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���³¥a�Õ� G�I/JuK9MDJ[N\ORQaS�IR�1d-MDJLW�ORea?Bfg?gWHs\ORQa`2k[S/ORf�OVea?Bfg?gWHs5I�ÊFd-I/J[?gN\I�QcW�k �#���#�#���#���#� �:�
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> Ca?gkz?Bk�W[CaI�W�Ca?gJ[` MRKqW�C�J[I/I�fg?BQa_VI/` daJLMDd�MRk�ORfgk�W�M�S/MRQakLW[J��aS]W�OVQ oqORJuW�C TtstkLW[I/N {2MF`aI�fB?gQaA�Z1J�ORN5I]E
Y|MDJ[_ }<o�Ta{�Z+��W�CaOVWzYª?BfgfpORfgfBM:Y
N\Mt`aI�fBk�W[M2?gQcW�I/JLMDd-I/J�OjW�I�ORQa` kLC1ORJ[I�S�MDN\d-MDQaI�QcW�k/� ?gN\daJLM:mDI�W[CaI/?gJ
d-MDJLW�ORea?Bfg?gWHs OVQa` IiOVk[I�MRK,��k[IR�+I�Q1OReafgIPW�C�I/N W�MrIHÊ�d�fBMD?�W�J[ORda?B`�fgs I�mRMDfgmt?gQaArS/MRN\d��FW�I/J#W�I�SxCaQaMDfgMDARsD�
ORQa` ?BQ�k��afBOVW�I�W[CaI/N K9JLMDN SxC1OVQaADI/k#?BQ W[I/SxCaQaMRfBMDARsR�¿> CaI5o|T�{�Z Yª?gfBfpkn�adad-MDJLW#S�MF`aI�k#K9MRJ�Y^I/OVW�CaI�J
daJLI/`a?gS�W�?gMDQ	�	S�fB?gNPOVW[I�kL?BNÿ�afBOVW�?gMDQak�� ORQ�` `aOVWxO�ORkLk[?BN5?BfBOVW�?gMDQ	�zG%ORJLWUb@`aI/ORfBk�Yª?�W�CrW�C�I5S�MDJ[I�`�I�mDI�fBMDdtE
N5I/QcWqY^MDJL_�MRK�W�CaI K9J�OVN\I]Y^MDJL_��+GpORJuW�kqb[b%`aIiOVfBk�Yª?gW[C\S�M7�adafgI/`5N\Mt`aI�f1ORdadafg?BS/OVW�?gMDQak/�jYªCa?BfgI�W�Ca?gk�GpORJuW
b[bLb^`aI/ORfBk�Yª?�W�C�W�C�I#kLd�I�S/?OÃ1S/k@MRK%`1OVWxO�ORkLk[?gN\?gf�OVW[?BMDQPORdadafg?BSiOjW�?BMRQak/�

oqORJLW[C kustkLW�I�N N5MF`aI�fBk�ORJ[I�?gQaS/JLIiORkL?BQaADf�s2f�ORJLADI�ORQ�` S/MDN5dafBIHÊrI�Qa`aI/O:mRM7�aJLk#K9MDJ@YªCa?BSxC QaI]Y kLS/?�E
I/QcW[?"Ã1S `aI�NPOVQa`ak�C1OimRI OVJ[?BkLI/Q	�ªkn�aSxC OVk$�aQa`aI�J[kLW�ORQa`a?gQaA W�C�I J�ORQaARIrMRK#J[I�k��af�W�k�ORN5MDQaA `�?���I/J[I�QcW
oqORJLW[C kustkLW�I�N N\Mt`aI/fgk/� ORQ�` S�MDQakLW[J�OR?gQa?BQ�A�W�CaI�k[I5N\Mt`aI/fgk�Yª?gW[C `aOVWxO��¿> CaI5S_��J[J[I�QcW�mRMDf�OVW[?BfgI�Ca?BARC
d-I/JLK9MRJ[N\ORQaS/I�S�MDN\d���W�?gQaA I/Qcmt?BJLMDQaN5I/QcWPd-MDkLI/k\O `�?BkLW[?BQaS]W�W�I/SxC�Qa?BS/ORf SxC1ORfgfBI/Q�ADI�K9MDJ�`aI�mRI/fgMDdaN5I/QcW
MRKªOVdadafB?gSiOVW[?BMDQ�k/�d> CaI\W�J�OVQak[?�W�?BMRQ K9JLMDN fBM:Y�EHdaORJ�ORfgfBI�fB?BkLN!��k[C1OVJ[I/`tEHN5I/N5MDJLsR�%mDI�S�W[MDJ�S�MDN\d���W�I�J[k�W[M
N\ORk[kL?gmDI�fgscEHdaORJ�ORfgfBI�f¡��`a?BkuW�JL?Be���W[I/`FEÉN\I�N\MRJLsD�-SiOVSxCaI]EÉe1ORk[I�` S�MDN5d���W�I�J[k�?gk�I/kLd�I�S/?BORfBf�s!SxCaORfBfgI/QaAD?gQaA\K9MRJ
`1OVW�O�ORkLk[?BN5?BfBOVW�?gMDQ�AD?gmRI/Q�W[CaI�?BQcW[I/QakL?gmDI�b
	D� Q1OVW|��J[I�MRK W[CaIzORdad�fB?BS/OVW�?gMDQ	�DW[CaIA�aQakuW�Jn�aS�W��aJ[I�`!Q1OjW|�aJLI
MRK�W�CaIzmVORJL?BM7�ak `aOVWxO�kLW[J[I/ORN\k���ORQa`�W�CaIUADfgMDe1ORf�Q1OVW��aJ[IUMRK�W�CaIU?gQnmRI/JLk[I�	jN\?gQa?BN5?
�/OVW�?gMDQPdaJLMDeafgI/N2�

> CaIhK9J[ORN5I�Y|MDJ[_�Yª?gfBf1S/MRQak[?gkLW�MVK	k[I�JLmt?BS�I/k^K9MRJ�S�M7�adafg?BQaA�ORQa`\I�ÊFSxC1ORQ�AD?BQaA�`1OVWxOUe-I�WHY|I/I/Q�S�MDN5d�MVE
QaI�QnW�N\Mt`aI�fBk@ORQa`rN5Mt`aI/f k���e�S�MDN\d-MDQaI�QcW�k/� O\Ca?gI/J[ORJ[SxCcs2MRK+`1OjWxO\kuW�Jn�aS�W��aJ[I�k�W�C1OjW�kn�adad-MDJLW�MDd�I�J�OjE
W�?gMDQak�MDQ�OhmVORJL?BI]WHsUMRK�`1OVW�OhADJL?B`ak%ORQa`�`�I/S/MRN\d-MDk[?�W�?gMDQak/�VORQa`�O�d�MRJLWxOVeafBIV�VMDdFW�?BN5?
��I/`#k[I]W+MRK1fgM)Y�EÉfBI]mDI/f
��W[?BfB?�W�?gI/k/�z=Ð�aQa? Èo�aI�K9I/OVW|��J[I�MRK�M7�aJ�`aI/kL?BADQ ?Bk�ORQ ?BQcW�I�ADJ�OjW�I/` ORd�daJ[McOVSxC W[M�`1OVW�O�ORk[kL?BN5?Bf�OjW�?BMRQ�K9MRJ
IiOVJLW�C kusFkuW�I�N\kUN5MF`aI�fB?gQaAa���UI�QaI/J[ORf�d���J[d-MDk[I¿��W[?BfB?�WHs2J[M7��W[?BQaI�k�Yª?Bfgfp?BQ�S/f ��`aI�O�kLW�ORQa`1ORJL` ?BQcW�I�JLK<ORS�I
W�M#O�mVORJ[?gI�WHs�MRK N5I/N5MDJus�N\ORQ1ORARI/N5I/QcW�ORQa`�S/MRN\Nÿ��Qa?BS/OVW�?gMDQ�daJLMRW�MtS/MDfgk�K9MDJ�kLSiORfBOReafBIªOVJ[SxCa?�W�I/S]W|�aJLI/k��
b
	D� K9MDJLNPOjW�k�ORQa` daORSx_jORADI/k���d-I/JLK9MRJ[N\ORQaS/I5daJLM9Ã1fB?gQaAa� W�?gN\I�N\ORQ1ORADI�N\I�QcWi�%ORQa` I�J[J[MRJ�ORQ�` k[?gADQ1ORf
C1ORQ�`afB?gQaAa�w> C�I�K9J�ORN5I�Y|MDJ[_�Yª?gfBf e�I�`aI/kL?BADQaI�` ?BQ OVQ MDeMÁLI/S]WLEÉMDJ[?gI/QcW�I�`	�	f�OisRI/J[I�` NPOVQaQaI/J@W�M�?gk[MDfBOVW�I
N\ORSxCa?BQ�I@`�I/d-I/Qa`aI�QaS/?gI/k��aORQa`5M���I/J�ORQ\ORdadafg?BS/OVW�?gMDQ�daJ[MRADJ�ORN5N5?BQaA�?gQcW�I/JuK<ORS/IªQ1OjW|�aJ[ORfaK9MDJ+W�CaIhoqORJLW[C
k[S�?BI�QaS/I�k/�5> CaI�`aOVWxO#S/MDQakuW�Jn�aS�W[k ORQa`\fBM:Y�EHfgI�mDI�f���W�?gfB?gW[?BI�kpYª?Bfgf1e�It�ak[I�`�ecs5W[CaI�S�M7�adafg?BQaA#k���d�I�J[kLW[J��aS»E
W|��J[IzORQ�`�NPOis\ORfBkLM�e-IA�ak[I�`�k[I/daORJ�OVW[I/f�s\W[M�S/MDN5d-MDk[I�kLS/?gI/QcW�?OÃ1SzORdad�fB?BS/OVW�?gMDQak��r> Co�ak M7�aJ|Y^MDJL_5Yª?gfBf
daJLMDN\MVW�Izk[MVKXWHY�ORJLIUJ[I_��k[I�ORk Y^I�fBf ORkª?BQcW[I/J[MRd�I�J�ORea?gfB?�WHsD�

> CaI�d�J[?BQ�S/?BdaORf ?BQcmDI�kLW[?BAcOVW[MDJ[k�MDQ W�CaI�W�C�J[I/I2daJLMDd�MRk�ORfgk�Yª?gfBf ?gQa?gW[?�ORfgfgs S/fgMDk[I�fgs S�MFMDJL`a?BQaOVW�I�W�C�I
`aI�Ã1Qa?gW[?BMDQ MRK�ORQ ���1¢������¡¯����c¯�����S�M)mRI/JL?BQaA W�CaI2ORd�dafB?gSiOVW[?BMDQ `�MDNPOV?BQak�W[C1OVW�W[CaI2o|T�{�Z
Yª?gfBf|W�ORJuE
ADI]Wi�
> C�?BkzI���MDJuWzC1ORkUORfgJ[I/OR`�s!e�I�A7�aQ	�ÿ> C�I�?BN5dafBI�N\I�QnW�OVW�?gMDQ�MVK�W[CaI�kLW�ORQa`1OVJ[`Z�aQa`aI�J#GpORJuWzb@Yª?gfBf
W�C�I/Q ADI�Wv�aQ�`aI/JuY�OisD�pORS/S�MDN5d1ORQa?gI/` ecs I���MDJLW[kUMDQ W�CaI�d1ORJuWUMRK�W�CaI�d1ORJuW�?gS/?BdaORQcW�kz?BQ G%ORJLW[kUb[b�OVQa`
b[bLb�W�MÒ�aQa`aI�JLWxOV_RI J�OVda?B`«daJ[MRW[MRWHstda?BQ�A MRKU_VI�s«I/fBI�N\I�QcW�k�MRK�W�CaI!kLWxOVQa`1ORJL`	�ªd�I�J[C1ORd�kd�ak[?gQaA kLMDN5I
I�ÊF?gkLW�?gQaA�K9J�ORN5I�Y|MDJ[_nkUW�C1OjW�d1OVJLW�?BORfBf�s!K���f"Ã1fgfpW�CaI5J[IKÈo�a?BJLI/N5I/QcW�k�� Å CaI/Q W�CaIP�^MDJ[I\o�Ta{�Z ?gW�kLI/f�K^?gk
?BN5dafgI/N5I/QcW�I�`	�DW�CaIhd1ORJuW�?BS�?Bd1OVQnW[kqMDQ�G%ORJLW[k^b[b�ORQa`PbLb[bpYª?gfBf���Qa`aI/JuWxOR_VI�I�ÊFC1O=�akLW[?gmDIhW�I/kuW�?gQaA�OVQa`Pd-I/J¦E
K9MDJLNPORQ�S/I@kLW|��`a?BI�k^e1ORkLI/`�MDQ5W�CaI�?BJ�M:YªQ�ORdadafg?BS/OVW�?gMDQak/�nOVQa`�`a?gk[k[I�N\?gQ1OVW[I@W[CaI/?gJ|JLI/k���fgW�k�W�M#W�CaI@Yª?B`aI�J
S/MRN\Nÿ��Qa?gWHsR�

Z1MDJ�W�Ca?gk GpOVJLWªb[bLb|d�J[MDd-MDk�OVf¡�FW[CaIUfBI/OR`a?BQ�A�Q1OVW[?BMDQ1OVf S/I�QcW�I/JLk@K9MRJ�MDd-I/J�OjW�?BMRQ1ORf	OjW�N5MDk[daC�I/J[?gS�`1OVW�O
ORkLk[?BN5?Bfg?�OVW[?BMDQ ORQ�` WHY^M MRKªW�C�I�fBIiOV`a?BQaA�ADJ[M7��dak�K9MDJ�MtS/I/ORQ `1OVW�O ORk[kL?BN5?Bf�OjW�?BMRQ K9MRJ�S/fg?BN\OVW�I\ORdadafg?�E
SiOjW�?BMRQakPYª?BfgfhS�MDfBfBORe-MDJ�OVW[I2W[M I/Q�C1ORQaS�I `�I�mDI�fBMDd�N\I�QnW2OVQa` ?BQcW�I�J[MDd-I/J[ORea?gfB?gWHs MVK�OVk[k[?gN\?gf�OVW[?BMDQ kusFk¦E
W�I�N\k�`aI/kL?BADQaI�`W�aQa`aI�J�W�CaI�o�Ta{!Z^�r> CaI�`aOVWxO ORkLk[?gN\?gf�OVW[?BMDQ ORdad�fB?BS/OVW�?gMDQakUY^I�Yª?gfBf�?BN5dafBI�N\I�QcW�?gQ
o�Ta{�Z�ORJ[I!OVW�N5MDkLdaCaI/JL?BS2�DyhEk*p=�l ORk[kL?BN5?Bf�OjW�?BMRQ kLstkLW[I/N5k/� kLI_Èo�aI/QcW[?�ORf@MFS�IiORQ«`1OVW�O ORkLk[?BN5?BfBOVW�?gMDQ
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kLstkuW�I/N5k/��ORQ�` W�CaI�?gQ�K9J�OVkLW�Jn�aS�W��aJ[I\W�M k���dad�MRJLW�¥cyhEk*p=�l±MFS�IiORQ `1OjWxOrORkLk[?gN\?gf�OVW[?BMDQ	� > CaI�daORJLW[?BS]E
?BdaORQcW�k2ORJ[I ���ª=�= Â´k!��OVW[?BMDQaORfU�^I/QcW[I/J[k!K9MDJ2oqQcmt?BJLMDQaN5I/QcWxOVfUGqJLI/`a?gS�W[?BMDQ�}~����o�G��»�@K9MtS_�akLI/` MDQ
MDd-I/J[OVW�?gMDQ1ORfaQo�aN5I/JL?BS/ORf1Y^I/OVW�CaI�J^daJLI/`a?gS�W[?BMDQ	�n�@=zTF= Â´k^yzOVWxOU=�kLk[?gN\?gf�OVW[?BMDQ����5S/I�}~yª=@�U�]�cK9MtS_�akLI/`
MDQ�e-MRW�C�JLIiORföEÉW�?gN\I|ORQa`�JLI]E¦OVQ1ORfgstkLI/k+MRK�OVW[N\MDkLdaCaI�J[?BS^k�OVW[I/fBfg?gW[I^MDeakLI/JumROjW�?BMRQak/�n�@=zTF= Â´k|TFI/ORk[MDQaORf�E¡W�MVE
bHQcW�I�J�ORQaQo�1OVf+G+J[I/`�?BS�W[?BMDQ G+JLM�ÁLI/S]W\}~��Ttb¦G�G��»� K9MFSK�ak[I�` MDQ ORk[kL?BN5?BfBOVW�?gMDQ�K9MDJ�MtS/I/ORQ ?BQa?�W�?BORfB?��iOVW[?BMDQ�?gQ
S/M9�adafBI�` MFS�IiORQFEHOVW�N5MDkLdaCaI/JLI]EÉf�ORQa`�k��aJuK<ORS/I�K9MDJLI/S/ORkLW[k/��ORQa`rW[CaI5{�ORkLk�ORSxCo�akLI�W[W[k�bHQakuW�?�W|��W[I�MRKR>%I�SxCFE
QaMDfgMDARs!}~{!b�>@�]��O�NPO&ÁLMDJ|daORJLW[?BS/?gd1ORQcW|?BQPW[CaI��[o+kuW�?BN\OVW[?BMDQ5MRK W�C�Iz�^?BJLS_�afBOVW�?gMDQ\ORQa`2�^fB?gNPOjW�IªMRK W�C�I
��S/I/ORQ��5}~o�� � �U�q�^MDQakLMDJLW[? �aN2�VK9MtS_�akLI/`�MDQ�`�stQ1OVN\?gSiORfgfgsUS/MRQak[?gkLW�I�QcWqI/kLW[?BN\OVW�I�k�MRK�W�C�I�MFS�IiORQ�kuWxOVW[I
K9MDJ S�fB?BN\OVW[I�ORQ1OVfgstk[I�k/�

> CaI�S�MDfBfBORe-MDJ�OVW[?BMDQ e�I]WHY^I�I/Q �h=�TF=
Â³k�yª=@� ORQ�`&���ª=�= Â´kP����oqG±e�I�?BQaA daJ[MRd�MDkLI/`«?Bk�S/MDQtE
k[?gkLW[I/QcW�Yª?gW[C W�CaIPADMcORfgk�MRK W[CaI�J[I�S/I�QnW�YªCa?�W�I\d1ORd-I/J���¨! ¨#"F¨�¯����$ &%�¨@¨!'|°�¯����H�)( ¯+*D�X®��-,j¢
�/.1¢102�<�X°Ì�-,:¯��~�¡�3� �546"�¯��¦¢]°X°Ì�/�H¢87�¯��¡¯��H��9]®:�����3;R¢=<r¢[¯��/.1¢���§%�3��¢x [¯3���/�
� }<Z�J[ORQaS�Mro+?BQ1O=�a`a?¡�>�1¢��?�:�3�-¯R°
 x�j®�®6@A�1�¡ [¯��~�¡�3�t�»�)> Ca?BkzYªCa?�W�I�d1ORd-I/JzM7�FW�fB?gQaI/k�W[CaI5J[I_Èo�a?gJ[I�` kuW�I/d�k#W[M!I�QaC1ORQaS�IPOVQa` kLMDfB?g`a?gKXs2W�C�I
kLstQaI�J[AD?gk[N e-I�WHY|I/I�Q!W�C�I#WHY|MPOVADI/QaS�?BI�k/�aYª?gW[C�W�CaIUADMcOVf	MRK�e-I�WLW�I�J��FW�?Bfg?
��?BQaA�k�OVW[I/fBfg?gW[I�`1OVW�O�K9MRJ e�MRW[C
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Æ 3<��3 ¼ ��;MÕÖ#%79');MÍ ;t��8),
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> CaI�k[I#?BQaS�f �a`aIVw
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ORdad�fB?BS/OVW�?gMDQak�YªJ[?gWLW�I�Q!?gQ��|	R�|������Z+�R��ORQa`!Z��D���
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> CaI�ORJ[SxC�?gW�I�S�W��aJ�ORf `aI�W�OR?Bfgk MRK%W[CaI#o�Ta{�Z ORJ[IUk���N\N\ORJ[?��/I�`�eaJ[?gI�gas�e-I/fgM:YU�
Æ 3 ¼ 3<� �/��8i;t')(�*+;n').�¾p7<0<798H� .1�80 ');�#�,/;
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Å I�Yª?gfBf�OR`aMRd�WUORQ MDeoÁLI/S�WuEHMDJL?BI�QnW[I/`	� f�OisDI�J[I/` ORd�daJ[McOVSxCrW�M�W�C�I�o�Ta{�Z ORJLSxCa?gW[I/S�W��aJ[IV����eMÁLI�S�WuE
MDJL?BI/QcW[I/`�`�I/k[?gADQ�I�QaC1ORQ�S/I/khS/Mt`aI#J[I_��k[I�kL?BQaS�I�O5S/fBORk[kªkLW[J��aS]W|�aJLI�I�QaS/M7��J�ORADI�khY|I/fgf�EH`�IKÃ1QaI�`	�-ADI/QaI�J�ORf
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�akLW�d-MDk[kLI/k[k^OzS/MDJLIhkLI�W|MRK N5I�W[CaMt`akq?BQ�MDJ[`�I/JqW�MU?BQcW�I�J[MDd-I/J[OVW�I Yª?�W�Ca?gQ
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> Ca?gk�?BQ�K9MRJ[N\OVW�?gMDQ Y|M7�afg` e�I$��k[I/` ecs OrARI/QaI�J[?BSP`1OVWxO OVk[k[?gN\?gf�OVW[?BMDQ N5I/SxC1OVQa?BkLN W�Mz��Qa`aI/JLkLW�ORQa`
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Æ 3 ¼ 3 ¼ ��;n'�Ô¡(-'�Í .a�%�D;!*+(-':8:.�¾p7<0~7X8H� .1�80 ;t.a,/;r(�Ôw#�,/;
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Æ 3 ¼ 3 Æ ��');t0~7�Í 7<��.�'�� 0�;t,i79�-�
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DAO PSAS @ 135K Obs on O3K 400
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NSIPP OGCM @ 2/3 deg on T3E 600
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Eff. single pe perf........ 25.9 Mf

Per pe perf @ peak..... 20.8 Mf
Peak performance....... 2.67 Gf

Parallel fraction........... 99.81 %
Speed-up @ peak....... 103º

DAO fvCORE @ 1 deg on O2K¿
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NSIPP EnKF ODAS @ 2/3 deg on T3E 600¿
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NPO Q�R�S%TUQWVWXZY\[�QGR^]_XZO QGQa` bcVed^XZY�R�fgd�fc`ihcb S j�Y\VBR�bcXZkZQad�V�Oid�` ` QWf ` b l�XZRmX"O Q�nUb Y\XZQBR�]_o@d�kUXZOqp�r�n�X"QWl
s�R%` Qaj\Y�f tvuwk"d�lxQWy;R�kUz{hckZR�h|R�n"d^j�n}Y�n�X"RL`cQW[�QWj�R�hmd�f `mY\l~h j\QalxQaf�X}h kZR^]�QanZnUY�R�f d�j�` QW[�Qaj�R�h l~QWf�X.R�h h|R�k��
X"bcf Y\XZY�Qan3R�fiX"O Q�o@d�kUXZOqnUr%n�X"Qal�nZVWY�QafcVaQan�]�R�k�l~Y\` ` j�Q�d^f `�O Y\t�O�nUV�O R%R�j_QW` b Vad^X"R�kUna����b Y\j�` Y\f t�b h|R�f
d�f `�Q��%X"QWf ` Y\f t�Q���Y\nUX"Y\f t�kUQanUR�b kZVWQanW��d~nUQakUY�QanvR�].fwd�X"Y�R�fwd�j�j�r��:d�`c[�Qak�X"Y�nUQa`gh kUR�]�QanUnZY�R�fwd�j�` QW[�Qaj\R�h lxQaf�X
y;R�kZz�nZOcR�h n�]�R�kmlxY�` ` j\Q�nUV�O R�R�j3d�f `�O Y�t�O�nZV�O R%R�j�QW` b Ved�X"R�kUn�y3Y\j�j�Qaj\b VaY\`wd^X"Q�VWR�f VWQahcXZn~d^nZnZR%VaY�d^X"QW`
y3Y\XZO+o@d�kUXZO�nUr%n�X"Qal�nZVWY�QafcVaQ�d�f `ql~R%` Qaj\Y�f tc��NPOcY�nLhckZR�TUQWVWXBy3Y\j�j�S�Q�Y�lxh j�QWl~QWf�X"Qa`�S�r��L���B��d^f `
VaR�j�j�d^S�R�kZd^X"Y\f tgnZVWY�Qaf�XZY�nUXZna��QW` b Vad^X"Y\R�f�nZh|QaVWY�d�j\Y�n�X"na��d�f `�fwd�X"Y�R�fwd�j�j�r�kUQaVaR�t�f Y��WQa`�Q��ch|Qak�X"n�Y\fFh kUR�]�Qan:�
nZY\R�fwd�jP`cQW[�QWj�R�hcl~QWf�X~Y�f�XZO Q�t�QaR�nUVaY�QWf VaQWn~]�R�k�lxY�`c` j�Qgd�fc` O Y\t�O¡nZV�O R%R�j3Qa` bcVed^XZR�kZnW�1NPO Q�o�p squ
¢Kf�[�QWnUX"Y\t�d^XZR�k�N}Qed^lIy3Y\j�j�hckZR£[%Y�` QxQ���h|QakUXZY�nUQ�Y�f¤X"OcQaY�k�[^d�kZY\R�b n�` Y\nZVaY\h j�Y\f QanGR£[�Qak�XZO QxVaR�b kUnZQ~R�]�X"OcQ
h kUR�TUQaV�Xe�

¥ ¦�§w¨ < © ¦;ª <
NPO Q�lxR�nUXGQ�«7QWVWXZY\[�Q�y�der+X"R�Y�lxh kUR
[�QmX"O Q�nUVaY\Qaf�X"Y�¬wV�j�Y�X"QakZd�VWr�R�];nUXZb ` Qaf�XZn�Y\nLX"R�y;R�kZzqXZR�Y�lxh kZR£[�Q
X"OcQvX"kZd�Y�fcY�f t�R�]�XZO R�nUQLkZQWnZh|R�f nUY�S j\Qv]�R�k@Qa`cb Ved^XZY�f t�X"O QWl���NPOcQv]�R%Vab n;R�]�X"OcY�n�QW«�R�kUX�y3Y�j\jwS�Q�X"R�Scb Y�j\`
b h|R�f¤R�b kBQ��%X"QafcnZY\[�Q�Q���h�QWkZY\Qaf VWQ~d^f `¤Q���Y�n�X"Y�fct�kZQanUR�b kUVaQanGXZR�` QW[�Qaj�R�hFd�fc`+Y�lxh j�QWl~QWf�XBd�nZQWkZY�QWnGR�]
h kUR�]�QanUnZY�R�fwd�j­`cQW[�QWj�R�hcl~QWf�XBR�h h|R�kUXZb f Y\XZY�QWnv]�R�kvl~Y\` ` j�Q�d�f `+OcY�t�O�nUV�O R%R�j�Qa`cb Ved^XZR�kZnBXZOwd^XLh kZR£[%Y�` QWn
X"OcQ3XZk"d�Y\f Y�fctLX"O Q�r�f QaQW`xXZR�QWf kZY\V�OxXZO Q3j�Qad�kZf Y\f tBR�]|X"OcQaY�k.n�X"b `cQaf�X"nW��¢KfxR�kU` Qak.X"R�QWf nZb kUQ�XZO Q3O Y�t�O Qan�X
j�Q�[�QWk"d�t�Q;X"RGQa`cb Ved^XZR�kZnW��y�QPhckZR�h|R�nZQ�XZRLX�d^kZt�Q�X.R�b k­XZk"d�Y\f Y�fctBd�V�X"Y\[%Y�X"Y�QWn_R�f�Qa` b Vad^X"R�kZn�y3Y\XZO�dLh kUR
[�Qaf
X"kZd�V�z��KkUQaVaR�kZ`iR�]­hckZR£[%Y�` Y\f t�X"k"d^Y�f Y\f t�R�h h|R�kUXZb f Y�X"Y�QWn�Y�f�XZO QaY\kPR
y3fikZQWt�Y�R�f nPR�kP` Y\nUX"kUY�V�X"na�

NPO Q�y�R�kUz�nZO R�hcnLh kUR�h�R�nZQa`iO QWkZQ�y3Y�j�j�Q��%X"QWf `qbch�R�fgX"OcQ{OcY�t�O j�r�nUb VaVWQanZn�]�b j}l~R%` Qaj7b nZQW`�]�R�kPX"OcQ
s�Y\V�O Y�t�d^f�p�h d�VaQ�®�kZd�f�X���R�fcnZR�k�X"Y�bcl ¯°s�p ®{�P±�®GQaR�nZVaY\Qaf VWQ�o.` b Vad^X"Y\R�fF²³R�kZz�nUO R�h´¯�nZQaQ~S�QWj�R£yv±��
NPO Qmr�Qed�kUj\riy�R�kUz�nZO R�h¤nUQakZY\QanBy3Y\j�jµX�d�kUt�QWX �9X Qa`cb Ved^XZR�kZnGh|Qakvr�Qed^ka��d�f `�y3Y\j�j�Y�fcVaj�bc` Qmd�f+Y\f�X"QafcnZY\[�Q� �¶y�QWQaz�nUb l~lxQakLnZQalxQan�X"QWk�d�X�·B���L��Y�f¤��R�b j�` QWka�7]�R�j�j�R£y;Qa`+S�r � d�`c` Y\XZY�R�fwd^j � �K`wder�hckZR�]�QWnZnZY\R�fwd�j
` Q�[�Qaj\R�h lxQaf�X�R�h h|R�kUXZb f Y�X"Y�QWnP` b kUY�f t�X"OcQ{nUV�O R%R�j�r�Qad�ka�

¢Kf�d�` ` Y�X"Y\R�f{XZRBh kUR
[%Y\` Y�f tvSwd�V�z�t�kUR�b f `�VaR�f�XZQaf�X.R�f�X"O QPo@d�k�X"Omn�r%nUX"QWl¸XZOwd^X�OcY�t�O j\Y�t�O�XZn}Y\nZnUb Qan.Y\f
Vaj\Y�l~d^X"Q­l~R%` Qaj\Y�f t3d^f `{y;Qed�X"O QWk_h kUQa` Y\VWXZY�R�f��
X"OcQ@y;R�kUz%nUO R�h n_y3Y�j�j^h kZR£[%Y�`cQ;R�hch�R�k�X"b fcY\X"Y\Qan�XZRvQ��chcj�R�kUQ
lxR�` QWj�Y\f t�VaR�f VaQWhcX"n{X"O kUR�b t�O¹nUX"d^X"Q��KR�]��¶X"O Q��:d�k�X{o�d^kUX"O¹nUr%n�X"QalIlxR�`cQaj�nx¯ºX"O Q�nUVaY�QWf VaQ�]�R%Vab n{R�]�X"O Y\n
nZbcY\X"QvR�]�h kUR�h�R�n"d�j\n�±@d�n;y;Qaj\j�d�n;nZY�lxh j\Y\¬wQW`�p�N3o@»�»µ�¼lxR�` QWj�n�R�]�VaR�l~h|R�f QWf�XZn�R�]�XZO QGo@d�k�X"O�n�r�n�X"QWl
kZQWj�Q�[�d^f�X�X"R�VWb kZkUY�VWb j�b l½fcQaQa`cn�R�]PQa`cb Ved^XZR�kZnmd�n�Q��chckZQanUnZQW` Y\f³X"OcQ�·Ld^XZY�R�f d�j�p�VaY\Qaf VWQ�o.` b Vad^X"Y\R�f
p%X"d�f `wd�kU` na�mo@`cb Ved^XZR�kZnBy3Y\j�j_S�QmXZk"d�Y\f Qa`+R�f¤Qad�nUr�X"RgY�lxh j�QWl~QWf�XLOwd^f ` n��MR�f���Y�fc¾%bcY�kUr��MSwd�nZQW`+Vaj�d�nZn:�
kZR%R�l�d�VWXZY\[%Y\XZY�QWnLX"Owd�X�Y�j�j\b nUXZk"d^XZQ�VWR�f VaQWhcX"n�R�];lxR�` QWj�Y\f t�d�fc`³d^nZh|QaVWXZn�R�];XZO Q�o@d�kUXZO¤nUr%nUXZQali��NPO Q
y;R�kZz�nZOcR�h�y3Y\j�j7Y\f Vaj\b ` Q�R�h h|R�k�X"b f Y�X"Y\Qan�]�R�kPQW` b Vad^X"R�kUn�XZR�t�d�Y�f�¬ Qaj�`iQ���h|QakUY�QafcVaQG�@]�R�kPR�S nUQakU[^d^XZY�R�fcn
d�f `�`wd�X�dBVaR�j�j�QWVWXZY�R�f�XZOwd^X�y3Y\j�j�S�QPbcXZY�j\Y��aQW`mY�fmXZO QaY\k�nUXZb ` Y\Qan@d�f `xd�j\nZRGQ��ch d�f `�X"O QWY�k.d�hch kZQWVaY�d�X"Y�R�fmR�]
X"OcQ�o@d�kUXZO+nZVaY\Qaf VWQanW��u_Y�fwd�j\j\r��¿XZO Q�y;R�kZz�nUO R�h¤y3Y�j�j�h kUR£[�Y\` Qmt�bcY�`wd�fcVaQmR�f�X"QaV�Ocf Y�¾�b QWn{h d�kUXZY�VaY\hwd�f�X"n
Ved^f�b nUQGX"RxS kZY\f tmX"O QGXZk"d�Y\f Y�f tmXZO QWr�Owde[�Q{kZQaVWQaY�[�Qa`�Swd�V�z�XZRxQW` b Vad^X"R�kUnvY\f�X"O QWY�kPR£y3fq`cY�nUXZkZY\VWX"nW�
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