
Numerical Weather PredictionNumerical Weather PredictionNumerical Weather PredictionNumerical Weather Prediction

Notes on AGIRS performanceNotes on AGIRS performanceNotes on AGIRS performanceNotes on AGIRS performance

Forecasting Research Technical Report No. 268Forecasting Research Technical Report No. 268Forecasting Research Technical Report No. 268Forecasting Research Technical Report No. 268

Andrew CollardAndrew CollardAndrew CollardAndrew Collard

email: nwp_publications@metoffice.com

©Crown Copyright©Crown Copyright©Crown Copyright©Crown Copyright



���������	��
 ��
������ ��������������� 
"!#��$

%"&('"&�)�*,+-+(.0/213&

4 &�576089/7*:1<;�=289>(*?6@&

ACBEDGF�HEIKJMLKN�OQPER�D(PTS�O9FURVD(WTX2RYO9F�RYBKO[Z\OQ]V^_I`]YNaX2P0JMO�I2^bRYBKO[ZK]cI�Z0ITFUO9Hed�fhgjihkmlndoHES2X2P0JMO9HpfhOQITFVRqX2r
RVD(I�P0X2]cstgnPE^_]MX2]YO9Huk�I�LKP0HEOQ]QvwD(P0FVRY]cLKN�OQPTR3xyX�BED(W�BzFVZ\O9JMRY]qX7{|]YO9FVI2{(LKRVD(I�PzFUI�LKP0HEOQ]C}~BEDGJYB�}CI�LE{GH��\O
X2P[OM�KRYOQP0FnD(I�PuI2^@RcBKO�kT���hgjiCgCD(P0FVRc]YLKN�OQPER~I�P�^�LKRYLK]YOt�uOQRYOQIEFYX2Rhk�O9JMI�P0H"fhOQPKOQ]qX2RVD(I�PzFcX2RYOM{�{�D�RcO9FQ�

���h�"��Ahk�d�A�HEIKJMLKN�OQPER����h����kTAhf��`k���f��2�E�����E�2�����~�2��HEO9FYJM]UD��\O9FeRcBKOmZK]YI�Z0IEFVO9H�d�fbgjiok
JcB0X2]qX�JMRYOQ]UD�FURVDGJQFQ��g�RC}CI�LE{GH N�O9X�FVLK]YOhRYBKOCD(PE^�]qX2]YO9H[FUZ0O9JMRY]YLKN��\OQRj}COQOQP��0�������,N�X2P0H��K� �T�2�|N¡l�}CD(RYB
RYBKO"Z0IEFYFnD(�ED�{¢D(RVspI2^tX�WTX2Z£D(P¤RcBKO¥JMI2S�OQ]qX2W`Oz�0OQRV}COQOQPp�0��¦T§¨�,N©X2P0Hp�K��ª2�|N[vtX�R«X�]YO9FVI2{(LKRVD(I�PpI2^
X2�\I�LKR�¬�JMNz­0®`�¥ACBKO�D(P0FVRc]YLKN�OQPER9¯�F�]qX�H`D(I�N�OQRc]VDGJ�PKI2DGFVOa}CI�LE{GH°�\OzªK��¬���±¡X2R�X¥FcJMOQPKO[�K]VD(W�BTRcPKO9FYF
RYOQN�Z\OQ]qX2RYLK]cO�I2^<¬`��ª�±��

ACBEDGF�FVRcL0HEs"^_I�{¢{(I2}bF�RYB0X2R�D(Pp��I2{�{GX2]qH£lq§9�`���EvC^�I�]�RYBKOagnd�k�g�D(P0FVRY]YLKN�OQPER9�eACBKO D(P0FVRY]YLKN OQPTR�Z0OQ]cr
^�I�]YNaX2P0JMOhDGFCOQS2X7{(L0X2RYO9H²RYBK]YI�LKW�B�D(P0FVZ\O9JMRVD(I�P"I2^³RYBKO�X�P0X7{(s´FnDGFµOQ]Y]YI�]~JMI2S�X�]VDGX2P0JMO9F~OM�KZ0O9JMRcO9H�^�]YI�N	X
§9�µ�³d�i°]YOQRY]UD�OQS2X7{���ACBKOCO9¶`LED�S2X7{(OQPTR3]YO9FVLE{(RqF@^_I�]�·µgjihktX�P0H�gnd�k�g�X2]YO~X7{GFVI�FUBKI�}µPtX�F�XhJMI�N�Z0X2]UD�FUI�P��

ACBKO�PKI�RMX2RVD(I�P[BKOQ]YOMD(P"W�OQPKOQ]qX7{�{(s�^�I2{�{�I2}bF�RYB0X2R~]YO9JMI`N�N�OQP0HEO9H[�Es�gjHEOa¸7¹�º�»(¼:lq§9���´¦�vq�

½ &�¾�¿T82À|*�1Á*\Âb5760Ã|¿KÄQ89>�Å0.K89>Æ6,ÅmÇ�¿E89/2>(¿EÃK.0+~%[=�=´;:/7.0=2Èm.|6�1£É�¿K/989>-=2.0+CÇ ¿´Ä¨*,+Æ;,89>�*�6�&

iCIKHEW�OQ]qF²lq§9�E¦2ÊEvoFVBKI2}bFËRYB0X2R�^_I`]�{�D�PKO9X�][ZK]YI��E{(OQNaFQÌµl�I�]aX�ZKZK]YI7�TD(NaX2RcOM{�s�^�I�]�}CO9X2Í`{�s°PKI�PKr-{�D(PKO9X2]
ZK]YI��E{(OQNaFÎvqÌ|RYBKO��0O9FVR�O9FURVD(NaX2RYO�I2^�RYBKO�X2RYN�IEFVZKBKOQ]VDGJ�FVRqX2RYO�Ì\Ï�Ì|X2P0H"X�FYFVIKJcDGX2RYO9HuOQ]Y]YI`]oJMI2S�X�]VDGX2P0JMO�Ì
%"Ì`DGF~W2D(S�OQPu�Ts�RYBKO�I�ZKRUD�N�X7{³O9FVRVD(NaX�RVD(I�P[N�OQRYBKIKH[I2^w]YOQRY]VD(OQS�X�{#lji�I´HEW�OQ]MFQÌ�§9�E¦2ÊEv³}~BKOQ]cO

ÐÏeÑ�ljÒ ­0®3ÓmÔzÕ lcÖ Óm× v ­0®QÔ v ­0® lVÒ ­\® Ï³Ø Ó�ÔzÕ lYÖ Ó�× v ­0® È�v lq§7ÙKv
X2P0H

%ÚÑ�ljÒ ­0® ÓmÔ Õ lcÖ Óm× v ­0® Ô v ­0®�Û lq§9Ü7v

·µOQ]YO�Ì Ô Ñ¤Ý�Þ�È�l�Ï<vKDGF�RYBKOCNaX�RY]VD���I2^KD(P0FVRY]YLKN OQPTRw}COMD�W`BTRVD(PKWh^�LKP0JMRVD(I�P0FQÌ�ÒßDGF�RYBKOCOQ]Y]cI�]³JMI2S�X2]UD�X�P0JMO
NaX2Rc]VD��m^_I�][RcBKO�º"à|áqâ-ã�áMâbHKX2RqXäÌ~Ï³ØEÌbX�P0HÁÈ�DGF�RYBKO"S�O9JMRcI�]aI�^tI��0FVOQ]cS�X2RVD(I�P0F�}µBED�JcBpB0X7S�O"OQ]Y]YI�]
JMI2S�X2]UD�X�P0JMO9F�Ö[� × DGFµRYBKO�NaX2RY]UD¢�[I2^w^_I`]Y}~X2]qH�N�IKHEOM{�OQ]Y]YI�]~JMI2S�X2]UD�X�P0JMO9FQ�

g�^CRYBKO�RY]YLKO�X2RYN ITFVZKBKOQ]VDGJ�FVRqX2RcO�DGF�]YOQZK]cO9FVOQPTRcO9Hz�EszRcBKOtS`O9JMRYI�]�Ï�å~Ì|I�PKO�æ0P0HKF�RYB0X2RµD�P�RYBKO�{¢D(PKO9X2]
JQX�FVO�lnO�� W0�(ÌK��sE]YO�lq§7���E¦�vYv

l ÐÏ[ç"Ï³ØEv�Ñ�l Ô Ò v Õ l Ô Ò Ô Õ Ó lcÖ Óm× vYv ­0® Ô l�Ï�åeç"Ï³Ø´v
Ñ¤Ç²l�Ï å ç"Ï Ø v lj¬`ÙKv

I�]9ÌKX7{(RYOQ]cP0X2RVD(S�OM{(s
ÐÏ"Ñ¤Ç Ï�å Ó lV5CçeÇ[v�ÏwØ lj¬�Ü7v

g�R�^_I2{�{(I2}bFCRYB0X�R
Ç¡Ñ¤5Cç°%[Ò ­0® lj�Ev

}~BKOQ]YO�5µDGFµRYBKOhDGHEOQPTRUD�RVs[NaX�RY]VD��:�

ÇèDGF�RcBKOzé"ã9ê�¸7»wë#¸QìQã�»�íE¹�âGã�î°é"º�¹�áMâ(ï�lj�uOQPKÍ�O�Ì�§7���2�Kv~}~BEDGJcBðJQX�P��\OaL0FVO9HñD(PðX²S�X2]UD�OQRVs"I2^~}~X7s´F
RYIaHEOMæ0PKO�RYBKO�S�OQ]YRVDGJQX7{�]YO9FVI�{�LKRUD�I`PzI2^#X ]YOQRY]VD(OQS2X7{��bACBKO�ZK]YOM^_OQ]c]YO9HzHEOMæ0PED(RVD(I�PeBKOQ]cO�^�I2{�{�I2}bFhò�LK]MFVOQ]

§



X2P0Hp·µL0X2PKWplq§9���`�Ev�}~BKOQ]YO"RYBKO"S�OQ]YRVDGJQX7{�]YO9FVI�{�LKRUD�I`Pp^_I`]�{(OQS�OM{���}CD(RYBpBKOMD(W�BER�D�PERYOQ]YS2X7{����El��Vv�D�F
���El��Vv���Ç[l��
	��Uvq�

g�P�X�HKH`D(RVD(I�P�RcI~RYBKO�S�OQ]YRUD�JQX�{T]YO9FVI2{(LKRVD(I�P�X2P0H�S2X2]VDGX2P0JMO3I2^´RcBKO�]YOQRY]UD�OQS2X7{´X2R?O9X�JYB�X�{�RUD�RcL0HEO�Ì2RYBKO�¶�L0X�{¢D(RVs
I2^CRYBKO�]YOQRY]UD�OQS2X7{#X�F�X²}~BKI2{(O�NaX7s[�0O[JcB0X2]qX�JMRYOQ]UD�FUO9Hz�Es"RYBKO�PTLKN��\OQ]�I2^~HEOQW�]YOQO9F�I�^�^�]YOQO9HEI�N ^�I�]
FnD(W�P0X7{�lj�
�3kKvqÌw}~BEDGJYB DGF�W2D(S�OQPÁ�Es°RYBKO[RY]qX�JMO[I�^oRYBKO[]cO9FVI2{(LKRVD(I�PÁN�X2RY]VD���Ì�X2P0HmRcBKO�D�PE^�I�]YN�X2RVD(I�P
JMI�PERYOQPER9ÌEW2D(S�OQPz�Es¥ç~ª Û �w{(P�� %[Ò ­0® ���

ACBKOzJQX7{GJMLE{GX2RVD(I�P0F[X�]YO«HEI`PKO[^�I�]�N�DGHEr-{�X�RVD(RYL0HEO"}CD(PTRYOQ]�X2P0HmFVLKN�N�OQ]�FYJMOQP0X2]VD(ITF�RMX2Í�OQP°^�]YI�N�RYBKO
ACgcfoi HKX2RqX`FVOQR�l��?D(W0��§2vq�bA�BKO��`X�JMI��EDGX2P0F�X2]YO�JQX7{GJMLE{GX2RYO9H"L0FnD(PKW[RYBKO�g�d�k�g~^�X�FVRcN�I´HEOM{�HEOQS�OM{(I�Z0O9H
�Esz�¥X�]qJMIa�"X2RY]VDGJQX2]MH`D@X2Rb���#�u���°}µBED�JcBuDGF~RYBKOQP"]YOQr�X�Z0IKH`D�FUO9HzRcI«X�¬`JMN ­0® �w��·b� foX�L0FYFnDGX2P
D(P0FVRY]YLKN OQPTR[FVZ0O9JMRc]qX7{�]YO9FVZ0I`P0FVO[^�LKP0JMRVD(I�PpRYImX2ZKZK]YI7�TD(NaX�RYO[RYB0X2R�I�^�d�fbgVihkpljX7{(RYBKI�LKW�Bmd�fbgjiok
}CI�LE{GH[�\O�X�W�]qX2RUD�PKW�FVZ0O9JMRY]cI�N�OQRYOQ]~}�D�RcB¥X�RY]VDGX2PKW�LE{GX2]hgYkTi��3vq�

ACBKOC�0X�JcÍTW`]YI�LKP0H�OQ]Y]YI�]�JMI2S�X2]UD�X�P0JMO~NaX2RY]UD¢��L0FUO9H�DGFwRYBKO~�C�#�u���e§9�µ�wdoi°�Tª�r-{�OQS`OM{K^_I�]cO9JQX�FVRwOQ]Y]YI�]
JMI2S�X2]UD�X�P0JMOtN�X2RY]VD��¥}µBED�JcB"DGFµD(PTRcOQ]YZ0I2{GX2RcO9H"RYI�RYBKO��T��{(OQS�OM{GF�L0FVO9Hu�EszRYBKO�^�X�FVRYN�IKHEOM{���d�F�FVRqX2RYO9H
X2�\I�S`O�Ì�RYBKO²D(P0FVRY]YLKN�OQPER9¯�FË]qX�H`D(I�N�OQRY]UD�J²PKI2DGFVOuDGFaX�FcFVLKN�O9HmRcIe�0O"ªK��¬���± X�RË¬`��ª�± RcIe}~BEDGJYBpX2P
X�HKH`D(RVD(I�P0X7{�ªK��¬`±p^�I�]Y}~X2]qH N�IKHEOM{³PKI2DGFVO�D�FhX�HKHEO9H«D�P"¶�L0X`HE]qX2RYLK]YO��

d	RVsEZED�JQX�{#I��0FVOQ]cS�X2RVD(I�P°�Es¥d�fbgjiokzDGF�FVBKI2}~P"D(P��?D(W�LK]YOa¬²}CD(RYB°RYBKO«FcX2N�OaFVZ\O9JMRY]qX7{3D(PTRYOQ]cS�X7{bX2R
g�d�k�gw]YO9FVI2{(LKRVD(I�PaX�P0H�RYBKO3æK{(RYOQ]�^�LKP0JMRVD(I�P0Fw^�I�]�RYBKO3^�I�LK]�·µgjihk�JYB0X�PKPKOM{�F@D(P�RYB0X2R�]YOQW�D�I`P��@A�BKO�{(I2}COQ]
]YO9FVI�{�LKRUD�I`PtI�^0d�fbgVihk�JMI�N�Z0X2]YO9H�RYIhg�d�k�g|DGFwOQS�DGHEOQPERwD�P�RYBKO~FVBKI`]YRYOQ]�}~X7S�OM{(OQPKW�RYB�FnDGHEO#I�^0RYBKOC]YOQW2D(I�P
}~BKOQ]YO�d�fbgjiok�DGF~LKP0X��E{�O�RYI�ZEDGJcÍ[I�LKR~RYBKO�HEOQRqX�D¢{(O9H²{�D(PKOQr�RYI�r-{�D(PKO�S�X2]UD�X�RVD(I�P[D(PzRcBKO��~���h�0X2P0H|�<d~R
RYBKO�{�I`PKW�}~X9S`O�OQP0H[I�^�RYBKO�]YOQW�D�I`P�lVHEI�N�D(P0X2RYO9H²�Tsz· � ��vqÌ\d�fbgVihk�D�F�FUI�N�OQ}~B0X2RµN�I�]YO�FVL0JQJMO9FYFn^�LE{
X2R�I��0FVOQ]cS�D(PKW"RYBKO D�P0H`D(S`DGHEL0X7{�{�D�PKO9F¨���CX�FVO9H�I�PmRYBEDGF�X2P0H°W2D(S�OQP°RYB0X2R�d�fhgjihk"B0X�F�FnD(W�PED�æ,JQX2PERV{(s
^�OQ}#OQ]~JcB0X2PKPKOM{GFCRYB0X2P�g�d�k�ghlj¬2�T��S�OQ]qFVL0FC�2�EÊK§2v��KLKRC^�X2]�N I�]YOhRYB0X2P[·~gVihk[lq§9�EvwI�PKO�}CI�LE{GH�OM�KZ0O9JMR
RYBKO�d�fhgjihk�Z0OQ]V^�I�]YN�X2P0JMO�RYI��\O�D(PTRcOQ]YN�O9H`DGX2RYO��0OQRV}COQOQP[RYBKO�RV}CI�I�RcBKOQ]CD(P0FVRY]YLKN�OQPERqFQ�

g�R�FVBKI�LE{GHu�0O�PKI�RcO9H[RYB0X2RhRYBKO�X�JMRYL0X7{�D(P0FVRc]YLKN�OQPER�PKI2DGFVOtHEOQZ\OQP0HKF�l�RYBK]cI�LKW�B[RYBKO�PKI�PKr-{�D(PKO9X2]VD(RVszI2^
RYBKO�òw{GX2P0JcÍ�^_LKP0JMRVD(I�P|vCI�P[RYBKO��K]VD(W�BERYPKO9FYFµRYOQN�Z0OQ]cRYLK]YO�I�^@RYBKO�I��0FVOQ]YS`O9H[FYJMOQPKO�X2P0H DGFhRYBTL0F�NtL0JcB
BED(W�BKOQ]�RYB0X2P"ªK��¬��`± D�P"RYBKO�JMI2{GH��~�����0X2P0H"X2]cI�LKP0H[�0� ���|N[l��?D(W0�C�Evq�~ACBKO�Z0OQ]V^�I�]YNaX�P0JMO�I2^��\I�RYB
RYBKO�d�fbgVihkzX2P0Hug�d�k�g~]YOQRY]VD(OQS2X7{GF�X2]YOtX��:O9JMRcO9H[�Es[RYBEDGFQÌ|}~BED�{(Oa·~gVihk[N�O9X�FVLK]cOQN�OQPTRMF~B0X7S�O�NtL0JcB
{(I2}#OQ]wD(P0FVRc]YLKN�OQPER�PKI2DGFVO�X2P0H�X2]YOC{�D(N�D(RYO9H �Ts�^�I�]Y}~X2]qH�N�IKHEOM{,OQ]Y]YI`]�}~BEDGJYBaJQX�P��0O�X�FYFVLKN O9H�RcI�PKI�R
S�X�]Ysz}CD(RYB°FYJMOQPKO�RYOQN�Z\OQ]qX2RYLK]cO����KI�]�RcBED�F�]YO9X�FVI`PzI�PKO�}CI�LE{GHuOM�KZ0O9JMR�RcBKOËH`D���OQ]YOQP0JMO D(Pe]YOQRY]VD(OQS2X7{
Z0OQ]U^_I�]cNaX2P0JMOh�0OQRV}COQOQPzFVLKN�N�OQ]~X2P0H }CD(PTRcOQ]~RYI��\O�N�L0JYB�W�]YO9X2RcOQ]�^�I�]Cg�d�k�g#X2P0H�d�fhgjihk�RcB0X2P�^�I�]
·µgjihk0�

�K��Ç ¿KÄ2;�+(89Ä�.|6�1p'[>GÄ7=E;�Ä9Ä9>�*�6�&

�?D(W�LK]YO9FC��X2P0Hz��FVBKI2}�RYBKO�OM�KZ0O9JMRcO9HzZ\OQ]V^�I�]YNaX2P0JMO9F�I2^@d�fbgjiok0ÌKg�d�k�g~X2P0Hz·µgjihk ^_I`]~RYBKO�}CD(PERYOQ]
X2P0HmFVLKN N�OQ]«JQX`FVO9F�]YO9FVZ\O9JMRVD(S�OM{(s��T�£g�PÁRcBKO�^_I�]cN�OQ]aJQX�FVO�Ì3RYBKOuZ0OQ]V^�I�]YNaX�P0JMO[I2^�XñBTsEZ0I�RcBKOQRVDGJQX7{
d�fhgjihkmS�X�]VDGX2PTR[}�D�RcBÁD(P0FVRc]YLKN�OQPERqX7{�PKI2DGFVO"]YO9HEL0JMO9Hp�EsÁX"^�X�JMRYI�]�I2^�RYOQP£DGF[X7{GFVImFVBKI2}~P�� ACBKO
ZKLK]YZ\ITFVO�I2^#FVBKI2}CD(PKW[RYBEDGF�D�FhRcI�D�{�{(L0FVRY]qX2RcO�RYBKOtFUOQP0FnD(RVD(S�D(RVs"I2^�RYBKO�]YOQRY]YOMD(S2X7{GFhRYIaRcBED�FhPKI�D�FUOËFUI�LK]qJMO
}~BEDGJcB�}COzB0X7S�O¥FUOQOQPÁDGF²Z0X2]YRVDGJMLE{GX2]V{(s�HEI�N�D(P0X2PER�D(P�RcBKO¥�\� ���|N�]cOQW2D(I�P£D�PpRYBKOeFVZ\O9JcD�æ0O9H�gnd�k�g
JMI�PEæ0W�LK]MX2RVD(I�P��

�KI`]�RYOQN�Z\OQ]qX2RYLK]YO[]cOQRY]VD(OQS�X7{GF L0FnD(PKW�d�fbgjiokeRYBKO¥X2P0X�{�sKFnDGF�OQ]Y]cI�]qF�X2]cOzFVOQOQPmRYIe�\O¥FnD(N�D�{GX2]�RYI"I�]
Fn{�D(W�BERV{(se�0OQRYRcOQ]�RYB0X2P°·~gVihk¥}�D�RcBe�0OQRYRcOQ]�S�OQ]YRUD�JQX�{�]YO9FVI2{(LKRVD(I�P°�KLKRtFVRUD¢{�{CNtL0JcBe}CI�]qFUOtRcB0X2Peg�d�k�gq�
iCO9HEL0JcD(PKW°d�fbgVihk0¯�F�D(P0FVRY]YLKN�OQPER�PKI2DGFVO�RYOQPE^_I�{�H�]YO9FVLE{(RqFtD�P°RYOQN�Z\OQ]qX2RYLK]cOa]YOQRc]VD(OQS�X7{~Z0OQ]U^_I�]cNaX2P0JMO
N�DGHE}~X7sa�\OQRj}COQOQP[gnd�k�gbX�P0H[·~gVihk0�

�� µI�RYO�RYB0X�RtX7{�{#gnd�k�g�X2P0He·µgjihk�JcB0X2PKPKOM{GF[§"!K�[X2P0HÁ§7ª#!,§9�[X2]cO�L0FVO9HñD�P°RYBKO9FVO[JQX7{GJMLE{GX2RVD(I�P0FQÌ<PKI�R
$VL0FVR~RYBKITFUOhD�PuRYBKO�FVZ\O9JMRY]qX7{�D(PERYOQ]YS2X7{³I��0FVOQ]cS�O9H[�Esad�fbgjiok0�

¬



���������	��
���
�����������
��������! "�$#%�&�(')
��*�+�,'���-��/.���
��0�213.��4-�5,67
������4
� 
�&�8'���
��9
+�&�(:*
��;'<���(�='<�7-��>�?�+@A-='��B14-��C
+DE�4-��F'/��
G
IH9JAKL ,�='0���4
�'M�

�



�



��� �!� � ��
 ��
 '/��� 
�� J H)K�� �&�>�;'/������
���' ��-��&�4
���� ���4
� �-��
		����
�� �='
������	�� �;14
���
�')
�� .�
��4�='����4
���D<-�� '���
 �M#%�&��')
��������! �/�����G��
����
�?14
������)�7-�� ���! '���
����M� ����
� D -��;# ���; ���-> ,
M6 ��-��&�4
G���4
� ��&�8'��,�&�

�&�(:*
��;'<���(�='<�7-��!����-,')
 '���
 :�
���� 67���/�(
���-��&�4
 :;� 6 � 
����&� '���
��>���2�I� �9
)�=�7-��!�

�KI`]�BTLKN�DGH`D(RVse]YOQRY]UD�OQS2X7{GFQÌ�d�fbgjiokñJMI�P0FjD�FURYOQPTRU{�s"Z\OQ]V^_I`]YNaF�X2]YI`LKP0H"N�DGHE}~X9su�0OQRV}COQOQP�·µgjihkeX2P0H
g�d�k�g~X2RbX7{�{³Rc]YI�Z0IEFVZKBKOQ]VDGJ�X7{(RVD(RYL0HEO9F¨�

d�F�OM�KZ0O9JMRcO9H|ÌTd�fbgjiok�]YOQRY]VD(OQS�X�{�FCX2]cOb�\OQRYRYOQ]3D(PaRYBKO�FVLKN�N OQ]�]qX2RcBKOQ]�RYB0X2P�}CD(PERYOQ]~JQX�FVObHELKO�RYI�RYBKO
D(P0JM]YO9X�FVO9HuFYJMOQPKO��K]UD�W`BTRYPKO9FcF~RYOQN Z0OQ]qX2RcLK]YO��

g�PeX7{�{�JQX�FVO9Fµ]YOQN�I2S`D�PKW�RYBKO�d�fbgVihkzJYB0X2PKPKOM{GFh�\OQRj}COQOQP"�0��¦E§Q�|N X2P0Hz�ä��ª2�|N	DGFhFVOQOQP"RYI��0O�PKOQW�{¢D(r
W2D(�E{(O��

ACBKO9FVOµ]YO9FVLE{(RqF�X�]YO~FVLKN�NaX2]UD�FUO9H�D(P�RYOQ]cNaFwI2^³HEOQW�]YOQO9F<I2^0^�]YOQO9HEI�N�^�I�]�FnD(W�P0X7{�X2P0H�D(PE^�I�]YNaX2RUD�I`PaJMI�PKr
RYOQPER3D�PzAwX2�E{(O�§h}~BEDGJYBzFUBKI�}hF�RcB0X2R�d�fhgjihk0¯ FCZ0OQ]V^�I�]YN�X2P0JMO~DGFCW`OQPKOQ]qX7{�{(s«X�N�IKHEO9FVR3D(N�ZK]YI2S�OQN�OQPER
I�P[RYB0X�R~I2^@·µgjihk[�KLKRCDGFµ}COM{¢{�FVBKI�]YR~I�^³g�d�k�gq¯�F¨�

�



��� �!� �,�=� � J3H K��
�
H � �	H

�
� H)K��C�9
�'��)�7
�:;��6 
��M�4-��M�AD<-���'���
B�M#%�&��')
�����14���4
��

Ê



��� �!� � �,� � J H)K��
�
H � �	H

�
� H)K��C�4
�'/�)�7
�:;��6

:�
��?'<�<14��6 �4
��4- 6 �,' �E-�� D -���'���
��M# � ��')
���� 14���4
��

¦



������� 
	�=� � J H)K��
�
H � �	H

�
�AH K �C�4
�'��0�E
�:?��6%
��M�9-��M� D -���'���
��/�����G��
�����14���9
��

�



��� �!��
 �,� � J H)K��
�
H � �	H

�
� H)K��C�4
�'/�)�7
�:;��6

:�
��;'<�<14��6��4
��4-�6��,'<�7-�� D<-���'���
B�������G�C
�����14���4
��

�



�£D�PERYOQ]��CX�FVO k�LKN�N�OQ]��#X�FVO
kTJMOQP0X2]VD(I �
�3k g�PE^Y�C��I�PER9� �
�3k g�PE^Y�~��I`PTR9�

d�fhgjihk ÊK� ��ÊE¦ §7¬K���K§�§ �K� ª��K§ §7�K��¦�¦�Ê
d�fhgjihk[ln�ÁD(RYB"f�X2Z|v ÊK� ��ÊE¦ §7¬K� �K¦T§ �K� ª��K§ §7�K�����2�
d�fhgjihk[lM§9ª �  µI2DGFVO2v §�§�� ¬���� ¬��0�����2� §9�K� ���E¦ �`ªK��¬2�Tª
d�fhgjihk[lM§9ª �  µI2DGFVO���f�X2Z|v §�§���§9Ê�ª ¬��0��ª���Ê §9¬K� ����� ¬`�K�(§Q�K¦
gnd�k�g ¬�ÊK��§9�2� �`�K��¦�Ê2� ��ªK� ¬K§�§ Ê´¦T��ª�Ê2�
·µgjihk �0��¦�ª�� ÊK��¦�Ê�Ê �K� ��ª�� �K���K§�§

A³X��E{�O�ÊK���K�
�hOQW�]YOQO9FCI�^ �ä]YOQO9HEI�N�^�I�]�k2D(W�P0X7{�X2P0H[gnPE^_I�]cNaX2RVD(I�P

�3I�PTRcOQPTR3^�I�]~]YOQRY]UD�OQS2X7{GF~L0FjD�PKW[·µgjihk0Ì\d�fbgVihk«X�P0H�g�d�k�gq�

� &Ë)�*�6�=�+Æ;:Ä7>(*?6@&

ACBKO�X2�0I2S�O�ZK]YOM{�D�NËD�P0X�]YseFVRYL0H`D(O9FbFUBKI�}�RYB0X2Rµ]YOQRY]VD(OQS�X�{�FhL0FjD�PKW[RcBKO�ZK]YI�Z\ITFVO9H²d�fbgVihk�D�P0FURY]YLKN�OQPER
}CD�{�{0D(P�W�OQPKOQ]qX7{0�\ObFVI�N OQ}~B0X2Rw�0OQRYRYOQ]�RcB0X2P�RYBKITFVO3L0FnD(PKW�RYBKO~JMLK]Y]YOQPER�·µgjihk�D(P0FVRc]YLKN�OQPER9��·~I2}COQS�OQ]9Ì
N�ITFUR~I2^�RYBKO�D�N ZK]YI2S�OQN�OQPER~}CD�{�{#JMI�N�O�RcBK]YI�LKW�B[�\OQRYRYOQ]hN�O9X�FVLK]YOQN OQPTRhI2^�RY]YI�Z\ITFVZKBKOQ]VDGJ�BTLKNËD�H`D(RVs
}CD(RYBu{�D(RYRV{(O�D�P0JM]cO9X�FVO�D(P¥RcOQN�Z0OQ]qX�RYLK]YOtFUI�LKP0H`D(PKW¥X2�ED�{�D(RjsuLKPE{(O9FYFhRYBKO�D(P0FVRY]YLKN�OQPERhPKI2DGFVO�D�Fh]cO9HEL0JMO9H
FVLK�0FVRMX2PTRUD�X�{¢{(s��pd�fhgjihk0¯ F�Z\OQ]V^_I`]YNaX2P0JMOu}CD�{¢{��0OeFnD(W�PED�æ,JQX2PERV{(smD(PE^�OQ]VD(I�]ulj�#!T�eRUD�N O9F�D(PÁRcOQ]YNaF�I2^
HEOQW�]YOQO9F�I2^³^�]YOQO9HEI�N ^_I�]hFnD(W�P0X7{�v#RcB0X2P[g�d�k�gq¯�F¨ÌKBKI2}#OQS`OQ]9�

Ç ¿TÂn¿´/7¿\6:=2¿KÄ�&

�����
	���
����������������������~PeFVsKFVRYOQNaX�RVDGJ�OQ]Y]YI`]qFCD(PeFYX2RcOM{¢{�D(RYOaFUI�LKP0H`D(PKW[ZK]YI´HEL0JMRMF�X2P0HuRYBKOMD(]�Jc{¢D(NaX�r
RYI2{(I�W�D�JQX�{³N�O9X2P[S2X7{(LKO9FQ���b¼ �0¼�ëo¼?é"¸9¹�¸Mã�áVã�»(¼�!|ã�"2¼(Ì 404$# Ì0¬´¦��#!´¬��`¬K�

%'&�	��)(*�+��,���-/.10��32�4+	��5�768��9;:
4+<*=�>�&@?A�B-C�EDF.1��	�>
GH���������������~PED�æ0O9H�PKI�RqX2RUD�I`P[^�I�]�HKX2RqX
X�FYFjD�NËD¢{GX2RUD�I`P�I~�~Z\OQ]qX2RVD(I�P0X7{�Ì|FVO9¶`LKOQPTRVDGX7{�X2P0H�S2X2]VDGX2RVD(I�P0X7{��)�ä¼?é"¸9¹�¼7!,ãJ"�¼)�KºMà´º�î\ÌLK�M,Ì?§9�K§"!,§7���K�

6N	�>�OP	���QR�S�������UT
���WV~¸qãÎà�XUY7ìÎâB"Mº�»³ê`º�¹�ºzº�î\º�»ZY7ìÎâ�ì\[hê`â(ì�"9áV¸9¹�¸�â-î�]7¸9ácìÎ¸�¹BXT¸Mã�á'Y�¼µd�JQX�HEOQN�DGJ�ò<]YO9FYFQÌ
kTX2Pz�µD(OQW�Iu��d�Ì´��k�d��

,^0���_3	��5�`����
��a=�>�&NbA�ZcdD7�1be0�=�>�fg��������h������3FVRVD(NaX2RVD(PKW�O"��O9JMRVD(S�OtHKX2RMX�HEOQP0FnD(RVs�D�P"XaFcX2RYOM{�{�D�RcO
]YOQRY]UD�OQS2X7{³I�]hX2P[I�� $VO9JMRVD(S�O�X2P0X7{(sKFnDGFQ�)�ä¼
i�à�à,»(¼µé¥¸7¹�¸qã`áÎ¼ j�§9ª���¬�!,§�§9ªE¦E�

�/.1&�f�	���_$�k-e��lm�;�������$n�����iCOQRc]VD(OQS�X7{�I2^tX2RYN�IEFVZKBKOQ]VDGJ"RYOQN�Z\OQ]qX2RYLK]cOñX�P0H�JMI�N�Z\ITFnD(RVD(I�Pp^�]YI�N
]YOQN�I`RYO�N�O9X�FVLK]cOQN�OQPTRMF�I�^@RYBKOQ]cNaX7{³]qX`H`D�X�RVD(I�P��Cëo¼`V~¸MãMà�XUY7ì9¼)!�àKºo"q¸qp`XUY7ì¨¼�Ì 4o� Ì\Ê�ª��#!´Ê`¬2�0�

§9ª


