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i&gNjAjNj kLW~l�DeT^ROtEVYy R^CEDvK:PUM^fxPSROf`H:J%HSZ�R^CEDvoeDIR^MOf`FPUT�ROCYDlcnm PSMODpK:PUMOf`DIVXW3f`JEVEDgacDIJYVEDIJ?RO_`yiH7M,H:J#TOH7oeDbFIH7JETOR^MQPUf`JEDgV ovPUJEf�ZrH7_õV3{s�\ZwR^CEDvoeDIR^MOf`FDI}?CEf`uEf`ROT�PUFIFIDgaERQPSuE_`DwusDICcP�K?f`H:M�HUK7DIM�TOH7oeD�MODIN7f`H:J�HUZ3acPSMQPUopDIRODgM�T^acPUFgD:W?acDgMzZrH7MOo�PSJEFID1f`T~TQPSfhVROHo=OTOF�PU_`D$?�HUK:DIM,R^CcPUR�MODgN:f`H:J3{ k F�PS_�PUuEf`_`f`Rzy�HSZwf`JLR^DIMODgTOROf`JEN�J?tEoeDgMOf`F�PU_�PU_`N:H7MOf`ROCEopT*fhT�MQPUM^DI_`ytEJEf�ZrH7MOo�HUK7DIM1ROCYD,DIJ?ROf`MOD�acPUM[PUoeDgRODIM1T^acPUFID7WcT^HbFI_�PUf`oeTqHUZ�TOF�PS_�PUuEf`_`f`RzybTOCEH7tE_`V�H7MOVEf`JcPSMOf`_`ybucDPUFgFIH:opacPUJEf`DIVpu?yeP�TORQPSRODIopDIJ?R1HUZ�PUaEaE_`f`F�PSuE_`DwVEH7o�PUf`J3{
p H:JET^f`VEDIMeasPUMQPSoeDIR^DIMOTrq W�ROCYD�VEf`TOFIM^DIROD%aYMOH:uY_hDgo VEf`opDIJETOf`H7J3W�PUJEVtsbWqROCED�JLtYobucDIMbHSZaEM^HLFgDITOT^H:MOT�DIoeaE_`HUy7DIV3W?PUJEVvasDIMzZrH7MOovPUJEFID*opDIROM^fhFvusWER^CED,acPSMQPS_h_`DI_0DªdeFIf`DIJEFIy?{EB1CED�K:PUMOf�PSROf`H:JHUZ�u
-!qDgSs 2 PST�s K:PUM^fhDgT�l1f`ROC �c}?DIVwq�f`T�ROCEDD=z�s}LDgV?��aYMOH:uY_hDgob�zTOf`nID$?�TOF�PS_`fhJYNc{7B1CED*K:PUMOf�PSROf`H:JHUZ�uC-�qDghs 2 PSTwq PSJEVxs K:PUMOyGl1f`ROCyq{z�s �c}?DIV�f`TvROCYD|=â�c}?DIV?�zTOROH7MQPSN:D[�zacDgMz�zaEMOH?FIDIT^TOH7MP?TOF�PU_`f`JENc{q�\Z FgH:oeaYtERQPSROf`H:JcPS_�l�H:M^�GfhTbJYH:Re_`f`JED�PSMbf`J|q%W�R^CEDIJ�P �c}?DIV?�zl�H7MO�7�zacDIMâ��aYMOH?FIDIT^TOH:MTOF�PU_`f`JENvo�P�yeusDbtET^D[ZrtE_�ROHvFIH7JETOf`VEDIM�W3f`J%PUVEVYfhR^f`H:J3{sB1CEDbDI}?aEM^DITOT^f`H:J%HUZ1TOF�PU_�PUuEf`_`f`Rzyvo�P�yvucDf`J?K:DIM^RODIV3WåD:{ Nc{`WsROCEDbf`TOH?D[deFgfhDgJEFIy�ZrtEJEFIR^f`H:J3W9q}-!s 2 WcHSZ PSJ PS_`N:H:M^f`ROCEo�ovP�yeusDbTOH:tYN:C?R*TOtEF[CROCsPUR1u
-!qU-�s 2 gSs 2�~ FIH7JETOR[PUJ?RUWEPUT1s K:PUMOf`DIT�{�Xfh}?DIV ��T^ROH:M[PUN7D[��asDIMâ��aEM^H?FIDITOT^H:M f`T PSMON7tcPUuE_`y R^CED oeH:T^R�f`J?RODIM^DITOR^fhJYN _hf`opfhR.ZrM^H:o PUJPUM^F[CEf`RODIFIR^tEMQPS_,asH:f`J?RbHUZ]K?f`DIl,W~Z\H:MeR^CEMODgD%MOD�PSTOH:JYT�{1�XfhM^TOR�W�R^CED�aEMOH7acH7MOROf`H7J$HUZ]opDIoeH7MOy�ROHaEM^HLFgDITOT^H:MOT#f`TjRzy?aEf`F�PS_h_`yG�s}LDgV�-rPSRjaYtEMOF[CcPSTOD 2 { k DIFIH7JEV3W*l�H:MO��PSJEV�FIH7oeobtEJEf`F�PSROf`H:J�PUMODVEDIT^f`N:JEDIV�ROHwT^F�PU_`D�PST3VEf��0DIMODgJLR~asHUl�DgMOT~HUZCq{z�s#f`J�VYH:o�PSf`JwVEDIFgH:oeasH:T^f`ROf`H:J�oeDIR^CEH?VET�{g�\Z�qGz�sK:PUM^f`DIT�W0R^CEDbMQPSROf`HvHUZ1FIH:opobtEJEf`F�PSROfõH7JvROHvl�H7MO��K:PSMOf`DIT�W0ucDgFIH:opfhJYNeoeH7MOD�acPUM[PUT^fhR^f`F�PSTGqGz�susDIFIH:opDIT�TOo�PS_`_hDgM�{UB1CEf`M^V3W?ROCED�acDgMzZrH7MOo�PSJEFID�HUZ�P�TOf`JEN:_`D�aEMOH?FIDIT^TOH7Mz�zoeDIopH:MOy�tEJEf`R�o�P�y,K:PSMOyFIH7JETOf`VEDIM[PUuE_`y,l1f`R^C,_`HLF�PU_:aYMOH:uY_hDgo�TOf`nID7W�VYtED�R^H*F�PUF[CED�D[�0DIFIROT�{:B1CYDIMODwPSMOD�HUZrR^DIJ,ROCYMODIT^CEH:_`VET�HSZ
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Pseudo-time Iterations

Re
sid

ua
lN

or
m

0 10 20 30 40 50
10-14

10-12

10-10

10-8

10-6

10-4

10-2

100

512 procs
128 procs

P 4N±�² f`JEFIM^D�PUT^D%f`J$HUK:DIM[PU_`_wf`R^DIMQPSROf`H:JET�{.-�B1CED�MODIT^tE_`ROT�f`J��Xf`Nc{��#MODIaEM^DITODgJLR�PiT^f`N:JEf��cF�PSJ?Rf`oeaEM^HUK:DIopDIJ?RwHUK7DIM,D�PSMO_`f`DIM]M^DITOtY_hR^T]H7J%ROCEDpTQPSoeDbaEM^H:uE_`DIo f`Jt� +¦+ k ���E�O{��vH7MODvPUN:N7MODIT^TOf`K:D
p �~�%PUVEK:PSJEFIDIopDIJ?RmPSJEVv_`DITOT1_`f`JED�PSM1l�H7MO�basDIM1*�DIl1ROH7J�FgH:MOM^DIFIR^fhH7J�o�PS�:D�ROCED*VEf��0DIMODIJYFID:{ 2
� ZrtE_`_`DIM�T^DIR�HUZ3asDIMzZrH7MOovPUJEFID1aYMOHU�s_hDgT~ZrH:MqROCEf`T�aEMOH7uE_`DIoÎH:J 4 ����ROCEM^H:tEN7C 4A± �&�*aEM^HLFgDITOT^H:MOTHUZ�P�B1¢:|X� 4 � ±�± PUaEasD�PSMOT1f`J��3f`Ns{¡¢Y{

���§ Z¢,£¬Ì�¨ �^ØhÓEÛÖÓEé�Ô ÛÖÔÖÐ�ä�â�ÒPÕ�©�ÛÖÑ0ÝÍÕEÒ�©*�&ÑSã&á�Ú�ÔÖàhÑ.�
¤.ß�Ô ×7ÜvØSÕAæ0â�Ù7Ð,ÓAÐ�ÔÖÕE×¡Ú�ÕE×� �çA�fá õ "$ÇNÇ
Õ$Ý�Ù�â Ð,Õ õ Çd"|ª.â�ÒPÕ&ØhÑSÚ,Ú,ÕEÒPÚ
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B1CEH:tYN:C%H:tYM]_`f`oef`RODgVjF�PSRQPS_hH7N�HUZv�w¾vN7MOf`VET�VEH?DITbJEH:R�asDIMOopfhR�P�asDIMzZ\DIFIRb�s}LDgV?��T^ROH7MQPUN7D[�asDIMz�zaEMOH?FIDgTOTOH7MbTOF�PS_`fhJYNcW0B�PUuY_hD�¢pFIH:opDIT,FI_`H7TOD:{X�zJjR^CEDb�sJcPU_�FgH:_`tEoeJ�o�P�yvucDbT^DIDIJGPvN:H?H?VVEDIopH:JET^ROM[PUROf`H7J�HUZ�T^F�PU_�PSuE_`D]f`oeaY_hDgobDIJ?RQPUR^f`H:JeDªdeFIf`DIJEFIy?W0PUJEV�f`J�ROCED��sMOTOR*Rzl�HvFIH:_`tEopJET1ROHROCYD]M^fhN7C?R1HUZ�R^CED]VYH:tEuE_`D,usPUMwovP�ybucD�TODgDIJ P N:H?H?V�f`_`_htYTOROM[PUR^fhH7JeHSZ�ROCED�JEH7J?��T^DI_�Z��zTOf`oef`_�PUM^fõRzyHUZ~JEH:JY_hf`JED�PUM1aEM^H:uE_`DIopT�{
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B1CEH7tEN:C ROCED�M^DITOtY_hR^T�HSZ k DIFgROf`H:J � -rPUJYV f`J ROCED�FgH:oeasPUJEf`H:J
acPSacDIM�� +¦+ k ���E� 2 PUMODDIJEFgH:tEM[PUN:f`JENsW3R^CEDIM^D�f`T�MOD�PSTOH7JiROH�CEH:asDpZrH:M,T^f`N:JEf��cF�PSJ?R,f`oeaEM^HUK:DIopDIJ?ROTwf`J#FIH:opaEtERQPSROf`H:JsPU_asDIMzZrH7MOovPUJEFID*H7J�aEMOH7uE_`DIoeT�HUZ�FIH7J?RODIopacH7MQPUM^yeT^F�PU_`Dr- 4A±_¹ K:DIM^ROf`FIDIT*H:J 4N± i aEMOH?FIDgTOTOH7MOT 2 PUJEVROCYDIMOD�f`T1MOD�PSTOH:J�ROHeT^ROM^fhK7D,D�PSMOJEDIT^RO_`ypZrH:M�Z\tEMOR^CEDIM*f`oeaEM^HUK:DIopDIJ?ROT�PSR1ROCED,JYDI}?RwTOF�PU_`D:WsRzy?aEf`F�PU_HUZwR^CED �*k3p �,K?f`TOf`H:JXW0JcPUopDI_`y 4A±$º K:DIM^ROf`FIDITbH7J 4A±±» aEM^HLFgDITOT^H:MOT�{��zopaEMOHUK7DIoeDIJ?R^Twl1f`_`_�CcP�K:DROH�FIH:opDb_xPSMON7DI_`y�ZrM^H:o oeH7MOD�FIH:opaE_`DI}%PU_`N:H7MOf`ROCEopTwT^fhJYFIDeT^yLT^RODIopT]T^HUZrRzl1PUM^Def`T]PSVEK:PUJEFgfhJYNK:DgMOybTO_`HUl1_`y]PSR�ROCED�CEf`N:C?�zasDIMzZrH7MOovPUJEFID�DIJEVXWEPUJEVbopH:TOR�PSMOF[CEf`RODIFgROtEM[PU_�=QPSVEK:PUJYFIDITP?�VEMOf`K:D�ROCEDasDIMOFIDgJLR[PUN7DwHUZsacD�PS��P�K:PSf`_xPSuE_`D3R^H¼4�<�|%PSaEaE_`f`F�PUR^f`H:JETX_hHUl�DIM�W�l1CYfh_`D�M[PUf`TOf`JEN*R^CEDG=^ROCEDgH:MODgROf`F�PU__?asD�PU�#acDIMâZrH:M^o�PSJEFID:{�'%D�uYMOf`DS(cy#VEDITOFgMOf`ucD�ROCYMODID�T^tEF[C$f`oeaEM^HUK:DIopDIJ?ROT]PS_`N:H:M^f`ROCEopfhF�tEJEVYDIMf`J?K:DIT^ROf`NLPSROf`H:JU�SZrH7MwPUVEVEf`R^fhH7JcPU_sVEDIR[PUf`_zW:T^DIDD� +*DIy3���E�â{
¼hT ���^��WNO T ONL3I��ZL��&] R:�7�I��I_« T ��KvO=½ K���ONL3KNJ
� MODgN:f`H:JÎHUZvTOR^MOH:JYN�JEH7JE_`fhJYD�PUM^fhRzy�DIobusDIVEVEDgV�f`J P�MODgN:f`H:JÎHUZvJED�PSMO_`y�_`f`JED�PSMjusDICcP�K?f`H:Mf`T�F[CcPUM[PUFIR^DIMOf`T^ROf`FGHUZeo�PSJ?y f`opacH7MORQPSJ?R 4�<�| aEMOH7uE_`DIoeTU-AD:{ Nc{`W1JEH7fhT^D:W0(�PSoeD:W1PUJYV�FIM[PUF[�aEM^H:acPSNLPUR^f`H:J 2 { k tEF[C�aEM^H:uE_`DIopT%o�P�y�usD$TQPSfhVÎR^H�usD�=OJEH7JE_`f`JED�PUM^_`y�TOROf���?���aEM^H:N7MODIT^T HSZ
*wDgl1ROH:J�¾ TpoeDIR^CEH?VGfhTbCYDI_`V$CEH:T^RQPSN:DvROHGP�_hHUl��zVEf`oeDgJETOf`H:JsPU_~ZrD�PUROtYMOD%PUJEVGROCYD�DI}?acDgJETOf`K:Dª�ROHS��H7uERQPSf`J *wDgl1ROH:J FIH:M^MODIFIR^f`H:J�fhTbT^o�PS_h_1HUK7DIMboeH7TOR�HUZ,ROCYD�VEH:ovPUf`J3{~�EH7MePUJ$f`_`_`tETOR^MQPSROf`H:Jf`J?K:H:_`K?f`JEN,T^CEH?FQ�7DIVvROM[PUJET^H:JEf`F.(cHUl,W?T^DIDr� p `.+¿
����E�O{�EH7M�TOtEF[C aYMOH:uY_hDgoeT�WGl�D aEM^H:asH:T^D FIy?FI_`f`FI_`y asDIM^obtEROf`JEN *wDIl1R^H:J?�,+*MOy?_`HUK7� k F[C?l1PUMOnoeDgROCEH?VEH7_hH7N:y�f`J?ROH k F[C?lmPSMOn[�,*wDgl1ROH:J � +*MOy?_`HUK0{ � _`TOH��?JEHUl1JiPUTU=^JEH:JY_hf`JED�PUM k F[C?l1PUMOn7W ?�f`ROTRzl�HU�zVEH:ovPUf`J]VYDITOFIM^f`aEROf`H:J�fhT1PUT�Z\H:_`_`HUl1TA@

` fhK7DIJ9@<ÀÂÁGÃ�Ä3W1FIH7oef`JEN�ZrMOH7o P VEf`TOFIM^DIROf`n�PSROf`H:J�H:JÆÅ*W1PUJEV
Ç @�Ã�ÄdÈÉÃ�Ä0W~l1f`ROC Ç -ÊÀ 2r~ ± P�N:HUK7DIMOJYfhJYN�TOy?TOR^DIo -�f`JEFI_`tEVEf`JENfhopaE_`f`FIf`RO_`y,asH:TODgVw¯ p T 2 H7JwÅ*{3` fhK7DIJ9@EPSJ�HUK7DIMO_�PSaEaEf`JEN�acPUM^ROf`ROf`H:JvHSZ
Å�f`J?ROH6Å0e PSJEV�Å�i:W0l1f`R^Cjf`JEVEtYFIDIV%acPSMOROf`H7JEf`JEN:T�H:J�À�fhJ?R^HwÀfe,PUJEV
À i PUJEV Ç f`J?ROH Ç e PUJEV Ç i {�` fhK7DIJ9@0f`JEf`R^fxPS_�f`RODIM[PUR^DIT�À H	Ë�Ie PUJEVÌÀ H	Ë�Ii {�zRODIM[PUROD?Í ~ ± g 4 gNjAjNj W?tEJ?ROf`_0FIH:J?K7DIMON7DIJEFID�@
k H7_hK7D Ç e&-ÊÀfeAg�À HÏÎ$Ii 2�~ ± ZrH7MÐÀ HÏÎ$
 e Ie �
k H7_hK7D Ç i�-ÊÀ HÏÎ$
 e Ie g�ÀCi 2�~ ± ZrH:MÐÀ HÏÎ$
 e Ii {

B1CEf`T�f`T�ROCYD1obtE_`ROf`aE_`f`F�PUR^fhK7D~K:DIM^TOf`H:JU�7ROCYD�PUVYVEf`ROf`K:D�FIH:opacPUJYfhH7J,CcPST4À HÏÎ$Ie f`JETOR^D�PUVbHSZ¸À HÑÎ�
 e Ief`J�ROCED%T^DIFIH7JEV�DI�?tcPSROf`H:JX{w|�PUF[C.TOtEusVEH:ovPUf`J$T^H:_`K:Dt-AacPUM^ROf`ROf`H:JYDIV�ucPUT^DIV�H7J�f`T^H:_�PUR^fhH7J�HSZTOR^MOH7JEN:_`ybPUJEVpl�D�PS�?_hy�JEH:JE_`f`JED�PSM�MODgN:f`H:JET 2 F�PUJeusD1Z\tEMOR^CEDIM�acPUM^ROf`ROf`H:JYDIVbZrH7M�acPSMQPU_`_`DI_ET^H:_`tER^fhH7Ju?y®*0+ k {3B1CYDbHUK:DIM^_xPSajM^DIN:f`H7J%F�PUJ%FIH7f`JEFIf`VEDbl1f`ROCiPSJ%DIJ?ROf`MODbf`JEJEDgM,TOtEusVEH7o�PUf`J3{sB1CEDgMODef`T
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P�JEH7JEHUK:DIM^_�PUaEaEf`JEN%PUJsPU_`H:N��?JEHUl1J PST k F[C?tEMz�,*wDgl1ROH:J � +*MOy?_`HUK0W�f`JGl1CEf`F[C R^CEDvf`RODIM[PUROf`H7J f`TMODgVEtEFIDIV ROHiP�_hHUl�DIMâ��VEf`opDIJETOf`H7JcPU_�f`J?RODgMzZ�PSFID:{ � tYROH:ovPUR^fhFbVYDIRODIFgROf`H:J$HSZ�R^CEDvTOo�PS_`_�MODIN7f`H:JETMODgTOasH:JET^fhuY_hD ZrH:M*R^CEDbJEH:JY_hf`JED�PUM*TOR^fõ�0JEDIT^T]ovP�yvucDbasH:T^TOf`uE_`DbROCEM^H:tEN7CiPUJ%f`JEVEf`F�PSROH7M�T^tEF[CiPUTRODgJETOH7MOf`FIf`Rzy®� +*DIy3���d�â{
¼hT ���^��WNO T ONL3I��ZL�� �7�O�^]�]©OE]3� T �C]©O T OAL3I\��I\����LwOÊ½�K���ONL3KAJ
4~M^HU�c_`f`JEN�TOH:opDi_�PUM^N:D[�zTOF�PU_`DGMOtEJET#H:J 4 ����PSJEVÒK 4 �$aEM^H?FIDITOT^H:M^T�W�l�D H:uET^DIMOK7D$ROCcPSR%ROCEDasDIMOFIDgJLR[PUN7D�HSZwROf`oeD�VEDIK7H:R^DIViR^H�N:_`H:usPU_�f`JEJEDgM,aEMOH?VEtYFIROTbf`JEFIM^D�PUT^DIT�ZrM^H:o�¾ ² ROHU� ² {0B1CEDN:M^HUl1f`JEN]asDIM^FIDIJ?RQPSN:D,HSZ�DI}?DIFItYROf`H:J�R^f`oeD1FIH7JETOtEopDIVvu?ybROCED*N:_`H7ucPU_0M^DIVEtEFIR^f`H:JvTOR^DIa�HUZ~f`JEJEDIMaEM^HLVYtEFIROT�f`T�R^CED,VEH7oef`JcPUJ?R~D[�0DIFIR�H:JvHUK:DIM[PU_`_sD[deFIf`DIJEFIy?{E�zJYVEDIasDIJEVEDIJ?R�oeD�PSTOtEM^DIoeDIJ?R^T�l1f`ROCucPSMOMOf`DIM^T]f`JEVYfhF�PURODbR^CcPUR�H:JY_hy�PUusH:tER 4N² HUZ1ROCEDD� ² asDIJcPS_`Rzy%fhT�PUROR^MOf`uEtER[PUuE_`DbR^Ht=OR^fhopD,H:JROCYD]l1f`MODE?��sROCEDbM^DITOR*f`T*TO_`f`N:C?Rw_`H?PUVvf`obucPU_�PUJYFID*fhJ�TOtEusVEH:ovPUf`JvTOtEMâZ�PUFgDbl�H7MO�0W0PUoeaY_hf��cDgVeu?yP�N:M[PUJ?tE_�PUM^f`RzyiHUZ¥K 4 �E{�|ß}LR^MQPSacH7_xPSROf`H:JGR^H 4A±$» aEMOH?FIDIT^TOH7MOT�l1f`ROCYH:tERePSoeDI_`f`H:M[PUROf`H7J%HUZ,ROCEf`TaEM^H:uE_`DIo
f`T�tEJsPUFIFIDgaERQPSuE_`D:{
'%D,_`H?H:�0WsfhJ�acPSMOR�WåROHvobtE_`ROf`H:u��ªDIFIROf`K7D�_`H?PUV�ucPS_�PUJEFIf`JENU� +.+v���:PE�OW0PUJYV3W0f`J�acPSMOR�WåROHvobtE_��ROf`R^CEMOD�PSVEf`JEN%Z\H:MeT^y?JEF[CEMOH7JEf`n�PUR^fhH7J�M^DI_`f`D[ZQ{�B1CYDjRzy?aEf`F�PS_�FgMOf`ROf`F�PS_�asPUROC fhJ�P%JEH7JE_`fhJYD�PUMpfho �aE_`f`FIf`R~oeDIR^CEH?V]f`T?Ó9Ó*Ó_Ô&Õ_Y9\�Öf×¸ÔwØZY�Ù9Ú9W Õ�Ûf×�Ü�Ô�Ù*Ü9Wf[�Ûf×¸ÔxÕ±Y9\�Öf×�Ô�ØfY�Ù9Ú9W Õ$Ûf×�Ü�Ô�Ù9Ü*Wf[�Ûf×�Ô

Õ_Y9\_Öf×�ÔÝÓ9Ó9Ó0B1CEDIMOD*PUM^D�H7ROCEDIMqtETOD[Z\tE_cH7acDgMQPUR^f`H:JET~ROH*asDIMzZ\H:MOo�W�HU�eROCYD1FIMOf`ROf`F�PS_EacPSROC3WUT^tEF[CePUTMODªZrMODIT^CEf`JEN�R^CED�ÄLPSFIH:uEf�PSJ3W0RODgTOROf`JEN�FIH:J?K:DgMON:DgJEFID:W�PSVcPUaER^f`JENeFIH7J?ROf`J?tcPUR^fhH7J PSJEV%PU_`N:H7MOf`ROCEopf`FacPSMQPUopDIRODgMOT�W7asDIMzZrH7MOopfhJYN�f`J?RODgMOaEM^HLFgDITOT^H:M1FIH7oeobtEJEf`F�PSROf`H:J,PSJEVbVEf`TO�b�PB��]W7K?f`TOtcPS_hf`n�PSROf`H:JXWI�s_õ�RODgMOf`JENcWYFIH:opaEMODgTOTOf`H7J3W?ZrD�PUROtYMOD,DI}?R^MQPUFgROf`H:J3WsDIR^F:{ k H:opDwHSZßR^CEDIT^D®=^HU�jR^CED,acPSROC3?bR[PUTO�?T�TOCcPSMODFIH7JETOf`VEDIM[PUuE_`D,VsPURQP�_`H?F�PS_hf`Rzy�l1f`ROCvFIMOf`R^fhF�PU_3asPUROCvR[PUTO�?T�WcPUJYV�F�PUJ�usD,asDIMzZrH7MOopDIVvVEtEMOf`JEN�H:R^C?�DIM^l1fhT^D1lmPSTOR^DIVbFIy?FI_`DIT�l1CEDIJbPwT^f`JEN:_`D[�zROCEM^D�PUVYDIVbFIH?VEDwf`T~VcPSRQP��zTOR[PUM^K:DIV3{SB1CLtYT�WUR^CED1TOF�PS_�PUuEf`_`f`RzyHUZ.=OJcPS�:DIVn?,TOacPSMOT^D,_`fhJYD�PUM�aYMOH:uY_hDgoeT�l1fhR^Cb_`fhopf`RODIVbPUM^fhR^CEoeDgROf`F1l�H7MO�busDIRzl�DIDIJ�T^yLJYFQCYMOH:JYfhn�P��ROf`H7JET�WUovP�y*ucD�tEJEMOD�PU_`f`TOROf`F�PS_`_hy*asDITOT^f`oef`TOR^fhF7WUMODI_�PSROf`K:D1R^H�R^CEDwM^f`FQCYDIMv=OovPUM^�:DIR^ucPUT^�:DIR\?�HSZ�l�H:M^�PUJYV�T^y?JEF[CEMOH7JEf`n�PUR^fhH7JvfhJ ZrtE_`_0TOf`obtE_�PSROf`H:JET�{
��ROCEDIMÎl1P�y?T�HUZ�MODIVEtYFIf`JEN fhJYD[deFIf`DIJEFIy PUROR^MOf`uEtER[PUuE_`D
ROH TOy?JEF[CEMOH7JEf`n�PUR^f`H:J fhJYFI_`tEVED�@MODgVEtEFIf`JENGROCYD�acDgJcPU_`RzyGHUZ,D�PSFQC�TOy?JEF[CEM^H:JEf`n�PSROf`H:J TORODga�u?yG_`HLPUVGucPS_�PUJEFIf`JEN�TOtYMzZ�PSFIDjl�H:M^�aECcPSTODpTOf`obtE_`RQPSJEDIH:tYTO_`yvl1fhR^C%VEH:opf`JcPUJ?RwK7H:_`tEopD,l�H7MO��aECcPSTOD_�~M^DIVEtEFIf`JEN�ROCED ZrMODI�?tEDgJEFIyiHSZTOy?JEF[CEM^H:JEf`n�PSROf`H:JYTbuLy�DIopaE_`HUyLf`JENvopH:MODbT^acDgFItE_�PUR^fhK7DvFIH:J?ROM^H:_1tET^f`JEN�Z\DIl�DgMbJEH:M^oeT�W~PUJYVCBUH7M_`DITOT�TOR[PUuE_`D,J?tEopDIMOf`FIT1f`J�aEM^HA�[DIFgROf`H:J�T^RODIaYT�tYTOf`JEN�ZrDIl�DIM�fhJYJEDIMwaYMOH?VEtEFIR^T��3PSJEVvMODIVYtEFIf`JENvROCEDN:_`H7ucPU_`f`Rzy]HSZ�opH:TOR�TOy?JEF[CEM^H:JEf`n�PSROf`H:JvT^RODIaET�u?yeoeD�PUJET�HUZ~ROCED,JYH:JE_`f`JED�PSM k F[C?l1PUMOn�PU_`N:H7MOf`ROCEoHUZ~ROCED�aEMODIK?f`H:tYT1TOtEuET^DIFIR^fhH7J3{

¼hT ���^��WNO T ONL3I��ZLwM7LE� ���^�AKSOEVSVª�7�,� T �C]_O T OALnIr��Ir����LDOÊ½�K���OALnKAJ
� T
PU_`_`tEVEDIV ROH PUusHUK:D7W%ROCED�CYfhN7C?�zDIJEV TOtYacDIM^TOF�PS_�PUM
aEf`acDI_`f`JEDIV ¹1� knp aEM^HLFgDITOT^H:MOT�HSZFIH7JLR^DIoeasH:M[PUM^y�asPUMQPS_`_hDg_�ovPUF[CEf`JEDIT*PUM^DbRzyLaYfhF�PU_`_`yetER^fh_`f`nIDIV%PUR,PpTOovPU_`_sZrM[PUFIR^fhH7J -AD:{ Nc{`W 4A±�² 2HUZwR^CEDIf`M�ROCEDIH7MODIR^f`F�PU_1asD�PU�%asDIMâZrH:M^o�PUJYFIDbu?yjT^acPUM^TODw4�<*|�PS_hN7H:M^fhR^CEoeT�{
¯�_`H?F[�Lf`JEN�HUZwPU_`_�HSZROCYD,VcPUR[P,VYD[�cJEDIV�PUR1D�PSFQCvN7MOf`VEasH:f`J?R1fhopaEMOHUK7DIT�FIH7JETOf`VEDgMQPUuY_hypHUK:DIM1H7ROCEDgMwTOR^H:M[PUN:D*T^FQCYDIoeDIT�Wf`JeacPSMOR1u?yeM^DIVEtEFgfhJYNbROCED,opDIoeH7MOy,R^MQPÍdeF�HSZ�f`J?RODIN7DIMOT1VYDITOFIM^f`uEf`JENeR^CED*TOacPSMOTOf`RzyvPUJEVvf`JeacPSMORu?yjasDIM^oef`ROR^fhJYNetEJEM^H:_`_`f`JENeHSZwfhJYJEDIM,_`H?H:aET*HUK7DIM,FIH7oeasH:JEDIJ?R^T�{0B1CEf`T,Dª��DIFgR]f`T,f`_`_`tETOR^MQPUR^DIV%f`J
� `.+v�vB1���E�O{ � VEVEf`ROf`H:JsPU_1f`_`_htYTOROM[PUR^fhH7JET�HUZ,o�P$�ªH:M,f`oeaYMOHUK:DgoeDIJ?ROTb-�MQPSJEN:f`JEN�Z\MOH:o P�Z�PUFIR^H:MHUZG�Y{ K�H7J$ROCYD��zJ?RODI_v4XDIJ?ROf`tEo �O�bR^H P�ZzPUFIR^H:MbHUZ
ÞE{ßK�H7J$ROCYD��,¯�� 4XHUl�DgMh� k tEasDIM p CEf`a 2f`JGoeDIopH:MOy�_`H?F�PU_`f`RzyiPUM^DjaEM^DITODgJLR^DIV�fhJy� +.+ k ���d�â{�¯�Dgy:H:JYV$ROCED�fhJ?R^tEf`ROf`K:DvVcPSRQP�TOR^MOtEFgROtEM^DROM[PUJETâZrH:M^o�PSROf`H:JET�VEDITOFgMOf`ucDgV R^CEDIMODgfhJ ROH�DIJECcPSJEFID$opDIoeH7MOy�_hH?F�PS_`fhRzy?W1l�DG_hH?H7��ROH�TODIopfõ�
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PUtYROH:ovPUR^DIV%VcPUR[P�TOR^MOtEFIR^tEMOD�MODIH7MOVEDIM^f`JEN:T�W�u?yiPSaEaE_`y?fhJYNjN7DIJEDIR^fhFvH7aEROf`oef`n�PSROf`H:J�RODgFQCYJEf`�LtYDITROHpROCED�aEMOH7uE_`DIo HSZ�oeDgoeH:M^y]_�P�y7H:tER�{ k tEF[C�H:aYROf`oef`n�PSROf`H:JbR^DIF[CEJEf`�?tEDIT*MODI�?tEf`M^D�PSJ�H:u��[DgFIROf`K:DZrtEJYFIROf`H:JXW�l1CEf`F[C$TOCYH:tE_`VGucD�Z�PSTORODgMeROH#DIK:PU_`tcPSRODvROCsPUJ$DI}?DIFgtEROf`JENGP%_�PUM^N:D[�zTOF�PS_`D�aEMOH7N:M[PUoPUJYVeoeD�PUTOtYMOf`JEN*f`ROT�DI}?DIFItER^fhH7JvROf`oeD:{SB1CEDwFIH7JEFIDIaYR1HUZ1=OopDIobROM^H:a?y7?wf`T�aEMOH7acH7TODIVvf`Jw� +�Dgy����N�PUT�PeT^tEMOM^H:N?PURODpH:u��[DgFIROf`K:D7W�PSJEViPpVEH:ovPUf`J�VEDIFgH:oeasH:T^f`ROf`H:J?�z_`f`�:D*uE_`H?FQ�?f`JENpZrH7M]PpTODI�?tEDIJ?R^fxPS_MODg_xPS}EPUROf`H7J�PS_hN7H:M^fhR^CEo�H:JeP�T^ROMOtYFIROtEM^D*N:MOf`Vbf`T~TOCEHUl1JbR^H,usDwPUJbf`oeaEM^HUK:DIopDIJ?R0H:JbopDIobROM^H:a?yLWMODg_xPSROf`K:D�ROHGJcPSROtEM[PU_,H7MOVEDgMOf`JENc{ � T�opDIJ?ROf`H:JEDgV$f`J k DgFIROf`H:Jy�EW fhopaEMOHUK?f`JEN�_`HLF�PU_,opDIoeH7MOy_`H?F�PU_`f`RzyjM^DIJEVEDgMOTeasPUMQPS_`_hDg_�FIH7oeaEtYRQPUR^f`H:JET*_`DITOTbT^DIJET^fhR^f`K:DvROH�l�H7MO�?f`JEN:T^DIR�ROCEM^DITOCEH7_`V Dª��DIFgROT�WPUJYV�R^C?tET1o�PS�:DITq�c}?DIV?�zaEMOH7uE_`DIob�zTOf`nID�TOF�PS_`fhJYNboeH:M^D1oeD�PSJEf`JENUZ\tE_z{

5�= ´Ý´ 639�;
k F[C?lmPSMOn[�zTORzy?_`D
VEH:ovPUf`J VEDgFIH:opacH7TOf`ROf`H:J f`T�JEH7R P�R^MOtE_`y TOF�PU_�PUuE_`D PS_`N:H:M^f`ROCEo f`J ROCEDROCYDIH:M^DIROf`F�PS_�TODIJYTOD:W0f`JvROCsPURwf`R^TwacPSMQPU_`_`DI_XD[deFIf`DIJEFIy�VEDIN:M[PUVEDgT�VYtED]R^HeusH:R^CjPU_`N:H7MOf`ROCYoef`FwPUJEVf`oeaE_`DIopDIJ?RQPSROf`HUJvD[��DgFIROTbPUTvsÒÈáà�ZrH:M*DI_`_`f`aEROf`F,aYMOH:uY_hDgoeT�{
F�HUl�DIK7DIM�WåfhJ�aEM[PUFIR^fhF�PU_�_�PUM^N:D[�TOF�PU_`DeJEH7JE_`f`JED�PUMbPUaYaE_`fhF�PUROf`H7JET�W k FQC?l1PUM^neoeDgROCEH?VETbPUM^DeHUZ\RODIJ#obtEF[CjusDIROR^DIMeusDICcP�K7DIViR^CcPUJROCYD�R^CEDIH7MOy%Z\H:M�oeH?VEDI_�aYMOH:uY_hDgoeT�aEMODIVYfhFgROT�{�¯�DgTOf`VEDITpFIH:JEFgtEMOM^DIJEFIy#ZrD�PSROtEM^DIT�WqROCEDvopDIoeH7MOy_`H?F�PU_`f`RzyeHSZmVEH7o�PSfhJpVEDIFIH7oeasH:T^fhR^f`H:J�opDIROCEH?VET�o�PS�:DIT�ROCEDIo CEf`N:CE_`yvTOtYfhR[PUuE_`D*Z\H:M,PUVEK:PSJEFIDIVPUM^F[CEf`RODIFIR^tEMODgT�W]PSJEV�o�PUJ?y$P�K:DgJLtYDITjM^DIo�PSf`J$H:asDIJ�ZrH7M�FIH:JY�LtYDIMOf`JEN$aYMQPUFgROf`F�PU_�VEf�deFItE_`ROf`DITPUM^f`TOf`JEN%Z\MOH:o FIH7oeaE_`DI}$PUaYaE_`fhF�PUROf`H7JETePUJEV�PUM^F[CEf`RODIFIR^tEMOD7W1l1f`ROC�FIH:M^MODIT^acH7JEVEf`JEN:_`yGFIH7oeaE_`DI}PU_`N7H:MOf`R^CEoef`F1PUVcPSaERQPSROf`H:JET�{�zR�f`TjVYfõdeFgtE_`R�R^H�VYD[�cJED#TOF�PS_xPSuEf`_`fhRzy oeDIR^MOf`FIT�ROCcPSRjPUM^DiusH:ROC.aEMQPSFIROf`F�PS_`_hy�tET^D[ZrtE_bPUJEV
=zZzPUf`MP?*Z\H:M�JEH7JE_`f`JED�PUM�4�<*|X��usPUTODgV�aYMOH:uY_hDgoeT�W7l1CEDIR^CEDIM1R^CEDwF�PSJEVEf`VcPSROD�PS_`N:H:M^f`ROCEoÎf`T�VEH7o�PUf`JVEDIFgH:oeasH:T^f`ROf`H:J3W?H7M�PSJLy?R^CEf`JENeDI_`T^D:{sB1CEDIMODªZrH:M^D:W3PbobtY_hR^f`FIMOf`RODgMOf�P,DgK:PU_`tcPUR^f`H:JvHUZmPSJ?yeacPSMQPU_`_`DI_
4�<*|�FIH?VED�f`T�MODgFIH:opoeDIJEVYDIV3Wvf`JEFI_`tEVEf`JEN �c}?DIV?�zTOf`nID
PUJEV �c}?DIV?�zTOR^H:M[PUN:Dª��asDIMz�zaEM^HLFgDITOT^H:MTOF�PU_`f`JENcW1T^tETOR[PUf`JEDIV.acDgMz�zaEMOH?FIDIT^TOH7M%FIH:opaEtERQPSROf`H:JsPU_*MQPSRODiPUT%P#acDgMOFIDIJ?R[PUN:DGHSZeacD�PS�0WwPUJEVH:aYROf`o�PS_hf`Rzy,HSZ�R^tEJEf`JEN�HUZ�ROCED*T^fhJYN:_`D*TOtEusVEH:ovPUf`JbFIH?VED:{
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# �217°A# ' ��Ó$Ô��þ� á �ÿ�7ÓE×¡ã317ÕEÙ è��
ë õ °N°N#dð��^ÕAæ.Ñ1ÕEé¡Ú,Ñ\ÒPå$ÓNÐ�ÔÖÕE×¡Ú1ÕE×rÐ�Þ¡Ñ54_ï1ØSÕE×�åAÑ\ÒPÜNÑ\×¡ØSÑ.Õ$Ý
Ð�Þ¡ÑvÓNã�ã^ÔÖÐ�ÔÖåAÑD�&ØöÞ�ß�ÓEÒPà.â�ÒPÑhØSÕE×¡ã^ÔÖÐ�ÔÖÕ$×7ÑhãÌè��
å����Dæ.ÑSÐ�Þ¡Õ&ã �  �ÑSØöÞwå�ÑPâ3ÕEÒPÐv��ç�á,���Ná
#�¤$°¬á!°A#�­fç�×�ÔÖå9�7Õ$Ý���ÕEÛÖÕEÒPÓAã�ÕvÓAÐ���ÕEÙ�ÛÖã�Ñ\Ò��
# è����� �°A# ' è�ÒPÕEâ�â ���.�Ð�Ñ­¦��ÑSäNÑhÚ �Ð�.���Ñ­¦��Ø$�Í×�×¡ÑSÚ>�U�v�ÿ�Ñ­1Ó$×7ãy �ÔÖã&Ò,Ô Ò,Ôr���.�þ�
ë õ °N°N#dð�è�ÛÖÕEé¡ÓEÛ ÔÖàhÑSã���ÑSß�Ð,Õ$×�á!��ÒPäNÛÖÕ$åNá �^Ø,Þ�ß�ÓEÒPà�Ó$ÛÖÜNÕ$Ò,ÔÖÐ�Þ7æ.Ú�Ó$×7ãvÚ,ÕEÝÍÐ�ß�Ó$ÒPÑ
ÝÍÕEÒ9â7Ó$ÒPÓEÛ ÛÖÑ\Û
ÔÖæ0â�Û ÔÖØ\ÔÖÐ¦��æ��þ������	��&�> �åU°A#Eá "|ª_�
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