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National foreword

This British Standard is the official English language version of  
EN 12975-2:2006. It supersedes BS EN 12975-2:2001 which is withdrawn. 

The UK participation in its preparation was entrusted to Technical Committee 
RHE/25, Solar heating, which has the responsibility to: 

BSI committee RHE/25, Solar heating, would like to draw users attention to 
the fact that for solar collectors using absorbers that contain silicone rubber to 
enclose the fluid, the absorber should be tested in accordance with the 
requirements for organic materials.

A list of organizations represented on this committee can be obtained on 
request to its secretary.

Cross-references

The British Standards which implement international or European 
publications referred to in this document may be found in the BSI Catalogue 
under the section entitled “International Standards Correspondence Index”, or 
by using the “Search” facility of the BSI Electronic Catalogue or of British 
Standards Online.

This publication does not purport to include all the necessary provisions of a 
contract. Users are responsible for its correct application. 

Compliance with a British Standard does not of itself confer immunity 
from legal obligations.

— aid enquirers to understand the text;

— present to the responsible international/European committee any 
enquiries on the interpretation, or proposals for change, and keep UK 
interests informed;

— monitor related international and European developments and 
promulgate them in the UK.
Summary of pages

This document comprises a front cover, an inside front cover, the EN title page,  
pages 2 to 140, an inside back cover and a back cover.

The BSI copyright notice displayed in this document indicates when the 
document was last issued.
Amendments issued since publication

Amd. No. Date Comments

16424 May 2006 Correction to national foreword
Not for ResaleIHS



EUROPEAN STANDARD

NORME EUROPÉENNE

EUROPÄISCHE NORM

EN 12975-2

March 2006

ICS 27.160 Supersedes EN 12975-2:2001

English Version

Thermal solar systems and components - Solar collectors - Part
2: Test methods

Installations solaires thermiques et leurs composants -
Capteurs solaires - Partie 2 : Méthode d'essai

Thermische Solaranlangen und ihre Bauteile - Kollektoren -
Teil 2: Prüfverfahren

This European Standard was approved by CEN on 6 February 2006.

CEN members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this European
Standard the status of a national standard without any alteration. Up-to-date lists and bibliographical references concerning such national
standards may be obtained on application to the Central Secretariat or to any CEN member.

This European Standard exists in three official versions (English, French, German). A version in any other language made by translation
under the responsibility of a CEN member into its own language and notified to the Central Secretariat has the same status as the official
versions.

CEN members are the national standards bodies of Austria, Belgium, Cyprus, Czech Republic, Denmark, Estonia, Finland, France,
Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania,
Slovakia, Slovenia, Spain, Sweden, Switzerland and United Kingdom.

EUROPEAN COMMITTEE FOR STANDARDIZATION
C O M I T É E U R O P É E N D E N O R M A LI S A T I O N
EUR OP ÄIS C HES KOM ITEE FÜR NOR M UNG

Management Centre: rue de Stassart, 36    B-1050 Brussels

© 2006 CEN All rights of exploitation in any form and by any means reserved
worldwide for CEN national Members.

Ref. No. EN 12975-2:2006: E

Copyright European Committee for Standardization 
Provided by IHS under license with CEN

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



=w$ev/lJ1v@vTT[$,=-$

v$

zn]d#]dS :>E#

NnB#8nBq 2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222[

"]dBnqu`dgn]222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222l

e$ m`n�# 222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222}

v$ wnBL>dg'# B#4#B#]`#S 2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222}

( ~#BLS >]q q#4g]gdgn]S 2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222}

9 mZLOn;S >]q u]gdS 222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222/

J \#;g>Og;gdZ d#Sdg]E n4 ;g1ugq V#>dg]E `n;;#`dnBS 22222222222222222222222222222222222222222222222222222222222222222222222222222222ev
J2e$ _#]#B>; 2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222ev
J2v$ "]d#B]>; �B#SSuB# d#SdS 4nB >OSnBO#BS2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222e(
J2v2e$ "]nBE>]g` >OSnBO#BS22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222e(
J2v2v$ XOSnBO#BS L>q# n4 nBE>]g` L>d#Bg>;S$,�;>Sdg`S nB #;>SdnL#BS- 2222222222222222222222222222222222222222222222222222e9
J2( pgEV1d#L�#B>duB# B#SgSd>]`# d#Sd 2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222e[
J2(2e$ )Ox#`dg'#22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222e[
J2(2v$ X��>B>duS >]q �Bn`#quB#22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222e[
J2(2( ~#Sd `n]qgdgn]S 222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222el
J2(29 \#Su;dS 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222el
J29 =I�nSuB# d#Sd 222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222el
J292e$ )Ox#`dg'#22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222el
J292v$ X��>B>duS >]q �Bn`#quB#22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222el
J292( ~#Sd `n]qgdgn]S 222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222e}
J2929 \#Su;dS 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222e}
J2J =Id#B]>; dV#BL>; SVn`* d#Sd 2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222e/
J2J2e$ )Ox#`dg'#22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222e/
J2J2v$ X��>B>duS >]q �Bn`#quB#22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222e/
J2J2( ~#Sd `n]qgdgn]S 222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222e/
J2J29 \#Su;dS 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222vT
J2[ "]d#B]>; dV#BL>; SVn`* d#Sd222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222vT
J2[2e$ )Ox#`dg'#22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222vT
J2[2v$ X��>B>duS >]q �Bn`#quB#22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222vT
J2[2( ~#Sd `n]qgdgn]S 222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222vT
J2[29 \#Su;dS 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222ve
J2l \>g] �#]#dB>dgn] d#Sd 222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222ve
J2l2e$ )Ox#`dg'#22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222ve
J2l2v$ X��>B>duS >]q �Bn`#quB#22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222ve
J2l2( ~#Sd `n]qgdgn]S 222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222vv
J2l29 \#Su;dS 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222vv
J2} NB##k# B#SgSd>]`# d#Sd22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222vv
J2}2e$ )Ox#`dg'#22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222vv
J2}2v$ X��>B>duS >]q �Bn`#quB#22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222v(
J2}2( ~#Sd `n]qgdgn]S 222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222v(
J2}29 \#Su;dS 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222v(
J2/ f#`V>]g`>; ;n>q d#Sd 2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222v9
J2/2e$ :nSgdg'# �B#SSuB# d#Sd n4 dV# `n;;#`dnB 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222v9
J2/2v$ w#E>dg'# �B#SSuB# d#Sd n4 dV# `n;;#`dnB 2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222vJ
J2eT$ "L�>`d B#SgSd>]`# d#Sd$,n�dgn]>;- 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222v[
J2eT2e$ )Ox#`dg'#22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222v[
J2eT2v$ X��>B>duS >]q �Bn`#quB#22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222v[
J2eT2( ~#Sd `n]qgdgn]S 222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222v}
J2eT29 \#Su;dS 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222v}

Copyright European Committee for Standardization 
Provided by IHS under license with CEN

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



www.bzfxw.com

=w$ev/lJ1v@vTT[$,=-$

(

J2ee$ Ng]>; g]S�#`dgn]222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222v}
J2ev$ ~#Sd B#�nBd 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222v}

[ ~V#BL>; �#B4nBL>]`# d#Sdg]E n4 ;g1ugq V#>dg]E `n;;#`dnBS2222222222222222222222222222222222222222222222222222222222222v}
[2e$ _;>k#q Sn;>B `n;;#`dnBS u]q#B Sd#>qZ Sd>d# `n]qgdgn]S$,g]`;uqg]E �B#SSuB# qBn�-2222222222222222222222v}
[2e2e$ zn;;#`dnB Lnu]dg]E >]q ;n`>dgn] 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222v}
[2e2v$ "]SdBuL#]d>dgn]222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222(T
[2e2( ~#Sd g]Sd>;;>dgn]222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222(J
[2e29 )udqnnB Sd#>qZ1Sd>d# �#B4nBL>]`# d#Sd 222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222(/
[2e2J md#>qZ1Sd>d# #44g`g#]`Z d#Sd uSg]E > Sn;>B gBB>qg>]`# SgLu;>dnB 22222222222222222222222222222222222222222222222222229(
[2e2[ ,#d#BLg]>dgn] n4 dV# #44#`dg'# dV#BL>; `>�>`gdZ >]q dV# dgL# `n]Sd>]d n4 > `n;;#`dnB 22222222222222229[
[2e2l zn;;#`dnB g]`gq#]`# >]E;# Lnqg4g#B222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222229}
[2e2} ,#d#BLg]>dgn] n4 dV# �B#SSuB# qBn� >`BnSS > `n;;#`dnB 22222222222222222222222222222222222222222222222222222222222222222Jv
[2v$ 0]E;>k#q Sn;>B `n;;#`dnBS u]q#B Sd#>qZ Sd>d# `n]qgdgn]S$,g]`;uqg]E �B#SSuB# qBn�- 22222222222222222Jv
[2v2e$ zn;;#`dnB Lnu]dg]E >]q ;n`>dgn] 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222Jv
[2v2v$ "]SdBuL#]d>dgn]222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222J(
[2v2( ~#Sd g]Sd>;;>dgn]222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222JJ
[2v29 )udqnnB Sd#>qZ Sd>d# #44g`g#]`Z d#Sd222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222JJ
[2v2J md#>qZ1Sd>d# #44g`g#]`Z d#Sd uSg]E > Sn;>B gBB>qg>]`# SgLu;>dnB 2222222222222222222222222222222222222222222222222222[T
[2v2[ ,#d#BLg]>dgn] n4 dV# #44#`dg'# dV#BL>; `>�>`gdZ >]q dV# dgL# `n]Sd>]d n4 > `n;;#`dnB 2222222222222222[e
[2v2l "]`gq#]`# >]E;# Lnqg4g#B$,n�dgn]>;- 2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222[v
[2v2} ,#d#BLg]>dgn] n4 dV# �B#SSuB# qBn� >`BnSS > `n;;#`dnB 22222222222222222222222222222222222222222222222222222222222222222[9
[2( _;>k#q >]q u]E;>k#q Sn;>B `n;;#`dnBS u]q#B 1u>Sg1qZ]>Lg` `n]qgdgn]S22222222222222222222222222222222222222[9
[2(2e$ zn;;#`dnB Lnu]dg]E >]q ;n`>dgn] 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222[9
[2(2v$ "]SdBuL#]d>dgn]222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222[J
[2(2( ~#Sd g]Sd>;;>dgn]222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222[[
[2(29 )udqnnB #44g`g#]`Z d#Sd 222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222[l
[2(2J ,#d#BLg]>dgn] n4 dV# #44#`dg'# dV#BL>; `>�>`gdZ22222222222222222222222222222222222222222222222222222222222222222222222222222l9
[2(2[ zn;;#`dnB g]`gq#]`# >]E;# Lnqg4g#B22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222lJ

X]]#I X$,]nBL>dg'#- m`V#L>dg`S 4nB quB>Og;gdZ >]q B#;g>Og;gdZ d#SdS22222222222222222222222222222222222222222222222222222222222l[

X]]#I i$,]nBL>dg'#-$,uB>Og;gdZ >]q B#;g>Og;gdZ d#Sd B#�nBd SV##dS 222222222222222222222222222222222222222222222222222222222222222}l
i2e$ \#`nBq n4 d#Sd S#1u#]`# >]q SuLL>BZ n4 L>g] B#Su;dS 2222222222222222222222222222222222222222222222222222222222222222}l
i2v$ "]d#B]>; �B#SSuB# d#Sd 4nB g]nBE>]g` >OSnBO#BS2222222222222222222222222222222222222222222222222222222222222222222222222222222}}
i2v2e$ ~#`V]g`>; q#d>g;S n4 `n;;#`dnB 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222}}
i2v2v$ ~#Sd `n]qgdgn]S 222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222}}
i2v2( ~#Sd B#Su;dS2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222}}
i2( "]d#B]>; �B#SSuB# d#Sd 4nB >OSnBO#BS L>q# n4 nBE>]g` L>d#Bg>;S222222222222222222222222222222222222222222222222222}/
i2(2e$ ~#`V]g`>; q#d>g;S n4 `n;;#`dnB 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222}/
i2(2v$ ~#Sd `n]qgdgn]S 222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222}/
i2(2( ~#Sd B#Su;dS2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222/T
i29 pgEV1d#L�#B>duB# B#SgSd>]`# d#Sd 2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222/e
i292e$ f#dVnq uS#q dn V#>d `n;;#`dnBS 2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222/e
i292v$ ~#Sd `n]qgdgn]S 222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222/e
i292( ~#Sd B#Su;dS2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222/e
i2J =I�nSuB# d#Sd 222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222/v
i2J2e$ ~#Sd `n]qgdgn]S 222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222/v
i2J2v$ ~#Sd B#Su;dS2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222/v
i2J2( z;gL>dg` `n]qgdgn]S 4nB >;; q>ZS quBg]E dV# d#Sd222222222222222222222222222222222222222222222222222222222222222222222222222222/(
i2J29 ~gL# �#BgnqS g] 8Vg`V gBB>qg>]`# >]q SuBBnu]qg]E >gB d#L�#B>duB# V>'# '>;u#S EB#>d#B

dV>] dVnS# S�#`g4g#q g] ~>O;# 9 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222/9
i2J2J "]S�#`dgn] B#Su;dS 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222/J
i2[ =Id#B]>; dV#BL>; SVn`* d#Sd@ 222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222/[
i2[2e$ ~#Sd `n]qgdgn]S 222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222/[
i2[2v$ ~#Sd B#Su;dS2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222/l
i2l "]d#B]>; dV#BL>; SVn`* d#Sd@ 2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222/}
i2l2e$ ~#Sd `n]qgdgn]S 222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222/}
i2l2v$ ~#Sd B#Su;dS2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222//
i2} \>g] �#]#dB>dgn] d#Sd 2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222eTT
i2}2e$ ~#Sd `n]qgdgn]S 2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222eTT

Copyright European Committee for Standardization 
Provided by IHS under license with CEN

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,```,,,,````-`-`,,`,,`,`,,`---



www.bzfxw.com

=w$ev/lJ1v@vTT[$,=-$

9

i2}2v$ ~#Sd B#Su;dS22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222eTT
i2/ NB##k# B#SgSd>]`# d#Sd222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222eTe
i2/2e$ zn;;#`dnB dZ�# 2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222eTe
i2/2v$ ~#Sd `n]qgdgn]S 2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222eTe
i2/2( ~#Sd B#Su;dS22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222eTv
i2eT f#`V>]g`>; ;n>q d#Sd 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222eT(
i2eT2e$ :nSgdg'# �B#SSuB# d#Sd n4 dV# `n;;#`dnB `n'#B 22222222222222222222222222222222222222222222222222222222222222222222222222222222eT(
i2eT2v$ w#E>dg'# �B#SSuB# d#Sd n4 4gIg]ES O#d8##] dV# `n'#B >]q dV# `n;;#`dnB OnI 222222222222222222222222222222eT(
i2eT2( w#E>dg'# �B#SSuB# d#Sd n4 `n;;#`dnB Lnu]dg]ES 2222222222222222222222222222222222222222222222222222222222222222222222222222eTJ
i2ee "L�>`d B#SgSd>]`# d#Sd uSg]E Sd##; O>;;S 2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222eT[
i2ee2e$ ~#Sd `n]qgdgn]S 2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222eT[
i2ee2v$ ~#Sd �Bn`#quB# 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222eT[
i2ee2( ~#Sd B#Su;dS22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222eT[
i2ev "L�>`d B#SgSd>]`# d#Sd uSg]E g`# O>;;S 2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222eTl
i2ev2e ~#Sd `n]qgdgn]S 2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222eTl
i2ev2v$ ~#Sd �Bn`#quB# 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222eTl
i2ev2( ~#Sd B#Su;dS22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222eTl
i2e( Ng]>; g]S�#`dgn] B#Su;dS 222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222eT}

X]]#I z$,]nBL>dg'#- md>E]>dgn] d#L�#B>duB# n4 ;g1ugq V#>dg]E `n;;#`dnBS 2222222222222222222222222222222222222222222222eT/
z2e$ _#]#B>; 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222eT/
z2v ,#d#BLg]>dgn] n4 Sd>E]>dgn] d#L�#B>duB# 2222222222222222222222222222222222222222222222222222222222222222222222222222222222222eT/

X]]#I ,$,]nBL>dg'#- :#B4nBL>]`# d#Sd B#�nBd 4nB E;>k#q Sn;>B `n;;#`dnBS 22222222222222222222222222222222222222222222222eee
,2e$ _#]#B>; 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222eee
,2v$ mn;>B `n;;#`dnB q#S`Bg�dgn] 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222eee
,2( ~#Sd B#Su;dS22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222ee(

X]]#I =$,]nBL>dg'#- :#B4nBL>]`# d#Sd B#�nBd 4nB u]E;>k#q Sn;>B `n;;#`dnBS 2222222222222222222222222222222222222222222ee[
=2e$ _#]#B>; 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222ee[
=2v$ mn;>B `n;;#`dnB q#S`Bg�dgn] 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222ee[
=2( ~#Sd B#Su;dS22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222ee}

X]]#I N$,]nBL>dg'#- fnq#;;g]E n4 dV# `n#44g`g#]dS qe$dn q[ n4 dV# `n;;#`dnB Lnq#; n4 [2(2 222222222222222222222eve

X]]#I _$,]nBL>dg'#- f#>SuB#L#]d n4 #44#`dg'# dV#BL>; `>�>`gdZ 222222222222222222222222222222222222222222222222222222222222ev(
_2e$ ~#Sd g]Sd>;;>dgn]2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222ev(
_2v$ "]qnnB d#Sd �Bn`#quB# 222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222ev(
_2v2e$ _#]#B>; 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222ev(
_2v2v$ f#>SuB#L#]dS 222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222ev(
_2v2( z>;`u;>dgn] n4 dV# #44#`dg'# dV#BL>; `>�>`gdZ22222222222222222222222222222222222222222222222222222222222222222222222222222222ev(
_2v29 ,#d#BLg]>dgn] n4 #44#`dg'# dV#BL>; `>�>`gdZ 4BnL #I�#BgL#]d>; q>d> 22222222222222222222222222222222222222222ev9
_2( )udqnnB nB Sn;>B gBB>qg>]`# SgLu;>dnB d#Sd �Bn`#quB# 22222222222222222222222222222222222222222222222222222222222222222evJ

X]]#I p$,g]4nBL>dg'#- znL�>BgSn] n4 dV# `n;;#`dnB Lnq#; n4 [2e$dn dV# `n;;#`dnB Lnq#; n4 [2(22222222222222ev[

X]]#I "$,g]4nBL>dg'#- :Bn�#Bdg#S n4 8>d#B$,S## ,"w A 9lJl19@e//J1ee- 222222222222222222222222222222222222222222222222222222evl
"2e ,#]SgdZ n4 8>d#B$,>d$e$O>B-$g] *ECLL222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222evl
"2v m�#`g4g` V#>d `>�>`gdZ n4 8>d#B$,>d$e$O>B- g] *3C,*E D- 222222222222222222222222222222222222222222222222222222222222222222evl

X]]#I 3$,g]4nBL>dg'#- :#B4nBL>]`# d#Sd B#�nBd SuLL>BZ 4nB 1u>Sg qZ]>Lg` d#Sd L#dVnq2222222222222222222222ev}

X]]#I D$,g]4nBL>dg'#- _#]#B>; Eugq#;g]#S 4nB dV# >SS#SSL#]d n4 u]`#Bd>g]dZ g] Sn;>B `n;;#`dnB
#44g`g#]`Z d#Sdg]E22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222e(T

D2e$ "]dBnqu`dgn] 2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222e(T
D2v$ f#>SuB#L#]d u]`#Bd>g]dg#S g] Sn;>B `n;;#`dnB #44g`g#]`Z d#Sdg]E 22222222222222222222222222222222222222e(T
X]]#I U$,g]4nBL>dg'#- ,#d#BLg]>dgn] n4 dV# �B#SSuB# qBn� >`BnSS > `n;;#`dnB 2222222222222222222222222222222222222222e(9
U2e$ _#]#B>; 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222e(9
U2v$ ~#Sd g]Sd>;;>dgn]2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222e(9
U2( :B#`n]qgdgn]g]E n4 dV# `n;;#`dnB 2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222e(9
U29 ~#Sd �Bn`#quB# 22222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222e(9
U2J f#>SuB#L#]dS 222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222e(J
U2[ :B#SSuB# qBn� `>uS#q OZ 4gddg]ES222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222e(J

Copyright European Committee for Standardization 
Provided by IHS under license with CEN

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



www.bzfxw.com

=w$ev/lJ1v@vTT[$,=-$

J

U2l ~#Sd `n]qgdgn]S 2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222e(J
U2} z>;`u;>dgn] >]q �B#S#]d>dgn] n4 B#Su;dS 2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222e(J

igO;gnEB>�VZ2222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222e([

Copyright European Committee for Standardization 
Provided by IHS under license with CEN

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



www.bzfxw.com

=w$ev/lJ1v@vTT[$,=-$

[

NnB#8nBq

~VgS =uBn�#>] md>]q>Bq$ ,=w$ ev/lJ1v@vTT[-$ V>S O##] �B#�>B#q OZ ~#`V]g`>; znLLgdd## z=wC~z (ev
m~V#BL>; Sn;>B SZSd#LS >]q `nL�n]#]dSn0$dV# S#`B#d>Bg>d n4 8Vg`V gS V#;q OZ =U)~2$

~VgS =uBn�#>] md>]q>Bq SV>;; O# Eg'#] dV# Sd>duS n4 > ]>dgn]>; Sd>]q>Bq0$#gdV#B OZ �uO;g`>dgn] n4 >] gq#]dg`>;
d#Id nB OZ #]qnBS#L#]d0$ >d dV# ;>d#Sd OZ m#�d#LO#B$ vTT[0$ >]q `n]4;g`dg]E ]>dgn]>; Sd>]q>BqS SV>;; O#
8gdVqB>8] >d dV# ;>d#Sd OZ m#�d#LO#B$vTT[2$

~VgS =uBn�#>] md>]q>Bq Su�#BS#q#S =w$ev/lJ1v@vTTe2$

X``nBqg]E dn dV# z=wCz=w=U=z "]d#B]>; \#Eu;>dgn]S0$ dV# ]>dgn]>; Sd>]q>BqS nBE>]gk>dgn]S n4 dV# 4n;;n8g]E
`nu]dBg#S >B# Onu]q dn gL�;#L#]d dVgS =uBn�#>] md>]q>Bq@ XuSdBg>0 i#;EguL0$ zZ�BuS0 zk#`V \#�uO;g`0$
,#]L>B*0 =Sdn]g>0$ Ng];>]q0$ NB>]`#0$ _#BL>]Z0$ _B##`#0$ pu]E>BZ0$ "`#;>]q0$ "B#;>]q0$ "d>;Z0 U>d'g>0$ UgdVu>]g>0$
UuI#LOnuBE0$f>;d>0$w#dV#B;>]qS0$wnB8>Z0 :n;>]q0$:nBduE>;0$\nL>]g>0$m;n'>*g>0$m;n'#]g>0 m�>g]0 m8#q#]0
m8gdk#B;>]q >]q 0]gd#q Dg]EqnL2$
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"]dBnqu`dgn]

~VgS Sd>]q>Bq S�#`g4g#S d#Sd L#dVnqS 4nB q#d#BLg]g]E dV# >Og;gdZ n4 > ;g1ugq V#>dg]E Sn;>B `n;;#`dnB dn B#SgSd dV#
g]4;u#]`# n4 q#EB>qg]E >E#]dS2$ "d q#4g]#S �Bn`#quB#S 4nB d#Sdg]E `n;;#`dnBS u]q#B 8#;;1q#4g]#q >]q B#�#>d>O;#
`n]qgdgn]S2$

~VgS Sd>]q>Bq >;Sn �Bn'gq#S d#Sd L#dVnqS >]q `>;`u;>dgn] �Bn`#quB#S 4nB q#d#BLg]g]E dV# Sd#>qZ1Sd>d# >]q
1u>Sg1qZ]>Lg` dV#BL>; �#B4nBL>]`# n4 E;>k#q ;g1ugq V#>dg]E Sn;>B `n;;#`dnBS2$ "d `n]d>g]S L#dVnqS 4nB
`n]qu`dg]E d#SdS nudqnnBS u]q#B ]>duB>; Sn;>B gBB>qg>]`# >]q ]>duB>; >]q SgLu;>d#q 8g]q >]q 4nB `n]qu`dg]E
d#SdS g]qnnBS u]q#B SgLu;>d#q Sn;>B gBB>qg>]`# >]q 8g]q2$

~VgS Sd>]q>Bq >;Sn �Bn'gq#S L#dVnqS 4nB q#d#BLg]g]E dV# dV#BL>; �#B4nBL>]`# n4 u]E;>k#q ;g1ugq V#>dg]E Sn;>B
`n;;#`dnBS2$0]E;>k#q `n;;#`dnBS >B# g] LnSd `>S#S uS#q 4nB V#>dg]E S8gLLg]E �nn;S nB ndV#B ;n8 d#L�#B>duB#
`n]SuL#BS2$"] E#]#B>; dV# `n;;#`dnBS >B# �ud dnE#dV#B n]1Sgd#0$`n]]#`dg]E >OSnBO#B SdBg�S 8gdV L>]g4n;qS2 \#>;
>OSnBO#B >B#>S >B# LnSd;Z O#d8##] d#] dn n]# Vu]qB#q S1u>B# L#d#BS2$ NnB u]E;>k#q >OSnBO#BS0$ B#>qg;Z
4>OBg`>d#q Lnqu;#S 8gdV > S�#`g4g` Sgk# >B# S#;qnL uS#q2$~V#B#4nB#0$quBg]E dV# d#Sd0$gd SVnu;q O# `V#`*#q dV>d
> B#>;gSdg` 4;n8 �>dd#B] >]q 4;n8 '#;n`gdZ gS uS#q2$

~VgS Sd>]q>Bq >;Sn �Bn'gq#S d#Sd L#dVnqS >]q `>;`u;>dgn] �Bn`#quB#S 4nB q#d#BLg]g]E dV# Sd#>qZ1Sd>d# >S 8#;;
>S dV# >;;1q>Z dV#BL>; �#B4nBL>]`# �>B>L#d#BS 4nB ;g1ugq V#>dg]E Sn;>B `n;;#`dnBS0 u]q#B `V>]Eg]E 8#>dV#B
`n]qgdgn]S2$ "d `n]d>g]S L#dVnqS 4nB `n]qu`dg]E d#SdS nudqnnBS quBg]E 8Vn;# q>ZS >]q u]q#B Sd>dgn]>BZ g];#d
d#L�#B>duB# `n]qgdgn]S >]q ]>duB>; Sn;>B gBB>qg>]`# >]q ]>duB>; >]qCnB SgLu;>d#q 8g]q `n]qgdgn]S2$ "L�nBd>]d
#44#`dS 4nB dV# >;;1q>Z �#B4nBL>]`# n4 dV# `n;;#`dnB0$>S dV# q#�#]q#]`# n] g]`gq#]d >]E;#0$8g]q S�##q0 qg44uS#
4B>`dgn] n4 Sn;>B gBB>qg>]`#0 dV#BL>; S*Z B>qg>dgn] >]q dV#BL>; `>�>`gdZ >B# d>*#] g]dn >``nu]d2$,#�#]q#]`# n]
4;n8B>d# gS ]nd g]`;uq#q g] dVgS Sd>]q>Bq2

mnL# n4 dV# >q'>]d>E#S n4 dV# �Bn�nS#q #Id#]Sgn] n4 dV# �B#S#]d Sd#>qZ1Sd>d# d#Sd L#dVnqS n4 >;;1q>Z d#Sdg]E
>B#@

− SVnBd#B >]q ;#SS #I�#]Sg'# nudqnnB d#Sd0$Sugd>O;# 4nB =uBn�#>] `;gL>d# `n]qgdgn]S2$

− Lu`V 8gq#B B>]E# n4 `n;;#`dnBS `>] O# d#Sd#q 8gdV dV# S>L# L#dVnq2

− >d dV# S>L# dgL#0$> Lu`V LnB# `nL�;#d# `V>B>`d#BgS>dgn] n4 dV# `n;;#`dnB gS >`Vg#'#q2

− `n;;#`dnB Lnq#; gS Sdg;; qgB#`d;Z `nL�>dgO;# 8gdV dV>d n4 dV# �B#S#]d O>Sg` d#Sd Sd>]q>BqS0$>]q n];Z `nBB#`dgn]
d#BLS >B# >��;g#q g] dVgS #Id#]q#q >��Bn>`V2

− >;; >qqgdgn]S >B# O>S#q n] ;n]E >EB##q `n;;#`dnB dV#nBZ2

− >d >]Z dgL#0$4u;; O>`*8>BqS `nL�>B>Og;gdZ dn Sd#>qZ1Sd>d# `>] O# #Sd>O;gSV#q OZ #'>;u>dg]E n];Z �#BgnqS n4
dV# d#Sd q>ZS dV>d `nBB#S�n]q dn Sd#>qZ1Sd>d# d#Sd B#1ugB#L#]dS2$

S>L# d#Sd #1ug�L#]d `>] O# uS#q >S 4nB Sd>dgn]>BZ d#Sdg]E 8gdV n];Z Lg]nB `V>]E#S0$8Vg`V 8g;; >;Sn
gL�Bn'# dV# >``uB>`Z n4 Sd#>qZ1Sd>d# d#Sdg]E2$

`nLLn];Z >'>g;>O;# Sd>]q>Bq :z Sn4d8>B# `>] O# uS#q 4nB dV# �>B>L#d#B gq#]dg4g`>dgn]0$ Su`V >S
S�B#>qSV##dS nB LnB# >q'>]`#q Sd>dgSdg`>; �>`*>E#S dV>d V>'# fu;dg�;# Ug]#>B \#EB#SSgn] ,fU\-$>S >]
n�dgn]2$
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e$ m`n�#

~VgS =uBn�#>] md>]q>Bq S�#`g4g#S d#Sd L#dVnqS 4nB '>;gq>dg]E dV# quB>Og;gdZ0$B#;g>Og;gdZ >]q S>4#dZ B#1ugB#L#]dS
4nB ;g1ugq V#>dg]E `n;;#`dnBS >S S�#`g4g#q g] =w$ev/lJ1e2$~VgS Sd>]q>Bq >;Sn g]`;uq#S dVB## d#Sd L#dVnqS 4nB dV#
dV#BL>; �#B4nBL>]`# `V>B>`d#BgS>dgn] 4nB ;g1ugq V#>dg]E `n;;#`dnBS2

"d gS ]nd >��;g`>O;# dn dVnS# `n;;#`dnBS g] 8Vg`V dV# dV#BL>; SdnB>E# u]gd gS >] g]d#EB>; �>Bd n4 dV# `n;;#`dnB dn
Su`V >] #Id#]d dV>d dV# `n;;#`dgn] �Bn`#SS `>]]nd O# S#�>B>d#q 4BnL dV# SdnB>E# �Bn`#SS 4nB dV# �uB�nS# n4
L>*g]E L#>SuB#L#]dS n4 dV#S# d8n �Bn`#SS#S2

"d gS O>Sg`>;;Z >��;g`>O;# dn dB>`*g]E `n]`#]dB>dg]E `n;;#`dnBS0 dV#BL>; �#B4nBL>]`# d#Sdg]E >S Eg'#] g] [2(
,1u>Sg qZ]>Lg` d#Sdg]E-$gS >;Sn >��;g`>O;# dn LnSd `n]`#]dB>dg]E `n;;#`dnB q#SgE]S0$4BnL Sd>dgn]>BZ ]n]1gL>Eg]E
`n]`#]dB>dnBS >S z:zS dn VgEV `n]`#]dB>dg]E dB>`*g]E q#SgE]S2$ :>BdS n4 dV# Sn;>B B>qg>dgn] L#>SuB#L#]d
SVnu;q O# >qxuSd#q g] `>S# n4 > dB>`*g]E `n;;#`dnB >]q g] `>S# > �ZBV#;gnL#d#B gS uS#q dn L#>SuB# O#>L
B>qg>dgn]2$

zn;;#`dnBS dV>d >B# `uSdnL Oug;d$,Oug;d g]Q #2E2 Bnn4 g]d#EB>d#q `n;;#`dnBS dV>d qn ]nd `nL�nS# n4 4>`dnBZ L>q#
Lnqu;#S >]q >B# >SS#LO;#q qgB#`d;Z n] dV# �;>`# n4 g]Sd>;;>dgn]- `>]]nd O# d#Sd#q g] dV#gB >`du>; 4nBL 4nB
quB>Og;gdZ0 B#;g>Og;gdZ >]q dV#BL>; �#B4nBL>]`# >``nBqg]E dn dVgS Sd>]q>Bq2$ "]Sd#>q0$> Lnqu;# 8gdV dV# S>L#
SdBu`duB# >S dV# B#>qZ `n;;#`dnB L>Z O# d#Sd#q2$~V# Lnqu;# EBnSS >B#> SVnu;q O# >d ;#>Sd$v$Lv2$~V# d#Sd gS
'>;gq n];Z 4nB ;>BE#B `n;;#`dnBS dV>] dV# d#Sd#q Lnqu;#2$

v$ wnBL>dg'# B#4#B#]`#S

~V# 4n;;n8g]E B#4#B#]`#q qn`uL#]dS >B# g]qgS�#]S>O;# 4nB dV# >��;g`>dgn] n4 dVgS =uBn�#>] md>]q>Bq2$ NnB
q>d#q B#4#B#]`#S0$n];Z dV# #qgdgn] `gd#q >��;g#S2 NnB u]q>d#q B#4#B#]`#S0$ dV# ;>d#Sd #qgdgn] n4 dV# B#4#B#]`#q
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uSu>;;Z ;n8 #]nuEV Sn ]n �BnO;#L gS `>uS#q quBg]E `n;;#`dnB d#Sdg]E2

muB4>`#S dn O# >'ngq#q g] dV# `n;;#`dnB+S 4g#;q n4 'g#8 g]`;uq# ;>BE# #I�>]S#S n4 E;>SS0$L#d>; nB 8>d#B2$"] LnSd
Sn;>B SgLu;>dnBS dV# SgLu;>d#q O#>L >��BnIgL>d#S qgB#`d Sn;>B gBB>qg>]`# n];Z2$ "] nBq#B dn SgL�;g4Z dV#
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[2e2e2l ~V#BL>; gBB>qg>]`#

~V# �#B4nBL>]`# n4 SnL# `n;;#`dnBS gS �>Bdg`u;>B;Z S#]Sgdg'# dn dV# ;#'#;S n4 dV#BL>; gBB>qg>]`#2$ ~V#
d#L�#B>duB# n4 SuB4>`#S >qx>`#]d dn dV# `n;;#`dnB SV>;; O# >S `;nS# >S �nSSgO;# dn dV>d n4 dV# >LOg#]d >gB g]
nBq#B dn Lg]gLgk# dV# g]4;u#]`# n4 dV#BL>; B>qg>dgn]2$NnB #I>L�;#0$ dV# nudqnnB 4g#;q n4 'g#8 n4 dV# `n;;#`dnB
SV>;; ]nd g]`;uq# `VgL]#ZS0$`nn;g]E dn8#BS nB Vnd #IV>uSdS2$NnB g]qnnB >]q SgLu;>dnB d#Sdg]E0 dV# `n;;#`dnB SV>;;
O# SVg#;q#q 4BnL Vnd SuB4>`#S Su`V >S B>qg>dnBS0$>gB1`n]qgdgn]g]E qu`dS >]q L>`Vg]#BZ0$>]q 4BnL `n;q SuB4>`#S
Su`V >S 8g]qn8S >]q #Id#B]>; 8>;;S2$mVg#;qg]E gS gL�nBd>]d OndV g] 4Bn]d n4 >]q O#Vg]q dV# `n;;#`dnB2$

[2e2e2} XgB S�##q

~V# �#B4nBL>]`# n4 L>]Z `n;;#`dnBS gS S#]Sgdg'# dn >gB S�##qS2$ "] nBq#B dn L>IgLgk# dV# B#�Bnqu`gOg;gdZ n4
B#Su;dS0 `n;;#`dnBS SV>;; O# Lnu]d#q Su`V dV>d >gB `>] 4B##;Z �>SS n'#B dV# >�#BduB#0$O>`* >]q Sgq#S n4 dV#
`n;;#`dnB2$~V# L#>] >gB S�##q0$�>B>;;#; dn dV# `n;;#`dnB >�#BduB#0$SV>;; O# O#d8##] dV# ;gLgdS S�#`g4g#q g] [2e292(2
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g]d#EB>dgn] g]dn > Bnn4 L>Z V>'# dV#gB O>`*S �Bnd#`d#q 4BnL dV# 8g]qQ g4 Sn0$dVgS SV>;; O# B#�nBd#q 8gdV dV# d#Sd
B#Su;dS2$

[2e2v$ "]SdBuL#]d>dgn]

[2e2v2e mn;>B B>qg>dgn] L#>SuB#L#]d

[2e2v2e2e$ :ZB>]nL#d#B

[2e2v2e2e2e$ _#]#B>;

X `;>SS " nB O#dd#B0$>S S�#`g4g#q g] "m) /T[T0$�ZB>]nL#d#B SV>;; O# uS#q dn L#>SuB# dV# E;nO>; SVnBd18>'#
B>qg>dgn] 4BnL OndV dV# Su] >]q dV# S*Z2$~V# B#`nLL#]q#q �B>`dg`# 4nB uS# Eg'#] g] "m)C~\ //Te SVnu;q O#
nOS#B'#q2$$i#4nB# #>`V d#Sd dV# �ZB>]nL#d#B SVnu;q O# `V#`*#q 4nB quSd0$Sng;g]E #d`2 n] dV# nud#B qnL# >]q gd
SVnu;q O# `;#>]#q g4 ]#`#SS>BZ2

X `;>SS " nB O#dd#B �ZB>]nL#d#B #1ug��#q 8gdV > SV>qg]E Bg]E nB >;d#B]>dg'#;Z > �ZBV#;gnL#d#B dnE#dV#B 8gdV >
�ZB>]nL#d#B SV>;; O# uS#q dn L#>SuB# dV# qg44uS# SVnBd18>'# B>qg>dgn]2$

[2e2v2e2e2v$ :B#`>udgn]S 4nB #44#`dS n4 d#L�#B>duB# EB>qg#]d

~V# �ZB>]nL#d#B uS#q quBg]E dV# d#Sd,S- SV>;; O# �;>`#q g] > dZ�g`>; d#Sd �nSgdgn] >]q >;;n8#q dn #1ug;gOB>d# 4nB
>d ;#>Sd (T$Lg] O#4nB# q>d>1d>*g]E `nLL#]`#S2$

[2e2v2e2e2( :B#`>udgn]S 4nB #44#`dS n4 VuLgqgdZ >]q LngSduB#

~V# �ZB>]nL#d#B SV>;; O# �Bn'gq#q 8gdV > L#>]S n4 �B#'#]dg]E >``uLu;>dgn] n4 LngSduB# dV>d L>Z `n]q#]S#
n] SuB4>`#S 8gdVg] dV# g]SdBuL#]d >]q >44#`d gdS B#>qg]E2$X] g]SdBuL#]d 8gdV > q#Sg``>dnB dV>d `>] O# g]S�#`d#q
gS B#1ugB#q2$~V# `n]qgdgn] n4 dV# q#Sg``>dnB SV>;; O# nOS#B'#q n] > B#Eu;>B O>SgS2

[2e2v2e2e29 :B#`>udgn]S 4nB g]4B>B#q B>qg>dgn] #44#`dS n] �ZB>]nL#d#B >``uB>`Z

:ZB>]nL#d#BS uS#q dn L#>SuB# dV# gBB>qg>]`# n4 dV# Sn;>B gBB>qg>]`# SgLu;>dnB SV>;; O# Lnu]d#q g] Su`V > 8>Z
>S dn Lg]gLgk# dV# #44#`dS n] gdS B#>qg]ES n4 dV# g]4B>B#q B>qg>dgn] n4 8>'#;#]EdV >On'# ( µL 4BnL dV#
SgLu;>dnB ;gEVd SnuB`#2$

[2e2v2e2e2J fnu]dg]E n4 �ZB>]nL#d#BS nudqnnBS

~V# �ZB>]nL#d#B SV>;; O# Lnu]d#q Su`V dV>d gdS S#]SnB gS `n�;>]>B0 8gdVg] > dn;#B>]`# n4 ± e= 8gdV dV# �;>]# n4
dV# `n;;#`dnB >�#BduB#2$"d SV>;; ]nd `>Sd > SV>qn8 n]dn dV# `n;;#`dnB >�#BduB# >d >]Z dgL# quBg]E dV# d#Sd �#Bgnq2
~V# �ZB>]nL#d#B SV>;; O# Lnu]d#q Sn >S dn B#`#g'# dV# S>L# ;#'#;S n4 qgB#`d0$ qg44uS# >]q B#4;#`d#q Sn;>B
B>qg>dgn] >S >B# B#`#g'#q OZ dV# `n;;#`dnB2$

w)~= NnB >]E;#S n4 g]`gq#]`# n4 JT=0 > q#'g>dgn] n4 M$ e= ;#>qS dn >] #BBnB n4
v )$8V#] L#>SuBg]E dV# Sn;>B gBB>qg>]`#2

NnB nudqnnB d#Sdg]E0$ dV# �ZB>]nL#d#B SV>;; O# Lnu]d#q >d dV# LgqV#gEVd n4 dV# `n;;#`dnB2$~V# OnqZ n4 dV#
�ZB>]nL#d#B >]q dV# #L#BEg]E ;#>qS n4 dV# `n]]#`dnB SV>;; O# SVg#;q#q dn Lg]gLgk# Sn;>B V#>dg]E n4 dV#
#;#`dBg`>; `n]]#`dgn]S2$z>B# SV>;; >;Sn O# d>*#] dn Lg]gLgk# #]#BEZ B#4;#`d#q >]q B#B>qg>d#q 4BnL dV# Sn;>B
`n;;#`dnB n]dn dV# �ZB>]nL#d#B2$
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[2e2v2e2e2[ 0S# n4 �ZB>]nL#d#BS g] Sn;>B gBB>qg>]`# SgLu;>dnBS

:ZB>]nL#d#BS L>Z O# uS#q dn L#>SuB# dV# qgSdBgOudgn] n4 SgLu;>d#q Sn;>B gBB>qg>]`# n'#B dV# `n;;#`dnB
>�#BduB#0$ >]q dV# '>Bg>dgn] g] SgLu;>d#q gBB>qg>]`# 8gdV dgL#$ ,S## [2e2J2[-2$ X;d#B]>dg'#;Z0$ ndV#B dZ�#S n4
B>qg>dgn] q#d#`dnB L>Z O# uS#q0$�Bn'gq#q dV>d dV#Z V>'# O##] #'>;u>d#q >]q `>;gOB>d#q 4nB SgLu;>d#q Sn;>B
B>qg>dgn] g] 1u#Sdgn]2

~V# �ZB>]nL#d#B,S- SV>;; O# Lnu]d#q Su`V dV>d gdS S#]SnB,S-$gS ,>B#-$`n�;>]>B0$8gdV > dn;#B>]`# n4 ±e= 8gdV dV#
�;>]# n4 dV# `n;;#`dnB >�#BduB#2 ~V# �ZB>]nL#d#B,S- SV>;; ]nd `>Sd > SV>qn8 n]dn dV# `n;;#`dnB >�#BduB# >d >]Z
dgL# quBg]E dV# d#Sd �#Bgnq2$~V# �ZB>]nL#d#B,S-$SV>;; O# Lnu]d#q Sn >S dn B#`#g'# dV# S>L# ;#'#;S n4 g]qgB#`d0$
qg44uS# >]q B#4;#`d#q Sn;>B B>qg>dgn] >S >B# B#`#g'#q OZ dV# `n;;#`dnB2$

~V# L#dVnq >]q #1ug�L#]d uS#q dn L#>SuB# >]Z '>Bg>dgn] g] SgLu;>d#q gBB>qg>]`# 8gdV dgL# quBg]E dV# d#Sd
�#Bgnq0$SV>;; O# 8#;; �Bn'#] dn Eg'# dV# B#1ugB#q >``uB>`Z2

w)~= =2E2$ 4nB dV# LnSd `nLLn];Z uS#q dZ�# n4 Sn;>B SgLu;>dnB0$uSg]E >] #;#`dBg`>; >B` g] > S#>;#q O#>L �>B>On;g`
B#4;#`dnB >S dV# ;gEVd SnuB`#0$ dV# Lnu]dg]E n4 > �ZB>]nL#d#B g] > dZ�g`>; d#Sd �nSgdgn] >d dV# LgqV#gEVd n4 dV# `n;;#`dnB >S
q#S`BgO#q 4nB nudqnnB d#Sdg]E0 8g;; ]nd O# >q#1u>d#2$=S�#`g>;;Z0 8V#] dV# ;>L� >BB>Z gS �n8#B#q 4BnL u]Sd>Og;gk#q L>g]S
�n8#B Su��;Z >]q 4BnL ( qg44#B#]d �V>S#S2$NnB Sn;>B SgLu;>dnBS n4 dVgS *g]q ]nd #1ug��#q 8gdV Sd>Og;gk#q �n8#B Su��;Z0$
g]d#EB>dgn] n4 �n8#B Su��;Z 'n;d>E# quBg]E #>`V d#Sd �#Bgnq gS B#`nLL#]q#q2$mn;>B SgLu;>dnBS #1ug��#q 8gdV Sd>Og;gk#q
�n8#B Su��;Z0$ `>�>O;# n4 Sd>Og;gkg]E dV# �n8#B Su��;Z 'n;d>E# 8gdVg] ± T0J$ )0$ ]nBL>;;Z 8g;; ]##q ]n g]d#EB>dgn] n4
SgLu;>d#q gBB>qg>]`# quBg]E$ ,#>`V- d#Sd �#Bgnq2$NnB LnSd dZ�#S n4 Sn;>B SgLu;>dnBS0$ dV# B#;>dgn]SVg� O#d8##] dV# S�>dg>;;Z
g]d#EB>d#q '>;u# n4 dV# SgLu;>d#q Sn;>B gBB>qg>]`# >]q dV# g]d#EB>d#q �n8#B Su��;Z 'n;d>E# quBg]E #>`V d#Sd �#Bgnq0$`>] O#
4nu]q2$"] >;; `>S#S0$Su44g`g#]d *]n8;#qE# n4 OuB] g] >]q ;g4# dgL# `V>B>`d#BgSdg`S n4 dV# ;>L� dZ�# uS#q0 gS >SSuL#q2

[2e2v2e2v f#>SuB#L#]d n4 dV# >]E;# n4 g]`gq#]`# n4 qgB#`d Sn;>B B>qg>dgn]

X SgL�;# q#'g`# 4nB L#>SuBg]E dV# >]E;# n4 g]`gq#]`# n4 qgB#`d Sn;>B B>qg>dgn] `>] O# �Bnqu`#q OZ Lnu]dg]E >
�ng]d#B ]nBL>; dn > 4;>d �;>d# n] 8Vg`V EB>qu>d#q `n]`#]dBg` Bg]ES >B# L>B*#q2$~V# ;#]EdV n4 dV# SV>qn8 `>Sd
OZ dV# �ng]d#B L>Z O# L#>SuB#q uSg]E dV# `n]`#]dBg` Bg]ES >]q uS#q dn q#d#BLg]# dV# >]E;# n4 g]`gq#]`#2 ~V#
q#'g`# SV>;; O# �nSgdgn]#q g] dV# `n;;#`dnB �;>]# >]q dn n]# Sgq# n4 dV# `n;;#`dnB2$

[2e2v2v$ ~V#BL>; B>qg>dgn] L#>SuB#L#]d

[2e2v2v2e$ f#>SuB#L#]d n4 dV#BL>; gBB>qg>]`# nudqnnBS

~V# '>Bg>dgn]S n4 dV#BL>; gBB>qg>]`# nudqnnBS >B# ]nd ]nBL>;;Z d>*#] g]dn >``nu]d 4nB `n;;#`dnB d#Sdg]E2
pn8#'#B0 > �ZBE#nL#d#B L>Z O# Lnu]d#q g] dV# �;>]# n4 dV# `n;;#`dnB >�#BduB# >]q dn n]# Sgq# >d LgqV#gEVd0
dn q#d#BLg]# dV# dV#BL>; gBB>qg>]`# >d dV# `n;;#`dnB >�#BduB#2$

[2e2v2v2v$ ,#d#BLg]>dgn] n4 dV#BL>; gBB>qg>]`# g]qnnBS >]q g] Sn;>B SgLu;>dnBS

[2e2v2v2v2e$ f#>SuB#L#]d

~V# dV#BL>; gBB>qg>]`# L>Z O# L#>SuB#q uSg]E > �ZBE#nL#d#B >S g]qg`>d#q g] [2e2v2v2e2 4nB nudqnnB
L#>SuB#L#]dS2$:ZBE#nL#d#B SV>;; O# 8#;; '#]dg;>d#q g] nBq#B dn Lg]gLgk# dV# g]4;u#]`# n4 Sn;>B nB SgLu;>d#q
Sn;>B gBB>qg>]`#2$NnB g]qnnB d#Sdg]E0 dV# dV#BL>; gBB>qg>]`# SV>;; O# q#d#BLg]#q dn > Sd>]q>Bq u]`#Bd>g]dZ n4
eT$RL1v2$

[2e2v2v2v2v$ z>;`u;>dgn]

:Bn'gq#q dV>d >;; SnuB`#S >]q Sg]*S n4 dV#BL>; B>qg>dgn] g] dV# 4g#;q n4 'g#8 n4 dV# `n;;#`dnB `>] O# gq#]dg4g#q0
dV# dV#BL>; gBB>qg>]`# >d dV# `n;;#`dnB >�#BduB# L>Z O# `>;`u;>d#q uSg]E d#L�#B>duB# L#>SuB#L#]dS0$SuB4>`#
#Lgdd>]`# L#>SuB#L#]dS >]q B>qg>dgn] 'g#8 4>`dnBS2$~V# dV#BL>; gBB>qg>]`# g]`gq#]d n] > `n;;#`dnB SuB4>`#$
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)B0$LnB# uS#4u;;Z0$ dV# >qqgdgn]>; dV#BL>; gBB>qg>]`#$,`nL�>B#q 8gdV dV>d 8Vg`V 8nu;q O# �B#S#]d g4 SuB4>`# v
V>q O##] > �#B4#`d O;>`* OnqZ >d >LOg#]d d#L�#B>duB#-$gS Eg'#] OZ

σNev$,εv~v9$1$~>9-$ ,v-

\>qg>dgn] 'g#8 4>`dnBS >B# Eg'#] g] d#IdOnn*S n] B>qg>dgn] V#>d dB>]S4#B2$~V# dV#BL>; gBB>qg>]`# >d dV# `n;;#`dnB
>�#BduB# L>Z >;Sn O# `>;`u;>d#q 4BnL > S#Bg#S n4 L#>SuB#L#]dS L>q# 4nB SL>;; Sn;gq >]E;#S g] dV# 4g#;q n4
'g#82$mu`V L#>SuB#L#]dS `>] O# L>q# uSg]E > �ZBV#;gnL#d#B 8gdV >]q 8gdVnud > E;>SS 4g;d#B dn gq#]dg4Z dV#
dV#BL>; `nL�n]#]d n4 dV# E;nO>; gBB>qg>]`#2$

[2e2v2( ~#L�#B>duB# L#>SuB#L#]dS

[2e2v2(2e$ _#]#B>;

~VB## d#L�#B>duB# L#>SuB#L#]dS >B# B#1ugB#q 4nB Sn;>B `n;;#`dnB d#Sdg]E2$~V#S# >B# dV# 4;ugq d#L�#B>duB# >d
dV# `n;;#`dnB g];#d0 dV# 4;ugq d#L�#B>duB# >d dV# `n;;#`dnB nud;#d0$>]q dV# >LOg#]d >gB d#L�#B>duB#2$~V# B#1ugB#q
>``uB>`Z >]q dV# #]'gBn]L#]d 4nB dV#S# L#>SuB#L#]dS qg44#B0$ >]q V#]`# dV# S#]SnB 4nB d#L�#B>duB#
L#>SuB#L#]d >]q >SSn`g>d#q #1ug�L#]d L>Z O# qg44#B#]d2$

[2e2v2(2v$ f#>SuB#L#]d n4 V#>d dB>]S4#B 4;ugq g];#d d#L�#B>duB#$,# g]-$

[2e2v2(2v2e$ \#1ugB#q >``uB>`Z

~V# d#L�#B>duB# n4 dV# V#>d dB>]S4#B 4;ugq >d dV# `n;;#`dnB g];#d SV>;; O# L#>SuB#q dn > Sd>]q>Bq u]`#Bd>g]dZ n4
T0e$D0$Oud g] nBq#B dn `V#`* dV>d dV# d#L�#B>duB# gS ]nd qBg4dg]E 8gdV dgL#0$> '#BZ Lu`V O#dd#B B#Sn;udgn] n4 dV#
d#L�#B>duB# SgE]>; dn ±$T0Tv$D gS B#1ugB#q2$

w)~= ~VgS B#Sn;udgn] gS ]##q#q 4nB >;; d#L�#B>duB#S uS#q 4nB `n;;#`dnB d#Sdg]E ,g2#2$n'#B dV# B>]E#$T$=z dn eTT =z- 8Vg`V
gS > �>Bdg`u;>B;Z q#L>]qg]E >``uB>`Z 4nB B#`nBqg]E OZ q>d> ;nEE#B0$>S gd B#1ugB#S > B#Sn;udgn] n4 n]# �>Bd g] 92TTT$nB >$ev1Ogd
qgEgd>; SZSd#L2$

[2e2v2(2v2v$ fnu]dg]E n4 S#]SnBS

~V# S#]SnB 4nB d#L�#B>duB# L#>SuB#L#]d SV>;; O# Lnu]d#q >d ]n LnB# dV>] vTT$LL 4BnL dV# `n;;#`dnB g];#d0
>]q g]Su;>dgn] SV>;; O# �;>`#q >Bnu]q dV# �g�#8nB* OndV u�SdB#>L >]q qn8]SdB#>L n4 dV# S#]SnB2$ "4 gd gS
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>]q `>;gOB>d#q dB>]Squ`#BS0$>]q V#]`# gd gS �nSSgO;# dn L#>SuB# V#>d dB>]S4#B 4;ugq d#L�#B>duB# qg44#B#]`#S n4
e$D nB$v$D 8gdV > B#>Sn]>O;# >``uB>`Z2$,#;d>1~ S#]SnBS SV>;; O# `>;gOB>d#q g] dV# B#;#'>]d d#L�#B>duB# B>]E#2$
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dV# `n;;#`dnB OZ > 8g]q E#]#B>dnB0$ dV# >gB d#L�#B>duB# SV>;; O# L#>SuB#q g] dV# nud;#d n4 dV# 8g]q E#]#B>dnB
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'>;u#S nB OZ > dgL# g]d#EB>dgn] n'#B dV# d#Sd �#Bgnq2$

[2e2v2J2( fnu]dg]E n4 S#]SnBS 4nB dV# L#>SuB#L#]d n4 >gB '#;n`gdZ n'#B dV# `n;;#`dnB

,uBg]E g]qnnB d#Sdg]E0$dV# >gB S�##q L>Z '>BZ 4BnL n]# #]q n4 dV# `n;;#`dnB dn dV# ndV#B2$X S#Bg#S n4 >gB S�##q
L#>SuB#L#]dS SV>;; dV#B#4nB# O# d>*#]0$>d > qgSd>]`# n4$eT$LL dn JT$LL g] 4Bn]d n4 dV# `n;;#`dnB >�#BduB#0$>d
#1u>;;Z S�>`#q �nSgdgn]S n'#B dV# `n;;#`dnB >B#>2$

X] >'#B>E# '>;u# SV>;; dV#] O# q#d#BLg]#q2$XgB S�##q L#>SuB#L#]dS g]qnnBS g] Sd>O;# `n]qgdgn]S SV>;; O#
L>q# O#4nB# >]q >4d#B �#B4nBL>]`# d#Sd �ng]dS dn >'ngq nOS`uBg]E dV# `n;;#`dnB >�#BduB#2$

RV#] d#Sdg]E nudqnnBS g] ;n`>dgn]S 8V#B# dV# L#>] 8g]q S�##q gS O#;n8 v$LS1e$0$>] >Bdg4g`g>; 8g]q E#]#B>dnB
SV>;; O# uS#q0$>]q >]#LnL#d#B L#>SuB#L#]dS SV>;; O# 4gdd#q 4nB dV# `n]dg]unuS L#>SuB#L#]d n4 >gB '#;n`gdZ2$
~VgS >]#LnL#d#B SV>;; O# Lnu]d#q n] > On>Bq Sn dV>d dV#B# gS `n]dg]unuS SuB4>`# �ng]dg]E dn8>BqS dV# 8g]q
E#]#B>dnB 4BnL dV# `n;;#`dnB #qE# dn$T0( L O#Vg]q dV# >]#LnL#d#B2$~V# u]g4nBLgdZ n4 >gB S�##q g] dV# 4g#;q n4
`n;;#`dnB >�#BduB# SV>;; O# `V#`*#q2$~V# 8g]q S�##q SV>;; O# L#>SuB#q 8Vg;# >qxuSdg]E dV# 8g]q E#]#B>dnB0$
uSg]E > V>]q V#;q >]#LnL#d#B g] > V#gEVd n4$eT$LL dn JT$LL >On'# dV# `n;;#`dnB >�#BduB# �;>]#2$$

"] 8g]qZ ;n`>dgn]S0$8g]q S�##q L#>SuB#L#]d SV>;; O# L>q# ]#>B dn dV# `n;;#`dnB >d dV# Lgq V#gEVd n4 dV#
`n;;#`dnB2$~V# S#]SnB SV>;; ]nd O# SVg#;q#q 4BnL dV# 8g]q >]q gd SV>;; ]nd `>Sd > SV>qn8 n] dV# `n;;#`dnB quBg]E
dV# d#Sd �#BgnqS2
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[2e2v2l "]SdBuL#]d>dgn]Cq>d> B#`nBq#BS

"] ]n `>S# SV>;; dV# SL>;;#Sd S`>;# qg'gSgn] n4 dV# g]SdBuL#]d nB g]SdBuL#]d SZSd#L #I`##q d8g`# dV# S�#`g4g#q
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dn nB O#dd#B dV>]$e0T$)$n4 dV# L#>SuB#q '>;u#2

X]>;nE >]q qgEgd>; B#`nBq#BS SV>;; V>'# >] #BBnB #1u>; dn nB O#dd#B dV>]$T0J$)$n4 dV# 4u;;1S`>;# B#>qg]E >]q
V>'# > dgL# `n]Sd>]d n4$eS nB ;#SS2$~V# �#>* SgE]>; g]qg`>dgn] SV>;; O# O#d8##] JT$)$>]q$eTT$)$n4 4u;; S`>;#2
~V# g]�ud gL�#q>]`# n4 B#`nBq#BS SV>;; O# EB#>d#B dV>]$eTTT$dgL#S dV# gL�#q>]`# n4 dV# S#]SnBS nB$eT$fΩ
8Vg`V#'#B gS VgEV#B2$

[2e2v2} zn;;#`dnB >B#>

~V# `n;;#`dnB >B#>$,>OSnBO#B0$EBnSS nB >�#BduB#-$SV>;; O# L#>SuB#q dn > Sd>]q>Bq u]`#Bd>g]dZ n4$T0($)2$XB#>
L#>SuB#L#]dS SV>;; d>*# �;>`# >d > `n;;#`dnB d#L�#B>duB# n4 ,vT$M eT-$=z >]q u]q#B n�#B>dg]E �B#SSuB# g4 dV#
>OSnBO#B gS L>q# n4 nBE>]g` L>d#Bg>;2$

[2e2v2/ zn;;#`dnB 4;ugq `>�>`gdZ

~V# 4;ugq `>�>`gdZ n4 dV# `n;;#`dnB SV>;; O# L#>SuB#q dn > Sd>]q>Bq u]`#Bd>g]dZ n4 ]n LnB# dV>]$ eT$ )2$
f#>SuB#L#]dS L>Z O# L>q# #gdV#B OZ 8#gEVg]E dV# `n;;#`dnB 8V#] #L�dZ >]q >E>g] 8V#] 4g;;#q 8gdV 4;ugq0$nB
OZ 4g;;g]E >]q #L�dZg]E dV# `n;;#`dnB dn q#d#BLg]# dV# L>SS n4 4;ugq 8Vg`V gd 8g;; `n]d>g]2

~V# d#L�#B>duB# n4 dV# 4;ugq SV>;; O# *#�d 8gdVg] ±$v$D n4 dV# >LOg#]d d#L�#B>duB#2$

XS >] >;d#B]>dg'#0$> q#d#BLg]>dgn] OZ `>;`u;>dgn]0 8Vg`V gS O>S#q n] dV# E#nL#dBg`>; `gB`uLSd>]`#S0 `>] O#
Eg'#]2$

[2e2( ~#Sd g]Sd>;;>dgn]

[2e2(2e$ _#]#B>; `n]Sgq#B>dgn]

=I>L�;#S n4 d#Sd `n]4gEuB>dgn]S 4nB d#Sdg]E Sn;>B `n;;#`dnBS #L�;nZg]E ;g1ugq >S dV# V#>d dB>]S4#B 4;ugq >B#
SVn8] g] NgEuB#S v$>]q (2$~V#S# >B# S`V#L>dg` n];Z0$>]q >B# ]nd qB>8] dn S`>;#2$
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NgEuB# ( k =I>L�;# n4 >] n�#] d#Sd ;nn�

[2e2(2v p#>d dB>]S4#B 4;ugq

~V# V#>d dB>]S4#B 4;ugq uS#q 4nB `n;;#`dnB d#Sdg]E L>Z O# 8>d#B nB > 4;ugq B#`nLL#]q#q OZ dV# `n;;#`dnB
L>]u4>`duB#B2$~V# S�#`g4g` V#>d `>�>`gdZ >]q q#]SgdZ n4 dV# 4;ugq uS#q SV>;; O# *]n8] dn 8gdVg] ±$e) n'#B dV#
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[2e2(2( :g�#8nB* >]q 4gddg]ES

~V# �g�g]E uS#q g] dV# `n;;#`dnB ;nn� SV>;; O# B#SgSd>]d dn `nBBnSgn] >]q ,4nB d#Sdg]E n4 E;>k#q `n;;#`dnBS-
Sugd>O;# 4nB n�#B>dgn] >d d#L�#B>duB#S u� dn /J =z2$ "4 ]n]>1u#nuS 4;ugqS >B# uS#q0$ dV#] `nL�>dgOg;gdZ 8gdV
SZSd#L L>d#Bg>;S SV>;; O# `n]4gBL#q2$:g�# ;#]EdVS SV>;; E#]#B>;;Z O# *#�d SVnBd2 "] �>Bdg`u;>B0$ dV# ;#]EdV n4
�g�g]E O#d8##] dV# nud;#d n4 dV# 4;ugq d#L�#B>duB# B#Eu;>dnB >]q dV# g];#d dn dV# `n;;#`dnB SV>;; O# Lg]gLgk#q0$dn
B#qu`# dV# #44#`dS n4 dV# #]'gBn]L#]d n] dV# g];#d d#L�#B>duB# n4 dV# 4;ugq2$

~VgS S#`dgn] n4 �g�# SV>;; O# g]Su;>d#q dn #]SuB# > B>d# n4 V#>d ;nSS n4 ;#SS dV>]$ T0v$RD1e0$ >]q SV>;; O#
�Bnd#`d#q OZ > B#4;#`dg'# 8#>dV#B�Bnn4 `n>dg]E2$:g�#8nB* O#d8##] dV# d#L�#B>duB# S#]Sg]E �ng]dS >]q dV#
`n;;#`dnB$ ,g];#d >]q nud;#d-$ SV>;; O# �Bnd#`d#q 8gdV g]Su;>dgn] >]q B#4;#`dg'#$ ,4nB nudqnnB L#>SuB#L#]dS >;Sn
8#>dV#B�Bnn4-$ `n'#BS dn O#Zn]q dV# �nSgdgn]S n4 dV# d#L�#B>duB# S#]SnBS0$ Su`V dV>d dV# `>;`u;>d#q
d#L�#B>duB# E>g] nB ;nSS >;n]E #gdV#B �g�# �nBdgn] qn#S ]nd #I`##q ± T0Te$D u]q#B d#Sd `n]qgdgn]S2$N;n81
LgIg]E q#'g`#S Su`V >S �g�# O#]qS >B# B#1ugB#q gLL#qg>d#;Z u�SdB#>L n4 d#L�#B>duB# S#]SnBS$,S## [2e2v2(-2$

w)~=$eX SVnBd ;#]EdV n4 dB>]S�>B#]d duO# SVnu;q O# g]Sd>;;#q g] dV# 4;ugq ;nn� Sn dV>d >gB OuOO;#S >]q >]Z ndV#B
`n]d>Lg]>]dS 8g;; O# nOS#B'#q g4 �B#S#]d2$~V# dB>]S�>B#]d duO# SVnu;q O# �;>`#q `;nS# dn dV# `n;;#`dnB g];#d Oud SVnu;q ]nd
g]4;u#]`# dV# 4;ugq g];#d d#L�#B>duB# `n]dBn; nB d#L�#B>duB# L#>SuB#L#]dS2

X '>Bg>O;# >B#> 4;n8L#d#B gS `n]'#]g#]d 4nB dVgS �uB�nS#0$>S gd SgLu;d>]#nuS;Z Eg'#S >] g]q#�#]q#]d 'gSu>;
g]qg`>dgn] n4 dV# 4;n8B>d#2$X] >gB S#�>B>dnB >]q >gB '#]d SVnu;q O# �;>`#q >d dV# nud;#d n4 dV# `n;;#`dnB0$>]q >d
ndV#B �ng]dS g] dV# SZSd#L 8V#B# >gB `>] >``uLu;>d#2

w)~=$v$ Ng;d#BS SVnu;q O# �;>`#q u�SdB#>L n4 dV# 4;n8 L#>SuBg]E q#'g`# >]q dV# �uL�0$ g] >``nBq>]`# 8gdV ]nBL>;
�B>`dg`# ,> ]nLg]>; 4g;d#B Sgk# n4 vTT$µL gS uSu>;;Z >q#1u>d#-2$

[2e2(29 :uL� >]q 4;n8 `n]dBn; q#'g`#S

~V# 4;ugq �uL� SV>;; O# ;n`>d#q g] dV# `n;;#`dnB d#Sd ;nn� g] Su`V > �nSgdgn] dV>d dV# V#>d 4BnL gd 8Vg`V gS
qgSSg�>d#q g] dV# 4;ugq qn#S ]nd >44#`d #gdV#B dV# `n]dBn; n4 dV# `n;;#`dnB g];#d d#L�#B>duB# nB dV# L#>SuB#L#]dS
n4 dV# 4;ugq d#L�#B>duB# BgS# dVBnuEV dV# `n;;#`dnB2$RgdV SnL# dZ�#S n4 �uL�0$ > SgL�;# OZ�>SS ;nn� >]q
L>]u>;;Z `n]dBn;;#q ]##q;# '>;'# L>Z �Bn'gq# >q#1u>d# 4;n8 `n]dBn;2$RV#B# ]#`#SS>BZ0$>] >��Bn�Bg>d# 4;n8
`n]dBn; q#'g`# L>Z O# >qq#q dn Sd>Og;gk# dV# L>SS 4;n8B>d#2

~V# �uL� >]q 4;n8 `n]dBn;;#B SV>;; O# `>�>O;# n4 L>g]d>g]g]E dV# L>SS nB 'n;uL# 4;n8B>d# dVBnuEV dV#
`n;;#`dnB Sd>O;# dn 8gdVg]$ e$ )$ q#S�gd# d#L�#B>duB# '>Bg>dgn]S0$ >d >]Z g];#d d#L�#B>duB# `VnS#] 8gdVg] dV#
n�#B>dg]E B>]E#2$

[2e2(2J ~#L�#B>duB# B#Eu;>dgn] n4 dV# V#>d dB>]S4#B 4;ugq

~V# `n;;#`dnB d#Sd ;nn� SV>;; O# `>�>O;# n4 L>g]d>g]g]E > `n]Sd>]d `n;;#`dnB g];#d d#L�#B>duB# >d >]Z
d#L�#B>duB# ;#'#; `VnS#] 8gdVg] dV# n�#B>dg]E B>]E#2$mg]`# dV# B>d# n4 #]#BEZ `n;;#`dgn] g] dV# `n;;#`dnB gS
q#qu`#q OZ L#>SuBg]E g]Sd>]d>]#nuS '>;u#S n4 dV# 4;ugq g];#d >]q nud;#d d#L�#B>duB#S0$ gd 4n;;n8S dV>d SL>;;
'>Bg>dgn]S g] g];#d d#L�#B>duB# `nu;q ;#>q dn #BBnBS g] dV# B>d#S n4 #]#BEZ `n;;#`dgn] q#qu`#q2$"d gS �>Bdg`u;>B;Z
gL�nBd>]d dn >'ngq >]Z qBg4d g] dV# `n;;#`dnB g];#d d#L�#B>duB#2$
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w)~= e~#Sd ;nn�S L>Z `n]d>g] d8n Sd>E#S n4 4;ugq g];#d d#L�#B>duB# `n]dBn;0$>S SVn8] g] NgEuB#S$v$>]q (2$~V# �BgL>BZ
d#L�#B>duB# `n]dBn;;#B SVnu;q O# �;>`#q u�SdB#>L n4 dV# 4;n8L#d#B >]q 4;n8 `n]dBn;;#B2$X S#`n]q>BZ d#L�#B>duB# B#Eu;>dnB
SVnu;q O# uS#q dn >qxuSd dV# 4;ugq d#L�#B>duB# xuSd O#4nB# dV# `n;;#`dnB g];#d2$~VgS S#`n]q>BZ B#Eu;>dnB SVnu;q ]nBL>;;Z ]nd
O# uS#q dn >qxuSd dV# 4;ugq d#L�#B>duB# OZ LnB# dV>] ±$v$D2

w)~=$vX S#`n]q>BZ d#L�#B>duB# `n]dBn;;#B `;nS# dn dV# `n;;#`dnB g];#d gS uS#4u;0$ �Bn'gq#q dV>d gd qn#S ]nd g]dBnqu`#
�BnO;#LS 8gdV L#>SuBg]E dV# oL#>] `u�oo g];#d d#L�#B>duB#2$$)] dV# ndV#B V>]q0$OZ�>SS#S SVnu;q >;Sn B#L>g] >;;n8#q >S >
L#>]S dn B#qu`# dV# g]4;u#]`# n4 V#>d ;nSS >]q dn gL�Bn'# dV# `n]dBn; `V>B>`d#BgSdg`S n4 dV# V#>dg]E `gB`ugdS2$$X `n]Sd>]d
>]q VgEV 4;n8B>d# dVBnuEV dV# V#>d#BS 8g;; >;;n8 :", `n]dBn;;g]E 8gdV 4>Sd " >]q , >`dgn]0 8Vg;# >]Z 4;n8B>d# dVBnuEV dV#
`n;;#`dnB `>] O# `VnS#]2$

[2e29 )udqnnB Sd#>qZ1Sd>d# �#B4nBL>]`# d#Sd

[2e292e$ ~#Sd g]Sd>;;>dgn]

~V# `n;;#`dnB SV>;; O# Lnu]d#q g] >``nBq>]`# 8gdV dV# S�#`g4g`>dgn]S Eg'#] g] [2e2e0$>]q `nu�;#q dn > d#Sd ;nn�
>S q#S`BgO#q g] [2e2(2$ ~V# V#>d dB>]S4#B 4;ugq SV>;; 4;n8 4BnL dV# OnddnL dn dV# dn� n4 dV# `n;;#`dnB0$ nB >S
B#`nLL#]q#q OZ dV# L>]u4>`duB#B2$

[2e292v$ :B#`n]qgdgn]g]E n4 dV# `n;;#`dnB

~V# `n;;#`dnB SV>;; O# 'gSu>;;Z g]S�#`d#q >]q >]Z q>L>E# B#`nBq#q2$~V# `n;;#`dnB >�#BduB# `n'#B SV>;; O#
dVnBnuEV;Z `;#>]#q2$ "4 LngSduB# gS 4nBL#q n] dV# `n;;#`dnB `nL�n]#]dS0$ dV#] dV# V#>d dB>]S4#B 4;ugq SV>;; O#
`gB`u;>d#q >d >��BnIgL>d#;Z }T$=z 4nB >S ;n]E >S gS ]#`#SS>BZ dn qBZ nud dV# g]Su;>dgn] >]q `n;;#`dnB #]`;nSuB#2

"4 dVgS 4nBL n4 �B#`n]qgdgn]g]E gS `>BBg#q nud0$ dV#] gd SV>;; O# B#�nBd#q 8gdV dV# d#Sd B#Su;dS2$ ~V# `n;;#`dnB
�g�#8nB* SV>;; O# '#]d#q n4 dB>��#q >gB OZ L#>]S n4 >] >gB '>;'# nB OZ `gB`u;>dg]E dV# 4;ugq >d > VgEV 4;n8B>d#0$
>S ]#`#SS>BZ2$~V# 4;ugq SV>;; O# g]S�#`d#q 4nB #]dB>g]#q >gB nB �>Bdg`;#S0$OZ L#>]S n4 dV# dB>]S�>B#]d duO# Oug;d
g]dn dV# 4;ugq ;nn� �g�#8nB*2 X]Z `n]d>Lg]>]dS SV>;; O# B#Ln'#q2$

~V# #L�dZ `n;;#`dnB SV>;; O# #I�nS#q dn gBB>qg>dgn] 4nB J V >d dV# ;#'#; n4 LnB# dV>] lTT$RL1v2$

[2e292( ~#Sd `n]qgdgn]S

Xd dV# dgL# n4 dV# d#Sd0$dV# V#LgS�V#Bg`>; Sn;>B gBB>qg>]`# >d dV# �;>]# n4 dV# `n;;#`dnB >�#BduB# SV>;; O# EB#>d#B
dV>] lTT$RL1v2$

w)~=$e"4 dV# L>]u4>`duB#B V>S ;gLgd>dgn]S n] n�#B>dgn] 8gdV B#S�#`d dn L>IgLuL gBB>qg>]`# Oud ]nd ;#SS dV>] }TT$RL1v0$
dVgS `>] O# B#1u#Sd#q 8gdV dV# d#Sd2$ ~V>d L>IgLuL '>;u# SVnu;q O# `;#>B;Z B#�nBd#q2

~V# >]E;# n4 g]`gq#]`# n4 qgB#`d Sn;>B B>qg>dgn] >d dV# `n;;#`dnB >�#BduB# SV>;; O# g] dV# B>]E# g] 8Vg`V dV#
g]`gq#]d >]E;# Lnqg4g#B 4nB dV# `n;;#`dnB '>Bg#S OZ ]n LnB# dV>] ±v$)$4BnL gdS '>;u# >d ]nBL>; g]`gq#]`#2$NnB
Sg]E;# E;>k#q 4;>d �;>d# `n;;#`dnBS0$dVgS `n]qgdgn] 8g;; uSu>;;Z O# S>dgS4g#q g4 dV# >]E;# n4 g]`gq#]`# n4 qgB#`d Sn;>B
B>qg>dgn] >d dV# `n;;#`dnB >�#BduB# gS ;#SS dV>]$vT=2

pn8#'#B0$ Lu`V ;n8#B >]E;#S L>Z O# B#1ugB#q 4nB �>Bdg`u;>B q#SgE]S2$ "] nBq#B dn `V>B>`d#Bgk# `n;;#`dnB
�#B4nBL>]`# >d ndV#B >]E;#S0$>] g]`gq#]d >]E;# Lnqg4g#B L>Z O# q#d#BLg]#q$,S## [2e2l-2$

RV#B# qg44uS# Sn;>B gBB>qg>]`# gS ;#SS dV>] (T$)0$ gdS g]4;u#]`# L>Z O# ]#E;#`d#q2$~V# `n;;#`dnB SV>;; ]nd O#
d#Sd#q >d qg44uS# gBB>qg>]`# ;#'#;S n4 EB#>d#B dV>] (T$)2

~V# >'#B>E# '>;u# n4 >gB S�##q �>B>;;#; dn dV# `n;;#`dnB >�#BduB#0$d>*g]E g]dn >``nu]d S�>dg>; '>Bg>dgn]S n'#B dV#
`n;;#`dnB >]q d#L�nB>; '>Bg>dgn]S quBg]E dV# d#Sd �#Bgnq0$SV>;; O# ( LS1e M$e$LS1e2$
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0];#SS ndV#B8gS# S�#`g4g#q0$ dV# 4;ugq 4;n8B>d# SV>;; O# S#d >d >��BnIgL>d#;Z T0Tv$ *ES1e �#B S1u>B# L#dB# n4
`n;;#`dnB >�#BduB# >B#>2$"d SV>;; O# V#;q Sd>O;# dn 8gdVg] ±e$)$n4 dV# S#d '>;u# quBg]E #>`V d#Sd �#Bgnq0 >]q SV>;;
]nd '>BZ OZ LnB# dV>] ±$eT )$n4 dV# S#d '>;u# 4BnL n]# d#Sd �#Bgnq dn >]ndV#B2$

~V# d#Sdg]E >d ndV#B 4;n8B>d#S L>Z O# >``nLLnq>d#q OZ >qV#Bg]E dn L>]u4>`duB#BpS S�#`g4g`>dgn]2

"] SnL# `n;;#`dnBS dV# B#`nLL#]q#q 4;ugq 4;n8B>d# L>Z O# `;nS# dn dV# dB>]Sgdgn] B#Egn] O#d8##] ;>Lg]>B >]q
duBOu;#]d 4;n82$ ~VgS L>Z `>uS# g]Sd>Og;gdZ n4 dV# g]d#B]>; V#>d dB>]S4#B `n#44g`g#]d >]q V#]`# '>Bg>dgn]S g]
L#>SuB#L#]dS n4 `n;;#`dnB #44g`g#]`Z2$"] nBq#B dn `V>B>`d#Bgk# Su`V > `n;;#`dnB g] > B#�Bnqu`gO;# 8>Z0$gd L>Z O#
]#`#SS>BZ dn uS# > VgEV#B 4;n8B>d#0$Oud dVgS SV>;; O# `;#>B;Z Sd>d#q 8gdV dV# d#Sd B#Su;dS2$

w)~=$v "] dV# dB>]Sgdgn] B#EgL#0$dV# 4;n8B>d# SVnu;q 4gBSd O# S#d VgEV$,duBOu;#]d-$>]q dV#] B#qu`#q dn dV# S#d�ng]d '>;u#2
~VgS 8g;; �B#'#]d dB>]Sgdgn] 4BnL ;>Lg]>B dn duBOu;#]d quBg]E dV# L#>SuB#L#]dS2$
f#>SuB#L#]dS n4 4;ugq d#L�#B>duB# qg44#B#]`# n4 ;#SS dV>]$e$D SV>;; ]nd O# g]`;uq#q g] dV# d#Sd B#Su;dS O#`>uS#
n4 dV# >SSn`g>d#q �BnO;#LS n4 g]SdBuL#]d #BBnB2

[2e2929 ~#Sd �Bn`#quB#

~V# `n;;#`dnB SV>;; O# d#Sd#q n'#B gdS n�#B>dg]E d#L�#B>duB# B>]E# u]q#B `;#>B S*Z `n]qgdgn]S g] nBq#B dn
q#d#BLg]# gdS �#B4nBL>]`# `V>B>`d#BgSdg`2$,>d> �ng]dS0$8Vg`V S>dgS4Z dV# B#1ugB#L#]dS Eg'#] O#;n8 SV>;; O#
nOd>g]#q 4nB >d ;#>Sd 4nuB 4;ugq g];#d d#L�#B>duB#S S�>`#q #'#];Z n'#B dV# n�#B>dg]E d#L�#B>duB# B>]E# n4 dV#
`n;;#`dnB2$ "4 �nSSgO;#0$ n]# g];#d d#L�#B>duB# SV>;; O# S#;#`d#q Su`V dV>d dV# L#>] 4;ugq d#L�#B>duB# g] dV#
`n;;#`dnB ;g#S 8gdVg] ± ( D n4 dV# >LOg#]d >gB d#L�#B>duB#0$g] nBq#B dn nOd>g] >] >``uB>d# q#d#BLg]>dgn] n4 ηn2$"4
8>d#B gS dV# V#>d dB>]S4#B 4;ugq0$dV# L>IgLuL d#L�#B>duB# SV>;; O# >d ;#>Sd >Bnu]q }T$=z2$X L>IgLuL '>;u# n4
{
. n4 >d ;#>Sd$T0T/ gS B#`nLL#]q#q g4 d#Sd `n]qgdgn]S �#BLgd2$

Xd ;#>Sd 4nuB g]q#�#]q#]d q>d> �ng]dS SV>;; O# nOd>g]#q 4nB #>`V 4;ugq g];#d d#L�#B>duB#0$ dn Eg'# > dnd>; n4$e[
q>d> �ng]dS2$ "4 d#Sd `n]qgdgn]S �#BLgd0$>] #1u>; ]uLO#B n4 q>d> �ng]dS SV>;; O# d>*#] O#4nB# >]q >4d#B Sn;>B
]nn] 4nB #>`V 4;ugq g];#d d#L�#B>duB#2$~V# ;>dd#B gS ]nd B#1ugB#q g4 dV# `n;;#`dnBS >B# Ln'#q dn 4n;;n8 dV# Su] g]
>kgLudV >]q >;dgduq# uSg]E >udnL>dg` dB>`*g]E2

,uBg]E > d#Sd0$L#>SuB#L#]dS SV>;; O# L>q# >S S�#`g4g#q g] [2e292J2$~V#S# L>Z dV#] O# uS#q dn gq#]dg4Z d#Sd
�#BgnqS 4BnL 8Vg`V S>dgS4>`dnBZ q>d> �ng]dS `>] O# q#Bg'#q2

[2e292J f#>SuB#L#]dS

~V# 4n;;n8g]E q>d> SV>;; O# L#>SuB#q@

1$ EBnSS `n;;#`dnB >B#> X_$0$dV# >OSnBO#B >B#> XX >]q dV# >�#BduB# >B#> X>Q$

1$ 4;ugq `>�>`gdZ$

1 V#LgS�V#Bg`>; Sn;>B gBB>qg>]`# >d dV# `n;;#`dnB >�#BduB#

1$ qg44uS# Sn;>B gBB>qg>]`# >d dV# `n;;#`dnB >�#BduB# ,n];Z nudqnnBS-

1 >]E;# n4 g]`gq#]`# n4 qgB#`d Sn;>B B>qg>dgn]
,>;d#B]>dg'#;Z0$dVgS >]E;# L>Z O# q#d#BLg]#q OZ `>;`u;>dgn]-

1 >gB S�##q �>B>;;#; dn dV# `n;;#`dnB >�#BduB#

1 SuBBnu]qg]E >gB d#L�#B>duB#

1 d#L�#B>duB# n4 dV# V#>d dB>]S4#B 4;ugq >d dV# `n;;#`dnB g];#d
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1$ d#L�#B>duB# n4 dV# V#>d dB>]S4#B 4;ugq >d dV# `n;;#`dnB nud;#d$

1$ 4;n8B>d# n4 dV# V#>d dB>]S4#B 4;ugq

[2e292[ ~#Sd �#Bgnq$,Sd#>qZ1Sd>d#-

~V# d#Sd �#Bgnq 4nB > Sd#>qZ Sd>d# q>d> �ng]d SV>;; g]`;uq# > �B#1`n]qgdgn]g]E �#Bgnq n4 >d ;#>Sd 9 dgL#S dV# dgL#
`n]Sd>]d n4 dV# `n;;#`dnB$ ,g4 *]n8]-0$nB ]nd ;#SS dV>]$eJ Lg]$ ,g4 dgL# `n]Sd>]d gS ]nd *]n8]-0$8gdV dV# `nBB#`d
4;ugq d#L�#B>duB# >d dV# g];#d0 4n;;n8#q OZ > Sd#>qZ Sd>d# L#>SuB#L#]d �#Bgnq n4 >d ;#>Sd 9 dgL#S dV# dgL#
`n]Sd>]d n4 dV# `n;;#`dnB$,g4 *]n8]-0$nB ]nd ;#SS dV>]$eT$Lg]$,g4 dgL# `n]Sd>]d gS ]nd *]n8]-2$

X `n;;#`dnB gS `n]Sgq#B#q dn V>'# O##] n�#B>dg]E g] Sd#>qZ1Sd>d# `n]qgdgn]S n'#B > Eg'#] L#>SuB#L#]d �#Bgnq
g4 ]n]# n4 dV# #I�#BgL#]d>; �>B>L#d#BS q#'g>d# 4BnL dV#gB L#>] '>;u#S n'#B dV# L#>SuB#L#]d �#Bgnq OZ LnB#
dV>] dV# ;gLgdS Eg'#] g] ~>O;# J2$~n #Sd>O;gSV dV>d > Sd#>qZ Sd>d# #IgSdS0$>'#B>E# '>;u#S n4 #>`V �>B>L#d#B
d>*#] n'#B Su``#SSg'# �#BgnqS n4 (T S SV>;; O# `nL�>B#q 8gdV dV# L#>] '>;u# n'#B dV# L#>SuB#L#]d �#Bgnq2$

~>O;# J$1$:#BLgdd#q q#'g>dgn] n4 L#>SuB#q �>B>L#d#BS quBg]E >L#>SuB#L#]d �#Bgnq

:>B>L#d#B :#BLgdd#q q#'g>dgn] 4BnL dV# L#>] '>;u#

,_;nO>;-~#Sd Sn;>B gBB>qg>]`# ± JTRL1v

muBBnu]qg]E >gB d#L�#B>duB#$,g]qnnB-$ ±$e$D

muBBnu]qg]E >gB d#L�#B>duB#$,nudqnnB-$ ±$e0J D

N;ugq L>SS 4;n8B>d# ±$e$)$

N;ugq d#L�#B>duB# >d dV# `n;;#`dnB g];#d ±$T0e$D

[2e292l :B#S#]d>dgn] n4 B#Su;dS

~V# L#>SuB#L#]dS SV>;; O# `n;;>d#q dn �Bnqu`# > S#d n4 q>d> �ng]dS 8Vg`V L##d dV# B#1ugB#q d#Sd `n]qgdgn]S
,S## [2e292(-0$ g]`;uqg]E dVnS# 4nB Sd#>qZ1Sd>d# n�#B>dgn]2$ ~V#S# SV>;; O# �B#S#]d#q uSg]E dV# q>d> 4nBL>d
SV##dS Eg'#] g] X]]#I ,2

[2e292} znL�ud>dgn] n4 `n;;#`dnB nud�ud

[2e292}2e$ _#]#B>;

~V# >`du>; uS#4u; �n8#B #IdB>`d#q0 K
2
0$gS `>;`u;>d#q 4BnL@

~akK d ∆'' = $$$,(-$

X '>;u# n4 q4 `nBB#S�n]qg]E dn dV# L#>] 4;ugq d#L�#B>duB# SV>;; O# uS#q2$ "4 k' gS nOd>g]#q 4BnL 'n;uL#dBg`
4;n8B>d# L#>SuB#L#]d0$dV#] dV# q#]SgdZ SV>;; O# q#d#BLg]#q 4nB dV# d#L�#B>duB# n4 dV# 4;ugq g] dV# 4;n8L#d#B2
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9v$

[2e292}2v$ mn;>B #]#BEZ g]d#B`#�d#q OZ dV# `n;;#`dnB

:Bn'gq#q dV>d dV# >]E;# n4 g]`gq#]`# gS ;#SS dV>]$vT=0$ dV# uS# n4 >] g]`gq#]d >]E;# Lnqg4g#B0$>S q#S`BgO#q g]
[2e2l0$gS ]nd B#1ugB#q 4nB Sg]E;# E;>k#q 4;>d �;>d# `n;;#`dnBS2

~V# Sn;>B #]#BEZ g]d#B`#�d#q gS X|_ 8V#B# dV# >B#> gS XX 8V#] B#4#BB#q dn dV# >OSnBO#B >B#> n4 dV# `n;;#`dnB
>]q X> 8V#] B#4#BB#q dn dV# >�#BduB# >B#> n4 dV# `n;;#`dnB2$"]dBnqu`g]E dV# `n;;#`dnB #44g`g#]`Z0 dV# >`du>; uS#4u;

�n8#B #IdB>`d#q0 K
2
0$`>] >;Sn O# 8Bgdd#] >S

X_K ='
,9-

[2e292}2( \#qu`#q d#L�#B>duB# qg44#B#]`#

RV#] dV# L#>] d#L�#B>duB# n4 dV# V#>d dB>]S4#B 4;ugq #L gS uS#q0$8V#B#

vg]L
~rr += ,J-$

dV# B#qu`#q d#L�#B>duB# qg44#B#]`# gS `>;`u;>d#q >S@

_
rr~ >L.

L

−= $ ,[-

[2e292}29 fnq#;g]E n4 g]Sd>]d>]#nuS #44g`g#]`Z

[2e292}292e$ _#]#B>;

~V# g]Sd>]d>]#nuS #44g`g#]`Z η SV>;; O# `>;`u;>d#q OZ Sd>dgSdg`>; `uB'# 4gddg]E0$uSg]E dV# ;#>Sd S1u>B#S L#dVnq0
dn nOd>g] >] g]Sd>]d>]#nuS #44g`g#]`Z `uB'# n4 dV# 4nBL

η s ηT$1$oe~L.$1 ov_,~L.-v$ ,l-

wnBL>;;Z > S#`n]q1nBq#B `uB'# SV>;; O# uS#q 8Vg`V `>] O# >`Vg#'#q OZ ;#>Sd S1u>B#S B#EB#SSgn]2$X S#`n]q1
nBq#B 4gd SV>;; ]nd O# uS#q g4 dV# '>;u# q#qu`#q 4nB ov$gS ]#E>dg'#2 ~V# d#Sd `n]qgdgn]S SV>;; O# B#`nBq#q n] dV#
q>d> 4nBL>d SV##dS Eg'#] g] X]]#I ,2$

RV#B# ]#`#SS>BZ0$d>O;#S n4 L#>SuB#L#]dS n4 dV# `n;;#`dnB �#B4nBL>]`# >B# >qLgdd#q2$

[2e292}292v$ "]Sd>]d>]#nuS #44g`g#]`Z O>S#q n] >OSnBO#B >B#>$C$>�#BduB# >B#>

RgdV B#4#B#]`# dn dV# B#qu`#q d#L�#B>duB# qg44#B#]`# ~.L dV# #1u>dgn]S 4nB g]Sd>]d>]#nuS #44g`g#]`Z >B# @
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v

_
_rkr_v__

_rkr_T
−

−
−

−= ,}-

[2e292}292( zn]'#BSgn] n4 dV#BL>; �#B4nBL>]`# d#Sd `V>B>`d#BgSdg`S

~n `n]'#Bd dV# dV#BL>; �#B4nBL>]`# d#Sd `V>B>`d#BgSdg`S dV# 4n;;n8g]E O>Sg` `n]'#BSgn]S SV>;; O# uS#q@

X

_
T_TX X
X= ,/-

X

_
_X X
X__ = ,eT-

X

>
>vXv >>
X
X

= ,ee-

[2e292}2J zn;;#`dnB nud�ud

0Sg]E =1u>dgn] 9 >]q } dV# `n;;#`dnB nud�ud �#B Lnqu; `>] O# 8Bgdd#] >S@

−−−−⋅⋅=
_
rr_

_
rr__XK _k

v
_k -,-,

Tη' ,92e-$

RV#B# dV# >B#> gS XX 8V#] B#4#BB#q dn dV# >OSnBO#B >B#> n4 dV# `n;;#`dnB >]q X> 8V#] B#4#BB#q dn dV# >�#BduB#
>B#> n4 dV# `n;;#`dnB2$$
~V# `n;;#`dnB nud�ud �#B Lnqu; SV>;; O# �B#S#]d#q EB>�Vg`>;;Z >S > 4u]`dgn] n4 dV# d#L�#B>duB# qg44#B#]`#
O#d8##] L#>] 4;ugq >]q >LOg#]d d#L�#B>duB#$ ,#L k #>-$ uSg]E _ s eTTTRCLK2$ ~V# �Bnqu`d X_ηT SV>;; O#
B#4#BB#q dn >S R�#>*2$

[2e2J md#>qZ1Sd>d# #44g`g#]`Z d#Sd uSg]E > Sn;>B gBB>qg>]`# SgLu;>dnB

[2e2J2e$ _#]#B>;

~V# �#B4nBL>]`# n4 LnSd `n;;#`dnBS gS O#dd#B g] qgB#`d Sn;>B B>qg>dgn] dV>] g] qg44uS# >]q >d �B#S#]d dV#B# gS ;gdd;#
#I�#Bg#]`# 8gdV qg44uS# Sn;>B SgLu;>dgn]2$~VgS d#Sd L#dVnq gS dV#B#4nB# q#SgE]#q 4nB uS# n];Z g] SgLu;>dnBS
8V#B# > ]#>B1]nBL>; g]`gq#]`# O#>L n4 SgLu;>d#q Sn;>B B>qg>dgn] `>] O# qgB#`d#q >d dV# `n;;#`dnB2$

"] �B>`dg`# gd gS qg44g`u;d dn �Bnqu`# > u]g4nBL O#>L n4 SgLu;>d#q Sn;>B B>qg>dgn] >]q > L#>] gBB>qg>]`# ;#'#; V>S
dV#B#4nB# dn O# L#>SuB#q n'#B dV# `n;;#`dnB >�#BduB#2$

[2e2J2v ~V# Sn;>B gBB>qg>]`# SgLu;>dnB 4nB Sd#>qZ1Sd>d# #44g`g#]`Z d#Sdg]E

X SgLu;>dnB 4nB Sd#>qZ1Sd>d# #44g`g#]`Z d#Sdg]E SV>;; V>'# dV# 4n;;n8g]E `V>B>`d#BgSdg`S@

~V# ;>L�S SV>;; O# `>�>O;# n4 �Bnqu`g]E > L#>] gBB>qg>]`# n'#B dV# `n;;#`dnB >�#BduB# n4 >d ;#>Sd lTT$RL1v2$
A>;u#S g] dV# B>]E# (TT$RL1v dn$ eTTT$RL1v L>Z >;Sn O# uS#q 4nB S�#`g>;gk#q d#SdS0$ �Bn'gq#q dV>d dV#
>``uB>`Z B#1ugB#L#]dS Eg'#] g] ~>O;# J `>] O# >`Vg#'#q >]q dV# gBB>qg>]`# '>;u#S >B# ]nd#q g] dV# d#Sd B#�nBd2
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Xd >]Z dgL# dV# gBB>qg>]`# >d > �ng]d n] dV# `n;;#`dnB >�#BduB# SV>;; ]nd qg44#B 4BnL dV# L#>] gBB>qg>]`# n'#B dV#
>�#BduB# OZ LnB# dV>] ± eJ$)2$~V# S�#`dB>; qgSdBgOudgn] n4 dV# SgLu;>d#q Sn;>B B>qg>dgn] SV>;; O# >��BnIgL>d#;Z
#1ug'>;#]d dn dV>d n4 dV# Sn;>B S�#`dBuL >d n�dg`>; >gB L>SS$e0J2

RV#B# `n;;#`dnBS `n]d>g] S�#`dB>;;Z S#;#`dg'# >OSnBO#BS nB `n'#BS0$ > `V#`* SV>;; O# L>q# dn #Sd>O;gSV dV#
#44#`d n4 dV# qg44#B#]`# g] S�#`dBuL n] dV#$,τα-$�Bnqu`d 4nB dV# `n;;#`dnB2 "4 dV# #44#`dg'# '>;u#S n4$,τα-$u]q#B
dV# SgLu;>dnB >]q u]q#B dV# n�dg`>; >gB L>SS$e0J Sn;>B B>qg>dgn] S�#`dBuL qg44#B OZ LnB# dV>] ±$e )0$ dV#] >
`nBB#`dgn] SV>;; O# >��;g#q dn dV# d#Sd B#Su;dS2

f#>SuB#L#]d n4 dV# Sn;>B SgLu;>dnB+S S�#`dB>; 1u>;gdg#S SV>;; O# g] dV# �;>]# n4 dV# `n;;#`dnB n'#B dV#
8>'#;#]EdV B>]E# n4$T0( µL dn ( µL >]q SV>;; O# q#d#BLg]#q g] O>]q8gqdVS n4$T0e µL nB SL>;;#B2$

NnB `#Bd>g] ;>L� dZ�#S0$ g2#2 L#d>; V>;gq# q#SgE]S0$ gd gS B#`nLL#]q#q dV>d dV# g]gdg>; S�#`dB>; q#d#BLg]>dgn] O#
�#B4nBL#q >4d#B dV# ;>L�S V>'# `nL�;#d#q dV#gB OuB]1g] �#Bgnq2 ~V# >Lnu]d n4 g]4B>B#q dV#BL>; #]#BEZ >d dV#
`n;;#`dnB �;>]# SV>;; O# Sugd>O;Z L#>SuB#q$ ,L#>SuB#L#]dS g] dV# 8>'#;#]EdV B>]E# >On'# >Onud v0J µL g4
�nSSgO;#0$Oud Sd>Bdg]E ]nd O#Zn]q 9 µL-$>]q B#�nBd#q$,S## [2e2v2v-2$$

~V# dV#BL>; gBB>qg>]`# >d dV# `n;;#`dnB SV>;; ]nd #I`##q dV>d n4 > O;>`*OnqZ `>'gdZ >d >LOg#]d >gB d#L�#B>duB#
OZ LnB# dV>] J$)$n4 E;nO>; gBB>qg>]`#2

~V# `n;;gL>dgn] n4 dV# SgLu;>dnB SV>;; O# Su`V dV>d dV# >]E;#S n4 g]`gq#]`# n4 >d ;#>Sd }T )$n4 dV# SgLu;>d#q
Sn;>B gBB>qg>]`# ;g# g] dV# B>]E# g] 8Vg`V dV# g]`gq#]d >]E;# Lnqg4g#B n4 dV# `n;;#`dnB '>Bg#S OZ ]n LnB# dV>] ±
v$)$4BnL gdS '>;u# >d ]nBL>; g]`gq#]`#2$NnB dZ�g`>; 4;>d �;>d# `n;;#`dnBS0$dVgS `n]qgdgn] uSu>;;Z 8g;; O# S>dgS4g#q g4
>d ;#>Sd }T )$n4 dV# SgLu;>d#q Sn;>B B>qg>dgn] B#`#g'#q >d >]Z �ng]d n] dV# `n;;#`dnB u]q#B d#Sd SV>;; V>'#
#L>]>d#q 4BnL > B#Egn] n4 dV# Sn;>B gBB>qg>]`# SgLu;>dnB `n]d>g]#q 8gdVg] > SuOd#]q#q >]E;# n4 [T= nB ;#SS
8V#] 'g#8#q 4BnL >]Z �ng]d2

w)~=$eXqqgdgn]>; B#1ugB#L#]dS `n]`#B]g]E `n;;gL>dgn] >��;Z dn L#>SuB#L#]d n4 dV# g]`gq#]d >]E;# Lnqg4g#B$,S## [2e2l2v-2

~V# L#dVnq uS#q 4nB L#>SuBg]E dV# gBB>qg>]`# quBg]E dV# d#Sd �#Bgnq SV>;; �Bnqu`# '>;u#S n4 L#>] gBB>qg>]`#
8Vg`V >EB## 8gdV dVnS# q#d#BLg]#q OZ S�>dg>; g]d#EB>dgn] dn 8gdVg] ±$e)2$

w)~=$v$ ~V# S�#`dB>; qgSdBgOudgn] n4 dV# ;>L�S$ ,g]qnnBS-$ >]q n4 dV# S*Z$ ,nudqnnBS-$ `>] >]q qn ;#>q dn '#BZ 8gq#
qgS`B#�>]`g#S g] S�#`dB>;;Z S#;#`dg'# >OSnBO#BS nB `n'#BS2

[2e2J2( ~#Sd g]Sd>;;>dgn]

zn;;#`dnB Lnu]dg]E >]q ;n`>dgn] B#1ugB#L#]dS nud;g]#q g] [2e2e$SV>;; O# 4n;;n8#q2

X 8g]q E#]#B>dnB SV>;; O# uS#q 8gdV > Sn;>B SgLu;>dnB dn �Bnqu`# >] >gB 4;n8 g] >``nBq>]`# 8gdV [2e2e2}2$

[2e2J29 :B#`n]qgdgn]g]E n4 dV# `n;;#`dnB

~V# �Bn`#quB# nud;g]#q g] [2e292v$SV>;; O# 4n;;n8#q2

$,ev-$= k

k

k

k
µ

µ

µ

µ
(

T0(
-q_,

(

T0(
-q-_,- ,,

-=44#`dg'#,
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[2e2J2J ~#Sd �Bn`#quB#

~V# `n;;#`dnB SV>;; O# d#Sd#q n'#B gdS n�#B>dg]E d#L�#B>duB# B>]E# g] >��BnIgL>d#;Z dV# S>L# 8>Z >S S�#`g4g#q
4nB nudqnnB d#Sdg]E$,S## [2e2929-2

pn8#'#B0 #gEVd d#Sd �ng]dS SV>;; O# >q#1u>d# 4nB d#Sdg]E g] Sn;>B SgLu;>dnBS �Bn'gq#q dV>d >d ;#>Sd 4nuB qg44#B#]d
g];#d d#L�#B>duB#S >B# uS#q0$>]q >q#1u>d# dgL# gS >;;n8#q 4nB d#L�#B>duB#S dn Sd>Og;gk#2$)]# g];#d d#L�#B>duB#
SVnu;q ;g# 8gdVg] ± ( D n4 dV# >LOg#]d >gB d#L�#B>duB#0$g4 �nSSgO;#2$,uBg]E > d#Sd0$L#>SuB#L#]dS SV>;; O# L>q#
>S S�#`g4g#q g] [2e2J2[2$~V#S# L>Z dV#] O# uS#q dn gq#]dg4Z d#Sd �#BgnqS 4BnL 8Vg`V S>dgS4>`dnBZ q>d> �ng]dS `>]
O# q#Bg'#q2

[2e2J2[ f#>SuB#L#]dS quBg]E d#SdS g] Sn;>B gBB>qg>]`# SgLu;>dnBS

[2e2J2[2e$ _#]#B>;

f#>SuB#L#]dS SV>;; O# L>q# >S S�#`g4g#q g] [2e292$

[2e2J2[2v f#>SuB#L#]d n4 SgLu;>d#q Sn;>B gBB>qg>]`#

w)~= mgLu;>d#q Sn;>B gBB>qg>]`# uSu>;;Z '>Bg#S S�>dg>;;Z n'#B dV# `n;;#`dnB >�#BduB# >S 8#;; >S '>BZg]E 8gdV dgL# quBg]E
> d#Sd2$ "d gS dV#B#4nB# #SS#]dg>; dn #L�;nZ > �Bn`#quB# 4nB g]d#EB>dg]E dV# gBB>qg>]`# n'#B dV# `n;;#`dnB >�#BduB#2$ ~gL#
'>Bg>dgn]S g] gBB>qg>]`# >B# uSu>;;Z `>uS#q OZ 4;u`du>dgn]S g] dV# #;#`dBg`gdZ Su��;Z >]q `V>]E#S g] ;>L� nud�ud 8gdV
d#L�#B>duB# >]q Bu]]g]E dgL#2$mnL# ;>L�S d>*# LnB# dV>] (T$Lg] dn B#>`V > Sd>O;# 8nB*g]E `n]qgdgn] 8V#] 8>BLg]E u�
4BnL `n;q2

:ZB>]nL#d#BS L>Z O# uS#q dn L#>SuB# dV# gBB>qg>]`# n4 SgLu;>d#q Sn;>B B>qg>dgn] g] >``nBq>]`# 8gdV [2e2v2e2
X;d#B]>dg'#;Z0$ndV#B dZ�#S n4 B>qg>dgn] q#d#`dnB L>Z O# uS#q0$�Bn'gq#q dV#Z V>'# O##] `>;gOB>d#q 4nB SgLu;>d#q
Sn;>B B>qg>dgn]2 ,#d>g;S n4 dV# g]SdBuL#]dS >]q dV# L#dVnqS uS#q dn `>;gOB>d# dV#L SV>;; O# B#�nBd#q 8gdV dV#
d#Sd B#Su;dS2$ ~V# qgSdBgOudgn] n4 gBB>qg>]`# n'#B dV# `n;;#`dnB >�#BduB# SV>;; O# L#>SuB#q uSg]E > EBgq n4
L>IgLuL S�>`g]E$eJT$LL0$>]q dV# S�>dg>; L#>] q#qu`#q OZ SgL�;# >'#B>Eg]E2

[2e2J2[2( f#>SuB#L#]d n4 dV#BL>; gBB>qg>]`# g] SgLu;>dnBS

~V# dV#BL>; gBB>qg>]`# g] > Sn;>B SgLu;>dnB gS ;g*#;Z dn O# VgEV#B dV>] dV>d 8Vg`V dZ�g`>;;Z n``uBS nudqnnBS2$ "d
SV>;; dV#B#4nB# O# L#>SuB#q dn #]SuB# dV>d gd qn#S ]nd #I`##q dV# ;gLgd Eg'#] g] [2e2J2}2

~V# L#>] dV#BL>; gBB>qg>]`# g] dV# `n;;#`dnB d#Sd �;>]# SV>;; O# q#d#BLg]#q 8V#]#'#B `V>]E#S >B# L>q# g]
dV# SgLu;>dnB 8Vg`V `nu;q >44#`d dV# dV#BL>; gBB>qg>]`#0 >]q >d ;#>Sd >]]u>;;Z2$~V# L#>] dV#BL>; gBB>qg>]`# g]
dV# `n;;#`dnB d#Sd �;>]# >]q dV# q>d# 8V#] gd 8>S ;>Sd L#>SuB#q SV>;; O# B#�nBd#q 8gdV `n;;#`dnB d#Sd B#Su;dS2$

[2e2J2[29 XLOg#]d >gB d#L�#B>duB# g] SgLu;>dnBS

~V# >LOg#]d >gB d#L�#B>duB# #> g] SgLu;>dnBS SV>;; O# L#>SuB#q0$ d>*g]E dV# L#>] n4 S#'#B>; '>;u#S g4
]#`#SS>BZ S#]SnBS SV>;; O# SVg#;q#q g] nBq#B dn Lg]gLgk# B>qg>dgn] #I`V>]E#2 ~V# >gB d#L�#B>duB# g] dV# nud;#d
n4 dV# 8g]q E#]#B>dnB SV>;; O# uS#q 4nB dV# `>;`u;>dgn]S n4 `n;;#`dnB �#B4nBL>]`#2

[2e2J2l ~#Sd �#Bgnq

~V# d#Sd �#Bgnq L>Z O# q#d#BLg]#q g] dV# S>L# 8>Z >S 4nB nudqnnB Sd#>qZ1Sd>d# d#Sdg]E2

~V# LnB# Sd>O;# #]'gBn]L#]d n4 >] g]qnnB d#Sd 4>`g;gdZ L>Z >;;n8 Sd#>qZ1Sd>d# `n]qgdgn]S dn O# L>g]d>g]#q
LnB# #>Sg;Z dV>] nudqnnBS0 Oud >q#1u>d# dgL# SV>;; Sdg;; O# >;;n8#q dn #]SuB# �Bn�#B Sd#>qZ1Sd>d# n�#B>dgn] n4
dV# `n;;#`dnB >S S�#`g4g#q g] [2e292[2
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[2e2J2} ~#Sd `n]qgdgn]S

~V# d#Sd `n]qgdgn]S q#S`BgO#q g] [2e292( 4nB nudqnnB d#Sdg]E SV>;; O# nOS#B'#q 8gdV dV# 4n;;n8g]E >qqgdgn]S@$

1$dV#BL>; gBB>qg>]`# g] dV# �;>]# n4 dV# `n;;#`dnB >�#BduB# SV>;; ]nd #I`##q dV>d 4BnL > O;>`*OnqZ `>'gdZ >d
>LOg#]d >gB d#L�#B>duB# OZ LnB# dV>] J$)$n4 dV# E;nO>; gBB>qg>]`#2$

1$>gB gSSug]E 4BnL dV# 8g]q E#]#B>dnB SV>;; ]nd qg44#B g] d#L�#B>duB# 4BnL >LOg#]d >gB OZ LnB# dV>] ±$e$D2$

[2e2J2/ znL�ud>dgn] >]q �B#S#]d>dgn] n4 B#Su;dS

~V# >]>;ZSgS �B#S#]d#q g] [2e292} 4nB nudqnnB d#Sdg]E gS >;Sn >��;g`>O;# dn Sn;>B SgLu;>dnB d#SdS0$>]q dV# B#Su;dS
SV>;; O# �B#S#]d#q n] dV# 4nBL>d SV##dS SVn8] g] X]]#I ,2

[2e2[ ,#d#BLg]>dgn] n4 dV# #44#`dg'# dV#BL>; `>�>`gdZ >]q dV# dgL# `n]Sd>]d n4 > `n;;#`dnB

[2e2[2e$ _#]#B>;

~V# #44#`dg'# dV#BL>; `>�>`gdZ >]q dV# dgL# `n]Sd>]d n4 > `n;;#`dnB >B# gL�nBd>]d �>B>L#d#BS0 8Vg`V q#d#BLg]#
gdS dB>]Sg#]d �#B4nBL>]`#2

X `n;;#`dnB `>] uSu>;;Z O# `n]Sgq#B#q >S > `nLOg]>dgn] n4 L>SS#S0$#>`V >d > qg44#B#]d d#L�#B>duB#2$RV#] >
`n;;#`dnB gS n�#B>dg]E0$#>`V `n;;#`dnB `nL�n]#]d B#S�n]qS qg44#B#]d;Z dn > `V>]E# g] n�#B>dg]E `n]qgdgn]S0$Sn gd
gS uS#4u; dn `n]Sgq#B >] #44#`dg'# dV#BL>; `>�>`gdZ 4nB dV# 8Vn;# `n;;#`dnB2

0]4nBdu]>d#;Z0 dV# #44#`dg'# dV#BL>; `>�>`gdZ q#�#]qS n] dV# n�#B>dg]E `n]qgdgn]S >]q gS ]nd > `n;;#`dnB
�>B>L#d#B 8gdV > u]g1u# '>;u#2$m#'#B>; qg44#B#]d d#Sd L#dVnqS V>'# O##] uS#q dn L#>SuB# nB `>;`u;>d# dV#
#44#`dg'# dV#BL>; `>�>`gdZ n4 `n;;#`dnBS >]q gd V>S O##] SVn8] dV>d SgLg;>B B#Su;dS `>] O# nOd>g]#q OZ uSg]E
1ugd# qg44#B#]d L#dVnqS2 3uSd >S dV#B# gS ]n u]g1u# '>;u# n4 #44#`dg'# dV#BL>; `>�>`gdZ0$ dV#B# gS ]n u]g1u#
n'#B>;; dgL# `n]Sd>]d 4nB > `n;;#`dnB2$NnB LnSd `n;;#`dnBS0$ dV# qnLg]>]d g]4;u#]`# n] dV# B#S�n]S# dgL# gS dV#
4;ugq dB>]Sgd dgL#0$>]q V#]`# dV# 4gBSd1nBq#B B#S�n]S# '>Bg#S 8gdV dV# 4;ugq 4;n8B>d#2$)dV#B `n;;#`dnB `nL�n]#]dS
B#S�n]q 8gdV qg44#B#]d dgL#S dn Eg'# >] #44#`dg'# n'#B>;; dgL# `n]Sd>]d0 8Vg`V q#�#]qS n] dV# n�#B>dg]E
`n]qgdgn]S2

[2e2[2v ,#d#BLg]>dgn] n4 #44#`dg'# dV#BL>; `>�>`gdZ

~V# #44#`dg'# dV#BL>; `>�>`gdZ n4 dV# `n;;#`dnB z$,#I�B#SS#q >S 3nu;#S �#B D#;'g]-$gS `>;`u;>d#q >S dV# SuL0 4nB
#>`V `n]Sdgdu#]d #;#L#]d n4 dV# `n;;#`dnB$ ,E;>SS0$>OSnBO#B0$ ;g1ugq `n]d>g]#q0$ g]Su;>dgn]-0$n4 dV# �Bnqu`d n4 gdS
L>SS {g$ ,#I�B#SS#q g] *g;nEB>LS-0$ gdS S�#`g4g` V#>d qg$ ,#I�B#SS#q >S xnu;#S �#B *g;nEB>L D#;'g]-$ >]q >
8#gEVdg]E 4>`dnB ~g @

=
g

ggg q{~z ,e(-

~V# 8#gEVdg]E 4>`dnB ~g$,O#d8##]$T$>]q$e-$>;;n8S 4nB dV# 4>`d dV>d `#Bd>g] #;#L#]dS >B# n];Z �>Bdg>;;Z g]'n;'#q g]
`n;;#`dnB dV#BL>; g]#Bdg>2$~V# '>;u#S n4 ~g >B# Eg'#] g] ~>O;# [2
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~>O;# [$1$A>;u#S n4 8#gEVdg]E 4>`dnBS

=;#L#]dS ~g

XOSnBO#B$ e$

"]Su;>dgn]$ T0J

p#>d dB>]S4#B ;g1ugq$ e$

=Id#B]>; E;>kg]E$ T0Te.oe

m#`n]q E;>kg]E$ T0v.oe

~VgBq E;>kg]E T0(J.oe

NnB qB>g]1O>`* >]q qB>g]1qn8] SZSd#LS0$dV# `>�>`gdZ SVnu;q O# B#�nBd#q 4nB dV# `n;;#`dnB 8Vg;# gd gS 4g;;#q 8gdV
8>d#B >]q 8Vg;# gd gS #L�dZ2
=44#`dg'# dV#BL>; `>�>`gdZ L>Z >;Sn O# L#>SuB#q OZ >��;Zg]E dV# �Bn`#quB#S q#S`BgO#q g] X]]#I _2$

[2e2[2( ~#Sd �Bn`#quB# 4nB `n;;#`dnB dgL# `n]Sd>]d$,n�dgn]>;-

~#Sdg]E SV>;; O# �#B4nBL#q #gdV#B nudqnnBS nB g] > Sn;>B gBB>qg>]`# SgLu;>dnB2$ "] #gdV#B `>S#0$ dV# Sn;>B
gBB>qg>]`# n] dV# �;>]# n4 dV# `n;;#`dnB >�#BduB# SV>;; O# EB#>d#B dV>] lTT$RL1v2$~V# V#>d dB>]S4#B 4;ugq SV>;;
O# `gB`u;>d#q dVBnuEV dV# `n;;#`dnB >d dV# S>L# 4;n8B>d# >S dV>d uS#q quBg]E `n;;#`dnB dV#BL>; #44g`g#]`Z d#SdS2
~V# >�#BduB# n4 dV# `n;;#`dnB SV>;; O# SVg#;q#q 4BnL dV# Sn;>B B>qg>dgn] OZ L#>]S n4 > Sn;>B1B#4;#`dg]E `n'#B0
>]q dV# d#L�#B>duB# n4 dV# V#>d dB>]S4#B 4;ugq >d dV# `n;;#`dnB g];#d SV>;; O# S#d >��BnIgL>d#;Z #1u>; dn dV#
>LOg#]d >gB d#L�#B>duB#2$ $ RV#] > Sd#>qZ Sd>d# V>S O##] B#>`V#q0$ dV# `n'#B SV>;; O# B#Ln'#q >]q
L#>SuB#L#]dS `n]dg]u#q u]dg; Sd#>qZ1Sd>d# `n]qgdgn]S V>'# O##] >`Vg#'#q >E>g]2$NnB dV# �uB�nS# n4 dVgS d#Sd0$
> Sd#>qZ1Sd>d# `n]qgdgn] gS >SSuL#q dn #IgSd 8V#] dV# nud;#d d#L�#B>duB# n4 dV# 4;ugq '>Bg#S OZ ;#SS dV>]$.T0TJ
D �#B Lg]ud#2$~V# 4n;;n8g]E 1u>]dgdg#S SV>;; O# L#>SuB#q g] >``nBq>]`# 8gdV [2e2v@

1$zn;;#`dnB 4;ugq g];#d d#L�#B>duB#$,#g]-Q$

1$zn;;#`dnB 4;ugq nud;#d d#L�#B>duB#$,##-Q$

1$muBBnu]qg]E >gB d#L�#B>duB#$,#>-Q

[2e2[29 z>;`u;>dgn] n4 `n;;#`dnB dgL# `n]Sd>]d$,n�dgn]>;-

~V# qg44#B#]`# O#d8##] dV# d#L�#B>duB# n4 dV# 4;ugq >d dV# `n;;#`dnB nud;#d >]q dV>d n4 dV# SuBBnu]qg]E >gB$,##$1$
#>-$SV>;; O# �;ndd#q >E>g]Sd dgL#0$O#Eg]]g]E 8gdV dV# g]gdg>; Sd#>qZ1Sd>d# `n]qgdgn] ,##$1$#>-T$>]q `n]dg]ug]E u]dg; dV#
S#`n]q Sd#>qZ Sd>d# V>S O##] >`Vg#'#q >d > VgEV#B d#L�#B>duB#$,##$1$#>-v$,S## NgEuB# 9-2$
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D#Z

e$ ## − #>
v$ ,## − #>-v
($ ,## − #>-n
9 `
J ~gL#
[$ T0[(v$,,## − #>-v$1 ,## − #>-n-$

NgEuB# 9 1 zn;;#`dnB dgL# `n]Sd>]d

~V# dgL# `n]Sd>]d τ` n4 dV# `n;;#`dnB gS q#4g]#q >S dV# #;>�S#q dgL# O#d8##] dV# B#Ln'>; n4 dV# `n'#B >]q dV#
�ng]d 8V#B# dV# `n;;#`dnB nud;#d d#L�#B>duB# BgS#S dn [(0v$)$n4 dV# dnd>; g]`B#>S# 4BnL$,##$1$#>-T$dn$,##$1$#>-v2$"4
dV# B#S�n]S# dgL# n4 dV# d#L�#B>duB# S#]SnBS gS SgE]g4g`>]d 8V#] `nL�>B#q 8gdV dV>d L#>SuB#q 4nB dV#
`n;;#`dnB0$dV#] gd SV>;; O# d>*#] g]dn >``nu]d g] `>;`u;>dg]E dV# d#Sd B#Su;dS2

[2e2l zn;;#`dnB g]`gq#]`# >]E;# Lnqg4g#B

[2e2l2e$ _#]#B>;

~V# #44#`dg'# dB>]SLgdd>]`# 1$>OSnBO>]`# �Bnqu`d$ ,τα-# `>] O# B#�;>`#q OZ dV# '>;u# >d ]nBL>; g]`gq#]`#
,τα-#] �Bn'gq#q dV>d >]ndV#B 4>`dnB `>;;#q dV# g]`gq#]`# >]E;# Lnqg4g#B0 Dθ0$gS g]dBnqu`#q g] =1u>dgn]$,e9-2$

v
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#]# -,-, θ=D ,eJ-

NgEuB# J SVn8S dV# '>Bg>dgn] n4 Dθ 8gdV >]E;# n4 g]`gq#]`# 4nB d8n Sn;>B `n;;#`dnBS2

NnB dVnS# `n;;#`dnBS$,#2E2 #'>`u>d#q duO# `n;;#`dnBS >]q z:z `n;;#`dnBS-$4nB 8Vg`V dV# g]`gq#]`# >]E;# #44#`dS
>B# ]nd SZLL#dBg`>; 8gdV qgB#`dgn] n4 g]`gq#]`#0$ gd gS ]#`#SS>BZ dn L#>SuB# dV# g]`gq#]d >]E;# #44#`dS 4BnL
LnB# dV>] n]# qgB#`dgn] dn 4u;;Z `V>B>`d#Bgk# dV# g]`gq#]d >]E;# Lnqg4g#B2$

~V# `nL�;#I g]qg'gqu>; g]`gq#]d >]E;# Lnqg4g#B `>] O# #SdgL>d#q OZ `n]Sgq#Bg]E gd dn O# dV# �Bnqu`d n4 dV#
S#�>B>d# g]`gq#]d >]E;# Lnqg4g#BS0 DθU >]q Dθ~0 4nB d8n �#B�#]qg`u;>B SZLL#dBZ �;>]#S$,=1u>dgn]$eJ2e-2$$

Dθ s DθU • Dθ~ ,eJ2e-$

~V# ;n]Egduqg]>; �;>]#$ ,g]q#I U-$ Bu]S �>B>;;#; dn dV# n�dg`>; >IgS n4 dV# `n;;#`dnB0 >]q dV# dB>]S'#BS>; �;>]#$
,g]q#I ~-$gS �#B�#]qg`u;>B dn dV# n�dg`>; >IgS2$~V# >]E;#S θU >]q θ~ >B# dV# �Bnx#`dgn]S n4 dV# g]`gq#]`# >]E;#
θ n]dn dV# ;n]Egduqg]>; >]q dB>]S'#BS>; �;>]#S0$B#S�#`dg'#;Z2$

NnB dV# `nBB#;>dgn] O#d8##] θ0$θU >]q θ~0$dV# 4n;;n8g]E #1u>dgn] Vn;qS@

#o|Kθs #o|KθU$/$#o|Kθ~ ,eJ2v-$

D#Z

e$ "]`gq#]`# >]E;# Lnqg4g#B Dθ
v$ X]E;# n4 g]`gq#]`#$,q#EB##S-$
( mg]E;# 1$Dθ E;>k#q `n'#B
9 ,nuO;# k _;>k#q `n'#B
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NgEuB# J 1 ~Z�g`>; g]`gq#]`# >]E;# Lnqg4g#BS Dθθθθ

~V# SgE]g4g`>]`# n4 dV# g]`gq#]`# >]E;# Lnqg4g#B dn dV# d#Sd �Bn`#quB#S nud;g]#q g] dVgS Sd>]q>Bq gS dV>d dV#
dV#BL>; #44g`g#]`Z '>;u#S >B# q#d#BLg]#q 4nB dV# `n;;#`dnB >d nB ]#>B ]nBL>; g]`gq#]`# `n]qgdgn]S2$~V#B#4nB#0$
dV# Z g]d#B`#�d η n4 dV# #44g`g#]`Z `uB'# gS #1u>; dn N+,τα-#]0$4nB > 4;>d �;>d# `n;;#`dnB2 X S#�>B>d# L#>SuB#L#]d
SV>;; O# `n]qu`d#q dn q#d#BLg]# dV# '>;u# n4 Dθ Sn dV>d dV# �#B4nBL>]`# n4 dV# `n;;#`dnB `>] O# �B#qg`d#q
u]q#B > 8gq# B>]E# n4 `n]qgdgn]S >]qCnB dgL# n4 q>Z uSg]E =1u>dgn]$,e9-2

[2e2l2v mn;>B gBB>qg>]`# SgLu;>dnB 4nB dV# L#>SuB#L#]d n4 g]`gq#]`# >]E;# Lnqg4g#BS

NnB dV# L#>SuB#L#]d n4 dV# g]`gq#]`# >]E;# Lnqg4g#B0$ n];Z Sn;>B gBB>qg>]`# SgLu;>dnBS 8gdV dV# 4n;;n8g]E
`n;;gL>dgn] S�#`g4g`>dgn] SV>;; O# uS#q2

~V# `n;;gL>dgn] SV>;; O# Su`V dV>d >d ;#>Sd /T )$n4 dV# SgLu;>d#q Sn;>B gBB>qg>]`# >d >]Z �ng]d n] dV# `n;;#`dnB
u]q#B d#Sd V>S #L>]>d#q 4BnL > B#Egn] n4 dV# Sn;>B gBB>qg>]`# SgLu;>dnB `n]d>g]#q 8gdVg] > SuOd#]q#q >]E;# n4
vT= nB ;#SS 8V#] 'g#8#q 4BnL dV# �ng]d2$

[2e2l2( ~#Sd �Bn`#quB#S

[2e2l2(2e$ _#]#B>;

~V# d#Sdg]E n4 dV# Sn;>B `n;;#`dnB dn q#d#BLg]# gdS g]`gq#]`# >]E;# Lnqg4g#B L>Z O# qn]# OZ n]# n4 d8n L#dVnqS2
pn8#'#B0$quBg]E #>`V d#Sd �#Bgnq0$dV# nBg#]d>dgn] n4 dV# `n;;#`dnB SV>;; O# Su`V dV>d dV# `n;;#`dnB gS L>g]d>g]#q
8gdVg] ±$v0J= n4 dV# >]E;# n4 g]`gq#]`# 4nB 8Vg`V dV# d#Sd gS O#g]E `n]qu`d#q2$~V# Sn;>B gBB>qg>]`# n] dV# �;>]#
n4 dV# >�#BduB# SV>;; O# EB#>d#B dV>] (TT$RCLK2

RVg;# L#>SuBg]E dV# g]`gq#]d >]E;# Lnqg4g#B g] n]# �;>]# n4 >] n�dg`>; u]SZLL#dBg`>; `n;;#`dnB dV# g]`gq#]d
>]E;# 8gdVg] dV# ndV#B �;>]# SVnu;q O# *#�d dn > '>;u# 8V#B# dV# g]`gq#]d >]E;# Lnqg4g#B qn#S ]nd qg44#B LnB#
dV>]$v )$4BnL dV# n]# >d ]nBL>; g]`gq#]`#2

w)~= e z>B# SVnu;q O# d>*#] dV>d dV# L#>SuB#L#]d n4 dV# g]`gq#]d >]E;# Lnqg4g#B gS ]nd >44#`d#q OZ g]>��Bn�Bg>d# dg;d
>]E;#S2$

w)~= v NnB >]E;#S n4 g]`gq#]`# n4 JT=0 > q#'g>dgn] n4 M$ e= ;#>qS dn >] #BBnB n4
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S�#`g4g#q g] dV# L>]u4>`duB#BSp g]Sd>;;>dgn] g]SdBu`dgn]S dV#] dV# B#`nLL#]q#q S�>`g]E SV>;; O# uS#q2$ "4 dV#
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dV# Bnn4 #qE#2$
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[2v2e2l ~V#BL>; gBB>qg>]`#

~V# �#B4nBL>]`# n4 SnL# `n;;#`dnBS gS �>Bdg`u;>B;Z S#]Sgdg'# dn dV# ;#'#;S n4 dV#BL>; gBB>qg>]`#2$ ~V#
d#L�#B>duB# n4 SuB4>`#S >qx>`#]d dn dV# `n;;#`dnB SV>;; O# >S `;nS# >S �nSSgO;# dn dV>d n4 dV# >LOg#]d >gB g]
nBq#B dn Lg]gLgk# dV# g]4;u#]`# n4 dV#BL>; B>qg>dgn]2$NnB #I>L�;#0$ dV# nudqnnB 4g#;q n4 'g#8 n4 dV# `n;;#`dnB
SV>;; ]nd g]`;uq# `VgL]#ZS0$`nn;g]E dn8#BS nB Vnd #IV>uSdS2$NnB g]qnnB >]q SgLu;>dnB d#Sdg]E0 dV# `n;;#`dnB SV>;;
O# SVg#;q#q 4BnL Vnd SuB4>`#S Su`V >S B>qg>dnBS0$>gB1`n]qgdgn]g]E qu`dS >]q L>`Vg]#BZ0$>]q 4BnL `n;q SuB4>`#S
Su`V >S 8g]qn8S >]q #Id#B]>; 8>;;S2$mVg#;qg]E gS gL�nBd>]d OndV g] 4Bn]d n4 >]q O#Vg]q dV# `n;;#`dnB2$

~V# L>xnB qg44#B#]`# O#d8##] g]qnnB >]q nudqnnB d#Sdg]E n4 u]E;>k#q `n;;#`dnBS gS dV# ;n]E 8>'# dV#BL>;
gBB>qg>]`#2$~V# B#;>dg'# ;n]E 8>'# B>qg>dgn] g] > SgLu;>dnB SV>;; ]nd O# VgEV#B dV>] ± JT RL

1v
$,dZ�g`>;;Z 1eTT

RL
1v
4nB nudqnnB `n]qgdgn]S-2$

[2v2e2} XgB S�##q

~V# �#B4nBL>]`# n4 u]E;>k#q `n;;#`dnBS gS S#]Sgdg'# dn >gB S�##q >qx>`#]d dn dV# `n;;#`dnB2$

"] nBq#B dn L>IgLgk# dV# B#�Bnqu`gOg;gdZ n4 B#Su;dS0$u]E;>k#q `n;;#`dnBS SV>;; O# Lnu]d#q Sn dV>d >gB `>] 4B##;Z
�>SS n'#B dV# 4Bn]d Sgq# n4 dV# `n;;#`dnB0$>]q #I�nS#q O>`* >]q Sgq#S n4 dV# `n;;#`dnB2$zn;;#`dnBS q#SgE]#q 4nB
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J9

[2v2v2v$ ~V#BL>; B>qg>dgn] L#>SuB#L#]d

[2v2v2v2e$ f#>SuB#L#]d n4 ;n]E 8>'# gBB>qg>]`#

X �ZBE#nL#d#B Lnu]d#q g] dV# �;>]# n4 dV# `n;;#`dnB SV>;; O# uS#q dn L#>SuB# E;nO>; V#LgS�V#Bg`>; ;n]E 8>'#
B>qg>dgn]2$

[2v2v2v2v$ :B#`>udgn] 4nB #44#`dS n4 d#L�#B>duB# EB>qg#]d

~V# �ZBE#nL#d#B uS#q quBg]E dV# d#SdS SV>;; O# �;>`#q g] dV# S>L# �;>]# >S dV# `n;;#`dnB >OSnBO#B >]q
>;;n8#q dn #1ug;gOB>d# 4nB >d ;#>Sd (T$Lg] O#4nB# L#>SuBg]E2

[2v2v2v2( :B#`>udgn]S 4nB #44#`dS n4 VuLgqgdZ >]q LngSduB#

~V# �ZBE#nL#d#B SV>;; O# �Bn'gq#q 8gdV > L#>]S n4 �B#'#]dg]E >``uLu;>dgn] n4 LngSduB# dV>d L>Z `n]q#]S#
n] SuB4>`#S 8gdVg] dV# g]SdBuL#]d >]q >44#`d gdS B#>qg]E2$X] g]SdBuL#]d 8gdV > q#Sg``>dnB dV>d `>] O# g]S�#`d#q
gS B#1ugB#q2$~V# `n]qgdgn] n4 dV# q#Sg``>dnB SV>;; O# nOS#B'#q �BgnB dn >]q 4n;;n8g]E #>`V q>g;Z L#>SuB#L#]d
S#1u#]`#2$

[2v2v2v29 :B#`>udgn]S 4nB #44#`d n4 SVnBd 8>'# V#>dg]E

~V# g]4;u#]`# n4 SVnBd 8>'# Sn;>B V#>dg]E #44#`dS SVnu;q O# Lg]gLgS#q2$

[2v2v2( ~#L�#B>duB# L#>SuB#L#]dS

~#L�#B>duB#S SV>;; O# L#>SuB#q g] >``nBq>]`# 8gdV [2e2v2(2

[2v2v29 f#>SuB#L#]d n4 `n;;#`dnB ;g1ugq 4;n8B>d#

Ug1ugq 4;n8B>d#S SV>;; O# L#>SuB#q g] >``nBq>]`# 8gdV [2e2v292$

[2v2v2J f#>SuB#L#]d n4 >gB S�##q

[2v2v2J2e$ _#]#B>;

XgB S�##q SV>;; O# L#>SuB#q g] >``nBq>]`# 8gdV [2e2v2J2e2

[2v2v2J2v$ \#1ugB#q >``uB>`Z n4 >gB S�##q

~V# S�##q n4 dV# SuBBnu]qg]E >gB n'#B dV# 4Bn]d SuB4>`# n4 dV# `n;;#`dnB SV>;; O# L#>SuB#q dn > Sd>]q>Bq
u]`#Bd>g]dZ n4$T0vJ LS

1e
2$0]q#B nudqnnB `n]qgdgn]S dV# SuBBnu]qg]E >gB S�##q gS S#;qnL `n]Sd>]d >]q EuSdg]E

4B#1u#]d;Z n``uBS2$~V# L#>SuB#L#]d n4 >] >'#B>E# >gB S�##q gS dV#B#4nB# B#1ugB#q quBg]E dV# d#Sd �#Bgnq2 ~VgS
L>Z O# nOd>g]#q #gdV#B OZ >] >BgdVL#dg` >'#B>E# n4 S>L�;#q '>;u#S nB OZ > dgL# g]d#EB>dgn] n'#B dV# d#Sd
�#Bgnq2

w)~= "d SVnu;q O# d>*#] g]dn `n]Sgq#B>dgn] dV>d >]#LnL#d#BS V>'# Sd>Bdg]E ;gLgdS 8Vg`V ;g# O#d8##]$T0J LS1e >]q$e$LS1
e2$$~V#B#4nB#0$`n]Sgq#B>O;# #BBnBS L>Z n``uB 4nB >gB '#;n`gdg#S ;#SS dV>]$e$LS1e2$

[2v2v2J2( fnu]dg]E n4 S#]SnBS

~V# 8g]q S�##q SV>;; O# L#>SuB#q 8Vg;# >qxuSdg]E dV# 8g]q E#]#B>dnB0$uSg]E > V>]q V#;q >]#LnL#d#B >d >
V#gEVd n4$eT$LL dn JT$LL >On'# dV# `n;;#`dnB >�#BduB# �;>]#2$$X �#BL>]#]d;Z g]Sd>;;#q >]#LnL#d#B SV>;; O#
�;>`#q >d n]# #qE# n4 dV# `n;;#`dnB g] nBq#B dn Su�#B'gS# dV# n�#B>dgn] n4 dV# 8g]q E#]#B>dnB2$ $ ~VgS
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JJ

>]#LnL#d#B SV>;; O# Lnu]d#q n] > On>Bq Sn dV>d dV#B# gS > `n]dg]unuS SuB4>`# �ng]dg]E dn8>BqS dV# 8g]q
E#]#B>dnB 4BnL dV# `n;;#`dnB #qE# dn$T0( L O#Vg]q dV# >]#LnL#d#B2$

w)~= ~V# B#`nBq#q '>;u# n4 dV# 8g]q S�##q gS ]nd dV# >gB S�##q >On'# dV# `n;;#`dnB >�#BduB#2$

X S#Bg#S n4 L#>SuB#L#]dS SV>;; O# d>*#] >d ]g]# #1u>;;Z S�>`#q �nSgdgn]S n'#B dV# `n;;#`dnB >B#>2$X] >'#B>E#
'>;u# SV>;; dV#] O# q#d#BLg]#q2$NnB > `n;;#`dnB dV>d qn#S ]nd V>'# O>`* g]Su;>dgn] nB gS ]nd Lnu]d#q n] >
SgLu;>d#q Bnn4 SuB4>`#0$ dV# >gB S�##q SV>;; O# L#>SuB#q n'#B dV# 4Bn]d >]q O>`* SuB4>`#S2$~V# >'#B>E# >gB
S�##q n] dV# 4Bn]d >]q O>`* SuB4>`# SV>;; O# uS#q g] dV# q>d> `nBB#;>dgn]2

,uBg]E dV# d#Sd dV# >gB S�##q SV>;; O# Ln]gdnB#q >d > `n]'#]g#]d �ng]d dV>d V>S O##] `>;gOB>d#q B#;>dg'# dn dV#
L#>] >gB S�##q n'#B dV# `n;;#`dnB2$~V# >]#LnL#d#B SV>;; ]nd `>Sd > SV>qn8 n] dV# `n;;#`dnB quBg]E dV# d#SdS2$

[2v2v2[ :B#SSuB# L#>SuB#L#]dS

~V# g];#d �B#SSuB# dn dV# `n;;#`dnB >]q dV# �B#SSuB# qBn� >`BnSS dV# `n;;#`dnB SV>;; O# L#>SuB#q 8gdV > q#'g`#
V>'g]E >] #BBnB n4 J$) n4 dV# L#>SuB#q '>;u# nB ± eT$:>2$"4 dV# `n;;#`dnB gS Su��;g#q g] Lnqu;#S dV# �B#SSuB#
qBn� SV>;; O# S�#`g4g#q �#B Lnqu;#2 NnB SdBg� >OSnBO#BS dV# �B#SSuB# SV>;; O# S�#`g4g#q �#B L#dB# Bu] n4 SdBg�2$

[2v2v2l =;>�S#q dgL#

=;>�S#q dgL# SV>;; O# L#>SuB#q g] >``nBq>]`# 8gdV [2e2v2[2$

[2v2v2} "]SdBuL#]d>dgn]Cq>d> B#`nBq#BS

"]SdBuL#]d>dgn] >]q q>d> B#`nBq#BS SV>;; `n]4nBL dn [2e2v2l2

[2v2v2/ zn;;#`dnB >B#>

~V# `n;;#`dnB >B#> SV>;; `n]4nBL dn [2e2v2}2$

[2v2v2eT zn;;#`dnB 4;ugq `>�>`gdZ

~V# `n;;#`dnB 4;ugq `>�>`gdZ SV>;; `n]4nBL dn [2e2v2/2

[2v2( ~#Sd g]Sd>;;>dgn]

~V# d#Sd g]Sd>;;>dgn] SV>;; O# g] >``nBq>]`# 8gdV [2e2(2

[2v29 )udqnnB Sd#>qZ Sd>d# #44g`g#]`Z d#Sd

[2v292e$ ~#Sd g]Sd>;;>dgn]

~V# d#Sd g]Sd>;;>dgn] SV>;; `n]4nBL dn [2e292e2$

[2v292v$ :B#`n]qgdgn]g]E n4 dV# `n;;#`dnB

~V# `n;;#`dnB SV>;; O# �B#`n]qgdgn]#q g] >``nBq>]`# 8gdV [2e292v2

[2v292( ~#Sd `n]qgdgn]S

Xd dV# dgL# n4 dV# d#Sd0$dV# ]#d gBB>qg>]`# >d dV# �;>]# n4 dV# `n;;#`dnB >�#BduB# SV>;; O# EB#>d#B dV>] [JT$RL1v2$
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J[

w)~= "4 dV# L>]u4>`duB#B V>S ;gLgd>dgn]S n] n�#B>dgn] 8gdV B#S�#`d dn L>IgLuL gBB>qg>]`# Oud ]nd ;#SS dV>] }TT$RL1v0$
dVgS `>] O# B#1u#Sd#q 8gdV dV# d#Sd2$~V>d L>IgLuL '>;u# SVnu;q O# `;#>B;Z Sd>d#q g] dV# B#�nBd2$

~V# >]E;# n4 g]`gq#]`# n4 qgB#`d Sn;>B B>qg>dgn] >d dV# `n;;#`dnB >�#BduB# SV>;; O# g] dV# B>]E# g] 8Vg`V dV#
g]`gq#]`# >]E;# Lnqg4g#B 4nB dV# `n;;#`dnB '>Bg#S OZ ]n LnB# dV>] ±$v$)$4BnL gdS '>;u# >d ]nBL>; g]`gq#]`#2$X]
>]E;# n4 g]`gq#]`# Lnqg4g#B SV>;; O# `>;`u;>d#q Sn dV>d `n;;#`dnB �#B4nBL>]`# `>] O# `V>B>`d#Bgk#q >d ndV#B
>]E;#S2

~V# >'#B>E# '>;u# n4 dV# SuBBnu]qg]E >gB S�##q0$ d>*g]E g]dn >``nu]d S�>dg>; '>Bg>dgn]S n'#B dV# `n;;#`dnB >]q
d#L�nB>; '>Bg>dgn]S quBg]E dV# d#Sd �#Bgnq0$SV>;; ;g# g] dV# B>]E# q#4g]#q g] [2e2J2J2

0];#SS ndV#B8gS# S�#`g4g#q0$ dV# 4;ugq 4;n8B>d# SV>;; O# S#d >d >��BnIgL>d#;Z$ T0T9 *ECS �#B S1u>B# L#dB# n4
`n;;#`dnB EBnSS >B#>2$"d SV>;; O# V#;q Sd>O;# dn 8gdVg] ±$e$)$n4 dV# S#d '>;u# quBg]E #>`V d#Sd �#Bgnq0$>]q SV>;;
]nd '>BZ OZ LnB# dV>] ± eT$)$n4 dV# S#d '>;u# 4BnL n]# d#Sd �#Bgnq dn >]ndV#B2$

~V# d#Sdg]E >d > ;n8#B 4;n8B>d# L>Z O# >``nLLnq>d#q OZ >qV#Bg]E dn L>]u4>`duB#BS S�#`g4g`>dgn]2

"] SnL# `n;;#`dnBS dV# B#`nLL#]q#q 4;ugq 4;n8B>d# L>Z O# `;nS# dn dV# dB>]Sgdgn] B#Egn] O#d8##] ;>Lg]>B >]q
duBOu;#]d 4;n82$ ~VgS L>Z `>uS# g]Sd>Og;gdZ n4 dV# g]d#B]>; V#>d dB>]S4#B `n#44g`g#]d >]q V#]`# '>Bg>dgn]S g]
L#>SuB#L#]dS n4 `n;;#`dnB #44g`g#]`Z2$"] nBq#B dn `V>B>`d#Bgk# Su`V > `n;;#`dnB g] > B#�Bnqu`gO;# 8>Z0$gd L>Z O#
]#`#SS>BZ dn uS# > VgEV#B 4;n8B>d#0$Oud dVgS SV>;; O# `;#>B;Z Sd>d#q 8gdV dV# d#Sd B#Su;dS2$

f#>SuB#L#]dS n4 4;ugq d#L�#B>duB# qg44#B#]`# n4 ;#SS dV>]$e$D SV>;; ]nd O# g]`;uq#q g] dV# d#Sd B#Su;dS O#`>uS#
n4 dV# >SSn`g>d#q �BnO;#LS n4 g]SdBuL#]d >``uB>`Z2$

[2v2929 ~#Sd �Bn`#quB#

~V# `n;;#`dnB SV>;; O# d#Sd#q n'#B gdS n�#B>dg]E d#L�#B>duB# B>]E# u]q#B `;#>B S*Z `n]qgdgn]S g] nBq#B dn
q#d#BLg]# gdS #44g`g#]`Z `V>B>`d#BgSdg`2$ ,>d> �ng]dS 8Vg`V S>dgS4Z dV# B#1ugB#L#]dS Eg'#] O#;n8 SV>;; O#
nOd>g]#q >``nBqg]E dn ~>O;# l2

)]# g];#d d#L�#B>duB# SV>;; O# S#;#`d#q Sn dV>d dV# L#>] 4;ugq d#L�#B>duB# g] dV# `n;;#`dnB ;g#S 8gdVg] ± ( D n4
dV# >LOg#]d >gB d#L�#B>duB#0$g] nBq#B dn nOd>g] >] >``uB>d# q#d#BLg]>dgn] n4 ηn2$

w)~= e 0]q#B `n]Sgq#B>dgn] n4 dV# `n]qgdgn] dV>d dV# 4;ugq g];#d d#L�#B>duB# SV>;; O# VgEV#B dV>] dV# q#8 �ng]d
d#L�#B>duB# n4 dV# SuBBnu]qg]E >gB0 dV# g];#d d#L�#B>duB# SVnu;q O# `VnS#] Su`V dV>d ~L s ~> M ( D >��;g#S2$$pn8#'#B0 dV#
g];#d d#L�#B>duB# SVnu;q g] ]n `>S# O# ;n8#B dV>] dV# q#8 �ng]d d#L�#B>duB#2
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Jl

~>O;# l$1$\>]E# n4 dV#BL>; �#B4nBL>]`# d#Sd `n]qgdgn]S

~#Sd �ng]d w#d gBB>qg>]`# ~L$,L#>] d#L�#B>duB#- XgB m�##q �>B>;;#; dn zn;;#`dnB

RL1v D LS1e

e$ %[JT ~L s ~> ± ( D b$e$
v$ %[JT ~L s ~> ± ( D$ e0J ±$T0J
( %[JT ~L s ~> ± ( D ( ±$T0J
9 %[JT ~Ls ~>/T0J ,∆#L>I- ± ( D b$e$
J %[JT ~Ls ~>/T0J$,∆#L>I-$± ( D$ e0J ±$T0J
[ %[JT ~Ls ~>/T0J$,∆#L>I-$± ( D ( ±$T0J
l %[JT ~L s ~>/∆#L>I± ( D b$e$
} %[JT ~L s ~>/∆#L>I± ( D e0J ±$T0J
/ %[JT ~L s ~>/∆#L>I± ( D ( ±$T0J

∆#L>I gS dV# #I�#`d#q L>IgLuL d#L�#B>duB# qg44#B#]`# O#d8##] >OSnBO#B L#>] d#L�#B>duB# >]q >LOg#]d
d#L�#B>duB# g] B#>; n�#B>dgn]2$

w)~=$v$NnB dZ�g`>; S8gLLg]E �nn; >��;g`>dgn]S dVgS ∆#L>I 8g;; uSu>;;Z O# ;gLgd#q dn >Onud$eT D nB ;#SS2$

Xd ;#>Sd d8n g]q#�#]q#]d q>d> �ng]dS SV>;; O# nOd>g]#q 4nB #>`V 4;ugq g];#d d#L�#B>duB#2$"4 d#Sd `n]qgdgn]S �#BLgd0
>] #1u>; ]uLO#B n4 q>d> �ng]dS SV>;; O# d>*#] O#4nB# >]q >4d#B Sn;>B ]nn] 4nB #>`V 4;ugq g];#d d#L�#B>duB#2$~V#
;>dd#B gS ]nd B#1ugB#q g4 dV# `n;;#`dnBS >B# Ln'#q dn 4n;;n8 dV# Su] g] >kgLudV >]q >;dgduq# uSg]E >udnL>dg`
dB>`*g]E2$

,uBg]E > d#Sd0$L#>SuB#L#]dS SV>;; O# L>q# >S S�#`g4g#q g] [2v292J2 ~V#S# L>Z dV#] O# uS#q dn gq#]dg4Z d#Sd
�#BgnqS 4BnL 8Vg`V S>dgS4>`dnBZ q>d> �ng]dS `>] O# q#Bg'#q2$

[2v292J f#>SuB#L#]dS

~V# 4n;;n8g]E q>d> SV>;; O# L#>SuB#q@$

1$ `n;;#`dnB EBnSS >B#> X_ >]q >OSnBO#B >B#> XX0$L#>SuB#q >d n�#B>dg]E �B#SSuB# `n]qgdgn]SQ

1$ 4;ugq `>�>`gdZQ

1$ E;nO>; Sn;>B gBB>qg>]`# >d dV# `n;;#`dnB >B#>Q$

1$ qg44uS# Sn;>B gBB>qg>]`# >d dV# `n;;#`dnB >B#>$,n];Z nudqnnBS- Q$

1$ ;n]E 8>'# dV#BL>; gBB>qg>]`# g] dV# `n;;#`dnB �;>]# ,nB q#8 �ng]d d#L�#B>duB# #q�2-Q

1$ SuBBnu]qg]E >gB S�##qQ
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J}

1 SuBBnu]qg]E >gB d#L�#B>duB#Q

1 d#L�#B>duB# n4 dV# V#>d dB>]S4#B 4;ugq >d dV# `n;;#`dnB g];#dQ$

1 d#L�#B>duB# n4 dV# V#>d dB>]S4#B 4;ugq >d dV# `n;;#`dnB nud;#dQ$

1 4;n8B>d# n4 dV# V#>d dB>]S4#B 4;ugq2

[2v292[ ~#Sd �#Bgnq$,Sd#>qZ Sd>d#-

m�#`g4g`>dgn] Eg'#] g] [2e292[ >��;g#S0$d>*g]E g]dn >``nu]d ~>O;# }2$

~>O;# }$1$:#BLgdd#q q#'g>dgn] n4 L#>SuB#q �>B>L#d#BS quBg]E >L#>SuB#L#]d �#Bgnq

:>B>L#d#B mZLOn; ,#'g>dgn] 4BnL dV# L#>] '>;u#

~nd>; SVnBd 8>'# Sn;>B gBB>qg>]`# _ ± JT$RL1v

Un]E 8>'# dV#BL>; gBB>qg>]`# =U ±$vT$RL1v

muBBnu]qg]E >gB d#L�#B>duB# #o ±$e$D

N;ugq L>SS B>d# L
2 ±$e$)$

zn;;#`dnB 4;ugq g];#d d#L�#B>duB# #w| ±$T0e D

muBBnu]qg]E >gB S�##q $ ±$T0J LS1e

[2v292l :B#S#]d>dgn] n4 B#Su;dS

m�#`g4g`>dgn] Eg'#] g] [2e292l >��;g#S2$

[2v292} znL�ud>dgn] n4 `n;;#`dnB nud�ud

[2v292}2e$ _#]#B>;

m�#`g4g`>dgn] Eg'#] g] [2e292}2e$>��;Z0$8gdV dV# 4n;;n8g]E >qqgdgn]S@

~V# d#Sd B#Su;dS SV>;; O# uS#q dn `nL�ud# #44g`g#]`Z η 4BnL dV# 4n;;n8g]E #1u>dgn]@

_X ′′
=
K
2

$ ,e}-$

_++$gS dV# ]#d gBB>qg>]`# q#d#BLg]#q OZ dV# #1u>dgn]

_++$s_/,εCα-,=U1σ~>9-$ ,e/-$

dV# '>;u#$,εCα-$SV>;; O# d>*#] T0}J u];#SS dV# L>]u4>`duB#B `>] Su��;Z > L#>SuB#q '>;u#2$
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[J

w)~= ~V# >kgLudV>; q#'g>dgn] n4 `n;;#`dnB$ ,nB �ZB>]nL#d#B-$ 4BnL qu# SnudV0 SVnu;q O# d>*#] g]dn >``nu]d 8V#]
`>;`u;>dg]E dV# >]E;# n4 g]`gq#]`# n4 Sn;>B B>qg>dgn] n]dn dV# `n;;#`dnB >�#BduB#2$ U>BE#B q#'g>dgn]S 4BnL SnudV L>Z O#
>``#�d>O;#0$Oud 8g;; ;#>q dn > ]n]1SZLL#dBg`>; >]Eu;>B qgSdBgOudgn] n4 O#>L B>qg>dgn] g] NgEuB# }$,S## [2(292[2v-2$~VgS L>Z
;#>q dn S;gEVd;Z Og>S#q g]`gq#]`# >]E;# q#�#]q#]`# n4 dV# `n;;#`dnB2 ~V# >`du>; g]`gq#]`# >]E;# SVnu;q O# `>;`u;>d#q 8gdV >
Sd>]q>Bq u]`#Bd>g]dZ O#dd#B dV>] ±$e=2$

"] `>S# n4 `n]`#]dB>dg]E `n;;#`dnBS0$ dV# dB>`*g]E q#'g`# n4 dV# L>]u4>`duB#B SVnu;q O# uS#q g4 �nSSgO;#2$ "] `>S# n4 ]n]
gL>Eg]E Sd>dgn]>BZ `n;;#`dnBS >S z:zS0$ dV#Z SVnu;q O# Lnu]d#q Sn dV>d dV# O#>L B>qg>dgn] 4BnL dV# Su] 4>;;S 8gdVg] dV#
>]Eu;>B >``#�d>]`# B>]E# n4 dV# q#SgE]2$

[2(2e2J mV>qg]E 4BnL qgB#`d Sn;>B gBB>qg>]`#

mV>qg]E SV>;; O# g] >``nBq>]`# 8gdV [2e2e2J2$

[2(2e2[ ,g44uS# >]q B#4;#`d#q Sn;>B gBB>qg>]`#

m�#`g4g`>dgn] Eg'#] g] [2e2e2[ >��;g#S2$U>Sd S#`dgn] n4 [2e2e2[0$d#Id >Onud Sn;>B SgLu;>dnB d#SdS gS ]nd >��;g`>O;#2

[2(2e2l ~V#BL>; gBB>qg>]`#

~V# �#B4nBL>]`# n4 SnL# `n;;#`dnBS gS �>Bdg`u;>B;Z S#]Sgdg'# dn dV# ;#'#;S n4 dV#BL>; gBB>qg>]`#2$ ~V#
d#L�#B>duB# n4 SuB4>`#S >qx>`#]d dn dV# `n;;#`dnB SV>;; O# >S `;nS# >S �nSSgO;# dn dV>d n4 dV# >LOg#]d >gB g]
nBq#B dn Lg]gLgS# dV# g]4;u#]`# n4 dV#BL>; B>qg>dgn]2$NnB #I>L�;#0$ dV# nudqnnB 4g#;q n4 'g#8 n4 dV# `n;;#`dnB
SV>;; ]nd g]`;uq# `VgL]#ZS0 `nn;g]E dn8#BS nB Vnd #IV>uSdS2 mVg#;qg]E gS gL�nBd>]d OndV g] 4Bn]d n4 >]q O#Vg]q
dV# `n;;#`dnB2

[2(2e2} muBBnu]qg]E XgB m�##q

_;>k#q `n;;#`dnBS SV>;; `n]4nBL dn [2e2e2} >]q u]E;>k#q `n;;#`dnBS SV>;; `n]4nBL dn [2v2e2}2

[2(2v$ "]SdBuL#]d>dgn]

[2(2v2e$ mn;>B B>qg>dgn] L#>SuB#L#]d

f#>SuB#L#]dS SV>;; `n]4nBL dn [2e2v2e2

[2(2v2e2e$ :ZB>]nL#d#B

:ZB>]nL#d#BS SV>;; `n]4nBL dn [2e2v2e2e 8gdV dV# 4n;;n8g]E #I`#�dgn]@ muO`;>uS# [2e2v2e2e2J gS ]nd >��;g`>O;#2

[2(2v2v$ ~V#BL>; B>qg>dgn] L#>SuB#L#]d

f#>SuB#L#]dS SV>;; O# g] >``nBq>]`# 8gdV [2v2v2v2$

[2(2v2( ~#L�#B>duB# L#>SuB#L#]dS

f#>SuB#L#]dS SV>;; `n]4nBL dn [2e2v2(2

[2(2v29 f#>SuB#L#]d n4 `n;;#`dnB ;g1ugq 4;n8B>d#

f#>SuB#L#]dS SV>;; O# g] >``nBq>]`# 8gdV [2e2v292$
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[[

[2(2v2J f#>SuB#L#]d n4 >gB S�##q

[2(2v2J2e$ _#]#B>;

f#>SuB#L#]dS SV>;; O# g] >``nBq>]`# 8gdV [2e2v2J2e2

[2(2v2J2v$ \#1ugB#q >``uB>`Z

~V# S�##q n4 dV# SuBBnu]qg]E >gB n'#B dV# 4Bn]d SuB4>`# n4 dV# `n;;#`dnB SV>;; O# L#>SuB#q dn > Sd>]q>Bq
u]`#Bd>g]dZ n4$T0J LS1e$,E;>k#q `n;;#`dnBS-$>]q$T0vJ LS1e ,u]E;>k#q `n;;#`dnBS-2$0]q#B nudqnnB `n]qgdgn]S dV#
SuBBnu]qg]E >gB S�##q gS S#;qnL `n]Sd>]d0$>]q EuSdg]E 4B#1u#]d;Z n``uBS2$~V# L#>SuB#L#]d n4 >] >'#B>E# >gB
S�##q gS dV#B#4nB# B#1ugB#q quBg]E dV# d#Sd �#Bgnq2$~VgS L>Z O# nOd>g]#q OZ > dgL# g]d#EB>dgn] n'#B dV# d#Sd
�#Bgnq2

[2(2v2J2( fnu]dg]E n4 S#]SnBS

RV#] d#Sdg]E nudqnnBS g] ;n`>dgn]S 8V#B# dV# L#>] >gB S�##q ;g#S O#;n8 v$LS1e0$>] >Bdg4g`g>; 8g]q E#]#B>dnB
SV>;; O# uS#q0$>]q >]#LnL#d#B L#>SuB#L#]dS SV>;; O# 4gdd#q 4nB `n]dg]unuS L#>SuB#L#]d n4 >gB '#;n`gdZ2$~VgS
>]#LnL#d#B SV>;; O# Lnu]d#q n] > On>Bq Sn dV>d dV#B# gS `n]dg]unuS SuB4>`# �ng]dg]E dn8>BqS dV# 8g]q
E#]#B>dnB 4BnL dV# `n;;#`dnB #qE# dn$T0( L O#Vg]q dV# >]#LnL#d#B2$~V# u]g4nBLgdZ n4 >gB S�##q g] dV# 4g#;q n4
`n;;#`dnB >�#BduB# SV>;; O# `V#`*#q >S dV# >gB S�##q L>Z '>BZ 4BnL n]# #]q n4 dV# `n;;#`dnB dn dV# ndV#B2$X
S#Bg#S n4 >gB S�##q L#>SuB#L#]d SV>;; dV#B#4nB# O# d>*#]0$>d > qgSd>]`# n4$eTT$LL g] 4Bn]d n4 dV# `n;;#`dnB
>�#BduB# >]q #1u>;;Z S�>`#q �nSgdgn]S n'#B dV# `n;;#`dnB >B#>2 X] >'#B>E# '>;u# SV>;; dV#] O# q#d#BLg]#q >]q
B#;>d#q dn dV# `n]dg]unuS L#>SuB#L#]d2$

"] 8g]qZ ;n`>dgn]S0 dV# 8g]q S�##q L#>SuB#L#]d SV>;; O# L>q# ]#>B dn dV# `n;;#`dnB >d dV# Lgq V#gEVd n4 dV#
`n;;#`dnB2$~V# S#]SnB SV>;; ]nd O# SVg#;q#q 4BnL dV# 8g]q >]q gd SV>;; ]nd `>Sd > SV>qn8 n] dV# `n;;#`dnB quBg]E
d#Sd �#BgnqS2$

[2(2v2[ :B#SSuB# L#>SuB#L#]dS

f#>SuB#L#]dS SV>;; O# g] >``nBq>]`# 8gdV [2v2v2[2$

[2(2v2l =;>�S#q dgL#

~gL# SV>;; O# L#>SuB#q g] >``nBq>]`# 8gdV [2e2v2[2

[2(2v2} "]SdBuL#]d>dgn]Cq>d> B#`nBq#BS

"]SdBuL#]dS SV>;; `n]4nBL dn [2e2v2l2$

[2(2v2/ zn;;#`dnB >B#>

~V# `n;;#`dnB >B#> SV>;; `n]4nBL dn [2e2v2}2$

[2(2v2eT$ zn;;#`dnB 4;ugq `>�>`gdZ

N;ugq `>�>`gdZ SV>;; `n]4nBL dn [2e2v2/2

[2(2( ~#Sd g]Sd>;;>dgn]

~V# g]Sd>;;>dgn] SV>;; O# d#Sd#q g] >``nBq>]`# 8gdV [2e2(2
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[l

[2(29 )udqnnB #44g`g#]`Z d#Sd

[2(292e$ ~#Sd g]Sd>;;>dgn]

~V# g]Sd>;;>dgn] SV>;; O# d#Sd#q g] >``nBq>]`# 8gdV [2e292e2

[2(292v$ :B#`n]qgdgn]g]E n4 dV# `n;;#`dnB

~V# `n;;#`dnB SV>;; O# �B#`n]qgdgn]#q g] >``nBq>]`# 8gdV [2e292v2

[2(292( ~#Sd `n]qgdgn]S

"] dV# 4n;;n8g]E0$ d#Sd B#1ugB#L#]dS >B# Eg'#] 4nB 8V>d `>] O# `>;;#q > 1u>Sg1qZ]>Lg` d#Sd L#dVnq ,K,~-2$~n
4>`g;gd>d# dV# u]q#BSd>]qg]E >]q >``#�d>]`# n4 dVgS *g]q n4 >��Bn>`V0$ dV# B#`nLL#]q#q d#Sd S#1u#]`# >]q
ndV#B d#Sd B#1ugB#L#]dS Eg'#] V#B# >B# `;nS#;Z `n]]#`d#q dn dVnS# 8gq#;Z >``#�d#q 4nB Sd#>qZ1Sd>d# d#Sdg]E n4
Sn;>B dV#BL>; `n;;#`dnBS0$>S nud;g]#q g] [2e$>]q [2v2$i>Sg`>;;Z dV# q#L>]q n] Sugd>O;# d#Sd q>d> >B# dV# S>L#
4nB OndV dZ�#S n4 >��Bn>`V#S0$>]q V#]`# dV# B#`nLL#]q#q d#Sd S#1u#]`# 8g;; >;;n8 >;Sn 4nB `n]'#]dgn]>;
Sd#>qZ1Sd>d# �>B>L#d#B gq#]dg4g`>dgn]0$ OZ nOd>g]g]E >]q `uddg]E nud dVnS# L#>SuB#L#]d q>d> S#1u#]`#S
`nBB#S�n]qg]E dn Sd#>qZ1Sd>d# B#1ugB#L#]dS2$~V# d#Sd L#dVnq >]q B#`nLL#]q#q d#Sd S#1u#]`#0$8g;; `nLOg]#
>]q >;;n8 4nB dV# #'>;u>dgn] n4 dV# #44#`dg'# dV#BL>; `>�>`gd>]`#0$g]`gq#]`# >]E;# Lnqg4g#B$1$,"Xf-0$8g]q S�##q$
1$>S 8#;; >S S*Z d#L�#B>duB#$1$q#�#]q#]`# n4 dV# `n;;#`dnB #44g`g#]`Z2$"] dV# `n;;#`dnB �>B>L#d#B gq#]dg4g`>dgn]
�V>S# dV# `n;;#`dnB Lnq#; n4 >`du>; uS#4u; �n8#B gS uS#q2$

~V# >'#B>E# '>;u# n4 dV# SuBBnu]qg]E >gB S�##q0$d>*g]E g]dn >``nu]d S�>dg>; '>Bg>dgn]S n'#B dV# `n;;#`dnB >]q
d#L�nB>; '>Bg>dgn]S quBg]E dV# d#Sd �#Bgnq0 SV>;; O# EB#>d#B dV>]$e$LS1e >]q ;#SS dV>] 9 LS1e2$Rg]q E#]#B>dnBS
L>Z O# uS#q g4 ]#`#SS>BZ dn >`Vg#'# Su44g`g#]d 8g]q S�##qS2

0];#SS ndV#B8gS# S�#`g4g#q0$ dV# 4;ugq 4;n8B>d# SV>;; O# S#d >d >��BnIgL>d#;Z T0Tv$ *ES1e �#B S1u>B# L#dB# n4
`n;;#`dnB B#4#B#]`# >B#>$,X-2$"d SV>;; O# V#;q Sd>O;# dn 8gdVg] ± e$)$n4 dV# S#d '>;u# quBg]E #>`V d#Sd �#Bgnq0$>]q
SV>;; ]nd '>BZ OZ LnB# dV>] ± eT$)$n4 dV# S#d '>;u# 4BnL n]# d#Sd �#Bgnq dn >]ndV#B2$~#Sdg]E >d ndV#B 4;n8B>d#S
`>] O# >``nLLnq>d#q OZ >qV#Bg]E dn L>]u4>`duB#B+S S�#`g4g`>dgn]2

"] SnL# `n;;#`dnBS dV# B#`nLL#]q#q 4;ugq 4;n8B>d# L>Z O# `;nS# dn dV# dB>]Sgdgn] B#Egn] O#d8##] ;>Lg]>B >]q
duBOu;#]d 4;n82$ ~VgS L>Z `>uS# g]Sd>Og;gdZ n4 dV# g]d#B]>; V#>d dB>]S4#B `n#44g`g#]d >]q V#]`# '>Bg>dgn]S g]
L#>SuB#L#]dS n4 `n;;#`dnB #44g`g#]`Z2$"] nBq#B dn `V>B>`d#BgS# Su`V > `n;;#`dnB g] > B#�Bnqu`gO;# 8>Z0$gd L>Z O#
]#`#SS>BZ dn uS# > VgEV#B 4;n8B>d#0$Oud dVgS SV>;; O# `;#>B;Z Sd>d#q 8gdV dV# d#Sd B#Su;dS2

f#>SuB#L#]dS n4 4;ugq d#L�#B>duB# qg44#B#]`# n4 ;#SS dV>]$ e0T$D SV>;; ]nd O# g]`;uq#q g] dV# d#Sd B#Su;dS0
O#`>uS# n4 dV# >SSn`g>d#q �BnO;#LS n4 g]SdBuL#]d >``uB>`Z2

w)~= XS dV# 1u>Sg1qZ]>Lg` L#dVnq gS O>S#q n] dV# Lg]gLgS>dgn] n4 dV# #BBnB g] dV# �n8#B nud�ud n4 dV# `n;;#`dnB$,]nd
#44g`g#]`Z >S g] Sd>dgn]>BZ d#Sdg]E q#S`BgO#q g] [2e$>]q [2v-$ dV# B#;>dg'# #BBnB n4 ;n8 4;ugq d#L�#B>duB# qg44#B#]`#S 8g;; ]n
;n]E#B `>uS# > �BnO;#L2$~V#B#4nB# dV# ;gLgd>dgn] dn$e0T$D d#L�#B>duB# qg44#B#]`# `>] O# B#Ln'#q g] > ;>d#B B#'gSgn] n4 dV#
Sd>]q>Bq >]q LnB# q>d> 4BnL #>`V d#Sd q>Z `>] O# uS#q2$

[2(2929 ~#Sd �Bn`#quB#

~V# `n;;#`dnB SV>;; O# d#Sd#q n'#B gdS n�#B>dg]E d#L�#B>duB# B>]E# u]q#B nudqnnB `n]qgdgn]S g] nBq#B dn
q#d#BLg]# gdS #44g`g#]`Z `V>B>`d#BgSdg`S2$ ,>d> �ng]dS 8Vg`V S>dgS4Z dV# B#1ugB#L#]dS Eg'#] O#;n8 SV>;; O#
nOd>g]#q 4nB >d ;#>Sd 9 4;ugq g];#d d#L�#B>duB#S S�>`#q #'#];Z n'#B dV# n�#B>dg]E d#L�#B>duB# B>]E# n4 dV#
`n;;#`dnB2
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"4 �nSSgO;#0$n]# g];#d d#L�#B>duB# SV>;; O# S#;#`d#q Su`V dV>d dV# L#>] 4;ugq d#L�#B>duB# g] dV# `n;;#`dnB ;g#S
8gdVg] ± ( D n4 dV# >LOg#]d >gB d#L�#B>duB# >d >Bnu]q Sn;>B ]nn]0$g] nBq#B dn nOd>g] >] >``uB>d# q#d#BLg]>dgn]
n4 ηn2$~V# g];#d d#L�#B>duB# SV>;; O# *#�d >On'# dV# q#8 �ng]d0 Sn dV>d `n]q#]S>dgn] n4 8>d#B n] dV# >OSnBO#B
gS >'ngq#q0 8Vg`V ndV#B8gS# 8nu;q B#Su;d g] #BBn]#nuS d#Sd B#Su;dS2 R#>dV#B `n]qgdgn]S SV>;; O# >S q#S`BgO#q g]
[2(292[0$S#1u#]`# dZ�#$e$>]q$v2

~V# S#`n]q >]q dVgBq g];#d d#L�#B>duB# SV>;; O# S#;#`d#q Sn dV>d dV# L#>] 4;ugq d#L�#B>duB# g] dV# `n;;#`dnB gS
#'#];Z S�>`#q O#d8##] dV# ;n8#Sd >]q VgEV#Sd n�#B>dg]E B>]E# n4 dV# `n;;#`dnB0$>S L#>SuB#q >d >Onud Sn;>B
]nn]2$NnB u]E;>k#q `n;;#`dnBS n];Z ( 4;ugq g];#d d#L�#B>duB#S >B# B#1u#Sd#q2 ~V# S#`n]q SV>;; dV#] O# `VnS#]
dn O# `;nS# dn dV# Lgqq;# n4 dV# n�#B>dg]E B>]E# n4 dV# `n;;#`dnB2$R#>dV#B `n]qgdgn]S SV>;; O# >S q#S`BgO#q g]
[2(292[0$S#1u#]`# dZ�# (2$

,#�#]qg]E n] dZ�# n4 `n;;#`dnB0$dV# VgEV#Sd 4;ugq g];#d d#L�#B>duB# SV>;; O# `VnS#] >S S�#`g4g#q g] [2e2929 >]q
[2v29292$

~V# `V>]E# g] g];#d d#L�#B>duB# SVnu;q O# qn]# >4d#B #>`V d#Sd S#1u#]`# V>S O##] `nL�;#d#q2$,>d> B#`nBq#q
quBg]E dVgS &Sd#�1`V>]E#&$�#Bgnq SV>;; ]nd O# g]`;uq#q g] dV# d#Sd q>d>2$~V# g];#d d#L�#B>duB# SV>;; O# *#�d
Sd>O;# 8gdVg] ± e$D quBg]E #>`V d#Sd S#1u#]`#2

w)~=$e$ "4 `nL�>BgSn] 8gdV Sd#>qZ1Sd>d# �>B>L#d#BS gS dn O# qn]#0$ >d ;#>Sd 9 q>d> �ng]dS 8gdV dV# B#1ugB#q quB>dgn]0$
SVnu;q O# nOd>g]#q 4nB #>`V 4;ugq g];#d d#L�#B>duB#2 "4 d#Sd `n]qgdgn]S �#BLgd0$>] #1u>; ]uLO#B n4 q>d> �ng]dS SVnu;q O#
d>*#] O#4nB# >]q >4d#B Sn;>B ]nn] 4nB #>`V 4;ugq g];#d d#L�#B>duB#2$

w)~= v XS dV# `n;;#`dnB Lnq#; uS#q V#B#0$LnB# >``uB>d#;Z q#S`BgO#S dV# `n;;#`dnB �#B4nBL>]`#0 dV# gL�nBd>]`# n4 9
L#>SuBg]E �ng]dS >S 8#;; >S g]q#�#]q#]d q>d> �ng]dS 8gdVg] dV#S# gS B#qu`#q nB #;gLg]>d#q2$ "] > ;>d#B B#'gSgn] n4 dVgS
L#dVnq0$n];Z ( L#>SuBg]E �ng]dS SVnu;q O# `n]Sgq#B#q2$~V# LnB# `nL�;#d# `V>B>`d#BgS>dgn] n4 dV# `n;;#`dnB >;Sn ;#>qS dn
4#8#B B#SdBg`dgn]S n] dV# `n;;#`dnB q#SgE]S >]q > 8gq#B B>]E# n4 `n;;#`dnBS 8g;; O# `n'#B#q OZ dVgS d#Sd L#dVnq2

,uBg]E > d#Sd0$L#>SuB#L#]dS SV>;; O# L>q# >S S�#`g4g#q g] [2(292J2$~V#S# L>Z dV#] O# uS#q dn gq#]dg4Z d#Sd
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>]q ∆~v d#BLS2$~V# V#>d ;nSS `n#44g`g#]d `>] >;Sn O# Lnq#;;#q g] dVgS 8>Z 4nB `n;;#`dnBS 8gdV S�#`g>; V#>d ;nSS #44#`dS >S
V#>d �g�# `n;;#`dnBS nB ndV#B S�#`g>; q#SgE]S2$

)dV#B ]n] ;g]#>B L#dVnqS0 �Bn'gq#q dV>d dV#Z >B# Lg]gLgkg]E dV# #BBnB g] dV# nud�ud �n8#B n4 dV# `n;;#`dnB >S g]
dV# fU\ L#dVnq0$`>] O# uS#q >S �>B>L#d#B gq#]dg4g`>dgn] dnn; >S O#Sgq# dV# fU\ L#dVnq2$

[2(292}2v$ ~V# zn;;#`dnB fnq#;

~VgS Lnq#; gS O>Sg`>;;Z dV# S>L# >S dV# Sd#>qZ1Sd>d# Lnq#; uS#q g] [2e$>]q [2v0$Oud 8gdV SnL# #IdB>
`nBB#`dgn] d#BLS2$p#B# dV# q#�#]q#]`# n4 qgB#`d >]q qg44uS# B>qg>dgn]0$8g]q S�##q0$S*Z d#L�#B>duB#0$
g]`gq#]`# >]E;# #44#`dS >]q #44#`dg'# dV#BL>; `>�>`gd>]`# >B# Lnq#;;#q2$NnB LnB# g]4nBL>dgn] S##
X]]#I p2

2
K C X s N+,τα-#] DθO,θ-$_O$/$N+,τα-#] Dθq _q$$1$q[ $ _.$1 qe$,#L1#>-$1$$qv$,#L1#>-v$1$$

1$q( $$,#L1#>-$/$q9$,=U1σ~>9- $1$$qJ r#LCr# ,(v-

8V#B# dV# >B#> gS XX 8V#] B#4#BB#q dn dV# >OSnBO#B >B#> n4 dV# `n;;#`dnB >]q X> 8V#] B#4#BB#q dn dV# >�#BduB#
>B#> n4 dV# `n;;#`dnB$,S## X]]#I 3-2$

w)~= D#;'g] q#EB##S >B# uS#q 4nB `n]'#]g#]`# g] dV# B>qg>dgn] d#BL2$ $Xd >;; ndV#B �;>`#S z#;SguS q#EB##S >B# uS#q0$
S## z;>uS# 92$

[2(292}2( 0S# n4 dV# zn;;#`dnB fnq#; 4nB qg44#B#]d `n;;#`dnB dZ�#S

~V# `n;;#`dnB Lnq#; >S q#S`BgO#q g] [2(292}2v0$SVnu;q `n'#B LnSd `n;;#`dnB q#SgE]S >'>g;>O;# n] dV# L>B*#d0
#I`#�d "zm `n;;#`dnBS2 "4 dV# 4u;; `n;;#`dnB Lnq#; SVnu;q O# >��;g#q 4nB > `#Bd>g] dZ�# n4 `n;;#`dnB ,nB `n;;#`dnB
q#SgE]-$ nB ]nd0$ 8g;; g] E#]#B>; O# Eg'#] OZ dV# B#Su;d n4 dV# �>B>L#d#B gq#]dg4g`>dgn]0$ Oud 4nB >;; dZ�#S n4
`n;;#`dnBS0$ dV# uS# n4 N+,τα-#]0$DθO,θ-0$Dθq >]q dV# `n#44g`g#]dS qe0$ qv0$>]q qJ >B# L>]q>dnBZ >]q dV#Z
SVnu;q O# gq#]dg4g#q2$

w)~=$e$$NnB Su] dB>`*g]E0$VgEV `n]`#]dB>dg]E `n;;#`dnBS dV# g]`;uSgn] n4 Dθq L>Z ]nd >;8>ZS O# SgE]g4g`>]d >]q SVnu;q
dV#B#4nB# O# q#d#BLg]#q OZ dV# ~1B>dgn n4 dV# �>B>L#d#B gq#]dg4g`>dgn] >S Eg'#] O#;n82

~V#] DθO,θ-$s$e0T$>]q Dθq s$T$SVnu;q O# uS#q g] =1u>dgn] ,(v-$>]q dV# �>B>L#d#B gq#]dg4g`>dgn] SVnu;q O# B#�#>d#q2$
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"4 dV# `n#44g`g#]dS q(0$q90$>]q q[ SV>;; O# g]`;uq#q g] dV# `n;;#`dnB Lnq#;0$8g;; O# q#d#BLg]#q OZ dV# ~1B>dgn
,�>B>L#d#B '>;u#$ C$Sd>]q>Bq q#'g>dgn] n4 �>B>L#d#B '>;u#- n4 dV# �>B>L#d#B gq#]dg4g`>dgn]2 ~V# ~1B>dgn SVnu;q
O# EB#>d#B dV>]$ v$ 4nB dVnS# �>B>L#d#BS �B#S#]d#q g] dV# d#Sd B#Su;dS2 "4 dV# ~1B>dgn gS ;#SS dV>]$ v0$ ,#]nuEV
'>Bg>Og;gdZ g] dV# g]�ud q>d> gS >SSuL#q-0 dV# `n#44g`g#]d SV>;; O# S#d dn k#Bn >]q dV# �>B>L#d#B gq#]dg4g`>dgn]
SVnu;q O# B#�#>d#q 8gdV dV# >qxuSd#q `n;;#`dnB Lnq#;2$

NnB u]E;>k#q `n;;#`dnBS0$dV# uS# n4 dV# 4u;; `n;;#`dnB Lnq#; gS L>]q>dnBZ2$

w)~= v =L�gBg`>;;Z 4nu]q0 dV# 4u;; `n;;#`dnB Lnq#; g]`;uqg]E `>�>`gd>]`#0$qg44uS# >]q g]`gq#]`# >]E;# `nBB#`dgn]S gS '#BZ
>``uB>d#2$"4 dV# Lnq#; qn#S ]nd 4gd dn dV# q>d>0$g] LnSd `>S#S dV# �BnO;#L 8g;; O# 4nu]q g] dV# `n;;#`dnB0$dV# d#Sd g]Sd>;;>dgn]
nB dV# L#>SuB#L#]dS2$

[2(292}29 _B>�Vg`>; �B#S#]d>dgn] n4 d#Sd B#Su;dS

~n `n]4nBL 8gdV dV# �B#S#]d>dgn] n4 d#Sd B#Su;dS0 8V#] d#Sdg]E g] >``nBq>]`# 8gdV [2e >]q [2v0$dV# d#Sd B#Su;dS
SV>;; O# �B#S#]d#q g] dV# 4nBL n4 > �n8#B `uB'# >S > 4u]`dgn] n4 dV# d#L�#B>duB# qg44#B#]`# O#d8##] L#>]
4;ugq >]q >LOg#]d d#L�#B>duB# ,#L k #>-0 8Vg`V SV>;; O# `>;`u;>d#q 4BnL dV# �n8#B 4u]`dgn]0 =1u>dgn] (v0 uSg]E
dV# '>;u# n4 _.$s$eTTT$RL1v >]q > qg44uS# 4B>`dgn] n4$eJ )0$g2#2 _q s$eJT$RL1v2$~V# �>B>L#d#B r#LCr# gS S#d dn

k#Bn >]q θg dn$eJ°$,$r#LCr# s T >]q θg s$eJ$ -$ dn >qxuSd dn Sd>dgn]>BZ n�#B>dg]E `n]qgdgn]S >Bnu]q Sn;>B ]nn]
,=1u>dgn] (v2e-2$ "4 8g]q S�##q q#�#]q#]`# n4 dV# V#>d ;nSS#S >]q dV# k#Bn ;nSS #44g`g#]`Z >B# uS#q g] dV#
`n;;#`dnB Lnq#; 4nB E;>k#q `n;;#`dnBS$ ,q(%T$ >]q q[%T-$ >S nud;g]#q g] [2(292}2(0 dV# 8g]q S�##q $ s ( LS

1e

SVnu;q O# uS#q g] dV# #1u>dgn]2$ "4 S*Z d#L�#B>duB# q#�#]q#]`# n4 dV# V#>d ;nSS `n#44g`g#]d gS uS#q g] dV#
`n;;#`dnB Lnq#;$,q9%T-0$dV#]$,=U1σ~>9- s$1$eTT$RL1v SVnu;q O# uS#q g] dV# #1u>dgn]2

2
K s$,X_.-,N+,τα-#] DθO,eJ-⋅T2}J$/$N+,τα-#] Dθq⋅T2eJ1$q[ ⋅,(LCS-$1$ qe$,#L1#>-$$

1$qv$,#L1#>-v$$1$q($,(LCS-,#L1#>-$1$q9$,eTTRC{]-- ,(v2e-

_B>�Vg`>; �B#S#]d>dgn] n4 d#Sd B#Su;dS 4nB u]E;>k#q `n;;#`dnBS SVnu;q O# L>q# >``nBqg]E;Z0$Oud 8gdV B#4#B#]`#
dn X]]#I =2$$
~V# �Bnqu`d$,X_.-,N+,τα-#] DθO,eJ-⋅T2}J$/$N+,τα-#] Dθq⋅T2eJ-$SV>;; O# B#4#BB#q dn >S R�#>*2$

w)~=$ ,=U1σ~>9-$V>S ]nBL>;;Z > ]#E>dg'# '>;u# >S dV# #44#`dg'# S*Z B>qg>dgn] d#L�#B>duB# gS ;n8#B dV>] dV# >LOg#]d >gB
d#L�#B>duB#2$X ]#d ;n]E8>'# gBB>qg>]`# n4 Lg]uS$eTT$RL1v 8g;; `nBB#S�n]q dn >Onud > `;#>B S*Z `n]qgdgn] 8V#]

#> s$vT$=z >]q #S s$T$=z2

[2(2J ,#d#BLg]>dgn] n4 dV# #44#`dg'# dV#BL>; `>�>`gdZ

[2(2J2e$ _#]#B>;

~V# #44#`dg'# dV#BL>; `>�>`gdZ$ ,z-$ >]q dV# dgL# `n]Sd>]d n4 > `n;;#`dnB >B# gL�nBd>]d �>B>L#d#BS 8Vg`V
q#d#BLg]# gdS dB>]Sg#]d �#B4nBL>]`#2$X `n;;#`dnB `>] uSu>;;Z O# `n]Sgq#B#q >S > `nLOg]>dgn] n4 L>SS#S0$#>`V
>d > qg44#B#]d d#L�#B>duB#2$RV#] > `n;;#`dnB gS n�#B>dg]E0 #>`V `n;;#`dnB `nL�n]#]d B#S�n]qS qg44#B#]d;Z dn >
`V>]E# g] n�#B>dg]E `n]qgdgn]S0$Sn gd gS uS#4u; dn `n]Sgq#B >] #44#`dg'# dV#BL>; `>�>`gdZ 4nB dV# 8Vn;# `n;;#`dnB2

~V# q#d#BLg]>dgn] n4 qJ$,S## =1u>dgn] (v-$B#1ugB#S > ;>BE# #]nuEV '>Bg>dgn] g] r#LCr#2$"] dV# d#Sd0$dVgS `>] n];Z
O# >`Vg#'#q OZ '>Bg>dgn]S g] gBB>qg>dgn] ;#'#; >S dV# g];#d d#L�#B>duB# gS 4gI#q qu# dn dV# B#1ugB#L#]d 4nB
`nL�>dgOg;gdZ 8gdV d#Sdg]E >``nBqg]E dn [2e$>]q [2v2
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lJ

[2(2J2v$ :Bn`#quB#

~V# #44#`dg'# dV#BL>; `>�>`gd>]`#0$Lnq#;;#q >S qJ >]q #1u>; dn zCX0$ gS > L>]q>dnBZ �>Bd n4 dV# `n;;#`dnB
Lnq#;0$=1u>dgn] (v0$>]q gS gq#]dg4g#q SgLu;d>]#nuS;Z dnE#dV#B 8gdV >;; ndV#B `n;;#`dnB �>B>L#d#BS2$

"d gS #SS#]dg>; dn V>'# ;>BE# #]nuEV '>Bg>Og;gdZ g] Sn;>B B>qg>dgn] quBg]E dV# d#Sd Sn dV>d dV# dV#BL>; `>�>`gd>]`#
#44#`dS 8g;; O# SgE]g4g`>]d2 "] >;; #L�gBg`>; q>d> Sn 4>B0 �>Bd;Z `;nuqZ `n]qgdgn]S 8g;; g]qu`# #]nuEV '>Bg>Og;gdZ g]
r#LCr# 4nB dV# q#d#BLg]>dgn] n4 `J2$r#LCr# SVnu;q #I`##q ± T0TTJ DCS quBg]E dV# �>Bd;Z `;nuqZ q>Z2$"4 dV# u];g*#;Z
`>S# V>��#]S dV>d dVgS gS ]nd L#d quBg]E dV# d#Sd �#Bgnq0$>] #IdB> d#Sd q>Z0$dZ�#$v0$>S q#S`BgO#q u]q#B [2(292[2e$
8gdV �>Bd;Z `;nuqZ `n]qgdgn]S0 SV>;; O# >qq#q dn dV# q>d> uS#q 4nB gq#]dg4g`>dgn]2$

[2(2[ zn;;#`dnB g]`gq#]`# >]E;# Lnqg4g#B

~V# zn;;#`dnB g]`gq#]`# >]E;# Lnqg4g#BS ,"Xf-0 Lnq#;;#q >S DθO,θ- 4nB qgB#`d B>qg>dgn] >]q >S Dθq 4nB qg44uS#
B>qg>dgn]$ ,S## >;Sn [2(292}2(0$wnd#$ e-0$>B# L>]q>dnBZ �>BdS n4 dV# `n;;#`dnB Lnq#;0$=1u>dgn] (v2$~V#S# >B#
gq#]dg4g#q SgLu;d>]#nuS;Z dnE#dV#B 8gdV >;; ndV#B `n;;#`dnB �>B>L#d#BS2

~V# O>Sg` Lnq#;;g]E n4 "Xf1q#�#]q#]`# n4 4;>d �;>d# `n;;#`dnBS SV>;; O# qn]# 8gdV dV# #1u>dgn]

DθO,θ- se$1 pT,,eC`nS θg-$1$e- $$,((-

>S q#S`BgO#q g] #2E2 Xmp\X= /(1ll2

NnB dVnS# `n;;#`dnBS$,#2E2 #'>`u>d#q duO# `n;;#`dnBS >]q z:z `n;;#`dnBS-$4nB 8Vg`V dV# g]`gq#]`# >]E;# #44#`dS
>B# ]nd SZLL#dBg`>; 8gdV qgB#`dgn] n4 g]`gq#]`#0$ gd gS ]#`#SS>BZ dn L#>SuB# dV# g]`gq#]d >]E;# #44#`dS 4BnL
LnB# dV>] n]# qgB#`dgn] dn 4u;;Z `V>B>`d#Bgk# dV# g]`gq#]d >]E;# Lnqg4g#B2$

~V# `nL�;#I g]qg'gqu>; g]`gq#]d >]E;# Lnqg4g#B `>] O# #SdgL>d#q OZ `n]Sgq#Bg]E gd dn O# dV# �Bnqu`d n4 dV#
S#�>B>d# g]`gq#]d >]E;# Lnqg4g#BS0 DθU >]q Dθ~0 4nB d8n �#B�#]qg`u;>B SZLL#dBZ �;>]#S$,=1u>dgn] ((2e-2$

DθO,θ-$s DθU ⋅ Dθ~ ,((2e-$

~V# ;n]Egduqg]>; �;>]#$ ,g]q#I U-$ Bu]S �>B>;;#; dn dV# n�dg`>; >IgS n4 dV# `n;;#`dnB0 >]q dV# dB>]S'#BS>; �;>]#$
,g]q#I ~-$gS �#B�#]qg`u;>B dn dV# n�dg`>; >IgS2$~V# >]E;#S θU >]q θ~ >B# dV# �Bnx#`dgn]S n4 dV# g]`gq#]`# >]E;#
θ n]dn dV# ;n]Egduqg]>; >]q dB>]S'#BS>; �;>]#S0$B#S�#`dg'#;Z2$

NnB dV# `nBB#;>dgn] O#d8##] θ0$θU >]q θ~0$dV# 4n;;n8g]E #1u>dgn] Vn;qS@

d>]Kθs d>]KθU$/$d>]Kθ~ ,((2v-$

RVg;# L#>SuBg]E dV# g]`gq#]d >]E;# Lnqg4g#B g] n]# �;>]# n4 >] n�dg`>; u]SZLL#dBg`>; `n;;#`dnB dV# g]`gq#]d
>]E;# 8gdVg] dV# ndV#B �;>]# SVnu;q O# *#�d dn > '>;u# 8V#B# dV# g]`gq#]d >]E;# Lnqg4g#B qn#S ]nd qg44#B LnB#
dV>]$v$)$4BnL dV# n]# >d ]nBL>; g]`gq#]`#2$

NnB `n;;#`dnBS 8gdV S�#`g>; "Xf1q#�#]q#]`#0$S## >;Sn ]nd# u]q#B [2(292}2e2

Dθq SV>;; O# Lnq#;;#q >S > `n;;#`dnB `n]Sd>]d2$

NnB E#]#B>; g]4nBL>dgn]0$>;Sn B#4#B dn [2e2l2$
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X]]#I X
,]nBL>dg'#-

m`V#L>dg`S 4nB quB>Og;gdZ >]q B#;g>Og;gdZ d#SdS

D#Z
e pZqB>u;g` �B#SSuB# SnuB`#
v$m>4#dZ '>;'#
( :B#SSuB# E>uE#
9 N;ugq �g�# S#>;#q 8gdV `>� ]ud
J zn;;#`dnB 8gdV g]nBE>]g` >OSnBO#B
[ XgB1O;##q '>;'#

NgEuB# X2e$1$m`V#L>dg` 4nB g]d#B]>; �B#SSuB# d#Sd n4 g]nBE>]g` >OSnBO#BS
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ll

D#Z
e$pZqB>u;g` nB �]#uL>dg` �B#SSuB# SnuB`#
v$m>4#dZ '>;'#
( :B#SSuB# E>uE#
9 )BE>]g` >OSnBO#B
J p#>d#q 8>d#B O>dV
[ XgB1O;##q '>;'#$,4nB VZqB>u;g` >OSnBO#B-$
l ~#L�#B>duB# S#]SnB >dd>`V#q dn >OSnBO#B

NgEuB# X2v$1$m`V#L>dg` 4nB g]d#B]>; �B#SSuB# d#Sd n4 nBE>]g` >OSnBO#BS
4nB uS# g] u]E;>k#q `n;;#`dnBS
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D#Z
e$XgB1O;##q '>;'#$
v$N;ugq �g�# S#>;#q 8gdV `>� ]ud
( zn;;#`dnB 8gdV nBE>]g` >OSnBO#B
9 :B#SSuB# E>uE#
J ~#L�#B>duB# S#]SnB >dd>`V#q dn >OSnBO#B
[ pnd ng; SnuB`#
l ~#L�#B>duB# S#]SnB
} zgB`u;>dg]E �uL�
/ pZqB>u;g` �B#SSuB# SnuB`#
eT$m>4#dZ '>;'#

NgEuB# X2( 1$m`V#L>dg` 4nB g]d#B]>; �B#SSuB# d#Sd n4 nBE>]g` >OSnBO#BS 4nB uS# 8gdV ng;1O>S#q 4;ugqS$,Vnd
ng; SnuB`#-
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D#Z
e$XgB1O;##q '>;'#$
v$w>duB>; nB SgLu;>d#q Sn;>B B>qg>dgn]
( ~#L�#B>duB# S#]SnB >dd>`V#q dn >OSnBO#B
9 m>4#dZ '>;'#
J )g; SnuB`#
[ XLOg#]d d#L�#B>duB# S#]SnB
l zgB`u;>dg]E �uL�
} pZqB>u;g` �B#SSuB# SnuB`#
/ :B#SSuB# E>uE#
eT$zn;;#`dnB 8gdV nBE>]g` >OSnBO#B
ee$:ZB>]nL#d#B n] `n;;#`dnB �;>]#$
ev$N;ugq �g�# S#>;#q 8gdV `>� ]ud

NgEuB# X29$1$m`V#L>dg` 4nB g]d#B]>; �B#SSuB# d#Sd n4 nBE>]g` >OSnBO#BS 4nB uS# 8gdV ng;1O>S#q 4;ugqS
,d#Sd u]q#B Sn;>B gBB>qg>]`#-$
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