
�����������
	�	
���������������������������
��� � �"!����#�$�&%��'�&!
( �$�'�����$�&%)�*�+�
�,����-/. ( �0�#�&12�3�0��1

4357698;:$<>=@?$A#B7C
5@69DE=GF2B@HG5 I,57JK8LDM:$NO8GBQPK5GI�RLF>AM?$NOSTB@435G4�8;UE:#8VSWB>8LFGX�Y�5GZ�N[:]\G8LDMX

^�_a`;b�c�dfe$gihkj;lMgkmon;cpcrq9sWb�_utogkv#w>xye$j{z�`7c9c9nV|W}~q9�9n@�Lb�v#w>��v�w;mil��>�;g�e#j;�]l��
�{�������V���#���������7�T��� �

���u���>v#��l�x{e$��l��;� �����a W¡�¡$¢�¢�¢2�£�������7�T���V¡�¤#¥V¦$§

¨'©fª]«]¬�­{®#«�¯ b3�;lKz;lM°�l]��v�x;��l]j�h9v$±3sWj�hklMgkj;lMh0e$�²��v´³µm�hkv
�Mv�j>mi¶²zLlMg0j>lM³·lM¸Ll]�]w;|
hk¶�v�j,x>e$g�e#z;¶����¹¶�j,¶²j>z;w;m£higk¶ºe$���]v#jVhklE¸Lh´�~c�nLd»��vVz;lM��¼½cox;x>��¶��´e$hk¶�v#j*nLlMgk°V¶��]l
dfgkv�°L¶²zLlMgE¾E¿�crj�¶�j�hklMgkl]m£hk¶�j>��lM¸Ll]�Mw;hk¶�v�jKmiw;x>xQv$gihfhkv�¶²��x;��l]��l]j�h�hk�>¶�m2�]v#j>�]l]xLha¶²m
�]��w;m£hklMgkmfv#±>d~}o¿�t9l]j;lMg�e#��xLgk¶�j>�]¶�x>��l]mfv$±;hk�;l~c9n;dye�gkl3z;lMmi�Mgk¶�ÀQl´zG¿#b3�>l~e$gk���>¶Áhkl]�M|
hkwLgklr±Ov#g~hk�;l�gkl]miv�wLgk�]l9�'e$j{e#�#lMg~e#j{z�³3e$hk���>lMg~¶�m�z;l]mi�Egk¶²ÀQl]zG¿Vc�milMh~v#±GlM¸L¶�m£hk¶�j>�
v$g��Mgkl]e$hkl´zÂhkv�v#��mÃhkvÄ�'e�hklMgk¶²e#��¶�Å]lÆeÄmiv���w;hk¶�v�j&hkv
hk�>¶�m0x;gkv�À;��l]�Ç¶²m0lM¸Lx;�ºe$¶�j>l´z@¿
crj�¶�j{zLw>m£higk¶²e#�Vhkl]��l]�]v#����w>j;¶��´e$hk¶�v�jÃ��vVz;l]��¶�j>�9e#j>zÃx>�²e$j>j>¶�j;��miv#±ºhW³�e�gklµ¶²m2w;mil´z
v#jÄhk�>l�c�nLdf¿;sWj�x{e$gihk¶��]w;�²e$g´�Qhk�>l0e$j{e$��ÈVhk¶��´e$��xQlMgi±[v$gk�'e#j;�]lÃlM°�e$�²w>e$hk¶�v�jyÉ�lMgkj>l]�
v$±3hk�>¶�m�miv#±ºhW³3e$gkl'¶�m�x{e$g�e$���²lM�²¶�Å]l]z&v�jÂhk�;l��]��w;m£hklMg�hk�;gkv#w>���+hk�>l�c�n;d�¿�nLlM°�lMg�e#�
gkl]miw;�Áhkmrv#jÄ�]��w>m£hklEg9e�gkl���¶�°�l]jG¿

Ê Ë>ÌrÍQÎ@Ï�ÐÃÑ�Ò�Í@ÓkÏrÌ

IÔ8VF{Õ+=7U�?#DMU�8LDER;=@FGX+AE\@?'Ö9RLDMS[X+F@?#?#X&8yUE?�A0RV×�8VØGØ@SºN[:$8VAENORLFGU9AMR"8LXQÙÄNOF@N[UkAM?$D�AM\@?Æ:�R;Ù�Ú
ØG8VF@NO?#U#B�AERKÙy8VF78VÛL?9DM?$S[8�AENORLF7UÜÖ�NºAE\y:$=GUkAMRLÙÄ?$D]U~RLD3AMRKUERLSOÝL?�UM:�NO?$F>AENºÞ7:9Ø@DMRLß@SO?$ÙyU#5VP�\@R;UE?
à NOFGX@U3RL×�UERV×áAkÖ�8VDM?o:$RL=@S[XÆß�?�\@?�8�Ý>Õ;B�?�âQØ7?#FGUENºÝ;?�8LFGX�U�R;Ù�?$AENOÙÄ?#U~Ùy8LXQ?�Ö�NºAE\ÄÙy8VF{Õ'U�Ø�?�Ú
:�NºÞ7:
:$RLÙÄØ�RLF@?#F;A]U�XQ?#Ø7?#FGXQNOF@ÛãRLFÔ=QAMNºSONOä#8�AMNºR;F�åæØ@Sº=GÛ+NOFçF@RLAENORLF7è�5�P�\G?$Õ�:�R;=@SOXÔDE?�<;=GNºDM?
U�Ø�?#:$N²Þ7:�\@?#SºØ,XQ=GDENOF@Û&\G8VD]XéÖoR;D à AENOÙÄ?yRLDK×½R;DK:$RLÙÄØ@SO?�âçØGDER;ß@Sº?#ÙyU$52P�\@?#Õç:�R;=@S[Xé8LSOUER
F@?$?�X"Ø�R�Öo?#D�×½=@S�:�R;Ù�ØG=QAE?#DMU�å½Ø@DMRQ:�?�UEUERLD�BLÙÄ?$ÙÄR;DEÕÄRLD9X@8�A]8ÆU�AER;DM8LÛL?�èµ8VFGXÄAM\@?�Ø@=@D]:]\G8LUE?
RV×�8
SORVA�RL×~SONO:$?$FGUE?#U9×½R;D�Ø@=@FG:�AE=G8LS2Ö9RLD à 5

ê@RLD�XQNºë�?$DM?$F>A�DE?�8LUERLFGUoåáÞGFG8LFG:�N[8VSWB�\{=@Ùy8VF�DE?�U�R;=@D]:�?#U#B#:$RLÙÄØ@SO?�âQNºAkÕ'RV×7UERLSO=QAMNºR;F2BQ5º5O5ÁèrB
AE\@?0Ø�RVAM?$F>AEN[8VS7=GUE?$DrRL×�AE\@R>U�?0UERV×áAkÖ�8VDM?0:�R;=@SOX�\G8�Ý;?0XQNºìy:$=@SºAENO?#UrAER'?$ìy:$Nº?#F>AESOÕ
=GUE?�AE\GR;UE?
8VØ@Ø@SON[:$8�AMNºR;FGU�RLFçAE\@?ÄÙy8L:]\@NOF@?�NºFu\@N[U�RVì":�?;5�í�F@RVAM\@?$D�8;U�Ø�?#:�A#BfN[U�AM\@?ÄDE?�U�Ø�RLF7U�?ÆAENOÙ�?
DE?�<;=G?#U�AE?#X+×½RLD�AM\@?'8VØGØ@SºN[:$8VAENORLFãÖ�\@N[:]\&:#8VFãß7?�Ý;?$DMÕ"U�\GRLDEA#5

íîU�R;Sº=QAMNºR;F*AMR�AE\@R>U�?&Ø@DMRLßGSº?#ÙÄUÄN[UÄAMRu=7U�?�DM?$ÙÄRVAM?�8VØ@Ø@SON[:$8�AMNºR;FGUÄRLF·DM?$ÙÄRVAM?&DE?$Ú
U�R;=@DM:$?#U#ï�í�YQ4uÙÄR{X@?$S2åæí�Ø@Ø@SONO:#8�AMNºR;FÄY{?#DEÝ{N[:�?�4µDMR�Ý{NOXQ?#D]è�AER�UE8�Ý;?rÙÄRLFG?$Õ'8VF7X'AMNºÙÄ?L5VP�\G?
Ù�R>UkA�:�RLÙÄÙÄRLF&Ö�8�ÕyAER+RVë�?$D�8LSºSaAE\@R>U�?'UE?$DMÝ{NO:$?#U�N[U�AER+=GU�?�ðiF>AM?$DMF@?�A�R;D0ðiF>AED]8VF@?$A#5GP�\G?
ÙÄ8;:]\@NOF@?#UKAM\G8�AÆ:$RL=@S[XuDE=GFéAM\@R;UE?yDM?$ÙÄRVAM?Ä8LØ@Ø@SONO:#8�AMNºR;FGU'UE\@RL=@S[Xuß7?yÙ
=@SºAENºÚWØ@DMRQ:�?�UEUERLD]U
×½RLD'ØG8LDM8LSºSO?$S�R;DÆUE?#<>=@?$F>AMNO8LSr8VØ@ØGSºN[:$8VAENORLFGU#5aP�\@?":$Sº=GU�AE?#DMU'RV×049ñòNOU#Ba8VA'AE\@N[U�AMNºÙÄ?;B2AE\G?
ß7?�UkA0?$â{?�:�=QAMNºR;F�U�=@ØGØ7R;D�A�XQ=G?KAERÄN²A]U�SOR�ÖóØ@DMN[:�?�8VFGXãNºAMU0:#8VØG8;:�NºAkÕyRV×�UE:#8VS[8Vß@NOSON²AkÕ;BQÙ�RQX{Ú
=@SO8LDENºAkÕ+8LFGX+?#ÝLR;Sº=QAMNºR;F25



�0?$Ý;?$DEAE\@?#Sº?�UEU#B@AM\@?Æ=@AENOSºNOä#8VAENORLFÔRL×r:�SO=GUkAM?$D]U0NOFçíÃY@4 ÙÄRQXQ?$S3DM?#<>=@NODE?�U0U�Ø�?#:$N²Þ�:ÆUERV×áA�Ú
Ö98LDE?�AMR�8;XQÙÄNºF@N[U�AED]8�AE?ÔAE\@?�:�SO=GU�AE?$D]U#BµAER�Ùy8VFG8LÛL?�AM\@?éDM?#UERL=GDM:$?#U#B�AERp:�RLÙÄÙ
=@F@N[:$8�AM?
AE\@DMRL=@Û;\ãAE\@?
F@?�AkÖ9RLD à 8LFGXÂAER"NOFGUE=@DE?
U�?�:�=@DMN²AkÕ;5Gí0FçNºÙÄØ�RLDEAM8VF>AÃ8;U�Ø�?#:�A0×½RLD�NºFGX@=GUkAMDEN[8VS
=QAENOSºNOä#8VAENORLF"N[U�AMRÆNOFGUE=@DE?�\@NºÛ;\+8�Ý�8VNOSO8Lß@NOSºNºAkÕLB>XQN²ë�?$DM?$F>Ao:$SO8;UEUE?#UrRV×a<>=G8LSºNºAkÕ
RL×aU�?#DEÝ{N[:�?08LFGX
?�â@8L:�A�8;:$:$RL=@F>AENOF@Û75

P�\@NOU~8VDEAEN[:�SO?rXQ?�8VS[UaÖ�NºAE\�8VFÆí�YQ4çUERLSO=QAMNºR;FÆXQ?$Ý;?$SORLØ�?#XKNOF'AM\@?�ñ9í�YQ4çØGDER��k?#:´A9åWñoSO=GUkÚ
AE?$D]Uy×½R;D+í0ØGØ@SºN[:$8VAENORLF Y{?#DEÝ{N[:�?Ô4rDER�Ý{N[XQ?$D]UMè��Â8VFGX·NºAMU+Ý�8LSºN[X@8VAENORLF RLF·AM\@?���?�A��	�Ãí�

AE?$SO?#:$RLÙÄÙÆ=GF@NO:#8�AMNºR;FãÙÄRQXQ?#SºNOF@ÛyU�RL×áAkÖ98LDE?yå�
�
��QPÜíò4�8LD�AMF@?$D]U�YQí'B�8y:�RLÙÄØG8LF{Õ"RV×�í0FQÚ
N²AM?0ÛLDMRL=@Ø�è������W5>P�\@?0Ùy8VNOF":�R;F>AEDMNºß@=@AENORLFGU�RL×�AE\@N[Ur8LD�AMNO:$Sº?�8LDE?�AMR'Ø@DMRLØ�R;UE?08�U�?$ArRV×fAMR{RLS[U
AERy:�DM?#8VAE?KíÃYQ4pRLF&:�SO=GU�AE?#DMU�8VF7X"AMR�ØGDE?�U�?#F;A9AE\G?�?�âQØ7?#DENOÙÄ?$F>AMU�XQR;F@?KRLF&8VFÂNºFGX@=GUkAMDEN[8VS
8VØ@Ø@SON[:$8�AMNºR;F25{ðiFãUE?#:�AENORLF��QBQ8VF&íÃYQ4�ÙÄRQXQ?$SfN[U9Ø@DER;Ø7R>U�?�Xf5QP�\@?$FaB{AE\@?��0?$A��	�Ãí�
 UERV×áA�Ú
Ö98LDE?
NOU�XQ?�UE:$DENOß�?#Xf52í UEØ7?�:�NºÞ7:��0?�A��	��í�
 Ø@SO=@ÛVÚ£NºFç×½RLD�íÃY@4ó=@AENOSºNOä#8VAENORLF�8VFGXu8+FG?$Ö
ØG8VD]8VSOSº?#S à ?$DMF@?#S28VDM?KX@?�AM8LNºSO?#X25@êÜNOFG8LSºSOÕLBGUERLÙÄ?KDM?#UE=@S²A]U�8VDM?KÛLNOÝL?$FãRLF&8VF&íÃY@4 :�SO=GUkAM?$D�5

� ���! #"�Ï�Ð%$'&)(ÃÎ@Ï*(�Ï,+-$aÐ

.0/�1 2�3547698;:'<>=?4A@B8C3
ñ9íÃYQ4 åWñoSO=GU�AE?#DMU�×½R;DKí�Ø@Ø@SONO:#8�AMNºR;F�Y{?#DEÝ{N[:�?y4µDMR�Ý{NOX@?$D]UMè�ØGDER��k?#:´A'8LNºÙyUK8�A':�DM?#8VAENORLFéRV×
DE?#Ù�RLAE?&ðiF>AE?#DEF@?$A"U�?#DEÝ{N[:�?#UÄR;Fp8�:$Sº=GU�AE?#DÄ×½RLDy\@NOÛL\·Ø�?$DE×½RLDMÙy8VFG:$?ã8LØ@Ø@SONO:#8�AENORLF7U$5µP�Ö9R
?$F>AENºAENO?#Uy8LDE?�XQ?$ÞGF@?#X2ï3AE\@?Ô:$=GUkAMRLÙÄ?$D]UÄ8VFGX*AE\G?�Ø@DER�Ý{N[XQ?$D]U#5~P�\@?�ØGDER�Ý{N[XQ?$D]UÆR�Ö�F�AE\G?
DE?�U�R;=@DM:$?#UµåæØ@DMR{:$?#UMU�R;DMU#B�XQN[U à U#B#ÙÄ?#Ù�R;DEÕK8VF7X�8VØ@Ø@SON[:$8�AMNºR;FGUaUE?$DMÝL?#DMU]è�8VF7XKAE\@?9:�=GU�AER;ÙÄ?$D]U
Ø7R>UEUE?#UMU28VSOSVAM\@?rFG?#:�?�UEUM8VDMÕ0AMR{RLS[UfAER�?�âQØ@DM?#UMU�AE\@?#NºD~F@?#?#X@Uoåæ<>=G8VSONºAkÕÃRL×GU�?#DEÝ{N[:�?LB$DE?�U�R;=@DM:$?#U#B
U�RL×áAkÖ98LDE?�è´5#P�\G?rØ@DMR�Ý{NOXQ?#DMUÜ8VFGX�AE\@?�:�=GU�AER;ÙÄ?$D]Ua:�R;=@S[X�ß7?9NOF�AE\@?�UM8VÙÄ?rF@?$AkÖoR;D à 8VDM?#8GB$NOF
AE\@N[U�:$8;U�?oAE\@?�F@?$AkÖoR;D à =GUE?#X
N[U~8LFÆðiF>AED]8VFG?�A#5VP�\G?oØ@DMR�Ý{NOX@?$D]UÜ:$RL=@S[X
8LSOUER�ß�?�RL=QA]U�N[XQ?9AE\G?
:�=GU�AER;Ù�?#DMUÃ:�R;Ù�Ø78VF{ÕL57ðiF�AE\@N[U�:$8LUE?�AM\@?ÆF@?$AkÖoR;D à ß�?�AkÖ9?$?$FÔ:$=GU�AERLÙÄ?#DMUÃ8VFGX�ØGDER�Ý{N[XQ?$D]U
:�RL=GSOXÂß7?'X@?#XQN[:$8VAE?#XãR;D�×½DE?#?�SON à ?�AE\@?�ðiF>AM?$DMF@?�A�5
ñoSº=GU�AE?#Da8VD]:]\@NºAE?�:´AE=GDE?3N[U2=GUE?#X�ß�?#:$8L=GUE?�RV×QN²A]U2?$â>AM?$FGUENORLF�:$8LØG8L:$N²AMNº?�Uf8VFGXKÙÄRQXQ=@S[8VDMN²AkÕ

:$8VØ78L:�NºAENO?#U#5Üí U�RL×áAkÖ98LDE?ÄNOFQ×½D]8LU�AEDM=G:´AM=@DE?+NOUÆF@?$?�XQ?#X�AMRÔÙy8VFG8LÛL?yAM\@?+:$Sº=GU�AE?#D
NOF,RLD]XQ?#D
AERçÙy8 à ?+í�YQ435~Z0?#UERL=@D]:�?�U'Ùy8VFG8LÛL?#Ù�?#F>AÆÖ�N²AM\�<>=G8LSºNºAkÕéRL×�U�?#DEÝ{N[:�?+8LFGX 8LF ðiF>AE?$DMF@?$A
Ø7R;D�A]8VS28VDM?�8VS[U�R�F@?#?#XQ?�Xf5
P�\@?ÆÛ;R;8VSÜRV×�AM\@NOU�Ø@DMR?�k?�:´A�N[U�AER+ØG=QA�R;F�AE\G?
Ùy8VD à ?$AÃ8"Û;?$F@?#DEN[:�Ø@DMRQXQ=G:�A�×½RLDKíÃY@4

DE=@FGF@NºFGÛ�R;FD�2NOF>=@â+Ö�N²AM\�8VFã?$FGXÂAERy?#FGX&U�R;Sº=@AENORLF25Qð£A0N[U�:�R;Ù�Ø�R;UE?#XÂRV×�ï

E Y{RV×áAkÖ�8VDM?'Ùy8VF78VÛLNOF@ÛÂDE?#SºN[8Vß@SO?
:$RLÙÄÙÆ=GF@NO:#8�AMNºR;FGU0ß�?�AkÖ9?$?#Fé8+:$SºNO?$F>A�8VFGXç8+DM?$ÙÄRVAM?8VØ@ØGSºN[:$8VAENORLF25
E PaR{R;SOU~AMR�ÛL=G8LDM8LF;AM?$?�8�<>=G8VSON²AkÕÆRV×fU�?#DEÝ{N[:�?9AERKÙy8 à ?�8LFÄNºFGX@=GUkAMDEN[8VS@8LFGXÄ:�R;Ù�ÙÄ?#DM:$NO8LS=GUE?"å½DM?#UERL=@D]:�?�UrÙy8VF78VÛL?#ÙÄ?$F>A#BQ\@NOÛL\�8�Ý�8VNOS[8Vß@NOSºNºAkÕ@è´5
E Y{RV×áAkÖ�8VDM?ÃAERyÙy8VFG8LÛL?ÃAE\@?�ØGDER�Ý{N[XQ?$D�Ø@S[8�AE×½RLDMÙã5
P�\@?ÆØ@DMR?�k?�:´AK8VSOSºR�Ö0U0AERã=GU�?�:�SO=GU�AE?$D�NOFé8VFçNºFGX@=GUkAMDEN[8VS38VF7Xç:�R;ÙÄÙ�?#DM:$NO8LSaÖ9RLDMSOX2B7NOF

AE\@?'UE=@Ø�?$D]:�RLÙÄØ@=@AENOF@Ûy8VFGX&íÃY@4pX@RLÙy8VNOF25
F b3�>¶�mfx;gkv�G£lM�Mh2¶�m2eo�]v�v#xQlMg�e$hk¶�v�jÃÀQlMhW³~l]l]j�co��¶�j>É#eonLc���^�lM��h�eodfe$gihkj;lMgkman;c��#gkv#w>xÃcoj;¶�hkl~e#j>z
`�coc�nV|W}~qo��nKe$j{z
¶�m3±Ow>j{zLl´z'ÀVÈ�hk�;l��;gklMj>����H�¶�j>¶�m£higiÈÆv#±�sWj{zLw>m£higiÈ'e$j{zÆ�oq9b�`ç¼á�rl]mil´e$w
q�e�hk¶²v#j{e$��z;lMmµb�l]���>j>v#��v���¶�l]m9`7v#��¶��]¶�l]����l]m�¾



.0/ . ���������

í�Z0C�IÔí åæUM:$í0S[8VßGSº?yZ�?�U]CÃ=@D]:�?�UÃIç8VFG8LÛL?$D�8VFGXéÖ0í9AM:]\G?$D´è0N[UÃAE\@?ÄØG8LD�A�RV×�ñ9í�YQ4óNºFQÚ
AE?$Û;DM8VAENOF@Û
8LSºS�AM\@?KF@?#:$?#UMUE8LDEÕ�AER{R;SOUoAER�Ùy8VFG8LÛL?�AE\@?KDM?$ÙÄRVAM?Ã?$â{?�:�=QAMNºR;F+Ö�NºAE\&8
X@?�ÞGF@?�X
<;=78VSON²AkÕéRV×0U�?#DEÝ{N[:�?�AERçØ@DERQXQ=7:�?"8VF,í�YQ435ÜíÃZ�C�Içí NºF>AE?#ÛLD]8�AM?#U'8&DM?#UERL=@D]:�?ÄÙy8VF78VÛL?$Ú
Ù�?#F>A�UEÕQUkAM?$Ù � 	GB�
��WB{8VF+8LØ@Ø@SONO:#8�AMNºR;F"SO8L=@FG:]\@?#D98LFGX"8LFÂ8L:#:�R;=@F>AENOF@ÛÆUEÕ{U�AE?#Ù&5{P�\GNOUrAER{RLS
NOU08LFÂ?#ÝLR;Sº=QAMNºR;FÂRL×ÜÖ9RLD à U9X@RLF@?KRLFD��?�AkÖ9RLD à Úií0F78VSOÕ{UE?$D�UEÕ{U�AE?#Ù � � �£5
ð£A+ÙÆ=GU�AÂ\78�ÝL?Ô8VF ?�8LUEÕ>ÚTAMRVÚ£=GU�?&Û;DM8LØ@\@N[:$8VS�NOF>AE?#D�×æ8;:�?ÔÖ�\@N[:]\ ÙÆ=7UkA&8LX@8LØQA"AER�XQN²×áÚ

×½?$DM?$F>A":�S[8LUMU�?�UÆRL×Ã=GUE?$D]Uãï~DM?#UERL=GDM:$?Â:�=7UkAMRLÙÄ?$D]U$B�8;XQÙÄNºF@N[U�AED]8�AER;DMU#53P�\@?$Õ \78�ÝL?Â8;:$:$?#UMU
AER�XQNºë�?#DE?#F;A'XQÕ{FG8LÙÄNO:�U�?#DEÝ{N[:�?�U
ïfÝ{N[U�=78VSONºä�8�AENORLFéRV×�XQÕ{FG8VÙÄN[:
8LFGXéU�AM8VAEN[:�NºFQ×½R;DEÙy8VAENORLF
RLF DM?#UERL=GDM:$?#UÔå£ñ94,�'B�ÙÄ?$ÙÄR;DEÕ;BoF@?$AkÖoR;D à B9SºNOß@D]8VDMNº?�UMèyRLFóX@N²ë�?$DM?$F>AãAENOÙ�?�U�å½S[8LU�A&UE?#:�Ú
RLFGX@U#B~Ù�NOF{=QAE?�U$B~\@R;=@DMU#BÜXG8�Õ{U#B~Öo?#? à U$BÜÙÄRLF>AE\GU#B~ÕL?#8LDMU]èK8VF7X,Ùy8VØ@Ø@NOF@ÛuU�?#DEÝ{N[:�?#U#5ÜP�\G?
:�=GU�AER;Ù�?#DMUÆ:$8VF,=7U�?+X@N²ë�?$DM?$F>A
UE?$DMÝ{NO:$?#U'XQ?#Ø7?#FGXQNOF@ÛÔR;F�AE\@?#NºD
Ø7?#DEÙÄN[UEUENºR;FGU#5aP�\@?+=7U�?#D
NºF>AE?#D�×æ8;:�?'N[U�XQÕ{FG8VÙÄN[:Æ8VF7X�XQ?$Ø�?$FGXGUÃR;F�Ø7?#DEÙÄN[UEUENORLFGUÃ8VFGX�?#ÝLR;Sº=QAMNºR;F�RV×�AM\@?
UE?$DMÝ{NO:$?#U#5
í :$SºNO?$F>AyXQ?�ÞGFG?#U�8é:$RLF>AED]8L:�AÆÖ�N²AM\ AM\@?ÂØGDER�Ý{N[XQ?$D�5ÜíÃ:$:�R;DMX@NºF@ÛçAERçAE\@N[UÄ:�RLF>AMDM8;:´A#BÜAE\G?
Ø@DER�Ý{N[XQ?$DÄÛ;=G8VD]8VF>AE?#?#U�8�<;=78VSON²AkÕ RL×KUE?$DMÝ{NO:$?ã8LFGX�AE\@?�:$SºNO?$F>A"ØG8�ÕQUy8L:#:�R;DMXQNOF@ÛçAER�AE\G?
8L:$:$RL=@F>A�5

í9A0ÞGD]UkA
å½ÞGÛL=GDE? ��è´B@AM\@?Æ:$=GUkAMRLÙÄ?$D]U�ß@=GNºS[XÔ8VSOSfAM\@?ÆF@?�:�?�UEUM8VDMÕ"NOFQ×½RLDMÙy8�AENORLFã×½R;D0AE\G?
�kRLßÔAMR+?$â{?�:�=QAM?L5fP�\@?�:�RLFGF@?#:�AENORLF�AMR+AM\@?
DM?$ÙÄRLAE?
UEÕQUkAM?$Ù N[UÃXQ?$ÞGF@?�XÔÖ�NºAE\é8+SºR;ÛLNOF2B�8
ÛLDMRL=@Øu8VFGXé8ã:$RLF>AED]8L:�A à ?$ÕL5fP�\@?y:$RLF>AED]8L:�A�Ö�NOSºSµX@?�ÞGF@?Ä=QAMNºSONOä#8�AMNºR;FéRL×rDM?#UERL=@D]:�?�UÃ8LFGX
<;=78VSON²AkÕySO?$Ý;?$S�×½RLD9AE\G?�DM?$ÙÄRLAE?�?�âQ?#:$=QAENORLF25QP�\@?ÃÞGD]UkA0:$RLF@F@?�:´AMNºR;F+N[Uo=7U�?�X"AMR�XQ?$ÞGF@?�AE\G?
XQN²ë�?$DM?$F>AyØ�?$DMÙ�N[UMU�NORLFGU�R;Fp8LSºS9AE\G?&íÃZ0C�IÔí U�ÕQU�AE?$ÙyUyUE?$DMÝ{NO:$?#U�8VFGX�RLF*AE\@?�DM?$ÙÄRVAM?
8VØ@Ø@SON[:$8�AMNºR;FGUÆ:$RLF>AEDMRLSOSO?#X�ß{Õ,í�Z0C�IÔí'5�P�\@?ãX@8�A]8ÔßG8;U�?+RV×ÃíÃZ�C�IçíÇN[UÆ=GUE?#X,AERéX@R
AE\@N[U$5~ð£AÄNOU�8VS[U�Rç=GU�?�X�AERé=@Ø�X@8�AM?ÂR;DÆSOR;8LX,UE?$DMÝ{NO:$?#UÆRLF,AM\@?Â:$SºNO?$F>A
\GR;U�A#5~ð£AÄ:$RL=@S[X,ß�?
F@?$ÖòUE?$DMÝ{NO:$?#U0Û;NºÝ;?$F�AMRÂ:$=GUkAMRLÙÄ?$D]U0R;DÃUE?$DMÝ{NO:$?#U�8;:$<>=@NODE?�X�Ö�NºAE\ç8LFÔ?$Ý;RLSO=QAENORLFÔRL×�AE\@?#NºD
:�RLF>AMDM8;:´A#5Qð£A�N[U0XQÕ{FG8LÙ�N[:K8VFGXÂAMDM8LFGU�Ø78VDM?$F>Ao×½R;D�=GUE?$D]U$5

í DM?#<>=@?�UkA�NOUKUE?$F>AÃAMRãíÃZ0C�IÔíòAMRÂ?$âQ?#:�=@AE?Ä8VSOS~R;D�8ÂØG8LD�AKRV×µAM\@?�ÖoR;D à 5�í F@?#ÛLRLÚ
AEN[8�AENORLF*NOUÆ?#U�AM8VßGSºN[U�\G?#X�ß�?�AkÖ9?$?$F�í�Z0C�IÔí 8LFGXuAE\G?Â8VØGØ@SºN[:$8VAENORLF XQ?#Ø7?#FGXQNOF@ÛçR;F,AE\G?
<;=78VSON²AkÕ"RL×3UE?$DMÝ{NO:$?L5Qê~NºF78VSOSºÕ+AE\@?!�kR;ßÂN[U�?�âQ?�:�=QAM?#XÂNºF>AER"íÃZ0C�IÔí ?$F{Ý{NºDMRLFGÙ�?#F>A#5

í�Z0C�IÔí N[Uµ8VßGSº?�AMRÆ:�R;F>AEDMRLS{AE\G?�?�âQ?�:�=QAMNºR;F&åæDE?�8VSQAMNºÙÄ?ÃDE?�U�R;=@DM:$?#U�:$RLFGUE=@ÙÄÙy8�AENORLFaB
?$FGX�RL×r8VØ@ØGSºN[:$8VAENORLFÔXQ?$AE?#:�AENORLF7è�5�P�\GNOU�×½=@FG:�AENORLFG8LSºNºAkÕ&NOUÃ=GUE?#X�ß{ÕÂAE\@?�8L:$:$RL=@F>AMNºF@ÛÂU�ÕQU�Ú
AE?$Ù ×½R;DÃ?$â@8VÙÄØ@SO?'AERãUkAMRLØu8��kRLßçÖ�\@NO:]\é\G8LU�:�R;FGUE=@ÙÄ?#X&AMR>RÂÙy8VF{Õ&DE?�U�R;=@DM:$?#U#5�
 \@?#F
AE\@?yDM?$ÙÄRVAM?y8VØ@Ø@SON[:$8�AMNºR;FéN[UKÞGFGNOUE\@?#X2Ba:�=GU�AER;ÙÄ?$D]U�8VDM?�8;XQÝL?#D�AMNOUE?#Xu8VFGX�:#8VFuÙÄ8LF{=G8VSOSºÕ
RLD08V=@AERLÙy8VAEN[:$8VSOSOÕyÛL?�A�AM\@?�DM?#UE=@S²A]U$5

P�\@?Æí�Z0C�IÔí DE?�U�R;=@D]:�?KÙy8VFG8LÛL?$D�\G8LU0AERy×æ8;:�?�AM\@DE?#?ÆØ@DMRLßGSº?#ÙÄU#ï@Ø�RLDEAM8Lß@NºSONºAkÕLB7X@Õ;Ú
FG8VÙÄN[:�NºAkÕ+8VFGXã?$ìy:$Nº?#FG:�Õ;5

E�� 8 6 4���� @���@ 4���� P�\G?ãH>8�Ý�8ÔØ@DMRLÛ;DM8LÙ�ÙÄNOF@Û�S[8VF@Û;=G8VÛ;?"\G8LU�ß�?$?#F�:]\@R>U�?#F,AERu?$FGUE=@DM?Ø7R;D�A]8Vß@NOSON²AkÕ;5Qð£A0ÛL=G8LDM8LF;AM?$?�U9:$RQXQ?KØ7R;D�A]8Vß@NOSºNºAkÕ"Ö�NºAE\@R;=QA0DM?�Ú£Ö�DENºAENOF@ÛG5
E�� �;3���� @�=�@B4���� P�ÖoRÔSO?$Ý;?$S[U'RL×�XQÕ{FG8VÙÄN[:�NºAkÕu:#8VF,ß�?ÂXQN[UkAMNºFGÛL=@N[U�\G?#Xf5 
�Õ{FG8LÙÄNO:$N²AkÕ
XQ=@?&AMR :]\G8VF@Û;?#U�NOF�AM\@?Ô:�SO=GU�AE?#DÄAERLØ�RLSORLÛ;Õ 8VFGX·XQÕ{FG8LÙÄNO:$N²AkÕ*X@=@?&AER,=GUE?$D]U�Ø7?#D�Ú
ÙÄNOUMU�NORLF7U$5L69RLAE\"8LUEØ�?#:´A]Uµ8VDM?�DM?#UERLSOÝL?#X
=GUENºFGÛÆHLNOF@NGAE?#:]\GF@RLSORLÛ;Nº?�U�8VFGXyH>8�Ý�8�Z0?$ÙÄRVAM?



Local Applications Aroma API

WEB Portal

management
resources

AROMA

Remote Applications

Cluster and
software
administration

WEB Portal

AROMA Data Base
(Users, Observations,
Applications)

Internet and/or Intranet

and update/load services

− Connection

− Send Request for Remote execution
− Negociating of Quality of Service

− Get permissions on Aroma Services

− Get Results

Customers
Administration

Providers

����� ¯��{¯ }~v#����w;j>¶��´e$hk¶�v#j�ÀQlMhT³3l]l]j
�]w>m£hkv#��lMgkmre#j>z
x;gkv�°V¶²z;lMgkm

I�?�AM\@RQXKðiF{ÝLRQ:$8VAENORLFKU�ÕQU�AE?$Ù��V5�HLNOF@NL:$RLÙÄÙÆ=GF@NO:#8�AMNºR;F�ØGDERLAERQ:�R;SOUf8LDE?�=GUE?#XÃAMR�XQ?�AM?#:�A
:]\G8VFGÛL?#UµNºFÄAM\@?Ã:$Sº=GU�AE?#Dr8VD]:]\@NºAE?�:´AE=GDE?;BVÖ�\@NOSº?�Z�I�ðµXQÕ{FG8VÙÄN[:0:�S[8LUMUµXQR�Ö�FGSºR>8LXQNOF@ÛKNOU
=GUE?#XÂAERÄRVë�?$D0X@N²ë�?$DM?$F>A�UE?$DMÝ>N[:�?�U�XQ?$Ø�?$FGX@NºF@ÛyR;F+AM\@?':�SONO?$F>A0Ø7?#DEÙÄN[UEUENORLFGU#5

E
	�� = @�
 3>= ��� IÔ8VØGØ@NºFGÛãÖ�NºAE\ �Ã=G8LSºNºAkÕ�RV×0Y{?#DEÝ{N[:�?�NºÙÄØ@SONº?�U�Ö�8�AM:]\GNºF@Û&8ãSºRLA'RV×9DE?$Ú
U�R;=@D]:�?#U#5GP�\@?ÆÙÄ8LØ@Ø@NOF@Û+XQ?�:�N[U�NORLF&\G8;U�AMR"ß7?�8LU0<>=@N[: à 8LU�Ø�R;UMU�NOß@SO?Æ8VF7X&ÙÆ=GU�A�F@RLA
:�DM?#8VAE?+8éU�ÕQU�AE?$Ù/R�Ý;?$DMSºR>8LXf5~ñ S[8VFGÛL=G8LÛL?yN[UÆ=GUE?#X AERu:�RLSOSO?#:´A�U�ÕQU�AE?$Ù�XQ?#Ø7?#FGXQ?#F;A
NºF@×½RLDMÙÄ8VAENORLF"NOFÂ8
ÝL?#DEÕ�?�ì":$Nº?#F;A�Ö�8�ÕL5@ñoRLÙÄÙÆ=@FGNO:#8�AENORLF+ß7?$AkÖo?#?$F&ñ�ÙÄRQXQ=@SO?#U�8LFGX
H;8�Ý�8�U�?#DEÝ;?$D]U9NOU�?#FGU�=GDE?�XÂ=7U�NOF@Û�AE\@?'H>8�Ý�8 �Ã8�AMNºÝ;?�ðiF>AM?$DE×æ8L:�?;5

.0/�� � 	���� 8 6 4�� �


 N²AM\ AE\@?éðiF>AE?$DMF@?$A+Ø7R;D�A]8VS�8VF ?$F>AM?$DMØ@DEN[UE?Ô:$8VF \78�ÝL?Ô8,Ø�?$D]U�R;FG8VSONOä$?#X·8;:$:�?�UEU"AER NºAMU
8VØ@Ø@SON[:$8�AMNºR;FGU#5�í�SºSµXQN[8VSORLÛ;=@?#UÃß�?�AkÖ9?$?$Fu:�SONº?#F>AMUK8VFGXçØ@DMR�Ý>N[XQ?#DMUÃ=GUE?�8�
 
r6 Ø�RLDEAM8LSaAMR
NºFGUE=@DM?�U�?�:�=@DMN²AkÕÂ8VFGX+AED]8VFGUEØG8LDE?#F;A�:�R;ÙÄÙÆ=@F@N[:$8VAENORLFGU�å½ÞGÛL=GDE?���è�5

.0/�� � �B<��74�
-6�� � 3>: � ��� �B@B= � 47@�8 3 � :�� @�3'@���476 � 47@B8C3

PaR0NOFGUE=@DM?o8�Û;R>RQX�<>=G8LSºNºAkÕÃRL×@U�?#DEÝ{N[:�?µRL×QAE\@?oÖ�\@RLSO?rUEÕ{U�AE?#ÙóNOFÆ8Ã:�SO=GUkAM?$DÜ=QAENOSºNOä#8VAENORLF2B#AE\G?
U�RL×áAkÖ98LDE?9í0SONºF à 8KD]8VN[U�NOF ���A�QN[U3=GUE?#Xf5�ð£A�Ùy8VFG8LÛL?�U~<>=@N[: à NOFGUkA]8VSOSO8VAENORLFÄ8VFGX�:�R;FQÞGÛ;=@DM8VAENORLF
RV×��2NOF>=@â à ?#DEF@?#S08VFGXp=GUE?�×½=GS�U�RL×áAkÖ98LDE?;53ðiFGUkA]8VSOSO8VAENORLF·8VFGX�Ùy8VFG8LÛL?#Ù�?#F>AÄRL×K:$Sº=7UkAM?$D]U
:�RL=GSOX�ß�?�XQRLFG?�=GU�NOF@Û'í�SºNOF à 8�D]8VN[U�NOF25�ð£Ar\@?#SºØ7U�Ø@DMR�Ý>N[XQ?#DMU~AMR�ÙÄ8LFG8VÛ;?�XQN²ë�?$DM?$F>Ao:$Sº=7UkAM?$D]U
8VFGX&R;Ø7?#DM8VAENOF@Û+UEÕ{U�AE?#Ù Ý;?$D]U�NORLFa5@ð£A�:$RL=@S[XÔ8V=@AERLÙy8VAEN[:$8VSOSOÕÂ:�DM?#8VAE?�AM\@?
8LDM:]\GN²AM?#:´AM=@DM?�RV×
í�Z0C�IÔí'5>ð£AoN[U98VS[U�R'=7U�?�X�AERÆSONOF à ���0ð��»=GUE?$D]UµR;FÄAE\@?�Ø@DMR�Ý>N[XQ?#Dr:�SO=GU�AE?$D]Ur8LFGXyDM?$ÙÄRVAM?
=GU�?#DMU�R;F+AM\@?':�=7UkAMRLÙÄ?$D�Ùy8L:]\GNºF@?;5
 "! e´°�eV��e#��� ! e´°#e$|æÀ{e$mil´z��'e$gkÉVm]� ! ¶²j;¶�e#j>z0e#��� ! ¶�j>¶Á|æÀ{e$mil´z0�'e$gkÉVm�e�gklahig�e#z;l]�'e�gkÉVm7v$g�gkl]�#¶²m£hklEgkl´z
hig�e�zLl]�'e$gkÉVm�v#±2nLw>j�H�¶��Mgkv�m£ÈLm£hkl]��m]�>sWj>�#¿;¶�j�hk�;l"#Ã¿ nQ¿{e$j{z
v$hk�>lMgr�]v#w>j�higk¶�l]m]¿



� � $ & $aÒ�Ï," ��Ï�Ð%$'&�Ó�Ì�� � (�(�&EÓ�Ò��~Í@ÓkÏrÌ

�;/�1 � 69@B3>=�@ � ��

�	� 
�
 
 4
��� � � 
 
-4��)8 6�� � ��� 3>3>@B3�� � 8;8 � ��?�A��	��í�
 NOUr8�UERV×áAkÖ�8VDM?�U�=GN²AM?�AE\G8VAØ@DER�Ý{N[XQ?#U�8"U�?$A�RV×�AMR{RLS[U�×½RLD�AE\@?�XQ?#UENºÛ;F2BGR;ØQAENOÙÄNºä�8�AMNºR;FÔ8VFGX&Ø�?$DE×½RLDMÙy8VFG:$?'?$Ý�8VSO=G8VAENORLF
RV×ÃS[8VDMÛL?&UM:$8VSO?ãAE?#Sº?�:�RLÙÄÙ
=@F@N[:$8�AMNºR;F�FG?�AkÖ9RLD à U�� � �£5µI�R;U�AyF@?�AkÖ9RLD à AE?�:]\@F@R;SºR;ÛLNO?#UÄ8VDM?
NºFG:$Sº=7XQ?#X&NOFãAE\@?�Ý�8VDMNORL=GU�Ø@SO=@ÛLÚWNOF�ïGPa?#Sº?#Ø@\@R;F@?�F@?�AkÖ9RLD à U$BQðk4pF@?$AkÖoR;D à U#BQðk4�Ú 
�Nºë2Y{?$DMÝ>Ú
IÔ4,�~Y�F@?$AkÖoR;D à U#B7í�P�I,Bfê@D]8VÙÄ?�Z�?$S[8�ÕLB2Y 
��'5fP�\@N[UKU�RL×áAkÖ98LDE?'N[U�=GUE?#XÔß{Õ&Ùy8VF{Õ�RLØ@Ú
?$D]8�AER;DMU�8LFGX+Ùy8LF>=@×æ8L:´AM=@DM?$D]U$5

í à ?#Õ+Ø�RLNOF>AÃNOF�AE\@? �0?$A��	��í�
 à ?$DMF@?#S2NOU�AE\G?
XQNºë�?#DE?#F>AEN[8VS2AMDM8Vì":KAE\@?#RLDMÕ+AM\G8�A�NOU
=GU�?�XÄ×½RLDrAE\@?�8VFG8LSºÕ>AMNO:#8VSGÙÄRQXQ?#SºNOF@ÛÆRL×2UkAMR{:]\78LU�AEN[:�AED]8�ì":'åæSºNOF à :$8LDEDMNO?#X
AED]8�ì":$U#BL?#FGXÄAMR
?$FGX
:$8VDMDMNº?�XKAED]8�ì":$U#B�ß@SºRQ: à NOF@Û�Ø@DMRLß78Vß@NOSºNºAENO?#U#B�Ö98LN²AMNºFGÛ0AENOÙÄ?#U#B��kN²AEAE?$D�5O5O5 è���� �LB�� � �£5�P�\G?#UE?
Ù�RQXQ?#SOU98VDM?0Ý;?$DMÕ�8;:$:�=GDM8VAE?�8LFGXÄ×æ8VDoÙÄRLDM?�×æ8LU�AE?#DrAM\G8VF+X@NOUM:�DM?�AM?�?$Ý;?$F>AoUENºÙ
=@S[8�AENORLF7Uµ×½R;D
Ø7?#D�×½R;DEÙy8VF7:�?�?$Ý�8LSº=G8VAENORLF&RV×3S[8VDMÛL?�UE:#8VSO?KAE?#Sº?�:�RLÙÄÙ
=@F@N[:$8�AMNºR;F�U�ÕQU�AE?$ÙyU�Ö�NºAE\Ô:$RLÙÄØ@SO?�â
DER;=QAENOF@Ûy8VFGXã:�R;ÙÄØ@Sº?$â"AED]8�ì":KØG8VA�AM?$DMFGU������9�£5

�0?$Ý;?$DEAE\@?#Sº?�UEU~UERLSOÝ>NOF@Û�AM\@?�Ö�\@RLSO?�U�?$A~RL×GF@RLF@ÚWSONºFG?#8VD~:�R;=@Ø@SO?#XÆX@N²ë�?$DM?$F>AEN[8VS{?�<;=78�AENORLF7U
:$8VF"AM8 à ?ÃUE?$Ý;?$D]8VSG\GRL=@D]UrRL×a:�R;Ù�ØG=QAENOF@Û
AENOÙ�?Ã×½RLD9DM?#8VS7F@?�AkÖ9RLD à U$5QñoRLÙÄØ@=QAMNºFGÛÆAMNºÙÄ?�DE?$Ú
XQ=G:´AMNºR;FÂN[U�8�Ùy89�kRLD�N[UEUE=@?�Ö�\@?$F&R;F@?ÃN[U�NOF;AM?$DM?#U�AE?�X+NOF+AM?#U�AENOF@ÛyU�?#ÝL?#DM8LS�:]\78VF@Û;?#UoNºFãAE\G?
F@?�AkÖ9RLD à RLD�NOÙÄØ@Sº?#ÙÄ?$F>AENOF@ÛyNºAE?$D]8�AMNºÝ;?KRLØQAMNºÙÄNOä#8�AMNºR;Fã8LSºÛ;RLDMN²AM\@ÙyU$5

ðiFÃAM\@?�×½R;SºSOR�Ö�NºFGÛ9Ö9?µXQ?�UE:$DENOß7?3AM\@?r:$NºD]:�=@NºA�ÚiUEÖ�N²A]:]\@?#X�ÙÄRQXQ?$S[Uf=GUE?#X�NOFKAE\@?,��?�A��	��í�

Pa?#Sº?#Ø@\@RLF{Õ
Ø@Sº=GÛVÚ£NºF"8LFGX�\@R�Ö*AM\@?#UE?0ÙÄRQXQ?$S[U�\G8�Ý;?�ß7?#?$FyØG8LDM8LSºSO?$SONOä$?#X�NOFÄRLD]XQ?$D�AMR'XQD]8LU�Ú
AEN[:$8VSOSOÕ�DM?#XQ=7:�?&AE\G?ç:�R;Ù�ØG=QAENOF@Û,AMNºÙÄ?#U"×½RLD"Ý;?$DMÕ*S[8VDMÛL?�UM:$8VSO?�F@?$AkÖoR;D à U�å½ÙÄNOSºSONORLFGU+RV×
� R�Ö0U$B{AM\@RL=7UE8LFGX@U�RV×~SºNOF à U#B@?�A]:V5Áè´5

�)@B69=�<>@ 4�� ��� @B47= � 
 :�
 
-4��)8 6�� � 8;:�
 �B@�3�� @B3 
 
-4��!� � � ��UENºF@Û":$SO8;UEUEN[:$8VSf?$âQØ7RLÚ
F@?$F>AEN[8VS�NOF>AE?#DÄ8LDEDMNOÝ�8LS9AENOÙ�?�8LFGX�UE?$DMÝ{NO:$?"AMNºÙÄ?�S[8�Ö0U$B�8éDENOÛLR;DER;=GU
X@?#UM:�DMNºØQAMNºR;F*RL×�AE\G?
UkA]8�AE?ãRV×�8é:$NºD]:�=@NºA�ÚiUEÖ�N²A]:]\@?#X,FG?�AkÖ9RLD à N[U�ÛLNOÝL?#F*ß{Õ,8éIÔ8LD à R�Ýu:]\78VNOF25�P�\@RL=@Û;\*UE=G:]\
\>Õ{Ø�RVAM\@?#UENOU�:#8VF&ß�?�Ø@DM8;:´AMNO:#8VSOSºÕ"Ý;?$DMN²Þ7?#XfB{AM\@?$Õã8VDM?�FGRVA�UE=@N²AM?#XÂ×½RLD�Ù�RQXQ?#SºNOF@ÛÄß�?#:$8L=GUE?
RV×~AE\@?�\{=@Û;?�F{=@Ù
ß7?#D�RV×3UkA]8�AE?�U�AE\78�A0F@?#?#X+AERyß�?':�RLF7U�N[XQ?$DM?#X+NºF�8�DM?#8VSfFG?�AkÖ9RLD à 5

ð£A�N[U9AE\G?'8VNOÙÇRV×#"�AED]8�ì":ÃÙÄR{X@?$SONºF@Û$"&åæ<>=@?$=GNºF@Û�AM\@?$R;DEÕ@èrAERÄÛLNOÝL?KÖ�8�ÕQUµAMR�?#Ý�8VSO=G8�AM?
F@?�AkÖ9RLD à Ø�?$DE×½RLDMÙy8VFG:$?#U0UE=G:]\ç8;U0AM\@?ÆÙÄ?�8VFç8LFGX�Ý�8VDMNO8LFG:�?ÆRV×r:$8LDEDMNO?#XãAED]8�ì":#U�8LU�Öo?#SºS
8LU�F@RQXQ?�U�8VFGXÂAEDM=@F à U�ß@SORQ: à NºF@ÛÄØ@DMRLß78Vß@NOSºNºAENO?#U�� ��	GB�� 
��W5

P�\@?$R;DE?$AEN[:$8VS~UkAM=GXQNO?#UK\G8�Ý;?ÆØ�?$DMÙÄN²AEAE?#XÔAER&UkAM=GXQÕ�AM\@?
×½RLDMÙîRV×µAM\@?
ÙÄ?�8VFéX@N²ë�?$DM?$FQÚ
AEN[8VS�?#<>=G8VAENORLF+8;UEUERQ:�N[8�AE?�XyÖ�NºAE\+?�8L:]\"FG?�AkÖ9RLD à DM?#UERL=GDM:$?0NºF+AE\@?K:$8;U�?ÃRV×ÜUENOÙ�ØGSº?%"L:$?$SOSOU&"
� 'GB)(9�£5�P�\@?#UE?
:$?$SOSOUÃDE? � ?#:�A�:$SO8;UEUENO:#8VS*";U�?#DEN[8VS,+�Ø78VD]8VSOSº?#S-"ÄU�AEDM=G:´AM=@DE?�U�AM\G8�A�:$8LFÔß7?
×½RL=GFGX
Ö�N²AM\@NºFé8yF@?�AkÖ9RLD à 5GP�\@N[UÃ8LFG8VSOÕQU�N[U�\G8;U0ß�?$?#FÔXQRLF@?Æ×½RLD�:$8VSOSaDMRL=@AENOF@Û":�R;ÙÆß@NOF@NOF@Û"SOR;8LXQÚ
U�\G8LDENOF@Ûã8VFGXéR�ÝL?#D � R�Ö�5�P�\@?
ÞGDMU�AK×½=@FGX@8LÙÄ?$F>AM8LS~N[XQ?�8@B2XQ?#ÝL?$SORLØ�?#XçÖ�N²AM\@NOF ��?�A��	�Ãí�

Pa?#Sº?#Ø@\@RLF{Õ;BfNOUKAMR�ÙÄR{X@?$S�AM\@?ÄAED]8�ì":ÄUkA]8VDEAENOF@Ûã×½DER;Ù AM\@?y?�â@8L:�A'XQN²ë�?$DM?$F>AMNO8LSµ?#<>=G8VAENORLF
RV×Ã?�8L:]\�AED]8�ì": � R�Ö�5µP�\@?�UE?#:�R;FGX�NOXQ?�8uNOU�AMR 8VØ@Ø@DMR�âQNºÙy8VAE?+ßGSºRQ: à NºFGÛuØGDER;ßG8Vß@NOSON²AMNº?�U
ß>ÕéÙÄ?#8VF7U�RV×�Þ7:�AENºAENORL=GUÆRVë�?$DM?#XéAED]8�ì":$U+å½?#<>=@NOÝ�8VSO?$F>A�AED]8�ì":#UMè�SONºF à ?#XuAMRÔU�=7:]\�UE?�A
RV×



XQN²ë�?$DM?$F>AMNO8LSf?#<>=G8�AMNºR;FGU#5

êÜNOFG8LSºSOÕLB�AM\@?�ÙÄRQXQ?$S0N[U"XQ?�UE:$DENOß�?#Xpß{Õ�8,UE?�A"RV×KRLD]XQNOFG8VDMÕ XQNºë�?#DE?#F>AEN[8VS0?�<;=78�AENORLF7U
Ö�\@R;UE?"UkAMDE=7:´AE=GDE?çåT8VFGX�F{=@Ù
ß7?#D'RV×�?�<;=78�AENORLF7UMè�X@?$Ø�?$FGX@UÆRLF�AM\@?+:$8LSºSrDER;=QAENOF@ÛÔDM=@SO?#U#5

 N²AM\@NºFÔAE\@N[U�ÙÄRQXQ?$SWB7:#8VSOS2DER;=QAENOF@ÛyN[U�ÛL?#F@?$DMN[:��{AE\GNOUÃ8VSOSºR�Ö0U�8LF>ÕÂF@?�AkÖ9RLD à AMRLØ�RLSORLÛLÕÂ8LU�Ú
U�RQ:�N[8�AM?#X+AER"8LF>ÕÂ:$8VSOS2DMRL=QAMNºFGÛ�ÙÄ?�:]\G8VF@N[UEÙ¹å½Ù
=@S²AMNºØGSº?'R�Ý;?$D � R�Ö0U98VFGX&:�DMR;UMU�ÚWR�Ý;?$D � R�Ö0U$B
SºR>8LX{ÚiU�\78VDMNºF@Û
RLFãØ@DMNºÙy8VDMÕ"R;D�R�ÝL?$D � R�Ö DMRL=QAM?#U#BQ?�A]:V5Áè

P�\@?#UE?9U�AE=7XQNº?�U~\G8�ÝL?9Sº?�X�AMRÃAM\@?�XQ?�ÞGFGN²AMNºR;F
RL×�8ÃF@?$Ö ?$ì":�NO?$F>Aµ8VFGXÆÛL?$FG?$DMNO:rAER{RLS>A]8VDEÚ
ÛL?�AM?#X&AMRÂ:$NºD]:�=@NºA�ÚiUEÖ�N²A]:]\@?#X�FG?�AkÖ9RLD à U0Ø7?#D�×½R;DEÙy8VF7:�?Æ8LFG8VSOÕQU�N[U$5C�0?$A��	��í�
 Pa?#Sº?#Ø@\@R;F>Õ
NºFG:$Sº=7XQ?#UÄ8VF�8VSOÛLRLDMNºAE\@Ù FG8VÙÄ?�X��ÃP~í�I å���RLN[:�?&PÜDM8Vìy:+í0FG8LSºÕ>AEN[:$8LS9IÔR{X@?$SONºF@Û{è´B~AE\G?
F>=GÙ�?#DEN[:$8LS�AED]8VF7U�S[8�AMNºR;F�RL×�AM\@N[U"ÙÄRQXQ?$SW5oP�\@?�Ùy8LNºF 8;XQÝ�8VF>AM8LÛL?#UÄRL×��ÃP~í�I 8VDM?&AE\G?
×½RLSOSºR�Ö�NOF@ÛGï

E ÛLR{RQXÂ8;:$:$=@DM8;:�Õ":$RLÙÄØG8VDM?#X"AERyRLAE\@?#D08VØ@Ø@DMR;8;:]\@?#U#B
E XQÕ{FG8VÙÄN[:$8LS�ÙÄRQXQ?#S28�ÝLRLN[XQNOF@ÛÆ\G?#8�Ý{ÕÄ?$ÝL?#F>A�ÚiXQDENOÝL?#F+UENºÙ
=@SO8VAENORLFGU9Ö�\@?#F+AM\@?�F@?$?�X"AMRUkAM=GXQÕ+AED]8VFGUENº?#F>A�ß�?$\78�Ý>NORLD�8LDEN[U�?�U$B
E ?#8;U�Õç:$RLÙÄØ@=QA]8�AMNºR;FéRL×oAM\@?"UkA]8�AMNºR;FG8VDMÕçUERLSO=QAENORLF�XQ=@?ÄAMRÔ8VFu?�ì":�NO?$F>A�Þ@âQ?#XuØ�RLNOF>A8VSOÛLR;DENºAE\@Ù åæ:�R;F>AED]8L:´AMNºR;F+Ø@DMRLØ�?$DEAkÕ@è´B
E XQNºë�?#DE?#F;AMNO8Lß@SO?
Ö�NºAE\uDE?�U�Ø�?#:�AÃAMR&F@?�AkÖ9RLD à ØG8VD]8VÙÄ?�AM?$D]UÆåT8VSOSºR�Ö�NOF@ÛãÛLD]8LXQNO?$F>AMU�:�R;Ù�ÚØ@=QA]8�AENORLF�8LFGX+Ø78VD]8VÙÄ?�AM?$D�RLØQAMNºÙÄNOä#8VAENORLF7è�5

ðiFuØ78VDEAEN[:�=@S[8VD�B�AE\@?yÞGâ{?�XuØ7R;NºF>AÆ8VSOÛLR;DENºAE\GÙ =GUE?#XçAERÔUERLSOÝL?�AE\@?yFGRLF@SONºFG?#8VD'UEÕQUkAM?$Ù
RV×3?#<>=G8�AMNºR;FGU�Ö9RLD à U�8;U9×½RLSOSºR�Ö0U#5@í9A�?�8L:]\ãN²AM?$D]8�AENORLFaBQRLFG:$?KAE\@?'ßGSºRQ: à NºFGÛ�ØGDER;ßG8Vß@NOSON²AMNº?�U
\G8�ÝL?Äß�?$?$F,:$RLÙÄØ@=QAM?#XfB2FG?$Ö�Ý�8LSº=G?#UKRV×�:$8LDEDMNO?#X�AMDM8Vì":$U�8VDM?y:�R;Ù�ØG=QAE?�Xu8;:$:$RLD]XQNºFGÛ+AMR
AE\@?KAMDM8Vìy:�F@R;F@SONºF@?�8VD�?#<>=G8VAENORLFGU#5@P�\@?�U�?K?#<>=G8VAENORLFGU�8LDE?�8LØ@Ø@SONº?�X"×½R;D�?#8L:]\ÂAED]8�ì": � R�Ö
NºFGX@?$Ø�?$FGXQ?#F>AESOÕL52P�\@?�ß@SOR{: à NOF@Û+ØGDER;ßG8Vß@NOSON²AMNº?�U�R;FÔAEDM=@F à U#BfU�?$A�RL×µAEDM=@F à U�RLD�ØG8�AM\2Bf8VDM?
AE\@?#F�=GØ�X@8VAE?�XÆß{ÕÆ8LØ@Ø@SOÕ>NOF@Û�AE\G?!
rDES[8VFGÛVÚi6ç×½R;DEÙ
=@S[80AMRÃÞ�:´AENºAENORL=7U3RVë�?$DM?#XÆAED]8�ì":$U#5�P�\@NOU
Ø@DERQ:$?#UMUoN[U�DM?$Ø�?#8VAE?#XÂ=@F>AENOSfAM\@?�ÛLSORLßG8LS2:�R;F>Ý;?$DMÛL?#FG:�?ÃRV×aAM\@?�ß@SORQ: à NOF@ÛÄØ@DMRLßG8Lß@NOSºNºAENO?#U#5

� � � � � � 6 ��� ��
 � � � � 8 69@ 4 � � P�\G?�Ù�R>UkArU�AED]8VNOÛL\>AE×½RLDMÖ98LDMXÆÖ98�Õ�AMR�AM8 à ?08;XQÝ�8VF>AM8LÛL?RV×fAE\G?ÃNOF@\@?#DE?#F;A9ØG8VD]8VSOSO?$SONOUEÙ RL×2AE\G?��ÃP~í�I 8VSOÛLR;DENºAE\@Ù N[UµAMRÆ=GUE?Ã8
U�Õ{FG:]\GDER;F@RL=GUrX@8�A]8
ØG8VD]8VSOSº?#SÜ8LØ@Ø@DMR;8L:]\a5@ð£A�:$RLFGUENOU�AMU�NºFçØG8VDEAENºAENORLF@NOF@Û+AE\@?�U�?$AÃRV×r8LSºS � R�Ö0U0NOF>AERãU�?#ÝL?$D]8VSaNºFQÚ
XQ?$Ø�?$FGX@?$F>A�U�?#ØG8VD]8�AM?�UE=@ßGUE?�A]U$5 
r8L:]\ãU�=GßGU�?$A0NOU�8;UEUENOÛLF@?�X"AMR�R;F@?KØ@DMR{:$?#UMU�R;D#5

P�\@?
8;UEUENºÛ;F@ÙÄ?$F>A�RL×µAE\@?	� � R�Ö0U0AER+AE\@?�
 ØG8LDM8LSºSO?$SaAM8;U à UÃNOUÃRV×r:$RL=@D]U�?
8"Ùy89�kR;D
NOUMU�=G?yNºF 8;:]\@Nº?#Ý{NºF@Û�8&Û;R>RQXuSOR;8LXQÚWßG8LSO8LFG:�NOF@Û75�íÃUEUENOÛLF@NOF@Û&F@?#8LDESOÕ���
�
 � R�Ö0UKAER�?�8L:]\
AM8LU à XQR{?#U�F@RLA'8VSOÖ98�ÕQUÃSº?�8LX�AMRã8ÂÛLR{RQXÔSOR;8;X{Ú£ßG8VS[8VFG:$NºFGÛG5�ðiFGXQ?$?�XÔAM\@?y:�R;Ù�ØG=QAM8VAENORLFG8LS
SºR>8LX�RL×o8"ØG8LDM8LSºSO?$SÜAM8;U à Û;DE?�8�AESOÕ�XQ?$Ø�?$F7X@U�RLFÔAM\@?�F>=GÙÆß�?$DKRV×rDMRL=@AENOF@ÛÂ:$RLÙÄÙy8VFGX@U����
RV×~AE\@? � R�Ö0U��98LUMU�NOÛLF@?�XyAMR
AM\G8�A�A]8LU à 5

P�\@?'8LUMU�NOÛLFGÙ�?#F>A�Ø�RLSON[:�Õ+Ö9?�\G8�Ý;?�=7U�?�X�:$8VF&ß�?'XQ?#UM:�DMNOß7?�Xã8;U�×½RLSOSOR�Ö0U$5 �a?�A���� � 8LFGX��� � ß7?�DM?#UEØ7?�:´AMNºÝ;?$SOÕ,AE\@?ÔÞGDMU�A"8VFGXpS[8LU�A � R�Ö0Uy8LUMUENºÛ;F@?#X AER�AM8;U à���� ��� ��� �!�"
$# �L5
CÃß>Ý{NORL=GUESOÕLB{Öo?�\78�ÝL?ÃAE\@?K×½R;SºSOR�Ö�NºFGÛ�DM?$S[8�AMNºR;FGU#ï

��% � � ���&� �� � ��%��' �(�)��� �!�*�,+� # � � � +.- �� ' � 8LFGX � +.- �� � �/# �



ê@RLDÜAM8;U à U � � ����� � ��� 
 # �QB$AE\@?�S[8LU�A � R�Ö ��� � 8;UEUENOÛLF@?�X�AERÃAM8;U à�� :#8VF
ß7?�:�R;ÙÄØ@=QAE?�X
DE?�:�=@D]U�NOÝL?#SºÕy=7U�NOF@Û�AE\@?K×½R;SºSOR�Ö�NOF@Û�×½RLDMÙÆ=@S[8@ï

��� � � � �������	� ��� - �� U�=7:]\+AM\G8�A�
�
��
���� �

� � ����
��
 %

� � 
�
��


�âQØ7?#DENOÙÄ?$F>AM8LS;DM?#UE=@SºAMU3\G8�Ý;?oUE\@R�Ö�F'AM\G8�A3AM\@NOU�8;UEUENOÛLF@ÙÄ?$F>A3Ø7R;SºN[:�Õ'8LSºSOR�Ö0UÜAER�RLßQA]8VNOF
8
Ý;?$DMÕ"ÛLR{RQXÂSºR>8LX{Ú£ßG8VS[8VF7:�NOF@ÛÆRL×ÜAM\@?�ØG8VD]8VSOSO?$S�AM8;U à U#5

CÃFG:�? � R�Ö0UÂ\G8�ÝL?éß7?#?$F 8LUMU�NOÛLF@?�X·AER�AM8;U à U#B9AE\@?,8LUMUER{:$NO8VAE?�X F@RLFGSºNOF@?#8LDãUEÕQUkAM?$Ù
RV×�XQN²ë�?$DM?$F>AMNO8LS�?#<>=G8�AMNºR;FGUKN[U�U�R;SºÝ;?#Xf52PÜRãAE\@N[U�?$F7XfBfAE\G?�
 Ø78VD]8VSOSº?#SÜA]8LU à UKN²AM?$D]8�AENOÝL?#SºÕ
Ø7?#D�×½R;DEÙyU~80Þ@âQ?�X�Ø7R;NºF>Aµ8VSOÛLR;DENºAE\GÙã5�P�\@N[UÜØ78VD]8VSOSº?#S>8LSºÛ;RLDMN²AM\@Ù NOUÜßG8LUE?#XÆRLF�AM\@?9Ù�?�UEUM8VÛ;?
ØG8LUMU�NOF@ÛÂØG8VD]8LXQNOÛLÙî8LFGXÔ=GUE?#UÃAM\@?�Iç4µð�:$RLÙÄÙÆ=@FGNO:#8�AENORLFçSºNOß@D]8VDMÕL5�ð£AE?$D]8�AMNºR;F��ÔRV×µAM\@NOU
8VSOÛLRLDMNºAE\@Ù Ø@DMRQ:�?#?#X@U�8;U9×½RLSOSºR�Ö0U#ï

�L5 � 8 � � <'4�� 4A@B8C3�8���= � 6 69@�
 : 4�6 � � = � 5;
o8L:]\çAM8LU à�� � � � � ���!� 
 # �Ä:�RLÙÄØ@=@AE?#U
F@?$Ö�Ý�8VSO=@?#U'RV×�:$8VDMDMNº?�XÔAMDM8Vìy:#U�� �� å��@è�×½R;D�?#8;:]\uSONOF à �9=GUENºFGÛ�N²A]U�R�Ö�F,U�=@ß7U�?$A'RV×
� R�Ö0U#5µP�\@NOU+:�RLÙÄØ@=@AM8�AMNºR;F·NOUyXQR;F@?�NOFGXQ?$Ø�?$F7XQ?$F>AESOÕpß>Õ AE\@? 
 A]8LU à UÄ=7U�NOF@Û�AE\G?
UE8LÙÄ?K8LSºÛ;RLDMN²AM\@Ù AM\G8VFãNºFãAM\@?'U�?�<>=@?$F>AEN[8VS28LSºÛ;RLDMN²AM\@Ù&5

�Q5 � �B8 ��� �)6�
 :'<>=?4A@B8C3 8 � 
-6 � 4A@B8C3 
o8L:]\,A]8LU à � � ����� � � � 
 # �Â?$âQ:]\78VF@Û;?#U'NºAMU
ÝL?�:´AER;Dyå!� %� å��@è!� � ��� �"�$#� å��@è�è�RL×9:#8VDMDENO?#X&AMDM8Vì":$UKÖ�NºAE\�8VSOS�RVAE\G?$D�AM8;U à UK8VFGXu:�R;Ù�ÚØ@=QAM?#U�AM\@?�ÛLSORLßG8LSf:$8VDMDMNº?�X"AMDM8Vìy:%� � å��@è �'& +.- �

� 
 % �
�
� å��@èo×½RLD�?�8L:]\ãSºNOF à �k5

	@5 � � : � 4 
 8�� ����8;=��;@B3�� � 698 � ��� @���@ 47@�
 � 
o8L:]\�A]8LU à � � � � � ���!� 
 # �ÄNºF7XQ?$Ø�?$FQÚ
XQ?$F>AMSºÕu=@Ø�X@8�AM?#UKAM\@?"ß@SORQ: à NOF@Û�Ø@DMRLß78Vß@NOSºNºAENO?#UKRL×�?#8L:]\uSONºF à B~U�?$AÆRV×�SºNOF à U�R;D'ØG8�AM\
=GUENºF@Û�AM\@?':$8LDEDMNº?�X"AMDM8Vì":$U(� � å��Gè´B � � ��� ��� ���")05

P�\@NOU0Ø@DERQ:$?#UMU�NOU�DE?#Ø7?�8�AE?�Xã=@F>AENOS2AE\G?'ÛLSORLßG8LS2:�R;F>Ý;?$DMÛL?#FG:�?�RV×3AE\G?'ß@SOR{: à NOF@ÛÄØ@DMRLßG8VÚ
ß@NºSONºAENO?#U#5

�;/ . �+* � < 4A@��B@�, � 4A@B8C3
ðiF;AM?$D]8L:�AENORLFGU9ß�?�AkÖ9?$?$F��0?$A��	�Ãí�
ò8LFGXãñ9í�YQ4·U�?#DEÝ;?$D]Uo8LDE?�NºSOSO=GUkAMDM8VAE?�X+ß{Õçå½ÞGÛL=@DM?��Lè´5

�0?�A��	��í�
*:�R;F@F@?�:´AENORLF�AMR0í�Z0C�IÔí,N[UfÙy8LXQ?�Ö�NºAE\GRL=QAÜ8LF{Õ�:]\G8VFGÛL?3AER�AM\@?,��?�A��	�Ãí�

NºF@NºAEN[8VS�:�RQXQ?;5>í�SºS�AM\@?�Ö9RLD à N[UoØ7?#D�×½R;DEÙÄ?#XÄß{Õy8ÆUEØ�?#:�N[8VS�Ø@SO=@ÛVÚ£NOF":$8VSOSO?#XÄAM\@?ÃðiF>AM?$D]8L:´AMRLD�5
P�\@?�8LNºÙ RL×aAM\@?KðiF;AM?$D]8L:�AERLDoNOU9AMR
\78VFGXQSO?�AE\@?K:�R;ÙÄÙÆ=@F@N[:$8VAENORLFÂÖoR;D à ß�?�AkÖ9?$?$FÂAE\G?

SºRQ:$8LS��0?$A��	�Ãí�
¹8LFGX�AE\@?�ñ9íÃYQ4 UE?$DMÝL?#DMU#5�P�\@?�ðiF>AE?$D]8L:�AER;Dy=GU�?�UÄß7RLAE\ ��?�A��	�Ãí�

8VFGX�í�Z0C�IÔí í0Ø@Ø@SON[:$8�AMNºR;F�4rDER;ÛLD]8VÙÄÙÄNºF@Û�ðiF>AM?$DE×æ8L:�?�U�AMRéØ�?$DE×½RLDMÙ�8V=QAM\@?$F>AEN[:$8VAENORLF2B
8V=QAM\@RLDMNºä�8�AMNºR;F2BQU�=@ßGÙ�N[UMU�NORLF2BQDM?$Ø�RLDEAENOF@Ûy8VF7X+F@?#ÛLRLAEN[8�AENORLFa5
í0=QAM\@RLDMNºä�8�AMNºR;Fé8VF7Xç8V=@AE\@?#F;AMNO:#8�AMNºR;FéN[UKXQRLF@?ÄNOFçAkÖ9R&UkAM?$ØGU#52ê~NºD]UkA�B28+SORQ:$8LS~Ý;?$DMN²ÞGÚ

:$8�AMNºR;F,NOUÆÙy8LXQ?yNOF RLD]XQ?#DKAER à F@R�Ö Nº×9AM\@?+=7U�?#D'R�Ö�FGU'8 ��?�A��	��í�
 SONO:$?$FGUE?LBaAE\@?#F 8
DE?#Ù�RLAE?"Ý;?$DMN²Þ�:$8�AMNºR;F,NOU
XQRLFG?"AERçAE?�UkA�N²×�AM\@?+=GUE?$D
NOU à F@R�Ö�F 8LU
8VF*íÃZ0C�IÔí :$SºNO?$F>A#5



Reporting logs

Licence manager

User DataBase

CASP server

NetQUAD

Interactor

Client host CASP Cluster

Parallel 

Application
Modeling

����� ¯��@¯ sTj�hklMg�e#�Mhk¶�v#jÄÀQlMhW³~l]l]j
q9lMh�� #9co^·e$j{z�}3c�n;dçmilMgk°�lMgkm

P�\@NOU
DM?$ÙÄRVAM?"ÝL?#DENºÞ7:$8VAENORLF�N[UÆØ�?$DE×½RLDMÙÄ?#X�Ö�NºAE\ ?�8L:]\,S[8�AE?#D
:$RLÙÄÙÆ=@FGNO:#8�AENORLF,ß�?�AkÖ9?$?#F
AE\@?�ðiF>AE?#DM8;:´AMRLD�8VFGXÂAE\G?'ñ9í�YQ4 UE?$DMÝL?$D]UoNºFãRLD]XQ?$D9AMRyß7?�UE=@DE?�AM\G8�A�AM\@?K=GU�?#D�\G8LU�DMNOÛL\>A
AERyÙy8 à ?�AM\@?'8LUMU�RQ:$NO8VAE?#XÂRLØ�?$D]8�AMNºR;F25
CÃFG:�?3AM\@?r=GUE?$Da\G8LUfß�?$?#F'N[XQ?$F>AENºÞG?�X�8LUa8LF�í�Z0C�IÔí :$SºNO?$F>A#B�\@?r:#8VF�UE=@ß@ÙÄN²A~N²A]U �kR;ßGU$5

P�\@?ÃðiF>AM?$D]8L:´AMRLDoAE\@?#FÂ:$RLÙÄÙÆ=@FGNO:#8�AE?�UrÖ�NºAE\ÂAE\G?'ñ9í�YQ4pU�?#DEÝ;?$D]U�AER�Ùy8 à ?�DM?$Ø�RLDEAENOF@ÛÆR;D
AER":�R;SºSO?#:�A�DE?�U�=@SºAMU#5@69RVAM\ÂR;Ø7?#DM8VAENORLFGU�:#8VFãß7?'XQR;F@?KNºF@ÚWSONºFG?�RLD�NOFÂßG8VAM:]\&ÙÄRQXQ?L5
í0F'í�Z0C�IÔí*:�SONº?#F;AÜNOUfSONOF à ?�X�AER�8�:$RLF>AED]8L:�A2Ö�\@NO:]\'UEØ�?#:�NºÞG?�X�AE\@?r:$SºNO?$F>AaSONOÙ�NºAM8VAENORLFGU

RLF DM?#UERL=@D]:�?�U�=QAMNºSONºä�8�AMNºR;F å½Û;SºR;ßG8VSOSºÕpï~F>=GÙÆß�?$D�RV×0Ø@DMRQ:�?#UMUERLD]U$BfÙy8�âQNOÙÆ=@Ù�:$Ø@=,AENOÙÄ?LB
Ù�?#ÙÄRLDMÕ+U�NOä$?;5º5O5Áè´57êGRLD�?#ÝL?$DMÕ"F@?#Ö»UE=@ß@ÙÄN[UEUENORLF2B@8ÄÝ;?$DMN²Þ7:#8�AMNºR;FÂN[U�Ø�?$DE×½RLDMÙ�?�X"AMRÄAE?�UkA0Nº×
AE\@?µ=7U�?#D2DE?�U�Ø�?#:�AMUfNºAMUÜ:�R;F;AMDM8;:´AfDM?#UERL=@D]:�?3SONºÙÄNºAM8�AMNºR;FGU#5$ð£×QN²AÜF@RVA2AM\@?r:#8LUE?LB´AM\@?µðiF>AE?#DM8;:´AER;D
NOU�NOF":]\G8LDEÛ;?oRL×�ÙÄRQXQNº×½Õ{NºF@Û'8LFGX�DE?$Ú£UE=@ß@ÙÄNºA�AMNºF@ÛKAM\@?���?�A��	�Ãí�
óDE?�<>=@?#U�AµU�RKAM\G8�ArNºAr:$8LF
U�=@NºA�AE\G?�=GU�?#D0:�R;F;AMDM8;:´A�SºNOÙÄN²A]8�AMNºR;FGU$5

�;/�� � ����@B:�� 47@�8 3 8C3 �+* � = ��< �74�
-6

P�\@?ÂDM?#UE=@SºAMU�ÛLNOÝL?#F NOF*AM\@?+×½R;SºSOR�Ö�NOF@Ûç\G8�Ý;?+ß�?$?#F�R;ßQAM8LNºF@?�X R;F�8ÔSONOF>=@â�49ñ�:$Sº=GU�AE?#D#5
P�\@?ÂÙy8LNºF*×½?#8�AM=@DM?#U
RV×0AM\@?ã:$Sº=7UkAM?$DÄF@RQXQ?#U�8VDM?+Û;NºÝ;?$F NOF A]8Vß@SO? �L5�P�\@?#UE?+FGR{X@?#UÄ8VDM?
NºF>AE?#DM:$RLF@FG?#:´AM?#XÂß{Õ+8��'J�ß +�U�Ù
Õ>DMNOF@?�A�F@?$AkÖoR;D à 5

q9w;��ÀQlMg�v$±2dfgkv��]l]mimiv#gkm �
H�vVz;l]�7q�e$��l d�l]j�hk¶�w>�»sisis9¼��0e$hk�'e$¶º¾
}3d # H��9Å 	�

��¿ �����
�9c H���l]��v#giÈ ����� H��
}3e#���>l�nV¶²ÅMl 
��������
� ­>©���� �{¯ HÄe#¶�jÄ±[l]e$hkw;gklMmrv$±fhk�>l��M�²w;m£hklMgrj>vVzLl]m

P�\@?�AE?�UkAMß7?�X'F@?$AkÖoR;D à Uf=7U�?�XKAER�8;UEUE?#UMUfAM\@?rØ�?$DE×½RLDMÙy8VFG:$?µRV×{AM\@?oØ78VD]8VSOSº?#SL8VSOÛLR;DENºAE\@Ù
8VDM?0XQ?#UM:�DMNºß�?#X�NOFÄAM8Lß@Sº?��@5LP�\@?�í����ÃAMRLØ�RLSORLÛLÕ
8VØ@Ø@DMR;8;:]\@?#U3DM?#8LS{AER;Ø7R;SºR;ÛLNO?#U3Ö�NºAE\yÝL?#DEÕ
SO8LDEÛ;?"AEDM=@F à Û;DER;=@ØGU#5~P�\@?&í��	��Ú�ñ +?��AERLØ�RLSORLÛ;Õé\78LU�ß7?#?$F�RLßQA]8VNOF@?#X ×½DER;Ù/AE\@?&í��	�
AERLØ�RLSORLÛ;Õyß{Õ+DM?#XQ=G:$NºFGÛ
AM\@?�SONºF à :$8VØ78L:�NºAENO?#U�ß{Õ+8
×æ8;:´AER;D��Q5



_2q � crq�� crq � coq ��|W} � �
q9w;��ÀQlMg3v#±fqovVz;l]m � � � ��� � �
��� �
���
q9w;��ÀQlMg3v#±2`G¶²j;ÉVm ����� � � � ����� �����
co°�lMg�e#�#l��´e#x>e#�]¶ÁhWÈ
xQlMgµ��¶�j>É � ���L¿ ��	 ��� �V¿ ��	 
����V¿ ��� �����L¿ 	 �
q9w;��ÀQlMg3v#±��>v�³µm ����� �
� ������� � � 
������ � 
���� �
b�v$h�e#��bGg�e
	���¼½_fgk�²e#j>�#m�¾ ����� �
� ������� � � 
������ � 
���� �
HÄe$¸
q9w;��ÀQlMg3v#±��ov�x>m � 	 	 	
HÄe$¸
jVw>�ÃÀQlMg�v#±��9°�lMg�����v´³µm � � � �
q9w;��ÀQlMg3v#±fsæhklMg�e$hk¶�v�j;m 
 � � 	 �
nL¶�Å]l�v$±�hk�>l�¶�j;x>w;h�
>��lK¼BH���¾ ���V¿ � 	�� � � � � � �

� ­>©���� �G¯ HÄe#¶�jÄ±[l]e$hkw;gklMmrv$±fhk�>l9hklMm£hkÀQl´z
j;lMhW³~v#gkÉVm

P�\@?yØG8VD]8VSOSO?$Sµ:�R;ÙÄØ@=QAENOF@Û&AMNºÙÄ?#U'RLßQA]8VNOF@?#XuRLFuAM\@?ySºNOF{=Qâu4�ñò:$Sº=7UkAM?$D�Ö�NºAE\�AE\G?�

AE?#U�AEß�?#X'F@?�AkÖ9RLD à U28VDM?�ÛLNOÝL?#F�NOF�ÞGÛ;=@DM? 	@5 8�Ö�\@NOSº?�AM\@?o:$RLDMDE?�U�Ø�RLF7XQNºFGÛ9Ø78VD]8VSOSº?#SLU�Ø�?$?�XQ=@ØGU
8VDM?KUE\@R�Ö�FÂNºFãÞGÛ;=@DE? 	G5 ß25

¼½e�¾ ¼áÀ{¾

����� ¯
�@¯�� b�c!H��Mv���x>wLhk¶�j>�Ãhk¶���l]mµe$j{zÆx{e$g�e$���²lM��mixQl]l´zLw>x;m]¿

P�\@?
ß�?#U�A'U�Ø�?$?�XQ=@ØGU�8LDE?
RLßQA]8VNOF@?#XÔ×½RLD�AE\G?�S[8VDMÛL?�U�NOä$?�F@?$AkÖoR;D à U�í����ã8LFGXçí�����Ú
ñ +?�Q5;ê@RLDµAE\@?�í�����Úkñ +���AERLØ�RLSORLÛ;ÕLB�AM\@?Ã:$RLÙÄØ@=QAMNºFGÛKAENOÙ�?�×æ8VSOSOUµ×½DER;Ù � 	 '�UE?#:�R;FGX@U�R;F��
Ø@DERQ:$?#UMU�R;D�AER�R;F@SOÕ � �{5 (�U�?�:�RLF7X@UfRLF��0Ø@DERQ:$?#UMU�R;DMU#5��0R�Ö9?$Ý;?$D�B�Ö�\@?$FKAM\@?rð)+;C,ØGDERQ:�?�UEUENOF@Û
AENOÙ�?�N[U08ÄUENºÛ;F@N²Þ�:$8VF>A�ØG8LD�A�RV×ÜAE\@?':$RLÙÄØ@=QAMNºFGÛÄAENOÙ�?;B@Ö9RLD]UkA�U�Ø�?$?�XQ=@ØGU�8VDM?�R;ßQAM8LNºFG?#Xf5

� �éÏoÌ�Ò0&�Ñ�+{ÓkÏrÌ

P�\@?0íÃYQ4�ÙÄRQXQ?#SGXQ?$Ý;?$SORLØ�?#X�NOF
AM\@?Ãñ9íÃY@4�Ø@DER��k?#:�A3Ö�NOSOS@DE?�U�Ø�RLF7XÆAMRKNºFGX@=GUkAMDEN[8VSGF@?$?�X@U$5
IÔ8VF{Õ"\@NOÛL\&Ø�?$DE×½RLDMÙy8VFG:$?'8VØ@Ø@SON[:$8�AMNºR;FÂÖ�NOSOS2=GUE?�DE?#Ù�RLAE?�ðiF>AE?#DEFG?�A�UE?$DMÝ>N[:�?�U�RLF&:�SO=GU�AE?$D
Ö�N²AM\uí�YQ4352P�\@?ÄðiF>AE?$DMF@?$AKØ�RLDEAM8LS�ÛL=G8LDM8LF>AE?$?�U�UE?#:$=@DENºAkÕÔ8VF7XÔAMDM8LFGU�Ø78VDM?$FG:$ÕÂAMR&NºFGX@=GUkÚ
AEDMNO8LSµ:�=GU�AER;Ù�?#DMU#5fP�\@?y:�SONº?#F>AKØ78VDEAKN[UKØ�RLDEAM8VßGSº?�å½=7U�?ÄRV×�H;8�Ý�8 ��NOD�AM=G8VSµIç8L:]\@NOF@?�è�8LFGX



AE\@?'íÃ4µðo8LSºSOR�Ö0U9AERy:$RLF{ÝL?#D�A�XQNºë�?#DE?#F;A�8LØ@Ø@SONO:#8�AMNºR;FGU9AER�AE\G?'íÃYQ4·ÙÄRQXQ?$SW5

P�\@?�íÃYQ4�:�R;FG:�?#ØQA"XQ?$Ý;?$SORLØ�?#X�Ö�N²AM\@NºF�AE\G?Ôñ9í�YQ4�Ø@DMR?�k?#:�A�\78LUÄß�?$?$FpÝ�8VSONOXG8�AE?�X
=GU�NOF@Û�AE\G? �0?�A��	��í�
 AE?#Sº?�:�RLÙÄÙ
=@F@N[:$8�AMNºR;FÂÙÄRQXQ?#SºNOF@ÛyU�RL×áAkÖ98LDE?;BQ8VFãNºFGX@=GUkAMDEN[8VS28LØ@Ø@SON²Ú
:$8�AMNºR;Fç=GUE?#Xçß{ÕãÙy8LF>Õ�R;Ø7?#DM8VAER;DMUÃ8VFGXçÙÄ8LF{=Q×æ8L:�AE=@DM?$D]U�8LDER;=@FGX&AM\@?ÄÖoR;DES[Xf5�P�\@?
FG?$Ö
�0?�A��	��í�
 ØG8VD]8VSOSO?$S3Ø@SO=@ÛVÚ£NºF�UEØ7?�:�NºÞ7:$8LSºSOÕçXQ?#ÝL?$SORLØ�?#Xç×½RLD�í�YQ4 ?�âQ?#:$=QAENORLFéRLF�:�SO=GU�AE?$D
XQ?$ÙÄRLF7UkAMDM8VAE?#U0AE\@?
Ø7R�Ö9?$DÃRV×�AM\@NOU�:�R;FG:�?#ØQA#5�í�U�:$8LFÔß�?
UE?$?$FÔ×½DER;Ù AM\@?
?$âQØ7?#DENOÙÄ?$F>AM8LS
DE?�U�=@SºAMU#B@UE=G:]\�8VFG8LSºÕ>AEN[:KU�NOÙÆ=GSO8VAENORLFGU�8LDE?K?�ì":$Nº?#F;AMSºÕÂØG8VD]8VSOSO?$SONºä#?#X"R;F�:�SO=GUkAM?$D]U�8VFGXã:$8LF
8VS[U�RyUE=@Ø@Ø�RLDEA�DM?$ÙÄRLAE?K?�âQ?#:$=QAENORLFãß{Õ+=GUENOF@ÛÄNºF@ØG=QA�8VFGXãR;=QAEØ@=@A�ÞGSº?�U$5

�0?$Ö·DM?#UE?#8LDM:]\@?�U38VDM?�=@FGXQ?#D�A]8 à ?#FÄNºFyR;DMXQ?#D�AER'UE=@Ø@ØGSºÕÄU�?#ÝL?#DM8LSQÛLD]8LXQ?�U�RV×fU�?#DEÝ{N[:�?�AMR
8VØ@Ø@SON[:$8�AMNºR;FGU0DM=@F@FGNºF@Û+RLF&AE\G?ÆØG8LDM8LSºSO?$S~:�SO=GUkAM?$D�8L:$:$RLD]XQNOF@ÛÄAER+:$RLF>AED]8L:�AMU�ß�?�AkÖ9?$?#F�AE\G?
:�=GU�AER;Ù�?#DMU�8LFGX+AE\@?�Ø@DMR�Ý{NOX@?$D�5

� $���$aÎ $aÌ�Ò5$'+

�#¿���hihkx7� ��� ³�³�³�¿ e#j;¶�hkl#¿ �Mv��
��¿���hihkx7� ��� ³�³�³�¿ z;l]�Áh�eV¿ ±ºg
�V¿0nVw>jytogk¶²zÄ_2j>�#¶�j>l�¿a��hihkx7� ��� ³�³�³�¿ �#gk¶²z;l]j;��¶�j>l#¿ miw;j>miv#w;gk�]l�¿ j;lMh
	L¿ �0e�gk�0}~Å´e�G£É�v´³µmiÉV¶á�µs£e#j �;v�m£hklMg´��qo¶��EÉ �0e$gkv#j>¶�m]�r}3e$gk� ��lMmimil]���'e#j e#j>z,nVhkw>e$gih�HÄe$gihk¶�j7¿

�����	�	
��
�����������������	���	�����������
� �!���"�#�
���%$"
��&�'�	�(�)��
��%*��+�#�,�
�-��./���!�	�0�"1 dfgkv��]l]l´zL¶²j;��m 	$hk�
³~v#gkÉVmi�>v#x�v�j ! v#ÀÔnL���>l]z;w>��¶�j>�ynVhig�e$hklM��¶�l]m0±[v#gÃdfe�g�e#����l]�µd2gkv��Ml]mimi¶�j>�;� x;x ����| � �ynLx;gk¶�j;��lMgi|
� lMgk�²e#��`Gq�}�n � 	�

�L� ����� �L¿


�¿�b9¿AH�v�j�hkl]¶��á� ! ¿ HÂ¿�t�e�gk�]¶²e32 ����45��6 67
8�����#�9
��':;�#�����!�9���(�	��
��=<>
���4/���(���#�9
��;��?@��� ����AB��
8���	���	
��
C 
8�ED�AB����D��9�"�#�9
/�F1 da^�dÜb�c � ���>sTjVhklEgkj{e$hk¶�v#j{e#��}~v�jL±[lMgklMj>�]l0v�j�dfe$g�e$�²��l]��e#j{zÆ^�¶�m£higk¶�À>w;hkl]z
dfgkv��]l]mimi¶�j>�Æb�lM�E�;j>¶HG�w>l]mµe$j{z�crx>x;�²¶��´e�hk¶�v�j>m]�>x>xG¿ 	 ����| 	��
�#�@`�e$m � l]��e#m�#�nLc�� ����� �

�V¿���hihkx7� ��� ³�³�³�¿ �#gk¶²zL±Ov#gkw;�Ä¿ v$gk�
��¿���hihkx7� ��� ³�³�³�¿ e#��¶�j>É#eL¿ �]v#�
�V¿0t�e�gk�]¶²e ! ¿5HÂ¿²��`7lKt�e#���Ü�~¿7lEh �~lMgkjVw>mimiv#w ! ¿ �I�'
8D)�"6�$�
/�0�!�"6H�!*;�;
/�F�����	�#JK
���4/�'����DL� �#�

�
�"�M$�
��N��
��
�#� �
�O
	*P�#� �&�HQ8���#�9
��R*P�
�!*+
/���	� �@j;lM³µÀ>��v���É
sW_Ü_a_ ! v#w;gkj{e$��v#jÄmil]��l]�Mhkl´zye�gkl´e#mo¶�j
�]v#����w;j>¶��´e$hk¶�v#j7��nLxQl]�M¶ºe$�~¶�mimiw>l'v#j&�]v����Ãw>j;¶²�]e$hk¶�v�jÂj>lMhT³3v#gkÉ+xQlMgi±Ov#gk�'e#j;�]l�l]°#e#��w{e�hk¶�v�j7�
� v��á¿ 	;�;q9v �V�>mil]xLhkl]��ÀQlEg ��� ���L¿

�V¿0t�e�gk�]¶²e ! ¿ HÂ¿ AB��
)S�6 �'�	�'6 � �T67�>��
8DE6 � �	���#�9
/�UD��V�#����WX�O�	��6�Y �)�����	�0�,�F�	���	�;�ZD)�	�'�	*)*;�"6 �
D)�/���R�+�[���������[�96 *;�;
/���9\"��� ¿çb3�>mil
z;l
z;v��Ehkv#g�e$h´� #oj>¶�°�lMgkmi¶Áh�dfe$w>��mke$À{e$hk¶�lMgÄ¼½b�v�w;�²v#w>mil�¾E�
� � � �V¿

� �L¿�H�¶�m£g�e ! ¿F] � ���#���9S"�
�!��D ] � �	�"���	�!�"^ _B`��	���a:��,�0�+67���#�9
���1 cr} Hò}~v���x>wLhk¶�j>�0nVw;gk°�lMÈLm]� � v��á¿ � �L�
b>c �#� � � ���V¿

����¿ ! H t�e$gk�]¶²eV��^�¿7t�e$w>���{e�g�zG� �Ã¿ �Ügkw>jG�Gd�¿ �3e#�8G�w;lMh´� ! ¿�nLlM¸Vhkv#jÂe$j{z+_µ¿G`7e]³µ�²lMmim]¿�d 
8D�^
6 � �	���#�#
�� ] � ef���	���#�(�"6 6H�'�	�f:;� �0�+67���#�9
/�hg%.)S"���9D�� ] �,���#���9S"��� �0�rmil´e#wL¸ylMh�n�È;m£hk��lMmo�rx{e�gihk¶²m]�
� v���w>��l�� �L�;q9v �L� ��� �
��¿

� �V¿�t�e�gk�]¶²e ! ¿ HÂ¿ �i���	Jj�	*E*P��
8�)���0$"
����/���E6 ./�#�9���E6k�'
8D��"6,6 � �
�>
l$�*+�)��4)�	�f��J��,�(������D>�!�"6H����
��0^
�&�+�;�9�����#�9
��-���	�#JM
/��4/� ¿a`7c9c9nÆ�rl]mil´e$gk�����rl]xQv$gih%b c ����	�	��L� ����� �L¿

� �L¿��rv�ÀQlEgihkm]� ! ¿>lMhoe#��_ÜzLmLm ��
8�)D)S����PD�no�	�#JM
/��4 2 �"6H�	�#����Wp�"qarK� �P�E6�sf�!*+
����5
�$��5�"�#�9
/�pt�
����
uwv+u ¿~nLx;gk¶�j;��lMg �~lMgk��¶�j7� �������L¿

� 	;¿0b�e#É#e#�]m]�>`a¿Bx ���#��
8D��;�"�#�9
��h�(
��,�;� 2 ����
���.O
�$�yB���	�P�	� ¿ �o¸V±[v#g�z #9j;¶²°�lMgkmi¶ÁhWÈ
d2gklMmim]� ��������¿


