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Processor Packet Interface

I/O DMA Engine

Net DMA Engines

Memory Interface

SRAM Host I/O bus

Myrinet Interface

PCI bridge

��=JbqRTGND ¹ sn��B�}jmqRTZHmO]lB�<�}(GI=JLTD�ZlLTD�Zrcnm�GIf~=JL-ZND�G[]:B�>�D�>�B"GAM ¾ � Y º ¿ s

¦n@VDd� Y º+�TGNm(>�D"WIWrmqG�>eBOL�GND"BqM�BOLCM�c�GI=JZID�MTBOZPBUM(=\GID�>�ZIEJ}UZNmUZN@TD���`%�áB"LCM�>�B"L��TGNmqb�GABOS¨ZN@TD
LTD�Z�v%<�`%W�ZNm�M-mªW[mVs���m�G�GPB�c1MTBOZPBaZIGPBOLCW�]�D�G�ZI@TDlLTD�Z�v%<�`1=?W.S~mqGNDuD�â�>�=\D�L(Z�sà`xZ.ZN@TD�WNBOS~D�ZI=JS~D
ZI@VD Y Ä�¸ßvª<�`á>�B"L¥ZNGABOL�Wz]�D�G�MVBOZABU]�GNmqS´m�G%ZIm�ZN@TD�@TmjWrZ�s�¦n@T=?WHbq=\ijD�WxS�B"©-=JSURVSÞ�CD�Gr]�mqGIS�BOLC>�D
M-RTD�ZIm4�T=\�CD�EJ=\LT=JLTbTs�¸�]l>�m�RTGAWrDdS~D"WNWIB"bqD�@TD"B�M-D�GAWHBOL�M�BqM(S~=\LT=�W[ZNGABOZN=\m�L§c�=JE\E.KCDd@�BOLCM-EJD"M§K(}~ZN@TD
� Y º��TGNm(>�D"WNW[mqG³BOLCM�ZN@TD�@TmjWrZ%�TGNm(>�D"WIWrmqGes�¦°m�WrRT�T�CmqGNZ�ZI@T=�W�gCZI@TD�GNDd=�WaB"LpBqMTM-=JZI=JmqLCB"E�>_@VD">_fVW[RVS
S~D">A@CB"LT=?WrSÞ=JLC>�mqGN�CmqGAB"ZID"M�=\L(ZIm4ZI@VDdLTD�Z³v%<�`%W�sªh%W[R�BOE\EJ}~ZI@VD4� Y º��TGIm(>$D"WIWrmqG�M-mjD�W³LVmqZ%ZNmqRC>A@
S~m«W[Zn��BOGIZPWxm"]�ZI@VD�S|D"WIWNBObqD�W�s



Ò

É��ãÉ��4�dä�Ø�Ê�Ø-åeå�Ô-æ�Ø�çlÔqè�ØjÕ(�
¦n@VDdS�B"=\L~=�M-D"B�=?W�ZIm4fjD�D���ZI@TD�@CBOGPM-c�B"GID�]:BqW[Zeg.>A@TD"BO��B"LCM§ÃCD�©(=\KTEJDjsl¦n@TDdS~D�WIWIB"bqD��TGNmqZIm(>$mqE

RCWrRCBOEJE\}4=?Wu@CBOL�M-E\D"M4K-}|B³]�GND�D�E\}��VGImqb�GAB"S~S�BOKVE\DHÚ Y �Vº1�TGIm(>�D�WIW[m�G�mqL~ZN@TD�� Y ºHs(¦n@(RCW�g(ZI@TD�GND�BOGND
S�B"L-}|M-=²��D�GND�L(Z��TGIm�ZIm(>�m�E?W%B�i�BO=JE?BOKVE\D�BOLCM�RTLCM-DeG%M-DeijD�E\m��TS~D�L(Z�s�h%WrRCBOEJE\}~=JL�>$mqLTLTD�>�ZI=JmqL�c�=JZI@�B
W[�CD">$=²»�>��TGIm�ZIm(>�m�E�gum�LTD~c�GI=JZID"W�B�W[mO]�ZrcBOGID|M-GN=\ijD�G%]�mqG�ZI@TD|� Y º7�VGIm(>�D"WNW[m�G�g�B�M(D�i-=�>�D4M-GN=\ijD�G%=JL
ZI@VD�@TmjWrZ�m��CD�GAB"ZI=\LVb�W[}VW[ZND�S�g�BOLCMpBOL�BO�V�TE\=�>�BOZN=\mqL�=JL-ZND�G[]:B�>�D ¾ `%� YI¿ ]�mqG�<�}(GI=\LVD�Z%>$mqS~�CmqLVD�L-ZPW�s
¦aºl�nÄ Y �pM-GI=JijD�GAW.B"LCM�W[D�ijDeGABOEjLVmqL-wzW[ZPBOLCMTB"GAM�S~D"WNWIBOb�Dn�CB�WIWr=\LTb%�VGImqZNm(>�mqE�W°]�mqG¬<�}-GN=\LTD�Z�B"GIDB�i�B"=\E²w
BOKVE\Djsl¦n@TD�GNDdD�ijD�L|@CB�ijD�KCD�DeL�BOZNZID�S|�TZAWnZNmUGNRTL�B"L�`�¦�<'B�MTBO�VZABOZN=\m�L�E?B�}jD�G�mqL�ZI@TD���`%��gCBOLCM
ZI@VD�GID�D�©(=?WrZni(=\GIZNRCBOE�Wr@CBOGND"M~S~D�S~m�GI}�=JS~�TE\DeSUD$L-ZPBOZN=\mqL�W�s

<�D�WIWIB"bqD"W|>�BOL�KCDpmO]BOGNKT=\ZNGABOGN}�EJD�LTbqZN@.gHM-D�»CLVD"M�K-}1ZN@TDpW[m"]�Z[cBOGND��TGIm�ZIm(>�m�E�=JL�RCWrDjsÍ¦n@TD
ZIm��CmqE\m�bq}�m"]dZN@TD�LVD�ZrcnmqGNf�=�WU>�m�S~�TEJD�ZID�EJ}�B"GIKT=JZIGPBOGI}«s7Ú�mqRTZN=\LTb1=\L(]�mqGIS�BOZI=JmqL1=?W4�TRTZ~=JL-ZNm¥ZN@TD
@TD"B�M-D�Gum"]àB³S|D"WIWNBObqDlK-}�ZI@TDHWrD�LCM-DeG�gjWrD�Dn»CbqRVGIDH{-s�¦n@TDªW[c�=\ZP>_@VD"W°=JS~�TEJD�SUDeL-Z�@CBOGPM-c�B"GID�GIm�RTZI=JLTb
c�=\ZN@d@TD�BqM-D�G�M(D�E\D�ZN=\m�L.s�`�W[c�=JZA>A@�=\L(ZID�GN�TGID�ZPW�ZI@TDu»CGPW[Z�K-}(ZID�m"]�GNmqRTZN=\LTbH=\L(]�mqGIS�BOZI=JmqL�BOL�M�GIDeS~m"ijD"W
ZI@V=?W%K-}(ZIDd]�GNmqSéZN@TDUS|D"WIWNBObqD«sU`ÙW[RVKCW[D"®jRTD�L(Z�Wrc�=\ZA>A@pc�=\E\E�ZI@TD�LpGID�BqM�ZI@TD4LTD�©(Z�GImqRVZI=\LVb§K(}(ZIDjs
`�Z;ZN@TDHZABO=JECmO]�B�S|D"WIWNBObqD�ZN@TD�GNDa=�W;B�>_@VD">_fVW[RVS�gOc�@V=?>A@U=�W;>A@TD">AfjD"M�BOLCMURV��MVBOZID�M~BORTZNmqS�B"ZI=�>�BOEJE\}
K(}~D"Bq>A@�Wrc�=\ZA>A@.s

��E\m"cß>�m�L-ZNGIm�E;=�W%=\S~�TEJD�S4D�LjZID"M~=JL¥@CB"GAM-cBOGNDU]�mqG�D"Bq>A@¥EJ=\LTf�=\L�B§EJD"BOf(}�KTR�>_fjD�ZªS�BOLTLVD�G�s Y L
>�B�W[DdZN@TDdS|D"WIWNBObqD�GNmqRTZND�M-D�ZND�GIS|=\LTD"M�K(}§ZN@TD�S~D"WNWIBOb�D�@TD"BqM(D�Ga=�Wx=JL�RCWrD�BOE\GND"BqM(}jg6ZN@TDdS|D"WIWNBObqD
=?W4W[ZPBOEJE\D"M�K(}�ZI@TD~ÃCm"c¨>$mqL(ZIGIm�EaS|D">_@�BOLT=�W[S�sp¦n@TD�GND�=�WdLTm¥LVD�D"M�]�m�GUKVR-��D�GAW�ZIm�W[ZNmqGID�c�@TmqEJD
S~D"WNWIB"bqD"Wn=JL~ZI@TD�Wrc�=\ZA>A@TD"W$gTB�WxclmqRTE�M�KCD%]�mqGHWrZIm�GID�wzBOLCMjw ]�m�GIc�B"GAM��TGNmqZNm(>�mqE�W�sl<�D"WIWNBObqD�WaB"GID�BOE�W[m
W[ZPBOEJE\D"M6Ä�WrE\m"cnD�M§M(mOc�L�=²]�EJmOclD�GHW[�CD�D�M ¾ mqE�M-D�G ¿ EJ=\LTfVWnB"GID�RCW[D"M�s

routing header 0

routing header 1

routing header 2

arbitrary length
payloadê

trailing checksum

��=JbqRTGNDd{(sn�jZIGNRC>�ZNRTGID�mO];B�<�}-GN=\LTD�Zl�CBq>AfjD�Zlc�@T=?>A@�=?Wnbqm�=\LTb4ZIm4�CB�WIWH{UWrc�=\ZA>A@TD"W$s

hH�dZIm�LTm"c1ZI@VD�GID�=�W°LTm�WrZABOL�MTBOGPM0LTDeZ[clmqGNfdD"®jRT=\�VS~D�L(Z�g�WrRC>A@4BqWuGIm�RTZID�GPW�mqG�KTGI=�M-bqD"W$g(B�i�B"=\E?B"KTE\D
ZImp>$mqLTLTD�>�Z�<�}(GI=JLTD�Z�ZIm�m�ZI@TD�G�Zr}-�CD"W�mO]ªLTD�Zrcnm�GIfVW�s�±am"clD�ijD�G�g.clmqGIfVW[ZPBOZN=\mqL�WU>�B"L�KCD�RCW[D"M�BqW
GIm�RTZIDeGAW�g.�CB�WIWr=\LTb¤BOE\m�LTb�¦aºl�nÄ Y �7ZIGAB�â�>dZNm�B�<�}(GI=\LVD�Z�s��TRTGIZN@TD�GIS|mqGID«g6ZN@TD�GID4B"GID4�TGIm�ÑID">�ZAWHZIm
W[�CD">$=²]�}4op`%��>�mqLTLVD">�ZI=JmqLCWnKCD�ZrclD�D�L�M-=���D�GID�L(Z�<�}(GI=JLTD�ZPW À º��.�(È Á¼Å Â�s



y

É��\ë.�4��×�ìTíIî�Øjï�Ø¼îHÊ�ð.î?ñ�ò�ójìCô�õ�ð°ñ"ØjÕ(�
<�}(GI=JLTD�Zl=?W�=\L(ZID�LCM(D"M~BqW�E\m(>eBOE�BOGID�B0LTDeZ[clmqGNf~mqGªW[}VW[ZND�S¨BOGND"B�LTD�Zrcnm�GIfU]�m�GaZN@TD�>�m�LCW[ZNGIRC>$ZI=\m�L

mO]à�CBOGPBOEJE\D�EC>$mqS~�TRVZID�GPW�KCBqWrD"M�mqL~S~D�WIWIB"bqD��CB�WIWr=\LTbVs�¦n@TDaGND"W[RVE\ZI=JLTb%�CB"GAB"E\E\DeEC>�mqS|�TRTZIDeGu=?WuB�ZrcnmOw
E\DeijD�E.Wr}TWrZID�S�¯l¦n@TD4� Y ºlWH>�BOL�KCD��TGIm�bqGAB"S~S~D"M~ZNm~=\S~�VE\D�S4D�L(ZnZN@TDdS|D"WIWNBObqD��CBqWNW[=JLTb~�TGNmqZIm(>$mqE
BOL�M§�CD�G[]�m�GIS¨ZI@VD�MTB"ZAB�ZIGAB"LCWz]�DeGAW�gCc�@T=JE\D�ZI@TD�clmqGIfVW[ZPBOZN=\mqL�W%W[D�GNijD�BqWH>�mqS~�VRTZID%LVm(M-D"W%B"ZIZAB�>_@VD"M
ZIm4ZI@VDd� Y ºHgVW[D�D%»Cb�RTGID Ò s

memory

CPU

NIC

memory

CPU

NIC

memory

CPU

NIC

memory

CPU

NIC

network

��=JbqRTGND Ò sn�jZIGNRC>�ZNRTGID�mO];BdZ[clmOw:E\D�ijDeE�S4RTE\ZN=?>�m�SU�TRVZID�Ges

¦n@VD�GIDHB"GIDHSURTEJZI=�>�mqS4�TRTZND�GAWCKTRT=\E�MdmO]°<�}-GN=\LTD�Z�>�m�S~�CmqLTD�L(ZAW�c�=\ZI@|M-=���DeGID�L(Z�f(=\L�MTWumO]�>$mqS~�TRVZ[w
=\LVbULTm(M(D"W�s�º�mqS~�TRVZI=\LVbULTm(M(D"W%>�B"L�KCD�Wr=\bqL�BOEu�TGNm(>�D"WNW[mqGPW�g.���Fª`%W ¾ D«sÜbTsn]�m�Ga�CB"ZIZND�GIL�GND">�mqb�LT=²w
ZI=JmqL ¿ g-ö�<���W[=\LVbqE\DªK6m«BOGPM§>$mqS~�TRVZID�GPW�g(�nºlW�BOLCMUclmqGNfTWrZABOZN=\m�LCW�sl¦n@TD�WrZIGAB"ZID�b�}U=�W;ZNm4>�mqS4KT=\LVD�B
@T=Jbq@~�CD�Gr]�mqGIS�BOLC>�DHLTD�ZrclmqGIf�K(}4mqLTD%ijDeLCM-mqG�c�=JZI@~@T=Jbq@~�CD�Gr]�mqGNS�BOLC>$Da�TGNm(>�D"WNW[mqGPWnK-}�m�ZI@TDeGnijD�L-w
M-m�GAW�g�c�@T=?>A@pW[RV=\Z%ZN@TD~B"�T�TEJ=?>�B"ZI=\m�LCW%KCD"W[Zes Y LCWrZID"B�M
m"]HM-DeijD�E\m��T=\LTb4KCmqZN@1>�mqS|�6m�LTD�L(ZAW%B"Z�mqLC>�D«g
mqLVDH>�BOL��CBOGNZI=?>$=\�CB"ZIDn=JL�ZI@TDBqM-i�B"LC>�D"W�m"]��TGIm(>�D�WIW[=JLTb%ZND">_@VLTmqEJmqbq}�B"LCMdmO]�LTD�ZrclmqGIf(=\LVbaZND">_@VLTmqEJmqbq}
=\L�M-D��CD�LCM-DeL-ZNE\}js.hªW[=\LVb%S�BqWNWzw:�TGIm(M(RC>�D"M�>�m�S~�CmqLTDeL-ZPW°b�=\ijD"W.ZI@TD�KCD"WrZum"ijD�GAB"E\E(�TGI=�>�D�w:�CD�G[]�m�GIS�B"LC>�D
GAB"ZI=JmTs
É��\÷.�4ø%Õ�ì�æCÕ�ÔTô�ôpò�ù°æ1Ê�ì.Ö�Ø¼î�å��

�«mO]�Zrc�B"GID�=?WuZN@TD�fjD�}�ZIm�D�â�>�=\DeLC>�}�>�mqS4KT=JLT=\LTbHB%@T=Jbq@4�CD�G[]�m�GIS�B"LC>�D�LTD�ZrclmqGIf�c�=JZI@4@T=\b�@~Wr�6DeD"M
>�m�S~�TRTZN=\LTblLTm(M-D"W$s Y L%]�mqGIS|D�GCZI=\S|D"WTmO]��¬ZN@TD�GNLTD�Z�g�=JZ.M-=�M%LTmqZ.GND"BOEJE\}HS�BOZNZID�Geg�@Tm"cpmO]�ZIDeL�S|D"WIWNBObqD�W
@CB�M�ZNm�KCD�>$mq�T=JD"M¥K(}¥ZN@TD~�TGNm(>�D"WIWrmqG�]�GIm�SúWrmqRTGP>�D�ZImpM-D"WrZI=JLCBOZN=\mqLàs¥±ªBOGAM(c�BOGND�GID"®jRT=\GND�S~D�L(ZAW
]�mqG>�mqS|�TRTZIDeG Y Äq¸ÙKTRCW��6DeG[]�mqGNS�BOL�>�D�cnD�GNDULVmqZdZN@CBOZW[ZNGI=?>$Z�s�±am"cnDeijD�G�g.c�=\ZN@¥ZN@TD|BqM-i�BOL�>�D~mO]
bq=JbjB"KT=\Z��CD�GªW[D">$mqLCM~LTD�ZrclmqGIf|W[�CD�D�MTW�gCc�@T=?>A@~=�WnZIm4W[m�S~D%D�©(ZIDeL-Z>�mqS~��BOGAB"KTE\DªZIm4S�BO=JL~S~D�S~m�GI}
KCB"LCM-c�=?M(ZI@.g(W[R�>_@|>�mqL�W[=?M(D�GAB"ZI=\m�LCW�BOGNDa=JS~�CmqGIZPBOL(Z�s�±aD�L�>�DHW[m�S~D�WrmO]�Zrc�B"GIDªW[ZAB"LCMTB"GAMTW�B"LCM0E�B�}jD�GAW
KCD">�m�S~D�=JLTD�â�>�=\D�L(Z4M-RTD�ZNm1ZI@TDpM-DeS�BOLCMVW0]�mqG�@T=Jbq@��CD�G[]�m�GIS�B"LC>�Djsß�jm�S~D¥�C=JL-RT©µ�nºÐKCB�W[D"M
=\S|�TE\D�S4D�L(ZAB"ZI=�mqLCW�mO]LTD�c¨�TGNmqZIm(>$mqE?W�cnD�GND�=\LCM(D�D"M�BOKVE\D�ZIm+M-DeS~mqLCWrZIGPBOZID�m"ijD�G ��½q½�½ <�KT=JZ�Ä�W
W[R�W[ZAB"=\LTD�M§KCB"LCM-c�=?M(ZI@�BOLCM�E?B"ZID�LC>$=\D"W�K6DeE\m"c�yOûàWxm�L�<�}(GI=JLTD�Z À ��¦ Á¼Å Â:s

�TRTGNZI@TDeGIS~m�GID%=JZ�=?WnD"WNW[D�L(ZI=�BOE.ZIm��VGIm"i-=�M-D�D�â�>�=\D�L(Z�WrZAB"LCMTBOGPM§=JL-ZND�G[]:B�>�D"WnE\=JfjD�<�� Y =JL§m�GAM-DeG�ZIm
GID$w�RCWrD%>$m(M-D%B"LCM�ZIm��CmqGIZ>�m(M-D�]�GIm�SßmqLTDH�TE?B"Z[]�m�GISáZNm�BOLTm�ZI@TD�Ges�¦n@-R�W�g-clD�LTD�D"MdD$â�>�=JD�L(Z�=JS~�TE\D$w
S~D�L(ZAB"ZI=JmqLCW�mO]lS~D"WNWIB"bqD��CB�WIW[=JLTb�E\=JKTGAB"GI=\D�W�gCc�@T=\EJD�W[m�S~Ddm"]�ZN@TD4W[m"]�Z[cBOGND�E?B�}jD�GAW�ZIm|=\S~�TEJD�S4D�L-Z
ZI@VD�SÐKCD">�m�S~Dam�KCW[m�E\D�ZNDjs



t

É��\÷.���C�UÊ�Ø(å�å�Ô-æ�ØjíAøHÔTå�å�ò�ù.æ+ü~ø���å��
¦n@VD�GID�B"GID�S�B"L-}�D���m�GIZAW�ZIm4M(D�ijD�E\m��~S~D"WNWIB"bqD%�CB�WIWr=\LTb�EJ=\KTGPBOGI=JD"W¬]�m�G�ZI@TD�<�}(GI=JLTD�Z�s�¦n@TD�m�GI=\b"w

=\L�BOE.�TGNmqbqGPBOS~S|=\LTb�=\L(ZID�Gr]:Bq>�D�M-D"Wr=\b�LTD"MU]�mqGHZI@TD�<�}(GI=JLTD�Z�=?WnZN@TD�`%� Y K(}�<�}(GI=?>$mqS À <�}-G Á t�Â�s Y Z
�TGNmOi(=?M(D"WuB%S~D"WNWIBOb�Dn�CB�WIWr=\LTbW[D�S�B"L-ZN=?>�]�mqGlWr=\LTb�E\D��CB�>_fjD�Z�S~D"WNWIB"bqD"W�RV��ZIm�B%S�BO©(=\S�RTSýZIGAB"LCWz]�DeG
RTLT=JZ ¾ <�¦�h ¿ mO]xÏ � { ¹ K(}-ZND"W�s|Úxm�RTZI=JLTb�=�W�M(mqLTD4K-}�ZN@TD|� Y º7�TGNm(>�D"WIWrmqGPW�guc�@T=�>_@pM-}(LCB"S~=?>�B"E\EJ}
M-D�ZND�GIS|=\LTD�ZI@TD4LTD�Zrcnm�GIf�ZNmq�CmqEJmqbq}«s�¦n@TD�`%� Y WrRT�T�CmqGNZAW�B�W[}(LC>_@VGImqLVmqRCW�>�mqS~S4RTLT=�>�BOZN=\m�L�c�=\ZN@
B�E\=JS~=\ZND"M�BOS|mqRTL(Zdm"]%KTR(��DeGI=\LVbTs�¦n@VD~GID">$D�=\i(=\LTb��TGNm(>�D"WNW0@CB�WdZIm��TGNm"i-=�M-D~D�LTm�RTbq@µBOLCM�E�BOGIb�D
D�LTm�RTbq@�D�S~�TZr}�GID">$D�=\i(=\LTb4KTR-��D�GPW�=JLpBqM-i�BOL�>�Djg�c�@V=?>A@pBOGID4GIDeZIRTGNLTD"M�»CE\EJD"M�=\LpZI@TD|>�B�W[D4mO]HB"L-}
S~D"WNWIB"bqDnGND">�D�=JijD"M�s Y ]�ZI@VD�GIDBOGID�LVm�GND">�D�=JijDuKTR-��D�GPWuE\D�]�Z�mqG�B%KTR(��DeGu=?W�ZNmjm�W[@Tm�GIZ�gj=JLC>�mqS|=\LTb�S~D�Wzw
WIB"bqD"WªBOGIDM-=?WN>�BOGPM-D"M�sH±aDeLC>�D�ZI@TD��TGIm�ZIm(>�m�Eu=?W�LTm�Z%GID�EJ=?B"KTE\D�=\L¤>�BqWrDdm"]�m"ijD�G[ÃCm"c�sH�TRTGIZN@TD�GNS~mqGNDjg
ZI@VD�KVR-��D�GaS|D�S~mqGN}�@CBqW�ZIm4KCD�>�m�L-ZN=\b�RTmqRCW$g6LVmqL-wzW[cBO�T�CB"KTE\D�S|D�S~mqGN}�B"E\E\m(>eBOZID�M§K(}~ZI@TD�fjD�GNLTD�E
]�mqG�=JS~�TE\DeSUD$L-ZPBOZN=\mqL�GND"BqWrmqLCW$s�¦n@TDHBOS~m�RTL(ZumO]àZI@T=�W�S~D�S~m�GI}H=?W�ijDeGI}�E\=JS~=\ZND"M�s.¦n@TDeGIDn=�W�W[RT�T�Cm�GIZ
]�mqGªWI>eBOZIZND�GHBOL�M§bjB"ZI@TDeG%mq�CD�GPBOZI=JmqLCW$s��TRTGIZN@TD�GNS~mqGND%ZI@TDeGID�BOGND�LVmUm��6DeGABOZN=\LTb�W[}VW[ZIDeS ¾ ¸�� ¿ >�B"E\E�W
=\L(ijmqEJijD"M�M-RTGN=\LTbp>$mqS~S4RTLT=�>�BOZN=\mqLàg�c�@T=?>A@1>�m�RTE?M1WrE\m"cÙM-m"c�L�ZN@TD~�TGNmqZIm(>$mqE�s�¦n@TD�`%� Y BOE\EJm"cHW
>�m�S~�TE\DeZID%RCWrD�GªBq>�>�D�WIWHBOLCM�>�m�L-ZNGIm�E�m"]�ZI@TD�@CBOGPM-c�B"GIDjsª¦n@TD�GNDd=?W�LTm|W[RT�V�6m�GIZ%]�mqGHS4RTE\ZN=\ZAB�W[f(=\LTbVg
S4RTE\ZN=²w:�TGIm(>�D�WIW[m�GAW�mqG4SURTEJZI=�w��TGNmqZNm(>�mqE�]�D"BOZNRTGID"W$s Y Z4S~mqLVmq�CmqEJ=\þ�D"W�ZI@TD�� Y ºÍmqL+ZI@TD¤>�mqS~�VRTZID�Geg
GID�W[D�ZPW³=JZ�BOLCM¥GND�E\m«BqMTW%ZN@TD~>$mqL(ZIGIm�El>�m(M-DU]�m�G�ZN@TD|� Y º7�TGNm(>�D"WIWrmqGes�`aL-}�m�ZI@TDeG��VGIm(>�D"WNW�g�c�@T=?>A@
Bq>e>�D"WIWrD"W�ZI@TD�� Y ºµBOZHZI@TDWIBOS|D�ZN=\S~D«g¼S�B�}|>�m�GIGIRV�TZaZN@TD�MTBOZPBUZIGPBOLCW�]�D�G�sH�jRC>A@�B4�TGIm(>�D�WIWH>�mqRTE�M
BOE�W[m|W[LT=���=JL-ZNm4BOE\E.S|D"WIWNBObqD�W;�TGNm(>�D"WIWrD"W�K-}~ZN@TD�� Y º+BOLCM�=\ZH>�m�RTE?M~GND�E\m«BqM~ZI@TD�>�m�L-ZNGIm�E.�TGIm�bqGAB"S
ZIm4B�>�>�D"WNW;ZN@TD%S~D�S|mqGI}�mO]�ZI@TDªmqZI@VD�Gn�TGNm(>�D"WNW�sl±aD�LC>�DH=\Zl=?W�LTmqZHWrD">�RTGND%=\L�B�hHLT=\©�D�L(i(=\GIm�LTS~D�L(Z�s

`HL�D�©(ZID�LCWr=\m�L�mO]�ZN@TD�<�}(GI=�>�mqSÛ`%� Y =?W�ZN@TD�S~D"WNWIBOb�D~�CB�WIW[=JLTb�W[}VW[ZIDeS ÿJF%<�Æ�K-}�<�}(GI=?>$mqS
À <�}(G ÁjÅ Â:s
�jDeLCW[=JZI=\ijD���BOGIZPWdmO]�Fª< @CB�ijD4K6DeD�L��TRTZ�=JL-ZNm�ZI@TD~fjDeGILTD�E:ÆÇW%<�}(GI=JLTD�Z�M-D�i(=?>$D~M-GN=\ijD�Ges
¦n@TD4Wr}TWrZID�S¨KCD">�m�S~D"W�W[D�>�RTGIDBOLCM�S4RTE\ZN=\ZAB�W[f(=\LTbWIB�]�Djs�¦n@TD~Fª<ú�TGIm�ZIm(>�m�Eu=?WaGND�E\=�BOKTEJD�c�=\ZI@¤BOL
Bq>Af(LTm"c�E\D"M-b�DUS|D">_@�BOLT=�W[S�s�vH=²��D�GIDeL-Z��TGNm(>�D"WIWrD"Wd>eBOL�GND"W[D�GNijD~B�W[@CB"GID~m"]HZI@TD4KTR-��D�G�S~D�S~m�GI}js
¦n@TD4¸��4�CD�Gr]�mqGIS�WnZI@TD�LTD">�D"WNWIB"GI}�WrD">�RTGN=\Zr}~>A@TD">AfVW�s�¦n@TD�KTR-��D�GHS~D�S~m�GI}�M(mjD"WaLTm�Za@CB�ijD�ZIm4KCD
>�m�L-ZN=\bqRVmqRCWnS~DeS~mqGN}dB�W;]�mqGlZI@TD�<�}(GI=�>�mqSÙ`ª� Y gjKCD">�B"RCW[D%��BObqD�B�MTM-GID�WIW;ZNGAB"LCW[E�BOZI=JmqL�=?WlM-mqLVD%K-}
ZI@VD%¸���sj¦n@TDHGImqRVZI=\LVb�=�WuM-m�LTDaK(}dZN@TD�@Tm«W[Z��TGIm(>$D"WIWrmqGAW�=\LCWrZID"B�M0m"]�ZI@TDª� Y ºp�TGIm(>�D�WIW[m�GAW$g-=\L�m�GAM-DeG
ZIm|WIB�ijD%KVR-��D�GaS|D�S~mqGN}dm�L�ZI@VDd� Y ºlW$s

`HLTmqZN@TD�G�D�©(ZID�L�W[=\m�L�mO]�ZN@TD�<�}-GN=?>�m�SÐ`%� Y =?WnZI@VD�S|D"WIWNBObqD��CB�WIWr=\LTb4�TGIm�ZIm(>�m�Enÿ���<�Æ À ¦�± YrÁ t"Â�s
¦n@TD�WrD�LCM4BOLCM4GID">�De=\ijD�KTR-��D�GPWnB"GIDªW[ZI=JE\ECE\m(>eBOZID�M0=JL�W[�CD">�=�BOE�>�m�L-ZN=\bqRVmqRCW�S~D�S~m�GI}js�±am"cnD�ijDeG�gqZN@TD
KTR-��D�GPWaB"GID�S�B"LCBOb�D"M~K-}���<�gTGPBOZI@VD�GaZN@CBOL�ZI@TD�RCWrD�G��TGNm(>�D"WIW$sn��Bq>AfjD�ZnGNmqRTZN=\LTb4=?W�M-m�LTDdK(}~ZN@TD
@Tm«W[Z��TGNm(>�D"WIWnc�=JZI@�WrZAB"ZI=?>HGImqRVZI=\LVbdZAB"KTE\D�W�s��TRTGIZN@TD�GNS~mqGNDaS4RTE\ZN=²wz>�BqWrZ�]�D"B"ZIRTGND"W;@CB�ijDHKCD�D�L�B�MTM-D"M
ZIm|ZI@TD4Wr}TWrZID�S�sª��< @�BqWaKCD�D�L�m��TZI=JS~=\þeD"MU]�RTGIZN@TD�Ga]�m�G%�CD�G[]�m�GIS�B"LC>�Djs�¸aL�ZNmq�pmO]��<úZI@TD�GNDd=�W
B§��BOGAB"E\EJD�E�º ��� ijD�GPW[=JmqL1B"LCM�B§��BOGAB"E\EJD�Ea¸���ÿJ�Tº�mqGNDjÆ�]�mqG�B�M-S~=JLT=?WrZIGAB"ZI=JmqL�BOLCM�WN>_@VD"M-RTEJ=\LTb�mO]
�CB"GABOEJE\D�E«ÑImqKCWHB�i�BO=\E�BOKTEJDjs

¦n@VDn@T=Jbq@TD"WrZuLTD�ZrclmqGIf�KCB"LCM-c�=�M-ZI@4@CBqW�K6DeD�L4Bq>A@T=\DeijD"M�W[ma]:B"GuK-}�ZN@TD�S~D"WNWIBOb�Dn�CB�WIWr=\LTb�Wr}TWrZID�S
ÿ�k Y ��Æ À ��¦ Á¼Å Â:s¬�«D�ijD�GAB"ECW[ZPBOb�D"WumO].m��TZI=JS~=\þ�BOZI=JmqL�E\D�BqMdZIm�ZN@T=?W��CD�Gr]�mqGNS�BOLC>$Dj¯u�j@TmqGNZ�S~D"WIWNBOb�D"WuBOGND
KTR-��D�GND"M�B"LCM�>�m��T=\D"MU]�GNmqS¨RCW[DeG%Wr�CBq>�D�ZIm4ZI@TD� Y º�B"LCM�GIDeijD�GAWrDjsnk�B�W[=�>�BOEJE\}jgVBOLpBqWr}-L�>_@TGNmqLTm�RCW
W[DeS�BOL(ZI=�>°=�W6=\S|�TE\D�S|D�L(ZID"M�gIKTRTZ.ZN@TD�S~D"WIWNBOb�D"W�>�B"L�KTE\m(>Af�g�=�]TZN@TDuGND">�D�=JijD�GCKTR-��D�G.=?W6]�RVE\E�sà±am"cnD�ijD�Geg
W[DeLCMUmq�CD�GPBOZN=\mqL�W¬]�mqGlE\m�LTbdS~D�WIWIB"bqD"Wu@CB�ijDªB�GND�LCM-D�þeijmqRCW�W[DeS�BOL(ZI=�>;=\L�W[ZID�BqM�g(c�@TD�GIDHZI@VDaGND">�D�=JijD�G
@CB�W�ZNm��TGNmOi(=?M(D�ZI@VD�GID�>�D�=\i(=\LVb�KTR-��D�G~=JL�BqM-i�BOL�>�Djsá�CmqLVb3S|D"WIWNBObqD�W~BOGND�KTGNmqfjD�L�M-m"c�L�=JL-ZNm
�CB�>_fjD�ZPW�s�¦n@TD��CB�>_fjDeZAW�BOGND�ZIGAB"LCWz]�DeGID"M�K-}�vª<�`ý]�GNmqSÐR�W[D�GHKTR-��D�G�ZNmUZN@TD�� Y ºHg-]�GImqS ZI@TD�� Y º
ZIm�ZN@TD~LTDeZ[clmqGNf�g.]�GImqS ZI@VD~LTD�Zrcnm�GIf�ZNm�ZI@TD~GND">�D�=Ji-=JLTb�� Y ºHg�BOLCM
]�GNmqSúZN@TD�� Y ºýZIm�ZI@VD~RCW[DeG



Å

KTR-��D�Ges�¦n@TD"WrDa]�mqRTGv%<�`�m��6DeGABOZN=\m�LCW�BOGND%�T=\�CD�EJ=\LTD�M]�m�GnS�B"©-=JSURTSý�6DeG[]�mqGNS�BOL�>�Djsu¦n@VD%�CBq>AfjD�Z
W[=Jþ�D"WlBOGID³>�mqS~�VRTZID"M�B�>�>�m�GAM-=JLTbqEJ}jsn�j=\L�>�D%BdþeD�GIm"wr>�m��-}��VGImqZNm(>�mqE.=�W;D�S|�TE\m"}jD"M%]�mqG�E\m�LTbdS|D"WIWNBObqD�W
BOL�MUZI@TD�S|D"WIWNBObqD�W;B"GIDHZIGPBOLCW�]�D�GIGND"M0=JL-ZNm%RCWrD�G�S~D�S~m�GI}%K(}4v%<�`dgqS|D�S~mqGN}%S�B"�T�T=\LVb%=?WuLTD�D�M-D"M�s
¦n@T=�W;GID�®¼RT=JGID"WlBqMTM(=\ZI=JmqLCB"E�D�©(�CD�LCWr=\ijD�¸��0>�BOEJE?W;ZNmdEJm(>_f4ZI@TD³BO�T�TGNmq�TGN=?B"ZID�S~D�S~m�GI}��CB"bqD"WHBOLCM4ZIm
ZIGPBOLCWrE?B"ZID�S~D�S|mqGI}ªBqMVM-GID"WNW[D"W$s Y LdmqGPM-D�GuZNm�WIB�ijDnZN=\S~Djg�ZN@TD"WrDa¸���>�BOEJE?WuB"GID��CD�Gr]�mqGIS|D"M%mqLTEJ}dmqL�>�D
BOL�M0ZN@TD�S~D�S~m�GI}H�CBOb�D"WuGID�S�BO=\L�E\m(>AfjD"M³]�m�GuZI@VD�E\=²]�DeZI=\S|DumO]�ZI@VD��TGIm(>�D�WIW�s�k Y ��=?W�LVmqZlW[D">$RTGIDBOLCM
ZI@VD�GIDl=?W�LTmªSURTEJZI=JZABqWrf-=JLTbHW[RV�T�CmqGIZu]�m�Gu�CD�G[]�m�GIS�B"LC>�DnGND"BqWrmqLCW$s�¦n@TD�Wr}TWrZID�SÍ=?W.@T=\b�@TE\}�mq�TZN=\S~=Jþ�D"M�s

`´GND�E\=�BOKTEJD�S~D�WIWIB"bqD��CBqWNW[=\LVb�W[}VW[ZND�S�gnc�@V=?>A@�ijD�GI}1S4RC>_@1EJmjmqfVW�EJ=\fjD¤B3WrRTKCWrD�Z~mO]0<�� Y =�W
ÿ�knRVE\E?vHmqbTÆ À <�±%±ªÈ ÁjÅ gC±%v%<¥� ÁjÅ Â:s Y ZlmO��D�GPWaB"L�BqWr}-L�>_@TGNmqLTm�RCW�S~D"WIWNBOb�D���BqWIWr=\LTb|W[DeS�BOL(ZI=�>�W¬]�m�G
�CB�>_fjD�ZPWnRT��ZIm|BOLp<�¦�h7m"]�Ï � Á ¹ K-}(ZID�W�sH��Bq>A@��CB�>_fjD�ZH>eBOL�KCDW[D�L(Z%B�WaRTLTm�GAM-DeGID"M�mqGHmqGAM(D�GID"M�g
GIDeE\=?B"KTE\D ¾ c�=JZI@�B�>_f(LTm"c�E\D�M-bqD ¿ mqG�LTm�L-w:GID�EJ=?BOKVE\DH�CBq>AfjD�Z�s Y L~ZI@TD�>�B�W[D%m"]uKVR-��D�G�m"ijD�G[ÃCm"c�gjGIDeE\=?B"KTE\D
�CB�>_fjD�ZPW�BOGND§GND"W[DeL-Z�K(}�ZI@VD�W[DeLCM-=\LVbp� Y ºHs��am¥@VmjW[Z4=\L(ZIDeGABq>$ZI=\m�L1=?WdLTD">$D"WIWNBOGI}�ZImp=\S~�TEJD�S4D�L-Z
ZI@VD"W[D�]�D"BOZNRTGID"W$s�Ú�mqRTZN=\LTb4=?WHM-mqLVDdK(}§ZN@TD�@TmjWrZ%�TGNm(>�D"WIWrmqG%i(=?B�B|W[ZAB"ZI=�>�GIm�RTZI=JLTb4ZABOKVE\Djs���Bq>AfjD�ZAW
BOGND�>�m��T=\D�M�K(}�ZI@TD�@TmjWrZa=JL-ZNm~B"LCM�]�GNmqS¨ZI@VD�� Y ºHsC�am|v%<�`7ZIGPBOLCW�]�D�Ga=�WxR�W[D"M�}jD�Z�sl±aD�LC>$DdB"L-}
ZIGNmqRTKVE\DHc�=\ZI@|W[�CD">$=?BOEVS~D�S~m�GI}�B"LCMUS~D�S|mqGI}ªS�BO�T�V=\LTb�¸���>eBOE\E�W�=?W�B�ijmq=�M-D"M�s�knRTE\E�vamqb³M-mjD"W;LVmqZ
GID�®¼RT=JGID~¸��¤>�BOEJE?Wx]�m�G�S|D"WIWNBObqD���BqWIWr=\LTbVs�¦n@TD4W[}VW[ZND�Sé=?W%LTm�Z�W[D">�RVGID4BOL�M¥=?W%LTm�Z�S4RTEJZI=\ZPBqWrf-=JLTb
B�c�B"GIDjgjKCD">�B"RCW[DHZI@TD�R�W[D�G��TGNm(>�D"WIWl>�mqL(ZIGNmqE�W�ZI@TDª� Y ºHsj¦n@TDªW[}(L(ZABO©�=?WuijD�GN}�W[=JS~=\E�BOG.ZNm�W[m�S~D�<�� Y
�TGN=\S~=JZI=\ijDeW�s

¦n@VD�¦.GABO�CD�þeD�S|D"WIWNBObqD��CB�WIWr=\LTb�Wr}TWrZID�S À�� º�F�� Á¼Å Â.@�BqWaKCD�D�L¤M-D"Wr=\bqLVD"M~S�BO=JLTE\}�]�mqGHZI@TD%]:B�W[Z
ZIGPBOLCW�]�D�GHmO]�S~DeSUm�GI}��CB"bqD"W$s Y Z�=?WnRCWrD"M§=JL§ZN@TD�=\S~�VE\D�S4D�L(ZABOZN=\m�LUm"]lBdbqEJmqKCB"E�S~DeS~mqGN}�S�BOLCB"bqD�w
S~D�L(Z�W[D�GNi-=�>�Djgqc�@T=�>_@4D�©(ZID�L�MTW�BOL�¸��K-}B�GIDeS~mqZND��CBOb�=\LTbBOLCM~B�>�mjmq�CD�GPBOZN=\ijDª>�Bq>A@T=\LVbdWrD�GIi(=?>$Djs
�jRC>A@4W[DeGIi(=?>�D"W�S�B�}dWrRTKCWrZI=\ZNRTZIDn]�RVE\ETi(=\GNZIRCB"ECW[@CB"GID"M�S~D�S|mqGI}³W[RT�T�Cm�GIZu]�mqGlB%�CBOGPBOEJE\D�ECB"�T�TEJ=?>�B"ZI=\m�L
>�m(M-D«s�¦°GPBO�CD�þ�DH=?Wl>�RTGIGND�L(ZIE\}�=\S~�VE\D�S4D�LjZID�M³]�mqGlva=Jbq=JZABOEàhaLT=J©dmqL�v%�nº�`aEJ�T@CB�BOL�M0]�mqG��GND�D"ka�(v
mqL��nºlW�s���Bq>AfjD�ZAW�mO]xBOGIKV=\ZIGPBOGN}�W[=Jþ�D�RT��ZNm�Ï~f(K-}(ZID�Wa>�B"L¥KCD4WrD�L-ZH]�GImqSÎmqLTD4�TGNm(>�D"WIWrmqG�ZIm�B"L-w
mqZN@TD�G�mqLVDjs�¦n@TDª¦°GPBO�CD�þ�Dª`%� Y RCWrD"WuGI=\LVbjW;m"].GND"®¼RVD"W[ZPW;B"LCMU�CB�>_fjDeZAW�s�±am"clD�ijD�G�g��CBq>AfjD�ZAW�S�B�}dKCD
M-GNmq�T�CD"M�K6D�>�BORCWrD�mO]�m"ijD�GrÃCm"c�g-c�@T=�>_@~S|D"BOLCWnZN@CBOZ�ZN@TD��TGIm�ZIm(>�m�E�=�WnLTmqZHGIDeE\=?B"KTE\D«s�`ªMTM-=\ZN=\m�LCBOEJE\}
=\ZH=?WHLTmqZ�W[D�>�RTGID«g6ZN@TDdRCWrD�G%@CB�Wa]�RTE\E�Bq>�>$D"WIWaZNm~ZI@VD4<�}-GN=\LTD�Z�@�BOGAM(c�BOGNDjs�`áS�B�ÑImqG�D$��m�GIZ�mO]lZN@TD
¦.GABO�CD�þeD�M-D�ijDeE\mq�VS~D�L(Z;cBqW%M(D"M-=?>eBOZID�M�ZNm~ZI@VD��CD�Gr]�mqGNS�BOLC>$D³]�m�G%E\m�LTb4�CBq>AfjD�ZAW$s�¦n@TDv%<�`Ým��-w
D�GPBOZI=JmqLCWn@VmjW[ZHZIm4� Y º+B"LCM�� Y º�ZNm�c�=\GND�BOGND�=JL-ZND�GIEJD"B�ijD"M�gqGND"W[RVE\ZI=JLTbd=JL�E\m"c�E?B"ZID�LC>$=\D"W$suh%WrRCBOEJE\}jg
mqLVDdWrZAB"GIZAW�B�v%<�`�m��6DeGABOZN=\m�L�c�@TD�L|ZI@TD%�VGID�i(=\m�RCW;m�LTD�@CBqWnZND�GIS~=JLCBOZND"M�s Y LT=\ZN=?B"ZI=\LVbdZI@VD�v%<�`dg
c�@T=JE\D%ZN@TD%mqZN@TD�G�m�LTD�=?W;GNRTLTLT=JLTbTgTDeE\=\S|=\LCB"ZID"W�ZN@T=?Wnf(=\L�MUmO]¬M-D�E�B�}«s;¸HL�ZImq��m"]uZN@TD�¦.GABO�CD�þeDd`ª� Y g
ZI@VD�GID�=?W�BdþeD�GIm"wr>�m��-}�¦aºl�Ä Y ��=\S~�TEJD�S4D�L-ZPBOZN=\mqL4B�i�BO=JE?B"KTE\Djs

É��\÷.�?É��Uü|óqñ�ò?ï�Ø�ÊÝØ(å�å�Ô(æ�Ø�ü~ø���å��
`ª>�ZI=JijD%S~D"WNWIBOb�D"W%>�B"L�KCD4>�mqLCWr=?M-DeGID"M�BqW�BUS~m�GID�B�M-i�BOLC>$D"M�Zr}-�CDdm"]�S~D�WIWIB"bqD��CBqWNW[=\LVbTs�¦n@TD

S~D"WNWIB"bqDd=�W%W[DeL-ZHZIm~ZN@TD�GID�>�D�=\ijDeGn=\L�ZN@TD�RCWrRCBOEucB�}jg6=JLC>�EJRCM-=\LVb~BUZPBObVsd¦n@T=�WaZAB"b�=?M-D�L(ZI=�»CD"WnZN@TD
GID�>�D�=\i(=\LVb§ZN@TGID�BqM¥m�G��TGIm(>�D�WIW�guc�@V=?>A@¥=�Wd=\L(ijmqfjD"M�K(}¥ZN@TD~S~D�WIWIB"bqD4ZIm�@CB"LCM-EJD~=\Zes Y L�>�m�L-ZNGAB�W[Z
ZIm|S~D"WIWNBOb�Dd�CB�WIW[=JLTbTg.ZN@TD�GID�=�WxLVm�>$mqGIGND"W[�Cm�LCM-=\LVb�Wr}-L�>_@TGNmqLTm�RCWam�GdB�W[}(LC>A@TGIm�LTmqRCW%GND">�D�=JijD�>�BOEJE�s
¦n@T=�W�>�mqLC>$D��TZ�=?WnGND�E?B"ZID"M~ZNm�GID�S~m�ZID%�VGIm(>�D"M(RTGID�>�B"E\E?W ¾ Úa�nº ¿ B"LCM§m�LTD�wzW[=?M(D"M�>�m�S~S4RTLT=J>�BOZN=\m�L.s

ÿ `%<§w YIY ÆT=?W%B"L�B�>�ZI=JijDdS~D�WIWIB"bqD�=\S~�TEJD�S~D$L-ZPBOZN=\mqL�m�Lp<�}-GN=\LTD�ZHK(} À ��<¥º ÁjÅ Â�s�¦n@TD�GND4BOGID�Zrclm
M-=���DeGID�L(ZHW[D�L�M§S~m(M-D�W�¯a�j@VmqGIZHS~D"WNWIB"bqD"W�RT��ZNm~{ ¹ K(}-ZND"W�BOGND�KTR-��D�GID�M�s�¦n@TD�}�>�B"L�KCDdR�W[D"M§]�m�G
�CB�WIW[=JLTbªB]�D�cpi�BOGN=?BOKVE\D"W�ZNmaZN@TD��TGIm(>�D�WIW�s��CmqLTbHS~D"WNWIB"bqD"W.B"GIDlBOEJE\m"cnD"M%RT��ZNm%BnEJD�LTbqZN@�mO]�Ï�f-K(}(ZID"W
�CB�>_fjD�ZPW�s�knmqZI@�W[@Tm�GIZHBOL�MUE\m�LTb�S~D"WNWIBOb�D"WnB"GID�®jRTD�RVD"M0=JL�M-=���DeGID�L(Zl®¼RTDeRTD"W;=JL~ZI@VD%� Y º��(ÚH`%<�s



Ï

Y L¥m�GAM-DeGdZIm¤B�ijmq=?M�m"ijD�G[Ã�mOc�g�ZI@TD|®jRTD�RTD4KTR-��D�GPWdBOGND~�CB"bqD"M�ZIm�ZI@TD4@Tm«W[Z�ÚH`%< BqWdWrD">�m�LCMTBOGN}
S~D�S|mqGI}«sU<�DeS~mqGN}§ZNGAB"LCWz]�D�GPW�M-m�LVmqZdR�W[D�v%<�`�s.¦n@TD~GND">�D�=Ji-=JLTb~�TGNm(>�D"WIW�=?W�=?M-D�L(ZI=�»CD"M�K(}pBOL
=\L(ZIDebqD�G4ZAB"bTgac�@V=?>A@�@CB�W�ZNm�KCD�GID�b�=?WrZID�GND"M�KCD�]�mqGNDjs�¦n@TDp>�RTGNGID�L(Z4=\S~�TEJD�S~D$L-ZPBOZN=\mqL�W[RT�T�Cm�GIZAW
W[@�BOGID�M�S|D�S~mqGN}�>�m�S~S4RTLT=?>eBOZI=JmqL�m�L�S4RTE\ZN=\�TEJDd�TGNm(>�D"WIWrmqG4S�Bq>A@T=JLTD"W�>�mqLVLTD">�ZND"M¥i(=?B�S4RTE\ZN=\�TEJD
� Y ºlW�K(}p<�}(GI=\LVD�Z�s��j@�BOGID�M¥S~D�S~m�GI}�BOL�M3<�}(GI=JLTD�Z�>�m�S~SURVLT=J>�BOZN=\mqL¤BOGND~ZIGPBOLCWr�CBOGND�L-Z�ZNm�ZN@TD
RCWrD�G�s�`%>$ZI=\ijDHS~D"WNWIB"bqD"WnEJmjmqf~ZN@TD�WIBOS|D%KCD�ZrcnD�D�L�M-=���D�GID�L(Zn�VGIm(>�D"WNW[D"Wnm�L�m�LTD�S�Bq>A@T=\LVD ¾ W[@CB"GID"M
S~D�S|mqGI} ¿ B"LCM~K6DeZ[clD�D�L4�TGIm(>$D"WIWrD"WnmqL�M-=���DeGID�L(ZnS�B�>_@V=\LTD"W ¾ <�}(GI=\LVD�Z ¿ su¦n@TD�=\S|�TE\D�S4D$L-ZPBOZI=JmqL�=�W
LTm�Z%WrD">�RTGNDjgTWr=\LC>�D³W[@CB"GID"M�S~D�S~m�GI}dKVE\m(>AfTW�B"LCM�� Y º��(ÚH`%<éBOGND�Bq>e>�D"WIWr=\KTEJD%ZIm4B"E\E.�TGNm(>�D"WNW[D"W$s

¦n@VD�Bq>�ZN=\ijDHS~D"WNWIBOb�D%�TGNmqZIm(>$mqEuÿÜ]:B�W[ZlS~D"WIWNBOb�D"W�ÆjK(} À �.º Á¼Å Â�@�BqWnKCD�D�L~�Cm�GIZID�M�ZNm4W[D�ijDeGABOE�>�m�SUw
�TRTZND�G�B"GA>A@T=\ZND">�ZIRVGID"W$s Y Zum"��D�GAW�BqWr}-L�>_@TGNmqLTm�RCW�W[D�L�M0m��6DeGABOZN=\m�LCW�s�¦n@TDeGIDHBOGND%WrD�LCMdm��6DeGABOZN=\m�LCW¬]�m�G
]�mqRVGaK(}-ZND%S~D"WNWIB"bqD"W�B"LCM�]�m�GaEJmqLTb�D�GaS|D"WIWNBObqD�W�sn�CmqLVb~S~D"WNWIBOb�D"W�BOGND�KTGIm�fjD�L�M-m"c�L�ZIm4�CB�>_fjD�ZPW�s
¦n@TD%GND">�D�=Ji-=JLTbH�TGIm(>�D�WIW[m�GH>�BOEJE?W�BdWrS�BOEJET@CB"LCM-E\DeG�gjc�@T=?>A@|M-D">�=�M-D"Wuc�@CBOZlZImM-mdc�=JZI@|BOL~=JLC>�mqS|=\LTb
S~D"WNWIB"bqDjsl¦n@TD�Wr}TWrZID�S bqRCB"GABOL(ZIDeD"WaGIDeE\=?B"KTE\D³BOLCM�mqGAM(D�GID"M�S~D"WNWIBOb�D�M-D�E\=JijD�GI}4B"LCM�mO��D�GPWxb«BOZN@TD�G
BOL�M�WI>�B"ZIZND�G%]:Bq>�=JE\=\ZN=\D"W$s Y Z�W[D�GNijD"W%BqW�B§KCB�W[D�]�mqGW[D�ijD�GPBOEu@V=\bq@VD�G�E\D�ijD�E��TGNmqZIm(>$mqE?W�W[RC>A@�BqWd<�� Y
BOL�M�W[@�BOGID�M§S~D�S|mqGI}��TGI=JS~=\ZN=\ijDeW�s
É��\÷.�Jë.�UøHÔ-Õ�Ô-î?î�Øjî%çlÔTù.æ�ð�Ô-æ�Ø(åq�

`�@V=\bq@�EJD�ijD�EVBO�T�VGImjB�>_@4ZIm��CB"GAB"E\E\DeE-�TGNmqb�GABOS|S~=\LTbª=?W�ZNm�R�W[DHB%�TGIm�bqGPBOS~S~=JLTbHE?BOLVbqRCB"bqDHc�@T=?>A@
=\L�>�E\RCM(D"Wn�CBOGPBOEJE\D�EC]�D"BOZNRTGID"W�GAB"ZI@TDeGaZN@CBOL¤>�BOEJE?WnmO];B0�CB"GAB"E\E\DeE�E\=JKTGAB"GI}jsl¦ncnm|M-=�BOE\D�>�ZAWnm"]lW[ZPBOLCMTB"GAM
�TGNmqbqGPBOS~S|=\LTb�E?BOLVbqRCB"bqD"Wn]�mqGHZI@TD�<�}(GI=JLTD�Zn@�B�ijDªK6DeD�L�M-D�ijD�EJmq�CD"M�W[md]:B"G�¯

ÿJ�C}-GN=?>qÆ�=?W�BOL�De©-ZND�LCW[=JmqLpmO]�¸HK(ÑID">�ZN=\ijD�wNº�K(}p<�}-GN=?>�m�S À knGIm Á tqÂ�s Y Z�m"��DeGAWdB�Zr}-�CD4mO]ªBq>$ZI=\ijD
S~D"WNWIB"bqD"W�KCD�ZrcnD�D�L�mqK(ÑID">$ZAW�sd¸HLTD�m�K(ÑID">�Zª>�BOLp=?WNW[RTD�S~D�ZN@Tm(M�>�B"E\E�WamO]BOLVmqZI@VD�G�GID�S~m�ZID�mqK(ÑID�>�Z�s
�jRC>A@|B³S|D�ZI@Tm(M�>eBOL4K6DHZI@VD%>�m�LCW[ZNGIRC>$ZImqG�m"].ZI@VDam�K(ÑID">�Zum�G�W[m�S~D�mqZN@TD�G�RCWrD�GlM-D�»CLTD�Md�TGIm(>�D�M-RTGID«s
¦n@TDHGIRTL(ZI=JS~DlW[}VW[ZND�Sám"]u�C}(GI=?>n=�WuKCBqWrD"M0m�L~B%LTDeZ[clmqGNfdmO]àcnm�GIfVW[ZAB"ZI=JmqLCW�>�m�LTLTD">�ZND"MdK(}4<�}-GN=\LTD�Zes
��m�GIZAW�ZIm�mqZN@TD�G�D�L(i-=JGIm�LTS~D�L(ZAWHBOGNDU�TE�BOLTD�M�s~`ß�TGIm�ZIm�Z[}(�CDU=JS~�TEJD�SUDeL-ZPBOZI=JmqL�mO]��C}(GI=�>d=?W%KCB�W[D"M
mqLpFHL-R.Æ Wnbj>�>�>�m�S~�T=JE\D�GlBOL�M§mqL�ZN@TD�<�}-GN=?>�m�SÐ`%� Y s

`HLTmqZN@TD�G~�TGNm"ÑID">�Z4E\D�M�ZIm1B"L�D�©(ZIDeLCW[=JmqL�m"]~º ��� ¯3ÿ <��º ��� Æ�=?W~B¥��BOGAB"E\EJD�Edº ��� M(=?BOEJD">�Z
ÀÜY ±��¼È Á yqÂ�gTc�@TDeGID�M(}-LCB"S~=?>ªW[}(L-ZPBO©�B"LCM�W[D�S�BOL(ZI=?>eW;D�©(ZID�L�W[=\m�LCW�BOGNDd=JS~�TE\DeS~D�L(ZID�M0=JL�B��TGND��TGIm"w
>�D"WNW[m�G�Z[}(�CD%]:BqW[@V=\mqLàsx�jm�S~D%�CB"GAB"E\E\DeE�D�©(ZID�L�W[=\m�LCW�g(c�@T=?>A@�@CB�ijD%KCD�D�L�=\S|�TE\D�S4D�LjZND"M�BOEJGID"B�M-}jgCBOGND
S4RTZIRCB"E�De©T>�EJRCW[=JmqL�]�mqG�>�GN=\ZN=?>�B"E�GND�bq=JmqLCW%=\L�S4RTEJZI=²w:ZI@VGID"B�M-D"MU�TGNmqb�GABOS|S~=\LTbVg�B�>�ZI=JijDdm�K(ÑID">�ZAWªBOLCM
bqEJmqKCB"EuB�MTM-GND"WIWrD"W�s�<��nº ��� =?WnKCB�W[D"M�mqL�ZI@VD�S|D"WIWNBObqD��CB�WIWr=\LTb|W[}VW[ZND�S¨��<�s
É��\÷.�J÷.�U��£�ø��T�$ø��

Y L1B�MTM-=JZI=\m�L�ZIm��TGIm"i(=?M-D|�TGIm�bqGAB"S~S~=JLTb~=\L(ZIDeG[]:Bq>$D"Wa]�mqG�B�LVD�ZrcnmqGNfjD"Mp>�E\RCWrZID�G�m"]ª>�mqS~�VRTZID�GPW�g
=\Z|=?W~B"E?W[m1LTD�>�D"WIWNBOGN}�ZIm�W[RT�T�Cm�GIZ�m�GAM-=JLCBOGN}�LTDeZ[clmqGNf�W[DeGIi(=?>�D"W$s�¦n@TD�GNDpBOGIDpWrD�ijD�GPBOEª¦aºl�Ä Y �
=\S|�TE\D�S4D�L(ZAB"ZI=�mqLCW;]�m�G�ZI@TD<�}-GN=\LTD�ZªB�i�BO=\E�BOKTEJDjs�h%WrRCBOEJE\}�¦aºl�nÄ Y ��=?WH=\S~�TEJD�S4D�LjZID"M4=\LpBUfjD�GNLTD�E
M-D�i(=?>$D�M-GI=JijD�G�gjKCB�W[D"M�mqL¤BOL�D�©(=?W[ZN=\LTb�S|D"WIWNBObqDª�CBqWNW[=\LVb~=\L(ZID�Gr]:Bq>�D«s

¦aºl�nÄ Y ��=?W�B�i�BO=JE?BOKVE\D4KCBqWrD"M�mqL1ZI@TD�<�}(GI=�>�mqS `%� Y guFª<�g�¦°GPBO�CD�þ�Djg�k Y ��g¬ÿ ]:BqWrZ�S~D"WIWNBOb�D"W�Æ
BOL�M3<��nº ��� s Y Z�=?W%mO]³>�mqRVGAW[D�W[D">�RVGID|BOLCM�>eBOL1KCD~RCW[D�M¥K-}pWrD�ijD�GPBOE��TGIm(>$D"WIWrD"W�BOZ�ZI@TD�WNBOS~D
ZI=JS~DjgjM(RTD%ZIm�=JZAW�=\S~�TEJD�S4D�LjZAB"ZI=\m�L4BqW�B�haLV=\©�fjD�GNLTD�E�M-GI=JijD�G�su�jR�>_@�B�¦aºl�nÄ Y �1=\S~�VE\D�S4D�LjZAB"ZI=JmqL
>�B"L§KCD%R�W[D"M�BqW�B�]�m�RTLCMTB"ZI=JmqL§]�m�GHW[D�ijDeGABOECm�ZI@TD�GHWrZAB"LCMTBOGPM§S~D�WIWIB"bqD%��BqWIWr=\LTb�=JL-ZND�G[]:B�>�D"W$g-Wrm(>_fjDeZ
E\=JKTGAB"GI=JD"WxDeZA>qsH±am"cnDeijD�G�gTZN@T=?Wa=JL-ZNGIm(M-R�>�D"WHBUE\m�Z%mO]>�m�S~�TRTZPBOZI=JmqLCB"E�m"ijD�GN@TD"B�M�g6KCm�ZI@�K(}§ZN@TD~¸��
BOL�M0K(}�ZI@TD��TGNmqZNm(>�mqE�W[ZPBq>Afdm"].¦aºl�nÄ Y ��s(��RVGIZI@VD�GIS~m�GIDjg"WrmqS~DlmO]àZI@TDH¦aºl�nÄ Y �¥=JS~�TEJD�SUD$L(ZABOZN=\m�LCW
>�B"LTLTmqZª>�mjD�©(=?WrZ�c�=\ZN@�BdS|D"WIWNBObqD��CB�WIWr=\LTb4=\L(ZID�Gr]:Bq>�D³M-=\GND">�ZIEJ}UK�BqW[D�M�m�L�ZN@TD�@CBOGPM-c�B"GIDjs



Á

<�}(GI=JLTD�Z�=�WaBUEJm(>�BOE¬BOGID�BULTD�Zrcnm�GIf�s%Ú�RTLTLT=JLTb Y ��mqLpWrRC>A@�BULTDeZ[clmqGNf§�Cm«W[D"W%ZI@VD�®jRTD"W[ZN=\m�L�mO]
>�m�LTLTD">�ZN=\LTb|ZI@TD�LTDeZ[clmqGNf§ZNm�W[mqS|Ddc�=?M(D�BOGND"B~LTD�Zrcnm�GIf�s�knD"W[=�M-D"WHW[c�=JZA>A@TD"W%B"LCM¥� Y ºlW�ZI@VD�GID�=�W
LTm�D"®¼RV=\�TS~DeL-ZHZIm¤M-m�ZN@T=?W$s�±am"cnD�ijD�Geg.B§clmqGNfTWrZABOZN=\m�L�c�=\ZN@�B�<�}-GN=\LTD�Z³� Y º�BOL�M�W[m�S~DUm�ZI@TDeG
LTD�ZrclmqGIf1=JL-ZND�G[]:B�>�D"W�S�B�}1W[D�GNijD�B�W§BpbjBOZND�c�B�}+K6DeZ[clD�D�LµB�<�}-GN=\LTDeZ~B"LCM m�ZI@TDeG~E\m"cnDeG~Wr�6DeD"M
LTD�ZrclmqGIfVW�s��jRC>A@~B%op`%��>$mqLTLTD�>�ZI=JmqL4>�m�RTE?M4BOE�W[mdKCDHRCW[D$]�RTE-]�mqG�m�ZI@TD�G��TGNmqZNm(>�mqE�W;ZI@�BOL Y �¥m�LUZN@TD
<�}(GI=\LVD�Z�s Y L�mqGPM-D�G�>$GID"B"ZID4E\mqLVbpM-=?WrZABOL�>�D�<�}(GI=\LVD�Z�>�mqLTD�>�ZI=JmqLCW�ZI@TGNmqRTb�@3m�ZI@TDeGdLTD�ZrclmqGIfVW�g�BOL
D�LC>eBO�CWrRTE?B"ZI=\m�L¥�VGImqZNm(>�mqE�ÿ �uBq>AfjD�ZIo�B�}�Æ À º��.�(È Á¼Å Â�=?W%KCD�=\LTb�W[�CD">�=�»CD"M�s���Bq>AfjD�ZIo�B�}§D�W[ZAB"KTE\=�W[@TD�W
B�W[D�>�RTGIDªcnmqGNSUw:@TmqEJD%>�m�LTLTD">$ZI=\m�L~KCD�ZrcnD�DeL~Zrcnm�<�}(GI=JLTD�ZPW¬ZN@TGIm�RTbq@¤W[m�S~Da=JLCW[D�>�RTGID Y ��LTDeZ[clmqGNf�s

ë.�~ø�ü~�~��ü	�
�u�
¦n@VD��CBOGPBOE\EJD�E�>�mqS~�VRTZI=JLTb4W[}VW[ZND�Sé�uB"GILCB�WIW��%>$mqLCWr=?W[ZPWamO]Wr=\LTb�E\D��TGNm(>�D"WIWrmqG�cnm�GIfVW[ZPBOZI=JmqLCWªBOLCM

W[@�BOGID�M§S~D�S|mqGI}�S4RTEJZI=\�VE\D��TGNm(>�D"WIWrmqG�WrD�GIijDeGAW�sl¦n@TD�}�BOGID>�mqLVLTD">�ZND"M~K-}�B|<�}-GN=\LTD�ZBOLCM�BU�CB�W[Z
�uZI@TDeGILTD�Zesd¦n@VD�GID4B"GID4ZI@TGND�D4M-=²��D�GND�L(ZacB�}VWam"]H>�m�S~SURVLT=?>$BOZN=\mqL�KCD�ZrcnDeD�L��TGIm(>$D"WIWrmqGAW$¯d�j@CB"GID"M
S~D�S|mqGI}�KCD�ZrcnDeD�LU�VGIm(>�D"WNW[D"Wnm�L�mqLTD%S4RTEJZI=\�VE\D�w:�TGIm(>$D"WIWrmqG�WrD�GIijD�GegjS~D"WIWNBOb�Da�CB�WIWr=\LTb�EJ=\KTGPBOGI=JD"WumqL
¦aºl�nÄ Y �¥m�LUZN@TDH�CBqW[Zl�uZI@VD�GILTDeZuKCD�ZrcnD�D�LM-=²��D�GND�L(Z�>�mqS|�TRTZIDeGAW�g�BOL�MUB%S~D"WNWIB"bqDn��BqWIWr=\LTb�E\=JKTGAB"GI}
M-=JGID">�ZNE\}�KCB�W[D"M�mqL�ZI@TD�<�}(GI=\LVD�Z�s
ë.� �C�4Ó�Ô(ÕqÖ.×�Ô-Õ�Ø6�

`HE\Eª�uBOGNLCBqWNW§>$mqS~�TRVZID�GPWUB"GID1�j=\EJ=?>�m�L�FHGAB"�T@T=?>eW ¾ �TF YI¿ ¸ ¹ clmqGNfTWrZABOZN=\m�LCW�BOLCM7¸HGI=\b�=\L ¹�½q½
W[DeGIijD�GPW�s�¦n@TD�}�B"GID�KCB�W[D"M�mqLp< Y �n� Ò KT=JLCBOGN}�>�m�S~�CB"ZI=\KVE\D�Úay ½q½�½ B"LCMpÚ �e½q½q½�½ �TGNm(>�D"WNW[mqGPW�s�`
KT=JLCBOGN}dD�©(D">�RTZPBOKTEJDjg"c�@T=?>A@�@CBqWuKCD�D�L4>$mqS~�T=JE\D"M�B"LCM0m��TZI=JS~=\þeD"Ma]�mqG�mqLTD�S�Bq>A@T=\LTDlc�=\EJE-GNRTL�mqL|BOEJE
S�B�>_@T=JLTD"W$g"BOE\ZN@TmqRVbq@4ZI@TDH>�m�S~�TRTZND�GAW.GIRVL4M-=²��D�GND�L-Z�¸���ijD�GAWr=\m�LCWuBOL�M0@CB�ijDM-=²��D�GND�L-Z��TGNm(>�D"WIWrmqGPW�s
¦n@TD%m��CD�GAB"ZI=\LVb�W[}VW[ZND�SÙBOEJE\m"cHW¬]�m�G�B�@TmqS~m�bqD�LVD�mqRCW��TGIm�bqGPBOS~S~=JLTb%D�L(i(=\GIm�LTS~D�L(Z�c�=\ZI@|� Y �BOLCM
�%�;�|B"LCM§=�M-D�L(ZI=?>eBOE�W[m"]�Z[cBOGND�ZNmjmqE�W�s

< Y �n� Ò �TGIm(>�D�WIW[m�GAW�B"GID�t Ò KT=\ZÚ Y �Tº�c�=\ZI@�t Ò KT=JZ�MTB"ZABdGIDebq=?WrZID�GPW�BOLCM�{ ¹ KV=\ZlBqMTM(GID"WNW[=\LVb4BOLCM
t Ò KV=\Z�B�MTM-GND"WIWr=\LTb�S~m(M(D"W�s�¦n@TD�Ú ��½q½�½q½ �TGIm(>$D"WIWrmqG��CD�G[]�m�GIS�W�mqRTZlmO]�mqGPM-D�GnDe©-D">$RTZI=JmqL4mO]�W[ZPBOZND�w
S~D�L(ZAW$gOc�@V=\E\DlZI@TDHÚHy ½�½q½ =?W�LTmqZ�>eBO�CB"KTE\D�m"].ZI@V=?W�GNRTL-ZN=\S~D�mq�TZN=\S~=Jþ"BOZN=\mqLàs�¦n@VD��TGIm(>�D�WIW[m�GAWuGIRVL4BOZ
>�EJm(>_f�GPBOZID�WnK6DeZ[clD�D�L � y ½ <�±aþªBOL�M � Ï ½ <�±aþ«g-M(D�E\=JijD�GI=JLTb�B�ÃCm«BOZI=JLTb��Cmq=JL-Zl�6D�BOf~�CD�Gr]�mqGIS�BOLC>�D
mO];{ ½q½ wr{�t ½ <���EJmq��Ä�WnD"Bq>A@.sl¦n@TD�}~@CB�ijD�Zrcnm�EJD�ijD�E?Wum"]l>�Bq>A@TDjgVBU{ ¹ f(K(}-ZND � W[ZHE\D�ijDeE�MVBOZAB4BOL�M�B
{ ¹ f(K(}-ZND � W[Z�E\DeijD�ET=\L�W[ZIGNRC>�ZN=\mqL�>�Bq>A@TD�B"LCM ½ s y�<�k�w � <�k1RTLT=�»CD"M ¹ LCM~E\D�ijD�E�>�Bq>A@TD%m�GIbjB"LT=\þeD"M
=\L ��¹ Ï�K(}-ZND~>�B�>_@VD~E\=JLTD"W�s¤¦n@TD~S~D�S|mqGI}�E?B�}jmqRVZ�m"]%ZN@TD�>�m�S~�TRTZND�GAW�=?W�LTmqL-w:RTLT=�]�mqGNSúS~D�S~m�GI}
Bq>e>�D"WIW ¾ �%h%<�` ¿ g6KCmqZN@¥m�L�S4RTE\ZN=\�TGNm(>�D"WIWrmqGªBqW�mqL�W[=\LVbqE\D��VGIm(>�D"WNW[m�GdS�B�>_@T=JLTD"W$s���Bq>A@�LTm(M-D~=�W
D"®jRT=\�V�6D�M§c�=\ZN@pt Ò <�K(}-ZND"Ww ¹ yqt�<�K(}-ZND"Wxm"]lS�BO=JL�S~D�S|mqGI}4�CD�G��TGIm(>$D"WIWrmqG�KCmjBOGPM
=JLp>�RCWrZImqS
�(v%ÚH`%<�W�B"LCM�B ¹ w Ò FaK(}(ZID�M-=?Wrf�M-GN=\ijDjs

��B�>_@4Wr}TWrZID�SÍE\=\KVGABOGN}d=�WuB�iqB"=\E�BOKTEJD�=\L�ZI@VGID�DlijD�GAWr=\mqL�W�mO]°BO�T�TEJ=?>�B"ZI=JmqL�KT=JLCBOGN}d=\L(ZIDeG[]:Bq>$D"W ¾ `ªk YP¿ s
kn=\L�BOGI}�m�K(ÑID">�ZAW$gqc�@T=�>_@�@CB�ijD�K6DeD�L4>�mqS|�T=\EJD"Mac�=\ZN@4M-=²��D�GND�L(Zu`%k Y W$gOZN@CBOZ�=?W�M-=���DeGID�L(ZuDjs bTs.�TGIm(>$D�w
M-RTGND�>�B"E\E(WrD"®¼RVD�LC>�D"W$gq>eBOLTLTm�Z�KCD�EJ=\LTfjD"MHZImqb�D�ZI@VD�G�s�¦n@TD�GIDl=?W�BOL`%k Y c�=JZI@�{ ¹ KT=JZ�BqMTM-GND"WIWr=\LTb³BOLCM
{ ¹ KV=\Z�MVBOZAB�GIDebq=?WrZID�GPW¬]�m�G�KCBq>Af-cBOGPMTW�>�mqS|�CBOZN=\KT=JE\=\Zr}�gqmqLVD%c�=\ZN@§c�=JZI@�{ ¹ KT=\ZHB�MTM-GND"WIWr=\LTb4B"LCM�t Ò
KT=JZnMVBOZAB�GID�b�=?WrZID�GPW�gjc�@T=?>A@�RCWrRCBOEJE\}�=?WuZN@TDx]:B�W[ZND"W[ZlijD�GAWr=\mqLàgjBOLCM4mqLTDHc�=\ZN@~t Ò KT=JZnB�MTM-GND"WIWr=\LTbBOLCM
��
������������������������ !�#"!��$�%'&(%)%) +*��,$�%) -��"!%' !��./%)�#�1032(��%)���4�� !5-2!"!����������2!"!%)���4&�67��89�4��6�����%).:��5!.;�� !���������������)<>='"!%
��%?��8!������ !*@./%)����ACB)��.;2!8!��%?�D���4 !��./%)57�10E��%?�4��"!%'.+6���"!������*���B)����2F��%)���)G�2!����B)%'�103������%?.+&!��6�H���"9%'./��89 I������ KJL���� !�����)<
='"!%M����.;�,���������C67���+��"!%M !��.;%
�10N����./%O2!����������%)�>B)��.;2!8!���, 9*72!���QP�%)B)���R�� !5/B?��./29�� !��%)�S���'��B)B)��5!%? I�����T<
U %)%@�������-VRWOX�YIZ�Z�[S\�]I]�^�^�^�^3_�`�`�aIb9c�YSde_Qf1ghdCi�jF_�k�l!m�j�jSdCnob�]�aob9`�b�f�a(c�Y!]�[�a!mIp�bocqZ(`�]�[If�a�j!f!`�`�]



��½

t Ò KT=JZ%MVBOZAB~GND�bq=�W[ZIDeGAWx]�m�G%@-RVbqD4BO�V�TE\=�>�BOZN=\mqL�W�s�¦n@TD�m��6DeGABOZN=\LTb�Wr}TWrZID�S�W�ZI@VD�S�W[DeE\ijD"W�GIRTL�=JLp{ ¹
KT=JZ;S|m(M-Dx]�m�GlW[=\LVbqE\DH�TGNm(>�D"WIWrmqGlcnmqGNfTWrZAB"ZI=\m�LCW�BOL�MU=\L|t Ò KT=\Z�S~m(M-Dn]�m�GnS4RTE\ZN=²w:�TGIm(>$D"WIWrmqG�WrD�GIijD�GPW�s
º�m(M-D"Wª>�mqS~�V=\E\D�M�m�L�mqLTD�S�Bq>A@T=JLTD�GIRTL�mqLpBOEJE�m"]lZI@TD�S¤s�¦n@TD4>�m�S~�T=\EJD�GAWlBOGNDd=\L�]:B�>�ZH=?M-D�L(ZI=�>�BOE:s
¦n@TD�GND�BOGND�BqMTM-=JZI=JmqLCB"E.>�m�S~�T=\EJD�Gum��TZI=JmqLCWnZNm4M-D�ZID�>�Z�mqG�ZIm�=JLC>�EJRCM-DH=\S~�TEJ=?>�=JZ�S4RTEJZI=²w:ZI@VGID"B�M-=\LTb%]�m�G
E\mjm��CW�gCc�@T=�>_@�B"GID�RCW[D�]�RVE6]�mqGHS4RTE\ZN=\�TGNm(>�D"WIWrmqGlS�Bq>A@T=\LVD"WumqLTEJ}js

`HE\E(S�Bq>A@T=\LVD"W�WrRT�T�CmqGNZHW[ZPBOLCMTB"GAM~hHLT=\©W[D�GNi-=�>�D"W�BOLCM§¸H�CD�L�F���b�GABO�V@T=?>�W$s�¦n@TDªW[=\LVbqE\D��VGIm(>�D"W�w
W[m�Gd�TF Y ¸ ¹ cnmqGNfTWrZAB"ZI=\m�LCWa�TGNm"i-=�M-Dd@CB"GAM-cBOGND4W[RT�T�Cm�GIZ%]�mqG�M(mqRTKTEJDdKTR(��DeGI=\LVbTg�QTw:KTR-��D�Geg.BOEJ�T@CB
Bq>e>�RTS4RTE?B"ZI=\m�L.gnZND�©-ZNRTGID�S�BO�V�T=\LTb�BOLCMsrj���F M-D">�m(M-=JLTbTs `aE\E%KVR-��D�GAWU=JLC>�EJRCM-=\LVb�ZI@TD�]�GPBOS~D
KTR-��D�G4B"GID��CB"GIZ�mO]ªZI@VD~S�BO=JL�S~D�S|mqGI}�=\L1B�f(=\L�M¥mO]ªRTLT=�»CD"M�S~D�S~m�GI}¤BOGA>A@T=JZID">�ZNRTGID«s�±aD�LC>$Djg
ZI@VD�mqGND�ZI=�>�BOEJE\}4D"Bq>A@�KTR-��D�G�>�B"L�KCD�B�>�>�D"WNW[D"M�B"LCM�S�BOL�BObqD�M�EJ=\fjD�mqGPM-=\L�BOGI}�S~DeS~mqGN}4BOLCM�=?W�E\=\S4w
=\ZND"M�ÑIRCWrZ%K-}�ZI@TD4B"S~mqRVL-ZHmO]S�BO=JL�S~D�S4mqGN}js�¸�]>�m�RTGAWrD�=\Z�M-mjD�W³LVmqZ%S�B"fjD�WrD�LCW[D�ZNm�W[cBO��BOL
Bq>$ZI=\ijDn]�GPBOS~D�KVR-��D�GnZNm�M-=�W[f�g¼m�GnEJD�Z�ZI@TDHRCW[DeG�Bq>e>�D"WIWu=JZ�M-=JGID">�ZNE\}jsà±am"cnD�ijD�GegjW[m�S~DHS~D�S~m�GI}�>�m��-}
mq�CD�GPBOZN=\mqL�W�>�BOL�KCD|B�ijmq=?M(D"M
ZN@T=?W�c�B�}jg.GID�W[mqRVGA>�D"W�E\=JfjDdZIDe©-ZNRTGID4KTR-��D�GPWdBOGND~LTm�E\mqLVbqD�G�E\=\S|=\ZID�M
K(}pW[�CD">�=�BOE��TRTGN�6m«W[D�S~D�S|mqGI}«g�B"LCM3ºl��hÐBq>e>�D"WIWrD"W%ZIm�KTR-��D�GAW�>�BOL�K6D|mq�TZN=\S~=Jþ�D"M�B"LCM1>�Bq>A@TD"M
D"B�W[=\EJ}js�`ßWr�6D�>�=?B"Eu�TRTGN�6m«W[D~S|D�S~mqGN}�>�m�L-ZNGImqEJE\D�GH=?W%GND"®¼RV=\GID�M§ZIm�>�m�L-ZNGIm�E;ZN@TD�S~D�S|mqGI}�Bq>�>�D�WIW[D�W
K(}dZI@VD�ºl��hdgqZN@TDHbqGAB"�T@T=�>�WuD�LTbq=JLTDHBOL�M0ZN@TD Y Ä�¸�KTR�W�g-c�@V=?>A@�=?W�KTGN=?M-b�D"M�ZIm�B��º Y KTRCWu=\L(ZID�Gr]:Bq>�D
BOL�M
�Tº�� Y RVE\ZIGPBd=\L(ZID�Gr]:Bq>�D�W�s�`aEJE.MTB"ZAB4W[ZIGND"BOS�WnZIGAB�ijD�E�ZIGNmqRTb�@�ZI@VDd>$D�L-ZNGAB"E.S~D�S~m�GI}�>$mqL(ZIGIm�E\EJD�G�g
D�ijD�L�ZN@TDHGID�b�RTE?B"G;]�GAB"S~D�KTR-��D�G�GND�]�GID"Wr@TD"W$s�¦n@T=?W�>�B"L~GID"WrRTE\Z�=\L|B�S�B�ÑIm�G�K6m�ZIZNE\D�LTD�>_f�gq=²]àZI@TD�ºl��h
mqG�ZI@TD|�nº Y KTRCW�@�BO�T�CD�L1ZIm¤M-D�S�B"LCM�B§E�BOGNbqD~S~DeS~mqGN}§K�BOLCM-c�=�M-ZI@às�¦n@TD4D���D">�Z�=?W%i(=?W[=JKTE\D�=JL
ZI@VD~M-DebqGAB�MTBOZN=\m�L3m"]�ZN@TD Y Ä�¸Þ�CD�Gr]�mqGNS�BOLC>$Djs~�jZAB"LCMTBOGPM1�ºlW$g�c�@TDeGID4ZI@TD|�nº Y KVRCW%=?WdM(=\GID�>�ZIEJ}
KTGN=?M-b�D"M~ZIm4ZI@TD�S~D�S|mqGI}�KTRCW$gT�6DeG[]�mqGNS¨SURC>A@4K6DeZIZIDeG�=\L�ZI@T=�WnGID"Wr�CD">�Z�gVW[D�D�>A@CBO�VZID�G Ò s � s y-s

¦n@VDHM-mqRTKVE\D��TGNm(>�D"WIWrmqG��TF Y ¸HGI=Jbq=\L ¹�½q½ W[DeGIijD�GPW�B"GIDHM-D"Wr=\b�LTD"M�BqW�mqLTDHWr@CBOGND"M0S|D�S~mqGN}%M(mqRTKTEJD
�TGNm(>�D"WIWrmqGlK6m«BOGPM§B"ZIZPBq>A@TD"MUZNm�B%S~D�S~m�GI}�>�m�L-ZNGImqEJE\D�Gesu¦n@TDª>�m�L-ZNGImqEJE\D�G��TGIm"i(=?M-D"WuEJ=\LTfVWuZIm�B"L Y Äq¸
W[}VW[ZND�S�s�¦n@TD�GND�=�WULTm¥]�GPBOS~D�KTR-��D�Geg�ÑIRCW[Z�WrmqS~D��nº Y BOLCM��Tº�� Y WrE\mqZPW�sý¦n@TD�S�Bq>A@T=JLTD"W�BOGND
RCWrD"M¥B�W%�CBOGPBOE\EJD�E�>�m�S~�TRTZND�WrD�GIijD�GPW�s�¦n@VD4®¼RCB�M-GIRV�TE\D4�TGIm(>$D"WIWrmqGdS�Bq>A@T=\LTD�W�BOGID|>�m�LCW[ZNGIRC>�ZND"M�mO]
Zrcnm�>$mqS~�TEJD�ZID³M-mqRTKVE\D��TGNm(>�D"WIWrmqG�W[DeGIijD�GPWa>�m�LTLTD">$ZID"M�K-}�B�W[@CB"GID"M�S|D�S~mqGN}§º�GPB�}6�C=JLTf�s%o�@V=\E\D
>�B�>_@TD�>�mq@TDeGID�LC>$D~mqL1mqLVD�M(mqRTKTEJD��TGIm(>�D�WIW[m�GUKCm«BOGAM1=?Wd=JS~�TE\DeSUD�L(ZIDeM�i(=?B�KTRCW�WrLTmjmq�V=\LTbVgx=JZd=�W
=\S|�TE\D�S4D�L(ZIDeM3KCD�ZrcnDeD�L��TGIm(>$D"WIWrmqG�KCm«BOGAMVW�mqL�ZI@TDpKCBqWrD�mO]0>�Bq>A@TD�M-=\GND">�ZNmqGI=JD"W�sÙ¸aLVD�t Ò KT=JZ
S4RTE\ZN=\�TGNm(>�D"WIWrmqG%ijDeGAW[=JmqL�m"]HZI@TD�¸���fjD�GNLTD�Eu=�W%GIRTLTLV=\LTb�mqL1WrRC>_@�B~S�Bq>A@T=JLTDdc�=JZI@�Zrcnm�m�G³]�m�RTG
�TGNm(>�D"WIWrmqGPW�s��uGIm(>$D"WIWrD"WaB"GIDBqWIWr=\b�LTD"M§ZNmU�VGIm(>�D"WNW[m�GAWaK(}~ZI@VD0¸���WI>A@TD"M-RTEJD�G�g(c�@T=?>A@�>�B"L�S~=JbqGPBOZID
�TGNm(>�D"WIWrD"W�s�`á�TGNm(>�D"WIW%ZNGI=\D�WxZNm�BOEJE\m(>�B"ZID�S~D�S|mqGI}|E\m(>�B"ZID"M�m�L�=\ZAWªM-mqRTKVE\D��TGNm(>�D"WIWrmqG�KCmjB"GAM
]�m�G
�CD�G[]�m�GIS�B"LC>�D�GID�BqW[m�LCW�s±am"cnD�ijD�GlZI@TDeGID�=?W�LTm4bqRCB"GABOL(ZIDeD�]�mqGHZI@V=?W�s Y ]�S~D�S|mqGI}�m�L�ZN@TDdKCmjB"GAM�=�W
D�©(@CBOR�W[ZID�M�gTS~D�S~m�GI}�m�L�ZI@VDdmqZN@TD�G�S�B�>_@V=\LTD%i(=?BdZN@TDdEJ=\LTf4=?W�RCWrD"M~c�=\ZI@�@T=\b�@TD�G�E�BOZIDeLC>�=\D�W�sl¦n@TD
BOGP>_@V=\ZID�>�ZIRTGNDn=�W�ZIGPBOLCWr�CBOGND�L-Z�ZIm�RCW[DeG�su¦n@VDHWIBOS|D�BOGP>_@V=\ZID�>�ZIRTGNDn=�W�RCW[D�Md=\L�ZI@VD%�j=\EJ=?>�m�LUFHGAB"�T@T=?>eW_Ä
º�GAB�}|ÚxD�W[D"B"GA>A@~¸aGN=\b�=\L ¹q½q½�½ >$mqS~�TRVZID�G�WrD�GI=JD"W�g�c�@TD�GID³BqMTM-=JZI=JmqLCB"E6GNmqRTZND�GAW�S�BOL�BObqDHZI@VD%E\=JLTfTW�ZIm
LTD�=Jbq@(KCmqGªM-mqRTKVE\D��TGIm(>$D"WIWrmqGHK6m«BOGPMTW%>�m�LTLTD">�ZND"MU=JL�B�@(}-�CD�Grwr>�RVK6D�ZNmq�CmqEJmqbq}«s

ë.�ãÉ��4��ØjñA×�ìTÕ(tu�
¦n@VDdKCB�W[=?>d=JL-ZND�GA>$mqLTLTD�>�ZI=JmqL�LTD�Zrcnm�GIf�mO];�uBOGNLCBqWNW³=�WaB|W[c�=\ZP>_@VD"M��CBqWrZ��uZI@TDeGILTD�Z���`%�ds���Bq>A@

W[=JLTbqEJD��TGNm(>�D"WNW[mqG�clmqGIfVW[ZPBOZN=\mqL�B"LCM�D"B�>_@µM-mqRTKVE\D��TGNm(>�D"WIWrmqG�WrD�GIijDeGU@CB�W~B
]�RTEJE%M(RT�TE\De©�B"RTZIm"w
LTD�b�mqZN=?BOZN=\LTb4�CB�W[Zª�¬ZN@TD�GNLTD�Z�B�MTBO�VZID�GªBOZ�ZN@TD�W[�CD�D"M ��½�½ <�KV=\Z�Ä�W�s-uHRCB�M-GIRT�VE\D��TGIm(>$D"WIWrmqGªW[D�GNijD�GAW
@CB�ijD�Zrcnm|BqMTB"�TZID�GPW�g�W[=JLC>�D�ZI@TDe}�B"GID>�mqS~�Cm«W[D"M~mO]¬Z[clm~>$mqS~�TEJD�ZID³M-mqRTKVE\D��TGIm(>$D"WIWrmqG%S�B�>_@V=\LTD"W$s
¸HL~ZIm���mO]�ZI@TD��CB�W[ZH�uZI@TDeGILTD�ZegjZI@TD Y �1�TGIm�ZIm(>�m�E.=?W;GNRTLTLT=JLTbTg(c�=\ZN@�h%v%�+BOLCM�¦aºl��gVBOLCM~@T=Jbq@TDeG



�q�

E\DeijD�E�W[D�GNi-=�>�D"WHW[RC>A@pBqWª�%�;�Cg�� Y ��BOLCM�ZN@TD4ka�(vÞÿ G�Æ w:ZImjm�E?W$sd¦n@TDeGID�B"GID|W[D�ijDeGABOE.�VRTKTE\=�>�M-mqS�BO=\L
=\S|�TE\D�S4D�L(ZAB"ZI=�mqLCWum"]�S~D"WNWIBOb�D%�CB�WIW[=JLTb~EJ=\KTGPBOGI=JD"WnB�i�BO=JE?B"KTE\DjgVW[RC>A@�BqWH<�� Y BOL�M��uö�<�s
uHRCB�M-GIRV�TE\D��TGNm(>�D"WIWrmqG4S�Bq>A@T=JLTD"W%�CmjWIWrD"WIW�Zrcnmp�uZI@VD�GILTDeZ�BqMVBO�TZND�GAW$gnZrcnm Y �áB�MTM-GID�WIW[D�W�BOLCM

Zrcnm�LCB"S~D"W�s4¦n@TD�B�ijDeGABOb�DULVD�ZrcnmqGNf�KCB"LCM-c�=�M-ZI@�=�W�M-mqRTKVE\D"M�ZI@T=�W�cB�}«g�>$mqS~�CB"GID"M�ZNm�B�W[=JLTbqEJD
BqMVBO�TZND�G�gVBOE\ZN@TmqRVbq@4=\Zl>�BOLVLTmqZlK6DHbqR�BOGAB"L-ZND�D"M�ZI@CB"Zl>�mqS~S4RTLT=�>�BOZN=\m�L�c�=JZI@|B%�TGIm(>�D�WIW[D�W;=?WuGNmqRTZND"M
ZI@VGImqRVbq@pZI@TD�LTD�BOGID�W[Z��CBqWrZ��uZI@TDeGILTD�Z³BqMTB"�TZID�Gesd±HD�LC>�DW[mqS|DdS~D"WNWIB"bqD"Wac�=JE\E.ÃCm"c�ZI@TGNmqRTb�@¥ZN@TD
W[@�BOGID�M�S~D�S~m�GI}pE\=\LVf�=\LµBqMTM-=JZI=JmqL�ZIm�ZI@TD¤�6B�W[Z��uZN@TD�GILVD�Z�BqMVBO�TZND�G�sý±am"cnD�ijD�Geg;ZN@TDp�uB"GILCB�WIW
�uZI@TDeGILTD�Z�LVD�ZrcnmqGNf~=?WnK�BOE?B"LC>�D"M~c�=JZI@�mqLTD�ZNmUZrcnm��VGIm(>�D"WNW[m�GAWa�CD�GH�CBqWrZ%�uZN@TD�GILVD�Zn�CmqGNZ�s

CPU

CPU

Cache

Cache
Hub

memory

Hub

memory

CPU

CPU

Cache

Cachelink

��=JbqRTGNDdy(sn�j@CB"GID"M�S~D�S~m�GI}�®jRCB�M-GIRT�VE\D��TGIm(>$D"WIWrmqG�B"GA>A@T=\ZND">�ZIRVGIDjs

�«@CBOGND"M%S~D�S~m�GI}�>$mqLTLTD�>�ZI=JmqLCW.>�B"L�K6Dl>�m�LCW[=�M-D�GND"M%BqW�B�W[}VW[ZND�S�B"GID"B�>�m�S~S4RTLT=?>eBOZI=�m�LaLTDeZ[clmqGNf�s
vam�RTKTE\D��TGNm(>�D"WNW[mqG�KCm«BOGAMVW0=JL1B�SURVE\ZI=J�TGIm(>$D"WIWrmqG�W[D�GNijD�G�Wr@CBOGND�ZI@TD�WNBOS~D|S~D�S4mqGI}�KTRCW$s�¦n@T=�W
bq=JijD"W�B1W[@CB"GID"M�S|D�S~mqGN}1>�m�S~SURVLT=?>�B"ZI=JmqL1c�=\ZN@�>�Bq>A@TDp>�m�@TD�GND�LC>�D�i(=?B�KTRCW�W[LTmjm��T=\LVbTsÎ¦n@TD
º�GAB�}C�C=\LTfp=?W�B�W[@T=JD�E?M(D"M�>�RCWrZIm�Sú>�m��T�CD�G4>�B"KTE\D~ZNmp>�mqLVLTD">�Z�Z[clm�M-m�RTKTEJD~�TGIm(>$D"WIWrmqG4S�Bq>A@T=\LVD"W
i(=?B4W[@CB"GID"M�S~D�S~m�GI}�ZI@�BOZ%m��6DeGABOZND"W%B"Z%B�KCBOL�M-c�=?M-ZN@�mO]ly(s Å t§FHKT=\Z$Ä"W�g�W[DeD�»Cb�RTGIDy-sH¦n@TD�GND�BOGND
W[DeijD�GAB"E��TGNmqbqGPBOS~S|=\LTb�S~m(M-D�E�W¬]�mqG���BOGAB"E\EJD�E.>�m�S~�TRTZN=\LTbB�iqB"=\E�BOKTEJDj¯�¦n@TD�W[=JS~�TE\D�W[Z�mqLTD�=�WnSURTEJZI=�w
ZI@VGID"B�M-=\LTbVsn�CmqZPWxm"]uEJ=\bq@(ZrcnD�=Jbq@(ZuZI@VGID"B�MTW�Bq>�>$D"WIW�B�Wr=\LTb�E\D%=JS�BOb�Dam"]�Wr@CBOGND"M~S~D�S~m�GI}js.¦n@VDd>$m(M-D
]�mqG4S4RTE\ZN=\�TEJDUZN@TGID"B�MTW4>�BOL+K6D¤>�GID�BOZID�M�K(}1ZI@TD�B"RTZIm"w��CB"GAB"E\E\DeE\=\þe=\LTbp>�m�S~�T=JE\D�G�]�mqG|W[=\S|�TE\D�>$m(M-D
W[ZNGIRC>$ZIRTGND"W�s Y L1S~m�GID|>�mqS|�TE\=�>�BOZND"M¥>eBqW[D�W�glBqMTM-=JZI=JmqLCB"E%ÿÇ�TGPBObqS�B-Æu>$mqS~�T=JE\D�G³M-=\GND">�ZI=JijD"W%=\LT=JZI=�BOZID
S4RTE\ZN=²w:ZI@TGND"BqM-=JLTbTs~¸�]ª>�m�RTGAWrDjg�ZN@TGID"B�MTWd>eBOL�BOE?Wrm�KCD~RCWrD"M¥D�©(�TEJ=?>�=JZIE\}�K(}�E\=JKTGAB"GI}�>eBOE\E�W�s�±aD�B�i(}
�TGNm(>�D"WIWrD"W~S�B�}�>�m�S~S4RTLT=J>�BOZND�i-=�B¥ijD�LCM-m�G�=\S~�TEJD�S4D�L(ZAB"ZI=\m�LCW�mO]4WrZAB"LCMTBOGPM�S~D"WNWIB"bqD��CB�WIW[=JLTb
E\=JKTGAB"GI=JD"WnWrRC>_@�B�Wa<�� Y B"LCM��uö�<éB"LCM§i(=?B�Wr�CD">�=²»6>�Wr@CBOGND"M§S|D�S~mqGN}dEJ=\KTGPBOGI}|>�B"E\E?W$s

��BOGIL�BqWIW$Æ-@T=Jbq@4�CD�G[]�m�GIS�B"LC>�D�=\L(ZIDeGA>�m�LTLTD">�ZN=\m�L�LTD�Zrcnm�GIfd=�W�Bd<�}(GI=\LVD�Z�s���Bq>A@~Wr=\LTb�E\DH�TGIm(>$D"WIWrmqG
cnm�GIfVW[ZPBOZI=JmqLpB"LCM
D�Bq>A@�M-m�RTKTE\D��VGIm(>�D"WNW[m�GdWrD�GIijDeGa=�WaD"®jRT=\�T�CD"M�c�=\ZN@�mqLTD4<�}(GI=JLTD�Zª� Y ºHgTc�@T=?>A@
S~D"B"LCWdZI@�BOZ|®¼RCB�M-GIRV�TE\D��TGNm(>�D"WIWrmqG|W[D�GNijD�GAWd@�B�ijD�ZrcnmpB�MTBO�VZID�GPW�s�¦n@TD¤� Y ºlW�BOGND§EJ=\LTfjD�M¥=\L+B
Zrcnm�W[ZPBOb�D0]:B"Z�ZNGID�D�ZNmq�CmqEJmqb�}jguWrD�Dd»CbqRVGID|t-s~º�mqLTLVD">�ZI=JmqLCW%KCD�ZrcnDeD�L�Zrcnm�>�m�S~�TRTZND�GAW�bqm�D�=\ZN@TD�G
ZIGNmqRTb�@�mqLVD~Wrc�=\ZA>A@�mqG�ZI@TGNmqRTb�@�ZI@VGID�D4Wrc�=\ZA>A@TD"W ¾ @Tm��CW ¿ g�c�@T=�>_@pGID"WrRTE\ZPWa=\L�B~E?B"ZID�LC>$}�mO] ½ s � û.W
ZIm ½ s Å ûàW�>�BORCWrD"M�K-}�ZI@TD4Wrc�=\ZA>A@TD"W$sd¦n@VD�L-RTS4KCD�GAWHM-D��CD�L�M�mqLpZI@TD4�CmqGIZ�Zr}(�6D�W�g�KCD">�B"RCW[D��(`%�
�CmqGNZAWnB"GIDn]:B�W[ZIDeG;ZN@CBOL���`%���CmqGNZAW$sn��BOZIDeLC>�=\D�WuM-RTDHZIm�ZI@VDH>�BOKTEJD�E\D�LVbqZI@�WuBOGNDam"]�ZN@TDªWIBOS|DnmqGPM-D�Ges
�uE\D">$ZIGI=�>�BOE(Wr=\b�LCBOE�W�ZIGPB�ijDeE(BOZuZN@TD�E\=Jbq@(ZuWr�6DeD"MdmO]�ZI@VDnZIGPBOLCWrS~=?WNW[=JmqLdS|D"M-=\RVS�g�c�@T=�>_@�=?W.E\m"cnDeG�ZN@CBOL
i�Bq>�RVRTSÐE\=Jbq@(ZHW[�CD�D"M�s�¦n@T=?WnZPBOfjD"W�WrmqS~D�ZI=JS~D�]�mqG�ZI@VD�S�BO©(=\S4RTSßy ½ S¨M-=�W[ZPBOLC>�D«s

¦n@VD~KT=?WrD">�ZN=\mqLpKCB"LCM-c�=?M(ZI@+BqW�B�S~D"BqWrRTGID4mO]HZN@TD~LTDeZ[clmqGNf¥ZN@TGIm�RTbq@T�VRTZ�=?W�mq�TZN=\S�B"E¬]�m�GdZN@TD



��¹

switchswitchswitchswitch switchswitch

switchswitchswitch switch

switch switch

��=JbqRTGND�t-s�¦.mq�CmqEJmqbq}pmO]lZN@TD��uB"GILCB�WIW�<�}-GN=\LTD�Ze¯�`¶]:B"Z�ZIGIDeDdc�=\ZN@�]�RTE\E�KT=�W[D">�ZN=\m�L�KCB"LCM-c�=?M(ZI@�mO]
Ò ½ FHKT=\Z$Ä"W$s

]:BOZªZIGIDeD�=\L�»Cb�RTGID4t(sd�uijD�GN}�E\=JLTDjgCc�@T=?>A@�>$RTZAWaZN@TD�LTD�ZrclmqGIf�=\L(ZIm4Zrcnm��T=\D�>�D"W�mO] � t�>�m�S~�TRTZND�GAW
D"B�>_@.gà>�RTZAW�B"Z%E\D"B�W[Z � t~EJ=\LTfVW�s�¦n@T=?W%S~D�BOLCW�ZI@CB"Z�ZI@TD�LTDeZ[clmqGNf�@CB�W³ZN@TD4WIB"S~D��CD�G[]�m�GIS�B"LC>�DBqW
B�{ ¹ �CmqGNZ4>�GIm«WIWrKCBOGW[c�=\ZP>_@às�`aL-}¤W[D�Z�mO]H�Cmq=JL-Zrw�ZNmOw:�Cmq=\L(Z�>$mqS~S4RTLT=�>�BOZN=\mqL�WxKCD�ZrcnDeD�L�M(=²��D�GIDeL-Z
>�m�S~�TRTZND�GAWu>eBOL4K6D�GNmqRTZND"M�c�=\ZI@VmqRTZ>�mqEJE\=?Wr=\m�LCW�mqG�KTEJm(>_f(=\LVbTsu±HmOclD�ijD�GegqB�W[S�BOGIZ�GImqRVZI=\LVbdWN>_@VD�S~D
=?WnLVD">�D"WNWIBOGN}~ZIm|B�ijmq=�M~>�mqEJE\=�W[=\m�LCWn=\L�ZN@TD%]:BOZ�ZIGND�Djs

Ú�mqRVbq@TEJ}�@CB"E²]lmO]ZI@TD4>�m�S~�TRTZND�GAWHBOGND�E\=JLTfjD"M§c�=JZI@pWr@TmqGNZdM(=?W[ZPBOLC>$D�RTLCW[@V=\D�E�M-D"M
�¼`%�ß>�mq�V�6DeG
>�B"KTE\D"W ¾ RV��ZIm�{OSÎM-=?WrZAB"LC>�D ¿ BOLCM�ZN@TDdm�ZI@TDeGa@CB"E²]�=�WxEJ=\LTfjD�MUc�=\ZN@�E\m�LTb�M-=�W[ZPBOLC>�DW[@T=JD�E?M(D"M���`%�
>�m��T�CD�G�>�BOKVE\D"W$su¦n@TDlM-=�BOS~D�ZND�GCmO]VZI@TD�LTDeZ[clmqGNf%=?W.B"K6m�RTZ�y ½ S�ZNmH>�mqLTLVD">�Z�BOEJEjmOâ�>�DuclmqGIfVW[ZPBOZN=\mqL�W�s
¦n@TD�EJmqLTb�D"W[Z�@T=Jbq@pW[�CD�D�M�>�BOKTEJD�mO��D�GND"M
K(}�<�}-GN=?>�m�S¨=?Wam�LTE\} ��½ SéEJmqLTbVsd±HD�LC>�Djg�W[m�S~D�mO]lZN@TD
��`%�Î>�BOKTEJD"Wd@CB�M�ZImpK6D�D�©(ZID�LCM(D"M�K-}+B���`%�·GND��CD"BOZND�G�s��«mqS~D�mO]³ZI@TD¤W[c�=\ZP>_@VD"Wdc�=\ZN@�E\m�LTb
M-=�W[ZAB"LC>�D���`%�7�CmqGNZAW%B"GID�S~mqRVL-ZND"M~=\L�mOâ�>�D"W$g-c�@T=JE\D�ZI@TD�KTRVE\f~m"]�ZI@TD�Wrc�=\ZA>A@TD"Wn=�WxEJm(>�BOZND"M~=\L�B
>�B"KT=\LTDeZ�BOEJmqLTb%c�=JZI@�ZN@TD�SURVE\ZI=J�TE\D��TGIm(>�D�WIW[m�GlW[D�GNijD�GAW$su�u=\b�@-Z�Wr@TmqGNZ�M-=�W[ZAB"LC>�D%�(`ª���6m�GIZ�Wrc�=\ZP>_@TD�W
¾ ZNmq��GIm"c1BOL�M³]�mqRVGuWrc�=\ZA>A@TD"W6]�GNmqS�KCmqZNZImqS�GNmOc ¿ BOGNDn�CB�>_f�B"bqD"M�BOE\ZNmqb�D�ZI@TDeG�c�=JZI@�ZI@TD>�mqLVLTD">�ZN=\mqL�W
=\L�B4W[=JLTbqEJD%KCmjBOGPM � ÁFv GPBq>Af¼w:S~mqRVL-ZPBOKTEJD%KCmO©�s

÷.�~Ê7Ë��~�$��Ìª�· 4� ø�ü~�~��üw�O���
opD�B"GID�=\L(ZID�GND"W[ZND"M�=\L�RCWr=\LTb�ZN@TD�<�}-GN=\LTDeZ�m�L+�uBOGNLCBqWNW�s Y L�mqGPM-D�G�ZNmpM-m�S~D"WNWIBOb�D~�CB�WIW[=JLTb

m"ijD�G�B�<�}(GI=JLTD�Z�mqL+< Y ��pKCB�W[D"M�S�B�>_@V=\LTD"W$g�clD~@CB�ijD~ZIm��Cm�GIZ|BOL1mq�CD�GPBOZI=JLTb�W[}VW[ZIDeS'fjD�GNLTD�E
M-GN=\ijD�GegjB�>�mqL(ZIGNmqEC�TGIm�bqGPBOSß]�mqGnZN@TDª� Y ºHgjBOLCM|B³S|D"WIWNBObqDH�CB�WIW[=JLTb�B"�T�TEJ=?>�B"ZI=\m�LU=JL-ZND�G[]:B�>�Dn]�mqG�ZN@TD
RCWrD�Gn�TGNmqb�GABOS¤sn�jRC>A@�>�mqS|�6m�LTD�L(ZAW�BOGND�B�i�BO=\E�BOKTEJDa=JL�W[m�RTGA>$D�>�m(M-D%]�mqGH�C=\L(RT©|�ºlW�B"LCM0]�m�G%�jRTLCW$g
W[m�S~D4D�ijD�L�]�mqG���mOclD�G��nºlW�BOLCM¥o�=JLCM-m"cHWd�ª¦ámqL Y L-ZND�E�BOL�M3vª�ºÍ`HE\�T@CB�KCBqWrD"M¥S�B�>_@V=\LTD"W$s
±am"cnDeijD�G�g(LTm�W[R�>_@¤M-GI=JijD�GAW�@CBqM�KCD�DeL�c�GI=JZIZND�L§]�m�G��j=JE\=�>�mqL�FHGAB"�T@T=?>eWacnm�GIfVW[ZAB"ZI=JmqLCW%WrmU]:BOGesaopD
c�=\EJE.M-D�WI>�GN=\KCD�W[mqS|D�>�mqL�W[=?M(D�GAB"ZI=\m�LCW�mO]�ZI@TD��CmqGNZaclDdM(=?M�s
÷.� �C�4Ê7è.Õ"ò�ójì6ô ü~ø��"�

��=\GAWrZUclDpM-D"WN>�GI=JK6D�ZI@TD��Cm�GIZ�mO]�ZI@VDp<�}-GN=?>�m�S `%� Y ¾ WrD�Dp>_@�BO�TZND�G ¹ s Ò s � BOLCM À <�}-G Á t"Â ¿ ZIm
�uB"GILCB�WIW�s�opD�=\S~�TEJD�S4D�L-ZND"M%fjD�GILVD�ETM(D�i-=�>�D�M(GI=\ijDeGAW°]�m�Gx�VF Y�Y Ú Y�x BOLCM�cnDH�CmqGNZID"M�ZI@TDª<�}(GI=?>$mqS
`%� Y ZIm�ZN@TD��TF Y �VE?BOZr]�mqGNS�s�o¥D~DeLC>�mqRVL-ZND�GID"M�W[D�ijD�GPBOEl�TGIm�KTE\D�S�W�WrRC>A@1BqW�E\=JZIZIEJDqÄ4KT=\b�DeLCM-=?B"L
BqM(GID"WNW[=\LVbTg"S�BOL(}aS|D�S~mqGN}H>�mq�(}Hmq�CD�GAB"ZI=JmqLCW$gj>�Bq>A@TDl>�m�@TD�GIDeLC>�Du�TGNmqKTEJD�S�WCmO]�v%<�`pZIGAB"LCWz]�DeGAW�BOLCM
BaE�Bq>Af�m"]à`%� Y �TGNmqZNm(>�mqETGND�E\=�BOKT=JE\=JZ[}«s.�TRTGIZN@TD�GIS|mqGID�ZN@TDa�TF Y @CBOGPM-c�B"GIDª�nº Y KTRCWu=\S~�VE\D�S4D�LjZAB"ZI=JmqL



� {

W[@VmOclD"M�W[m�S~D�@T=\b�@�E?B"ZID�LC>$=\D"W$sa¦n@V=?WaGND"W[RTEJZID"M�=\L��6DeG[]�mqGNS�BOL�>�Dd�TGNmqKTEJD�S�W$sa¦.m~m"ijD�GP>�mqS~DªZI@TD"WrD
�TGNmqKTEJD�S�W�g�cnD|>_@Tm«W[D|B�M-=���D�GID�L(Z�`%� Y B"LCM
]�RTGNZI@TDeGIS~m�GID4BO�V�TE\=JD"M¥WrmqS~D�S|m(M-=²»�>eBOZI=JmqLCW$g.c�@T=?>A@
cnD�M-D�WI>�GN=\KCD%=\L�ZN@TD�LTD�©(ZH>_@CB"�TZIDeG Ò s ¹ s
÷.� �C���C�U¡�Øjï.ò�ójØ�¡~Õ"ò?ï�Ø¼Õ(�

opD4c�GImqZND�mqLTD~fjDeGILTD�E¬M-D�i(=?>�D4M-GN=\ijD�G%]�m�G Y Ú Y�x t(sÇ{ ¾ ¸ ¹ cnmqGNfTWrZAB"ZI=\m�LCW ¿ BOLCM�m�LTD Y Ú Y�x t(s Ò
¾ S4RTEJZI=\�VGIm(>�D"WNW[m�G�S�Bq>A@T=\LVD"W ¿ RCW[=JLTb�WrmqS~D�mO]lZI@TD4WrZIGNRC>�ZIRVGID�mO]lm�ZI@TD�G³haLT=\©�M-Dei-=�>�D�M-GN=\ijD�GPWaB�W%B
ZIDeS~�TE?B"ZIDjs�±am"clD�ijD�G�gjZN@TD�M-D�ZPBO=JE\D"M§¸��|>�B"E\E?WlBOLCM�MTB"ZAB4W[ZNGIRC>�ZNRTGID³M-=²��D�Gn]�GNmqSÙmqLTD�haLT=J©~M(=?BOEJD">�Z
ZIm4B"LTmqZN@TD�Gesn¦n@TD Y Ú Yex M-D�i(=?>�D�M(GI=\ijDeG;=JL-ZND�G[]:B�>�D%@CB�WxS�BOL(}~Wr=\S~=JE?BOGN=\ZN=\DeW¬c�=JZI@�mqZN@TD�GHka�(v�haLV=\©
i�BOGN=?BOL(ZAW$guWrD�D À º�mqG Á tqÂ�s��TRTGNZI@TDeGIS~m�GID�=\Z�m"��DeGAWdWrmqS~D��j}VW[ZND�SéöÐ>$mqS~�CB"ZI=JKT=\EJ=\Zr}js�knD">eBORCWrDUZN@TD
�nº Y KTRCWlW[RT�V�6m�GIZ�=JL Y Ú Yex @�BqW;KCD�DeL~B�MTM-D"MUGND">�D�L(ZIEJ}�K-}~�TF Y gjB"E\E��nº Y KVRCWuGID�E�BOZID�M0�CB"GIZPWnM-=���DeG
]�GIm�S´�TGND�i(=\mqR�W Y Äq¸ÍKTRCW%WrRT�T�CmqGNZ�BOL�M§]�GImqSÎmqZN@TD�G�haLV=\©�ijD�GAWr=\m�L.ÆÇW%�nº Y ]�RTLC>�ZN=\m�LCW�s�±aDeLC>�DdclD
@CB�M§ZIm4WrZAB"GIZ�]�GImqS WI>�GPBOZA>A@.s

¦n@VD;LVD�c�fjD�GNLTD�E�M-D�i(=?>�D¬M-GI=JijD�G�GND�bq=�W[ZIDeGAW6]�mqG�ZI@VDn<�}(GI=JLTD�Zà� Y º�ijD�L�M-mqG�B"LCMdB�MTBO�TZND�G�L-RTS4KCD�GAW$g
W[DeD À ��¦�ÏqÏ(g-º�mqG Á tqÂ�s�¦n@TDHM-GN=\ijD�G.=�W�E\m«BqM-D"Md=JL4>�BqWrD�ZI@TDlfjD�GILVD�ETM(D�ZID">$ZAW.ZI@TD� Y º¥m�L�ZI@TDH�nº Y KTRCW$s
¦n@TD�S�BO=JL~�TRTGN�6m«W[D�m"]�ZI@TDM-GI=JijD�Gn=�WxZNmU�VGIm"i-=�M-D�ZI@TD�S�B"�T�T=JLTb�mO]�ZN@TD��nº Y B�MTM-GID�WIWHW[�CB�>�Dd=JL-ZNm
ZI@VDdRCWrD�G%B�MTM-GND"WIWHW[�CB�>�DjsH¦n@TD>�mqL(ZIGNmqE�GID�b�=?W[ZND�GAW�B"LCM�ZI@VDU�(ÚH`%<émO]�ZN@TD�� Y ºµBOGNDdS�B"�T�CD"M�]�m�G
�TGNmqbqGPBOS~S|D"M Y Äq¸ ¾ � Y ¸ ¿ B�>�>�D"WNW[D"W$su`%MTM(=\ZI=JmqLCB"E\EJ}dZI@VD%M-GN=\ijD�G¬BOE\EJm(>�BOZND"W�B�>_@(RTLTf�mO]�>�m�L-ZN=\bqRVmqRCW$g
LTm�L-wrWrc�B"�T�CBOKVE\D�S~D�S|mqGI}«gqZI@TD4ÿ�>�m��-}jw:KTE\m(>Af�ÆJsu¦n@T=�WxS|D�S~mqGN}4W[D">$ZI=\m�L�>�BOL¤BOE?WrmUKCD�S�BO�T�CD"M~=JL-ZNm
RCWrD�G�W[��Bq>�Djs Y ZPWa�T@(}TWr=?>�B"E�BqMVM-GID"WNW[D"W�>�B"L�KCDU�TGNmqb�GABOS|S~D"M§=JL-ZNm~ZI@VD4v%<�`áD�LTb�=\LTD�EJm(>�BOZND"M�mqL
ZI@VDd� Y ºHs Y Z�=?WnRCWrD"M�BqWHB0KTR(��DeGx]�m�GHv%<�`7ZIGAB"LCWz]�DeGAW�s
÷.� �C�?É��zydè.ñ�Ø{��×�ÔTõ�õ°ò�ù.æ��

¦n@VD�<�}(GI=?>$mqSý`%� Y =\ZPW[D�E�]T=�W��CmqGIZPBOKTEJD%ºpBOL�M0º ��� >�m(M-Djg"c�@T=�>_@�>�B"LdKCD�>�m�S~�T=JE\D"Mac�=JZI@�S~=JLTmqG
S~m(M-=�»�>�B"ZI=\m�LCW�s�¦n@TD4S�BO=JL�>A@CB"LTbqD~clD~M(=?M¥=�WdM-RTD4ZImpB��TGIm�KTE\DeSéc�=\ZI@�K-}(ZID|W[cBO�T�T=JLTbTs¤¦n@TD
< Y �n���TGIm(>�D�WIW[m�GAW�=\L�RCWrD4BOGID�KVRT=\E�M�BqW%KT=\b|D�LCM-=�BOLpS�Bq>A@T=\LVD"W�sª¦n@TD~�nº Y W[ZPBOLCMTB"GAM¥m�GI=Jbq=\L�BOZID�W
]�GIm�S Y L(ZIDeE�KCB�W[D"M��ºlW$g6c�@V=?>A@�B"GID�E\=\ZNZIEJD%D�LCM-=�BOL.s±aD�LC>�DªS~mjWrZ�mO]�ZN@TD��º Y B�MTBO�VZID�GPW%BOGNDdE\=JZIZNE\D
D�LCM(=?BOLàgCBqWa=�WnZI@TD�º Y =\L(ZID�Gr]:Bq>�D�m"]�ZI@TD�<�}(GI=�>�mqS¨� Y ºlW$sn¦n@VD�M-=���DeGID�LC>$D%KCD�ZrcnD�D�L�KT=JbUDeLCM-=?B"L
BOL�M�E\=\ZNZIEJD%D�LCM-=�BOL�]�m�G%{ ¹ KT=\ZªBq>e>�D"WIWrD"W�S~D"BOL�WxZN@CBOZª{ ¹ KV=\ZªBqMTM-GND"WIWrD"W%B"GIDdc�=JGID"M�>�mqGNGID">$ZIE\}�BOLCM
MTB"ZAB�=�Wuc�=\GID�M0=JLUZN@TD%c�GIm�LTbdm�GAM-DeG�s�¦n@TD Ò K(}-ZND"Wu@CB�ijD�ZIm�K6D³W[c�B"�T�CD"M0]�GNmqSßmqLVDa]�mqGNS�BOZuZNmdZN@TD
mqZN@TD�Gn]�m�GIS�B"Z�gTWrD�D%»CbqRVGID Å s

hªW[RCB"E\E\}«g¼K(}(ZID�wzW[cBO�T�T=JLTb�=?Wn=JS~�TEJD�SUDeLjZID"Md=JL~@CBOGPM-c�B"GID�ZIm4S�B"fjD�ZI@TD�Bq>e>�D"WIWnZNm�E\=JZIZIEJDaDeLCM-=?B"L
M-D�i(=?>$D"WuZIGAB"LCW[��BOGIDeL-Zesn�jRC>A@U]:Bq>�=JE\=JZI=\D�WuBOGND�=JS~�TEJD�SUDeLjZID"M�=\L~ZN@TD%i�BOGN=\mqR�W��º Y KTGN=?M-b�D"W�s�¦n@VDdWr=\L-w
bqEJDn�TGNm(>�D"WNW[mqG�clmqGIfVW[ZPBOZN=\mqL�W¬�VGIm"i-=�M-D�S�BO�V�T=\LTb«W�mO]�ZN@TD��nº Y M-D�i(=?>�D"W�ZNm%Zrcnm�M(=²��D�GIDeL-Z�BqMTM(GID"WNW[D"W$g
mqLVDa]�mqGlKT=\b�D�LCM-=�BOL�B"LCMUmqLVDa]�mqGlE\=\ZNZIEJD�D�LCM-=�BOL.s�¦n@TDªSURTEJZI=�w��TGNm(>�D"WNW[mqG¬W[D�GNijD�GAWuRCWrD��nº Y KVGI=?M(bqD"W$g
c�@T=�>_@¤BOGID��TGIm�bqGPBOS~S�B"KTE\D�ZNm~KT=\b4D�LCM(=?BOLpB"LCM�E\=JZIZNE\D%D�L�M-=?B"L�]�mqGª>�D�GIZPBO=JL�BqMVM-GID"WNWaGAB"LTbqD�W�s�haL-w
]�mqGNZIRTL�BOZIDeE\}pZI@TD"WrD�@CBOGPM-c�B"GID�K-}(ZID|W[cBO�T�V=\LTb�]�D"BOZNRTGID�WdBOGND�LTmqZ4B�i�BO=JE?BOKVE\D~=JL�ZI@TD�>�RTGIGND�L(ZU¸��
GIDeE\D"B�W[D"W Y Ú Yex t-sÇ{�]�m�G�¸ ¹ B"LCM Y Ú Yex t-s Ò ]�mqG%¸HGN=\bq=JL ¹q½q½ >�m�S~�TRTZND�GAW$s

¦n@VD;K(}(ZID�Wrc�BO�V�T=\LTbª>�B"LdB"E?Wrm�K6DBq>�>$mqS~�TEJ=?Wr@TD"M�K-}ªBO�T�VGImq�VGI=?B"ZID>�BOEJE?W6ZNmaZN@TDuEJ=\KTGPBOGI}H]�RTLC>�ZN=\mqL�W
ÿÇL(ZIm�@TE�Æ�BOL�M�ÿ @-ZNmqLTE:ÆqmqL4E\=JZIZIEJD�D�LCM-=�BOL4S�Bq>A@T=\LVD"W�s�¸HL4KT=\bªD�LCM-=�BOL�S�B�>_@T=JLTD"W$gOZN@TD"W[Dn]�RVLC>�ZI=JmqL4>�B"E\E�W
mO]�ZND�L�BOGND0ÿ LTmOw:mq�CD�GPBOZN=\mqLàÆ\gCK6D�>�BORCWrD�LTD�Zrcnm�GIf|W[D�GNi-=�>�D"W;EJ=\fjDª�%�;�|BOGND�>�mqLCWr=?M-DeGID"M�BqWnKV=\b�D�LCM(=?BOLàs
¸�]�>�mqRVGAW[Dª=\Z�=?W�D"BqWr}�ZIm�c�GI=JZIDªBdWrRTKCW[ZN=\ZNRTZI=JmqLU]�m�GnZI@VD�BOKCm"ijDa]�RTLC>$ZI=\m�L.su�TRTGNZI@TDeGIS~m�GIDjgqK(}(ZIDªBOLCM
� t�KT=\ZlB�>�>�D"WNW[D"WlBqMTM-=JZI=JmqLCB"E\E\}�EJD"BqM�ZImBOL�B�MTM-GND"WIW��TGIm�KTE\D�S¤s¬�«=\LC>�DªBOEJE�Bq>�>�D�WIW[D�W¬ZNm�B�{ ¹ KT=JZn�nº Y
KTRCWlBOGND�M-mqLVD%=\LU]�RVE\E�{ ¹ KT=\ZPW�g-ZN@TD�GNDa=�W;LTm�c�B�}�ZImd»CEJZID�G�ZN@TDaGN=\b�@-ZlK-}(ZIDHmqGlZ[clm�K-}(ZID"W�mqRTZlmO]�ZN@TD



� Ò

0 1 2 3 3 2 1 0

msb msblsb lsb

0 1 2 3
word 0

4 byte word

2 byte half−words
word 1

1 0 3 2
word 0 word 1

bytes 0 1 2 3 0 1 2 3
byte 0 byte 1 byte 2 byte 3 byte 0 byte 1 byte 2 byte 3

��=JbqRTGND Å s�kn=\bªD�LCM-=�BOL ¾ E\D$]�Z ¿ B"LCMUE\=JZIZNE\DnDeLCM-=?B"L ¾ GN=\bq@(Z ¿ WrZImqGPBOb�D%mO]°{ ¹ KT=\ZPW�BqW;clmqGPMTW�gj@CB"E²]?w:cnmqGPMTW
BOL�M§K(}-ZNDjs

{ ¹ KT=JZAW$su¦n@TDH@CBOGPM-c�B"GIDªBqWNW[RTS~D�WuB%KT=\b%DeLCM-=?B"L~WN>_@VD�S~DlBOLCM4Bq>e>�D"WIWrD"W�ZN@TD�c�GIm�LTbdK(}-ZND"W�s�±aD�LC>$Djg
ZI@VDdB�MTM-GND"WIWn]�mqGHK-}(ZID³BOLCM�cnmqGPM�B�>�>�D"WNW[D"Wn@CB�WxZNmUKCD��6DeGIS4RTZID"M�=\L�B�MTM-=\ZN=\m�L�ZIm4K(}-ZND�W[cBO�T�T=JLTb
]�mqG � tUKT=JZAW$s%¦n@TD�K-}(ZID�wzBqMVM-GID"WNWa@CB�WaZIm~KCD�©(mqGeÆÜD"M�K-}�{0]�m�G%K-}(ZID�W�BOLCM�K-} ¹ ]�mqG � t~KT=\ZHcnm�GAMTW$s
¦n@T=�W³S|D"BOLCWHBOLp©(mqG�mq�CD�GPBOZI=JmqLpK-} � ]�mqG � t~KT=JZdB"GIGPB�}�=\LCM(D�©�B�>�>�D"WNW[D"W$s�¦n@T=\LVbjW%KCD">�mqS|DdD�ijD�L
S~m�GID%ZNGI=?>Af(}d]�mqGHRTL-wzBOE\=JbqLTD�M§MVBOZAB(g6c�@V=?>A@�>$mqRTE�M�KCD�B�ijmq=�M-D"M~=\L�mqRVGH>�BqWrDjs

Y ]àcnDªBOGIDª=\L(ZID�GND"W[ZND"M0ZNmdZNGABOL�Wz]�D�GlGAB�c�MTBOZPBdmO]�B�SURTEJZI=J�TE\DlE\D�LTb�ZI@4mO] Ò K(}-ZND"W�gjclD%M-m�LTmqZ�@�B�ijD
ZImpKCmqZN@TD�G4c�=\ZI@1K(}-ZND�wzW[c�B"�T�T=JLTb�B"Z4BOEJE�s1o�@TD�ZI@VD�G�ZI@TD�K(}-ZND"W�BOGND�D�©T>A@CB"LTbqD"M�K(}�ZI@VD�WrD�LCM-DeG
BOL�MUGID�ijDeGAW[D�MdK-}�ZN@TDaGND">�D�=JijD�G�M-mjD"W;LVmqZnS�BOZIZND�G�g�K6D�>�BORCWrDaclDa@�B�ijDªB%@TmqS|mqbqDeLTD�mqR�Wn>�m�S~�TRTZN=\LTb
D�L(i-=JGIm�LTS~D�L(Z�s�¦n@T=?W�cnm�RTE?M�>_@CB"LTbqD%]�m�GaZN@TD�>�m�S~S4RTLT=?>$BOZN=\m�LUc�=JZI@�m�ZI@TDeG%>�m�S~�TRTZND�Gn�VE?BOZr]�mqGNS�W�s
±am"cnDeijD�G�g�]�mqG�ZI@VDH>�mqS~S4RTLT=�>�B"ZI=JmqL�c�=\ZN@UZN@TDH� Y ºp@CBOGPM-c�B"GIDjg(BqW�cnD�EJETB�W�W[mqS|DHMTBOZPB³m�LUZN@TDH� Y º
�(ÚH`%<�g"cnDH@CB�ijD�ZIm�>�BOGNDHBOKCmqRVZnZI@VD�K-}(ZID�m�GAM-D�Ges�¦n@CBOZ�=�W�c�@-}�clD�@CBqM�ZIm�S~m(M(=²]�}�WrD�ijD�GPBOE(�CBOGNZAW
mO]¬ZI@TD�>�m(M-D�WnZIm4=\S~�TEJD�S4D�LjZ�ZI@TD�GI=Jbq@(Z�K-}(ZIDªmqGAM(D�G�s

÷.� �C�Jë.�U¡�Ô-ñ�Ô¥õ�Ô-ñ"ä�ìL|Hñ"ä�Ø�Ê7è.ÕOò�ójìCô ü~ø��"�
º�m�LCW[=�M-D�GW[mqS|D�>�mqL(ZI=JbqRTm�RCWnRCWrD�G�MTB"ZABdZNm�K6D�ZNGABOL�Wz]�D�GNGID"MUZNm4BOLTm�ZI@TDeG��TGIm(>�D�WIW[m�G�s Y ]�cnD%cBOL(Z

ZIm�M-m�ZI@T=�Wuc�=\ZI@�ZN@TDª<�}-GN=?>�m�Sß`%� Y gO»CGPW[Z�gjclD�@CB�ijD�ZIm�>$mq�(}dZI@VD%MTB"ZAB�=\L(ZIm�B�v%<�`xwzBOKTEJD�GID�b�=\mqLàg
c�@T=�>_@�>�BOL�K6D�B"L-}�EJm(>�BOZN=\mqL1=JL¥ZN@TD�>�m��-}jw�KVE\m(>Af�g�W[D�D�»CbqRVGID�Ï-s�¦n@TD�>�m��-}jw:KTE\m(>Af¥=�W�B�E\=\S|=\ZID�M
GID�W[mqRVGA>�D�BOEJE\m(>�B"ZID"M~K(}~ZI@VD�fjDeGILTD�E:s�opD�>�BOEJE.BOL¤`%� Y ]�RTL�>�ZI=JmqL�ZIm�ZNGABOL�Wz]�D�GHZI@TD�MTB"ZAB(sn¦n@TD�`%� Y
�CB�WIW[D�W�ZI@VD4BqMTM-GND"WIWrD"W%ZIm�ZI@VDU�TGNm(>�D"WNW[mqG�mqLpZI@TD4� Y ºHg�c�@T=?>A@�=\LT=JZI=�BOZID�W%B�v%<�`áZIGPBOLCW�]�D�G%]�GImqS
@Tm«W[Z�S~D�S~m�GI}~=JL-ZNm~ZI@VD§�(ÚH`%<�s�¦n@TD|� Y º��VGIm(>�D"WNW[m�G�EJmjmqfVW�RT��ZN@TD4GImqRVZID�ZIm�ZN@TD~M(D"W[ZN=\LCB"ZI=\m�L
�TGNm(>�D"WIWrmqGBOLCM��TRTZPW�ZI@VD�GImqRVZID4mqL(ZIm�ZN@TD�c�=\GNDjs4`x]�ZIDeGIc�B"GAMTWH=\Z�=\LT=JZI=�BOZID�W%B�v%<�`áZIGPBOLCW�]�D�G�]�m�G
ZI@VDdMVBOZABd]�GIm�SÐZI@VD0�¼Úa`%<émqL(ZIm4ZI@VD�c�=JGIDjs�¦n@TD�� Y º�@�BOGAM(c�BOGND�B�MTMTWHB0ZNGABO=JE\=JLTb�>A@TD">AfTWrRTS�s

FH=JijD�L1B�GID">�De=\i(=\LTb��TGNm(>�D"WIW�ZI@�BOZ�@CB�W0�TRVZ~B�GND">�D�=Ji-=JLTb�KTR(��DeG�mO]�ZN@TD�>�mq�(}¼w:KTEJm(>_fp=\L(ZIm�ZN@TD
� Y º�GND">�D�=JijD�®¼RVD�RTDjgCWrD�D�»Cb�RTGID Á s%¦n@TD�=\LC>$mqS~=JLTb�S~D"WNWIBOb�Dd=�WaWrZImqGND"M�=\L�ZI@TD� Y º7�(ÚH`%< BOLCM
ZIGPBOLCW�]�D�GIGND"M~K-}|ZI@TD�� Y º+v%<�`7=\L(ZIm�m�LTD�mO]�ZN@TD�GID">$D�=\i(=\LTb�KTR(��DeGAW�sl¦n@T=�WnS~D"WIWNBOb�Dd>eBOL�LTm"c7KCD
]�D�ZP>_@TD�MUK-}|ZI@TD�GID�>�D�=\i(=\LVb��VGIm(>�D"WNW�gCc�@T=?>A@~@CB�WxZNm~>$mq�(}~ZI@TD�MTB"ZAB�ZIm�ZN@TD�M-D"W[ZN=\LCB"ZI=JmqL�EJm(>�BOZN=\m�L.s

¦n@V=?WU�TGNm(>�D"M-RVGIDp@TmqE�MTW0]�mqG��CB�>_fjDeZAW4W[@Tm�GIZIDeG§ZN@CBOL�ZI@VD�S~D"WIWNBOb�D�ZIGPBOLCW�]�D�G�RTLT=JZ ¾ <�¦�h ¿ mO]
Ï � { ¹ K(}(ZID"W$s��CmqLTb�D�G~S~D�WIWIB"bqD"Wd@�B�ijD�ZNm¥KCD�Wr�TE\=JZ~B"LCM�WrD�L(ZU=JL�WrD�ijD�GPBOE��CB�>_fjD�ZPW�s+¦n@TD�GND�BOGND
Zrcnm��TGNmqKTEJD�S�W�BqWNW[m(>�=�BOZND"M3c�=JZI@1ZI@T=�W�S~D�WIWIB"bqD~��BqWIWr=\LTb�W[DeS�BOL(ZI=�>�W�¯ Y ]HZI@TD|GID">�De=\ijD�G�M-mjD"WdLVmqZ
�TGNmOi(=?M(D4B�GND">�D�=JijDdKTR(��DeG�g.ZI@TD4S~D"WNWIB"bqD�=?WªM-GIm��T�CD"M�BOL�M
b�D�ZAW%E\m«W[ZesU�Hm�B�>_f(LTm"c�E\D�M-bqD�m�G³Ã�mOc



� y

Myrinet NICSender

contiguous
kernel RAM

user RAM

DMA

PCI bus
memcopy

Myrinet NIC Receiver

contiguous
kernel RAM

user RAM

memcopy

RAM RAM

DMA DMA

PCI bus

DMA

Myrinet

LANai
SRAM

LANai
SRAM

��=JbqRTGNDdÏ(s�v%BOZPBU�CB"ZI@~]�mqGHZI@TD�<�}(GI=�>�mqS `%� Y s

user Myrinet NIC
provide read buffer in contiguous, 
 un−cached kernel memory

read packet from network
DMA packet into buffer

fetch buffer
read packet header
copy data to destination

add buffer to queue
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operating system

write back cache
lock pages
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DMA engine
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