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/2YJY<,ƒ‡^9<1=q NI.=F ?�GIF ,>[pXH,2M�A=?LNPFHTOG�Xb,	1=1=FbXbNIFHB NP,2q	FbNI.=FHT�NP.=TO,	?=q	.�Y<,@X€/2Y^/>TIF€/�1=F~NZ‡•,	TOŒaG��

1=F~NZ‡•,	TOŒaG�,2[^‡*,	TIŒaGgNc/>NI9<,	1=G

š

7pr���GPœ�� NP,�;’F NITIFH/>NPFbB�/>GŠA0/2TP/>Y<Y<FbY*Xb,	M�A=?�NPFbTIGb5 ��F4XH/21

NP.�FHTIF~[m,	TIF�?=GIF�NP.=F�XH,	M�A=?�NI9<1=q�A’,ƒ‡*FHT ,>[u?=1=B=FbTI?�NI9<YJ9<‹HFbB&Xb,	M�A�?�NPFbTIG•9J1&7 r���G•NI,�A•FHT 


[m,	TOM ?=GIF~[m?=Y]Xb,	M�A�?�Nc/>NI9<,	1�GH5^dZ1 NP.�9<G Xc.=/2A�NPFbTH••‡•F69JB=FH1jNI9J[ )QNP.�FSNPTOFH1=B�G NP.0/VNu/2TOFSGO.0/2A=9J1=q

NP.�F [m?�NP?�TIF6,2[—A0/2TP/>Y<Y<FbY”XH,	M�A=?�NI9<1=q•/21=B›B=9JGIXH?�GIGu/2A�A=TI,j/>Xc.=FHGpNI, ?�NP9JY<9J‹HFe?=1a?=GIFbB�XH/2A0/2Xb9JNZ)

,2[•XH,	M�A=?�NIFHTIGUXb,	1=1=FbXbNPFbB�NP.�TI,	?=q2.�Y<,@X€/>Y /21=B�‡^9<B=F�/2TOF€/41=FbNZ‡*,	TOŒ@GSNP,4A’FbTO[m,	TOM$A0/2TI/2Y<YJFHY

XH,2M�A=?LNc/>NI9<,	1=Gb5

_ TI,@XHFbGIGI9J1=q:A’,ƒ‡*FHT”,2[@XH,	M�A=?�NIFHTOG`.=/2G”;’FbFH1eq	TI,ƒ‡^9<1�q^/>N`/lTP/2A=9JBuTP/>NIF25]s•?=TITOFH1jN`‡•,	TOŒ�


GONP/>NP9J,	1=G��U.0/€‚	FQA•,ƒ‡•FbTO[m?=YnA�TI,@XHFHGOGI,	TOG NP.=/>N6XH/21 F~…LFHXb?�NPFQ?�A NP, GOFb‚	FbTP/2Y•M�9JY<Y<9J,	1	�0,j/VNP9<1�q

A•,	9<1jN�,	A’FbTP/>NI9<,	1�G�A•FHT�GIFHXb,	1=B 5

D

.=9<G�Y†/2TOq	F4XH,	M�A=?�NI9<1=q"A’,ƒ‡*FHT�9<G�/ƒ‚>/29JY†/2;�Y<F-/>N•/"TIFbY†/ 


NP9f‚	FbYJ)�Y<,ƒ‡�Xb,	GONH5

C

B=B�9JNP9J,	10/2YJYJ)2•2XH?�TITIFb1jNn‡•,2TIŒaGONP/>NP9J,	1=G“.0/€‚	FpY</2TIq	F^M�FHM�,	TI9JFHG“/2YJY<,ƒ‡^9<1=qp[m,2T

GI,2Y<?�NI9<,	1Q,2[ Y†/>TIq	FuA=TO,	;=YJFHM�GH5

yh,LXH/2Y’/2TIFH/ 1=FbNZ‡*,	TOŒ@Gb•=‡^.=9<Xc. ‡*FHTOFp,	TO9<q	9J10/2Y<Yf)69J1aNITI,@B=?=XbFHB•NI,6FH10/>;=Y<FpGO.0/2TO9<1=qS,2[”TIF 


GI,2?=TIXbFHGH•L.0/€‚	F'q	TI,ƒ‡^1•9J1�GO9<‹bF /21�B•GIA•FHFbB 5“s•,	M�A=?�NIFHT“1=FbNZ‡*,	TIŒaGnXb,	M�A=TI9JGI9<1�qp‡•,	TOŒaGONc/VNP9<,21=G

/21=B›A•FHTOGI,	1=/2Y]Xb,	M�A�?�NPFbTIGH••TP/21=q29<1=q ?�A NP, GOFb‚	FbTP/2Y .a?=1�B=TIFbB=GH•h.0/€‚2F�;•FHXb,	M�F XH,2M�M�,	1 9J1

;=?=GO9<1=FbGIGb•	TIFbGIF€/>TIXc.�/21=B FHB=?=XH/>NP9J,	10/2YjFbGONP/2;=Y<9JGI.=M�FH1jNIGH5

D

.a?=G]Y<,@X€/2Ya/2TOF€/:1=FbNZ‡*,	TIŒaG

š

y

C

7'GPœ


���
�����
�����
���
�������� ��!"�#��$���%&�(')���*��
�+,
-�.���/$('10)2�� �43��"��
-�5��0"�6��
���7"
-��%98 '�
-7:+,� �;$*7"
<�#!=���(3?>@$ �

7"� '�
.%9'BA CEDGFIH�������
-'=�J3K
������('�$(LM2��(�43�����
����N$���
4'�
-$(��L&0�%&'�7"%O�6��%9'�8(��%O�#�P$�Q�L&
4+,��� �R�S�(��!"�6��$E��%&�('P�T%&'U����
-%9�

2�$(3�$�Q�%9L&%V��%9
<��F

–



�

A=TO,}‚@9JB=F ?=G:‡^9JNI. /2XbXHFHGOG NP,•/•Y†/>TIq	FU1a?=M6;•FHT',2[—‡*,	TIŒaGONP/>NP9J,	1=Gb5 \^FHXbFH1jNU/2B�‚>/21�XHFHG'9<1�1=FbN 


‡*,	TIŒa9<1�q NPFbXc.=1=,	YJ,	q2) /2TIF*M•/2Œa9J1=q'[ /2GgN—Xb,	M�M ?=1=9<XH/>NP9J,	1e9<1Šy

C

7:G—A•,	GIGO9<;=YJF“‡^9fNP. NI.=Fn?=GOFn,2[

GO‡^9fNPXc.=FbB 1=F~NZ‡•,	TOŒaG*NP.=/>N*/2Y<YJ,}‡�;0/21�B�‡^9<B�NI.�NI,SGOX€/2YJF:‡^9fNP.�NP.=F:1a?=M6;•FHTx,2[•A=TI,@XHFbGIGI,2TIGn/>1=B

Y<,ƒ‡�
 ,}‚2FHTO.=F€/2B›A�TI,2NI,LXb,	Y<G � ��� 5 7'F~NZ‡•,	TOŒaGu,2[—‡*,	TIŒaGONP/>NP9J,	1=Gu/>TIFSNI.a?=Gp;•FHXH,2M�9J1=q•/VNINPTI/2XbNI9J‚2F

[m,	TlA0/>TP/2YJY<FHY’XH,	M�A=?�NP/>NP9J,	1=Gb5

��9JNI.�NI.=F�GONc/>1=B0/2TOB=9<‹H/>NP9J,	1�,2[nA=TO,	q	TI/2M�M�9<1�qQY†/21=q2?0/2q	FbGU/21=B"NI,L,2Y<GH•”A0/>TP/2YJY<FHY]A=TI, 


q	TI/2M�M�9<1�q�9JG•;•FHXb,	M�9J1=q�M�,	TOF q	Fb1=FHTI/2Y A=?�TIA•,	GIF>5t+�FHGOGP/2q2F›A0/2GIGO9<1=q YJ9<;=TI/2TI9JFHG�GI?�Xc.�/>G

_—3U+ � �	˜��h/>1=B-+ _ d ����� �”/2Y<YJ,ƒ‡ [m,	TnA•,	TONP/2;=YJF A0/2TI/2Y<YJFHY8A=TO,	q	TP/>M�G“NP.0/>NnX€/21QTO?=14,	1QA0/2TI/2Y 


Y<FbYaXH,	M�A=?�NIFHTIG]/2G ‡*FHYJY�/>G]1=F~NZ‡•,	TOŒaG ,2[0‡•,2TIŒaGONP/>NP9J,	1=GH5 dZ16TIFbXHFb1aN])	F€/>TIGH•	NI.=FlKL_*+�o

š

KL9J1=q	Y<F

_ TI,	q2TP/2M +�?=YfNP9<A�Y<F'ou/>Nc/jœ A0/2TI/2B=9Jq	M .0/2Gl;•FHXH,2M�F:NP.=Fp[ /€‚	,2TI9JNIF A=TO,	q	TI/2M�M�9<1�qSA0/>TP/2B=9Jq	M

,2[’NP.=F:A0/2TI/2Y<YJFHY=A=TO,LXbFHGOGI9<1�q6XH,	M�M6?=1�9JNZ)	5—K�_“+ o‰A0/>TP/2B=9Jq	M /2YJY<,ƒ‡^G—NP.�F'A=TO,	q	TI/2M�M�FHTJ�=F~… 


9<;�9<Y<9fNZ)�9<1-GONPTO?=XbNI?=TI9J1=q�A0/2TP/>Y<Y<FbY /2A�A=Y<9JX€/>NI9<,	1=G*‡^9JNP.4‚>/2TO)@9J1=q�B�FHq	TOFHFHG:,2[]q	TP/21a?=Y</2TI9fNZ)	5

D

.=9JG

GI.�9J[ N^NP,ƒ‡•/2TIB K�_“+ o�A=TO,	q	TP/>M�M�9<1=qŠ.=/2G'Fb10/2;=YJFHB�1=FbNZ‡*,	TIŒaG',2[—‡*,	TIŒaGONP/>NP9J,	1=G^NP,�;’Fe?=GOFHB

/2G6A=/2TP/2YJY<FbY“Xb,	M�A=?�NPFbTIG69J1�NP.�FH9<T ,}‡^1 TO9<q	.jNH5�s•?=TITOFH1jNŠNPTOFH1=B=GŠ9J1 A0/2TI/2Y<YJFHY“/2TOXc.=9JNIFHXbNI?=TIFbG

š

NI.=F dz(n+ K�_ �L•a[m,	T*F …�/2M�A�Y<Fƒœ—A•,	9<1jN“NP,S?=GIF',2[hq	Fb1=FHTI/2Y8A=?=TIA•,	GOF'‡*,	TIŒaGONP/>NP9J,	1=G*XH,	1=1�FHXbNIFHB

NP.�TI,	?=q2.-B�FHB=9JX€/>NIFHB-.=9<q	. 
Z;0/21�B�‡^9<B�NI.-/21=B4Y<,ƒ‡�
ZY</>NPFb1=Xb)•1=FbNZ‡*,	TOŒ@Gb5

D

.=FbGIFUNPTOFH1=B=G^[m?=TgNP.=FbT

10/2TOTI,ƒ‡ NI.=F qj/>A�;•FbNZ‡*FHFb1QA0/2TP/>Y<Y<FbY0XH,	M�A=?�NIFHTOG•/21�B•1=F~NZ‡•,	TOŒaGn,2[ ‡*,	TIŒaGgNc/>NI9<,	1=Gb5

C

G*GIXb9<FH1 
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D
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.=FŠ‡*,	TIŒaGONP/>NP9J,	1=Ge/2TOFŠA’,ƒ‡*FHTO[m?�Y“Fb1=,	?=q2.�NI,4.0/21=B=YJF6NP.=F�,@XHXH/2GI9J,	10/2Y—Xb,	M�A=?�NPF 
Z9J1aNIFH1=GO9J‚2F
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D
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NP9J,	1=Gb5:ru1�F ,2[—NI.=F M�,	GgN'GO?=XHXbFHGOGO[m?=Y Gg)LGgNPFbM�G:[m,	T'?�GI9<1�q•9<B�Y<Fu‡•,2TIŒaGONP/>NP9J,	1=G'[m,2T'Xb,	M�A�?�Nc/ 
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C

YJY=NP.=F^A=TO,LXbFHGIGO,	TIG*A0/2TgNP9<Xb9<A0/VNP9<1�qp9<1�NP.=F^A0/>TP/2YJY<FHY�XH,	M�A=?�NP/>NP9J,	1ŠGO)@1=Xc.=TO,	1=9J‹HF

/>N'NP.=F6Fb1=B›,2[xFH/2Xc.›GI?=A•FHTOGONIFHA 5

D

.=FŠ(nK�_ M�,@B=FHY`.0/2Gp;•FHFb1›?=GIFbB NP, 9JM�A�Y<FHM�FH1jN /�‡^9<B�F

‚>/2TI9JFbNZ)",2[^GIXb9<Fb1aNI9Ji0X /2A=A=YJ9<X€/VNP9<,21=GS9J1=XHYJ?=B=9J1=q�1a?=M�FHTO9<XH/2Yn/2YJq	,	TO9JNP.�M�G � ˜�� •]XH,	M6;�9<10/>NI,	TI9</2Y

/2YJq	,	TI9fNP.=M�G � ����� /21=B�GIF~‚	FHTI/2Y],>NP.=FbTp/2A=A�Y<9<XH/>NP9J,	1=G � –����Ž5���Fe?=GOFHB NI.=F M�,LB�FHY NP,�;=?=9JY<B�/21

F
��Xb9<FH1jNu9JM�A�Y<FHM�FH1jNP/>NP9J,	1Q,2[xA=Y</2GIM�/�GO9<M6?�Y†/>NI9<,	14,	1›/�1=FbNZ‡*,	TIŒ-,2[ ‡*,	TIŒaGgNc/>NI9<,	1=G%��� 	 �—/>G

B=FbGIXHTO9<;•FHB 9J1 Xc.0/>A�NPFbT���5:(*)-;0/2GO9<1=q�,	?=T'/2A=A=TO,j/2Xc. ,	1�NP.=F (lK�_�M�,@B=FbY •=‡*FŠ/2TIFS/2;=YJFeNI,

/210/>YJ)@‹HF�NP.=F�/2B0/2ALNP9J‚2F•TOFHA=YJ9<X€/VNP9<,21�GOXc.=FHM�FQ/21�B B=FHGOXHTO9<;•F•9JNIGSA•FHTg[m,	TIM�/21=XbF25�s•.0/2ALNPFHT 	

A=TOFHGIFb1jNPG4/21&/210/2Yf)LGO9<G�,2[pNI.=F /2B=/2A�NP9f‚	F�TIFHA�Y<9<XH/>NP9J,	1vGIXc.=FbM�F 9<1�NIFHTOM�G�,2[U1=F~NZ‡•,	TOŒ&/>1=B

A=TO,	q	TP/>M A0/2TI/2M�FbNPFbTIGb5

opFHGOA=9JNIF�NI.=FHGOF ;•FH1=F~i=NPGb•]NP.=FbTIF�GONP9JY<Y F …�9JGON XH,	1=XbFHTO1=GŠ/2;•,	?�NeNP.=F�F
��XH9JFH1=X~)�,2[^(lK�_

9<M�A=YJFHM�FH1jNc/>NI9<,	1�GH5

D

.=F^;0/2TOTI9<FbT 
 GO)@1=Xc.=TO,	1=9<‹H/>NP9J,	1�/>N NI.=F^FH1=B�,2[’/U(lK�_�GO?=A’FbTIGgNPFHA�X€/21�;•F

F~…LA•FH1=GO9J‚2F25*w',ƒ‡•F~‚	FbTH•8;j) F~…LA=YJ,	9JNI9<1=qSŒa1=,ƒ‡^Y<FHB�q	FU/2;•,	?�NnNI.=FuXH,	M�M6?=1�9<X€/VNP9<,21•A0/>NONPFbTI1=Gl9J1

/214/2A�A=Y<9JX€/>NI9<,	1•/21=BQ;j) ,ƒ‚	FbTIY</2A=A=9J1=qŠXH,	M�M6?=1�9<X€/VNP9<,21�‡^9JNI.QY<,@X€/2Y•XH,2M�A=?LNc/>NI9<,	1 •aNP.�FpXH,	GgN

,2[’q	Y<,2;0/2Y�Gg)@1=Xc.=TI,21=9<‹H/>NP9J,	1�XH/21�,2[ NPFb1�;•F^TIFbB=?=XHFbB 5“(n/2TOTI9<FbTIGx/2YJGI,u.0/€‚2F'B=FbGI9JTP/2;=YJFn[mF€/>NI?=TIFbG

[m,	TlB=9JGONITI9<;�?�NPFbB-Gg)@GONPFbM B=FHGO9<q	1•5*(“)QM•/>Œ@9J1=qŠXH9JTIXb?=Y†/2TO9JNI9<FHG*9<1QB0/VNc/�B=FHA•FH1=B�FH1=Xb9<FHG:9<M�A•,	G 


GI9J;=Y<F>•jNP.=F~)�/ƒ‚2,	9<B�A•,2NPFb1aNI9†/2Y0B�F€/2B=YJ,LXcŒaG*/21=B�Y<9f‚	F^Y<,@XcŒaG“NI.@?�G*FbY<9<M�9<1=/>NP9J1=q Xb,	GONIYJ)�B=F~NPFHX~NP9J,	1

/21=BvTOFHXH,ƒ‚2FHTO)25&(•/2TITO9<FHTOGŠFH1=GO?=TIFQNI.0/>N�/2YJY•A=TO,LXbFHGIGOFHG�TIF€/>Xc.&/›q	YJ,	;0/2YJYJ)�XH,21=GI9JGONPFb1jN•GgNc/>NIF

‡^.=9JXc.�/2YJY<,ƒ‡^G'[m,2Tu1=,ƒ‚	FHY—[m,2TIM�Gp,2[“[ /2?=YJN NP,	YJFHTP/>1=XHF � �����Ž56dZ1�,	?=TuM�,@B=FHY ,2[•A=/2TP/2YJY<FbY Xb,	M 


A=?�NP/>NP9J,	14;0/2GOFHB ,21�(nK�_ •0NP.�FeA=/2TONI9<XH9JA0/>NI9<1=q6A�TI,@XHFHGOGI,	TOGp/2TOFU/2Y<Y•9<1-/�q2Y<,	;0/>Y<YJ)�Xb,	1=GI9JGONIFH1jN

GONP/>NPFe/>NlNI.=Fu;•FHq	9J1=1=9<1�qŠ,2[]FH/2Xc.-XH,	M�A=?�NP/>NP9J,	1QGONIFHA4‡^.=9<Xc.-FHYJ9<M�9<10/>NIFHG“NP.=FU1=FbFHB4[m,	TlXH,	1 


GI9JGONIFH1jNuXc.=FbXcŒ@A•,	9J1aNI9<1=q�5

D

.=FSGO)@1=Xc.=TO,	1=9<‹H/>NP9J,	1›/>N'NP.=FSFH1=B›,>[x/•GI?�A’FbTIGONIFHA�/2YJGI,�A=TI,ƒ‚@9<B=FbG

/ Xb,	1j‚	FH1�9<FH1jN^A•,	9<1jN*[m,	T*Xc.�FHXcŒa9<1=q�A=TO,LXbFHGOG��l[ /29<YJ?=TIFbGH5xK@.=,	?=YJB•,	1=F ,	T•M�,	TIF'A=TI,@XHFbGIGOFHGn[ /29JY •

NP.�FeGO?=TO‚@9f‚L9J1=q�A=TI,@XHFbGIGOFHG XH/21-GONc/>TONlNP.�FeTOFHXb,}‚2FHTg)�,>[ NI.=Fu[ /29<YJFHBQA=TO,LXbFHGIGOFHG />NlNP.=9JGlA’,29<1jN€5

W0,	TuNP.=FbGIF�TIF€/>GI,	1=Ge‡•F�;0/2GOF•,	?=TS/2A=A�TI,j/2Xc.�NP, /2B0/2A�NI9J‚2F�A0/>TP/2YJY<FHYJ9<GOM ,	1�NP.=F�(lK�_

M�,LB=FbY 5 rp?=T /2A=A=TO,j/2Xc. FbM�A�Y<,ƒ)@G]/:XH,	M6;�9<10/>NI9<,	1U,2[�TIFbA=Y<9JX€/>NI9<,	1U,2[�XH,	M�A=?�NP/>NP9J,	1UGONc/VNPFn/>1=B
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TIFbA=Y<9JX€/>NI9<,	1u,>[=XH,2M�A=?LNc/>NI9<,	1=Gb5 ��F“TIF~[mFHThNP,:9JN /2GhNP.�F ��
��

�

� ��� � 
 �

���

�/*�� � �

�

� � *�� ��
 ���

#������

5

D

.=Fu[m,	YJY<,ƒ‡^9<1=q Xc.0/2A�NIFHTIG^B=FbGIXbTI9<;•FU,	?=T^/2A�A=TI,j/>Xc.-NI,�/>B0/2A�NI9J‚	FuA=/2TP/2YJY<FbY<9<GOM 9<1=XbY<?=B=9J1=q6,	?�T

/2GOGI?=M�A�NP9J,	1=Gb•	NP.=F^A=TO,2NP,@XH,	YL[m,	T—TIFbA=Y<9JX€/>NI9<,	1 ,2[•Xb,	M�A=?�Nc/VNP9<,21ŠGONc/VNPF^/21=B�TIFbXH,ƒ‚	FbTO)�,2[•[ /29JY<FHB

A=TO,LXbFHGIGOFHGb•:NI.=F TI,2Y<F-,2[UA=TI,@XHFbGIG M�9<q2TP/>NI9<,	1 •*/21=B NI.=F />Y<q	,	TO9JNI.=M NP.=/>N 9JM�A=YJFHM�FH1jNPG�NP.�F

/2B0/>A�NP9f‚	FUTIFbA=Y<9JX€/>NI9<,	1 GOXc.=FHM�F25
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dZ1 NP.�9<G Xc.=/2A�NPFbT ‡*F 9<1jNPTO,LB�?=XHFbB XH?=TOTIFH1jN6NITIFb1=B=G69J1 A0/2TI/2Y<YJFHY XH,2M�A=?LNP9<1�q /21=B B�9<G 


XH?�GIGIFbB-NI.=FH9JT•9JM�A0/>XbN*,	1QA0/2TI/2Y<YJFHY8XH,	M�A=?�NP/>NP9J,	1=G*,	1Q1=FbNZ‡*,	TOŒ@G^,2[h‡*,	TOŒ@GgNc/>NI9<,	1�GH5 �"FuA=TI, 


A•,	GIFbB6/2B0/>A�NP9f‚	FxA0/2TI/2Y<YJFHY<9JGIM /2G`/^M�FH/21=Gh[m,	T”A0/2TI/2Y<YJFHY2Xb,	M�A=?�Nc/VNP9<,21=G NP,:B=FHYJ9J‚2FHT`/2XHXbFHA�NP/2;=YJF

A•FHTO[m,2TIM�/21=XHFŠ9J1�NI.=FŠ[ /2XHF�,2[•/4Xc.0/21=q	9J1=q4XH,	M�A=?�NI9<1=q4Fb1a‚@9JTI,	1=M�FH1jNH5 �"F�B=FHGOXHTI9J;’FbB�NZ‡*,

GIXbFH10/>TI9<,2GU‡^.�9<Xc.�TOFHka?=9JTIF�A0/2TI/2Y<YJFHY—/>A=A=Y<9JX€/>NI9<,	1�G NP,�/2B0/2ALNuNP,4NP.=Fb9<TuXH,2M�A=?LNP9<1�q-Fb1j‚L9JTI,	1 


M�FH1jNPGb5

D

.=FHGOF�Fb1j‚L9JTI,	1�M�Fb1aNIGpX€/>1›;’F6B�FHGIXbTI9J;’FbB�/2Gu/•1=F~NZ‡•,2TIŒ ,2[ NITP/21�GI9<Fb1jNpA=TO,LXbFHGIGO,	TIGb5

�"F:B�9<GIXb?=GIGOFHB�NP.=F^9JM�A0/>XbN ,2[8NITP/21=GO9<Fb1aNxA�TI,@XHFHGOGI,	TOG*,21�[mTOFHka?=Fb1aNIYJ)ŠGg)@1=Xc.=TI,21=9<‹b9<1=qeA0/2TI/2Y<YJFHY

XH,2M�A=?LNc/>NI9<,	1=Gb5 �"F69<1jNPTO,LB�?=XHFbB NP.=FŠ(*?=Y<Œ�
gKa)L1�Xc.=TI,	1�,	?=Ge_]/2TI/2Y<YJFHY”M�,LB=FbY]/>1=B›B=FHGOXHTO9<;•FHB

,	?=Te/2A�A=TI,j/>Xc.�NI,�/>B0/2A�NI9J‚	F�A0/>TP/2YJY<FHY XH,	M�A=?�NP/>NP9J,	1=Gp‡^9fNP.=9J1�NI.=FŠ[mTP/2M�Fb‡*,	TOŒ ,2[“NP.=F�(lK�_

M�,LB=FbY 5
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dZ1�GO?=;=GOFHka?=FH1jN�Xc.0/>A�NPFbTIGS‡*F•F …LA0/21=B ,21�NI.=F�NI,	A=9JXHGS/21=B�9JGIGO?=FHGe;=TI9JF �=)�B�9<GIXb?=GIGOFHB

.=FbTIF25

dZ1 Xc.=/2A�NPFbT��6‡*F B=9JGIXH?�GIG:TIFHY</>NPFbB-‡*,	TOŒ-9J1QNP.=9JG'/>TIF€/�9<1�XHY<?�B=9<1=qŠ‡*,	TIŒaGgNc/>NI9<,	1-?=GP/>q	F

A0/>NONPFbTI1=Gb• TIFbM�,2NIF F …�FbXH?�NI9<,	1›[ /2Xb9<YJ9JNP9JFHGb•0TIFHM�,2NIF F~…LFbXH?�NI9<,	1�A•,	Y<9JXH9<FbG:/21=B›GIXc.�FHB=?=YJ9<1=q4/>1=B

GI,2M�FuTOFHXHFb1jN'‡*,	TIŒQ9J1-/2B0/2A�NI9J‚2FuA0/2TP/>Y<Y<FbY•Xb,	M�A�?�NP9J1=qŠ,	1-1=FbNZ‡*,	TIŒaG',2[ ‡*,	TOŒ@GgNc/>NI9<,	1�GH5

dZ1�Xc.=/2A�NPFbT �Q‡*F•B=9JGIXH?�GIG6(nK�_ 
Z;0/2GOFHB"A0/2TP/>Y<Y<FbY—XH,2M�A=?LNP9<1�q-,21�/-1=FbNZ‡*,	TIŒ�,2[•B=FHB 


9<XH/>NPFbB ‡*,	TOŒ@GgNc/>NI9<,	1�GH5 �"F�B�9<GIXb?=GIG�NP.=F-Xc.0/2TI/2XbNIFHTO9<GONI9<XbG�,2[p/�1�FbNZ‡*,	TIŒv,2['‡•,	TOŒaGONc/VNP9<,21=G

‡^.=Fb1�‚@9<F~‡•FbB /2GU/4(lKL_‰XH,	M�A=?�NIFHTb5 ��9JNP. NI.=F�F~…�/2M�A=Y<FŠ,>[n/21�/2A�A=Y<9JX€/>NI9<,	1 [m,2TpA=Y†/>GIM�/

GI9JM6?=Y</>NP9J,	1 •’‡*F�B=FHM�,	1=GgNPTP/VNPFŠNP.=F�?=GOF�,2[•NI.=F�(lK�_‰M�,LB�FHY—9J1"/>10/2YJ)@‹b9<1=q4/21�B�NI.=FH1�NP?=1 


9<1�q NP.=F�A•FHTO[m,2TIM�/21=XHF ,2[n/QA0/>TP/2YJY<FHY /2A=A�Y<9<XH/>NP9J,	1 [m,	Tp/4q29J‚	Fb1�A0/2TP/>Y<Y<FbY—/2TOXc.=9JNIFHX~NP?=TOF25 �"F

/2YJGI,•;�TI9<F(�=)4B=9JGIXH?�GIG NZ‡*, ,2NI.=FHT'A0/2TP/>Y<Y<FbY”/2A=A=YJ9<XH/>NP9J,	1=GH•*/�q2TP/2A=.�GIFH/2TIXc.›A=TO,	;=YJFHM /21=B /21

/2A=A�Y<9<XH/>NP9J,	1 ,2[`i01=9fNPFuFbY<FHM�FH1jN:M�FbNP.�,LB49<1QNI.=FUM�,@B=FHYJ9<1=q ,2[];�9<,j/2TgNP9fi0XH9</2Y•/>TONPFbTO)25



– 	

dZ1-Xc.0/2A�NIFHT�	Š‡•FUXH,21=GI9JB=FHT^A0/2TI/2Y<YJFHY•XH,	M�A=?�NP/>NP9J,	1=GnTO?=1=1=9J1=q�,	1-/Š1=FbNZ‡*,	TIŒQ,>[ NITP/21 


GI9JFH1jN*A=TI,@XHFbGIGI,2TIGH5 �"F:Xc.0/2TP/>XbNPFbTI9J‹HF 1�,	1=B=FbB=9<XH/>NPFbB�‡*,	TIŒaGONP/>NP9J,	1=G*/2GxNPTP/>1=GI9JFH1jN•A�TI,@XHFHGOGI,	TOG

/21=B4Xb,	1=GI9JB=FHT^/>A=A=TI,	/2Xc.=FHGlNI,�/2Y<YJFb‚@9†/>NIF:NI.=FU9<M�A0/2X~Nn,2[”NPTI/21=GO9<FH1jN^A=TO,LXbFHGOGI,	TOG:,21QA=TI,	q2TP/2M

F~…LFbXH?�NI9<,	1�NP9<M�F25 ��F�NP.=Fb1�/>10/2YJ)@‹bF�NI.=F�A’FbTO[m,	TOM•/>1=XHF�,2[*,	?=Te/2B0/>A�NP9f‚	F�A0/2TI/2Y<YJFHY<9JGIM /2A 


A=TO,j/2Xc.�/21=B-9<1j‚	FbGONP9Jqj/>NIFpNP.=FUXH,21=B=9JNI9<,	1�Gl?=1=B=FbT^‡^.�9<Xc.4NP.=Fe/2A=A�TI,j/2Xc.-9<G^GOX€/2Y</2;=Y<F>5

dZ1-Xc.0/2A�NIFHT �Š‡*FSXb,	1=GO9<B=FbT /2B=/2A�NP9f‚	FUA0/2TI/2Y<YJFHYJ9<GIM 9J14NI.=FS(lK�_ M�,LB=FbYh/21=B-B=FbGIXHTO9<;•F

NP.�F A=TI,>NP,@XH,	Y^[m,	T TOFHA=YJ9<X€/VNP9<,21�,2[UB=/>Nc/ /21�B�TIFHXb,ƒ‚	FHTg)�,2[u[ /29JY<FbB&XH,2M�A=?LNc/>NI9<,	1=Gb5ts•.0/2A 


NPFbT�� B�FHGIXbTI9J;’FbGnNP.=FpF …@NPFH1�GI9<,21=G•NP,SNP.=FUr'…@[m,	TOBQ(lK�_vY<9J;=TP/2Tg)	•jNP.�FpB=FHGO9<q	1•,2[hNP.=Fp/2B0/2A�NI9J‚2F

TIFbA=Y<9JX€/>NI9<,	1•GIXc.=FbM�Fe9<14Y†/€)2FHTIG:/21�B /2149JM�A=YJFHM�FH1jNc/VNP9<,21 ,2[]/�A�TI,2NI,2NZ)@A=9<XH/2YhGO)@GONIFHM-5

dZ1 Xc.0/>A�NPFbT ��‡*F A=TOFHGIFb1jNQNP.=F /2A=A=YJ9<X€/VNP9<,21 ,>[pNP.=F /2B0/2ALNP9J‚2F TOFHA=YJ9<X€/VNP9<,21�GOXc.=FHM�F

NP,"NZ‡•, A=/2TP/2YJY<FbY^/2A=A=YJ9<X€/VNP9<,21=G�/21=B A=TOFHGOFH1jN4A’FbTO[m,	TOM•/>1=XHF-TIFbGI?=YfNPGH5 ��F /2Y<GO,�A=TOFHGIFb1jN4/

B=FbM�,	1�GONPTI/>NP9J,	1Q,2[ NP.=FUGIXc.�FHM�Fe9J1-/�TOF€/2YhFb1j‚L9JTI,	1�M�Fb1aNH5

dZ14Xc.0/2A�NIFHT:™�•�‡*FUB=9<GOXH?=GOGlNP.=Fp‡*,	TIŒ•9<14/Š;=TI,	/2B=FHTlA•FHTOGIA•FHX~NP9J‚2FU9<1=XbY<?=B=9J1=q69fNPGnGOXH,	A•F

/21=B"Y<9JM�9fNc/>NI9<,	1=Gb•’GO?=M�M•/2TO9<‹bF�NI.=F�TIFHGO?=YJNIGe/21=B�,2?=TUXH,	1jNPTO9<;=?LNP9<,21=Ge/21=B�B�9<GIXb?=GIGSA’,2GIGI9J;=Y<F

B=9JTIFHX~NP9J,	1=Gn[m,	Tn[m?�NI?=TIFu‡*,	TIŒ85



���t� �"��
 
 �


�
�������
�� ! ��
�#

+�?=Xc.�TIFHGOF€/2TOXc. .0/2Geq	,	1�F�9J1aNI,�F …LA=Y<,	TO9<1=q4‡•/ƒ)@GS,2[nF

�

FbXbNP9f‚	FbYJ)�?�NP9JY<9J‹H9<1�q•NP.=F�XH,2M�A=?LNP9<1�q

X€/>A0/2XH9fNZ)v9<1 1=FbNZ‡*,	TOŒ@G•,2[p‡*,	TIŒaGONP/>NP9J,	1=Gb5

D

.=F�‡*,	TIŒvB=,21=F�9JG�M•/29J1=YJ)�9<1vNP.=F-[m,	Y<YJ,ƒ‡^9<1=q

/2TOF€/2Gb•�/>10/2YJ)@GO9<GŠ,2['‡•,	TOŒaGONc/VNP9<,21 ?�GP/2q	F-A0/>NONPFbTI1=Gb••A•,	Y<9JXH9<FbGŠ/21=B GIXc.�FHB=?=YJ9<1=q"/2YJq	,	TI9fNP.=M�G

NP,�/>Y<Y<,@X€/VNPF�TIFHM�,2NIF•F~…LFbXH?�NI9<,	1vX€/>A0/2XH9fNZ)	•xB=F~‚	FHYJ,	A=M�FH1jN�,2[^TOFHM�,2NPF F …LFHXH?LNP9<,21v[ />XH9<YJ9JNI9<FHGb•
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The Oxford BSP Library
Process Management

Synchronization Management
void bspfinish();
void bspstart(int argc, char* argv[], int maxprocs, int* nprocs, int* mypid);

void bspsstep(int sstep_id);
void bspsstep_end(int sstep_id);

Communication Management
void bspfetch(int pid, void* src, void* dst, int nbytes);
void bspstore(int pid, void* src, void* dst, int nbytes);
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XHYJ,	GIF NI,�F€/2Xc. ,2NP.�FHT�/21=Bv.=Fb1=XHF-X€/>1 ;•FQXH,21�[m?=GIFbB�‡^9fNP. F€/>Xc.�,2NI.=FHTb•“NI.=FH1vi01=B�9<1=q›NP.�F

Y†/>TIq	FbGON�GIFbN•,2[uXb,LB=F-‡•,2TIB=G•[m,2T�TOFHY<9</2;=YJFQXH,	M�M6?=1=9JX€/>NI9<,	1v9JG�NP.�F A=TO,	;=Y<FbM ,2[pi01�B=9<1=q�/

M�/V…L9<M�/2Y’9J1=B=FbA’Fb1=B=FH1jN'GIF~N:‡^9fNP.4NP.=FUY</2TIq	FbGONl1a?=M ;’FbT:,>[]‚	FbTONI9<XHFbGH5

D

,ei01�B•/UM•/}…�9JM•/>Y�9<1�B=FHA•FH1=B�FH1jN•GOFbN“9<1�/Uq	TP/>A=.���•	‡*F'GgNc/2TgN“‡^9fNP.�/p‚	FHTgNPF … � ,2[��

9<1 NI.=FuGIF~N€5 �"FU/2B=B4M�,2TIF ‚2FHTONI9<XbFHGlNP,6NI.=9<GlGOFbN€•0GOFHYJFHXbNI9<1=q�/VNlF€/2Xc.-GONP/2q	FU/ ‚2FHTONIF~…4NI.0/>Nl9JG

1=,2N“/>BV|I/2XHFb1jN“NI,e/21j)Š,2[•NP.=Fn‚2FHTONI9<XbFHG*/2Y<TOF€/2B�) 9<16NI.=F^GIFbNH5

D

.=9JG“A�TI,@XHFHB�?=TIFl‡^9<YJY�?=YfNP9JM•/>NIFHYf)

A=TO,LB=?�XHFQ/-M•/V…L9JM•/2Y 9J1=B=FbA’Fb1=B=FH1jNŠGOFbNH5 dZ1 ,	TOB=FHTeNP,�i=1=Bv/�M�/V…L9<M�/2Y 9<1�B=FHA•FH1=B�FH1jNŠGIF~N

‡^9JNI. NP.�FnY†/2TOq	FHGgN—1a?=M6;•FHT ,2[0‚	FbTONI9<XHFbGH•	‡*Fni01=B�/2YJYjNP.=FnM�/V…L9<M�/2Yj9J1=B=FHA•FH1�B=FH1jNxGIF~NPG—?�GI9<1�qu/

TIFbXH?=TOGI9f‚	F^B=FHALNP.�i0TIGgNxGIF€/>TIXc.�‡^9JNP.Š;=/2XcŒjNPTP/>XcŒ@9J1=q ����� � 5

D

,UTIFbB=?=XbF:GOF€/2TOXc.�NI9<M�F2•	.�FH?=TO9<GONI9<XbG

/2TOFp?=GIFbB-NI,6A=TO?=1=FpNP.�FuGIF€/>TIXc.-GIA0/2XbF25

D

.=Fu1a?=M6;•FHT•,2[`GI?=;=q2TP/2A=.�G:GOF€/2TOXc.=FHB�/>Nn/21j) Y<F~‚	FbY



	��

V = [ 0 1 2 3 4 5 6 7 8 9 10 11 ]

<2>
{2} {11}

<11>

{5}
<5>

D = ( 3 3 2 3 3 3 4 2 4 3   2   2 )

[ 0 3 5 6 7 8 9 10 ] [ 0 3 6 7 8 9 10 ]
( 3 3 4 2 3 2  2 )

<X>   vertex selected
{X,Y} maximum ind set constructed along this path

V,D    vertex and degree lists

{2,11}
<11>

[ 0 3 6 8 9 ][ 0 3 5 6 7 8 9 ]

{2,5}
<5>

<7>
{2,7}

[ 0 3 6 7 8 9 ]
( 3 3 1 4 2 3 2 ) ( 3 3 4 2 3 2 ) ( 3 3 4 3 2 )

( 3 3 2 4 2 3 2   2   1 )
[ 0 3 5 6 7 8 9 10 11 ]

( 3 3 2 4 2 3 2   2 )
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	�	

,2[ TOFHXb?=TIGO9<,	1 9JG B=F~NPFbTIM�9<1=FbB�[mTI,2M A�TI9<,2T'Œa1=,ƒ‡^Y<FbB=q	FS,	;�Nc/>9<1=FbB�[mTI,2M /�Y†/2TOq	FUB0/>Nc/>;0/2GIFS,2[

M�/V…L9<M6?=M 9<1=B�FHA•FH1=B=Fb1jN6GIF~NPGe[m,	?=1=B�[m,	Tu‚2/>TI9<,2?=GUq	TP/2A�.=G />1=B"NI.=FH9JTeGOF€/2TOXc. A0/>NI.=GH5

D

.=F

TIFbXH?=TOGI9J,	1 9<GUNPFbTIM�9<10/VNPFHB�‡^.=FH1 NI.=F•GO9<‹bF•,2[nNI.=F•q2TP/2A=.�NP, ;•F�GIF€/>TIXc.=FbB 9JGeNI,L,�GIM�/2Y<Y—NI,

A=TO,LB=?�XHFp/>1•9<1�B=FHA•FH1=B�FH1jNnGOFbNnY</2TIq2FHT NP.0/>1�NP.�F M�/V…L9<M6?=M�9<1=B=FbA’Fb1=B=Fb1aN•GIF~N•[m,	?=1�B•GI,e[ /2TH5

s•,	1=1�FHXbNI9J‚@9JNZ)�9<1L[m,	TIM�/>NP9J,	14[m,	T NP.�F ‚	FbTONP9JXHFbGu,2[ NP.=FŠ,2TI9<q29<10/2Yhq2TP/2A=.›9JG TOFHA=TOFHGIFb1jNPFHB

;j) />1�/2BV|I/2XbFH1=X~)&M�/>NPTO9f…’5

D

, XH,21=GIFbTO‚	F›M�FHM�,	Tg)	•l1=, F …LA=Y<9JXH9JN�TIFbA=TIFbGIFb1aNP/>NP9J,	1�,2[uNP.�F

q	TI/2A=. 9JG'M�/29<1jNP/29<1=FbB 5ldZ1=GgNPF€/>B ••NP.�F XH,21=1=FHX~NP9f‚L9fNZ)-9<1�[m,	TOM•/VNP9<,21-,>[—NP.=FS,	TI9Jq	9<1=/2Yhq	TP/>A=. 9JG

?=GOFHB6NP, GIF€/>TIXc.ŠNP.=TO,	?=q	.6/'‚@9<TONI?0/2Yaq	TI/2A=. 5

D

.=F•‚@9<TgNP?0/2Y@q	TI/2A=.69JG]TIFbA=TIFbGIFb1aNIFHB�;j)SNZ‡*,uB0/>NP/

GONITI?=X~NP?=TOFHGb•*/6YJ9<GgNn,2[`/2YJY•‚2FHTgNP9<XbFHGl9J1•NP.=Fuq2TP/2A=. /21=B4/6Y<9JGON*,2[”NP.=Fb9<T*B=FHq	TOFHFbGH5

D

.=FuB=FHq2TIFHFbG

,2[:NP.=FQ‚2FHTONI9<XbFHG�9<1 NP.�F-q2TP/2A=. /2TOF4B=FbNIFHTIM�9<1�FHBv;j) TIF~[mFHTITO9<1=q›NI,�NI.=F-/2BV|I/2XbFH1=X~) M�/>NPTO9f…

,2[xNP.�F�,2TI9<q29<10/2Y”q	TI/2A=. 5

C

Ne/21j)›q	9J‚2FH1�GONP/2q	F>• ‡•F�GIFbY<FbXbNuNP.�F�‚2FHTgNPF~… ‡^9JNP.›NI.=FŠM�9J1=9<M ?=M

B=Fbq	TIFbFu/21=BQ/>B=B 9JN“NP,eNP.=F 9<1=B=FbA’Fb1=B=Fb1aNnGIFbN•;’Fb9<1=qSXH,	1�GONPTO?=XbNIFHB 5

C

1�Fb‡ q	TP/>A=.•9JG*[m,	TOM�FbB

;j)6B=FbY<F~NP9<1�qpNP.=FlGOFHY<FbXbNIFHB�‚	FHTgNPF …�/21=B�/2YJY@‚2FHTONI9<XbFHG“/2BV|I/2XbFH1jN NP,u9fN—[mTI,2MENI.=FlXH?=TOTIFb1aN“q	TI/2A=. 5

C

1=F~‡�Y<9JGONl,>[ ‚2FHTONI9<XbFHG^9<GlXb,	1=GONITI?=X~NPFbB�NP,ŠTOFHA=TOFHGOFH1jN NI.=9<Gnq2TP/2A=.•5

D

.�FeYJ9<GgNn,2[`‚	FbTONP9JXHFbG^[m,2T

NP.�F 1=F~‡ q2TP/2A=. 9<G:,	;�Nc/>9<1=FbB ;j) B�FHY<F~NP9J1=q�NI.=F GOFHY<FbXbNIFHB ‚	FbTONIF~…�/>1=B›/2YJY ‚	FHTgNP9JXHFHGp/2BV|I/2XbFH1jN

NP,�9JN^9J1-NI.=FUXH?=TOTIFb1aN q	TP/>A=.-[mTO,	M NI.=FSXb?=TITOFH1jN'Y<9<GgN^,2[]‚2FHTgNP9<XbFHGb5lrp1=XHFUNP.�FSYJ9<GON^,>[]‚	FbTONI9<XHFbG

9<GUXb,	1=GONITI?=X~NPFbB�[m,	TUNP.=F�1=Fb‡ q	TP/2A�. •`NI.=F�Y<9<GgNe,2[nB=Fbq	TIFbFHGS,2[•NI.=F�‚2FHTgNP9<XbFHGS9<GUXH,	1�GONPTO?=XbNIFHB

;j)•?�GI9<1�q6NP.=Fu/>BV|I/2XHFb1=Xb)�M�/>NPTO9f…’5

D

.=Fp1�Fb‡ ‚	FHTgNPF …QY<9JGON•/21=B•NI.=FpB=Fbq	TIFbFuY<9JGON*TIFHA�TIFHGOFH1jNP9J1=q

NP.�F 1=F~‡�q2TP/2A=.•/2TIF'A0/2GOGIFHBQB�,}‡^1�NP, NI.=F TOFHXH?�TIGI9f‚	FpGOF€/2TOXc. [m?=1=X~NP9<,21 5 W]9Jq	?=TIF ��5
�eGO.=,ƒ‡^Gl/

GP/>M�A=YJFUq	TP/2A�.�‡^9JNI.�–��6‚	FbTONI9<XHFbGu/21=B W]9<q2?=TIF ��5���GO.=,ƒ‡^G'NP.�F XH,2TITIFbGIA•,	1=B=9J1=q•GOF€/2TOXc. NPTOFHF>5

„x/2Xc. 1=,@B=F�,2[•NI.=F•GOF€/2TOXc.�NPTOFHF�XH,	TOTIFbGIA•,	1=B=G NI, /-Y<F~‚	FHYx9J1�NI.=F•TOFHXH?�TIGI9f‚	F�GIF€/>TIXc. 5-„x/2Xc.

A0/>NI.Q[mTI,	M NP.=FuTO,L,2N•NP,�/6Y<FH/>[`1=,LB�FeTOFHGO?=YJNIGl9<1 NP.�FuXH,	1=GgNPTO?=XbNI9<,	1-,2[ /2149<1=B�FHA•FH1=B=Fb1jN'GOFbNH5

W0,	T•FH/2Xc.4GIFH/2TIXc. •8W 9<q	?=TOF���5��6GI.�,}‡^GlNI.=F ‚	FbTONIF~…4GOFHY<FbXbNIFHB�/21=B NP.�FpTIFbGI?=YfNP9<1�q6GI?=;�q	TP/2A�.4NI,

;•FeGOF€/2TOXc.=FHB•5

dZ1 NP.�F A0/2TI/2Y<YJFHY^9<M�A=YJFHM�FH1jNc/>NI9<,	1v,2[uNI.=F GOF€/2TOXc.�A=TI,@XHFbB=?=TIF ?=GI9J1=q (lK�_`•*NI.=F›/2B 


|I/2XbFH1=X~) M�/>NPTO9f…�9<G TIFHA�Y<9<XH/>NPFbB />N6/2Y<Y“A=TI,@XHFbGIGO,	TIG�/21�B NP.=FQA=TO,LXbFHGOGI,	TOGŠGI.0/2TOF•NP.�FQGIF€/>TIXc.

GIA=/2XHF>5

D

.=F Xb,	M�A�?�Nc/>NI9<,	1�GO?=A’FbTIGgNPFHA•9<1j‚	,	Yf‚	FbG*FH/2Xc.•A=TO,LXbFHGOGI,	T*GIF€/>TIXc.=9J1=q6/UGI?=;�q	TP/2A�. 5 dZ1

NP.�FpXH,	M�M6?=1�9<X€/VNP9<,21�GO?=A•FHTIGgNPFbA •=NP.=F A=TI,@XHFbGIGI,2TIGnF …�Xc.=/21=q	Fu9J1�[m,	TIM�/>NI9<,	1�,	1 NI.=F M�/V…L9<M�/2Y

9<1�B=FHA•FH1=B�FH1jN6GOFbN [m,2?=1=B�GO,�[ /2Tb5

D

.=9JGS9J1�[m,	TIM�/>NI9<,	1›9JGe?�GIFHB"NP, A�TI?=1=F�NP.�F•GIFH/2TIXc.�GIA0/2XbF

9<1•GI?=;=GOFHka?=Fb1aN XH,	M�A=?�NP/>NP9J,	1•GgNPFbA=GH5*W]9<q2?=TIF ��5�� GO.=,ƒ‡^G:/6A=Y<,2N•,2[”NP.=F GIA•FHFHB�?=A=G^,	;�NP/29<1=FbB

‡^9JNI.QNP.=Fe(lK�_�9<M�A=Y<FbM�Fb1aNP/>NP9J,	1 ,2[`NP.�Feq2TP/2A=.4GOF€/2TOXc. 5
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s•,	1=GO9<B=FbTe/4q2TP/2A=.›‡^9fNP.

�

‚	FHTgNP9JXHFHGS/21=B�/QA=TO,	;0/2;=9JY<9fNZ) ,2[��-[m,2Tu/21j)›NZ‡•,4‚	FbTONI9<XHFbG

NP, ;’F'XH,	1=1�FHXbNIFHB 5

D

.=Fu/>BV|I/2XHFb1=Xb)�M�/>NPTO9f…�9<G*TIFbA=Y<9JX€/>NIFHB /VNnF€/>Xc.QA=TI,@XHFbGIGI,2TH5

D

, XH,	1=GOFHTg‚	F

M�FHM�,	TO)2••NP.=F /2BV|I/2XbFH1=X~) M�/>NPTO9f…v9JG�TOFHA=TOFHGOFH1jNPFbB‰/2G�;=9JN�A0/>NONPFbTI1=Gb5‰d [�� 9<G�NP.=F-‡•,2TIB

GI9J‹HFp,21•NP.=F .=,	GONnM•/2Xc.�9<1=F>•LNP.�FH1 NP.�FpGONI,	TP/2q2F TIFbka?=9<TOFHM�FH1jNPGn[m,	T“NP.=Fp/2BV|I/2XbFH1=X~)•M�/>NPTO9f…�9JG

�

� ��� 5

C

N“F€/2Xc.�Y<F~‚	FHY0,>[•NP.�F:TOFHXb?=TIGO9J‚	F:GIFH/2TIXc.••�/p‚	FbTONIF~…�‡^9JNI.�M�9J1=9<M6?�M B=Fbq	TIFbF^9<Gx/2B=B�FHB

NP,pNI.=Fl9<1�B=FHA•FH1=B�FH1jN“GIFbN*/21�B�/2Y<Y@‚	FHTgNP9JXHFHG NI.0/>Nx/2TOF^/2BV|I/2XbFH1jN NP,u9fNx/2TOFlB=FHYJFbNPFbBŠNP,p[m,	TOM NP.�F

‚@9<TgNP?0/2Y’q	TP/>A=.-/>NnNP.�Fu1=F~…@N^Y<F~‚	FbY 5

D

.a?=GlNP.=Fu1a?=M ;’FbT:,>[`‚2FHTgNP9<XbFHG^,2[”NP.�Fp‚L9JTONI?0/2Y•q2TP/2A=. NI,

;•F:GOF€/2TOXc.=FHBQB�FHXHTOF€/2GOFHG*F~…LA’,21=FH1jNP9</2Y<Yf)Š/>N*/UTP/>NIF',>[]–

�

�05“KL9<1=XbFlNP.=F'/2BV|I/2XbFH1=X~)�M•/>NITI9 …69JG

TIFbA=Y<9JX€/>NIFHB4/>NnF€/2Xc.4A=TO,LXbFHGIGO,	TH•0FH/2Xc.4A=TI,@XHFbGIGO,	TlX€/214Xb,	1=GONITI?=X~N^NP.=Fp‚@9<TgNP?0/>Y’q	TI/2A=.4Y<,@X€/>Y<YJ)25

C

N /�q	9f‚	Fb1�YJFb‚	FbY”,2[]NI.=FSTOFHXb?=TIGO9J‚	FSGIFH/2TIXc. �Z•=NI.=FS1a?=M ;’FbT',2[ ‚	FbTONP9JXHFbG ,2[ NP.=FUGI?�;=q	TP/>A=. 9JG

/2A=A�TI,€…L9<M�/>NPFbYJ)

� š

–

�

�@œ��m5

C

YJY A=TO,LXbFHGIGO,	TIG:A=TO,LXbFHFHB4NP.�TI,	?=q2.-NI.=FUGIF€/>TIXc. GOA0/2XbFS?=1jNI9<Y NP.�F

1a?=M6;•FHT”,2[L‚	FHTgNP9JXHFHG`,2[LNP.=FxGI?�;=q	TP/>A=.SNI,';•FxGIF€/>TIXc.=FbB69<G”;•FHY<,ƒ‡ /^A�TIFHB�FbNPFbTIM�9<1=FbBSNI.=TIFbGI.=,	YJB

�l5 (•FHYJ,}‡ NP.=9JG�YJFb‚	FbY •nFH/2Xc. GO?=;=q	TI/2A=. 9JG�GOF€/2TOXc.=FHB�;j) ,	1=F�,2[ NI.=F A=TO,LXbFHGOGI,	TOGQ/21=B&/2Y<Y

A=TO,LXbFHGIGO,	TIG*F~…LXc.0/21�q	Fp9<1L[m,	TIM�/>NP9J,	1Š,	1�NP.=F:GI9J‹HF:,2[ NP.�F'M�/V…L9<M6?�M 9<1=B�FHA•FH1=B=Fb1jNnGIF~N•[m,	?�1=B

GI,'[ /2T]/>1=B 9fNPG`GIF€/>TIXc.ŠA0/>NI. 5 K@9<1=XbF“NI.=F•GO9<‹HF*,2[0M�/V…L9<M6?�M�9<1=B�FHA•FH1=B=Fb1jN GIF~N /21=BSNP.=F*GIF€/>TIXc.

A0/>NI.49<Gl?=GO?0/2Y<Yf)�‚2FHTg)4GIM�/2Y<YŽ•@NI.=FUXH,	GgN^,2[]Xb,	M�M6?=1=9JX€/>NI9<1=q NI.=FHGOFUB0/>Nc/ŠXH/21�;•FuXH,21=GI9JB=FHTOFHB

NP,';’F*XH,	1�GONc/>1aNH5

D

.a?=G]NI.=F•Xb,	M�M ?=1=9<XH/>NP9J,	1UTIFbk@?�9<TIFbM�Fb1jNPG—,2[�NP.=F*q	TP/2A�. GIFH/2TIXc.�/>Y<q	,	TO9JNI.=M

/2TOFlk@?�9JNPFlYJ,ƒ‡U5 w',ƒ‡*Fb‚	FbTH•@GI9J1=XHFlNP.�F'/>BV|I/2XHFb1=Xb)6M•/>NITI9 …69J1�[m,	TIM�/>NI9<,	1S9<G TIFbA=Y<9JX€/>NIFHB�/>NxFH/2Xc.

A=TO,LXbFHGIGO,	TH•0NI.=9<G:/2YJq	,	TI9fNP.=M B=,@FHG^1=,2N:GOX€/2YJF25

C

1-9<M�A=TI,ƒ‚	FbB�q2TP/2A=.-GIFH/2TIXc. /2Y<q2,	TI9fNP.=M NP.0/VN

A0/2TgNP9fNP9<,21=G*NI.=Fe/2BV|I/2XbFH1=X~)QM•/VNPTI9 …Q/>M�,	1�q6NP.=FuA=TO,LXbFHGOGI,	TOG'9JGlA=TIFbGIFH1jNIFHB 9J1-KLFHX~NP9J,	1 �L5�	�5J–	5

� ��� �

�
� �

�

�

�

dZ1�NI.=9<GxXc.0/>A�NPFbT*‡*F XH,21=GI9JB=FHTOFHB•A=/2TP/2YJY<FbY=XH,	M�A=?�NP/>NP9J,	1=Gx,	1•/e1=F~NZ‡•,2TIŒ�,2[hB=FbB=9<XH/>NPFbB

‡*,	TIŒaGONP/>NP9J,	1 ?=GO9<1=q-NP.=F•(lK�_tM�,@B=FbY 5 �"F•Xc.0/2TI/2XbNIFHTO9<‹HFbB NP.=F�1=FbNZ‡*,	TOŒ",2[•‡•,	TOŒaGONc/VNP9<,21=G

/2G�/"(nK�_ XH,	M�A=?�NIFHTb5 ��F-?=GOFHB&NI.=F (nK�_ M�,@B=FbYnNP,�Xc.0/2TP/>XbNPFbTI9J‹HF4NP.=F�/2A=A=YJ9<XH/>NP9J,	1 ,2[

A=Y</2GIM�/�GO9<M6?�Y†/>NI9<,	1-/21=B qj/29<1-9<1�GI9<q2.aN'9<1jNI,�NI.=F GOX€/2Y</2;=9<YJ9JNZ)Q,>[—NP.=FSA=TI,2;=Y<FbM�5��:GI9<1�q (lK�_
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A=TOFHB=FbXHFHGOGI,	Tb5

W]9Jq	?=TIF �L5f–p9<YJY<?=GgNPTI/>NPFbGxNI.=FpTOFHA=YJ9<X€/VNP9<,21�A=TO,2NP,@XH,2Y8[m,2Tn/ TOFHA=YJ9<X€/VNP9<,21�YJFb‚	FbY

š

F~…LA=Y</29<1=FbB

;•FHY<,ƒ‡'œŠ,2[u,	1�F25

D

.=F /2B=/2A�NP9f‚	F�TIFHA�Y<9<XH/>NP9J,	1 /2Y<q2,	TI9fNP.=M 9JG�GO.=,ƒ‡^1 9<1 i0q	?=TOF �L5
�L5 „x/2Xc.

,2[lNI.=F A0/2TgNP9JXH9<A=/>NP9J1=q�A�TI,@XHFHGOGIFbG�F …LFHXH?LNPFHGŠNI.=FQ/2B0/>A�NP9f‚	F•TOFHA=YJ9<XH/>NP9J,	1 /2YJq	,	TO9JNP.�M 9<1 FH/2Xc.

GI?�A’FbTIGONIFHA 5

� (��6()' 4 AC,DA

�
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C

N:NP.=FS;’Fbq	9<1=1�9<1=q�,2[x/�XH,2M�A=?LNc/>NI9<,	1-GONIFHA ••F€/2Xc. A=TI,@XHFbGIG Xb,	M�M6?=1=9JX€/>NIFHG:9JNPG^Xb,	M 


A=?�NP/>NP9J,	1 GgNc/>NIF NP,69fNPG*GI?=XbXHFHGOGI,	Tb•0‡^.=9<Xc.4/2X~NPGl/>G•NP.=F ;0/2XcŒa?=A4A=TI,@XHFbGIGb5*„x/2Xc.4A=TO,LXbFHGOG^/2Y<GO,

TIFbXHFb9J‚	FbG:NI.=FUXH,	M�A=?�NP/>NP9J,	1QGONP/>NPFU,2[ 9JNIGlA=TIFbB=FHXbFHGOGI,	Tb••‡^.=9JXc. 9fNlGP/€‚	FbGp/2G:/Š;0/2XcŒa?=A�XH,	Aj)25



�	˜

1 0 1 1 0
0 1 1 0 1 0 1 1 0 1

1 0 1 1 0
0 1 1 0 1
1 0 1 1 0

0 1 1 0 1
1 0 1 1 0

HOME

Process0 Process1 Process2

Transient Failure !

Sync(1)

Computation Computation

Computation

0

2

Process3 Process4

FinishTask(4)

Finish Task (3)
Sync(3)

Sync(4)

Computation Computation
3 4

Computation
3

Aborted !

Process3'

Computation
2

Finish Task (2)
Sync(2)

CS1 CS2 CS3 CS4

(CS2) (CS3)(CS4) (CS1)

Computation State

(Replicated Data)
(Computation State)

C
om

putation S
tep 1

Migration of the replicated process
to an available machine

Computation Step 2 2
Computation

0
Computation

1
Computation

3
Computation

4
Computation

Process2

1

Finish Task (1)

�

> � ��24+ � ()'�� ����+ � ;<A ��,4>	�9+

�

+ � 
)>@?BA�,D>)09: � ? ��+ � + >�
 
���5H,I2 AC,D+=; 8 0�2 A 24+ � 
)>@?BA�,D>)09:


)+��9+

�0�8�0K:�+�(

� (��6(�� � 2 >�� A&2�� � 0 � � �6,DA�,4>J09:

„x/2Xc.QA=TO,LXbFHGIGnNI.=FH1QA•FHTg[m,	TIM�G“Y<,@X€/2Y8XH,2M�A=?LNc/>NI9<,	1�?=GI9J1=q69JNIG•Xb,	M�A�?�Nc/>NI9<,	1�GONP/>NPF>5

C

A=TO,LXbFHGIG GI?=GOA’Fb1=B=GU9JNIGIFHYf[x/21j)aNP9JM�FeB=?=TO9<1=q•NI.=F6YJ,LXH/2Y”XH,	M�A=?�NP/>NP9J,	1�9f[x9JN'TIFbXHFH9f‚	FbGU/•GI9Jq	10/2Y

9<1�B=9<XH/>NP9J1=qeNI.0/>N*NP.=Fp.�,	GONlM�/2Xc.=9J1=F 9JG•?=1=/ƒ‚>/29JY†/2;�Y<F25 ��.=FH14/SA=TI,@XHFbGIGlXH,2M�A=YJFbNIFHG•9fNPG*Y<,@X€/2Y

XH,2M�A=?LNc/>NI9<,	1 •L9JN^GOFH1=B=G'/ŠM�FbGIGI/2q	FU9<1=B�9<X€/VNP9<1�q6GI?=XbXHFbGIGO[m?�Y]XH,2M�A=YJFbNI9<,	1•NI,�9fNPGlGO?=XHXbFHGIGO,	TH5

� (��6( ! � +=?B09:�;�A&2�� � 0 ��� ��,IA�,4>J0K:

�'A•,	1 GO?=XHXbFHGOGO[m?=YlXb,	M�A�Y<FbNI9<,	1�,2[lNI.=F•A=TO9<M�/2TO)�Xb,	M�A=?�Nc/VNP9<,21"GgNc/2q	F>• F€/2Xc. A�TI,@XHFHGOG

Xc.=FbXcŒ@GlNI,6GIFbFp9J[h9fNPG*A=TIFbB=FHXbFHGIGO,	Tl.0/2G•GI?=XbXHFHGOGO[m?=YJYJ)�i01=9JGI.=FbBQ9JNPG“XH,2M�A=?LNc/>NI9<,	1=Gb5

D

.=9JG*‚	FbTI9 


i0XH/>NP9J,	1Š9<G ;0/>GIFHB�,	1ŠNP.�F:TOFHXbFH9<ALNx,	Tx/2;=GOFH1=XbF:,>[’NI.=F^GI?=XbXHFHGOGO[m?=Y8Xb,	M�A�Y<FbNI9<,	1ŠM�FHGOGP/2q2Fn[mTI,	M

NP.�FpA=TIFbB=FHXbFHGOGI,	Tb5

C

GI?=9fNc/2;=YJF:NI9<M�FH,	?LN•A•FHTO9<,@B•M�/ƒ)�;•Fp/2A�A=Y<9JFHB•;•Fb[m,2TIF B�FHXH9JB=9<1�q NP.0/VN•NP.�F

A=TOFHB=FbXHFHGOGI,	T�.0/>G [ /29<YJFHB 5���.=FH1v/ A=/2TONI9<XH9JA0/>NI9<1=q-A=TI,@XHFbGIGŠB=FbXH9JB=FHG NI.0/>NŠ9fNPGSA=TIFbB=FHXbFHGIGO,	T

.0/2G:[ /29<YJFHB •89fN XbTIF€/VNPFHG /•1=F~‡ A�TI,@XHFHGOG NP,�TIFbA=Y<9JX€/>NIFeNI.=F Xb,	M�A�?�Nc/>NI9<,	1�G',2[]NP.=Fe[ /29<YJFHB-A=TIF 


B=FbXHFHGOGI,	Tb5

D

.�F 1=F~‡tA=TI,@XHFbGIGpTOFHGONI,	TIFbG'NI.=F Xb,	M�A�?�Nc/>NI9<,	14GgNc/>NIF ,2[—NI.=FU[ /29<YJFHB-A=TIFbB=FHXbFHGIGO,	T
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?=GO9<1=q-NP.=F�GONc/VNPF•B=/>Nc/-9JNe.0/2GSTIFHXbFH9f‚	FHBv/VNSNI.=F•;•FHq	9J1=1=9J1=q�,>[nNP.=F�XH,	M�A=?�NP/>NP9J,	1�GONPFbA 5-d N

NP.�FH1�A’FbTO[m,	TOM�G]NI.=F^Y<,@X€/2YLXH,	M�A=?�NP/>NP9J,	1Š,	1�;•FH.0/2Yf[•,2[’NI.=FlA=TOFHB=FbXHFHGOGI,	Tb5

D

.=F^Xc.=9<YJB�A�TI,@XHFHGOG

/2;•,	TONIG:NI.=FeXH,	M�A=?�NP/>NP9J,	1-/21j)-NI9<M�FU9JN:9<G^9<1L[m,	TIM�FHB-;j)-NI.=FeA0/2TIFb1jN'NI.0/>N:NP.=FSA=TIFbB=FHXbFHGIGO,	T

.0/2G^GO?=XHXbFHGIGg[m?=Y<Yf)Qi01=9JGI.=FbB�9fNPGlXH,2M�A=?LNc/>NI9<,	1=Gb5

� (��6(�� � 09:<?�
 �<5I>J09:

„x/2Xc. GI?�TO‚@9J‚@9<1�q A=TO,LXbFHGIG 9<1=9fNP9†/VNPFHGuGg)@1=Xc.=TI,21=9<‹H/>NP9J,	1�[m,	Te9JNIGIFHYf[z5-y”9JŒ2F~‡^9<GIF>•—F€/>Xc. ,2[

NP.�F 1=F~‡^YJ)4XHTOF€/>NIFHB A�TI,@XHFHGOGIFbGpNP.0/>N'TIFbA=Y<9JX€/>NIFHB4[m,	T'/�A=TOFHB=FbXHFHGOGI,	T 9<1=9fNP9†/VNPFHGlGg)@1=Xc.=TI,21=9<‹H/ 


NP9J,	1 ,21 ;’Fb.0/2Yf[ ,2[ NP.�F6A=TIFbB=FHXbFHGOGI,	Tb5

D

.=F6A=TO,LXbFHGIGOFHGpNI.=FH1 ‡•/29JN'[m,	T^NP.=F6Gg)@1=Xc.=TI,21=9<‹H/>NP9J,	1

NP,SXH,	M�A=YJFbNPF>5 ��.=Fb1 NP.=F'GO)@1=Xc.=TO,	1=9<‹H/>NP9J,	1 9JG*Xb,	M�A�Y<FbNIF2•@F€/2Xc.•,2[ NP.�FpGI?=Tg‚@9J‚@9<1=qSA=TI,@XHFbGIGOFHG

TIFbXHFb9J‚	FbG 9<1�[m,2TIM�/>NP9J,	1u,	1 NI.=F•YJ9<GON ,2[0A�TI,@XHFHGOGIFbG—NP.0/>N]GI?=XbXHFbGIGO[m?�Y<YJ)SXH,2M�A=YJFbNIFHB Gg)@1=Xc.=TI,21=9<‹H/ 


NP9J,	1 5](n/2GIFbB�,21�NI.=9<Gx9<1L[m,	TIM�/>NP9J,	1 •}NP.=F:GI?�TO‚@9J‚@9<1�qeA�TI,@XHFHGOGIFbG•9<1L[m,	TIMENP.=Fb9<T Xc.=9JY<B�A=TI,@XHFbGIGOFHG

FH9fNP.=FbTuNP,4XH,	1jNI9<1a?=F�,	TpNP,QNPFbTIM�9<10/VNPF25 �:A’,	1�.=FH/2TI9J1=qQ[mTI,	M NP.=F�A0/2TOFH1jNSA=TI,@XHFbGIGUNP,4XH,	1 


NP9J1a?=F2•”NP.=F�Xc.=9JY<B�A=TI,@XHFbGIGU‡^9<YJY /2GIGO?=M�F�NI.=F�9<B=Fb1aNI9JNZ)›,>[•NP.�F�[ />9<Y<FbB�A=TIFbB=FHXbFHGIGO,	T6/>1=B�‡^9JY<Y

XH,21aNI9<1a?=FuNP,�A0/>TONP9JXH9JA0/>NPFu9J1 NP.=FUA0/>TP/2YJY<FHY’XH,	M�A=?�NP/>NP9J,	14/2G:/ŠY<Fbq	9JNI9<M�/>NPF'M�FbM6;’FbTH5
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�

dZ1 NI.=9<G Xc.0/2A�NIFHTH•	‡*FnA=TOFHGOFH1jNPFbB�,	?�T—/2A=A�TI,j/2Xc.SNP,u/2B=/2A�NP9f‚	F*A0/2TP/>Y<Y<FbY<9JGIM�9J1SNP.�Fl(•?=YJŒ�


K@)@1=Xc.=TO,	1=,	?�GS_ /2TP/>Y<Y<FbY M�,@B=FHYŽ5

D

.=FŠGO)@1=Xc.�TI,	1=,2?=GU10/>NP?�TIF6,2[xNI.=FŠ(lK�_�M�,LB=FbY]GO9<M�A=Y<9fi0FHG

NP.�FQGIXc.=FbM�FQ;j) FbY<9JM�9J10/>NP9J1=qQNP.=F•1=FHFbB [m,	T / XH,	1�GI9<GgNPFb1aN�Xc.�FHXcŒaA’,29<1jN�/21=B ;j) A=TO,ƒ‚L9JB=9<1�q

/�Xb,	1j‚	Fb1=9<Fb1aN�A•,	9J1aNU[m,	TSXc.=FHXcŒa9J1=q›A=TI,@XHFbGIGe[ /29<YJ?=TIFbGH5

D

.=F•A�TI,2NI,LXb,	Y [m,	TSTOFHA=YJ9<XH/>NP9J,	1�/>1=B

TIFbXH,ƒ‚	FbTO)�/2GOGI?=M�FHGx1=,UŒa1=,ƒ‡^Y<FbB=q	F^,2[•NP.=FnNITP/21�GI9<Fb1jN [ /29<YJ?=TIFbG /21=BŠNP.a?=GxXH/21�;’FlF …LNIFH1=B�FHB�NI,

B=FH/2Y`‡^9fNP. TOF€/2Y`A=TO,LXbFHGIGO,	Tp[ /29JY<?=TOFHGH5��"FŠ/2YJGI,•A�TIFHGOFH1jNPFbB›NP.=F6TOFHA=YJ9<XH/>NP9J,	1 />Y<q	,	TO9JNI.=M ?=GOFHB

;j) NP.�FeA=/2TONI9<XH9JA0/>NI9<1=q6A�TI,@XHFHGOGIFbGH5
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4 A�,DA
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–	5:s•,	M�M6?=1�9<X€/VNPFpNP.�FeXb,	M�A=?�Nc/VNP9<,21QGONc/VNPFuNP,ŠNP.�FeGO?=XHXbFHGOGI,	Tb5

�L5^\^FHXbFH9J‚2FeNI.=FUXH,	M�A=?�NP/>NP9J,	1QGONP/>NPFu[mTO,	M NI.=FUA=TIFbB=FHXbFHGIGO,	TH5

�

� 2 >�� A&2�� � 0 ��� ��,IA�,4>J0K:

–	5^_`FHTO[m,2TIM Y<,@X€/>Y•XH,2M�A=?LNc/>NI9<,	1 5

�L5:KLFb1=B /���� � � ����� � ���4M�FbGIGI/2q	F NI,�NP.=F GI?=XbXHFHGOGI,	T49J1=B=9<XH/>NP9J1=q�GO?=XHXbFHGOGO[m?=Y

Xb,	M�A�Y<FbNI9<,	1Q,>[]YJ,LXH/2Y•Xb,	M�A�?�Nc/>NI9<,	1•5

�

� +C?B09:<;<A�2 � � 0 ��� �6,DA�,D>)09:<5

–	5n3xFbTI9J[ )�9f[nNP.�F�A=TOFHB=FbXHFbGIGI,2TŠ.0/2G GO?=XHXbFHGOGO[m?=YJYJ)�i01=9<GO.=FHB�9JNPGeXH,2M�A=?LNc/>NI9<,	1 5

3xFbTI9Ji=X€/>NI9<,	1 ,>[xGI?=XbXHFHGOGO[m?=Y Xb,	M�A=Y<F~NP9<,21 ,2[ NI.=F6A=TOFHB=FbXHFHGOGI,	Te9<G';0/2GOFHB›,	1

NI.=FnTIFbXHFb9<A�N ,2T—/2;=GOFH1=XbF^,2[•/���� � � ����� � ��� M�FHGIGI/2q	F•[mTO,	MtNP.=FnA�TIFHB�FHXHFbGIGO,	TH5

C

GO?=9JNP/2;=Y<F � ��
 �

�

�	�nA•FHTI9J,LB M�/€)�;•F4/2A=A�Y<9<FbB ;’F~[m,	TIFQXc.�FHXcŒa9<1=q�[m,	T NI.=F

M�FHGOGP/2q	F:[mTI,	M NI.=F:A=TIFbB=FHXbFHGIGO,	TnNP,S/2XbXH,	?=1jN*[m,	T*B�9

�

FHTIFb1=XHFbG•9J1�A=TO,LXbFHGOGI,	T

GOA’FbFHB ,2TlB=FHY</ƒ)@G^9<1QNI.=FUXH,	M�M6?=1=9JX€/>NI9<,	1•1=FbNZ‡*,	TIŒ85

�L5ld [:NP.=FQA�TIFHB�FHXHFbGIGO,	T�.=/2G61=,2NŠi=1=9<GO.=FHBv9JNIG6XH,2M�A=?LNc/>NI9<,	1 • NP.=Fb1 XbTIFH/>NPF-/

1=F~‡

š

Xc.=9JY<B8œlA=TO,LXbFHGIG:NP,�TIFHA�Y<9<XH/>NPFuNI.=F Xb,	M�A�?�Nc/>NI9<,	1�G:,>[—NP.=Fe[ /29<YJFHB4A=TOF 


B=FbXHFbGIGI,2TH5

D

.�FeXc.�9<Y<B4A=TO,LXbFHGOG'B=,@FHGlNI.=Fu[m,	Y<YJ,}‡^9J1=q=•

š

/jœ4\:FbGONP,2TIFŠNP.=F�Xb,	M�A�?�Nc/>NI9<,	1›GgNc/>NIFŠ,2[“NP.=FŠ[ /29JY<FHB›A�TIFHB�FHXHFbGIGO,	T6/>NuNI.=F

;’Fbq	9<1=1�9<1=qp,>[•NI.=F^XH,	M�A=?�NP/>NP9J,	16GgNc/>NIFl?=GI9J1=qpNP.=F^Xb,	M�A�?�Nc/>NI9<,	1 GONc/VNPF

TIFHXbFH9f‚	FHB-[mTI,	M NP.=FUA=TOFHB=FbXHFbGIGI,2T 9<14GgNPFHA�–	5

š

;8œ4_ FHTg[m,	TIM NP.=FUY<,@X€/>Y•XH,2M�A=?LNc/>NI9<,	1=Gl,21-;•FH.=/2YJ[ ,2[`NP.=FUA=TOFHB=FbXHFHGOGI,	Tb5

š

XƒœQdZ1=9JNI9†/>NIFpGO)@1=Xc.=TO,	1=9J‹€/>NI9<,	14,	1-;’Fb.0/2Yf[],2[`NP.�FeA�TIFHB�FHXHFbGIGO,	TH5

š

B8œ

C

;•,	TONnNI.=FuXH,2M�A=?LNc/>NI9<,	1Q,2[”NI.=FuA=TIFbB=FHXbFHGOGI,	T'/21=B4F~…L9fN:/>N^/21j) NI9<M�F

9J[”/ GO9<q	1=/2Y’9J1=B=9JX€/>NI9<1=qeGI?=XbXHFbGIGO[m?�Y`Xb,	M�A=Y<F~NP9<,21�,2[hNI.=FpA=TOFHB=FbXHFbGIGI,2T:9JG

TIFHXbXHFb9J‚	FbB�[mTO,	M NI.=FUA0/2TIFb1jN A=TO,LXbFHGOGH5
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š

Xb,	1jNP9<1a?=FbB ,	1QNI.=FU1=F~…@N'A0/2q	F€œ
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D

.=FuGO?=A’FbTIGgNPFHA-9<G•XH,	M�A=Y<F~NPF:‡^.=FH14GO)@1=Xc.�TI,	1=9J‹€/>NI9<,	149JGn9<1=9fNP9</>NPFbB�,	14;•FH.0/>YJ[”,2[

F€/>Xc.�A0/>TONP9JXH9JA0/>NP9J1=qpA=TO,LXbFHGOG*Fb9JNP.�FHTx;j)ŠNP.=F^,	TO9<q	9J10/2Y@XH,	M�A’,21=FH1jN“A=TI,@XHFbGIG“,	T ;j)

9JNIGlGI?=XbXHFbGIGI,2TH5

„x/2Xc.-GI?=Tg‚L9f‚@9<1=q�A=TO,LXbFHGIG:B=,@FHGlNP.�FU[m,2Y<Y<,ƒ‡^9J1=q=•

–	5���/29JNl[m,2TnNP.=FUGI?�XHXHFbGIGg[m?=Y Xb,	M�A=Y<F~NP9<,21Q,2[]Gg)@1=Xc.=TI,21=9<‹H/>NP9J,	1 5

�L5ld [SNP.=F�Xc.=9JY<B�A=TI,@XHFbGIG4‡^.=9<Xc. .0/2G4TOFHA=YJ9<X€/VNPFHB�[m,	T NI.=F�A=TIFbB=FHXbFHGOGI,	T�.0/2G

GO?=XHXbFHGIGg[m?=Y<Yf) Xb,	M�A=Y<F~NPFHB�GO)@1=Xc.=TO,	1=9J‹€/>NI9<,	1 ••9<1L[m,	TIM NI.=F Xc.�9<Y<B-A=TO,LXbFHGIG'NP,

Xb,	1jNP9<1a?=F �8,2NP.=FbTO‡^9JGIFU9<1�[m,2TIM NP.=FUXc.=9JY<B4A=TI,@XHFbGIG^NP,�/2;•,	TONH5

D

.=FUXc.=9JY<B4A=TI,@XHFbGIG:B=,@FHGlNP.=Fu[m,	YJY<,ƒ‡^9<1�q=•

–	5���/29JNl[m,2T'/�GI9Jq	10/2Y’[mTI,	M NI.=FUA0/2TOFH1jN'NI,�Xb,	1jNP9J1@?�Fe,2T^NI,•/>;’,	TgN€•=;=/2GIFbB ,	1

‡^.=F~NP.=FbT',2Tl1=,2N:GO)@1=Xc.=TO,	1=9J‹€/>NI9<,	1-;j) NP.=FUXc.=9JY<B4A=TO,LXbFHGIG:9<GlGO?=XHXbFHGOGO[m?=YŽ5

�L5��:A’,	1�;’Fb9<1=q�9<1�[m,	TOM�FbB�;j)�NP.=F•A0/2TIFb1jN NP,�XH,	1jNI9<1a?=F2•—NI.=F•Xc.�9<Y<B"A=TI,@XHFbGIG

B=,@FHGlNI.=Fu[m,	Y<YJ,}‡^9J1=q=•

�

C

GIGO?=M�F NP.=F 9<B=Fb1aNI9JNZ)�,2[hNP.�FpA=TIFbB=FHXbFHGOGI,	T:/21=B•XH,	1jNP9J1a?=Fu9<1�A=Y†/2XbFp,2[
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TIFbA=Y<9JX€/>NIFŠ[m,	Te/4[ /29JY<FbB�A�TI,@XHFHGOGH54W0,	TŠ–��L•
�����4‚2FHTONI9<XbFHGS‡^9fNP."/-M�F€/>1"A=TO,	;0/2;�9<Y<9fNZ) ,2[•XH,	1 


1=FbXbNP9f‚@9JNZ)-,2[���5
� 	=•8NP.�F6F~…LFHXb?�NP9J,	1 NI9<M�FS,	1 1=,	1=B=FbB=9<XH/>NPFbB A=TO,LXbFHGIGO,	TIG 9<Gp/>;’,	?LN –���.=,	?=TOG

XH,2M�A0/>TIFHBQNI,•/2;•,	?�NU– ��5��6.=,2?=TIG^,	14B=FbB=9<XH/>NPFbB�A=TO,LXbFHGOGI,	TOGH5

D

.=F^M�/V…L9<M6?=MEGI9J‹HF^A=TO,	;=Y<FbM NI.0/>NxX€/>1�;•F^GI,	Yf‚	FbB�,	1�/uGI9J1=q	YJFnA=TI,@XHFbGIGO,	Tx9<Gx/uq	TP/>A=.

,2[“–���•������e‚	FHTgNP9JXHFHGb5 �:GI9J1=q6NP.=F 9<M�A=TI,ƒ‚	FbB4q	TP/2A�.QGIF€/>TIXc.-/2Y<q2,	TI9fNP.=M-•j‡•FU/2TOFU/2;=YJF'NP,�GO,	YJ‚2F

q	TI/2A=.=G:,2[ GO9<‹HF�–��L•������Š‚	FbTONI9<XHFbGH5

D

.=F F …LFHXH?LNP9<,21 NP9JM�Fu[m,	T:/�q2TP/2A=.-‡^9JNI.�–��L•������Š‚	FbTONI9<XHFbG

/21=B / A=TO,	;0/2;�9<Y<9fNZ)�,2[ Xb,	1=1=FbXbNI9J‚@9JNZ)�,2[ ��5�� ��9JGŠ/2;•,	?�N �@5�� .=,	?�TIG6‡^.=Fb1�?=GO9<1=q�/›B=Fbq	TIFbF

,2[]A0/2TP/>Y<Y<FbY<9JGIM ,2[n–��L5

D

.=FSXb,	TITOFHGOA’,	1�B=9<1=q�F~…LFbXH?�NI9<,	1-NP9<M�Fu,	1-1=,	1=B�FHB=9JX€/>NIFHB A�TI,@XHFHGOGI,	TOG

9<GU/>;’,	?LNŠ–��Q.=,	?=TOGH5Š_ /2TP/>Y<Y<FbY]TO?=1�,	1�B=FHB=9JX€/>NIFHB�A=TO,LXbFHGIGO,	TIGe?=GOFHB�NP.=F6[ /2GgNPFbTeA�TI,@XHFHGOGI,	TOG

š

+-,LB=FbYl–	–��jœ'‡^.�9<Y<FSNP.=F�TI?�1",	1�1=,21=B=FHB�9<X€/VNPFHB�A=TO,LXbFHGIGO,	TIGe?=GOFHB /QM�9f…@NP?�TIF6,2[“[ /2GgN />1=B

GIYJ,ƒ‡�A=TI,@XHFbGIGO,	TIG

š

;•,2NP. +�,@B=FHYx–	–���/21=B +�,@B=FHY����jœ •8GI,•A=/2TON:,2[ NP.=FeF~…LFHXb?�NP9J,	1 9JG:,21�NP.�F

GIYJ,ƒ‡•FbTpA=TI,@XHFbGIGO,	TIGb5UKLX€/>Y†/2;=YJFUA0/2TP/>Y<Y<FbY`/2Y<q	,2TI9JNI.=M�G^/2TIFSFHGIGOFH1jNP9</2Y NI, GI,2YJ‚	FSA=TI,2;=Y<FbM�G^NP.0/VN

/2TOF^NI,L,uY</2TIq2FnNP,ui=N“9<1ŠNP.�F:M�FHM�,	Tg) ,2[ /uGI9<1�q	Y<FnA�TI,@XHFHGOGI,	Tb5

C

B0/>A�NP9f‚	F^TIFbA=Y<9JX€/>NI9<,	1ŠGOXc.=FHM�F

/2YJY<,ƒ‡^GnF
��Xb9<FH1jN'F~…LFHXb?�NP9J,	1-,2[]A=/2TP/2YJY<FbY•TI?�1=G^,	1�1�,	1=B=FbB=9<XH/>NPFbB�A=TO,LXbFHGOGI,	TOGH5
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dZ1 NP.�9<G•Xc.=/2A�NPFbT•‡*FuA=TIFbGIFH1jNIFHBQNP.=Fp/2A=A=YJ9<X€/VNP9<,21�,2[`/>B0/2A�NI9J‚	F'TIFbA=Y<9JX€/>NI9<,	1�GIXc.=FbM�F NI,

NZ‡*,"A0/>TP/2YJY<FHY“XH,2M�A=?LNc/>NI9<,	1=G�
S/ XH,	M�A=?�NP/>NP9J,	1 B=,	M�9<1=/21jNŠ/21=B /›TIFbA=Y<9JX€/>NI9<,	1"B=,	M�9<10/>1aN

/2A=A�Y<9<XH/>NP9J,	1&,21�GI9<M ?=Y†/>NIFHB NITP/21=GO9<Fb1aN A=TI,@XHFbGIGI,2TIGH5

D

.=F�TIFHGO?=YJNIGQB=FHM�,	1=GgNPTI/>NPF NI.0/>N ‡*F

X€/>1 F~…LFHXb?�NPF•XH,	M�A=?�NP/>NP9J,	1"B�,	M�9J10/21jNS/2A=A=YJ9<XH/>NP9J,	1=GuF
��Xb9<FH1jNIYJ)�,	1 1=,21=B=FHB�9<X€/VNPFHB"‡•,	TOŒ�


GONP/>NP9J,	1=Gb5��"F6/>Y<GI,�B=FHM�,	1=GgNPTI/>NPFbB NP.=FSX€/2A=/2;=9<YJ9JNI9<FHGl,>[—NP.=F6/2B0/2A�NI9J‚2FSTOFHA=YJ9<X€/VNP9<,21�GOXc.=FHM�F

;j)QF~…LFbXH?�NI9<1=q�NP.=FUq	TI/2A=.4GIFH/2TIXc.�A=TI,	q2TP/2M ,	149<B=YJFp‡•,	TOŒaGONc/VNP9<,21=G^,	1QNP.=FU1=F~NZ‡•,	TOŒQ,2[—KL?=1

‡*,	TIŒaGONP/>NP9J,	1=Gl9J1•NP.=FUopFbA0/2TgNPM�FH1jNl,2[]s•,	M�A=?�NIFHT^KLXb9<Fb1=XHFU/>Nl\:Fb1=GIGOFHY†/>FHT^_ ,2YJ)aNPFbXc.=1=9<XudZ1 


GONI9JNI?�NPF>5
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dZ1 NP.�FuA=TIFbXHFHB�9<1=qŠXc.0/>A�NPFbTIGl‡•FuB�FHM�,	1=GONITP/>NIFHB4/2A�A=Y<9JX€/2;=9JY<9fNZ)Š,2[ (lK�_v;0/2GOFHB4A0/2TI/2Y<YJFHY•A=TI, 


XHFbGIGO9<1=qpNI,u1=FbNZ‡*,	TIŒaG ,2[0‡*,	TOŒ@GgNc/>NI9<,	1�G—‡^9JNP.6/2A=A=YJ9<X€/VNP9<,21=Gh[mTI,	MEA=Y†/>GIM�/'GI9JM6?=Y</>NP9J,	1 •}q	TP/>A=.

GIFH/2TIXc. /21=B�i01�9JNPF�FbY<FHM�FH1jNSM�,@B=FbY<9<1�q=5 �"F•A�TI,	A•,	GIFbB /21"/2A=A=TO,j/2Xc.�NI, /2B=/2A�NP9f‚	F�A0/2TI/2Y 


Y<FbY<9JGIM 9<1 / 1=FbNZ‡*,	TOŒ•,2[hNITP/21=GO9<Fb1aNnA=TI,@XHFbGIGI,2TIGn‡^9JNI.=9<1�NP.=F [mTI/2M�Fb‡*,	TIŒ�,2[hNI.=Fu(lK�_vM�,LB=FbY 5

�"F A=TOFHGIFb1jNPFHB-/21 /210/2Yf)LGO9<G“,2[h,	?�T•GIXc.�FHM�F2•�B�FHGI9Jq	1 ,2[hNI.=F

C

B0/2A�NI9J‚2Fp\^FHA=YJ9<X€/VNP9<,21•Ka)LGgNPFbM

/21=B /2A=A=YJ9<XH/>NP9J,	1Q,2[]NI.=FUGO)@GONIFHM NP,�GIA•FHXb9Ji0XeA0/2TI/2Y<YJFHY Xb,	M�A�?�NP9J1=q�/2A=A=YJ9<X€/VNP9<,21=GH5 �"FSGO.0/2Y<Y

1=,ƒ‡�F …=/>M�9J1=FpNP.=9JGl‡•,	TOŒ 9<1�/Š;=TI,	/2B=FHT^A•FHTOGIA•FHXbNI9J‚2F 
“9<1�XHY<?�B=9<1=qŠ9fNPGlGOXH,	A•F2••/2A=A�Y<9<XH/2;=9JY<9JNZ)2•

XH,21aNITI9J;=?�NP9J,	1 •=YJ9<M�9JNP/>NP9J,	1=GH•jF …@NPFH1�GI9<,21=G />1=B-[m?LNP?=TOFp‡•,	TOŒ85
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D

.=F�(lK�_ M�,LB=FbYU/2Y<YJ,ƒ‡^G NP.=F�A=TI,2q	TP/2M�M�FHT NP,�qj/29J1 9J1=GI9Jq	.jN-9<1jNP,vNP.=F�GONITI?=X~NP?=TOF

,2[“NP.=F�A0/>TP/2YJY<FHY`XH,2M�A=?LNc/>NI9<,	1�/21�B�NI,-?�GIFŠNP.=F�9J1=GI9Jq	.jNpNP,49<M�A=TO,}‚2F6NP.=F�A•FHTg[m,	TIM�/21=XbFŠ;a)

Xc.0/21�q	9<1=q:NP.=F•B0/>Nc/:B=9<GgNPTO9<;=?�NI9<,	1•5 �"Fn.0/€‚2FnB=FHM�,	1=GgNPTI/>NPFbB NP.=9JG—/2;�9<Y<9fNZ)p,2[0NI.=Fn(nK�_�M�,@B=FHY

;j) 9JM�A�Y<FHM�FH1jNI9<1=q�NP.=F A=Y†/2GOM•/�GI9JM6?=Y†/VNP9<,21�9J1 NP.=F6(lK�_�M�,@B=FHYŽ5 �"F6?=GOFHB�(lK�_�/210/2Yf)@GI9<G

NPFbXc.=1=9Jk@?�FHG^NP,�9<M�A=TI,ƒ‚	FpNI.=FUA’FbTO[m,	TOM•/>1=XHFu,	1�/Š1=FbNZ‡*,	TOŒQ,2[ ‡*,	TOŒ@GgNc/>NI9<,	1�GH5

D

.=Fl(nK�_›M�,@B=FHY@9<G`9<1jNIFH1=B=FbBŠ;j) 9fNPG /2?�NP.�,	T NI, ;•Fn/ q	Fb1=FHTI/2Y@A=?=TIA•,	GOFnA=TI,2q	TP/2M�M�9<1=q

M�,LB=FbY 5‰KL9<1�XHF 9fNPG�9<1jNPTO,LB=?�XbNP9J,	1 ••NI.=F M�,LB�FHY:.0/2G•;•FHFb1�?=GIFbB�NP, 9JM�A=YJFHM�FH1jN�/"‚>/2TI9JFbNZ)

,2[lA=/2TP/2YJY<FbYx/2Y<q	,2TI9JNI.=M�G

š

GIFbF GIFbXbNI9<,	1�–	5
�	œ~•—/>1=B A=TO,	q	TP/>M�M�9<1=q4Fb1a‚@9JTI,	1=M�FH1jNIG6/2TOF•;•FH9<1�q

B=F~‚	FHYJ,	A•FHB 5xdZ1Q/2B�B=9JNI9<,	1�NP,6A=Y</2GIM�/SGO9<M6?�Y†/>NI9<,	1 •	‡*Fp.0/€‚2Fu?=GIFbB NP.=FpM�,@B=FHY8NP,69JM�A�Y<FHM�FH1jN

A0/2TI/2Y<YJFHY^/2YJq	,	TO9JNP.�M�G69J1�NI.=F /2TOF€/2G�,2[uq2TP/2A=.�GIFH/2TIXc. •li01�9JNPF-FHYJFHM�FH1jN�XH,	M�A=?�NP/>NP9J,	1&/>1=B

,2NI.=FHT^GI9JM6?=Y</>NP9J,	1=GH5

opFHGOA=9JNIF�NI.=F�,	;j‚L9J,	?=GS/2B�‚>/21jNc/>q	FHGS,2[•NI.=F (lKL_�M�,@B=FHYx/>G6/4;0/2GI9JGe[m,2TSA=TOFHB=9JXbNP/2;=Y<F

A0/2TI/2Y<YJFHY'XH,	M�A=?�NI9<1=q=• (lK�_ .0/>G-1�,2N-;’FbXH,	M�F�A’,	A�?=Y†/2TQ,2?�NPGO9<B=F›NP.�F"/>X€/2B=FbM�9JX�/21=B TIF 


GIFH/2TIXc.-‡•,2TIY<B•5xw',ƒ‡•F~‚	FbT'NP.�FS/>B�‚>/21jNc/2q	FbG^,2[ NI.=Fe(lK�_&M�,@B=FHY q2,�;•Fb)2,	1=B�GI9<M�A=YJFpA0/2TI/2Y<YJFHY

A=TO,	q	TP/>M�M�9<1=q�5

D

.=FS;0/2TITO9<FbT'Gg)L1�Xc.=TI,	1�9<‹€/VNP9<,21 9<1-NP.=F (lK�_�M�,LB=FbY”FH1=GO?=TIFbG NP.0/VNp/2YJY”A0/2T 


NP9JXH9JA0/>NP9J1=qpA=TO,LXbFHGOGIFHG*TIFH/2Xc.•/Uq	YJ,	;0/2YJYJ)UXH,21=GI9JGONPFb1jN•GgNc/>NIF25

C

YJNP.�,	?=q	.�M6?=Xc.�,2NP.�FHT TIFbGIFH/2TIXc.

.0/2G ;•FHFb1�B=,	1=Fn9J16NP.=9JG—/2TOF€/�•a(nK�_"M�/2Œ2FbG]NP.�Fl9<M�A=Y<FbM�Fb1aNP/>NP9J,	1e,2[•XH,	1=GO9<GgNPFH1jNxXc.=FbXcŒaA’,	9J1jNPG
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M6?=Xc.›GO9<M�A=Y<FbTH5��"F .0/€‚	F ?=GIFbB�NI.=9<G:A=TO,	A’FbTONZ)-NP, B�Fb‚@9<GOFŠ/�GO9<M�A=Y<FS/2A=A=TO,j/2Xc. NI,•NP,2Y<FHTI/>NPF

NPTI/21=GO9<FH1jN^[ /29JY<?=TOFHGn,2[ .=,	GgN:A=TI,@XHFbGIGI,2TIGH5

rp?=Tx/2A=A�TI,j/2Xc.ŠNI,U/2B0/2A�NI9J‚2FlA0/2TP/>Y<Y<FbY<9JGIM�9JG—;0/2GOFHB�,	1�TIFHA�Y<9<XH/>NP9J1=q'NI.=FlXH,2M�A=?LNc/>NI9<,	1=G

,2[•/ [ /29<YJFHB›A=TO,LXbFHGIGU,	1�/21�,2NP.=FbTUA0/2TONI9<Xb9<A0/>NI9<1=q�A=TI,@XHFbGIGb5

D

.a?=GuNP.�F�TOFHXb,}‚2FHTg)",>[n/ [ /29JY<FHB

A=TO,LXbFHGIGU9JGpB=,	1=FŠ,21"/>1"/€‚>/29JY†/2;=YJF

š

9<B=YJFƒœl‡•,	TOŒaGONc/VNP9<,21 56\^FHA=YJ9<XH/>NP9J,	1 ,2[*XH,2M�A=?LNc/>NI9<,	1=G',2[

NP.�F [ /29<YJFHB�A=TI,@XHFbGIGu9<G M•/2B�F A•,	GIGO9<;=YJF ;j) FH/2q	FHTOYJ)-TIFbA=Y<9JX€/>NI9<1=q�NP.=F XH,	M�A=?�NP/>NP9J,	1 GgNc/>NIF6,2[

F€/>Xc.-A�TI,@XHFHGOGl,	14/6B=FbGI9<q210/>NPFbBQA’FbFHTnA�TI,@XHFHGOGl‡^.=9<Xc.4/2X~NPG^/2Gn/6;0/2XcŒa?=A 5

D

.a?=GlNP.=F XH,	GgNl,2[

NP,2Y<FHTI/>NP9J1=qpNPTI/21=GO9<FH1jN“[ /29<YJ?=TIFbG B=FHA•FH1�B=G•,	1�NP.=F:TIFbY†/>NI9J‚2F:Xb,	GON*,2[•TIFHA�Y<9<XH/>NP9J1=qpNP.�F'Xb,	M�A�?�Nc/ 


NP9J,	1�GONc/VNPF Xb,	M�A0/2TIFbB�NI, YJ,LXH/2Y0XH,	M�A=?�NP/>NP9J,	1 5 dZ1aNI?=9JNI9J‚2FHYJ)2•@/2Y<q	,2TI9JNI.=M�G 9<1�‡^.=9<Xc.•NI.=F:Y<,@X€/2Y

XH,2M�A=?LNc/>NI9<,	149<G:Y†/>TIq	FbT^NI.0/21-NP.=FeXH,	GgNp,2[]XH,	M�M6?=1�9<X€/VNP9<1�q�NI.=FeGONc/VNPFSNI, /21�,2NP.=FbT'A�TI,@XHFHGOG

/2TOFQGI?=9fNc/2;=YJFQX€/21�B=9<B0/VNPFHGŠ[m,	T6/2A=A=YJ9<X€/VNP9<,21 ,2[ /2B0/2A�NI9J‚2F-TOFHA=YJ9<XH/>NP9J,	1 GIXc.�FHM�F25

D

.=FHTOFb[m,	TOF

,	?=T^/>A=A=TI,	/2Xc.�9JG^GI?=9fNc/2;=YJF NP,�Xb,	M�A�?�Nc/>NI9<,	1Q9J1jNPFH1�GI9J‚2FSA=/2TP/2YJY<FbY /2A=A�Y<9<XH/>NP9J,	1=Gb5

„—‚	Fb1SNP.�,	?=q	.u,	?�T”/2A=A=TO,j/2Xc.UNP,^/2B0/>A�NP9f‚	F A0/2TI/2Y<YJFHYJ9<GIM�9JGhB=FHGO9<q	1�FHBu‡^9JNI.=9<1pNI.=F—[mTP/2M�F 


‡*,	TIŒ6,>[•NI.=F:(lK�_�M�,@B=FHYŽ•	9JN /2A=A=YJ9<FHG NP,e/2Y<YLA0/2TI/2Y<YJFHYL/2A=A=YJ9<X€/VNP9<,21=G ‡^TO9JNINIFH1�9<1�(nK�_ 
ZGONZ)@YJF'/>G

/ GOFHka?=FH1�XHF^,2[8XH,2M�A=?LNc/>NI9<,	1 /21=B6Xb,	M�M ?=1=9<XH/>NP9J,	1eGONPFbA=GH5—ˆUFbFHA=9J1=q NI.=9<G 9<1 ‚@9<F~‡U•2NP.�F

C

\'K

Y<9J;=TP/>TO)�9<G“B=FbGI9<q21=FHBQ9J1 Y†/€)	FbTIGb5

D

.=FpTIFbA=Y<9JX€/>NI9<,	1�Y†/€)2FHTn9JG*;=?�9<YJN*,	1•NI,	A ,2[hNI.=Fp10/VNP9J‚2F Xb,	M 


M6?=1�9<X€/VNP9<,21ŠY<9<;�TP/2Tg)Š/21=B�.=FHYJA=G NP,e9<1=GO?=Y†/VNPFnNP.�F'?=GOFHT“Y†/€)	FbT“[mTO,	M 9JM�A=YJFHM�FH1jNc/VNP9<,216B=FbNP/29<YJGH5

D

.=F'A0/2TP/>Y<Y<FbY8/2A=A=YJ9<XH/>NP9J,	1=G“/2TIF^‡^TI9fNINIFH1 ?=GO9<1=qS,	1=Yf)ŠNP.=F'XH,	1=GgNPTO?=XbNIGn9<1�NP.=F'?=GIFbT•Y†/€)2FHTn/>1=B

NP.�F /2A=A�Y<9<XH/>NP9J,	1›A=TO,	q	TP/>M�M�FHTu9JGS9J1=GI?=Y</>NPFbB�[mTO,	M$Xc.0/21�q	FHG NI, YJ,}‡*FHTeY<F~‚	FbY*Y</ƒ)2FHTOGH5

D

.a?=G

NP.�F�/>B0/2A�NI9J‚	F�TIFbA=Y<9JX€/>NI9<,	1 Y<9<;�TP/2Tg) X€/>1";•F�TIFH9JM�A�Y<FHM�FH1jNIFHB�?=GI9J1=q-,2NP.=FbTUXH,	M�M6?=1=9JX€/>NI9<,	1

Y<9J;=TP/>TI9<FbG GO?=Xc.�/>Ge+ _ d /2GuYJ,	1=q4/2GpNI.=,	GOFŠXH,	M�M6?=1=9JX€/>NI9<,	1 Y<9<;�TP/2TO9<FHG:GI?�A=A’,2TONUXH,21=GONITI?=X~NPG

[m,	T^(lKL_ 
 GONZ)@Y<FUA0/>TP/2YJY<FHY’A=TI,2q	TP/2M�M�9<1=q=5
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D

.=9JG ‡*,	TIŒSM•/2Œ>FHG—Xb,	1jNPTO9<;=?�NI9<,	1�G`NI,p,	?=T ,	;@|OFHX~NP9f‚	FHG GgNc/>NIFHBŠ9J1�s•.0/2A�NIFHTn–*NP,u/2Xc.�9<Fb‚2F

(lK�_ 
 ;0/2GIFbB�A0/2TI/2Y<YJFHYnXb,	M�A�?�NP9J1=q /21�B�NP,"FH10/>;=Y<F�A0/2TP/>Y<Y<FbYlXH,	M�A=?�NP/>NP9J,	1=G�/2B0/>A�N�NI,�NP.�F
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