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� s4ÿBEÃqrxn¡��°=QHVT^R�þNHJHfGIE�sSEpPS¡-TJCBE�q&sSÿBE:EpC�sSP4TVEXq&TVCËs4ÿNE:¡¢A�s4PSTJ? � ÿBT^R[ÿáR�=LP4PSEXq4]d=LCNGBq�sS=
CB=QCNûpEpPS=áEpHVEp¡-EXCLs[qÃGBWBP4TVCBUásSÿBE.Ep?IEXR�WBs4TV=QC ü ~�ÿNEbþNHVHJTVCBU T^qÃCB=Ds�¡-EXP4EXHJx WNq4EXG sS=
AQRXR�WBP[A�sSEpHVx}GIEps4EpPS¡-TJCNE>s4ÿBE
P4E���WBTJPSEXG-¡-EX¡�=LP4x-q4TJûXE �Ø=QPfA&UQTVoQEXC:qr]NAQPSq4E>¡¢A�sSP4TJ?0K��BWIs
ADH^qr=}s4=:Rp=Q¡-]BWIsSE�s4ÿBE�GIEX]dEXCNGIEXCNR�E&ULPSAQ]Bÿ ü

� ~�ÿBE%Rp=Q¡-]BWIs[A�s4TV=QC-=��°sSÿBE%GIEX]dEXCNGIEXCNR�E�ULPSAQ]Bÿ
K�qr=���RXADHVHJE�G:ø�����ö[øpò&÷Qò��Bò� °÷Lò! #"[ò%$Dö����'&
�ÔgI\)(&�!K`TVq*�NALqrE�GO=QCËADCàE�?ns4EXCNq4TJ=LC.=���GBA�s[AÃGBEp]°EpCNGIEXCNR�E � ÿB=�qrE-R�=LCNGITJs4TV=QCNq � EpPSE
UQTVoQEXC+�nx¢F ü-, EpPSCNqrs4EpTVC � z �£ü Ffs�R�=Q¡-]BTVHVE��£s4TV¡�ELK�A}GIEXGBTVRXA�s4E�G-]BPS=QUQP[AD¡ TVq;UQEXCBEpP[A�sSEXG
s4=¢R�=L¡-]BWIs4E�q4WNR[ÿ�A�UQP[AD]Bÿ ü

� ~�ÿBE�qSR[ÿBEXGIWNHJTVCBU-]BÿNALqrE&GIxnCNAQ¡�T^RpAQHJHVx�qSR[ÿBEXGBWBHJE�q�]BPS=QUQP[AD¡Ùs[AQq4ZIq ü	� EpPSEQKnsSALqrZIq>Rp=QP �
P4E�qr]°=QCdG:sS=-A�PSEXqrs4PSWNR!sSWBPSEXGÃ]BP4=LUQP[AD¡ =L]dEXPSADs4TVCBU}=LC9q4]NAQPSq4E&GBA�s[A�qrs4PSWNR�s4WBPSEXq ü
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EXECUTION

Executor

Inspector

COMPILATION

dense program

filling analysis

dense dependence analysis

code generation

Entries

filling

final entries

sparse dependence computation

sparse dependence graph

scheduling

sparse matrix

sparse parallel program

numerical result

���������
	��Ãý
oQEpPSonTJE � =��§qrs4Ep]dq

a¬CNq4]°EXR!sS=QP ��vw?IEXR�WBs4=QP�¡-E�sSÿB=IGBqOTVCNGIWdR�E AQCj=�oQEpPSÿBE�AQG � ÿBTVR[ÿ ¡}WNqrs �dE ¡�TVCBTV¡-TJûXEXG ü
c#=LCNqrE���WBEpC�s4HVxQK � E � TVHJH ��A@oL=QP�]NADP[ADHVHJEXH�¡�Eps4ÿB=IGBq �Ø=QP)TJCdqr]°EXR�s4=QP�u q&ADHVUQ=QPSTJs4ÿB¡¢q ü ~�ÿBT^q)EpC �
A��BHJE�q)WNq)sS=OAD]B]BHVxOsSÿBE¢¡-E�sSÿB=IG �Ø=LP�H^ADPSUQE�¡-ADs4PSTVRpEXq)�°EXRXADWNq4EQK`s4ÿBE:q4TJûXE¢=��fs4ÿBE¢¡-EX¡�=LP4x
AQHVq4=¢q4RXADHVEXqfWB] � TÎsSÿ9s4ÿBE&CnWB¡ �dEXP�=���]BP4=IRpEXqSqr=LPSq ü

~�ÿBE¢PSEXqrs&=��fs4ÿBE¢]dAD]°EpP�T^q)=QPSULAQCBTJûXEXGåAQq �Ø=LHJHV= � q ü a¬CægnE�R!sSTJ=LCámBK � E:GIEXqSR�PST��°E:q4=Q¡-E
PSEpH^A�sSEXG � =QPSZnq;GIEXAQHJTVCBU � TJs4ÿ�Rp=Q¡-]BTVHVADs4TV=QC:=��0TJPSP4EXUQWBH^ADP;]BP4=LUQP[AD¡¢q ü a¬CÃgnE�R!s4TV=QCÃ{BK � E�ULTJoLE
AQC}=�oLEpPSo�TVE � =��d=QWNP�¡-Eps4ÿB=IG �BWBTVHÎswADPS=QWNCNG�A�qrTV¡-]BHVEfEp?BAD¡-]BHVE ü ~�ÿBEpC
K�gnEXR�s4TV=QC�l
]BPSEXq4EpC�s[q
sSÿBEÃqrs4PSWNR!sSWBPSE¢=���qrE���WBEpC�s4T^ADH#TJCN]BWIs}]NP4=LUQP[AD¡¢q ü gnEXR�s4TV=QC z GBE�þNCBE�q&sSÿBE¢þNHVHJTVCBU �ØWNCNR!sSTJ=LC
� ÿBT^R[ÿæR�=L¡-]BWIs4E�q�CBE � EpC�s4PSTVEXq �ØPS=Q¡ ADCáTVCB]BWIs�]BPS=QUQP[AD¡ ADCNGË¡¢A�sSP4TJ? ü a¬C gnEXR�s4TV=QC zBü {NK
� E�ULEpCBEXPSADs4E�sSÿBE�TÎsSEpP[A�s4TV=QCàqr]NAQPSq4E�GIEX]dEXCNGIEXCNR�E�UQP[AD]Bÿ �ØP4=L¡�EXC�s4PSTJE�q%]°EpP �Ø=QPS¡-EXG �nx�s4ÿNE
þNHVHVTJCBU �ØWBCNR�s4TV=QC ü gIEXR!sSTJ=LC � ]BP4E�qrEXC�sSq��d=Qs4ÿ:sSÿBE)qrxn¡��°=QHVT^R%R�=IGIE
s4=}UQEXCBEpP[A�sSE�s4ÿNE%þNHVH
�£TVCÃALq
� EpHVHBAQq�GIEX]dEXCNGIEpCdR�EXqXKQAQCNG�sSÿBE�CnWB¡-EpPSTVRXADHn]NADP[ADHVHVEpHIR�=IGIE ü Mb=LP4EX=�oQEXPXK@qr=L¡-EfEp?I]dEXP4TV¡-EpC�sSAQH
PSEXq4WBHJsSq � TJs4ÿbR�=L¡�¡-EXCLs[q�ADPSE�UQTVoQEpC ü Y�TVCNADHVHVxQK � E)HJE�A@oQE
s4ÿBE&PSEXRXAD]BTJs4WBH^A�sSTJ=LC�sS=:gnEXR�s4TV=QC.� ü


åEàALq4q4WB¡-EOsSÿNA�sÃs4ÿBEàP4E�AQGIEXP�T^qÃRp=QCnoQEXPSqSADC�s � TJs4ÿ�sSÿBEàEXHJEX¡-EpC�sSAQP4x GIE�þdCBTÎsSTJ=LCNqÃ=��
GIEXCB=Ds[A�sSTJ=LCNADH
q4Ep¡¢ADC�sSTVRXq>AQq �Ø=QWNCNG�TVC9s4ÿBE&TVC�s4PS=IGIWNR!sS=QPSx�R[ÿNAQ]Is4EXPSqf=��§A}s4Ep?�s��d=n=LZ:=QC9s4ÿNE
q4W'��� E�R!s%AQq � ��z �£ü

m ü <�v;_�F§~>v;\�
�ý�<���g
~ � =&s4=L]BT^Rpq;AQP4E
R�HV=Lq4E>s4=}=QWBP � =LP4ZIqXKQPSEXq4]dE�R!s4TVoQEXHJx���qr]NAQPSq4E%Rp=Q¡-]BTVHJEXPSq � ÿBTVR[ÿ¢PSEXqrs4PSWNR��

sSWBP4E�A�]BPS=QULPSAQ¡Ù=Q]°EpP[A�s4TVCBU-=QC�GIEXCNqrE&AQP4P[A@xIqwsS=¢]BP4=LUQP[AD¡¢q#=Q]°EpP[A�s4TVCBU�=QC�qr]dADP[qrE&ADPSP[A@xnqXK
AQCNGbsSÿBE¢GIxnCNAD¡-T^R�]NAQPSAQHJHVEpHVTVûXA�sSTJ=LCb=��;TVPSP4EXUQWBH^ADP
]BP4=LUQP[AD¡¢q � ÿNTVR[ÿåADCNAQHJxIq4EXq�GIEp]°EpCNGBEpCNRpE
ULPSAQ]BÿNq�ADCNG�qSR[ÿBEXGBWBHJE�qfsSALqrZIq>A�s>PSWBC �£s4TV¡-E ü

��� � ������� �
��	��! �" � ��#$	%�
�

a¬C s4ÿBT^q}s4=Q]NTVRQK§s � = � =QPSZnq�ÿNA@oQEÃ¡¢ADTVCBHJx �°EpEXC ]BPS=Q]°=Lq4EXG � � Kw�IK � lBK �X�	�£ü a¬C � � Kw� � K
sSÿBE�ADWBs4ÿB=LPSq>ÿdA@oQE
�NALqrE�G�sSÿBEpTVP
Rp=Q¡-]BTVHJEXP
MO~ � =LCOA-WNq4E�=�� �°=Ds4ÿOGNA�sSA�q sSP4WNR�s4WBPSEXq�cf<%g
��c#=Q¡-]BPSEXqSqrE�G <�= � g�sS=QP[ADULE��-ADCdG+c>c�g ��c#=Q¡-]BPSEXqSqrE�G�c#=QHVWB¡-C+g�s4=LPSAQUQE�� �Ø=LP�qrs4=QPSTVCBU
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q4]NADP[q4E�¡¢A�sSP4T^R�E�q ü |wPS=QUQP[AD¡ s4P[ADCdq �Ø=LP4¡¢A�sSTJ=LCNq�ADPSE �Ø=QPS¡¢ADHVTJûXEXG WNqrTVCBUå]d=LHJxnÿBE�GIP[ADH>ADHVUQE��
�BP[AQq ü a¬C � � lBK �X�	� K�s4ÿNE9AQWIs4ÿB=LPSq�ÿNA@oQE��NAQq4EXGËsSÿBEpTVP-R�=Q¡-]BTVHVEpP , EXP4CN=QWBHVHJTf=QC AOWNq4E�=��%A
ULEpCBEXPSAQHJTVûXADs4TV=QC�=��#�d=Qs4ÿ�GBADsSA&qrs4PSWNR!sSWBPSEXq#c>c�g�ADCdG�cf<%g�KLRXADHVHJE�G:c � g��£c#=L¡-]BP4E�q4q4EXG � x �
]°EpPS]BH^ADCBEOg�sS=QP[ADUQE@�!K �Ø=QP:qrs4=QPSTVCBUáqr]NAQPSq4E9¡-ADs4PSTVRpEXq ü ~�ÿBE�]BP4=LUQP[AD¡ q4Ep¡¢ADC�sSTVRXq}T^q¢ULTJoLEpC
WNq4TVCBUbP4EXHVADs4TV=QCNAQH§ADHVUQE��NPSALq ü ~�ÿBEpxåAQqSqrTV¡-TJH^A�sSE¢qr]NAQPSq4E-ADPSPSA@xIq%s4=OA9P4EXHVADs4TV=QCNAQHwGBA�s[A	� �NAQq4E
� ÿBEXP4E)ZLEpxIq�ADPSE
EXCLsSP4x:Rp=n=QP[GITJCdA�s4E�q ü a¬CÃs4ÿBT^q>q4EpCNq4EQKnsSÿBEpx:CdAD¡-EXG�s4ÿBEXTJP�AQ]B]BPS=LALR[ÿ��4GBADsSA��
RpEpC�s4PSTVR��B�
HV=n=Q]Nq � ÿNTVR[ÿ�=QPSTJULTJCdADHVHJx�q4]NADC�TJs4EpP[A�sSTJ=LC�GB=Q¡¢ADTVCNq§ADPSEfP4E�q sSP4WNR�s4WBPSEXG�s4=�q4]NADC}s4ÿNE
EXCLsSP4xbRp=�=LPSGBTJCNADs4E�q%GI=L¡-AQTJC ü c#=LCNq4E ��WBEpC�sSHJxLKdPSE��ØEXP4EXCNR�E}o@AQHJWNEXq � ÿBTVR[ÿåGI=�CN=Ds)�dEXHJ=LCBU:sS=
EXCLsSP4TVEXqfADPSE�sSÿBEpC9GIT^q4RXADP[GIEXG � ÿNEpC:sSÿBE)R�=Q¡-]BWBsSA�sSTJ=LC�T^q;]°EpP �Ø=QPS¡-EXGÃqrTVCNR�E%s4ÿBEXx:ADPSE%CBEXoQEXP
ALRpR�E�q4q4EXG ü

, =DsSÿ � =QPSZnq#ADPSE�¡¢ADTVCBHVx �Ø=nRpWNq4EXG¢=LC:s4ÿNE�AQWIs4=L¡-ADs4T^R%Rp=QCnoQEXPSq4TJ=LC-=��`q4E ��WBEpC�sSTVAQH°GIEXCNq4E
]BPS=QULPSAQ¡¢q�TJC�s4=}qrEX¡-AQC�s4T^RpADHVHVx�E ��WBTVo�ADHVEpC�s#q4E ��WBEXCLsSTVAQHdq4]NADP[q4E�R�=IGIEXq ü ~�ÿBEpPSE��Ø=LP4ELKDs4ÿNE � =LP4Z
]BPSEXq4EpC�sSEXG TJC s4ÿBT^q¢]NAQ]dEXP:RpAQC �°EbqrEXEpC AQq¢ADC E�?nsSEpCNq4TJ=LC =��%sSÿBEXq4E � =LP4ZIq ü a¬CNGBEpEXG
K#TVC
ALGBGITJs4TV=QC
K � E�WNq4E�q4]NADP[qrTJs xOsS=àRp=QCnoQEXPrs�q4E ��WBEXCLsSTVAQH#GIEXCNq4E:]BPS=QUQP[AD¡¢q&TVC�s4=.q4Ep¡¢AQCLsSTVRXADHVHJx
E��LWNTJo�ADHVEpC�s9]NADP[ADHVHJEXH%q4]NADP[qrEàR�=IGIEXq ü , EXq4T^GIEXqXK � E � TJHVH)qrÿB= � TVC gnE�R!s4TV=QC � ÿB= � s4ÿNEXq4E
� =QPSZIqfRXADC��dE&TVC�s4EXUQP[A�s4E�G:sS=-=QWBP>]NAQPSAQHJHVEpHVTVûXA�sSTJ=LCÃqSR[ÿBEp¡-E ü

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

\
xnCNAD¡-T^R:]NAQPSAQHJHVEpHVTJû�A�sSTJ=LCËAQTJ¡¢q}A�s�qSR[ÿBE�GIWBHVTJCBUåADCæAQ]B]BHVTVRXA�s4TV=QC AQRpRp=QP[GITVCBU�s4=åAOGIE��
]°EpCNGBEpCNRpE�UQP[AD]Bÿ�]°EpP �Ø=QPS¡-EXG�A�s%PSWBC�s4TV¡-E ü a¬C�s4ÿBT^q>sS=Q]BT^RDK � E}RpADCbRpTÎsSE&s4ÿBE � =LP4ZIq�=�� � � iIK
�L� KdmQm �£ü
a¬C � � i � K@sSÿBE#AQWIs4ÿB=LPSq�GIE�þdCBE#A%]NADP[ADHVHJEXHJTVûXADs4TV=QC&qSR[ÿBEp¡-E �Ø=LP`]BPS=QULPSAQ¡¢q � ÿBEpPSE#AQP4P[A@xIq0ADPSE

TVCNGITVP4E�R!sSHJx¢PSE��ØEXP4EXCNR�E�G ü ~�ÿBTVqf¡-E�sSÿB=IG�T^q�ADH^qr= �NAQq4EXG�=QC¢sSÿBE)TJCdqr]°EXR�s4=QP ��E�?IEXRpWIs4=LP#qSR[ÿBEp¡-E ü
~�ÿBEÃTJCdqr]°EXR�s4=QP�R�=L¡�]NWIs4E�q�sSÿBEÃGIEX]dEXCNGIEXCNR�EÃUQP[AD]Bÿ
K§AQCNGås4ÿBEXCæ]°EpP �Ø=QPS¡-q}A.qSR[ÿBEXGBWBHJE�=��
s[AQq4ZnqXK � ÿBTVHJE;s4ÿBEfE�?IEXRpWIs4=LP�qSR[ÿBEXGBWBHJE�q�AQCNG�Rp=Q¡-]BWIsSEXq`sSAQq4ZIq`ALRpR�=LPSGBTJCBU�s4=�sSÿBE�GIEp]°EpCNGBEpCNRpE
ULPSAQ]Bÿ ü ~�ÿBE%GIEX]dEXCNGIEpCdR�E%AQCNADHVxIqrT^q§T^qw]°EpP �Ø=QPS¡�E�G-GIxnCNAD¡-T^RpADHVHVx�ALRpR�=LPSGBTJCBU�sS= , EpPSCNq sSEpTVC
u q
Rp=QCNGITJs4TV=QCdq ü ý
WBP � =QPSZ �Ø=QHVHJ= � q§s4ÿBE�qSAD¡-E�qrs4Ep]dq§E�?BR�EX]Is � E>P4EpþNCBE�s4ÿNE , EpPSCNq sSEpTVC
u qwR�=LCNGIT
�
sSTJ=LCNq ��x�s[ADZnTJCNU�sSÿBE�q4]NAQPSq4TÎs x�TVCLsS=�ALRpRp=QWBC�s ü a¬C�gnEXR�s4TV=QC �Nü {NK�Ep?I]dEXP4TV¡-EpC�sSq � TJHVH �°E
ULTJoLEpC
TVC¢=QP[GIEpP�sS=�R�=L¡�]dADPSE�s4ÿBE�qSR[ÿBEXGBWBHJTVCBU&=��IsSAQTJCBE�G��ØP4=L¡ � � i � u qwADCNAQHJxIq4TVq§AQCNG�s4ÿNE%q4R[ÿNEXGIWBHVTVCBU
=��IsSAQTJCBE�G �ØPS=Q¡ïs4ÿBE&ULEpCBEXP4T^R�qr]NAQPSq4E�¡�Eps4ÿB=IG�]BPSEXq4EpC�sSEXGÃTJCÃs4ÿBT^q>]NAQ]dEXP ü

a¬C � �Q� K>mLm � K
AæHVT��BPSAQP4x CNAQ¡�E�G���­`±��Ý³ ÿNALq��°EpEXC GIEpþNCBEXG � ÿBT^R[ÿ�]BPS=�o�T^GIE�q�AæPSWBC �
sSTJ¡-E)qrWB]N]d=LPrsfs4=�GIxnCNAD¡-T^RpADHVHVx-qSR[ÿBE�GIWBHVE�ALR�xIR�HVTVR%TJPSPSEpUQWNHVAQPwUQP[AD]Bÿdq ü \%EX]dEXCNGIEXCNR�E�UQP[AD]Bÿdq
AQP4E�E�?I]BHVTVRpTÎsSHJxàGIE�þNCNEXG ü ý
WBP � =LP4Z�]BPS=�onTVGIE�q)ADCàAQWIs4=L¡¢A�s4T^R �ØPSAQ¡�E � =LP4Z9sS=9Ep?ns4P[AQR!s�s4ÿNE
GIEX]dEXCNGIEXCNR�EÃUQP[AD]BÿáADCdGås4ÿBE9qrxn¡��°=QHVT^R:R�=L¡�]NWIsSADs4TV=QCËs4=OþNHJH#s4ÿNEÃq4]NADP[qrE¢¡¢ADs4PSTÎ?å=��>s4ÿNE
]BPS=QULPSAQ¡ ü ~�ÿBE�qSR[ÿBEXGIWNHJTVCBU&ADHVUQ=LP4TJs4ÿB¡¢q�GIEXoQEpHV=Q]°EXG}TVC�sSÿBE>¡-EpC�s4TV=QCBE�G � =QPSZIq�RpADC+�°E>WNqrE�G
TVC�=QWBP �ØP[AD¡-E � =QPSZ ü

{ ü ý�h
~>_
a e%v�ý�Y ~ � v F%|#|;<�ý�F%c �
~�ÿBT^q�qrE�R!sSTJ=LC}ADTV¡¢q�s4=�UQTVoQE#AQC�=�oLEpPSo�TVE � =��d=QWNP�AQ]B]BPS=LAQR[ÿ��BWBTVHÎswADPS=QWNCNG�A
oQEpPSx&qrTV¡-]BHVE

Ep?IAQ¡-]BHJE ü a�s)]BPS=�onTVGIE�q%AQCOTJC�sSWBTÎsSTJoLE�PS=LALGb¡¢AD] �Ø=LP%sSÿBE}PSEXqrs%=��ws4ÿBE�]NAQ]dEXP ü ~�ÿBE�R[ÿN=Lq4EpC
Ep?IAQ¡-]BHJE)T^q�A-qrTV¡-]BHVE&]BP4=LUQP[AD¡ÙUQTVoQEXCÃTVCbY�TJULWBP4E�m ü
~�ÿBE �NALqrT^RO]BPSTVCNR�TV]BHVE.=���GBA�s[A GIEX]dEXCNGIEpCdR�TVEXq9P4EXHJTVEXqÃ=QC R�=QCdGITÎsSTJ=LCNqÃTJC�s4PS=IGIWNRpEXG �nx�F ü
, EpPSCNqrs4EXTJC � z �£ü (�TJoLEpCbA�]BP4=LUQP[AD¡ � ÿBEXP4E&A¢qrsSADs4Ep¡-EXCLs�� =IRpR�WNPSq �°E��Ø=LP4E�A-qrsSA�sSEp¡-EpC�s���K
A-GIEX]dEXCNGIEpCdR�E&E�?IT^q s[q>T
��=LCBE)=���s4ÿBE�s4ÿNP4EXE �Ø=QHVHJ= � TVCBU-RpAQq4EXq�ÿN=QH^GBqp�
�Qü A�q s[A�s4EX¡-EpC�s���PSEXALGBq)A9RpEpHVH§¡-Ep¡-=QPSx � ÿBT^R[ÿàÿdAQq)]BPSEponTV=QWNq4HJx �°EpEXC � P4TJsrsSEpC ��xàA
q s[A�sSEp¡-EpC�s���KBq4=��¬RpADHVHVEXG��>õ����r÷Qò��Bò� °÷Lò! #"Sò��
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�;|wPS=QULPSAQ¡ �

��� ����� m�� ��� �	 ��
}����� � ��� ��
 � ��
 ����� 
 � ��
ám � ��
�
 � ��� ������ �����
�wywAQHJWNEXq>ADCdGÃTVCBTJs4T^ADH0þdHJH ����������! �" #%$& #'#(#%�)#*�#$ #+�,#-�.#%�/#% ���0$�$��!$�$ # $����1$!$

$�$ $�$ $ $!$
2436587�9':<;>=

$
$$

�?$$ � $
$

���$� � �
	 � F q4TJ¡-]BHVE&E�?BAQ¡�]NHJE

m ü A�qrsSADs4Ep¡-EXCLs � � PSTÎsSEXq
TJCåA�RpEpHVH�¡-EX¡�=LP4x � ÿBT^R[ÿ.ÿdAQq
]BP4EXonTJ=LWNqrHVx��dEXEpC.PSEXALG �nxbA
q s[A�sSEp¡-EpC�s���KBq4=��¬RpADHVHVEXG �� A@CB �r÷Qò��Bò� °÷Lò! #"[ò!�

{ ü A-q s[A�s4EX¡-EpC�s�� � P4TJs4E�q>TJCbA¢RpEpHVH
¡-Ep¡-=QPSx � ÿBT^R[ÿ�ÿNAQq>]NP4EXo�TV=QWdqrHVx��°EpEpC � PSTÎs4s4EXC��nx
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sSÿBE�AQqSqrTVUQCN¡�EXC�s 	 S ü ~�ÿBE&R�=Q¡-]BWBsSA�sSTJ=LC�=���I�J¢=QC 	 S T^q�sSÿBEpCbGIEpþNCBEXG��nx��
� 	 S ��� ���*!E� G �r�8I�J°� 	 S �X� ��MC�7!�M�� GNMJ�r� � <0� � S ��; S � @ � G � J 	���� �'<0� ������;*�p� @ � G � J 	���� ��  " � � � � � � � � � � � � � F � F 6 ?à� F ! F�� 
 ��? � F GaF 6 ?
�  " � � � � � �
	 ��� � � � � F �~MxF 6 ?.� F !�MxF �~M[
 ��? �~M6FVGNM6F�6 ?
 � � 	!�
� � � � ���*!6�LG �nU U � ��MC�7!�M�� GNMV� ?
� 	 � � � � �	� 
 � �A��� �
� 	 � 	%�
	 � � 	 � �J� � S �\G��\G M ? ; S �>� �)! M ?
� GNM^� � S ? !�M^� ; S ? �~M^� � � ? !�M � ; � �X
� 	 � � � � �	� 
 � 
[��� �
� 	 � 	%�
	 � � 	 � � � S �WGR�>�~M ? ; S ����� !�M ?
� �~M^� � S ? !�M^�); S ? GNM^� ��� ? !�M � ;*�X� �

F
q>]BPSEponTJ=LWNq4HJxLK � E�RpAQC9q4TV¡�]NHJT
�Øx:sSÿBE�R[ÿNADP[AQR�s4EXP4T^q sSTVR �ØWBCNR�s4TV=QCOAQq �Ø=LHJHV= � qX�
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� 	 S ��� ���*!6�LG �r�LI�Jd� 	 S �X� �~M��7!�M��LGNMJ�4� � <0� � S �,; S � @ � G � J 	����8�'<0� � � ��; � � @ � G � J 	����; S �); � ? ��� ; S � ! ? GR� � S ? !�ME� ; �
�V�KGNM^� � S ? �~M^� � � ? ; S U � � � X
�KGNM^� � � ? �~M^� � S ? � � S U � � X ; S U � S �r� �

gnTV¡-TJH^ADPSHVx)s4=)s4ÿNE�AQCNADHVxIqrT^q�=��°s4ÿBEfþNHVHVTJCBU �ØWNCNR!sSTJ=LC
KDsSÿBE>R�=Q¡-]BWBsSA�sSTJ=LC}=���GBEp]°EpCNGIEXCNR�TVEXq
=LCBHJxæGBEp]°EpCNG =QC EpC�s4PSxáo�ADPSTVA��BHJE�q ü F
q-]BP4EXonTJ=LWNqrHVxQK�sSÿBT^q�AQHVq4=ËR�=QCdq sSTÎsSWIs4E�q�AàCBE�R�EXqSqSADPSx
Rp=QCNGITJs4TV=QC:s4=�ULEpCBEXPSADs4E%AQC¢E��:R�TVEpC�s#TVCNq4]dE�R!sS=QPf]BP4=LUQP[AD¡ � ÿNTVR[ÿ�Rp=Q¡-]BWIsSEXqfGIEp]°EpCdGIEpCNRpTJE�q ü

+-¯-, � �	�^² ���.�����0/ �Ë�£gn]NADP[q4E)GBEp]°EpCNGIEXCNR�E&ULPSAQ]Bÿd�1�32�ò-@ � �[ò �	�°ö4õ�$Dö��4� õ(� ��	 � ��) � &Nò
q4E�s�=���GIEX]dEXCNGIEpCdR�TVEXq���� B^ø}÷Lò��  °ò[÷ �póQù������ I J B I B I � )

�Bü c>ý�\�v ()v;e
v;<�F§~�a4ý�e
~�ÿBT^q;q4EXR�s4TV=QC:GIE�ADH^q � TJs4ÿ-sSÿBE
Rp=nGBE�UQEXCBEpP[A�sSTJ=LC+�°=DsSÿ�A�s;s4ÿBE�qrxn¡��°=QHVT^R�ADCNG-CnWB¡-EXP4T^RpAQH

HVEpoLEpH^q ü ~�ÿNE;R�=IGIEwULEpCBEXPSADs4TV=QC&qrs4Ep]�Rp=QCnoQEXPrs[q0ADCnx
GBEpCNq4E;q4E ��WBEpC�sSTVAQHD]BPS=QUQP[AD¡�s4=%AQC�gI|;MO\
q4]NADP[q4E
]BPS=QULPSAQ¡ �Ø=QP�q4ÿNADPSEXGÃ¡-Ep¡-=QPSx:ADP[R[ÿBTJs4E�R!s4WNP4E ü ~�ÿNTVq>T^q>GITVonTVGIE�G9TJC�s4=�s � =-]NADP4sSqX�
�Qü s4ÿBE�R�=IGIE�ULEpCBEXPSADs4TV=QC¢=��°sSÿBE)qrxn¡��°=QHVT^R>]BPS=QUQP[AD¡ � ÿBEpPSE � E%R�=L¡-]BWIs4E �ØP4=L¡ sSÿBE%PSE�� �
EpPSEpCNRpEXq§=��
CB=QCNûpEpPS=&EpC�sSP4TVEXq§=��0s4ÿBE%¡-ADs4PSTÎ?0KLs4ÿBE%þNHVH
��TJC:AQCNG-sSÿBE%q4]NADP[qrE
GIEp]°EpCNGBEpCNRpE
UQP[AD]Bÿ ü

m ü ~�ÿBE�UQEpCNEpP[A�s4TV=QC.=��wsSÿBE-C�WN¡�EXP4T^RpAQH�]dADP[ADHVHJEXH�q4]NADP[q4E�]BPS=QULPSAQ¡ � ÿBEXP4E � E�Rp=Q¡-]BWIsSE
s4ÿBE:qSR[ÿBE�GIWBHVTJCBU�=��fTJs4EXPSADs4TV=QCËqrEpsSq � ÿBT^R[ÿáRpADC �°E¢TJCNGBEp]°EpCNGIEXC�s4HVxà]°EpP �Ø=QPS¡-EXGåR�=QC �
R�WBPSPSEpC�s4HVxQKIq4=��¬RpADHVHVEXG �[ö4õ  ^@�ø!K��ØPS=Q¡ïGIEX]dEXCNGIEXCNR�E�q>]BPSEponTJ=LWNq4HJx�GBE�þNCBE�G ü

~�ÿBEÃR�=IGIE:ULEpCBEXPSADs4TV=QCËTVq�]BPSEXq4EpC�s4E�GËÿBEpPSE��nxàWdqrTVCBU.AQC�xå]NAQPSAQHJHVEpH;YN=QP4s4P[ADC ��HVTJZLE�]NP4=��
ULPSAQ¡�¡-TVCBU�H^ADCNUQWNAQUQE�AQCNG.AÃGIEXGIT^RpADs4E�GOUQEXCBEpPST^R�GBADsSA	�¬qrs4PSWNR!sSWBP4E�HJT��BP[ADPSx ü ~�ÿBE-R[ÿB=QT^R�E}=��
A}]NADP[ADHVHVEpH0YB=LPrsSPSAQC �£HVTVZQE�]BPS=QULPSAQ¡-¡�TVCBU}HVAQCBUQWNAQUQE
EpCNA��BHJE�qfWNqfs4=-GIE�þdCBE&A�ULEpCBEXP4T^R �ØP[AD¡-E��
� =QPSZ � TJs4ÿB=LWIs:TJC�sSP4=IGIWNRpTJCNUæqr]°EXRpTÎþdR�ZnCB= � HVEXGBUQE�=QC H^ADCBULWNADULEXqXK � ÿBT^R[ÿ ��AQR�TVHVTÎs[A�s4E�q-s4ÿNE
]BPSEXq4EpC�s[A�s4TV=QC ü � = � EpoQEXPXK�ÿBTVUQÿBEXP�H^ADCBULWNADULEXq)�NALqrE�G�=QCáPSEpH^A�s4TV=QCdADH;GBADsSA��NAQq4EXq � � lNK ��� � K
=LP;WNq4TJCNU�GIEXGBTVRXA�s4E�G:GBADsSA	��]NAQPSAQHJHVEpHBqrs4PSWNR!sSWBPSEXq � m � � TVHJH�R�EXPrs[ADTVCBHJx�]BPS=�onTVGIE�A��Nqrs4P[AQR!sSTJ=LCNq�sS=
q4TJULCBTJþdRpAQCLsSHJxÃqrTV¡-]BHJT
�Øx:sSÿBE�R�=IGIE)ULEpCBEXPSADs4TV=QC ü

��� � ���	� " �  �#��$� �  � 	�� 	 � 	%� � � �� �
\
WBPSTJCBU�sSÿBE>q s[A�s4T^R�ADCNAQHJxIq4TVq��£gnEXR�s4TV=QC z ��K � E�R�=L¡-]BWIs4E�G}s � =)qrEpsSq�=��°R�=LCNGITJs4TV=QCNq§GBE�þNC �

TVCBUOPSEXq4]dE�R!sSTJoLEpHVxOs4ÿNE¢þNHVH
��TJCæAQCNGås4ÿNE�qr]dADP[qrE¢GIEX]dEXCNGIEpCdR�TVEXq ü F
q � E�qSA � TVC gnEXR�s4TV=QC z K
sSÿBEXq4E%R�=LCNGITJs4TV=QCNq;ADPSE�÷�� @�� � "[ò� A@£ö%B "�K�sSÿNA�s;T^qXK � E�q4RXADC¢A@o�ADTVHVA��BHVE>EpC�s4PSTJE�q�s4=�UQEpCNEpP[A�s4E �°=DsSÿ
CBE � =LCBEXq¢AQCNG GIEp]°EpCNGBEpCNRpEXq ü ~�ÿBEpPSE��Ø=LP4ELKws4ÿNEbTJCNq4EpP4s4TV=QC qrs4Ep] � TVHJH
R�=QCdqrT^q s¢=���AQGNGITJCNU
CBE � EpC�sSP4TVEXq�AQq � EpHVH�ALq#GBEp]°EpCNGIEXCNR�TVEXq ü ý �nonTJ=LWNqrHVxQKLs4ÿNE)Rp=QCNGBTÎsSTJ=LCNq#RXADC �dE)R�=L¡�]NWIs4E�G�TVC
]NAQPSAQHJHVEpH ü

~�=�GBE�þNCBE#s4ÿNEf]dADP[ADHVHJEXHLTV¡-]BHJEX¡-EpC�sSADs4TV=QC
K � E �Ø=LHJHV= � sSÿBE>ý�|#v;e ��MO|.CB=QPS¡ � �X� � � ÿBT^R[ÿ
Rp=QPSP4E�qr]°=QCNGNq�s4=�A:]BP4=LUQP[AD¡-¡-TJCNU¢HVAQCBUQWNAQUQE � TJs4ÿ.A�qrTVCBUQHVE�ALGBGIPSEXqSq�qr]dAQR�E ü ~�ÿBE�]dADP[ADHVHJEXH
HV=n=Q] � TJHVH��°E�GIE�þNCNEXG9TJC9sSÿBTVq%ADP4s4T^R�HVE*�nx9¥��n�I�n� � mQk ��ü

�;)��;)��;) �+� @��-ø%@Ôö%D�"?@CDIö4ò!ø ��õ�ö�ò� A@£ö%B�ò!ø��� °÷�÷Lò �Nò� °÷Qò� "[ò�ø
, E��Ø=LP4E�UQTVo�TVCBU¢sSÿBE�]dADP[ADHVHJEXH�R�=IGIE �Ø=QP
s4ÿBE�þNHJH
��TJC.AQCNGOq4]NADP[q4E�GIEp]°EpCdGIEpCNRpEXqXK � E�¡}WNqrs

þNP[qrs�R[ÿB=n=Lq4E�q4WBTJsSA��NHJE�gn]dADP[qrE¢\�A�sSAbg�sSP4WdR!s4WNP4E�qpK �Ø=QP�q4ÿB=QP4s�gI\�g0K
s4=Oqrs4=LP4E+�°=Ds4ÿáEXC�s4PSTJE�q

m �

ha
l-0

03
41

97
1,

 v
er

si
on

 1
 - 

19
 J

ul
 2

00
9



AQCNG:sSÿBE&GIEp]°EpCdGIEpCNRpE&UQP[AD]Bÿdq ü , x��Ø=QHVHJ= � TVCBU � � Kd��K � l � K � E&R[ÿB=n=Lq4E%ÿNALqrÿÃsSA��BHVEXq>AQq>gI\)g ü
~�ÿBE&TVC�s4EXP4E�q s>=��§q4WNR[ÿ9A�PSEp]BPSEXq4EpC�s[A�s4TV=QCÃTVqfsSÿBPSEpE��Ø=LHVG
�
�Qü � ALqrÿ�sSA��BHVEXq
RXADC
�°E;R�=LCNqrT^GIEXP4E�G
ALq0UQEXCBEpPSTVR�TV¡-]BHVEp¡-EpC�sSADs4TV=QCNq
=��NgI\)g ü ~�ÿBEXTJP`UQEpCNEpP �
TVRpTÎs x.HJTVEXq&=LC.sSÿBE:A��NTJHVTÎs xOs4=bR�=LC�oLEpP4s�ADCnxOAQGBGBP4E�q4q)=��fA9¡�WBHJs4T
�¬GITJ¡-EXCNqrTV=QCdADHwADPSP[A@x
��q4]NAQRpE��;s4=:A�ÿB=L¡-=QUQEXCBEp=LWNq�AQGBGBP4E�q4q � ÿBT^R[ÿ9Rp=QPSP4E�qr]°=QCdGBq#s4=-s4ÿNE&]BP4TV¡¢ADPSx¢EpC�s4PSx ü

m ü F%RXR�EXqSq4TJCBU�sS=�EXHJEX¡-EpC�sSq�T^q>E��:RpTJEXCLs ü
{ ü � ALqrÿ)s[A��BHVEXq�qrW'�dqrWB¡-E§sSÿBE;_`TJCBE�g�s4=LPSAQUQE§YB=LP4¡¢ADs#�ØPSEXq4] ü c#=LHJWB¡-C}gns4=QP[ADULE§YB=QPS¡¢A�s!�
� ÿBEpPSE�=LCBE%=��
¡-ADs4PSTÎ?-HVTJCBE�q
��P4E�qr] ü ¡¢ADs4PSTÎ?¢R�=LHJWB¡-CNq[�§T^q#WNqrE�G:AQqws4ÿBE�]BPSTJ¡¢AQP4x}ÿNAQq4ÿ
ZQEXx ü

� AQq4ÿ�sSA��NHJE�q
RXADCOADH^q4= �dE-R�=LCNqrT^GIEXP4E�G9ALq%q4WBTJsSA��NHJE�q sSP4WNR�s4WBPSEXq�s4=:TV¡-]BHVEp¡-EpC�s&GIEp]°EpC �
GIEXCNR�E�UQP[AD]Nÿ �dE�RpADWdqrE}UQP[AD]BÿbTV¡-]BHJEX¡-EpC�sSADs4TV=QC �nx�¡¢A�sSP4T^R�E�q%=��Ýs4EpC.HJE�AQGBq%s4=9qr]NAQPSq4E�¡¢A��
sSP4T^R�E�q ü a�s�T^q�q4W �:R�TVEpC�s>s4=:GIEpþNCBE�A�ÿNALqrÿBTVCBU��ØWBCNR�s4TV=QC �Ø=LP�ADCnx:]NAQTJP����� S ����
����P4EX]BPSEXq4EpC�s4TVCBUGIEX]dEXCNGIEXCNR�E&E�GIUQE�q �dEps � EXEpC9s � =�TJs4EpP[A�sSTJ=LCNq ü
h
qrWNAQHJHVxQK;ÿNAQq4ÿásSA��BHVEXq-ADPSE�TV¡-]BHJEX¡-EpC�s4E�G �nxáGIxnCNAD¡-T^RpADHVHVxæADHVHJ=IRpADs4E�GæADPSPSA@xIq&=��
ADPSP[A@xnq ü
a¬CË=QP[GIEXP
sS=b¡-TJCBTV¡-TJûXE-s4ÿBE:Rp=Q¡-]BHVE�?ITJs xQK � E � TJHVH;ALq4q4WB¡-E�s4ÿNADs)EXHJEX¡-EpC�sSq&=��#sSÿBE:q4EXR�=LCNG
GITV¡-EpCNq4TV=QC � TVHVH*�°EËqr=LPrsSEXG�TVC+TVCNR�PSEXALqrTVCBU =QP[GIEpP ü ~�ÿNTVq � TVHJH&ADHVHV= � WNqÃs4= TVCNq4EpP4s9CNE �
EXHJEX¡�EXC�sSq%�nx9WNq4TJCBUÃA:GIT^R[ÿB=DsS=Q¡-TVR�qrE�ADP[R[ÿ ü ~�ÿNEpPSE��Ø=QPSEQKNs4ÿBE�s � = �Ø=LHJHV= � TVCBU �ØWBCNR�s4TV=QCNq�ADPSE
PSE ��WBTVP4E�G0�

�  �J� ����� 0 �L��4 � � � ��� 8
¦ ��� � � ��TVCNqrEXPrs[q§A�o@AQHJWNE>TJC�s4ÿNE%gI\�g ü ~�ÿBE>]BPSTJ¡-TJs4TVoQE>PSE�sSWBP4Cdq
A+�d=n=QHVEXAQCÃo�AQHJWBE � ÿBT^R[ÿ�TVqfsSP4WNE&T
��s4ÿBE&EXC�s4PSx�ADHVP4E�AQGIx¢Ep?ITVqrsSq ü

�  �J� �����@���N�L� � � � ��� 8
¦ ��� � � �fR[ÿBE�R[ZIq � ÿBE�sSÿBEpP�A¢o�ADHVWBE�ÿNALq%AQHJPSEXALGIx��°EpEpCàq sS=QPSEXG
=QP�CB=Qs ü

Mb=LP4EX=�oQEXPXKL¡�EX¡-=QPSx:HJ=IR[ZnTVCBU�AQCNG:WNCBHJ=IR[ZnTVCBU}]NP4TV¡-TÎsSTJoLEXq>ADPSE�TJ¡-]BHVTVRpTÎsSHJx�WNqrE�GÃGBWBP4TVCBU�s4ÿNE
Ep?nE�R�WIsSTJ=LC�=��&TVCNqrEXPrs9ADCNG ¡-Ep¡ �dEXP�]BPSTV¡�TJs4TVoQE�q ü ~�ÿBT^q�AQHJHV= � q:ADs4=Q¡-T^ROAQRXR�E�q4q4EXq-sS=ás4ÿNE
q4EXRp=QCNGBAQP4x EpC�sSP4TVEXq � TÎsSÿB=QWIs�ÿNA@onTVCBU R�=LC � T^R!s[q ü Y�TJCNAQHJHVxQK%]NADP[ADHVHJEXHJT^q4¡ T^q�Ep?I]BP4E�q4q4EXG��nx
WNq4TVCBU �����
	�	 HJ=n=Q]dq � ÿBT^R[ÿ:q4RXADC¢EXoQEpPSx�EXHJEX¡�EXC�s#TVC¢]NADP[ADHVHJEXH ü ~�ÿBT^q;RXADC �°E�TJ¡-]BHVEp¡-EXCLsSEXG �nx
ý�|#v;e �¬MO| ]NADP[ADHVHVEpH�HJ=n=L]Nq � ÿBT^R[ÿ�qSRpAQCÃ]NP4TV¡¢ADPSx¢EpC�s4PSTJE�q ü

�;)��;)��7)
�wõX÷Lò)$Lò� °òpö � @CB�õ  Ëõ(�z@ &Bò ����� B  -$ �°ö4õ�$Dö��4�
a¬CbgnEXR�s4TV=QC z K � E&q4A � s4ÿNADs>s4ÿBE)þdHJHVTJCNU �ØWBCNR!sSTJ=LCbRpADC��°E�qr]°EXRpTÎþNE�G�AQq �Ø=QHVHV= � qp�

�
	�� S � � � 	 ��8 	 S �
���
�?� 8 	�� �4� � ÿBEpPSE-�

��	r� 8�	 S �
�
���?� 8�	
��� �Y�j¤ 8 M � � 	4� 8�	 S �
�
���?� 8�	
��� � : � 	S��8 	 S �
���
�P� 8 	�� � �[ª
YNP4=L¡ s4ÿBT^q�PSEp]NP4E�qrEXCLs[A�sSTJ=LC
K�s4ÿBE&þdHJHVTJCNU¢]BP4=LUQP[AD¡ qSRpAQCNqfs4ÿBE}R�WBPSP4EXC�s>q4E�s�=���EXC�s4PSTJE�q7�

�Ø=LP�E�AQR[ÿ&EpC�sSP4x�8 	 � =��Is4ÿBE#]NADP[AD¡-E�sSEpPf��8 	 S �
���
�-� 8 	����4� ü F%C�TV¡-]BP4=�oLEp¡-EpC�s`=��ns4ÿBT^q�q4R[ÿBEX¡-EwTVqsS=)Rp=QCNq4T^GIEpP�=QCNHJx�EXC�s4PSTJE�q�]BP4EXonTJ=LWNqrHVx&TVCLsSP4=IGIWdR�EXG �°EXRpAQWNq4E � TJs4ÿN=QWIswR�PSEXADs4TV=QC�s4ÿBE�þB?I]°=QTVC�s
T^q>CBE�R�EXqSqSADPSTJHVx¢P4E�AQR[ÿBE�G ü


�TJs4ÿB=LWIs&HJ=�q4q
=��#UQEpCNEpP[ADHVTÎs xLK � E�ALq4q4WB¡-E�sSÿNA�s&CBE � EpC�sSP4TVEXq�R�=LP4PSEXq4]d=LCNG�sS= �8 S ü ~�ÿNEULEpCBEXPSADs4EXG9R�=IGIE �Ø=LP�s4ÿBE)þNHVHVTJCBU �ØWNCNR!sSTJ=LC9T^qfs4ÿNEpC�UQTVoQEXCÃTVCbY�TVUQWNP4E �Bü
\
EXq4]BTJs4E9s4ÿBEbRp=Q¡-]BHVE�?ITÎs x =��%sSÿBT^q¢q4R[ÿBEX¡-E � ÿBT^R[ÿ TVq-¡¢ADTVCBHVx GIWBE9sS=àsSÿBE�UQEXCBEpPSTVRpTÎs x

PSE ��WBTVP4E�GOsS=OTJsSq�GIEpþNCBTJs4TV=QC
K�]BP[AQR�s4T^RpADH#AD]B]BHVT^RpA�sSTJ=LCNq)HVEXAQGàsS=OA�oQEpPSx.q4TJ¡-]BHVE�Rp=nGBE:AQq � E
RXADC�qrEXE&TÎs�TVC�sSÿBE)s � =�Ep?BAD¡-]BHVEXq>A��°=�oQE ü
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� ��� � � �
Fj]BPS=QULPSAQ¡ �â=��C��	 � �ÃAQCNGÃAQC ��� ��� qrs4=LP4TVCBU�s4ÿBE&TVCBTJs4T^ADH
EXC�s4PSTJE�q
� � ��� � � �
A}þNCNAQH`q4E�s7�7=���EpC�s4PSTJE�q �Ø=QP�sSÿBE&]BPS=QUQP[AD¡ � ü
� �
 ���� � " �6 S �A�
����� 	 � ��6 S �� �L�6 � � ������
	�	 ��8 S+S @ 6 S �

���
������
	�	 ��8 S � 
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KnR�=L¡-]NADPSEXq � � i � u qf¡-E�s4ÿN=nGà��q4EpE)gnEXR�s4TV=QC9m ü mL�
AQCNGàs4ÿBE:]NP4=L]d=�qrE�Gà¡-Eps4ÿB=IG � ÿBEXCËAQ]B]BHVTJE�Gås4=�sSÿBE:]BPS=QULPSAQ¡ GIEXqSR�PST��dE�GàTVCæv§?BAQ¡�]NHJE:m ü
a¬CbsSÿBE �Ø=LHJHV= � TJCNUNK � E � TVHJH�CNAQ¡�E � � i � u q%AQCNADHVxIqrT^q � � � �� � �Îó@ø*B^ø��Ô\%xnCNAQ¡-TVR}GIEp]°EpCNGBEpCNRpE
F%CNADHVxIqrT^q�P4E�q sSP4T^R!sSEXG�s4=:v;CLsSP4TVEXq[� ü
~�ÿBE�qrEÃE�?I]°EpPSTJ¡-EpC�s[q�ÿNA@oLE��°EpEXC ]°EpP �Ø=QPS¡�E�Gá=QC Aàg'(�a�ý�<�a (�a e�mDkLkQkæ�ÔiO]BPS=IR�E�q4q4=QP[qS� ü
~�ÿBEXx�ÿNA@oQE �dEXEpC =��Is[ADTVCBEXG �ØP4=L¡ ADPSPSA@xIq:=��}GIT��°EXP4EXC�s�q4TJûXEXq ü ~�ÿBEå]BP4E�qrEXC�s4EXG+P4E�qrWNHÎs[q
=���Ep?I]dEXP4TV¡-EpC�sSq�ÿNAQq
�°EpEXCá]dEXP �Ø=LP4¡-E�G �Ø=QP�AboLEXR�s4=QP&=���qrTVûpE � kQkLk ü ý%sSÿBEpP�E�?I]dEXP4TV¡-EpC�sSq
]°EpP �Ø=QPS¡-EXG:=LCÃAQP4P[A@xIq � TÎsSÿÃ=Qs4ÿBEXPfq4TVûpEXqfHVEXALG-s4=-qrTV¡-TJH^ADPfPSEXq4WBHÎs[q ü ~�ÿBE)R�WNP4oLEXqfGIEp]BT^R!s�s � =
ZnTVCNGBq�=��NEp?I]dEXP4TV¡-EpC�sSq � ÿBT^R[ÿ}GIT��°EXP�=QC�ÿB= � AQP4P[A@xIq`AQP4EwTVCBTJs4T^ADHVHJx)þdHJHVEXG0��ADPSPSA@xIq0=��Bs4ÿNE;þNP[qrs
RpHVALq4q§=��0E�?I]dEXP4TV¡-EpC�sSq
�ÝsSEXqrsSq;F��wAQP4E�þNHVHVEXG-TVC:qrWNR[ÿ:A � A@x&sSÿNA�sfEXALR[ÿ-ALGBGIPSEXqSq§=���þNHVHVEXG¢R�EXHJH
ÿNALq �dEXEpC-PSAQCNGI=L¡�HVx&qrEXHJE�R!sSEXG}TJC-GIT��°EXP4EXCLswq4EpUL¡�EXC�sSq�=���qrTVûpE�{ ü ~�ÿBT^q§A@oQ=QT^GBq�HVAQP4ULEwþNHVHVTJCBU�q ü
~�ÿBE�qrE�R�=LCNGbR�H^AQqSq��Øs4EXqrsSq , ��Rp=QPSP4E�qr]°=QCNGNq�s4=9ADCOTVCBTJs4T^ADH�PSAQCNGI=Q¡�þNHVH ü ~�ÿBE�HVE��Ýs)R�WBPSoQE�=��
Y�TVUQWBPSE �Q� GIE�q4RpP4T��dE�q�s4ÿBE�EpoQ=LHJWBs4TV=QCå=��fs4ÿBE¢CnWB¡ �dEXP�=���EpC�s4PSTVEXq)TVCLsSP4=IGIWdR�EXGËGIWNP4TVCBU�s4ÿNE
Rp=Q¡-]BWIs[A�s4TV=QC � ÿBEpC�s4ÿBE
TJCBTJs4T^ADH0GIEXCNq4TÎs x-o�ADPSTJE�q �ØPS=Q¡ ��� sS= z k � � �Ø=QPfÿBTVUQÿBEXPfGBEpCNq4TÎsSTJE�qpK
AQP4P[A@xIq;ADPSE
Rp=QCNq4T^GIEpPSEXG:ALq#AQH � A@xIq§þNHVHVEXGN� ü ~�ÿBE�RpWBPSoQE%HV=IRpADs4EXG�=QC�s4ÿBE�P4TVUQÿ�sf=���Y�TVUQWBPSE �L�
PSEp]BPSEXq4EpC�s[q�s4ÿBE�¡¢AD?nTV¡�WN¡ CnWB¡ �dEXPw=��0TJs4EpP[A�sSTJ=LCNq �Ø=LPwP4E�AQR[ÿBTVCBU�s4ÿNE>þB?��£]°=QTVC�s ü ~�ÿBE>PSEXq4WBHJs
=��ws4ÿBE�s4E�q s , Ep¡-]BÿNALqrTVûpE�q%A9qrEXCNq4T��BTVHVTÎs x9s4=�s4ÿBE�TVCBTÎsSTVAQH§R�=QCdGITÎsSTJ=LCNq
=��§s4ÿNE�þNHVHVTJCBU ü Mb=QPSE
]BPSEXRpTVq4EpHVxQK�sSÿBE�AD]B]°EXAQPSAQCNR�E
=���s4ÿBPSEpE&R�=LCNq4EXR�WBs4TVoQE
þNHJHVEXG9R�EXHJH^q�HVEXAQGNq;sS=¢A�þNHVHVTJCBU-=���ADHVH�s4ÿNE
RpEpHVHVq�HJ=IRpADs4E�GË=QCËs4ÿNE�PSTJULÿLs�=���s4ÿBE�qrE¢sSÿBPSEpE�RpEpHVHVq ü ~�ÿBE�RpWBP4oLE¢=��%Y�TVUQWBPSE � m9PSEp]BPSEXq4EpC�s[q
sSÿBE&CnWB¡��°EpP�=���qrs4EX]Nq�PSE ��WBTVP4E�G:sS=:AQR[ÿBTVEpoLE
sSÿBE�R�=L¡-]BWIsSADs4TV=QC ü ~�ÿNTVq�Rp=QPSP4E�qr]°=QCdGBq#s4=-s4ÿNE
HVEpCBUQs4ÿá=��fsSÿBE:HV=QCBULEXqrs&]NA�sSÿáTJCËsSÿBE�GIEX]dEXCNGIEpCdR�E:ULPSAQ]Bÿ ü ~�ÿNE:CnWB¡��°EpP}=���TÎsSEpP[A�s4TV=QCåsS=
PSEXALR[ÿÃsSÿBE�þN?n]°=QTVC�s%T^q%�°=QWBCNGBEXG �nx�� l�k¢TJs4EpP[A�sSTJ=LCNq ü a¬C.Rp=Q¡-]NAQP4T^qr=LC�sS=¢s4ÿNE}q4TJûXE�=���s4ÿNE
oLEXR!sS=QP � ÿBT^R[ÿæR�=LP4PSEXq4]°=QCNGBq
sS=bs4ÿBE¢WN]B]dEXP��°=QWBCdGË=��fs4ÿBE�Rp=Q¡-]BWIs[A�sSTJ=LC
K � E:RpAQCËCB=DsSTVRpE
sSÿNA�sfs4ÿBE�CnWB¡��°EpPf=���TÎsSEpP[A�s4TV=QCÃR�=QPSPSEXq4]d=LCNGBq�sS=}HVEXqSqwsSÿNADC9k[O z�� =��0sSÿBE�¡-AD?ITJ¡¢ADH°CnWB¡��°EpP
=���TJs4EXPSADs4TV=QC ü gITJCNRpE¢s4ÿNEÃR�=L¡-]BHJEp?ITÎs xà=��>s4ÿNE¢þNHVHJTVCBU.T^q&sSÿBE�qSAD¡-E�ALq&s4ÿNE�R�=L¡�]NHJEp?nTJs xå=��
sSÿBEÃ]NP4=LUQP[AD¡�K�s4ÿBEÃs4TV¡-EÃT^q�]BP4=L]d=LPrsSTJ=LCNADHws4=às4ÿBEÃþNHVHJE�Gæo�ADHVWBEXq ü a¬Cæ]BP[AQR�s4T^R�EQK�sSÿBEÃs4TV¡�E
q4]dEXC�s�sS=�þdHJHwAQCNGbsS=Ã]°EpP �Ø=QPS¡ s4ÿBE-CnWB¡-EpPST^RpADH�R�=L¡-]BWIsSADs4TV=QCà=��;sSÿBE�oQEXR�s4=LP
T^q)CBEpULHJTVUQT��BHVE
TVCbR�=Q¡-]NAQP4T^q4=QC:sS=�s4ÿBE)sSTJ¡-E�q4]dEXCLs�]°EpP �Ø=QPS¡-TJCNU-A-Rp=Q¡-]BWIs[A�s4TV=QC�TVC9GBEpCNq4E&oQE�R!s4=LP ü

a¬CNGBEpEXG
K`sSÿBE¢=QP[GIEpP&=���Abqr]°EpE�GIWB]
	¢Ep?BR�EpE�GBq � k � ÿNEpCËHJE�q4q&s4ÿNAQCål�k � =��>ADPSPSA@xIq)ADPSE
þNHVHVEXG ü ~�ÿBE¢qr]°EpE�GIWB] �°E�s � EpEpC.s4ÿBE:q4E ��WBEXC�s4T^ADH§qr]dADP[qrE}oQEpP[q4TJ=LCàADCdGbs4ÿNE¢]NADP[ADHVHJEXH�q4]NAQPSq4E
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	�����\%EX]dEXCNGIEpCdR�TVEXq

=LCBE�=QC-i%]BPS=IR�E�q4q4=QP[q`T^q �°E�s � EpEpC¢m
ADCNG}l ü ~�ÿBE>R�=L¡�]NWIsSADs4TV=QC}s4TV¡�E�=��Ns4ÿNE�qr]NAQPSq4E;]dADP[ADHVHJEXH
¡-E�sSÿB=IGbTVCNR�HVWNGIE�q�sSÿBE&s4TV¡-E}q4]dEXC�s%s4=ÃR�=Q¡-]BWBs4E�sSÿBE&þNHVHVTJCBUdKNsSÿBE}GBEp]°EpCNGIEXCNR�E}UQP[AD]BÿbAQCNG
sSÿBE&]NADP[ADHVHVEpH0CnWB¡-EpPSTVRXADH0R�=L¡-]BWIsSADs4TV=QCá��AQCNGÃCB=Ds�¡-EpPSEpHVx¢sSÿBE&CnWB¡-EpPSTVRXADH
R�=L¡-]BWIsSADs4TV=QCd� ü

~�ÿBT^q;Rp=QCIþdP4¡¢q§sSÿBE�TJ¡-]°=QP4sSADCdR�E�=��0s4ÿBE
¡�Eps4ÿB=IG �Ø=LP;sSÿBE%]dADP[ADHVHJEXHJTVûXADs4TV=QC-]BPS=nRpEXqSqwAQq#TJs
T^q
ALGI¡-TÎs4s4E�Gbs4ÿdA�s�AÃq sSP4WdR!s4WNP4E�T^q�R�=QCdqrT^GIEpPSEXG9sS=��°E}q4]NADP[q4E�T
�wHVEXqSq%s4ÿNAQC z�� =��§sSÿBE}RpEpHVHVq
AQP4E�þNHVHJE�G ü ~�ÿnWNqXK
s4ÿNE¢¡-AQTJCËHVTJ¡-TJsSADs4TV=QCå=��fs4ÿBE¢¡-E�sSÿB=IGåHJTVEXq&=LC.sSÿBE¢=�oQEXP4ÿNEXAQG.TJCdGIWNR�E�G
�nx �d=Qs4ÿ ¡-AQCNADULEp¡-EpC�s�=��>s4ÿBE�q4]NADP[qrTJs xËADCNGæRp=Q¡-]BWIs[A�sSTJ=LCæ=��>sSÿBEÃGIEX]dEXCNGIEXCNR�E9UQP[AD]Bÿ ü
_`E�s>WNq�PSEXRpAQHJH°sSÿNA�s>sSÿBE&\�F%v ¡-E�sSÿB=IGÃAQHVq4=�GBEXqSR�PST��°EXq>A �4q4]NADP[q4E%]NAQPSAQHJHVEpHVTJûXTJCNU}¡-E�sSÿB=IG
� ü
~�ÿBE.P4TVUQÿ�sÃRpWBP4oLEb=���Y�TJULWBPSE � måPSEp]BPSEXq4EpC�sSq¢s4ÿBEbsSTJ¡-Eà=��&E�?IEXRpWIs4TV=QC�ALRpR�=LPSGBTJCBUËsS=ás4ÿNE
s � =¢¡-E�s4ÿN=nGNq �Ø=LP%ADPSPSA@xIq � ÿBT^R[ÿbÿNA@oLE&HJE�q4q�s4ÿNAQCblLk � =���þNHVH
��TVC ü _
Eps%WNq�CN=Ds4T^R�E�s4ÿNADs%s4ÿNE
A��Nqr=LP4]Bs4TV=QC¢]BPS=Q]°EpP4s4TVEXq;TJCNRpP4E�AQq4E>s4ÿNE�q4]dEXEXGIWN]��nx-AQC�A@oQEXPSAQUQE ��AQR�s4=LP;=���m)TJC9R�=L¡�]dADPSTVq4=QC
sS=}sSÿBE&\�F%v ¡-E�sSÿB=IG ü a � � E)R�=LCNqrT^GIEXP�RXAQq4EXq � ÿBEXP4E z�� ADs>¡�=�q s>=��`s4ÿNE)AQP4P[A@x¢ADPSE%þdHJHVEXG0K
sSÿBE�qr]°EpE�GIWB]�T^q z s4TV¡�E�q>UQPSEXADs4EXP;sSÿNADCb\�F
v ü

Y�TVUQWBPSE � {
GBE�sSAQTJH^q�s4ÿNE�GIT ��EpPSEpCdR�E�=��ds4ÿBE>GIEX]dEXCNGIEpCdR�E�R�=L¡-]BWIsSADs4TV=QC-R�=�q s �°E�s � EpEpC}s4ÿNE
\�F
v�¡-E�sSÿB=IGOADCdG�s4ÿBE�qr]dADP[qrE�¡-Eps4ÿB=IG0K°s4ÿdA�s
T^qX�)� � ��	 3������ 
 � ��	 3�� % �	� ��
p� ü ~�ÿBE�qrTVûpE�q=��#sSEXqrs4EXGËAQP4P[A@xIq�AQP4E-P[ADCBULEXG �ØP4=L¡ � kLkÃs4= � kLkQkLk � TJs4ÿ mDk � =��fþNHVHJE�GáR�EXHJH^q ü gITJCNRpE¢s4ÿNE
Rp=Q¡-]BWIs[A�s4TV=QC}=��IsSÿBEfþNHJH
��TJC�T^q�CBEXRpEXqSq4AQP4x �Ø=QP �°=Ds4ÿ�¡-E�sSÿB=IGBqpK�TJsSq�Rp=Lqrs�T^q�PSEp¡-=�oLEXG �ØPS=Q¡js4ÿNE
Rp=Q¡-]BWIs[A�s4TV=QCb=��§s4ÿBE�GIT��°EXP4EXCNR�E ü ý
CBE�RXADCOPSEp¡¢ADPSZ:sSÿNA�s �Ø=QP�A¢UQTVoQEXCOqrTVûpE�� ��z kQk��Ø=QP
s4ÿNE
þNULWBPSE��;s4ÿBE&Rp=Lqrs�=��`sSÿBE&qr]NAQPSq4E)GIEp]°EpCNGBEpCNRpE�T^q�HVEXqSqfs4ÿNAQC�sSÿBE&R�=Lqrs>=���s4ÿBE&\�F
v ¡-Eps4ÿB=IG ü
~�ÿBT^q�RXADC �dE�E�?I]BH^ADTVCBEXGËAQq �Ø=LHJHV= � q-��a � � E:AQqSqrWB¡-E-sSÿNA�s&sSÿBE¢s4TV¡-E�AQRXR�E�q4q&Rp=Q¡-]BHVE�?ITÎs x
TVC9A�ÿNALqrÿ�sSA��BHJE)T^q1� � � � � : � G � J 	���� : �;s4ÿBEXC�sSÿBE)s4TV¡-E&R�=Lqrs>R�=Q¡-]BWBsSA�sSTJ=LCÃ=��
s4ÿNE�GIEp]°EpCNGBEpCNRpEULPSAQ]Bÿ �Ø=LP �d=Qs4ÿ�¡-E�sSÿB=IGBq�ADPSE)GIE�þNCNEXG�AQq �Ø=LHJHV= � q)�

� ��	 3������ � <YO�: � G � J 	���� : O�: ������� :p�
�
� ��	 3�� % �	� ��
<� < MCO�: � G � J 	���� : OV� : ��� % �	� ��
 :�� � � � � � : � G � J 	���� : �r�`�
� M � � �

� ÿBEXP4E9<#K-< M K��àEps�� M ADPSE�Rp=QCNqrsSAQC�sSq � ÿBTVR[ÿ9GIEp]°EpCdGÃ=LC:sSÿBE)TJ¡-]BHVEp¡-EpC�s[A�s4TV=QC ü (�TVoQEXC
sSÿNA�s�s4ÿBE�TV¡�]NHJEX¡�EXC�sSA�sSTJ=LC.=�� �d=Qs4ÿà]BP4=LUQP[AD¡¢q�AQP4E�qrTV¡-TJH^ADP�K � E-RpADCàAQGI¡-TJs
sSÿNA�s < � < M
Eps�� ��� M ü � EpCNRpEQK§sSÿBE9GBT ��EpPSEpCNRpE � ��	 3������Z
 � ��	 3�� % �	� ��
 � kNK � ÿBEpC�<YO�: ������� :�

<�MCO : ��� % �	� ��
 : � � � � � � : � G � J 	���� : �`
â��� 
�� MÝ�E� : � G � J 	���� : ü c#=QCNq4E ��WBEXC�s4HVxQKwsSÿBEbULAQTJC =���s4ÿNEq4]NADP[q4E>¡�Eps4ÿB=IG-T^qwEp?n]NHVAQTJCBE�G��nx�sSÿBE�CnWB¡��°EpP#=��
GIEX]dEXCNGIEpCdR�E�E�GIUQE�q � ÿBT^R[ÿ¢RpADC �°E
qSA	�ØEXHJx
GIT^qSRpADP[GIE�G ��xåsSÿBTVq}¡-E�sSÿB=IG ü ~�ÿNTVq�ADCNAQHJx�sSTVRXADH;PSEXq4WBHJs}T^q�Ep?n]°EpPSTV¡�EXC�sSADHVHVxËRp=QCIþdP4¡-EXG �nx

@le8jlqCe�� j'eLt8e8qCqCw*r9E�� qCeHG?sle8j?i�h w*y�|'rCf%m%rdw*g >?w*j
@TykeNi � q�| w*rCq�e v�e iCo'e�eLK'e8t8s'i�hkf%jTi�hkg<exf*{~i�ole�q�| w*rCq�ex| w*rdw*ykyke8y|lrCf%m%rCw*g >Pi�ole8j i�olepqC|�e8eH@lsl|zhkq6i�ole�rdw+i�hkf<u�� � @le8jlqCe�� � qC| w*r�qCe }
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sSÿBE�PSTJULÿ�s%R�WBPSoQE&=��§Y�TVUQWBPSE � { � ÿBEpPSE&s4ÿNE&s � =ÃR�WBPSoQE�q�P4EX]BP4E�qrEXC�s>s4ÿBE}C�WN¡��°EpP%=��wGIEp]°EpC �
GIEXCNR�E�EXGBUQEXq%=��Is[ADTVCBEXG � TÎsSÿ �°=Ds4ÿà¡-E�s4ÿN=nGNq ü ~�ÿBE}C�WN¡��°EpP)=��wE�GIUQE�q
Rp=Q¡-]BWIsSEXG �nx�s4ÿNE
q4]NADP[q4E&¡�Eps4ÿB=IGbT^q
¡�WNR[ÿbHV= � EXP>s4ÿdADCbsSÿBE�=LCBE�R�=L¡-]BWIs4E�G �nx�sSÿBE}\%F%v�¡-Eps4ÿB=IG ü ~�ÿNEXq4E
vw?n]°EpPSTV¡�EXC�sSq&]BWBs�s4ÿBE¢EXHJEX¡-EpC�s � ÿBT^R[ÿ ��A@oQ=QP[q�s4ÿNE:qr]°EpE�GIWB] �Ø=QP � ADP[G0�)s4ÿBEÃGIEp]°EpCNGBEpCNRpE
E�GIUQE9P4EX¡-=�o@AQH ü ~�ÿBT^q�UQTVoQEXq}PSTVq4E:sS=.sSÿBEÃPSEXGBWNR!sSTJ=LCæ=���sSÿBEbR�=�q s�=���sSÿBE9q4xn¡��°=QHVTVR9R�=L¡��
]BWBsSA�sSTJ=LC �dE�RpAQWNqrE�s4ÿBE�AQ¡-=QWBC�s�=���sSP4E�A�s4E�GbGBA�s[A¢GIEXRpP4E�AQq4EXq�TVC.R�=L¡-]NADPSTVq4=QC9=���sSÿBE�\�F
v
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