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Figure 1. PackageBLAST architecture.
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»¼ëPë ÃÄ½AÁÓÒuÌNÌ<½AÀ�É ë�ìNË�½AÂ ìuÌ�ÈÄÂ
Table 1. Characteristicsofthe gridtestbed.
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Table 2. Grid Configurations
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Table 3. Executiontimes(inseconds)for
BLASTXexecutioningrid environment.
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Figure 2. Absolute speedupsfor 2,4,8and
16nodes
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Table 4. PSSstrategyevaluationin16nodes
withlocal workload.

u�õCø"r~:hø���÷Nø�� 2 ÷uûiø\��*�
~���W÷Nö*
���õ�÷Nþ8�P÷uø�I9ö�ø¢õA÷Nû��W÷��9õNõÑö�I��G�
��9þ6I/ø���7;
9ý(�4÷n
�4D��
9þ8�+÷6
o÷Nû{øG�(
~�6ø?õ ¤ªÚ�Û $ ®²�����i¬ U<Ug¥

�36÷��Pö��{ø��ÜI9þNø��W÷\3hø��{ø"�i÷F4�þ8
�7 ýiõuö��(I ¦ v(v ¤ J�J�?iù ��Ý.Þß�����
J�J�?{ù�x~J�Þ 2 þuø?õl:�ø��]÷uö�j9ø��ÿ ¥ ù úAûiö�õtö�õ5�{ý{øw÷6
o÷Nû{ø�4§����÷±÷uû<�W÷
�zõ6�
��à�(
~�6ø������"ø��/õÑö��ÿ�3hø��"
�7¬ø��p3<
9÷Ñ÷8Kø��{ø����+ö���÷uû{ø?õÑø
õ�÷Nþ8�P÷uø�I9ö�ø¢õ¢ù � 
9þ�ö��iõÑ÷8���<�]ø 2 ��û{ø���ýiõuö*��I¬÷uû{ø Ú�Û $ ®Óõ�÷Nþ8�P÷uø�I9ÿ
��öc÷Nû(
9ý{÷ ¦ v(v ¤ ÷8��3(�ø y.¥"2 J�K�õÑø�I�7¬ø��4÷eõ`�PþNøX�9õNõuö*I��{ø��C÷6
�ø����eû
�(
~�6ø9ù h �F
/ý{þ�÷uø¢õÑ÷63�ø�� 2 ÷uû{øAõ6*
��lø¢õÑ÷T7n���eûiö*�{ø ¤ tTK y.¥ �"�ø��9þ6�ÿ
3hø�����7�øV��3�
P÷u÷6�ø��{ø�����ù h �t÷uû{ønõÑø��"
��<�¬÷uö�7¬ø ¦ v(v¬ø"r6ø��]ý6÷Nø¢õ¤ ÷���3(�ø y.¥"2 ÷uûiø �-ø¢ö*I/û4÷@�9õNõÑö�I��{ø��¯÷8
�t`K y �	�9õ9Kiù ��Ý������q÷uû<�W÷
7n���6ø¬öK÷�:{þ6
~�_ø¢õNõ���õuø�I�7�ø��4÷Nõ ö��iõ�÷Nø����s
�4VJ�K{ùnv�ö*�<�]ø�¬ U�U
�9õNõÑö�I��hõn�W÷ ÷Nû{øG3�ø�I9ö��(�{ö��(IÜ
�4 ÷uû{øs��
�7;:{ý6÷��W÷Nö*
��á�ÜI9þNø��W÷



â�ã;ä�å(æ.ç=ä�è9éRä�ê6ë«ç6ä5ç8ì(í�æ�ä1î(í�ï�ð�ânñ�ê6í�â�ç�ò�í�æ�í"ó(ç�ô�â�æGâ�õ�ï6ä
ò�í�ä�ò~ç8â�ö*æ(í�î5èmê8ä�ãø÷Rù(ù/ú

û ã;ä�æ(ñ�ç8ì(ínê6í�ãnâ�ö�æ(ö*æ�ñ�ïlç6ê�â�ç8í�ñ�ö*í�ï�ðVüqý<ý{é�â�ïVç6ì(í5ä�æ(í
ç8ì�â�ç�ä�ò~ç8â�ö*æ�í�îsç6ì(í;ò�í�ïlç�ò<í�æ(í"ó(çDèmê8ä�ãþ÷Rù(ù£ÿ§âHê8í�î~å�ô"ç6ö�ä�æ
ä�è��~ú������ ö�æÜö*ç8ï�ç6ä�ç�â�õ�í��~í�ô�å~ç6ö�ä�æ�ç8ö*ã;í
	 ú£ý�ý ä�ò~ç8â�ö*æ(í�îÜâ
� í�ê��ïlãnâ�õ�õgò<í�æ(í"ó�çVèmê8ä�ã å�ï6ö�æ(ñH÷�ù(ùÜÿ���ú�������	�â�æ�î��������
í����<í�ê6ö�ã;í�æ.ç6í�î{â�æ{â�å(ñ�ã;í�æ.ç�â�ç6ö�ä�æáö�æköªç�ï«í��~í�ô"å(ç6ö�ä�æáç6ö�ã;í
é¡ì�í�æ�å�ï6ö*æ(ñ5÷�ù(ù/ú
� íDê8í���í�â�ç8í�î«ç6ì(ö|ï�ç6í�ïÑç ö�æ�âFô�ä�æ~ó<ñ�å(ê�â�ç8ö*ä�æ«é¡ö*ç6ì �\ã;â�!

ô�ì�ö*æ(í�ï�ðqâ�æ�î�ç8ì(íFê8í�ï6å(õ*ç8ïVä�ò(ç8â�ö�æ(í�îGâ�ê8íFï6ì(ä�é¡æGö�æGç�â�ò(õ�í"�~ú
# æ«ç6ì(ö|ï	ô�â�ïlí�ð�ç8ì(í=õ�ä�â�îné	â�ïRö*æ.ç6ê8ä~î~å�ô�í�înö�æ«æ(ä~î~í�ï%$'&���â�æ�î
÷%&���ú

(*) ) +-,/.�021 +3 465�76891 02: 4<;7>=�?�? 4�@A76891 0B:�+C�0?-0BDB.�0BE/FAG =�?�? ;�H =�?�? IJ.1 3
K 1 H�E/L MNO @OAP MQNAR ;OQS PPT?�? ;AU@ @ARO 5�OU V�M-S WPTX ?�? ;AON ;UA; @;U 5�;QS POTIY?�? ;AOW ;NAU @@-5 5ZM-S WAMQTK (9[\; ;AN-5 ;NAN ;UN @-S MOQT

Table 5. PSS strategy evaluation in 8 nodes

with local workload.

# æpç�â�ò(õ�í]�1ðqç8ì(í5ò�í�ïlç^�<í�êlèmä�ê6ãnâ�æ�ô"í\ñ�â�ö*æ�é	â�ï�â�õ|ïlä�ä�ò�!
ç�â�ö�æ(í�îGò_�-ç6ì�í�å�ï6í�ä�è9÷�ù(ùHé¡ö*ç6ì�ç8ì(í�`ba_cQd�ïlç6ê�â�ç8í�ñe��úgf	ì(í
å<ïlí5ä�è ÷Rù(ùpé¡ö*ç6ìih�ý�ý â�æ�î�üqý�ý â�õ�ï6ä�ä�ò(ç8â�ö�æ(í�îpô�ä�æ�ï6ö|î�!
í�ê8â�ò(õ�í�ñ�â�ö*æ�ï�ÿZ��j<ú �e�_� â�æ�î��lk(ú ��me�«ð(ê8í�ïA�<í�ô ç8ö � í�õ���	"ú û ï ö�æ
ç8ì(íg�(ê8í�ô�í�í�î(ö*æ(ñDô�â�ï6í�ð_�������«â�æ�î«ý�ý�ä�ò~ç�â�ö�æ(í�î\ï6ã;â�õ*õ~ò�í�æ�!
í�ó(ç`èmê8ä�ã�÷Rù�ù/úln�ä�éRí � í�ê�ð�ç6ì(íRò<í�ì�â � ö*ä�êqä�ò�ï6í�ê � í�î èmä�êqç8ì(í�ï6í
çÑé�äo�<ä�õ*ö|ô"ö�í�ï�é	â�ï`ç6ì(í	äe�\�<ä.ïlö*ç6í�ä�è(ç8ì(íp�(ê8í � ö*ä�å�ï�ô�â�ï6íRï6ö�æ�ô"í�ð
èmä�êo�«æ(ä~î~í�ï�ð/öªçVé�â�ïDý<ýoç6ì<â�ç=í����<í�ê6ö�ã;í�æ.ç6í�îGâ�æsâ�å(ñ�ã;í�æ�!
ç�â�ç8ö*ä�æHä�æ«ç8ì(íDí��~í�ô"å~ç8ö*ä�æ-ç8ö*ã;í�ú
� í � â�ê6ö�í�î ç6ì�íß÷Rù(ùq�<â�ê�â�ã;í"ç8í�ê�ïsr ÿmæ1å(ã�ò�í�êøä�è

î�â�ç8â�ò�â�ï6í}ïlí�ñ�ã;í�æ.ç�ït��ê6ä~ô"í�ï6ï6í�î ò<í�çÑéRí�í�æ çÑé�ä æ(ä�ç6ö*ó<ô�â�!
ç8ö*ä�æ�ïQ	@â�æ�îvu�ÿ§æ.å�ã�ò�í�ê	ä�èqæ(ä�ç6ö*ó<ô�â�ç6ö�ä�æ�ïRå�ï6í�î5ç6äFô�ä�ã"�(å~ç8í
÷�ù(ù�	nÿeïlí�ô ç8ö*ä�æ��_	=ç6äGí � â�õ�å�â�ç8íFç8ì(í«÷�ù(ù ò<í�ì�â � ö*ä�êDö*æ�ç8ì(í
èmä�õ*õ�ä�é¡ö�æ(ñGï6ô�í�æ�â�ê6ö�ä�ö�æÜâ�èmä�å(êA!�æ(ä~î~ínñ�ê8ö�îqú # æ�ç8ì(ö|ï�í�����í�êA!
ö�ã;í�æ.ç�ðRâGç8ì(ê6í�í�!�ã;ö*æ1å~ç8í«õ�ä1ô�â�õ�éRä�ê6ë1õ�ä�â�î²ÿ<w�xzy-{}|z~/de�l	\é�â�ï
ö�æ.ç6ê8ä~î~å�ô"í�î�ö*æ�æ�ä1î(í�÷�&\�Dé¡ì(í�æ�ç8ì(í�õ|â�ïlç¡ç8â�ï6ëHä�è�ç6ì(í�ó�ê8ïlç
üqý<ý â�õ�õ*ä~ô�â�ç6ö�ä�æpïÑç�â�ê6ç8ï�ú"f	ì�ínñ�ä�â�õgì(í�ê8í;é�â�ï�ç8ä�í � â�õ�å�â�ç6í
ç8ì(í�ö�ã"��â�ô"ç	ä�è�ã;í�î~ö*å�ã�!�õ�ö � í�îHõ*ä~ô�â�õ/ç8â�ïlë~ï�ö�æ�÷�ù(ù/ú\��ö�ñ�å(ê8í
���(ê8í�ï6í�æ.ç�ï�ç8ì(í�ñ�â�ö*æ<ïFä�ò~ç8â�ö*æ�í�î^ú # æoç8ì(ö|ï;ó�ñ�å�ê6í�ð���÷�ù(ù��
ê8í���ê6í�ïlí�æ�ç�ïVç6ì(í5ó�ê8ïlç�í��~í�ô"å~ç8ö*ä�æ�ä�è¡÷Rù(ù/ð`é¡ì(í�ê8í;ç6ì(í«õ*ä~ô�â�õ
õ�ä�â�î�é�â�ï¡ö�æ�ç8ê6ä~î~å<ô"í�î�â�æ�î ��÷�ù(ù�k
���;ê8í��(ê8í�ï6í�æ.ç8ï¡ç6ì(í�ï6í�ô�!
ä�æ�î\í��~í�ô�å~ç6ö�ä�æFä�è^÷Rù(ù^ú # æ\ï8ô"í�æ�â�ê8ö*ä���ð���÷Rù�ù�k
���Vî~ä1í�ïgæ(ä�ç
ô�ä�æ.ç8â�ö*æFõ*ä~ô�â�õ1éRä�ê6ë1õ�ä�â�înÿ§ï6ì(ä�ê6ç�!�õ*ö � í�î�ç8â�ïlë�	`é¡ì(ö�õ*í¡ï8ô"í�æ<â�ê8ö*ä
k;ô�ä�æ.ç8â�ö*æ<ïRö*ç�ÿmõ�ä�æ�ñ�!�õ*ö � í�î5ç�â�ï6ë�	"ú
# æ ç6ì(ö|ï�ï6ô�í�æ�â�ê6ö�ä�ð	ç8ì(ípõ*ä~ô�â�õ=õ�ä�â�îáó�æ(ö|ï6ì(í�ï-öªç�ïHí��~í�ô�å�!

ç8ö*ä�æ�ò<í�èmä�ê8í;ç6ì(í��p$ û ù�f�ï6í�â�ê8ô�ìpí�æ<î(ï�úv�=æ ç6ì�í5â � í�ê�â�ñ�í�ð
ö�æ.ç6í�ê6ã;í�î(ö�â�ç6í � â�õ�å(í�ï9èmä�ê�r5â�æ�î�u ÿ2k(ð k�	�õ*í�î;ç6äDò�í"ç6ç6í�ê%��í�êA!
èmä�ê6ãnâ�æ�ô"í�ñ�â�ö*æ<ï�ú
# æ��g|����|��_c������ý9ü`ðXç8ì(í�æ1å(ã�ò�í�ê;ä�èVâ�õ�õ�ä1ô�â�ç8ö*ä�æoã;í�ï�!

ï8â�ñ�í�ïRí��(ô�ì�â�æ(ñ�í�î;ò_�\ç8ì(í�ã;â�ïÑç8í�ê�â�æ�î-â�ï6õ�â � í�î~í���í�æ<î(ï	ä�æ
ç8ì(í«â�õ*õ�ä~ô�â�ç8ö*ä�æ���ä�õ�ö�ô�� â�æ�îpä�æ ç6ì(íné�í�ö�ñ�ì.ç�â�ï8ïlö�ñ�æ�í�îsç6äGâ

�
�
�
�
�
�
�

�
�
�
�
�
�
�

�
�
�
�
�
�
�

�
�
�
�
�
�
�

���
���
���
���
���
���

�
�
�
�
�
�

�
�
�
�
�
�

���
���
���
���
���

�
�
�
�
�

 � ¡�¡

0

5

10

15

τ=1,Ω=1 τ=3,Ω=1 τ=2,Ω=2 τ=3,Ω=3 τ=5,Ω=4

PSS2x

PSS

p
er

ce
n
tu

al
 g

ai
n

Figure 3. Percentual gain obtained by PSS
varying r and u parameters.
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�<í�ê8ô�í�æ.ç6å<â�õXñ.â�ö�æ�ö*æ�í��1í�ô"å~ç8ö*ä�æ�ç6ö�ã;í«ä�ò(ç8â�ö�æ(í�î�é¡öªç8ìo÷Rù(ù
â�æ�î-é¡ö*ç6ì�÷Rù(ù\k
�-â�ê6íDâ�õ|ï6ä��(ê8í�ï6í�æ.ç8í�î^ú
=_.D§.A¨©Eª02E/D§« IJ.A1 3 IJ.A1 3 ¬p«§F« ¬p«§F« ¬p«§F«=�?�? =�?�?�;ZH 81 0B:�+AC�0 =�?�? =�?�?�;ZH=�?�?
®¢¯ 5-°2± ¯ 5 P-S UA;QT 5ZR-S ;-5�T 5�O 5/M ;O
®¢¯ @�°2± ¯ 5 P-S 5/R-T 55AS RQ@T 5�O 5Z@ ;;
®¢¯ ;�°2± ¯ ; N-S UA;QT U-S W�M-T 5�O 5ZW 5�O
®¢¯ @�°2± ¯ @ @-S PA@QT 5ZR-S RQ;T 5�O 5Z@ 5�N
®¢¯ W�°2± ¯ M 5ZR-S 5�OT 5ZR-S @NT 5�O 5/M 5�U

Table 6. Percentual gains in execution time
and the total number ofallocation messages

�(ä�ê�â�õ�õ<ô�â�ï6í�ï�ð�ö�æ;ç6ì(í�ó�ê8ïlç@í��1í�ô"å~ç8ö*ä�ænä�èq÷Rù�ù/ð�ç8ì(í�æ1å(ã�!
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÷Rù(ù\k
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M�V�3�+-L�E MAV<3�+-L�E N�V<3�+-L�E NZV�3�+-L�E«>0BDB.�0BE/FAG 5/R·Y¸ 5ZR·Y¸ @P�·Y¸ @APA·Y¸?�? W-5/M ;�MMP ;AMQP 5Z@-5ZUX ?�? WAMO ;�MQ;AW ;WU 5Z@;ANIY?�? W-5ZW ;�MRP ;AMQW 5Z@;AU

Table 7. Execution time (seconds)obtained

with 10KBand 36KBsequences



¹/º¼»�½¾�¿�½ÁÀA»Â¿�ÃzÄeÅ<Æ\Ä�ÀA¿�ÀAÇ\¿ÉÈ<Ê"Ë\Ä�Ì-À£»�Í�ÀAÇ\¿ÏÎ�Æ\¿�½Ð¶Ñ�¿�Ò
Î_Æ�¿�º\Ì�¿�ÑAÈ<Ó�¿v»�ºÏ»eÆ�½�Ê"¿�ÌQÇ\Äeº�È6Ñ�Ê�Ô¢Õ�¿]Æ\ÑA¿�¾tÑ�¿lÎ_Æ�¿�º\Ì�¿�Ñ�»�Í
Öl×eØÚÙ Ä�º\¾ÜÛeÝ ØÚÙ È�º�Ä�Í§»eÆ�½AÒªº�»�¾�¿£Ä�º\¾Þ¿�È<ß�Ç�ÀAÒàº\»�¾�¿ ße½È�¾
ÕgÈ<ÀAÇÏá�â�â�Ä�º\¾�ÀAÇ\¿]â�â*Ô'ã¦â\âäÄeº\¾�åÚâ�â�ÑZÀ½Ä�ÀA¿�ßeÈ�¿�Ñ"æ>ÀQÄ�ç�Å�¿
èeé-ê'¹/ºëÀAÇ�È6ÑJÀ¿�Ñ�À�Ô
Õ%¿¢Ì�Ä�ºÚÑA¿�¿©ÀÇ\ÄzÀYÀÇ�¿¢ç9¿�Ñ�À�¿�ì�¿lÌ�Æ�ÀÈ<»�º�ÀÈ<Ê"¿lÑ
Õ�¿�½¿�»eç�ÀQÄ�È�º�¿�¾ÚÕgÈ<ÀAÇ}åÚâ�â�Ä�º\¾�â�â*Ô
È<º�»eÆ\½'¿�È<ß�Ç�ÀAÒàº\»�¾�¿�ße½È6¾JÔ
ÕgÈ<ÀAÇ Ö�×�ØÚÙ Äeº\¾�ÛeÝ ØÚÙ Î_Æ�¿�½AÐÂÑA¿�Î_Æ�¿�ºÌ�¿�Ñ�Ôg½¿�ÑAË¿lÌ-ÀAÈ�Ãe¿�Å<Ð�ê
í Å�ÑA»\Ô\Õ%¿Ú»�ç\Ñ�¿�½AÃ�¿�¾vÄ"ße½¿�ÄzÀgÄ�Æ\ßeÊ"¿�º_ÀÄ�ÀAÈ�»eºÁ»eºÁÀAÇ\¿Ú¿�ì�¿�Ì�Æ�Ò
ÀÈ<»�º]ÀÈ<Ê"¿�ê�î\»e½gÄ�ÑA¿�Î_Æ�¿�º\Ì�¿ëÛ�ê ÝÚÀÈ<Ê"¿lÑ%Å6Ä�½ße¿�½�Ô�ÀAÇ\¿oÄ
Ã�¿�½QÄ�ße¿
¿�ì�¿�Ì�Æ�ÀAÈ�»eº�ÀÈ<Ê"¿ÚÄ�Æ\ßeÊ"¿�º_ÀA¿l¾]ï�ê Û�ÀAÈ�Ê�¿lÑ�Ô�È�º]ÀÇ�¿o¿�È�ßeÇ_À�Òªº�»�¾�¿
ß�½AÈ6¾Jê�ãpÇ�È�Ñ¦»�Ì�Ì�Æ�½QÑ¦¾�Æ\¿ÚÀA» Ùpð í â�ãñÌQÇ\Ä�½QÄeÌ�ÀA¿�½È6ÑZÀÈ�Ì�ÑgÄ�º\¾�Ä
ÑAÈ�Ê�È�Å6Ä�½g½¿�ÑAÆ�ÅòÀ¦ÇÄeÑpç9¿�¿�º�½¿�Ë9»e½AÀA¿l¾]È�º�ó Ýzôªê

õ öä÷%ø²ùJú�û�ü�ýZ÷�ø

¹/ºþÀAÇ\È�ÑÏÄe½�ÀÈ�Ì�Å<¿�Ô"Õ%¿Ü¿�ÃzÄeÅ<Æ\Ä�ÀA¿l¾ ÿ ���������	��
������� Ô"Ä�º
Ä�¾�Ä�Ë�ÀAÈ�Ãe¿iÊ�Æ\ÅòÀÈòÒªË»�Å<È6Ì�Ð ße½È6¾ ÑA¿�½Ã�È�Ì�¿¼ÀA»s¿�ì�¿lÌ�Æ�À¿ Ê}ÄeÑ�Ò
À¿�½��zÑAÅ�Ä
Ã�¿ Ùpð í â�ãñÑ�¿lÄ�½QÌQÇ�¿�Ñ%È�º�Ä�ß�½AÈ6¾]¿�º�Ã_È�½»eº�Ê"¿�º_Àlê
ãpÇ\¿Þ½¿�ÑAÆ�Å<ÀÑ�Ì�»�Å<Å�¿�Ì�ÀA¿l¾�ç�Ði½Æ�º�º�È�º�ß�ÿ ���������	��
��������

ÕgÈ<ÀAÇ��\Ã�¿sÄ�Å�Å<»�Ì�Ä�ÀAÈ�»eº Ë»�Å<È6Ì�È�¿�Ñ¼È�º Ä Ö ÝzÒªÊ}ÄeÌQÇ�È�º�¿ ße½È�¾
À¿�Ñ�ÀAç9¿�¾äÕ%¿�½A¿�Ãe¿�½AÐ�ße»�»�¾Jêë¹/º�»�½¾�¿�½¦À»ÁÌ�»eÊ"Ë\Äe½A¿�Ä Ö�×�ØÚÙ
½¿�ÄeÅ���� í Ñ�¿lÎ�Æ\¿�º\Ì�¿�Äeß�Ä�È�º\Ñ�À'ÀÇ�¿� "!gß�¿�º�¿�ÀAÈ6Ì�¾\ÄzÀÄeç\ÄeÑA¿eÔzÕ�¿
Õ�¿�½¿�Äeç�Å�¿^ÀA»v½A¿l¾�Æ\Ì�¿�¿�ì�¿lÌ�Æ�ÀÈ<»�º ÀAÈ�Ê"¿^Í§½»eÊ Û ×"# $�$ Ê"È<º À»
%&#<Ö�Ö Ê"È�ºYê í Å6Ñ�»ÔzÕ%¿pÑ�Ç\»zÕ%¿l¾ëÀAÇ\Ä�À�ÔzÈ�º�»�Æ�½'ÀA¿�Ñ�ÀAç9¿�¾YÔzÀAÇ�¿�½A¿�È6Ñ
º\»"ÄeÅ<Å�»�Ì�Ä�ÀAÈ�»eº]Ë9»eÅ�È6Ì�Ð}ÀÇ\ÄzÀ¦Ä�Å�ÕpÄ
Ð�Ñ�ÄeÌQÇ\È<¿�Ãe¿�Ñ%ÀÇ�¿ëç¿lÑZÀ¦Ë9¿�½AÒ
Í§»�½AÊ}Äeº\Ì�¿�Äeº\¾ÜÀÇ\ÄzÀ]Ê}Ä�'e¿�Ñ]¿�Ã�È6¾�¿�º_À�ÀÇ�¿�È�Ê"Ë»�½�ÀQÄ�º\Ì�¿£»�Í
Ë\½A»zÃ�È6¾�È<º\ß�Ê�Æ�Å<ÀAÈ�Ë�Å<¿ÚË9»eÅ�È6Ì�È�¿�Ñ�ê)( »e½¿�»zÃ�¿�½lÔeÕ�¿^Ñ�Ç�»zÕ�¿�¾�ÀAÇ\Ä�À
ÀÇ�¿ëÈ<º_À½A»�¾�Æ\Ì�ÀAÈ�»eº�»eÍ'á%â\â"È<º�Ä^ß�½AÈ6¾}¿�º_Ã�È�½A»�º�Ê"¿�º_À%ÕgÈ<ÀAÇvÅ<»eÒ
Ì�Ä�ÅgÕ�»e½�'�Å<»_Äe¾ÉÅ�¿�¾ ÀA»�Ãe¿�½AÐÉß�»�»�¾tË9¿�½AÍ§»e½Ê"Äeº\Ì�¿Áß�ÄeÈ<ºÑ�Í§»�½
ÑA»eÊ"¿ÚË9»eÅ�È�Ì�È<¿lÑÚæ§Ê}Ä�È�º�Å�Ð+*-, ��. Ô�/ �0� Ä�º\¾ �1�"� é-ê
í Ñ�Í§Æ�ÀAÆ\½A¿ Õ�»e½�'*Ô¢Õ%¿�È�º_ÀA¿�º¾ÏÀ»�½Æ�º�ÿ ���������	��
��������

È�ºÉÄ�ße¿�»eße½QÄ�Ë\Ç�È�Ì�Ä�Å�Å<Ð ¾�È6ÑAË¿�½ÑA¿�¾äße½È�¾�ÀA¿lÑZÀç¿l¾�È<º�»e½Q¾�¿�½�À»
¿�ÃzÄ�Å�Æ\ÄzÀ¿�ÀAÇ�¿�È�Ê�ËÄeÌ-À�»eÍoÇ\È<ß�Çtº�¿�ÀZÕ%»�½2'ÉÅ6ÄzÀ¿�º\Ì�È<¿lÑ"È<ºÞÀÇ�¿
ÄeÅ<Å�»�Ì�Ä�ÀAÈ�»eº�Ë»�Å<È6Ì�È�¿�Ñ²Ä�º\¾ÁÈ�º£ÿ �"� ê\¹/º£Äe¾�¾�È<ÀAÈ�»eºÁÀ»"ÀAÇ\Ä�À�Ô\Õ�¿
È�º_ÀA¿�º\¾äÀA»ÁÈ<Ê"Ë�Å�¿�Ê"¿�º_À^Ä�º¾�¿�Ã
ÄeÅ<ÆÄzÀA¿�ÀAÇ\¿�Ê"»�¾�Æ�Å�¿3/ �  � !54
�768�+9:�<;&= ! 6?> ÔYÕgÇ\È�ÌQÇ�È�Ño½¿�ÑAË»�º\ÑAÈ<ç�Å�¿�ÀA»�Ê"¿�½ße¿�ÀAÇ�¿"½¿�ÑAÆ�ÅòÀQÑ
»�ç�ÀÄeÈ<º\¿�¾�ç�Ð"ÀÇ�¿oÑAÅ6Ä
Ãe¿²º\»�¾�¿�Ñ�ê-@�¿ëÄ�Å6Ñ�»�Ë�Å�Äeº�À»�È�º�À¿�ß�½Ä�ÀA¿
Ä�ÍBÄeÆ�Å<ÀgÀA»eÅ�¿�½QÄ�ºÌ�¿oÊ�¿lÌQÇ\Ä�º\È�ÑAÊsÀA»vÿ �������A����
�����)� ê

BDC1E�C1F"C ø²ù C ü

GIH�JLK�MON-M	PQIRTS<UWV7X	QZY�[\M�]�^_S<V0Y�[DMO`a^_QbQ_c�d5Y�e)M�[DMO`+fgc�dTS�Y�h�iOj
k M�l�Mnm0^_o	pLh�i0MqPsr	hAS<^_UtQbugU�hAQvh�Qb^_wAi	pxc�igRyS<c5h�dTUWV3RTuguzQZM
{7|�}�~W���A��|8���|z�b�<��}��_�A~��)��|A�_|T�A� YO�7H5�7� ���A���g��H5�7Y�H��z�A��MG ��JxP�M k h�dTQ_^_i	w�Ygm�M7�nh�dTc�fgYgh�iOj�[\M�N	c�i	w�MO�nV	c)j�c�S<^_wzi0Y�^bpxo�Q_c��
pxc�i7RWh�RT^_uzi0Y0h�iOj�c��AhAQ_XOh�RT^buAi�u��npxo�^br�QbhAS8R5M�� � }7�T ¡�2~�¢a|A~2�_£
� |��5�5�2~<�2���W�a�A�O£a¤�¥2¦�|t�§�¨�W|���©�}7���� Z�Z|A�«ª��§ §¬ §¬���®� §¬°¯W�O±
 ¡�2~W���� Z��|A���A� � |A�5�5�2~<�2���W�a|A�³²1�§�	}z¥ � � }7�T ¡�2~2��´³µ0¬	��¶¸· �
¹)�2º�|z� }7 Z��|A�°»�¼�¼�½ Y�lzX�i	c����z�A��MG ��J�¾WM�N	uAS8RTc�d1hAi	j��M�¿vc�S<S<c�Q_pLhAi"Mg]�Q_uAr	X	S��ÀPÁpxc�RWhAU�uzpxo	X�RT^_i	w
^_i��§dWhAS8R<dTX�U�RTX�dTcRTuguzQ_Â7^_R5M ¯W�	 ¡�2~W���A Z��|����z�0{7|A}7~2�O�z�À|Ã��Ä	}�¦��2~�±
�T|AÅ¦O}7 ¡�2~�Æ-¦�¦�� �Z�W�� Z��|A�	� Y"HzHzÇ?�zÈ2�_HzH5�5�OH5�AÉ7Y�H��z�zÊ7MG �AJ�¾WMON�uzS8RTc�dhAi	j��M�¿vc�S<S<c�Q_pLhAi"M µ0¬	�LË-~2��£�´��¸� }	�¡¦O~W�Ì�	 n|8���
Í&}� Z}7~<� � |AÅ�¦	}� Z�§�7�+¯W�5�2~8�A�T Z~2}��� Z}7~T� Ma`auAdTwzhAi��¡¿�h�X�Î&pLh�i0Y
H��z�A��M

G �5JyK&MÀN-M0Ï�X	pxpxc�Q�YÀe�M�K7U2V�uzi7r�c�dTw�Y�hAiOjm�MÀe)MÐNÐQ_f�i�i0M+NOhAU2�
RTuAdT^_i�w���PDpxc2RTV	u7jy�§uAd�S<U2V�c5j�X�Qb^_i�wxoOh�dWh�Q_Qbc�QÐQ_uguzo	S�Mx� |�Å�±
Å�}7�����T�A Z��|A����|8�Ñ §¬	�vÆ � � Y��z��Ç�É�È2� �A���OH���HAYÀP¸X	w�M"H��z�z�7M

G Ò�Jx¾2M�¿vu�d<�ÃY�`�M�Ónh�iOj�c�QbQZYAhAi	j�l�M�Ô-c5j�c�QbQZM �-²ÀÆÑÄÀµ�±�Æ¸��¤��T���2�O±
 Z���z�)Ën}7��£g�x ?|t §¬�����A�T����²À|5�T�z�1Æ� �_�A�	ÅL�2�� �Ä��T��~<�W¬ÕµO|5|z� M
Ö�× c�^_QbQIf+PS<S<ugU�^Øh�RTc�S�Y&lzX�i	c:���z�z�7M

G Ê5JLP:Mz¿ÑdT^_S<V	iOh�i0M"]dT^bj�r	QbhAS8R5�1Ï^bwAV�RTV�dTuAX	wzV�o	X�R�r�QbhAS8RnuAi�RTV	c
wAdT^bj&M Ä��AÅ¦�|A�T�Ì}7ÅÙ|A���)��|5�T|AÅ¦O}7 Z�Ì�7� YOl�hAi7XOh�d<f����z�A��M

G É�JLl�M�ÚÑh�r�dTÛ�f�S<Â7^ZYAl�MzK�UWV	uzo��ÃYzhAi	j�l�M�[c�wzQbh�dTÛAM Ën~2�Z£�¹)�2�2|A}7~<�W�
���A�O�5�g�2ÅL�2�� ¡´ÜÄ� ?�A ¡�3|8�Á §¬	�ÁÆ¸~W °�A��£ÝÍ"}7 Z}7~T�\µ	~<�2��£A� M
¿vQ_XgÞnc�d¸P¸U5hzj�c�px^_Uvß�X�r	Q_^_S<V	c�dTS�Y��A�A�z��M

G ��J k M:ßÐc�i�w�M_Yx[DM�Ó-hAi0YxhAiOjáàÐM�m0c�^ZMâß�h�dWh�Q_Qbc�Qb^_Û5h�RT^_uziãuA�
r	Qbh�S8R2ävä�MÁ�Àc�UWV	i�^_U5hAQ-dTc�o�uAd<R5YnK�^_i	wzhAo�uAdTc2�8`a¾Ã�åPQ_Q_^bhAi�U�czY
�A�A�A��M

GIH5��Jy`�M�¿�M-K�h�RT^_S<VÝhAiOj × M × M�lzuAS<V	^ZMæ]�r�RTÂ���PãRTuguAQbÂ7^IRL�Ìu�d
wAdT^bjç^_pxo	Q_c�pxc�igRWh�RT^buAiçuA��r	QbhAS8R5M ¯W�è¦	~<|5�W�T�T£��Ì�7�A�|8�° §¬��
¶��b��¬�·¸�2~Ì��|�~2Å��A���W� � |AÅ�¦	}� Z�§�7�v�A��£:Ën~2�Z£�Ì�:Æ��T����·)����� é��
¹)�?�A�Z|A�	ê1Ä&�2ºA�2�� §¬+¯W�� ¡�2~2�O�A Z��|A�O�z� � |��5�5�2~<�2���W��|A�ÁëÌ¶)· � ÆÑ±
�T���Àì ¼2®zí Y	o	hAwzc�S��zÊAÉ��g�zÉz�7Y&l�h�i7XOh�d<f��A�A�A��M

GIHzH2JLl�MÀ�MÀK�c�RTX�rOh�Q1hAiOj°l�MÀ`ac�^bj	h�i	^_S�M ¯W�� Z~<|5£A}��� Z��|��¨ ?| � |�Å�±
¦O}7 ?�A Z��|����z�	��|z�b�<��}��_�A~)�)��|z�_|T�A� M0Ô�dTuguzÂ7SWîz�-uAQ_c�ß�X�r	Q_^_S<V	^_i	w
�-uzpxo	hAigfgY�H5�A��ÊgM

GIH��5Jy]�M0K�V	hAu�M Æ¸£��W¦O Z�ÌºA��Ä��W¬	�<£A}�� �Ì�g�t|Ã�����A�T ¡�2~¡ï-¢�|�~Tð��2~�Æ-¦�±
¦�� ���T�A Z�Z|A�	�\|A�òñv�§�W Z~W��ó�}7 ¡�<£ � |�Å�¦O}7 ?�A Z��|����z��¹¸�2�2|A}7~8�2�2� M
ß1V k RTV	c�S<^_S�Yxôi	^_��c�dTS<^IR¡fDuA�a�nh�Qb^I�§uAdTi	^bhDh�R«K�hAi k ^_c�wAu�Y
�A�A��HAM

GIH5��JLm�MgK�pLh�d<d-h�iOjL�M7m1M7�nh�R<RTQbc2R5MÐ`ac2RWhAU�uApxo	X�RT^_i�w�Mn� |AÅ�Å�}�±
�	�Z�W�� Z��|A�	�v|8�Ñ §¬	�vÆ � � Y����7Ç�Ò�È2� �z�����A�7Y"lzX�i	c�H5�A���gM

GIH���JL��M7K7px^IRTV�hAi	jx`�M�[³h�RTc�dTpLh�i0M�¾8j�c�i7RT^Iõ	U5h�RT^_uzixu��&U�uzpxpxuAi
pxuzQ_c�U�X	Qbh�dxS<X�r	S<c5ögX�c�i	U�c�S�M {�÷n��|z�b÷n����|z�b÷ Y¸H���Ê7�_H5�z�5�OH���ÊgY
H5�AÉ�HAM

GIH��5JLßÐM"�ÐhAi�wah�iOj°ßÐM0�M"Ó�c�ÞvM:ß�dTugU�c�S<S<u�d�S<c�QI�Ø�¡S<UWV	c�j�X	Q_^_i	wy�Ìu�d
p�X�QIRT^bo�Q_c�i�c�S8RTc5jvoOh�dWhAQ_Q_c�Q�Q_uguAo	S�M7¾Ãi ¯W�� ¡÷ � |A�5�5÷�|A��·¸��~<�z�Ì�b���
·n~<|5�W�2�T�W�§�7�°ëÌ¯ � ·�·1í Y�oOhAwAc�S��z�AÉ5�������7Y�H��zÉAÒ�M

GIH5Ò�JL��M�Ï�M��nÛ�c�i�hAi	j+m1M	`�M�Ú^ZM1�0dWhAo�c�Û�uz^bj	h�Q0S<c�Q_�Ø�?S<U2V�c5j�X�Qb^_i�w��
P«o�dWhAU2RT^bU�hAQ7S<U2V�c�pxc1�ÌuAd�o	h�dWhAQ_Q_c�Q7U�uApxo	^_Q_c�dTS�M ¯8¤�¤�¤æµ	~8�A�	�W±
���� Z��|��	��|A�°·)�A~<�z�§�b��������£yñv�§�W Z~W��ó�}7 ¡�<£�Ä	���W ¡�2Å�� YÀ��Ç8H�È2� É�Ê��
�zÉ7YOlzhAi0M0H5�A�z��M


