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suspension thermal
radiation/shot noise
test mass internal
residual gas
gravity gradient
total noise

Ç �W� �#{4yµ� �W��� �Ww � �W�§v@�a�!�§v´��u � x � �J���Ww¢�W�J���@�cwc�cyµ|r�­v@wA��1�� ¡ �#wA� I:N
X"`af ' �)/�*¾�
2�= ö¾7:51¢�ë>58=>ì8åe��â4=>õ 9:<�5 £:?:58ãH?M.�ãHì%è�â4á­áµ¤,247�áO2�èäU�ö¾7A57¢#ë�5J=>ì�å
ì8ë(9:2X��è�ã­áOá�365gù>ë>?M<>5Jõ 3>â4ì&E�9A2,â47:2�ë�=>õ Ø4þg�KG4/dD^ôMç[ønô:ô
?:å(?@9A58. ãO.�ù>7:2�ä�58.�58=#9A?Àè�ã­áOá#ã­.�ù�7A2�ä45r?:58=E?Mã­9:ãOä®ãa9@å�3®å}â4õ�õ(7A5J?A?VU
ãO=���â4á­á^24ö¤9:<�5"?M5}=�2�ãO?:5[?:24ë�7cì�5"?3á®9A<�ãO?¬ã­=Eì�áOë>õ(5J?¢?Më>ùE5J7:ãO247¯?:58ãH?�U
.�ãHì�ãH?M2�áOâ!9:ãO24=aB¤<�ã;�4<>587eáHâ4?:587¥ùE2�è�5871Bµã­.�ù�7A2�ä45"õ�24ù(9AãOìJ?3Bqâ!=Eõ
.�2�7:5�.oâ4?A?:ã­ä�5»9A5J?M9².oâ4?A?M5"?8/ à =�â4õ>õ(ãa9Aã­2�=>â!á¬=�24ãH?M5�?:24ë>7Aì85
è�<>ãOìc< .oâYå
9:<>58=�3E5"ì�2�.�5�â4= ãH?A?Më�5�â!9�á­2�è ö¾7:51¢�ë>58=>ì8ã­5"?�ãO?��7AâYä®ã­9@å���7Aâ�õ(ã­5J=#9¬=�24ãH?:54/�A®58ãH?M.�ãHì[è«âYä45"?«9:7câYä45Já­ãO=���ù>â�?@9¢9:<�5
õ�5�9:5"ì_9A247}9A5J?M9[.�â�?:?:5J?eõ(ãO?:ù�áHâ4ì85¥9A<�5���7:2�ë�=>õ�.�â�?:?J/²ôW=�ù>â47VU
9AãOì8ë�áHâ!7�0¯âYå®á­5Jã���<
è�âYä�5J?¥õ(ãO?:ù�áHâ4ì85²9A<�5g?:ë�7:ö¶â4ì85²ãO= â�7:2�á­áOã­==�
.�249:ãO24=×�¶ì824.¥3�ã­=>5Jõ,9:7câ!=E?Mä�587c?M5oâ!=Eõ�áO24==�4ã­9:ë>õ(ãO=>â4ár.�2!9Aã­2�=+�_/�«<>ãO?eù�7:2(õ(ëEì�5J?eâ%9:ãO.�5-UTäYâ47:å®ãO=���ìc<>â4=��45oãO= 9:<>5²ü¯5Jè«9:24=>ãOâ4=��7AâYä®ã­9Aâ!9:ãO24=>â4áEö¾2�7Aì85J?«ö¾7A24. 9:<�5��47A24ë�=Eõ²2�=%9:<�5}9A5J?M9¬.oâ4?A?M5"?8/A(ã­=>ì85�9A<�5²53�65"ì_9�ãO?¥ì�24=®ä�58å45"õ�9:2�9A<�5»9:5J?M9¥.oâ�?:?:5J?��47câYä#ã­9Aâ|U
9Aã­2�=>â!áOáOå�â!=Eõ�=>2!9¥â�ì�24ëE?@9AãOìJâ!áOá­å�BÀ?M5JãO?:.�ãOì�ãO?:24áHâ�9Aã­2�=,õ(2®5"?}=�2!9
â�õ�õ(7A5J?A?\9A<�ãH?«ù�<�58=>24.�58=�2�=^/¤ôTökã­9�ù�7:2�ä�5J?r9:2�365�â4=²ãH?:?:ë�5�B®â47VU
7câYå45"õ�?:58ãH?M.�24.�589:587c?�.oâYå�â!áOá­2�è ?Më�3�9:7câ4ì_9Aã­2�=�24ör9A<�ãO?[5-�©5Jì_9��;42�<�=>?M9:2�=�Ä í4í|Å?��/¤ü¬24ãH?M5¯ö¾7:2�. 7A5J?:ãOõ(ëEâ!á��#â4?q.�24áO5Jì8ë�áO5J?qãO=�9:<�5
õ�5�9:5"ì_9A247¥â47:.o?[â4=>õ�7câ4õ(ãHâ�9Aã­2�=,ù>7:5"?:?:ë�7A5�â!7A5�â!áH?M2�ù62!9A58=#9:ãHâ!á
=>24ãH?M5�ãH?:?:ë�5J?�ö¾2�7~D^ôMç[ø ôMô_/

ü¬â47:7A2�è 3Eâ!=>õ <�ã;�4<>587�=�2�ãO?:5
?:24ë�7cì�5"?�ã­=Eì�áOë>õ(5
5Já­5"ì_9:7AãHì8â!á
=>24ãH?M5�BkãO=>ì�áOë>õ(ãO=���?:ù�ã;E45"?[â�9[.¥ë�áa9Aã­ù>á­5"?e24ö«ó�þz�~G»â�?:?:2(ì�ãHâ�9A5Jõ
è�ã­9:<�=�2�ãO?:5\ö¾7A24. 9A<�5«58áO5Jì_9A7:ãHì\ù62�è�587¤?Më�ù>ù�á­å�B4â!=Eõ[7A5J?:24=>â4=>ì�5"?
ãO=g9:<�5[?:ë>?:ùE5J=>?:ã­2�=g?:å(?@9A58.%/�«<�5}ì�2�á­2�7:5"õ�=>â!9:ë�7A5�2!ö¤õ(5�9A5Jì_9A247«=�2�ãO?:5}ì8â!=g365�â�õ�õ(7A5J?A?M5"õ
ö¾2�7 .oâ!=®å â!ù>ù�á­ãHì8â!9:ãO24=>?,3®å õ>â�9Aâ)è�<�ã­9:5J=�ãO=��>/ à õ�õ(ã­9:ãO24=eU
â4á­áOåXB�õ�5�9:5"ì_9A247�=�2�ãO?:5�ãO?�ãO=%ù�7câ4ì_9AãOì85�=�24=eU@ç�â!ëE?:?:ãOâ4=»â4=>õg=�24=eU
?M9Aâ!9:ãO24=>â47:å�/ ôW= ù>â!7:9:ãHì�ë�áHâ!71B�3�ë�7c?@9c?�2!ö�=�2�ãO?:5�è�ãa9A< <�ã���<�587
9A<>â!=,âYä45J7AâX�45[ä�â!7AãHâ!=>ì85¥â!7A5�ì�24.�.�24=À/�D^ôMç[øÆì824=>ì8ë�7A7:5J=�9Aá­å
7A5Jì8247cõ�?�õ�â�9câ²ö¾7A24. 58=®ä®ã­7A24=�.�5J=�9câ!áq?:58=>?:247c?¯9A2�<�58áOù,ãO?:24áHâ�9A5
â|�65"ì_9A5Jõeõ>â�9Aâ¢?M57�4.�58=#9c?8/NA#9:ãOá­á�B4õ�â!9Aâ�â!=>â4á­å(?:ãO?À.eë>?M9qì�24=E?MãHõ(587
9A<�5}=�2�=eU´ãHõ(5"â!áÂ=>â!9:ë�7A5�2!öÀ9A<�5}=�2�ãO?:54/



ýYØ�äk�s ��Ë&� �#Ê��{�;�EÍ��HÍ
î¢â!9Aâ�â!=>â4á­å(?:ãO?µ53�62�7M9c?Àö¾2�7$D^ôMç[ø�â!7A5i2�7)�#â!=�ã;G85"õ}ã­=#9A2�?:58ùEâ�U

7câ�9:5��47A24ë�ù>?7B"5Jâ4ìc<[â�õ�õ(7A5J?A?MãO=��¬â¬õ(ãy�©587A58=#9k9@å#ù65�2!ö�?Mã;�4=Eâ!á�¡^ôW=eU
?:ù�ã­7câ!áH?7Ba�¤587AãO2®õ�ãOìt���rë�áH?:â47&�-B�æ�ë�7c?@91B�â!=Eõ�A#9:2(ìc<>â�?@9AãOì~A®2�ë�7cì�5J?J/�«<�ãH?¯7A5-�>5"ì_9c?«9:<�5¥õ(ãy�©587A58=#9¢?M9Aâ!9:ãH?@9AãOìJâ!áÀâ4=>õ%â!=>â4á­å#9AãOì}?M9:7câ�9A5-U�4ãO5J?«ãO=®ä42�á­ä�5Jõoö¾2�7«9:<�5"?M5[õ�ãy�©587Aã­==�¥9câ!7��4589�?:ã;�4=>â4áO?J/�«<�5:�¤5J7:ãO2(õ(ãHìe?:24ë�7cì�5"?¢?:ë�3���7:2�ë�ù�ãH?¢áO2®2XE®ãO=���ö¾2�7�ù6587AãO2®õ�ãOì
?:ã���=>â!áH?��¾7A58áHâ�9:ãOä45Já­å��eë�=>ìc<>â4=��4ãO=��,ã­= 9:ãO.�5�ã­= 9:5J7:.o?�24ö¬ö¾7A5-U¢#ë�58=Eì�å�á(ù�ë�áH?:â47iù><�58=�2�.�58=>â�â!7A5¬áO5Jâ�õ(ã­==�¥ù62!9A58=#9:ãHâ!áÂ?:24ë�7cì�5"?8/�«<�5�ôW=>?:ù�ãO7Aâ4á¤?:24ë>7Aì85J?�?Më>3��47A24ë�ù�?M5J53E(?¢9:2�õ(5�9A5Jì�9}9:<�5oìc<�ãO7:ù
2!öÀö¾7:51¢�ë>58=>ì8å�ìc<>â!=���ã­==�eãO=²9A<�5�áOâ�?@9«.�24.�58=#9A?�365�ö¾2�7:5�3�ãO=>â!7Aå
=�5Jë(9:7A24=�?M9Aâ!7c?«247¬3�áOâ�ì&E�<�2�á­5"?�ù�áOë�=��45�9A2X��5�9:<>5871B>â!áO24=���è�ã­9:<
9:<>5i.�587��45J7kù><�58=�2�.�58=>â>/Q�«<�5
A#9:2(ìc<>â�?@9AãOìi?M2�ë�7cì�5J?µ?:ë�3��47A24ë>ù
ãH?[ì�2�=>ì�5J7:=�5"õ�è�ã­9:<
âg7câ!=>õ�24. 3Eâ4ì&E{�47A24ë�=Eõ�2!ö�?:ã���=>â!á´/��«<�5
áO24=��XU�9A587A.)=Eâ�9:ë>7:5�2!ö>ù6587AãO2®õ�ãOì�â!=>õ¥?@9A2(ìc<>â4?M9:ãHìr?:ã���=>â!áH?µâ!áOá­2�è¯?
9:<>5J?:5«â4=>â!áOå(?M5"?^9A2¢ãO=#9:57�47câ�9:5«?:ã���=>â!áH?À2�ä�587µá­2�=��¢9:ãO.�5«ù6587Aã­2(õ�?J/�«<�5�æ�ë�7A?M9e?:24ë�7cì�5"?}?Më�3=�47A24ë�ù�?M5J53E(?[â4=#å,?M<>247:9�3>ë�7A?M9[2!ö�47câYä®ãa9câ�9Aã­2�=>â!áiè�âYä�5J?J/�ôW= â�?:ã­==�4áO5gõ(589:5"ì_9:2�7e9A<�ãH?�èi2�ë�áOõ
ã­=�45J=�587câ!á(365¯ãO=>õ(ãH?@9Aã­==�4ë�ãH?M<Eâ!3�áO5�ö¾7A24. =>24=eUW?@9câ�9Aã­2�=>â!7Aå}=�24ãH?:5�ã­=
9:<Eâ�9rõ(589:5Jì�9:2�7J/[�«<�ãO?\=�5Jì85J?A?Mã­9Aâ!9:5J?¤ì824.�ù>â!7AãH?M2�=��¶ì8247A7:5JáOâ!9:ãO24=+�
2!ö¤7A5J?:ë�áa9c?�ö¾7:2�.�9@è�2�2�7«.�2�7:5}õ(589:5"ì_9:2�7A?J/�«<�5�ì�ë�7A7:5J=#9µ3�ë>7A?M9¤â4=>â!áOå(?MãH?µù�ãOùE5Já­ãO=�5«ãO?qõ�5J?Aì�7Aã­365Jõeã­=oDQA êÄ í#ï1ÅT/�î¢â!9Aâ�?:53��.�5J=#9A?}è�<�5J7:5�â4á­á\9:<�7A585²õ�5�9:5"ì_9A247c?}èi5J7:5o2�ùeU
587câ�9Aã­==��ãO= ?Aì�ãO58=>ì85².�2(õ(5gâ47:5»ãOõ�58=#9:ã��>5Jõ^/
ÿ�247�5"â4ìc<�DÀôMç[ø
ãO=�9A587:ö¾587A24.�5�9A5871B69:<�5�24ë�9:ù�ë(9[õ�â!9Aâg?@9A7:5"â!.nãH?¢ä�â4á­ãHõ�â�9A5Jõ,â!=>õ�>á­9:5J7:5"õÂ/ �«<>ãO?gù�7A58ù>â47:5"õ�õ�â�9câ
ãH?�9A<�58=)?Më>3ex@5Jì�9:5Jõ�9:2&9@èi2
ù>â47Aâ4á­áO58á�â!á;�4247Aã­9:<�.o?o9A2 ãHõ(5J=�9Aãaö¾å�5Jä45J=�9»9:7Aã����45J7A?J/ ÿ�2�7²9A<�5
?Aâ!.�5e9Aã­.�5o?:53�4.�5J=�9c?3B^õ>â�9Aâ²ö¾7A24. â!ë��®ãOáOãOâ47:å%ãO=�9A587:ö¾587A24.�5�9A587
ìc<>â4=�=�58áH?«ãH?�ë>?:5Jõ»9:2oãHõ(58=#9Aãaö¾å%â!=�2�.oâ!áO24ë>?«5J=#ä®ãO7:2�=�.�58=#9Aâ4á©247
õ(589:5Jì�9:2�7�58ä45J=#9A?�è�<�ãHìc<gì824ë�áHõ�365}.�ãO?:ã­=#9A587Aù�7:589:5"õ²â4?«3>ë�7A?M9A?J/
û\ä�58=#9A?µãHõ(58=#9Aãy�>5"õ�<�587A5�â47:5�ë>?:5Jõ¥9:2�ä�5�9:2�â!=®å[ì8247A7:5"?Mù624=>õ�ã­=��
58ä�58=#9¤9:7Aã����45J7A?J/C�«<�5�?:ë�7:ä®ãOä®ã­=���?:5�9q2!ö©?MãO=��4áO5�ô@ÿµø�5Jä45J=�9µ9:7Aã;�|U�45J7A?kãH?µ9:<�5J=�ì824.�ù>â!7A5Jõ}9:2�9:<�5�?:5�9c?Àö¾7A24. 9A<�5«2!9A<�587µ9:<>7:5J5«õ�5-U
9:5"ì_9A247c?8/¤û\ä�58=#9A?q.¥ë>?M9i365¬ì�2�ã­=>ì8ãOõ�58=#9iãO=o.eë�á­9:ãOù�áO5¢õ(589:5"ì_9:2�7A?7B
è�ã­9:<oì�2�ã­=>ì8ãOõ�58=>ì85�õ(53�>=�5"õ¥ãO=¥9:587A.o?¤2!öE9:ãO.�5�B�ì8á­ë>?M9:5J7:ãO=��+B4â!=>õ
ö¾7A57¢#ë�58=Eì�å¥ì8ë(9A?J/I�«<�ãH?\ù�7A2(õ(ë>ì�5"?\â}?:.�â4á­áO587i?M589r2!öÂ58ä�58=#9rì8â4=eU
õ(ãHõ�â�9A5J?J/[�k2�58ä�â!áOë>â�9A5\9A<�5�ö¾7:51¢�ë>58=>ì8å}2!ö�ö¶â4áO?:5�â4áOâ47:.o?7B!ìc<�5Jì&E(?
ãO=>ì�áOë>õ(5¯2X�©?:5�9:9:ãO=��}9A<�5¢õ(ã��©587A58=#9rô@ÿµø�58ä�58=#9\9A7:ã;�X��587c?¤ã­=�9Aã­.�5
9:2�9A5J?M9\ö¾247q3Eâ4ì&E{�47A24ë�=Eõ¦£:3�ë�7c?@9&¤¢7câ�9A5J?J/Q�¢â!7cõ(è�â47:5�â4=>õ�?M24öQ9VU
è«â!7A5�ã­=�x@5"ì_9Aã­2�=>?iâ47:5¢â!áH?M2[â4ù�ù�áOã­5"õ�9:2[5"â4ìc<oãO=#9:587:ö¾587A24.�589:587�â�9
9:<>5�ö¾7:2�=�9�5J=>õg2!öµ9:<�5[â4=>â!áOå(?MãH?�ù�ã­ù658áOãO=�5�ö¾247«9A5J?M9:ãO=��>/

�Ûk nNÊ �m�k�®Ì Ê Ì
!��cê Ê ÍcË��#Ê��{�;�EÍ��HÍ
æië>7A?M9k?:5Jâ!7cìc<�5"?Â3>â4?:5Jõ�2�=}ã­=Eõ(58ù658=>õ�58=#9k9A7:ã;�X��587c?^â!7A5\â¬?:ù65-U

ì�ãHâ!á\9@å#ù65o2!ö«3�ë�7c?M9e?M5"â!7cìc<�9:2�è�<>ãOìc<,9:<>ãO?}ù>7:2Xx@5Jì_9}.�2�?M9[7A5-U
áHâ�9:5"?3B�?M2�è�5%5-��â!.�ãO=�5%ãa9�ãO=�?M2�.�5�õ(589Aâ4ã­á´/¥�«<�5z�À7Aã����45J7:5"õ
æ�ë�7c?@9�?Më�3=�47A24ë�ù�ãH?�ì�24=Eì�587A=�5"õ�è�ãa9A<�ù62�?A?MãO3�áO5���7AâYä®ã­9Aâ�9Aã­2�=>â!á
è«âYä45¬3>ë�7A?M9A?«â�?:?:2(ì�ãHâ�9:5"õoè�ã­9:<gã­=>õ�58ù658=>õ(5J=#9¯243>?:587Aä�â�9:ãO24=E?\2!ö
9:7câ!=E?MãO58=#9\â4?M9:7A24ù�<®å(?:ãOìJâ!á®ù�<�5J=�24.�58=Eâ�B!=�249Aâ43�á­å�ç�0¯æ«?8/IA®ë>ìc<
?:5Jâ!7cìc<�5"?^<>âYä�5i?:24.�5iâ�õ(ä�â!=#9AâX�45J?k2�ä45J7Àë�=#9A7:ã;�X��587A5Jõ}?:5Jâ!7cìc<�5"?8/�«<�5e?:58=E?Mã­9:ãOä®ãa9@ågãO?K�47A5Jâ!9:587¬3E5"ì8â!ëE?M5}9A<�5eâ43�ã­áOã­9@å²9A2o9Aâ47)��5�9¢â
?:ùE5"ì�ã��Eì�9:ãO.�5»?:53��.�5J=#9[7:5"õ(ë>ì�5"?}ö¶â4áO?:5�â!áHâ!7A.o?3Bµù�áOë>?}9A<�5�ãO=eU
õ(5JùE5J=>õ(58=#9Aá­å 243>?:587Aä45"õ 9:7Aã����4587o.oâYå ?Më����45"?@9²â ùEâ!7:9:ãHì�ë�áHâ!7
è«âYä45�ö¾2�7:. ö¾247À9:<�5�ù>â!7:9:ãHì�ë>áOâ47À?Mã;�4=Eâ!á´/kî�â�9Aâ¢â!=>â4á­å(?:ãO?Âö¾247¤?Më>ìc<
?:5Jâ!7cìc<�5"?¢ãH?[?:ã���=�ã��Eì8â4=�9Aá­å�õ(ãy�©587A58=#9}9A<>â!=�.oâ!=®å�?:5Jâ47Aìc<�5"?�ã­=

9A<>â�9¤9A<�5�?M2�ë�7Aì85iáO2(ì8â!9:ãO24=eãH?
����58=�5J7Aâ4á­áOå��aE®=�2�è�=eö¾7:2�. 9:<>5�ãO=eU
õ�58ù658=>õ(5J=#9¯9:7Aã����45J7J/ à ?¢âo7:5"?Më>áa91B>362!9:<%9A<�5[9Aã­.�5eõ�58áHâYå»â!=Eõ
9A<�5�õ(ã­7A5Jì�9:ãO24=eUWõ(5JùE5J=>õ(58=Eì�5�2!öÀãO=>õ(ãOä®ãOõ(ëEâ!á^õ(589:5Jì�9:2�7i7A5J?:ùE2�=>?:5
ö¾ë>=>ì_9Aã­2�=>?¯ì8â4=»365�ö¶â4ì�9:2�7:5"õ²2�ë(9J/
ê ë�7A7:5J=#9:áOåXB(ç�0¯æ«?râ!7A5¯ë>?:5Jõ²â4?r9:7Aã����4587c?¤ö¾2�7i?:ë>ìc<²?:5Jâ!7cìc<�5"?

365JìJâ!ë>?:5�2!ö©9A<�58ãO7\ö¾7A57¢#ë�5J=>ì�å¥2!ö^õ(5�9A5Jì�9:ãO24=}�¶â43E2�ë(9¬ý�ù6587�õ�âYå��
â4=>õ�365Jì8â4ë>?:5�ì�ë>7:7A58=#9².�2(õ(58áH?g?Më����45"?@9²â ?M.oâ!áOá¢õ�58áHâYå 365-U
9@è�585J=�9A<�5�9:7Aã;�X�45J7}?Mã;�4=>â4áqâ!=>õ�9:<�5Û��7AâYä®ã­9Aâ!9:ãO24=>â4ákè«âYä45�?Mã;�|U
=Eâ!á´/IA(ùE5"ì�ã��Eì8â4á­áOåXB�ì824áOáOâ4ù>?:â47«.�2(õ(5JáO?«?:ë��X��5J?M9i9A<>â�9�9A<�5[ç�0¯æ
è�ãOáOá¢áHâ|�
â43E2�ë(9�ý"þ4þ ?:5Jì�2�=>õ�?²247�áO5J?A?�3658<�ãO=>õ�9:<�5g�47câYä#ã­9Aâ|U
9Aã­2�=>â!áqè«âYä45¥58.�ãH?:?:ã­2�=d�¾9:<�ãH?[õ(5JáOâYå�7A58ù>7:5"?M5J=�9c?¢9:<�5�9Aã­.�5�ö¾247
9A<�5vx@5�9c?�9:2�7A5Jâ4ìc< ?Më>7:7A24ë�=Eõ(ã­==�g�#â4?�â!=>õ ù�7A2(õ(ë>ì�5��#â!.�.oâ
7câYåo58.�ãH?:?:ãO24=>?&�_/�«<�5%â!=>â4á­å(?:ãO?eù�ãOùE5Já­ãO=�5gãO?�õ(5"?:ì87:ãO3E5"õ 3®å�H�24<Eâ!=#9@å û3ü�ý�þ;ÿÄ í�ó�ÅÂâ4=>õo.oâYå�3E5}?:ë�.�.oâ!7Aã�GJ5Jõ�â�?\ö¾2�á­áO2�è¯?8/qç�0¯æ 9A7:ã;�X��587rãO=eU
ö¾2�7:.oâ!9:ãO24=�ãH?�243(9câ!ãO=�5Jõ�ö¾7:2�.Æ9:<�5[ç ê ü[/=A(ã­=>ì85¬9A<�ãH?«ã­=>ì8á­ëEõ(5J?
?:24ë>7Aì85�?)E®å»áO2(ì8â!9:ãO24=aB(9A<�5¥ì8247A7:5"?Mù624=Eõ(ã­==�¥9Aã­.�5}ö¾2�7¯5Jâ�ìc<�õ(5-U
9A5Jì�9:247�ãO=®ä42�á­ä�5Jõ».�âYå»3E5[õ�5�9:5J7:.�ãO=�5Jõ^/iü¯249:5�9A<>â�9¯è�<�ãOáO5}9:<�5
õ�5�9:5"ì_9Aã­2�=g24öµâ�ç�0¯æ ãO?«7A58ù6247:9:5"õ²è�ã­9:<>ã­=�?:5Jì824=>õ�?7B(â4ìJì�ë�7câ�9A5
?)E®å}á­2(ìJâ�9:ãO24=¥ã­=�ö¾247A.�â!9:ãO24=¥.�âYå�9câ|E45«â¬ö¾58è&<>24ë�7c?µ247¤.�247A5\9:2
365Jì824.�5¥âYä�â4ã­áHâ!3�áO54/ ê 247A7:5"ì_9Aã­2�=>?�ãO=>ì�áOë>õ(5�ù�7A24ù>âX��â�9Aã­2�=g9:ãO.�5
365�9@è�585J=�õ(589:5Jì�9:2�7A?�â!=>õ�3E589@èi5J58=�9A<�5oõ(5�9A5Jì�9:ãO=��»?:ù>â4ì85Jì87Aâ!öQ9
â4=>õ}9A<�5«õ(5�9A5Jì_9A247c?3B�â�?kè�58áOá®â4?À9:ãO.�ãO=��}ì�2�7:7A5Jì�9:ãO24=>?Àù>â!7:9:ãHì�ë>áOâ47
9A2oõ(5�9A5Jì_9A247c?8/ ê 2�.�ùEâ!7AãO?:24=»2!öµ?:24ë>7Aì85�õ(ãO7A5Jì_9Aã­2�=²9A2�õ(5�9A5Jì�9:247
â4=#9:58=>=>â%ù>â�9:9:5J7:=>?eâ!áOá­2�è¯?[âz¢#ë>â4á­ã­9@å�ö¶â�ì_9A247}9A2�3E5»â4?A?Mã;�4=�5"õ
3Eâ4?:5Jõ»24=»9:<�5}ù62!9A58=#9:ãHâ!áÀõ�5�9:5"ì_9câ!3�ãOá­ã­9@å�24ö¤âv�4ãOä45J=g?:ã;�4=>â4á�/
ÿ�2�7[5Jâ�ìc<�9:7Aã����45J77Bk24=eUW?M2�ë�7cì�5�õ�â!9Aâ�?:53�4.�5J=�9c?eâ47:5oãHõ(58=#9AãyU�E5Jõ�ö¾7A24. 5"â4ìc<}õ(589:5Jì�9:2�77B"è�ãa9A<[â4õ"x@ëE?@9A.�5J=#9A?Âö¾2�7^ù�7A24ù>âX��â!9:ãO24=

9Aã­.�5[õ(5JáOâYå�/I�«<�5J?:5}?M57�4.�58=#9A?�ì82�ä45J7�â�7câ!=���5¢ãO=»9:ãO.�5}365�ö¾2�7:5
â4=>õ â�öQ9A587¥9:<�5²9:7Aã����45J7e?MãO=>ì85².�2�?M9¥.�2(õ(58áH?�?Më����45"?@9eâ�9:ãO.�5
õ�58áHâYå²365�9@è�5858=%9A<�5¥ç�0¯æ)â!=Eõ%ù�7:2(õ(ëEì_9:ãO24=�24öI�47câYä#ã­9Aâ!9:ãO24=>â4á
è«âYä45"?8/^0¯58.oâ!ãO=�ãO=��¯õ�â�9câ�?M57�4.�58=#9c?©ö¾247A.�9A<�5\2|��UW?M2�ë�7Aì85qõ�â�9câ
?:5�9"/

î�â�9Aâ�ì�2�=>õ(ã­9:ãO24=�ãO=���ù�7A5Jì�5"õ(5J?«â4ù�ù�áOãOìJâ�9:ãO24=»2!ö¤?M5"â!7cìc<²â!á;�42XU
7Aã­9:<�.o?\â4=>õ�ã­=>ì8á­ëEõ(5J?qáOãO=�5�7:5J.�2�äYâ4á�B4247N�>á­9:5J7:ãO=���9:2}5Já­ãO.�ã­=Eâ�9:5
=Eâ!7A7:2�è 3>â!=Eõ�?e24ö¯<�ã;�4<
=�2�ãO?:5g�¾ö¾7:2�.'?M2�ë�7Aì85J?¥?Më>ìc< â4?¥58áO5Jì�U
9A7:ãHì8â4áµ?:å(?@9A58.n=�2�ãO?:51��/¢æ«â!=>õ�ù>â4?A?~�Eáa9A587Aã­=��»58áOã­.�ãO=>â�9A5J?¢=�24ãH?:5
â!9[á­2�è�587�ö¾7A57¢#ë�5J=>ì�ãO5J?�è�<�5J7:5�?:58ãH?:.�ãHì�=�24ãH?:5�õ(24.�ãO=>â�9A5J?}â!=Eõ
â!9�<>ã���<�587¢ö¾7:51¢#ë�58=>ì8ã­5"?�è�<�587A5�?:å(?@9A58. =�2�ãO?:5eãO=>ì87:5"â4?:5J?v�¶â!=Eõ
ö¾5Jèi5J7���7AâYä®ã­9Aâ�9Aã­2�=>â!á>è�âYä�5¯?Mã;�4=>â4áO?iâ!7A5¯5-�(ù65Jì�9:5Jõ+�_/$�«<�5�õ�â�9câ
ãH?�â!áH?:2�è�<>ãa9A58=�5"õ²9A2o?MãO.�ù�á­ã­ö¾å»?:ë�3>?:57¢#ë�5J=#9¬â!=>â4á­å(?:ãO?J/H�2�<>â!=#9@å�û-üNý�þ�ÿ~Ä í#ó"Å>õ(58ä�58áO24ù�â¢?M9Aâ!9:ãH?@9AãOìJâ!á®ã­=Eõ(ãOìJâ�9A247qì�2�.�U
ùEâ!7câ!3�áO5�9:2�9:<>5¬ì�7A2�?A?�UWì�2�7:7A58áHâ�9Aã­2�=[2!ö©áOã­.�ã­9:5Jõ�áO58==�!9:<�9Aã­.�5¬?:5-U
7AãO5J?Â365�9@è�585J=�9@èi2¯õ(589:5"ì_9:2�7A?7B"3�ë(9k=>247A.�â4á­ã;G85"õ�è�ãa9A<}2|��UT?:ã���=>â!á
õ>â�9Aâ>/v�«<>ãO?�ãO=>õ(ãHì8â!9:247}<Eâ4?�ö¾7A585�ù>â!7câ!.�589:587c?�ì�247A7A5J?:ùE2�=>õ(ãO=��
9A2,?M9Aâ47M9�9Aã­.�5XBi7:5JáOâ!9:ãOä45%?M<>ãaöQ9o365�9@è�5858= 9:<>5»9@è�2�õ(5�9A5Jì_9A247c?3B
â4=>õ}9A<�5«á­5J=��!9A<e24ö�9:<�5�9Aã­.�5�?M5J7:ãO5J?J/Q�«<>5J?:5r9A<�7:5J5iùEâ!7câ!.�5�9A587c?
õ�5-�>=�5�â²9:<�7A5853UTõ(ãO.�58=>?:ãO24=>â4á � UTä42�á­ë>.�5�BÂâ!=>õ�?M5Jä4587câ!áµõ(ã��65J7VU
5J=#9i.�5�9A<�2(õ�?iâ47:5¬ë>?M5"õ�9:2¥ì�24áOáHâ!ù>?:5�9:<>ãO?r9:2e9@èi2XUTõ(ãO.�58=>?:ãO24=>â4á
.oâ4ù>?�õ(58ù658=Eõ(58=#9¯24=�?M9Aâ47M9«9:ãO.�5[â!=>õ²9:ãO.�5[?M5J7:ãO5J?«áO58==�!9:<À/�«<�5¢7:5"â!á�U�9Aã­.�5¯=�249:ãHì�5¢2!öµç�0¯æ«?iä®ãOâ�9A<�5}ç ê ü�ãH?i=>2!9�ì87:ã­9VU
ãHì8â4á}9:2 �47câYä#ã­9Aâ!9:ãO24=>â4á�è�âYä�5,2�3>?:587AäYâ!9:ãO24=>?7B}?MãO=>ì85&õ(5�9A5Jì�9:247
õ>â�9AâgãH?}?@9A247A5JõcBÂ3>ë(9eì�2�ë�áOõ�<>âYä�5�â4ù�ù�áOãOìJâ�9:ãO24=E?8/�ôW=�ù>â!7:9:ãHì�ëeU
áHâ!71BY=�2!9Aãy�6ì8â�9Aã­2�=e24öEõ(5�9A5Jì�9:247µ24ù6587câ�9A247c?ÀìJâ!=eù6587A.�ãa9¤7A57¢#ë�5J?M9A?
9A<>â�9¬õ�5�9:5"ì_9A247�áO2®ì&E»?@9câ�9:ëE?«3E5}.oâ!ãO=#9Aâ4ã­=�5"õ²2�7�5-�®9:5J=>õ(5"õÂ/



ý"é��k�� �06^É®Ë��EÌ�ÍcÌ4Í�ËcÌ4ÍcË��OÊP��«<�5�?:5Jâ47Aìc<�ö¾2�7Q��7AâYä®ã­9Aâ!9:ãO24=>â4á4è«âYä45J?^ë>?MãO=���õ(5�9A5Jì�9:247c?µ?Më>ìc<
â4?oDÀôMç[ø ã­=®ä42�á­ä�5J?�?Mã;�4=Eâ!áH?eè�<�ãHìc< â47:5»2!ö¢?:.oâ!áOá�â!.�ù�áOãa9Aë>õ(5
ì�2�.�ù>â!7A5Jõ%9A2g9:<�5�=�2�ãO?:5¥0~HgA©/CA#9Aâ!9:ãH?@9AãOìJâ!á¤9A5J?M9A?�â!7A5�â»=�5"ì�U
5J?A?Aâ!7Aåo.�5"â!=>?«24ö¤õ�5�9:5"ì_9Aã­=��oâo?:ã���=>â!á´/
ê 24=>?:ãOõ�587}9@è�2�õ(589:5Jì�9:2�7A?eè�ãa9A<
ë�=>ì8247A7:5JáOâ!9:5Jõ,=�2�ãO?:5�b ¸ � Ó �â!=Eõ�b ¹ � Ó ��ö¾2�7}õ(5�9A5Jì_9A247c?�u ª ý
MAØ�/�ôW=¦�45J=�587câ!áÀ9:<�5o��7AâYä®ã­9Aâ�U

9:ãO24=Eâ!áµè�âYä�5[?Mã;�4=>â4ákè�ãOáOák365¥õ(ã��©587A58=#9�ãO=�9A<�5e9@è�2²õ(589:5"ì_9:2�7A?7á
9:<>ãO?eè�ã­áOái365�Î ¸ � Ó �[â!=Eõ�Î ¹ � Ó ��ãO=�9:<�5»7:5"?Mù65Jì�9:ãOä45�õ(589:5"ì_9:2�7A?J/�«<�5"?M5�?:ã���=>â!áH?�è�ãOá­árõ�ãy�©587eõ�ë�5�9:2%9A<�5}����58=�5J7Aâ4á­áOå��¢õ�ãy�©587A58=#9
â!=#9A58=�=>â¥ù>â!9M9:5J7:=E?rö¾2�7�9:<�5�õ(5�9A5Jì�9:247c?«â4?�è�58áOá©â�?i9:<�5�7A58áHâ�9:ãOä45
9:ãO.�5o?M<�ã­öQ9[õ(ë�5¥9:2%õ(ã��65J7:5J=>ì�5�ãO=�?:ã���=>â!á¤â!7A7:ãOä�â!ák9:ãO.�5�â!9¢9A<�5
9@è�2�õ(589:5"ì_9:2�7A?J/N�«<�5�243>?:587Aä45"õ�?Mã;�4=Eâ!áH?rãO=²9A<�5�9@èi2�õ(5�9A5Jì�9:247c?
.oâYå�365}è�7:ã­9M9A58= Ú ¸ � Ó � ª Î ¸ � Ó �Q·�b ¸ � Ó � ��ØXF��Ú ¹ � Ó � ª Î ¹ � Ó �Q·�b ¹ � Ó � ² �¶é�þ��
ôW=�ã­9:ãHâ!áOá­å�èi5oè�ãOá­á\ì824=>?:ãHõ(587�9A<�5oì8â4?:5�2!ö«â»ùEâ!ãO7}2!ö«ãOõ(5J=#9:ãHì8â!á�B
ì�2XU´áO2(ì8â!9:5JõaB¢ì�2XUTâ4á­ã;�4=>5Jõ�õ(589:5Jì�9:2�7A?J/ÁôW=�9A<�ãH?�ì8â4?:5�Î ¸ � Ó � ªÎ ¹ � Ó � Á ÎQ� Ó �_/æiå .oâ|E®ãO=��&â
ì824.�ù>â!7AãH?M2�= 24ö�9:<�5�9@èi2
?:ã���=>â!áH?7B«9:<�5�58ö?U
ö¾5Jì�9A?�2!ökã­=>õ�ã­ä®ãHõ(ë>â!á©ë�=Eì�247A7A58áHâ�9:5"õo=�2�ãO?:5¬.oâYå�3E5�.�ãO=�ã­.�ã;G85"õcB
ãO=>ì�7A5Jâ�?MãO=���9:<�5¬ùE249:58=#9AãOâ4á>2!ö^õ(589:5"ì_9:ãO=��eâ}?:ã;�4=>â4á�/\ø¢=�5¯?M9Aâ�9AãO?VU
9:ãHì8â4á¤9:5"?@9�ö¾247}?:ë>ìc<,âgì�2�.�ù>â!7AãO?:24=�ãO?¢9:<>5�ì87:2#?:?VUWì�247A7A58áHâ�9:ãO24=CB
õ(53�>=�5Jõè�¾ö¾247«9@è�2�õ�5�9:5"ì_9A247c?���â4?����� Á4� Ú ¸ M Ú ¹�� ª ���Z  ¸ Ú ¸ �H¡z� Ú ¹ �H¡z� �¶é>ý1�
ö¾247�â õ�ãO?Aì�7A5�9A58áOå)?Aâ!.�ù�áO5Jõ 9Aã­.�5�?M5J7:ãO5J?�è�ãa9A<¢y ?Aâ!.�ù�áO5J?J/����� ãO?�9A<�5�9A5J?M9²?@9câ�9:ãH?M9:ãHì|B«è�<�ãHìc< ãH?�9A<�5}¢#ë>â!=#9:ã­9Aâ!9:ãOä45%7A5-U
?:ë�áa9�2!öq9A<�5[9A5J?M9J/¢ÿµã;�4ë�7A5²ý"þÛ�4ãOä45"?¯â²?Aìc<�5J.�â!9:ãHì}ãOá­áOë>?M9:7câ�9:ãO24=
2!ö¯ì87:2#?:?VUTì8247A7:5JáOâ!9:ãO24=^/��«<>5²?Mã;�4=Eâ!áK�¾9:24ù
?:587AãO5J?&��ãO?e243>?:587Aä45"õ
3®å�9@è�2%õ�5�9:5"ì_9A247c?�â4.�ãOõ�?M9[ë�=>ì8247A7:5JáOâ!9:5"õ�=�2�ãO?:5z�¾.�ãOõ>õ(á­5o�+�|U
ë�7A5J?&��BE.�âXE®ã­=���õ�ã­7A5Jì�9¬ãOõ�58=#9:ã��Eì8â!9:ãO24=%2!ö¤9A<�5¥?:ã���=>â!ákõ(ãy��ì8ë�áa9"/
à ì87:2#?:?VUTì8247A7:5JáOâ!9:ãO24=�24ö¤9:<�5}9@è�2�õ(589:5Jì�9:2�7¬?M5J7:ãO5J?�ö¾2�7¬ä�â!7AãO24ë>?
9:ãO.�5¢2X�©?:5�9c?3B#<�2�è�58ä�5871B�?:<�2�è¯?râe=�2!9AãOìJâ!3�áOå¥<>ã���<�587�7:5"?Më>áa9iö¾247� =�5"â!7ÛGJ587A2�9Aã­.�5�2X�©?:5�9¦�¶3E249M9A24. �+�4ë�7A51��/ �«<�5�ä�â!áOë�5�2!ö� è�ãOá­áÂ9A58=>õ»9A2�è�â47Aõ�G8587A2�ãaö¤=�2oì�2�7:7A58áHâ�9A5Jõ²?:ã;�4=>â4áÂãO?«ù�7A5J?:58=#9�¶â�?:?:ë�.�ãO=��¯ë�=>ì8247A7:5JáOâ!9:5"õ�=�24ãH?M5i2!ö�GJ587A2¯.�5Jâ!=���B�3�ë(9µè�ã­áOá®<>âYä45
ù62�?:ãa9Aã­ä�5\ä�â!áOë�5J?Àö¾247µì�247A7A58áHâ�9:5"õ�?Mã;�4=>â4áO?7BYã­=Eì�7A5Jâ4?:ãO=���ã­=e.�âX�4=�ã�U
9:ëEõ(5}è�ãa9A<�?@9A7:2�=��45J7«?:ã;�4=>â4áO?J/kôW=g9A<�ãO?¬?M5J=>?M5�B�?MëEìc<g?M9Aâ!9:ãH?@9AãOìJâ!á
.�5�9A<�2(õ�?¯?:587Aä45¢9:2oãO=>ì�7A5Jâ�?M5�õ(5�9A5Jì�9:247¯?:58=E?Mã­9:ãOä®ãa9@å�/
à =�249:<�5J7«9:5J?M9¯ãH?�9:<�5�.oâ�9cìc<�5Jõ��>á­9:587"/ à E®=�2�è�=²2�7�ùE2#?@9AëeU

áHâ�9:5"õ�?:ã���=>â!áµè�âYä�5�ö¾2�7:. ãO?¢<�587A5¥ì8247A7:5JáOâ!9:5"õ%è�ãa9A<�â²õ�5�9:5"ì_9A247
?:ã���=>â!á�á(â[<�ã;�4<g?@9câ�9:ãH?M9:ãHì¬ä�â!áOë�5�7:5"?Më>áa9c?iã­ö^9A<�5}õ(5�9A5Jì_9A247«?Mã;�4=Eâ!á
ì�2�=#9Aâ!ãO=>?�â�?:ã���=>â!á^ì8247A7:5"?Mù624=>õ�ã­=��e9:2�9A<�5t�>á­9:587"/
ÿ�247\9:<�5¯.oâ!9Aìc<�5"õ��Eáa9A587q9A5J?M97B®?Mã;�4=>â4áyU´9:2XU´=>24ãH?M5�7Aâ!9:ãO2Û��A(ü¢0K�

.oâYå}3E5¯õ�5-�>=�5"õ¥â�?µö¾24áOá­2�è¯?µãO=e9A<�5¯ì8â�?M5�2!öÂç�â!ë>?A?:ãOâ4=¥?M9Aâ�9Aã­2�=eU
â!7Aå�=�2�ãO?:5�è�ãa9A<%.eë(9Aë>â!áOá­å²ã­=>õ�58ù658=>õ(5J=#9¢?:â4.�ù�á­5"?3¡

� � y � ��£4¤ ª¦¥ �l   ¸ Î ¹ ��Ø��¥ �l   ¸ b ¹ ��Ø�� ª
� ÎfM Î �d ¹ �¶é#ØX�

ö¾247�âzE®=�2�è�= ?Mã;�4=Eâ!áZÎQ��Ø��-B¤õ�5�9:5"ì_9A247¥?:ã;�4=>â4á Ú ��Ø��-B\â!=>õ�=>24ãH?M5b$��Ø���<>âYä®ãO=���äYâ47:ãHâ!=Eì�5 d ¹ â!=>õ�G85J7:2�.�5Jâ4= ñ /

Ç �W� �©zc�4y � �����#�TvW�Mu�v@��� � �J�À�A�@�J�W�T£��A�J�W�@wc�au8v@��� � y«ª4wcw�v@wA¨!vr�H�J��wA¨4~#�au8£
� u8v@��� � �

�«<�5�ù6587:ö¾247A.oâ!=>ì85�2!ö[õ(ã��65J7:5J=#9�9:5"?@9c?²ì8â4=�3E5�ì�24.�ù>â47:5"õ
ëE?MãO=���9:<�5e7:5"ì�58ãOä45J7«24ù6587câ�9:ãO=��oìc<>â47Aâ�ì_9:5J7:ãH?M9:ãHì���0�ø ê �«ì8ë�7Aä45XB
è�<>ãOìc<gãO?�9:<�5}7A58áHâ�9Aã­2�=²2!öµ9:<>5}ù�7:2�3>â!3>ã­áOãa9Aã­5"?���cr�-¡c:§ � � Ù���ã­ä�58=»âo?:ã;�4=>â4á6ãH?�ù�7A5J?:58=#9�¨}ä(?8/c:§ � � Ù���ã­ä�58=g=�2o?Mã;�4=Eâ!á=¨
ö¾2�7¯â�?Mù65Jì8ãy�>5"õ»9:<�7A5J?:<�24áHõ�Ù�B�è�<�5J7:5 � ãH?�9:<�5�9A5J?M9¬?@9câ�9:ãH?M9:ãHì!/
à ö¾ë�7:9:<�5J7�9:5J?M9oãO?�3Eâ4?:5Jõ 24=
9A<�5�áOã�E�58áOã­<�2®2(õ
7câ�9Aã­2E/»�«<�5��58=�5J7Aâ4á­ã;G85"õgá­ã;E45Já­ãO<�2®2(õ�7Aâ!9:ãO2�9:5"?@9�ãO?�â!=�2�ù(9:ãO.�ã�GJ5Jõ�?M9Aâ!9:ãH?@9AãyU

ìJâ!áE9:5"?@9«ã­=²9:<�5¢ö¾7A57¢#ë�58=#9AãO?M9«?:58=E?M5�/¤î¢5�9câ!ãOáO?�â!7A5¢õ�ãO?Aì�ë>?A?:5Jõo3®å
ä�â4=��À7A585"?]Ä éXF�Å´/ ê 24=>?:ãOõ�587¤õ�â�9câ ©�è�ã­9:<¥â¬ù�7A243>â43�ã­áOã­9@å�õ�ãO?M9:7AãyU
3>ë(9:ãO24=�cÛ� Ú } [e��â4?�âeö¾ë�=>ì�9:ãO24=%2!öµù>â!7câ!.�589:587c? [�õ(7câYè�=²ö¾7A24.
ùEâ!7câ!.�5�9A587i?:ù>â�ì�5 Ö /qôW=�9A<�5}ì8â�?M5¢<�587A5XB Ö èi2�ë�áOõ²3E5�9A<�5�?:5�9
24ökâ!áOá©ùE2#?:?:ãO3�á­5�?Mã;�4=Eâ!áH?rè�ã­9:<g5Jâ�ìc< [�õ(5"?:ì87:ãO3�ãO=��¥â¥ù>â!7:9:ãHì�ë>áOâ47
?:ã;�4=>â4á�á#èi5�.oâYå�ã­=>õ�ãOìJâ�9:5¬9:<�5�ù>â47Aâ4.�5�9:5J7A?iì�2�7:7A5J?:ùE2�=>õ(ãO=���9:2
9A<�5�â!3>?:58=>ì85¬24ökâ!=®åo?Mã;�4=Eâ!á>3®å Ö ¶ /�A®ë�ù>ùE2#?M5�èi5¢<>âYä45�â[ù>â4ã­724ök<®å®ùE249:<�5"?M5"?`ª ¶ ¡ [7« Ö ¶ ä(?8/ ª ¸ ¡ [ ù« Ö ¶ ��é4é9�
è�<>ãOìc<�<�587A5«èi2�ë�áHõ[365«9:<>â!9¤=>2�?:ã;�4=>â4á#ãH?¤ù�7A5J?:58=#9 ª ¶ ä(?J/À9A<>â�9â�?:ã���=>â!áÂãH?«ù�7A5J?:58=#9 ª ¸ /$�«<�5}áOã�E�58áOã­<>2#2(õ»7Aâ!9:ãO2�ãO?�õ(53�>=�5"õgâ�?� ª cÛ� Ú } [e�ä¡ [ ù« Ö ¶cÛ� Ú } [e�ä¡ [�« Ö ¶ ² ��é!í{��«<>ãO?�7câ�9Aã­2g�4ãOä45J?�?:.oâ!áOá�äYâ4á­ë>5J?�ã­= 9:<>5�ì8â4?:5g2!ö¬9A<�5�?M5"ì�2�=>õ
<®å®ù62!9:<>5J?:ãO?

ª ¸ /�H�â|�®ãO.�ã�GJã­==��9:<>5g?M9Aâ!9:ãH?@9AãOì � � Ú �¥è�ã­9:<&7A5-U?:ù65Jì_9¬9:2 [²ö¶âYä42�7A?«9A<�5��>7c?M9¬<®å#ù62!9A<�5J?:ãH? ª ¶ /~�«<�ãH?¯ãH?�9A<�58=�â��58=�5J7Aâ4á­ã;G85"õ�.�5Jâ4=>?«2!ö¤<®å®ùE249:<�5"?MãH?�9:5"?@9Aã­=��E/
à ù>ù�á­å®ãO=��»9:<�ãH?�9:2g9:<>5�ìJâ4?:5e24ör9@è�2»õ(589:5Jì�9:2�7A?�ì�2�=>?:ãOõ(5J7:5"õ

<>587A5XBµãaö«9:<>5�.oâ��(ã­.�ã;G85"õ�áOã;E458áOãO<�2®2®õ�7câ�9Aã­2g9A5J?M9¥?@9câ�9AãO?M9:ãHì�ö¾247
9@è�2oõ(5�9A5Jì�9:247c?�ãO?~�458=>587câ!áOã�GJ5Jõo9A2oë�=�E®=�2�è�=%?Mã;�4=Eâ!á Îa¡� � Ú } Î�� ª .�â|�¬ c ¸ � Ú ¸ M Ú ¹ } Î+�c ¶ � Ú ¸ M Ú ¹ � ��é�ï��



ýJí

è�<�ãHìc<%.�âYåo365}.oâ��(ãO.�ã;G85"õg3#å².�â|�(ã­.�ã;G8ãO=���á­=C� � �-B>â!=Eõ
á­=C� � � ª ���Z  ¸ Ú ¸ ��¡��)ÎC��¡��Q· ���Z  ¸ Ú ¹ �H¡z�VÎQ�H¡z� ® ���Z  ¸ Î ¹ �H¡z� ²�¶é�ó��
ü¯249:5�9:<Eâ�9q9:<>5�=�24ãH?M5�ãH?\â4?A?Më>.�5"õ¥ç�â4ë>?:?:ãHâ!=�â!=>õ¥è�<�ã­9:54/N�«<�ãH?
7A5J?:ë�áa9�ãH?�.oâ��(ãO.�ã;G85"õ²ã­öÒÒ ÎC��bC� ���Z  ¸ Ñ Ú ¸ �H¡z�VÎQ�H¡z�Q· Ú ¹ ��¡��)ÎC��¡�� ® Î+¹X��¡���Õ ª þ�¶é®÷|�
è�<�ãHìc<%å#ãO58áHõ�? ÎC��¡�� ª Ú ¸ �H¡z�C· Ú ¹ �H¡z�

Ø ² �¶é�ú��A®ë�3>?M9:ã­9:ë(9Aã­==�%9:<�ãH?}7A5J?:ë�áa9�ö¾2�7�ÎC��¡���â!362�ä45v�4ãOä45"?�â».oâ|�®ã�U
.�ã�GJ5Jõ%?M9Aâ�9AãO?M9:ãHì

á­=Q� � � ª¢­ Ú ¸ · Ú ¹Ø M Ú ¸ · Ú ¹Ø ® �¶é�F��
è�<�ãHìc< ì8â!=�365²ì�2�.�ù>â!7A5Jõ�9:2�â%?:ùE5"ì�ã��>5Jõ,9A<�7A5J?:<�24áHõTÙ©/»ÿ>247
õ(589Aâ!ãOáH?«2!öµ9:<�ãH?¯õ(5J7:ãOä�â�9:ãO24=%?:585}â!ù�ù658=Eõ(ãy� ê /�«<�ãO?¢â!=>â4á­å(?:ãO?«ãO=®ä42�á­ä�5J?«âoä�â!7Aã­589@å�2!ö\?:ã­.�ù�áOã��Eì8â!9:ãO24=>?J/iÿ>247
5-��â4.�ù>á­5�B^èi5oâ�?:?:ë�.�5�â43E2�ä�5e9A<>â�9}9A<�5oõ(5�9A5Jì�9:247c?}â!7A5�ù�<®å®?VU
ãHì8â!áOáOå�ãOõ�58=#9:ãHì8â4á�â4=>õ$=�24ãH?M5�ãH?�?@9câ�9Aã­2�=>â!7Aå�â!=>õ$è�<�ã­9:54/nôW=
?:5853E®ãO=�� â&3�ë�7c?@9�?:ã���=>â!á¢3>â4?:5Jõ�2�=$â
9:7Aã����45871B¯â 7:5JáOâ!9:ãOä458áOå
?:<�247:9}9:ãO.�5²?M57�4.�58=#9[ãH?[?:5Jâ!7cìc<�5"õ�â4=>õ,9:<®ë>?�9A<�5�=�2�ãO?:5o.oâYå
365i7A58áHâ�9Aã­ä�58áOå�?M9Aâ!9:ãO24=>â47:å�/Àü¯2�=eUT?M9Aâ!9:ãO24=>â47:ã­9@å¬.oâYå�3E5�.�247A5\2!ö
â!=»ãO?A?:ë�5¢ãO=»ì824.�ù>â47:ãO=��[9A<�5�24=eUW?:24ë�7cì�5¬?Aâ!.�ù�áO5¢9:2�2|��UT?:24ë�7cì�5
?Aâ!.�ù�áO5J?��¾è�<>58=�ìc<�5Jì&E®ãO=��¥ö¾247«ö¶â!áH?:5[â!áHâ!7A.�7Aâ!9:51��/
à õ�õ(ã­9:ãO24=Eâ!áOá­å�B(24=�áOåo9:<>5tDQDµø â4=>õ DC��øKUTíXEoõ(589:5"ì_9:2�7A?«â47:5

ù�<®å(?MãHì8â4á­áOå%ãOõ�58=#9:ãHì8â4á�B^â4=>õ�9A<�5¯�]A(î�?�2!ö\9A<�5�äYâ47:ãO24ëE?¢õ(589:5"ì�U
9:2�7A?�õ(ã��65J7�?M2�.�5Jè�<>â�9VÌ�5Jä45J=�DCDµø)â4=>õ�DQ��ø)õ(ã��©587�?MáOã;�4<#9:áOå
ãO=°�]A(î¸õ(ë�5²9:2�9:<�5Jã­7�õ(ã��65J7:5J=�9�=�24ãH?:5²58=®ä®ãO7:2�=�.�58=#9A?J/}�«<�5
ì�2�=>?:57¢#ë�58=Eì�5�ãO?i9:<Eâ�9«9:<�5}ì82�äYâ47:ãHâ!=Eì�5¬.oâ!9:7Aãy�oö¾2�7«â�?:ùE5"ì�ã��>5Jõ
õ(589:5Jì�9:2�7¥ù>â4ã­7�.eëE?@9�3E5gã­=Eì�247Aù6247câ�9:5"õ�ã­=#9A2�ì8â4áOì8ë�áHâ�9:ãO24=E?[2!ö
ì�7A2�?A?VUTì8247A7:5JáOâ!9:ãO24=a¡

á­=Q� � � ª Ú ¸ J ð ¸ Ú Ü¹ �¾í#þ��
à ë�9:2|UWì�2�7:7A58áHâ�9Aã­2�=²9A587A.o?¬â!7A5e?:ã­.�ãOáOâ47:áOå%â��©5Jì_9A5Jõ%3®å»9:<�5�ì�24á�U
247A5Jõ»=>â!9:ë�7A5�2!öÀ9A<�5}=�2�ãO?:54/�¯2�è�58ä45J77B"ö¾2�7µâ4=¥â!=Eâ!áOå®?:ãH?kì824=e�>=>5Jõ}9A2¬9A<�5�ô@ÿµø�õ(589:5"ì_9:2�7A?7B
âÛ�E7A?M9�â4ù�ù�7A2"�®ãO.oâ�9Aã­2�=g.oâYå%365e.oâ4õ(5¥è�ãa9A<�24ë�9�ì824=>?:ãOõ�587Aã­=��
9:<>5J?:5¥ãH?:?:ë�5"?8/}ü¯249:5¥9:<>â!9¢9A<�5oD^ôMç[ø�B�W¬ô@0�ç[ø�BÂâ!=>õg� à H à
õ(589:5Jì�9:2�7A?e<>âYä45²â4ù�ù�7A2"�(ã­.oâ�9A58áOå,?:ãO.�ãOáHâ!74�ZA(î 5-��ì�5Jù(9eö¾2�7�â
?Aì8â!áO5}ö¶â�ì_9:2�7J/
�«<�ãH?¯ãH?¬â²ì�24=E?M51¢�ë>58=>ì85[2!ö¤9:<>5��45J=�587câ!áOáOå»?:ã­.vU
ãOáOâ47¥ì�2�=>?M9:7Aë>ì_9Aã­2�= 2!ö�9:<>5J?:5²õ(5�9A5Jì�9:247c?7BµãO=#9:7A2(õ(ë>ì�ãO=���?:ãO.�ãOáHâ!7
58==�4ãO=�585J7:ãO=���â4=>õ�58=®ä®ã­7A24=>.�5J=#9Aâ!á�ì�2�=>?@9A7Aâ4ã­=#9c?8/}�«<�5gâ!=>â4á­å9U
?:ãO?�3658áO2�è è�ãOá­á¯ì824=>?:ãHõ(587o?:ë>ìc< 7A58ù>7:5"?M5J=�9câ�9Aã­2�=&2!ö¢9:<�5��ZA(î
õ(ã��65J7:5J=>ì�5"?8/
j)��k �Qj�±o�]�[j��Ûq�qts pr�
nKj�q nK�
�+n²�$qtp Èwuvp��+n�+j���mo���dsv�ZnK� È nwj&q�m�Ûk�j Ê�Ë Ê É0!�ê ë Ë��OÉ®Ê�«<�5��42#â!á©2!öµ9:<�ãH?�7A5J?:5Jâ47Aìc<�è«â4?�9A2oãOõ�58=#9:ã­ö¾å²2�ù(9:ãO.oâ!á©9:5"?@9c?

ãO=%â�=>5�9@è�247�E�2!öqõ(5�9A5Jì�9:247c?�ö¾247¢âo?Mã;�4=>â4á^â4?A?M2(ì8ãOâ!9:5Jõ»è�ã­9:<�â!=

53�®9:587A=>â4á�9:7Aã����45J7J/Ç�«<�5z�>7c?@9»243ex@5"ì_9:ãOä45���õ(ãH?:ì8ë>?:?:5Jõ�ãO=�9:<>ãO?
ìc<Eâ!ù(9A587��oè«â4?o9A2 ì824.�ù>â47:5�?:58ä�587câ!á�?@9câ�9:ãH?M9:ãHì8â!á¢9:5"?@9c?»ö¾247%â
ùEâ!ãO7q2!öEãHõ(5J=�9AãOìJâ!á�ì82|UTá­2(ì8â!9:5"õ¥ì82|UWâ!áOã���=�5Jõ¥õ(5�9A5Jì_9A247c?8/NA®58áO5Jì�9:5"õ
9A5J?M9A?Àã­=>ì8á­ëEõ(5Jõ�9A<�5iì87:2#?:?VUWì�247A7A58áHâ�9:ãO24=¬9:5"?@91BJ9A<�5ráOã;E458áOãO<�2®2®õ�7câ�U
9Aã­2�9:5J?M97Bqâ4=>õ,9:<�5»?Më�. 24ö�9A<�5�ãO=>õ(ãOä®ãOõ(ëEâ!árä�â47:ãHâ!=>ì85J?J/ �«<>ãO?
è�24ë>áOõg365¥õ(2�=�5eâ!=Eâ!áOå�9AãOìJâ!áOá­å��Qö¾2�7¬ãHõ(5Jâ4áÀ=�2�ãO?:51��â4=>õ%3®å»?:ã­.vU
ë>áOâ!9:ãO24=T�Qö¾2�7¬ãHõ(5Jâ4áÀ=�2�ãO?:5[â!=>õ�â�7A5Jâ4á­ãH?M9:ãHì�=�24ãH?M5e.�2(õ(5Jáµ��/�ÿ�247
=>24=eU@ç�â!ë>?A?:ãOâ4=o=�24ãH?M5�B#9:<�5}ì�7A2�?A?VUTì8247A7:5JáOâ!9:ãO24=¥9:5J?M9�ù�7A2�ä45Jõ²?MëeU
ù6587AãO247¢9:2»9:<�5�áOã�E�58áOã­<�2®2(õ�7câ�9Aã­2²9:5"?@9"/��«<�ãH?¢è�24ë>áOõ�.�249:ãOä�â�9:5
9A<�5g.�589:<�2(õ 2!ö¯9A<�5g=�5-�®9o?@9câ|�45��¶õ(ãH?Aì�ë>?A?M5"õ
ãO= ìc<>â4ù(9:5J7�ï���B
è�<>ãOìc<gèi2�ë�áHõ�365[õ(58ä�58áO24ù�.�58=#9«2!ök9:<�5}2�ù(9:ãO.oâ!á©9:5"?@9"/$�«<�587A5XB
9A<�5�áOã;E458áOãO<�2®2®õ�7Aâ!9:ãO2
.�5�9:<>2®õ�è�â�?�ë>?:5Jõ�9A2 õ(5Jä45Já­2�ù�24ù(9AãyU
.oâ4áEè�58ã;�4<#9:ãO=��#?\2!öÂ9A<�5¬ä�â47:ãO24ë>?iì�7A2�?A?�UWì�2�7:7A58áHâ�9Aã­2�=¥â4=>õ�â!ë�9:2|U
ì8247A7:5JáOâ!9:ãO24=,9:5J7:.o?�è�ã­9:<�ãO= â�=�5�9@è�247�E�á\9:<>58=aBrâ4ù�ù�áOå®ã­=���9:<�5
ù>7:5Jä#ãO24ëE?~�>=Eõ(ã­==��?�7:57��â47Aõ(ãO=��²ì87:2#?:?VUWì�247A7A58áHâ�9:ãO24=CB�24=�áOå%9:<>2�?:5
9A587A.o?«èi2�ë�áOõ»365}7:589Aâ!ãO=�5"õ�9A2�ö¾247A. â!=g24ù(9Aã­.oâ4áÀ?@9câ�9AãO?M9:ãHì!/

Èrkl� Ê��{���EË�� ë �{�%!6Ì Ê �;�X�#Ë��OÉ®Ê�«<�5¥ãO?A?Më>5eãH?�9:2»ãOõ�58=#9:ã­ö¾å�â!=�2�ù(9:ãO.oâ!á¤?@9câ�9AãO?M9:ãHì}ö¾2�7¬.eë>áa9AãyU
õ�5�9:5"ì_9A247 ì�2�7:7A58áHâ�9Aã­2�=>?J/ ôW=�ã­9:ãHâ!áOá­å�B&9A<�5Á?@9câ!=>õ>â!7cõ ì�7A2�?A?VU
ì8247A7:5JáOâ!9:ãO24=²â4=>õgá­ã;E45Já­ãO<�2®2(õ²7câ�9Aã­2¥9:5"?@9c?�è�587A5�ì824.�ù>â!7A5Jõ^/ à 9
9A<�ãH?}?@9câ|�45�ãHõ(58=#9:ãHì8â4á\ì�2XU´áO2(ì8â�9A5Jõ�ì�2|UWâ!áOã;�4=�5"õ�õ(589:5Jì�9:2�7A?�è�587A5
ì824=>?:ãHõ(587A5JõcB�?MãO.�ù�á­ã­ö¾å®ã­==��9:<�5¯áOã;E458áOãO<�2®2®õ¥7câ�9:ãO2�9:5"?@9\9A2�9:<�5�ãO=eU
=>587¬ù>7:2(õ(ë>ì�9¢24öµ9A<�5¥âYä�587câ|��5�24ö¤9:<�5�õ(5�9A5Jì_9A247�?Mã;�4=>â4áO?��¶â�?¯ãO=
9A<�5�õ(587Aã­ä�â!9:ãO24=²ãO=»?:5Jì�9:ãO24=gé�/ ú��_/ à ?«â4=»â4õ>õ(ãa9Aã­2�=>â!áÂì824.�ù>â!7Aã�U
?:24=CB�9:<>5e?Më>.¸24ö¤9:<�5[ãO=>õ(ãOä®ãOõ�ë>â!á¤â!ë(9A2|UWì�2�7:7A58áHâ�9Aã­2�=>?t�¶?:ë�. 24ö
ä�â47:ãHâ!=>ì85J?[ö¾247�5Jâ�ìc<&õ(5�9A5Jì�9:247��eè�â�?�â4áO?:2�ì824=>?:ãHõ(587A5JõÂ/ ü¬2!9:5
9A<>â�9�9A<�5}áOã�E�58áOã­<�2®2(õ»7Aâ!9:ãO2�?M9Aâ!9:ãH?@9AãOì�ãH?�â�á­ãO=�5Jâ47¯ì�2�.e3�ãO=>â�9Aã­2�=
24ö¢9A<�5�ì�7A2�?A?VUTì8247A7:5JáOâ!9:ãO24=�9:5J7:. â!=>õ 9:<>5�?Më�. 2!ö�ä�â!7AãOâ4=>ì�5"?�¾ö¾247«9A<�5[ì8â�?M5}ì�2�=>?:ãOõ(5J7:5"õ�<�5J7:5"�_/
0�5"ì8â!áOáÂ9A<>â�9¢ö¾247¬â�ù>â4ã­7¢2!öqãHõ(58=#9:ãHì8â4áÀõ(589:5Jì�9:2�7A?¯ì82|UTá­2(ìJâ�9:5"õ

â4=>õ�ì�2XUTâ4á­ã;�4=�5"õcB�9A<�5¢?:ã���=>â!á(ãO=�õ(589:5Jì�9:2�7�Ø ª ýXB§Ø�ãH?\õ(5J?Aì�7AãO3E5"õ
â�? B l ��¡�� ª b l ��¡��Q·�ÎQ�H¡z� �¶í>ý"�
ö¾2�7�9:<�5�¡»9:< ?Aâ!.�ù�áO5�24ö�y 9:249Aâ!á\?Aâ!.�ù�áO5J?7B^è�<�5J7:5�b l �H¡z��ãO?9A<�5�=�24ãH?M5�ãO=�õ(589:5Jì�9:2�7 Ø¯â4=>õgÎQ�H¡z�¬ãO?¢9:<>5�?:ã;�4=>â4áZ��?:â4.�5¥ö¾247
362!9A<²õ(589:5Jì�9:2�7A?iã­=�9:<�ãH?rãO=�ã­9:ãHâ!áÂì8â�?M5"�_/µôW=o9:<>5�â43>?M5J=>ì�5¬2!öÀâ!=®å
?:ã;�4=>â4á�B Ú l ��¡�� ª b l ��¡���/\ü¯2�ãO?:5}ãO?�â�?:?:ë�.�5Jõ²9:2o365eç�â!ëE?:?:ãOâ4=â4=>õoë�=Eì�247A7A58áHâ�9:5"õcB#è�ãa9A<².�5Jâ4= ñ ª þ¥â!=>õ²äYâ47:ãHâ!=Eì�5`d ¹ ª ý4/
ÿµã­7c?M97BE9:<�5�0¯ø ê ì8ë�7Aä45J?¬èi5J7:5¥ì�24=E?@9A7:ë>ì�9:5"õ�3®ågâ4=>â!áOå#9:ãHì8â!á

9A7:5"â�9A.�5J=#9¢2!ör9:<�5"?M5¥9:5"?@9[?M9Aâ�9AãO?M9:ãHì8?7BÂâ4?A?Më>.�ãO=��gâ²è�<�ã­9:5�?M9Aâ�U
9Aã­2�=>â!7Aå�ç�â!ë>?A?MãHâ!=�=�24ãH?M5¥õ(ãO?M9:7AãO3�ë(9:ãO24=À/}ç�ãOä45J=�â!=�â!7A3�ãa9A7Aâ47:å
3>ë(9�õ�5�9:5J7:.�ãO=�ãH?@9AãOìg?Mã;�4=Eâ!áiâ4=>õ 9A<�ãH?�?:ãO.�ù>á­5»=�24ãH?M5gõ(ãH?@9A7:ãO3�ëeU
9Aã­2�=aB�9A<�5eù>7:2�3>â!3�ãOáOãa9@ågõ(ãO?M9:7AãO3�ë(9:ãO24=�2!ö¤9:<�5¥?@9câ�9:ãH?M9:ãHì}è�ãa9A<�247
è�ã­9:<>24ë(9²â ?:ã���=>â!á¯ìJâ!=�365�243(9câ!ãO=�5JõÂ/$ôW=�58ã­9:<�5J7²ì8â�?M5%5Jâ�ìc<
?M9Aâ!9:ãH?@9AãOì�<>â�?�âoç�â!ë>?A?MãHâ!=gõ(ãH?@9A7:ãO3�ë(9Aã­2�=»3®åo9A<�5[ì�5J=�9A7Aâ4á©á­ãO.�ãa9
9A<�582�7:5J. â4?µ9A<�5«=#ë>.e36587q2!öE9:ãO.�5¯?M5J7:ãO5J?¤?Aâ!.�ù�áO5J?¤â!ù�ù>7:2#â4ìc<�5"?
ãO=e�>=>ãa9@å�/ à ?Më�.�.oâ!7Aå�24öÀ9:<>5[â!=>â4á­å(?:ãO?�ö¾2�á­áO2�è¯?3¡�«<�5}ì�7A2�?A?VUTì8247A7:5JáOâ!9:ãO24=�?M9Aâ�9AãO?M9:ãHì�ãH?�õ(5-�>=>5Jõ%â4?7¡� �³� Á4� Ú ¸ M Ú ¹ � ² �¶í#Ø��
ôW=¥9:587A.o?¤2!öPb l ��¡��µâ!=EõvÎQ�H¡z�k9:<�ãH?¤365Jì�2�.�5J?7B�ö¾247¤9A<�5�ì8â4?:5J?



ýYï

è�ã­9:<�2�ë(9¬â!=>õ»è�ã­9:<�?:ã���=>â!á�B®7:5"?Mù65Jì�9:ãOä458áOå�¡����� ª ���Z  ¸ b ¸ �H¡z�2b ¹ �H¡z� �¾í#é��
â!=Eõ � V�³� ª ���Z  ¸K´ b ¸ ��¡��µb ¹ ��¡��C·�b ¸ ��¡��)ÎC��¡��·&b ¹ �H¡z�VÎQ�H¡z�C·»Î=¹��H¡z�$¶ ² �¾í�í9�
ü¯249:5�9A<>â�9�9A<�5�9:5J7:. ���Z  ¸ Î+¹X�H¡z�

Á { �¾í®ïX�
ãH?�âoì�24=E?@9câ!=#9«ö¾247¯â�?Mù65Jì8ãy�E5Jõ%?Mã;�4=Eâ!á´/�«<�5}á­ã;E45Já­ãO<�2®2(õ²7câ�9Aã­2¥9:5"?@9¬?M9Aâ!9:ãH?@9AãOì�ãO=g9:<�ãH?¯ìJâ4?:5¢ãH?3¡��·.¸ ª ­ Ú ¸ · Ú ¹Ø M Ú ¸ · Ú ¹Ø ®ª ý

í

� Ú ¸ M Ú ¸ � · ýí � Ú ¹ M Ú ¹ � · ýØ � Ú ¸ M Ú ¹ � ²
-�ãa9A<g=>2�?Mã;�4=>â4á©ù�7:5"?M5J=#97B(9A<�ãO?«ãH?� ·.¸ ª ý

í ���Z  ¸ b ¹ ¸ �H¡z��· ý
í ���Z  ¸ b ¹¹ �H¡z��· ý

Ø ���Z  ¸ b ¸ �H¡z�2b ¹ �H¡z��¾í#ó��
â!=Eõ²è�ã­9:<�?:ã���=>â!á©ù�7A5J?:58=#9�ãH?� V·.¸ ª ý

í ���Z  ¸ ba¹¸ ��¡��C· ý
í ���Z  ¸ ba¹¹ �H¡z�C· ý

Ø ����  ¸ b ¸ ��¡��µb ¹ ��¡��· ���Z  ¸ b ¸ �H¡z�VÎQ�H¡z�C· ����  ¸ b ¹ ��¡��)ÎC��¡��[·°{ �¶í®÷X�
è�<�5J7:5A{ è�â�?�õ(5-�>=>5Jõgã­=g57¢#ë>â!9:ãO24=gí>/§ï(/�«<�5��>=Eâ!ái9:5J?M9¥ëE?M5"õ è�â�?�9:<>5g?:ë�. 2!ö«9:<>5»ä�â!7AãHâ!=>ì85J?��¶247
â!ë�9:2|UWì�2�7:7A58áHâ�9Aã­2�=>?&��¡�Z¹³º Á4� Ú ¸ M Ú ¸ � · � Ú ¹ M Ú ¹ � ² �¾í#ú��
-�ãa9A<g=>2�?Mã;�4=>â4á©ù�7:5"?M5J=#97B(9A<�ãO?«ãH?� ¹³º ª ���Z  ¸ b ¹ ¸ �H¡z�C· ���Z  ¸ b ¹¹ ��¡�� �¾í9F��

â!=Eõ²è�ã­9:<�?:ã���=>â!á©ù�7A5J?:58=#9�ãH?��V¹�º ª ���Z  ¸ b ¹ ¸ �H¡z�C· ���Z  ¸ b ¹¹ ��¡��·�Ø ���Z  ¸ b ¸ �H¡z�VÎQ�H¡z�Q· Ø ���Z  ¸ b ¹ ��¡��)ÎC��¡��Q·&Øa{ ²

±©|�»µ� Å�� y®| � u8���!v@���«�}w_u � u � x¥�Ju8�@�au � �cw«�O�J�rv@wc�Tv@�\wA¨�uJ�}� � w_x
v@wA�Tv �W� ¡J� u8�©uJ ��Ww � v �W� ¡J� u8�6~��@wA�Ww � v
�:�@�"�W�T£¶�c�J�W�@wA�­u�v@��� � ¼¯½ � ¼�½�¾¿5À ½�Á ¿5À ½�Á æ�� ¾
����¦Ywc�����#���!x��Mu�v@��� ¼¯½ÃÂÀ Á ¼�½ÃÂÀ Á æ ¾¿5À ½ÃÂÀ Á ¿5À ½ÃÂÀ Á æ�� ¾�Ju8�@�au � �cw��W��� ¼¯½ � Á ¼�½ � Á æ�� ¾¿5À ½ � Á ¿5À ½ � Á æ�� ¾

�«<�5�ö¾ë�áOáiõ�587Aã­ä�â�9Aã­2�=>?[â47:5�ãO=>ì�áOë>õ(5"õ�ã­= â!ù>ùE5J=>õ(ã���î�BÀâ!=Eõ
9A<�5eâ4=>â!áOå#9:ãHì�7:5"?Më�á­9A?¬â!7A5[?Më�.�.oâ!7Aã;G85JõgãO=%9Aâ43�á­5}íE/­ý�/ à ��â4ã­=aB
ãO= 5Jâ�ìc< ì8â4?:5�9:<>5²?@9câ�9AãO?M9:ãHì8?e<>âYä45�â�ç�â4ë>?:?:ãHâ!= õ(ãH?@9A7:ãO3�ë(9Aã­2�=
õ�5J?Aì�7Aã­365Jõ�3®å¥9:<�5¬9Aâ!3>ë�áOâ!9:5"õoù>â!7câ!.�589:587c?7B4â4?\9:<�5¢=#ë>.e36587r24ö
?Aâ!.�ù�áO5J?Ny 365Jì�2�.�5J?�?:ëe��ì�ãO58=#9:áOå²áHâ!7��45�/�¬?:ãO=��o9:<>5J?:5e7A5J?:ë�áa9c?¯ì�2�=>?M9:7Aë>ì_9Aã­2�=�2!ö¤9:<�5�0¯ø ê ì8ë�7Aä45J?¯ãO?
?M9:7câ!ã;�4<#9:ö¾247Aè�â47AõÂ/��«<�5²0¯ø ê ì8ë�7Aä45oãH?eõ(589:5Jì�9:ãO24= ù�7A243Eâ!3�ãOáyU
ã­9@å�ä45J7A?:ë>?qö¶â4áO?:5¢â4áOâ47:. ù�7A243>â43�ãOá­ã­9@åXB#247�ù�7A243>â43�ã­áOã­9@åe9A<>â�9�9:<�5
?M9Aâ!9:ãH?@9AãOì�53��ì�585"õ�?[âg9A<�7:5"?M<>24áHõ�ãO=�9:<�5²ù�7:5"?M5J=>ì�5�24ö«â�?:ã���=>â!á
ä�587c?MëE?µ9:<�5�ù�7A243Eâ!3�ãOá­ã­9@å[9A<>â�9q9A<�5¬?M9Aâ!9:ãH?@9AãOì«53�(ì8585"õ�?¤9:<>5¬?:â4.�5
9A<�7A5J?:<�24áHõ²ãO=g9:<�5[â43>?:58=>ì85�24öµâ�?:ã���=>â!á´/A®ãO=>ì�5�9:<�5�?M9Aâ�9AãO?M9:ãHì8?»ãO=�9:<�ãH?%ì8â�?M5��¶ãOõ�5Jâ!á�=�2�ãO?:51��<>âYä45�â
ç�â4ë>?A?MãHâ!= õ(ãH?@9A7:ãO3�ë(9Aã­2�=aBµ9:<�5»0�ø ê ì8ë�7:ä�5J?[â47:5o2�3(9Aâ4ã­=>5Jõ â4?
ö¾2�á­áO2�è¯?J/�ç�ã­ä�58=
â�õ(589:5"ì_9:ãO24=
9:<�7A5J?:<�24áHõ

Ú B¤9A<�5²ù>7:2�3>â!3�ãOáOãa9@å
9A<>â�9rât��ã­ä�58=o?M9Aâ�9AãO?M9:ãHì � ãH?qáO5J?A?¤9:<>â4=�9:<�5¯9:<�7A5J?:<�24áHõcB!ã´/ 54/µ9:<�5
ù>7:2�3>â!3�ãOáOãa9@å�9A<>â�9 � � Ú B>ãO?Ä}� Ú � ª ý

Ø ´ ý]· 5J7Mö Ñ
Ú
® ñe Ú d ¹ ÕN¶ ² �´ï!þ9�

�«<�5�ù�7A243>â43�ã­áOã­9@åo2!ökâ¥ùE2#?Mã­9:ãOä45�9A5J?M9�7A5J?:ë�á­9���â¥õ�5�9:5"ì_9Aã­2�=»ã­ö
â�?:ã���=>â!á(ãH?qù�7A5J?:58=#91B!247\â�ö¶â4áO?:5�â!áHâ!7A. ãaö©=�2[?:ã���=>â!á(ãH?qù�7A5J?:58=#9��
ãH?�9:<>58= cÛ� Ú � ª ý

Ø ®
ý
Ø 587:ö ´

Ú
® ñe Ø]d ¹ ¶ �´ï(ý"�

ãO=g9:5J7:.o?«2!öµ9:<>5�ùEâ!7câ!.�5�9A587c?�õ�587Aã­ä�5Jõ»ù�7:5Jä®ã­2�ë>?MáOå4/�k2�243�9Aâ!ãO= 9A<�5gõ�5J?:ã­7A5Jõ�ö¾ë>=>ì_9Aã­2�=aBrõ(589:5Jì�9:ãO24=
ù>7:2�3>â!3�ãOáOãa9@å
â�?«âeö¾ë>=>ì_9Aã­2�=g24öÀö¶â4áO?:5�â4áOâ47:.�ù>7:2�3>â!3�ãOáOãa9@å�B(èi5�ì8â4=g?:24áOä45¢9:<�5
â43E2�ä�5e51¢�ëEâ�9:ãO24=�9:2��>=>õ�9:<�5�9A<�7:5"?M<>24áHõ%9:<>â!9��4ãOä45J?�âg?Mù65Jì8ãyU�E5Jõgö¶â!áH?:5eâ!áHâ!7A. ù�7A243Eâ!3�ãOá­ã­9@åXB�9:<�5J=�?Më>3>?@9Aãa9Aë(9:5[9:<>â!9¬9:<>7:5"?M<eU
2�áOõ�ä�â!áOë�5«9A2[õ(5�9A587A.�ãO=�5�9A<�5¯ì�2�7:7A5J?:ù624=>õ(ãO=��}õ(589:5Jì�9:ãO24=�ù�7A243eU
â43�ãOá­ã­9@å4/ �«<�5�â!362�ä45g57¢#ë>â!9:ãO24= ?:24áOä45"õ ö¾2�7�9:<�7A5J?:<�24áHõ
ä�â4á­ë�5
ãH? Ú ª ñ · e Ø
d ¹ 587)�>=®ä ´ ý ® Ø
cÛ�

Ú � ¶ ² �´ï4Ø��
ÿ�2�7[â!áOáq9:<>7:5J5�?@9câ�9:ãH?M9:ãHì8?7B^9:<>5oö¶â4ì�9}9:<>â!9[9:<�5o=>24ãH?M5oãH?[?M9Aâ�U

9Aã­2�=>â!7Aåoè�ã­9:<�G85J7:2�.�5Jâ4=»áO5Jâ�õ�?�9:2�9A<�5}7:5"?Më>áa9�� l   ¸ b l �H¡z�VÎQ�H¡z� ª þ ² �´ï!é9�
�«<®ë>?�5"â4ìc<»?M9Aâ!9:ãH?@9AãOì�ãH?�â¥?:ë�.Á24öÀ9A587A.�?7B®5Jâ�ìc<�9:5J7:. 58ã­9:<�5J7¯â
ù>7:2(õ(ë>ì�9�2!öÀ9A<�5�=�24ãH?:5¢ä�â!7AãHâ!=>ì85�â4=>õ²=®ë�.¥3E5J7�2!ö¤?:â4.�ù>á­5"?3B®247
9A<�5}ù�7A58ä®ãO24ë>?:á­å»õ(5-�>=>5Jõ�{�/]A®ãO=>ì�5Å{ ãH?�ù�7A24ù6247:9:ãO24=>â4áE9A2�9:<�5



ý"ó

?:ã���=>â!á�U�9A2|UT=�24ãH?:5q7Aâ!9:ãO2=BJ9:<�5«?@9câ�9AãO?M9:ãHì8?µâ!7A5\ë�=�ã­ö¾247A.�á­å�ãO=>õ(5JùE5J=eU
õ(5J=�9¯24ö¤9:<�5[?:<>â!ù65}2!ö¤9A<�5[?Mã;�4=Eâ!áÀâ4ù>â!7:9«ö¾7:2�. âoõ(5JùE5J=>õ(58=Eì�5
24=�9:<>5�?Mã;�4=>â4áyU´9:2XU´=>24ãH?M5�7Aâ!9:ãO2>/Û�«<�ãH?}ãH?�2!ö�ì�24ë>7A?:5¥2�=�áOå�9:7Aë�5
ö¾247«9A<�ãH?�ãOõ�5Jâ!á$�´ç�â!ë>?A?:ãOâ4=+��=�24ãH?:5�ìJâ4?:54/�À2 ã­áOáOë>?@9A7Aâ!9:5�9:<�5"?M5�â!=>â4á­å#9AãOì�7:5"?Më�á­9A?7B¢?:58ä�587câ!á¢7:5"?Më�á­9:ãO=��
0¯ø ê ì8ë�7:ä�5J?oâ47:5gù�áO2!9M9A5Jõ ãO=»�+�4ë�7A5�ý4ý4/¥�«<�ãH?où�áO2!9²?:<�2�è¯?
õ(589:5Jì�9:2�7[ùE5J7Mö¾2�7:.oâ4=>ì�5�ö¾2�7}9:<�7A585�õ�ãy�©587A58=#9eä�â!áOë�5"?}2!öKA(ü¢0}/
ü¯249:5�9A<>â�9}9A<�5�äYâ47:ãHâ!=Eì�5o?Më>. 9:5"?@9[7A5J?:ë�á­9A?}â47:5�ãOõ�58=#9:ãHì8â4áq9:2
9:<>5¯ì�7A2�?A?�UWì�2�7:7A58áHâ�9Aã­2�=¢9A5J?M9q7:5"?Më�á­9A?µö¾2�7µ9:<�5"?M5�â!=Eâ!áOå�9AãOì�7A5J?:ë�á­9A?
è�ã­9:<�ç�â4ë>?A?MãHâ!=}=�2�ãO?:54/kôW=}9:<>5�ì824=#9:53�#9k2!ö�24ë>7kãO=�ã­9:ãHâ!á®?M5"â!7cìc<�5J?
ö¾247 �47câYä®ãa9câ�9Aã­2�=>â!á^è«âYä45"?3BEãa9�ãO?¢.�2�?M9�õ(5"?MãO7câ!3�áO5[9A2².�ã­=>ã­.�ã;G85
9:<>5%ö¶â!áH?M5%â!áHâ!7A.'ù�7A243>â43�ã­áOã­9@å4/�ç�ã­ä�58= 9:<�ãH?�7:5"?@9A7:ãHì_9Aã­2�=aB\9A<�5�=��ë�7:5�ã­áOá­ëE?@9A7Aâ!9:5J?o9:<>â!9²ö¾247»á­2�è�587 A(ü¬0 ä�â4á­ë�5"?o9A<�5�ì�2�=>?:5-U¢#ë�58=Eì�5�è�ãOáOá¢365,â
á­2�è õ(589:5Jì�9:ãO24=$ù�7:2�3>â!3>ã­áOãa9@å�/ ÿµã���ë�7A5
ý"Ø
?:<�2�è¯?�9:<>5²õ(5�9A5Jì�9:ãO24=
ù�7A243Eâ!3�ãOá­ã­9@å�ä�587c?MëE?rA(ü¬0Æö¾2�7eä�â!7AãO24ë>?���(5Jõ»ö¶â4áO?:5}â!áHâ!7A.Áù�7A243>â43�ã­áOã­9:ãO5J?J/\ÿ�247«9A<�5�ö¶â!áH?:5[â!áHâ!7A.�ù�7:2�3eU
â!3>ã­áOãa9Aã­5"?eõ(5Jù�ãHì_9:5"õcBqâ�õ(5�9A5Jì�9:ãO24= ù�7A243>â43�ãOá­ã­9@å�24ö«â!9eá­5"â4?M9¥ï!þ
ù6587cì�58=#9�7A57¢#ë�ãO7:5"?�â!=zA(ü¬0)2!öqâ�9�áO5Jâ�?@9�í�9:2%ý"þ�/

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

false alarm probability

de
te

ct
io

n 
pr

ob
ab

ili
ty

Signal G 0.25 S 0:  LR test (blue), CC test (red), variance sum (red)

SNR=4
SNR=7
SNR=10

Ç �T� �EzJz"yk| � uJ�§�!v@���«° � ¹��c���@�Yw º®� u8�#�W�W�au �o� �"���Ww

È ké� �Æ
�ê��;��Ë��OÉ(Ê�Ç � �{ê©Í_Í��;�#Ê Ê6Ée�HÍcÌ
ôW=²ù>â47Aâ4á­áO58á�B�â�H�24=#9:5 ê â!7Aá­2¥?MãO.eë�áHâ�9Aã­2�=�è«â4?ië>?M5"õ�â!=Eõoãa9c?

7A5J?:ë�áa9c?iì824.�ù>â47:5"õ�9:2[9A<�5�â!=>â4á­å#9:ãHì�7A5J?:ë�á­9A?�õ(ãO?Aì�ëE?:?:5Jõ�â43E2�ä�54/�«<�5�?:ãO.eë�áHâ�9Aã­2�=�ì82(õ(5�è�â�?oè�7Aãa9:9:58=�ãO=×H�â�9AáOâ43�â!=>õ ãH?oãO=eU
ì�áOë>õ(5"õ�â4?}â!ù>ùE5J=>õ(ã���ô_/QA®5Jä45J7Aâ4á\?MãO.�ù�á­5o3>ë�7A?M9e?:ã���=>â!áH?�èi5J7:5
ì�2�=>?:ãOõ(5J7:5"õ�2!ö}9@è�2 ö¾247A.o?3¡ â ç�â!ë>?A?MãHâ!=�?:ã;�4=>â4á¬247gâ&?:ã­=>5-U
ç�â!ëE?:?:ãOâ4=aB®è�ãa9A<%äYâ47:å®ãO=���õ(ë�7câ�9:ãO24=CB�â!.�ù�áOãa9Aë>õ(5XB�â4=>õ��¾ãO=»9A<�5
áHâ�9M9A587�ì8â�?M5"�«.�2®õ�ë�áOâ!9:ãO24=�ö¾7A57¢#ë�5J=>ì�å�/¢ÿ>247¬ãO=>õ(ãOä®ãOõ�ë>â!ák9:7AãOâ4áO?7B
?:ã���=>â!áH?^è�587A5$�45J=�587câ�9A5Jõ�3®å�ù�7:2(õ(ëEì�ãO=��¬â¯ä�5Jì�9:247À2!ö^ýJþ#Ø�í«9Aã­.�5
?Aâ!.�ù�áO5J?7B(è�ãa9A<»=�2�ãO?:5�ù�7A2®õ�ë>ì�5"õ»â�?�âoç�â4ë>?:?:ãHâ!=»õ�ãO?M9:7Aã­3>ë(9:ãO24=
â!=EõcBkãO=,9:<�5»?Mã;�4=>â4á\ù�7A5J?:58=#9[ì8â�?M5�Bkâ4õ>õ(5Jõ,9A2%9:<�5���58=�5J7Aâ!9:5"õ

0 2 4 6 8 10 12 14 16
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

de
te

ct
io

n 
pr

ob
ab

ili
ty

signal−to−noise ratio

Detection probability vs. SNR for specified false alarm probability
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