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ûóJþ�÷�õ�öøþ�ôÍõ��ûþ%�9ù�� ò!ôÍþ©365�Ó�¦�±���ò��<ýøù·õ��ûõuÿ'� ò5ýJòPúûü·ò�ôûõ I òPö I ù+�	&9õ��|ü©ò�÷Uÿ òPü ýøù·õ�� õò!öÆõ��!ýÂòPôÍþ�ýJþ�ôûþ!ö�ü·þ!ö:&!óøÿ'
7þ<öD�<ÿûõ+öÆõ I ò���óJõ�&Pù©öÆýøóÂòPôÍþLöÆþ!úûóJõ8ü·òuñ8¡ w  �>ª*),.-�(6y+<AE?P?>A@Q/IE�H
! þ!ög&PóJÿ	
rþ!ö:õ�öÆý0�ò��òPü���ò!÷Uõ��7òPôÍþ<ö"õ���ÿ	� ò5õ�öÆýøóJÿ ÷�ýJÿûóÂò5÷�þ��ü·ò9öøù�&!ÿûõ��<ýJõz� þ!ó-��ò'�

/M/M/oM«C*�@+B)@Cx¬yRoM>+D=ERo[(M>AP.DM*s<AyRoC>CD=ERo®Eut�1?>wvun�1u-=@G¯ �)v°o+t�@[nA1u-=@�PCx[oCt�@[(M>AP?DC*iv+�%'n)o #C@?n~¯ �)v[#+@?n)(MoCt¬PCx[oCtA@�(M>)P?DM*[n�1u-6@wv?�%'n)o n)o=%RBsy�¯ �)v±nCD?-�&�@+>²PCx[o=%uBsy�v+�%'n)o vRo=%RBsy�¯ �)v®1?>M>A1+«²PCx�oCt�@®o=%RB�y4v?�%'n)o³-=1+´Cn)o6%RBsy�¯ �)v�-61+´4nCD?-�&�@+>4P+x4o=%uBsy�&�@Cx)P+>)@µ>A@u-=1)#C#CP�EMv+�/M/M/¶[· ���R¸AJA<C¹+�M�+¸ m �Q}"v · ���R¸AJA<C¹+�M�+¸ m ��<?J+�M�Q¯/M/M/
>º*M,.-s(6y+<?BsyG/St'H
! þ!ö1
ûÿ	�<ýøþ<ö=òPü � �7òÏü8öÆù+&�� ù � ÷�ò��e�<ÿûõ�öÆõöÆÿ'
ûóøù+�M�� þ
ÿ	� òK
7þ!óJ÷�ù��þ%�.ôÍõü·ò{õ�öÆýøóJÿ ÷�ýJÿûóJò{þ÷�þ!ôÍù+&Pþ�
7þ!ó8öÆù+��
ûü¡ù � ÷�òP÷Uù��þ�� v ü � � òPüSôÍõu÷�ò!ôûò4
rþPóÂ÷Uù��þ��ôÍõu÷��þ<ôÍù�&!þ5öøõLõ�öJ÷UóJù¡úrõLõ�üf�ûþ%��CúûóJõuôÍõ�ü�òÏóÂ÷ I ù�.!þ�� ÿûõ��<ýøõQôÍþ%� ôÍõuõ�öÆýJò5ÿûú ù·÷�òPôÍþ0 P"þ%�5þ|öøõ�þPú öøõ�ó�. ò õ���õ�ü�÷�ò���
7þ"o=%RBsy öÆõ9ýJù¡õ��ûõ�ÿ	� òÏóJóJõ�&Pü·þ�÷Uþ��Ýü·þ!öuù©ôÍõ��<ýJù � ÷�òPôÍþ!óøõeöôÍõ�ýÂòÏóJõ�òPö��<ÿûõu÷Uþ%�6� þPó���ò��²õ�üf&PóJÿ	
7þ0r�ü¡þ<öQ�;�ÿ	�9õ�óJþ!öÔôÍõLù��7ömýÂò�� ÷�ù·ò!ö:öøþ��Hü¡þ<ö��� �7ôÍù·÷�õ�ö:ôÍõ�CóJù�. ò!ôÍþ!öLôÍõ9ü©ò(
rþ!öøù©÷Uù��þ��u�!ÿ õ5þÍ÷�ÿ	
 òõ�� ôÍù©÷ I þ�òÏóJóøõ�&Pü·þH÷�ò!ôûòHýJòPóøõeò	 ! ò÷�ò��<ýJù·ôûò!ô�ôûõýÂòÏóJõ�òPöÔõ���õ�ü�&!óøÿ	
rþ²öøõQôÍõ�öJ÷UóJù¡úrõuõ���õ�üÅ÷�ò���
rþ»n)o=%uBsy6 v ôûõ��#�òPö+ôûõQõ�öÆýøþ<ög.*òPü¡þ!óøõeö�rÍõ��ü©ò�õ�öÆýøóJÿ ÷UýøÿûóÂò�öÆõ5òÏü+��òP÷Uõ�� ò9ù+�6� þPó���òP÷Uù��þ��o
 òPóJò�öøù+� ÷UóJþ��ûù+3�òPó»ò�ü©òPö+ýJòÏóJõ�ò!ö�r õ�öÆýJòPôûþ ôÍõ�ü&!óøÿ	
rþ'rÍõ�ýJ÷� 
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7þ%�ûõ��<ýJõ�öÔöÆþ%�W�ûþÍôÍþ<öÔ÷Uþ��(
ûÿ	�<ýøõ�CóJþ!ö»ò�&PóJÿ	
7þ<ö8òPôÍõ��#�òPö+ôÍõuóJõ�� õ�óøõ�� ÷Uù©òPö8òPü&!óøÿ	
rþ�ò��<ýøõ�óøù·þPó � òÏüÅöøù+&Pÿûù·õ��<ýøõQôûù·ö-
7õ�óJöJòPôûþ!öõ���ü·ò��9ù·ö-��ò9õ�öÆýøóJÿ ÷�ýJÿûóÂò4
 òPóJò5óJõ�öøþPü+.Põ�ó:ôÍõ�� þ!ó-��ò5öÆõe÷Uÿûõ�� ÷Uù©òÏü ü©òPö8÷�þPü·ù·öøù·þ��ûõeö� 
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>º*),R-s(6y+<AE.P+>A@Q/IEMN
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7�ü�365�Ó�¦�±�ÿ'� ò4.!õ�3�ù��ûù©÷Uù©òPôûþ4
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 òÏóÂò
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7þ!ó�ÿûüÀýJù��9þ|öøù:� ÿûõ9ýøþÍôÍþ�úûù·õ���õ��!ýJóJòõ��Ýÿ'�Ýü·þ�þ�
Ýù�� � �ûù¡ýøþe>ªÖMtO%?#C@×Fu�?NWH�õeö)
rõ�óÂò��7ôÍþHü·õ�õ�óòPü�&g�ÿ	�Ö�5õ�� öJò=<mõuôÍõuóJõ��<ÿûõ�óJù+�5ù·õ��<ýJþ � òÏü óJõ�÷Uù·úûù·óøü·þ � ü·þ5óJõ�öøÿûõ�ü�.!õ � óøõeö)
rþ�� ôûõ��
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/M/M/
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%Rx�F2*),.-=<.&MDAx6%TnAx)PGF2*M,.-O<.()@?oM>C&+DAxGF�N�}»Þ�#C@?n~}ÕÞR-�yR(MoA1?(Q}ÙÞMo=%uB6NµÚ4ÛsN
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/M/M/
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! òLóJõ�&!ù·öÆýøóÂòP÷�ù��þ%�=ôÍõ�ü�365�Ó�¦�±»öøõ I òP÷Uõ+ò�ýJóJò/.Q�õeöcôÍõ8ÿ	� òLú ò!öÆõ+ôûõ+ôûò ýJþ!öD�<ÿûõ9��ò��<ýJù¡õ�C�ûõ�õ�ü�3=5�Ó2·"Ó�¥=±�©V¨�§� 97�öÆýJò9ú ò!öÆõQôÍõ=ôûò ýJþ!ö+öøù¡ó�.Põ 
7òÏóÂò1&!ÿ òÏóÂôûòPó � ò!÷�÷UõeôÍõ�ó+òy.*òPü¡þ!óøõeöôÍõeöøôûõ�÷Uÿ òPü+�<ÿûù·õ�ó+ýJòÏóJõ�ò' ! ò�ù+�6� þPó���òP÷Uù��þ���õeö+óJõ�� õ�óJõ��7÷Uù©òPôûò��9õ�ôûù·ò��!ýJõQÿ	�M
 òPóÙçV¬�¥�Ó�¨éè¯�¬®·�¨ãêéë�ôûþ�� ôÍõ�¬®¥=Ó2¨QõeöÔÿ	�|ömýJóøù+�	&5ýøõ�ó-�9ù+� òPôÍþ9õ��Ö��ÿûü·üSõ�¯�¬�·%¨àê{ÿ	��õ��<ýJõ�óJþ'r � rûõ�ü ýøù+
rþôÍõÖ. òÏü·þPóJõ�ö1�!ÿ õöøõ(
 ÿûõ�ôÍõ��yòPü���òP÷�õ�� òPó=öøþ��yõ��<ýøõ�óøþ<ö� �ñ�òÏóÂò|õ�ö-
rõ�÷Uù � ÷�òÏó5ü·ò¢
ûóøù+�9õ�óÂòõ��!ýJóJò!ôûò5ü¡ù·úûóJõLõ��u¯�¬�·%¨àê�öÆõLÿ öJò9õ�ü.*òPü¡þ!ó0�s�% ! ò v ñD{�
 òPóJò5õ�ü�òP÷�÷�õ�öøþ5ò9õeömýJõuòÏü+�9ò!÷Uõ�C� ò��9ù¡õ��!ýJþ�öÆõ I ò!÷Uõuò5ýøóÂò/.8�õ�ö:ôÍõLü·ò!ö8öÆù+&Pÿ ù¡õ��!ýJõ�ö�� ÿ	�7÷Uù·þ��ûõeö��

*),.-O<A%'n=y?@+>Co FIH+JMKCL=N�}Ý*),.-=<M#CPMP+å+DM*QFIH+JCKML=N�}�*),R-O<+B)@)#+@+oA@GFIH?JMKML=N�>å.!õ�óÂöÆù��þ��Ö}	 }%H� 
*),.-O<R*MD)o=%'n)x)PGFIH+JCKML6N�}ì*M,.-O<?>A@AER,=%'nAxMPGFIH+J+KML=N�}Ý*),R-O<?(A@+oR-�&�P+´=%TnAx)PGFIH.JMKCL6N�}*),.-O<?B)@)#�%'n)x)PGFIH+JCKML6N4>å.!õ�óÂöÆù��þ��Ö}	 �,H� 
7"ömýÂòPö9þ�
rõ�óÂòP÷�ù¡þ%�ûõ�ö�� þu� þPó��9ò��#
 òÏóøýøõ
ôÍõ�ü���ò�� õF<mþ.ôÍõL&!óøÿ'
7þ<ö�
7õ�óøþ.öøõ|ÿÍýøù·ü·ù�3eò.÷Uþ�C�9þ��9õ�÷�ò��ûù©ö)�9þ�öÆÿ ú � òP÷�õ��<ýøõ;
 òÏóÂò5ù���
ûü·õ��9õ��!ýÂòÏó+òPü�&!ÿ	�ûþ!öÔôÍõ�ýJòPü¡ü·õ�ö� v ÷Uþ��<ýJù���ÿ ò!÷Uù��þ�� öÆõW��ÿûõeömýJóJò
÷�þ��9þ£�Æúrþ�þÏýJõ�ò���õ�üi3=5�Ó ¦=±Kr�õ�ü8
7òPöøþ{ò��<ýøõ�óøù·þPóQò¢�!ÿ õõeömýJõ�õ�mÍù·öÆýJò'�

/M/M/(6y+<?(A@?oM(6yRo=%uB�FTN
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/M/M/-s«Mo=%RB[q�*),.-O<T-s«Mo=%RBGFTN�¯%RxgF2(6yRo=%RB4í?q¬Û[ÞMÞ°-s«Mo=%uB4qCqµ-s«)P)#+BCo=%uB6N>A@+oCDM>Cn�Fà(6yRo6%RB6N�¯%TnAx)P[q�*M,.-O<M#CPCP+åCDM*QF · ¹+âMÁMLCÃ }�Û�}�ÞM(6yRo=%uB6N�¯%TnAx)P[q�*M,.-O<Ayu*A1?ÖMnQF)îCîa*),.-s(sy�ïMïM}ÅF�E't�1+>wvMv)NRÛ�}�JM,.-sLC*C*)ðM>AP?nMoQ}F�Eut�1+>wvMN.Û�}Å�O}ÆÞM(6yRo=%uB6N�¯/M/M/
¶

>º*),R-s(6yuDs<)E?P+>A@Q/ãE�HA�úûýøù·õ��ûõ9õ�ü�o=%RB|ôÍõ�ü[365�Ó ¦=±orÅöøù:�ûþ��õ�öÆýJòHü¡þù�� ù·÷�ù·ò I ò!÷Uù·õ�� ôÍþÿ	��*),R-O<Ayu*�1.ÖMnf  7�öÆýJò� ÿ'� ÷Uù��þ���õ�ö+ù+��.PþÍ÷�ò!ôûò�ôÍõeöøôÍõÕ%'nMo�<+Ü+D�@?>M«�<Ay?@?>M,A@+>=ò��!ýJõ=÷�ÿ òÏü �<ÿûù¡õ�ó»óJõ��<ÿûõ�óøù+�9õ��<ýøþ2
 ò�CóÂò�ü·þ�÷�òÏü·ù�3eòÏóLõ�ü²3=5�Ó ¦=±Lr5
7þ!óQõF<mõ���
ûü¡þM
7òÏóÂò(
rõ�ôûù¡óQÿ'�.öÆõ�ó-.�ù©÷Uù·þôÍõ2&!óøÿ'
7þ<öLþ
ôÍõ�öJôÍõ(6y+<?(A@?o�<?o=%RB)#�%CyRo�
 òPóJò5þPúûýøõ�� õ�ó8ÿ	� ò5ü·ù·öÆýJò9ôÍõ;o=%RBsy�ôÍõuÿ	�o&PóJÿ	
rþ' ÷�� ò".8�õ�3²ù+�ûù©÷Uù©òPôûò�ü©ò
ýÂòÏóJõ�òñ365�Ó�¦�±Hõ)<mõ�÷UÿûýJòÝü¡þK�9õ�� ÷�ù¡þ%� òPôÍþ�õ��)ü·ò¢
ûóJù��9õ�óÂòL
7òÏóøýøõôûõ=ü©ò öøõ�÷�÷Uù��þ��� ;7Küc÷��þ!ôûù�&!þ²ôÍõ=ü©ò²óJõ�&!ù·öÆýøóÂòP÷�ù��þ%�M�!ÿ õ=öøõ�ù+� ôÍù©÷Uþ(�<ÿûõ5öÆõ I òP÷�ù·ò ôÍõ4� þ!ó-��òù+� ôÍù·óJõ�÷�ýÂò��9õ�ôÍù©ò��<ýøõ�(6y+<?>)@+(=%CyRo)@+>5öÆõ �=ÿûõ�öÆýøóÂò=ò9÷�þ��<ýøù+��ÿ òP÷�ù��þ%���
(6y+<?>A@?(=%CyRoA@?> FTN /M/M/M/C/

EMEµq�*),R-O<�%'n=y.@+>Mo F2nA1u-=@�}��6�O}�o=%uB6N�¯
/M/M/M/C/¶

>º*),R-s(6y+<+x?DMn=EG/IE�H
Çµò¨6È�¨Ê�T¥"ó{ RÉÌË{¤�£Ê¥MÍ~�'¥C uÏ�ÉÌ¢?É�¨
P:ò!ôûò(.Põ�3��<ÿûõ5õ�ü®3=5�Ó ¦=±5óøõe÷Uù·ú7õ5ÿ	�Ýóøõ��<ÿûõ�óJù��9ù·õ��<ýøþ0r ÷ I õ��<ÿûõeò²õ�ücýJù�
rþ�ôÍõ�ü:�9ù©ö)�9þ �ü·ü©ò���òuòLü·ò;� ÿ'� ÷Uù��þ���÷Uþ!óøóJõ�ö-
rþ�� ôÍù·õ��<ýJõ�
7òÏóÂò�òÏýøõ�� ôÍõ�óJü·þ'r�
rþPóKõ)<mõ���
ûü·þuõ�ü ÷�òPöøþuôÍõ�ó6Az{F?9C
ô ú$A;÷�ñ$�

>º*),R-s(6yuDs<)E?P+>A@Q/ãE�Hg>VP ! {F78?z� l { � 7$� ù��ûù¡ý+óJõ��<ÿûõ�öÆýUH

/M/M/%'n)o*),.-O<CrCPs%'n)(M>)P?DM*QFà(C>AP.DM*=NEut�1+>ivR(M>)P?DM*~¯ %'n)o�´Q}Æ(=%RB ¯æ · â�<.�M�MÁ m Ã�F2*),.-so)P?*s#.,A#{}�´Q}Æ�MÃMK�<MáC��¾uâ · �A�R¸AJAÛ�}»(M>AP.DM*~}CFT%Tn)o²v)N±â+¸�½C½6N�¯%'n)o�<?Ü+D�@+>M«A<Ay?@+>M,)@+> F2(C>)P?D+*~}�áM��¾uâQ}�îMîô*),.-O<CrCPs%'n)(M>)P?DM*~ï+ïM}�ÞM(=%RB }ÆÛ�N�¯
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>º*M,.-s(6yuD�<AE?P+>A@ /IE�Hg>sP ! {F78?z� l { � 7$� öøõ��7ôHóJõ��<ÿûõeömý�H
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netperf TCP/TCP-no delay/UDP-unidirectional lidis
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My TCP/TCP-no delay/UDP-bidirectional lidis
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PVM (Data Raw) and MPI (Default) lidis
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Pvm/Mpi b/m-cast 2 hosts (LIDIPARS)
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MPI scatter 3 hosts d d (Lidipars)
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MPI scatter 7 hosts t d (Lidipars)
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MPI vs. PVM scatter sobre lidipars (100Mb/s) 16384 floats
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PVM reduce vs. gather - u d 4 hosts (Lidis)
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PVM reduce 8 hosts u min (Lidipars)

floats

M
B

/s

1 2 3 4 5 6 7

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

64 1024 8192 131072 1044800 6268800

o
o

o

o o o

ï$±Bé�
°8©aô"· �<��æSò�úRû h!�!����ò��n¦�¯�²
°;¥�¨i®B"¦1§�¥J°3í�¥ � ���CûV²%$�¦kö+ÿK°;¥J¨�¥�ª�§;¯�°;¥J¦+¥P�I§�¥�°;¤
¯A¦kö
��l��P�.g�m#U�i�g�U&��l��P�.g�mcöb��ëRø

	5��{Uz|�������à� �¯ó
òd©�°;©(®Q©(°;¥JíVí�¥J®$å!ê-ëpêN©'����ûV²%$�¦N¥�®$¦-§8©�°�§1ö 
ªV¥J¦p¥�®�µ3±Q¦�µ3¯'ÀC"¥�¥�®$©�®Q¨�©�¤"ùJ©�í
¯�¨i¯�¤V¥J®(<l�iE&J�PhKª"©�°8©'§�¯�í
©�¦�®B©C¦+¨i¯�µS²
±B¤"©�¨�±>¯C¤
¥J¦+í�¥�¨�¯�í�±ð¾�¨�©�¨�±J«¯C¤T»T°�
§�¥�¯E·Kõ¶¯�¤b°;¥J¦�ªE¥^¨o§;¯�©�®©�¤"¨8¹
¯�í�¥3²"©�¤"í"©n©�®Q¨�©�¤
ùJ©Cí�¯�§8©�µS²
±i«¥�¤c¦�±>éC
¥�¥J®dµ(±B¦�µ(¯'ª"©�§�°�«¯�¤cí
¥3¨�¯�µ(ªE¯C°1§8©�µ(±B¥�¤A§�¯ÀA
¥c¥�®¯(�l�iC&��8hb»H¦1"¦�´m©�®>¯C°�¥^¦�¦�¯�¤Oµ�"»[ª"©�°�¥^¨i±Qí�¯C¦J·Ó£�¤O®B©C¦5¾"éA¦�·þô"· ���T»Hô
· �Aÿ�¦�¥µS
¥J¦1§�°8©�¤H®Q©�¦5¦�±>µ(±B®>±>§�Eí�¥J¦n»[¦�¥Vª

¥Jí
¥aí�¥J¦1§;©C¨�©�°5®Q©bí�±>¼�¥�°;¥�¤"¨�±B©bª"©�°;©�ª�¯�°8¨i±B¯�¤
¥^¦5í�¥
�����+ï$®B¯C©w§8¦L¦1¯C²
°�¥k®Q©S¾"é"·dô
· �Aÿ�·

MPI reduce vs. gather - t d 3 hosts (Lidis)

slice-floats

M
B

/s

1 2 3 4 5 6

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1

1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2

8 128 1024 16384 130600 783600

light gray = reduce
dark gray = gather

ï$±Bé�
°8©aô"· ���
æ(ûaò³êò(<l�iE&J�PhV´�¦�· h!�!����ò��'¦�¯�²"°�¥�°;¥Jíqí
¥�®]¹
¥i§;°�¯Céd«¥J¤
¥J©�í�¥I� ��ûa²%$w¦�öd�°;¥J¨�¥�ª�§;¯�°;¥J¦]¥8�I§;¥�°;¤
¯C¦]ö�í�±B°;¥J¨o§;¯3ö¶í�¥i¼0©�
®>§



�����

MPI reduce vs. gather - d d 4 hosts (Lidis)
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Ò ªMª;«N¬X6® l «;¯C° k6±ZiC²C³ °Q´6«6ª jZµXµ « ± °;« i ª ± ° k «6°Z¯ µ ®}¶

ªXª;«Z¬X6® l « i ª ± ° k «6ª jZµMµ ¯6ª k9³Nj@µ « k�· ª jNµMµ�¸�¹
ªXª;«Z¬X6® l «6°@¬uªZ« k °@¬uªZ« ± ®M®X¬ ¹
ªXª;«Z¬X6® l «;®�¯C° k « k ®�¯C° k « ± ®M®;¬ ¹
° ³@º ¯�« k l ¯M¯Z¬u°�»�¼
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e©b�YxKhª¬G�ft\&C�ljHfÁb"CFI[ÕSZ³wJKHILK|Z�b"YLKHk�aQZ�\&Z�I3aFjSb±\(KHfJKpaFZ�b3a�ljSEHC,\&jXb3^`Z_^�KpY[jSb±�^`Z_\&jSfXY[ILjHa^�Z(a±aFKS^`jì^`Z(a3Z(d_C,b[KHI[CFjJP egaVwtKpImlKpd_Z&YLI[j ª jZµXµ�¸�Z�bÙa,KÖ\&jSf�Z��`C�ljHf�Ì|Í º¡Î-È&¢L´�£SÉHµx£¨²]·)Peia�wJKHItlKHd�Z(Y[ILj °Q¬uª;« ± ®X®X¬ Z�bÙaFKÖ^`CFILZ�\(\(C�ljSfÀ^`Z�bL^`Z�^`jSfJ^`Z�b[Z�Z(fÑÕ»l� KJPëegaVwJKpImlKpd_Z&YLI[j
®�¯C° k « ± ®M®X¬ Z�biG�f|KpILILZ(EHaFjq\&jSfhaFKSbi^`CFI[Z�\(\(CQjSf�Z�b©^`Z«Y[j`^`jXbgaFjSbiI[Z�\&Z(w�Y[jHILZ�b�PDeiaJwJKHItlKHd_Z&ÇYLI[j�l ¯M¯;¬�° b[jHf�a,K�\�KpfXY[C,^�KS^N^`ZqILZ�\(Z(w`YLjHILZ�b�P
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° ³Qº ¯�« k ² ¯ µ
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Ò ªMª;«Z¬X�® l « i ª ± ° k «6°N¯ µ ®ZÚ�¶
ªMª;«Z¬;6® l « i ª ± ° k «�ª jZµXµ ¯6ª k9³QjZµ « k�· ª jZµMµ�¸9¹
ªMª;«Z¬;6® l «N µ�³Qk « k ·�i  ÓMÓ ¯Z¬ ¹
° ³@º ¯M« k ° ³@º ¯ ¹
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¹
° ³@º ¯M« k Ó ¬ ± Ï ¹
° ³@º ¯M« k i �¬u° k »r¼

×�Z�^`C,KpfXY[Z3Z�b"YLKnª¬G�fJ\&C�ljHf�b"Z3ÓJKH\(ZVZ(ª¬Z�\]YLCQÕSj³Z�aUÈ(¢[´�£HÉHµx£v²x·)Pgega wJKHItlKHd_Z&Y[ILj¡i  ÓXÓ ¯;¬ Z�bZ�acKpILILZ(EHaFj�^�Zn^�KvYLjSb«K�Z(fÑÕÑCFKHIr ° ³@º ¯ a,K_\(KHfSYLCF^JKH^�^`ZqG�f�C,^�KH^�Z�brZ(f�Z�acKpILI[Z�EHaFjJP

Ò ªMª;«Z¬X�® l «X¯ µ ®6«6ª jZµXµ « ± °;« i ª ± ° k «6°Z¯ µ ®}¶
ªMª;«Z¬;6® l « i ª ± ° k «�ª jZµXµ ¯6ª k9³QjZµ « k�· ª jZµMµ�¸ »�¼

¿UjSI�lG�a°YLCQd_jhd_Z�^�CFKHfSYLZ Z�b"YLK�ª¬G�fJ\(C�ljSf�b[Zn\&CFZ(ILIxK³a,K_\&jHfJZ��`C�ljSf¼P
ÛÕLMDZLXÜ-DZIX¨?�sYBJLPnJsp<t=@?uA6B	D;A6EfF

Ò ªMª;«Z¬X�® l «X¯C° k6±Zi�²C³ °�´�«Mª jZµXµ « ± °N«Z¬6¯6ªQÝ�¶
ªMª;«Z¬;6® l «6ª jZµMµ ¯Cª k9³NjNµ « k�· ª jZµMµ Ñ ¹
ªMª;«Z¬;6® l «6°Q¬uª;« k °@¬uª;« ± ®M®X¬ ¹
ªMª;«Z¬;6® l «;®M¯C° k « k ®�¯C° k « ± ®M®X¬ ¹
° ³@º ¯M« k ± ®M®X¬ ² ¯ µ »�¼



�6�CÞ

eib"YLKHk�aFZ�\&Z aFjSb«\�KpfJKHaQZ�b¡^�Z(a¼a,KH^`jh^`Zn\�KH^�K�ILZ�\&Z�w`Y[jSI�WXG�Z aFK_Z"u�Z�\&G�YLK�P

Ò ªMª;«N¬X6® l « µ ¯;Ï j;ku³N±;k ¯X« l6± ¬ ±�Ð °N« ± °;«N¬�¯Cª�Ý�¶
ªMª;«N¬X6® l «�ª jZµMµ ¯6ª ku³NjNµ « kp· ª jNµMµ Ñ ¹
° ³@º ¯�« k ·NÑXkXkMÒ-¹
° ³@º ¯�« k ·;² ¯ µ
¹
° ³@º ¯�« k ·NÓ ¬ ± Ï ¹
° ³@º ¯�« k ·Qi M¬u° k »�¼

��Z�EHj`\&C,K�aQjXbrwJKpImlKpd_Z(Y[ILjSb�P�æ«Z�\&CFktZqaFjSbrÕvKHaQjSI[Z�b¡\(jHf`¯tEHG�IxKH^`jXbiwmjHI«Z�a¼Z(d_C,b[KHI[CFjJP

Ò ªMª;«N¬X6® l «N¬6¯Cª@Ý6ßJ¶GªMª;«@¬X�® l «�ª j@µMµ ¯Cª ku³Nj@µ « kp· ª jZµXµ Ñ ¹
ªMª;«N¬X6® l «@ µ�³Qk « k ·Qi  ÓXÓ ¯;¬ ¹
° ³@º ¯�« k ° ³@º ¯ ¹
° ³@º ¯�« k ÑXkMkMÒ�¹
° ³@º ¯�« k ² ¯ µ
¹
° ³@º ¯�« k Ó ¬ ± Ï ¹
° ³@º ¯�« k i �¬u° k »�¼

Ò ªMª;«N¬X6® l «;¯ µ ®6«6ª jZµMµ « ± °Z«Z¬�¯6ª@Ý}¶GªXª;«N¬;6® l «6ª jNµXµ ¯�ª k9³@jNµ « kp· ª jNµMµ Ñ�»�¼

�cK®w�ILCQd_Z(IxK�ª¬GJfJ\&C�ljHf I[Z�\&CFktZNaQjXb�^�KpY[jXb³^`Z�aqÈ(¢[´�£HÉSµL£v²]·�Áa,K®b[Z(EHGJfJ^�K�¯tfJKpaFCQo�K�a,K\(jHf�ZG�ÑC�ljHfcP
�DK_CQd_w�aFZ(d_Z(fXYxKH\&C�ljHf�WXG�Znb[ZqÓ�CFo(jÙZ�b�b"Z�fJ\&CFaFaFK_wmZ(ILj_aQjSEHIxK³YLZ(f�Z�I�G�f�ILZ(fJ^�CQd_CFZ(fXY[jÙ\(Z(I[Ç\�Kpf�jhKpa»wJCF\(j�dslKN�ÑCFd_j�Y[ZcljSI[C,\&j_Z�fNa,KHb«ILZ�^�Z�brWXG�Znb"Z w�ILjHkVljJP?ega»ª¬GJfJ\&CFjHfJKHd_CQZ�fSYLj_Z�brZ(ab[CQESG�CFZ(fXY[ZSR½VfJK ÕHZ�o�WSGJZ�b"Z«Z�b�YxKpk�aFZ�\(C�lj a,Kq\&jHfJZ��`C�ljSf�_b[Z«f�Z(ESjÑ\(CFKHI[jSf³aFjSb?wtKpImlKpd_Z&YLI[jXbDZ�a`Y[jHYLKHaJ^`Z(ak�G6¥mZ�InK|Z�fXÕÑC,KpI b"Zh^`CFÕÑCF^�Z�a�ljHESCF\�Kpd_Z(fXY[Z�Z(f wmjHIx\&CFjHf�Z�bVaFaFKHdhKH^�KSbVImlKvª�KHESKHb�PnT b"G ÕHZ�oa,KHb�ItlKpª�KpEXKHbqZ�b�YmlKpf×^`CFÕÑCF^�CF^�KSb³Z�f×G�fJCF^�KS^`Z�b�dslKHb�wtZ�WXG�ZMàfJKSb³aFa,KpdhKH^�KSbnwJKSWXG�Z&YLZ�b�WSGJZKHEHILZ(EilKHfJ^`jXb"Z�aQZ«a,KnCFf`ª¬jHILdhKH\(C�ljSf|^`Z \&jHfXYLI[jSaè§ \&jSd�j³f3lG�d_Z(ILj�^`Z b[Z�\&GJZ(fJ\(CFKJ§XwtKHbLKpf|K�b"Z�IaFjSb«^�KpYLKHEHIxKpdhKHb¡½V¾±¿3`¬ÕSZ(Ir¯JEtP¡M�O�PÜÛZa&P

........

B�CFEHG�IxK�M�O�PÜÛ`RUeib"Y[ILGJ\&Y[G�IxK�^�ZqG�f�d�Z�fJbLKvu�Zqær½V¾±¿
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Ì`Zn\&jHd_CFZ(f�o�K_\&jHf�Z�a¼Z(fÑÕ»l� j_^�ZqaFK_w�ILCFd�Z�ILK�ImlKvª�KHESK�§ÑaFG�Z(ESj_aFKhb[Z(ESG�fJ^�K�NKSb�l� ÓJKHb"YLKa,K�lGJa°YLCQdhK�P egaiZ�fÑÕ»l� j�^`Z�\(KS^�K�ImlKvª�KpEXK�\&jHftb"C,b�YLZÙZ(f×d_KHfJ^�KHI³G�fì\(jHfvu�G�fXYLj ^`Z�^�KvYLjSb\(jHfJb[Z�\(G`Y[CFÕHjXb?_aQGJZ(EHj³Z�b[wtZ�ILKHIgG�fÙd_Z(ftb[Kpu�Z��>�r��^`Z3\(jHfXY[ILjHa�wmjHI¡\(KS^�KqILZ�\&Z�w`Y[jSIiWXG�ZCFfJ^`C,WXG�Z WSGrlZ�wJKSWSGJZ&Y[Z�b©^�ZVa,KnImlKvª�KpEXK Z(fÑÕÑCFKS^�Kqf�j³ª¬G�Z(ILjHf|I[Z�\&CFk�CF^�jSb�P��cjSbgd_Z�fJb[Kpu�Z�b¡^`Z
�>�r� b[jHf®ÕSZ�\&Y[jHILZ�b ^`Z_k�CQYLbqWXG�Zh\(jHf G�fÁG�f�j�CQft^`CF\�KpfÁWXG�Z_f�j�b"Z�I[Z�\&CFk�C�lj� \&jHf G�f\(Z(ILj|WXG�Z�b[C)PVÌÑZ³ÓJKS\&ZnGJf� �Ì \(jHf�Y[j`^`jXbVaFjSb¡�>�r���b[ZnILZ(Z�fXÕ»l� Kpf�aFjSb�fJj|ILZ�\&CFk�C,^`jSb�P
�Vj|b[ZnwJKHbLKhK_a,KÙb"CFEHGJCQZ�fSYLZqItlKpª�KpEXK�ÓtKHb"YLKhWXG�ZqYLjÑ^�jSb«ILZ�\(CQk�CFZ(ILjHf�YLjÑ^�jSb«aFjSb«wtKHWXG�Z&YLZ�b�Pe��`CFb"Y[ZhG�fÁa l� d�CQY[Zh^`ZhZ�I[ILjHIqWXG�ZÙKHktjSI"YxK�b[C?aFG�Z(ESj�^`ZÙÏ CFfXY[Z�fSYLjSb f�j�b[Z_aQjSEHIxK|wtKHbLKpIK�a,K�b"CFEHGJCQZ�fSYLZ�ImlKvª�KHESKJP��DKHb3ª¬jHILdhK�^�ZÙ^`Z�\(CF^`CFIn\&GVlKpfJ^`j�Z�fXÕÑC,KpI Z(a?wtKHWXG�Z&YLZh^`ZÕ�>�r�b[ZÙCFd_w�aQZ�d_Z(fXYtlj ^`ZÙdhKpf�Z�ILKSbn^`CQª¬Z(ILZ(fXY[Z�b(§U\&jSfÖG�fÁY[Z�d_wtjSI[CFo�KS^`jHInj \&jHfÖGJfÖwJKHWXG�Z(Y[Z^�Z_\(jHfXY[ILjHa-â	�±¹�� WXG�Z�jSk�aFCQEXKNK�aFjSb±I[Z�\&Z�w`Y[jSI[Z�b3KNZ(fÑÕÑCFKHI aFK�\&jSf`¯JILd_KS\&C�ljHf¼P�egagWXG�Zd_Z"u�jHIqILZ�b[G�a°YxKH^`j�^`CFj�b"jSk�I[Z�a,KNILZ�^ ^`Z�M�O;×�kmépb�ª¬G�ZhZ�aUY[Z�d�wmjHILCFo�KH^�jHI ®b[jHk�ILZ�a,K�^`ZM�OHO;×�kmévbDZ(a`wtKHWXG�Z&YLZ«^`Z�â��±¹��cPp�¼jSb�wJKHItlKHd_Z&Y[ILjSb�^`Z¡YLKHdhK�àf�j ^`ZrwJKHWXG�Z(Y[Zrn\(KHfXY[C,^�KH^^�Z³wJKSWSGJZ&Y[Z�b�wmjHI3ItlKpª�KpESK_fJjhª¬G�Z(ILjHf�aFjSbVd_CFb[d_jSb�wtKpIxK�Y[Z(fJZ(I±I[Z�b"G�aQYLKS^`jSb�ljHw`YLCQd_jSbVZ(faFjSbN^`jSbÙY[CFwtjXb|^`Z®I[Z�^`Z�b�P�½�f w�ILjHkJaQZ�d_KÖWXG�Z b"Z�Z�fJ\&jSfXY[ImljÖZ�b|WXG�Z ^`Z(wmZ(fJ^�Z ^`Z�a,KwJaFKpYLKvª¬jSI[dhKÔ`¬Z�WXG�CQwmjh|b[CFb"Y[Z�dhK�jSwtZ�ILKpY[CFÕHjMaiZ�a YLKHd_Kuàf�j_dslK@�`CQd_jh^`Zn^�KpYLKHEHIxKpdhK�§XwtjSIaFjÙ\&GtKpa»Z(acI[Z�b"G�aQYLKS^`j�d lKSbrkJKpa,Kpft\&Z�KS^`j_WSGJZnb"Z Z(ft\&jHfXYLItlj�ª¬G�ZqGJbLKpI«wJKSWXG�Z&YLZ�b«\xÓ�C,\&jXb(P
ä ×�Z"u�jHI«wJKHILK�I[Z�^�^`Z_M�OZ×�kmévb�RJlMãMkÖä�¸QåXæ Ú å�¹|i M¬u° kÖä�¸�çMå�¹£k9³�Ð ¯Z¬
ä ×�Z"u�jHI«wJKHILK�I[Z�^�^`Z_M�OHO;×�kmépb(R	l�ãXkèäé¸QåMæ Ú ¹£i �¬u° k�äêç Ú ¹P²X± ° k

y3z|{$ë ~ �n���»�c�íì��¤îðï�ñUò �³�
TVan^`Z�\(CF^�CQI�ILZ(CFd�wJaQZ�d�Z�fXYLKpI�a,KHb�jHwmZ(IxKH\(CQjSf�Z�bN\&jHaFZ�\&Y[CFÕvKHb�^`Z ª¬jHILd_KìY[jHYLKpaFd_Z(fXY[Z CFf`Ç^�Z(wmZ(fJ^`CFZ(fXYLZ®^`Z�aFjSb�í�à�ÉHÉÑïF¥�ói£p¢[¥]²Áb"Z�fJZ�\&Z�b"CQYLK YLZ(f�Z�I|KpaFEHGJfJK ª¬jHILd_KÁ^`Z \&jÑjHIx^`CFfJKpIK aFjSb�wJKpI[Y[C,\&CFwJKHfSYLZ�b�^`Z�aFK jHwmZ(IxKH\(C�ljSfÖ×KpaFErlGJfìd×lZ&YLjÑ^�j ^`Z�CFfSYLZ(Ix\(KHd³k�C,KpI�aFK d_Z&YLKpÇCFf`ª¬jSI[dhKH\(C�ljSfÁj íh¥(· £Nw"ÉH£v·å£h`�^�KpY[jSbqWXG�ZÙbtljHaFj�Y[CFZ(f�Z�fìb"CFEHfJC°¯t\�KH^`j�wJKHILK�a,K�CQd_w�aFZ(d_Z�f`ÇYxKH\(C�ljSf \&jSd_j|aFjNb[jHf ^�CQILZ�\�\&CFjHf�Z�bVÚ�¿U§mf3lG�d_Z(ILjSb±^`Z�w�G�Z�I"YLjSb�§mZ(YL\�aVZ�fXY[ILZ³aFjSb3w�I[j`\(Z�b[jSbwtKpI[Y[C,\&CFwJKpfXY[Z�b(P?�DKHb«KpaQY[Z�I[ftKvY[CFÕvKHbrWXG�Znb[Z±Z�ÕvKpaFGJKpILjHf|ª¬G�Z(ILjHf¼R
ä Úåd_w�aFZ(d_Z(fXYLKHI_G�f dhKHf�Z�u�j Z�b"YtlKpY[C,\&j ^�Z íh¥(· £Nw"ÉH£v·å£Á^`Z(Y[Z(ILd_CQftKH^`jÁKpfXY[Z�b_^`ZNa,KZ�u�Z�\&GJ\(C�ljSf¼P
ä ½VbLKpI«aFjSbrd_Z�\(KpfJCFb[d_jSb¡w�ILjvÕXC,b"Y[jSb¡wmjHI«aFjSb í�à�ÉHÉÑïF¥�ói£p¢[¥]²£`�¿�ô�×Ö§C×�¿iÚ$a]P
ä Úåd_w�aFZ(d_Z(fXYLKHI«G�f�d_Z�\(KHf�C,b"d_jh^`CFf�lKpd_C,\&j_Ô�J£HÉ@w"�J´�µ(P
�DK|wJI[CFd_Z(IxKNKHa°YLZ(ILfJKvYLCQÕvK|Y[CFZ(f�ZhKNª�K¨ÕHjSI±WXG�Z_Z�b a,KNd lKSbqb"Z�fJ\&CFaFaFKN�a,KNWXG�Z_d_Z(f�jXbb[jHkJI[Z�\(KpILESK�ESZ(f�Z�ILKJPÖ�cK \&jHfXYLILK WSGJZ|YLCQZ�f�ZNZ�b�aFK wtj`\�KP�JZG�`CQk�CFaFCF^�KS^ììWXG�Z�Z�b�d³GJwJI[jSkJKpk�aFZqWXG�Zqf�jhKpa,\(KHfJ\&Z Kh^�KpI¡YLjÑ^�jhZ(a¼b[jHwmjHI[Y[Z f�Z�\(Z�bLKpILCQjtP�DK³b[Z(ESG�fJ^�K Z�bik�GJZ(fJKqwmjHIxWXG�Z�ILZ(G`YLCQaFCFo�KnaFj³WXG�Z3SK Z�b"YtlK³CQd_w�aFZ(d_Z�fSYxKH^`j³wtZ�I[jqYLCQZ�f�ZVa,K\(jHfXY[IxKh^`ZnWXG�ZnÓtK¨|WXG�ZnÓJKS\&Z(I«GJfJKhCFfSYLZ(I[ª�Kpon\(jHd lG�f�WXG�Z³Kpktb�YLILKHCQEXK³aFjSb«d_Z�\(KpfJCFb[d_jSb^�C°ª¬Z�I[Z�fSYLZ�b«^`Zq\�KH^�K|í�à�ÉSÉÑïQ¥Gói£v¢[¥(P©T3^`Z(dslKHbz]�u�G�Z(EXK³Z�fN\(jHfXY[IxKZ^�^`Z aFK�CQft^`Z(wmZ(fJ^�Z(fJ\(CFKJP�DK lG�aQY[CFd_KhKHa°YLZ(ILfJKvYLCQÕvK�Z�bra,K_dslKHb«\(jSb"Y[jSbLK�Z(f�Y�lZ�I[d_CFf�jSbr^`ZqCFd_w�aFZ(d_Z(fXYLKS\&C�ljHf�wmZ(ILj�a,KdslKSb��JZG�ÑCFk�aFZV^`Z�k�CF^�j³KnWXG�Z�Z�atKpG�Y[jHI©b"Z�ItlK±Z(atZ(fJ\�KpILESKS^`jq^`ZVKpftKpaFCQo�KpIgaFjSb?ILZ�WXG�Z�I[CFd_CQZ�f`ÇYLjSb³ZÙCQd_w�aFZ(d_Z�fSYxKpILaQjXbn^`ZÙa,K�d_Z�u�jSInª¬jHILdhK�wJKpIxK�jHw�Y[CFd�CFo�KHI[aFjSb�PN�DK�Z(aFZ�\�\&C�ljHfÁª¬G�ZÙa,KlG�a°YLCQdhKJP¡�cjÙWSGJZnb"ZqCFd_w�aQZ�d_Z(fXYLKhZ�b«Z(aDdhKpf�Z"u�jÙ^`ZnEHILG�wmjSb«d_Z�^`CFKHfXY[ZqG�f�b[Z(ILÕÑCF^`jSI�^`ZESI[GJwtjXb«^`Z ª¬jHILdhK�b[CQd_CFaFKHI�K�aFK_CFd_w�aQZ�d_Z(fXYLKS\&C�ljHf�^`Zn¿�ô�×ÖP
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�r�1 Kö1 $� ÷U,;(+0	8�&���897�8�&��*-�ø.10éù_0r46ú�&û8�&)*-,Oüý0�890�,X7}4C&$*-,
�cjSbgb[Z(ILÕÑCF\(CQjXb?WSGJZVb"Z«CFd_w�aFZ(d_Z(fXYLKHItlKHfhb"Z�ItlKHf�aFjSbgf�Z�\(Z�bLKpILCQjXbUwJKpIxK KpILd_KHI�§Hd�j`^`CQ¯t\�KpIg^`Z�b[KHI[dhKHI?EHILG�wtjXbg^`Z�wJI[j`\&Z�b"jXbg^`Z«ª¬jSI[dhKn^�CQf�lKHd_CF\�K�PUÍDKHd³k�C&lZ(fhb[ZV^`Z�ktZ�wJI[jvÕSZ(Z(IgKnaFKSb\�KpwJKSb�^�Z©G�f_f�CFÕHZ�aÑd lKSbUKpkJKpu�j3a,KVCFf`ª¬jSI[dhKH\(C�ljSf³f�Z�\&Z�b[KHI[C,K�wJKHILK±\&jSd³G�fJCF\�KpIxb"Z¡\&jHf�\(KS^�KG�ftKn^`Z�a,KHbUYxKpILZ�KSb(P�½�fJKqZ�b"wmZ�\(C°¯m\(KH\(C�ljSf_Z(fhÚ�¾±�e`¬ÚåfXY[Z�I"ª�KS\&Z�¾3Z&¯JfJC°YLCQjSf|�cKHf�EHGJKHEHZQaD^�ZKHaQESG�f�jSbr^`ZqaFjSb«b[Z(ILÕÑCF\(CQjXbrWSGJZ b[Zn^`Z�ktZ�I�l� Kpf|Y[Z�f�Z(I«w�GJZ�^`Znb[Z(I«a,K_b"CFEHG�CFZ(fXYLZHR
Ð9j ®; ² ¯ÏÒ�Ò6«;þ;¬ j  l °
ÿ���� � j�ÐCi ¬6¯Y®�¯ ² ÏX¬X lCj
kXÒXl ¯X®�¯ Ó ° k ¬ ³�µ ÏêªMª;«ZÏ µ6±QÐ ¯�« k ¼��� � µMk ¯;¬ j�²X± ¬MÏ j
kXÒXl ¯X®�¯ ÓÖ²XjZµ Ï  ²XjZµ Ï�¼��� � µMk ¯;¬ j ª j ¬ k6j
kXÒXl ¯X®�¯ Ó °Q´ j ¬ k 9°Q´ j ¬ k ¼��� � ±M²Xj ¬�®�¯p¬6¯ k6j ¬ µCj
¯ µ  Ð ªMª;«6ª ±�²M² ¬6¯ k « k ÿ °Q9ªMªZ¯6°M° ¹|ÓM±�³Z²�� ¼�
·M·M·M·M·X·M·	��µ�³ ª ³Nj ®�¯�®�¯ Óu³fµ�³ ª ³�
ûjZµ ®�¯ jZi� ¯ k6j ° jZl6± ª j ° ·M·X·M·M·M·M· �
° k ¬X9ª k ªMª;«ZÏM¬ j  l « k
ÿ
 ²XjNµ Ï Ð9± ° k ¯Z¬C« ³�l ¼
 ²XjNµ Ï�ÏM¬ l « ³ ®�¼���

������������ ¼
° k ¬X9ª k ªXª;« k6± ° ã « k
ÿ
 ²XjNµ Ï k6± ° ã « ³ ®�¼���

������������ ¼�
·X·M·M·M·M·X·��9³�µ ®�¯�®�¯ Óu³�µ9³ ª ³�
WjNµ ®�¯ jZi� ¯ k6j ° jZl6± ª j ° ·M·X·M·M·M·M· �
kMÒ;l ¯X®�¯ Ó °N¯ Ñ C¯ µ ªZ¯	�6ªMªZ« k6± ° ã « k� ªXª;«ZÏ ²C³ ° k « k ¼
³fµ�k ¯;¬ ÓM± ªZ¯ÖªMªZ«ZÏM¬ j  l ¯;¬
ÿ ��� � l ¯;¬ ± ª ³�
WjNµpÑ C¯ ± ÏM¬�¯;Ï ±p±�² ÏM¬X l6jp±�²3³fµ Ý j ª ± ® j ¬ ¹���

° ³ ¯ ² ÏM¬X lCj~µCj ¯�� ³ ° k ¯ ²Xj ª@¬6¯ ±
ªMª;«�ª ±�²M² ¬�¯ k « k ªMª;«ZÏ �Xj�³�µ ¶ ³fµ ªMª;«NÏ µC±QÐ ¯M« k ÏM¬ lMµC±QÐ ¯ ¹Wj  k ªMª;«ZÏM¬ j  l « k ÏM¬ l »�¼��� � l ¯;¬ ± ª ³�
WjNµpÑ C¯ê° ± ª ± ®M¯ ² ÏM¬X lCj�±�²è³�µ Ý j ª ± ® j ¬
ªMª;«�ª ±�²M² ¬�¯ k « k ªMª;«ZÏ ² ¯ ± Ý6¯}¶ ³�µ ªXª;«ZÏM¬ j  l « k ÏX¬ l »�¼��� � l ¯;¬ ± ª ³�
WjNµpÑ C¯�® ±  µ~Ð	³ ¯ Ð6i ¬ j ®�¯ ² ÏM¬; lCj
ªMª;« k6± ° ã « k ªXª;«ZÏ Ð ¯ ÐCi ¯;¬�¶ ³�µ ªMª;«ZÏM¬ j  l « k ÏM¬ l
¹'³�µ  ²;jZµ Ï lCj °M»�¼��� � l ¯;¬ ± ª ³�
WjNµpÑ C¯ k ¯C° k ¯ ± ° ³ ¯�� ³ ° k ¯h µ ÏM¬X l6j
iCjMjM² ¯ ±Zµ ªMª;«ZÏ6¯�� ³ ° k ¶ ³�µ ªXª;«ZÏ µC±�Ð ¯�« k ÏX¬ lMµC±QÐ ¯�»�¼��� � l ¯;¬ ± ª ³�
WjNµpÑ C¯p¬6¯ k�j ¬ µC±p²;± ª ±Nµ�k9³ ® ± ®Y®�¯ Ð	³ ¯ ÐCi ¬ j °/®�¯~ µ ÏM¬X l6j
9°Q´ j ¬ k ªMª;«ZÏu° ³@º ¯}¶ ³fµ ªXª;«ZÏM¬ j  l « k ÏX¬ l »�¼



�����
��� � l ¯;¬ ± ª ³�
WjZµYÑ C¯~´ ± ªZ¯ ±�² ÏM¬X lCj ¯C° k�
W±Zk9³ ª j
ªMª;«6ª ±M²M² ¬6¯ k « k ªXª;«ZÏu° k�±;k9³ ª�¶ ³�µ ªMªZ«ZÏM¬ j  l « k ÏX¬ l »�¼� ¼� ¼

���� Kö1 "� �X�é(��)0���0��
:�7�8�&r�*-� .103�)*
,~ù_0r46ú�&û8�&)*-,
T wJKHI"YLCQI?^`Z¡Z�b"YLK3Z�b[wmZ�\&CQ¯t\�KH\&C�ljHf�b"Z¡ILZ�KpaFCFo�K�a,K3CQd_w�aFZ(d_Z(fXYxKH\&C�ljHf�ÓJKH\(CQZ�fJ^`j±aQjXbU\(Kpd�k�CFjSbWXG�Z«b[Z¡\(I[Z�HZ�I[jSfqf�Z�\(Z�bLKpILCQjXb(PceiaÑaQZ�f�EHGJKpu�ZiZ�b[\(jHEHC,^`j3wJKpIxK�CFd_w�aQZ�d_Z(fXYLKHI�Z�a`b"Z�I[ÕÑC,^`jHIU^`ZESI[GJwtjXbij��v²(¥(¢]á¨¥(¢ ª¬G�Z£�����À^`Z(kJCF^`j�Kna,KHbiª�KH\(CQaFCF^JKH^`Z�b©^`Z±a,K�ØqØ±¿�` Ø3k`u�Z�\&Y�Ø3ILCQZ�fXY[Z�^¿iI[jSEHIxKpd_d_CQfJEXa]R»a,K3I[Z�GJb[KHk�CFaQC,^�KH^|`�b[Z¡ÓtKH\&Z¡GJb[j±^�Z¡a,KHbDZ�b"Y[ILGJ\&Y[G�IxKHbU^`Zr^�KvYLjSb�jpª¬ILZ�\(CF^JKHbwmjHIVaFKÙÌ`Í«� Ç�ÌXYxKpfJ^�KHIL^�ÍDZ(d_w�a,KvY[Zn�cCQkJILKHI[XÇ�Â Ì�Í«�»ÆKa]§JZ�a¼Z(ft\(Kpwtb"G�a,Kpd_CFZ(fXY[jU`�aFK_CFd_w�aQZ(Çd_Z�fSYxKH\(C�ljSfN^`Z±aQjXb¡EHILG�wtjXbiÙb[G|dhKHf�Z�u�j�w�G�Z�^`Z±b[Z(I«\�Kpd³kJCFKS^�Knb[CQf�WXG�Z3aFjSb¡\&aFCFZ(fXY[Z�b¡b[ZZ�fXY[Z(ILZ(fua]§Ha,K Ó�Z�I[Z�fJ\&C,Ky`¬Z�f�fÑG�Z�b�YLI[jn\�KHb[jqb"Z«GJb[jqwJKHILK3Y[Z�f�Z(IiG�fJK¡u�Z(IxKpIxWXGcl� K3^�Z«Z�b"YLKH^�jSb^�Z±ESI[GJwtjXbiÙ^`Z�I[CFÕvKpIrb"G�\&jSd�wmjHI[YLKHd_CQZ�fSYLj�^`ZqKS\&G�Z�IL^`j�K�b[GN\(aFKSb"ZQa?Ùa,K³KHkJb"Y[IxKH\(\(C�ljSf¼P¿UjSI©jHY[ILjna,KH^`j�b"Z±f�Z�\(Z�b[C°Ymlj³CFd_w�aQZ�d_Z(fXYLKHI¡GJfJKnk�CFk�aFCQjHY[Z�\(K��GJfJK³CFfXY[Z�I"ª�KHoVwJKHILK�\&jHd�G`ÇfJCF\�KpIxb"Z_\&jSf Z�a��v²(¥(¢]á¨¥(¢]§qlZ�b�YxKNb[Z_Ó�CFo(j�Z(fè� wJKpIxKNb[Z(ESG�CFI±a,K�a l� f�Z�KN^�Z(ag^`Z�b[KHI[ILjHaFaQj�^`Za,KHb�jHwmZ(IxKH\(CQjSf�Z�b³\&jHaFZ�\&Y[CFÕvKHb³WXG�Z�b"Z|Ó�CF\(CQZ�I[jSf¼P®�DK®\&jSd³G�fJCF\�KH\&C�ljHfÁZ�fSYLI[ZNaQjXb³\(aQCFZ(fXY[Z�b®Z(a��v²(¥(¢]á¨¥(¢|b[Z�ÓtKH\&Z�d_Z�^`C,KpfXYLZ�ÍVË¡¿��Z(a?^`Z�b[KHI[ILjHaFaQj|Z�b"YtlKNkJKHbLKH^`j|Z(fÁb"j`\x¦HZ(YLb�Pq�cKCFd_w�aFZ(d_Z(fXYLKS\&C�ljHf�^`Z�a�b[Z(ILÕÑCF^�jHI«Z�bVkJKHb"YLKHfXY[Z³b[Z(fJ\(CQaFa,KhNfJj|b"Z³ÓJKH\(ZnÓ�CFfJ\(KHw�C&lZqZ(f�Y[jSaQZ(ÇIxKpft\&C,K�K�ª�KHaQa,KHb�f�C¼Z(f�jHª¬I[Z�\&Z(I�KHa°YLjhEHIxKH^`j_^`Z³\(jHfJ\(G�ILI[Z�fJ\&C,KÕ`è¿UjHI«Z"u�Z(d_w�aFjhZ(acb[Z(ILÕÑCF\(CQjZ�b�k�I[CFfJ^�KS^`j®wmjHI_G�f b"jSaQj w�ILjÑ\(Z�b[j ^`ZNª¬jHILdhK®b[Z�\(G�Z(fJ\(CFKHarwtjSI�aFj WXG�Z�b[C¡GJfJK�YxKpILZ�Kb[ZhZ�b"YtlK�G�fJCQZ�fJ^`j�K�G�fÁEHILG�wtj��aFaFZ(ESKNjpYLILK�wJKHILK�b[Z(InKvYLZ(fJ^�CF^�K�^`Z�ktZ�ItlK�Z�b"wmZ(IxKpIqWXG�Za,K w�I[CFd_Z(IxK�YLZ(ILd_CQf�ZQa]P×�DK®CFd_w�aFZ(d_Z(fXYLKS\&C�ljHf jpª¬ILZ�\&C,^�K®Z�b�wJKpIxK�kJI[CFfJ^�KHI�G�f	�p²&¥(¢]áv¥&¢WXG�ZNb"CFI[ÕvK�wJKHILK�w�ILjHkJKHIqaFKSbq\&jSd³G�f�C,\(KS\&CFjHf�Z�bq\&jSaQZ�\]Y[CFÕvKHbn^�Z�bLKpILI[jSaQa,KH^�KSbV d_Z�^`CFI³b[GJbYLCQZ�d_wtjXb(PeiaDILZ�b[G�aQYLKS^`jh¯JfJKHaDZ�bVGJf�w�ILjHEHIxKpdhKhWXG�Z�^`Z(kmZ³Z"u�Z�\&G�YLKpIxb[Z³Z(f®G�fJK|^�Z³a,KHb3d lKSWXG�CQftKHb^�ZNa,K®ILZ�^×WSGJZNb[ZNG`YLCQaFCFo�KpImlK®\(jHd_j®dslKSWSGJCQfJK®wJKpIxKpaFZ(a,K�§?^`Z�Z�b"YLK�ª¬jHILdhK®b[Z|CFf�CF\(CFK®G�fwJI[j`\&Z�b"jÙ^JKpZ(d_jSf�WSGJZ³b"Z�ItlK_Z�acZ�fJ\(KHI[EXKH^`jh^`ZndhKHf�Z�u"KHI�aQjXb�ESI[G�wmjSb�PrTV^`Z�d lKSbV^`Z³Z�b"Y[jb[Z�Y[CFZ(f�Z_a,K|k�CFk�aFCQjHY[Z�\(K�^`Z�\(jHf�ZG�`C�ljSf Kpa��p²(¥&¢]áv¥&¢NWSGJZ�^`Z�ktZ�ItlKNaFCQf�¦SZ�^`CQYLKHILb[Z�u�GJfSYLj�\(jHfZ�aâévaQjXbrZ�u�Z�\&G`YxKpk�aFZ;`èbWarWXG�Zn\(jHf`ª¬jSI[dhKpfNaFKSb¡YLKHI[Z�KHbr^`Zqa,K�KHw�aFCF\�KH\&C�ljHfcP
���� Kö1 "!  p�"!�#���*-,e.10r:M7��û�)0�,O.�0ê�$7S�;��(��)0���0��
:�7�8�&r�*-�
�cjSb©^`Z&YxKpaFaQZ�bi^`Z�a$�p²(¥&¢]áv¥&¢ f�j�b"Z�d_jXb�YLILKHItlKHf�f�C b[ZVKpfJKHaQCFo�KHItlKHf�Z�fhZ�b"Y[ZVY[IxKpkJKpu�j±wmjHIxWXG�ZZ�b"Z3f�jnZ�biZ�aJjHk�u�Z&Y[CFÕHjtP��cj�WXG�ZVb[ZVwJI[Z�b"Z�fSYxK Z(fÙZ�b�YxKqwJKHI"YLZ�Z�b©aFKnCQfXY[Z�I"ª�KHo�w�ILCQft\&CFwJKpa ^`Za,K_k�CFk�aFCQjHY[Z�\�K_^`Zn\&jSf�Z��`C�ljHfN\(jHf�Z(a%�p²(¥&¢]áv¥(¢³|aFjSb«\(jHd_Z(fXYxKpILCQjXb¡b[jHkJI[Z±aFKSb¡ª¬G�fJ\(CQjSf�Z�b�P
Ò ªXª;«X¯;¬M¬6«6ª j ®6« k ªMªZ«6ª;«6ª@¬�¯ ±;k ¯Xþ;¬ l ¶Gª j@µ ° k ªQ´ ± ¬ · Ï µC±QÐ ¯�»�¼

e©b�YxKÙª¬GJfJ\&C�ljHfÁ\&ILZ�KNG�f EHILG�wtj�\&jSf®f�jSd³k�ILZ Ï µC±QÐ ¯ Z(f Z(agb[Z(ILÕXC,^`jSI±^`Z�EHILG�wmjSb�P�ÌÑC?Z�aESI[GJwtj_Z��`C,b�YLZn^`Z(ÕÑG�Z�aQÕSZ G�f�\¼ljS^�CQESj�^`ZqZ�I[ILjHI�P

Ò ªXª;«X¯;¬M¬6«6ª j ®6« k ªMªZ«6ª;« iC± ° ³ ª;« �Xj�³�µ þX¬ lCæ ¶�ª jZµ ° k ªQ´ ± ¬ · Ï µC±�Ð ¯ ¹
ªMª;«ZÏ Ð ¯ Ð ´ ±Nµ ® ² ¯;¬6« k�· ´6®X¬u»�¼



��Þ�&
e©b�YxKhª¬G�fJ\(C�ljSf GJf�ZhKpa�EHILG�wtj�\&jSf®Z�a�fJjHd³kJI[Z Ï µ6±QÐ ¯ KpaUw�ILjÑ\(Z�b[jNWXG�Z�aFKNCFfXÕSj`\(KÙ�^JK\(jHd_jhI[Z�b"GJa°YxKH^`j_G�f�dhKpfJZ�u"KH^�jHI ´6®X¬ §JZ�b"Y[ZqZ�b�G�f�jHk`u�Z(Y[jhjSwJKH\(j�d_Z�^`CFKHfXY[ZnZ�ac\&GJKHacb[ZdhKpfXYLZ(fJ^`ImlKqZ�amZ�b�YxKH^`j³�aFjSb©wJKHItlKHd�Z(Y[ILjSb?fJZ�\&Z�b[KHI[CFjSbgwJKpIxKqZ(a GJb[j³^`Z�a EHILG�wtj�^`jHfJ^�Z3b[ZCFfXY[Z(ESItljtPUÌ`C¼Z(a¼ESI[GJwtj_f�j_Z��`C,b�YLZq^`Z(ÕÑG�Z�aQÕSZ±GJf�\cljS^`CFEHjh^`Z Z�I[ILjHI�P

Ò ªMª;«X¯Z¬M¬C«6ª j ®6« k ªXª;«6ª;«X¯�� ³Qk þX¬ l ¶GªMªN« l ¯X¯Z¬6«ZÏ Ð ¯ Ð ´ ±Nµ ® ² ¯;¬6« ku· ´6®X¬9»�¼
eia»w�I[j`\(Z�b[j_WXG�Z aFaFKHdhK�K_Z�b�YxK�ª¬G�fJ\&C�ljHf�KHkJKpfJ^�jHfJK�Z(a¼ESI[GJwtj_ILZ&ª¬Z(ILZ(ft\&C,KH^`j�wtjSI«Z(a¼dhKpÇf�Z"u"KH^`jSI ´6®X¬ P�ega lG�a°YLCQd_jqZ�fÙ^`Z�u"KHI[aFjn^`Z�b"Y[ILG�SZ¡Z�aJESI[G�wmjJP?ÌÑCtZ(a�dhKpfJZ�u"KH^�jHIgZ�b?CQfÑÕrlKpaFC,^`jILZ&YLjHILfJK³GJf�\cljS^`CFEHj_^`ZqZ�I[ILjHI�P

Ò ªMª;«X¯;¬X¬C«6ª j ®�« k ªMªZ«6ª;«ZÏ6¯ k�' ¯ ÐCi ¯;¬�þX¬ l ¶GªXªZ« l ¯;¯;¬C«NÏ Ð ¯ Ð ´ ±Zµ ® ² ¯Z¬C« ku· ´6®X¬ ¹
³�µMk Ð ¯ ÐCi ¯Z¬C« ³ ® ¹
ªMªZ«ZÏ Ð ¯ Ð6i ¯;¬ ·GÐ ¯ Ð »�¼

¾3Z(ÕÑG�Z�aQÕSZnZ(f�a,KÙÕvKHI[C,Kpk�aFZ�Ð ¯ Ð�Z�aDd_CFZ(d³kJI[jÙC,^`Z�fSYLC°¯m\(KH^�jÙwtjSIVZ�aDÕvKpaFjHI±^`Z³a,KhÕvKpILC,Kpk�aFZ
Ð ¯ ÐCi ¯;¬C« ³ ® ^`Z(fXY[ILj|^`Z�aUEHILG�wtj|I[Z(ª¬Z(ILZ(fJ\(CFKS^`jhwtjSI ´6®X¬ PVÌÑCUZ(a�dhKpf�Z"u"KH^`jSI�Z�b3CQfÑÕrlKpaFC,^`jj Ð ¯ Ð6i ¯;¬C« ³ ® Y[CFZ(fJZqG�f�Õ¨KHaQjSIrCQfJ\(jHILI[Z�\]YLj�^`Z�ÕÑG�Z(aFÕHZ G�f�\¼ljX^`CFEHj_^`ZqZ(ILI[jSI�P

Ò iCjMj�² ªMªZ«6ª;« ³�µ ª ² 6®�¯6°NþX¬ l ¶Gª jZµ ° k ªQ´ ± ¬ · Ï µC±QÐ ¯�»r¼

Ø3wmZ(IxKH\(C�ljSf�WXG�Z«ILZ&YLjHILfJK±ÕHZ(Ix^�KS^`Z(ILjVj ª�KHaFb[jnb"CJZ�bgWXG�Z«ZG�ÑC,b"Y[Z«G�fhESI[G�wmjq\&jSf�Z�a�f�jSd³k�ILZ
Ï µC±QÐ ¯ P

Ò ªMª;«X¯Z¬M¬C«6ª j ®6« k ªXª;«6ª;«6° ³@º ¯XþX¬ l ¶GªMªN« l ¯X¯Z¬6«ZÏ Ð ¯ Ð ´ ±Nµ ® ² ¯;¬6« ku· ´6®X¬9»

Ø3wmZ(IxKH\(C�ljSf|WXG�Z±^�Z(ÕÑG�Z(aFÕHZ±a,K�\�KpfXY[C,^�KH^N^`Z d_CQZ�d³k�ILjSb¡^`Z G�f|ESI[GJwtjtP?Ì`C»Z(a dhKpf�Z"u"KH^`jSIZ�brCQfÑÕrlKpaFCF^�j_^�Z(ÕÑG�Z(aFÕHZ G�f�\cljS^`CFEHj_^`ZqZ(ILILjHI�P

Ò ªMª;«X¯Z¬M¬C«6ª j ®6« k ªXª;«6ª;« Ðu±;ã ¯�( j ª ±�² þZ¬ l ¶�ªXªZ« l ¯M¯;¬6«NÏ Ð ¯ Ð ´ ±Nµ ® ² ¯;¬�« k�· ´6®X¬u»�¼
Ø3wmZ(IxKH\(C�ljSf�WXG�Z«ÓJKS\&ZrZ�b"YtlKpY[C,\&jqKpa`ESI[G�wmj dhKpfXY[Z�f�CF^�j±wmjHIiZ(a�p²&¥(¢]áv¥&¢±nÓJKS\&Z«G�fJK \(jHw�C,KaFj`\(Kpag^�Z(agd_C,b"d_j�Z(fÁZ(a?dhKHf�Z�u"KS^`jHIn^`Z�a?CQfÑÕSjÑ\�KH^`jSI�PhÌÑCgZ�a?dhKpf�Z"u"KH^`jSIqZ�b CFfXÕrlKHaQC,^`j�jZ�acEHILG�wmjÙSK_Z�b�aFj`\(KpaD^`Z(ÕÑG�Z�aQÕSZnG�f®\cljS^`CFEHjh^`Z�Z(ILI[jSI�Preib"YLK_CFd_w�aQZ�d_Z(fXYLKS\&C�ljHf�b[ZnÓJKH\(ZwJKHILK�d_Z�u�jSILKHI¡Z�a¼ILZ(fJ^`CFd_CQZ�fXY[jJP



�MÞ��

ªMª;«X¯;¬X¬C«6ª j ®�« k ªMªZ«6ª;«ZÏ6¯ k$� ®MþX¬ l ¶GªMªN« l ¯X¯Z¬6«ZÏ Ð ¯ Ð ´ ±Nµ ® ² ¯;¬6« ku· ´6®X¬9»
¾3Z(ÕÑG�Z�aQÕSZVa,KnwmjSb[CF\(C�ljSf|KHb[j`\&C,KH^�K Z�fÙZ(a ESI[G�wmj³KHatdhKpfJZ�u"KH^�jHI ´6®X¬ PUÌ`CtZ�atdhKpfJZ�u"KH^�jHIiZ�bCFfÑÕrlKpaFCF^`j3^`Z(ÕÑG�Z�aQÕSZgG�fqZ(ILILjHI�Pceib"YLKrjSwtZ�ILKS\&C�ljHfqb"ZiGJb[K�wJKpIxKrjHk`YLZ(f�Z�IcG�ftK«CF^�Z(fXY[CQ¯t\(KS\&C�ljHflG�f�C,\(K�wJKpIxK�\(KH^JK�wJI[j`\&Z�b"j_^`Z�fSYLI[jh^`ZqGJf�ESI[GJwtjtP

y3z|{*) +hï?�+ìPñ-,.,0/.1��� ì�� ���32U�³�
Ë©jSd_jqSKqb[Z«d�Z�fJ\&CFjHfVljqZ(fhZ(am\(KHwcl� Y[G�aFjqKpfXY[Z�I[CFjHI�R1][TVf�lKpaFC,b"C,bg^`Z�æ«Z�b"GJa°YxKH^`jXbû^J§pZ(a lG�f�C,\&jCFfJ\(jHfÑÕHZ�f�CQZ�fXY[ZÙZ�fJ\&jSfSYLILKS^`j�\&jSf ILZ�b[wmZ�\]YLj®K�a,K�I[Z�w�ILZ�b[Z(fXYLKS\&C�ljHfÁ^`Z|^�KpY[jSb³Z�bqZ�agYLCQwmj^�ZO]"Z(ft^`CFKHf�CFo�KH\(C�ljSfC^�§iï àâ·è·)ïQ¥ÙjÖÈ(à4�HPN¿?KpIxK�b"jSaQGJ\(CQjSfJKpI Z�b�YLZ�wJI[jSk�aQZ�dhK�b[ZhCFd�wJaQZ�d�Z�fXYLKGJfJK�\(KHwJK�WXG�ZhI[Z�b"GJZ(aFÕ¨K�Z�agw�ILjHk�aFZ(dhK�\(KHd³k�C,KpfJ^�j�Z�aijSIL^`Z�f ^�ZhaQjXbqkÑSYLZ�bn\(jHf`ª¬jSI[d_Zb[Z�KÁfJZ�\&Z�b[KHI[CFjJP e©b�YxKÁ\(KpwtKÖ^`Z�b"jHªâY�ß¡KHI[Z�jHª¬I[Z�\&Z�G�f \&jSfvu�G�fXY[jì^�Z�Y[CFwtjXbhk�lKHb[C,\&jSb�§¡jSwtZ�ILKS\&CFjHf�Z�b«wJKHILK�YLILKHfJb�ª¬jSI[dhKHIV^`ZnG�ftKhI[Z�w�ILZ�b[Z(fXYLKS\&C�ljHf�KhjpYLILKJPVË©GJKpfJ^�jÙG�fJK_YxKpILZ�KZ�fÑÕ»l� KN^�KvYLjSb�§ KHG`Y[jSdslKvY[C,\(KHd_Z(fXY[Z_^`Z&YLZ�\&YLKNZ(a�Y[CFwtj�^`Z�ILZ(w�ILZ�b[Z(fXYLKS\&C�ljHf�aFj`\(KpaU�KHEHILZ(ESKGJfhZ(fJ\�KpkmZ(o�KS^`j WSGJZ«aFK ^`Z�b[\(I[CFktZSP��cjSbUw�ILj`\&Z�b"jXbDILZ�\(Z(w`YLjHILZ�b�ILZ�\&CFkmZ(f_aQjXb?^�KvYLjSb�§H^`Z(Y[Z�\&ÇYxKpf®b[G�ILZ(w�ILZ�b[Z(fXYLKS\&C�ljHf�Na,KÙ\(jHd_wJKpIxKpf�\(jHf�Z(a�Z(fJ\�KpkmZ(o�KH^`jÙWXG�ZnaFaFZ(EHj u�GJfSYLjN\(jHf�aQjXb^JKvY[jXb(§ b[CDb[jHf�^`CQª¬Z(ILZ(fXY[Z�b�ILZ�KHaQCFo�K_a,KhYLILKHfJb�ª¬jSI[dhKS\&C�ljHf��aFG�Z�EHjhZ(fXYLI[Z�ESK_aFjSbV^JKvY[jXbVKha,K\�KpwJK�b"GJwtZ�I[CFjHI�§Xb[C»b"jSfÙCFEHGJKHaQZ�biaFjSb©Z(fXY[ILZ(EXKpfÙb[CQfNÓJKH\(Z(Ir\(KHd³k�CFj³KpaFEHGJf�jJPUega w�ILjHk�aFZ(dhKWXG�Z_w�GJZ�^`Z_b"GJI[ESCQI \&jSf®ILZ�b[wtZ�\]Y[j�K|Z�b�YLZ�d lZ(Y[j`^`j�Z�b WXG�Z�aFKSb3^`CQª¬Z(ILZ(fXYLZ�b±w�a,KvYLKpª¬jHILdhKHbwJG�Z�^`Z�fhG`Y[CFaFCQo�KpI?d_j`^`Z(aFjSb?^`Z�^JKvY[jXb?^`CQª¬Z(ILZ(fXY[Z�b�Â ÄpÞSk�C°Yxb Æ §pYLKHfXY[jqZ(f_ÝSÛ±\(jHd_j Z(fhÄpÞ±k�CQYLb�P�DK3\�KpwJK±^`ZrILZ(w�ILZ�b[Z(fXYLKS\&C�ljHfnKS^`Z(dslKHb�jHª¬I[Z�\&Z©\(j`^`C°¯m\(KH\(C�ljSft�±¾3æêÂ �3¾±ærÆ�wJKpIxK�aFjSbU\�KHb[jSbWXG�ZN\&jHfÖa,K�YLILKHfJb�ª¬jSI[dhKS\&C�ljHf f�j�b"Z|w�G�Z�^JK�I[Z�b"jSaQÕSZ(IqZ�aiw�ILjHk�aFZ(dhK�^`Z|aFK�ILZ(wJI[Z�b"Z�fSYxKvÇ\(C�ljSf¼P?ega`d_Z�\�Kpf�C,b[d�jn^�Z«Z(aFZ�\(\(C�ljSf�^�Z(atKHaQESjHILC°YLd_j±^`Z�\(j`^`C°¯m\(KH\(C�ljSf�^�Z(kmZVb"Z�I?f�Z(ESj`\&C,KH^`j^�Z|KpfXY[Z�dhKpf�jtPNeib"YLK�\(G�Z�b"Y[C�ljHfÖfJj�ÓJK�b"C,^`j�YLILKpYLKS^�K�Z(fÖZ�b"Y[ZÙY[IxKpkJKpu�jJP|½VfJK�wmjSb[CQk�aFZC,^`Z�K�b[Z(I¨l� KÙ\xÓ�Z�WSGJZ�KpI±Z(aUd_j`^`Z(aFj�^`Z_^�KvYLjSb \&jSf ° Ò °Xª jZµ6Ó|j�Z(f Z(agKHIL\xÓ�CFÕHj  µ�³ ° k ® � ´`)ÌÑC�Z�b�GJf�½�f�C ��WSGJZ³\&G�d_w�aFZ³\(jHf�aFjSb�Z�b�YmlKpfJ^JKpILZ�b«^`ZP]LÍrÓ�Z�Ø3wmZ(f65±ILjHG�wc§C� éSØ3wtZ�fC^Â ÌÑCFf�EHaFZ�½Vf�C ��ÛvÆ©ÂÜØ3wtZ�f75±ILjHGJwÑÆcÙÕHZ�I�b"C¼b[jHf�\&jSd_wJKvYLCQk�aFZ�b«\(jHf�aFjSb«^`Z�d lKSbWa&P
�cjSb¡YLCQwmjSb�^�Z ^JKvY[jXbrjpª¬ILZ�\(CF^`jXbrb"jSf¼R
ä Ë©ÓJKHILKS\]Y[Z�ILb
ä Ê¡XY[Z�b
ä ÌÑÓ�jSI"Y«ÚåfXY[Z�EHZ�ILb
ä ÚåfXY[Z�EHZ(Ixb
ä ¿UjHCFfXY[Z�ILbv`d��j�Y[CFZ(fJZ(f|d�GJ\xÓ�j�b"Z�fSYLCF^�j³wmZ(ILj³w�G�Z�^`Z(f�b"Z�I�lG`Y[CFaQZ�biwtKpIxK³^�KpY[jSb©jHwtKvÇ\&jXbWa
ä �¼jSf�E_ÚåfXY[Z(ESZ(Ixb
ä B�aQjXKvYxb
ä ¾3jHG�k�aFZnB�aQjXKvYxb



��Þ98
y3z|{;: < 1ñ-,��&��� ì�� �(�q�>=¢ò �1ï?�?,0/(��������� ���&�@,A2B/*Cq�q�
�DKHbrjHwmZ(IxKH\(CQjSf�Z�br\(jHaFZ�\]YLCQÕvKSb«CQd_w�aFZ(d_Z�fSYxKH^�KSb(§`aFa,KpdhKH^�KSb ªMªZ« jZl ¯;¬ ±;k9³NjZµ ° b"jSf�\&CFfJ\&jt§b[jHwmjHI[YLKS^�K�\�KH^�K�G�fJK_wmjHI«a,KHb«b[CFEHG�CFZ(fXY[Z�b¡ª¬G�fJ\(CQjSf�Z�b�R
�r�1 ED# $� 257}464C&)0�4
Ò ªMª;«X¯Z¬M¬C«6ª j ®6« k ªXª;«6ª;« i6± ¬M¬ ³ ¯Z¬�¶GªMªN«N´ ±Nµ ® ² ¯N¬C« kp· ´ ±Zµ ® ² ¯;¬ ¹

³�µMk ¬ jMj;k�¹
° ³Qº ¯�« k l ¯M¯;¬�°�»�¼

ega|Èx£p¢]¢]à�¥&¢ Z�b"YtlK CQd_w�aFZ(d_Z�fSYxKH^`js^`CFI[Z�\]YxKpd_Z(fXY[ZÖb[jHk�ILZ Z(aÖ �¢[£L¤S¤�¥(¢×^`Zìb[j`\x¦HZ&YxbGJbLKpft^`j³ÍVË¡¿UPÑ�cKnjSwtZ�ILKS\&C�ljHfhILZ�WXG�CFZ(ILZVWXG�ZVZ�atGtb"GJKHI[CFj³^`Z�b"CFEHfJZVG�fÙwJI[j`\&Z�b"j�WSGJZ3\&GJd�Çw�a,K Z(arI[jSa«^`Z�\(jÑjHIx^`CQftKH^`jSI³j w�I[j`\(Z�b[j ¬ jMjZk §?ìWXG�Z�b"Z�aFZ�CFfJ^`C,WXG�Z�aFK \(KHfSYLCF^JKH^×^�Zw�ILj`\&Z�b"jXb³K b"CFfJ\&ILjHfJCQo�KpI�P T3^`Z(dslKHb�ILZ�\&CFkmZNG�f dhKpf�Z"u"KH^`jSI�jSk`Y[Z�f�CF^�j d_Z�^�CFKHfSYLZ|G�ftKjSwtZ�ILKS\&C�ljHfì^`ZNCQf�C,\&C,KpaFCFo�KH\(C�ljSf×WXG�ZNb[ZN^�Z�bL\&ILCQkmZ|dslKHb�KH^�Z(a,KpfXY[ZSP eib"YLK�ª¬G�fJ\(C�ljSfìjHwmZ(IxKÓJKS\&CFZ(fJ^�jNG�ftKNaFa,KpdhKH^�K�wmjHIq\(KS^�K�wJKpIqKHag\&jÑjHIx^`CFfJKH^`jSI3êlZ�b"Y[Z�aQZ_ILZ�b[wtjSfJ^`ZhKNY[j`^`jXbILZ�\(C&lZ�fN\(GJKpfJ^�j�YLj`^`jSbraFZqÓJKpf�aFaFKHd_KS^`jJP
�r�1 ED# "� 2546*�7�.�897�,;:

Ò ªMª;«X¯Z¬M¬C«6ª j ®6« k ªXª;«6ª;«Z¬�¯Cª@Ý�F9ª ± ° k ¶ÙªMª;«@´ ±Nµ ® ² ¯;¬6« k · ´ ±Zµ ® ² ¯Z¬ ¹
³�µ�k ¬ jMj;k-¹
° ³@º ¯�« k ° ³@º ¯ ¹
ªMª;«N¬X6® l «@ µ�³Qk « k ·Qi  ÓMÓ ¯;¬ ¹
ªMª;« kMÒXl ¯�« k kMÒXl ¯�»r¼

Ò ªMª;«;¯;¬M¬C«6ª j ®6« k ªMª;«6ªZ«6°Z¯ µ ®�F9ª ± ° k ¶GªMªZ«@´ ±Zµ ® ² ¯Z¬6« k · ´ ±Zµ ® ² ¯;¬ ¹
° ³@º ¯�« k ° ³@º ¯ ¹
ªMª;«N¬X6® l «@ µ�³Qk « k ·Qi  ÓMÓ ¯;¬ ¹
ªMª;« kMÒXl ¯�« k kMÒXl ¯�»r¼

egahÈ(¢[´�£SÉHµx£¨²]·ÙZ�b�YmlKìkJKSb[KS^`jÖZ(fëZ(a±Z(fÑÕ»l� jì½3¾3¿�\&jSf`¯tKpkJaQZ� Z(fëaQG�EXKpI�^`Z�Y[Z�f�Z(IG�ftK�lG�fJCF\�Kìª¬G�ft\&C�ljHf�b[Z aQjs^`CFÕXC,^`ZÁZ(f ^`jSb�§VGJfJK×wtKpIxKìILZ�\&CFk�CFINÀGJfJK wJKpIxKÖZ(fÑÕÑC,KpI�P�cjSbnwtKpImlKpd_Z&YLI[jXbqI[Z�WXG�Z(ILCF^�jSbqwJKHILK�ILZ�\(CQkJCQI�b"jSfìZ(a¡dhKpf�Z"u"KH^`jSI�§UWXG�C&lZ(fÖZ�b�Z(a¡w�ILj`\&Z�b[jWXG�Z�Z�fÑÕ»l� Kp`�G�f Z(fXYLZ(ILjì\&jHd_jÖC,^`Z(fXYLC°¯t\�KH^`jSI�a&§�WXG¡lZ�\(KHfXY[C,^�KH^À^`Z ^�KvYLjSbÙb[Z�ILZ�\(CQkmZ(f¼§Z�fÁWXGrlZ�k�G6¥mZ�I³b"Z_wmjHf�Z�fÁ ^`ZÙWXGrlZ�Y[CFwmj�^`ZÙ^�KvYLjSbqb[jHfY`¬aFjSb±YLCQwmjSbn^�ZÙ^�KvYLjSbqb[jHf aQjXbd_Z(ft\&CFjHfJKS^`jSb±Z(f a,K�b[Z�\�\&C�ljHf3�`¢[£SÉvîJµxµ(àHG´JI ÉS¥³º�£v·å´¨²�a&Ph¿?KpIxKÙa,K|ª¬GJfJ\&C�ljHfÁ^`Z_Z(fÑÕ»l� jNb[ZILZ�WXG�CFZ(ILZ(fsaFjSbÙd_C,b"d_jXbÙwJKHItlKHd�Z(Y[ILjSb�§«b[KHaQÕSjJ§rWSGJC&lZ�fÀZ�b|Z(a WSGJZ�Z(fÑÕ»l� KÖ^`Z(k�C,^`j×K×WSGJZZ�b�YmlKÙCFd�wJa)l� \&CQY[jtPn�cK�\(KHfSYLCF^JKH^�^`Z_w�ILj`\&Z�b"jXbVKNI[Z�\&CFk�CQI±Z(aUd_Z(ftb[Kpu�Z�b[jHf�YLj`^`jSb±aFjSb±WSGJZwmZ(I[Y[Z�f�Z�\(Z(f®KHaDESI[G�wmj|b[CQf \&jHfXYxKpIVKHaDw�ILj`\&Z�b"j ¬ jMj;k §JZ�b"Y[ZslG�aQY[CFd�jNSKhwmjSb[Z(Z�aQjXbV^�KpY[jXbaFj`\(KpaFd_Z(fXY[ZSP
�r�1 ED# "! ù#897J:M:�0r4LKNMY7J:HO10�4
Ò ªMª;«;¯;¬M¬C«6ª j ®6« k ªMª;«6ªZ«6°Mª ±;kXk ¯;¬�¶GªXª;«N´ ±Nµ ® ² ¯;¬C« k · ´ ±Zµ ® ² ¯;¬ ¹

³fµ�k ¬ jMj;k-¹
° ³@º ¯�« k l ¯M¯;¬u° ¹
° ³@º ¯�« k ° ³@º ¯ ¹



�MÞu�

ªMªZ«Z¬X6® l «N µ�³Qk « k ·Qi  ÓMÓ ¯;¬ ¹
ªMªZ« kMÒXl ¯M« k kMÒ;l ¯ ¹
ªMªZ«;® ³ ° k ¬ ³�i  k�j ¬C« k ® ³ ° k »�¼

Ò ªMª;«X¯Z¬M¬C«6ª j ®6« k ªXª;«6ª;«ZÏ ±;k ´C¯;¬�¶GªMª;«N´ ±Zµ ® ² ¯;¬C« k · ´ ±Nµ ® ² ¯;¬ ¹
³�µ�k ¬ jMjZk-¹
° ³@º ¯M« k l ¯M¯Z¬u° ¹
° ³@º ¯M« k ° ³@º ¯ ¹
ªMª;«Z¬;6® l «N µ�³Qk « k ·Qi  ÓMÓ ¯;¬ ¹
ªMª;« kXÒXl ¯�« k kMÒXl ¯ ¹
ªMª;«;® ³ ° k ¬ ³fi  k6j ¬6« k ® ³ ° k »�¼

eiaP�S£p· �J¥&¢�hZ(aU²(µx£v·)· ¥(¢nZ�b"YtlKHfN^`Z�b[KHI[ILjHaFa,KH^`jXbi^`CFI[Z�\]YxKpd_Z(fXY[Z b[jHk�ILZVZ�aq N¢[£x¤H¤J¥&¢�^`Zb[j`\x¦HZ(YLb?GJbLKpft^`jnÍVË¡¿UPXÌÑZVCQd_w�aFZ(d_Z(fXYxKpfÙ^`Z«ª¬jSI[dhKqb[Z(fJ\(CQaFa,K ÓJKH\(CQZ�fJ^`jnZ�fXÕ»l� jSb�w�GJfSYLj³KwJG�fXY[j|^`Z�b[^�ZnjhÓJKH\(CFK_Z�a¼w�ILj`\&Z�b[jÙ^`Z�b"CFEHfJKS^`j ¬ jXj;k Pi�cjSb«wJKHItlKHd_Z&Y[ILjSbrfJZ�\&Z�b[KHI[CFjSbrb[jHfZ�agdhKpf�Z"u"KH^`jSI�§»Z�a?CF^�Z(fXY[CQ¯t\(KS^`jHIq^`Z�a?w�ILjÑ\(Z�b[j ¬ jMj;k §ma,K�\(KHfSYLCF^JKH^®^�Zhw�I[j`\(Z�b[jSb±^`Z�bL^`Z^�jHfJ^`Z|I[Z�\&CFk�CQI�j�K�^`jSfJ^`ZÙZ�fXÕÑC,KpI�§cZ�aik�G�¥ Z(I�§UaFK®\(KpfXYLCF^�KS^Ö^`Z|^�KpY[jXb(§�Z(aiY[CFwtj®^�ZÙaQjXb^JKvY[jXb«ÙwmjHI lGJa°YLCQd_jhG�fJK�Z�b�YLI[GJ\&Y[G�IxK_^`Z Y[CFwmj ªXª;«;® ³ ° k ¬ ³�i  k6j ¬C« knWSGJZqCQfJ^�CF\�Kh\&jHd_jb[ZN^�Z(kmZ|ÓJKS\&Z(I�aFK®^`CFb"Y[ILCFk�GJ\&C�ljHf ^`Z|a,KHb³wtjSIL\(CQjSf�Z�b�P��cKSbnwmjHIx\&CFjHf�Z�b³b[jHfÖwmZ�^�KHo(jSb�^`ZkJG�¥mZ�I³WXG�Zhb"Z�fÑG�d_Z(IxKpfÁ^`Z�bL^`Z_O�ÓJKHb"YLK�Ï+w"Qp§c^`jHft^`ZÙÏ�Z�b3Z�a?ÕvKpaFjHIq^`Z�l ¯X¯;¬u° P��cjSbC,^`Z�fSYLC°¯m\(KH^�jHILZ�bi^�ZVaFjSb©w�I[j`\(Z�b[jSbgb[jHfÙaFjSbiZ(fXY[Z�I[jXbiWXG�Z±b"Z3w�G�Z�^�Z(fÙjSk`Y[Z�f�Z(IrKnwJKHI"YLCQI¡^`Za,K|ª¬G�fJ\&C�ljHf ªMª;«�ª;«ZÏ6¯ k9� ®MþX¬ l_ZG�`w�aQC,\(KS^�KÙZ�f a,K|b[Z�\�\&C�ljHf ^`Zm]W×�KpfJZ�u�jN^�Z�5±ILG�wmjSbW^�PqT\�KH^�K�w�ILj`\&Z�b"j�aQZ YLj`\(K�I[Z�\&CFk�CFI«j�Z�fÑÕXC,KpI±²]àSR�¥UT`Ï�^�KvYLjSb�P
���� ED# Kö VY0�.W#�890
Ò ªMª;«X¯Z¬M¬C«6ª j ®6« k ªXª;«6ª;«Z¬�¯X®;9ªZ¯J¶GªMª;«N´ ±Zµ ® ² ¯;¬C« k · ´ ±Nµ ® ² ¯;¬ ¹

³�µ�k ¬ jMjZk-¹
° ³@º ¯M« k l ¯M¯Z¬u° ¹
° ³@º ¯M« k ° ³@º ¯ ¹
ªMª;«Z¬;6® l «N µ�³Qk « k ·Qi  ÓMÓ ¯;¬ ¹
ªMª;« kXÒXl ¯�« k kMÒXl ¯ ¹
ªMª;«;® ³ ° k ¬ ³fi  k6j ¬6« k ® ³ ° k-¹

Ý j�³ ® ¶ ·NÓ  µ ªM»r¶GªMª;« kMÒXl ¯�« k-¹ ª�´ ± ¬ ·r¹ ª�´ ± ¬ ·	¹ ªQ´ ± ¬ ·�¹G³Gµ�k »;»�¼
eiar¢[¥xÉvîJµx¥_b"Z�CFd�wJaQZ�d�Z�fXYLK�\&jSf®G�fX�S£p· �J¥&¢Ù�aFG�Z�EHj�KÙYLjÑ^�jSb±aQjXb3^JKvY[jXb±I[Z�\&CFk�CF^�jSbb[ZqaFZnKpw�aFCF\�K_aFK�ª¬G�ft\&C�ljHfPÓ  µ ª P?eib"YLK�ª¬G�ft\&C�ljHf�ILZ�\&CFkmZ \(jHd_jhwJKHItlKHd�Z(Y[ILjSb©G�f�Y[CFwmjJ§J^`jXbwJG�fXY[Z(ILjSb¡K�Õ¨KHaQjSI[Z�bi^`Z3Z�b"Y[Z3Y[CFwtj�Ù^�K�\&jHd_j�I[Z�b"G�aQYLKS^`jnjHY[ILj³ÕvKpaFjHIr^`Z(amd_CFb[d_j³YLCQwmj�GJf \cljS^`CFEHj|^�Z�Z�b�YxKH^`jtPn¿?KpIxK_aFKSb3jSwtZ�ILKS\&CFjHf�Z�b�Z�b3\(jHfÑÕHZ�f�CQZ�fXY[Z�WXG�Z_b[Z�Kpf KHb[jÑ\(CFKpY[CFÕvKHb�\&jSf�d³G`YxKvYLCQÕvKHb�P?T�a¼wJI[jSEHIxKpdhKH^`jSI©b[ZqaQZ jHª¬I[Z�\&Z(f�a,KHb«b[CQESG�CQZ�fXY[Z�b�R

Ý j�³ ®êªMª;«�°Q Ð « Ó  µ ª�¶GªXª;« kMÒZl ¯�« kekMÒ;l ¯ ¹ ªQ´ ± ¬ · � ¹ ª�´ ± ¬ ·@Ò-¹ ªQ´ ± ¬ · ¬6¯C°Q ²Zk-¹
³fµ�k ° k6±;k 9°M»�¼

Ý j�³ ®êªMª;« l ¬ j ®6« Ó  µ ª�¶�ªMª;« k;ÒXl ¯M« k/kXÒXl ¯ ¹ ªQ´ ± ¬ · � ¹ ªQ´ ± ¬ ·@Ò-¹ ª�´ ± ¬ · ¬6¯6°Q ²Zk-¹
³�µ�k ° k6±;k 9°�»�¼

Ý j�³ ®êªMª;« j ¬C« Ó  µ ª�¶GªMªZ« kMÒXl ¯�« kekMÒXl ¯ ¹ ªQ´ ± ¬ · � ¹ ªQ´ ± ¬ ·@Ò-¹ ªQ´ ± ¬ · ¬6¯C°Q ²Nk-¹
³�µ�k ° k�±;k 9°�»r¼



��ÞC�

Ý j�³ ®êªMªZ« ±Zµ ®6« Ó  µ ª�¶�ªMª;« k;ÒXl ¯�« k/kXÒXl ¯ ¹ ªQ´ ± ¬ · � ¹ ªQ´ ± ¬ ·@Ò�¹ ªQ´ ± ¬ · ¬6¯6°Q ²Zk-¹
³�µ�k ° k6±;k 9°�»�¼

Ý j�³ ®êªMªZ« Ð	³�µ « Ó  µ ª�¶�ªMª;« k;ÒXl ¯�« k/kXÒXl ¯ ¹ ªQ´ ± ¬ · � ¹ ªQ´ ± ¬ ·@Ò�¹ ªQ´ ± ¬ · ¬6¯6°Q ²Zk-¹
³�µ�k ° k6±;k 9°�»�¼

Ý j�³ ®êªMªZ« Ð9± �C« Ó  µ ª�¶�ªMª;« k;ÒXl ¯�« k/kXÒXl ¯ ¹ ªQ´ ± ¬ · � ¹ ªQ´ ± ¬ ·@Ò�¹ ªQ´ ± ¬ · ¬6¯6°Q ²Zk-¹
³�µ�k ° k6±;k 9°�»�¼

�cK_b[G�dhK�§ÑZ(a»wJI[j`^`GJ\&Y[jt§XZ�a� �Ì a�ljSEHC,\&jJ§ÑZ�a	��ÏVº;a�ljSEHC,\&jJ§ÑZ�a»d�l� f�CFd_j³ÙZ�a»dslK@�`CQd_jtP¿UZ�I[j�Z�b"Y[Z±Y[CFZ(fJZqaFK>�JZG�ÑCFk�CFaQC,^�KS^�^�Zqwtj`^`Z�I«CQd_w�aFZ(d_Z(fXYxKpI«jpYLILKSb(P
y3z|{ZY ���.2��n�(�(��� ì����(�\[¼�]2���ï_^p�?`
T3^`Z(dslKHb�^`Z�a f3lGJ\&aFZ(js^`Z aFKSb�jHwmZ(IxKH\&CFjHfJZ�b|\(jHaFZ�\&Y[CFÕ¨KSb�b"Z Y[CFZ(f�Z G�fJK jHwmZ(IxKH\(C�ljSf wJKpÇIxK�CFf�C,\&C,KpaFCQo�KpI_Z(arZ(fXYLjHILf�jJ§gjHY[IxK�wJKHILK®¯JfJKHaQCFo�KHI�b[G GJb"j ÖaFCQkmZ(IxKpI_aFjSb�I[Z�\&G�Ixb"jXb(P×Ì`ZKHEHILZ(ESKHf�KÀZ�b�YxKHb�a,KHb�f�Z�\(Z�bLKpILCFKSb�wJKpIxK aFKsdhKpfJCQw�GJaFKS\&C�ljHf ^`ZÖZ�b�YLI[GJ\&Y[G�IxKHb®^`ZÖY[CFwmj
ªMª;«;® ³ ° k ¬ ³fi  k6j ¬6« kn\(jHd_Z(fXYLKS^�KHbrKHfSYLZ(ILCQjSI[d_Z�fSYLZHP
�
·M·a��µ�³�k9³N±�²C³Qº ¯ � �9³fµC±�²C³�º ¯ ·M· �
ªMª;«X¯Z¬M¬C«6ª j ®6« k ªMª;«6ª;« ³�µ�³Qk ¶�ªMª;«N´ ±Nµ ® ² ¯Z¬6« kp· ´ ¹ ªQ´ ± ¬ · ÏM¬ j  lMµC±QÐ ¯ ¹

° ³@º ¯�« kYl ¯M¯;¬u° ¹ F ��� ( ± °;«Z¬ jMj;k »�¼
ªMª;«X¯Z¬M¬C«6ª j ®6« k ªMª;«6ª;«;¯ µ ®�¶GªXª;«N´ ±Zµ ® ² ¯;¬6« kp· ´ ¹ ° ³@º ¯M« kYl ¯M¯;¬�°�»�¼

�cK w�ILCQd_Z�ILKÁª¬GJfJ\&C�ljHf \&jHf�¯JEHG�IxKìZ�a3dhKHf�Z�u"KS^`jHI ´ Y[jHdhKHfJ^`j \(jHd_j×Z�fXY[IxKH^�K×G�ff�jSd³k�ILZ«^`Z�ESI[G�wmjJ§HaFKq\�KpfXY[C,^�KH^_^`ZVwJKpILZ�b?WXG�Z«ÕvKpfÙK±ª¬jSI[dhKHI?Z(a�ESI[G�wmjq³GJfJK kJKpft^`Z(IxKWXG�Z�d_KHIL\�Khb"C�Z�b"Y[Z³w�I[j`\(Z�b[jÙÕvKÙKÙb[Z(IVZ�aDZ�fJ\(KHI[EXKH^`jÙ^�Z³\&ILZ�KHIVZ(aDEHILG�wmjJPV�DKÙb"Z�EHG�ft^�KaFCQkmZ(IxKhaFjSbVI[Z�\&G�Ixb"jXb«j`\&G�wtKH^`jXb�wmjHIVZ�aDdhKHf�Z�u"KS^`jHI3�Z�acESI[G�wmj|\(I[Z�KH^`jÙZ�f�a,KhaQa,KpdhKS^�KK ªMª;«�ª;« ³�µ�³�k�
·M·Lb9³ ° k ¬ ³�i  k6j ¬dc ±Zµ ® ²C³fµ Ï ·M· �
ªMª;«X¯Z¬M¬C«6ª j ®6« k ªMª;«6ª;« ³�µ�³Qk «Z® ³ ° k ¬�¶GªXª;«Z® ³ ° k ¬ ³fi  k6j ¬C« kp· ® ³ ° k-¹

° ³@º ¯�« ký² ¯ µ-¹ F ��� ( ± °Mª�»r¼
ªMª;«X¯Z¬M¬C«6ª j ®6« k ªMª;«6ª;«�°Z¯ k «;® ³ ° k ¬�¶�ªMªZ«;® ³ ° k ¬ ³�i  k�j ¬�« kp· ® ³ ° k�¹

³�µ�kÖk6± ¬MÏ�¯ k-¹x³�µMk ° ²6³ ªZ¯�»�¼

ªMª;«X¯Z¬M¬C«6ª j ®6« k ªMª;«6ª;« Ó ¬6¯M¯�«Z® ³ ° k ¬�¶GªXª;«Z® ³ ° k ¬ ³fi  k6j ¬C« kp· ® ³ ° k »�¼

eib"YLKSbqª¬G�ft\&CFjHf�Z�b³b[jHfÁaFKSbnZ�fJ\(KHI[EXKH^�KSbq^`ZÙdhKpf�CFw�G�a,KpI�aQjXbn^`C,b�YLI[CFk�G�C,^`jSI[Z�bqGJbLKH^`jXbZ�fÖZ(a�²(µx£v·)·å¥&¢]§_�S£p· �J¥&¢� ¢[¥xÉvîJµx¥(P��DK�w�ILCQd_Z�ILK�CFf�C,\&C,KpaFCQo�K�G�fì^`C,b�YLI[CFk�G�C,^`jHI�wJKpIxKP² ¯ µwmjHIx\&CFjHf�Z�b ^`Z�ª¬jHILd_K�KHbL\&Z�fJ^`Z�fSYLZ�j�^`Z�b[\(Z(fJ^`Z�fXY[Zhb"Z�ErlG�f b"Z_CFfJ^`C,WXG�Z_wtjSIqaFKNkJKpft^`Z(IxK



�MÞ9�

± °Mª Pc�cKVb"Z�EHG�fJ^JK«CQft^`CF\�K�WXG�ZiKHaHw�ILj`\&Z�b[j«C,^`Z(fXY[CQ¯t\�KH^`jV\(jHf¡k6± ¬XÏ6¯ kVb[ZgaFj�I[Z�aFKS\&CFjHf�Zg\(jHfa,KqwmjHIx\&C�ljHf ° ²C³ ªZ¯ PD�DK×lG�aQY[CFdhKqaQCFkmZ(IxK Z(at^�CFb"Y[ILCQkJG�CF^�jHI�P�e��ÑC,b"Y[Z(f_YxKpd�k�C&lZ(f_jHwmZ(IxKH\(CQjSf�Z�bwtKpIxK�\(jHfJb[G�aQYLKHI¡Z�ac^`C,b�YLI[CFk�G�C,^`jSI«wtZ�I[jhb[Z \(I[Z�ZqWSGJZqf�j_Z�brf�Z�\&Z�bLKpILCFj�ZG�ÑwJaQC,\(KHI[a,KHb�P
y3z|{Ze f-���}ñ��Z2U�+ì��íì�� �&�g/ih ò��&�WhÔ�V�]2U�?,0/.1���kjml � �onL/(�
eia I[Z�b"G�aQYLKS^`j ^�Z®YLjÑ^�j Z�b�YLZ ^`Z�b[KHI[ILjHaFaFjÖZ�b�w�G�Z�b�YLj Z�fëG�fJK k�CFk�aFCQjHY[Z�\�K ^�Z b[jHwmjHI[Y[ZwtKpIxKhÓJKH\(Z(I3w�I[jSEHIxKpdhKHbrwtKpIxKpaFZ(aFjSb�WXG�Z�I[Z�WSGJCQZ�I[Z�f�\&jHd�G�f�C,\(KS\&CFjHf�Z�bV\&jSaQZ�\]YLCQÕvKHbVGJbLKH^`jZ�aDwtKpIxKH^`CFEHdhK_^`Z³wtKHbLKvu�Zn^`Znd_Z�fJb[Kpu�Z�bVZ(f�ILZ�^`Z�bVe?YLÓ�Z(ILf�Z(Y�P��cKÙjHwmZ(IxKH\&C�ljHf�\&jSaQZ�\]YLCQÕvKWXG�ZiZ�b"YLK«jSw`Y[CFd_CQo�KH^�KrwJKHILKrILZ�^�Z�b¼egY[Ó�Z�I[f�Z(YcZ�bcZ(a È&¢[´�£HÉSµx£¨²]·èPU�cKrkJCQk�aFCFjpY[Z�\(K«Z�b¼aFaFKHdhKH^�KerË«Ë¡�¼CFk'`èe?YLÓ�Z(ILf�Z&Y3Ë©jSaQaFZ�\&Y[CFÕHZnË©jHd³GJf�CF\�KvYLCQjSfJbr�¼CFk�ILKHI[6a&P�eifNZ�a¼b"CFEHG�CFZ(fXYLZ±\�Kpwcl� Y[GJaQjb[Zqw�ILZ�b[Z(fXYLKHf|aFjSbrILZ�b[G�aQYLKH^�jSbrjHk�Y[Z(fJCF^`jXbrGJbLKpfJ^`j�Z�b"YLK_kJCQk�aFCFjpY[Z�\(KJP
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p q3r s?qWtvuxwzy|{~}� y

Â �3¾±ærÆ�Ì`G�fP×�C,\&ILjSb[Ñb"Y[Z�dhb(§�Úåft\pP6�±¾3æqR e��ÑYLZ(ILfJKpa¼¾±KvYxKÙæ«Z(wJI[Z�b"Z�fSYxKvYLCQjSf�ÌXYxKpfJ^JKpIx^»Pæ�BUËêM�OJM(Þt§`Ì`G�fU×�CF\(I[jXb"`b"Y[Z�d_b�§ÑÚåfJ\pPcM�ÎHÅÑÃÑP

Â ½V¾±¿¡ÃpÄHÅpÆq½3b"Z�I�¾3KpYLKHEHIxKpdA¿gILjpYLj`\&jHa)P`æ�B�Ë ÃvÄSÅ�P��tP�¿UjSb"Y[Z(a)P`Ú"ÌÑÚrÛpÅ_T�G�ESGJb"YnM�ÎHÅSO�P
Â Ê¡I[Gt\x¦ÑbLÎSçvÆ e��Ù\&CFZ(fXY�×�Z�b[bLKpESZN¿?KSb[b[CQfJE�ÚåfXY[Z(I[ª�KH\(Zm`"×�¿gÚ$anª¬jHI_¿?KpIxKpaFaQZ�arË©jSd�wJG`Y[CFf�EjHfÁË©aQGJb"Y[Z�ILb3jpª�� jSI[¦`b"YLKvYLCQjSfJb�P��SZ(Ó�jXb"ÓÑGJKNÊ©ILGJ\x¦ § ¾3KHf�fÑ�¾VjSaQZ�Õm§cË©Ó�CFf�EHÇ ÍrCFZ(f��jt§C×�KHIL\(Z(aQÇ�Ë¡KpYLKpaFCFfNæ«jXb"G¼§ æ�K¨|ÌXYLI[jSf�EJPmÌ`¿»TVTo� ÎSç_Ì`KHfSYxK_Ê¡KHI[ktKpIxK_Ë¡T�½±Ì`TM�ÎSÎSç³TVË_×�OpÇ ÅSÎXÃpÎ�M&Ç"ÃÑMvÃÑP
Â ÌXYLZ(ÕHZ�fJb[Ú�ÎHÅvÆnÍVË¡¿ré¨Ú�¿ ÚåaQaFGJb"Y[IxKvYLZ�^»§Jô?jHaFG�d_Z�MH§UÍrÓ�Z|¿iI[jHY[j`\&jSaFb�P���PDæ�CF\xÓJKHIL^Jb³ÌXY[Z(ÇÕHZ�fJb�P�TV^�^`C,b[jHf�� Z�b"aFZ(��¼jHfJEHdhKpfNÚåfJ\pP¼MSP»MHM(Y[Ó¼P�¿iI[CFfXY[CFf�EhB�Z(kJI[GJKHI[�M�ÎHÎSÅ�P
Â ÄpÞSk�CQYLb"Æq¾±KvYxK�Ì`CQo�Z¡�VZ(G`YLILKHaQCQY�ÙKpft^|ÄpÞHÇ)kJC°Y«ÌÑG�w�wmjHI[Y�PtË©jSwXÑILCQESÓXY�`�\�a3M�ÎHÎÑÃ�ÇxM�ÎSÎHÎ ÍrÓ�ZØ3wmZ(f75±I[jSG�w¼P
Â ÌÑCFf�EHaFZ�½Vf�C ��ÛvÆ³ÍrÓ�Z_jHf�aFCFf�ZhÕHZ�ILb[CQjSf®jHªiY[Z|Ì`CQf�ESaQZÙ½Vf�C �ÁÌÑwmZ�\(C°¯t\�KvYLCQjSf \�Kpf ktZ_ª¬jSG�fJ^KvY«½VæV� ´ kMkXl�� ��������� �E� � ���� ° Ò ° k ¯ Ð ° � j ¬XÏ

�
jZµ6²C³�µ ¯ PvÍrÓ�ZnÌÑCFf�EHaFZq½��VÚ�� ÌÑwtZ(Ç\&CQ¯t\�KvY[CFjHfc§�ô?Z(Ixb"CFjHf�Û`PtË©jSwXÑILCQESÓXY¡`è\fa±M�ÎSÎXÃ³ÍrÓ�Z³Ø3wtZ�f�5±I[jSG�w¼P

ÂÜØ3wmZ(f�5±I[jSG�w`Æ�Ø3wmZ(f�5±I[jSG�w�ß«ß«ß ½3æ��gR ´ kMkXl�� ��������� ��� � ����� ° Ò ° k ¯ Ð ° � j ¬MÏ
� P

Â ÌXYLZ(ÕHZ�fJbLÎSç¨ÆnÍVË¡¿ré¨Ú�¿ ÚåaFaFGJb�YLILKpY[Z�^»§�ô?jHaFG�d_ZÙÛ`R ÍrÓ�Z_Úåd�wJaQZ�d�Z�fXYLKvYLCQjSf¼§P��PcÌXYLZ(ÕSZ(fJb�§æqP�� I[CFEHÓXY�PJTV^�^�CFb[jHf`Ç�� Z�b[aQZ�H§»M�ÎSÎSç�§XÚ"Ì�Ê_��OpÇåÛHO�M(Ç ÄSÝHÝSçpÞpÇË�³P
Â Ê�Ë¡T3Ì`Í«ÎSÎ�M(ÆqÊ¡ILjSKS^�\(KSb�YLCQf�E±ÚåfXY[Z�I[f�Z(Y©¾±KvYLKHEHIxKpdhb�PHæ�B�Ë ÎJM�Î�P��HZG¥mILZ(�×�jHESG�aèPÑË©jHd�Çw�G`YLZ(IVÌ`\(CQZ�fJ\&Zn¾3Z(wtKpI[Y[d_Z(fXYVÌXYLKHf`ª¬jHIx^�½�f�CFÕHZ�ILb[CQY�HPJØ±\]YLjHkmZ(IqM�ÎSÅpÞ
Â Ì`Í«�¼ÆnÚåfSYLI[j`^`Gt\]Y[CFjHf YLj Y[Ó�Z ÌXYLKHfJ^�KpIx^ ÍDZ(d_w�a,KvY[Z5�¼CFk�ILKHI[SP�Ë©jHwÑÑI[CFEHÓXY `�\�aM�ÎSÎpÞ��VZ(ß«aFZ&Y[Y"Çå¿?KH\x¦vKpIx^ Ë©jHd_wJKHfXSP�Ø3fJaQCFf�Z KvY ÌH5±Ú YLZ�\xÓ�w�GJk�b[C°YLZH§×½3æ��ÓXY"YLw¼RÜéSé¨ß«ß«ßqP b"ESCèP \&jSd|é�Y[Z�\xÓmévb"Y[a¬é

M�ÄXÃ
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¢ £¥¤§¦ s.¨§yª© tx¤ «Nt¬ s3y ® ¦ £°¯|y
±³² ´ sW£µ² £µ¬x¨§yª«¶q·}t�¬

y�y³{�y [¼�]2}ï?�HìPñ-,.,0/.1���
eif�Z�b"Y[Z³\�KpwDl� YLG�aQjÙb[Zqd³GJZ�b"Y[IxKpf�aQjXb�ILZ�b[G�aQYLKH^�jSbrjHk�Y[Z(fJCF^`jXbV\(jHf�aFKÙI[Z�CQd_w�aFZ(d_Z(fXYxKH\&C�ljHf^�ZqaFKSb«\&jHd�G�f�C,\(KS\&CFjHf�Z�b¡\(jHaFZ�\&Y[CFÕ¨KSbrd_Z�^`C,KpfXY[Z a,K_k�CFk�aQCFjpYLZ�\�K�erË«Ë¡�¼CFk¼P�DKÖjHwmZ(IxKH\(C�ljSf dslKSbhCQd_wmjHI[YLKHfSYLZ�KìKpftKpaFCQo�KpIhZ�bÙZ(a�È(¢[´�£HÉSµL£v²]·Ù×wmjHIÙZ�b�YxKÖIxKpocljSf b[ZKHfJKpaFCFo�KpImlK±w�ILCQd_Z(ILjJP��¼G�Z�EHjnb[Z�d_jSb"Y[IxKpImlKpf�aQjXbgILZ�b[G�a°YxKH^`jXb?^`Z(aUÈx£v¢]¢]à�¥(¢]§t²(µx£v·)·å¥&¢]§��S£p· �J¥&¢ ¢[¥xÉvîJµx¥(P

y�y³{*¸ f-���}ñ��Z2U�+ì��³�¹= �º2U�V�7/�ì����
�-�� "�# $� 2546*-7}.v897�,Z:
Ì`ZnKpfJKHaQCFo�K�w�ILCQd_Z�I[j�Z(acb"YLKHI"Y[Ç)GJwNÙaFG�Z�EHj_Z(a¼KHfJ\xÓ�jh^`ZqkJKHfJ^�K�Peia�b�YxKpI[Y"Ç G�wÔ`âYLKHk�a,K�MSMHPFM�aD\&jSf�erË«Ë¡�¼CFk�Z�f�a,K±I[Z�^�^`Z M�OZ×�kmépbU^`Z(a��cÚ�¾VÚDZ�bUZ(aJd lKSbUKpaQY[j^�ZhY[j`^`jXb(P��cK�^`CQª¬Z(ILZ(ft\&C,K�\&jHfì¿-ôv× Á�cT�× é@×�¿iÚ±\(jHfÁI[G�Y[Z(j×ÉS£H¥(í_´�ICwå·å´@w"ÉS£H¥(í_´�IfJj�Z�bgYxKpfÙf�jHY[jSI[C,K�PUegfÙZ�a»\&aFGJb�YLZ(Ir^`Z�M�OHO;×�kmépb?Z(a»b"YLKpI[Y"Ç G�w|^�Z3e¡Ë«Ë¡�cCQkNÕÑG�Z(aFÕHZVK�b[Z(IZ�a?dslKHb KpaQY[jN�aFKNI[Z�aFKS\&C�ljHf�Z�fXY[ILZ�^`CQª¬Z(ILZ(ft\&C,KHb3wJKpILZ�\(Z�\(jHfJb[Z(ILÕvKpIxb"ZSP±e©b�YLjSb3Õ¨KHaQjSI[Z�b3b[Z^�Z(kmZ(fÁK|WXG�Z³a,KÙCFd_w�aFZ(d_Z(fXYLKS\&C�ljHf ^`Z(a�w�ILjpY[j`\(jHaFj|ær½V¾±¿ëESZ(f�Z�ILKhd�GJ\xÓJKNb"jSk�I[Z�\(KHI[EXKwtKpIxK³YLZ(f�Z�I�½V¾±¿À\&jSf`¯tKpkJaQZSP

�VZ&Y�ß¡jHIL¦ ��jSb"YLb ¿�ô�×�^ ¿�ôv× Y ×®¿gÚr^ ×�¿gÚiY e¡Ë«Ë¡�cCQk�¼Ú�¾3Ú�`"M�O;×�kmévb�a Û`PFP Ý O�P OHOSÝHO O�P OHOXÛpO O�P OHOJM�O O�P OHOHOJM�O O�P OHOHÝSO�¼Ú�¾3Ú�`"M�O;×�kmévb�a Þ O�P OHOSÝHO O�P OHOXÛpO O�P OHOXçpO O�P OHOHOXçpO O�P O�M�OSO�cÚ�¾VÚåwtKpIxb+`�M�OSOZ×�k évb�a Û`PFP Ý O�P OHOSOXÃ O�P OHOSOHÝ O�P OHOSOSÛ O�P OHOHOSOpÞ O�P OHOHOSÅ�cÚ�¾VÚåwtKpIxb+`�M�OSOZ×�k évb�a ÞJPFP Å O�P OHOSOXÃ O�P OHOSOHÝ O�P OHOSOpÞ O�P OHOHOJM�O O�P OHO�M�Å
Í�Kpk�a,K�MHMHPFMHRgË©jHd_wJKHILKS\&C�ljHf�^`Znb�YxKpI[Y"Ç G�w�^`Z(aiÈ(¢[´�£HÉHµx£v²x·

e©b�YLZ�Y[CFwtj ^`Z�ILZ�b[G�a°YxKH^`jXb_CQd_w�aFC,\(KÖWXG�Z�a,KÁCQd_w�aFZ(d_Z�fSYxKH\(C�ljSf ILZ�KHaQCFo�KS^�K f�jìb[CQILÕHZwtKpIxK®aFjSbh\�KHb[jSb�Z(f aQjXbh\&GJKHaQZ�b_b"Z�ILZ�WXG�CFZ(ILZNZ�fXÕÑC,KpI_wmjÑ\�K CQf`ª¬jSI[dhKS\&C�ljHf¼Ps¿?KpIxK�Z�b�YxKHb
M�ÄHÎ



�6á&
b[C°YLGJKH\(CQjSf�Z�b±b[Z�w�ILjHktKpILjHf È(¢[´�£HÉHµx£v²x·è²hK|f�CFÕHZ�a?^`Z�Gtb"GJKHI[CFjN\(jHf aFKNd_Z(f�jSI±b[jHk�ILZ�\�KpILESKwmjSb[CQkJaQZSPiÌÑZ G`Y[CFaQCFo�KHI[jSf�^�jSbrCFd�wJaQZ�d�Z�fXYLKH\(CQjSf�Z�b�R
ä ¸«¢[´�£HÉSµx£¨²]·�b"jSk�ILZ ½3¾3¿s^`CFILZ�\]YLjhb"CFf�ÓJKH\(Z(I�\&jSfXY[ILjHa»^`ZqwrlZ�IL^�CF^�KSb(P
ä Ë©jHf�ZG�ÑCFjHfJZ�b«ÍVË¡¿s^`CFI[Z�\]YLKSb(P
�cK×w�ILCQd_Z(IxKìKHa°YLZ(IxKvY[CFÕvK×^`CFj \(jHd_jìILZ�b[G�aQYLKH^�j WXG�Z®wtKpIxKÖwJKHWXG�Z(Y[Z�b|d_Z(fJjHILZ�b|^�ZÞ�»qBDaFjSKpYLbrf�jÙb[ZqwmZ(Ix^`C�ljhfJCQf�ESG�f�j_�jHk`YLG�ÕHj_aFjSb«d_Z�u�jSI[Z�b¡Y[CFZ(d_wmjSb�P©eib"Y[jXb«ILZ�b[G�a°YxKH^`jXbf�jq^`Z"u"KpfÙ^`Z�b[Z(I?wJI[G�Z�kJKHbUZ�b�YxKH^cl� b"Y[C,\(KSbDaFjqWXG�Z«CQd_w�aFC,\(KqWXG�Z«Z(aJw�I[jHY[j`\&jSaQj±w�G�Z�^`Zrª�KpaFa,KpI�§^`Z�k�C,^`j3K3WSGJZiZ�b"YtlKVkJKHbLKH^�j�Z(f�G�fnw�ILjpYLjÑ\(jHaFj�f�j±\&jHf�¯tKpk�aFZH§v½3¾3¿UPv�cKVjpYLILK�KHa°YLZ(ILfJKvYLCQÕvKJ§\(jHf�ZG�ÑCFjHfJZ�b�ÍVË¡¿À^`CFILZ�\]YxKHb�§�YLCQZ�f�Z³a,K_ÕHZ�fSYxKvu"Kh^`Z�b"Z�I3\&jSf`¯tKHk�aQZqwmZ(ILjÙf�j|Z�b«Z�b[\�Kpa,Kpk�aFZXKÙWXG�Z³wmjHI±\(KH^JKÙ\&jSf�Z��`C�ljHf�b[Znf�Z�\(Z�b[C°YxKhG�f b"j`\x¦HZ(Y�§mKH^`Z�d lKSbV^`Z�aDZ�fÑÕ»l� jÙ^`Z�aQjXbV^�KpY[jXbw�GJfSYLj K�wJG�fXY[jJP �¼jXbnILZ�b[G�a°YxKH^`jXbnjSk`Y[Z�f�CF^�jSb³b[jHkJI[ZÙZ�a¡\(aQGtb�YLZ(I_^`Z®M�OHOZ×�kmévbqwtKpIxKÖMILZ�\(Z(w`YLjHIr�Ã³ILZ�\&Z�w`Y[jSI[Z�brb"jSfNw�ILZ�b[Z(fXYxKH^`jXb©Z�fNaFjSbrESItlKp¯t\&jXb±MHMHPFM±®MHMSP Û�P

Tiempo Small Bcasts - 1 receptor - Lidipars (100Mb/s)

Floats

se
c

1 2 3 4 5

0

0.0005

0.001

0.0015

0.002

0.0025

0.003

0.0035
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TCP Bcast= o

o o o

o

o

Raw UDP Bcast = +

+ + +

+

+
ECCLib Bcast = *

* * *

*

*

B�CFEHG�IxK_MHMSPQMSRUË©jHd_wJKHILKS\&C�ljHfh^`Z�a�Y[CFZ(d_wmj�^`Z3aQjXbVÈ(¢[´�£SÉHµx£¨²]·è²3CFd_w�aQZ�d_Z(fXYLKS^`jSbUÇ?\&aFGJb"Y[Z�I^`ZhM�OHO;×�kmévbiÇVM ILZ�\&wmZ&YLjHIrZ��ÑYLZ(ILf�j

ÌÑZrw�G�Z�^`ZrÕHZ�I�WXG�Z¡aQjXbDY[CFZ(d_wtjXbUjHk`YLZ(f�C,^`jXbDwtKpIxK�wmjÑ\(jSbU^�KpY[jSbDGJbLKpfJ^�j±^`CFILZ�\]YxKpd_Z(f�ÇYLZ³\&jSf�Z��`CFjHf�Z�b«½V¾±¿s�ÍVË¡¿À\(jHf�G�f�b"jSaQjhILZ�\(Z(w`YLjHI�b[jHf�d_Z�u�jSI[Z�b«WSGJZnaQjXb«ILZ�b[G�a°YxKH^`jXb\(jHf ær½3¾3¿UP¼eif®a,KÙ¯JESG�IxK®MSMHPÜÛÙb[Z�w�GJZ�^`Z_ÕHZ�I aFKNwtj`\�K|Z�b[\�Kpa,Kpk�CFaQC,^�KS^®WXG�Z_\&jHd_CFZ(f�o�KK�Y[Z�f�Z(IVZ(a¼GJb[jh^`Zn\&jSf�Z��`CFjHf�Z�b«ÍVË¡¿UPtØVY[ILj_I[Z�b"G�aQYLKS^`j_CQfXYLZ(ILZ�bLKpfXY[ZqWXG�Zqb"ZqjSkJb[Z(ILÕ¨K�Z�bWXG�Z�ær½V¾±¿Öb[Z�\&jHd_wmjHI[YLK ^`Z«ª¬jSI[dhK±d³GJ³wJKHI[Z�\&C,^�K Kq½V¾±¿Ö^`CQILZ�\&Y[jt§HwmZ(ILjnKpEHILZ(EXK�G�ftKb[jHk�ILZ�\�KpILESK \&jSfJb"YLKpfXYLZ3WXG�Z b"CQY»lGJK�aFjSb©Õ¨KHaQjSI[Z�bgG�f|Y[CFZ(d_wmj³¯pu�j�wmjHI¡Z(fJ\(CQdhK�P?e©b�YLj�^`Z"u"K\(jHd_jh\&jHft\&aFGJb"CFjHfJZ�b«WXG�ZqwJKHILK�aFjHEHIxKpIrG�f�b"YLKHI"Y[Ç)G�w�d�l� f�CQd_jhZ�b®lG`Y[CFa¼GJbLKpI«Z�a©È(¢[´�£SÉHµx£¨²]·½3¾3¿U§»wmZ(ILj�KslZ�b"Y[Z_b[Z�aFZ�^�Z(kmZ_KHEHILZ(EXKpIVGJf \(jHfXY[ILjHa�d�l� fJCQd_jNWXG�Z_aFjNÓtKpESKN\&jSf`¯tKpkJaQZSPeifNZ�b�YLZ3YLILKHkJKvu�j_b[Z±kJGJb[\�K_\&jHd_j�jHk`u�Z(Y[CFÕHj_jHw�Y[CFd�CFo�KHIrZ(acKHfJ\xÓ�j_^`Z kJKpfJ^JK�§`G�f�ª�KH\&Y[jSIdslKHbrILZ(aFZ(ÕvKHfSYLZ wJKpIxK�KHw�aFCF\�KH\&CFjHfJZ�b«WXG�Z f�Z�\(Z�b[C°YxKpf�Z(fÑÕÑC,KpIrd³GJ\xÓJjSb«^�KpY[jSb�§`wmjHI«aFjÙ\&GJKHaaFjSbrILZ�b[G�aQYLKH^�jSb¡jHk`YLZ(f�C,^`jXb«b"Zq\&jSfJb[CF^`Z�ILKHf�bLKvYLCFb"ª�KH\&Y[jSI[CFjSb�PÌÑC©b"ZÙKHfJKpaFCQo�K�Z(aiKHfJ\xÓ�j�^`ZÙktKpfJ^�K�Z�fÖaFK�ILZ�^Á^`Z�M�OZ×�kmépbqb"ZhÕSZÙWXG�ZhaQjXbqILZ�b[G�a°YxKH^`jXbwJKHILK³d³GJ\xÓJjSbr^�KvYLjSbrb[jHfNKHa°YxKpd_Z(fXYLZVª�K¨ÕSjHIxKpk�aFZ�b©Kpa»Z��`w�aFjpYxKpI¡Z(aiÈ(¢[´�£HÉHµx£v²x·rWXG�Z±Y[CFZ(f�Z�f
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Tiempo Small Bcasts - 7 receptores - Lidipars (100Mb/s)
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Raw UDP Bcast = +

+ + +
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+

ECCLib Bcast = *

* * *
*

*

B�CFEHG�IxKhMSMHPÜÛ`RUË©jSd_wJKpIxKH\(C�ljSf�^`Z�aJYLCQZ�d_wtj�^`Z�aFjSb3È(¢[´�£HÉSµL£v²]·�²VCFd_w�aFZ(d_Z(fXYLKS^`jSbgÇ�\(aQGJb"Y[Z�I^�ZhM�OHO;×�kmépbiÇ¡Ã³ILZ�\(Z(w`YLjHILZ�b¡Z��ÑY[Z�I[fJjSb

a,KHb_ILZ�^�Z�b_e?YLÓ�Z(ILf�Z&Y�P Ë©jHd_wJKHILKHfJ^`j aFK EHImlKv¯m\(KìMSMHP Ý®\(jHfëMSMHP Þ b[Z�jHk`YLCQZ�f�Z�WSGJZ�b[jHfCFEHGtKpaFZ�br|WXG�Zqf�jhb[Z w�CQZ�IL^�ZqI[Z�fJ^`CFd�CFZ(fXYLj_KHa¼KpESI[Z�ESKpI©G�f�Ó�jSb"YV\&jSd_j�b[GJ\&Z�^¼l� K�\(jHf�aQjXbí�à�ÉHÉ`ïQ¥�ói£p¢[¥&²�KpfJKHaQCFo�KS^`jSbrKHfSYLZ(ILCQjSI[d_Z�fSYLZHP
Ecclib bcast 2 hosts u t (lidis)
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B�CFEHG�IxK�MSMHP Ý�R�¸«¢L´�£SÉHµx£¨²]·±CQd_w�aFZ(d_Z(fXYxKH^`jNZ(f�Z�acYLILKHkJKvu�jhÇrILZ�^�^`Z�a��cÚ�¾VÚqM�OZ×�k évb«Ç MILZ�\(Z(w`YLjHI«ZG�XYLZ(ILf�j

Ø3ktb"Z�I[ÕvKpft^`jVa,K3¯JEHG�IxK�MHMHPÜç�b[ZrÕHZrWXG�ZrwJKpIxKVd�GJ\xÓ�jXb�^JKvY[jXb�Z��`CFb"Y[ZrG�f�ILZ(fJ^`CFd_CQZ�fXY[j^�ZÁ\�KHb[C3Z�aq^`jHk�aFZÁ^`Z aFjSb�Z�fJ\&jSfSYLILKS^`jSb|Z(f \(KpwDl� YLG�aFjSb|KHfXY[Z(ILCFjHILZ�b�P§�3K¨ÀG�fJK \(Ktl� ^�KZ�fëZ�a±ILZ(ft^`CQd_CFZ(fXY[j b"C b[Z®aFj \&jSd_wJKpIxKì\&jSfëÝìÓJjSb"YLb'`â¯JEtP MSMHP ÞXah^�Z(k�C,^`jsK×WXG�Z®a,KlG�a°YLCQdhK�dslKHWXG�CFfJK�WXG�ZÙb[ZÙKpESI[Z�ESK�K�aFK�jSwtZ�ILKS\&C�ljHf Z�bqkJKSb�YxKpfXY[ZhdslKSb aQZ�fSYxK�§DYLKHfSYLj�Z(f\(jHd�G�f�C,\(KH\(CQjSf�Z�br\(jHd_j_Z(f�w�ILjÑ\(Z�bLKpd_CFZ(fXY[jtP¿?KHILK a,KnILZ�^|^`Z³M�OHOZ×�kmévbiaQjXbiILZ�b[G�aQYLKH^�jSbgb[CQESG�Z(fN\&jHf�¯JI[dhKHfJ^`j³WXG�Z±aFK³CQd_w�aFZ(d_Z�f`Ç
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Ecclib bcast 3 hosts u t (lidis)
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B�CFEHG�IxK�MHMSP ÞtRV¸«¢[´�£HÉSµx£¨²]·VCFd_w�aQZ�d_Z(fXYLKS^`j|Z�f�Z(a�Y[IxKpktKvu�j_ÇrI[Z�^�^`Z(aU�¼Ú�¾3ÚnM�OZ×�kmépb«Ç�ÛILZ�\(Z(w`YLjHILZ�b¡Z��ÑY[Z�I[fJjSb

YxKH\&C�ljHfÀ^`Z�erË«Ë¡�¼CFksaQjSEHIxK GJfÀI[Z�fJ^`CFd�CFZ(fXYLjÖd³G� k�G�Z(fJjìwJKpIxK d³GJ\xÓJjSbh^�KpY[jSb�P Ì`Zd�G�Z�b"Y[IxK®Z�f a,K ¯JEHGJILK MHMSP Ä aFK \&jSd_wJKpIxKH\(C�ljSfìZ(fXY[ILZ�aQjXb�d�Z"u�jHILZ�b_ILZ�b[G�aQYLKH^�jSb�\&jHftb"Z(ÇESG�CF^�jSbV\(jHf��DT�× éN×�¿gÚr�¿�ô�×�b"jSk�ILZqZ(aU\&aFGJb�YLZ(I�M�OHO;×�kmépb«�aQjXb�jHk�Y[Z(fJCF^`jXbV\(jHf�a,KCFd_w�aQZ�d_Z(fXYLKS\&C�ljHf�^`Z(a»YLILKHkJKvu�jtPÌÑZ_ÕHZ�Z(f aFK|¯JESG�ILK®MHMSP ÄNWSGJZ�XK�§»wJKHILK®M�OSÛpÞy�JjXKvYLb�§»a,K|CFd_w�aQZ�d_Z(fXYLKS\&C�ljHf ^�Z�Z�b�YLZYLILKHkJKvu�j�Z�b�YmlK \�KHb[C¡K a,K®wJKHI�^�ZNa,K®d_Z"u�jHI�wJKpIxK�wmj`\&jSb�^�KpY[jSb_^`Z��cTv× é@×®¿gÚ[ã�§UH§¡KwJKHI"YLCQIr^`Z±Z�b[ZVw�GJfSYLj�b[G�wmZ(IxK³KnY[j`^�KHb�P?�cK�^`C°ª¬Z�I[Z�fJ\&C,K�^`Z3ILZ(ft^`CQd_CFZ(fXY[j�Z(fXY[ILZVa,K�fXGJZ(ÕvKCFd_w�aQZ�d_Z(fXYLKS\&C�ljHf�haQjXb í�à�ÉSÉÑïQ¥Gói£v¢[¥&²³KpfJKHaQCFo�KS^`jSb¡KpGJd�Z�fXYLK�\&jHf�ª¬jHILd�Zqb[Z±KHG�d_Z(fXYLK�a,K
ð"¼ ò)��ó¨ò�ú)ÿ¨ò�þ)ò Ä ó¨ò�¾�½JÁ¿¾�Á�À9Á öÜý©ú)ò�þ)ý]ö ÅHùÂ ø
��ý]ü&ô)úèó��&ò�ü¨ÿ¨ý�ó¨ü�ùøxú"�pý]ö

Pvm/Mpi b/m-cast vs. ECCLib bcast - 4 hosts (LIDI)
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Pvm bcast tp (light)

Pvm mcast tp

Mpi bcast tw
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B�CFEHG�IxK®MSMHPÜç`R±¸�¢[´�£HÉSµL£v²]·±CFd_w�aFZ(d_Z(fXYLKS^`j�Z(f Z(aUY[IxKpktKvu�j|Õ`b�P|í�à�ÉHÉÑïF¥�ói£p¢[¥]²hÇ�ILZ�^ ^`Z(a�cÚ�¾VÚ±M�O;×�kmévb©ÇiÝ_ILZ�\(Z(w`YLjHILZ�b¡Z��ÑY[Z�I[fJjSb
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PVM/MPI b/m-cast vs. ECCLib bcast 5 hosts (LIDIPARS)
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PVM bcast tp (light)
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B�CFEHG�IxK MHMSP ÄJRn¸�¢[´�£HÉSµL£v²]·qCQd_w�aFZ(d_Z(fXYxKH^`j�Z(fÁZ�a?Y[IxKpkJKpu�jNÕ`b�P�í�à�ÉSÉÑïQ¥Gói£v¢[¥&²ÙÇV\(aQGJb"Y[Z�I^�ZhM�OHO;×�kmépbiÇgÞ_ILZ�\(Z(w`YLjHILZ�b¡Z��ÑY[Z�I[fJjSb

\�KpfXY[C,^�KS^ì^`Z�^�KvYLjSb�Z(fÑÕÑCFKS^`jSb�PÖØVYLI[j®I[Z�b"G�aQYLKS^`j®CFfXY[Z�I[Z�b[KHfSYLZ|WXG�Z�b"Z|Y[CFZ(f�ZNYLKHd³k�C&lZ(fwtKpIxKNM�OHO;×�kmévb©Z�b�aFK�EHIxKpf�b"CFd_CQaFCQY[GJ^�^`Z�acKpft\xÓ�j�^�ZqkJKpfJ^JK�aFjHESILKS^`j³Z�fXY[ILZ±a,K_d�l� f�CQdhK\�KpfXY[C,^�KS^�^`Z³ILZ�\(Z(w`YLjHILZ�b�§¼MH§m�aFKhdslKN�ÑCFdhK�§»ÃÑ§ \&jHd_j|b[Znd�G�Z�b"Y[IxK_Z(f�a,KHb�¯JEHGJILKSbqMHMSPÜÃ�MSMHP Å�§SaQj_WXG�ZVCFfJ^`C,\(K³Z�bL\(Kpa,KpkJCQaFCF^JKH^h\&jSf|ILZ�b[wtZ�\]YLj³Kpa KpfJ\xÓJj�^`Z3kJKpfJ^JK�§`\&G�Z�b�YLC�ljSf|WXG�ZfJjÙb"GJ\(Z�^`Zq\(jHf�aQjXbrjpY[ILjSb í�à�ÉHÉ`ïQ¥�ói£p¢[¥&²xP
Ecclib bcast 2 hosts u t (lidipars)
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B�CFEHG�IxKÖMSMHP ÃÑR|¸«¢L´�£SÉHµx£¨²]·³CFd_w�aFZ(d_Z(fXYLKS^`j®Z�fìZ(a©Y[IxKpktKvu�j�Çq\&aFGJb�YLZ(I�^`Z®M�OHOZ×�kmévb Ç_MILZ�\(Z(w`YLjHI«ZG�XYLZ(ILf�j

Ë©jSd_j|Kpf�lKHaQC,b[CFbV¯JfJKHa�\(jHf�ILZ�b[wtZ�\]YLj|Kpa«È&¢L´�£SÉHµx£¨²]·3^�Z�e¡Ë«Ë¡�cCQk b"Z�w�G�Z�^�Z�\(jHfJ\(aQG�CFIWXG�ZNKpa,\(KpfJo�K�G�fÖILZ(fJ^`CFd_CQZ�fXY[j�d³GJ®k�G�Z�f�j�wJKHILK�d�GJ\xÓ�jSb³^�KvYLjSb�PNegaiCQfJ\(jHfÑÕHZ�f�CFZ(fXY[ZwJI[CFfJ\&CFwJKHa¡Z�b�Z(a«KpaQY[jÁb�YxKpI[Y"Ç G�w×WXG�Z�wtj`^`I¨l� K®b[jHaFGJ\&CFjHftKpIxb"ZÙ\(jHf×GJfJK®CFd_w�aFZ(d_Z(fXYLKS\&C�ljHf
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Ecclib bcast 8 hosts u t (lidipars)
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B�CFEHG�IxKÖMHMSP ÅJRh¸�¢[´�£HÉSµL£v²]·³CFd�wJaQZ�d�Z�fXYLKH^�j®Z(f×Z(a©Y[IxKpkJKpu�j�Ç \(aQGJb"Y[Z�I�^�Z®M�OSOZ×�k évb Ç³ÃILZ�\(Z(w`YLjHILZ�b¡Z��ÑY[Z�I[fJjSb

WXG�ZS§U^�ZNKH\(G�Z(Ix^`j®KHaiÕSjHaFG�d_Z(f×^`ZN^�KvYLjSb�j®K�a,K®\(KHfXY[C,^�KH^Ö^`ZNI[Z�\&Z�w`Y[jSI[Z�b(§�G`Y[CFaFCF\(Z|Z(aKHaQESjHILC°YLd�j_KH\&Y[GJKHa»wJKpIxK�d³GJ\xÓ�jXb«^�KvYLjSb�§`G�jpY[ILjh\&jSd�j�aFjSb«w�ILjHwJG�Z�b"Y[jXb¡KHfXY[Z(ILCFjHILd�Z�fXY[Z
`è½V¾±¿�][\&ILGJ^`jX^³jhÍVË¡¿s^`CFI[Z�\]YLjXa©wJKpIxK�wtj`\(jSb«^�KpY[jSb�P
���� "�# "� 257}464C&)0�4
eifìaFK�¯JEJP MHMHP Î�b[ZN\(jHd_wJKpIxK�a,K�fÑG�Z(ÕvK®CQd_w�aFZ(d_Z(fXYxKH\&C�ljHfì\(jHfXY[IxK�a,KHb�w�ILjvÕXC,b"YLKHbnwtjSI¿-ôv×  �cT�× é@×�¿iÚtwJKHILK�Û�§ ÝJ§QP(P(P"nÃ©Ó�jXb�Yxb¼wJKHI"YLCF\(CQwJKHfXY[Z�b¼Z�u�Z�\(G`YLKHfJ^`jVb[jHkJI[Z?Z�aS\&aFGJb"Y[Z�I^`ZhM�OHO;×�kmévb�Pi�DK_EHImlKv¯t\�K�jSd_C°YLZqZ(a¼YLCQZ�d_wtjÙwtKpIxK�Å_ÓJjSb"YLb�^`Z�k�C,^`j|KhWXG�ZqaFjSbrYLCQZ�d�wmjSbKHaF\�Kpf�o�KH^`jXbhwtjSINa,KìfÑG�Z�ÕvKìCFd�wJaQZ�d�Z�fXYLKH\(C�ljSfëb[jHfë^`Z�dhKHb[CFKS^`jìZ(aFZ(ÕvKS^`jSb�\&jSd�j×wJKpIxKZ�fSYLILKHIcZ�f³Z(aÑZ�b"wJKS\&CFj3KSb"CFEHfJKS^`jJPD�¼jSbDÕvKpaFjHILZ�bDKpa,\(KpfJo�KH^�jSb¼wtKpIxKVÅ�ÓJjSb"YLbUb"jSfnd_jSb"Y[IxKH^`jXbZ�fëa,KÖYLKHk�a,K MHMSP Û�P;Ë©jSd_j e¡Ë«Ë¡�cCQk�f�jìYLCQZ�f�ZÁ^`C°ª¬Z�I[Z�fXY[Z�b�\&jSf`¯JESG�ILKS\&CFjHf�Z�b|b[jHaFj×b[Zd�G�Z�b"Y[IxK�G�fNÕvKHaQjSI�P

Úåd_w�aFZ(d_Z(fXYxKH\&C�ljHf ¿UZ�jHI«\&jSf`ª�P ×�Z�u�jHI�\(jHf`ª�Pe¡Ë«Ë¡�cCQk ÃdÃÅÄ OJP OSOSç�MHM�Ä�DT�× éN×�¿gÚ O�P OHO�M¨Û`M¨Û OJP OSOHOSÝ�M�Å¿-ôv× O�P OHO�MSM(ÞXÎ OJP OSO�MSM�Û`M
Í�Kpk�a,K�MHMSP Û�RgË©jSd_wJKpIxKH\(C�ljSf|^`Z|Èx£v¢]¢]à�¥(¢�Z�f�b[Z(ESG�fJ^`jXbrwJKpIxK�Å�ÓJjSb"YLb¡ÇiILZ�^ M�OSOZ×�kmépb

�¼jXbiILZ�b[G�aQYLKS^`jSb?jSk`Y[Z�f�C,^`jSbgª¬G�Z(ILjHfÙkJG�Z(f�jXbgÓJKSb�YxK�Ã±ÓJjSb"YLbgwmZ(ILj³wtKpIxKqÅnILZ�b[G�a°YxKpILjHfZG�XYLI[Z�dhKH^�KHd�Z�fXY[Z�dhKpaFjSb�PUegamw�I[jSk�aFZ(dhKnWXG�Z b"Z3Z(fJ\(jHfXY[Imlj ª¬G�Z WSGJZVwJKHILKqZ�b[K�\(KHfSYLCF^JKH^^`Z�w�ILj`\&Z�b"jXb£`è\(KS^�K G�f�jÁZ�u�Z�\&G`YxKpfJ^`jÁZ�f GJf ÓJjSb"Yh^�C°ª¬Z�I[Z�fSYLZ�a�a,KÁ\&jHfXYLZ(fJ\(C�ljSf×wmjHIhZ(aCFfXY[Z(fXYLjN^`Z�d_KHfJ^�KHIVa,KÙb"ZMàfJKpa�^`Z³aFaFZ(ESKS^�KÙKHaDw�ILj`\&Z�b"j ¬ jMj;kNw�ILjvÕHj`\�KpkJK�µ���£JI�Im¥(ïUµx´�ICw·å¥ÆIt·èà�´�IJP���jhb[Z±Y[CFZ(f�Z C,^`Z(fXY[CQ¯t\�KH^�K�aFK_\�KpGJbLK�\(jHfJ\(I[Z(YLKJ§Sa,K_\&GJKHa»w�G�Z�^�Z b[Z(Irw�ILjvÕHj`\�KH^�KwmjHIxWXG�ZHR�aQjXb©KHaQESjHILC°YLd_jSbi^�Z_Èx£Hµx¶Nw"´ÈÇ-b[ZVZ��ÑYLZ(fJ^cl� KHfÙÓJKHb"YLK³Z�b[wtZ�ILKSbgILZ�KHaQd_Z(fXYLZ3b[CQESf�C°¯JÇ\�KvY[CFÕvKHb�§`jhw�ILjHk�aFZ(dhKHbr^`Znb[ß«CQYL\xÓ�CFf�EhKpa¼wJI[j`^`GJ\(CQIxb[Z±a,KHb«\(jHaFCFb[CFjHf�Z�b¡\(jHfJb[Z�\(G`Y[CFÕvKHb�Pg�¼jXbYLCQZ�d�wmjSbrjSk`Y[Z�f�C,^`jSbraFaQZ�ESKHI[jSf|K_b"Z�I¡ÓtKHb"YLK�^`ZnÝ�b[Z(ESG�fJ^`jXb¡Ùd_Z�^`CFjh\&jHd_j_b"Z d�G�Z�b"Y[IxKZ�fÖaFK�YxKpk�a,KÁMHMSP ÝJP�ØVYLI[j�wJG�fXY[j�CFfXY[Z(ILZ�bLKpfXYLZhZ�bnWXG�ZÙZ�fÖj`\(KHb[CFjHf�Z�bqaQjXb Y[CFZ(d_wmjSb�WSGJZ
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Pvm/Mpi barrier vs. ECCLib barrier (LIDIPARS)
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Pvm/Mpi barrier vs. ECCLib barrier (LIDI)
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Pvm/Mpi scatter vs. ECCLib scatter - 4 hosts (LIDI)
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Pvm/Mpi scatter vs. ECCLib scatter - 7 hosts (LIDIPARS)
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Pvm scatter td (light)

Pvm scatter ud

Mpi scatter td

Mpi scatter dd

ECCLib scatter (dark)

B�CFEHG�IxK�MHMHPFM�Û�Rr¹ µx£v·)·å¥&¢�CQd_w�aFZ(d_Z(fXYxKH^`jhZ�f�Z(a»YLILKHkJKvu�j_Õ`b(P3í�à�ÉSÉÑïQ¥Gói£v¢[¥&²³Ç¡\&aFGJb�YLZ(IV^�ZM�OHOZ×�kmévb©ÇiÄ�I[Z�\&Z�w`Y[jSI[Z�b©ZG�ÑY[Z(ILf�jXb

KHw�I[jvÕSZ�\xÓJKHIUaFKn\�KpwJKS\&C,^�KH^h^�ZVb"ß«CQYL\xÓJCQf�Et§XKHG�fJWXG�ZVb[Z(ErlG�fhZ(a KpaFEHjSI[CQY[d_j CFd�wJaQZ�d�Z�fXYLKH^�jZ�fÙZ(amY[IxKpktKvu�jqZ(fNj`\(KHb[CFjHf�Z�bgb"ZVY[CFZ(f�Z±d_Z�u�jSI©ILZ(fJ^�CQd_CFZ(fXY[j�WSGJZVZ(a KpaFEHjSI[CQY[d_j³^�Z®lKpILkmjHa)Pe©b�YLjÙZ�b�ªplKH\&CFaFd�Z�fXY[Z³^`Z�d_jSb"Y[IxKpk�aFZqY[ZDljHILCF\�Kpd_Z(fXYLZHRrË©jSf�G�f�KHaQESjHILC°YLd�jÙWXG�Z�\&jSfJb�YLI[GJHZKHI[kmjHaFZ�bik�CQftKpILCQjXb�`¼jSIL^�Z(fÌËz`ÎÍEÏÑÐ � `ÎÒ�a$a_a?_jpYLI[j�WSGJZVZ�b©aFCQf�Z�Kpa}`¬jSIL^`Z�fO ¡��IZ�Qag_b[ZVZ�b�YxKZ�f�w�ILZ�b[Z(fJ\(CFKÙ^�Z³G�fJK|I[Z�^�b"ß«CQYL\xÓJZ�KH^JK�§ KÙd_Z�^`C,^�KNWSGJZ³b"Z�kJKvu"KHf�f�CFÕHZ�aQZ�b�Z(f®Z(a�lKpILktjSaZG�ÑC,b"Y[ZÙdslKHb�\&jSfJ\&G�ILILZ(fJ\(CFK�Z(fÖaFjSb³Z(fÑÕ»l� jSb ILZ(a,KH\&C�ljHfÖWXG�Z|b[ZÙw�GJZ�^`Z|^�Z(d_jSb"Y[IxKpI³\(jHfÖa,KZ�\&GJKS\&C�ljHf MHMHPFMHP
aQCFdÓ�Ô¿Õ ÍEÏÑÐ � `ÊÒ�aÒ Ö O `�MHMSPQMQa

�¼j \&GtKpaXCQfJ^�CF\�KVWXG�ZrK�d_Z�^`C,^�K±WXG�Z©b[Z¡KHG�d_Z(fXY[Z©aFK3\(KHfSYLCF^JKH^n^`Z¡Ó�jXb�Yxbca,K3^�C°ª¬Z�I[Z�fJ\&C,KÕvK_K_b"Z�I�\(KH^JK�ÕSZ(o dslKHbrESILKHfJ^`ZHP
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Ecclib scatter 3 hosts u t (lidipars)
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B�CFEHG�IxKÀMSMHPFM�Ý�Rì¹ µx£v·)· ¥(¢ CQd_w�aFZ(d_Z(fXYxKH^`jìZ�fÀZ(a3Y[IxKpkJKpu�j Ç�\&aFGJb"Y[Z�IN^`Z M�OHO;×�kmépb�Ç_ÛILZ�\(wtZ(Y[jSI[Z�brZ��ÑY[Z�I[f�jXb

Ecclib scatter 7 hosts u t (lidipars)
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B�CFEHG�IxKÀMSMHPFM(ÞJRì¹ µx£v·)· ¥(¢ CQd_w�aFZ(d_Z(fXYxKH^`jìZ�fÀZ(a3Y[IxKpkJKpu�j Ç�\&aFGJb"Y[Z�IN^`Z M�OHO;×�kmépb�Ç�ÄILZ�\(Z(w`YLjHILZ�b¡Z��ÑYLZ(ILf�jSb
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eia�Kpf�lKHaQC,b"C,bUwJKHILK±Z(a9�S£p· �J¥&¢±Z�bgb[CFd�CFa,KpIgWXG�Z«Z(aJI[Z�KpaFCQo�KH^`j±wJKpIxK3Z(a»²(µx£v·)· ¥(¢]PU¾VZ�a,K±d_CFb[dhKª¬jSI[dhKhb[ZnKpfJKHaQCFo�K�Z(aDb�YxKpI[Y"Ç G�w�NaFG�Z(ESj_Z(aDKHfJ\xÓ�jh^`ZnktKpfJ^�KJP©¿?KHILK�¿�ô�×Ö§�Z(a�b�YxKpI[Y"Ç G�wKHaF\�Kpf�o�KH^`j Z�bgZ(aJd_C,b"d_j³\(jHfhKpd�ktjXb?ILG`Y[Z�jSb�§p�Z�b�YLjnb"Gt\&Z�^�Z�Z(fha,KHbg^�jSb?ILZ�^`Z�b(PUegf_Z�b�YLZ\�KHb[jÙb"jSaQjÙb[ZqYLKHk�G�a,K_Z(a�^`Z&ª�KHG�a°Y�P�¿?KpIxK_�cT�× é@×�¿iÚrb[ZnG�kJCF\�KÙb"jSaQjhZ�acd_Z�u�jSIVWXG�ZnZ�b�Z(aKHaF\�Kpf�o�KH^`jV\(jHf�I[G`YLZ(j ^`CFI[Z�\]Y[jtPD�cjSbDI[Z�b"G�aQYLKS^`jSb�b[jHf³wJI[Z�b"Z�fSYxKH^`jXb¼Z�f³a,K�YxKpk�a,K³MSMHPÜç`P�egfa,KnfÑG�Z�Õ¨K³CQd_w�aFZ(d_Z�fSYxKH\(C�ljSfNb[ZVZ(ft\&G�Z�fSYLILK³G�f|ILZ�b[G�aQYLKS^`j³KH^�ÕHZ(Ixb[j³\&jSf�Ã Ó�jXb�Yxb©KS^`Z(dslKSb^`Z�arw�I[j`\(Z�b[j ¬ jXj;k PÁ¾VZ�a,K�d_CFb[dhK�ª¬jSI[dhK WSGJZ�b[GJ\&Z�^¼l� K�\&jSfìZ(anÈx£v¢]¢]à�¥(¢®b[ZNwJI[j`^`GJ\(Zµ���£�IIm¥(ï©µx´JIt· ¥×IJ·)à�´JIì^JKpfJ^`j�YLCQZ�d�wmjSb d�G�®KHa°YLjSb�§¼dhK¨HjHILZ�b±K�G�fÁb"Z�EHG�fJ^�jJP_¿?KpIxKÙZ(aILZ�b"Y[j ^`ZraQjXb�Õ¨KHaQjSI[Z�bUb"ZrjHktb"Z�I[ÕvKVWXG�ZraFjSbDY[CFZ(d_wmjSb?jSk`Y[Z�f�C,^`jSbUb[Z¡wmjSb[C,\&CFjHfJKHf³dslKHbU\&Z�IL\�K^`ZqaFjSbrd_Z"u�jHILZ�b©Y[CFZ(d_wmjSb `è�cT�× é@×�¿iÚ$arWSGJZ ^�ZqaQjXbrwtZ�jHILZ�b+`�¿-ôv×xa&P

��Z(Y�ß©jSI[¦ �VjSb"YLb ¿�ô�× ^ ×�¿iÚgY erË«Ë¡�¼CFk�¼Ú�¾3Ú�`"M�O;×�kmévb�a M O�P O�M¨çpOHO O�P OHOSOHÄSO O�P OHOJM(ÞXÎ�¼Ú�¾3Ú Û O�P OSÛ�M�OHO O�P OHOSOXÃpO O�P OHOXÛvÞXÅ�¼Ú�¾3Ú Ý O�P OpÞXÝHOHO O�P OHOJM�ÝSO O�P OHOSÄHÄSÎ�cÚ�¾VÚåwJKHILb+`"M�OSOZ×�kmépbWa M O�P OHOJM�ÝHO O�P OHOSO�M¨Û O�P OHOSOHÝXÛ�¼Ú�¾3ÚåwJKpIxb Û O�P OHOJM�çpO O�P OHOSO�MvÃ O�P OHOSOpÞÑç�¼Ú�¾3ÚåwJKpIxb Ý O�P OHOJM�ÎHO O�P OHOSO�M�Î O�P OHOSOSçSç�¼Ú�¾3ÚåwJKpIxb Þ O�P OHOXÛvÞSO O�P OHOSOSÛHO O�P OHOSOHÅSO�¼Ú�¾3ÚåwJKpIxb ç O�P OHOXÛSÃvO O�P OHOSOSÛXÃ O�P OHOSOHÅXÛ�¼Ú�¾3ÚåwJKpIxb Ä O�P OHOSÝHOHO O�P OHOSOHÝXÛ O�P OHOJM�OXÛ�¼Ú�¾3ÚåwJKpIxb Ã O�P OHOSÝXÃvO O�P OHOSOHÝXç MHP ÞSÎSÎ�M¨ç
Í�Kpk�a,K�MHMSP ç�R?Ë©jSd�wtKpIxKH\&C�ljHf�^`Znb"YLKpI[Y"Ç G�w�^`Z(a��X£v·K��¥(¢

Pvm/Mpi gather vs. ECCLib gather - 4 hosts (LIDI)
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Pvm gather td (light)

Mpi gather tw

ECCLib gather (dark)

B�CFEHG�IxKìMSMHPFM�ç`R5��£v·K��¥(¢�CFd_w�aQZ�d_Z(fXYLKS^`j Z�fìZ(a¡YLILKHkJKvu�j ÕÑb�Psí�à�ÉSÉÑïQ¥Gói£v¢[¥&²�ÇqI[Z�^ì^`Z(a�cÚ�¾VÚ±M�O;×�kmévb©ÇiÝ_ILZ�\(Z(w`YLjHILZ�b¡Z��ÑY[Z�I[fJjSb
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¿?KHILK Z(a3KpfJ\xÓ�jÖ^`Z®kJKpfJ^JK aFjSbÙÕ¨KHaQjSI[Z�b�EHIxKv¯t\�KH^`jXb�b[jHfsaFjSb_d_C,b"d_jSb|WSGJZ�aQjXbÙ^`Za,KHbV\&jHf�¯JEHG�IxKH\(CQjSf�Z�b©GJbLKH^�KSbrwJKpIxK�Z(a?²(µx£v·)·å¥&¢]P©Ì`jHk�ILZ aFK�ILZ�^�Ó�Z&YLZ(ILjHE?lZ(f�Z�K³^`ZhM�OZ×�k évb
`¬¯JEJP±MHMSPQM¨çZa©a,K_fXGJZ(ÕvK_CQd_w�aFZ(d_Z�fSYxKH\(C�ljSf�jSk`Y[CFZ(fJZnaQjXbrd_Z�u�jHILZ�b�I[Z�b"G�aQYLKS^`jSb«K_wtKpI[Y[CFIV^`ZM�Ä�»qB�aFjSKvYxb(P�ÚåEHGtKpaFd�Z�fXY[Z wJKpIxK_\(KHfSYLCF^JKH^`Z�b¡^�Zn^�KvYLjSb«\xÓ�C,\(KSb«\&jHd_j_b"ZqjSkJb[Z(ILÕ¡lj_\&jSfNZ�a�X£v·K��¥(¢�Y[CFZ(f�ZqG�f�^`Z�b"Z�d_wtZMàf�j_d lKSbrk�CFZ(f�wtjSk�ILZ b[Ccb[Z aFK_\&jSd_wJKpIxK�\(jHf��cTv× é@×®¿gÚ]PeifÖZ(a¡\&aFGJb�YLZ(I�^`Z®M�OHOZ×�kmévby`¬¯JEJPÖMSMHPFM�Ä;a b[ZhYLCQZ�f�Z(fìILZ�b[G�aQYLKS^`jSbqwtKpILZ�\&C,^`jXbqK�aQjXbjSk`Y[Z�f�C,^`jSbn\(jHfÁZ(a�²&µx£p·è·å¥&¢'`â¯JEtP�MHMSPQM¨ÛZa±KpGJfJWXG�ZÙb"ZhwJG�Z�^`Z�fÖ^`Z�b"YLKS\(KpIqa,KHb³b"CFEHG�CFZ(fXYLZ�b^�C°ª¬Z�I[Z�fJ\&C,KHb�R
ä �cKSb«^`CQª¬Z(ILZ(fJ\(CFKSbrZ(fXY[ILZ aFKSb«^`CFb"Y[CFfXYLKSbrCQd_w�aFZ(d_Z(fXYxKH\&CFjHfJZ�b«b[jHf�d lKSb«\xÓ�C,\(KHb�P
ä ega»dslKN�ÑCFd_j_Õ¨KHaQjSI�b"ZqKHaF\�Kpf�o�K�\(jHf�aFK_dslK@�`CFdhK�\�KpfXY[C,^�KS^N^`Zq^�KpY[jXb(P
ä �cK³fÑG�Z(ÕvK�CQd_w�aFZ(d_Z(fXYxKH\&C�ljHfNKpa,\(KpfJo�KnGJf|I�lZ(ESCQd_Z(fÙ^�Z±KHfJ\xÓ�j³^`Z±kJKHfJ^�K�k�G�Z(fJj�KwJKHI"YLCQI�^`ZhM�OSÛpÞ�»qB�aQjXKvYxb�`�eif�Z(a?²(µx£v·)· ¥(¢nwJKHILK�Z�b�YxK�\�KpfXY[C,^�KS^N^`Zn^JKvY[jXb«Kpa,\(KHf�o�Ka,K�d_CQYLKS^�^�Z(acKHfJ\xÓ�j_^`ZqkJKpft^�K;a
�DKìk�GJZ(fJK \(KHILKS\]Y[Z�I¨l� b"Y[C,\(KÖWXG�ZÁb"Z Z(fJ\(jHfXY[Imlj×Z�fëa,KìfÑG�Z�Õ¨K CFd�wJaQZ�d�Z�fXYLKH\(C�ljSf�^`Z�a�X£v·K��¥(¢]§iZ�b_WSGJZNwJKHILK®^`C°ª¬Z�I[Z�fXY[Z�b_\�KpfXY[C,^�KH^�Z�b³^�ZNÓ�jXb�Yxb�wJKpI[Y[C,\&CFwJKpft^`j®b[ZNdhKpfXYLCQZ�f�Z(fb[CFd�CFa,KpILZ�b¡aQjXb¡Õ¨KHaQjSI[Z�b©KHaF\�Kpf�o�KH^`jXb©^�Z(a¼Kpft\xÓ�j�^`Z kJKHfJ^�KJ§`aQj�d_CFb[d_j�WXG�Zqb[GJ\&Z�^¼l� KnwJKHILKZ�a ²(µL£p·è·å¥(¢e`â¯JEXb(P MSMHPFM¨Ã�ëMHMHPFM�ÅXa]P×ØVY[ILj®wJG�fXY[jÖ^`C,b�YLCQfXY[j Z(ft\&jHfXYLILKS^`j®Z�b�WXG�Z�wJKHILKwmj`\&jXb¡^JKvY[jXb¡aFKSb¡^�C°ª¬Z�I[Z�fJ\&C,KHbrb[Z3dhKpIx\(KHfÙdslKHb�PiË©jHf|dslKSb©ÓJjSb"YLb¡aFK�\(KHfXY[C,^�KH^N^`Zq^�KvYLjSbYLILKHfJb[d�CQY[C,^�KSb3Z�b±d_K¨SjHI3wtjSI3aFj�WXG�ZS§»G�f Õ¨KHaQjSI±^�Z�KHfJ\xÓ�jN^�Z�kJKHfJ^�K�KpaQY[j�b"Z_Kpa,\(KHf�o�K\(jHf�wmjHIx\&CFjHf�Z�b©dslKSb«\xÓ�CF\�KHb�P

Pvm/Mpi gather vs. ECCLib gather - 7 hosts (LIDIPARS)
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Pvm gather td (light)

Pvm gather ud

Mpi gather td

Mpi gather dd

ECCLib gather (dark)

B�CFEHG�IxK�MHMSPQM�Ä�R+��£v·K��¥(¢�CQd_w�aFZ(d_Z(fXYxKH^`jÙZ�f�Z(a¼YLILKHkJKvu�j_Õ`b�PVí�à�ÉHÉÑïQ¥Gói£v¢L¥]²�Ç¡\&aFGJb"Y[Z�IV^`ZM�OHO;×�kmévb©Ç©Ä�ILZ�\(Z(w`YLjHILZ�b¡Z��ÑY[Z�I[fJjSb
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Ecclib gather 3 hosts u t (lidipars)
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Pvm/Mpi reduce vs. ECCLib reduce - 4 hosts (LIDI)

slice-floats
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1.4
1.5
1.6
1.7
1.8
1.9
2

8 128 1024 16K 130K 783K

Pvm reduce td (light)

Mpi reduce tw

ECCLib reduce (dark)
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Pvm/Mpi reduce vs. ECCLib reduce - 7 hosts (LIDIPARS)

slice-floats
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8 128 1024 16K 130K 1M

Pvm reduce td (light)

Mpi reduce td

Mpi reduce dd

ECCLib reduce (dark)
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� è¡=@?CÜ}nJLXEfFfA5BJL â cOÜ}bdLMceLMs9FfACDZI;¨?us �M�9�Î�PFM ÚåfXY[ILj`^`GJ\�\&C�ljHfÙPqPqP PqP PqP PqPqP±PqP PqP PqPqP PqP PqP±PqPqP PqP PqP PqP|M�ÞSÝÎ�PÜÛ Ë¡KHILKS\]Y[Z�I¨l� b"Y[C,\(KSbi^`Zqa,KHbrILZ�^`Z�b«e?YLÓ�Z(ILf�Z&YêPqPqP PqP PqP±PqPqP PqP PqP PqP|M�ÞSÝÎ�P Ý eiÕ¨KHaQGtKH\&C�ljHf�^`Z+×�j`^`Z�aQjXb«egfJ\(jHfXY[IxKH^`jXb PqPqP PqP PqP±PqPqP PqP PqP PqP|M�ÞHÞÎJP ÝJPQM Ê¡ILjSKS^�\(KSb�YÖPqP PqP PqPqP±PqP PqP PqPqP PqP PqP±PqPqP PqP PqP PqP|M�ÞHÞÎJP ÝJP Û ÊrKHI[ILCQZ�IiPqP PqP PqP PqPqP±PqP PqP PqPqP PqP PqP±PqPqP PqP PqP PqP|M�ÞXçÎJP ÝJP Ý Ì�\(KvY[Y[Z�I«�5 KvYLÓ�Z(I PqPqP±PqP PqP PqPqP PqP PqP±PqPqP PqP PqP PqP|M�ÞXçÎJP ÝJP Þ æ�Z�^`GJ\(Z P PqP PqP PqPqP±PqP PqP PqPqP PqP PqP±PqPqP PqP PqP PqP|M�ÞXçÎ�P Þ ¾3CFb[d_CQfÑGJ\(C�ljSf�^`ZqaFKhÌÑjSk�ILZ�\(KHI[EXK PqP PqP PqPqP PqP PqP±PqPqP PqP PqP PqP|M�ÞSÄ
��&7î LXE�A�=Q=@?�b"bd? �6�r�M�OJPQMÁÚåfXY[ILj`^`GJ\�\&C�ljHfÙPqPqP PqP PqP PqPqP±PqP PqP PqPqP PqP PqP±PqPqP PqP PqP PqP|M¨ç`MM�OJP Û TVILWXG�CQY[Z�\]Y[GJILK_^`Z�acb"C,b"Y[Z(dhK×PqPqP±PqP PqP PqPqP PqP PqP±PqPqP PqP PqP PqP|M¨ç`MM�OJP ÝY×�Z�fJbLKvu�Z�b«½3¾3¿ëË©jSf`¯tKHk�aQZ�br  �¢[£L¤S¤�¥(¢nPqPqP PqP PqP±PqPqP PqP PqP PqP|M¨çHÛM�O�P Ý�PFMêÍrCFwmjSb«^`ZnÊ¡ILjSKH^J\(KHb"YLb P±PqP PqP PqPqP PqP PqP±PqPqP PqP PqP PqP|M¨çpÝM�O�P Ý�PÜÛ Úåd_w�aFZ(d_Z�fSYxKH\(C�ljSf�^`Zn½3¾3¿À\(jHf`¯mKpk�aFZ PqP PqP±PqPqP PqP PqP PqP|M¨çvÞM�OJP Þp×�KHf�Z�u�jÙ^�Z?5±ILG�wmjSb�P PqP PqPqP±PqP PqP PqPqP PqP PqP±PqPqP PqP PqP PqP|M¨çSÃM�O�P ÞJPFMêe©b"wmZ�\(C°¯m\(KH\(C�ljSfN^`Z³Ì`Z(ILÕXC,\&CFjSb#�VZ�\&Z�b[KHI[CFjSbÔPqP±PqPqP PqP PqP PqP|M¨çpÅM�O�P ÞJPÜÛ Úåd_w�aFZ(d_Z�fSYxKH\(C�ljSf�^`ZqaFjSb�Ì`Z(ILÕXC,\&CFjSb3PqP PqP PqP±PqPqP PqP PqP PqP|M¨çpÎM�O�P ÞJP Ý�TVaQESG�f�jXb«^`Z&YxKpaFaQZ�b«^`ZqaFK�Úåd_w�aFZ(d_Z(fXYxKH\&C�ljHf PqP±PqPqP PqP PqP PqP|M¨çpÎM�OJP ç ÍDILKS^`GJ\�\&C�ljHf�^`Zn¾3KpY[jXbÀPqP PqPqP±PqP PqP PqPqP PqP PqP±PqPqP PqP PqP PqP|M�Ä�MM�OJP ÄY� lGJ\&aFZ(jÙ^`Z a,KHbVØ3wmZ(IxKH\(CQjSf�Z�b�Ë©jHaFZ�\&Y[CFÕvKHb�PqPqP PqP PqP±PqPqP PqP PqP PqP|M�ÄSÛM�O�P Ä�PFMêÊrKHI[ILCQZ�IiPqP PqP PqP PqPqP±PqP PqP PqPqP PqP PqP±PqPqP PqP PqP PqP|M�ÄSÛM�O�P Ä�PÜÛ Ê¡ILjSKS^�\(KSb�YÖPqP PqP PqPqP±PqP PqP PqPqP PqP PqP±PqPqP PqP PqP PqP|M�ÄSÛ
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M�O�P Ä�P Ý;Ì`\(KpY"YLZ(I«º5 KpY[Ó�Z�I PqP PqP PqPqP±PqP PqP PqPqP PqP PqP±PqPqP PqPÙM�ÄSÛM�O�P Ä�P Þ;æ«Z�^�GJ\&Z PqP PqPqP PqP PqP PqPqP±PqP PqP PqPqP PqP PqP±PqPqP PqPÙM�ÄHÝM�O�P Ã ¾VZ(YLKpaFaFZ�b�^`Z a,K�ÚåfSYLZ(I[ª�Kpo P PqP PqP PqPqP±PqP PqP PqPqP PqP PqP±PqPqP PqPÙM�ÄpÞM�O�P Åsæ«Z�b[G�aQYLKH^�j_^�ZqaFK�CFd�wJaQZ�d�Z�fXYLKH\(C�ljSf¼Rge¡Ë«Ë¡�cCQk�P PqPqP PqP PqP±PqPqP PqPÙM�ÄSç

�u� ÛÕLMEfnJbKF�A6B	?uE�DZ?uspbdA'TUn	LX§6A â cOÜ}bdLMceLMs9FfA6D;I;¨?us �MÞ9�MSMHPFMÁÚåfSYLI[j`^`Gt\(\&C�ljHf|PqP±PqP PqPqP PqP PqP PqPqP±PqP PqP PqPqP PqP PqP±PqPqP PqPÙM�ÄHÎMSMHPÜÛ æ«Z�b[G�aQYLKH^�jSbVØ3k`YLZ(f�C,^`jSb1P PqP PqP PqPqP±PqP PqP PqPqP PqP PqP±PqPqP PqPÙM�ÄHÎMHMHPÜÛ`PFM�Ê¡I[jXKH^�\�KHb"YÁP PqPqP PqP PqP PqPqP±PqP PqP PqPqP PqP PqP±PqPqP PqPÙM�ÄHÎMHMHPÜÛ`PÜÛ�ÊrKpILI[CFZ(I©P±PqP PqPqP PqP PqP PqPqP±PqP PqP PqPqP PqP PqP±PqPqP PqPÙMvÃ¨ÞMHMHPÜÛ`P Ý;Ì`\(KpY"YLZ(I PqP PqPqP PqP PqP PqPqP±PqP PqP PqPqP PqP PqP±PqPqP PqPÙMvÃvÄMHMHPÜÛ`P Þï5 KvYLÓ�Z(I3P±PqP PqPqP PqP PqP PqPqP±PqP PqP PqPqP PqP PqP±PqPqP PqPÙM�ÅHOMHMHPÜÛ`PÜç�æ«Z�^�GJ\&Z PqP PqPqP PqP PqP PqPqP±PqP PqP PqPqP PqP PqP±PqPqP PqPÙM�ÅHÝ
�H8 ç>?us	D;bdnJEfI"?�sJLME �Mõ9�M¨Û`PFM×Ë©jHfJ\(aQGJb[CFjHf�Z�b¡¿iI[CFfJ\(CQwJKHaQZ�b�PqP PqP PqPqP±PqP PqP PqPqP PqP PqP±PqPqP PqPÙM�ÅSçM¨Û`PÜÛ æ«Z�b[G�aQYLKH^�jSb�ÌÑZ�\&G�fJ^JKpILCQjXb PqP PqP PqPqP±PqP PqP PqPqP PqP PqP±PqPqP PqPÙM�ÅHÄM¨Û`P ÝsÍcIxKpkJKpu�jSbrK_B�G`YLG�ILj�PqPqP PqP PqP PqPqP±PqP PqP PqPqP PqP PqP±PqPqP PqPÙM�ÅHÄ
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Û�PQM�eib[wtZ�\]Y[ILj_^`Zn\&jSd³G�f�C,\(KS\&CFjHf�Z�brWSGJZn\&G�k�ILZ(f�a,KHb¡ª¬G�fJ\(CQjSf�Z�b«Kh^�Z�bL\&ILCQk�CFI M�O
ÝJPQM�eib"Y[ILGJ\]YLG�ILK�KpfXYLZ�b«^`ZqZ"u�Z�\&G�YLKpI«a,KHbrwJI[CFd_C°YLCQÕvKHb«^�ZqEHILG�wtjXb(P P±PqPqP PqP�ÝSç
ÝJP Û eib"Y[ILGJ\]YLG�ILK�^`Z�b"w�GrlZ�br^`ZqZ"u�Z�\&G�YLKpI«a,KHbrwJI[CFd_C°YLCQÕvKHbV^`Z EHILG�wtjXb(P�PqPqP PqP�ÝXÃ
ÝJP Ý eib"Y[ILGJ\]YLG�ILK�^`Z�b"w�GrlZ�b ^`ZhZ"u�Z�\&G�YLKpIqa,KHb wJI[CFd_C°YLCQÕvKHbq^�Z�àñIJ·å¥&¢[µx´pí�í�î�IJà wµL£p· ´p¢x²]PÙPqPqP PqP±PqP PqPqP PqP PqP PqPqP±PqP PqP PqPqP PqP PqP±PqPqP PqP ÞJM
ÝJP Þ eib"Y[ILGJ\]YLG�ILK�^`ZqaFjSb�lKHI[kmjHaFZ�b¡wJKHILK�a,KHb«\&jSaQZ�\]YLCQÕvKHb�P`PqPqP PqP PqP±PqPqP PqP ÞSÎ
ÞtPQM�Ê©G�Y"Y[Z�I$�t|\&jSf�Þ_w�ILj`\&Z�b"jXb PqP PqP PqPqP±PqP PqP PqPqP PqP PqP±PqPqP PqP�ÄHÅ
ç�PQM ×�j`^`Z(aFjh¿gCFf�EpÇå¿UjHf�E�^`Zn\&jSd³G�fJCF\�KH\&CFjHfJZ�b P PqP PqPqP PqP PqP±PqPqP PqPÔÃvÄ
ÄJPQM Ú[Ë_×�¿sb"jSk�I[Z ILZ�^NÓ�Z&YLZ(ILjHE?lZ(f�Z�K³^`Z�a¼�¼Ú�¾3ÚiÇ3M�OZ×�kmévb�P PqP PqP±PqPqP PqP�ÅSç
ÄJP Û Ú[Ë_×�¿sb"jSk�I[Zq\(aQGJb"Y[Z�I«Ó�jHd_jSE?lZ�f�Z(j³Ç�M�OHO;×�kmépb|P PqPqP PqP PqP±PqPqP PqP�ÅHÄÄJP Ý ÍVË¡¿¡év½3¾3¿ê`�f�Z&YLwtZ�I"ªWa�b"jSk�I[Z±ILZ�^�Ó�Z&YLZ(ILjHE?lZ(f�Z�K³^`Z�a¼�¼Ú�¾3Ú3M�OZ×�k évb PqP�ÅXÃ
ÄJP Þ ÍVË¡¿¡év½3¾3¿ê`�f�Z&YLwtZ�I"ªWa�b"jSk�I[Z \&aFGJb"Y[Z�I�Ó�jHd_jSE?lZ�f�Z(j³Ç�M�OHO;×�kmépb�`�ÓJ^M�CasP�ÅXÃ
ÄJP ç ÍVË¡¿¡év½3¾3¿�`¬w�ILjHESILKHd_KSbn^`Z|Y[Z�b"YLb�w�ILjHw�CFjSb�a b[jHk�ILZÙILZ�^ÖÓ�Z(Y[Z�I[jSE?lZ�f�Z�K^`Z(ac�cÚ�¾VÚ©Ç�M�O;×�kmépb PqPqP PqP PqP PqPqP±PqP PqP PqPqP PqP PqP±PqPqP PqP�ÅHÅ
ÄJP Ä ÍVË¡¿¡év½3¾3¿h`¬w�ILjHESILKHdhKHbc^�ZiYLZ�b"YLb�w�ILjHw�CFjSb�a¼b[jHk�ILZ©\(aQGtb�YLZ(IUÓ�jHd_jSE?lZ�f�Z(jÇ�M�OHO;×�kmépb�P PqP±PqP PqPqP PqP PqP PqPqP±PqP PqP PqPqP PqP PqP±PqPqP PqP�ÅHÅÄJPÜÃ ¿�ôv× é@×�¿iÚ©b[jHk�ILZ3ILZ�^NÓ�Z(Y[Z(ILjHE?lZ(fJZ�K³^�Z(ac�cÚ�¾VÚ©Ç�M�O;×�kmévb PqP±PqPqP PqP�ÅHÎ
ÄJP Å ¿�ôv× é@×�¿iÚ©b[jHk�ILZ±\(aQGtb�YLZ(I«Ó�jSd�jSE?lZ�f�Z(j³ÇVM�OSOZ×�k évbêP PqP PqP±PqPqP PqP�ÅHÎ
Ã`PQM�¿�ôv×�kJKHI[ILCQZ�I«b"jSk�I[Z ILZ�^NÓ�Z&YLZ(ILjHE?lZ(f�Z�K³^`Z�ac�¼Ú�¾3Ú±M�OZ×�kmévb|PqP±PqPqP PqP�ÎSÛ
Ã`P Û ¿�ôv×�kJKHI[ILCQZ�I«b"jSk�I[Zq\(aQGJb"Y[Z�I«Ó�jHd_jSE?lZ�f�Z(jNM�OHO;×�kmépb�P PqP PqP±PqPqP PqP�ÎSÛÃ`P Ý ¿�ôv×�kJKHI[ILCQZ�I«b"jSk�I[Z ILZ�^NÓ�Z&YLZ(ILjHE?lZ(f�Z�K³^`Z�a�Ë©Z�Í�TV¾AM�OZ×�kmévb-PqPqP PqP�ÎSÛ
Ã`P Þ ×�¿gÚ©kJKpILI[CFZ(I«b[jHk�ILZ±I[Z�^NÓJZ&Y[Z�I[jSE?lZ�f�Z�K�^`Z(a¼�cÚ�¾VÚ±M�O;×�kmépb PqP±PqPqP PqP�ÎHÝ
Ã`P ç ×�¿gÚ©kJKpILI[CFZ(I«b[jHk�ILZ \&aFGJb�YLZ(I�ÓJjHd_jHE?lZ(f�Z�j|M�OHOZ×�kmévb P PqP PqP±PqPqP PqP�ÎHÝÃ`P Ä ¿�ôv× È(¢[´�£HÉSµL£v²]·³b"jSk�ILZhI[Z�^ÁÓ�Z&YLZ(ILjHE?lZ(f�Z�K�^�Z(a©�cÚ�¾VÚ_M�OZ×�kmépb Ç�M|I[Z(Ç\&Z(w�Y[jHIrÇ3ÉS£H¥(í_´�ICwå·å´@w"ÉS£H¥(í_´�I®Ç��±¾3æ PqP PqP PqPqP PqP PqP±PqPqP PqP�ÎSç
Ã`PÜÃ ¿�ôv× È(¢[´�£HÉSµL£v²]·³b"jSk�ILZhI[Z�^ÁÓ�Z&YLZ(ILjHE?lZ(f�Z�K�^�Z(a©�cÚ�¾VÚ_M�OZ×�kmépb Ç�M|I[Z(Ç\&Z(w�Y[jHIrÇi^�CQILZ�\&Y[j�Ç-�3¾±æ PqP PqP PqPqP±PqP PqP PqPqP PqP PqP±PqPqP PqP�ÎHÄ
Ã`P Å ¿�ôv× È(¢[´�£HÉSµL£v²]·³b"jSk�ILZhI[Z�^ÁÓ�Z&YLZ(ILjHE?lZ(f�Z�K�^�Z(a©�cÚ�¾VÚ_M�OZ×�kmépb Ç�M|I[Z(Ç\&Z(w�Y[jHIrÇi^�CQILZ�\&Y[j�ÇiÚåf�¿ga,KH\&Z P PqP PqPqP±PqP PqP PqPqP PqP PqP±PqPqP PqP�ÎHÄÃ`P Î ¿�ôv× È(¢[´�£HÉSµL£v²]·³b"jSk�ILZhI[Z�^ÁÓ�Z&YLZ(ILjHE?lZ(f�Z�K�^�Z(a©�cÚ�¾VÚ_M�OZ×�kmépb Ç Û�I[Z(Ç\&Z(w�Y[jHILZ�b¡Çi^JKpZ(d_jSf|YLj_^JKpZ(d_jSf|Ç-�±¾3æ P PqP PqPqP PqP PqP±PqPqP PqP�ÎXÃ
Ã`PQM�Os¿�ôv× È(¢[´�£HÉSµL£v²]·³b"jSk�ILZhI[Z�^ÁÓ�Z&YLZ(ILjHE?lZ(f�Z�K�^�Z(a©�cÚ�¾VÚ_M�OZ×�kmépb Ç±Ý�I[Z(Ç\&Z(w�Y[jHILZ�b¡Çi^�CQILZ�\&Y[j�Ç��3¾±æ P PqP PqPqP±PqP PqP PqPqP PqP PqP±PqPqP PqP�ÎXÃ
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