õ�âJïTêHâJì-éEâ
óùû èÇì-éEâJíðóùûCâ'éHï(ì/öEöEâ(ê��SàSá�óðé3óðü � êHç0ë-âJü�âJûKö@óðéSûCç-ö@õ�òCâ�é!óðü � í¨ô öEç óðûVprì/öHóðûCþ*öHáCâ	ç-èÇéEâ(êHë/ì/öHó¨ç�û�ì-í²â(êHêHç-ê!éJîÇèÇòCö
õ�â � âJûÇõ�é%ì-é3ÿ_âJíðíjç�û öHáCâ'ïTç-ê!êHâJíðì/öHó¨ç�û�éSóðûKöEê!çÞõ�òÇïTâJõ óðûÃöHáCâ�ü*âJì-é!òCêHâJü*âJû�ö��tYû�õ�â(ê	ï(òCêHê!âJûKö óðûKë-âJéHöHó¨þ�ì/öHó¨ç�û�ì/êHâ#â�D~öEâJû�éHó¨ç�ûÇé'öEç öHá�óðé'ÿ_ç-ê�WÐéHòÇï!á�ì-é�EÔFIHÄæ�û�ï(íðò�õCâ#ç-öHáCâ(ê éHç�òCê!ïTâJé	ç-ý
éHöHì/öHó¨ç�û õCâ � âJû�õCâJû�ö@õCâJíùìJô-î?éHò�ï�á ì-éiü#ì ��� óðûCþ#ý;ò�ûÇïTöHó¨ç�ûyâ(ê!êHç-ê��½KLHYà3áCâ � êHâJéEâJû�öYÿ_ç-ê�Wyì-é!éHò�ü*âJõ öHá�ì/öÄöHáCâ
ë/ì/ê!óðì-ûÇïTâ@ÿ%ì-é�éEöHì/öHó¨ç�û óùû�õCâ � âJû�õCâJû�ö��¼æ,ö�éEâ(âJü�é � íùì-ò�éHó¨èÇíðâ3öHá�ì/ö%öHá�óðé_ÿ_ç�ò�íðõmë�ì/ê!ô�ý ê!ç�üféEöHì/öHó¨ç�û�j�öEç�j)éEöHì/öHóðç�û*�OLHÈà3áCâ3öEâJéEöHé�õCç�ûCâ3óðû�öHáCâ � êHâJéHâJûKö � ì � â(ê\é!áCç0ÿ_âJõ#óðü � ç�ë-âJü*âJû�ö2èÇì-éEâJõ*ç�û óðû�öEâ(ê!û�ì-íCïTç�û�éHóùéEöEâJû�ïTô0��@@ûCç-öHáCâ(ê
öEâJéHöSóðé�öEç#ïTç�ü � ì/êHâ'ãÄä²å_æ_êHâJéHò�í¨öHé%ÿYó¨öHáÃöHáCç�éEâ'ý;êHç�üfç-öHá�â(êSöEâJï!áÇû�óðñÞòCâJé(îCâ0�ÅþV�¨îsù¾>4&��
l }�Âi}�Ù-}Ç×\Ý�}��
m �!n9oL�0:V��:eprqs�#put%�#)�vV�#�eprwK��pu���!.+�-�+TW��� &1.��#7��R715F;I7��+����)#&1.��#7��<;I7V�-xE�-�����Z.+'y$��!.4HU�-�-�<z�{r|U}a`4=�$ '��-�+\/&1$�)#��'�p~X��+7L�1��715

.�: �O�N.�:�t<7��+vV����W�*���!.��#��E7��J������7�,G�N&1�Qz�{u|U}�p ��& D �+� D p oV, &1�#�ep�;�oL}�;�p ws� �>���c's]8� D ^�p ,e���/�1`a� ��p����������
m � n9oL�0:V��:epIqs�#p�Au�N'(TW���[zO��p�;I7�� '�� D �-�+����<w�X����#7��+��;I7����+�-)c&/.+��7�� 's�#�6z@{u|U}K�@&/.0&	wP� &1)#3L'(�c'-p � B�B�B*}�z@o��@�-�����+&�)

�*���!.��#��9X���7L�!��� D �#��Z'-pV�y71.+S!.��#��Gp �@�-�+TW&��V3�p�?s� z�&1� D ���V$G����E&1� D �W� |�&�\��-�Np�]d� D ^!p ,e� ��� ��` �1�Z� p � B�B��
m � nEAr��'�T[����pLzO��p��F�!� ����TW�-�Z.>715u.+:��KoZ.+7V�0:G&�'(.��c�Pz@{u|U}I�*7 D ��)���
��#�+'(.F�>��'���)�.+'�p�X��+7L�!�-� D �#���'I715r.�:��W���1.�:Jt	7���vV�#��

�*���!.��#��E7��J������7�,G�N&1�Qz�{u|U}�p�,u� � BV�N` � ��� ��,e���/�/`�����pG�N�������
m � nEAr��'�T[����pIzK�#pI�@&�'E'(.�7L�0: &�'4.+�#'+�0:��Q�"7 D �-)#)F$G��� D �-�Wz@{u|U}a`awP� '�HI���(.+���� pUX�: ��.+:���'��c'-pU�F���#\����+'��2.43�7�5@�*� ���#�0:up

�*��� �#�0:ep��@�-�+TW&��V3�p � B�B � �
m C�nEAr��'�T[����pZzK�#pL�y�L.(.+�-�+�-�NpZqK��pLwP��w D \/&�� �!� D oZ.+7V�0:G&�'(.��c�F�*7 D �-)�587���z�{r|U}I=�$ '(����\/&1.��#7�� 'I&1� D ��.+'UwF, ,�)��c�-&1.��#7��E.+7

z�{r|U}U�@&/.0&EwF� &�)�3L'��#'�p � B�B � }�z@o��@�����-�0&1)u�"�-�!.+��� 9X��+7V�-�-� D ��� �'�pG=P.(.+&�H�&�pG;U&�� & D &�p�?s�Gz�&1� D �-�V$G����E&�� D �W�
|�&�\�����p~]8� D ^�p ,e� � ���/` � B�B�p � B�BZC

<�I�= 8 4È&@<!=�=�>3
�����,�)�!�C�@���: �����A�BC���(D����E.0����A��



���������
	�����������������������������! �"$#&%!'(���)%!�)�*���+�,�����.-/#&0�1
2�"3"�45	��)�(������76
�)�8�,����9!:7,�*�)�)��������93;)-<'=� 2�>� �?�2�>A@
B �C�,'=� D3D����/;C�)�3� 9�;FEG�3� �H��;,��� 93�+��D�'�I(J��������+�,���3�(;�D+93%K2�"3"343D�9A��������

LNM5O+PRQTSVUXWZY[O+\]WR\]^
_`M$_ba+c
^

dfe7g<h�ikjmlon�i`lopkqArsdfe.putkeXv/tuhxw&wCe.pzy(r|{}e=n�~*pu��e7go~Anfq

�,���T�*�*���o�)�*���H�$�$�<�����3�����*�8�����o�������������A�H���|�+�.�F���
�8���f� ��¡¢��� �3£ �H�$�$�o�¤���������*���¥���o���)�$�������A�H���|�+�.�F���
�|�*�=�C�������*¦<���o�*��§©¨
�*ª3�«�f���/�8���/�=¡¬��C®��/�¯�°§²±�³H³o´<µ(¶(·�¸C³ ¹/º=»�¸F¼=½<¹�½�¸F³<·�¾

¿ÁÀsÂ*Ã�Ä�ÅXÆoÃ

�������¥ �" B ��;]J<�)�)�ÇI�'o�(�+�,���È�,���)��%!'(�ÊÉ�Ë|��� B � B �!#FÌbÍk2�"3"�"�Îs�);C����I��,���3��;����(�È� B �!#xÏÐÎ�1m�`���/�A�)�*�,���3�(;
Ñ 2�"3"3Ò3Ó8�b�`��%!'H�+,��;C���(;bË|�Ê� B �������]>$��E7� B �©;C�����3����Ô�EG��sÏ`Õ©:Ö'H�����%!���,��,;����(�K� B ��×�Î�Øf�+,������;C�)I(;C;C�)�=�

Ù|ÚÜÛ�ÝsÞ<ßoà�á]âTã Þoä,à�Ý

å�æ<ç�èÁé<ê*ë�ì+í¯îoïNð*ñóòXæ<ìÇô�ê*ê/ïkõ7öb÷XæHø�ê/÷ùø�îúèAîoû[öÐç�üúýKí¯ø+òùø+ò7êÿþ������Hñ<ñ<ñ��Kê/ì�îoç�õ7ø+í�îoïXìÇæ<ïX÷ùø+ò7ê þ	�
���
å�îoï=é<ê/ï.ø+í¯îoïXì���Hñ<ñ��������
û[îoï��uî<ø+ò7ê*ë è�òXæ<ï��<ê/ì��
å�æ<ç�è ï7î�ý õXì�ê/ìÖø+ò7ê��<ï7îoï��,ë+î<ø+æHø+í�ï�� î<ë�í��oí«ï�����î<ë å$þ �!�
ô¢æ<ì�ê/÷",å$ê/ç�ê/ì�ø+í�æ<ç|þ)ï.ø�ê*ë�û[ê/÷Xí�æHø�ê#�
ë�í��oí«ï$�Tû[ê*ø+ò7î ÷ ø�îÿèAîoû[öÐõ7ø�êÈø+ò7ê�ø�ë�æ<ïÐì&%&î<ë�ûfæHø+í¯îoï'%xë+îoû ø+ò7ê�ø�ê*ë+ë�ê/ì�ø�ë�í�æ<ç
ë�ê�%&ê*ë+ê/ïÐèAê(%xë�æ<û[êmø�îÿø+ò7êmèAê/ç�ê/ì�ø+í�æ<çsë+ê�%&ê*ë�ê/ïXèAê)%&ë�æ<ûfê*,+-�!./�,ø�î0��å��1.2���43 õÐè�òzî5%�ø+ò7êÇï7ê*ý�èAî ÷XêÈý�æ<ì�ø+æ06<ê/ï
%xë+îoû ø+òXê�þ��7���Üå$îoï=é<ê/ï.ø+í¯îoïXìKýTê*ô ì+í¯ø�ê�æ<ïÐ÷ û[î ÷Xí98Ðê/÷ÿø�îÁí�ïXè*ç�õX÷Xê
ø+í«û[ê�÷7ê*ë�í�é(æHø+í¯é<ê/ìKæ<ïX÷ éHæHë�í¯îoõXì5öÐæHë+ø+í�æ<ç
÷Xê*ë�í¯éHæHø+í¯é<ê/ì��;: +5ò7ê/ì�êfæHë+ê<�=�>.��-�,ôÐæ<ì+ê/÷óë+îoõ7ø+í�ïXê/ì)xø+òXêfþ	���(?�ì#?@� ø+æ<ïÐ÷XæHë�÷Xì�î5%A.XõXïX÷Ðæ<û[ê/ï=ø+æ<ç7� ì�ø�ë�îoï7îoû�üB?
ì+î5%&ø8ý$æHë+êC����� ê*ê�ò.ø�ø�ö4D@E5E�ý5ý5ýF��í�æ<õ���ì�î5%Fæ��Êë�ç���æ<è0��õ�6B� G

H�ÚJI©â
KLKNM�ß5O à4P#Q*R7MbÝ2S4T=U ä�ÝVQ<MXW�ã Ù�Y

H�Ú�ÙbÚ[Zùâ�Þ5M`Þoä,à�Ý�\$]Öß^TÐã�T=U0UHä,à�Ý
å�æ<ç�è ð*ñkûfæ06<ê/ìÿø8ýTî ï õ7ø+æHø+í¯îoï$E�öÐë+ê/èAê/ì+ì+í¯îoï èAîoû[öÐõXø+æHø+í¯îoïXì��_.©í¯ë�ì�ø��-`Væ<ïÐ÷bacFèAî.î<ë�÷Ðí�ïXæHø�ê/ìÁî5%�ø+ò7ê

å�ê/ç¯ê/ì�ø+í�æ<ç©þ)ï=ø�ê*ë�û[ê/÷Xí�æHø�êed�îoç¯êf,å�þ	dA��í�ïzø+ò7ê*g�ê*î èAê/ï.ø�ë�í�è}å�ê/ç¯ê/ì�ø+í�æ<çh�Kê�%&ê*ë+ê/ïÐèAê*� ü ì�ø�ê/ûijg¥å������&����æ<ïÐ÷lk
xý òXí�è�òkç¯î è*æHø�ê/ìfø+òXê å$þ&� îoï ø+òXê ênm.õXæHø�î<ëÖî5% ø+ò7ê å�þ	dA��æHë�ê èAîoû[öÐõ7ø�ê/÷oFõXì�í�ï��óæóû[î ÷Xí98Ðê/÷ué<ê*ë�ì+í¯îoï î5%
ì�õ7ôXë+îoõ7ø+í«ï7ê#`1aF���Hñ<ñ<ñ5�p���
� ê/èAîoïX÷X��è*ç�æ<ì�ì+í�è*æ<ç]ï õ7ø+æHø+í¯îoïuî0qbì�ê*ø+ì;�r)s1�7rutv��æHë+êÿèAîoû[öÐõXø�ê/÷ ôÐæ<ì+ê/÷ îoïuø+ò7ê
þ����>�Hñ<ñ<ñ5� ï.õXø+æHø+í¯îoïÜû[î ÷7ê/ç7FõÐì+í�ï��fæfûfî ÷Xí�8Ðê/÷ÿé<ê*ë�ì+í¯îoï î5%©ì�õ7ôXë+îoõ7ø+í«ï7êpw!�>�Hñ<ñ<ñ5�>���Xd©æHë+ø+í�æ<ç�÷7ê*ë�í¯éHæHø+í¯é<ê/ì
î5%Tø+ò7ê[÷7ê/ç�æ�ü ì�æ<ïX÷ ë�æHø�ê/ì¥ýKí¯ø+ò ë+ê/ì�ö�ê/èAø�ø�î;`²æ<ïX÷xa æHë+ê[èAîoû[öÐõ7ø�ê/÷�%xë+îoû ø+ò7ê}å$þ �!�,ôÐæ<ì�ê/÷x%xî<ë�ûmõXç�æHø+í¯îoïX�
æ<ïÐ÷ ýKí¯ø+òÿë+ê/ì+ö`ê/èAøKø�îÖø+ò7ê�è*ç«æ<ì+ì+í�è*æ<ç|ï õ7ø+æHø+í¯îoï î0q�ì�ê*ø+ì>r)sNæ<ïX÷frut-%&ë�îoû ø+ò7ê�è*ç«æ<ì+ì+í�è*æ<çX%xî<ë�ûmõXç�æHø+í¯îoï4�2+5òXí�ì
æ<ç«ç¯î�ýKìÇì�îoç�é í�ï��f%xî<ëmê/í�ø+ò7ê*ë[î<ôÐì�ê*ë+é<ê/÷kèAî<ë+ë�ê/èAø+í¯îoïXìÇø�îJ` æ<ïX÷"a î<ëfè*ç�æ<ì+ì+í�è*æ<ç�ï õ7ø+æHø+í¯îoïkèAî<ë+ë+ê/èAø+í�îoïXìÇýKí¯ø+ò
ë�ê/ì�ö�ê/èAø!ø�îfþ	���>�Hñ<ñ<ñ5�(�

H�ÚyH©Úf]Çà/WzM�ß[{ àbÞoä�à�Ý
+5ò7ê5ö�îoç�æHë$û[î<ø+í¯îoï}ë+î<ø+æHø+í¯îoïÁûfæHø�ë�í9|Öï7î�ý òÐæ<ì]æmì+ûfæ<ç�ç7ë�î<ø+æHø+í¯îoïÿæHô`îoõXø]ø+ò7êp}$��æ~| í«ì�ø+ò7ë+îoõ��oòfø+ò7ê�æ<ï��oç¯ê

� k�� �©ýKò7ê*ë+êfk��]ç¯î è*æHø�ê/ìmø+ò7ê�+sê*ë+ë+ê/ì�ø�ë�í«æ<ç7��ö¢ò7ê/û[ê*ë�í�ì)�
ë�í��oí«ïb,+-���F��îoïùø+ò7êÁênm.õXæHø�î<ëÇî5%5ø+òXêÿå$þ�d����
ï��oç¯ê
k���í�ì¥æHöXöXë�în|7í�ûfæHø�ê/÷úæ<ìÈç�í�ï7ê/æHë�ýKí�ø+òzø+í�û[êfy�j���^�(å$ê/ï.ø(�|æHë�è*ì�ê/è0�sý ò7ê*ë+ê}å$ê/ï.ø�í�ì�ø+ò7êÖê*ö`î è�ò í�ï�%&ë�æ<èAø+í¯îoïXæ<ç
èAê/ï.ø+õ7ë�í�ê/ì�%&ë�îoû��Hñ<ñ<ñ���ñ^���

� ò7î<ë+øfö�ê*ë�í�î ÷kî èAê/æ<ï ø+í«÷7êÜæ<ïX÷ ï.õ7ø+æHø+í�îoï èAîoï.ø�ë�í¯ôÐõ7ø+í�îoïXì[ø�î ö�îoç�æHëÁû[î<ø+í¯îoï æHë+ê ï7î�ý èAîoû[ö¢õ7ø�ê/÷X�!æ<ì
÷Ðí¯ë+ê/èAø�ê/÷úô üóø+ò7ê��Hñ<ñ��zå�îoï=é<ê/ï.ø+í¯îoïXì���� ò7î<ë+øÈö`ê*ë�í¯î ÷óï õ7ø+æHø+í¯îoïùèAîoï.ø�ë�í¯ôÐõ7ø+í�îoïXì�æHë+êÁèAîoû[öÐõ7ø�ê/÷ùõXì+í«ï�� ø+ò7ê

#x0�1K2�"�"345	��)�������� 6
�)���,���(95:7,�*�)�)�)�����(9�; 2�>/ 



���������
	�������������s���¯��� �������5 )"$#x%!'����)%!�)�*�����,���3�

ø�ê*ë�ûfì!î5%h+sæHô¢ç¯êF����ð0�¢æ<ïX÷Üì+ò7î<ë+ø!ö�ê*ë�í¯î ÷Áî èAê/æ<ïÜø+í�÷7ê¥èAîoï.ø�ë�í¯ôÐõXø+í¯îoïXì!æHë+ê�èAîoûföÐõ7ø�ê/÷ õXì�í�ï��#�Kí�è�òXæHë�÷'�Tæ<ï7ê/ì�?
��ë+ø+ò7î �A�>dóì+õ7ôÐë+îoõ7ø+í�ï7ê5��+5ò7ê*ü�ì+òXîoõXç�÷¥ô�ê�æ<÷X÷7ê/÷mæ0%&ø�ê*ë�í«ï=ø�ê*ë+ö�îoç�æHø+í�îoï�î5%Xø+òXê
`!�,ö�îoç¯ê$æ<ïÐ÷Fa��,ö�îoç¯ê$ø+æHôÐõXç�æHë
ö�îoí�ï.ø+ì���+5ò7ê*ü�ý í�ç�çoô�ê�î<öXø+í¯îoïÐæ<ç í«ïÇå�æ<ç«è�E5� îoç¯é<êFFï7î<ø�í�ïXè*ç«õX÷7ê/÷mí�ï�ø+òXê�÷Xê�%xæ<õXç�ø©÷Xê/ç�æ/ü ì�æ<ïX÷më�æHø�ê/ì����=æ�é(æ<í«ç�æHôÐç¯ê
é í�æKø+ò7ê
�sèAî ÷7ê/ì�?��N�>�Aw��!+��h+p?<æ<ïX÷<?��N�>�-�>��+-�p��?��HýKòXí�è�ò�è*æ<ïÈô`ê$æHöXöÐç�í�ê/÷¥õXì+í�ï��5ø+ò7ê-� îoç¯é<ê�å1�>�1.�`�`
8`ç¯ê5��þ�%©õXì�ê/÷4� ø+òXê�è*õ7ë+ë+ê/ï.ø!� îoç¯é<êÈòXí��oò�%xë+ênm.õXê/ïXèAü<�A�>d û[î ÷7ê/ç��~�+û#�^�5����ò�%	�Ðì+òXîoõXç�÷Áô�ê�ø+õ7ë�ï7ê/÷ÿî0q��

H�Úy�©Ú[��� Ù
�!+¥ð�í�ì$ï7î�ý õXì�ê/÷Áø�î[èAîoû[öÐõ7ø�ê�æ<ï��]æHë+ø+òÁë+î<ø+æHø+í�îoï æ<ï��oç¯ê>%&î<ë�ø+ò7ê�å$þ �!�,ôÐæ<ì+ê/÷Öø�ë�æ<ïÐì&%&î<ë�ûfæHø+í¯îoïXì��2�
ïX÷

ø+òXêÈèAîoû[öÐõXø+æHø+í¯îoï î5%
g
ë�ê*ê/ï=ýKí«è�òJ� í�÷7ê*ë+ê/æ<ç/+5í�û[ê�%xî<ëKø+òXêÈè*ç�æ<ì+ì�í�è*æ<ç|ø�ë�æ<ïÐì&%&î<ë�ûfæHø+í¯îoïXìKý$æ<ì
û[î ÷Xí98Ðê/÷X��+5ò7ê
èAîoûföÐç¯ê/û[ê/ï.ø+æHë+üzø�ê*ë�ûfìmí�ïzø+ò7ê}ênm.õXæHø+í�îoïúî5%�ø+ò7êÖênm õXí�ïXîn| ê/ì�æHë+êÖûfî<ë+ê}èAîoû[ö¢ç�í�è*æHø�ê/÷ æ<ïÐ÷úæHë+ê}èAîoûföÐõ7ø�ê/÷
õÐì+í�ï��úæùû[î ÷Xí98Ðê/÷l%xî<ë�û¬î5%¥ì+õ7ôXë+îoõXø+í�ï7ê;�7��åA+1�Hñ<ñ<ñ����
ç�ì�î��5ì�îoûfê ì�ø�ë�õÐèAø+õ7ë�æ<çKè�òXæ<ï��<ê/ìÁý$ê*ë+ê ûfæ<÷Xê í�ï
ø+òXê*��+¥ðÁí�ï=ø�ê*ë�ö`îoç«æHø+í¯îoïX���7û[î.î<ø+òÐí�ï��Üî5%Kø+ò7êÿø+æHôÐõXç�æHë)�!+�ðÖö�îoí�ï.ø+ìÈí«ìÈï7îzç¯îoï��<ê*ëÇ÷7îoï7ê5��æ<ïÐ÷ùæùð0��ñz÷Xæ/ü
í«ï=ø�ê*ë+éHæ<ç7�A�>d¤ì�ê*ë�í¯ê/ìmûÈõÐì�ø�ô�êÖõXì+ê/÷N�� ÷Xæ/ü í«ï=ø�ê*ë+éHæ<ç�ìÈï7îÜç¯îoï��<ê*ëÇæ<è*èAê*öXø�ê/÷$����� õ7ôÐë+îoõ7ø+í�ï7êe�
ë�ø+ò7î �A�>d
æ<ç«ì�îùèAîoûföÐõ7ø�ê/ìÿì+ò7î<ë+øÁö�ê*ë�í¯î ÷b��+¥ðzèAî<ë+ë+ê/èAø+í¯îoïÐì<%xî<ëÿî èAê/æ<ïNø+í«÷7ê ê�q�ê/èAø+ì��V+Kò7ê*ü æHë+êóì�ø�î<ë+ê/÷Næ<ì;��èAî ÷7ê
? ��+¥ð��>��+-�p��?Ðæ<ïÐ÷ è*æ<ï ô�ê¥æHöXöÐç�í�ê/÷ÁõÐì+í�ï��Çø+ò7ê(� îoç�é<êmå-�>�!.�`�`¡8¢ç¯ê5�

H�Ú£¢�Ú[¤]â]Ý]á7MXKNT¢Ý�Þ5MXWp¥zß�S�â
K¦TÐÝsÞ5U
+5ò7ê;%FõXïX÷Xæ<û[ê/ï.ø+æ<ç!æHë �oõXûfê/ï=ø+ì[ý$ê*ë+êÜûfî ÷Xí�8Ðê/÷ùø�î ûfæHø+è�ò ø+ò7ê þ��7��� å$îoï=é<ê/ï.ø+í¯îoïXì[��Hñ<ñ����fæ<ïX÷kê�|��

ö¢æ<ïX÷7ê/÷ÿø�îfí�ïXè*ç«õX÷7ê
ø+ò7êF�ÇöÐç�æ<ïXê*ø+æHë+üÖø�ê*ë�ûÖì���%&î<ëKø+ò7êÈå$þ �!�,ôÐæ<ì�ê/÷ èAîoûföÐõ7ø+æHø+í¯îoïXìn�Tå�æ<ç�è[ð*ñ[òXæ<ì!ø8ýTî}î<ø+ò7ê*ë
ì+ê*ø+ì�î5%7%FõXïX÷Xæ<û[ê/ï.ø+æ<ç�æHë �oõXû[ê/ï.ø+ì���%&î<ë�ø+ò7êÇþ������Hñ<ñ<ñ5� ï õ7ø+æHø+í¯îoïzû[î ÷7ê/ç�æ<ïX÷x%&î<ë�ø+ò7êÇþ����Èðn�5§Hñ"¨�úæ<ò7ëv�
ï õ7ø+æHø+í¯îoï}û[î ÷7ê/ç��oê/æ<è�òÖýKí�ø+òfì+ûfæ<ç�çÐ÷Xí9q�ê*ë+ê/ïXèAê/ì�í�ïÖì�îoû[ê5î5%bø+ò7ê èAîoû[ö�îoï7ê/ï=ø+ìn���
ì]æF%xõXë+ø+ò7ê*ë]èAîoû[ö¢ç�í�è*æHø+í¯îoïX�
í�ø¥ì�ê*ê/ûfìÈø+ò7ê*ë+êÖòXæ�é<êÖô�ê*ê/ïóø8ýTî ÷Xí9q�ê*ë+ê/ï=øÈì�ê*ø+ì¥î5%A%FõXïX÷Xæ<û[ê/ï.ø+æ<ç�æHë �oõÐû[ê/ï=ø+ìÈõXì�ê/÷úí«ïóø+ò7êföÐæ<ì+ø�%&î<ëmèAîoû)�
ö¢õ7ø+í�ï����úæ<òXë5ï.õ7ø+æHø+í�îoïXì��7��ï7ê�í�ìTø+ò7ê î<ë�í��oí�ïXæ<ç¢ì�ê*ø$õÐì�ê/÷ÁýKí¯ø+òfø+òXêmðn���0��E ðn�5§HñÖþ	���¡d�ë+ê/èAê/ì+ì�í¯îoï$E~w
õ7ø+æHø+í¯îoï
ûfî ÷7ê/ç«ì>FõÐì�ê/÷ í�ï å�æ<ç�èp§Çæ<ïX÷ÿê/æHë�ç�í�ê*ëv���h+5ò7ê�ì�ê/èAîoïX÷ í�ì�æ[ì�ê*ø5ì+ö`ê/è*í�8Ðê/÷}í«ï}ø+òXê�þ	�
���ÿå$îoï.é<ê/ï=ø+í¯îoïÐì�)ðn�5�5���
%xî<ë�õXì�ê¥ýKí�ø+ò ô�î<ø+ò ø+ò7êÈþ	�
���úðn�5�5�ew
õ7ø+æHø+í¯îoï û[î ÷7ê/ç
,� ê*ë+ë�í�ï��ÖèAî ÷XêC�!æ<ïX÷ ø+ò7ê}ðn���0��E ðn�5§Hñ þ	���©d]ë+ê/èAê/ì��
ì�í¯îoï$E~w
õ7ø+æHø+í¯îoï�¨�úæ<ò7ëv�!û[î ÷Xê/ç2FõXì�ê/÷ í�ïÜå�æ<ç«è>�����Tþ8ø5í«ì$ïXî<øKè*ç¯ê/æHë!ýKòXí«è�ò ì�ê*ø5ì+òXîoõXç�÷Áë+ê/æ<ç�ç¯ü}ô�ê�õÐì�ê/÷X�7ôÐõ7ø
æ0%xø�ê*ë ì+îoû[ê�÷Xí�ì�è*õXì+ì+í¯îoïÐìTò7ê*ë�ê¥æ<ïX÷ ýKí¯ø+òÿî<ø+òXê*ë èAîoç�ç¯ê/æ0�oõXê/ì��Xý$ê�÷7ê/è*í�÷7ê/÷ÿø�îÖë+ê*ø+õ7ë�ïÿø�îfø+òXê¥î<ë�í��oí�ïÐæ<çbì�ê*ø��

H�Úyª©Úf]*WjMbÝ2TXÞ0M�ß5O¡«�¬�R2T=K¦TXß.äzU
+5ò7ê[^d7��®��AE~�/�7�oñ��úê*öÐòXê/û[ê*ë�í�ìfí«ìÖï7î�ý õXì�ê/÷4�L+5ýTîúô¢í�ïXæHë+üùé<ê*ë�ì+í¯îoïÐìfýKí�ç«ç�ô`ê ÷Xí�ì�ø�ë�í�ôÐõ7ø�ê/÷ùýKí¯ø+ò

å!æ<ç�è�ð*ñ��
��ï7êKí«ì�æÖð*ñ<ñ~�,ü<ê/æHë�8¢ç¯êF)ðn�5�Hñ~���Hñ��Hñ��$���¯�F3Üô ü ø�ê/ì���%xî<ë]õXì�êKîoïu� ïÐí9|;,��í��(�]ïX÷Xí«æ<ï$�sì�ü ì+ø�ê/ûfì��h+5ò7ê
î<ø+òXê*ë í�ì!æ<ïf§Hñ~�,ü<ê/æHë�8¢ç�ê#)ðn�5�Hñ~���Hñ0�oñ������¯�u3Üô ü.ø�ê/ìv�A%xî<ë1d$åL�sí�ï õ�|�,�sí¯ø�ø+ç¯ê��]ïÐ÷Xí�æ<ï$�Tì�ü ì�ø�ê/ûfì��

H�Úy°©ÚJI©à/W�ä8á�«)M�ß<Þ�R©�Áä�á2T
� îoû[êKì+ûÖæ<ç�ç7è�òXæ<ï��<ê/ì�ý$ê*ë+êKûfæ<÷7êKø�î�ûfæHø+è�òÖø+ò7êKï7ê*ýNå$îoï=é<ê/ï.ø+í¯îoïXìn�.æ<ì]÷Xê/ì+èAë�í¯ô�ê/÷Çí�ï}å�òÐæHöXø�ê*ë����7� ø�ê*ö

ðÈí�ì5õXïÐè�òXæ<ï��<ê/÷f%&ë�îoû å�æ<ç�è(���Ðê�|7èAê*öXøKø+ò7ê*ë�êÈí�ì5ïXî�ý ïXîfê/ç�æ<ì�ø+í�è�E(æ<ïXê/ç�æ<ì�ø+í�è�î<öXø+í¯îoïX�-� ø�ê*öx�ÖõXì�ê/ì5÷Ðí9q`ê*ë�ê/ï=ø
ø+æHô¢ç¯ê/ìKæ<ïX÷Üæ<÷X÷Xí¯ø+í¯îoïÐæ<ç�ø�ê*ë�ûfì���� ç�ì+î��Xø+ò7ê¥öÐæHë�ø+í�æ<ç|÷7ê*ë�í�é(æHø+í¯é<ê/ìK÷7ê�8¢ï7ê/÷ ô ü'<îoòXïxg�í¯öÐì�îoï'%&î<ë
å!æ<ç�èF�Çý$ê*ë+ê
ïXê*é<ê*ë õXì�ê/÷4� ì+îfø+ò7ê*üÿýTê*ë�ê�ë+ê/û[î�é<ê/÷4�

H�Ú,±sÚf]Çà/WzT"�Áä�á7T
3Üê/æ<ïfFì+ê/è*õXç�æHëv��ö�îoç¯ê$î0q�ì�ê*ø+ì-Fç«í�ï7ê/æHë©ýKí¯ø+òmø+í�û[êC�sæHë+ê!ì+õXôXø�ë�æ<èAø�ê/÷)%xë+îoû¤ø+ò7ê�ö`îoç«æHë©ûfî<ø+í¯îoïmé(æ<ç�õXê/ì��<ø+ò7ê/ï

ø+òXê/ì�ê¥û[î ÷Xí98Ðê/÷<`1�,ö�îoç¯ê�æ<ïX÷<a��,ö�îoç¯ê�é(æ<ç�õXê/ì!æHë+ê�õXì�ê/÷ÿø�îfèAîoû[öÐõXø�ê
ø+òXê�ö`îoç�ê ø+í�÷Xê�èAî<ë�ë+ê/èAø+í¯îoïXì��
+5ò7ê�ì+æ<û[ê

2�>A2 #&0�1
2�"3"�45	��)�(������76
�)�8�,����9!:7,�*�)�)��������93;



���������
	��������������������� �������5 )"$#x%!'����)%!�)�*�����,���3�

ý�æ<ì�÷7îoï7ê[í�ïúå�æ<ç«è)����ôÐõ7ø�ýKí¯ø+òzì+ç�í£�oò=ø+ç¯ü ÷Xí9q�ê*ë+ê/ï=ø�ç�í�ïXê/æHë�%xî<ë�ûmõXç�æ<ì���� ç«ì�î æ<ì�í�ïúå�æ<ç�è#���|ý$êfèAîoû[öÐõ7ø�ê[æ
÷Xê/ç�æ/ümæ<ïX÷Çë�æHø�ê5èAîoï.ø�ë�í¯ôÐõ7ø+í�îoï�	? d
+!�>��®�å1�>wF?@�sø+òÐæHø�ýKí�ç�ç.ë+ê/û[î�é<ê5ø+òXí�ì©ì�ø�ê*ö4�h�
÷X÷Xí�ï�� ø+ò7ê>? d
+!�>�/®¥å-�pwF?
éHæ<ç�õ7ê/ìTø�îmø+ò7ê
÷Xê/ç�æ/ü ìTæ<ïÐ÷Öë�æHø�ê/ì$ýKí«ç�ç7ô�êKø+ò7ê�ì+æ<û[ê�æ<ì�èAîoû[öÐõ7ø+í«ï��¥ø+ò7ê
ö�îoç¯êKø+í�÷XêKýKí¯ø+òe`1�,ö�îoç¯ê
æ<ïX÷ea!�,ö�îoç¯ê
éHæ<ç�õ7ê/ì!õÐïXèAî<ë+ë+ê/èAø�ê/÷f%&î<ëKì+ê/è*õXç�æHë5ö�îoç�æHë5û[î<ø+í�îoïX�

H�Úy²©Ú[¥óÝsÞ5TÐÝTÝ2MN¤�äj³hTÐá©¥x³�äzU;�ÁäzWCÞ�U*MbÝ]á´¥x³�ä�U[µ�¶1U~T7Þ�U
å�æ<ç�èÜð*ñÜý$æ<ìÇõ7öb÷XæHø�ê/÷ ø�îÜë+ê/æ<÷ùæ<ïùæ<ï=ø�ê/ïXïÐæ'8�| ê/÷���æ~|7í�ì¥ø+í«ç¯øp8¢ç¯ê5�'+KòXí�ì>8¢ç�ê}òXæ<ìÈæ ç�æHë·�<ê}ì�ê*øÈî5%5ø+í�ç¯ø+ì

,�2�j� æ<ïX÷¸w1�	���F%&î<ë#d]í�ê*ø�î�ýKï¹)ðn�5§5�C���Hñ<ñ0�����5æ<ïX÷ùì+í�ï��oç�êÖø+í�ç¯ø+ì�%xî<ëÈø+òXêÁî<ø+òXê*ë#�[º>�/�A� æ<ï.ø�ê/ïXïXæ<ì;xîoïXç�ü
�Ðå
�jº����A�F?�ìfí«ìmì�í��oïXí98¢è*æ<ï.øÇø+ò7îoõ��oò$���kþ	% æ<ï.ü<îoï7ê'6 ï7î�ý ì[î5% î<ø+òXê*ëÖæ<ï=ø�ê/ïÐïXæ<ì[ø+òXæHøÖì�ò7îoõXç�÷uô�êÿí«ïXè*ç�õX÷7ê/÷
òXê*ë+ê5�|öÐç¯ê/æ<ì+êfç¯ê*ø�û[ê#6 ïXî�ý��}å�æ<ç«èÁð*ñÜõXì�ê/ì�ø+ò7ê/ì+ê[ø+í�ç¯ø+ì�í�ï ø+ò7êfæ~|7í�ì�î0qbì�ê*ø�èAîoû[ö¢õ7ø+æHø+í¯îoïXì��#.7î<ë�d]í¯ê*ø�î�ýKïX�
ø+òXê¥è*õ7ë+ë+ê/ï.ø!ø+í�ç¯øFj»��}æHë�èv��ûfí�ï õ7ø�ê/ì��$è*æ<ï ûfæ06<ê�æf÷7ê/ç«æ/ü ÷Xí9q�ê*ë+ê/ïXèAê�î5%7¼p§möÐì�ê/è�ûfæ~| í«ûÈõXû'�

� ì�ûfæ<ç�ç7ê*ë+ë�î<ë]ý�æ<ì2%xîoõXïX÷fí�ïfø+ò7êKæ~|7í�ì�î0qbì�ê*øTèAîoûföÐõ7ø+æHø+í¯îoïXìn��� öXöÐæHë�ê/ï=ø+ç¯ü[í¯ø]ý$æ<ìTï7ê*é<ê*ë�m õXí¯ø�ê5èAî<ë�ë+ê/èAø��
�¤ì+ûfæ<ç«ç`æHø+ûfîoì�öÐò7ê*ë+ê�ø�ê*ë�û ý$æ<ì5í«ïXèAî<ë+ë+ê/èAø+ç¯üÁû[î ÷Xí98Ðê/÷ÿì�ê*é<ê*ë�æ<ç|é<ê*ë�ì+í¯îoïXì!æ0�<î��ÐýKò7ê/ï í¯ø!ì+ò7îoõÐç�÷ÿòXæ/é<ê�ô�ê*ê/ï
ë�ê*öÐç�æ<èAê/÷}ýKí¯ø+òÁæmì�ûfæ<ç�çXë�ê/ç�æHø+í¯é í¯ø�üÖèAî<ë�ë+ê/èAø+í¯îoïX��þ�ø$òÐæ<ì78`ïXæ<ç�ç¯üÇô�ê*ê/ïÿèAî<ë+ë+ê/èAø�ê/÷X�2º�ê*ë�üÖç�í¯ø�ø+ç¯ê
è�òXæ<ï��<ê¥ì+ò7îoõXç�÷
ô�ê�ê�| ö`ê/èAø�ê/÷Üø+ò7îoõ��oòX�Ðê�| èAê*öXø æHøKæ#%xê*ý ì�ø+æHø+í¯îoïXì5ýKí¯ø+ò ç�æHë �<êÈæ~| í�ì5î0q�ì�ê*ø+ìn�

��ÚJQ}à/K¦¬
M`ß.äzU(à�Ý¤à4P#Q*M½W8ã Ù�Y¦MbÝ]á¾Q<MXW8ã"¿
+5ò7ê1+-�!.��,ø�î0��åA�1.óø�ë�æ<ïXì&%xî<ë�ûfæHø+í¯îoï}í�ï}å�æ<ç�èKòXæ<ì]è�òXæ<ï��<ê/÷<%&î<ëTø+ò7ê�8Ðë�ì+ø�ø+í�û[êKí«ï[í¯ø+ì�»p�Hñ�ü<ê/æHë$òÐí�ì�ø�î<ë+ü5�

ì+îmæm÷7ê*ø+æ<í�ç¯ê/÷Áì�ø+õX÷Xü[î5%�í¯ø+ìTê�q`ê/èAø!îoïÁø+ò7ê�÷XæHø+æmì�îoç�õ7ø+í¯îoïÐì]ý�æ<ì�ûfæ<÷7ê5�h�óê�ûfæ<÷7ê�ûfæHø+è�òÐí�ï��få�æ<ç�è!�mæ<ïX÷ ð*ñ
� îoç¯é<êCE5g�ç¯î<ôÐçsì�îoç�õ7ø+í�îoïXì�%xî<ë>���0§5�eº����$þ5ì�ê/ì+ì+í¯îoïÐì-%xë+îoûRðn���0���¯�Áø+ò7ë�îoõ��oò[�Hñ<ñ����¯§��bø�îÁèAîoû[öÐæHë+êm÷Xí9q�ê*ë+ê/ïXèAê/ì
í«ïÿø+ò7ê¥ì�îoç¯é<ê/÷��j%xî<ë5öÐæHë�æ<û[ê*ø�ê*ë�ì���+�îfç�í«ûfí¯ø$ø+ò7ê�÷Xí9q�ê*ë+ê/ïXèAê/ì!æ<ì ûÈõÐè�ò æ<ìKö`îoì�ì+í¯ôÐç¯ê5� ø+ò7ê¥ì+æ<ûfê�æHöXë�í¯î<ë�í�?�ì�Fì+í¯ø�ê
ö�îoì+í�ø+í¯îoïXì�� ì�îoõ7ë�èAê�ö`îoì�í¯ø+í¯îoïXì������pd-?�ì��Xæ<ïX÷ î èAê/æ<ï ç¯îoæ<÷Xí�ï��[èAî ê�À}è*í¯ê/ï.ø+ì��$ý$ê*ë+ê�õXì+ê/÷X�2.©í��oõ7ë+ê/ì�ðv���Öæ<ïX÷f�C���
ì�ò7î�ý ø+ò7êÿõXïXû[î ÷Xí98¢ê/÷ú÷Xí9q�ê*ë+ê/ïXèAê/ì;,å�æ<ç�è ð*ñzûfí�ï õXì[å�æ<ç�è<����ô�ê*ø�ý$ê*ê/ïkø+ò7ê ì�îoç¯é<ê/÷��j%&î<ë)`!�,ö`îoç�ê5��a!�,ö�îoç¯ê5�
��+¥ð0�7æ<ïX÷Áþ����Èðn�5§Hñfï õ7ø+æHø+í¯îoï4�2+5ò7ê�÷XæHø+æmô`ê�%xî<ë+êÇðn�5§~�fí�ì$èAîoïXì+í�÷7ê*ë�æHôÐç¯üfï7îoí�ì�í¯ê*ë$æ<ïÐ÷ÁòÐæ<ìTô�ê*ê/ïÁê�|7è*ç�õX÷7ê/÷X�

��Ú�ÙbÚfÁxÂ�¬!à/WjT/Ã7Ä�Â�¬!à/WjTlÅúä�¶-TÐß�TÐÝ]ã�T$U
+5ò7ê ö�îoç�æHëÖû[î<ø+í�îoï ÷Xí9q�ê*ë+ê/ïXèAê/ìfî5%>.©í��oõXë+ê/ì ðÜæ<ïÐ÷b�óæHë+ê ì+ûfæ<ç�ç!èAîoû[ö¢æHë+ê/÷ ø�îuø+ò7ê/í¯ëu%xî<ë�ûfæ<ç!ê*ë�ë+î<ë�ì

xø8ü.ö¢í�è*æ<ç�ç¯ü'»p�5�C��ð*ñ<ñ<�|æ<ì����XôÐõ7ø5ì+îoû[ê�ì�ü ì�ø�ê/ûfæHø+í�è�ê�q`ê/èAø+ì
æHë+ê�ì+ê*ê/ïX�7`!�,ö�îoç¯ê¥òXæ<ìKæ<ïx»Çðn�#�|æ<ì!î0qbì�ê*ø��A+5ò7ê
ë�ê/æ<ì�îoï òÐæ<ìKï7î<ø ü<ê*ø ô�ê*ê/ïÜ÷Xê*ø�ê*ë�ûfí�ï7ê/÷4�XôÐõ7øKûÖæ/ü ô�ê¥ë+ê/ç�æHø�ê/÷ ø�î}æÖë+ê*é<ê*ë�ì+æ<ç�í�ï ø+òXê�î<ë�÷7ê*ë î5%�ë+î<ø+æHø+í¯îoïXì
í�ï
ø+òXê�ö`îoç«æHë5û[î<ø+í¯îoï ûfæHø�ë�í9|B�7î<ë
í�ïÿø+ò7ê¥æHöXö¢ç�í�è*æHø+í¯îoïÿî5%©ø+ò7ê�ö�îoç¯ê�ø+í�÷Xê�èAî<ë�ë+ê/èAø+í¯îoïX�

��ÚyH©Ú[��� ÙlÅúäj¶-TXß�TÐÝTã�T=U
+5ò7ê)�!+¥ð[÷Ðí9q`ê*ë�ê/ïXèAê/ì
î5%
.©í��oõ7ë+êu�Áì+ò7î�ý æ ì�ê/ûfí9��æ<ïÐï.õXæ<ç©èAü è*ç�í�ï����bû[î ÷XõXç«æHø�ê/÷ í«ï æ<ûföÐç�í¯ø+õX÷Xê�ýKí¯ø+ò æ

ö�ê*ë�í�î ÷mî5%bæHöXöXë+î�| í«ûfæHø�ê/ç¯üÇòXæ<ç�%`ø+ò7êKç�õXïÐæHë�èAü è*ç¯ê5�2+KòXí�ì�í�ì�÷XõXê5ø�î¥ø+ò7ê5ê�q�ê/èAø]î5%�ø+ò7ê!m.õXæ<ï.ø+í¯ø8ü<k
í�ïÇø+ò7ê
å$þ �!�
ô¢æ<ì�ê/÷mø�ë�æ<ïXì&%xî<ë�ûfæHø+í¯îoïÐì��sþ�ø�è*æ<ïÇô�ê$ì�ê*ê/ï[ûfî<ë+ê!è*ç¯ê/æHë�ç¯ü�í«ïÈø+òXê$ênm õXæHø+í¯îoïÇî5%¢ø+ò7ê�ênm.õÐí�ï7în| ê/ì©èAîoû[öÐç¯ê/ûfê/ï=ø+æHë+ü
ø�ê*ë�ûfì5í�ïÁø+ò7ê¥ênm õXí¯éHæ<ç¯ê/ï.ø�ênm.õXí«ï7în|��,ôÐæ<ì�ê/÷ ø�ë�æ<ïXì&%xî<ë�ûfæHø+í¯îoïXìn��þ�%sýTê�èAîoûföÐõ7ø�ê¥æ<ïX÷ ë�ê/û[î�é<ê¥ø+òXê¥÷Xí9q�ê*ë+ê/ïXèAê/ì
ô�ê*ø8ýTê*ê/ïzø+ò7ê[èAîoû[ö¢ç¯ê/û[ê/ï.ø+æHë+üÜø�ê*ë�ûÖì
õÐì�ê/÷zí�ïúå�æ<ç�èÁð*ñ æ<ïX÷úå�æ<ç�è)���býTê)�<ê*ø�ø+ò7ê�?�èAî<ë+ë+ê/èAø�ê/÷4?|÷Xí9q�ê*ë+ê/ïXèAê/ì
ì�ò7î�ýKïÇí�ï).©í��oõ7ë�ê
���h3 îoì�ø�î5%Ðø+ò7ê!ì�ü ì�ø�ê/ûfæHø+í«è�ê�q`ê/èAø+ì�æHë�ê��<îoï7ê5�oôÐõ7ø©æ�ì+ûfæ<ç�ç ì+ç�î<ö`ê$î5%½»�������ðA�|ì�ê/è�E(èAê/ï=ø+õXë+ü5�
î<ë!»��j�����|æHë�è*ì�ê/è�E(èAê/ï.ø+õ7ë+üÿë+ê/ûfæ<í«ïXì��h+5òXí�ì�ì+ç�î<ö`ê�í�ì!æHöXö¢æHë+ê/ï=ø+ç�ü}÷Xõ7ê�ø�î[ø+ò7ê(}B��æ~| í�ì�ë�î<ø+æHø+í¯îoï í�ïÁø+ò7ê�ö�îoç�æHë
ûfî<ø+í¯îoï ûfæHø�ë�í�|Áî5% � k�� �7î<ëpÆ����^�(å$ê/ï.ø-�|æHë�è*ì�ê/è0�

#x0�1K2�"�"345	��)�������� 6
�)���,���(95:7,�*�)�)�)�����(9�; 2�>�Ò



���������
	�������������s���¯��� �������5 )"$#x%!'����)%!�)�*�����,���3�

ÇBÈ@ÉCÊ�Ë	Ì�ÍCÎ½Ï2Ð,Ñ�ÒCÓ@Ì-Ô5È@Õ�Ì·Ë	Ì·Ö^×·Ì�Ø�Ù£Ú�ÛCØzÌv×�Ü Î ÇBÈÝÉ�Ê�Ë	Ì-Þ5Î½ß
Ð¨Ñ�Ò�ÓÝÌ�Ô5È¯Õ�Ì·Ë	Ì·Ö�× Ì�Ø�ÙàÚ�Û�Ø�Ì�×vÜ&Î

ÇBÈ@ÉCÊ�Ë�Ì�á^Î½â
ãAÍ-Ô5È@Õ�Ì�Ë�Ì�Ö^× ÌvØ�Ù£Ú�Ø�Ì�×�Ü Î ÇBÈÝÉ�Ê�Ë	ÌAä^Îhå æ�Ò�Ë	Ë�Ìv×&ç�ÌvÔ�å5â7ãAÍ-Ô5È@Õ�Ì·Ë	Ì·Ö^×·Ì�Ø�Ù£Ú�Ø�Ì�×vÜ&Î

��Úy�©Ú[Zùâ�Þ5M`Þoä,à�Ý_Åúäj¶-TXß�TÐÝTã�T=U
+5ò7êÿþ	���mðn�5§HñN¨�úæ<òXëv�mï.õXø+æHø+í¯îoï ÷Xí9q�ê*ë+ê/ïXèAê/ì[í�ïl.©í��oõ7ë�ê/ìu� æ<ïÐ÷è�zæ<ç�ì�îóì+ò7î�ý ì�ê/ûfí9��æ<ïXï õXæ<ç�èAü è*ç¯ê/ì��

ý í¯ø+ò ì�îoû[ê*ýKòÐæHø5ï7îoï���ç�í�ïXê/æHë�ç�îoï��[ø�ê*ë�û ÷7ë�í�%&ø+ìn���
ì5û[ê/ï.ø+í¯îoï7ê/÷ ê/æHë�ç�í¯ê*ën� ø+ò7êp%FõXïX÷Ðæ<û[ê/ï=ø+æ<çbæHë·�oõXû[ê/ï.ø+ì5æHë+ê
ì�ç�í��oò.ø+ç¯ü}÷Xí�q`ê*ë+ê/ï.ø�%xî<ë�å�æ<ç�è��fæ<ïX÷úð*ñ��$þ�%�ýTêÈèAîoû[öÐõ7ø�ê�æ<ïÐ÷ ë+ê/û[î�é<êÈø+ò7ê�ê�q`ê/èAø î5%©÷Ðí9q`ê*ë�ê/ï=ø�%FõXïX÷Xæ<ûfê/ï=ø+æ<ç
æHë·�oõXû[ê/ï.ø+ì��oý$ê��<ê*ø2.�í£�oõ7ë+ê/ì7�
æ<ïX÷u§��h+5ò7ê!èAü è*ç�í�ï���í�ì��<îoï7ê5�=ôÐõ7ø�ï7ê/æHë�ç¯ümç�í�ï7ê/æHë©÷7ë�í£%&ø+ì�ë+ê/ûfæ<í«ïX�<ýKí¯ø+òÇì+ç¯î<ö�ê/ì
î5%p»!� ���^�zæ<ïX÷è»�Æ��¯�Hñzû)��æHë�èv��ì�ê/è�E(èAê/ï=ø+õXë+üo)ðn�5§~�0���Hñ<ñ����¯§��<%&î<ëur)s æ<ïÐ÷èrut��óþ)ïè� îoç¯é<ê5�]ø+òXêÁþ������Hñ<ñ<ñ5�
æ<÷0��õXì+ø+û[ê/ï=ø+ìÇý$ê*ë+ê èAîoï.é<ê*ë+ø�ê/÷ ø�îóø+ò7êÿþ����Èðn���0��E ðn�5§HñùöXë�ê/èAê/ì+ì+í¯îoï$E(ï õ7ø+æHø+í¯îoïo¨�úæ<òXëv�(%&ë�æ<û[êÿô.üùæ<÷X÷Xí�ï��
ø+òXêp%&îoç�ç�î�ýKí�ï��mø�ê*ë�ûfì-%xî<ë5ø+ò7êp%xë�æ<û[ê¥î0qbì�ê*øKæ<ïÐ÷ ø+ò7ê¥÷Xí9q�ê*ë+ê/ïXèAê¥í«ïÿöXë+ê/èAê/ì+ì+í�îoï èAîoïXì�ø+æ<ï.ø+ì�D

r)s1D2���5�5���¯�5���(å$ê/ï=ø��2�Xð0�@�5�0�xFû)��æHë�èv��ì�ê/è��
rut�D����5���¯�~���(å�ê/ï=ø������¯§ ðn�5�[Fû)��æHë�èv��ì�ê/è��

w(�¢å�æHöÐí�ø+æ<í�ï7ê#xöXë�í¯éHæHø�ê�èAîoûfûÈõÐïXí�è*æHø+í¯îoï$�TòXæ<ì�ö�îoí�ï.ø�ê/÷Áîoõ7ø!ø+òXæHø5ì�îoûfê�ì�ûfæ<ç�ç�ì+ç¯î<ö�ê/ì�ì+ò7îoõXç«÷}ë�ê/ûfæ<í�ïX� ÷Xõ7ê
ø�î ÷Xí9q�ê*ë+ê/ïXèAê/ìÈí�ïúø+ò7êÖë+ê�%&ê*ë�ê/ïXèAê<%xë�æ<û[êÖø�ë+ê/æHø+û[ê/ï.øÈî5%!ôÐí«æ<ì�æ<ïX÷ öXë+ê/èAê/ì+ì+í�îoïX��æ<ïÐ÷úø�îÜø+òXê}í�ïXè*ç«õXì+í¯îoïzî5%!æ
�F� �F�]ôÐí�æ<ì[í�ïkø+ò7ê ï7ê*ý ø�ë�æ<ïXì %&î<ë�ûÖæHø+í¯îoïXì��è+5òXê*î<ë+ê*ø+í�è*æ<ç�ç¯ü5�$ø+ò7ê/ì�ê ì+ò7îoõXç�÷ùöXë�î ÷XõÐèAêÿì�ç¯î<ö�ê/ì[î5%1� ���Xðn§ æ<ïX÷
Æ)�¯� ð�� û)��æHë�èv��ì�ê/è�E(èAê/ï=ø+õXë+ü5��ýKòXí�è�òúí�ìÈè*ç¯îoì�êfø�î ýKòXæHø¥ý$ê}ì+ê*ê5���]é<ê/ï=ø+õÐæ<ç�ç¯ü�� îoç¯é<êfý í�ç�ç�÷Xí¯ë�ê/èAø+ç¯ü ê/ì+ø+í�ûfæHø�ê
r#`¤æ<ïX÷[r�a�%xî<ë5ë+ê*ö�î<ë+ø+í«ï��Çø�îfø+ò7ê¥þ��7�>�B�Xì�î[ø+òXí�ì!èAîoï.é<ê*ë�ì+í�îoïÜì+ò7îoõÐç�÷ ï7î<ø!ô�ê¥ï7ê/èAê/ì+ì+æHë�ü5�

2�>�é #&0�1
2�"3"�45	��)�(������76
�)�8�,����9!:7,�*�)�)��������93;



���������
	��������������������� �������5 )"$#x%!'����)%!�)�*�����,���3�

ÇBÈÝÉ�Ê�Ë	Ì-ê5Î4ë!ì�Ô5È@Õ�Ì�Ë�Ì�Ö^× ÌvØ�Ù£Ú�Û�Ø�Ì�×vÜ&Î ÇBÈ@ÉCÊ�Ë	ÌAí^Î/ë�î2Ô5È@Õ�Ì�Ë�Ì�Ö^× ÌvØ-Ù£Ú�ÛCØzÌv×�Ü&Î

ÇBÈÝÉ�Ê�Ë	Ì1ï0Î�å æ�Ò�Ë	Ë�Ìv×&ç�ÌvÔ�å^ë!ì�Ô5È@Õ�Ì�Ë�Ì�Ö^× ÌvØ�Ù£Ú�Û�Ø�Ì�×vÜ&Î ÇBÈÝÉ�Ê�Ë	Ì�ð�Î�å�æ�ÒCË�Ë	Ì�× ç�ÌvÔ�å^ë�î2Ô5È@Õ�Ì�Ë�Ì�Ö^× ÌvØ�Ù£Ú�Û�Ø�Ì�×vÜ&Î

��Ú£¢�Ú[��TXß=ß�T=U�Þ<ß=äjMXW-ñ�T�P�TXß^TÐÝ]ã�Tò¤�ß�MXK¦T¸M�ÝTá´¥x³�äzU[µ;¶1U~T7ÞxÅ ä�¶-TXß�T¢Ý]ã�T=U
�óêzì+îoç¯é<ê/÷¦%&î<ëÿæuì�í�û[öÐç¯êÜø�ë�æ<ïXì+ç�æHø+í�îoï$E�ë+î<ø+æHø+í¯îoï ô�ê*ø�ý$ê*ê/ïNø+ò7ê ø�ê*ë+ë+ê/ì�ø�ë�í«æ<çKë+ê�%xê*ë+ê/ïXèAêx%xë�æ<û[ê/ì}î5%¥ø+ò7ê

å!æ<ç�èÇð*ñ[æ<ïX÷ å�æ<ç�èp�mì�îoç�õ7ø+í¯îoïÐì����óê��<ê*ø5æmë+î<ø+æHø+í¯îoï î5%/�����¯���������¯���Ðæ<ïX÷fÆÇð0�¯���|æ<ì+ê/è0óXæ<ïX÷ æmø�ë�æ<ïXì+ç�æHø+í�îoïÿî5%
ñ���ñ0�Xð0��ñ���ñ^�0����æ<ïX÷���ñ���ñ��5�}ûfû í�ï;`���a)�Ðæ<ïX÷[}��7ë+ê/ì�ö�ê/èAø+í¯é<ê/ç¯ü5�Xý í¯ø+ò ï7îfì+í£�oïXí98¢è*æ<ï.ø5ì+è*æ<ç¯ê�%Fæ<èAø�î<ë#y��ñ���ñ7ðn�5�
¼)��ñ7ðn�5�
öXöXôB����º�ê/ç¯î è*í¯ø�üm÷Xí9q�ê*ë+ê/ïXèAê/ì�ì+ò7î�ý æ
ë+î<ø+æHø+í¯îoïÇî5%$� ��ðn���5� �¯� ð0�.æ<ïX÷�� ��ðn���|æ<ì+ê/è�E�ü.ën�2+Kò7ê/ì�ê�÷Xí9q�ê*ë+ê/ïXèAê/ì
æHë�ê�ê/ì+ì�ê/ï.ø+í�æ<ç�ç¯üÁí�ïXì+í��oïÐí98¢è*æ<ï.ø���+Kò7ê�å�æ<ç�è[ð*ñ[é ì��$å�æ<ç«è��Çì�îoç¯é<ê/÷��j%xî<ëKæ~|7í�ì!î0qbì�ê*ø+ì5ý$ê*ë+ê�æ<ç�ì+îfèAîoû[öÐæHë+ê/÷X��þ)ï
æ<ç«ç¢è*æ<ì�ê/ì5ø+ò7ê>%&î<ë�ûÖæ<ç¢ê*ë�ë+î<ë�ì�ý$ê*ë+ê�ø+ò7ê�ì+æ<û[ê�î<ë5ì+ç�í��oò.ø+ç¯üfì+ûÖæ<ç�ç¯ê*ë!í�ï}ø+ò7ê�å�æ<ç�èÇð*ñ[ì�îoç�õ7ø+í�îoïX��®�í9q�ê*ë+ê/ïXèAê/ì5î5%
»)��ð�ô î<ë ç¯ê/ì�ì!æHë+ê�ì�ê*ê/ï;%xî<ëKø+òXê¥ç�æHë �<ê*ëKæ~|7í�ì!î0qbì�ê*ø+ì��

ñ�T�P�TXß^TÐÝ]ã�T=U
õ Í·ö>÷u×�æ�ÛnË�ç�ø0ù�ú�û!Î^û!Î=Ù£ÌvÔ�Î�Ü&ú^üjý�þ7ÿ(ã=Ìv×�ø�Ö�È9×·ÛnÓ��7Ònç	Ì1Þ5Í�ú5üjý�þ7ÿ)æ�Ò�Ö���Ì�ÖCç	È@ÒCÖ^ØAÙjÍ�����í~Ü&ú�Í�����í^Î
õ Þ�ö>÷u×�æ�ÛnË�ç�ø0ù�ú�û!Î^û!Î@ú
	½Ì ç�È@ç�ú���Î=Ù£ÌvÔ�Î Ü ú�üjý/þ
ÿ(ã$Ì�×�ø^Ö�ÈÝ×�ÛnÓ��7Ònç�Ì�á~Þ5ú5üjý/þ
ÿ�æ�ÒCÖ�CÌ·Ö~ç�ÈÝÒ�Ö�Ø�Ù¨Þ�����áCÜ ú^Þ�����á�Î

#x0�1K2�"�"345	��)�������� 6
�)���,���(95:7,�*�)�)�)�����(9�; 2�>3@



Sebastien B. Lambert: Baseline and Site Repeatability in the IVS Rapid Network, IVS 2006 General Meeting
Proceedings, p.296–299
http://ivscc.gsfc.nasa.gov/publications/gm2006/lambert2

Baseline and Site Repeatability in the IVS Rapid Network

Sebastien B. Lambert

Royal Observatory of Belgium (formerly at NVI, Inc./US Naval Observatory)

e-mail: s.lambert@oma.be

Abstract

Lengths of 88 baselines ranging from 1,000 to 12,400 km and coordinates of 15 sites participating
in the IVS rapid 24-hour networks R1 and R4 are studied. The wrms of the baseline lengths increases
by 1.57 mm per thousand kilometers, which can be interpreted as a loss of accuracy when the VLBI
networks uses longer baselines. Two baselines, linking the TIGO antenna at Concepción (Chile) to
Fortaleza (Brazil) and to Algonquin Park (Ontario), have wrms values significantly above this level. An
analysis of the sensitivity to the tropospheric gradients reveals that their determination degrades the
determination of baseline lengths below 8,000 km by about 5 mm but may improve the determination
of longer baseline lengths by up to 1 cm. Considering the site coordinates, the estimation of the gradi-
ents improves the determination, except for TIGO whose Up and North components are significantly
degraded.

1. Description of the Solution

Local site positions and baseline components are derived from R1 and R4 experiments between
January 1st, 2002 and June 30th, 2005 (358 experiments including the CONT02 campaign which
has an R1-like geometry). Algonquin Park (Ontario) is adopted as a priori station with fixed
coordinates and velocity in ITRF2000. Polar motion and UT1 − UTC are not estimated; instead a
priori values are taken from IERS Bulletin A ([1]). The no-net-rotation is applied to the 212 ICRF
defining sources. Other radio sources positions are estimated as arc parameters along with site
coordinates, nutation offsets and length-of-day. Ocean tidal and atmospheric pressure loading are
not applied. Niell’s mapping functions ([3]) are used for the atmospheric dry and wet components.
The computation was done at USNO using the CALC/SOLVE geodetic VLBI analysis software
package developed at NASA/GSFC. To eliminate edge effects caused by the arbitrary beginning of
the two rapid turnaround session series and the influence of the coseismic displacement due to the
2002 Denali fault earthquake near Fairbanks ([2]), which affected significantly the position of the
GILCREEK antenna, the time series analysis of the baseline lengths and site positions is started
in January 2003.

2. Baseline Lengths

Figure 1 plots the baseline length repeatability (weighted root mean square after having re-
moved a trend and an annual signal) versus the baseline length. The wrms points are contained
in a cone centered at the origin with an aperture of about 20 degrees. A linear regression line
can be fit to model the wrms as a function of baseline length. The slope is 1.57 ± 0.03 mm per
thousand kilometers. This value can be interpreted as the degradation of the accuracy of the VLBI
network when long baselines are used instead of short ones. The equivalent geometric time delay
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is 5.26 ± 0.10 ps per thousand kilometers. Note that this value has to be compared to the mean
postfit residual rms of the solution of 20.37 ps.

Two baselines linking TIGOCONC (Concepción, Chile) to FORTALEZA (Brazil) and to AL-
GOPARK (Canada) appear significantly above the linear regression line. Their lengths are about
5,000 km and 8,000 km respectively. Seven other baselines involving TIGOCONC in this study do
not present such a significant departure, even for baselines longer than these two. I would like to
point out that (i) the two baselines cited above are used in more that 60 sessions and are therefore
not affected by a lack of data, and (ii) that Figure 1 reflects the effect of the current network and
analysis strategy for the baseline length determination. Therefore, the results concerning a site or
a set of sites cannot be related only to the site or to the set of sites, but should be considered with
great care as they potentially include other sources of error due to observational and/or analysis
strategies.
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Figure 1. Baseline length repeatability versus base-

line length. Ap: ALGOPARK, Ft: FORTLEZA, Ho:
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WESTFORD.

Figure 2 displays the variation of the wrms when the tropospheric gradients are or are not
estimated as a function of baseline length. A positive value indicates that estimating the gradients
improves the results. The mean effect of the tropospheric gradients appears to stay around zero
with a deviation of ±1 cm, implying that omitting the gradients causes an underestimation or
overestimation of the baseline length by less than 1 cm (4.8 ps). For baseline lengths below 8,000
km, the mean variation is negative: the gradients degrade the estimates of the length. In this
range, there appears to be no clear link between the variation and the baseline length, showing
that the sensitivity to the atmosphere is site-dependent (as opposed to baseline-dependent such
as the wrms itself, as noted above). However, for longer baselines, it appears that estimating the
gradients can improve the baseline length determination by up to 1 cm. Note that the baseline
TIGOCONC-ALGOPARK is significantly improved, whereas TIGOCONC-WESTFORD (MA,
USA) is significantly degraded, although they are very close.
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Figure 3. Wrms scatter of the Up, East and North components of all sites involved in the R1 and R4

networks between 2002 and 2005.5. Left bar: wrms when the gradients are estimated. Right bar: wrms

when the gradients are not estimated.
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3. Site Positions

Figure 3 shows the wrms scatter of the site components with and without estimating the
troposphere gradients. The wrms is generally improved (sometimes insignificantly) by estimat-
ing the gradients (see for instance KOKEE, ONSALA, WESTFORD, WETTZELL). The case of
TIGOCONC is interesting because the wrms is significantly degraded on vertical (Up) and North
components when the gradients are estimated. However, the East component is not very sensitive.
As can be seen in meteorological datasets (e.g., NCEP/NCAR Reanalysis project) the coastal
site of TIGO presents a strong departure from azimuthal symmetry in air temperature and wa-
ter vapor quantity in the atmosphere, mainly due to local geography (between Pacific coast and
Andes mountains), strongly perturbing the refractivity. It results that the East component of the
troposphere gradients (combination of temperature and humidity contributions) is much stronger
than the North component. A difficulty in estimating the gradients with the current models could
partly explain these results.
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æOÛ�ä�â�Û�ß�ÿJSG��>LâTÚÀÛ7ñÀÛ�â�Û�ß�ïÉãèä$áXâTã[Ü<äþÜ�ê$âTÚÀÛs-GéÀÝHÝ$å[Û)æOÜ<äHÞ�âTá�ä�â?ÝA�þïîÛ�á�ÞTéÀß�ãèäÀìGâTÚÀÛ�ßTÛ�åèáXâTã[à�Û7ïîÜ�âTã[Ü<äþÜ�ê�â	ò)Ü�ïîÛ�ì<áð
ïôá�Þ�Û�ß�Þ)ãèätVS�S ÿ F���>JâTÚÀÛ�ì�ß�á�à�ã[âTáXâTã[Ü<äHá�åxñÀÛ�u$Û�æOâTãèÜ<äôÜ�ê�ß�á�ñ$ã[Ü£ò)áRà�Û�Þ�ÝA�,vLéÀë$ã[â�Û�ßGÿJ�K��>JâTÚHÛ�æOÜ<ïîë$åèÛ�
gÛ�à�Ü<å�éÀâTã[Ü<ä
Ü�ê5
Jð-ß�á/�üÝ$ã�äHáXß�ã[Û�Þ£ÿJwK��>HâTÚÀÛýÞ�ë$á�æOÛ�ïîÜ�âTãèÜ<ä`á�äHñüë$áXß�á�åèåèáG
 Ü�ê9ë$éHå�ÞTáXß�ÞAÿ(x	���

y{z}|	~)�i�s�	�?���{�n�h�{�@�O�@�I�h�"�K�n�%�A�����A���"���R�N�A�����A���������2�/���H�5�K�&�H�I�I ��h�I¡¢����£%���{¤��N����¥$¦=§)�L¨}©�ª;«/¬�z}©	&©/®W¬i§)�
®�©K~)�s�¯«	°�z}©n±�©	~H�iª;�R±7«/H°,¬�§)�2²&©	¬�z}©	`©/®$¬i§)�:±�~)`°)~)��z})|n¬�§H���;³�´A�R��z}²&�;G¬�«/�i��±�§)©"µ¶@�:·Z¸H±��;�i¹�«/¬�z}©	H±7µº�;�i�%²2«K°��
©K`·7ªB¬i©	¸I�;���	»@¼�»W½H»W¾�»�¿H»��RÀ)»��K��«/H°#�RÁ2¸I�O¬�µº�;�R�ÂZ¦Ã��¾�§�«/H°,Ä	Å/§@�P¦=§)���O³�´I�RªB¬i�R°�°��OÆH��ªB¬izÇ©Kz}±��KÈJ¾	¼/É Éh«/¬Z¬i§)�
±�©	¨�«/�Z¨Çz}²�¸fÊ���½	Éh®���©K²Ë¬i§)�&ªO�;G¬i�;�7©/®?¬�§H��±�~)AÌZ«/H°�°��Rª;����«	±��R±¶z}�¹	�R�i±��;¨}Í8´H��©K´A©K�r¬izÇ©KH«/¨h¬�©8¬�§)�&±r~H�Î�±�©	~H�iª;��«/)|K~)¨�«/�
°)z}±r¬i«	HªO�K�ÐÏº¬7«:±�~)�ÎÑ±�©	~)�¯ªO��±��;´H«	�i«/¬�z}©	�©/®5ÄKÒ/»A¬�§H�%°��;ÆH�RªO¬�z}©	z�±ZÄ	Å	À2²2«	±Z«/H°,ª;«/�¸I��²&��«	±�~)����°n¬�©Ó«	,«	ªRªO~)�¯«	ª;Í
©	®�¨}�R±i±=¬�§A«/`�7´A«/��¬LzÇ`�RÀKÀ	À)�

Ô Ûîò4ãèåèå9ãèåèåèé$Þ�â�ß�áXâ�ÛÓ1&3$4P6^ßTÛ�åèáXâTã[à�Ûîá�Þ�â�ß�Ü<ïîÛ�â�ßO��éHÞTãèäÀìµáüæ�åèá�ÞTÞTã�æýñÀÛ�u�Û�æOâTã[Ü<ä�Û�
Jë Û�ß�ã�ïîÛ�äLâEãèä�XEæOâ�Ü�Ý Û�ß
E����)��ò4ÚÀÛ�äÉâTÚÀÛ4ß�á�ñ$ã[ÜAÞ�Ü<éÀß�æOÛ�S Y E)x�ÕAë�á�ÞTÞ�Û�ñôäHÛ�áXß×á�äHñôÝxÛ�Ú$ãèäHñþâTÚÀÛ4ÞTé$äÏÿJ*G���nÙ�ÚÀÛ�æOÜ<äW�$ì<éÀß�áXâTã[Ü<äôÜ�êÖS Y E)x�Õ
á�ä$ñ"âTÚÀßTÛ�Ûµæ�á�åèã[ÝHß�áXâ�Ü�ßýÞ�Ü<éÀß�æOÛ�Þýá�äHñ âTÚÀÛ Þ�éHä"ñHéÀß�ãèäÀì�XEæOâ�Ü�Ý Û�ßnE����)� áXßTÛµÞTÚÀÜ3ò4ä ãèä×��ã[ìW�Z��� 9 ä"Ü�ß�ñHÛ�ß�â�Ü
ïÉÛ�á�ÞTéÀßTÛ`âTÚHÛÏæ�ÚHá�äHì<ãèäÀì"ßTÛ�å�áXâTã[à�Û`ë Ü<ÞTã[âTã[Ü<ä$Þîá�ïîÜ<äÀì âTÚHÛÏÞ�Ü<éÀß�æOÛ�Þ�í)âTÚHÛ`Û�
Jë Û�ß�ã�ïîÛ�äLâTá�å�ëHßTÜ�æOÛ�ñHéÀßTÛ`æ���æ�å[Û�ñ
Ü<äHÛOð	ïÉãèä ÞTæ�á�äHÞîá�ïÉÜ<äÀìÊâTÚÀÛüêÂÜ<éÀßîß�á�ñHã[ÜÊÞ�Ü<éHß�æOÛ�Þgê=Ü�ßÉÞ�ã�
 ÚÀÜ<éHß�ÞþÜ<ä Û�á�æ�Ú ñHá/��í�á�äHñ Ü<ä Û�ã[ì<Ú�âîÜ�Ý$Þ�Û�ßTà�ãèäÀì
ñ$á/��Þ5Ý Û�â	ò)Û�Û�ä�XEæOâ�Ü�Ý Û�ß��Gá�äHñØXEæOâ�Ü�Ý Û�ß��/*�â�ÜgïîÛ�á�ÞTéÀßTÛ�âTÚÀÛGßTÛ�åèáXâTã[à�Û�ëxÜ<Þ�ã[âTã[Ü<äHÞná�ïÉÜ<äÀìýâTÚHÛGÞ�Ü<éHß�æOÛ�Þ"�?Ù�ÚÀÛ
+EÛ�äÀÛ�ß�á�å$�4Û�åèáXâTã[à�ãèÞ�âTãèæAÝxÛ�ä$ñHãèäÀìgë$áXß�á�ïÉÛ�â�Û�ß�Ù"ãèÞ8���(�ôá�äHñÆëHßTÛ�ñHã�æOâTÞ�áôñÀÛ�u�Û�æOâTã[Ü<äÏÜ�ê?áôß�á�ñHã[ÜôÞTÜ<éÀß�æOÛýáXâGâTÚÀÛ
å�ãèï�ÝôÜ�ê�âTÚÀÛ�ÞTé$äÉÜ�êL��ÚÇx��GÛ ÛÑ�¶Ü�Û�à�ãèáXâTã[Ü<ä$Þ5êÂßTÜ<ïÝÙ#Þ<��Ú(�þáXßTÛ4ë Ü<ÞTÞ�ã[Ý$å[Û�ò4ã[âTÚ äÀÜ<ä�ðrß×ãèäHÞ�â�Û�ãèägâTÚHÛ�Ü�ß�ã[Û�Þ)á�äHñÉêÂßTÜ<ï
ÞTÜ<ïîÛüåèáXßTì�ÛOð	ÞTæ�á�å[ÛüæOÜ<ÞTïÉÜ<å[Ü�ì<ãèæ�á�å7á�äHãèÞTÜ�â�ßTÜ�ë$ã[Û�ÞüÿJÕK���à4)Û�æ�á�éHÞ�ÛüâTÚHÛóÞTÜ<åèáXßîæOÜ�ßTÜ<äHá�å�ëHßTÜ�ñHéHæOÛ�Þþá ê=ß�Û�ç�éÀÛ�ä$æ��Lð
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ñHÛ�ëxÛ�ä$ñÀÛ�äLâþñÀÛ�u$Û�æOâTã[Ü<ä Ü�ê�âTÚÀÛóß�á�ñHã[Ü ò)áRà�Û�Þ#�ÂâTÚÀÛóì�ß�áRàJã[âTáXâTãèÜ<äHá�å7ñÀÛ�u$Û�æOâTã[Ü<ä ãèÞýêÂßTÛ�ç�éHÛ�äHæ�� ãèäHñHÛ�ëxÛ�ä$ñÀÛ�äLâR��í
âTÚHÛýÛ�
�ë Û�ß�ãèïîÛ�ä�â�á�å[â�Û�ß�äHáXâ�Û�ñ�Û�à�Û�ßO�`âÁò×Û�ä�âr�ÊïÉãèäJéÀâ�Û�ÞGá�ïîÜ<äÀìµâTÚÀßTÛ�ÛgêÂßTÛ�ç�éHÛ�äHæ�ã[Û�Þ�í=��FÀí$E�Sµá�äHñ#FHSØ+&-%.�í{ãèä
Ü�ß�ñÀÛ�ß�â�ÜÉßTÛ�ïÉÜRà�Û�âTÚ$ãèÞ�ê=ß�Û�ç�éÀÛ�ä$æ��Lð	ñÀÛ�ë Û�äHñHÛ�äLâ7ã[Ü<äÀÜ<ÞTë$ÚÀÛ�ß�ãèæEæOÜ<ïîë Ü<äÀÛ�ä�â"�

Ù�ÚÀÛ`ì�Û�äÀÛ�ß�á�å�ßTÛ�ñHé$æOâTã[Ü<ä Þ�â�Û�ë$ÞµáXßTÛ��V��ã[ß�Þ�â�í�âTÚÀÛÏïÉÜ<Þ�â á�æ�æ�éÀß�áXâ�Û áXëHß�ã[Ü�ß�ã7á�Þ�â�ßTÜ<ïÉÛ�â�ß�ãèæÏá�ä$ñ ì�Û�Ü�ñÀÛ�âTãèæ
ë�áXß�á�ïîÛ�â�Û�ß�Þ×áXßTÛ4éHÞ�Û�ñôñHéÀß�ãèäHì�âTÚÀÛ�æOÜ�ßTßTÛ�åèáXâTã[Ü<äÉëHßTÜ�æOÛ�ÞTÞnêÂÜ�ßnâTÚÀÛ4ñHÛ�â�Û�ß�ïÉãèäHáXâTãèÜ<ägÜ�êxâTÚHÛ4ïîÜ�ñÀÛ�åHñÀÛ�åèá	�JÞ5éHÞTãèäÀì
áÉßTÛ�æOÛ�äLâ Y á�åèæ£à�Û�ß�ÞTã[Ü<äÈÿ��"���-í$á�äHñÏéHë ñ$áXâ�Û�Þ7â�ÜôâTÚÀÛýïîÛ�á�ÞTéÀßTÛ�ñ`Û�áXßTâTÚ�ð-Ü�ß�ã[Û�ä�âTáXâTã[Ü<ä á�äHñ`ß�Ü�âTáXâTã[Ü<äÏáXßTÛýá�ñHñÀÛ�ñ
Ü�Mxð	åèãèäHÛ��&��Û�
�â�í�ê=ßTÜ<ï ïîÛ�á�Þ�éÀßTÛ�ïîÛ�ä�âTÞGÜ�ê5âTÚÀÛþì�ßTÜ<éÀëÊñÀÛ�åèá	�ÆéHÞ�ãèäÀìÉâÁò×Ü#S��ð	ïÉã�äÆÝ�éÀß�Þ�âTÞ�Ü�ê5Ü�Ý$ÞTÛ�ßTàáXâTãèÜ<äHÞGÜ�ê
æ�á�å�ã[ÝHß�áXâ�Ü�ß�Þ)Ü3à�Û�ß4âTÚÀÛ£ÞB0I��íHãèäóá�äüãèñÀÛ�ä�âTãèæ�á�å�ïÉá�äHäHÛ�ß)â�Ü 9 1:� Ü�Ý$Þ�Û�ßTàXáXâTã[Ü<äHÞ�íÀágÝ Û�â�â�Û�ß7â�ßTÜ�ë Ü<Þ�ë$ÚHÛ�ß�ãèæ%.�Û�äHã[âTÚ�ð
ë�áXâTÚ ñÀÛ�åèá	�ÊãèÞAñÀÛ�â�Û�ß�ïôãèäÀÛ�ñÊáXâ�âTÚHÛÉÝ Û�ì<ãèäHäHãèäHìóá�ä$ñ"áXâ�âTÚÀÛôÛ�äHñ"Ü�ê�âTÚÀÛÉÜ�Ý�Þ�Û�ßTàXáXâTã[Ü<äHÞAêÂÜ�ßAÛ�á�æ�Ú ñ$á/� ÿ��������
Ù4ÚÀÛ£ßTÛ�ÞTéHåèâTá�äLâ7ë$Ú$á�Þ�ÛAñÀÛ�åèá	�JÞ�á�ïÉÜ<äÀìÉâTÚÀÛAÞ�Ü<éHß�æOÛ�Þ�âTÚÀÛ�äÏáXßTÛ�ÞTé�âµæ�ã[Û�äLâTå�� Þ�âTáXÝ$åèÛ£ê=Ü�ß4á�ñ$ñHã[âTã[Ü<äHá�å á�äHá�å��JÞTã�Þ"�

y{z}|	~)�i�%Ä)�L�����Ø�&��ã��K��äI�G¤×ås���HãR��ãÓ�I�Z�R�{��æ��A�����h�I�h�"�	��ã8���n�Aç�èné�ê�I�ë�:�/�R�A�$�G�`ìA¥Ð¦=§H��¬�§H���R��´H«/H�;¨�±
±�§)©"µf¬�§H�Ð©	¸A±r�R��¹K�R°�´)§H«K±r�Z¹	�;�¯±�~H±�¬�z}²&�Z©"¹K�;�$«:�RÅ"Î�²&zÇ�~�¬i�L´I�;�izÇ©�°&®�©K�Ö¬�§H�7í�Ï¶ÎÑîºïðÊr��¾/½	Àsñ�²:ÌB»�íhÏLÎ�ò,ólÊ¢ôK¿�¾"ÀPñ�²:Ì
«	H°í�Ï¶ÎÑõ$¦öÊNÄ	Å	½ÓñG²:ÌÐ¸H«	±��;¨}z})�R±R»�����±r´I�RªO¬�z}¹	�;¨}Í	»W«/®�¬��;�PªO©K���i�RªO¬�z}©	�®�©K�Ð¬i§)�%¸I�R±r¬rÎø÷)¬P����±rz�°�~H«	¨{±�©	~H�iª;��´I©K±�zù¬izÇ©KH±Z«	H°
¬i§)�:¨}zÇH�R«/�s´H§H«	±��2|	�¯«	°�z}�;G¬sz} ¬�§)�Ó±�ñ�Í	�nÏö´)§H«K±r�2©	®7��À	À Ò ª;©	�i����±r´I©	A°)±7¬�©«�°��R¨}«�Í�©/®P��Än´H±��Rª	�8ú5«	ª¯§ ±�ªR«/ µº«K±
ôGÀ"ÎÑ±r��ªÐz}n¨Ç�R)|/¬i§�«	H°Ó¬�§)��±�²2«/¨}¨ÖÊ��i�R°HÌ=ª;��©G±�±��R±=«/�i�Z®�©	�LÅGû=ÄG¾"¿%�;¹K�;�iÍ��RÀ"ÎÑ±��Rª7°�~)�izÇ)|�¬i§)��±�ªR«/@�?¦=§)�P©	¬�§)�R�L±r©K~)�iª;�R±R»
µ¶zÇ¬�§�©K)�s«�¹	�;�¯«/|K�Ð´)§A«	±��7´I�;�L±iª;«	n«	���7®�©K�LüH��Ä"ôKÁ%ªO�i©K±i±PÊ�µ¶§)zÇ¬���ÌB»AüA��Ä/ôK½%ªOz}�iª;¨Ç�:Ê¢¸)¨Ç~H��Ì=«/A°8üA�RÅKÀ/ô�´)¨Ç~A±�Ê�ÍK�;¨}¨Ç©"µÐÌO�

Ù�ÚÀÛ5ë�ÚHá�Þ�Û�Þ�áXßTÛ)âTÚÀÛ�ägá�äHá�å��I.�Û�ñýâ�Ü£ñÀÛ�â�Û�ß�ïÉãèäÀÛ)á4â�Û�ïîë Ü�ß�á�åJàXáXß�ãèáXÝ$åèÛ5æ�å[Ü�æO0ýæOÜ�ß�ßTÛ�æOâTã[Ü<ä�í�ë$å�éHÞ�áGæOÜ<äHÞ�âTá�ä�â
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ë Ü<ÞTãèâTã[Ü<äµÜ�M Þ�Û�â4ê=Ü�ß�Û�á�æ�ÚÆÞTÜ<éÀß�æOÛ£Ü<äüÛ�á�æ�ÚÏñHá	��íHë$åèéHÞ7ágàXáXß�ãèáXÝ�å[ÛEë$ÚHá�Þ�Û£ì�ß�á�ñ$ã[Û�äLâ�ã�äóâTÚÀÛAÞB0I�µãèäóâTÚHÛ£ßTÛ�ì<ã[Ü<ä
Ü�ê5âTÚÀÛîÞ�Ü<éÀß�æOÛ�Þîÿ��/E�í=�/SG���AÙ�ÚHã�Þ�ë$ÚHá�ÞTÛýì�ß�á�ñ$ã[Û�äLâEñHã[ß�Û�æOâTã[Ü<äÆã�Þ4ëHß�ãèïÉáXßO�`ãèäÆâTÚÀÛþÛ�å[Û�àXáXâTã[Ü<ä�ñHã[ßTÛ�æOâTã[Ü<ä á�äHñ�ãèÞ
á�Þ�Þ�ÜJæ�ã�áXâ�Û�ñgò4ã[âTÚgæ�ÚHá�äHì�Û�ÞnãèäþâTÚÀÛ�â�ßTÜ�ë Ü<Þ�ë$ÚÀÛ�ß�ãèæ5ß�Û�ê=ß�á�æOâTãèÜ<äîá�äHñþÜ�âTÚÀÛ�ßnßTÛ�ïÉá�ã�äHãèäÀìGá�Þ�â�ßTÜ<ïîÛ�â�ß�ã�æ×Û�ß�ßTÜ�ß�Þ"��Ù�ÚÀÛ
ß�Û�ÞTéHå[â�Ü�ê5âTÚHãèÞEá�äHá�å��JÞTã�Þ�ãèÞGÞTÚÀÜ3ò4ä�ãèäf�9ãèìW�?E êÂÜ�ßAá��/�3ð	ïôãèä�ë Û�ß�ã[Ü�ñÏáXâ:E�S�+&-%.þÜ<ä�XEæOâ�Ü�Ý Û�ß��� Ô ã[âTÚ âTÚÀÛ
ã�ïîëHßTÜ3à�Û�ñôßTÛ�å�áXâTã[à�Û4ë Ü<ÞTã[âTãèÜ<äHÞnÜ�ê{âTÚHÛ�Þ�Ü<éÀß�æOÛ�Þ)á�ä$ñôßTÛ�ïÉÜRàXá�å�Ü�ê�âTÚÀÛ�å[Ü�æ�á�å�ë$ÚHá�Þ�ÛOð-ì�ß�á�ñ$ã[Û�äLâ�ãèäôâTÚÀÛGÞO0A��í�á�åèå�Ü�ê
âTÚHÛþÞ�Ü<éHß�æOÛýë�ÚHá�Þ�Û�ÞEáXßTÛgæOÜ<äHÞTãèÞ�â�Û�ä�âEò4ã[âTÚÆâTÚÀÛþâ�Û�ïîë Ü�ß�á�å·æ�åèÜJæ;0Ïâ�Û�ß�ïØ�26lß�Ü<éÀì<ÚÏÛ�ÞTâTãèïÉáXâ�ÛgÜ�ênâTÚÀÛgë Ü<ÞTã[âTã[Ü<ä
á�æ�æ�éHß�á�æ��Êæ�á�äÊÝ ÛîÜ�ÝHâTá�ãèäÀÛ�ñÊá�Þ�ê=Ü<åèåèÜRò4Þ"�£Ù�ÚHÛîß�ïÉÞEë$ÚHá�ÞTÛgÞ�æ�áXâ�â�Û�ßýêÂÜ�ß�áüÞTæ�á�ä"ã�Þ�/��þØ�6áXÝ Ü<éÀâÓEóë$Þ�Û�æ	��êÂÜ�ß
âTÚHÛ83$64ðr4P� Ý$á�Þ�Û�åèãèäHÛ�íHá�äHñ`âTÚHã�Þ�æOÜ�ßTßTÛ�Þ�ë Ü<äHñ$Þ7â�Üµáôë Ü<ÞTã[âTã[Ü<äüÞTæ�áXâ�â�Û�ßEÜ�ênáXÝ Ü<éÀâ������ýïÉá�Þ"�7Ù�ÚHã�Þ7ë Ü<ÞTã[âTã[Ü<äHá�å
á�æ�æ�éHß�á�æ�� ãèÞ×Þ�Ü<ïîÛ�ò4Ú$áXâ)ãèä$ñÀÛ�ë Û�äHñÀÛ�ä�â?Ü�ê{Ý$á�Þ�Û�åèã�äÀÛOð	å[Û�äÀì�âTÚ?� Ô ÚÀÛ�ä áRà�Û�ß�áXì�Û�ñüÜ3à�Û�ß7Û�á�æ�ÚóÞTæ�á�äóá�äHñ ÜRà�Û�ß7âTÚÀÛ
ñ$á/��í$áîß�Û�åèáXâTã[à�Û�á�æ�æ�éÀß�á�æ��óá�ïÉÜ<äÀìÉâTÚÀÛ�ÞTÜ<éÀß�æOÛ�Þ�ãèÞ7áXÝ Ü<éÀâ����(�)EôïÉá�Þ"�

Ù�ÚÀÛ)ßTÛ�ñHéHæOâTã[Ü<ä$Þ·áXßTÛ�Þ�âTãèå�å�ãèä�ëHßTÜ�ì�ßTÛ�Þ�Þ�í�Ý$éÀâ9âTÚÀÛ�æ�ÚHá�äÀì�Û�Þ?ã�äýÞ�Ü<éHß�æOÛ×ë Ü<ÞTãèâTã[Ü<äýá�ïÉÜ<äÀìEâTÚÀÛ×âTÚHßTÛ�Û×êÂßTÛ�çJéÀÛ�ä�ð
æ�ãèÛ�ÞýáXßTÛµæOÜ<äHÞTãèÞTâ�Û�äLâýò4ã[âTÚ"ã[Ü<äHÜ<Þ�ë$ÚÀÛ�ß�ã�ægßTÛ�ê=ß�á�æOâTã[Ü<ä�í?á�äHñ"âTÚHÛ ã[Ü<äÀÜ<ÞTë$ÚÀÛ�ßTÛOð	æOÜ�ßTß�Û�æOâ�Û�ñ ë Ü<ÞTã[âTãèÜ<äHá�åná�æ�æ�éÀß�á�æ��
ã�Þ����(�)SµïÉá�ÞGÛ�
�æOÛ�ë$â�ò4ÚHÛ�ä`âTÚÀÛgÞ�Ü<éÀß�æOÛ�ÞGáXßTÛþò4ã[âTÚHã�ä#E�þ£Ü�ê?âTÚÀÛgÞTéHäÏò4ÚÀÛ�ßTÛþæOÜ�ßTÜ<äHá�å·âTéÀßTÝ$é$åèá�äHæOÛ�ñÀÛ�æOß�Û�á�Þ�Û�Þ
âTÚHÛþë Ü<ÞTãèâTã[Ü<äHá�å9á�æ�æ�éÀß�á�æ����îÙ�ÚÀÛgëHßTÛ�å�ãèïÉãèäHáXß;�µÛ�ÞTâTãèïÉáXâ�Û�ñÊá�æ�æ�éÀß�á�æ���Ü�êÐÙÈêÂßTÜ<ï âTÚHãèÞGÛ�
Jë Û�ß�ã�ïîÛ�äLâ£ãèÞEáXÝ Ü<éÀâ
EPÿ,�"��� � í�á£ê6á�æOâ�Ü�ß5Ü�ê êÂÜ<éÀßnÝ Û�â�â�Û�ßnâTÚHá�äôëHßTÛ�à�ã[Ü<éHÞ�Û�
�ë Û�ß�ãèïîÛ�ä�âTÞ�Ü�ê âTÚÀÛ�ì�ß�áRàJã[âTáXâTãèÜ<äHá�åHñÀÛ�u$Û�æOâTãèÜ<äîÜ�êÖS Y E)x�ÕI�
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Ù�ÚÀÛGÛ�MxÛ�æOâ7Ü�ê�ÞTÜ<éÀß�æOÛ£Þ�â�ß�éHæOâTéHßTÛ�ÚHá�Þ)Ý Û�Û�äóñHãèÞTæ�é$ÞTÞ�Û�ñôã�äôëHß�Û�àJã[Ü<é$Þ 9 12� ïîÛ�Û�âTã�äÀì<Þ�á�äHñóã[â)ã�Þ5Ü�ê9æOÜ<äHæOÛ�ß�ä
Þ�ãèäHæOÛAâTÚÀÛþãèïîë$å�ãèæ�ã[â7á�ÞTÞTéHïÉëHâTã[Ü<ä`ãèä`ë$ÚHá�Þ�ÛýßTÛ�ê=Û�ß�Û�äHæ�ãèäÀìôá�ä$ñ 9 12�üÜ�Ý$Þ�Û�ßTàXáXâTã[Ü<äHÞGãèÞ7âTÚHáXâGâTÚÀÛýß�á�ñHã[ÜôÞTÜ<éÀß�æOÛ�Þ
áXß�ÛýÞ�âTáXÝ$åèÛ�ò4ã[âTÚÏâTãèïîÛóÿ���F����4Ù�ÚHã�Þ7àáXß�ãèáXÝ$ãèåèãèâr�óæ�á�éHÞ�Û�ÞGâ	ò)Ü Û�M Û�æOâTÞ"����ã[ß�Þ�â�í$âTÚÀÛþÞ�Ü<éÀß�æOÛ�ÞGáXßTÛgäÀÜ�â4ë Ü<ãèä�â.ð	åèã�0�Û
á�ä$ñüãèäLâ�ß�ÜJñHé$æOÛGéHä$ïîÜJñHÛ�å[Û�ñóæ�ÚHá�äÀì�Û�Þ4ãèäóâTÚÀÛ£ë$ÚHá�ÞTÛEá�ä$ñóì�ßTÜ<éÀë`ñÀÛ�åèá	�JÞ/�Z��ãèäHæOÛEâTÚÀÛAÞ�â�ß�éHæOâTéÀßTÛEÜ�ê9âTÚÀÛ£ß�á�ñHã[Ü
ÞTÜ<éÀß�æOÛ�Þüæ�á�ä Ü�êÂâ�Û�ä Ý Û ñÀÛ�â�Û�ß�ïÉãèäÀÛ�ñeéHÞTãèäHì Þ�Û�åèê�ð	æ�á�åèãèÝHß�áXâTã[Ü<ä â�Û�æ�ÚHä$ãèç�éHÛ�Þ Ü�êþâTÚÀÛ�ßTÛ�å[Û�àXá�ä�âµÜ�Ý�Þ�Û�ßTàXáXâTã[Ü<äHÞ�í
âTÚ$ãèÞÉæOÜ�ßTßTÛ�æOâTãèÜ<ä æ�á�ä Ý ÛÏãèäHæ�åèé$ñÀÛ�ñ ãèä âTÚÀÛ á�äHá�å���ÞTãèÞ"�l6 ïîÜ�ßTÛ Þ�Û�ß�ã[Ü<éHÞôá�äHñ ãèä$ÞTãèñHã[Ü<é$Þýë$ßTÜ�Ý$å[Û�ï ã�ÞîâTÚHáXâ
âTÚHÛ ø���ÀøXõ�ö��$ù£å[Ü�æ�áXâTã[Ü<ä Ü�ê£âTÚHÛÆÞ�Ü<éÀß�æOÛÆïÉá	� æ�ÚHá�äHì�Û�� 9 ä êÂá�æOâ�í4âTÚÀÛÆñÀÛ��xäHã[âTã[Ü<ä Ü�ê£âTÚHÛÆÞ�Ü<éÀß�æOÛÏë Ü<ÞTã[âTã[Ü<ä
ã�Þ£áXßTÝ$ã[â�ß�áXß�ãèå��üñÀÛ���äÀÛ�ñ�ÝI�ÏâTÚHÛÉãèäHã[âTãèá�å9ñÀÛ�â�Û�æOâTã[Ü<ä"Ü�ê×âTÚÀÛîñHáXâTá×�Âê=ß�ã�äÀì�ÛOðÑ�$â�âTãèäÀìA�4âTÚHáXâAñHÛ���äÀÛ�ÞGâTÚÀÛÉå[Ü�æ�áXâTã[Ü<ä
à�Û�ß;�Ææ�å[Ü<Þ�Ûgâ�ÜóâTÚÀÛgÝHß�ãèì<ÚLâ�Û�Þ�âEÛ�ïÉã�ÞTÞTã[Ü<äÆë Û�á�0��AÙ�Ú$ãèÞ�åèÜJæ�áXâTã[Ü<ä�ãèÞGßTÛ�ÞTÜ<åèéÀâTã[Ü<ä ñÀÛ�ë Û�äHñÀÛ�ä�âGá�ä$ñ ïôá/��äÀÜ�â�Ý Û
âTÚHÛóÞTâTáXâTã[Ü<äHáXßO�"ë Ü<ãèä�âþÜ�ê�âTÚÀÛóß�á�ñHã[Ü�Þ�Ü<éÀß�æOÛV�ÂâTÚÀÛóÝ$å�á�æO0ÈÚHÜ<å[Û Ü�ßgâTÚÀÛóÝ$á�ÞTÛµÜ�ê4âTÚÀÛ8C.Û�âR�ýÞTãèä$æOÛµá àXáXß�ãèáXÝ$å[Û
ïÉÜRà�ãèäÀì�C�Û�âîæOÜ<ïîë Ü<äÀÛ�ä�âþïÉá	��ínãèäÈêÂá�æOâ�í5ñHÜ<ïÉãèäHáXâ�Û âTÚÀÛ Û�ïôãèÞTÞTã[Ü<ä ê=ß�Ü<ïtá æOÛ�äLâ�ß�á�å×ß�Û�ì<ã[Ü<ä Ü�ê�âTÚÀÛ ÞTÜ<éÀß�æOÛ��
Ù4ÚHãèÞ�æOÜ�ßTß�Û�æOâTã[Ü<ä ßTÛ�ç�é$ã[ßTÛ�Þ�âTÚHÛÓ0�äÀÜRò4åèÛ�ñÀì�Û�Ü�ênâTÚHÛ�Û�à�Ü<åèéÀâTãèÜ<äÏÜ�ê?âTÚÀÛgÞ�Ü<éÀß�æOÛýá�äHñ ã[âTÞ�àXáXß�ã[Ü<é$Þ�æOÜ<ïîë Ü<äÀÛ�ä�âTÞ
á�ä$ñ`äÀÛ�Û�ñHÞ�ïþéHå[âTã[ð-Û�ëxÜ�æ�Úüá�ä$ñüïýéHåèâTãWð-ê=ß�Û�ç�éÀÛ�ä$æ��ôÜ�Ý$Þ�Û�ß�àáXâTã[Ü<ä$Þ7â�ÜôñÀÛ�â�Û�ß�ïôãèäÀÛ��
6�äóÛ�
Àá�ïîë$å[ÛGÜ�ê9âTÚÀÛ£ãèïîëHßTÜ3à�Û�ñµëxÜ<Þ�ã[âTã[Ü<äµÞ�âTáXÝ$ãèåèãèâr�ÉÜ�ÝHâTá�ã�äÀÛ�ñóò4ã[âTÚµæ�áXßTÛ�ê6éHå�ïîÜ�ñÀÛ�åèãèäÀìýÜ�ê�âTÚÀÛ£Þ�â�ß�éHæOâTéÀßTÛ

Ü�ê á£ß�á�ñ$ã[Ü£Þ�Ü<éÀß�æOÛ4ã�Þ?ñÀÛ�ïîÜ<äHÞ�â�ß�áXâ�Û�ñîÝA�gâTÚÀÛ7ë�áXß�á�åèåèáG
gïîÛ�á�ÞTéÀßTÛ�ïÉÛ�äLânÜ�êÖ+��/E)xôÿ��/�G���?Ù�ÚHãèÞ?Þ�Ü<éHß�æOÛ�ãèÞnå[Ü�æ�áXâ�Û�ñ
äHÛ�áXß�âTÚÀÛýïÉãèñHñHåèÛ£Ü�ênáôÞTéÀë Û�ß�ð	äHÜRàXáîßTÛ�ïÉäHá�ä�ân���W�%�&�7áXÝ Ü<éÀâ%*0�ë�æ�áRò)á	��í Ý$éÀâ4ã[âGãèÞ�éHä$æ�å[Û�áXß�ã[ê?ã[â�ãèÞ�ßTÛ�á�å�å��
á�Þ�Þ�ÜJæ�ã�áXâ�Û�ñÏò4ãèâTÚüâTÚÀÛn����� Ü�ß�ïîÛ�ßTÛ�å��óáôÝ$á�æO0Jì�ßTÜ<éHä$ñ`Û�
�â�ß�áð-ì<á�åèá�æOâTãèæýß�á�ñHã[Ü Þ�Ü<éÀß�æOÛ�íxïýéHæ�ÚÏïîÜ�ß�ÛýñHãèÞTâTá�äLâ"�
Ù4Ú�éHÞ�í�1�35476 Ü�Ý$Þ�Û�ß�àáXâTã[Ü<ä$Þ?áXâÐ*:+&-�.7ò)Û�ßTÛ�ïÉá�ñHÛ�áXânÞTã�
Jð	ïîÜ<äLâTÚîã�äLâ�Û�ßTàXá�åèÞ9Ý Û�â	ò)Û�Û�ät á/�E����)E£á�äHñ�6�ëHß�ãèå
E�����FW�)Ù�ÚÀÛGë$ÚHá�Þ�ÛGßTÛ�êÂÛ�ßTÛ�äHæ�ãèäHì�Ü�Ý$Þ�Û�ß�àáXâTã[Ü<ä$Þ)á�åèâ�Û�ß�äHáXâ�Û�ñóÝ Û�â	ò)Û�Û�ä#+��/E)xþá�äHñóá�ä ���(�)*3ð�v��óæ�á�åèã[ÝHß�áXâ�Ü�ß)Ü<ä$å��
��Úù��þôá�ò�á/���#4)Û�æ�á�éHÞTÛ +��/E)x`ò)á�ÞþïþéHæ�Ú Þ�â�ßTÜ<äÀì�Û�ßýâTÚHá�ä"âTÚHÛ æ�á�åèã[Ý$ß�áXâ�Ü�ß�í�ò)Û é$Þ�Û�ñë+��/E)xÏá�ÞAâTÚHÛôëHß�ã�ïÉáXßO�
ß�Û�ê=Û�ßTÛ�ä$æOÛ`Þ�Ü<éÀß�æOÛ`á�äHñ ïÉÛ�á�ÞTéÀßTÛ�ñö�Âà�ãèáÊãèïÉáXì�Û�ÞR�ýâTÚHÛüëxÜ<Þ�ã[âTã[Ü<äÈÜ�ê�âTÚÀÛ`æ�á�å�ã[ÝHß�áXâ�Ü�ßîâTÚHáXâîò�á�ÞÉéHäHßTÛ�Þ�Ü<å[à�Û�ñ?�
Ù4Ú�éHÞ�í�á�äA�óë$áXß�á�åèå�áG
µïîÜ�âTã[Ü<äÆñÀÛ�â�Û�ß�ïÉã�äÀÛ�ñóê=Ü�ß4âTÚÀÛAæ�á�åèã[ÝHß�áXâ�Ü�ß�ò×Ü<é$åèñóÝ Û£âTÚÀÛ£ßTÛ�u$Û�
Àã[à�ÛAë$áXß�á�åèåèáG
 Ü�êL+��/E)xA�

Ù�ÚÀÛ�ÞTâ�ß�éHæOâTéÀßTÛ4Ü�ê5+��/E)xýãèÞnì<ã[à�Û�äµãèä��9ãèìW�ISJí�å[Û�ê=â)æOÜ<äLâ�Ü<éHß)ë�å[Ü�â"� 9 â)ãèÞ5áXÝ Ü<éÀâPwAïÉá�Þ)á�æOßTÜ<ÞTÞ�á�äHñ á�åèã[ì<äÀÛ�ñ
äHÛ�áXß�å��`Û�á�Þ�â.ð-ò)Û�Þ�â"��+��/E)xµÞTÚÀÜ3ò4ÞEâTÚÀÛîéHÞTéHá�å9Þ�â�ß�é$æOâTéÀßTÛþëHßTÜ�ë Û�ßTâTã[Û�Þ�Ü�ê×äÀÛ�áXß�å��`á�åèå�æOÜ<ïîë$á�æOâ£ß�á�ñ$ã[ÜµÞTÜ<éÀß�æOÛ�Þ�í
á�ä$ñüâTÚÀÛ�ß�á�ñHã[Üîà�ãèÞTã[Ý$ã�åèã[âr�Éñ$áXâTáôÚHá�Þ4ÝxÛ�Û�äØ�$â�ÝI�µêÂÜ<éÀß�+£á�éHÞTÞTãèá�äÏæOÜ<ïîë Ü<äÀÛ�äLâTÞ�éHÞTãèäHìîâTÚÀÛ Y á�å[â�Û�æ�Ú�ÜEã[ê6ïÉáXë
ë�á�æO0XáXì�ÛÆÿ��/w���� 9 âAã�ÞGæOÜ<ïÉëxÜ<ÞTÛ�ñÊÜ�ê×áóë Ü<ãèä�â£Þ�Ü<éÀß�æOÛîò4ãèâTÚ áXÝ Ü<éÀâ2���(�HxØv)��í�áüÞ�â�ßTÜ<äHì`ÞTïÉá�åèåWð	Þ�æ�á�å[ÛgÛ�åèåèã[ëHâTã�æ�á�å
æOÜ<ïÉëxÜ<äHÛ�äLâ2�ùC.Û�âR�×Û�ïôá�äHáXâTãèäÀìþâ�ÜgâTÚÀÛ�ò)Û�Þ�â�ò4ã[âTÚµáXÝ Ü<éÀâP���ùEGF,v���íÀïîÜ�ßTÛGÛ�
Jâ�Û�ä$ñÀÛ�ñóÛ�ïÉãèÞTÞ�ã[Ü<äÉò4ãèâTÚ����(�)E���v)�
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âTÚHÛ�Þ�Û4âÁò×ÜîæOÜ<ïîë Ü<äÀÛ�ä�âTÞ5ò�á�Þ)Ü�ÝHâTá�ãèäÀÛ�ñµäHáXâTéÀß�á�åèå��þê=ßTÜ<ï^âTÚÀÛGïîÜJñHÛ�åW�$â�í�á�äHñ ò)á�Þ�äÀÜ�â)á�ÞTÞTéHïîÛ�ñ ñHéÀß�ã�äÀì£âTÚÀÛ
��â"�þÙ�ÚHÛgåèÜJæ�áXâTã[Ü<ä�Ü�ê)âTÚÀÛîë Ü<ãèä�â£æOÜ<ïîë Ü<äÀÛ�äLâ£ãèÞEì�Û�äHÛ�ß�á�åèå�� á�ÞTÞTéHïîÛ�ñ�â�ÜüÝ ÛîäÀÛ�áXßAâTÚHÛÉæOÜ<ïîë$á�æOâ£Ü�Ý�C�Û�æOâ�ãèä
âTÚHÛÉæOÛ�äLâ�Û�ßþÜ�ê×âTÚHÛÉì<á�åèáG
�� Ü�ßýÞ�âTáXßýá�äHñÊã�Þ�í{âTÚJéHÞ�í�ë$ßTÜ�Ý$áXÝ$å��ÆáüÝ Û�â�â�Û�ßýáXëHëHß�Ü/
ÀãèïÉáXâTã[Ü<ä�â�Ü`âTÚHÛÉÞ�âTáXâTã[Ü<äHáXßO�
ë�áXßTâ�Ü�ê·âTÚÀÛ£ß�á�ñHã[ÜîÛ�ïÉãèÞ�ÞTã[Ü<äµâTÚHá�äóâTÚÀÛ£ë Û�á�0µÝHß�ã[ì<Ú�âTäÀÛ�ÞTÞ�Ü�ê9âTÚÀÛAæOÛ�ä�â�ß�á�å{æOÜ<ïîë Ü<äÀÛ�ä�â7ò4ÚHãèæ�ÚüãèÞ)âTÚÀÛAñÀÛ�ê6á�éHå[â
ÞTÜ<éÀß�æOÛ£ë Ü<ÞTã[âTã[Ü<äóÜ�Ý$âTá�ãèäÀÛ�ñóêÂßTÜ<ï âTÚÀÛAêÂß�ãèäHì�ÛEá�åèì�Ü�ß�ã[âTÚHïØ�

Ù�ÚÀÛgß�á�ñHã[ÜµÛ�ïÉãèÞ�ÞTã[Ü<ä�á�äHñÊáXëHëHß�Ü/
ÀãèïÉáXâ�Ûîá�äÀì<éHåèáXßAÞ�ã�.�ÛgÜ�ê×âTÚÀÛîæOÛ�ä�â�ß�á�å?ßTÛ�ì<ãèÜ<ä�àáXß�ãèÛ�ñÊÞ�Ü<ïîÛ�ò4ÚHáXâEÜ3à�Û�ß
âTÚHÛ�Ü�Ý$Þ�Û�ß�àáXâTã[Ü<äÏë Û�ß�ã[Ü�ñ�íHÞ�ÜôâTÚ$áXâGÞTå�ã[ì<ÚLâ�Þ�â�ß�éHæOâTéÀß�Û�æ�ÚHá�äHì�Û�Þ�ò)Û�ßTÛýÜJæ�æ�éÀß�ß�ãèäÀìW�s6 Ý$å[Ü3ò7ð	éÀë`Ü�ê?âTÚHÛýæOÛ�ä�â�ß�á�å
ß�Û�ì<ã[Ü<äÉÜ�ê5+��/E)xAêÂÜ�ß5âTÚÀÛ�tÆá	��E����)E�á�ä$ñ`�JÛ�ëHâ�Û�ïýÝ Û�ß7E����)SýæOÛ�äLâ�ß�á�å$ßTÛ�ì<ãèÜ<äHÞ5áXßTÛGÞTÚÀÜ3ò4äôãèä���ã[ìW�ASJíJâTÚÀÛ4ß�ãèì<ÚLâ
âÁò×ÜîæOÜ<ä�â�Ü<éÀß�ë$å[Ü�âTÞ"�Ð��ã�äHæOÛ�âTÚÀÛGë Ü<ÞTã[âTã[Ü<äHá�å$á�æ�æ�éÀß�á�æ��ôÜ�ê{æOÜ<ïÉëxÜ<äHÛ�äLâTÞ�ãèäôßTÛ�åèáXâTã[à�Û�å��ÉÞ�ãèïîë$å[Û�ÞTÜ<éÀß�æOÛ�Þ�æ�á�äôÝ Û
Ü�Ý$âTá�ãèäÀÛ�ñóâ�ÜÉá�ä`á�æ�æ�éÀß�á�æ��µÜ�ê9âTÚÀÛ£ßTÛ�ÞTÜ<åèéÀâTã[Ü<äóñHã[à�ãèñÀÛ�ñ ÝI� âTÚÀÛAÞ�ã[ì<äHá�åxâ�ÜôäÀÜ<ãèÞTÛGÜ�ê9âTÚÀÛAæOÜ<ïîë Ü<äÀÛ�ä�âTÞ�íÀò4Ú$ãèæ�Ú
ã�Þ%�Ë�"����í$ã[â�ãèÞ�í�âTÚJéHÞ�í�ë Ü<ÞTÞTã[Ý�å[Û4â�ÜÉñÀÛ�â�Û�ß�ïÉãèäÀÛEâTÚÀÛ�ã[ß7ë Ü<ÞTãèâTã[Ü<äHÞ×â�ÜÉá�ä`á�æ�æ�éÀß�á�æ�� ���(�W�AïÉá�Þ"�×Ù�ÚHãèÞ�ïîÜ�ñÀÛ�åèãèäHì
Þ�ÚÀÜRò4Þ âTÚHáXâóâTÚÀÛ ë Ü<ãèäLâ æOÜ<ïîë Ü<äÀÛ�äLâóãèÞµáXÝ Ü<éÀâ`�����"� ïÉá�ÞµÛ�á�Þ�âµÜ�êAâTÚÀÛ ÝHß�ãèì<ÚLâTäÀÛ�Þ�Þôë Û�á�0 Ü�êAâTÚÀÛ�æOÛ�ä�â�ß�á�å
æOÜ<ïÉëxÜ<äHÛ�äLâ�í?á�äHñÈâTÚHáXâgã[âTÞ�ë Ü<ÞTãèâTã[Ü<ä ãèÞ8���(��FÊïÉá�ÞþêÂéÀß�âTÚÀÛ�ß�â�Ü âTÚÀÛµÛ�á�Þ�âýêÂÜ�ßþâTÚÀÛ`t á/�eE����)EÆÜ�Ý$Þ�Û�ßTàXáXâTã[Ü<ä?�
Ù4ÚÀÛ£Û�MxÛ�æOâ�Ü�ê�âTÚÀÛ�Þ�Û�ÞTïôá�åèå{æ�Ú$á�äÀì�Û�Þ�æ�á�äÏÝ ÛAÞ�Û�Û�äÏãèäóâTÚHÛAàJã�ÞTã[Ý$ãèå�ã[âr�ÉñHáXâTáôÜ�ê�âTÚÀÛÓt��Eði� Y Ý$á�ÞTÛ�åèãèäÀÛ�Þ�ò4Ú$ãèæ�Ú
ã�Þ����(�)*Øv)�`êÂÜ�ß£âTÚÀÛ�tÆá	�VE����)EóñHáXâTáüá�ä$ñf�����/E#v��`êÂÜ�ß£âTÚÀÛ,�JÛ�ë�E����)SóñHáXâTá��ýÙ4ÚHãèÞGãèÞEæOÜ<äHÞTãèÞ�â�Û�ä�âEò4ã[âTÚÆâTÚÀÛ
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y{z}|	~)�i��ôH�&�����#åÐ���"�)¡N¡¢���eæ¶�������H� è�ì����W¥%¦=§)�&©	¸H±��;�i¹	��°��R«K±�¬�Îøµº�R±r¬7�i�;¨�«"¬izÇ¹K�%´I©K±�zÇ¬�z}©	H±7©/®�����ÄG¾2µ¶zÇ¬�§`����±r´I�RªO¬
¬i©�¬�§)�8ª;«/¨}z}¸)�i«/¬�©K�P®�©	�s¬i§)�2÷H¹K�:±r��±�±�zÇ©KH±s«/�i�2±r§H©"µ¶@�8¦=§)�8±! G~H«	���&¸I©�³���±�«/�i��¬�§)�Ó´A©G±rzÇ¬�z}©	H±�µ¶zù¬i§Ø����±r´I�RªO¬s¬�©�¬i§)�
¨}©�ª;«/¬�z}©	©	®Ö¬�§)�&²2«"³�z}²�~)²<¸)�iz}|	§G¬�)��±�±Z©/®$¬�§)�2ªO�RG¬��¯«/¨�ªO©	²&´I©	)�RG¬7z}"����ÄK¾�»I¬i§)��®��iz})|	��¨Ç©�ªR«"¬�z}©	h�P¦=§H��¬i��z�«/)|K¨Ç��±
±�§)©"µ#¬�§)�L´I©K±�zÇ¬�z}©	&µ¶zù¬i§2����±r´I�RªO¬?¬�©P¬i§)�¶´A©KzÇG¬5ª;©	²&´I©	)�RK¬$°)�O¬��R��²&z})�R°%®��i©	² ¬�§)�Ð°)�O¬i«	zÇ¨}�R°�²&©�°��;¨}z})|s©/®I¬�§)z�±Ö¸H��z}|	§G¬
ª;©	²&´I©	)�RK¬��?¦=§)�s±r©K¨Çz�°Ó«	H°Ó°)«K±r§H�R°:¨}z})�R±¶±�§)©"µ'¬i§)�Z¸I�R±r¬rÎø÷)¬Ð«�¹K�;�¯«/|	�L±��;´A«/�¯«"¬�z}©	Ó©"¹	�;�5¬�§H�Z÷A¹	�P±r��±�±�zÇ©KH±R�{¦=§)�R���7z�±
H©Ó±rz}|	Hzù÷AªR«/G¬Ð´H«	�i«	¨Ç¨�«"³W»�¬i§)���i²2±Ð±iª;«/¬r¬��R�¶®��i©	²Ë¬�§)��÷)¬7°���ªO�i�R«K±r��±¶µ¶§)�;�¬i§)��´I©	z}G¬7ª;©	²&´A©K)�;G¬Ðz�±Ð«K±�±�~)²&�R°n¬i©Ó¸I�
¬i§)��±r¬i«"¬izÇ©KH«/�iÍ2¨}©�ªR«"¬izÇ©K8©	®#����ÄG¾��

Þ�åèã[ì<Ú�âTå�� åèáXß�ì�Û�ß4Þ�Û�ë$áXß�áXâTãèÜ<äüÜ�ê·âTÚHÛAë Ü<ãèäLâ7æOÜ<ïîë Ü<äÀÛ�ä�â�êÂßTÜ<ï âTÚÀÛAäHÜ<ïÉãèäHá�å�æOÛ�ä�â�Û�ß4Ü�ê�âTÚÀÛAÞ�Ü<éHß�æOÛ��
Ô ÚÀÛ�âTÚHÛ�ßîâTÚÀÛ ë Û�á�0ÈÜ�ê4âTÚÀÛµÝHß�ã[ì<Ú�âgæOÜ<ïîë Ü<äÀÛ�äLâgÜ�ßgâTÚÀÛüå[Ü�æ�áXâTã[Ü<ä Ü�ê4âTÚÀÛóë Ü<ãèä�âýæOÜ<ïîë Ü<äÀÛ�ä�âîãèÞgïîÜ�ßTÛ

å�ã�0�Û�å���âTÚHÛ4Þ�âTáXâTã[Ü<äHáXß;�þë Ü<ãèä�â?ãèäîâTÚÀÛ�Þ�Ü<éÀß�æOÛ�æ�á�äôÝxÛ7â�Û�ÞTâ�Û�ñôÝI�ýâTÚHÛ4ç�é$á�åèã[âr�þÜ�ê âTÚÀÛ�ë$áXß�á�åèåèáG
%$3ëHßTÜ�ë Û�ß?ïîÜ�âTã[Ü<ä
��â4êÂÜ�ßGâTÚHÛýâÁò×Üüæ�á�Þ�Û�Þ�í�á�äHñ âTÚÀÛ�ÞTÛÓ�$âTÞGãèÞGÞTÚÀÜ3ò4äÆã�ä���ã[ìW��FW�EÙ4ÚÀÛ�â�Ü�ë�ë$å[Ü�âGÞTÚÀÜ3ò4ÞGâTÚÀÛÓ��â4Ü�ênâTÚÀÛþë$áXß�á�å�åèáG

â�ÜÊâTÚHÛóåèÜJæ�áXâTã[Ü<ä Ü�ê�âTÚÀÛóë Ü<ãèäLâgæOÜ<ïîë Ü<äÀÛ�ä�â"�×6Gå[âTÚÀÜ<éÀì<Ú âTÚHÛ�ßTÛüãèÞgá�äð�����"�"ïÉá�ÞgÜ�M�Þ�Û�âîê=ß�Ü<ïtâTÚHÛ`áXëHß�ã[Ü�ß�ã
ë Ü<ÞTãèâTã[Ü<äÉÜ�ê¶+��/E)x�íHâTÚÀÛGß�ïÉÞZ�$â)â�ÜgâTÚÀÛEë$áXß�á�åèåèáG
ÉêÂßTÜ<ï~âTÚÀÛ£ïîÛ�á�äµÜ�M�Þ�Û�â�ãèÞ���F�&{á�Þ�Ü3à�Û�ß�âTÚÀÛ%�$à�ÛEÜ�Ý$Þ�Û�ßTà�ãèäÀì
ÞTÛ�ÞTÞTã[Ü<äHÞ/� 9 äÈâTÚÀÛ ÝxÜ�â�â�Ü<ï ë$åèÜ�âýÚÀÜ3ò×Û�à�Û�ß�í5âTÚÀÛôë$áXß�á�åèåèáG
'�$âýâ�ÜÆâTÚÀÛµë Û�á�0ÊÜ�ê�âTÚÀÛµå[ÜJæ�áXâTãèÜ<ä Ü�ê�âTÚHÛ ÝHß�ã[ì<ÚLâ
æOÜ<ïÉëxÜ<äHÛ�äLâ�ÚHá�Þ�áîÞTã[ì<äHã���æ�á�äLâTå�� åèáXßTì�Û�ß4ß�ïÉÞ�Ü�êLEGF�&$v����nÙ4Ú�éHÞ�íÀâTÚÀÛ£ë Ü<ãèäLâ�æOÜ<ïÉëxÜ<äHÛ�äLâ7â�ÜÉâTÚHÛAÛ�á�Þ�â�Ü�ê�âTÚÀÛ
Ý$ß�ã[ì<Ú�âTäÀÛ�ÞTÞAë Û�á�0 Ú$á�Þ�âTÚÀÛóïîÜ�ßTÛóÞ�âTáXÝ$åèÛôë Ü<ÞTã[âTã[Ü<ä ò4ÚÀÛ�äÈæOÜ<ïîë$áXßTÛ�ñ ò4ã[âTÚ âTÚÀÛóæ�á�åèã[ÝHß�áXâ�Ü�ßgÞ�Ü<éÀß�æOÛ âTÚHáXâgãèÞ
äHÛ�áXß�å��géHäÀßTÛ�Þ�Ü<åèà�Û�ñ?�?Ù�ÚÀÛ7êÂÜ�ß�ïÉá�åHë�áXß�á�åèåèáG
îåèãèïÉãèâ�ã�Þ(' ��Ú(��FþïÉá�Þ��ÂâÁò×ÜXð	Þ�ã[ì<ïÉáýßTÛ�ÞTéHå[âR�R>JÚÀÛ�äHæOÛ�+��/E)xAãèÞ×ïîÜ�ßTÛ
âTÚHÛ�ä�E��Ó0�ë�æ7êÂßTÜ<ïvâTÚHÛ�ÞTéHä á�äHñôã�Þ5á�åèïîÜ<ÞTâ×æOÛ�ßTâTá�ãèä$å��îáAÝ$á�æ;0�ì�ßTÜ<é$äHñÉì<á�åèáG
��ôá�äHñ äÀÜ�â×á�Þ�Þ�ÜJæ�ã�áXâ�Û�ñôò4ãèâTÚÉâTÚÀÛ
�W�%�Ó�

Ù�ÚÀÛóáXÝxÜ3à�ÛóÛ�
�á�ïîë�å[ÛµñHÛ�ïîÜ<äHÞ�â�ß�áXâ�Û�ÞgâTÚ$áXâýêÂÜ�ßîç�éHá�Þ�áXß�Þþò4ÚHãèæ�ÚÈáXßTÛüáXÝ Ü<éÀâ����ù�Vv�� �6á�äHñ ïîÜ<ÞTâ 9OY ���
ÞTÜ<éÀß�æOÛ�ÞóáXßTÛ âTÚHãèÞµÞ�â�ßTÜ<äÀìA��í�âTÚHÛ å[Ü�æ�áXâTã[Ü<äeÜ�êAâTÚÀÛ ë Ü<ãèä�â æOÜ<ïîë Ü<äÀÛ�ä�â âTÚ$áXâµãèÞµá�ÞTÞ�Ü�æ�ãèáXâ�Û�ñeò4ã[âTÚeá Þ�âTáXÝ$å[Û
åèÜJæ�áXâTã[Ü<ä`Ü�ê·âTÚÀÛýç�éHá�Þ�áXß4æ�á�ä`Ý ÛAñÀÛ�â�Û�ß�ïôãèäÀÛ�ñóâ�Üôá�ä`á�æ�æ�éHß�á�æ��óÜ�ê�áXÝ Ü<éÀâ����(�)EôïÉá�Þ"�
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Y á�äµâTÚÀÛ£á�æ�æ�éÀß�áXâ�ÛAïîÛ�á�ÞTéHßTÛ�ïîÛ�ä�â)Ü�ê·âTÚÀÛEßTÛ�åèáXâTã[à�ÛEë Ü<ÞTã[âTãèÜ<äÉÜ�ê·æ�åèÜ<Þ�Û£Þ�Ü<éÀß�æOÛ�Þ7éHÞ�ãèäÀì�ë�ÚHá�Þ�ÛGßTÛ�ê=Û�ß�Û�äHæ�ãèäÀì
Ý ÛýÛ�
Jâ�Û�äHñHÛ�ñ áXß�Ü<éHäHñ`âTÚHÛþÞB0I�`â�ÜóñÀÛ�â�Û�ß�ïÉã�äÀÛýïîÜ�ß�Ûþá�æ�æ�éÀß�áXâ�Û 9OY �%� ë Ü<ÞTã[âTã[Ü<äHÞ4âTÚHá�ä�áXßTÛgäÀÜRò á�àXá�ãèåèáXÝ$åèÛ.-
Ù�ò×Ü Û�
Jâ�Û�ä$ÞTã[Ü<äHÞ Ü�ê�ë$Ú$á�Þ�ÛÏßTÛ�êÂÛ�ßTÛ�äHæ�ã�äÀì áXß�Û äÀÛ�Û�ñHÛ�ñ?�à��ã[ß�Þ�â�í4âTÚÀÛ áXß�Û�áÈÜ�êýÞB0A� ê=Ü�ßóò4ÚHã�æ�Ú ÞTÜ<éÀß�æOÛ�Þóæ�á�ä
Ý ÛÉÞTé$æ�æOÛ�ÞTÞ�ê6éHåèå��Æë$ÚHá�Þ�ÛOð	æOÜ<äHäHÛ�æOâ�Û�ñÈïþéHÞ�â£Ý Ûôãèä$æOßTÛ�á�Þ�Û�ñÊêÂßTÜ<ï âTÚÀÛ ïÉáG
�ã�ïýéHïzß�á�ñHãèéHÞEÜ�ê���þîäHÜRò^é$Þ�Û�ñÊâ�Ü
áXâþå[Û�á�Þ�âþá`ß�á�ñHã�éHÞ£Ü�ê�E��)þ��#XGâTÚÀÛ�ß�ò4ãèÞ�Û�í9Ý$éHãèå�ñHãèäÀìóéÀë áÆì<å[Ü�Ý$á�å×Þ�Û�â�Ü�ê�Þ�Ü<éHß�æOÛôë Ü<ÞTã[âTãèÜ<äHÞ£ò)Ü<éHåèñÊâTá�0�ÛµâTÚÀÛ
æOÜ<ïýÝ$ãèä$áXâTã[Ü<ä�Ü�ê5â�ÜJÜ`ïÉá�äA� ÞTïôá�åèå5�$Û�åèñHÞ"����ãèäHæOÛþâTÚÀÛ�ßTÛÉã�ÞGé$ÞTéHá�åèå��Æáµæ�á�å�ã[ÝHß�áXâ�Ü�ß£ò4ãèâTÚHãèä áXÝxÜ<éHâ�F þ Ü�ê)á�äH�
âTáXß�ì�Û�âýÞ�Ü<éÀß�æOÛ�í�âTÚÀÛôáXß�Û�áüê=Ü�ß�ò4ÚHãèæ�Ú�ë$ÚHá�Þ�ÛîßTÛ�êÂÛ�ßTÛ�äHæ�ã�äÀì`ãèÞAÞTé$æ�æOÛ�ÞTÞ�ê6éHå?ÚHá�ÞAäÀÜ�â�ÝxÛ�Û�ä"ë$éHÞTÚÀÛ�ñ�ãèä á�äÀì<éHåèáXß
Þ�æ�á�å[Û��¶-4Ü3ò×Û�à�Û�ß�í�âTÚÀÛ�éHÞ�Û7Ü�ê�Þ�Û�à�Û�ß�á�å�æ�á�åèã[ÝHß�áXâTãèÜ<äHÞ?ÚHá�Þ?Ý Û�Û�äÉñÀÛ�ïÉÜ<äHÞ�â�ß�áXâ�Û�ñôâ�Ü�ñÀÛ�â�Û�ß�ïÉã�äÀÛ7âTÚÀÛ7ë$áXß�á�ïÉÛ�â�Û�ß�Þ
Ü�ê�âTÚÀÛ�àáXß�ã�áXÝ$å[ÛEë$ÚHá�Þ�ÛAÞ�æOßTÛ�Û�ä`Ü3à�Û�ß�Û�á�æ�ÚÏâ�Û�å[Û�Þ�æOÜ�ëxÛ�ÜRà�Û�ß£åèáXßTì�ÛAáXßTÛ�á�Þ�â�Üôãèä$æOßTÛ�á�Þ�ÛAâTÚÀÛ�ëxÜ<Þ�ã[âTã[Ü<äüá�æ�æ�éÀß�á�æ��
á�ä$ñüâTÚÀÛ£ë$ÚHá�ÞTÛOð-ßTÛ�ê=Û�ß�Û�äHæ�ãèäÀì��$Û�å�ñóÜ�ê·à�ã[Û�ò:�
�JÛ�æOÜ<äHñHå���í×âTÚÀÛÏá�æ�æ�éÀß�áXâ�Û`ë Ü<ÞTã[âTã[Ü<äHÞþÜ�ÝHâTá�ã�äÀÛ�ñ ãèä Ü<äÀÛüë�ÚHá�Þ�ÛüßTÛ�êÂÛ�ßTÛ�äHæOÛ�ñe��Û�åèñ ïýé$Þ�âîÝ Ûüâ�ß�á�äHÞ�êÂÛ�ßTßTÛ�ñ
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H�P�E�M�JUa¡mZR�NIJGFIH�P�E�¢£N�P�Q�KgP�E�KgE�P7S�JchoFbJUE�a"R�S
aIJUW.R<E�Q�aZ{#J�}�M�}�KgE�¤&K�M�}�~!�
}q�kH�P�F+mOJUP�E�a+FIH�JyFIP�NIM�JcFqabR<V�N�W.JyP�E�Q�FIH�J¡nLH�P�abJ¡NIJcS#JcNIJUE�W.JZabR<V�N
W.J¡aIH�R<V�igQs`,J
R�` abJcNId�JUQ�P�F"FIH�J�aIP�mOJGFIKgmOJuS#R�N¡J.¥,JUW.FIK�d�JvnLH�P�aIJGNIJcS#JcNIJUE�WcKwE�M�}7Y\[C]^D�¦_ /nLigR�N�P�FIK�R<E�|*P�Q�K�R��*abFbN�R<E�R<m�X
{#Y\¦?|*�\�+Kwa\FIH�JZY+[�]^D*S2P�WcKgigK�FpX�Q�JUQLKgWcP�FbJUQ�FbRsH�K�M<H§P�WcWcV�N
P�W.X�P�aIFbNIR<mZJcFbNIX¨{�©ª~c��«'P�N�WcabJUW!�\P�Q�R�nLFIKgE�MvFIH�J
a�Kgm"VLi�FIP�E�JcR<V�a*nLH�P�abJyNIJcS#JcNIJUE�WcKwE�M�{2¬R�`LPUX<P�a�H�K&JcFqP�i�}¡�����<�<�
}yY\¦?|*��H�P�aP�V�ELKgT�V�J"Q�V�P�i�`,JUP�m®abX�abFbJUm
S#R�NqaIKgm¡V�i�FIP�E�JcR<V�a+nLH�P�abJyNIJcS#JcNIJUE�WcKgE�M§{2¬�PUhzP�M<V�W�H�K_JcFqP�i�}y�������1�
}O�kH�JynLH�P�abJyNIJcS#JcNIJUE�WcKgE�MGS#JUP�aIK�`LKwigK�F�X7R�S
Y\¦?|*�¯KwarhAJUiwi3Q�JUmZR<E�abFbN
P�FbJUQ�`�X�°*R<E�mOPyJcFkP�i�}*{������<�<�tP�F+���<±\°k²�}

�tH�JOP�Kgm³R�S^FIHLKgaJ. �n�JcN
KgmZJUE�FqKgaFbR7FbJUaIF"P�E�Q§FbR�Q�JUmZR<E�aIFbN�P�FbJuFIH�JuS�JUP�aIKg`LigKgi�FpX7R�SzFIH�Jua�Kgm"VLi�FIP�JUE�R<V�a
m¡V�i�FIK�l�S�NIJUT/V�JUE�W.XvnLHLP�abJ"N�JcS�JcNIJUELWcKgE�MGVLaIKgE�MGY+¦A|k�"}��tH�J"J. �n,JcN�KgmZJUE�F*Kga+Q�JUaIKgM<E�JUQ7FbRvQ�JUmZR<ELabFbN�P�FbJyFIH�P�F
Y\¦?|*�´W.R<V�igQ�Q�R�µ�nLHLP�abJ"N�JcS�JcNIJUELW.J�µ�fCE�R�F\R<E�i�X�`,JcF�h^JcJUE§FphARsabR<V�N�W.JUa\P�FFIH�JZaIP�mZJyS�N�JUT�V�JUELWcK�JUacf�J�}�M�}"P�F
���<±°k²\{�µ�aIKgE�M<i�J.l�QLV�P�i�µ¶�
f!` V�F3FIH�P�FCK�F'Kwa'P�igabRtS#JUP�aIK�` i�J&`�JcFphAJcJUE"F�h^R*aIR<V�N�W.JUa'P�F�F�h^R*Q�K·¥,JcNIJUE�F3S�N�JUT�V�JUELW.X+aIVLW�H
P�a"���<±\°k²�P�E�Q��1�<±\°*²�{�µ�Q�R<V�`Li�J.l�Q�V�P�i�µ¶�
}¡�zF�HLK�M<H�JcNS#NIJUT�V�JUE�W.X�fCKgE�M�JUE�JcN
P�i�fCFIH�JZN�JUW.JUK�d�JcNqn,JcNIS#R�N�mOP�E�W.J
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`,JUW.R<mZJUa&h^R�N�abJ�f�FIH�JzP�S#R�NIJUmZJUE�FIK�R<E�JUQZP�FImOR<abnLH�JcN�KwW?x�V�W.FIV�P�FIK�R<E¡KgE�W.NIJUP�aIJUa&hkK�FIHZ���,f<P�E�Q¡FIH�JrabR<V�N
W.JAx�V� 
Q�JUW.NIJUP�abJUac}v�tH�JUabJGP�i�FbR�M�JcFIH�JcNyi�JUP�Q§FbR�PsN�P�nLKgQ�igX�Q�JUW.NIJUP�a�KgE�MsE/V�m�`,JcNqR�SzFIH�Jun�R<a�aIK�`Li�JynLHLP�abJZNIJcS#JcNIJUE�W.J
aIR<V�N�W.JUatP�FtmOm¸h^P!d�JUi�JUE�M�FIH3}^�tH�JcNIJcS#R�NIJ\nLH�P�abJN�JcS�JcNIJUELWcKgE�MyFbROPOi�R�hAJcNtS#NIJUT/V�JUE�W.X�KgazR�S�M�JUE�JcN�P�i'KgE�FbJcNIJUabF
S#R�N\mOm¸Y\[C]^DrNIJUabJUP�N
W�H3}+¤�R�N*FIHLP�F*NIJUP�aIR<E3f FIH�J�S#NIJUT�V�JUE�W.XsabhkK�FIW
H�KgE�MZn H�P�abJ�N�JcS�JcNIJUELWcKgE�MuKgakFbJUabFbJUQ¨{#J�}�M�}
¹�KgQ�Q�JUi�`,JcNIMsJcFZP�i�}������<º<�
}�°*R!h^Jcd�JcNUfzW.R<E�aIKgQ�JcN
KgE�MsFIH�JvN�P�n KgQ�nLHLP�abJ�W
H�P�E�M�JsP�FZmOm»hzPUd�JUi�JUE�M�FIH'f?FIH�J
a�Kgm"VLi�FIP�E�JcR<V�azR�`LaIJcNIdeP�FIKgR<E3f�aIV�W
HsP�atFIH�Kwa\µ�Q�R<V�`Li�J.l�QLV�P�i�µ�f�KgazS2PUd�R�N�P�`LigJ�}

¼�5�½�;':<¾�¿38ÁÀ�ÂkÃv6�Ä�¾�9UÅv;':<Æ

¬Y+ÇªKga¡FIH�J�ÈLN�abF¡Y\[C]^D�S2P�WcKgigK�FpX�KgE�¬R�NIJUP§P�E�Q�Kga¡FIH�J�ÈLN
abF¡Q�JUQ�KgWcP�FbJUQ¨mOm»Y\[C]^D�S2P�WcKgigK�FpX�KgE�FIH�J
h^R�N�igQ'}k¬Y\Ç´Kga+Q�JUaIK�M<E�JUQ7S�R�N\aIKgm¡V�i�FIP�E�JcR<V�a*m¡V�i�FIK�l�S�NIJUT/V�JUE�W.XvR�`LaIJcNIdeP�FIKgR<E�{2¹�KgE�H�JcF+P�i�}+�����<�/�C¬qKwm¸JcF
P�i�}����������
}^É*a�KgE�M�FIH�J*aIKgm¡V�i�FIP�E�JcR<V�acf�m¡V�i�FIK�l�S�NIJUT/V�JUE�W.XynLHLP�abJkNIJcS#JcNIJUE�WcKwE�M�f�¬Y\Ç�KgaAJ. /n,JUW.FbJUQ�FbR¡n�NIR!d�KgQ�J
nLNIJUWcKgabJqP�abFbN�R<mZJcFbN�KgW"KgE�S#R�N�mOP�FIK�R<EsP�F*hkKgQ�JN
P�Q�K�RZS#NIJUT�V�JUE�W.XvN�P�E�M�J�fLS#NIR<mÊ���<±°k²yV�n7FbR�~U���<±\°*²v{2¹�KgE�H
JcFrP�i�}?�����<�/� ¬qKgmËJcFzP�i�}����������
}^�tH�J+n�NIJUWcKgaIJ*n,R<aIK�FIKgR<E�P�iLKgE�S�R�N�muP�FIK�R<EuR�S�W.JUi�JUabFIKgP�i�R�`�ÌbJUW.FIarP�FzhkKgQ�J*N�P�E�M�J
R�SCN�P�Q�K�R¡S�N�JUT�V�JUELW.XuKga^KgE1d�P�igV�P�` i�JkKgEGdeP�N
K�R<V�a^P�abFbNIR�nLH�X/a�KgWcP�i,P�E�QGP�iwabRZKgEGKwE1FbJcN�QLKgaIWcK�nLiwKgE�P�NIX�W.R<E�FbJ. �FIa�{#J�}�M�}
[CR�`LP�E�R�d�~U�����/��ÍAH�KgigKgnLazJcFqP�i�}q�����<�/�&��W
H�igV�JcFbJcNÎËY_P�E�Q�JUE�`,JcNIMs�����<�/�C¹�KwQ�Q�JUi�`,JcNIMOJcFqP�i�}�����<º<�
}¡�tH�Kga
P�ELQ�P�E�R�FIH�JcNyKwmZn,R�NIFIP�E1F"M�R<P�i�f?abJUELaIK�FIK�d�J�m"V�igFIK·l�`LP�E�Q�Y+[�]AD"KgmOP�M<KgE�M7FIH�NIR<V�M<H�i�R<E�M�KgE�FbJcM�N�P�FIK�R<E�FIKgmZJ�f
h*Kgigi,`,JqQ�R<E�J"`�X�aIKgm¡V�i�FIP�E�JcR<V�atm¡V�i�FIK·l�S#NIJUT/V�JUE�W.X�R�`LabJcNId�P�FIK�R<E3}z�zF+mum¸hzPUd�JUi�JUE�M�FIH'f�Q�V�JqFbRuFIH�J�j/E�R�hkE
iwKgmOK�FIP�FIK�R<ELaO{��/JUW.FIK�R<EÏ~!�
f�FIH�Jum"VLi�FIK·l�S#NIJUT�V�JUE�W.X�n H�P�abJONIJcS#JcNIJUE�WcKwE�M�{2K�}�J�}�abJUi�S�l�nLH�P�aIJONIJcS#JcNIJUE�WcKgE�M��abJcJUmOa
FbRZ`,J\mZR�NIJn�N�R<mOKgaIKgE�MqFIH�P�EvFIH�J\R�FIH�JcNkmOJcFIH�R/QLa\{���P�aIP�Ru�����<�<�
}^�kH�J+¬qY+Ç¯`,JUP�mËFbN
P�E�abn,R�NIFIKgE�MyabX�abFbJUm
JUmOnLi�R!X�aAS�NIJUT/V�JUE�W.XZabJUigJUW.FIK�d�J+a�V�NIS2P�W.J*i�R�htnLP�aIa_È i�FbJcN�a+{2[CÍ?¤&a
�*{2¬qKgm�JcFAP�i�}?�������yP�E�QGNIJcS#JcNIJUE�W.JkFIH�JcNIJUKgE �
}
¬qY+ÇÁKgatV�ELQ�JcNtW.R<E�abFbN�VLW.FIK�R<E�P�E�Q�nLiwP�E�azFbRO`,JcM<KgE�K�FIarFbJUaIFtR�`LabJcNId�P�FIK�R<EsKwEs�����1Ð�Ñe�<�/}
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�tH�JzY+¦A|k�£R�`LabJcNId�P�FIK�R<EyhzP�a�Q�R<E�JzR<E�~UºeFIHO�*n�N�Kgi������<ºO× É+��~.��Øg~Uº�lp��~�ØÙ���eÚ�}^�tH�J+µ�Q�R<V�`Li�J.l�Q�VLP�i�µ�mZR�Q�J
hzP�a�W.R<E�ÈLM<V�NIJUQ�P�a�`,JUi�R!hq}ZÛ�K�FIH§FIH�JO`,JUP�mÜ�ohAJOR�` abJcNId�JUQ�Ç+|k�kÝqº�~U�sP�F¡���<±°k²�f�P�`�N
K�M<H1F]z[Ï[CP�W
R�`�Ì%JUW.Fc}�Û�K�FIHZFIH�Jk`�JUP�mË]¨P�F?�1�<±\°*²�f�P�EOJcd�JUEG`�N�K�M<H�FbJcN?T/V�P�aIP�NA�<Þr�e�1º/f�hkHLKgW�HZKga_R<E�i�Xy��}ÙºqQ�JcM�NIJcJ+P�nLP�NIF
S#NIR<m»Ç*|*�kÝº�~U�/f?hzP�a¡R�`LabJcNId�JUQ�aIKwm"V�igFIP�E�JcR<V�aIi�X�}�~U����¹�°*²�`�NIR<P�Q�`LP�ELQ�mZR�Q�J�hkK�FIH���º���¬�°k²�W�HLP�E�E�JUi
h*KgQ�FIHG{�º�~U�+W
H�P�E�E�JUiga��,hzP�a�FIP�j�JUEZP�ELQ"aIKwE�M<i�J?[�[�WcKgN�WcV�igP�N�n�R<iwP�N�K�²UP�FIK�R<E"mZR/Q�J?hzP�a�VLabJUQ3}��zF&JUP�W
H¡aIFIP�FIK�R<E3f
QLP�FIPvh^P�a\NIJUW.R�N
Q�JUQ�R<E�FIP�n,JUaP�E�Q�Q�JUigK�d�JcNIJUQ�FbRs¹�K�FIP�j�P�W.R�NINIJUigP�FIK�R<E�W.JUE�FbJcNqR�SzÇ*P�FIK�R<ELP�i��+abFbNIR<E�R<mOKgWcP�i
Ý\`LabJcNId�P�FbR�NIX�f ß1P�nLP�E3}
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�kS#FbJcNGFIH�J�KgE�aIFbN�V�mZJUE�FIP�irnLH�P�aIJ7WcP�igK�`�N
P�FIK�R<E3f^FIH�J7NIJUa�KgQ�V�P�irn H�P�abJ7Q�JUiwPUXãabR<igV�FIK�R<E�aZh^JcNIJ7R�`LFIP�KgE�JUQ3}
�zF�FIH�JZaIH�R�NIFbJUabF` P�abJUigKgE�J�f'¹�K�²UV�a�PUhzPel�DpN�Kgj/K&`LP�aIJUigKgE�J�f,FIH�JOabR<iwV�FIK�R<E�a\P�NIJOmZR<aIFqabFIP�`Li�J7{2¤&K�M�}�~!�
}Z�zFqFIH�J
igR<E�M�JcNy`LP�abJUigKgE�JUacf&J�}�M�}�¹�Kg²�} l�Ý+M<P�aIPUhzP�N�P�fz¹�Kg²�} l�D�aIHLK�M<P�j/K�f�FIH�JvnLH�P�abJUayW�HLP�E�M�J�mZR�NIJvN�P�nLKgQLi�X�}�D%E�R�N�Q�JcN
FbR�FbJUabFZFIH�J�S#JUP�aIK�` KgigK�FpX§R�SkFIH�JvnLH�P�aIJGFbN�P�ELabS�JcNZ`,JcFphAJcJUE�FphAR§S#NIJUT/V�JUE�WcK�JUacf?FIH�J�W.R�NINIJUigP�FIK�R<E�W.R/J.äGWcK�JUE�FIa
h^JcNIJ\JUabFIKgmuP�FbJUQ3}�DpFzhzP�arQ�R<E�J\P�FrFIH�J+FIKgmZJ\N�P�E�M�J\hkH�JcN�J*FIH�J\nLHLP�abJ+W
H�P�E�M�JUarP�NIJ\N�P�FIH�JcNtmZR/Q�JcN�P�FbJ�}_�tH�J
W.R�N�NIJUigP�FIK�R<E�W.R�J.äGWcKgJUE1FIakhkK�FIH�d�P�N�K�R<V�akabR<igV�FIK�R<E7KgE1FbJcN�deP�igaUf�K�}�J�}z���1Ñ����1Ñ�����aIJUW.R<E�Q�acfLP�N�J"W.R<mZnLP�N�JUQ3}^°+K�M<H
n,R<aIKgFIK�d�Jtd�P�igV�JUa^P�NIJ*R�`LFIP�KgE�JUQOS#NIR<mo¹�Kg²�} l�DpN�K�}�Î¯¹�K�²�} l�Ý+M<P�}_`LP�aIJUigKgE�JUak{�åÏ��æÙ�<�
}?�zF^FIH�J+igR<E�M�JUabF?` P�abJUigKgE�J�f
¹�K�².l�D%aIH3}�f'h^JUP�j§P�E1FIK�l�W.R�NINIJUigP�FIK�R<E�KgaabJcJUE3}G�tH�Kga\KgaQ�V�JZFbR7E,çUnLK�P�m"`LK�M<V�KgF�X�KgE�FIH�JZnLH�P�aIJOabR<igV�FIK�R<ELac}yDpF
KwE�W.NIJUP�abJUa\hkKgFIH�` P�abJUigKgE�JZi�JUE�M�FIH§P�E�Q�hkK�FIH�hzP�FbJcNqdeP�n,R�NqKgE�FIH�JyP�FImOR<abnLH�JcNIJ�}yD�FqKga\Wci�JUP�N�i�X�aIH�R�hkE�FIH�P�F
f�E,çUn K?P�m"`LK�M<V�K�FpX§aIH�R<V�igQ�`�JGNIJUmZR�d�JUQ�S#R�NyaIV�WcW.JUaIabS2V�i?nLH�P�abJGFbN�P�E�abS#JcN"P�E�Q�S#R�N¡i�R<E�M�KgE�FbJcM�N�P�FIK�R<E�FIKgmZJ�}

RVS�F 5·1�
MF;G�G�H�I4�#���0)"�;�ÕKM�#���*�=���¢NÕ)*�-.#�#�,O��=����$



���������i����
�����J�0��������� 
���� ���!�"�����#����$r%&�D�;�('�)*�#+����#��.�/�1&3(��5r648�$9��)*:��[�*�=���

¤&K�M�}Z��P�E�Q§¤&K�M�}Z�vaIH�R�h´FIH�JZFbN�KwP�i�E3çUnLK�P�m�` K�M<V�K�FpX7S#NIJcJZnLH�P�abJZabR<iwV�K�R<E�P�F����sÎo�1�<±\°*²�}u['R<E�M�l�FbJcN�m�f
è P�FImZR<aInLH�JcN�KgW*W.R<H�JcNIJUE�W.J\FIKgmOJ�f/n H�P�abJ+NIJUaIKgQ�VLP�i�hkH�KwW�H�Kga?nLNIR�n,R�NIFIK�R<E�P�iLFbR¡S#NIJUT/V�JUE�W.XOKga^abJcJUE3}�D�FrW.R<V�igQ
`,J�Q�V�JuFbR�FIH�J�JcNINIR�NZKgE�FIH�J�FbN�P�WIj�KgE�M�l�W.JUE�FbJcNOnLaIR�FIK�R<E�a"R�N¡FIH�JGJcNIN�R�NyKwE�FIH�JvabFIP�FIK�R<E�n,R<aIK�FIKgR<E0{2°*R<E�mOP
JcF"P�i�}������<�<�
}s�tH�JOP�E�P�i�X�aIKgaFbR�NIJUmZR!d�JGFIH�KgaN�JUaIKgQ�V�P�i�Kwa`,JUKgE�M�Q�R<E�J�}��CR�M�JcFIH�JcNyhkKgFIH�FIH�JZÈ E�P�i_nLH�P�abJ
N�JcS�JcNIJUELWcKgE�MyNIJUaIV�igFcf�K�FrhkKgigi�`,J\n�NIJUabJUE�FbJUQsJUiwabJchkH�JcNIJ�}
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�tH�J�FbNIR�n,R<abnLH�JcN�KwWuJ. �W.JUaIaynLP�FIH¨Q�JUiwPUX�Kwa¡iwP�NIM�JUi�X�E�R<E�l�Q�Kgabn,JcN�aIKgd�JOR!d�JcNuP�h*KgQ�JuN
P�E�M�J�R�SkN�P�QLK�R�S#NIJ.l
T/V�JUE�WcKgJUac}q�*a�P�j/K�JcFqP�i�}G{%~U�����<�Q�JUmZR<E�abFbN
P�FbJymumñ{%~.�1�<±°k²��nLH�P�abJZQ�JUigP!X7W.R<mZn,JUE�aIP�FIKgR<E�FIH�NIR<V�M<H§Wcm
{%~U�/}Ùº<±°k²��qnLH�P�abJyNIJcS#JcNIJUE�W.JGabR<V�N�W.JZhkKgFIH�Í&P�K�NIl��*E�FbJUE�E�Pel�¹�JcFIH�R�Q3��FIH�JcX�R�`LaIJcNId�JZF�h^R�abR<V�N�W.JUaqaIKgm¡V�i�FIPel
E�JcR<V�aIi�X�P�F�F�h^R7S#NIJUT/V�JUE�WcK�JUaU}u�tH�JO¹�KgQ�Q�JUig`�JcN�MGJcF¡P�i�}w{������<º<�J. �n,JcN�KgmZJUE�FqaIH�R�hkaFIH�JuS�JUP�aIKg`LKgigK�FpX7R�S^FIH�J
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Fourth IVS General Meeting
Concepción, Chile

PROGRAM

 Sunday, January 8, 2006

13:30 Registration
Hotel Diego de Almagro, Sala Llanquihue

20:00 Icebreaker Reception
Hotel Diego de Almagro, Sala Llanquihue

 Monday, January 9, 2006

 Opening Ceremony      (Casa del Arte)

08:30 Bus from Hotel Diego de Almagro to Casa del Arte, UdeC

09:00 Welcome Addresses and Folkloristic Show
(1) Sergio Lavanchy, Rector Universidad de Concepción; (2) Wolfgang Schlüter,
IVS Chair; (3) Ballet of UdeC

10:00 Official Conference Photo

 Session 1: VLBI in Science and Application       (Facultad de Ingeniería)
 Chair: Harald Schuh

10:05 Break

10:35 1-01 Chair’s Report
Wolfgang Schlüter, Bundesamt für Kartographie und Geodäsie (BKG)

10:45 1-02 Coordinating Center Report
Dirk Behrend, NVI, Inc./GSFC

10:55 1-03 GGOS (invited)
Markus Rothacher, GeoForschungsZentrum Potsdam (GFZ)
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11:20 1-04 GAIA and a New Optical Reference Frame (invited)
Alexandre H. Andrei, Observatorio Nacional/MCT & Observatorio do
Valongo/UFRJ

11:45 1-05 Role of VLBI for Investigating Earth Rotation (invited)
Aleksander Brzezinski, Space Research Center, Polish Academy of Sciences

12:10 1-06 The ALMA Project (invited)
Massimo Tarenghi, ALMA Consortium

12:35 1-07 IVS’ Contribution to the IERS Combination Pilot Project and to the
ITRF2004: Status and Results
Markus Vennebusch, Geodetic Institute of the University of Bonn

12:50 1-08 Ionosphere Delay Corrections in Satellite VLBI Observations
Jinling Li, Shanghai Astronomical Observatory, Chinese Academy of Sciences

13:05 Lunch

Session 1: VLBI in Science and Application (cont.)
 Chair: Jinling Li

14:45 1-09 GPS Meteorology over Northeast Brazil: Perspectives
A. Costa (1,2), A. M. Pereira de Lucena (3), P. Kaufmann (4), F. Sales Ávila
Cavalcante (2), F. Geraldo de Melo Pinheiro (2), F. de Assis Travares Ferreira da
Silva (3), J. Bosco Verçosa Leal Jr. (2), V. de Paula Silva Filho (1,3); (1)
FUNCEME, (2) UECE, (3) INPE, (4) Mackenzie University

15:00 1-10 Global VLBI Solution IGG05R01
Robert Heinkelmann (1), Johannes Böhm (1), Harald Schuh (1), Volker Tesmer
(2), (1) Institute of Geodesy and Geophysics, Vienna University of Technology,
(2) Deutsches Geodätisches Forschungsinstitut

15:15 1-11 International VLBI Tracking of SELENE
Nobuyuki Kawano, National Astronomical Observatory of Japan

15:30 1-12 Spacecraft Tracking with the Chinese VLBI Network
Xiuzhong Zhang and the Chinese VLBI Network Team, Shanghai Astronomical
Observatory, Chinese Academy of Sciences

15:45 1-13 The First Year of VERA Geodetic Experiments
Takaaki Jike, Yoshiaki Tamura, Seiji Manabe, NAOJ VERA Group; VERA
Observatory, National Astronomical Observatory of Japan
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16:00 1-14 VERA System and Recent Results
H. Kobayashi (1), S. Manabe (1), N. Kawaguchi (1), K-M. Shibata (1), Y. Tamura
(1), O. Kameya (1), M. Honma (1),T. Hirota (1), H. Imai (2), T. Omodaka (2); (1)
VERA Observatory, National Astronomical Observatory of Japan; (2)
Department of Science, Kagoshima University

Session 2: Next Generation VLBI
Chair: Arthur Niell

16:15 2-01 Achieving a Quantum Leap in Observation Density
Bill Petrachenko, Natural Resources Canada (NRCan)

16:30 2-02 A Wide-Band VLBI Digital Backend System
Alan Whitney, Shep Doeleman, Brian Fanous, Hans Hinteregger, MIT Haystack
Observatory

16:45 Break

17:15 2-03 A New Lower Cost 12m Full Motion Antenna (invited)
Peter Shield, Mark Godwin, InterTronic Solutions, Patriot Antenna Systems Inc.

17:40 2-04 Uses of the ICRF and Implications for Future VLBI
Chopo Ma, Goddard Space Flight Center

Session 2: Next Generation VLBI (cont.)
Chair: Bill Petrachenko

17:55 2-05 Softc + Beowulf – JPL’s Newest Correlator
Stephen Lowe, Jet Propulsion Laboratory

18:10 2-06 Real Time Correlator in FPGA
Zhijun Xu, Xiuzhong Zhang, Shanghai Astronomical Observatory, Chinese
Academy of Sciences

18:25 2-07 Simulations for VLBI 2010
Jörg Wresnik, Johannes Böhm, Harald Schuh, Institute of Geodesy and
Geophysics, Vienna University of Technology

18:40 2-08 Singular Value Decomposition – A Tool for VLBI Simulations
Markus Vennebusch, Geodetic Institute of the University of Bonn

19:00 Bus to hotel
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Tuesday, January 10, 2006

 Session 3: Network Stations, Operation Centers, Correlators
 Chair: Ed Himwich

08:30 Bus from Hotel Diego de Almagro to Facultad de Ingeniería, UdeC

09:00 3-01 A New 40-m Radio Telescope in Yebes (Spain) for Geodetic VLBI
Studies by IGN (invited)
Jesús Gómez-González, Francisco Colomer, Alberto Barcia, José Antonio López-
Fernández, Instituto Geográfico Nacional (IGN) of Spain

09:25 3-02 K5/VSSP Data Processing System of Small Cluster Computing at
Tsukuba VLBI Correlator (invited)
Morito Machida, Masayoshi Ishimoto, Kazuhiro Takashima, Tetsuro Kondo,
Yasuhiro Koyama, Geographical Survey Institute, National Institute of
Information and Communications Technology (NICT)

09:50 3-03 Remote Control of VLBI Operations
Gonzalo Remedi, Sergio Sobarzo, Cristobal Jara, Roberto Aedo, Carlos Verdugo,
Hayo Hase, UBB, UdeC, BKG

10:05 3-04 National Geodetic VLBI Plan in Korea
Tuhwan Kim (1), Tetsuo Sasao (1,2), Younghee Kwak (1), Kidok An (3),
Wonkuk Lee (3), Jongwan Kim (3); (1) Ajou University, (2) Korea Astronomy &
Space Science Institute, (3) National Geographic Information Institute

10:20 3-05 Radio Astronomy and VLBI Developments in Brazil
Pierre Kaufmann, Mackenzie Presbyterian University

10:35 3-06 Footprint Observations at the Fundamental Station Wettzell
Wolfgang Schlüter, Thomas Klügel, Christian Schade, Bundesamt für
Kartographie und Geodäsie (BKG)

10:50 Break

 Session 3: Network Stations, Operation Centers, Correlators (cont.)
 Chair: Yasuhiro Koyama

11:20 3-07 Bonn Correlator Report for Astronomy and Geodesy
Arno Müskens, Walter Alef, Dave Graham, Geodetic Institute of the University of
Bonn, Max-Planck-Institute for Radioastronomy
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11:35 3-08 Washington Correlator Report
Kerry Kingham, U.S. Naval Observatory

11:50 3-09 Network Coordinator Report
Ed Himwich, NVI Inc./GSFC

12:05 3-10 First Fringes to New Zealand
Sergei Gulyaev, Auckland University of Technology

 Session 4: New Technology Developments in VLBI
 Chair: Alan Whitney

12:20 4-01 DBBC – A Flexible Platform for VLBI Data Processing
Gino Tuccari (1), Salvatore Buttaccio (1), Gaetano Nicotra (1), Ying Xiang (2),
Michael Wunderlich (3); (1) IRA/INAF, (2) SHAO/CAS, (3) MPI-Bonn

12:35 4-02 FPGA Implementation in DBBC
Ying Xiang (1), Gino Tuccari (2), Wenren Wei (1); (1) Shanghai Astronomical
Observatory (CAS), (2) National Astrophysical Institute (IRA)

12:50 4-03 e-VLBI Developments with the K5 VLBI System
Yasuhiro Koyama, Tetsuro Kondo, Moritaka Kimura, Hiroshi Takeuchi, Masaki
Hirabaru, National Institute of Information and Communications Technology
(NICT)

13:05 Lunch

15:00 4-04 The Development of the Streamlined Correlation Software Using Bitset
Class Library
Fujinobu Takahashi (1), Kazuki Yanashima (1), Yuji Yoshida (1), Tetsuro Kondo
(2); (1) Yokohama National University (YNU), (2) National Institute of
Information and Communications Technology

15:15 4-05 Development of a New VLBI Sampler Unit (K5/VSSP32) Equipped with
a USB 2.0 Interface
Tetsuro Kondo, Yasuhiro Koyama, Hiroshi Takeuchi, Moritaka Kimura; Kashima
Space Research Center/NICT

Session 4: New Technology Developments in VLBI (cont.)
 Chair: Gino Tuccari

15:30 4-06 VSI Interfaces for Legacy Systems
Dan Smythe, MIT Haystack Observatory
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15:45 4-07 Integration of the Mk5B Playback System into the Mk4 Correlator
Roger Cappallo, MIT Haystack Observatory

16:00 4-08 The Mark 5B VLBI Data System
Alan Whitney, MIT Haystack Observatory

16:15 4-09 e-VLBI Development Program at Haystack Observatory
Alan Whitney, Chet Rusczcyk, MIT Haystack Observatory

16:40 Bus to TIGO

17:00 TIGO Visit and Cocktail

19:00 Bus to hotel

Wednesday, January 11, 2006

 Session 5: Software and Analysis Strategies
Chair: Oleg Titov

08:30 Bus from Hotel Diego de Almagro to Facultad de Ingeniería, UdeC

09:00 5-01 Impact of Different Tropospheric Mapping Functions on the TRF, CRF,
and Position Time Series Estimated from VLBI (invited)
Volker Tesmer (1), Johannes Böhm (2), Robert Heinkelmann (2), Harald Schuh
(2); (1) Deutsches Geodätisches Forschungsinstitut (DGFI), (2) Institute of
Geodesy and Geophysics, Vienna University of Technology

09:25 5-02 Interaction of Atmosphere Modeling and Analysis Strategy
Arthur Niell, MIT Haystack Observatory

09:40 5-03 Comparison of Wet Path Delays Observed with WVR, Sun
Spectrometer, Radiosondes, GPS and VLBI at Wettzell
Wolfgang Schlüter (1); Walter Schwarz (1); Beat Bürki (2); Alexander Somieski
(2); Petra Häfele (3); (1) Fundamentalstation Wettzell, (2) Eidgenössische
Technische Hochschule Zürich/CH, (3) Universität der Bundeswehr, München

09:55 5-04 Linear Horizontal Gradients of Refractivity vs. 3D Raytracing
Johannes Böhm, Harald Schuh, Institute of Geodesy and Geophysics, Vienna
University of Technology

10:10 5-05 A Comparison of R1 and R4 IVS Networks
Sebastien Lambert (1), Anne-Marie Gontier (2); (1) Royal Observatory of
Belgium, (2) Paris Observatory
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10:25 5-06 First Results from CONT05
Dan MacMillan, David Gordon, Dirk Behrend, Chopo Ma, Goddard Space Flight
Center

10:40 Break

 Session 5: Software and Analysis Strategies (cont.)
Chair: Johannes Böhm

11:10 5-07 Radiosource Instability in the Analysis of VLBI Data (invited)
Daniel MacMillan, NVI, Inc./GSFC

11:25 5-08 The Effect of Reference Radiosource Instabilities on the TRF Solution
Oleg Titov, Geoscience Australia

11:40 5-09 First Steps to Investigate Long-term Stability of Radio Sources in VLBI
Analysis
Gerald Engelhardt, Volkmar Thorandt, Bundesamt für Kartographie und Geodäsie

11:55 5-10 Correlation in VLBI Observations
John M. Gipson, NVI, Inc./GSFC

Session 6: Results and Geodetic/Geophysical/Astrometric Interpretation
Chair: Seiji Manabe

12:10 6-01 VLBA Phase Referencing for Astrometric Use (invited)
Edward Fomalont, National Radio Astronomy Observatory

12:35 6-02 High-frequency Earth Orientation Variations and Geodetic VLBI
(invited)
Rüdiger Haas, Chalmers University of Technology, Onsala Space Observatory

13:00 Lunch

15:00 6-03 Extending the ICRF to Higher Radio Frequencies: Global Astrometric
Results at 24 GHz
C.S. Jacobs, G.E. Lanyi, C.J. Naudet, O.J. Sovers, L.D. Zhang (1); P. Charlot (2);
E.B. Fomalont (3) D. Gordon, C. Ma (4); and the KQ VLBI Collaboration; (1)
NASA/Caltech's JPL, (2) Bordeaux Observatory, (3) NRAO,  (4) NASA/GSFC

15:15 6-04 Astrometric Suitability of ICRF Sources Based on Intrinsic VLBI
Structure
Patrick Charlot (1); Alan Fey (2); Roopesh Ojha (3); David Boboltz (2); (1)
Bordeaux Observatory, (2) U. S. Naval Observatory, (3) Australia Telescope
National Facility
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15:30 6-05 How Compact Are Faint Radio Sources?
Richard Porcas, MPIfR Bonn

 Session 6: Results and Geodetic/Geophysical/Astrometric Interpretation
(cont.)
Chair: Dan MacMillan

15:45 6-06 E3 Network Results
Anthony Searle, Mario Bérubé, Bill Petrachenko, Natural Resources Canada
(NRCan)

16:00 6-07 A Generalized Scheme to Retrieve Wet Path Delays from WVR
Measurements Applied to the European Geodetic VLBI Network
J. Cho (1,2), A. Nothnagel (2), A. L. Roy (3), R. Haas (4); (1) Korea Astronomy
& Space Science Institute, (2) Geodetic Institute, University of Bonn, (3) Max-
Plank Institute for Radio Astronomy, (4) Onsala Space Observatory, Chalmers
University of Technology

16:15 6-08 Combination of Long Time Series of Tropospheric Parameters
Robert Heinkelmann, Johannes Böhm, Harald Schuh; Institute of Geodesy and
Geophysics, Vienna University of Technology

Poster Sessions and Closing

16:30 Closing Remarks
Wolfgang Schlüter, Bundesamt für Kartographie und Geodäsie (BKG)

16:45 Poster Sessions and Refreshments

18:45 Bus to hotel

19:30 Bus from Hotel Diego de Almagro to Golf Club House “La Posada”

20:00 Conference Dinner

23:30 Bus to hotel
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Posters

Session 1P: VLBI in Science and Application

1-01P VLBI Delay Model for Radio Sources at Finite Distance
Mamoru Sekido (1), Toshio Fukushima (2); (1) National Institute of Information
and Communications Technology, (2) National Astronomical Observatory Japan

Session 2P: Next Generation VLBI

2-01P Carbon Fibre Antennas for Geodetic VLBI
Peter Dewdney (1), Gordon Lacey (1), Bill Petrachenko (2); (1) National
Research Council of Canada (NRC), (2) Natural Resources Canada (NRCan)

2-02P Network Size Simulations
Anthony Searle, Mario Berube, Bill Petrachenko; Geodetic Survey Division,
Natural Resources Canada

Session 3P: Network Stations, Operation Centers, Correlators

3-01P Antenna Cross-Polarization Characteristics at Geodetic VLBI Stations
Brian Corey, Michael Titus; MIT Haystack Observatory

3-02P An Investigation on a GPS-based Approach to Local Tie Computation
Claudio Abbondanza (1), Monia Negusini (2), Pierguido Sarti (2), Luca Vittuari
(1); (1) DISTART - Università di Bologna, Italy (2) Istituto di Radioastronomia -
INAF - Bologna, Italy

3-03P GPS Measurements on the VLBI Telescopes at Onsala and Ny-Ålesund
Daniel Hernandez, Rüdiger Haas; Chalmers University of Technology, Onsala
Space Observatory

3-04P Photogrammetry, Laser Scanning, Holography and Terrestrial Surveying of
the Noto VLBI Dish
Pietro Bolli (1), Simonetta Montaguti (1), Monia Negusini (1), Pierguido Sarti
(1), Luca Vittuari (2), Gianluigi Deiana (3); (1) Istituto di Radioastronomia -
INAF - Bologna, Italy (2) DISTART - Università di Bologna, Italy (3)
Osservatorio Astronomico di Cagliari - INAF, Italy

3-05P Observation Activities at the Tsukuba Station
Junichi Fujisaku, Kensuke Kokado, Masayoshi Ishimoto, Kazuhiro Takashima
and Yoshihiro Fukuzaki; Geographical Survey Institute
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3-06P Status and Results of JARE Syowa Station, Antarctica
Yoshihiro Fukuzaki (1), Kazuo Shibuya (2), Koichiro Doi (2); (1) Geographical
Survey Institute, (2) National Institute of Polar Research

3-07P Onsala Space Observatory - Station Report
Rüdiger Haas, Chalmers University of Technology, Onsala Space Observatory

3-08P Noto Station Status Report
Gaetano Nicotra, Gino Tuccari, Salvatore Buttaccio, Pietro Cassaro, Corrado
Contavalle, Leonardo Nicotra, Carlo Nocita, Luigi Papaleo, Mario Paternò,
Francesco Schillirò; Istituto di Radioastronomia - INAF (Italy)

Session 4P: New Technology Developments in VLBI

4-01P e-VLBI Demonstrates Real-time Correlation Using Both K5 and Mark 5 End
Systems
Chester Ruszczyk (1), Yasuhiro Koyama (2), Alan Whitney (1); (1) MIT
Haystack Observatory, (2) Kashima Space Research Center/NICT

4-02P e-NRTV - Radar VLBI Network
Gino Tuccari (1), Igor Molotov (2), Alexander Volvach (3); (1) Istituto di
Radioastronomia INAF (Italy), (2) Central Pulkovo Astronomical Observatory
(Russia), (3) Institute of Radio Astronomy (Ukraine)

4-03P An Evaluation of Atmospheric Path Delay Correction in Differential VLBI
Experiments for Spacecraft Tracking
Ryuichi Ichikawa, Mamoru Sekido, Yasuhiro Koyama, Tetsuro Kondo; Kashima
Space Research Center, NICT

4-04P A 2 Gbps DAS for Spacecraft VLBI
Hiroshi Takeuchi, Moritaka Kimura, Junichi Nakajima; NICT

4-05P The Post-Correlation Processing of VLBI Satellite Observations at SHAO
Guangli Wang, Shanghai Astronomical Observatory, Chinese Academy of
Sciences

Session 5P: Software and Analysis Strategies

5-01P Calc 10 Implementation
David Gordon (1), Dan MacMillan (2), Karen Baver (1); (1) Raytheon/NASA
GSFC; (2) NVI Inc./NASA GSFC
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5-02P Baseline and Site Repeatability in the IVS Rapid Network
Sebastien Lambert; Royal Observatory of Belgium (formerly at NVI, Inc./U.S.
Naval Observatory)

5-03P Thermal Deformation of Radio Telescopes Onsala and Wettzell
Jörg Wresnik (1), Rüdiger Haas (2), Johannes Böhm (1), Harald Schuh (1); (1)
Institute of Geodesy and Geophysics, Vienna University of Technology, (2)
Chalmers University of Technology, Onsala Space Observatory

Session 6P: Results and Geodetic/Geophysical/Astrometric
Interpretation

6-01P Improving Astrometric VLBI by Using Water Vapor Radiometer
Calibrations
C.S. Jacobs, S.J. Keihm, G.E. Lanyi, C.J. Naudet, L. Riley, A.B. Tanner; Jet
Propulsion Laboratory NASA/Caltech

6-02P Tropospheric Parameters Long Time Series Analysis
Sergey Kurdubov, Elena Skurikhina, Julia Sokolova; Institute of Applied
Astronomy RAS

6-03P VLBI as a Tool to Probe the Ionosphere
T. Hobiger (1), T. Kondo (2), H. Schuh (1); (1) IGG, Vienna University of
Technology; (2) NICT

6-04P Detection of Short Period Ionospheric Variations from VLBI Fringe Phases
T. Hobiger (1), T. Kondo (2), K. Takashima (3), H. Schuh (1); (1) IGG, Vienna
University of Technology; (2) NICT; (3) Geographical Survey Institute

6-05P The First Dual Frequency VLBI Observation Using VERA
Bong Won Sohn (1), Hideyuki Kobayashi (2) Tetsuo Sasao (1), Tomoya Hirota
(2), Osamu Kameya (2), Yoon Kyung Choi (2); (1) KASI, Korea Astronomy &
Space Science Institute; (2) NAOJ, National Astronomical Observatory of Japan

6-06P Crustal Deformation in South America from GPS and VLBI
Annika Edh, Rüdiger Haas; Chalmers University of Technology, Onsala Space
Observatory

6-07P Preliminary Study on Plate Motion Measurements in Korean Peninsula by
New Korean VLBI
Younghee Kwak (1), Tetsuo Sasao (1,2), Tuhwan Kim (1); (1) Ajou University,
(2) Korea Astronomy & Space Science Institute
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6-08P Modeling of the Earth Free Core Nutation
V.S. Gubanov, S.L. Kurdubov; Institute of Applied Astronomy of RAS, St.
Petersburg, Russia

6-09P Local Tie Survey at VERA Ogasawara Station at Site Chichijima
Yoshimitsu Masaki (1), Shigeru Matsuzaka (1), Yoshiaki Tamura (2); (1)
Geographical Survey Institute, (2) National Astronomical Observatory of Japan
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