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Symbolic register graphs in ORA network graphs
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BKCFEF?.G�EFL�HZG�?�HJI%G�?.A8BKC�EF?.G�L�fJ?.G@E�VS?�IKBKU•?.E�BKW�? LJU E�V]?gC�•hWR‚�L8IKBKN@Gk?.A8BKCFEF?.G�b�K •�‡.•�‘(…,Ž�ŠJ…Fˆ_� 
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BKCFEF?.G�b �SLJGj?�HJNkV CF•OW�‚�L8IKBKNTG�?.A8BDCFEF?.G�s�H`CF•OW�‚�L8IKBDNjGk?.A8BKCFEF?.G^AJG,H(X\V BKC�N[L8P\CFEFGku]N[EF?�t U•LJGj?�HJNkV G�?�HJI

G�?.A8BKC�EF?.G�s]HJP]tmL8PS?RW5?�W5LJG�•TAJGkH(X\V BDC�N[L8P]CFEFGku]N[EF?�t b

KoPHIg>CK PS?.E#z!LJG�05AJGkH(X\V�BKC:H�t]BMG�?�N[EF?�t�CkuS‚]AJGkH(X\V5t]?.GkBMfJ?�t�U
G�L8W H -5� �Zb K†CF•OW�‚�L8IKBKN�G�?.A8BDCFEF?.G

AJGkH(X\V„CFE�H(GkE�C�H(E�HTC�•hWR‚�L8IKBKN�Gk?.A8BKCFEF?.G�lnCgtS?�6\P\BME�BML8P < C_@@HJP]td?�P]t]CgH(EgE�VS?5CF•OW�‚�L8IKBKN�G�?.A8BKCFEF?.G�lnC�IKHJCFE v

u]CF?^< C @,b K W5?�W5LJGk• AJG,H(X\V CFE�H(GkE�C^H(E^E�V]?+CF•OW�‚�L8IKBKN�Gk?.A8BKCFEF?.G�lnC 6]GkCFE�CFEFLJGk?^< C_@5HJP]t ?�P]t]C�H(EjE�VS?

CF•OW�‚�L8IKBDNjGk?.A8BKCFEF?.G�lnC�IDHJCFE vwIML8HJt < C_@,b �SLJG^?

P

HJW5X\IK?Js���BMA8uSGk?mx < H^@�C�VSL�z C^H -5� � z V]?.G�? CF•OW�‚�L8IKBKN

G�?.A8BKC�EF?.G>= BKCRtS?�6\PS?�t3s–u]CF?�t HJP]tQIKHJC�E vwu]CF?�tQBDPQH ‚aHJC�BKN5‚\IKLhN�0abR��BMA8uSG�?Tx <
‚ @�CkVSL�z C�E�VS?jt]?.GkBMfJ?�t
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CF•OW�‚�L8IKBDNRGk?.A8BKCFEF?.G�AJGkH(XaV]CgU•LJG = U
LJG�G�?�HJI:Gk?.A8BKCFEF?.G�
Sq�E�VSG�L8u]A8V�
�	:s�HJP]t ��BMA8uSG�?�x < N/@�C�VSL�z•C�E�VS?

tS?.GkBKfJ?�tmW5?�W5LJG�•�AJGkH(X\V U•LJG =Rb
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tS?�HJIKIKLhN.H(E�BML8P tS?�N.BDC�BML8P]C.b KoP ˆ(‰•‰M‘�“,ˆJ• ‹ ‘Q� tS?�N.BKCkBML8P Gk?.X]G�?�CF?�P€E�C�z VS?.E�VS?.G�LJGmPSLJE�E�VS?„f(HJIKuS?dLJURH

CF•OW�‚�L8IKBDNgG�?.A8BKCFEF?.GoC�VSL8u]IKt ‚%?RHJIKIMLON.H(EF?�t+EFLTH�G�?�HJI G�?.A8BKCFEF?.GoLJG•C�H�fJ?�t„BKPYEFLTW5?�W5LJG�•Jb K �Y‡����]‹ • ‹ ‘Q�
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‰M‘�“kˆJ• ‹”‘��
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—@V]?�fJ?.G�E�BKN[?�C•LJU�HJP Ig>3K PS?.E#z!LJG�0 AJGkH(X\V{G�?.X]G�?�C�?�PYE•E�VS?RIMLON.H(E�BML8P]C z VS?.G�?RE�VS?Rt]?�N.BKC�BML8P]C•H(G�?
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HJIKIMLON.H(E�BML8P BDC�X]G�LOt]u]N[?�t�U
LJG@E�VS?�CF?.E�LJU:tS?�N.BDC�BML8P�f(H(GkBKH(‚\IM?�C�b

8

•O]hŒ/•:9Fˆ(‰
‰�‘�“kˆJ•w‡gN[L8P\CFEFGkHJBKP€E�C�Y�?�P]C�uSG�?�HjCF•OW�‚�L8IKBKNgGk?.A8BKCFEF?.G•WZu]CFE•‚�?�HJIKIMLON.H(EF?�t EFLTH�G�?�HJI G�?.A(v

BDCFEF?.G H(E@?�HJN,V{tS?�6aP]BME�BML8P�HJP]tm?�HJN,V+u]C�?Jb

8

Œ/‹ �hŠJ‰K‡;9#Œ,Ž(•^•�‘(‰ ‹ “TN[L8P]C�EFGkHJBKP€E�C�Y+?�P]CkuSG�? HiG�?�HJI G�?.A8BKCFEF?.GTN.HJP ‚�? HJIKIMLON.H(EF?�t EFL H(E^W5L8CFEjL8PS?

C�•hWR‚�L8IKBKNoG�?.A8BKCFEF?.G•H(E HJPY•�X�L8BKP€E�LJU–E�V]?�X]G�LJAJGkHJW b

8

‰ ‹>	(‡,��‡/ŒkŒ5N[L8P]CFEFG,HJBKPYE�C�Ym?�P]C�uSG�?mE�V]?+IKBMfJ?�PS?�CkC�LJUoH`C�•hWR‚�L8IKBKNTG�?.A8BKCFEF?.G^?

P

BKC�E�C5?�BME�VS?.G^BDP G�?�HJI

Gk?.A8BKCFEF?.GkC!LJG�BDP^W5?�W5LJGk•5LJG�BDP�‚�LJE�V^H(E�HJPY•^X%L8BDPYE~LJU3E�V]?oIKBKU•?.E�BKW�?�LJU E�VS?•C�•hWR‚�L8IKBKN�G�?.A8BDCFEF?.G�b

0



�

�

yt{�wÏ}�x�����wÏ¬�|&yH®��8} ÎH¬0{\wÏ}�x

�

®�®�•Jp¾y�w]•Hx

... = A * 2

��

�� ��� �

��� �

	

	





�� 
�

��

��

��

GA
r1

<> <>

<>

<>100

100

100

0

��

�� ��

��

��

� 

GA
r1

<>

<>

100

100

100

0

  . . . . . .

  . . . . . .

  . . . . . .

100

100

100

100

0

(c)(b)

Control�flow graph

(a)

  . . . . . .

... = B * 2
B = A + 1

A = ...
  . . . . . .

a symbolic register graph
decision placements in
Load, store and deallocation Reduced load, store and
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A = A + B

A, B, S1, ..., Sn

A, B, S1, ..., Sn

Load, store and deallocation
Decisions in a diamond region Control�flow graph

(a) (b)

S1
S2

Sn

(c)

S2 = S2 + S12

S1 = S1 + a

Sn = Sn + Sn�1

Sk+1 = Sk+1 + Sk

k Sk = Sk + Sk�1
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‚�?�N[L8W5?�BKP\N[G�?�HJC�BKPSA8IK•^H(EFEFGkHJN[E�BMfJ?Jb

KoIKIMLON.H(E�BML8PmE�BKW�?�BKC@PS?

P

E@?.f(HJIKu]H(EF?�t+U•LJG3�\HJCFEF?.GTIg>3K u]C�BKP]A &�+
*J|5U u]P]N[E�BML8P]C@U•G�L8W E�VS?Z�f�!c�-

-5���ox�+Q+Q+�BKP€EF?.AJ?.G�‚%?�P\NkV]W�H(G�0hC.b)�f�!c�- -5� �gx�+Q+Q+�BKC!N[L8W�X\BKIM?�tju]C�BKPSA�E�VS?•U HJCFEF?.G3Ig>CK HJIKIMLON.H(EFLJG

z BME�ViHJIDIMLhN.H(E�BKL8PiE�BKW5?5IKBKW^BME�Cof-H(G�•OBKPSAmU
G�L8W q�EFL q�+8x[�{CF?�N[L8P]t\C.b^—@VS?�G�?�Cku]IME�CgU
G�L8W E�V]BKC�N[L8W�X\B�v

IKH(E�BML8PdH(G�?5C�VSL�z P„BKP���BMA8u]G�?Tq�!hb�— VS? 6\GkCFE•C�?.EoLJU�‚\H(GkCgIKH(‚�?�IM?�t ���������/���TC�VSL�z CoE�VS?�P€u]WR‚�?.G•LJU

U u]P]N[E�BML8P]CgE�V\H(ERH(G�?^HJIDIMLhN.H(EF?�tQLJX]E�BKW�HJIDIM•{H(E�?�HJN,VQE�BDW5?^IKBKW^BME.b�—@VS?�CF?�N[L8P\tQCF?.ERLJU�‚aH(GkC�IKH(‚�?�IM?�t

���	�	
�� �
���	��C�VSL�z•CgE�VS?�EFLJE�HJI~P€u\W�‚�?.GoLJU�U u]P]N[E�BML8P]CoE�V]H(E�H(G�?5HJIKIKLhN.H(EF?�t„‚h•+E�VS?#�]HJC�EF?.GZIg>3K HJI�v

IMLON.H(EFLJG�bP���	�	
�� �
���	��BKP]N.IKu]t]?�C~U u]P]N[E�BML8P]C!E�V]H(E�H(G�?�HJIKIMLON.H(EF?�tTLJX]E�BKW�HJIDIM•�HJP]tjU
u]P\N[E�BML8P]C!U•LJG�z V]BDNkV

E�VS?mBKP€EF?.AJ?.GFv=X]G�LJAJG,HJW C�L8IMfJ?.G5U•L8u\P]t HJP HJIKIKLhN.H(E�BML8P HJP]t ?�BME�VS?.G5N[L8u]IDt PSLJE�X]GkL�fJ?�E�VS?mHJIKIMLON.H(E�BML8P

z�HJC�LJX]E�BKW�HJI%LJG@V]HJt�PSLJE�U
L8u]P]t�HJP�LJX]E�BKW�HJI�HJIKIKLhN.H(E�BML8PTz V]?�PjE�BDW5?•?

P

X\BMGk?�t3b:}!LJEFEFL8W5vwuSX ?

P

HJW�B�v

P]H(E�BML8P�LJU�E�VS?�CFL8IMfJ?.G�lnC�‚%?�V\H�fOBMLJG@C�VSL�z C�E�V]H(E�U
LJG�U
u]P\N[E�BML8P]C�E�V]H(E�H(G�?�HJIKIMLON.H(EF?�tm‚\u]E�PSLJE�LJX\E�BKW�HJI”s

E�VS?gHJIKIMLON.H(E�BML8PTBKC!P]?�H(GkIM•�HJIMz�H�•OC�LJX]E�BKW�HJI�< ˜Fu\CFE�P]LJE!•J?.E�X]G�L�fJ?�PTLJX]E�BKW�HJI @~HJP]tTBMU PSLJE�LJX]E�BKW�HJIaE�VS?

HJIKIMLON.H(E�BML8P BDC�u]C�u]HJIKIK•�fJ?.G�•mN.IML8CF?�EFL^LJX]E�BKW�HJI”b

K�E5HdE�BKW5?�IKBKW�BKE�LJU L8PS?�CF?�N[L8P]t !Jx[�]q�L8u]ERLJUL&�+
*J|=< (Q&��S@�LJU E�VS?TU
u\P]N[E�BML8P]CZH(G�?�LJX]E�BKW�HJIDIM•

HJIKIMLON.H(EF?�t ‚h• �]HJCFEF?.G Ig>3KRb K�E H E�BDW5?dIDBKW�BMEjLJUjq�+8x[� CF?�N[L8P\t]C.s�!Q*Q(Q!ƒL8uSE�LJUZ&�+
*J| < *Q(��S@jLJU

E�VS?dU
u\P]N[E�BML8P]CjH(G�?{LJX\E�BKW�HJIKIM•ƒHJIKIKLhN.H(EF?�t†‚h•%�]HJCFEF?.G Ig>CK�b�—@VS?�C�?+G�?�C�u\IME�CjH(Gk?{fJ?.G�• C�BKW�BKIDH(G�EFL

E�VS?dG�?�C�u]IKE�C^U
LJGR� ��c�- -5����*Jx < *�+ � H(E�L8PS?dC�?�N[L8P]t HJP]t *Q*�� H(Eiq�+8x[�ƒCF?�N[L8P]t]C @,b IgX]E�BKW�HJI
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HJIKIMLON.H(E�BML8P�X�?.GkN[?�P€E�H(AJ?�C H(G�?RH�‚\BME�V]BMA8VS?.G�U
LJGC�f�!c�- -5����*Jx5IDH(G�AJ?�IM•^‚�?�N.HJu]C�?�E�VS?�C�u]BMEF?�BKP\N.IKu]tS?�C

E�VS?�H(X]X\IKBDN.H(E�BML8P���� ��� �iz•V]BKNkV N[L8P]C�BKC�E�C�LJU HdIKH(G�AJ?�Phu]W�‚�?.GRLJU@fJ?.G�•QC�W^HJIKI~U u]P]N[E�BML8P\C.s�q�+Q+ � LJU

z V]BDNkVmH(G�?�HJIDIMLhN.H(EF?�t LJX]E�BKW�HJIKIK•jBKPmHJP H�fJ?.GkH(AJ?ZLJU�+Ob |�CF?�N[L8P]t]C�?�HJN,V3b

�SLJG�E�VS?Zq�+
(�U u]P]N[E�BML8P\C:E�V]H(E!H(Gk? PSLJE!HJIDIMLhN.H(EF?�t^LJX]E�BKW�HJIDIM•ZH(Eoq�+8x[�ZC�?�N[L8P]t]C.s &Oq H(G�?oHJIKIMLON.H(EF?�t3s

‚]GkBDPSA8BKPSAZE�VS?�EFLJE�HJI�U
u]P\N[E�BML8P]C�HJIKIMLON.H(EF?�t ?�BME�V]?.G@LJX]E�BKW�HJIDIM•�LJG•P]?�H(G@LJX]E�BKW�HJIDIM•�EFL *Q*���b

—–H(‚\IM?mq�C�VSL�z CoE�VS?�P€u\W�‚�?.GoLJU�U u]P]N[E�BML8P]CgHJIKIKLhN.H(EF?�t=< N[L8IKu]W^P��	
 ����� � @ HJP]tdLJX]E�BKW�HJIKIK• HJIKIML(v

N.H(EF?�t < N[L8IKu]W^P ����� � � ��� @�H(EgHjE�BKW5?�IKBKW�BME�LJU•q�+8x[��C�?�N[L8P]t]C•U•LJGg?�HJNkV„H(X]XaIKBKN.H(E�BML8P{BKP E�VS?S�f�!c�-

-5���ox�+Q+Q+TBKP€EF?.AJ?.G•‚�?�P]N,V]W�H(G10mC�u]BKEF?Jb�—@V]?U6]A8uSG�?RC�VSL�z•C E�VS?.Gk?RBKC@H(EoIM?�HJCFE•L8PS?�U u]P]N[E�BML8P+BKP ?�HJN,V

H(X]X\IDBKN.H(E�BML8P E�V\H(EjN.HJP]PSLJET‚�?+LJX]E�BDW�HJIKIM• HJIKIMLON.H(EF?�t3b -�L8IDu]W�P 
���� ��� �	� C�VSL�z•C^E�VS?dP€u\W�‚�?.G^LJU

U u]P]N[E�BML8P]C!U
LJG�z V]BKN,VjE�V]?gC�L8IMfJ?.G@V]HJC�U
L8u]P]tTHZP]L8POvwBKP€EF?.AJ?.G CFL8IKuSE�BKL8P^EFL5E�VS?�BKP€EF?.AJ?.G�X]G�LJAJG,HJW < V]HJC

CFL8IMfJ?�t+Hm…F‡.‰�ˆ %YˆJ• ‹”‘���LJU�E�VS?�X]G�LJ‚aIM?�WH@,bB�hL8IMfOBKPSA�E�VS?�Gk?�IKH

P

?�t X]G�LJ‚\IM?�W BDC@HJP BKW5X�LJG�E�HJP€E 6]GkC�E@CFEF?.X

EFL�z�H(Gkt 6\P]t\BKPSA�HJPdBKPYEF?.AJ?.G�CFL8IDuSE�BML8P <>6aP]t]BKPSA�HJPdHJIKIMLON.H(E�BML8P�@,bC�SLJGgE�VS?�U u]P]N[E�BML8P\C BKP+E�V]BKC@?

P

X�?.GFv

BKW5?�P€E E�V\H(EgH(Gk?ZHJIKIKLhN.H(EF?�t3s�E�VS?ZE�BKW5?REFLmHJP{HJIKIKLhN.H(E�BML8PdBKCoHJIMz�H�•OC�IM?�C�C•E�V]HJP &^E�BKW5?�CoE�VS?ZE�BKW5?REFL

CFL8IMfOBKPSA�E�VS?•Gk?�IKH

P

?�tjX]G�LJ‚aIM?�Wmb�—@V€u\C�E�VS?g|Q!RU
u]P\N[E�BML8P]C~E�V\H(E�H(G�? 
���� �����	��‚\u]E!PSLJE�� 
 �����	��N[L8u]IKt

‚�?oN[L8P\C�BKtS?.G�?�tjN.IML8CF?gEFL�‚�?�BKPSARHJIDIMLhN.H(EF?�t shHJP]tTz�L8u]IKtTIKB70J?�IM•�‚�?gHJIKIMLON.H(EF?�tj‚h•^BKP\N[G�?�HJC�BKPSARE�VS?oE�BKW5?

IKBKW^BME!‚h•R&

P

b

�f��c5-�BKP€Ekx�+Q+Q+ �\u]P]N[E�BML8P]C

}!?�P\NkV]W�H(G�0 K�EFEF?�W5X]EF?�t >@?�IKH

P

b �hL8IMfJ?�t IoX\E�BKW�HJI IoX]E�BKW^HJI M[K�EFEF?�W5X]EF?�t

AJ_�BMX q�+
( q�+
( q�+
( q�+^' +Ob *Q*

f€X]G x
'[+ x
'[+ x
'[+ xQ&Q* +Ob *Q*

A8N.N xJxJx
' xJxOq�! xJx�+Sq xOq�(Jx +Ob *Q(

W�N[U xQ& xQ& xQ& xQ! +Ob *Q&

N[GkH(U•E#• &Q! &Q! &Q! &J| +Ob *
'

X\H(GkCF?.G |JxJ| |JxJ| |JxJx |JxOq +Ob *Q*

X%?.G,IM‚\W#0 q�+
&Oq q�+
&Oq q�+
![� q�+
!Oq +Ob *Q*

A8H(X (Q!Oq (Q!Oq ([� ' (Jx
' +Ob *
'

fJLJG�EF?

P

*JxJx *JxJx *JxOq *Jx�+ +Ob *Q*

‚]_�BMXax 'hq 'hq 'hq &
' +Ob *[�

Ewz�L8IMU q�&Q* q�&Q* q�&Oq q�!J| +Ob *Oq

— LJE�HJI &�+
*J| &�+
(Oq &�+��^& !Q*Q(Q! +Ob *Q(

—–H(‚\IM?�q�Y3�ou]WR‚%?.G LJU–U u]P]N[E�BKL8P]C@CFL8IMfJ?�t+‚€•�E�VS? �]HJCFEF?.GUIg>3K HJIKIMLON.H(EFLJG z•BME�V H�CFL8IKfJ?.G E�BKW5?RIKBKW�BME

LJU�q�+8x[�jC�?�N[L8P]t]C�U
LJG��f�!c�- -5���ox�+Q+Q+jBKPYEF?.AJ?.G•‚�?�P]NkV]W^H(G10hC�b

��BMA8uSGk?Qq�&QCkVSL�z CH�]HJCFEF?.G�Ig>CK�lnCjHJIKIMLON.H(E�BML8P E�BKW�?+fOC.b U
u]P\N[E�BML8P C�BM_.?{U•LJGjE�VS? !Q*Q(Q!A�f�!c�-

-5���ox�+Q+Q+^U
u]P\N[E�BML8P]C�E�V]H(E H(Gk?�HJIKIMLON.H(EF?�t LJX]E�BDW�HJIKIM•Jb�KoC@C�VSL�z P BKP�E�V]?U6]A8uSG�?JsSE�V]?�CFL8IKuSE�BKL8P�E�BKW5?

N[L8W5X\IK?

P
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bX8 P+N[L8P€EFGkHJCFEoE�VS?ZCFL8IKuSE�BML8P+E�BKW5?�N[L8W�X\IM?

P

BMEw•mU
LJG•E�V]?�‚\HJC�BDN Ig>3K

HJIKIMLON.H(EFLJGjBDC5‚�L8u]P]tS?�t ‚h• 	

:
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HJIKIMLON.H(EFLJG ?

P
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��BMA8uSG�?�q�& YC�]HJCFEF?.GZIg>CK�lnCgHJIKIKLhN.H(E�BML8P{E�BKW5?ZfOC.b•U u]P]N[E�BKL8P{C�BK_.?�U
LJGoE�V]?#�f�!c�- -5� �gx�+Q+Q+mBKP€EF?.AJ?.G

‚%?�P\NkV]W�H(G�0hC.b

N.H(EFLJG�b~—–H(‚\IM?�xoC�VSL�z•CE8?�itS?�N.BKCkBML8POv=f(H(GkBKH(‚\IM?�HJP]t�N[L8P]CFEFGkHJBDPYE�N[L8u]P€E�C�U•LJG:E�VS?�U HJCFEF?.G)Ig>3K HJIKIMLON.H(EFLJG

HJP]t{E�VS?�‚aHJC�BKNZI�>3K HJIKIMLON.H(EFLJGoU•LJGg?�HJNkV„H(X]XaIKBKN.H(E�BML8P{BKP E�VS?#�f��c5- -5����*JxjBKP€EF?.AJ?.Gg‚%?�P\NkV]W�H(G�0

C�u]BKEF?Jb �]HJCFEF?.G Ig>CK�lnC�IKLhN.HJI~HJP\tiE�VS?�A8IMLJ‚aHJI~G�?�t]u\N[E�BML8P„EF?�NkV]P\B:�€u]?�C�X]G�LOt]u]N[?5HJP H�fJ?.GkH(AJ? �

P

G�?[v

t]u]N[E�BKL8PTBDP^E�VS?�Phu]WR‚%?.G�LJU�E�VS?�tS?�N.BKC�BML8Pjf(H(GkBKH(‚\IM?�C�HJP]t�HJP�H�fJ?.G,H(AJ?Zx

P

Gk?�t]u]N[E�BML8P�BKPjE�VS?�P€u\W�‚�?.G

LJU:N[L8P]CFEFGkHJBDPYE�C.sSz•BME�V�E�VS?�G�?�t\u]N[E�BML8P�‚�?�BKPSA�G�?�IKH(E�BKfJ?�IM•Tu\P]BMU
LJGkW HJN[G�L8C�C HJIDI�E�VS?�H(X]X\IDBKN.H(E�BML8P]C.b

�f�!c�-�BKP€E�*Jx eo?�N.BKC�BML8P\C -�L8P]CFEFGkHJBDPYE�C

}�?�P]NkV\W�H(G10 Ig>CK � Ig>3K >@?�t]u\N[E�BML8P <��S@ Ig>3K �EIg>CK > ?�t]u]N[E�BML8P <�� @

N.NJq x
'[+^'�!JxOq�& &Q(Q!Q!JxQ*
' ' �Sb &
' q�xQ(Q(J|Oq/'�& &[�^&�+8|Jx[� �^*hb ([�

N[L8W5X]Gk?�C�C xJxQ*�+8|
' &Q!J|Oq�& 'hq(b"�^( qJq/'�*J|�+ &�+
*Q*�+ �^(hb xQ&

?��hPYEFLJEFE '(|[� '�(J| q�*Q!Q!�+
* '(|hb |J| |Q&[�^(Q(Q( q�(JxJxJ|Q( �^(hb '(|

?�CFX]Gk?�C�CFL !Q*Oq�+8x
'�( q,�^&
' �^(�+ '�!hbKq�| xQ(JxOq�xJxQ& q�|[�^(Q(�+8| !JxhbKq�|

C�N xOq/'(xQ&Q!Q( !Q(Q&Q(Q&[� '(xhb *Q* qJq�xQ([�
+
( !Q&Q!Q!JxQ& �^*hb (Jx

P

IKBKCFX *
' �Y|Q!Q* x[�Y|JxJ|Q! '�!hb *Q( !Oq�x
'[+�� xOq�xQ&Q([� !Q(hb &
'

—�LJE�HJI |
'[+
*Q&J|J|Oq *[�]q�|
'[+Sq ' �Sb &[� q/'�(JxQ(J|J|Jx (Q(J|�+
!Q&Q! !�+Ob"�^(

—–H(‚\IM?�x Y3�ou]WR‚%?.G�LJUotS?�N.BKC�BML8P f(H(GkBKH(‚\IM?�C�HJP]t N[L8P]C�EFGkHJBKP€E�C�X]G�LOt]u]N[?�t ‚€• ‚\HJC�BKNRIg>3K HJIKIMLON.H(EFLJG

HJP]t ‚€• �]HJCFEF?.GUIg>3K <c�EIg>CKL@,b

��BMA8uSGk?Zq/'�X\IMLJE�C!E�VS?gN[L8P]CFEFGkHJBDPYE�N[L8u]P€E�fOC.b:U u]P]N[E�BML8PTC�BM_.?•X]G�LOt]u]N[?�tj‚€•H�]HJCFEF?.GCIg>CK U•LJG�?�HJN,V

LJU~E�VS?�xJ|Q*Q*a�f��c5- -5����*Jx^U u]P]N[E�BML8P]C�saHJP]tdBKP]t]BDN.H(EF?�C@z VS?.E�V]?.GoHjU
u\P]N[E�BML8P+BDC•CFL8IKfJ?�t+LJX]E�BDW�HJIKIM•Js

BKC•HJIKIMLON.H(EF?�t{‚auSE•PSLJE•LJX]E�BKW�HJIDIM•Js\LJGgBKCoPSLJE•HJIKIKLhN.H(EF?�t3bo—@VS?ZC�uSX�?.GkBKW5X�L8CF?�tmIDBKPS?�C�V]L�z C•E�VS?�PS?�H(GFv

IKBKP]?�H(G•AJG�L�z@E�V3s 	

,�� '

s3BKP{E�VS?5P€u]WR‚�?.G•LJU�N[L8P]CFEFGkHJBDPYE�CoG�?�IKH(E�BKfJ?ZEFL�U u]P]N[E�BML8PdC�BM_.?Jb�— V]BKCoN[L8P]CFEFGkHJBKP€E

AJG�L�z@E�V„BKC•CkIKBMA8V€E�IM•mIML�z�?.GgE�V]HJPdE�VS? 	

,�� /

N[L8P]CFEFGkHJBDPYEoAJG�L�z E�VdC�?.?�P{U
LJGgE�VS?�C�HJW5?�CF?.E•LJU�U
u]P\N[E�BML8P]C

u]C�BDPSA^E�VS?�‚\HJCkBKNOI�>3K HJIDIMLhN.H(EFLJG^pyxOq.r=s t]uS?ZEFLa�]HJCFEF?.GZIg>CK�lnCgN[L8P]C�EFGkHJBKP€EoGk?�t]u]N[E�BML8PdEF?�NkV\P]B:�huS?�C.b

��BMA8uSG�?Zq/'�HJIDCFL�•OBM?�IKt]C�BKPSU
LJGkW�H(E�BML8P^L8P^E�VS?oC�BM_.?•LJU3U
u]P\N[E�BML8P]C~E�V\H(E�H(G�?oCFL8IMfJ?�tjLJG�PSLJE!CFL8IKfJ?�t3b:—@VS?
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