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Configurations

Domain Size 

Grid Spacing 

Number of Layers

Time Step

Forecast Range

Model Runs

Boundaries

LBC Updates

Initial State

Initialization

External Analyses

HNMS

325 x 325

0.0625° 

40 sec

48 hrs

00, 12, 18 UTC

GME

1 hr

Nudging 

None

SST, S−Depth,

234 x 272

0.0625° 

40 sec

48 hrs

00, 12 UTC

GME

1 hr

GME

Digital Filtering

None

95 x 113

0.1250° 

80 sec

48 hrs

00 UTC

GME

1 hr

GME

Digital Filtering

None

385 x 325

0.0625°

40 sec

48 hrs

00, 12 UTC

GME

1 hr

Nudging

None

SST, S−Depth
Soil Moisture

Hardware

No. of Processors 160 / 1280

IBM SP (Pwr3)

32 / 64

CONVEX

14 / 16 12 / 16

NEC SX−5

MeteoSwissDWDARPA−SMR

385x321, 193x161

0.0625°, 0.125°

35

40 sec, 80 sec

36 hrs, 72 hrs

00, 12 UTC

GME

1hr

GME

Digital Filtering

None

SGI 3800

96 / 100

35

IBM SP (Pwr3)

IMGW

35 35 45

ð�IJ~s<?DA;�x`t � CU��9V��4:+��;53��t-��
58Y3L;1�9V��4,+��
5J*]�
>#4:������� ST+�4,��+�5 bT�uv � �

�����Ð�s�/�¿�s�&$�$���� �!�/�s�����  ����&$Ô�'���^��� �,�`�s�H'��}�Z�R�&$

� CgIm@�@G;=B{>AImSsK�~sIJÁZ;=@�fle'D�IJ;EÂ(SîÁZ;EDAÁ`Im;E�ÎSZÂ>AC';yiofZImKëDA;=@G;=f\D�B�C5fZB{>AIJÁÅIJ>AIJ;=@½SZÂ">AC?;È»N�¼?jËN �TSZD�Ó`ImK'~
~ZDASs<'Àg@�Â¨SZD�>AC';ÐÀ�;ED�IJSÅHëN)B{>�x\YZY?WÐP½N)B{>Äx\YZYsx`��ð'<?D�>AC?;ED$H?;E>AfZIÆ|m@½SsKë>AC?;ÐD�;=@A<'|J>A@�SZÂ!ÁÔf\D�ImSs<'@½�OSZDAÓ
ÀgfZB�ÓÔf\~Z;=@��"IÆ|m|ge�;½fVÁÔfZIm|Æf\eg|J;½ImKh»N�¼?jËNïÙ�;E�"@A|m;E>G>G;ED�Ù�S?�Tb�º¨>GSÐf\À'À�;=f\D"IÆK�æsfZK`<'f\DApcx\YZYsbs¾��
� 1 ��3 R.W �
	 �S1�� 	:-� J(4�L�4NMPOQO�R.T R.6U4�LSRU1 W

� F,SZDAÓXSsKè>AC?;ÈfZ@A@AImiÐIm|mf\>AIJSsK�SZÂ"fZIJD�B{D�f\Â¨>�H'f\>Afèº¦Ö)jl:Ö�á)¾$�"IJ>AC'IÆKX>AC?;ÈKq<gH?~sImK?~h@�B�C?;=i�;cC'fZ@
e�;E;=KÐB{Ssi�Àg|m;E>G;=HaLq>AC';�H'f\>AfÄf\DA;)K?SV��<'@G;=HySZÀ�;ED�f\>AIJSsK'fZ|Æ|JpÄ@�ImK'B{;�jlf=pÈx\YZYsxÄf\>O:!F�:Ä�?ð'<?DA>AC?;ED
fZB{>AIJÁÅIJ>AIJ;=@/B{SsK'@�ImH?;EDA;=H�>AC';�;=K'C'fZK'B{;=io;=K^>8SZÂ`>AC';rKq<gH?~sImK?~!SZÂ?@A<?D�Â¨fZB{;�ÀgDA;=@A@A<?D�;�fZK'H�DA;EãgK';=i�;=K^>A@
SZÂ8>AC';�<'@G;�SZÂ�@AB{DA;E;=KÅPR|m;EÁZ;=|¿H'f\>Afhº¨��ImK'HcfZK'HcC`<'ioImHgIJ>Rp'¾��

� Ö(>½j�;E>G;ESq¼`��Im@A@ELa>AC?;�K`<'H?~sImK?~\P}e�fZ@G;=HlHgf\>AfcfZ@A@AImioIÆ|mf\>AIJSsKhB{pÅBE|J;ÄÂ¸SZD�>AC';ÄÒ&j C'fZ@�e�;E;=K�ImK^>GD�S\P
H'<'B{;=HÈSZÀ�;ED�f\>AIJSsKgfZ|m|JpyIÆKcÙ"SîÁZ;=i�e�;ED�x\YZY?W\�

� � C?;(H?;EÁZ;=|JSZÀgio;=K^>��OSZDAÓ�>GS�fZ@A@AIÆioIm|mf\>G;OImK^>G;E~ZD�f\>G;=H��Of\>G;ED�Á\f\À�Ss<?D=LZH?;ED�ImÁZ;=H$Â¨DASsi
n)M(¼qPRH'f\>Af)SZÂ
f\e�Ss<?>Tw\Y�@A>Af\>AIJSsK'@rIÆK�SZDTK?;=f\D!n�;ED�iofZKqpZLÅC'fZ@�e�;E;=KÐB{SsKq>AImK`<?;=Ha��ÚÛKoSsK?;SZÂ�>AC?;�BEfZ@G;�@A>A<'H'IJ;=@"º×b
jhfVpÐx\YZY?WV¾�L`f�C?;=f=Á`p�À'DA;=BEIJÀ�IJ>Af\>AIJSsK�;EÁZ;=Kq>TImKÐn�;ED�iofZK^p��(fZ@�e�;E>G>G;EDT@�Imi$<g|mf\>G;=H�eqp�<'@�ImK?~�n)MO¼
fZK'HËfZIJD�B{D�f\Â¨>�H'f\>AfÅ�½Ö�KË;EDAD�SsK?;ESs<'@�DA;EÀ'DASÅH'<'B{>AImSsKhSZÂ�>AC';�HgIm<?D�K'fZ|¿B{p`BE|J;�SZÂOImK^>G;E~ZD�f\>G;=H��Of\>G;ED
ÁÔf\À�Ss<?D(e`pÐ>AC?;½ioS`H?;=|}L`C?Sî�T;EÁZ;EDVL�BEfZKc@GSsi�;E>AIÆi�;=@!DA;=@A<g|J>OIÆKyÀgDASZeg|J;=io@O�"Im>ACy>AC';)fZ@�@AImioIm|Æf\>AIJSsK
SZÂ�n�MO¼ÈH'f\>Aflº � SsiofZ@�@AImK'I�;E>�fZ|×�JLgx\YZYsxs¾��

� ÖÉxszVPRH'f=pySZeg@G;EDAÁ\f\>AIJSsKy@Gp`@A>G;=iÎ;{UÅÀ�;ED�Imi�;=Kq>��(fZ@(B{SsK'H'<'B{>G;=HÃf\>(jh;E>G;ESq¼`�"IÆ@A@rÂ¨SZDO>AC?; �Tß)»N�¼
À'DASZ~ZD�fZiÐi�;�SZÂ��Tß�j�� � Ù � � º¦QO;E>G>G;=io@EL�x\YZYsxs¾��(Ö Â¸Ss|m|mSV�!PR<?Àc@G>A<gH?pÃB{SsKg@AImH?;EDA;=HÈ>AC';½i�S`H';=|
@G;=K'@AIm>AIJÁ`Im>RpÐ>GSÈ¼`p`K'SZÀcSZeg@G;EDAÁ\f\>AIJSsK'@E�

� F,SZDAÓÃSsKc>AC?;½xîPRH�|mf\>G;=Kq>C?;=f\>"K`<'H?~sImK'~ÄC'fZ@(e�;E;=KÈDA;=@�<'i�;=HcfZK'HÈ;{UÅÀ�;ED�Imi�;=Kq>A@OSsKc>AC?;�fZ@A@AImi�P
Im|mf\>AIJSsKÈSZÂ&�"ImKgHyÀgDASZãg|J;EDH'f\>AfÐC'f=ÁZ;$e�;E;=KcB{SsKgH'<'B{>G;=Ha�



� 1 ��3 R.W �
	 �S1�� 	 *  � �=T < ��R � 4&62MPO 	 < ��L�O

� � C?;�H?;EÁZ;=|JSZÀ�i�;=K^>)�OSZDAÓËSsK�>AC?;oÒ8j Ü{PRB{SqSZD�HgImK'f\>G;�ÁZ;ED�@AImSsK�egfZ@G;=H�SsK,ãgKgIJ>G;$ÁZSs|Æ<'i�;=@�<'@AIÆK?~
@AC'fVÁZ;=HÄB{;=|Æ|m@8CgfZ@8e�;E;=KÄB{SsK^>AIÆKq<?;=H/�&ÖÊbîPRH�>G;=@A>GÁZ;ED�@AIJSsKÄ�(fZ@8D�;=fZ|mIJÜE;=H�fZK'HÄImH?;=fZ|mIJÜE;=H$BEfZ@G;=@�<'@AIÆK?~
DA;=fZ|�>GSZÀ�SZ~ZD�f\ÀgCqp�º}¼g»(Ö�Ù�:�Ú²Ö"P}>G;=@G>�¾!�T;EDA;½@�<'BEB{;=@A@GÂ¦<'|m|JpyImK^>G;E~ZD�f\>G;=Ha���r@AÀ�;=BEIÆfZ|m|JpZLÅfZK�ImKq>G;EDAÂ¨fZB{;
>GSo>AC?;�>G;EDAD�fZImKÅP}Â¨Ss|m|JSV��ImK?~�ÀgCqp`@AIÆBE@(ÀgfZBAÓ\f\~Z;��(fZ@"H?;EÁZ;=|mSZÀ�;=H/�

� � C?;�BE<?DAD�;=K^>)SZÀ'>AIJSsKgfZ|�xîP}>AImi�;{PR|J;EÁZ;=|�á�� @GÀg|mIm>ÛP};{U`Àg|ÆImBEIJ>"ImKq>G;E~ZD�f\>AIJSsK�@AB�C?;=io;oC'fZ@)e�;E;=K,i�S`H?P
IJã';=H,>GSËImK'BE|m<gH?;�f�B{SsK'@AIm@A>G;=K^>$>GDA;=f\>Ai�;=Kq>$SZÂ!i�;E>GD�IÆB�>G;ED�io@E� � C';ÐK?;E� @AB�C?;=i�;ÃIm@�ImKXe�;E>G>G;ED
fZBEB{SZD�H'fZK'B{;$�"IJ>ACcfZK'fZ|mpq>AImB�@ASs|m<?>AIJSsK'@=��Ö�Kc;EÁ\fZ|m<'f\>AIJSsK�Â¸SZDD�;=fZ|/H'f\>AfoBEfZ@G;=@�Im@ImKÈÀgDASZ~ZDA;=@A@E�

� ÖéK';E�ÏK?SsKÅPR|JSÅBEfZ|�@ABEfZ|J;{PRH';EÀ�;=KgH?;=K^>c>G;ED�D�fZImKÅP}Â¨Ss|m|JSî�"ImK?~5ÁZ;EDA>AImBEfZ|�B{SqSZD�HgImK'f\>G;Êº}¼ÅB�C¿Þf\Dh;E>hfZ|}�JL
x\YZYsxs¾ÄC'fZ@Äe�;E;=KëImioÀg|J;=i�;=Kq>G;=HëfZKgHëIm@ÄBE<?DAD�;=K^>A|JpëImKX;EÁ\fZ|m<'f\>AIJSsKÌº¦@G;E;cfZ|m@ASËB{SsKq>GD�IJeg<'>AIJSsK�e`p
n)<?pÈH?;�jhSZD�@AIJ;ED"IÆKÈ>AC'Im@(ÁZSs|m<'io;î¾

� ð'<?DA>AC';EDr�OSZDAÓ�ÀgfZBAÓ\f\~Z;=@(B{SsK'@AImH';EDA;=Ho>AC?;�<'@G;SZÂ �(»!jhF�ð,Â¨D�fZi�;=@OfZ@O|mf\>G;ED�fZ|'e�Ss<'KgH'f\D�IJ;=@�fZK'H
f�B�C?;=B�ÓcSZÂ�>AC?;��Of\>G;ED)iofZ@A@eg<'H?~Z;E>!SZÂ�>AC?;½Ò&jX�

� 1 ��3 R.W �
	 �S1�� 	 �  ����� O�R � 4&6 MPO 	 < ��L�O

� ÖñK?;E� � ����P}e�fZ@G;=Hh>A<'DAeg<'|J;=KgB{;½@AB�C?;=io;Èº¦|J;EÁZ;=|�x`� _s¾�fZK'HËfÐK?;E�â@A<?D�Â¨fZB{;Ä|mf=pZ;ED�@AB�C?;=i�;�C'f=ÁZ;
C'f=ÁZ;�e�;E;=K�Imi�À�|J;=i�;=Kq>G;=Ha� � C?;=@G;�@AB�C?;=i�;=@½f\DA;�f\À'À�|mIJ;=HlSZÀ�;ED�f\>AIJSsK'fZ|m|Jp�f\>½:F�:ífZK'H,iÄ<'B�C
�TSZD�Óy�(fZ@"H?;EÁZSZ>G;=Hh>GSo>A<'K'IÆK?~�fZK'HcÂ¦<?DA>AC?;EDH?;EÁZ;=|mSZÀgi�;=Kq>E�

� Ö K';E�ki$<g|J>AIÍPR|mfVpZ;EDoÁZ;ED�@AIJSsK SZÂ�>AC?;l@GSsIm|!i�SÅH?;=| � �Tá"á"Ö�C'fZ@�e�;E;=K H';EÁZ;=|JSZÀ�;=Ha� � C?;�K?;E�
ÁZ;ED�@AIJSsKÊImK'BE|m<'H';=@$Â¨DA;E;EÜ=ImK'~�fZK'H i�;=|m>AImK?~,SZÂ)@GSsIm||mfVpZ;ED�@ÐfZKgH f,DA;EÁÅIm@G;=H Â¨SZD�iÄ<'|mf\>AIJSsK SZÂ�>AC';
@AK?Sî�ïi�SÅH?;=|×� � C';�K?;E�â@AB�C?;=io;ÄIm@�BE<?DADA;=Kq>A|JpÈe�;=ImK?~�;EÁ\fZ|m<'f\>G;=HËfZK'Hl>A<'K?;=HaL'>AC';$SZÀ�;ED�f\>AIJSsKgfZ|
<'@G;½Im@!@�B�C?;=H'<g|J;=HÈÂ¸SZD)¼`À'D�ImK'~�x\YZYsb`�

� � C?;���fZImKÅPRð?D�Im>A@AB�CXB{SsKqÁZ;=B{>AIJSsK5@AB�C?;=i�;yCgfZ@½e�;E;=K�ImioÀg|J;=i�;=Kq>G;=H,Â¨SZD�SZÀ'>AIJSsKgfZ|r<'@G;yfZK'HXã'D�@G>
>G;=@G>A@oD�;EÁZ;=fZ|J;=HÊÀgDASsioIm@AIÆK?~lD�;=@A<'|J>A@E�ÊF�IJ>AC DA;=@GÀ�;=B{>o>GS�>AC';�SZÀ�;ED�f\>AIJSsK'fZ| � IJ;=H?>GÓZ;hiofZ@�@ÛPFCg<ÅU
@AB�C';=i�;ZL�fÃK`<'i�e�;ED�SZÂ�@G;=K'@AIJ>AImÁ`IJ>ÕpÃ@A>A<'H'IJ;=@"DA;=|mf\>G;=Hl>GSy>AC?;ÄB{SsK^ÁZ;=B{>AImÁZ;oH?D�IJÜEÜ=|J;�À'DASZeg|J;=i C'f=ÁZ;
e�;E;=K�B{SsK'H'<'B{>G;=H/�(»(C'fZK'~Z;=@!>GSÐ>AC?;$ioImK'ImiÄ<'iíiofZ@A@GPFCg<ÅUcB{SsK'H'IJ>AIJSsKcfZKgHc>GSÐ>AC?;�Â¸SZD�iÄ<'|mf\>AImSsK
Â¸SZDT>AC?;"~Z;=K';ED�f\>AIJSsKySZÂaÀ'DA;=BEIJÀgIm>Af\>AIJSsK��"IJ>ACgImK�<?ÀaH?D�fZ<?~sCq>A@�DA;=@A<g|J>G;=HÐImKÐf�@AIJ~sKgIJãgBEfZKq>�DA;=H'<'B{>AImSsK
SZÂ&B{SsKqÁZ;=B{>AIJÁZ;�H?D�IJÜEÜ=|m;Z�

� ÖñK?;E� @�B�C?;=i�;$Â¸SZD�~ZD�ImH?PR@ABEfZ|J;½À'D�;=BEIJÀgIJ>Af\>AIJSsKhImK'BE|m<'HgImK?~�BE|JSs<'H�IÆB{;$fZ@�fZKh;{UÅÀg|mImBEIm>!À'DASZ~sK?Ss@G>AIÆB
ÁÔf\D�Imf\eg|J;)C'fZ@!e�;E;=KcH?;EÁZ;=|JSZÀ�;=HcfZK'HcIÆi�Àg|J;=i�;=Kq>G;=HÈImKq>GSÄe�SZ>ACcÒ&jÏfZK'Hhn½j��"�gð�ImK'fZ|�>G;=@G>A@f\DA;
BE<?DADA;=Kq>A|JpÃ<'K'H?;ED!�(f=pZ� � C?;�SZÀ�;ED�f\>AIJSsK'fZ|af\ÀgÀg|mImBEf\>AIJSsKcIÆ@!Àg|mfZK'K';=HyÂ¨SZD�x\YZYsb`�

� 1 ��3 R.W �
	 �S1�� 		� �
QW LS<�� 	���< L�4�LSRU1XW 4&W=; M 	�	#6.R � 4�LSRU1 W�O

� F,SZDAÓhSsK�>AC';o»"N½¼?j�N
|mIÆioIJ>G;=HÅPRf\DA;=fy;=K'@G;=i$eg|J;ÄÀ'DA;=HgImB{>AIJSsKË@Gp`@A>G;=i º¦Ò��rM(¼'¾�C'fZ@�e�;E;=K�B{SsKÅP
>AImK`<?;=Ha� � C?;�~ZSsfZ|�SZÂ¿>AC'Im@OfZB{>AIJÁÅIJ>RpÃIm@T>GS�D�<'Ko>AC';)Ò&j��"IJ>ACÈImKgIJ>AImfZ|'fZK'HÃe�Ss<'K'Hgf\DAp�B{SsK'H'IJ>AIJSsKg@
~sIJÁZ;=K�e`pÈ>AC?; �(»!jhF�ð ;=Kg@G;=i�e�|J;Ðº¦<'@AImK'~o>AC?;�BE|m<g@G>G;ED">G;=B�C'K'Imê`<?;î¾(ImK�SZD�H?;ED">GSÃBEf\>AB�CËÀ'DASZe�fÔP
egIm|mIm>AIJ;=@SZÂT;{U`>GDA;=io;�;EÁZ;=K^>A@��"IJ>AC�C'IJ~sC?;ED)@GÀgf\>AIÆfZ|�fZBEBE<?D�fZB{pZ�o¼`;EÁZ;ED�fZ|rjlÖ�M�BEfZ@G;=@½C'fVÁZ;�e�;E;=K
@A<'BEB{;=@A@AÂ¨<'|Æ|Jp�D�<'KcImKÈC'IÆK'H'BEfZ@G>!i�SÅH?;Z��Ö(>!À'DA;=@A;=K^>ELgf�D�;=fZ|ÍP}>AImi�;)>G;=@G>"@�<'IJ>G;�Im@!Imi�À�|J;=i�;=Kq>G;=HÃf\>
�O»!jhF�ðT� � C?;)~ZDASs<?ÀhH';=BEImH?;=HÈ>GSo<'@G;½fhWEY\Ó`i D�;=@GSs|m<?>AIJSsKcÒ&j SsKhf�@A<?À�;ED�H?SsiofZIÆKÃB{SîÁZ;ED�ImK?~
i�Ss@G>!SZÂ�>AC?;�H'SsiofZImK'@(SZÂ�fZ|m|�Àgf\DA>AIÆBEIJÀgf\>AImK?~�i�;=i$e�;ED�@E�



� Öñ@AB�C';=i�;�Â¸SZD)@G>Af\>AIm@G>AIÆBEfZ|¿À�Ss@G>GÀ'D�S`B{;=@A@�ImK?~oe`ph@GÀgf\>AIÆfZ|8fZK'Hl>G;=i�À�SZD�fZ|8f\~Z~ZDA;E~sf\>AIJSsK'@ � DA;=@A<g|J>ÛP
ImK?~ ImK�@Ai�S`SZ>AC?;=HÌãg;=|mH'@Ã�"IJ>AC�À'DASZe�f\egIm|mIJ>AIm;=@ÐÂ¨SZDc;{U`>GD�;=i�;X;EÁZ;=Kq>A@ � C'fZ@Èe�;E;=KÌH?;EÁZ;=|mSZÀ�;=H/�
Ö(>�À'DA;=@G;=Kq>ELa>R�OS�H'IÍd�;EDA;=Kq>�f\ÀgÀ'DASsfZB�C';=@½<'@AImK'~Ð>AC?;oK?;=Im~sC^e�SZD�C?S`SÅHhi�;E>AC?SÅH�fZK'H�>AC?;��(f=ÁZ;=|J;E>
i�;E>AC?SÅHcf\DA;�B{Ssi�À�f\DA;=HhfZK'HÈ;EÁ\fZ|m<'f\>G;=H/�

� ð'<?DA>AC';EDyfZB{>AIJÁÅIJ>AIJ;=@ÃB{SsK'@AImH';EDA;=H >AC?;Ë~Z;=K?;ED�f\>AIJSsK«SZÂ½K?;E��i�S`H';=|ÍPRImKq>G;ED�K'fZ|ImKq>G;EDAÀ'D�;E>G;=H ã';=|mHg@
@A<'B�C�fZ@!>AC?;�@�K?SV�Â¦fZ|m|ÍPR|ÆImioIJ>OfZK'H�B{SsKqÁZ;=B{>AIJÁZ;$��ImK'HÃ~s<'@G>A@E�

� 1 ��3 R.W �
	 �S1�� 	�� �� < ��R�� � 4�L�R 1 W 4XW�;��D4�OQ<
	 L ��; RU< O

� � C?;ySZÀ�;ED�f\>AIJSsK'fZ|OÁZ;ED�IJãgBEf\>AImSsK�SZÂÀgDA;=H'ImB{>G;=Hè@A<?DAÂ¦fZB{;Ã�T;=f\>AC?;ED�À�f\D�fZi�;E>G;ED�@�Im@ÄH?SsK?;Èf\>�;=fZB�C
»N½¼?j�N5@AIm>G;�Â¸SZD8>AC?;rB{SZDAD�;=@GÀ�SsK'H'ImK?~!Ò&jÎf\ÀgÀg|mImBEf\>AIJSsK/� � C?;�SZe�@G;EDAÁ\f\>AIJSsK'fZ|se�fZ@AIm@/f\DA;(¼��)Ù�N)M
@G>Af\>AIJSsK'@�fZK'H,DA;E~sIJSsKgfZ|�C'IJ~sC�DA;=@ASs|m<?>AIJSsK,K?;E>Õ�TSZD�Ó`@E�yÖ�|m@AS?L8f � �OjhM�P}ÁZ;ED�IJãgBEf\>AIJSsK�Im@½H?SsK?;of\>
i�Ss@G>�SZÂT>AC?;y»N½¼?j�NÎB{;=K^>GD�;=@E����;ED�IJãgBEf\>AIJSsK�D�;=@A<'|J>A@�f\DA;oHgIm@G>GD�IJe�<?>G;=H�SsK,fcê`<'f\DA>G;ED�|mphegfZ@AIÆ@
f\>$Ss<'D��O;Ee?PR@AIJ>G;Z�hÖk@A<'ioiof\D�pËSZÂ!>AC';yfZK'K`<'fZ|O@AB{SZDA;=@$Â¸SZD�x\YZYsxËBEfZKëe�;oÂ¨Ss<'K'HëImKè»"N½¼?j�N
Ù";E��@A|J;E>G>G;ED"Ù�S?� b`�

� Ö�KèB{Ssi$egImK?;=HèImKq>G;ED�K'fZ|T�TSZDAÓÅ@AC?SZÀèSZÂF«n�bËfZK'HëF«n�_Ë�(fZ@�C?;=|mH�IÆKëð?;EegD�<'f\DApëx\YZYsx`� � C';
Àgf\DA>AImBEImÀgfZK^>A@OfZH'H?D�;=@A@G;=HÃIJ>G;=io@(@A<'B�CyfZ@(>AC?;)@G;=|J;=B{>AImSsKySZÂ8DA;EÀ'DA;=@A;=K^>Af\>AIJÁZ;�¼`pÅK?SZÀÈ@G>Af\>AIJSsK'@=L`>AC';
@G>Af\>AIm@G>AIÆBEfZ|q@AIm~sK'IJãgBEfZK'B{;TSZÂ'Á\f\D�IJSs<'@&@AB{SZDA;=@ELZ>AC';(B{SsKgH'IJ>AIJSsK'fZ|^ÁZ;ED�IJãgBEf\>AImSsK�SZÂ'�O;=f\>AC?;ED�;=|J;=io;=K^>A@EL
>AC?;,ImKqÁZ;=@G>AIJ~sf\>AIJSsK�SZÂ�>AC';ËD�;=fZ|mIm@Ai SZÂ�Â¨SZDA;=BEfZ@G>A@�eqpÊfZ|m>G;ED�K'f\>AIJÁZ;Xi�;E>AC'S`H'@ÈfZK'H�Á\f\D�Imf\>AIJSsKgfZ|
>G;=B�C'KgImêq<';=@!>GSo;=@G>AImiÐf\>G;½Àgf\D�fZi�;E>G;ED�@"ImKÈ>AC?;�À�C^pÅ@AImBE@!@AB�C?;=i�;=@E�

� ��;ED�IJãgBEf\>AImSsKXSZÂ(À'DA;=BEIJÀ�IJ>Af\>AIJSsKX<'@�ImK?~�C'IJ~sCXDA;=@GSs|m<?>AImSsK,À'DA;=BEIJÀ�IJ>Af\>AIJSsKXfZK'fZ|mp`@G;=@�Â¸D�SsiÏÖ�á"M�ÖP
¼?jlá
Â¨SZD�>AC?; �TioIm|mIÆfÃá"Ssiof\~sK'fhDA;E~sIJSsKa� � C?;ÐfZK'fZ|mp`@G;=@�f\DA;yfVÁÔfZIm|Æf\eg|J;�;EÁZ;EDApXC?Ss<'D�fZK'HXf\DA;
SZe'>AfZImK?;=HÈe`pc<'@AImK'~�@�<?DAÂ¦fZB{;�D�fZImK?~sfZ<?~Z;=@"fZK'H�BEfZ|mIJegD�f\>G;=HÈD�fZH'f\D"Hgf\>AfÅ�

� F,SZDAÓhSsKl>AC?;�Àgf\>G>G;ED�K�iof\>AB�C'ImK?~Èi�;E>AC?SÅHl>GSÈB{SsioÀgf\DA;�i�S`H';=|¿À'D�;=H'ImB{>G;=HlÀ'DA;=BEIJÀgIm>Af\>AIJSsKhfZK'H
D�fZH'f\DÀgDA;=BEIJÀgIJ>Af\>AImSsKyãg;=|mH'@!C'fZ@!e�;E;=K�B{SsKq>AImK`<?;=Ha�

� 1 ��3 R.W �
	 �S1�� 	� ��P<�� < �S<5W � <�� < �SOSR 1 W 4&W�;	
QT�	#6U<5TK<5W L�4�LSRU1 W

� F,SZDAÓ�SsKo>AC?;�ImK^>G;ED�À�Ss|Æf\>AIJSsK�À'DASZ~ZD�fZiÐ@Tn�j��Tx\Ò8j�L^ÚÛð�¼?x\Ò8j�fZK'HyÒ8jËx\Ò8j >GS�ÀgDASVÁÅImH?;ImKgIJ>AImfZ|
fZK'HÈe�Ss<'K'H'f\D�poB{SsK'H'IJ>AIJSsKg@TÂ¨DASsi H?D�IJÁ`IÆK?~$i�SÅH?;=|m@Oe`pÐSsK?;{P}�(f=pcK?;=@A>AImK?~�C'fZ@(e�;E;=KcBEf\DAD�IJ;=HÈSsK/�
ÚÕ>IÆ@!Àg|mfZK'K';=Hy>GS�åÛSsImKÈ>AC';=@G;½À'DASZ~ZD�fZio@ImKq>GSÐf�<'K'Imã';=HÃÀ'DA;EÀ'DASÅB{;=@A@GSZD"À'DASZ~ZD�fZi ÚÛÙ � x\Ò8j��

� Ú²Kg@G>AfZ|m|mf\>AIJSsK/L<?ÀaH'f\>AImK?~èfZK'H�D�<'K'K'IÆK?~XSZÂ�>AC';�Ò&j Im@ÈfèÀ�;ED�iofZK?;=Kq>y>AfZ@AÓÊSZÂ�>AC';X»"N½¼?j�N
i�;=i$e�;ED@�IJ>G;=@E��ÚÛK�x\YZYsx`L�fÐB{Ssioi�SsK�<?ÀaH'f\>G;�ÀgDAS`B{;=Hg<?DA;�C'fZ@!e�;E;=K�H?;Eã�K?;=Ha�

� F,SZDAÓÈSsKc>AC?;½>Õ�TS\P}�(f=plImK^>G;ED�fZB{>AIJÁZ;�K?;=@G>AIÆK?~�ÁZ;ED�@AIJSsKÈSZÂ�Ò&jÏC'fZ@"e�;E;=KcB{SsK^>AImK`<?;=Ha�

� ÖéK';E� ÁZ;ED�@AIJSsK�SZÂ�>AC?;XioS`H?;=|�H'S`BE<'io;=K^>Af\>AIJSsK�ImK'BE|m<'HgImK?~ëf H';=@AB{D�IJÀ'>AImSsK«SZÂ�>AC?;XK`<'H?~sIÆK?~
fZK'fZ|JpÅ@AIm@!@AB�C?;=i�;ÄfZK'Hc>AC?;�K';E� � ����P}egfZ@G;=Hc>A<?D�eg<'|J;=K'B{;�@AB�C?;=i�;ÄIm@!Àg|mfZKgK?;=HÈ>GSoe�;½f=Á\fZIm|mf\eg|m;
f\>>AC?;�;=K'H�SZÂ�x\YZYsx`�

�����y�}�a� $c�a�  ��,�/�a� $ ����� �

Ö(>$>AC?;oDA;=B{;=Kq>�»N�¼?jËN n);=K?;ED�fZ|Tjh;E;E>AImK?~?L�f�H?;E>AfZIÆ|J;=H,�OSZDAÓlÀ�|mfZK,Â¨SZD½>AC?;ÐK?;{UÅ>½�OSZDAÓÅImK?~cÀ�;ED�IJSÅH
º}N)B{>E�(x\YZYsx�P(N�B{>E�Tx\YZYsbs¾!C'fZ@e�;E;=K�Â¸SZD�iÄ<'|mf\>G;=H/�T¼`Ssi�;½SZÂ&>AC?;½egfZ@�ImB�À�SsIÆK^>A@f\D�;½|mIm@G>G;=HÈe�;=|JSî�½�



�� \¡'¢{ \¯·¥¦¶^®Z¤¦¥¦ Z¡ � ���\¹s£Û®^¶^´�®\¡�¶��Ä =³=§Å©o´E¡g¤}®Z¤¦¥× \¡� Ûª�¤��?´	�¿µ
PTImKgB{DA;=fZ@G;=H�ê`<'fZ|mIJ>ÕpÐSZÂ�>AC?;½ê`<'fZKq>AIJ>Af\>AIJÁZ;½À'D�;=BEIJÀgIJ>Af\>AIJSsKÈÂ¨SZDA;=BEfZ@G>A@
Pr>A<'KgImK?~�fZK'HcSZÀ'>AIÆioIJÜ=f\>AIJSsKÈÂ¨SZDe�SZ>AC�i�SÅH?;=|afZK'H�Hgf\>AfofZ@A@AImiÐIm|mf\>AIJSsKÈB{Ssi�À�SsK?;=Kq>A@
PrSZÀ�;ED�f\>AIJSsKgfZ|a<'@G;½SZÂ&>AC?;�K?;E� @GSsIm|ai�SÅH?;=|afZK'Hc>AC';½BE|JSs<'H�ImB{;½@�B�C?;=i�;
PTfZ@A@�ImioIm|mf\>AImSsKySZÂ�DA;=ioSZ>G;�@G;=K'@AIÆK?~�H'f\>Afhº¨D�fZH'f\DVL'�"ImK'HÃÀ'D�SZãg|J;ED=L?@Af\>G;=|m|ÆIJ>G;î¾
PTB{SsKq>AImK`<?;½�OSZDAÓySsKlxîP}�OfVp�ImK^>G;ED�fZB{>AIJÁZ;$@G;=|mÂÆPRK?;=@A>AImK?~


 ����¯·¥¦³�®Z¤¦¥× \¡ë®\¡�¶��¡g¤R´E£���£G´=¤}®Z¤¦¥¦ Z¡
Pr;EÁ\fZ|m<'f\>AIJSsK�SZÂ8>AC?;�»N½¼?j�NïÒ �TMO¼È@GpÅ@G>G;=i e�fZ@G;=HcSsKc>AC?; �O»!jhF�ð5;=Kg@G;=i�e�|J;
PT@G>Af\>AIÆ@G>AImBEfZ|/ImKq>G;EDAÀ'D�;E>Af\>AIJSsKcSZÂ�C'IJ~sCÈDA;=@GSs|Æ<?>AIJSsKÈÂ¨SZDA;=BEfZ@G>A@
PTB{SsioioSsK�À�Ss@G>GÀ'DASÅB{;=@A@AIÆK?~$>GS`Ss|m@

� � ®��î¥¸¡`¹È¤��Å´$òr®�� � ªE \£���� �  \¡,¤��Å´�µ�´{¢{ \° G ¬�³�®\¯m´
PTB{SsKq>AImK`<?;½>AC?;½H?;EÁZ;=|mSZÀgi�;=Kq>�TSZD�ÓySsKh>AC?;�Ü{PRB{SqSZD�H'ImK'f\>G;½ÁZ;ED�@AIJSsKcSZÂ�>AC?;½i�SÅH?;=|
Pr;{UÅÀ�;ED�Imi�;=Kq>AfZ|��TSZD�ÓÈfZKgHÈ>G;=@G>�@A<gIJ>G;=@!f\>ÁZ;EDApcC'IJ~sCÈD�;=@GSs|m<?>AIJSsK
PTH?;EÁZ;=|mSZÀgi�;=Kq>"fZK'Hc>G;=@G>"SZÂ&fÐbîPR: � ����P}e�fZ@G;=HÈ>A<?DAeg<g|J;=K'B{;�@AB�C';=i�;
PObîPRHh>GD�fZK'@GÀ�SZDA>(SZÂ�D�fZImKcfZK'Hc@�K?SV�ïImKÈ>AC?;½BE|JSs<'Hh@AB�C?;=io;
PTH?;EÁZ;=|mSZÀgi�;=Kq>SZÂ&fÐK?;E��@AB�C?;=i�;½Â¨SZD"@AC'fZ|Æ|JSV�ÉB{SsKqÁZ;=B{>AIJSsK

���'�Û�'�s���r�Å�&$

)e�A4,4,�0BD*0=��3\ ���p\�=J�
�
�2�86hz]¬ bT�uv |�BDC3�
-A4 v 4,1J�87R¬.*<+�5�LF4:���h��+�BD+�4,�0�8��si9,�W�F�O�
5���yi7���9,�2*[4V��4,+M-u�O� K ��������
+�5 � CU��9V��4:+��;53��X¬i*,����4@�m�A4:��� v ST+�*:*0\ ����� �!�#"%$'&'(�)%*+&',.-�/0$21%3547698:3<;>=p���IN��
+�M��E���±��4�STSTSG\ -A�;*,BD���
BD�8�8��j\ �
9:L2�d\
yi�0*:*�=2�G\�=����;���
6]si*:*<+�BD+�M��4:+��;5��
>Q*:-A9:���058�j���N;����
EJ*<�09,N���4:+��;53*nE�7�N���9:+���4,+��
53�
�*,�
+�8BD�
+M*[4:1�9:���
53���78*<+M*0\?�@$A62$'354A;
B 6�CD35EA;�FG(�HIEA;�=�JKJt=t�I�
���:������\
���
1�+M*�=L�J\ ��¥e=e�0�2����6 sC3�
9:�
BD�A4,9:+M-FBD������e��>ON
�09<4:+�-0��]�0���87�a31�H��W*h+�5p4:������4,BD�;*,C����09,�;\NM035OP)KQ<;SRT,.HU$V4
�@$A62$'354A;�=XWPJ!=t�0���W�[���2�8\
��725J-V�!\�K�\�= r +�9V��9V��`�\!��53�±{h\t|�N���53��N2+M-A+j=^�0�;�2�86±|�BDC�9:��N2+�5�L_4,���D�VYf-�+��053-A7��
>]�R�8+�L;+Z4V��nY3�4,�09,+�5�L@*,-V���0BD�
\
�@35)�;[Z\$',<;]/0$V^5;�=_W�` a!=t�0��� ���V�0�;�;��\
���.b[��SO*,	�+g=�`�\�=J`h\3��+��09,BF�
5�5!=�K�\�K�9:�
�3g=8)X\��T+�4<4,�090=J�ª\�)e13-V�����;��t=��u\Jyi��53+�*:-V�!= r \�K^��13g=��
53�_� \8����9:L
�05!=
�
�
�;��6 �����R�
CU��9V��4:+��;53��eL
��
EJ��e+�-��;*:�����W�89:�
Z������H8�
L
�;53��^L;9,+M�8CU�
+�5;4DBD�8�8�� r ��zi6�`.�0*:-A9:+�C84,+��
5 ��53�&��+�L;�8�
9:�0*,�
�184,+��
5�4,�W*[4V*�\��@35)�;cZ\$',U;�/0$V^5;�=!�0�;��=8���W�Id8�
�
�3\
�T+�4<4:��9W=;)X\���53���J\I¥e\ r �0��0725�=��0�;�;�86�s£-��
BDC�9:�����053*<+�N
�]9:�;�8+M��4,+��
5x*,-V�3��BD��>?�;9�5213Bx�09,+M-��
�S]�W��4,�3��9nC�9,�W�8+M-d4,+��
5
BD�8�8��M*TST+�4,�@CU��4,�0524,+M����
C�C��+�-0��4,+��
5J*]+�5m-A�+�BF��4,��*,+�B�1����4,+��
53*0\e��3.)K;cZ$f,<;�/?$A^I;�=�W�` g!=��;�
�����;�;�8\
v -V�Xh��9W= b \�=2`�\8�!�01���5�EU��9:L
��9W= � \�¥�13��9,�090=�`�\���h184,�3+Q�
53� b \ r +�9V��9V�t=8���;�;�86Ts�5���S£4:��9:9:�
+�5��g>?�;���
ST+�5�LGN
�09<4:+�-0��
-��2�;9:��+�53��4,�X>?�
9:Bh13���4,+��
5f>?�;9i��4:BD�;*,C�����9:+M-iC�9:�0��+�-A4,+��
5RBx�8�8�0�*0\��@35)�;iZ$',U;�/?$A^5;�=!�0�;��=��������Id����2�
��\
v 	��
BD�
9,�8-V	Q=^� \ b \���5J���J\�)X\^~u���BDC!=O�W�
�;��6 �����m*<4:�
E�+��+�4[7ª��>O4:+�BD�A��*,C��+�4F5�1�BD��9:+�-0��eBx��4,���8��*x>?�;9x4,���
��78�89:�;*<4:��4:+�-u�
53�f4:���G5��;5���7���9,�2*[4V��4,+M-.��M�
*<4,+M-.�W/213��4:+��;53*�\e�@35)�;[Z\$',U;�/0$V^5;�=_WP` g�=3�8�0�;���[�8�I�;��\
�����;BF�
*0= v \�= b \ r +�9:�
9:�!= r \Q`i�;BD*.��53�±¬�\ v -V�Th��4,4,���9W=U�
�
�
�36 v ��BD+��j+�BDC��+�-�+Z4u*,-V���0BD�G>?�
9.4,����`T� ` �!�
	��
Z�
�m�8�8�0�j\D�@$V6j$'354k3.-l; B 6mC	3IEA;�FL(�HIEA;�=�J a!=t�0�2�I�V�W�;�8\
��+��0��4:	
�;=n�ª\�=e�0�
�;��6 s®-��
BDC�9:�����053*<+�N
�DBF�
*:*ua31�H�*:-V����BD�D>?�
9�-�1�Bh13�13*hC3��9V��BD��4,��9:+�P0��4:+��;5±+�5ª��
9,L;�A��*,-0����
BD�8�8��M*0\e�@3.)K;[Z$f,<;�/?$A^I;�=nW W�J!=t�I�
�����V�I���
��\
�#�
BF�
*:*,+�5�+j=��ª\�= r \ r �053��40= r \�`i+M-V	Q=��ª\����
9:��4:*:-V��+���53� b \ v -V��9:��wn=e���
�2�86 �m�
5�+�4,�;9,+�5�L���>i+�524,��L;9:��4,�W�
S���4:��9fN���CU�
139D>?9,�;B L
9:�
1353����E3�
*,�0� r K v �
EJ*<�09,N���4:+��;53*D��53� 4:����+�9_�;*,*,+�BD+����4,+��
5 +�5 ���+�Bx+�4,�W������9:�0���O� K
BD�8�8��j\���]�%�!�o8e$VpqE7-l$A6�62$A4?8:3<;nr
=3�;�������R���IN���+���
E���X��4OSTSTSG\ -��;*,Bx�
�jBD�8�8�0g\ �
9:L2�A\
��+M-V	
�090=���\3��53�R� \ v 	I�
BF��9:��-V	Q=t�W�
�
�36Xs 4:+�BD����*,C��+Z4,4,+�5�Lf*,-V�3��BD�u>?�
9�4:���G��M�
*<4,+M-u�0/213��4,+��
53*�+�53-A�;9,CU�
9V��4:+�53L
*,�0-��
53�����
9V�8�09��O1�5�L
����~u1�4<4:��4:+�BD���8+�wU�09,�053-A+�5�LJ\:�@35)�;[Z\$',<;]/0$V^5;�=_W�`%s�=t�0�;�;�I�V�0�;�
�3\


