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photon source and tagger building

experimental hallelectron beam dump

tagging spectrometer

crystal radiator mount

fine steering magnets

photon beam pipe

primary collimator and sweeping magnet

photon beam dump

secondary collimator and shielding

� '*P/8�L2+<�� �L$ �m)4$�+,> C 0K'*);?�TjCJ5 "�'*+!& &/.g0K$6+�?�$�&J0K&(5 A�+ICJ>oT"'*5�+ � F2$�&D& 5 '*5]0K$�+;$�&(LH'zE
y3&(5W0KC/Tg?�T*C/5�+�C/F "�'"+Q& +3Q .bL2&(>�C/A�&D"(+/ ;O�$�+�&(A HH+,),02F<'"5 0K$�'"FX��P(86L2+{C/LH+�5�&/0pQ6LKC3& 5
0K&{F2)3C/T*+J 

C/T*&/5�Pp0K$�+f'*5�FH'*Q�+ FH8�LH. C/),+X&/.|0K$�+f)3&/T*T*'"> C 0K&(L1A|&(LH+f.b&/L2>@F\C;$�C/T"&<C/L2&(865�Qh02$�+ ?6$�&/0K&/5
A|+3C/>�02$�CJ0\+!�m'z0KF`0K$�+ ?�LH'*>hC/LHl;)3&/T*T*'"> C 0K&(L, aO�$�+ )4$�C/L2P/+3Q@)3&(>@?|&/5�+35W0 &/.�0K$�+�$�CJT*&-'*F
Q�+ =�+3),02+3QRC3&rCIl .bLH&(> 0K$�+�A�+ICJ>}C0�m'"F%AWl C�Q�'"?|&/T*+ JHFR& +3+,?�'*5�P K�> C/P/5�+,00HH86FH0�Q�&D& 5mE
FH02L2+ICJ> &J. 0K$�+ )3&(T"T*'"> CJ02&(L3 9 F2+,)3&(5�Q�C/LHlh)3&(T"T*'"> CJ02&(L1.b&/T*T*&D& F`0K$6+XFR& +3+,?�'*56P�> C/P/5�+,0
0K&;FH0K&/?h0K$6+ Q�+ =�+3)u0K+,Q F2$�&D& +3Lr?�CJLH0K'")3T"+3F C/5�QhA�T*&�)4D�0K$�+f$�C/T"&;&J. F2+,)3&(56Q�C/LHlh?�$�&J0K&(5�F
P(+356+3LKC 0K+3Q AWlY02$�+���L2FS0<)3&(T"T*'*>hCJ02&(L3 O�$�+{F2+3),&(5�Q�CJLHl ),&(T*T"'*>hCJ0K&(L '"F�&/. C TjC/LHP(+3L Q�'zE
C/>@+,0K+,Lr0K$�CJ5B02$�+-?�L2'"> CJLHl C/5�Q]F2&{F2+,+3F C{LH+3Q�86)3+3QRLKCJ02+p&/.1F2+3),&(5�Q�CJLHlB'*5W02+3LKCJ),0K'"&(5�F
&(5 0K$�+{'*565�+3LpFH8�LH. C/),+h&J. 02$�+{$�&(T*+J -c$�CJ0<5�+!& F2$�&D& +3LHF�C/LH+{P(+35�+,LKCJ02+3Q 0K$�+,L2+@C/L2+
)3T"+IC/5�+,Q 8�? A9l C]F2+,)3&(5�Q FR& +3+3?6'*5�P >hC/P(56+,0I O�$�+ A�+IC/>v02$�+35 ?�C/F2FH+3F<0K$�LH&(8�P($ C
A�T*&�)4D�&/.~F2$�'"+3T"Q�'*5�P{>hCJ0K+,L2'*C/T '*5W02&{02$�+<+!�m?|+,L2'">h+,590KC/T�$�C/T"T  \O�$�'*F 0KLH'*?�T"+uE )3&(T"T*'*>hCJ02'"&(5
FHl�FH02+3> '"F`F2'*>@'*T*C/L�0K&p0K$�+ FH+,0K86?�CJ0`02$�+ ��L 9f#:)3&/$�+3LH+35W0%A6L2+3>@F2FS0KL2C/$�T*865�P-A|+3C/>�T"'*5�+
)kMI+  

O�$�+ ),&(T*T"'*>hCJ0K+,Q�?�$�&J0K&(5@A|+3C/> �W5�&D&�&(5�Tzl�Cp.b+Q& 8 8t'"5hQ�'*C/>@+,0K+,L%�('"F\Q�+3T"'#"(+,L2+,Q
0K&�0K$6+`+!�m?|+,L2'">h+,590KC/T/0KC/L2P(+u0I �9 . 02+3La?�C/FHF2'"5�Pr0K$�LH&(8�P($-&/.m&(LHQ�+3L�==<cLKC/Q6'jCJ02'*&(5 T*+356P/0K$�F
&/.\04C/LHP(+,0%� 0K$�+�?6$�&/0K&/5 A|+3C/>�?�CJF2F2+,Fp0K$�LH&(8�P($ 0K$6+�Q�+,02+3),02&(L-C/5�Q '"5902&�0K$�+�?6$�&/0K&/5
A|+3C/> Q�8�>@?�C 0 02$�+XA�C/)4D{&/. 02$�+ $�C/T*T  gwrC/FH+3Qh8�?|&/5�C;Q6+3F2'"P(5 86?�?|+,L T"'*>@'"0~&/.�U(d����
H n<;#A C 0-!iM �����7M%A�+3'*56P�Q�+3T"'#"(+,L2+,Q]02&{02$�+p+3T"+3)u0KL2&/5]A�+ICJ>xQ�8�>@?��602$�+p0K&/0KC/T ?�&D&%+,L
'*5B0K$�+-?�$6&/0K&(5]A�+IC/>�'"F�5�&/0f>h&/L2+p0K$�CJ5�!%GVn � '"5B02$�+<+!�m?|+,L2'">h+,590KC/Ta$�C/T"TaC/5�Q]5�&/0
>h&/L2+�0K$�C/5�!�n � '*5 02$�+-)3&(T"T*'*>hCJ02&(L\+35�),T*&(FH8�L2+J 

��� �9��� � ����! �9�	� ����
 ! � � ��"2!#�
O�$�+ C/Q>HH+,),02'#"(+
�k)3&/$�+3LH+35W0��W'"5�)3&($�+,L2+,590 A�LH+3>@F2FS0KLKCJ$�T*8�56PpQ�&m+,F`5�&/0`'"5�Q�'")ICJ02+ 0K$�CJ0`0K$�+
?�$�&/02&(5�F '*5h02$�+�A�+IC/> C/LH+ '"5�C�),&($�+,L2+35W0�FS04CJ02+ �6C/F%'"F T"'*P($W0\.bL2&(> C<TjC/FH+3L3 <' CJ02$�+3L '"0
L2+u.b+3L2Fr02&�0K$�+X)3&($�+,L2+,590f+ � +,),0 &/.�>�86T"0K'"?�T*+ CJ02&(>hF '*5BC�),LHl�FH0KC/T TjC 020K'")3+f'*5BC/A6F2&(LHA�'*5�P



���������
	���
�����������������	���� !(!

0K$�+{LH+3)3&/'*Tg>@&(>@+35W0K8�>�.bL2&(>�CB$6'*P($ +356+3L2PJl +3T*+,),02L2&(5B& $�+,5 '"0-L2C/Q�'*CJ0K+,F-CBA6L2+3>@FSE
FH02LKC/$�T"8�5�P ?�$�&J0K&(5  �G5��fEGLKCIl F2?�+3),02L2&(FH)3&(?Wl:&(5�+ +,5�)3&/8�5W0K+3LHFh02$�+ FKC/>@+�0K$6'*5�P '*5
0K$�+p���&(F2FHA�C/8�+,Lr+ � +3)u03�m+!�m)3+,?60 '*5@0K$�CJ0%)IC/FH+X0K$6+X)4$�'"+,.�?�$Wl�F2'")IC/T|)3&(5�FH+3798�+,5�)3+-'*F 0K$�+
Q�'*F2C/?�?�+IC/L2C/5�),+@&J. 02$�+{L2+,)3&('"T ��&(?�?6T*+3LXF2$�'z. 0p.bL2&(>o0K$�+�?�$6&/0K&WCJA�F2&(LH?60K'"&(5 MJ+,>h'"F2FH'*&(5
F2?�+3)u0KL286>R E +,L2+�02$�+�)4$�'"+,. )3&(56F2+3798�+,5�)3+@'*F 0K$�+�+,5�$�C/56)3+3>@+35W0<&/.\A�LH+3>@F2FS0KLKCJ$�T*8�56P
CJ0r02$�&(F2+p?�C/LH02'*)386TjC/L D�'"5�+3>hCJ02'*)3F .b&(L & $�'")4$ 0K$�+pLH+3)3&/'*T >@&(>@+35W0K86> >hCJ0K)4$6+3F�&(5�+p&J.
0K$�+-LH+3)3'"?�L2&�)ICJT TjCJ0H0K'")3+1"/+3),02&(L2Ff&/.10K$�+-)3LSl�FH04CJT  

9X5�&/02$�+3L<8�FH+,.b8�T &rCIl 02& "�'*+!&t0K$6+h?�LH&m),+3FHF;&/.%)3&($6+3L2+,5W0�A�LH+3>@F2FH02LKC/$6T*8�5�P]'*F<C/F
"�'*LH028�C/T #%&/>h?602&(5 F2)3CJ0202+3LH'*5�P� O1& 0K$6+]$6'*P($ +,5�+3LHP/l +3T"+3)u0KL2&/5�� 02$�+BCJ02&(>hF�'*5 0K$�+
LKC/Q6'jCJ02&(L�C/?�?�+ICJL CJFf),T*&(86Q�F &/. "�'*LS0K8�CJT ?�$�&/02&(5�F, � &(L C{Q�'*FH&(L2Q6+3L2+,QRL2C/Q�'*CJ0K&(L%> CJ02+uE
L2'*C/TT� 02$�+�"m'"LH028�C/Tg?�$6&/0K&(5 F2?�+3)u0KLH8�> '*F-P('4"(+35 F2'">h?6T"lRA9l 02$�+hCJ0K&(>@'*);.b&(L2>o. C/),02&(L%�
C3"(+3L2C/P(+,Q &D"/+3L�0K$6+�Q�' � +3LH+35W0pFH?|+,)3'*+,Fp'*5Y02$�+�>hCJ0K+,L2'jCJT  5� . 02$�+�L2C/Q�'jC 0K&(Lf'*FpChF2'*56P(T*+
)3LSlmFS04C/T ��$�&D&%+!"(+,L%� 0K$�+<CJ02&(>h'")X.b&(LH> . C/)u0K&(L P(+u0KF >�8�Tz0K'*?6T*'*+,Q AWl 0K$6+-.b&/L2> . CJ),0K&/Lf&J.
0K$�+ ),LHl�FH0KC/TT�=& $�'")4$@'"5�0K$�+ '*Q6+IC/T�)3C/F2+ T"&m&(D9F`T"'*D/+ CpFH+3L2'"+3F\&/.|Q�+3Tz04C E .b8�5�)u0K'*&/5�FgT*&�)IC 0K+3Q
CJ0�02$�+ F2'z0K+3F�&J.f02$�+�LH+3)3'"?�L2&�)ICJT%TjC 020K'")3+J O�G5 + � +,),0%� 02$�+ )3LSlmFS04C/T%?�L2&D"�'*Q�+,F{C F2+u0h&J.
"�'*LH028�C/T\TjCJF2+3L<A�+IC/>@F%�q+IC/)4$ &(5�+�C]FH0KC/5�Q�'"5�P &%C3"(+ 028�5�+3Q�0K& C]F2?�+3),'"��)hL2+3),'*?�LH&m)3C/T
TjCJ0H0K'")3+7"/+3),02&(L3 ��G5 0K$6'*F "�'*+!&�02$�+{?�L2&�)3+,F2F-&/. $�C/L2Q A�LH+3>@F2FS0KLKCJ$�T*8�56P]'"FpF2+,+35 0K&BA|+
0K$�+�FKC/>@+�C/Fp#%&(>h?m0K&(5 A�C/)4D(EGF2)3CJ0202+3LH'*5�P�&J.\TjC/FH+3LXT"'*P($W03 � &(LXC >h&/L2+�Q6+,04CJ'*T*+,QYQ�'"FSE
)38�FHF2'"&(5B&/.�0K$�+p?�$Wl�F2'")3F &/.1)3&($6+3L2+,5W0 A6L2+3>@F2FS0KL2C/$�T*865�P�0K$�+,L2+-C/LH+-C�598�>�A�+3L�&/.qP(&�&mQ
L2+u.b+3L2+,5�)3+,F ) M;��=@���;��n>+  

O�$�+�8�FH+�&/.`#%&(>h?m0K&(5RA�C/)4D(EGFH)ICJ0H0K+3LH'*5�Ph&/.`T*C/F2+,LfT"'*P($W0 C/F Ch?�$6&/0K&(5RF2&(86L2)3+�&rCJF
+IC/LHT*'"+3L�5�&J0K+3Q C/FpLH8�T*+,Q &(860-AWl 02$�+�T*'">h'z04CJ02'*&(5B&/. $�'*P/$mEG?�&D&%+,L�TjC/FH+3LHF-C/5�Q )IC3"�'"02'*+3F
0K& &rC3"/+3T*+,5�P/02$�F�C/A�&D"(+ !�d(d�;<8] O�$�+])4$�C/LKCJ),0K+,L2'"FH0K'") &rC3"(+,T*+,5�P/0K$ &/.X02$�+B)3LSlmFS04C/T
?�$�&/02&(5�F�'"F�Ch.b+!&�9X5�P(FS0KLH&(>hFQ�|02$�L2+,+�&(L2Q6+3L2F &/.\>hC/P(5�'z0K8�Q�+<F2$6&(LH02+3L3 �G5R0K$�'"FX)ICJF2+ �
!�s(d $ FH)ICJ0H0K+,L2'*56P6&%&(86T*Q�LH+3F286T"0�'"5 +3F2FH+35W0K'*C/T*Tzl]!�d(d=< &/.a0K$6+p+3T*+,),02L2&(5�A�+ICJ>}>@&(>h+,5mE
0K8�> A�+3'*56P�0KL2C/5�FH.b+,L2LH+3Q�0K&;0K$�+�?6$�&/0K&/5 '*5 02$�+�TjCJAh.bLKCJ>h+J �E &D& +Q"(+,L%��0K$6+-#%&(>@?60K&(5
)3LH&(F2F�FH+3)u0K'*&/5 )3&(5W0KC/'*5�F Ch. C/)u0K&(Lf&/.�! �LH��� ���� M
	1& $�+3LH+��� '*Ff0K$�+�"m'"LH028�C/T�?�$�&/02&(5 >@&JE
>h+,5W0K8�>oC/5�Q��� '"Ff02$�CJ0f&/.g02$�+<+3T*+,),02L2&(5�� & $�'")4$ FH02L2&(56P(T"l�. C3"/&(L2F '*5�),'*Q�+,590 ?�$�&J0K&(5�F& '"02$��� 5�+3C/L2Tzl &(LS0K$�&(P/&(5�C/T 02&
��  -c'"0K$]L2+,)3'"?�L2&�)IC/TaT*CJ0202'*),+1"(+,),0K&/L2FX?�&('"5902'*5�P�'"5YCJTzE
>h&/FH0 +Q"/+3LSlRQ6'*L2+,),02'*&(5��6&(5�T"lh0K$�&/F2+-5�+ICJL2T"l�?|+,L2?�+35�Q�'")38�T*C/L%02&@02$�+-A|+3C/>x)3&/5902L2'"A�860K+
C/?�?�LH+3),'jC/A�Tzl-0K&X02$�+%FH)ICJ0H0K+3LH'*5�PXLKCJ02+/ ~O�$6'*F~. C/)u0`C/?6?�T*'"+3Fq+3798�C/T"T"l-0K&�&/L2Q�'"5�C/LHl-A6L2+3>@FSE
FH02LKC/$�T"8�5�P���'*5@. C/),0%��02&�C<��L2FH0rC/?�?�LH&3�6'"> C 0K'*&/5@02$�+XA�LH+3>@F2FS0KLKCJ$�T*8�56P�F2?�+3)u0KLH8�> .bLH&(>
C�F2'*56P(T*+�),LHl�FH0KC/Ta'*Fr02$�+-FKC/>@+-C/Fr.bLH&(>xC�Q�'"F2&(LHQ�+3LH+3Q]LKC/Q�'*CJ0K&/L3 gO�$�+-LH+IC/FH&(5B'*Fr0K$�CJ03�
'".|0K$�+fF28�> &D"(+,L ),LHl�FH0KC/T�>h&(>@+35W0KC?& +3LH+XL2+,?�TjCJ)3+3Q & '"02$ C-)3&(5W02'*598�&(8�F '*5W0K+,P(LKCJTT�W&(5�+
&%&/8�T*Q]L2+,)3&D"(+,LX0K$�+-&(LHQ�'*5�C/LHl A6L2+3>@F2FS0KL2C/$�T*865�PhLH+3FH8�T"0f.b&(L '*FH&(TjCJ02+3Q]CJ02&(>hF, %w +,l(&/5�Q
CY.b+Q& 8�5�'z0�)3+,T*T*F;.bL2&(> 0K$�+ &/L2'*P/'*5 '"5 L2+,)3'*?6L2&�)IC/T TjCJ0H0K'*),+ FH?�C/)3+ � 02$�+BCJ02&(>h'")@.b&/L2>
. C/),02&(L C/5�QBD9'*56+3>hCJ0K'")X. C/),02&(L2F�A�+3),&(>@+pF2T*&D& Tzl "JC/LHl�'"5�P�&(5B0K$�+pFH)IC/T"+p&/.102$�+-TjCJ0H0K'")3+
F2?�CJ)3'*56PL�rC/56Q:02$�+RFH8�> A�+3)3&/>h+,F@'"5�Q�'"FH0K'"5�P(8�'"F2$�CJA�T*+ .bLH&(> 02$�+B'*5W0K+,P(LKC/T  :w%+3FH'*Q�+,F
0K$�C 03� 02$�+�8�5�),+3LH0KC/'*5W0GlY?�L2'"5�)3'"?�T*+<L2+,7�86'*L2+,F�0K$�C 0-CJ0K&/>hF T*&�)IC/T"'*y3+,Q CJ0X0K$�+�FH'"0K+,F�'*5 C
)3LSlmFS04C/T%8�5�Q�+,L2P(&9=�8�)u0K8�C 0K'*&/5�F{C/A�&(860�02$�+3'"L�>@+IC/5 ?�&(F2'z0K'"&(5  O�$�'"F�$�C/F�02$�+ + � +3)u0



���������
	���
�����������������	���� !iM

&/. CJ0202+3598�CJ02'*5�PR0K$�+ Q�'"F2),L2+,02+ ?|+3C/D9F�'*5 02$�+ )3LSl�FH04CJT%.b&(L2> . C/)u0K&(L�C 0�?�LH&(P(L2+,F2FH'#"(+,T"l
$�'*P/$�+3L EG&(LHQ�+3L )3LSl�FH04CJTq>@&(>@+35W04C;��+Q"/+35W0K8�CJT*T"l &%C/FH$�'*5�P{0K$6+3>�&(860 C/56QR��T"T*'*56P�'*5B0K$�+
PWC/?�F{A�+,0.& +3+,5 0K$6+3> � FH& 02$�CJ0�0K$6+]FH8�> Q�+u.b&(L2>@F{F2>@&m&J0K$�Tzl '"5902& 0K$�+B'*5W02+3P(L2C/TrCJ0
$�'*P/$R>@&(>@+35W0K8�> 0KLKCJ5�FH.b+,L3 7Ef+35�),+ � 0K$�+<F28�> &D"(+,L ),LHl�FH0KC/Tq'*5�Q�'")3+,F 02$�CJ0 l�'*+,T*Q�F 0K$�+
��5�C/T\?�$6&/0K&(5�F2?�+3)u0KL286>�)3C/5 A�+hFH+3?�CJLKCJ02+3Q
'"5902&]0.& & ?�CJLH0KFQ$�CBQ�'*FH)3L2+u0K+hF28�> &D"(+,L
C T*'">h'z0K+3Q�F2+u0{&/. F2>hC/T*T )3LSl�FH04CJT�'*5�Q�'")3+,F�C/5�Q C/5 '"5902+3P(L2C/T &�"/+3L�0K$6+�)3&(5W02'*598�8�> &J.
>h&/>h+,59028�>t0KL2C/5�FS.b+3L "JC/T"8�+3F A�+,l(&/5�Q  \O�$�+XT*CJ0202+3L C/?�?�+ICJL2F%'"5h02$�+X),&($�+3LH+35W0rA6L2+3>@FSE
FH02LKC/$�T"8�5�P�A�+ICJ>�CJFgC/5�&/L2Q�'"5�C/LHl@! ���<A�LH+3>@F2FH02LKC/$6T*8�5�PXF2?�+3),02L28�> � & $�'"T*+ 0K$�+ .b&(L2>@+3L
C/?�?�+IC/LHF\C/F`C�FH+,0\&/.�?�+IC/D;FH0KLH8�),028�L2+,F`F28�?�+3LH'*>@?|&/F2+3Q{8�?�&(5�'z0I qO�$�+p! ����),&(5W0K'*598�86> �
L2+u.b+3L2LH+3Q 0K&{CJFr0K$�+p'"5�)3&($6+3L2+,5W0 )3&(>@?|&/5�+35W03�6'*F%'"5="/CJL2'jCJ590rC/Fr0K$6+p)3LHl�FS04C/T '"FrL2&J04CJ02+3Q��
& $�+3LH+IC/F@0K$�+])3&/$�+3LH+35W0�?�+IC/D9F@)4$�C/5�P/+R'"5 ?�&(F2'z0K'"&(5:C/5�Q:'*5W0K+,5�F2'z0GlN�rQ�+,?|+,5�Q�'"5�P�&/5
)3LSlmFS04C/T�&(LH'*+,590KCJ0K'"&(5  

9 0Gl�?�'*)3C/T )3&($6+3L2+,5W0�A�L2+,>hFHFH02LKC/$�T"8�5�P;F2?�+3),02L28�> '"F FH$�&D& 5 '*5 � '*P� W�6 Nnm ~O�$�+XQ�'"FSE
0K'"5�),02'*&(5�A�+,0.& +3+,5h'"5�)3&/$�+3LH+35W0 C/5�Q�),&($�+3LH+35W0 )3&(>@?�&(5�+35W02Fg'*5�02$�+%��P(86L2+�'*FgC/LH02'"��),'jC/T �
'"0~'*F~02$�+3LH+r0K&pF2$6&�& 0K$�+�?�C/LH0`&J.�02$�+rFH?|+,),0KLH8�>�02$�CJ0`FH$�'". 02F\C/F~0K$6+�)3LHl�FS04C/T�'"FgL2&J04CJ02+3Q  
O�$�+ "/+3LH02'*)3C/T9F2)ICJT*+%'"5;02$�+ ��P/8�L2+ P('#"/+3F102$�+%?6$�&/0K&/5�LKC 0K+ .b&/Lq02$�+ P/'#"(+,5�A�+IC/> )386L2L2+,5W0
C/5�Q�)3LHl�FS04C/T\0K$�'")4D95�+3FHF3 �
 &/02+@02$�CJ0<0K$�+@'*5W02+35�FH'"0Gl &/.%02$�+@'*5�),&($�+3LH+35W0�A�C/)4D9P(L2&(865�Q
'*F�T"+3FHF�0K$�CJ5P& $�CJ06& &(8�T"Q A|+�&/A604C/'"5�+3QP& 'z0K$ CJ5 C/>h&/L2?�$�&/8�F�)3C/L2A�&(5 LKCJQ�'jCJ02&(L�&J.
0K$�+�FKC/>@+;02$�'*)4D95�+,F2F%�aA�+3)3C/8�FH+�C ?�C/LS0�&/.`02$�+�>@&(>@+35W0K86> 02LKC/56FH.b+3LX'*5W0K+,P(LKC/T�'"5Y0K$�+
w%+,02$�+uE E +,'"0KT"+3L�.b&(L2>�8�TjC $�C/F1A|+,+35�>@&�"/+3Q�'"5W0K&X02$�+%Q�'"F2),L2+,02+%FH8�>�CJ5�Q�)3&/5902L2'"A�860K+,F102&
0K$�+�),&($�+,L2+35W0 ?�C/LS0I 1O�$�+ LKC/Q�'*CJ0K'"&(5�T"+35�PJ0K$�&/.�Q�'*C/>h&/5�Q�'*FgC/),028�C/T*Tzl;C/5@CD"/+3L2C/P(+�&D"(+,L
C/T*Tq&(LH'*+35W0KCJ0K'"&(5�F�&/.`02$�+�)3LSl�FH04CJT  ��G5 02$�+�)ICJT*)386TjCJ02'*&(5].b&(L � '"P� ��� Nnh02$�+�T*+3C/Q�'"5�P��Wd(d
TjCJ0H0K'")3+�FH'"02+3F & +3L2+�'"5�)3T"8�Q�+,Q '*5 0K$6+�Q�'*FH)3L2+u0K+�?�CJLH0p&/.\02$�+�)IC/T")38�T*CJ0K'"&(5��|C/T"02$�&(8�P/$ '"0
)IC/5 A�+XFH+3+,5B02$�CJ0%&(5�T"l{0.& &�&(L 02$�L2+,+�&/.a02$�+3> )3&(5W02L2'*A6860K+5& '"0K$ F28@2@)3'"+35W0 '*5W02+35�FH'"0Gl
0K&{A�+<'"5�Q�'4"m'"Q�8�C/T"T"l�"�'*FH'*A�T"+�'*5 0K$6+<FH?|+,),02L28�>] 

��� �9��� � ��! � 
 ��� � � ��
 � �	� ���
O�$�+\?�L2+,F2+,5�)3+ &/.�0K$�+\TjCJL2P(+g'"5�)3&/$�+3LH+35W0�)3&(5W02'*598�8�> '"5 � '*P6 3�� Vnr?�L2+,F2+35W02F~C�F2'"P(5�'z��)IC/5W0
$�C/5�Q6'*)ICJ?R0K&hCh?6$�&/0K&/?�L2&�Q�8�)u0K'*&/5R+��6?�+3LH'*>@+35W0I 
f&/0f&(5�TzlBQ�&@02$�+�),&(5W0K'"5�868�>�?�$�&JE
0K&(56Fg?�L2&�Q�8�),+rA�C/)4D9P(LH&(8�5�Q�'"5�0K$6+rQ�+,02+3)u0K&(LQ�WA�860~02$�+,l�Q�'*>@'*56'*F2$-0K$6+%?�&(TjC/LH'*y3CJ0K'"&(5;&J.
0K$�+;A|+3C/>] O�$�+;+35W0K'"L2+;A|+3C/> ?|&(T*C/L2'"yICJ02'*&(5]C/?6?|+3C/L2F '*5R02$�+�),&($�+,L2+35W0p),&(>@?|&(56+35W0 �
0K$�+-8�56Q�+3LHT"l�'*5�P�'"5�)3&/$�+3LH+35W0�=�8;�B&(56T"l�FH+3L "(+3F 0K&{Q�'"T*8602+X0K$6+p?|&(T*C/L2'"yICJ02'*&(5  1O�$�+,L2+<'*F
C/5�&/02$�+3L Q�' � +3LH+35�),+�A�+,0.& +3+,5 0K$�+<0.&%&�),&(>@?|&(56+35W0KFf0K$�CJ0XC/T"T*&D& F�0K$�+,> 02& A�+�FH+3?�C E
LKCJ02+3QB0K&@F2&(>@+-+!��0K+,5W0I %O�$6+<D9'"5�+3>hCJ0K'")3F�&/.~A�L2+,>hFHFH02LKC/$�T"8�5�P{)3&/56��5�+,FX>@&(FH0 &/.10K$�+
'*5W0K+,5�F2'z0Gl &/.f0K$�+]?�$�&J0K&(5 A�+IC/> 02& .b&/LR&%C/L2Q C/5�P(T"+3F6& 'z0K$�'"5 ��� A LKC/Q�'*C/5�F�&/. 0K$�+
'*5�),'*Q�+,5W0X+,T*+3)u0KLH&(5YQ�'"L2+,),0K'"&(5  O�$�'*Ff'*F 0KLH8�+;A�&/02$].b&(L 0K$6+;'"5�)3&($6+3L2+,5W0pC/5�QR)3&($6+3L2+,5W0
)3&(>@?�&(5�+35W02F3 �G5 02$�+]TjC/A 0K$�'"Fh'"F@C�F2>hC/T"T�C/5�P(T"+ � A�860h'*5 02$�+]L2+3FS0h.bL2C/>@+]&J.�0K$�+
+3T"+3),02L2&(5�EG?�$�&J0K&(5 FSlmFS0K+,>x'"0�FH8�A602+35�Q�FfC/T"T CJ5�P(T*+,Fr'*5�02$�+X.b&(L &rCJL2QB$�+3>@'*FH?�$�+,L2+/ `O�$6+
Q�' � +3LH+35�),+�T*'"+3F '*5]0K$�+<. C/),0 0K$�C 0�C ?�+ICJD]'"5R02$�+�),&($�+3LH+35W0p),&(>h?�&(5�+,5W0�)3&/L2L2+,F2?�&(5�QmE



���������
	���
�����������������	���� !�=

� '*P/8�L2+ �� Vn;$]e 56)3&(T"T*'*>hCJ02+3Q
),&($�+3LH+35W0�A6L2+3>@F2FS0KL2C/$�T*865�P F2?�+3),02L28�> �r)3C/T*),8�TjCJ02+3Q .b&(L
C Q�'jC/>@&(5�QY)3LHl�FS04C/TgL2C/Q�'*CJ0K&(L;!in<;<8�02$�'*)4DYC/5�Q C !#;#A +,T*+,),0KLH&(5 A|+3C/>�&J. !�M �S���
+35�+,L2P/l/ `O l�?�'")IC/T;"/CJT*8�+,F`C/L2+�86F2+3Q�.b&(L~A|+3C/>�+,>h'z0204CJ5�)3+�CJ5�Q�)3LSlmFS04C/T�>@&(F2C/'*) F2?�LH+IC/Q  



���������
	���
�����������������	���� !I�

'*5�P�02&@C{FH'*5�P/T*+�LH+3)3'"?�L2&�)ICJT TjCJ0H0K'")3+8"/+3)u0K&(L $�C/F�0.& &JEGA�&�Q6l�D9'*56+3>hCJ0K'")3F%�6F2&�0K$�+,L2+-'*FrC
&%+,T*T EGQ�+u��5�+3Q LH+3TjC 0K'*&/5 A|+u0.&%+,+35 0K$�+�+,>h'"F2F2'"&(5 C/5�P/T*+�C/56Q 02$�+�+356+3L2PJl &/. 0K$�+�+,>h'z0HE
0K+,QY?�$�&J0K&(5R'*5B0K$�+;TjC/A�$ +3>@'*FHF2'"&(5]CJ0�d $fl�'*+,T*Q�FfCh>hC0�m'*>�8�>}+,5�+3LHP/l]?�$�&/02&(5�� & '"02$
+35�+,L2P/l Q�+,)3LH+IC/FH'*5�PE& 'z0K$�'*5�),L2+ICJF2'*56PYC/56P(T*+J O�$�'*F;C/)3),&(8�5W0KF;.b&(Lp0K$�+hF2$�C/?�+ &J.r0K$�+
)3&($6+3L2+,5W0�?�+IC/D9F<'*5 � '*P� �� Nn ��& 'z0K$ 0K$�+@F2$�CJL2? LH'*P($W0SEG$�C/56Q�+,Q�P(+@)3&(LHL2+3FH?|&/5�Q�'*56P]02&
d%$�+3>@'*FHF2'*&/5BC/5�Q 0K$�+�0KC/'*T�0K&{T*&D& +3L�+,5�+3LHP('*+,F�)3&(LHL2+3FH?|&/5�Q�'*56P{02&�+3>@'*FHF2'*&/5BCJ0 $�'*P/$�+3L
C/5�P(T"+3F, 

O�$�+;'"5�)3&/$�+3LH+35W0f)3&(>@?|&/5�+35W03��A�+3)3C/8�FH+;'z0 )3&(>@+3F�.bL2&/>xC�F28�>�&D"/+3Lf>h&(>@+35W028�>
0KL2C/5�FH.b+,L2F�C 0�C/T"T C/5�P(T"+3F%�~$�C/F�+,F2FH+35W0K'*C/T*Tzl 5�& )3&/L2L2+,TjCJ02'*&(5 A�+,0.& +3+35 ?�$6&/0K&(5 +35�+,L2P/l
C/5�Q +3>@'*F2FH'*&(5 C/5�P/T*+/ O�$�'*F@>@+IC/5�F{0K$�CJ0 ),&(T*T"'*>hCJ0K'"5�P C3&%CIl CJT*T�?�$�&J0K&(5�F@A�+,l(&/5�Q
F2&(>@+�CJ5�P(T*+��������	� ��� A 8�56'".b&(LH>hTzl CJ0H0K+3598�C 0K+3F 0K$�+;'*5�),&($�+3LH+35W0pFH?|+,),0KLH8�>�CJ0�CJT*T
+35�+,L2P('"+3FQ��& $�+,L2+ICJF�'"0f?�LH+3F2+,LR"/+3F-C/T"Tq&J.g0K$�+;)3&($6+3L2+,5W0�?�$�&J0K&(5�Ff.bL2&(>�02$�+;>hC0�m'*>�8�>
+35�+,L2P/l .b&(L-0K$6+hP('4"(+,5 ?�+IC/D Q�&D& 5 02&YF2&/>h+{)38m0K& �  O�$�+ D9'"5�+3>hCJ0K'"){L2+3T*CJ0K'"&(5�Fp.b&(L
)3&($6+3L2+,5W0XA�LH+3>@F2FS0KLKCJ$�T*8�56PhCJL2+<C/F�.b&(T*T"&D& F%�

� 	�
 !
��� !����� � � �������
!������������ H �� z!�M

��������� M �� � ��
M �� � �� � � 	� H �� VMNM

& $�+3LH+���'*F|0K$�+`?�$6&/0K&(5-+,5�+3LHP/lp'*5p865�'"02Fa&/.m02$�+`'*56)3'*Q6+35W0a+3T"+3)u0KL2&/5<+,5�+3LHP/l-C/56Q��r'"F 0K$�+
TjC/AR+3>@'*FHF2'*&/5 C/5�P/T*+<&/.`0K$�+�?�$�&/02&(5 L2+,TjCJ02'#"/+<02& 0K$�+�'*5�),'*Q�+,590 +3T"+3)u0KL2&/5 >h&(>@+35W028�>
C0�m'*FQ��'*5 8�5�'z0KF &/. ��� A� 

O�$�+r+ � +3)u0KFg&J.�)3&(T"T*'"> CJ02'*&(5-CJL2+ Q�+3>@&(5�FS0KLKC 0K+3Q�'*5;02$�+r)3C/T*),8�TjCJ02+3Q<F2?�+3)u0KLKC�FH$�&D& 5
'*5 � '"P� �� kU6 � '*LHFH0%�a5�&/0K+�02$�CJ0-0K$�+{),&(T*T"'*>hCJ0K'"&(5YCJ5�P(T*+,F<C/L2+�"(+,LHl FH> C/T"TT� & $6'*)4$ L2+uE
798�'*LH+3F�CYT"&(5�P =�'*P($W0;?�CJ02$ &/.�&(LHQ�+3L�!Id(d78 '"5 &(LHQ�+3L;0K$�CJ0;0K$�+h)3&(T"T*'"> CJ02&(L�)3C/5 A|+
TjC/LHP(+3L<0K$�CJ5
0K$�+ '"5902L2'"5�F2'") A�+IC/> F2?�&/0{F2'"y3+ �`&/0K$�+,LR& '"F2+�0K$6+ )3&(T"T*'*>hCJ02&(Lp'*F�),860202'*5�P
'*5B0KL2C/5�FR"/+3LHF2+�),&m&(LHQ�'*5�CJ0K+p'"5�FH02+IC/QR&/.g'"5RCJ5�P(T*+J %O�$�'"F Q�'*FS04C/5�),+;'"F%��'"5]. C/)u03��C{F2+356F2'zE
0K'4"(+;.b865�),02'*&(5 &J.g0K$�+;+3T"+3),02L2&(5YA|+3C/> +3>@'"020KC/5�),+;.bL2&/>x0K$�+�>hC/)4$�'"5�+ �|C/5�QY>�8�FH0XA|+
'*5�),L2+3C/F2+,Q
'*5 '*5="(+,L2FH+ ?�LH&(?|&/LH0K'"&(5 0K&B0K$�+@A�+IC/> +3>@'"0H04C/56)3+�'". 0K$�+@+ � +3)u0K'4"(+356+3F2F�&J.
)3&(T"T*'"> CJ02'*&(5Y'*F<$�+3T"Q )3&/5�FH0KC/5W0I BO�$�'*F;'*FHF28�+ �gC/T"&(5�P & '"0K$ 0K$�+ C/F2FH&m),'jCJ02+3Q�Q�+3>hC/5�Q�F
?�TjCJ)3+3QR&(5YA�+ICJ>�CJT*'*P/5�>h+,5W0fC/5�QY?�&(FH'"0K'"&(5]FH04CJA�'*T"'"0GlN� CJL2+-04C/DJ+35 8�?Y'*5]>h&(LH+;Q6+,04CJ'*T
'*5 0K$6+-.b&/T*T*&D& '"5�P�F2+,),02'*&(5]&(5 0K$�+-+,T*+3)u0KLH&(5RA�+ICJ>}T*'"5�+/ 

�m+3),&(5�Q��r56&/0K+�02$�CJ0{0K$�+B),860@'*>@?|&(FH+3Q &(5 0K$6+]),&($�+,L2+35W0h?|+3C/D
AWl )3&/T*T*'"> C 0K'*&/5
Q�&�+3F�5�&/0 ?6L2&�Q�8�)3+-C�?�+3LS.b+3),02T"l F2$�C/LH?B+3Q�P(+-CJF &%&(86T*QBA|+p+��m?|+,),0K+,Q].bLH&(> 0.& &JE A|&�Q6l
D9'*5�+,> CJ02'*),F3 �O�$�'*F�'"FaA|+,)IC/8�FH+`0K$�+\)3&/T*T*'"> C 0K&(L�)38602F�&(5-LKC/Q�'"8�F�CJ0�FH&(>h+g�;�6+,Q�Q�'"FH0KC/5�)3+
& $�'*)4$ 0KLKCJ5�F2T*CJ0K+,F@'"5W0K&�C�)38m0 &(5 +3>@'*FHF2'*&/5 C/56P(T*+B&(5�Tzl '*5 C/5 C/?�?�LH&D�m'"> CJ02+ &rCIl( 
O�$98�F;02$�+{)38�L "(+3F;'*5 � '"P� �� kU]C/L2+{TjCJA|+,T*+3Q AWl 02$�+3'"L<),&(T*T"'*>hCJ0K&/L FH'*y3+@C/56Q�Q�'"FH0KC/5�)3+
'*5�Q6'#"�'*Q�8�C/T*TzlN� L2CJ0K$�+,Lp0K$�C/5 0K$6+3'*L-L2CJ0K'"&L��& $�'*)4$ '*Fp02$�+h56&(>h'"5�C/T1)3&(T"T*'*>hCJ02'*&(5YC/5�P(T"+/ 
�R8�Tz0K'*?6T*+%FH)ICJ0H0K+,L2'*56P<AWl�02$�+�+3T"+3)u0KL2&/5@'"5�0K$�+�L2C/Q�'*CJ0K&(L~?�L2'"&(L102&<+,>h'"F2FH'*&(5��(C/5�Q{A|+3C/>



���������
	���
�����������������	���� !in

� '*P/8�L2+]�� kU@$�#%&($�+3LH+35W0BA�LH+3>@F2FH02LKC/$6T*8�5�P F2?�+3),02L28�> � )IC/T")38�T*CJ0K+,Q 8�56Q�+3L 02$�+ F2C/>h+
)3&(56Q�'"02'*&(5�F<C/F<'*5 � '"P� �� VnO�1CJ. 02+3L-)3&(T"T*'"> CJ02'*&(5  �O�$�+ 86?�?|+,L;),8�LR"/+ '"F-02$�+@8�5�)3&/T*T*' E
> C 0K+3Q FH?|+,),02L28�>�.bLH&(> � '*P� ��� Vnm ;O�$6+@>@'*Q6Q�T*+;)38�L "(+{)3&(LHL2+,F2?�&(5�Q�Fp0K&BC]n98 8oQ�'zE
C/>@+,0K+,LX),&(T*T"'*>hCJ0K&(L%?�TjC/),+3Q s/d@8 Q�&D& 5�FS0KLH+IC/>�&/.g0K$6+�LKC/Q6'jCJ02&(L%� &(L C/?�?�LH&3�6'"> C 0K+3Tzl
d�GVZ(n ��� A}'*5 ),&(T*T"'*>hCJ0K&(L $�CJT".jE CJ5�P(T*+J ;O�$6+@T"&D&%+,Lp)38�L "(+{)3&(LHL2+,F2?�&(5�Q�F-0K&]C =�G �@8 8
)3&(T"T*'"> CJ02&(L~'"5@02$�+fFKC/>@+ ?|&(FH'"02'*&(5��9CJ?�?�L2&3�m'*>hCJ02+3T"l�d�GVn/d
��� Ah � &(L`02$�+X=�Gk�@8 8t),&(TzE
T*'"> CJ02&(L 0K$6+3L2+%C/L2+%C/?�?�LH&3�6'"> C 0K+3Tzl-=�Gk=�!;!�d ��� ���%'*5<0K$�+ ?�L2'"> C/LSlp?�+IC/Dp.b&(L1CX5�&(>@'*5�C/T
+3T"+3),02L2&(5]A�+IC/>x),8�L2LH+35W0f&/. ! ;�A C/5�Q])3LSlmFS04C/Ta02$�'*)4D95�+,F2Ff&/.%!�n�; 8R 



���������
	���
�����������������	���� !�U

F2?�&/0;F2'*y,+�C/56Q Q�'4"(+3LHP(+356)3+ C/LH+@02$�+@> CIHH&/L<),&(5W0KLH'*A�8602&(L2F<0K&]0K$�+@+3LHL2&(L<'*5="(&/T#"(+,Q
'*5
0KL2C/5�F2T*CJ0K'"5�P�C�),&(T*T"'*>hCJ0K&/LaLKC/Q�'"8�Fg'"5902&-CX)38m0\&(5�+3>@'*FHF2'*&/5�C/5�P(T"+/ �9XT"T6&/.�02$�+3FH+f+ � +,),02F
$�C3"(+ A�+3+,5�'*5�),&(L2?�&(L2CJ0K+,Q '*5W02&�0K$6+ C/5�CJT"l90K'")IC/T�)3C/T*),8�TjCJ02'*&(5:&/.�02$�+Rl�'"+3T*Q6Fh.bL2&/> C
)3&(T"T*'"> CJ02+3Q
),&($�+,L2+35W0@A�LH+3>@F2FH02LKC/$6T*8�5�P F2&/8�L2),+B02$�CJ0{$�CJF@A�+3+,5 86F2+3Q '*5 ?�LH+3?�C/LH'*5�P
0K$�'"F%LH+3?�&(LH03 #%LHl�FH0KC/T '">h?�+3LS.b+3),02'*&(56F%�F& $�'*)4$BC/>@&(8�5W0 0K&�CJ5 '*5W0KLH'*5�FH'*)fF2?�LH+IC/Q '"5 0K$�+
Q�'*LH+3)u0K'*&/5 &/.�02$�+ '"5�)3&(>@'*56P "�'*LS0K8�CJT ?6$�&/0K&/5��`C/LH+�C/T"F2&R0KC/D/+,5 '*5W0K& C/)3),&(8�5W0�'"5 0K$�+
)IC/T")38�T*CJ0K'"&(5  

O�$�'*LHQ��156&/0K+{0K$�C 0;02$�+hLH+3T*CJ0K'4"(+3TzlE& +IC/D ),&(T*T"'*>hCJ0K'"&(5 CJ0�n98 8 L2+,Q�8�),+3F;02$�+@'*5mE
)3&($6+3L2+,5W0 A�C/)4D9P(L2&/8�5�Q & '"02$�&(860 F2'"P(5�'z��)IC/5W02T"l@C � +3)u0K'*56P�0K$�+ )3&($6+3L2+,5W0 =�8;�h5�+ICJL%0K$�+
> C��6'">�8�> �aC/5�Q 02$�+3LH+3AWl�C/T*>@&(FH0XQ�&(8�A6T*'*56P�0K$�+{?�&(TjC/LH'*y3CJ0K'"&(5 &/. 0K$�+{A�+IC/>�CJ0-0K$�+
?|+3C/D LH+3T*CJ0K'4"(+ 02&�0K$�+p865�)3&(T"T*'"> CJ02+3Q@)IC/FH+/ � 8�LH02$�+3L%L2+3Q68�)3'"5�P�0K$�+p),&(T*T"'*>hCJ0K&/L`Q�'jC/>�E
+,02+3L-)3&(5W02'*598�+3F-0K&B5�CJL2L2&D&�0K$�+@?|+3C/D C/56Q�LH+3Q�8�),+@02$�+{'*5�),&($�+,L2+35W0"=�8;� L2+3T*CJ0K'4"(+�02&
0K$�+-?�+IC/D�� C/T"A|+,'"0 C 0 F2&(>@+-)3&(FS0 '"5 ?|+3C/D '*5W02+35�FH'"0Gl( 

O�$�+p=�G �@8 8 )3&(T"T*'*>hCJ02&(LgQ�'*C/>h+u0K+,L $�C/F%A�+3+,5�)4$�&(FH+35�.b&(L\0K$�'"F Q6+3F2'"P(5 A�+3)3C/8�FH+�'"0
?�L2&D"�'*Q6+3F;.b&/L;CB>hC0�m'*>�8�>�L2+,Q�8�),02'*&(5�'*5 0K$�+@'*56)3&($�+,L2+,590 =�8;�O& $�'"T*+�0KL2C/5�FH>h'z020K'"5�P
^WnN<x&/.g02$�+�),&($�+,L2+35W0�=�8;� C 0 02$�+�?�+IC/D  ��R&(FH0X&/.g02$�+;02&/04C/T�?�$6&/0K&(5YA|+3C/> +35�+,L2P/l
)3&(>@'*56PY.bL2&(> 0K$�+ ),LHl�FH0KC/T�'*F�C/A�F2&/L2A�+3Q AWl
0K$�+ ),&(T*T"'*>hCJ0K&/L3 � &(L�02$�'*F�L2+ICJF2&(5 0K$�+
)3&(T"T*'"> CJ02&(L�'*F@T*&�)IC 0K+3Q '*5 C�F2+3?�C/LKCJ02+ +35�),T*&(FH8�L2+Y&(860KFH'*Q�+]0K$�+Y+!�m?|+,L2'">h+,590KC/Tf$�C/T*T �
C/5�Q >�8�FH0hA�+]FH8�L2LH&(8�5�Q6+3Q�AWl:C ),&(5�FH'*Q�+,LKC/A�T"+YCJ>h&(86590@&/.XF2$�'"+3T"Q�'*5�P6 O�$�+R?|+3C/D
'*5 � '"P� ~�� kU .b&(L{C =�G �K8 8 )3&(T"T*'*>hCJ02&(L;),&(5W04C/'"5�F{=(=W� ?�$6&/0K&(56F MJF{.b&(L{C/5 +3T"+3)u0KL2&/5
A|+3C/> )386L2L2+,5W0%&/.1!#;#A �N& $�'*)4$ & '*T*TmA|+f'*56)3L2+3C/F2+,Q AWl@C�. C/),02&(L\&/.a=p.b&(Lg.b8�T"TzE '*5W0K+,5�F2'z0Gl
L28�565�'*5�P{&/.q0K$6+3?A@CB 
EDx+!�m?�+3LH'*>@+35W0 '*5���� @�@ �] 

� &/8�LH02$��65�&J0K+X02$�CJ0%02$�+pLKC 0K+XFH+3+,5]'"5 0K$6+X.b&m)3C/T�?�TjC/56+X&/.�0K$6+X04C/P/P('*5�P;F2?�+3)u0KL2&/>{E
+,02+3LX),&(L2LH+3FH?|&(56Q�F 02&h0K$6+;8�?6?|+,LX)386LR"(+;'*5 � '*P� 6�� VU;��LH+3PWCJL2Q�T"+3F2F &/.~02$�+�),&(T*T"'*>hCJ0K'"&(5  
O�$�'*F1>h+3C/5�F~02$�CJ01)3&(T"T*'"> CJ02'*5�Pr02$�+%A6L2+3>@F2FS0KL2C/$�T*865�P�A�+IC/> '*5�),L2+3C/F2+,F~0K$�+ LKCJ02+%'"5�0K$�+
04C/P/P(+3L�.b&�)IC/T`?6TjC/5�+�LH+3T*CJ0K'4"(+�0K& & $�C 0;'"F-F2+3+,5
CJ0p02$�+{Q�+,02+3)u0K&(L, � &(L�.b8�T"TzE '*5W0K+,5�F2'z0Gl
L28�565�'*5�P CJ0 !IdLK�?�$�&J0K&(5�F MJF�&(5�04C/LHP(+,0;'*5 02$�+ ),&($�+,L2+35W0�?�+ICJD � � '*P� a�� kUY'">h?�T"'*+,F-C
LKCJ02+ &/. MJ�Wd�35476;'"5{02$�+�.b&m)3C/T�?�T*C/5�+ & 'z0K$�'"5{C<U/d(d�� ��� & '*56Q�&D&�C/LH&(8�5�Q{0K$�+ ?�+IC/D  
#%&(>�A�'"5�'*56P@02$�'*F LKCJ02+S& '"02$Y0K$6+�A�+IC/>o?�8�T"F2+�FH?�C/),'*5�P�&J. MJ5�F�T"+IC/Q6F 0K& C/5 C/),)3'"Q�+35mE
04C/T 04C/P(P/'*5�P L2CJ0K+B&/. C/A�&(860hnJd=<�C/56Q 02& C .bL2C/),02'*&(5 &J.XCJ>�A�'*P/8�&(8�F�0KC/P(F{&/.f�Wd=<� 
_:"(+35 & 'z0K$
'"Q�+IC/T +3T"+3)u0KL2&/5�'*),F�0K$�+ ?|+,LSEGFH+3),&(5�Q
l�'*+,T*Q
&/. FH'*5�P/T*+uE 04C/P]+Q"/+35W0KF{'"F�)3T"&(F2+
0K&@FKCJ028�LKC 0K'*&/5YCJ0 02$�'*F '*5W02+35�FH'"0Gl( O�$�+�Q6+,0K+,),02&(LXCJ5�Q]0KC/P(P('"5�P{F2?�+3)u0KL2&/>h+u0K+3LfQ�+,F2'*P/5
C/L2+pA�C/F2+,Q]86?|&(5]C�>hC0�m'*>�86> L2CJ0K+�&J. !Id K ?�$�&/02&(5�F M F�&(5 04C/LHP(+,0 CJ5�QB�Wd(d�35476@?�+3L
�S���t'"5B02$�+p04C/P/P(+3L, 9 56&�"/+3Ta.b&�)IC/T ?6TjC/5�+pQ6+3F2'"P(5]'*F�)386L2L2+,5W0KT"l�8�5�Q�+,L FS0K8�Q6l ��0K&{A|+
Q�'*FH)38�FHF2+,Q:A�+3T"&D& '*5 FH+3)u0K'*&/5 �� k�@� & $�'")4$ > CIl +35�CJA�T*+@0K$�+ .b&�)ICJT ?6TjC/5�+hLKCJ02+h02& A|+
L2+,Q�8�)3+,QYAWlBC/A�&(860�C�. CJ),0K&/L�&/.�0.&%&�& '"02$�&(860fC/5Wl Q6+3)3LH+IC/FH+-'*5 0K$�+p),&(T*T"'*>hCJ0K+,QA=�8 �  

O�$�+BT*'*56+IC/L�?�&(T*C/L2'"yICJ02'*&(5 &/.f0K$�+ ?�$6&/0K&(56F�'*5
0K$6+]),&($�+,L2+35W0@?�+IC/D�'*F�F2$6&�& 5:'*5
� '*P6 ��� VZ@C/F C�.b8�5�),02'*&(5]&/.10K$�+<+35�+,L2P/lB&J.~0K$6+;+,T*+3)u0KLH&(5RA�+ICJ>R O�$�'*F ��P(86L2+<Q�+3>@&(5mE
FH02LKCJ02+3F & $Wl '"0%'*Fr+,F2FH+35W0K'*C/T 0K&�$�CD"/+p+3T"+3),02L2&(56F�&/.qC/F�$�'"P($�+356+3L2PJl C/F�?�&(F2FH'*A�T"+ ��+Q"/+35
0K$�&/8�P($]?�$�&/02&(5Y+,5�+3LHP('*+,Ff&J.g5�&@>h&/L2+p0K$�CJ5Y^N����� C/L2+-L2+,798�'*LH+3Q  O�$�+;'"5W0K+356F2'"0GlB&J.



���������
	���
�����������������	���� !iZ

� '*P/8�L2+r�6 NZ;$0La'*5�+3C/L`?�&(TjC/LH'*y3CJ0K'"&(5;'"5�0K$�+ ),&($�+3LH+35W0 A�L2+,>hFHFH02LKC/$�T"8�5�P-?�+IC/D�C/F\C�.b8�5�)uE
0K'"&(5 &/.q+3T"+3),02L2&(5 A�+ICJ>}+356+3L2PJl�D/+,+3?�'"5�P{0K$�+�+,5�+3LHP/l &/.�02$�+p)3&($6+3L2+,5W0 ?�+ICJDh�@�m+3Q]CJ0
^N�����h `O�$�+p)ICJT*)386TjCJ02'*&(5@'*Fr?�+3LS.b&(L2>@+3Q 8�5�Q�+,Lr0K$�+�F2C/>@+�)3&(56Q�'"02'*&(5�F%C/F�'*5 � '*P� 9�� kU6 



���������
	���
�����������������	���� !�s

0K$�+{),&($�+3LH+35W0<?|+3C/D���5�&/0-F2$6&�& 5 '*5 02$�+���P(8�LH+ �a$�CJF;C FH'*>@'*TjCJLfQ6+3?�+35�Q�+,5�)3+h&(5 0K$�+
+3T"+3),02L2&(5]A�+IC/>x+,5�+3LHP/l '"5B02$�'*F�LH+3P('"&(5  

�m$�&D& 5 '*5 � '"P� ��� ks{'*Fr0K$6+;T"'*5�+3C/Lr?�&(TjC/LH'*y3CJ0K'"&(5�&/.10K$�+<?�$�&/02&(5]A|+3C/> ' 1�?6$�&/0K&/5
+35�+,L2P/lh.b&(L �;�6+,QB+3T*+,),02L2&(5 A�+IC/> +356+3L2PJl( `O�$�+pQ�CJF2$�+,Q]),8�LR"/+3F F2$6&�& $�&D&c0K$�+X> C0�9E
'*>�86>�?�&(TjCJL2'*y3CJ0K'"&(5Y'"5 0K$�+�?6L2'*>hC/LSlY?�+IC/D "JC/L2'"+3F-C/F�02$�+�?|+3C/D +,5�+3LHP/l '*FX)4$�C/5�P(+,Q
AWlBL2&/0KCJ0K'"5�P�0K$�+-)3LSl�FH04CJT  O�$�+;?�&(T*C/L2'"yICJ02'*&(5�'"5YCJT*T )3C/F2+,F '"Ffy,+3LH& CJ0 02$�+;+,5�QmE ?|&('"5W0I 
-c'"02$�&(860`),&(T*T"'*>hCJ0K'"&(5<'"0gLH'*FH+3F C/F5H A(C�� �LM 	 �W&(5�+�?�&D&%+,L ),&(>@'*5�PX.bLH&(>�02$�+�'*5W02+35�FH'"0Gl
&/. 02$�+f)3&($�+,L2+,590%?|+3C/D�L2+,TjCJ02'#"/+r0K&-0K$�+f'*5�),&($�+,L2+35W0 )3&(>@?�&(5�+35W0%�mCJ5�Qh02$�+ &J0K$�+,L\.bLH&(>
0K$�+�'"5W0KL2'"5�F2'")�?�&(TjC/LH'*y3CJ0K'"&(5R&J. 02$�+�)3&/$�+3LH+35W0<?�$�&/02&(5�F3 �#%&(T*T"'*>hCJ0K'"&(5]C/T*T"&�& F &(5�+�02&
+3FHF2+35W02'jC/T"T"lR'*F2&/TjCJ02+;0K$6+�)3&($�+,L2+,590<),&(>h?�&(5�+,5W03� FH&B02$�CJ0�02$�+�?�&(TjC/LH'*y3CJ0K'"&(5YC3"JC/'"TjC/A�T"+
0K&Y02$�+�+��6?�+3LH'*>@+35W0�LH'*F2+,F�.bL2&/> y,+3LH& CJ0�02$�+�+356QmEG?�&('*5W0�'*5 CYT"'*5�+3C/L-. C/F2$�'"&(5  O�$6+
Q�C/FH$�+3QR)38�L "(+3Ff'*5 � '"P� 6�6 Vs{Q�+3>@&(5�FS0KL2CJ0K+�02$�'*F ?�&('*5W0I 

�G5�&(L2Q6+3L\0K&�&/A604C/'"5@02$�+ .b86T*T�?�&(TjC/LH'*y3CJ0K'"&(5�+35�$�C/5�)3+,>h+,5W0r.bL2&(> ),&(T*T"'*>hCJ0K'"&(5�� '"0 '*F
5�+3),+3FHFKC/LSl 0K&�$�C3"(+pC�Q6'*FH0KC/5�),+XA�+,0.& +3+35 02$�+XL2C/Q�'jC 0K&(L C/5�Q�),&(T*T"'*>hCJ0K&/Lg&(5 02$�+X&(LHQ�+3L
&/.<!�d(d78] O�$�'"F�Q�'*FS04C/5�),+ F2)3C/T*+�'"F�F2+u0{A9l 0K$�+ LH+3798�'*LH+3>@+35W0�0K$�CJ0�0K$�+ ),&(T*T"'*>hCJ0K&/L
C/?�+3LH028�L2+]>�8�FS0@A|+]TjC/LHP(+ )3&/>h?�CJL2+3Q 0K& 0K$6+ "�'*LS0K8�CJTr+3T"+3),02L2&(5 A|+3C/> FH?|&/0@&(5:0K$�+
)3&(T"T*'"> CJ02&(L<A�860{F2>hC/T"T%)3&/>h?�CJL2+3Q 0K& 02$�+]C/),028�C/Tr?�$6&/0K&(5:F2?�&/0{FH'*y3+J O�$�+ "m'"LH028�C/T
+3T"+3),02L2&(5hA|+3C/>tFH?|&/0 '*F\Q�+u��5�+,Q C/F`0K$�+f?�LH&/��T*+�02$�CJ0\0K$�+f+3T"+3)u0KL2&/5 A�+IC/> & &(8�T"Q $�C3"/+
CJ0%02$�+�+,5902LKC/56)3+X02&�0K$�+X)3&(T"T*'*>hCJ02&(Lg'". '"0 &%+,L2+-C/T"T*&D&%+,Qh02&�?�L2&/?�C/PWCJ02+ .bLH+3+3Tzl@'*5�FS0K+ICJQ
&/.1A|+,'*5�P{A�+35W0f'*5W0K&�0K$6+<A�+ICJ>xQ�8�>@?  

O�$�+hFH'*y,+@&J.%0K$6+�"�'"LH0K8�C/TgF2?�&/0;CJ0-0K$6+@),&(T*T"'*>hCJ0K&/L '"FpQ�+,02+3L2>@'*56+3Q A9l 02$�+{A|+3C/>
+3>@'"0H04C/5�),+p)3&(>�A�'*5�+,Q & '"02$RCJ5]86?�?|+,L T*'*>@'"0 &/.~M/d ; Lr&(5B0K$�+-C/56P(8�TjCJLrF2?�LH+IC/Q]&/.q0K$�+
+3T"+3),02L2&(5;A|+3C/> CJ0q0K$�+ LKCJQ�'jCJ02&(L3 �O�$�+ TjCJ0H0K+,L�"/CJT*8�+ &rCJF1)4$�&/F2+35�02& >hCJ02)4$;0K$6+ FH?�L2+3C/Q
'*5-0K$�+ A|+3C/> '*56)3'*Q6+35�),+%C/56P(T*+\0K& 0K$�+ >h&/FKC/'") FH?�L2+3C/Q�&/.m0K$�+ )3LSlmFS04C/T�A�+3)ICJ8�F2+ '"0q'*F�0K$�+
)3&(>�A�'*5�C 0K'*&/5@&J. 0K$�+ 0.& &�0K$�C 0%T"'*>@'"0KF10K$�+ Q�+,��56'"0K'"&(5@&/. 0K$6+ ),&($�+3LH+35W0�?�+IC/D  gO1C/D9'*56P
0K$�'"F "JC/T*86+%0K&(P/+,0K$6+3L & 'z0K${C/5�+,>h'z0204CJ5�)3+r&J.�!�d���KK>��VLQ� & $�'*)4$�$�C/F`A|+,+35{?�LH&>HH+3)u0K+3Q{.b&(L
0K$�+ ��
������pA|+3C/> CJ0 !iM ������T*+ICJQ�Fq02&XC("�'*LH028�C/TWFH?|&/01F2'"y3+ &/.�d�GNn98 8 L3 >] kF, @H !%GVM78 8
.  >&- $  >R Mu 
 &J0K+�0K$�C 0<02$�'*FpFH)IC/T"+{Q�&m+,F-5�&/0<Q�+3?�+356Q &(5 0K$�+{L2C/Q�'jC 0K&(L EG)3&/T*T*'"> C 0K&(L
Q�'*FS04C/56)3+/ \O�$�+-FH'*y3+p&J.102$�+pL2+3C/Ta?�$�&/02&(5BF2?�&/0 '*F%P('#"/+35]A9l�&(5�+p)4$�C/L2C/),02+3LH'*FH02'*)-C/56P(T*+
��� A & $�'*)4$hQ�+,��5�+3F C<),'*LH)3T*+�&/5@02$�+ ),&(T*T"'*>hCJ0K&/L1),&(5W04C/'"5�'*5�P-CJ?�?�L2&3�m'*>hCJ02+3T"l�n/d=<�&J.
0K$�+<0K&/0KC/T�?�$�&/02&(5 '"5902+35�FH'"0Gl/ O�$�+�L2+ICJT1FH?|&/0 F2'"y3+;'*FX?6L2&(?�&(LH02'*&(5�C/T 0K&@0K$�+;LKC/Q�'*CJ0K&/LSE
)3&(T"T*'"> CJ02&(LgQ�'"FH0KC/5�)3+J 9r0�C<Q�'*FS04C/5�),+�&/.�s/d/>t0K$�+XLKCJ02'*&<&/.aF2?�&/0%F2'*y,+3Fr'"F%U;�mFH8@2@)3'*+,5W0
0K&@C/T"T*&D& )3&(T"T*'*>hCJ02&(L%CJ?|+,LH0K86L2+3F�02$�CJ0fFKCJ02'*FS. l�A�&/0K$]&/.q0K$�+<C/A�&D"(+-'*5�+,798�C/T*'z0K'"+3F3 

� '*P� 9�� k^�FH$�&D& F%0K$�+X?|+3C/D{?|&(T*C/L2'"yICJ02'*&(5{&/. 0K$�+�A�+ICJ> CJFrC;.b8�56),0K'"&(5�&/. LKC/Q�'*CJ0K&/LSE
)3&(T"T*'"> CJ02&(L�Q�'"FH04CJ5�)3+ .b&(L�C
)3&($�+,L2+,590B?�+ICJD CJ0B^ �S���h ��G5 0K$6'*F�)3C/T*),8�TjCJ02'*&(5:0K$�+
)3&(T"T*'"> CJ02&(LrQ�'*C/>@+,0K+,L '"F $6+3T*QR)3&(56FH04CJ590pCJ0�=�Gk�@8 8�0K&h> C/DJ+�FH8�L2+�02$�CJ0f0K$�+S"m'"LH028�C/T
A|+3C/> F2?�&/0 &/.�!%GVM98 8 .  &- $  k>] '*F(&%+,T*T EG)3&/590KC/'*56+3Q & '"0K$6'*5R02$�+;C/?|+,LH028�L2+ ��& $�'")4$ '*F
0K$�+@>hC/'*5 )3&/5�Q�'"02'*&(5 .b&(Lp+ � +,),02'#"(+h)3&(T"T*'"> CJ02'*&(5  79r0;y3+3LH&YQ�'"FH0KC/5�)3+�02$�+h),&(T*T"'*>hCJ0K&/L
$�C/F�5�&�+ � +,),0 +��6),+3?60 02&{CJ0202+3598�CJ02+�0K$�+pA�+IC/> ��CJ5�Q F2&�0K$6+�8�5�),&(T*T"'*>hCJ0K+,Q ?�&(TjC/LH'*y3C E
0K'"&(5R.bLH&(> )3&($�+,L2+,590-A6L2+3>@F2FS0KL2C/$�T*865�P�'*F &(A60KC/'*5�+,Q  19r0�!�d(d/> FH+3?�C/L2CJ0K'"&(5 Q�'"FH0KC/5�)3+



���������
	���
�����������������	���� !�^

� '*P/8�L2+]�� ks@$ La'*5�+3C/L{?|&/TjC/LH'*yIC 0K'*&/5:&J.�0K$�+])3&/$�+3LH+35W0 A�LH+3>@F2FH02LKC/$6T*8�5�P A|+3C/> .b&(LhC
�@�m+3Qh+3T*+,),02L2&(5@A|+3C/>t+,5�+3LHP/l{&/.1!iM �������W)IC/T")38�T*CJ0K+,Q{8�5�Q�+,L 02$�+ FKC/>@+ )3&(5�Q6'"0K'"&(5�F\C/F
'*5 � '*P� �� kU6 fO�$�+�Q�CJF2$�+,Q T*'*56+3Ff'*5�Q�'")ICJ02+p0K$�+�02LKCIHH+,),02&(LHl]&/.`02$�+�?�+IC/DB?�&(TjCJL2'*y3CJ0K'"&(5
C/F�0K$�+-?�+IC/D +35�+,L2P/lB'"F�FR& +3?60XC/)3LH&(F2F�02$�+p.b&m)3C/T ?�T*C/5�+pAWlBL2&/0KCJ0K'"5�P�0K$6+<),LHl�FH0KC/T  



���������
	���
�����������������	���� M/d

)3LHl�FS04C/T A|+,FH0fL2+,)3'*?6L2&�)IC/T�"/+3),02&(L [��/[��������	��
��

Q�'*C/>h&/5�Q M;� ESM �Vd !/ Vd(d
A|+,LHl�T*T"'*8�> d@�kd@�VM dm Vs(U
A|&/L2&(5 M;�kd@�ks dm V=(s
F2'"T*'*),&(5 M;� ESM �Vd dm "!�^
w +
	
# M;�VM;�kd !/ "!�d

O~CJA�T*+{�� z!N$ � '*P/8�L2+�&J.r>@+3L2'z0�.b&(L "JC/L2'"&(8�Fp>hCJ0K+,L2'*C/T*Ff0K$�CJ0<>@'*P($W0-A�+{8�F2+,Q
C/F<CB)3&JE
$�+3LH+35W0]A�L2+,>hFHFH02LKC/$�T"8�5�P L2C/Q�'jC 0K&(L, O�$�'*F�0KC/A�T*+R'*F�LH+3?�LH&mQ68�)3+,Q .bLH&(> O1C/A�T"+ M '*5
'f+u.  ) =>+  

0K$�+<?�&(TjC/LH'*y3CJ0K'"&(5�+356$�C/5�),+3>@+35W0X.bLH&(>x)3&/T*T*'"> C 0K'*&/5 $�C/F F2CJ0K8�L2CJ0K+,Q  rO�$�+<Q�+,F2'*P/5R.b&(L
���
@C@�� )IC/T"T*F%.b&(LrC�LKC/Q�'*CJ0K&/LSEG),&(T*T"'*>hCJ0K&/LgQ�'*FS04C/56)3+-&/.1C/?�?�LH&3�6'"> C 0K+3Tzlhs(d78R Ef&�&rE
+Q"/+3L .bL2&(> 0K$�+p��P(86L2+-&(5�+p)3C/5RFH+3+-0K$�C 0�0K$�+-?�+3LH.b&/L2>hC/5�)3+p&J.102$�+-?�$�&/02&(5BF2&(8�LH)3+<'*F
5�&/0 C6"(+,LHlBF2+,5�F2'z0K'4"(+p.b8�5�)u0K'*&/5]&J.102$�'*F "JC/L2'*C/A�T"+/ 

��� �9��� � ��� ����! � 
 "2�
� � � ����"
O�$�+{'*Q�+3C/T~L2C/Q�'*CJ0K&(L(& &(8�T*Q A�+�C TjCIl(+,L2+,Q FS0KLH8�),028�L2+�& '"02$ FH02L2&(5�P�02LKC/56FR"(+,L2FH+@��+,T*Q�F
0K$�C 0-C/T"02+3LH5�CJ0K+<A�+,0.& +3+35 TjCIl/+3L2FXF2?�C/),+3Q C/A�&(860<nJd@?28oC/?�C/LH0%�|0K$98�FpFH'*>�86TjCJ02'*5�P{0K$�+
FH0KC/5�Q�'"5�PP&rC3"/+ '"5�C
)IC3"�'"0Gl Q�LH'#"(+,5cA9l C !in ��� TjC/FH+3L3 -c$�'"T*+R'"0�'"F ?�&(F2FH'*A�T"+R02&
)3&(56FH0KLH8�),0<&(LHQ�+3LH+3Q >hCJ0K+,L2'jCJT*F8& 'z0K$ 8�56'"0p),+3T*T"FpC/FpT*C/L2P(+�C/F�0K$�'"F%� 02$�+�F2+,T".jE F2$�'"+3T*Q6'*5�P
&/.XCJ0K&(>@F�>@+IC/5�F�02$�CJ0{A�+,l(&/5�Q 02$�+]CJ0K&(>@'*) T*+356P/0K$:F2)3C/T*+�02$�+BL2+3FH'*Q�8�C/Tr��+3T"Q�F@C/L2+
)3&(>@?�C/L2CJ0K'4"(+,T"lO&%+3C/D  Ef+35�),+B$�+,02+3L2&/P(+35�+,&(8�F@FH02L28�)u0K8�LH+3FhC/L2+ 5�&J0�"m'*C/A�T"+ .b&(L�8�FH+
C/F�CR)3&($�+,L2+,590�LKC/Q�'*CJ0K&/L3 ]�m'"5�)3+@0K$�+hFH0KLH&(5�PY��+3T*Q6F�'*56F2'*Q6+ CYFH&(T*'"Q CJL2+ LH+Q"/+IC/T"+3Q CJ0
0K$�+RCJ02&(>h'") F2)3C/T*+ �%0K$�+B��LHFH0hL2+3798�'"L2+,>h+,590@.b&(L@C P(&m&�Q:LKC/Q�'*CJ0K&/L�'*F�0K$�C 0h02$�+R865�'"0
)3+,T*T�A�+]),&(>@?�C/),0@CJ5�Q ),T*&(FH+3Tzl ?�C/)4DJ+3Q  O�$�+RA�+3FS0@LKC/Q�'*CJ0K&/L2F{C/LH+B02$�&(FH+ & 'z0K$ 0K$�+
F2>hC/T*T"+3FS0�8�5�'z0p)3+,T*T"F�A|+,)IC/86F2+�0K$�+,F2+{?�LH&�"�'"Q�+�0K$�+�A�+3FS0<> CJ02)4$ A|+u0.&%+,+35 0K$�+{CJ02&(>@'*)
C/5�Q 0K$�+{)3LSl�FH04CJT .b&(LH>�. C/)u0K&(LHF3 O�$6'*F-> C 0K)4$ '"FpA|+,FH0<.b&(Lp0K$�+@T*'"P($W0-+3T"+3>@+35W0KFQ�~C/56Q
+3FHF2+35W02'jC/T"T"l ?�LH&($�'*A6'"0KF�02$�+Y+ � +,),02'#"(+,5�+3FHF�&/.-CJ59l >hCJ02+3L2'*C/T*F�$6+IC3"�'*+3L{0K$�C/5 )3C/L2A�&(5  
9X5R+!��0K+,5�F2'4"(+�FH8�LR"/+,l]&/.~?|&(FHF2'"A�T*+-LKCJQ�'jCJ02&(Lr>hCJ0K+,L2'*C/T*Fr'"F ?�L2+,F2+35W02+3Q '"5 ' +,.  �) =>+  �G5
O~CJA�T*+h�� "! '*F<F2$�&D& 5 0K$�+@��P(8�LH+�&/.�>@+3LH'"0<0K$�C 0�0K$6&(F2+ CJ860K$�&/L2F�LH+3?�&(LH0;.b&(L-. CD"/&(L2+,Q
)3LSlmFS04C/T"T*'"5�+�>hCJ0K+,L2'jCJT*F3 ;O�$�+���P(8�LH+{&/.%>@+3LH'"0p'"F�0K$�+{?�LH&mQ68�),0<&/. 0K$�+{C 0K&(>@'*)�02'*>@+3F
0K$�+X)3LHl�FS04C/T .b&/L2> . C/),02&(L%+!"/CJT*8�CJ02+3QBCJ0%0K$�+�T"+IC/Q6'*5�P;?|+3C/D���5�&(LH> C/T"'*y,+3Qh02&�0K$6+ "/CJT*8�+
.b&(L�Q�'*C/>h&/5�Q  

O~C/A6T*+ �6 "!�FH$�&D& F�0K$�C 0�0K$6+�T*'"FH0<&/. "�'jC/A6T*+@> CJ02+3LH'jC/T"F-.b&/L�CY),LHl�FH0KC/T%L2C/Q�'jC 0K&(L<'*F
L2+,TjCJ02'#"(+,T"lYF2$�&(LS0I h�m'"T*'*),&(5E& &(8�T"Q�A�+@C/5�+��m)3+3T"T*+,590<)4$�&/'*)3+�.bLH&(>�02$�+h?�&('"590-&J. "�'*+!&
&/. ?�LH'*)3+ C/5�Q . CJA�L2'")ICJ02'*&(5��qA�860�8�56.b&(LS0K8�5�C 0K+3Tzl '"0;'*F;. CJL�'*5m.b+3L2'"&(L-'*5 02+3LH>hF;&/.�?�+3LSE



���������
	���
�����������������	���� Mm!

� '*P/8�L2+ �� k^@$\�YC��6'">�8�> ?�&(TjCJL2'*y3CJ0K'"&(5 ' 1\L2C/Q�'jC 0K&(L EG)3&/T*T*'"> C 0K&(L�Q�'"FH04CJ5�)3+f.b&(L%C<)3&($6+3LSE
+35W0�?�+ICJD CJ0;^N�S���{ �O�$�+h)3&(T"T*'*>hCJ02&(L Q6'jC/>@+,02+3L-'*F-$�+,T*Q��;�6+,Q '"5 02$�'*F-)ICJT*)386TjCJ02'*&(5
0K&�DJ+3+3?]C�),&(5�FH0KC/5W0 LKCJ02'*&�A�+,0.& +3+,5]02$�+�FH'*y3+,F�&/.�0K$�+8"m'"LH028�C/T�+3T*+,),02L2&(5 FH?|&/0fCJ5�Q�0K$�+
)3&(T"T*'"> CJ02&(L3 



���������
	���
�����������������	���� M(M

.b&(L2>hC/5�),+/ {w%+,LHl�T*T"'*8�>o)ICJL2A�'"Q�+{'*Fp5�&/0<C >hCJ0K+,L2'*C/T102$�CJ0-'*Fp. C/>@'*T"'jC/L�02&B02$�+{)3LSlmFS04C/T
P(L2&D&�02$ '"5�Q�8�FS0KLHl �%CJ5�Q 5�&/0K$6'*5�P '*F�D95�&D& 5 CJ0{?�LH+3F2+,5W0 ),&(5�)3+,L25�'"5�P '"0KF�F28�'z04C/A�'"T*'z0Gl
.b&(Lp0K$�+{P(LH&D&�0K$ &/.rFH'*5�P(T"+�)3LSlmFS04C/T"F;&J.%T*C/L2P(+{CJL2+ICm ��G5 P(+356+3LKCJT ),&(>@?|&(865�Q > CJ02+3LH'zE
C/T*F;C/LH+h>@&(L2+{FH8�F2),+3?602'*A�T"+h0K&RLKC/Q6'jCJ02'*&(5 Q�CJ> C/P/+@02$�C/5
CJL2+@?�8�L2+@+3T"+3>@+35W0KFQ� & $�'")4$
&%&/8�T*Q C/L2P(86+h'"5�. C3"(&(L<&/.�Q6'jC/>@&(5�Q C/5�Q A|+,LHl�T*T"'*8�>�>h+u04C/T  �O�$�+3FH+ 0.& &Y>hCJ0K+,L2'jCJT*F
C/L2+-),&(>h?�C/LKC/A6T*+�'"5B02+3LH>hF�&/.q0K$6+3'*L�?�+3LS.b&(L2>hC/5�),+/ 

�R&(FH0g&/.�0K$6+r+!�m?�+3L2'"+35�),+%0K&XQ�CJ0K+ & '"02$�)3&/$�+3LH+35W0\A�L2+,>hFHFH02LKC/$�T"8�5�P $�C/FgA�+3+,57& '"02$
Q�'jCJ>h&(56Q LKC/Q6'jCJ02&(L2F, -_:��02+35�FH'#"(+{+��6?�+3LS0K'"F2+6& '"02$ TjC/LHP(+�Q6'jC/>@&(5�Q ),LHl�FH0KC/T*FQ� F286)4$ C/F
&%&/8�T*Q A�+]LH+3798�'"L2+3Q .b&(L�02$�+B?�L2&�Q�8�)u0K'"&(5 &/.f)3&($�+,L2+,590hA�LH+3>@F2FH02LKC/$6T*8�5�P L2C/Q�'jC 0K&(LHF%�
C/T*LH+IC/Qml�+��6'"FH02F:& '"0K$6'*5�02$�+rP(+,>�'*56Q�8�FH02LHl/ �E &D& +Q"(+,L\F28�)4$@)IC/?�C/A�'*T"'"02'*+3FqC/LH+%0Gl�?�'*)3C/T*Tzl
0KLH+ICJ02+3Q '"5@02$�CJ0 $�'"P($�T"l�)3&(>@?|+u0K'z0K'#"/+�A�8�FH'*5�+,F2FrCJF FH+35�FH'"0K'4"(+f)3&(LH?|&/LKCJ02+f'"56.b&(LH> CJ02'*&(5 �
?�C/LS0K'*),8�TjCJL2T"l�C/F�02$�+,l ?�+3LS04C/'"5 0K& 0K$�+B),L2+IC 0K'*&/5 &/.XT*C/L2P/+ P(+3>�EG798�C/T"'"0Gl FHl�5W0K$6+,0K'")3F, 
'f+,F2+3C/L2)4$�+,L2F CJ0 0K$6+Xef5�'#"/+3L2FH'"0Gl@&/. �pTjCJF2P(&D& $�CD"/+�+3FS04C/A6T*'*FH$�+3Qh)3&(5W0KC/),02F & '"02$�'*5{0K$�+
P(+3>�'*5�Q68�FH02LHl].b&(L�?�LH&m),8�L2'"5�P�F2'"5�P(T"+uEG),LHl�FH0KC/T~Q6'jC/>@&(5�Q�F &/.\$�'"P($ 798�C/T*'z0GlRC/5�Q TjCJL2P(+
F28�LS. C/)3+�C/L2+3C() U�+  `O�$6+ 0K+,)4$�5�'"7�86+3F�8�FH+3Q�.b&(L F2+,T*+3)u0K'"5�P�C/5�Q C/F2FH+3FHF2'*56P�0K$�+�798�CJT*'"0Gl{&J.
0K$�+-Q�'*C/>@&(5�Q�F C/LH+pQ�'*FH)38�FHF2+,Q '*5�02$�+-5�+!��0 F2+3)u0K'"&(5  

�G5 P(+35�+,LKC/Tq0K+,L2>@F%� Q�'*C/>@&(5�Q�F C/L2+�)3TjCJF2F2'z��+3Q CJF 0Gl�?|+�� &(Lf0Gl�?|+��R�+� & $�+,L2+�0Gl�?�+
� �<$�C3"(+BA�+3+35 FH8�A HH+3)u0K+,Q 0K& P/L2+IC 0K+3L�FS0KLH+3F2FH+3F@Q�8�LH'*5�P 02$�+3'"L�.b&(L2>hCJ02'*&(5 0K$�C/5 0Gl�?�+
�4 q#%&(>@>h&(56T"lN�|0Glm?�+ � �X+��m$�'*A�'z0-F28�A6FH04CJ5902'jC/T`?6TjC/FS0K'*)�Q6+,.b&(LH> CJ02'*&(5  ��'jC/>@&(5�Q6FpC/L2+
C/T*FH&Y),TjC/FHF2'"��+3Q C/),)3&(LHQ�'*5�P]0K&Y02$�+ .b&(LH> '*5 & $6'*)4$ 5�'z0KL2&/P(+35 CJ0K&(>@F�CJL2+ ?6L2+3FH+35W0{'*5
0K$�+ )3LSlmFS04C/T|TjCJ0H0K'")3+/ �G5 0Gl�?|+�� 0K$�+ 5�'"02L2&(P(+,5 '"F%C/P/P(L2+,PWCJ0K+,Q�'*5W02&�)3T"8�FH02+3LHF%&/.qCJ02&(>@F%�
& $�+3LH+IC/F%'*5h0Gl�?�+�� 02$�+ 56'"0KLH&(P(+,5 '*F C/T">h&(FS0 8�5�'".b&/L2>@T"l�Q6'*FH02L2'"A�860K+,Qh02$�L2&(86P($�&(860 0K$�+
)3LSlmFS04C/T  � &(Lq)3&($6+3L2+,5W0`A�L2+,>hFHFH02LKC/$�T"8�5�P�L2C/Q�'*CJ0K&(LHF%� 0Glm?�+ �GA�Q6'jC/>@&(5�Q�FqC/LH+ 02$�+r>@&(FH0
F28�'z04C/A6T*+/ ge 56.b&(LS0K8�5�CJ0K+,T"lN��0Gl�?|+ �GA 5�CJ0K8�L2C/T Q6'jC/>@&(5�Q�F C/LH+1"(+,LHl�L2C/L2+�C/5�Q�?�LH&(A�C/A6T"l
0K$�+ >h&(FS0�LH+3T*'*C/A�T"+hFH&(8�L2),+�&/.(�GA Q�'*C/>@&(5�Q�F�& '*T*T\A�+�FHl�5W0K$6+,0K'")3F, O9r0�?�L2+,F2+35W0{FSlm5�E
0K$�+u0K'")hQ�'*C/>@&(5�Q >h&(56&JEG),LHl�FH0KC/T*Fp0Gl�?�'*)3C/T*Tzl $�C3"(+ 5�'"02L2&(P(+,5�),&(5�),+35W0KL2CJ0K'"&(5�F�CJL2&(8�56Q
!�d(d�?�?�>] 

��l�5902$�+,02'*) Q�'jC/>@&(5�Q6F\C/L2+ >hC/Q�+ 8�F2'"5�P<+3'"02$�+3L "JC/?�&(L`Q�+,?|&(FH'"02'*&(5 H #�J �?Mg&(L\$�'*P($
?�L2+,F2FH8�L2+r$6'*P($-0K+,>h?�+3L2CJ0K8�LH+ H EX[ E O5M 0K+,)4$�5�'"7�86+3F3 #�J � Q�'*C/>h&/5�Q�Fa$�C3"(+rC/5;+���0K+35�E
F2'4"(+�>@&(F2C/'*)<C/5�Q C/L2+<8�5�FH8�'"0KC/A�T*+-.b&(Lf)3&($6+3L2+,5W0pA�L2+,>hFHFH02LKC/$�T"8�5�P� @Ef&D&%+!"(+3L E [ E O
FHl�5W0K$�+u0K'")3FrT"&m&(DS"(+3LSl@?�L2&(>@'*FH'*5�P@�WC/5�Q@0K$�+��-T*C/F2P(&D& P(L2&(86? $�C3"(+ L2+,)3+35W02T"lhC/)3798�'"L2+,Q
C n78 8 !%n98 8 FSl�5902$�+,02'*)BQ�'*C/>h&/5�Q T*+,F2F�0K$�C/5c!�s�;<8�02$�'*)4D & $6'*)4$ $�C/F@C ) !Id(d�+
&(L2'"+35W04C 0K'*&/5  7� 0-?�LH&mQ68�)3+,F�C "(+,LHl P(&�&�Q )3&($�+,L2+,590<A�LH+3>@F2FS0KLKCJ$�T*8�56P]FH?|+,),02L28�> C/56Q
� E LKCIl >@+ICJF28�LH+3>@+35W0KFrFH$�&D& 'z0%$�C/FrL2&�)4D9'*5�P�)38�L "(+ & '*Qm0K$�Fr&J.�T*+3FHF 02$�C/5 !�d ; L%��7�86'"0K+
)3T"&(F2+p0K&�02$�+-'*Q�+3C/T "JC/T*86+�.b&(L�Q�'jCJ>h&(56Q  

w%+3LSlmT"T*'"8�> '*FhC/5�&J0K$�+,L >hCJ0K+,L2'jCJT%0K$�C 0 >@'*P($W0@A�+R8�FH+3QcC/FhC�),LHl�FH0KC/TXL2C/Q�'*CJ0K&(L, 
w%+3LSl�T*T*'"8�>c>h+u04C/T/'*F & '"Q�+3TzlX8�FH+3Q<'*5p'"5�Q�8�FS0KLHl �iA|+,'*5�P�?�LH+,.b+,L2L2+,Q<.b&/L '"02Fa$�'*P($XFH0KLH+35�PJ0K$mE
0K&JET&%+,'*P($W0`L2CJ0K'"&�C/56Q�L2&(A�86FH0K56+3F2FQ�9'*5�C/Q6Q�'"02'*&(5<0K&�'z0KF~02LKC/5�FH?�C/LH+35�)ul�0K& � EGL2CIlmF, gO�$�'"5
��T*>@F�&/.~$�'*P($�EG?�8�LH'"0Gl A|+,LHl�T*T"'*8�> C/L2+-LH&(860K'"5�+3Tzl�?�LH&mQ68�)3+,QR.b&(L "JC/),8�8�>
& '*56Q�&D& C/?mE
?�T*'")ICJ02'*&(56F%� & $�'")4$�8�F2+YF2&(>@+Y&/.p02$�+ F2C/>h+ "/CJ)38�8�> Q�+,?|&(FH'"02'*&(5:0K+3)4$65�'*798�+,F�0K$�CJ0



���������
	���
�����������������	���� M/=

&%&/8�T*Q A�+�8�FH+3Q .b&(L 02$�+�P(LH&D&�0K$ &/.�FH'*5�P(T"+X),LHl�FH0KC/T*F, 9 F�C�L2C/Q�'jC 0K&(L > C 0K+3LH'jC/T �9A|+,LHl�TzE
T*'"8�> '*F~Q6'*FH02'*5�P/8�'*FH$�+3Q�CJF~0K$�+�>@+,0KC/TF& '"0K$;0K$�+�$�'"P($�+,FH0 ��+,A9l/+r0K+,>h?�+3L2CJ0K8�LH+ �WCJL2&(8�56Q
!I�Wd(d $ &  /O�$�+ ��+3AWl(+�02+3>@?|+,LKCJ028�L2+r>@+ICJF28�LH+3F`0K$�+r02+3>@?|+,LKCJ028�L2+rCJ0:& $�'")4${02$�+r0K$6+3LSE
> CJT(>h&J0K'*&/5p&/.602$�+ CJ0K&(>@Fa'*5-0K$6+ T*CJ0202'*),+gL2+3C/)4$�+3Fq0K$�+\T"+Q"(+,T9&/.602$�+\y3+3LH&JEG?�&('"590�>@&/02'*&(5
Q�8�+X02&�0K$6+3'*L )3&(5m��5�+3>@+35W0�'"5h02$�+�TjC 020K'")3+J 9 $�'"P($ ��+,AWl(+�0K+,>h?�+3L2CJ0K86L2+X'"5�Q�'")ICJ02+3F C
FH02' � )3LHl�FS04C/T T*CJ0202'*),+ �9'*5 & $6'*)4$�0K$6+pCJ0K&/>hF $�C3"(+pT*'z0202T*+ T*'"A|+,LH0Gl{0K&�>@&D"(+pCJ5�Q F2&�$�C3"/+
TjC/LHP(+p>@&(>h+,5W0K8�> =�8�),028�CJ02'*&(5�FQ��C/F Q�'"),04C 0K+3Q]AWl�0K$6+<865�)3+,LH04CJ'*5W0GlB?�L2'"5�)3'"?�T*+J 

9 $�'"P($ ��+,AWl(+X02+3>@?|+,LKCJ028�L2+f'*F '*>@?|&/LH04CJ590`.b&/L%C<A�L2+,>hFHFH0KL2C/$�T"8�5�P�L2C/Q�'*CJ0K&(L\>hC E
0K+,L2'jCJTg.b&(L�0K$�LH+3+@L2+3C/F2&(56F3 � '"L2FS03�a0K$�+{),L2&(FHF�F2+,),02'*&(5 .b&(L-)3&($6+3L2+,5W0�A�LH+3>@F2FS0KLKCJ$�T*8�56P
.bL2&(>}C@Q6'*F2),L2+u0K+-)3LSlmFS04C/Ta>@&(>@+35W0K86> "(+,),0K&/L �� ),&(5W04C/'"5�F C�. C/),02&(L5� ������� =��	��
 & $�'")4$
L2+ =�+3)u0KF�0K$�+ . C/),0r02$�CJ0�?�&(FH'"0K'"&(5 =�86),0K8�CJ0K'"&(5�Fr&/.1CJ02&(>@F%'*5�02$�+�T*CJ0202'*)3+ Q�'*>@'*56'*F2$@0K$�+
)3&($6+3L2+,5W0�+ � +3)u0I BO�$�'"F<. C/)u0K&(L-'"F<56+IC/L;8�5�'"0Gl .b&/L-02$�+@T*&D&rEG&(LHQ�+3L-),LHl�FH0KC/T >@&(>@+35W04C
?�L2&D"�'*Q6+3Q�0K$�C 0 0K$�+ ��+,A9l/+ 0K+3>@?�+3LKC 0K8�LH+ �
� '*F�FH8@2@)3'*+,5W0KT"l TjC/LHP(+/ ��m+,)3&(5�Q �X0K$�+
��+3AWl(+ 0K+,>h?�+3L2CJ0K86L2+�'*FQ�WL2&(86P($�T"l�F2?�+IC/D9'"5�PL�9Cp>h+3C/F286L2+ &/.�0K$�+�FS04C/A�'"T*'z0Gl�&/.�0K$6+�)3LHl�F E
04C/T`FS0KLH8�),028�L2+hC/5�Q $�+356)3+@'"0KF-)3C/?�C/),'"0Gl 02&]FH8�LR"�'4"(+@F2'*P/5�'"��)3C/5W0<Q�&(F2+,F;&J.%L2C/Q�'jC 0K'*&/5  
O�$�'*LHQ�� 02$�+�LKC/Q6'jCJ02&(LX>hCJ0K+,L2'*C/T�& '"T*Tq'*5�+!"�'"04CJA�T"l]A�+�$�+ICJ02+3Q AWlY02$�+�A|+3C/> �aC/5�QI& '"T*T
5�&(LH> C/T"T"l{&(?�+3L2CJ0K+X'*5 "JC/),8�8�>�& +3T"T C/A�&D"(+�02$�+-C/>�A�'"+35W0%02+3>@?|+,LKCJ028�L2+J 9 $�'"P($ ��+uE
AWl(+X02+3>@?|+,LKCJ028�L2+ >h+3C/5�F 02$�CJ0 0K$�+,L2+�'"F%C<TjC/LHP(+fLKC/5�P/+ &/.a02+3>@?|+,LKCJ028�L2+,F%&D"(+,L & $�'")4$
0K$�+f>hCJ0K+,L2'jCJT�> CIl�&/?|+,LKCJ02+5& 'z0K$�&(8m0 Q6+3P(L2C/Q�+3Q ?|+,LH.b&(LH> C/56)3+fC/F C<),LHl�FH0KC/T|L2C/Q�'*CJ0K&(L, 
O�$�+ ��+3AWl(+-0K+,>h?�+3L2CJ0K8�LH+p&/.1Q�'jC/>@&(5�Q '"F C/A�&(860 M(M/d/d%$�&� 

[~C/FS0 +!�m?|+,L2'"+35�),+<$�C/F�F2$�&D& 5 0K$�CJ0�Q�'*C/>h&/5�Q�>@+3+,02F�C/T"T|&/.�02$�+pL2+,7�86'*L2+,>h+,5W0KFr.b&(L
C;P(&�&�Qh),LHl�FH0KC/T|L2C/Q�'*CJ0K&(L, ~w +3LHl�T"T*'*86>tL2+,> C/'"5�F C;FH+3)3&/5�Q�)4$�&('")3+ ��02&�A�+ '"5F"/+3FS0K'*P(CJ0K+,Q
.b8�LH02$�+3L;'*5 0K$�+h)IC/FH+ 0K$�C 0�C � &(LHQ�C/A�T"+hFH&(8�L2),+3F�&J.�TjC/LHP(+uEGC/L2+3C]Q6'jC/>@&(5�Q )3LSlmFS04C/T"F�CJ0
F2&(>@+-?|&/'*5W0 C/LH+<56&@T"&(5�P(+,L C3"/CJ'*TjCJA�T*+J 

��� �9� � �	"��K� ������� ����� � ���
�G5R02$�+�)3C/T*),8�TjCJ02'*&(5 &J.g0K$�+<)3&/$�+3LH+35W0pA�LH+3>@F2FH02LKC/$6T*8�5�P@F2?�+3)u0KLH8�>�'z0f'*F 5�+3),+3FHFKC/LSlR02&
04C/DJ+ '*5W02& C/)3),&(8�5W0�02$�+Y. C/)u0�0K$�C 0�+Q"/+35�0K$6+E"(+,LHl A�+3FS0 )3LSl�FH04CJT*F�$�C3"/+ F2&(>@+YQ�'"FSE
T*&�)ICJ02'*&(56F�C/5�Q &J0K$�+,L�Q�+,.b+,),02F3 
w +3F2'"Q�+3F�T"&m)3C/T*Tzl Q�'*FHL28�?m0K'*56PY0K$�+ LH+3P(86TjC/LH'"0Gl &/. 0K$�+
)3LSlmFS04C/T ��0K$�+,F2+-Q�+u.b+3),02F '">h?�&(FH+pFH0KLH+3FHF2+3F5& $�'*)4$]?�LH&mQ�86)3+-F2>hC/T*T|L2'"?�?�T*+,F�'*5�02$�+-)3LHl�F E
04C/T9?�T*C/5�+,F3 � .60K$�+,F2+rLH'*?�?�T"+3F & +3L2+rC/>h?6T*'"��+3Q���0K$6+%F286LH. C/),+%&/. Cf)3LSlmFS04C/TF& &(8�T*Q�C/?�?�+IC/L
T*'"D/+fC<>@&(F2C/'*)�&/. ?�TjCJ5�C/L`L2+,P('*&/5�F & '"0K$hC/?�?6L2&3�m'*>hCJ0K+,T"l�?�C/LKC/T"T*+,T6F286LH. C/),+3F3 \O�$�+fF2)3C/T*+
&/.rQ6+Q"�'jCJ02'*&(56F-.bLH&(>v?�T*C/5�C/LH'"0Gl CJ)3L2&/F2F-0K$�+{. C/)3+@&/.rC]FH'*5�P(T"+�)3LSlmFS04C/T '*Fp02+3L2>@+3Q 0K$�+
8 -:1 �LFT**1 / / ) ���-&/.10K$�+<)3LSl�FH04CJT  O�$�+;>@&(F2C/'*)pFH?�L2+3C/Q )3&/5902L2'"A�860K+,F '"5 0K$�+<FKC/>@+ &rCIl
C/Fr+,T*+3)u0KLH&(5 A|+3C/>}Q6'#"(+,L2P(+,5�)3+�02&�0K$�+XA�T*8�LHL2'"5�P�&/.�02$�+�+!�6C/)u0 +35�+,L2P/lWEGC/5�P(T"+�L2+,TjCJ02'*&(5
.b&(L�)3&/$�+3LH+35W0X?6$�&/0K&/5�F3 

w%+3FH'*Q�+,F�Q�'*FHT*&�)ICJ02'*&(5�FQ�(0K$�+,L2+pCJL2+X&J0K$�+,L%D9'*5�Q6Fr&/.�)3LSl�FH04CJT Q�+u.b+3),02F3 \O�$�+�?6L2+3FH+35�),+
&/. .b&(L2+,'*P(5 CJ02&(>h'")�F2?�+3),'*+,F<Q68�L2'"5�P 0K$�+@)3LSlmFS04C/T`P/L2&D&�0K$ ?�L2&�)3+,F2F<)IC/5 L2+,F28�Tz0<'*5 0K$�+
F28�A6FH0K'z0K8602'*&(5{&/.�'">h?�86L2'"02'*+,FgCJ0`FH&(>@+�TjCJ0H0K'*),+%FH'"0K+,F%�9&(L~02$�+�.b&(L2>hCJ02'*&(5;&/.�"/&('*Q6F:& $�+3LH+



���������
	���
�����������������	���� MJ�

'*>@?�8�LH'"0K'"+3F�0K+356Q<02&f),&(T*T"+3)u0a'*5p),T*8�FS0K+3LHF�&/.6FH+Q"/+3LKCJTmC 0K&(>@F3 �G5-0K$�+`P(LH&D&�0K$<&/.6Q6'jC/>@&(5�Q
)3LSlmFS04C/T"F;865�Q�+3L<)3&/5�Q�'"02'*&(56Fp&/.%$6'*P($ ?�L2+,F2FH8�L2+ C/5�Q 0K+3>@?�+3LKC 0K8�LH+ �a0K$�+@P(LH&�&�02$�L2CJ0K+
'*F<P(L2+3CJ0KTzl +35�$�C/5�)3+,Q AWl 02$�+ ?6L2+3FH+35�),+ &/. C]F2>hC/T*T\C/>@&(8�5W0;&/.�5�'z0KLH&(P(+35  O�$�86F�'"0
'*F�56&(L2>hC/T�0K$�CJ0�F2>hC/T*T1C/>@&(8�5W0KF�&J.\5�'"02L2&(P(+,5 '*>@?�8�LH'"02'*+3FfF2$6&(8�T*Q +��m'*FH0-+!"(+,5 '"5 0K$�+
A|+,FH0%5�CJ0K86LKC/T FH02&(5�+,F%��CJF & +3T*T�C/F '*5@0K$�+fFHl�5W0K$�+u0K'")3Fr),L2+IC 0K+3Q A9l@0K$6+�E [�EfOc?�L2&�)3+,F2F3 

O�$�+�'*Q�+3C/T�)3&(56Q�'"02'*&(5�F .b&(L P(L2&D&�0K$Y&/. C ?�+3LH.b+,),0XFHl�5W0K$�+u0K'*)�),LHl�FH0KC/T~LH+3798�'"L2+�?6L2+uE
+!�m'*FS0K'"5�P >@&(5�&JE )3LSlmFS04C/T"T*'"5�+pQ�'jCJ>h&(56Q & '"02$Y),T*+ICJ5Y?�T*C/5�C/L . C/)3+u0KF )3T*+3C3"(+3Q CJT*&(5�P@0K$�+
> C:HH&(L�)3LSl�FH04CJT`?�TjC/56+3F%��8�?�&(5B& $�'")4$�5�+!&tT*C�l/+3LHF<&J.%)3C/L2A�&(5 C/L2+�Q6+3?�&(F2'z0K+3Q '"5 FH8�)uE
)3+,F2F2'"&(5  � .�),&(5�Q�'z0K'*&/5�F{C/L2+ LH'*P($W0%� 02$�+BL2+3P/'*FH02LHl &J. 02$�+YC 0K&(>@F6& '"02$ 02$�+B&(L2'"P('*5�C/T
)3LSlmFS04C/T`'"F�?�LH+3F2+,LR"/+3Q &D"/+3Lp>@'*T*T"'*&(56Ff&J. Q6+3?�&(F2'z0K+3Q T*C�l/+3LHF%�aFH0KC/LH02'*5�P�.bLH&(> 0K$�+�&(LH'*P(' E
5�C/T�F2+,+3Q  5�G5Y?6L2'*56)3'*?6T*+ ��02$�+�+��m?�C/5�FH'*&(5 &J.~0K$6+�L2+,P(8�T*C/L TjCJ0H0K'*),+-F2$�&(86T*QY),&(5W0K'"5�86+<02&
> C 0K)4$ 8�? ?�+3LS.b+3),02T"l
CJ0�02$�+ A|&/8�5�Q�C/LH'*+,F�A|+u0.&%+,+35 0K$�+ Q�' � +3LH+35W0�P(LH&�&�02$ F28�LS. C/)3+,F
0K$�C 0 &/L2'*P/'*5�CJ02+3Q�&(5�02$�+f. CJ)3+,02F\&/. 02$�+ F2+3+,Q���A�860 '*5{?�L2C/),02'*)3+�02$�+ FH0KL2C/'*56F\.bLH&(>�FH> CJT*T
'*>@?|+,LH.b+,),0K'"&(5�F\0K$�C 0�&m),)38�L%Q�8�L2'"5�P�02$�+�P(LH&�&�02$ ?�L2&�)3+,F2Fr02+35�Q 0K&�C/)3),8�>�8�T*CJ0K+f0K$�+,L2+ �
.b&(L2>@'*56P<LH+3),&(P(5�'"yIC/A�T"+ ?�CJ0202+3LH5�F%&/. )3&(56)3+35W02LKCJ02+3Q Q�+u.b+3),02F%D95�&D& 5 C/F�� / -�� , � �!-�� ? ���
� /NFT) 1u � .p0K$6+YFH02L2+,F2F2+,FBP(L2&D&�0K&�& T*C/L2P/+]02$�+35�5�+!&oFH0KL2C/'*5 L2+3P/'*&(5�F@>hC�l:Q�+!"(+,T*&(?��
T*+3C/Q�'*56P�0K&@C@>@&(LH+p?�L2&(56&(8�5�),+3Q]>h&(F2C/'*)p?�CJ0202+3L25B'"5B02$�+-F28�A6F2+3798�+,5W0pTjCIl(+,L2F, 

e 56.b&(LS0K8�5�CJ0K+,T"l�02$�+ P(L2&D&�02$h?�LH&m),+3FHF $�C/F\?�L2&D"(+,QhQ6'#2@)38�Tz0`0K&-)3&/5902L2&(T6'*5@C�L2+,?�L2&JE
Q�8�),'*A�T"+ . CJF2$�'"&(5  9 F%C-L2+,F28�Tz03��&(860 &/. F2+Q"/+3L2C/T|Q6&(y3+,5 FH02&(5�+,F%+!�6C/>@'*56+3Q��9&(5�Tzl�&(5�+ &(L
0.&%&{>hCIl A�+�&/.�FH8@2@)3'*+,5W0 7�8�C/T*'z0Glh.b&(L 8�F2+-CJF�C�)3&($6+3L2+,5W0 A�L2+,>hFHFH0KL2C/$�T"8�5�P�LKCJQ�'jCJ02&(L
.b&(L ���
@C@ �B (O�$�+fF2+,T*+3)u0K'"&(5h?6L2&�)3+3FHF Q6+3F2),L2'"A|+,Q A�+3T*&D& &rC/F\.b&(LH>h+,L2T"l;Q�+!"(+3T"&(?�+3Q AWl
0K$�+ �-T*C/F2P/&�& P(L2&/8�?]02& FH8�?�?�TzlR),LHl�FH0KC/T*F .b&(L 0K$�+<)3&/$�+3LH+35W0�A�LH+3>@F2FS0KLKCJ$�T*8�56P F2&/8�L2),+
CJ0��YC/'*56y � �-+,L2>hC/5WlYCJ5�Q F286A�F2+,7�86+35W0KTzlY.b&(L 0K$�+ EXC/T"Tqw F2&/8�L2),+�CJ0 �/+ � +3L2FH&(5 L�C/A  
O�$�+]L2+3798�'"L2+,>h+,5902F�.b&(L ���
@C@ � CJL2+ "(+,LHl F2'">h'"TjC/L-0K& 02$�&(F2+B&/.��YC/'"5�yBC/5�Q EXCJT*T
w1� +!�m)3+,?60X02$�CJ0f0K$�+<+3T"+3)u0KL2&/5YA�+IC/>�),8�L2LH+35W01& '"T*TaA�+;$�'"P($�+,LfAWlRC/A�&(860 C/5R&(L2Q�+,L &J.
> CJP(5�'"028�Q�+pCJ5�Q]02$�+-)3LSlmFS04C/T"F & '*T*T|A|+-),860f>�8�)4$B0K$�'"5�5�+3L, 

O�$�+�Q�'jCJ>h&(56QY'*56P(&/0KF .bL2&/> 02$�+�FSlm5W02$�+,02'*)�?�LH&m),+3F2F�C/L2+�FHT*'")3+3QY'*5W0K&hF2+3)u0K'"&(5�FpCJ0
0K$�+BT*C/A|&/LKCJ02&(LHlO& $�+3LH+]02$�+,l C/L2+B?�LH&mQ�86)3+3Q  � LH&(>�02$�+3FH+ �%02$�'*5 &%CJ.b+3LHF@&J.pC/A�&(860
!�d(d�;<8}02$�'*)4D95�+,F2F C/L2+-),T*+IC3"/+3Q CJT*&(5�P�02$�+�HS!N�kd@�kd=MrC0�m'*FfC/56QR?�LH&D"m'"Q�+3QB0K&{0K$6+��pTjCJFSE
P(&D&�P(LH&(8�?{.b&(L\C/F2FH+3FHF2>@+35W0I \O�$�+fFKC/>@?�T"+3F C/L2+���LHFH0 +!�6C/>@'*5�+,Qh865�Q�+3L C->h'")3L2&/F2)3&/?|+
& '"02$@?�&(T*C/L2'"y3+3Q�T"'*P($W03 g�YCJ59l{&J.|02$�+ FH0KLH+3FHF2+3F '*5�02$�+ )3LHl�FS04C/T TjC 020K'")3+r)3C/5@A|+�LH+Q"(+3C/T*+,Q
'*5 0K$6'*F &rCIl �1?�CJLH0K'")38�T*C/L2TzlB0K$�&(FH+ & $6'*)4$ +!�m$�'*A6'"0-?�T*C/FH02'*)�Q�+u.b&(L2>hCJ0K'"&(5  6� . 0K$6+hQ�'*C E
>h&/5�Q C/?�?�+ICJL2FX),T*+3C/L�C/56QY.b+ICJ028�L2+,T*+,F2FX865�Q�+3LX?|&(T*C/L2'"y3+,QYT*'"P($W0 0K$�+,5 '"0 '*Ff+!�6C/>@'*5�+,Q
& '"02$ �fEGL2C�l�F, O & &h0Gl�?�+3Ff&/.�� EGL2CIl >h+3C/F286L2+3>@+35W02F CJL2+-?|+,LH.b&(LH>h+,Q  
!( Oq&(?|&/P(LKC/?6$�F

9 0K&/?|&(P/LKC/?�$�'*F`CpL2+3C/TzE F2?�CJ)3+r'"> C/P/+%&/.|C�Q�'*C/>h&/5�Q�.b&(LH>h+,Q�.bL2&(> � E LKCIl�Fg0K$�CJ0
w%L2C/P(PJE F2)IC 020K+,Lr.bL2&(>xC@?�CJLH0K'")38�T*C/LrFH+,0f&/.g?6TjC/5�+,F�'*5 0K$6+;),LHl�FH0KC/TT� C/F FH$�&D& 5Y'*5
� '"P� ��� z!�d(C6 e FH'*5�P@0K$�+�$6'*P($�TzlWEG?�C/L2C/T*T"+3T � EGL2CIlRA�+ICJ> .bLH&(>�0K$�+���l�5�)4$�LH&/0KLH&(5
La'*P($W0��m&(8�LH)3+ H ��'X�@M�C/5�Q FH+,0202'*5�PR0K$�+ Q�+u0K+,),0K&/L�CJ0�0.& '")3+ 02$�+ w%L2C/P(P C/56P(T*+



���������
	���
�����������������	���� M(n

X−rays

crystal mount

photographic plate

X−rays

crystal monochromator

diamond crystal

goniometer 1

detector

(a) (b) goniometer 2

goniometer

� '*P/8�L2+ �� z!�d@$R_ �m?|+,L2'*>@+35W0KC/T�F2+u0K8�?:.b&(L@C/F2FH+3F2FH>h+,5W0�&/.XQ�'jC/>@&(5�Q ),LHl�FH0KC/T*FhCJ0{0K$�+
��l�5�)4$�LH&/0KLH&(5 La'*P($W0X�m&(86L2)3+;A|+3C/>�T*'"5�+ ��),&(56��P/8�L2+,QY.b&(L�0K&(?�&(P(L2C/?�$]>h+3C/F286L2+3>@+35W02F
H C=M���C/5�Q]L2&�)4D9'*5�P{),8�LR"/+3F�HbA�Mu 

.b&(L ChD95�&D& 5 F2+u0�&/.g?�TjC/56+3F .b&(L Q6'jC/>@&(5�Q����fEGL2C�l�F &/.g0K$6+�C/?�?6L2&(?�LH'jCJ02+�&%C3"(+ E
T*+,5�P/02$ 0K& FKC 0K'*FS. lY02$�+{w%LKCJP(P )3&(56Q�'"02'*&(5 CJL2+�F2)3CJ0202+3LH+3Q CJ0<C�?�LH+3)3'"F2+{C/56P(T*+ �
'*5W02&{02$�+-Q�+,02+3)u0K&(L, O�$6+ �fEGLKCIl '*>hC/P(+X.b&(LH>h+,QB&(5 0K$�+-?�T*C/5�+p&/.q0K$�+-Q�+u0K+,),0K&/L
'*FfC@F2'*>@?�T"+pL2+ICJTzEGFH?�C/),+;?�LH&>HH+3)u0K'"&(5R&J.g0K$�+<)3LSl�FH04CJTT� )IC/T"T*+,QYC / / -��3)+*!, FT->?B,.- / -��
� / �,/ �� � . 02$�+ "(+,LH0K'")IC/T FHT*'"02F`Q�+,��5�'*5�P-0K$6+ �fEGLKCIl�A�+ICJ> C/L2+ 5�C/LHL2&D& +3Qh.b&/L2>@'*5�P
0K$6+;'"5�)3'"Q�+35W0fA|+3C/>x'"5902& C�0K$6'*5BL2'"A�A|&/5YC�.b+Q& ; � & '*Q6+ ��0K$6+35R02$�+<'*>hC/P(+pCJ0
0K$6+�Q�+,02+3),02&(L\L2+!"(+ICJT*F C�F2T"'*)3+ 0K$�&(86P($�0K$�+�),LHl�FH0KC/TT�9)ICJT*T*+,Q�C 1D)+*!, FT->? , - / - � / �,/ �� 
[`L2&>HH+,),02'*&(5�02&(?�&(P(LKCJ?�$�F~LH+Q"/+IC/T6C/5Wl;T*C/L2P/+uEGFH)IC/T"+ '">h?�+3LS.b+3)u0K'*&/5�F�'*5�02$�+%),LHl�FH0KC/T  
�m+,),0K'"&(5 0K&/?|&(P/LKC/?�$6F�)IC/5 A�+�8�FH+3Q 0K& +���CJ>h'"5�+;02$�+�Q�+3?m0K$ ?�L2&J��T*+;&/. '*>@?|+,LSE
.b+3)u0K'"&(5�F3 ~O1&(?�&(P(L2C/?�$�F FKCJ>h?�T"+f02$�+(& $�&(T*+("(&/T*8�>@+ &J. 0K$6+X)3LSl�FH04CJT  �Ef+35�),+ �6AWl
>@+IC/FH8�L2'"5�P-?�L2&>HH+,),02'*&(5 C/5�Q@F2+3)u0K'"&(5h02&(?|&/P(LKC/?6$�F%��C<= EGQ�'">h+,5�F2'"&(5�C/Tm?�'*)u0K8�LH+ &J.
0K$6+XQ�'*C/>h&/5�Q{)IC/5�A�+f&(A604CJ'*5�+,Q  :� 0 '*F C/T*FH&;?�&(F2FH'*A�T"+f02&;Q6' � +3L2+,5W0K'jC 0K+fA|+u0.&%+,+35
F2),L2+!&�CJ5�QY+,Q�P(+�Q6'*F2T"&m)3CJ0K'"&(5�F, %O�$�+<0K&(?�&(P(L2C/?�$]'*>hC/P(+pL2+!"(+3C/T*F Q�'*FHT*&�)ICJ02'*&(5�FQ�
P(LH&�&�02$BA|&(865�Q�C/LH'*+3F CJ5�QBC/5Wl�.b+IC 0K8�LH+ & $�'*)4$BF286?�?�L2+,F2FH+3FX&/Lr+35�$�C/5�)3+,FXw LKC/P(P
F2)3CJ0202+3LH'*5�PYCJ0-0K$�+@F2+,T*+3)u0K+,Q C/5�P(T"+/ �G5�?�L2'"5�)3'"?�T*+ �a0K&(?�&(P(L2C/?�$�Fp04CJD/+35
CJ0�Q6'".jE
.b+3LH+35W0�C/5�P(T"+3F-?�L2&D"�'*Q6+@'"5�Q�+,?|+,5�Q�+35W0S"m'"+Q& F<&/.%02$�+{)3LSlmFS04C/T FH02L28�)u0K8�LH+/ ��G5 '*5
?�L2C/),02'*)3+ � $6&�& +Q"/+3LQ�%0K$�+B'">h?�+3LS.b+3),02'*&(56F�0K$�C 0 CJL2+ L2+!"(+3C/T*+,Q & 'z0K$:&(5�+ F2+u0 &J.
?�T*C/5�+3F CJ?�?|+3C/L '*5BC�F2'">h'"TjC/L\. C/FH$�'*&(5 & $�+,5 "�'"+Q& +3QR.bLH&(>}&J0K$�+,L�&(L2'"+35W04CJ02'*&(56F3 

Mm K' &m)4D9'*56P@),8�LR"/+3F
9 L2&�)4D9'*5�P@)38�L "(+<'*FfC�?�T*&J0 &/.`w%L2C/P(PJE F2)3CJ0202+3L2'"5�P�'*5W02+35�FH'"0GlB' 1�C/5�P(T"+pA|+u0.&%+,+35
0K$6+ '"5�)3'"Q�+35W0 � E LKCIl-A|+3C/> C/5�Q<0K$�+ 5�&(LH> CJT/0K& 0K$�+ )3LSl�FH04CJTm?�T*C/5�+,F3 9 Q�'*C/P(L2C/>
&/. 0K$�+@F2+u0K8�?�'*F-F2$�&D& 5
'"5 � '*P� |�� "!Id/A  � '*L2FS0p0K$�+@A�LH&WC/QmE A�C/5�Q � E LKCIl A|+3C/>
.bL2&/>v0K$�+B��'X� '*F�>@&(5�&�)4$�LH&(> C 0K+3Q AWl FH)ICJ0H0K+,L2'*56P CJ0�CRD95�&D& 5
�@�m+3Q C/56P(T*+
.bL2&/>xC�L2+u.b+3L2+,5�)3+<)3LSl�FH04CJTT��'"5B02$�'*F�)3C/F2+-FH'*T*'")3&(5  ~O�$�'"FfA�+ICJ>}'*Fr02$�+35]Q�'"L2+3)u0K+,Q



���������
	���
�����������������	���� M/U

CJ0`02$�+�Q�'jCJ>h&(56Q�)3LHl�FS04C/T�8�56Q�+3L\FH028�Q6l �9.bLH&(> & $6'*)4${'"0`FH)ICJ0H0K+,L2F CpF2+3),&(5�Q{0K'">h+
C/5�Q�'*F-Q�+u0K+3)u0K+,Q  O�$�+@F2)IC 020K+,L2'"5�PR'"F<C/?�?�LH+3)3'*C/A�T"+@&/5�T"lI& $6+35 02$�+hQ6'jC/>@&(5�Q
'*F�CJ0KHH8�FS0�0K$�+ L2'*P/$90�C/5�P(T"+�& '"02$ L2+,F2?�+3),0�02& 0K$�+ '"5�)3'"Q�+35W0�A|+3C/> FH8�)4$ 0K$�CJ0
0K$6+ w%LKCJP(PY),&(5�Q�'z0K'*&/5 '*F<FKC 0K'*FS��+3Q C 0�A�&/0K$
),LHl�FH0KC/T*F, YO�$�+ "JC/LH'jCJ02'*&(5 '"5 0K$�+
F2)3CJ0202+3LH'*5�P@'*5W0K+,5�F2'z0Gl & '"02$YCJ5�P(T*+-CJFf02$�+-Q�'jC/>@&(5�Q &%CJ.b+3Lf'*F�LH&/04C 0K+3QB0K$6L2&(8�P/$
0K$6+�L2+,F2&(5�CJ5�)3+B'*F;)IC/T"T*+,Q 0K$�+E/+-D* � F ? � * � /!' )<.b&(L<0K$�C 0�Q�'jCJ>h&(56Q  I9}?�+3LS.b+3)u0
)3LSl�FH04CJTq+��m$�'*A�'z0KFfC{L2&�)4D�'"5�P@)38�L "(+�),&(5�FH'*FH02'*5�P{&/.gC@FH'*5�P/T*+p?�+IC/D & $�&/F2+?& '*Q602$
'*F�)IC/T"T*+3Q
02$�+ ? � , �;/ ������F � , �YC/5�Q Q�+,?|+,5�Q�F{&(5 0K$�+ >hCJ02+3L2'*C/T  O�$6+ 5�CJ0K86LKC/T
& '*Qm0K$ .b&(L�Q�'*C/>@&(5�Q '*F�C/A|&/860@n<;��� �G5�FS0K+ICJQ &/. C F2'"5�P(T"+�?|+3C/D�� .b&/L�C/),028�C/T
)3LSl�FH04CJT*F%&/5�+ 0Gl�?�'")IC/T"T"l�FH+3+3FrC�598�>�A�+3L%&J.a?|+3C/D9F%FH?�L2+3C/Q &(860 &D"(+3LrC;L2+,P('*&/5 '*5
C/5�P/T*+r&D"(+,L\D�56&�& 5hC/Fg02$�+ L2&�)4D�'"5�Pp)386LR"(+(& '*Qm0K$   'f&�)4D9'*5�Pp),8�LR"/+3F & '*Q602$�F%�W.b&(L
ChFH+3T"+3),02+3Q FH+,0�&J.`)3LSlmFS04C/T1?�TjCJ5�+3FQ�|>@+IC/FH8�L2+;798�C/5W0K'z04CJ02'#"(+,T"lB$�&D& C/5WlRQ�+,.b+,),02F
&(L@Q�'*FHT*&�)ICJ02'*&(56F@Q6'*FH02&(LH0@0K$6+ )3LSlmFS04C/TfTjC 020K'")3+J w l CJQ>HH8�FH02'*5�P�0K$�+RF2T*'z0KF@'"0h'*F
?�&(F2FH'*A�T"+�0K& +!�6C/>@'*5�+�02$�+BL2&�)4D9'*5�P )386LR"(+]&/.XC L2+3P/'*&(5 &/.f0K$6+]),LHl�FH0KC/T�&(L�02&
+!�6C/>@'*56+f02$�+�+35W02'*L2+ )3LSlmFS04C/T CJ0 &(5�)3+J \e FH'*5�P�LH&m)4D9'"5�P�),8�LR"/+3F�'"0 '*F ?�&(F2FH'*A�T"+f02&
>@+IC/FH8�L2+p$�&D& )3T*&/F2+�0K&{'"Q�+IC/T '*F%02$�+-TjCJ0H0K'*),+�FH02L28�)u0K8�LH+-&/.102$�+pQ�'*C/>h&/5�Q A|+,'*5�P
'*5="/+3FH02'*PWC 0K+3Q  

� '*P(F, g�� z!(!,E �� "!�M FH$�&D&�F2&/>h+B&/.f0K$�+BLH+3F286T"0KF{0K$�CJ0�&%+,L2+R&(A604CJ'*5�+,Q C 0@02$�+R��' �
TjC/A�&(L2CJ0K&(LSl '*5 �pC/LH+3F2A68�LHl � _`5�P(T*C/5�QR'*5 �(C/598�C/LHl � MJd(dWMm 9r0f0K$6+�T*+u. 0f&/.g0K$6+<��P/8�L2+,F
'*F{F2$6&�& 5 C ?6L2&>HH+,),0K'"&(5 0K&(?�&(P(L2C/?�$ 04C/DJ+35 8�F2'"5�P 02$�+ H d@� �L�kd=M�?�TjCJ5�+3FQ� 0K$6+RFH+3)3&/5�Q
$�C/LH>h&(56'*)f&/.�0K$�+�H d@�VM;�VdNM ?�T*C/5�+3F%8�F2+,QB.b&/L%)3&/$�+3LH+35W0 A�L2+,>hFHFH02LKC/$�T"8�5�P� 9r0%0K$�+�LH'*P($W0
'*F{F2$6&�& 5:0K$�+])3&/L2L2+,F2?�&(5�Q�'"5�P L2&�)4D�'"5�P )38�L "(+R0KC/D/+,5 '"5:),&(>�A�'"5�CJ02'*&(5P& 'z0K$ C FH'*T*' E
)3&(5 )3LSl�FH04CJT`F2+,0<0K&BLH+ =�+,),0-.bL2&(>o0K$�+ H =@�V=;�V==MX?6TjC/5�+,F<CJ0<C &rC3"(+,T*+,5�P/0K$�&/. !��9� O�$6+
0.&%& Q�'jC/>@&(5�Q &%CJ.b+3LHF�$�C/QRA|+,+35R)3860 .bL2&(>x02$�+;F2C/>@+;&(LH'*P('"5�C/T 0Gl�?�+7�GARFH0K&/5�+ ��& '"02$
� '*P6 �� z!(! ),&(>h'"5�P .bL2&(>�0K$�+@+35�Q )3T*&/F2+{0K&B0K$�+@F2+,+3Q��`CJ5�Q � '"P� �� z!iM )3&(>@'*56PB.bLH&(>
5�+ICJL 0K$6+�>h'"Q�Q�T"+f&J. 0K$�+X'*5�P(&J0I ~O�$6+X0K&(?�&(P(L2C/?�$�F%C/L2+ 5�+3P(CJ0K'4"(+3FQ�6>@+IC/56'*5�P<0K$�CJ0 0K$�+
'*>hC/P(+�'"F�Q�C/LHD�'*5BL2+,P('*&/5�F & $�+3LH+<02$�+ � E LKCIl�'"5902+35�FH'"0Gl &%C/FfTjC/LHP(+3FS0I 

O�$�+���L2FS0`0K$�'"5�PX0K&p56&/0K'")3+%.bLH&(> 02$�+r0K&/?|&(P/LKC/?�$6Fg'*F~02$�CJ0`A�&/02$6&rCJ.b+,L2F\C/LH+�>h&/5�&JE
)3LSlmFS04C/T"T*'"5�+ � 02$�+3LH+{C/L2+�56& L2+3P/'*&(5�F8& $�+3LH+ � EGL2CIlmFpQ6& 5�&/0pFH)ICJ0H0K+3L, �_:"(+,5�FH&L� 02$�+3LH+
C/L2+h'*>@?|&/LH04CJ590<Q�' � +,L2+,5�)3+,F�A|+u0.&%+,+35
02$�+ 0.& & FKC/>@?�T"+3F3 ]O�$�+hP(L2&D&�0K$ A|&(865�Q�C/LH'*+3F
Hb02$�+�?�'"),0K86L2+uE .bLKC/>@+�?�CJ0202+3L25 M5& $�'*)4$ CJL2+7"�'*FH'*A�T"+;'"5 � '"P� �� "!/!�F2?�LH+IC/Q &(8m0-C/5�Q A�+uE
)3&(>@+BT*+,F2F{?�L2&/5�&(8�5�),+3Q '*5:F2T*'")3+]MI& $�'*)4$ &%C/F@0KC/D/+,5 .b8�LS0K$�+,L@.bLH&(>�02$�+]F2+3+,Q  � 0
'*F�'"5902+3LH+3FH02'*5�P 02$�CJ0�02$�+BFH0KL2C/'*5 ?�CJ0202+3L25:C/?6?|+3C/L2F{>@&(FH02T"l C/F�Q�C/LHD L2+,P('*&/5�F�LKCJ02$�+3L
0K$�CJ5 T*'"P($W03��& $�'")4$ '"5�Q�'*)3CJ0K+,FpFH02L2&(5�P/+3L<F2)IC 020K+,L2'"5�PR'"5 02$�+{Q�+,.b+,),02F;0K$�C/5 '"5 02$�+@&(LSE
Q�+3LH+3Q:L2+,P('*&(56F%�`0K$�+B&(?6?|&(FH'"02+ .bL2&(> & $�CJ0{&(56+]>@'*P/$90�5�C/'4"(+3Tzl
+��6?�+3)u0I � 0{FH$�&(8�T"Q
A|+�L2+3)3C/T*T"+3QY02$�CJ0XA|&/02$ )3LSl�FH04CJT*FpC/?6?|+3C/L2+,Q )3T*+3C/L�CJ5�Q .b+ICJ028�L2+,T*+,F2F�8�56Q�+3Lp?�&(TjCJL2'*y,+3Q
T*'"P($W0�C 0�"�'"F2'*A6T*+�&rC3"/+3T*+,5�P/02$�F3 RO�$�+ LH+3798�'*LH+3>@+35W0<.b&(L�C]Q�'jCJ>h&(56Q L2C/Q�'*CJ0K&(L-8�FH+,.b8�T
.b&(L���� @�@ ��'*Fg0K$�CJ0`0K$�+ LH&m)4D9'*56P<),8�LR"/+5& '"Q60K$@A�+�&/.|02$�+ FKC/>@+ &(L2Q6+3L`&/.|> CJP(5�'"028�Q�+
C/Fh02$�+YQ6'#"(+,L2P(+,5�)3+R&/.�02$�+Y+,T*+3)u0KLH&(5 A�+IC/> CJ0@0K$6+YLKCJQ�'jCJ02&(L%� & $�'*)4$ & $�+35 .b&(T"Q�+3Q



���������
	���
�����������������	���� M(Z

� '*P/8�L2+]�� z!(!N$ _ �m?|+,L2'*>@+35W0KC/T Q�CJ04C ),&(T*T"+3)u0K+3Q 8�F2'"5�P
$�'"P($�Tzl9E ?�C/L2C/T*T"+3T �fEGLKCIl�Fh.bLH&(>
0K$�+;��' � T*'*P/$90rF2&(8�LH)3+-.b&(L�FH02&(5�+@!I�WsWM09 F2T*'")3+-= H ),T*&(FH+p0K&�0K$�+-FH+3+3Q Mu 9r0 02$�+p0K&(?]'*F
F2$�&D& 5YC@?�LH&>HH+3)u0K'"&(5 0K&(?�&(P(L2C/?�$B&/.q0K$�+ &%CJ.b+3L�04CJD/+35R8�F2'"5�P{0K$�+-A�LH&WC/QmE A�C/5�Q � E LKCIl
A|+3C/> C/5�Q CR[1&(T*C/L2&/'*Q ��T*> ?�T*C/)3+,Q
CJ0<0K$6+�C/5�P/T*+{.b&(L;LH+ =�+,),02'*&(5 .bLH&(>v0K$6+BH d;�k�L�kd=M
?�TjCJ5�+3F, ~O�$�+r'"> CJP(+\'*F1CX> CJP(5�'"��+3Q�AWl;C . C/)u0K&(Lq&/.|nm qO�$�+rP/LKC/?�$�F2$�&D& F~02$�+rL2&�)4D9'*5�P
)38�L "(+@.b&(Lp0K$�+@FKC/>@+@F2+,0;&/.%?�TjC/56+3F%��04CJD/+35 8�F2'"5�PYC 
XC � )3&(865902+3L�C/5�Q ! �9 � EGL2CIlmF
>h&/5�&m)4$6L2&(>hCJ0K+,QBA9l C{FH'*T"'*)3&/5 )3LHl�FS04C/T  



���������
	���
�����������������	���� M/s

� '*P/8�L2+ �� "!�M;$~_ �m?�+3L2'">h+,5W04C/TmQ�CJ04C )3&(T"T*+3)u0K+,Q�8�F2'"5�Pp$�'*P/$�T"lWEG?�C/LKC/T"T*+,T � E LKCIl�Fg.bL2&(> 0K$�+
��' �hT*'"P($W0%FH&(8�L2),+X.b&(L FH0K&/5�+�!I�Ws(M 9 FHT*'")3+pM�Hb.b8�LS0K$�+,L%.bL2&/> 02$�+XFH+3+,Q�Mu 9r0r02$�+X0K&/?�'*F
F2$�&D& 5YC@?�LH&>HH+3)u0K'"&(5 0K&(?�&(P(L2C/?�$B&/.q0K$�+ &%CJ.b+3L�04CJD/+35R8�F2'"5�P{0K$�+-A�LH&WC/QmE A�C/5�Q � E LKCIl
A|+3C/> C/5�Q CR[1&(T*C/L2&/'*Q ��T*> ?�T*C/)3+,Q
CJ0<0K$6+�C/5�P/T*+{.b&(L;LH+ =�+,),02'*&(5 .bLH&(>v0K$6+BH d;�k�L�kd=M
?�TjCJ5�+3F, O�$6+ '*>hC/P(+@'*F�>hC/P(5�'z��+3Q A9l CY. C/)u0K&(L�&J. nm O�$�+ P(LKCJ?�$ F2$�&D& F�02$�+�0K$�+
L2&�)4D9'*5�P ),8�LR"/+{.b&/LX0K$�+�F2C/>@+�F2+u0;&J. ?6TjC/5�+,F%� 0KC/D/+,5�86F2'*56PBC 
XC �f)3&(865902+3L-C/56Q:! �9
� E LKCIl�Ff>@&(5�&�)4$�LH&(> C 0K+3QBAWlBC�F2'"T*'")3&(5 ),LHl�FH0KC/T  



���������
	���
�����������������	���� M/^

& '"02$�>�8�Tz0K'*?6T*+uE F2)3CJ0202+3L2'"5�P<'*FrCJA|&(8m0fM(n ;��<L3 >] kF, `O�$�+�)3&/5�)3T"8�F2'"&(5�'*F 0K$�CJ0%F2T"'*)3+�M�'*F
C]P/&m&�Q )IC/5�Q6'*Q�CJ02+�.b&(L-8�F2+@'*5 02$�+<?A@�B 
EDv+��6?�+3LH'*>@+35W03�qC/56Q 02$�CJ0<F2T"'*)3+{=B'*Fp56&/0I 
EXC3"�'*5�P<)3&/56��L2>@+3Q@0K$�+f798�C/T"'"0Gl�&/. F2T*'")3+ M;�9'"0\FH$�&(8�T"Q 5�&D&�A�+f?|&(FHF2'"A�T*+�.b&(L`0K$6+ >hC/5mE
86. C/)u0K8�LH+3L�0K&@)3860 C�Q�&(y,+35]&(L >h&/L2+ &%CJ.b+3LHFf&J.gF2'">h'"TjC/L 798�C/T"'"0Gl .bLH&(> 02$�CJ0fL2+,P('*&/5]&J.
0K$�+-&(LH'*P('"5�C/T�FH02&(5�+/ 

��� �9� � �	"��K� ����� � � � ���K��!#���
O�$�+BLKC/56P(+�&/.f?�+3L2>@'*FHF2'"A�T*+@0K$�'")4D�56+3F2FH+3F{.b&(L�C ),LHl�FH0KC/T�LKC/Q6'jCJ02&(L�'"F�A|&/8�5�Q�+,Q:A�&/02$
.bL2&(> C/A�&D"(+XC/5�Q�A�+3T"&�&- � 0%'*F A|&/8�5�Q�+,Q .bL2&(> C/A�&D"(+�AWl@>�8�Tz0K'"?�T*+ F2)3CJ0202+3LH'*5�P;&/.a0K$�+
+3T"+3),02L2&(5YA|+3C/>�CJFX'"0 ?�C/FHF2+,F�0K$�LH&(8�P($Y02$�+�L2C/Q�'jC 0K&(LQ��& $6'*)4$ )3C/8�F2+,F�0K$�+�Q�'#"/+3L2P/+35�),+
&/.�0K$�+p'"5�)3'"Q�+35W0%A|+3C/> 02&�P(L2&D&?�602$�+3LH+3AWl�+,5�TjC/LHP('*56P�0K$�+p?6$�&/0K&/5 A|+3C/> FH?|&J0 &(5�0K$�+
)3&(T"T*'"> CJ02&(LX. C/),+ C/5�Q Q�+3P(L2C/Q�'"5�PY0K$6+ Q�+,P(L2+,+�0K& & $6'*)4$ )3&/T*T*'"> C 0K'*&/5 Q�'*FH)3L2'">h'"5�CJ02+3F
C/PWC/'"5�FH0 0K$6+�'*5�),&($�+,L2+35W0�),&(>@?|&(56+35W0r'"5 . C3"(&(L &/.a0K$�+X)3&($�+,L2+,590 ?�C/LH03 :� 0�'*F A�&(8�5�Q�+,Q
.bL2&(>�A|+,T*&D&tAWl 0K$6+@. C/)u0-0K$�CJ0-02$�+{)3LHl�FS04C/T >�8�FS0;$�CD"/+hFH&(>@+@>@'*56'*>�8�> 0K$6'*)4D95�+3FHF
'*5 &(LHQ�+3L�02&RCJ)4$�'*+!"(+�0K$�+�.b8�T"T~),&($�+3LH+35W0;PWC/'*5  7�G5 0K$�+�)3C/T*),8�TjCJ02'*&(5Y&/. 02$�+{)3&($6+3L2+,5W0
A�L2+,>hFHFH02LKC/$�T"8�5�P]?�L2&�)3+,F2F-&(5�+{A�+3P('"5�F-AWl C/F2FH8�>@'*5�P]C/5 '*56��5�'"02+�)3LSlmFS04C/T �qC/T"02$�&(8�P($
?�LKCJ),0K'")IC/T"T"l 'z0X'"F ?6L2+3FH8�>@+3QY02&�>h+3C/5Y&/5�T"l 02$�CJ0f0K$�+�),LHl�FH0KC/Tq'*FfTjC/LHP(+;),&(>@?�C/L2+,QR02&
F2&(>@+{)4$�C/L2C/),02+3L2'"FH02'*){F2)3C/T*+J � 0<'*Fp'">h?�&(LH0KC/5W0p0K&]'*Q�+,5W0K'". l & $�CJ0<0K$�+{)4$�CJLKC/)u0K+3LH'*FS0K'*)
F2)3C/T*+�'"Fp'*5 0K$6'*Fp?�LH&(A�T*+,>�'"5 &(L2Q�+,L�0K&BD95�&D&t$�&D&�0K$�'"5 &/5�+�)IC/5 >hC/D/+�02$�+�)3LSlmFS04C/T
& '"02$�&(860X$�86LH0K'"5�P�?�+3LS.b&(L2>hC/5�),+/ 1�G5 02$�+�CJ5�C/T*&/P(&(8�F )IC/FH+�&/.`0K$6+����&(FHF2A�CJ8�+3Lp+ � +,),03�
&(5�+�)3C/5 +,FH0K'"> C 0K+;02$�+�598�>�A�+3L &/. CJ02&(>hF ?�C/LS0K'*),'*?�C 0K'*56P@'"5Y0K$6+�)3&(T"T*+,),0K'4"(+;C/A�FH&(L2?mE
0K'"&(5 AWl T*&�&(D9'*5�P C 0p0K$�+�+,>h'"F2F2'"&(5 0K'">h+�&/. 02$�+�?�$�&J0K&(5 H T"'".b+,02'*>@+;&J. 02$�+�LKC/Q6'jCJ02'*5�P
0KL2C/5�F2'z0K'"&(5�M%C/56QYC/FHD9'*5�P@$�&D& >hC/5Wl�598�)3T"+3'�T*'"+1& '"02$�'*5 02$�+-+35="(+,T*&(?�+;&J.~0K$6+<?6$�&/0K&/5
&rC3"/+h?�CJ)4D/+,03 ��G5 02$�+{)3&($�+,L2+,590;A�LH+3>@F2FH02LKC/$6T*8�5�PB?�LH&m),+3FHF%�a0K$�+{T"'".b+,02'*>@+;&J. 02$�+{LKC E
Q�'jC 0K'*56P@FSl�FH0K+,> '*F P('#"/+35]'*5B0K$�+<TjCJA]FSl�FH0K+,> A9lB02$�+;865�)3+,LH04CJ'*5W0GlB?�L2'"5�)3'"?�T*+-CJ5�QRAWl
$�&D& . C/L\0K$�+f+3T"+3)u0KL2&/5h+,5�+3LHP/l@Q�+Q"�'jC 0K+3F\.bL2&/> '"0KF\&(5�EGF2$6+3T*TL"JC/T"8�+ A|+u0.&%+,+35BC/A6F2&(LHA�'*5�P
0K$�+ "�'*LH028�C/T\?�$�&J0K&(5 C/5�Q +,>h'z0202'*5�P 0K$6+ L2+3C/T\&(5�+J ]O�$6+ TjC 020K+,L-7�8�C/5W0K'"0Gl '"F�C/T">h&/FH0
+!�6C/)u0KT"l@P('4"(+,5 AWl ��� �90K$�+5"�'*LH028�C/T�?�$6&/0K&(5 >h&(>@+35W028�>t)3&/>h?�&(5�+,590rC/T*&/5�Pp0K$�+ '*5�),'zE
Q�+35W0�+,T*+,),0KLH&(5 C0�m'"F%�F& $�'*)4$�>@+ICJ5�F 02$�CJ0%02$�+X+,T*+,),0KLH&(5 02LKC3"(+,T*FrC;Q�'*FS04C/5�),+�� ����	� � �
�Q�8�LH'*5�P�02$�+{'*5W0K+,LKC/)u0K'*&/5  � &(L�C�P('#"/+35 )3&($6+3L2+,5W0;?�+ICJD CJ0p5�&/L2>hC/T*'"y3+3QY+35�+,L2P/l ��'*5
0K$�+-?�$6&/0K&(5]F2?�+3)u0KLH8�> ��02$�+-)3&($6+3L2+,5�)3+<T*+,5�P/02$]'"F�P('#"/+35]AWl

� � M A H !�����M� � 	 H �� k==M
'*5�865�'"02Fg&/.���	�  � L2&(> 0K$�'"F~FH'*>@?�T*+ C/L2P/8�>h+,5W0`&(5�+rFH+3+,Fg0K$�CJ0~0K$�+r),&($�+,L2+35W0\PWCJ'*5�P(&�+3F
T*'"5�+IC/LHT"lB0K&By,+3L2&RCJ0p02$�+{+35�QmE ?|&/'*5W03��C L2+,F28�Tz0p0K$�C 0-'*FpA�&(L25�+�&/860-AWl 0K$�+�.b8�T"T
�p_ �
)IC/T")38�T*CJ0K'"&(5  ��5�+�C/T"F2&]F2+,+3F;02$�CJ0<0K$�+@T*&D& +3L<T*'">h'z0p&(5 )3LHl�FS04C/T\0K$�'")4D95�+3FHF�'*>@?|&/F2+3Q
AWlh02$�+X),&($�+3LH+35�),+�T*+,5�P/02$ Q�+,?|+,5�Q�Fr8�?�&(5�A�&/02$h0K$6+X+3T"+3)u0KL2&/5�A|+3C/> +356+3L2PJl�C/56Q 0K$�+
?�$�&/02&(5 +35�+,L2P/l/ � &(LXC !�M �S��� A|+3C/>�+,5�+3LHP/l C/5�Q C U �S���}),&($�+3LH+35W0<?�$�&/02&(5 0K$�+



���������
	���
�����������������	���� =(d

)3&($6+3L2+,5�)3+]T*+,5�P/02$:'"F !�s7?28 �\&(L{CJA|&(8m0hn/d 8�5�'"0�)3+3T"T*F�.b&(L�Q6'jC/>@&(5�Q  �O�$�'*F�FH$�&D& F
0K$�C 0p0K$�+{)3&/$�+3LH+35�),+hT"+35�P/02$ Q�&m+,Fp5�&/0-'">h?�&(F2+{C ?�L2C/),02'*)3C/T~T"'*>@'"0 &(5 $�&D&�0K$6'*5 0K$�+
LKC/Q6'jCJ02&(LrF2$6&(8�T*Q]A�+/ 

O�$�+p+ � +3)u0KF�&/.q>�8�Tz0K'"?�T*+ F2)3CJ0202+3LH'*5�P{C/LH+XA�+3FS0 ?�L2+,F2+35W02+3Q]A9l F2$�&D& '"5�P�0K$�+X)IC/T")38mE
TjCJ02+3Q�FH?|+,),0KL2C-.b&/L "JC/L2'"&(8�FgL2C/Q�'jC 0K&(Lq0K$�'")4D�56+3F2FH+3F, �G5 � '"P� J�6 "!�=�'"F`F2$�&D& 5{0K$�+�?6$�&/0K&/5
F2?�+3)u0KL286>}.b&(LrC�!Id � = C/5�QBC !Id � D LKC/Q6'jCJ02'*&(5mE T*+,5�P/0K$6F L2C/Q�'*CJ0K&(L 0K&�Q6+3>@&(5�FH02LKCJ02+�0K$�+
+ � +3)u0I �O�$�+B!�d � D L2C/Q�'jC 0K&(L F2?�+3),02L28�> '"F�F2)3C/T*+,Q Q�&D& 5�AWl C�. C/)u0K&(Lp&/.f!�d�02&�. C/)3'"TzE
'"0KCJ0K+@0K$�+ ),&(>h?�C/L2'"F2&(5  YO�$�+ )IC/T")38�T*CJ0K'"&(5
CJF2F286>h+,F{C =�Gk�@8 8 )3&(T"T*'"> CJ02&(LpT*&�)IC 0K+3Q
s(d78 Q�&D& 5�FH02L2+3C/> &/.%02$�+{LKC/Q�'*CJ0K&/L3 @O�$�+hT"&(F2F-'"5�5�&/L2>hC/T*'"y3+3Q '"5W0K+356F2'"0GlB& 'z0K$ 0K$�+
0K$�'")4D/+,L L2C/Q�'jC 0K&(LQ��C/F &%+,T*T�C/F�02$�+-A�L2&WCJQ�+35�'"5�P@&/.102$�+<T*+,. 0 +,Q�P(+-&/.10K$�+-?�+IC/D�� '*F�Q�86+
0K&<0K$�+ +35�T*C/L2P('"5�P<&/. 0K$6+X?�$�&J0K&(5�A�+ICJ> FH?|&J0%&(5h0K$�+ )3&(T"T*'*>hCJ02&(L1. C/),+ .bLH&(> >�8�T"02'*?�T"+
F2)3CJ0202+3L2'"5�P�&/.~0K$�+;+3T*+,),02L2&(5 A�+ICJ>o'"5R02$�+�)3LSl�FH04CJT~?�LH'*&(L�0K& LKC/Q�'*CJ0K'"&(5  9 !�d�� = Q�'*C E
>h&/5�QRL2C/Q�'*CJ0K&(L%'*F-!in<;<8}02$�'*)4D  O�$�+;P/&WC/T .b&(L7?A@CB 
EDx'*Fr02&hLH8�5 & 'z0K$])3LSlmFS04C/T"F &J.
0K$�'")4D95�+3FHFX'*5�02$�+-LKC/56P(+{!�d�;<8 02&�M/d�;<8] 

��� �9��� �	"��K� ����� 
 � �*�9�
� 0�$�CJF�C/T"L2+ICJQ6lBA|+,+35 FH$�&D& 5 0K$�CJ0 '*5R&(L2Q6+3L 02&�C/)4$6'*+Q"/+�C/?�?6L2+3),'jC/A6T*+<)3&($�+,L2+,590�PWC/'*5
0K$�+])3LSl�FH04CJT >�86FH0hA|+]&(L2'"+35W0K+,Q FH&�0K$�CJ0h02$�+])3&($�+,L2+,590�?|+3C/D9F C/?6?|+3C/L & +3T"T A|+,T*&D&
0K$�+@+356Q
?|&/'*5W0I _\798�C 0K'*&/5��� VMB02$�+35�'*>@?�T*'"+3FX02$�CJ0<0K$�+@&(LH'*+35W0KCJ0K'"&(5 >�8�FH0;A�+hFH8�)4$
0K$�C 0%0K$6+X)3LSl�FH04CJT >@&(>h+,5W0K8�> Q�&J020K+,Q & '"02$ 0K$6+XA�+IC/> >@&(>h+,5W0K8�> A�+X&/. &(L2Q�+,L � 	� 
�-'4"(+,5 C � &/.r!iM ����� C/5�Q � &/. !Id �@��� ��0K$�'"FXLH+3798�'*LH+3Ff0K$�CJ0 0K$�+;0.&%& "/+3)u0K&(LHFp>�8�FH0
A|+�& '"02$�'*5:!�d(d�;�� &/.�?�+3L2?�+356Q�'*),8�TjC/Lp02&R+3C/)4$
&/02$�+3L;C/5�Q 0K$�CJ0%��& 'z0K$�'"5 C]LKC/56P(+h&J.
C/5�P(T"+3F�&J.`0K$�CJ0�&(L2Q�+,L%� 02$�+�),&($�+3LH+35W0<?|+3C/D]FR& +3+3?6F;&(8m0�5�+3C/L2TzlR02$�+�.b8�T"T~LKCJ5�P(+�'"5 �
.bL2&(>}d{02&B!( 

E +356)3+ �`02&Y$�C3"(+�CYFH0KC/A�T*+h?�$�&/02&(5
A�+IC/> & 'z0K$�02$�+�),&($�+3LH+35W0�?�+IC/D ?�&(F2'z0K'"&(5�+3Q
CJ0 02$�+YLH'*P($W0h+35�+,L2P/l ��0K$�+ CJ5�P(T*+]A�+,0.& +3+35�02$�+Y'"5�)3'"Q�+35W0�+,T*+,),0KLH&(5 A�+ICJ> C/56Q 0K$�+
)3LSlmFS04C/TfLKCJQ�'jCJ02&(L�>�8�FS0 A�+]C/Q>HH8�FS04C/A6T*+]'*5:FH0K+,?�F &J.pC .b+Q& ; L@C/56Q L2+,> CJ'*5 FH0KC/A�T*+
CJ0�02$�'*F;T*+!"(+3T  ��'*5�),+ 0K$�+ C/5�P(T"+h&J.�0K$�+�'"5�)3'"Q�+35W0;A|+3C/> '*F-�@�m+3Q AWl�02$�+ A�+IC/>@T*'"5�+
&(?602'*)3F1C/5�Q;0K$�+ ?|&(FH'"02'*&(5<&/.�02$�+%?�$6&/0K&(5;)3&(T"T*'"> CJ02&(L%�IC/T*T�C/Q>HH86FH0K>@+35W02F~>�8�FS0gA�+%>hC/Q�+
AWl )4$�C/5�P/'*5�P 0K$6+@&/L2'*+,5W04CJ02'*&(5 &J. 02$�+{)3LHl�FS04C/T  �O�$�'*F-'"FpC/)4$�'"+Q"(+,Q & 'z0K$ C ?�L2+,)3'*FH'*&(5
P(&(5�'"&(>@+,0K+,L HbF2$�&D& 5 FH)4$�+3>hCJ0K'")IC/T"T"l '"5 � '*P6 q�6 "!I�=M & $�'")4$ F2$�&/8�T*Q
?6L2&D"�'*Q�+�>@&/02'*&(5
&(5 CJ0-T*+3C/FH0-nBC��6+,F3 ' &/0KCJ0K'"&(5 C/A�&(860p02$�+{C/y3'">�8602$�C/TgC��6'"F���F2+u0KFp0K$6+@&/L2'*+,5W04CJ02'*&(5
&/.\0K$�+�?|&(T*C/L2'"yICJ02'*&(5]?�T*C/5�+ �|L2&/0KCJ0K'"&(5�FXC/A|&/860�0K$6+ ����� �	�hC��6+,FpF2+u0�0K$�+{CJ5�P(T*+;&/.\0K$�+
)3LSlmFS04C/T%L2+3T*CJ0K'4"(+@0K& 0K$6+�A|+3C/> �`C/5�Q��
� � 0KL2C/5�FHTjCJ02'*&(5�F;F2+,T*+3)u0�0K$6+�?|&/F2'"02'*&(5�&/. 0K$�+
A|+3C/>�FH?|&J0p&(5 0K$�+�),LHl�FH0KC/T  ;_`FH02'*>hCJ0K+,F�&/.\0K$�+{CJ?�?�L2&3�m'*>hCJ02+�LKCJ5�P(+{C/5�Q FS0K+,?�FH'*y3+
.b&(L�+ICJ)4$Y&/.q0K$�+<C0�m+,F CJL2+-P('#"/+35]'*5 O1C/A�T"+<�6 NMm 

�G5 ?�L2C/),02'*)3+]F2+!"(+,LKC/T 04C/LHP(+,02Fh56+3+3Q:0K& A|+]>@&(8�5W0K+,Q '*5 02$�+RP/&(5�'*&/>h+u0K+3L, O�$6+
>h'"5�'*>�8�> LH+3798�'*LH+3>@+35W0�'"F@C�Q�'*C/>h&/5�Q ),LHl�FH0KC/TT�rC/5�C/>@&(L2?6$�&(8�F{LKCJQ�'jCJ02&(L%�%C/5�Q C
A�TjCJ5�D  �� 0�'*F�CJT*F2& Q�+3FH'*LKCJA�T*+�02& $�C3"(+{C�FH)3L2+,+35 0K& FH$�&D&�02$�+�?�&(F2'z0K'*&/5Y&/.`02$�+�A|+3C/>



���������
	���
�����������������	���� =6!

� '*P/8�L2+<�� z!�=@$ #%&(T*T"'*>hCJ0K+,QB)3&($�+,L2+,590-A6L2+3>@F2FS0KL2C/$�T*865�P�F2?�+3)u0KLH8�>�.bLH&(>oCY! ;�9 +3T"+3)uE
0KLH&(5�A�+IC/> CJ0%!iM ����� 8�FH'*5�P Q�'jC/>@&(5�Q;LKC/Q6'jCJ02&(L2F�&/.�0.& &�Q�' � +,L2+35W0g02$�'*)4D95�+,F2FH+3F3 `O�$6+
)IC/T")38�T*CJ0K'"&(5]C/F2FH8�>@+3FpCh=�Gk�@8 8�),&(T*T"'*>hCJ0K&(L%T*&�)ICJ02+3Q s/d@8x.bLH&(>�0K$�+;LKC/Q6'jCJ02&(L%� C/56Q
0Gl�?�'*)3C/T�"JC/T*8�+,Fr.b&(L�A�+IC/>x+,>h'z020KC/5�)3+-CJ5�QR),LHl�FH0KC/Ta798�C/T"'"0Gl( 



���������
	���
�����������������	���� =WM

hbθ

vθ

hθ

hθ
vθ

vθ

hθ
θvb

y
x

Patent G
oniometer

Patent G
oniometer

= 0
=

crystal (C)

beam(B)

022

normal (O)

02
2

100

tθ

tφ

φ0

φ

� '"P(8�L2+p�6 "!I�@$ �m)4$�+3>hCJ02'*)p'*T"T*8�FS0KL2CJ0K'"&(5 &/.1)3LSl�FH04CJTq>@&(8�5W02+3Q]'*5 P(&(56'*&(>@+,02+3L

������� � ��� � ��� �����
	 � � ���
� ����� �
� $�&(L2'"y3&(5W0KC/T|02LKC/5�FHTjCJ02'*&(5 ESn/d78 8�� 
 n/d78 8 d6 kd6! 8 8
l "(+3LS0K'")IC/T 02LKC/56F2TjC 0K'*&/5 ESMJd@8 8�� 
 M/d78 8 d6 kd6! 8 8��� "(+3LS0K'")IC/T LH&/04C 0K'*&/5 E4!�d(dJ>hL�� 
 !�d(dJ>hL !�d ; L�	� $�&(L2'"y3&(5W0KC/T LH&/04CJ02'*&(5 E4!�d(dJ>hL�� 
 !�d(dJ>hL !�d ; L
� C/y3'">�860K$�C/T LH&/04CJ02'*&(5 E4!�d(d $ � 
 !�d(d $ d6 Vdm! $

O1C/A�T*+p�6 NM;$ ' +3798�'"L2+,>h+,5902F�.b&(L�P(&(5�'"&(>@+,0K+,L�C0�m+3F



���������
	���
�����������������	���� =(=

F2?�&/0XC/5�QRChF2?�C/L2+<Q�'jCJ>h&(56Q  \O�$�'*Ff>h+3C/5�Ff+3'z0K$�+,Lf>@&(8�5W02'*5�P{F2&/>h+p04CJL2P(+u0KFf& � EGC0�m'*F
&(5h02$�+ C/y3'">�860K$�C/T�?�TjC 0K+SH C/F '*5@0K$�+X�YC/'"5�yfF2+,028�?�M��m&(L $�C3"�'*5�P�C<FH'4��0K$ C0�m'*F\0K&�C/T*T"&�&
C�04C/LHP(+,0rTjC/Q�Q6+3L%02&�F2'"0r'*5�FH'*Q�+f0K$�+-C/y,'*>�8m0K$�C/T�?�T*CJ0K+�H C/F�'*5h0K$�+ �/T*C/A EXCJT*T w FH+,028�?�Mu 
9tP(&(56'*&(>@+,02+3L & '"02$Y0K$�+�L2+3798�'"L2+,Q ?�L2+,)3'*FH'*&(5Y)IC/5 A�+�&(Am04C/'"5�+3Q ),&(>@>h+,L2)3'*C/T*TzlN� C/56Q
&%&/8�T*Q]A|+p),&(5W0KLH&(T*T"+3Q & '"02$B02$�+-F2T"&�& )3&(5W02L2&(T"F�FHl�FH02+3>] 

��� �9��� �	"��K� ����� ��� � 	��*
 ! �9� � ����
 ��� � � ��" ����	
9XF )IC/5 A�+<F2+3+,5 '*5 � '*P6 ��� "!3�h0K$6+�P(&(56'*&(>@+,02+3L�F2+u0202'*5�P ��� � �	��Q�+u��5�+3F 0K$�+;Q�'*LH+3),02'*&(5
&/. 02$�+ 56&(L2>hC/T�0K&;'"02F '"5�5�+3L\?�T*CJ0K+7H �?M  �GQ6+IC/T"T"l{CJ0 '"02F\y3+3LH&�F2+u0202'*5�P ��� � �	� � d-02$�'*F
&%&/8�T*Q�),&('*56)3'*Q6+5& 'z0K$ 02$�+X+,T*+3)u0KLH&(5�A�+IC/> Q�'"L2+3)u0K'"&(5BH w M!��A�860%'*5�?�L2C/),02'*),+f02$�+3LH+pC/L2+
F2>hC/T*T & � FH+,02F
����� � �	��� & $6'*)4$]> CIl "JC/LSl]C/)3),&(L2Q�'"5�P�0K&{0K$�+-FS04C/A�'"T*'z0Gl�&/.10K$�+-+3T"+3)u0KL2&/5
A|+3C/>] `O�$�+3LH+ & '*T*T|C/T"F2&�A�+-C�>h'"FKC/T"'*P(5�>@+35W0 &/.�0K$6+p)3LHl�FS04C/TaT*CJ0202'*)3+5& '"02$ L2+3FH?|+,),0�02&
0K$�+<'*565�+3L ?�T*CJ0K+-Q�8�+-0K&@'*>@?�+3LH.b+,),02'*&(5�F%'*5B0K$�+<>h&/8�5W0K'*56PhCJ5�QR'"5]02$�+<)3860H0K'*56P{.bLH&(>
0K$�+@&(LH'*P('"5�C/T~FS0K&(56+/ �O�$�+]!�d(d]C0�m'*F�H # M & '"T*TgA�+{0K'*Tz0K+,Q & 'z0K$ L2+,F2?�+3),0;0K&B0K$�+{'"5�5�+3L
?�TjC 0K+rC 0`C/5{C/56P(T*+ ����& '"0K$;0K$�'"F~>hC0�m'*>�8�> 02'*Tz0~&�)3),8�L2LH'*5�PpC 0`C/5{C/y,'*>�8m0K$�C/T�C/56P(T*+ ���G 
�G5]C/Q�Q�'z0K'*&/5��m02$�+-dWM(MS"/+3),02&(L & '*T"T A�+p& � FH+,0 AWl ��C(& 'z0K$BL2+,F2?�+3)u0f02&�0K$�+-$�&/L2'*y,&(5W04C/T  
9X5Wl >@&/0K'"&(5�CJA|&(8m0�0K$�+-C/y,'*>�8m0K$�C/T|C0�m'*F �Y)4$�C/5�P(+,F�0K$�+-C/56P(T*+ &/.102$�+�!�d(d�C0�m'*F�H # M
L2+,TjCJ02'#"(+<0K&�02$�+�A|+3C/>] pO�$�+{C/5�P(T"+�&/.\02$�+�?�&(TjC/LH'*y3CJ0K'"&(5R?6TjC/5�+;'*F�FH+,0-AWl CJQ>HH8�FH02'*5�P
0K$�+rC/y3'">�860K$�C/T�C/5�P(T"+%&/.�02$�+r),LHl�FH0KC/T �� <E +,5�)3+ & $6+35{CX5�+!& ),LHl�FH0KC/T6'"F~'"5�FH0KC/T*T"+3Q��i0K$�+
Q�+,. CJ8�T"0 "JC/T"8�+ ��C�5�+3+,Q�F�0K&{A|+X>h+3C/F28�LH+3Q  � 8�LS0K$�+,L2>@&(L2+ �m0K&�?�&(FH'"0K'"&(5 02$�+p)3&($6+3L2+,5W0
?|+3C/D C 0�0K$�+�L2+3798�'"L2+,Q ?6$�&/0K&/5 +35�+,L2P/l � 0K$�+{C/56P(T*+ H &(L�-	�91D)!, 1 M A�+,0.& +3+,5 02$�+�A|+3C/>
C/5�Q !�d(d�)3LSl�FH04CJT�C0�m'*FSH # MrCJ0 02$�+-)4$�&(F2+,5 "JC/T"8�+p&/. �Y>�8�FH0 C/T"F2&{A�+p+3FH0KC/A�T"'*F2$6+3Q  

� +,+3Q�A�C/)4Dp&(5p0K$�+\LH+3TjC 0K'#"/+`C/5�P/T*+`A�+,0.& +3+35<0K$�+`),LHl�FH0KC/T�C/5�Qp0K$6+`A|+3C/> '*Fa&/A604C/'"5�+3Q
.bL2&(>xC@?�$6&/0K&(5]+356+3L2PJlBF2?�+3),02L28�> Q�+,L2'4"(+3Q].bL2&(> 0K$�+p04CJP(P(+3L�.b&�)IC/Ta?6TjC/5�+-),&(8�5W0K+,L2F%�
+3'z0K$�+,L "�'jCfF2)ICJT*+3LHFg&(L~C O �-#
$�'"01?�CJ0H0K+,L25  1O�$�+rF2)3C/T*+,L~FH?|+,),0KLH8�>�Q6&m+,Fg5�&/01F2$�&D&:0K$�+
+ � +3)u0;&J. ),&(T*T"'*>hCJ0K'"&(5 H 8�5�T"+3FHF-02$�+�F2)3C/T*+,L2F-C/LH+�PWCJ02+3QB& '"02$�C�Q6&�& 56FH0KLH+IC/> ?6$�&/0K&/5
Q�+,02+3)u0K&(L M!�(A�8m0g)ICJ5�A�+%&(A60KC/'*56+3QS"/+3LSl�798�'")4D�Tzl<F2'*56)3+ '"01Q�&m+,F~5�&J0~LH+3798�'*LH+rC 0KL2'"P(P(+,L2+3Q
Q�CJ0KC:CJ)3798�'*FH'"02'*&(5 FSl�FH0K+,>R �O�$�+ F2)ICJT*+3L LH+IC/Q6&(860B'*F +,F2FH+35W0K'*C/TX.b&(L�02$�+ C/T*'"P(5�>@+35W0
?�L2&�)3+,F2FQ� & $6+3L2+�02$�+�& � F2+u0KF{C/LH+�>@+IC/FH8�L2+,Q A9l )IC/LHLHl�'*56P &(860{CRF2+3LH'*+,F�&/. F2)3C/5�F�'*5
& $�'*)4$hMJQ�$6'*FH02&(P(L2C/>hF~&/.�?�$�&/02&(5�+35�+,L2P/lS"�F3 `)3LSl�FH04CJT�C/5�P(T"+�C/LH+rA�8�'"T"0g86?@AWl�>h&D"�'*5�P
0K$�+ P(&(5�'"&(>h+u0K+,L;'"5 CYF2+,798�+35�),+B&/. F2>hC/T*T C/56P(8�TjCJL;FS0K+3?6F{C/5�Q L2+3C/Q�'"5�PY0K$6+ 04C/P/P(+3L
F2)3C/T*+,L2F3 �G5 C/Q�Q6'"0K'"&(5 02&:?6L2&D"�'*Q�'"5�P
0K$�+ .b+,+3Q�A�CJ)4D�L2+3798�'"L2+,Q .b&(LBCJT*'*P/5�>h+,5W03��0K$�+
.b&m)3C/T\?�TjCJ5�+h),&(8�5W0K+,L2F�?6L2&D"�'*Q�+h+3F2FH+35W0K'*C/T%&/5�T*'"5�+{Q�'jC/P/5�&(FH02'*),F-02&Y>@&(5�'z0K&(L-Q�LH'". 0KF<'*5
C/5�P(T"+3F )ICJ8�F2+,QYAWl�0K$6+<A�+ICJ>}0K8�56'*5�PL��&/Lr0K$�+,L2>hC/T + � +3)u0KF '*5�0K$6+;),LHl�FH0KC/Ta>h&/8�5W0I � .
5�+3),+3FHFKC/LSl�C�.b+3+3Q6A�C/)4D<FHl�FH02+3> )3&(8�T"Q�A�+ '">h?6T*+3>@+35W02+3Q?"m'*C 02$�+%FHT*&D& ),&(5W0KL2&/T�FSl�FH0K+,> �
& $�+3LH+ C/5Wl Q6L2'". 0{'"5:02$�+B?|&/F2'"02'*&(5 &/.f0K$6+R),&($�+3LH+35W0h?|+3C/D )3&(86T*Q:A|+B)3&/L2L2+,),02+3Q AWl
?|+,L2'"&mQ�'")IC/T"T"lhC/Q>HH86FH0K'"5�P�0K$�+-P(&/5�'*&(>@+,02+3L & 'z0K$�'"5 ?�L2+,Q�+,��5�+3QRT*'*>@'"02F3 

O�$�+XFH?|+,),0KLH8�> &(A604CJ'*5�+,Q@.bLH&(>t0K$�+ 04CJP(P(+3L\.b&�)IC/T�?�T*C/5�+f)IC/5 C/T*FH&;?6L2&D"�'*Q�+f&(5�T"'*5�+
>h&/5�'"02&(L2'"5�P�&/.�0K$�+f?�$�&J0K&(5{?�&(TjC/LH'*y3CJ0K'"&(5�0K& & 'z0K$�'"5 n <�AWl���0202'*5�P & 'z0K$hC/5@C/5�C/Tzl�02'*)



���������
	���
�����������������	���� =/�

A�L2+,>hFHFH02LKC/$�T"8�5�P ),&mQ�+J B9}>@&(L2+hQ�+,0KC/'*T"+3Q
Q6'*F2),8�F2FH'*&(5 &J. ?|&(T*C/L2'">h+u0KLSl C/?�?�+IC/LHF�'*5
0K$�+p.b&(T"T*&D& '*56P�F2+,),0K'"&(5�F, 

��� �9��� �	"��K� ����� � � 
,! �	��
 !
O�$�+pA�+3FH0 '"56.b&(LH> CJ02'*&(5hL2+,PWC/L2Q6'*5�P�),LHl�FH0KC/T Q�+,P(LKCJQ�CJ0K'"&(5�),&(>h+,Fr.bL2&(> � E LKCIlhFH0K86Q�'*+,F
?|+,LH.b&(LH>h+,Q
AWl�02$�+ �pTjC/FHP(&D& P(LH&(8�? &/. CRQ�'jC/>@&(5�QO& $�'*)4$ $�C/Q A|+,+35 8�FH+3Q '"5 0K$�+
� 9p� � ),&($�+3LH+35W0-A�LH+3>@F2FH02LKC/$6T*8�5�P F2&(8�LH)3+{CJ0-�YC/'*56y;.b&(L F2+Q"/+3L2C/Tgl(+3C/L2F, <O�$6+�+3T"+3)uE
0KLH&(5 A|+3C/>�&(5 02$�+@�YC/'"5�y�)3LSl�FH04CJT`$�C/Q C�Q�'jCJ>h+u0K+3LX&/. C/A|&/860�!�d(d�;<8�C/5�Q 'z0 &rCJF
+3FS0K'*>hCJ02+3Q�0K$�CJ0 C/LH&(8�5�Q !�d 	 C +,T*+,),0KLH&(5�F�$�CJQ ?�C/F2FH+3QB0K$�LH&(8�P($�02$�+pQ�'*C/>h&/5�Q�Q�8�LH'*5�P
'"02FX8�FH+�'*5]0K$�+�FH&(8�LH)3+/ XO�$�+3LH+6&rC/F�C F2>hC/T*T�P(LH+3+,5�'*FH$ A�TjCJ)4DRFH?|&/08& $�+3LH+�0K$6+�A|+3C/>
$�C/Q]$�'"0�02$�+-Q�'jCJ>h&(56Q  

O�$�+ � E LKCIl]L2&�)4D9'*5�Ph)38�L "(+�>@+IC/FH8�L2+,>h+,5W0KF�FH$�&D&%+,Q 0K$�CJ0X)3&(56F2'*Q6+3LKCJA�T*+<Q�C/>hC/P(+
$�C/Q@&m),)38�LHL2+,Qh0K&-0K$6+f'"5W0K+3P/L2'"0Gl�&/. 02$�+ )3LSlmFS04C/T FS0KL286),0K86L2+X'"5�0K$�+ )3+,5W0K+3L &/.�0K$�+fA|+3C/>
F2?�&/0I <E &D&%+!"(+,L�M98 8tC3&%C�l�.bLH&(>�02$�+�Q�C/>hC/P(+�),+35W0K+,L`0K$�+ & '*Qm0K${&/.�0K$�+ Q�' � L2C/),02'*&(5
?|+3C/D�&rCJF 02$�+XF2C/>h+ C/F '"0 $�C/QhA|+,+35 .b&/L\02$�+f?�L2'"FH0K'"5�+f)3LHl�FS04C/T �F& $6'*)4$�'"5�Q�'*)3CJ0K+,F`0K$�CJ0
0K$�+ T*'z.b+,0K'">h+%&/. 0K$6+X)3LSl�FH04CJT|),&(8�T*QhA|+f+!��02+35�Q�+,QBA9l@&�)3)3C/F2'"&(5�C/T"T"l�>@&D"�'*5�P-0K$�+ A|+3C/>
F2?�&/0f&(5 0K$�+p. C/),+-&/.102$�+-)3LSlmFS04C/T  

O�$�+ C/L2+3C &J.m02$�+ � 9p� � A�+IC/> F2?�&/0�&(5p0K$�+\L2C/Q�'jC 0K&(L|'*F 0.& &f&/L2Q�+,L2F�&/.�> CJP(5�'"028�Q�+
F2>hC/T*T"+3L�02$�C/5 & $�CJ0h'*F@A|+,'*5�P ?�TjCJ5�5�+3Q .b&(L<?A@CB 
GD '"5 ��� @C@ �] 9oTjC/LHP(+3L�FH?|&/0
>h+3C/5�F\CpT*&/5�P(+3L1)3LSlmFS04C/T�T"'".b+u0K'*>@+ A|+u.b&(L2+�L2C/Q�'jC 0K'*&/5�Q�C/>hC/P(+%F28�A�FS04C/5W02'jC/T"T"l;Q�+3P(L2C/Q�+,F
'"02F ),LHl�FH0KC/T ?�LH&(?�+3LH02'*+,F3 :9 ?�?�L2&/?�L2'*CJ0K+,T"l{F2)3C/T*+,Q��90K$�+ +!�m?|&/F28�LH+�&/. 02$�+p�YCJ'*5�yf)3LSlmFS04C/T
&%&/8�T*Q )3&(LHL2+3FH?|&/5�Q 02& !in
l(+3C/L2FR&/.�LH8�5�5�'"5�P '"5 ��� @C@ � CJ0B02$�+ .b86T*Tp'*5W02+35�FH'"0Gl
&/.�=�;#A & 'z0K$�&/860 C F2?�&/0R>h&D"/+/ �[`TjCJ5�F].b&/LB02$�+ ��� @C@ � FH&(8�LH)3+�C/L2+ 0K&:D/+,+3?
0K$�+ +!�m?|&/F28�LH+BC/A|&/860�02$�L2+,+�&(L2Q6+3L2F�&/. > CJP(5�'"028�Q�+@T*+,F2F�02$�C/5 02$�'*F, I9r0�02$�+B��L 9f#
)3&($6+3L2+,5W0�A�L2+,>hFHFH02LKC/$�T"8�5�P;A|+3C/> T*'"5�+ '"0 &rCJF .b&(8�56Q 0K$�C 0 02$�+X?�+3LS.b&(L2>hC/5�),+ &J. 0K$�+,'*L
Q�'jCJ>h&(56Q�LKC/Q�'*CJ0K&/L2F`$�C/Q@Q�+,P(LKC/Q6+3Q@5�&/0K'")3+3C/A�T"l�CJ. 0K+,L Cp02&/04CJT�)4$�C/LHP(+ &J. =;#%&(8�T"&(>�A�F
$�C/Q
A�+3+,5 C/),)38�>�86TjCJ02+3Q &D"/+3L�C]F2?�&/0�&J.�F2'"y3+ LH&(8�P($6T"l�M98 8 L3 >R F3 4�~T"+IC/Q6'*5�PB0K&YC
T*'">h'z0 &J.~CJA|&(8m0�d�GVM(n�#%&(8�T"&(>�A M98 8 	 ) Z>+  `O1C/D9'*56P�0K$�'"F�C/F C�),&(5�F2+,LR"JCJ02'#"(+p+,FH02'*>hCJ0K+
.b&(L�0K$�+]C/T"T*&D& +3Q:+!�m?|&/F28�LH+ �%02$�+RFH&(8�LH)3+])IC/5:L28�5 CJ0hC .b86T*Tr'"5902+35�FH'"0Gl &J.p=�;#A .b&(L
U(d $�&(8�LHF-A|+u.b&(L2+�'z0p'*Fp5�+,)3+,F2FKCJLHl 0K&B>@&D"(+�0K$�+�FH?|&J0;&/5 02$�+�)3LSl�FH04CJT  �� . '"0p$�CJQ 56&
A�C/Q@y3&(56+3F%�mC-F2798�C/LH+ ),LHl�FH0KC/T &/.an98 8 ! n98 8 &%&/8�T*QhC/)3),&(>@>h&�Q�CJ02+fnpFH?|&J0 >@&D"(+,F
A|+u.b&(L2+<0K$�+;)3LSlmFS04C/T�&%&/8�T*Q 56+3+3Q 02& A�+�LH+3?�T*C/)3+,Q  p��L 9f# L2+,F2+3C/L2)4$�+,L2F & +3LH+�C/A�T"+<02&
L2+,)3&D"(+,L%C�P(&�&�Q�?|+,LH.b&(LH> C/56)3+%.b&(L10K$�+ Q�C/>hC/P(+,Q�)3LSlmFS04C/T"F`AWl�?�860H0K'*56P�0K$�+,>�0K$6L2&(8�P/$
C/5
CJ5�5�+ICJT*'*56P]?6L2&�)3+3FHF3 � 8�LH02$�+3L<L2+,F2+3C/L2)4$ CJ5�Q Q�+!"(+,T*&(?�>@+35W0S& '*T*T~A|+@L2+,7�86'*L2+,Q�02&
Q�+,02+3LH>h'"5�+ & $6+,0K$6+3L�),LHl�FH0KC/T LH+3),&�"/+3LSl�02$�L2&(86P($
C/565�+IC/T"'*5�P]'*F;C/5�+ � +3),02'#"/+�&%C�l 02&
L2+,Q�8�)3+-0K$6+<&/?|+,LKCJ02'*5�P�),&(FH02F &/.q0K$6+ ��� @C@��}F2&/8�L2),+/ 

9X5�&/02$�+3L '"F2F286+<LH+3T*CJ0K+,QB02&{)3LHl�FS04C/TaQ�+,P(LKCJQ�CJ0K'"&(5 '*Fr02$�CJ0 &/.1$�+3CJ0 Q�'*FHF2'"?�CJ0K'"&(5�.b&(L
"(+,LHl 02$�'*5 ),LHl�FH0KC/T*F, �O�$6+ $�+ICJ0�)3&(>@+3F .bLH&(> 0K$�+ '"&(5�'*y3CJ0K'"&(5:+35�+,L2P/l T*&(FHF�&/.-0K$�+
A|+3C/> CJF�'"0�?�CJF2F2+,F�0K$�LH&(8�P($ 0K$6+ )3LHl�FS04C/T  9XTz0K$�&/8�P($
0K$6'*F�'"F�F2>hC/T*T )3&(>@?�C/LH+3Q
02&



���������
	���
�����������������	���� =Wn

� '*P/8�L2+r�6 "!in $g#rC/T")38�T*CJ0K+,Q�0K+3>@?�+3LKC 0K8�LH+�?�L2&/��T*+�&/.�Q�'*C/>h&/5�Q�)3LSlmFS04C/TL& 'z0K$@C�!iM �����
A|+3C/> CJ0 =�;#Ap WO�$�+f)3LHl�FS04C/T Q�'">h+,5�F2'"&(5�F\C/LH+Xn98 8 ! n98 8 !f!�n�;�A- WO�$�+ C/>�A6'*+35W0
L2&�&(>�02+3>@?|+,LKCJ028�L2+�&%C/F;0KC/D/+,5�0K&]A�+ M/Z���� H =(d(d &�Mu �O�$�+ � E LKCIl C/FSlm>@>@+,0KLSl '*F
)IC/86F2+3QRAWl 0K$�+-+3T"T*'"?60K'")IC/T F2$�C/?|+-&/.q0K$6+<+,T*+,),0KLH&(5]A|+3C/>xF2?�&/0 &(5B0K$6+<L2C/Q�'*CJ0K&(L, 



���������
	���
�����������������	���� =(U

0K$�+ A�LH+3>@F2FS0KLKCJ$�T*8�56P:+,5�+3LHP/l�T"&(F2FQ�X'"0�'*F�5�&J0R+,5W0K'*LH+3Tzl 5�+,P(T*'"P('*A6T*+ C 0�0K$�+,F2+ A|+3C/>
)38�LHL2+,5902F3 5� 0X)3C/5 A�+;)3C/T*),8�TjC 0K+3Q]8�FH'*5�P@0K$�+;L2+3FS0KLH'*),02+3Q +,5�+3LHP/l]T*&(FHFf.b&/L2>�8�T*C@�L& $�'")4$
l�'*+3T"Q�F]Mm! 8 � .b&(L C�!in<;<8 HS!�d � = L2C/Q�'*CJ0K'"&(5 T*+,5�P/02$�F+M ),LHl�FH0KC/TpCJ0]C )386L2L2+,5W0R&J.
=�;#A- O�$�'*Fp'"F�5�&/0->�86)4$ ?�&D&%+,L%��A�860p02$�+�)3LSl�FH04CJT`'*F "(+,LHl 02$�'*5  E +3CJ0-Q�'"F2F2'"?�CJ02'*&(5
'*F 0K$�LH&(8�P($ L2C/Q�'jC 0K'*&/5�C/5�Q )3&(5�Q68�),02'*&(5  ��'*C/>@&(5�Q $�C/F�CS"/+3LHl�$�'*P($h>h+,T"02'*5�P;?|&('"5W0 �
CJ0 T*&D&�?�LH+3F2FH8�L2+,F�'"0 F286A�T*'"> CJ02+3F CJ0%C/A|&/860%�(dWM(Z�� �{ E &D&%+!"(+,L�CJ0 5�&(L2>hC/T ?�LH+3F2FH8�L2+,F
'"0 A|+,P('*56Ff02&h0KL2C/5�FS.b&(L2> '*5W02& P(L2C/?�$�'z0K+;C/A|&D"/+�Z/dWZ � ��� C 0pChL2CJ0K+<0K$�C 0XQ�+,?|+,5�Q�F�&/5
0K+,>h?�+3L2CJ0K8�LH+/ B� 0�'*F;02$�+3LH+,.b&(LH+ '*>@?|&/LH04CJ590-02$�CJ0�02$�+�)3LSl�FH04CJTrCJ0�02$�+�),+35W0K+,L�&/.�0K$�+
A|+3C/>xFH?|&/0fFS04CIl & +3T*TaA�+3T"&D& 02$�'*F T*'">h'z0I 

O�$�+ Q6' � 8�F2'"&(5{+3798�CJ02'*&(5@'*5�),T*8�Q6'*5�P-C-$�+IC 0K'*56P-02+3LH> C/5�Q@&(5�+�.b&(L\LKC/Q6'jCJ02'#"(+�),&m&/TzE
'*5�P{)3C/5RA�+ & L2'z0202+35RC/F

� ��� ���
��� � � H �
� �@M��:M��
	�� = ��� =C�
 
�� ��� 	 �

& $�+3LH+ 0K$�+
$6+ICJ02'*5�P 02+3L2> � H �
� �@MR$�CJF 8�5�'z0KF &/.{?�&D&%+,L M/C/LH+IC@��� '*FY02$�+ ��02+,. C/5mE
w%&(Tz0Ky3>hC/5�5 )3&(5�FS04C/5W0%� � � '"Fh02$�+ $�+3CJ0 )ICJ?�C/)3'z0Gl CJ5�Q � 02$�+ )3&�+Q2@),'*+35W0 &J.-)3&(5mE
Q�8�)u0K'*&/5Y.b&(LXQ6'jC/>@&(5�Q���C/56Q � '*F 02$�+�02$�'*)4D95�+,F2F�&/.`02$�+�),LHl�FH0KC/T  �� Cp'"Ff02$�+�C/>�A6'*+35W00K+,>h?�+3L2CJ0K8�LH+r&/.�02$�+r+35="�'*LH&(5�>@+35W0\C/56Q�� '"F10K$6+rT*&�)IC/T�)3LSl�FH04CJTm0K+,>h?�+3L2CJ0K86L2+ �9Cf.b8�5�)uE
0K'"&(5 &/. F2?�C/)3+{C/56Q 0K'*>@+�),&m&/L2Q�'"5�CJ0K+,F3 ?9 . 02+3LpC�),+3LS04C/'"5 0K'*>@+ ��� )3&(5="(+,L2P(+,F<02&�0K$�+
FH02+IC/Q6lWE FH04C 0K+YFH&(T*8m0K'*&/5 F2$�&D& 5 '"5 � '*P� g�6 "!in� O�$�+])ICJT*)386TjCJ02'*&(5 8�FH+3Q C ),LHl�FH0KC/T &J.
Q�'*>@+356F2'*&/5�Fpn98 8 !%n98 8 ! !in<;<8�C/5�Q C A�+ICJ>�),8�L2LH+35W0-&/. =�;#A- �O�$�'"F�)IC/T")38�T*C E
0K'"&(5hFH$�&D& F 02$�CJ0 0K$�+f)3&(56Q�8�),02'#"�'"0Gl{&J.aQ�'jCJ>h&(56Q@'"F\F28@2@)3'"+35W0%02&�?�LH+Q"/+35W0�F2'"P(5�'z��)IC/5W0
0K+,>h?�+3L2CJ0K8�LH+{P(LKC/Q6'*+35W02F�C/),L2&(FHF<02$�+{)3LSlmFS04C/T +Q"/+35 .b&/L?"/+3LSl 0K$�'"5O&%CJ.b+3LHF%�~C/5�Q 0K$�CJ0
LKC/Q6'jCJ02'#"(+@)3&�&(T"'*5�PRC/T*&/5�+h'"F;FH8@2@)3'"+35W0�0K&YQ�'*FHF2'*?�CJ0K+@0K$�+h$�+ICJ0�A|+,'*5�PRP(+356+3LKC 0K+3Q AWl
0K$�+ A|+3C/> ?�C/FHF2'*56P�0K$�LH&(8�P($@0K$�+ )3LSlmFS04C/T|F2&<0K$�CJ0 0K$�+ )3LSlmFS04C/T�>@&(8�5W0rQ�&�+3F 5�&/0 5�+3+,Q
0K&@C/)u0XCJF C�$�+3CJ0fF2'"5�D  

#%$�� ���J07. 4	��+-8 � 0����
O�$�+ ?�+3LS.b&(L2>hC/5�),+{&/.%02$�+h?6$�&/0K&/5�FH&(8�L2),+ '"F<Q6+3?�+35�Q�+,5W0�8�?�&(5 02$�+@?�C/LKCJ>h+u0K+3LHF;&J.
0K$�+R+3T"+3),02L2&(5 A|+3C/> '*5:F2+!"(+3L2C/TX'">h?�&(LS04C/5W0@C/LH+IC/F, O�$6+3F2+Y?�C/LKCJ>h+u0K+3LHF�C/LH+RT"'*FS0K+3Q
'*5
O1C/A�T"+ �� k=6 O�$�+h��L2FS0{)3&(T"8�>h5�&/. 598�>�A�+3LHF�P('#"/+3F�02$�+�F2+u0�&/.f?�C/L2C/>@+,0K+,L2F<0K$�CJ0
$�C3"(+ A�+3+,5 C/Q�&(?602+3Q CJF�0K$�+ Q�+3FH'*P(5
P/&WC/T*F-.b&(L<0K$�+hF2&(8�LH)3+J O�$�+3FH+BC/L2+@0K$�+ "JC/T"8�+3F
0K$�C 0\$�C3"(+fA|+,+35{04C/DJ+35hC/F`'*5�?6860\'*5�)3C/T*),8�TjCJ02'*5�P 0K$�+ )4$�C/L2C/),02+3LH'*FH02'*),F`&/.|02$�+ )3&($6+3L2+,5W0
A�L2+,>hFHFH02LKC/$�T"8�5�P FH&(8�L2),+/ ;O�$�+�F2+,)3&(5�Q )3&/T*8�>@5 &/. 598�>�A�+3LHF &rC/Fp&/A604C/'"5�+3Q .bLH&(>�C
)3&(56)3L2+u0K+hQ�+3FH'*P(5�&/.%02$�+ ��� @C@ � A�+ICJ> T*'*56+ ) s�+\02$�CJ0�&rC/F<)ICJL2L2'"+3Q�&(860<AWl�>@+3>�E
A|+,L2F-&/.\0K$6+ �/+ � +,L2FH&(5 L�C/A 9 )3)3+,T*+,LKCJ02&(L ��'#"�'"F2'*&/5  ;O�$6+@+��6C/),0<)4$�&('")3+�&/.\02$�+���5�C/T
?�C/L2C/>h+u0K+,L2F $�C/F 5�&/0 l/+,0 A|+,+35Y>hC/Q�+ ��A�860 0K$6+<?6L2+3T"'*>@'*5�CJLHlhQ�+3FH'*P(5]F2$�&D& F 0K$�C 0XCJT*T
&/.�0K$�+pQ6+3F2'"P(5BP(&WC/T"F%)3C/5BA|+p>@+,0 & 'z0K$�'"5 0K$6+-CD"JC/'"TjC/A6T*+fL2+ICJT +3FS04CJ02+/ \O�$�+pL2+,Q�8�)u0K'*&/5



���������
	���
�����������������	���� =WZ

?�C/L2C/>h+u0K+,L Q�+,F2'*P/5RP(&(C/T*F Q�+3FH'*P(5]L2+,F28�Tz0KF
+35�+,L2P/l !iM������ !iM������
+3T"+3),02L2&(5B?�&(TjCJL2'*y3CJ0K'"&(5 5�&J0 LH+3798�'"L2+3Q C3"/CJ'*TjCJA�T*+
>h'"5�'*>�8�> 8�F2+u.b8�T�)38�LHL2+35W0 !Id(d�?L9 !�d(d�?L9
> C��6'">�8�> 8�F2+u.b8�T�)38�LHL2+,590 = ;�9 n ;�9
L3 >R F3 6+35�+,L2P/lBFH?�L2+3C/Q � !Id � ��� Z � ���
0KL2C/5�FR"/+3LHF2+��Y+3>@'"0H04C/5�),+ !Id@8 8�� ; L !Id@8 8�� ; L
0KL2C/5�FR"/+3LHF2+ �h+3>@'"0H04C/5�),+ Mm Vn98 8 � ; L Mm k=78 8 � ; L
�9EGQ�'"F2?�+3L2FH'*&(5]CJ0 L2C/Q�'*CJ0K&(L 5�&(56+ 5�+,P(T*'"P('*A�T"+
lWEGQ�'"F2?�+3L2FH'*&(5]CJ0 L2C/Q�'*CJ0K&(L 5�&(56+ � !I),>� FH?|&/0fFH'*y3+-C 0 L2C/Q�'*CJ0K&(L !( VZ78 8 L3 >R F3 !( Vn(n98 8}L3 >] kF, 
��F2?�&/0 FH'*y3+<CJ0 L2C/Q�'*CJ0K&(L d6 VZ78 8 L3 >R F3 d6 Vn(n98 8}L3 >] kF, � '"> C/P/+�F2'"y3+<CJ0 )3&/T*T*'"> C 0K&(L d6 Vn78 8 L3 >R F3 d6 VnJ�@8 8}L3 >] kF, 
��'*>hC/P(+ F2'"y3+<CJ0 )3&/T*T*'"> C 0K&(L d6 Vn 8 8�L, k>] F3 d6 Vn(M98 8}L3 >] kF, 
Q�'*FS04C/56)3+-LKC/Q6'jCJ02&(L%0K&{),&(T*T"'*>hCJ0K&(L s(d�> Z(n�>
?|&/F2'"02'*&(5 FS04C/A6'*T*'z0Gl �;MJd(d ;<8

O~CJA�T*+��6 V=@$X_`T*+3)u0KLH&(5 A|+3C/>�?6L2&(?�+3LS0K'*+,FX0K$�CJ0 & +3L2+@C/FHD/+,Q .b&/L�H ),&(T*8�>@5 MNM C/5�Q &(AmE
04C/'"5�+3Q H )3&/T*8�>@5
==M-'*5 CR?�L2+,T*'*>@'*5�C/LHlY&(?60K'")3F;Q�+3FH'*P(5
.b&(L-0K$6+ 0KL2C/5�F2?�&(LS0�T*'"5�+@)3&(5mE
5�+3)u0K'"5�P@02$�+<C/)3),+3T"+3LKC 0K&(Lr02&{02$�+ ���
@C@��}?6$�&/0K&/5RFH&(8�L2),+/ 

&/. 0K$�+ LKC/Q�'*CJ0K&/LSEG),&(T*T"'*>hCJ0K&/L�Q�'*FS04C/56)3+ .bLH&(> s/d@8 0K& Z/n78�Q�&�+3F�5�&J0�F2'"P(5�'"��)IC/5W0KTzl
C � +3),0 02$�+-?|+,LH.b&(LH> C/56)3+p&/.q0K$�+-FH&(8�L2),+/ 

O�$�+�.b&(T*T"&D& '*5�PRF2+3)u0K'"&(5�F�$�'"P($�T*'"P($W0-0K$�+ ?�CJLH0K'")38�T*C/L<?�L2&(?�+3LS0K'"+3F�&/. 02$�+�+3T"+3)u0KL2&/5
A|+3C/> & $�'")4$R$�CD"/+�C�FH?|+,)3'jCJTa'*>@?�C/),0r&(5]02$�+-?|+,LH.b&(LH> CJ5�)3+p&/.q0K$6+<FH&(8�LH)3+/ 

��� �7��� � !#� 
 � � ����" ����� � � ���
� 0 $�C/F CJT*L2+3C/Q6l A�+3+35 FS04CJ02+3Q 0K$�CJ0 0K&�P/+35�+,LKCJ02+
A�L2+,>hFHFH02LKC/$�T"8�5�P�?�$6&/0K&(56FE& '"02$
T*'"5�+IC/L;?|&/TjC/LH'*yIC 0K'*&/5 'z0�'"F�5�+3),+3FHFKC/LSl 0K& 8�FH+BC/5 &(LH'*+35W02+3Q )3LSl�FH04CJT�LKC/Q�'*CJ0K&/L3 Ef&�&rE
+Q"/+3L�?6$�&/0K&/5�F�& 'z0K$ )3'"L2)386TjC/Lp?�&(TjCJL2'*y3CJ0K'"&(5 C/LH+h?6L2&�Q�8�)3+,Q AWl &(L2Q6'*5�C/LSl '"5�)3&($6+3L2+,5W0
A�L2+,>hFHFH02LKC/$�T"8�5�P CJ59l 0K'">h+{0K$6+ '*56)3'*Q6+35W0�+,T*+3)u0KLH&(5�F�CJL2+�T"&(5�P('z0K8�Q�'"5�C/T"T"lR?|&(T*C/L2'"y3+,Q  
�G5 . C/)u0h.b&(Lh^N����� ?�$6&/0K&(56F ?�LH&mQ�86)3+3Q A9l !iM �S��� +3T*+,),02L2&(5�FQ�r0K$�+]0KL2C/5�FH.b+,L@.bLH&(>
+3T"+3),02L2&(5YA|+3C/>�T*&(56P('"028�Q�'*5�C/T ?�&(TjC/LH'*y3CJ0K'"&(5 0K& ?6$�&/0K&/5YA�+IC/> )3'"L2),8�TjC/L ?�&(TjCJL2'*y3CJ0K'"&(5
'*F P(LH+ICJ02+3L 0K$�C/5 s/d=<� O�$�'*FBLKCJ'*F2+,F�0K$�+ 798�+,FH0K'"&(5 &/.7& $�C 0B$�C/?�?�+35�F & $�+,5 &(5�+
$�C/F T*&(5�P/'"0K86Q�'*5�CJT*T"lWE ?|&(T*C/L2'zy3+,Q�+,T*+3)u0KLH&(5�F%'"5�)3'"Q�+35W0 &(5�CJ5 &(LH'*+35W02+3Q ),LHl�FH0KC/T L2C/Q�'*CJ0K&(L, 
-c$�CJ0�$�C/?�?�+35�F�'"5 0K$�'"F%)3C/F2+p'"F%0K$�C 0%0K$6+�?�$�&/02&(5 A�+IC/> '*Fr+,T*T"'*?602'*)ICJT*T"l;?�&(TjC/LH'*y,+3Q ��'"0
)IC/LHL2'"+3FpA�&/0K$ ),'*L2),8�TjCJL�C/5�Q T"'*5�+3C/LX?�&(TjCJL2'*y3CJ0K'"&(5  pO�$�+,L2+�'"F-C�F28�>vLH8�T*+;0K$�CJ0�T*'*>@'"02F



���������
	���
�����������������	���� =(s

0K$�+ FH8�> &/.�0K$�+�FH7�8�C/L2+,F%&/.�0K$�+ T"'*5�+3C/Lg?�T"8�F`)3'"L2)386TjC/Lg?�&(T*C/L2'"yICJ02'*&(5�Fq0K&-A�+f56&<P/L2+IC 0K+3L
0K$�CJ5 !( E +356)3+ &(56+YF2+,+3F 02$�+ T"'*5�+3C/L{?|&(T*C/L2'"yICJ02'*&(5 '"5 ),&($�+3LH+35W0 A�LH+3>@F2FS0KLKCJ$�T*8�56P
P(&('"5�P�0K&By3+,L2&RC/F-&(5�+@C/?�?6L2&WC/)4$6+3F-0K$�+{+356QmEG?�&('*5W0p+,5�+3LHP/l H FH+3+ � '*P6 �� ks=M8& $�'"T*+�CJ0
0K$�+�FKC/>@+;02'*>@+;0K$6+�)3'"L2)386TjC/Lf?|&/TjC/LH'*yIC 0K'*&/5]P/&m+,F 0K& !�CJ0X02$�+�+356QmEG?�&('*5W0�H C/FHF28�>@'*5�P
+3T"+3),02L2&(56Ff&J.%!�d/d=< T"&(5�P('z0K8�Q�'"5�C/T�?|&/TjC/LH'*yIC 0K'*&/5�Mu 

O�$�+XFS04CJ02+3>@+35W0%'"5hO1C/A�T"+ �6 V=p0K$�C 0%+,T*+3)u0KLH&(5hA�+ICJ> ?|&(T*C/L2'"yICJ02'*&(5�'"F\5�&/0 L2+3798�'"L2+,Q
.b&(Lh02$�+ ?A@CB 
GD +��6?�+3LH'*>@+35W0 '"5 ���
@C@ � '*F )3&(LHL2+3)u03� A�860�'"0�'"F 5�&J0 )3&(LHL2+,),0�02&
C/F2FH8�>@+ 02$�CJ0B0K$6+ ?6$�&/0K&/5 FH&(8�L2),+�'"F '*5�Q6+3?�+35�Q�+,5W0Y&/.;0K$�+ FS04CJ02+ &J.�?�&(TjCJL2'*y3CJ0K'"&(5
&/.�02$�+ +3T"+3),02L2&(5 A�+IC/>] O�$�+�?6L2+3FH+35�),+ &/.�C 5�&(5mE y3+3LH& ),'*LH)38�T*C/L�?�&(TjC/LH'*y3CJ0K'"&(5 '*5
0K$�+ ��� @C@ � ?�$�&J0K&(5cA�+IC/> & '*T*T ��'*5�?�LH'*5�),'*?�T"+ � ?�LH&mQ�86)3+ &(A�FH+3LR"JC/A6T*+ + � +3)u0KFB'*5
0K$�+�C/5�P(8�T*C/L Q�'*FS0KL2'"A�8602'*&(5�F\>@+IC/FH8�L2+,Q '*5�?6$�&/0K&/?�L2&�Q�8�)u0K'*&/5 L2+3C/),02'*&(56F3 `O�$�'"F%>@+IC/5�F
0K$�C 0�0K$6+3L2+ & '*T"T`A|+ C/5
'*>@?�&(LH0KC/5W0-)3&(8�?6T*'*56PYA�+,0.& +3+35
02$�+ ?A@CB 
ED ?�L2&(P/LKC/> C/56Q
0K$�+p&J0K$�+,L�+!�m?|+,L2'">h+,590KC/T $�C/T*T"F & $�&(FH+-?�L2&(P/LKC/>@F%FH&(>h+u0K'">h+,FrL2+,7�86'*L2+ 0K$�+,>}0K&�$�C3"/+
)3&(5W02L2&(Tm&�"/+3Lg02$�+�A|+3C/> ?|&(T*C/L2'"yICJ02'*&(5  aO�$�'*Fg),&(8�?�T"'*5�P )IC/5�A�+r+,T*'*>@'*5�CJ0K+,Q�AWl�FH+,0H0K'*56P
8�? 0K$�+;0K8�5�+�&J.`0K$�+�+,T*+3)u0KLH&(5 A|+3C/>oT*'*56+;0K& ��� @C@ �oF28�)4$ 0K$�CJ0�0K$6+�T*&(5�P/'"0K86Q�'*5�CJT
)3&(>@?�&(5�+35W0 &/.~02$�+�+,T*+,),0KLH&(5]A|+3C/>�?|&/TjC/LH'*yIC 0K'*&/5 '*F L2&/0KCJ0K+,QR02&hy,+3L2& CJ0f0K$�+<)3LSlmFS04C/T
LKC/Q6'jCJ02&(L3 #-c$�+,02$�+3L 0K$�+ Q�+,)3'"F2'*&/5@'"F\> C/Q6+r0K&<L2&/0KCJ0K+ '"0 C3&%CIl{&(L\F2'*>@?�Tzl;02&;>@+IC/FH8�L2+
'"02F1"JC/T*8�+�?|+,L2'*&�Q�'")IC/T"T"lN� 0K$6'*F�),&(5�F2'"Q�+3L2CJ0K'"&(5 8�5�Q6+3L2T"'*5�+,F�0K$�+�'">h?�&(LS04C/5�),+�&/. $�C3"�'*56P
C�>h+3C/5�Fr0K&{>@+IC/FH8�L2+-?�$6&/0K&(5BA�+IC/>}?|&(T*C/L2'"yICJ02'*&(5@'*5]C6&%C�l 0K$�CJ0 Q6&m+,Ff56&/0 L2+,T"l�&/5
� / /NFT-0/ F�D95�&D& T*+,Q�P(+-&/.~02$�+-?�L2&/?|+,LH0K'"+3F�&/.q0K$6+<+,T*+,),0KLH&(5]A|+3C/>R 

9XT"02$�&(8�P/$ 0K$6+ C/A�'"T*'z0Gl &/.�02$�+YFH&(8�L2),+R02& ?�LH&mQ�86)3+Y?6$�&/0K&/5 A|+3C/>@F & 'z0K$ A�&/02$
)3'"L2)386TjC/LhC/5�Q T"'*5�+3C/L@?|&(T*C/L2'"yICJ02'*&(5 ),&(>h?6T*'*)3CJ0K+,F{&(?|+,LKCJ02'*&(5 & $�+35c&(56+Y&/.p02$�+3> '*F
Q�+3FH'*LH+3Q?& '"0K$6&(860a0K$6+ &J0K$�+,L%� '"0aQ�&�+3F�'"5�)3LH+IC/FH+\02$�+ "(+,L2FKC 0K'*T"'"0GlX&/.m02$�+\F2&(86L2)3+J ~O�$�+`0.& &
D9'*5�Q�FX&/.\?|&/TjC/LH'*yIC 0K'*&/5YC/LH+�),&(5W0KL2&/T*T*+,Q '*56Q�+3?�+35�Q6+35W0KTzlY&/. &(56+�&/02$�+3LQ�aC/5�Q 02&(P(+,02$�+3L
0K$�+ul{P('#"/+ C/)3),+3FHF 02&�Cp>@&(L2+�),&(>h?6T*+,02+�F2+u0 &J. ?�&(TjCJL2'*y3CJ0K'"&(5�&/A�F2+,LR"JC/A�T"+3F\0K$�C/5�& &(8�T"Q
A|+-?�&(F2FH'*A�T"+ & '"02$]&/5�T"l &(5�+-&(Lr0K$6+<&J0K$�+,L3 

��� �7��� � !#� 
 ! 
 � ����� ����!
O�$�+ "JC/T*86+3F .b&/L%0K$�+X+3T*+,),02L2&(5�A�+ICJ> +,>h'z0204CJ5�)3+,FrF2$�&D& 5B'*5 O~C/A6T*+X�6 V=�C/LH+X+,FH0K'"> C 0K+3F
A�C/FH+3Qc8�?�&(5 0K$6+ ?�C/LKCJ>h+u0K+3LHF &/.p02$�+ )386L2L2+,5W0 > CJ)4$�'*5�+Y?�L2&>HH+,),02+3Q 0K&�!�M �S��� ) s>+  
O�$�+�Q�+u��5�'z0K'*&/5 &/.�+,>h'z020KC/5�)3+@8�FH+3Q $�+,L2+�'"F<02$�+�?�LH&mQ�86),0�&J.r0K$�+ L3 >R F3 & '*Qm0K$�F�&J.
0K$�+ A|+3C/> '*5 02LKC/5�F "(+,L2F2+ ?�&(FH'"0K'"&(5
CJ5�Q
Q�'4"(+3LHP(+356)3+BC/5�P/T*+/ Yw%+3)3C/8�FH+ FHl�5�)4$�LH&/0KLH&(5
LKC/Q6'jCJ02'*&(5�'"5�F2'"Q�+ 0K$�+�C/),)3+3T"+3L2CJ0K&(L &�)3),8�L2F]>hC/'*5�Tzl '"5�0K$�+ $�&(LH'*y3&/590KC/T�?�T*C/5�+ �X0K$�+
+3>@'"0H04C/5�),+S"JC/T"8�+3F�'"5 ��C/L2+�P/+35�+,LKC/T"T"l]TjC/LHP(+3Lf0K$�CJ5 0K$�&(FH+�.b&(L �� pO�$�+�0.& & "(+3LS0K'")IC/T
A|+,5�Q�F�LH+3798�'*LH+3Q .b&(LrA6L2'*56P('*5�P<0K$�+�!iM ������A|+3C/> .bLH&(> 0K$�+pT"+Q"(+,T &/.�02$�+pC/),)3+3T"+3L2CJ0K&(L
8�?c0K& A|+3C/> $�+,'*P($W0]'*5 ��� @C@ � Q�& '"5�)3LH+IC/FH+ 0K$�+B"(+,LH02'*)ICJTp+3>@'"020KC/5�),+ C FH> CJT*T
C/>@&(8�5W0 &D"(+,L '"0KF�"/CJT*8�+R'*5�FH'*Q�+Y02$�+ >hC/)4$�'*56+ �X02$�'*F�+ � +,),0B$�CJF A|+,+35c'*5�),T*8�Q6+3Q�'*5
)3&(>@?�8602'*5�P�02$�+ "(+,LH0K'")IC/Ta+,>h'z020KC/5�)3+pFH$�&D& 5Y'"5]O1C/A�T"+p�� k=6 

O�$�+{T*&(5�P/'"0K86Q�'*5�CJTq+,>h'z020KC/5�)3+;&/.\0K$�+�A�+ICJ>�'*FX'*>@?|&(LS04C/5W0�C/F�'"0�'*FX02$�+�T*'">h'z0K'*56P



���������
	���
�����������������	���� =(^

. C/),02&(L '*5@Q�+,02+3L2>@'*56'*5�Pp0K$6+X8�Tz0K'*>hCJ02+r+35�+,L2P/l@LH+3F2&/T*8602'*&(5@&/. 02$�+f0KC/P(P(+,L3 gO�$6+XQ�+,F2'*P/5
P(&WC/T\&/.fd�G"!�<�?6$�&/0K&/5
+35�+,L2P/l�L2+,F2&(T"860K'"&(5 '"F�& +3T"T >hCJ02)4$�+3Q
02&R0K$6+ +356+3L2PJl FH?�L2+3C/Q
+!�m?�+3),02+3QY.b&/Lr0K$�+S��
������ A�+IC/>xCJ0-!iM �����@ 

O�$�+p?�TjCJ)3+1& $�+,L2+�02LKC/5�F "(+,L2F2+<+3>@'"0H04C/56)3+X?6TjCIl�F�C�)3LH'"0K'")IC/T LH&(T*+ '*F�CJ0%0K$�+�?6$�&/0K&/5
)3&(T"T*'"> CJ02&(L3 � &(LX&/?60K'">�8�> + � +3)u0K'#"/+35�+,F2F-'*5Y)3&(T"T*'*>hCJ02'*&(5B'"0X'*F '*>@?|&(LS04C/5W0f0K$�C 0�0K$�+
"�'*LH028�C/Tq+3T"+3),02L2&(5RA|+3C/>oF2?�&/0pCJ0f0K$6+�)3&(T"T*'"> CJ02&(Lr?�&(F2'z0K'"&(5RA�+�CJFXF2>hC/T"T1CJFX?�&(F2FH'*A�T"+/ 
O�$�+<+3T*+,),02L2&(5]A|+3C/>�Q�&�+3Ff5�&/0 C/)u0K8�C/T"T"l L2+ICJ)4$R0K$6+<?6$�&/0K&/5R),&(T*T"'*>hCJ0K&(LQ�mA�+3'"5�P{A|+,5W0
'*5W0K& 0K$6+ Q�86>h?;A9lp02$�+ 0KC/P(P(+,L�> C/P/5�+,0qF2$6&(LH02T"l-CJ. 02+3L�0K$�+ LKCJQ�'jCJ02&(L3 qw%8m0~),&(5�F2'"Q�+3LH'*5�P
0K$�+�&/?60K'")3FX&J. 02$�+�+,T*+3)u0KLH&(5 A|+3C/>vCJF�'".`02$�+�04CJP(P(+3LXQ�'*?�&(T*+?& +3L2+{F & '"0K)4$6+3Q & � � 0K$�+
+3T"+3),02L2&(5�A�+ICJ>�CJ010K$�+%LKC/Q�'*CJ0K&/L1)3C/5�A|+%?�L2&>HH+,),02+3Q�.b&(LR&%C/LHQ�0K&X.b&(LH> C1"m'"LH028�C/T�'*>hC/P(+
&(5 02$�+ ),&(T*T"'*>hCJ0K&(L +35W0KL2C/5�),+�?�TjCJ5�+/ BO�$�+�?�&(FH'"0K'"&(5 C/5�Q
FH'*y,+ &/.r02$�'*F?"�'*LS0K8�C/T\FH?|&/0
Q�+,02+3LH>h'"5�+3F�02$�+BQ�+,��56'"0K'"&(5 &/.Xd $ +3>@'*FHF2'*&/5 C/5�P(T"+ .b&(L�02$�+B?�$�&/02&(5�F3 � . 02$�'*F�FH?|&/0
'*F�FH> CJT*T\)3&(>@?�C/LH+3Q
02& 0K$�+�),&(T*T"'*>hCJ0K&/L-C/?|+,LH028�L2+BC/56Q '*F�),&(L2LH+3)u0KT"l )3+,5902+3LH+3Q 0K$�+,5
0K$�+ A�L2+,>hFHFH02LKC/$�T"8�5�P;?�$�&/02&(5�F%&J.aC;P/'#"(+,5�+3>@'*FHF2'"&(5 CJ5�P(T*+�� '*5W0K+,L2FH+3),0 0K$�+ +35W0KL2C/5�),+
?�TjCJ5�+B&/.�0K$6+R),&(T*T"'*>hCJ0K&(L;'*5 C & +3T"TzE Q�+,��56+3Q LH'*5�P &/.XLKC/Q�'"8�F���� )3&(5�),+35W0KLH'*) & '"02$
0K$�+R)3&(T"T*'"> CJ02&(L�CJ?|+,LH0K86L2+ � & $6+3L2+�� '"F@02$�+YQ�'"FH0KC/5�)3+]A�+,0.& +3+35�02$�+RL2C/Q�'*CJ0K&(L@C/56Q
0K$�+{),&(T*T"'*>hCJ0K&(L +,5902LKC/56)3+@?�TjC/56+/ 6�G5 0K$�'"F &rCIl C ),&(T*T"'*>hCJ0K&(L &/. Q�'*C/>h+u0K+,L �R?�CJF2F2+,F
&(5�Tzl 02$�&(FH+�?�$�&/02&(5�F�&J. +3>@'*F2FH'*&(5 C/5�P(T"+���� ���(M	�Y � .f$�&D&%+!"(+3L�02$�+�FH'*y3+ &/.�0K$�+
"�'*LH028�C/TqF2?�&/0�'"F ),&(>@?�C/LKCJA�T*+-0K&h&(LXT*C/L2P(+,L�0K$�C/5R0K$�+�),&(T*T"'*>hCJ0K&/L�C/?�+3LH028�L2+<0K$�+,5 0K$�+
L2'"5�P{'*>hC/P(+�&/.1?�$�&J0K&(5�Ff&/.~C@P/'#"(+,5R+,>h'"F2FH'*&(5BC/56P(T*+
� '*F�FH>h+3C/L2+,QR&/8603��FH&@02$�CJ0 0K$�+
+ � +3)u0-&/.\)3&(T"T*'"> CJ02'*&(5 '"FXFH'*>@?�T"l 02&�L2+,Q�8�)3+�02$�+�'"5902+35�FH'"0Gl]&/.\0K$6+�A�+IC/>oA�860p56&/0X02&
+35�$�C/5�)3+-0K$6+<),&($�+,L2+35W0 )3&(>@?�&(5�+35W03 


 &/02+]02$�CJ0@0K$�'"FhCJ5�C/T"l�FH'*F{Q�&�+3F@5�&/0h?�TjC/),+]C/5Wl FH?|+,)3'z��)RT"'*>@'"02F�&(5 0K$�+RF2'*y,+R&J.
0K$�+�A�+ICJ> CJ0�02$�+�LKC/Q6'jCJ02&(L3 <O�$�+{A|+3C/>�FH?|&J0-)IC/5 C/5�Q FH$�&(8�T"Q A�+�TjCJL2P(+,LX0K$�+,L2+�02&
'*5�),L2+3C/F2+ 0K$�+ T*'".b+u0K'">h+g&J.60K$6+%)3LSl�FH04CJTmA�+,0.& +3+,5@FH?|&J0~>@&D"(+3F, � &(La0K$�+r��L 9f# )3&($6+3L2+,5W0
A�L2+,>hFHFH02LKC/$�T"8�5�P FH&(8�L2),+�0K$6+�A|+3C/>�FH?|&J0pCJ0�02$�+�L2C/Q�'jC 0K&(L(&rCJF-C/A|&/860-M98 8oL3 >R F3 
.b&m),8�F2+,Q;Q6&�& 5p02& C�! 8 8 L3 >R F3 %"�'"LH0K8�C/T/FH?|&/0qC 0a0K$�+`?�LH'*>hC/LHlf),&(T*T"'*>hCJ0K&(L ?�&(F2'z0K'"&(5�+3Q
^6! 8xQ�&D& 5�FS0KL2+3C/>�&/.q0K$�+-L2C/Q�'jC 0K&(L, 

O�$�+XFH8�?|+,L2'"&(L\+3>@'"020KC/5�),+�)4$�C/LKCJ),0K+,L2'"FH0K'")3F &/. 02$�+8��
�������A|+3C/> C/T"T*&D& 02$�+�0KL2C/5�FSE
"(+,L2F2+ Q6'*>@+35�FH'*&(5�F-0K&RA|+hF2&(>@+Q& $�CJ0�FH> C/T"T*+,L�0K$�C/5�0K$�'"F;.b&(L-0K$�+ ���
@C@ � FH&(8�LH)3+ �
>h&/L2+XFH&�'*5@0K$�+8"(+3LS0K'")IC/T 0K$�CJ5 0K$�+X$�&(L2'"y3&(5W0KC/T Q�'*>@+35�FH'*&(5  ~O�$�+�Q6' � +3L2+,5�)3+XA|+u0.&%+,+35
0K$�+X$�&(L2'"y3&(5W0KC/T�C/5�Q "/+3LH02'*)3C/T +,>h'z0204CJ5�)3+f&/.a0K$6+ ��
������{A|+3C/> '*>@?�T*'"+3F`0K$�C 0r>hC/D9'*5�P
0K$�+ F2?�&/0 L2&(8�56Q CJ0 0K$�+fLKC/Q6'jCJ02&(L\'*>@?�T*'"+3F\C/5h+3T*T"'*?602'*)3C/T;"�'*LS0K8�CJT�FH?|&J0rCJ0 0K$6+X)3&/T*T*'"> CiE
0K&(LQ��C/5�Q ''FT*+)�' )!/ 1 �/ 7� 0-'"FpQ�'#2@),8�T"0�02&B)3&(5�FS0KLH8�),0;C )3&(T"T*'"> CJ02&(L & '"02$�CJ5 +,T*T"'*?602'*)ICJT
C/?�+3LH028�L2+ �6FH&�0K$�+X)4$�&('*),+8&%C/Fr>hC/Q�+f0K&�>hC/D/+f0K$�+5"�'*LH028�C/T�F2?�&/0rLH&(8�5�Q  `O�$�'*F '*F & $Wl
0K$�+-A�+IC/>}F2?�&/0f&(5 0K$�+-LKCJQ�'jCJ02&(Lr'"F C/FHl�>@>h+u0KL2'")/ 

� '*P(86L2+p�� z!�U�F2$�&D& F $�&D& 0K$6+<),&(T*T"'*>hCJ0K+,Q�?�$�&J0K&(5BF2?�+3)u0KLH8�> Q�+3?�+35�Q6F 8�?�&(5B0K$�+
0KL2C/5�FR"/+3LHF2+p+3>@'"0H04C/56)3+f&/.a0K$�+ +3T"+3),02L2&(5 A|+3C/>R ~O1&�P/+35�+,LKCJ02+ 0K$6'*F%?6T*&/0 0K$�+ '*5�),L2+3C/F2+,F
'*5c+3>@'"0H04C/56)3+E& +3LH+�FH'*>@?�T"l:0KL2C/5�F2T*CJ0K+,Qc'*5W0K& C/5 '*56)3L2+3C/F2+,Q "�'"LH0K8�C/TXFH?|&/0]FH'*y3+ &/5
0K$�+h)3&(T"T*'"> CJ02&(L3 �O�$6'*F?&rC/F;Q�&(5�+hA|+,)IC/86F2+ 'z0?&rC/F�C/F2FH8�>@+3Q�02$�CJ0<0K$�+@F2?�&/0;F2'"y3+ &J.



���������
	���
�����������������	���� �Wd

� '*P/8�L2+<�� z!�U@$f#%&($�+,L2+,590�?�$�&/02&(5 F2?�+3)u0KL286>o.b&(L 0K$6L2+3+�Q�' � +3LH+35W01"JC/T"8�+3F &/.`0K$�+;+3T"+3)uE
0KLH&(5BA|+3C/> 02LKC/56FR"(+,L2FH+;+,>h'z0204CJ5�)3+J `O�$�+p$�&(LH'*y3&/590KC/T HbF2$�&D& 5]&(5�0K$6+p?�T*&/0+M%C/5�Q "/+3LSE
0K'")IC/T1+3>@'"020KC/5�),+3F-C/LH+{C/F2FH8�>h+,Q 02& F2)3C/T*+�02&(P(+,02$�+3L, 69 =�G �@8 8�)3&/T*T*'"> C 0K&(L T*&�)IC 0K+3Q
s(d78}.bL2&/> 0K$6+<L2C/Q�'*CJ0K&(L &rC/Ff8�FH+3QB.b&(L�0K$�'"F�)IC/T")38�T*CJ0K'"&(5  



���������
	���
�����������������	���� ��!

0K$�+ +,T*+,),0KLH&(5 A|+3C/> &/5 02$�+ LKCJQ�'jCJ02&(L%�\CJT*L2+3C/Q6l�)3T"&(F2+�02& M98 8�L3 >R F3 4�\)IC/5�56&/0{A|+
.b8�LH02$�+3L�'"5 = CJ02+3QBC/56Q FH04CIl )3&(5W04CJ'*5�+,Q & '"0K$6'*5 02$�+pT*'">h'z0KF\&/.�0K$�+X)3LHl�FS04C/T  -c$6+35 0K$�+
"�'*LH028�C/T F2?�&/0�FH'*y,+ A�+3)3&/>h+,F�)3&/>h?�CJLKC/A�T"+ & 'z0K$ 0K$�+�),&(T*T"'*>hCJ0K&/LpC/?�+3LH028�L2+@0K$�+,5
0K$�+
)3&(T"T*'"> CJ02'*&(5@'*F LH+35�Q�+,L2+,QY'*56+ � +3),02'#"/+ � C/5�QB0K$6+<?6$�&/0K&/5RFH?|+,),0KLH8�> C/5�QB?�&(TjCJL2'*y3CJ0K'"&(5
L2+!"(+3LS0 02&<02$�+3'"L`8�5�),&(T*T"'*>hCJ0K+,Q7"JC/T*8�+,F3 gO�$6+3L2+f'*F\CJ5�&/0K$6+3L\)3&(565�+3)u0K'*&/5hA�+,0.& +3+,5 .b&m)3C/T
F2?�&/0hF2'*y,+YCJ5�Q A�+IC/> +,>h'z020KC/5�)3+ 02$�CJ0@'*F{)3&/5�5�+3)u0K+,Q & '"0K$ 0K$6+RLH+3798�'*LH+3>@+35W0@0K$�CJ0
C/T*T +3T"+3),02L2&(56F@+,5W0K+3L{0K$6+ LKC/Q�'*CJ0K&/L�CJ0�0K$6+]F2C/>@+ '*5�),'*Q�+,5�)3+BC/56P(T*+ & 'z0K$ L2+,F2?�+3),0{02&
0K$�+]?�T*C/5�+3F{&/. 0K$�+B),LHl�FH0KC/T  [`LKC/)u0K'*)3C/T*TzlN�`0K$6+RQ�'4"(+,L2P(+,5�)3+RQ�&m+,F{5�&/0@A�L2&(C/Q�+35:0K$�+
)3&($6+3L2+,5W0 ?�+ICJD ?�LH&�"�'"Q�+3Q�02$�CJ0 '"0%'*FrDJ+3?60 A�+3T"&D& 02$�+p>@&(FKC/'")XFH?�L2+3C/QB&/.�0K$�+p),LHl�FH0KC/T  
9�),&(5�FH+3LR"JCJ02'#"/+ "JC/T*86+].b&(L�02$�+ C/T"T*&D&%C/A�T*+BCJ5�P(8�T*C/L�Q�'#"/+3LHP(+35�),+�� '*5 0K$�+]+3T"+3)u0KL2&/5
A|+3C/> CJ0�02$�+ L2C/Q�'*CJ0K&(L?& &(8�T*Q�0K$�+,5
A|+ M/d5;��  RO~C/DJ+35
02&(P(+,02$�+3LS& '"0K$ C n/d(d�;<8
L3 >R F3 /F2?�&/0\F2'"y3+ CJ0`02$�+�.b&m),8�F%�(02$�'*F`T"+IC/Q�Fg02&-C/5{+3>@'"0H04C/5�),+�&/.q!�d78 8 � ;�� CJ0 !iM �����@ 
O�$�'*F ),&(L2LH+3F2?�&(5�Q6Ff02&{02$�+-8�?�?�+3L )386LR"(+<'*5 � '"P� 6�6 "!�Um 

��� �7��� ��� ! � ��"2��� � ! � 
 � ����! �����	� ���
O1L2C/5�FHTjCJ02'*5�P 02$�+BA|+3C/> +3>@'"0H04C/56)3+ '*5W02& L, k>] F3 :"JC/T*86+3F�.b&(L�0K$6+]A�+ICJ> LKC/Q6'*8�F{C/56Q
Q�'#"/+3LHP(+35�),+�L2+,7�86'*L2+,FX0K$6+�D95�&D& T*+3Q6P(+�&/.`0K$6+�� .b8�5�),02'*&(5Y&/.`0K$�+;0KLKCJ5�F2?�&(LH0XT*'"5�+;A�+uE
0.&%+,+35 0K$�+�CJ)3)3+,T*+,LKCJ02&(L-C/5�Q 02$�+�LKC/Q6'jCJ02&(L%�|Q�+,��56+3Q�C/F�0K$�+�L2CJ0K'"&�&/.\0K$6+�A|+3C/>�FH'*y3+
0K&{'"02F C/5�P(86TjC/L�Q�'4"(+,L2P(+,5�)3+J 

O�$�+�?�LH+3T*'">h'"5�C/LSl�&(?602'*),F%Q�+,F2'*P/5 ) s>+ &/. 0K$�+���� @C@ � A�+IC/> T"'*5�+SH FH+3+�O1C/A�T"+X�� k==M
'*F F2$�&D& 5B'*5 � '*P� 9�� z!iZm gO�$6+�$�&(LH'*y3&/590KC/T|C/5�Q "(+,LH02'*)ICJT A�+,04C<.b8�5�),02'*&(56F�C/L2+ F2$�&D& 5B'*5
0K$�+�8�?�?�+3LpC/56Q T*&D& +3L�?�CJ5�+3T"F%� LH+3FH?|+,),0K'4"(+,T"l( �w%+,0.& +3+,5 02$�+�0.& & ?�C/5�+,T*FX'"FXFH$�&D& 5 C
F2)4$�+,> C 0K'*)<&/.10K$�+-0KL2C/5�F2?�&(LS0XT*CJ0202'*)3+J O�$6+�Q�+,F2'*P/5RA�+3P('"5�F CJ0 0K$�+<+!�m'"0 &/.10K$�+<A|+3C/>
.bL2&(> 0K$�+p+,5�QB&/.�0K$�+-T"'*5�C/)XC/5�QB+356Q�FfCJ0 ��� @�@��] mO�$�+��@),&m&(LHQ�'*5�CJ0K+ '*F�>@+IC/FH8�L2+,Q
C/T*&/5�P�0K$�+<C0�m'"F�&/.102$�+pT*'"5�C/) �;& '"02$B'"0KF�&/L2'*P/'*5 CJ0�02$�+p>@'*QmE ?|&('"5W0r&/.q0K$�+-CJ)3)3+,T*+,LKCJ02&(L3 
� '*P6 (�� z!�s;FH$�&D& F 0K$6+ A�+,0KC<.b8�5�)u0K'"&(5�F`0KL2C/5�F2T*CJ0K+,Q '"5902&;L, k>] F3 WA�+IC/> FH'*y3+ C/5�QhF2$�'z. 0K+,Q
0K& ?�T*C/)3+h0K$�+�L2C/Q�'*CJ0K&(L�CJ0�02$�+ &(LH'*P('"5  O�$�+ Q�+,F2'"P(5 C/T*T"&D& F;0K$6+�LKCJ02'*& &J.f02$�+�FH?|&/0
F2'"y3+3F�CJ0 02$�+YL2C/Q�'jC 0K&(LhC/5�Q ),&(T*T"'*>hCJ0K&/L�0K&
A�+ CJQ>HH8�FH02+3Q�&D"(+,LBC/A�&(860 C/5 &(LHQ�+3L�&J.
> CJP(5�'"028�Q�+pFH'*>@?�T"l A9lB)4$�C/5�P('"5�P@02$�+-)38�LHL2+,590X'*5 0K$6+;A�+IC/>}T*'*56+p+3T*+,>h+,5W0KF3 �G5]02$�'*F
&rCIl�'"0?& '*T"T`A|+@?�&(F2FH'*A�T"+@02&Y&(?602'*>@'*y,+�0K$�+h&(?60K'")3F-.b&(L<CRP('4"(+,5
F2'"y3+@&/.�)3LSl�FH04CJT%C/56Q
)3&(T"T*'"> CJ02&(L CJ. 0K+,L<A�+ICJ>hF<C/LH+@Q6+3T*'4"(+,L2+3Q 0K&B0K$�+{$�CJT*TT��CJ5�Q�>@&(LH+@?6L2+3),'*FH+ "JC/T"8�+3Fp.b&(L
0K$�+-+,>h'z0204CJ5�)3+,F C/L2+-'*5B$�CJ5�Q  


 &/0X&(5�T"l]>�86FH0X02$�+S"�'"LH0K8�C/T�+3T*+,),02L2&(5 FH?|&J0�A�+�F2>hC/T"Tq+,5�&(8�P/$Y0K& �601& '"02$�'*5]0K$�+
)3&(T"T*'"> CJ02&(L�CJ?|+,LH0K86L2+ ��A6860 'z0@>�8�FH0�C/T*FH&�A�+])3+35W02+3L2+,Q�&(5 02$�+ CJ?|+,LH0K86L2+RC/5�Q FS04C E
A�T*+J �G5B&(L2Q�+,L%0K&�>hC/'"590KC/'*5 C�FH04CJA�T*+�A�+ICJ>}?�&(F2'z0K'*&/5 &(5 0K$6+�)3&(T"T*'"> CJ02&(L%�(02$�+<��L 9f#
+!�m?�+3L2'">h+,5W0 )kM>+g'*5�FS0KL286>h+,5902+3Q 0K$6+�)3&(T"T*'*>hCJ02&(L & '"02$�C�FH+3),&(5�Q�C/LSlWEG+3>@'*FHF2'"&(5 Q�+,02+3) E
0K&(L, O�$6+�Q�+,02+3)u0K&(L5&rC/FX&/.`0K$�+IJH?�'"5mEG),8�F2$�'"&(5LK@Q�+3FH'*P(5 C/5�QE&%C/F�'"5�FH0KC/T*T"+3Q]A|+u0.&%+,+35
F2+,P(>h+,5W0KF@&/. 02$�+ )3&/T*T*'"> C 0K&(L<5�+ICJL�0K$�+B?�&(F2'z0K'*&/5 &/. 02$�+ F2$6&�& +3Lh> C��6'">�8�>] �O�$6+
L2+3C/Q�&(860(&%C/FfQ�'#"�'*Q6+3Q]'*5W0K&�.b&(8�L 798�C/Q6LKC/5W0KFQ� & $6'*)4$]L2+ICJQY+3798�CJTq),8�L2LH+35W0KF(& $�+,5Y0K$�+



���������
	���
�����������������	���� �9M

� '*P/8�L2+\�� z!iZ;$ E &/L2'*y,&(5W04C/T�Hb8�?�?�+3L~?�C/5�+3T MqCJ5�QS"/+3LH02'*)3C/T�HbT*&D& +3Lq?�C/5�+,T MaA|+u04Cf.b865�),02'*&(5�F
.bL2&(> 0K$�+<?�L2+,T*'">h'"5�C/LHl@&(?m0K'*),F Q�+3FH'*P(5B.b&(L�0K$�+p02LKC/5�FH?|&/LH0fT*'"5�+�.bL2&(> 0K$�+<C/),)3+3T"+3L2CJ0K&(L
0K& 02$�+ ��� @C@ � ?�$�&/02&(5 F2&/8�L2),+/ pO�$�+�A�+ICJ>�T"'*5�+<TjCJ0H0K'")3+<'*FXFH$�&D& 5 F2)4$�+,> CJ02'*)3C/T*Tzl
A|+u0.&%+,+35 0K$�+�0.& &B?�C/5�+,T*FQ� & '"02$ Q�'*?�&(T*+<>hC/P(5�+u0KF�LH+3?�LH+3F2+,5W0K+3Q�AWlY0K$6+�F2$�&/LH0-A�&D�m+,F
C/5�Q 798�C/Q6L28�?�&(T*+,F�AWl�02$�+ 0KC/T*T"+3L<T*'*56+3F3 RO�$�+ � )3&�&(LHQ�'*5�C 0K+@'*F�+,798�C/T%02&Y0K$�+A=�'*P($W0
?�CJ02$RT"+35�P/02$R&J.102$�+;+,T*+,),0KLH&(5�F FH0KC/LH02'*5�P@CJ0 02$�+-)3+35W02+3LX&J.102$�+;T"'*5�CJ) �686?R0K&@C/5]+3LHL2&(L
&/.~C{.b+!& )3> .bL2&(> 0K$�+ "(+,LH02'*)ICJTa>h&/02'*&(5 &J.102$�+-A|+3C/>R 



���������
	���
�����������������	���� �W=

� '*P/8�L2+p�� z!�s@$ Ef&(L2'"y3&(5W0KC/T C/56Q "/+3LH02'*)3C/TaL3 >R F3 6+35="(+,T*&(?�+3F .b&(L�0K$�+-+,T*+3)u0KLH&(5BA|+3C/>x'*5
0K$�+ L2+,P('*&(5@&/.|0K$�+ ?�$�&/02&(5 FH&(8�L2),+ �6C/F Q6+3L2'4"(+,Q .bL2&(>t02$�+fA|+3C/> +3>@'"020KC/5�),+ CJ5�Q A�+,0KC
.b8�5�)u0K'*&/5�F�&/. � '*P� �� z!iZm �O�$6+�&(L2'"P('*5]&/.`02$�+ ��)3&�&(LHQ�'*5�C 0K+<$�C/F�A�+3+,5 ?�TjC/),+3Q CJ0 0K$�+
LKC/Q6'jCJ02&(L3 8�G5Y0K$�+�L2+3P/'*&(5 A�+,0.& +3+,5 0K$�+�L2C/Q�'*CJ0K&(L C/5�Q 02$�+�),&(T*T"'*>hCJ0K&(L 0K$�+�+,5="(+3T"&(?�+
L2+u.b+3L2F 0K&�02$�+;?6L2&>HH+,),0K+,QY'"> C/P/+�&/.q0K$�+-+3T"+3)u0KL2&/5RA�+IC/> ��C/56QRQ�&�+3Ff5�&/0 Q6+3F2),L2'"A|+-0K$�+
F2'"y3+-&/.~C{?6$9l�FH'*)ICJTqA�+ICJ>}0K$�C 0 +!�m'*FS0KF '*5 0K$�CJ0fL2+3P/'*&(5  



���������
	���
�����������������	���� �(�

A|+3C/>�&%C/F ?�LH&(?|+,L2Tzl C/T"'*P(5�+,Q�&(5 0K$6+p)3&(T"T*'*>hCJ02&(L3 qO�$�+pL2+3C/Q�&(8m0 &rC/F ),&(5�5�+,),0K+,Q "�'jC
C .b+3+,Q�A�C/)4D T"&m&/?Y0K& 02$�+�TjCJFH0�FS0K+,+3L2'"5�PB+3T"+3>@+35W0KF�&/5 0K$�+�+,T*+3)u0KLH&(5 A|+3C/>oT*'*56+�?�LH'*&(L
0K& 02$�+�L2C/Q�'jC 0K&(L, p�1"(+,LX0K$�C 0�Q�'"FH04CJ5�)3+�ChA|+,5�Q &/.\&(5�Tzl !�d ;��@L2+,F28�Tz0KF�'"5 C�F2$6'". 0�&J.
! 8 8vCJ0�02$�+�)3&/T*T*'"> C 0K&(L ?�&(F2'z0K'*&/5  pO�$�+{F2>hC/T*TqQ�+ =�+3)u0K'*&/5�Fp0K$�CJ0pC/L2+�5�+,)3+,F2FKCJLHl 02&
D/+,+3?R02$�+pA�+IC/> )3+35W02+3L2+,QY&(5 02$�+p)3&(T"T*'"> CJ02&(L\Q�&{5�&/0�?6L2&�Q�8�)3+<C/?6?�L2+,)3'jCJA�T*+1&%C/T"D '*5
0K$�+fA�+IC/>�EG),LHl�FH0KC/T�C/5�P(T"+/ ~O�$6'*F >h+3C/5�F\0K$�CJ0 C/5 C/),02'#"/+f.b+,+3Q�A�CJ)4D@FSl�FH0K+,> )3C/5 A�+ F2+u0
8�?YA�+,0.& +3+,5 0K$�+;'*5�FS0KLH8�>h+,5W0K+3QR)3&(T"T*'"> CJ02&(LrCJ5�QYQ�+ =�+3)u0K'"&(5 )3&/'*T*F0HH86FH0�86?�FH02L2+ICJ>o&J.
0K$�+XLKC/Q�'*CJ0K&/L%�90K$�CJ0%)IC/5 &/?|+,LKCJ02+�'*5�Q6+3?�+35�Q�+,5W0�&/.�0K$�+X)3LHl�FS04C/T C/T*'"P(5�>@+35W0%FSl�FH0K+,> 02&
D/+,+3?R02$�+-+3T"+3),02L2&(5]A�+IC/>�CJ'*>@+3QBCJ0�02$�+-)3+35W02+3Lf&/.102$�+-)3&(T"T*'"> CJ02&(L3 

O�$�+�+!�m?�+3LH'*>@+35W04C/T ?�LH&(P(L2C/> '*5h?�C/L2'z0Gl�"�'*&(T*CJ0K'"&(5@CJ0 �/+ � +,L2FH&(5 L�C/A�$�CJFrC/T"L2+ICJQ6l
Q�+3>@&(5�FS0KL2CJ0K+,Q C�?�&(FH'"0K'"&(5 FH0KC/A�'"T*'*y3CJ0K'"&(5 )3'"L2),8�'"0�02$�CJ0h'*F@C/A�T"+B02&�DJ+3+,? 0K$�+]A|+3C/>
?|&/F2'"02'*&(5�FH02+IC/Q6l�0K&E& 'z0K$�'"5 M/d�;<8@&D"(+,L�C M/d78 T*+Q"/+3L�CJL2>] I9}T"+3F2F�F2&(?�$6'*FH02'*)3CJ0K+,Q
"(+,L2F2'"&(5 &/.-0K$�'"F�)3'"L2)386'"0 & '"T*TX>@+3+u0�0K$6+ ?�&(FH'"0K'"&(5 FS04C/A�'"T*'z0Gl LH+3798�'"L2+3>@+35W02F�.b&(L�0K$�+
���
@C@��}?6$�&/0K&/5RFH&(8�L2),+/ 

��� �7� � ��� ! � ��"2��� � ! � 
 � �*
 �
O�$�+�+,T*+,),0KLH&(5]A|+3C/>�'*F Q�8�>@?�+3QY'"5]02$�+<$�&(L2'"y3&(5W0KC/Ta?�TjCJ5�+ ��C/FfF2$�&D& 5R'*5B��P(8�LH+;�� �� 
O�$�+Y$6&(L2'"y3&(5W04CJT�A|+,5�Q & � +3LHFhFH+Q"/+3LKCJT�C/Q@"JC/5W0KC/P(+3F@&D"(+,L Q�8�>@?�'"5�P 02$�+]A|+3C/> '*5W0K&
0K$�+-P(LH&(8�5�Q  O�$6+-0KC/P(P(+,L�> CJP(5�+,0 '"F�+IC/FH'*+,L 02&{F28�?�?�&(LS0 'z.q'"0 F2'z0KF�'"5B02$�+-$�&(LH'*y3&/590KC/T
?|&/F2'"02'*&(5  � 0 '*F C/T*FH&;+3C/F2'"+3L\0K&�>@&(8�5W0%C/5�QhF2+3L "�'*)3+f0K$�+f.b&m)3C/T ?�TjCJ5�+ '*5h02$�'*F ?�&(F2'z0K'*&/5  
O�$�+ Q�8�>@? '"02F2+,T". '*F�C/T*FH& >h&/L2+�CJ)3)3+,F2FH'*A�T"+ '*5
)3C/F2+ 'z0�5�+,+3Q�F�0K&YA|+ FH+3LR"�'")3+3Q  9 5
C/A�&�"/+uE P(L2&(865�Q;Q68�>h?-CJT*F2& C � &(LHQ�F 0K$6+ ?�&(FHF2'*A6'*T*'z0Glf&/.�L28�5�56'*5�P�?�CJLKC/FH'"0K'")gA�+IC/> Q�8�>@?
+!�m?�+3L2'">h+,5W0KF%02$�CJ0�Q�&�5�&/0r'"5W0K+3LS.b+3LH+1& '"02$ 0K$�+X&(?|+,LKCJ02'*&(5h&/.a0K$6+�+!�m?�+3L2'">h+,5W04C/T|$�C/T*T  

O�$�+�?�LH'*>hC/LHl{Q�+,F2'"P(5�L2+,798�'*LH+3>@+35W0%.b&(L 0K$�+ +3T"+3),02L2&(5 A|+3C/> Q�8�>@?�'*F\0K$�C 0r'"0 $�C/F
C�F28@2@),'*+35W02T"lh$�'*P($ )IC/?�CJ)3'"0Gl@0K&�$�C/5�Q�T"+�A�+IC/>@F%&/.�02$�+�$�'"P($�+3FS0�'*5W02+35�FH'"0K'"+3F .b&(L2+,F2+3+,5
.b&(L;02$�+ ?A@CB 
ED +!�m?|+,L2'">h+,590�'*5 ��� @C@ �B 9}U(d���� Q�+3FH'*P(5 &%&(86T*Q
?�LH&D"m'"Q�+�CYC
$�+ICJT"0K$Wl{>hC/L2P/'*5�.b&(L\&(?�+3L2CJ0K'"&(5h&J.aC{!iM ����� A�+IC/>tCJ0r=�;#A CJ5�QhFH8@2@)3'"+35W0r)3C/?�C/),'"0Gl
0K&{$�C/56Q�T*+<=�;#A CJ0fM/dN�����t'*5 0K$6+<)3C/F2+-&/.gC�.b8�LH02$�+3L 8�?�P/LKC/Q�+J 

��� �7� � � !#� 
 �������������*
 ! ��� � ��� � � � ! � � ����	
O�$�+3LH+@C/L2+�02$�L2+,+�. C/),02&(L2F 0K$�CJ0�>�8�FH0-A�+�0KC/D/+,5�'"5902& C/),)3&(8�5W0-'"5 0K$�+�Q�+,F2'"P(5 &/.\0K$�+
F2$�'"+3T"Q�'*5�P{.b&(Lf0K$�+ ��� @C@ � A�+IC/> T"'*5�+J fO�$6+���L2FS0�'"Ff02$�+�)3&/5�FH02LKC/'"590X&(5R02$�+�A�CJ)4DWE
P(L2&/8�5�Q L2C/Q�'*CJ0K'"&(5{T*+Q"/+3T�0K$�CJ0%'"F C/T*T"&�& +3Qh&(8602F2'*Q6+ 02$�+XA�+ICJ> +35�),T*&(FH8�L2+J `O�$�+XFH+3)3&/5�Q
. C/),02&(L{'*F{0K$�+]T*+!"(+,Tf&J.pLKC/Q6'jCJ02'*&(5 '"5:02$�+R+��m?|+,L2'*>@+35W0KC/T $�C/T*T & $6'*)4$ )3C/5 P/+35�+,LKCJ02+
A�C/)4D9P(LH&(8�5�Q:'*5 02$�+ Q�+u0K+3)u0K&(L{Q�86L2'*56P 5�&(LH> C/T L28�565�'*5�P6 �O�$�+�02$�'*LHQ
. C/),02&(L�'"F�0K$�+
)3&(5W02L2&(T\&/.�$�C/yIC/LHQ�FS& $6'*)4$ >hCIl &m),)38�L<'*5 0K$�+@+Q"/+35W0�&/.rC]. C/'"T*8�LH+�&/.�&(56+h&(L<>@&(L2+
&/.`0K$6+�A|+3C/>oQ�+3T"'#"(+,LHl]FHl�FS0K+3>@F3 -O�$�+;��L2FS0p'*FHF28�+�$�C/F�A�+3+35 FS0K8�Q6'*+3Q AWl]0K$�+ �/+ � +3LSE
F2&(5 L�C/A�&(LKCJ02&(LHl 'fC/Q�'jC 0K'*&/5 #%&(5W0KLH&(T*F-�pL2&(86?��%CJ5�Q & '*T*T A|+ Q6'*F2),8�F2FH+3Q:.b8�LH02$�+3L{'*5



���������
	���
�����������������	���� �9n

0K$�+h)4$�C/?602+3L;&(5 #%'4"m'"T #%&(5�FS0KL286),0K'"&(5  BO�$�+hTjCJ0H0K+3Lp0.& & )3&/5�F2'"Q�+3L2CJ0K'"&(5�F<$�C3"(+ A�+3+,5
FH028�Q�'*+,QBA9l C7&%&(LHD9'*5�P{P(LH&(8�? $�+3C/Q�+3Q]AWl L` 2&p+3T"T*+,L H ��L 9f# M  9 F286>h>hC/LHlh&/.q0K$�+,'*L
L2+,)3&(>@>h+,5�Q�CJ02'*&(56F ) ^�+ .b&(T*T"&�& F, 

9XF2FH8�>@'*5�P{0K$�C 0�0K$�+-+3T"+3)u0KL2&/5]A�+ICJ>xQ�8�>@?R'"F�F2$�'"+3T"Q�+3Q 0K&�02$�+-L2+3798�'"L2+,>h+,5902F &J.
LKC/Q6'jCJ02'*&(5BFKC .b+,0GlN� 0K$6+;5�+���0�F2&/8�L2),+;&/.gA�C/)4D9P(L2&/8�5�QYL2C/Q�'*CJ0K'"&(5B'*5B0K$�+<+!�m?�+3L2'">h+,5W04C/T
$�C/T"T~'*F�02$�+�?�$�&J0K&(5 )3&/T*T*'"> C 0K&(L, pO�$�+{>h&(FS0p?�+35�+u0KLKC 0K'*56PB.b&/L2>@F�&/. LKC/Q�'*CJ0K'"&(5R.bLH&(>
0K$�+<)3&/T*T*'"> C 0K&(L C/L2+->�86&(5�FfC/5�Q]5�+38m0KL2&/5�F3 9��]&(5W0K+�#rC/L2T"&@FH'*>�86TjCJ02'*&(5��mC/FHF28�>@'*5�P
Ch!�=<LKC/Q6'jCJ02'*&(5{T*+,5�P/02$�F 028�5�P(FS0K+35 )3&(T"T*'*>hCJ02&(L~.b&(T"T*&D&%+,QhAWl C;F &%+,+3?�'"5�P�>hC/P(5�+u0rC/56Q
n98 &/.q'"L2&(5�FH$�'*+,T*Q�'"5�PL�9?�LH+3Q�'"),0K+,Q]C�=�8;��&/. !%Gk��! !�d D ; MJFr'*56)3'*Q6+35W0r&(5�02$�+�Q�+u0K+,),0K&/L
CJ0�.b8�T"T�&(?|+,LKCJ02'*5�P A|+3C/>�'"5W0K+356F2'"0Gl/ pO�$�'*FX'*F�Ch5�+3P(T"'*P('"A�T*+-L2CJ0K+�),&(>@?�C/L2+,QE& '"02$ 0K$�+
0KLH'*P(P(+,L%L2CJ0K+X.bLH&(> ?�$�&/02&(5B'*5W0K+,LKC/)u0K'*&/5�F%'"5�0K$�+X0KC/L2P/+,0I `O�$6+�=�8;� &J.156+38602L2&(5�Fr.bLH&(>
0K$�+\),&(T*T"'*>hCJ0K&(L�'*F�>@&(L2+`Q6'#2@)38�Tz0a0K& )ICJT*)386TjCJ02+ �iA�860qF2&/>h+`.bLKCJ),0K'"&(5-&/.|!�8 &/.�),&(5�)3LH+,02+
F2$�'"+3T"Q�'*5�P8& '*T*TmA|+%5�+3+,Q�+3QhF28�LHL2&(8�56Q�'*5�P�02$�+�)3&/T*T*'"> C 0K&(L�+356)3T*&/F28�LH+ 02&pF2$�'"+3T"Q�0K$�+�$�CJT*T
.bL2&(> +35�+,L2P(+u0K'")<56+38602L2&(5�F, 

-c'"0K$ LH+3PWCJL2Q�0K&�$�C/yICJL2Q�F C/FHF2&�)3'*CJ0K+,Q & '"0K$h0K$�+pCJ)3)3'"Q�+35W0KC/T . C/'"T*8�LH+ &/.�A�+ICJ> T"'*5�+
+3T"+3>@+35W0KFf&(L )3&(5W02L2&(T"F%��0K$�+-.b&(T"T*&D& '*5�P�>@+ICJF28�LH+3F8& +3LH+�LH+3)3&/>h>@+35�Q6+3QY'"5 0K$�+ &p+3T*T"+3L
FH028�Q6l ) ^>+ CJ5�Q $�C3"(+BA�+3+35 '"5�)3&(LH?|&/LKCJ02+3Q
'"5902&Y0K$6+���� @C@ � Q�+3FH'*P(5  O�$�+ Q�'"?|&/T*+
FH02L2'*56PY0K$�C 0�A�+35�Q6F�0K$�+ +3T*+,),02L2&(5
A�+ICJ> 86?
0K&D&rCJL2Q�F�02$�+ FH8�LH. CJ)3+ .bLH&(> 0K$�+hA|+,T*&D&
P(L2&/8�5�Q C/5�Q 02$�+35 A�+35�Q�Fp'z0pA�C/)4DR$�&(LH'*y3&/590KC/T & '"T*TqA|+�)3&(5�56+3),02+3Q '*5 FH+3L2'"+3FpFH&�0K$�CJ0
. C/'*T"8�L2+;&/. C�>hC/P(5�+u0pF28�?6?�T"lY&(L�)386L2L2+,5W0-)3&(5W0KLH&(T~+,T*+,),0KLH&(5�'")3Fp)ICJ5�5�&/0pLH+3FH8�T"0p'"5 0K$�+
A|+3C/>�A�+3'*56PhFS0K+3+,L2+,Q '*5W0K&{0K$6+;),+3'*T"'*5�P{&/.10K$�+-04CJP(P(+3L A�86'*T*Q6'*5�P� \O�$�+;?|&D& +3L F28�?�?6T"l
.b+3+,Q�'*5�P<0K$�'"F FS0KLH'*5�P<&/.a>hC/P(5�+u0KF & '*T"T�A|+f?�LH&/0K+,),0K+,Q�AWlhC;>@+,0K+,L LH+3T*C�l�02$�CJ0 F2$98602F%& �
'".\0K$6+�)38�LHL2+35W0�"JC/L2'"+3FX.bLH&(>�'z0KFpQ�+,F2'*LH+3QB"JC/T*86+�&(860KFH'*Q�+{C�?6L2+3Q6+,��5�+,Q�02&(T*+,LKC/5�),+/ 69
F2'">h'"TjC/L�>@+,0K+,LgL2+,TjCIl�& '*T*TmC/T"F2&�A�+�8�F2+,Q{&(5�0K$�+�?�&D&%+,L`F28�?6?�T"l�&/.�0K$�+r0KC/P(P(+,Lg>hC/P(5�+u0I 
9X5h+3T*+,),02L2&(5hA|+3C/> )3&(T"T*'"> CJ02&(L & 'z0K$hC;A�86L25mE 0K$�LH&(8�P($h>h&(56'"0K&/L & '*T"T�A|+fT*&�)ICJ02+3Q�HH8�FH0
8�?�FS0KL2+3C/> &/.%02$�+@LKC/Q�'*CJ0K&/L-02&R?6L2+Q"/+35W0{CB>h'"FSE FH0K+,+3LH+3Q A�+ICJ>v.bL2&(>v86F2'*56PYLKCJQ�'jCJ02&(L
F28�?6?|&(LS0{FH02L28�)u0K8�LH+3FhC/F{C A�L2+,>hFHFH0KL2C/$�T"8�5�P 04C/LHP(+,03 
[q+3L2>hC/5�+,5W0h>hC/P(56+,0KFS& '*T*T A|+
T*&�)ICJ02+3Q:'*5 0K$�+R8�?�FS0KL2+3C/> L2+,P('*&(5:&/. 0K$�+R?�$�&/02&(5 A�+IC/> T"'*5�+ 02&�A�+35�Q C/5 +,L2LKCJ590
+3T"+3),02L2&(5cA�+IC/> '*5W0K&�0K$�+ P(LH&(8�5�Qc'"5 0K$�+ )3C/F2+ 02$�CJ0BA�+IC/> '*F�?�LH+3FH+35W0 & $�'*T"+Y0K$�+
04C/P/P(+3L > CJP(5�+,0 '*F & �  :9X5�+,>h+,L2P(+,5�),lhA�+IC/> FH02&(? & '"T*T�A�+X'*56FH04CJT*T*+,Qh'"5h02$�+�A�&/0202&(>
&/.�0K$�+X?�$�&/02&(5 A|+3C/>}T"'*5�+ 0K&�)3CJ0K)4$ 02$�+p+3LHLKC/5W0�A�+IC/> Q�+ =�+3)u0K+3Q]AWl 02$�+p?|+,L2>hC/5�+,590
> CJP(5�+,02F3 � 0 & '*T*TmA|+�+,798�'*?�?�+3Q�& 'z0K${Cp)38�LHL2+,590 >@&(5�'z0K&(Lq0K&pF2$9860 Q�&D& 5�0K$6+�?�L2'"> C/LSl
A|+3C/> C/5Wl 0K'">h+{+3T"+3)u0KL2&/5�F�CJL2+@F2+356F2+3Q '"5 02$�+ ?6$�&/0K&/5 A�+IC/> T"'*5�+J �G&(5�)4$�C/>�A�+3LHF
T*&�)ICJ02+3Q 8�?6FH0KLH+IC/> &/. 02$�+ ?�$�&J0K&(5 )3&/T*T*'"> C 0K&(LQ�gC/5�Q:C/T"F2& CJ0�0K$�+B+35W02LKC/5�),+ 0K& 0K$�+
?�$�&/02&(5YA�+ICJ>xQ�8�>@?YA�+3$�'"5�QB0K$�+<+!�m?�+3L2'">h+,5W03� & '*T"T >h&/5�'"02&(L%0K$6+<02&/04C/T =�8;�]'*5B0K$�+
?�$�&/02&(5]A|+3C/>�C/5�QBFH$�8m0X& � 0K$�+-A�+IC/>x'z.�0K$�+7=�8;�]+��m)3+3+,Q�F�C�F2CJ.b+ "/CJT*8�+J 



���������
	���
�����������������	���� �WU
#%$ # � �����A,J8�� ��� 07. 4	��+ � 0�460 �

��� ����� ��� !#� �	� ��� �	�������
O1&{F2CJ0K'"FH. l 02$�+p5�+,+3Q�F &/.�0K$6+3?A@CB 
ED ?6$9l�FH'*)3F ?�LH&(P(L2C/> ��0K$�+�0KC/P(P(+,QB?�$�&/02&(5BF2?�+3)uE
0KLH&(>h+u0K+,L�F2$�&(86T*Q]>h+,+,0�0K$6+-.b&/T*T*&D& '"5�P�F2?�+3),'"��)3CJ0K'"&(5�FQ$
!( f[`$�&/02&(5R+,5�+3LHP/l Q�+u0K+,),0K'"&(5B.bL2&(>xZ/d=< 02& Z/nN< &/. A(C8& '"02$B+35�+,L2P/l LH+3FH&(T*8602'*&(5
&/.gC/A|&/860�d�G"!�< L3 >R F3 �[q+3LH)3+35W0KC/P(+3FXL2+,.b+,Lf02&h02$�+;?6L2'*>hC/LSl A|+3C/>�+356+3L2PJl A5CD�
'  +/ �JHd�G"!D<�K{>@+IC/56F<!�M � ���t+35�+,L2P/lBLH+3FH&(T*8602'*&(5�.b&/L C]!iM �S����A�+IC/>] 

Mm (9 Q�+,02+3)u0K&(LfFHl�FH02+3> & $�'*)4$YC/T*T"&D& F C@),&(8�5W0K'"5�PhL2CJ0K+-&/.gCJ0fT*+3C/FH0Xn !
!�d�
f+3T"+3)uE
0KLH&(5�F ?�+3L F2+,)3&(5�Q]?�+3Lfd�Gz!�< &D"(+,L 02$�'*F�L2C/5�P(+-&/.1?�$�&J0K&(5]+35�+,L2P('"+3F, 

=6 (9X5 CJQ�Q�'"02'*&(5�C/T�)IC/?�CJA�'*T"'"0Gl .b&(L ?�$�&/02&(5 +35�+,L2P/lYQ�+,02+3)u0K'*&/5 .bL2&(>�M(nN<x0K&�^(d=<
&/. A5CD�;& '"0K$]T*+,F2F FH02L2'"5�P(+35W0 LH+3F2&/T*8602'*&(5]C/5�QB),&(8�5W0XL2CJ0K+pLH+3798�'"L2+3>@+35W02F< 

�� (9 798�C/Q6L28�?�&(T*+�> CJP(5�+,0YA|+u0.&%+,+35 0K$�+ LKC/Q�'*CJ0K&/L C/5�Q Q�'*?�&(T*+�F2?�+3)u0KL2&/>h+u0K+3L
& $�'")4$ '*>hC/P(+,F�0K$�+]A|+3C/> F2?�&/0h&(5 0K$�+]LKC/Q6'jCJ02&(L�&(5W0K& C T"'*5�+B&(5 0K$�+].b&m)3C/T
?�T*C/5�+/ pO�$6'*FX.b+3CJ0K8�LH+�> CJD/+3FX'"0�?�&(FHF2'*A6T*+�02&�+35="�'*FH'*&(5 02$�+�8�F2+�&J.`.b&m)3C/T~?�T*C/5�+
)3&/8�5W0K+3LHF7& '"02$�0.& &JEGQ6'*>@+35�FH'*&(5�CJT LH+IC/Q6&(8603��& '"02$ & $�'*)4$ &(5�+ ),&(8�T"Q +356$�C/5�),+
0K$6+ 04C/P(P/'*5�P�+Q2@)3'"+35�)ul &/.-0K$6+ F2&(8�LH)3+J � &�)IC/Tf?�TjCJ5�+ Q�+u0K+3)u0K&(LHF & '"02$ 0.&%&JE
Q�'">h+,5�F2'"&(5�C/T�LH+IC/Q�&/860�CJL2+])3&(5�FH'*Q�+,L2+,QcC/F C ?|&/F2F2'"A�T*+]8�?�P/LKC/Q�+]A�+,l(&/5�Q 0K$�+
A�C/FH+3T"'*5�+{Q�+,F2'*P/5 ?�LH+3F2+,5W0K+3Q '*5 0K$�'"F<)4$�C/?60K+,L3 9 5Wl�'">h?6L2&D"(+,>h+,5902F;&/A604C/'"5�+3Q
8�FH'*5�PY02$�'*F<0K+,)4$�5�'*798�+�&%&(86T*Q A�+ &D"(+,L�C/5�Q C/A�&D"(+ 02$�+ ?�+3LS.b&(L2>hC/5�),+h��P/8�L2+,F
?�LH+3F2+,5W0K+3QY'*5 0K$�'"F�L2+,?|&(LS0I 

O�$�+�FHl�FH02+3>vQ6+3F2),L2'"A|+,Q A|+,T*&D&?� A�CJF2+3Q &(5 C�L2&�&(>{E 0K+,>h?�+3L2CJ0K8�LH+-Q�+3FH'*P(5�� >h+,+,0KF
C/T*T\&/.�02$�+3FH+�)3LH'"02+3L2'*C6 BO�$�+�&(?m0K'*&/5 &/.fCYFH8�?�+3L2),&(5�Q�86),0K'"5�P Q�+,F2'*P/5 &rCJF�C/T*FH&YFS0K8�QmE
'*+,Q   -c'"02$@C<FH8�?|+,L2),&(5�Q�8�)u0K'"5�P�>hC/P(5�+u03�(0K$6+ FH?|+,),0KLH&(>@+,0K+,L ),&(8�T"Q@&/?|+,LKCJ02+XCJ0 >�86)4$
$�'*P/$�+3Lp��+,T*Q�FQ�1& � +3LH'*5�P 02$�+h?�&(FHF2'*A6'*T*'z0GlY&J.rF2&/>h+@F2?�CJ)3+@FKC3"�'*5�P(F<'*5 02$�+hFH'*y,+h&/. 0K$�+
04C/P/P(+3LX.b&�)ICJT~?�T*C/5�+{C/LHLKCIl CJ5�Q TjC/LHP(+3L $�+IC/Q�EGL2&�&(>o.b&(LX.b86028�L2+�?�&(F2FH'*A�T"+�+356+3L2PJl 8�?mE
P(LKCJQ�+3F{A�+,l(&/5�Q !iM �S���{ 9X5 '*LH&(5 l(&(DJ+RQ�+,F2'"P(5 &rC/F{.b&(8�56Q & $6'*)4$ &%&(86T*Q )3T*C/>h?
0K$�+;n
�c��+3T"QBF28@2@)3'"+35W0KTzl 0K&{>hC/D/+-'"0 ?�&(FHF2'*A6T*+�0K&@&(?�+3L2CJ0K+-5�&(LH> CJT ?�$�&/02&/0K86A|+,Ff&/5
0K$�+�5�+IC/LHAWlY04CJP(P(+3L .b&m)3C/T1?6TjC/5�+J E &D& +Q"(+,L%�qC/F�FH$�&D& 5 A|+,T*&D&?� LKC 0K+�),&(5�F2'"Q�+3L2CJ0K'"&(5�F
L2+,7�86'*L2+rC�Q�+3P(LH+3+�&/. FH+3P(>@+35W0KCJ0K'"&(5�'*5�02$�+%0KC/P(P('"5�PX),&(8�5W0K+,L2F\F28�)4$�02$�CJ0`'z0g'*F1'*>@?�LKCJ)uE
0K'")IC/T�0K&p'*56)3L2+3C/F2+�02$�+�Q�'*FH?|+,L2FH'*&(5{C/T"&(5�PX02$�+�.b&m)3C/T6?6TjC/5�+rC/A|&D"/+(& $�CJ0\'*Fg?6L2&D"�'*Q�+,Q@AWl
C !%GVn�� L2&�&(>�0K+,>h?�+3L2CJ0K8�LH+�>hC/P(5�+u0I pO�$�C 0pA|+,'*5�Ph0K$�+�)3C/F2+ � '"08&rCJFpQ�+3),'*Q�+,Q 0K$�CJ0
)3&(56F2'*Q6+3LKC 0K'*&/5�F &J.a8�?�P(L2C/Q�+f> CJL2P('"5hCJ5�Q�+3T"+3)u0KL2'")IC/T�?�&D&%+,LrC/T"&(5�+fQ�&�56&/0#HH86FH0K'z. l�0K$�+
C/Q�Q�'z0K'"&(5�C/T|)3&(FS0XCJ5�QR),&(>@?�T*+��6'z0Gl &J.`C�F28�?�+3LH)3&(56Q�8�),02'*5�P@>hC/P(5�+u0I 



���������
	���
�����������������	���� �9Z

0 5m

Return yoke
Photon beam
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