
HAL Id: hal-00119923
https://hal.science/hal-00119923v1

Submitted on 13 Dec 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Nonlinear synchronization in open flows
Benoît Pier, Patrick Huerre

To cite this version:
Benoît Pier, Patrick Huerre. Nonlinear synchronization in open flows. Journal of Fluids and Struc-
tures, 2001, 15, pp.471-480. �10.1006/jfls.2000.0349�. �hal-00119923�

https://hal.science/hal-00119923v1
https://hal.archives-ouvertes.fr


���������	��
��
����
������������	������������� ���"!��$# %'&(&)&)*,+�+-+�./&(&)&�01&)&(&
2/3(4 576 &/8 6 &(&)9;:1<>=-?�8 6A@)@(@ 8 &)&(&(&�.>B�C�B 47D B'E D7F	3(G�D74HG/F B'I,J;I"I"K 5 :�:�LMLMLN8 4O2�F B D74 E/PQB'PSR(8 T 3(UV3(G

WYX[ZN\S]SZ_^a`cbed1f_ZNg	h_b�X,ZN]
ij`lk�]"X,Zm]SZnX[op^qZnr�Xjstd

uwv�xjyjz{}|e~�{ v����_����� ~���| � {�������� v	����v
�q�(�Q�'�"���>���}�"!���� �N�(���S�A�'�������p������!����q�(�A�N���M���������w�¡ £¢¤M�Q��
7!$¥���
����>!Q�S¦���������!��

��§©¨)ª)ª�«;¬�­M�'
7���O��!Q���®�Q!S�)!"¯(�a���"���	�Q!

°j±;²[³>²S´µ²S¶S·©¸�¹�ºp¶"»©¸�·©²"»©¸7¼�½�¹¿¾�²S»©º)¸µº)½�À;º;¸Á·©²SÂ�¼AÃNÄ)´�¸�·©Å;Æ)²l³ÈÇ(º;¶
±)»©¹Aº;¸�ÉQ²�ÆN¹�³>¶S¸µ´�´µ¼�·©¸�º)½_³È·
¼�·©²Q³l¼¿»©²,Æ(¸µ³ÈÂ
¶QÅ)³>³>²�ÆËÊH¹A»$ÃN¹'Æ(²Q´	³ÈÇ(³È·©²QÃN³,¼�º1Æ�»©²�¼A´	Ìj¼AÍ�²�Î1¹�Ìl³M¸�ºÏ¼�Æ(¹�ÃÐ¼A¸�ºË¹AÊa¸�º)À1º)¸Á·©²�³È·>»©²�¼�Ã�Ìl¸�³>²_²SÑ'·©²Qº�·�Ò
°aÌj¹�· Ç(Ä�²Q³a¹�Ê	º)¹�º;´�¸�º;²Q¼�»Ó½A´µ¹AÔ1¼�´�ÃN¹'Æ(²Q³Ó¼¿»©²[Ä�¹�³>³>¸�Ô)´µ²AÕqÖ1×'Ø�ÃN¹'Æ)²S³qÌl¸Á·©±�¹¿¾�²"»
¼A´�´/³>ÃN¹�¹A·©±;´ÁÇN¾A¼�»>Ç'Â
¸�º;½Ð¼�ÃNÄ;´�¸Á·©Å1Æ)²,¼Aº1Æ�Ù
ÚHÙ>Û�Ö1×�Ü�ØqÃN¹'Æ)²Q³ÓÌl¸Á·©±�¼w³>±;¼�»©ÄpÊ7»©¹�º�·�Òj°j±)²M¾�¹A»>·©²"Ñ�³È·>»©²S²S·�¸µº�ÌÓ¼AÍ�²,Î1¹�Ìl³c¸�³
¹AÊ-²Q´�²QÄ)±1¼Aº�·�· Ç(Ä�²�Ý�¼A³a¹AÔ;³>²S»©¾�²�ÆN¸µºÐÆ(¸Á»©²Q¶S·jº'Å)ÃN²S»©¸�¶�¼A´)³>¸µÃ�Å;´µ¼�·©¸�¹Aº;³�¹AÊ�¼[»©²�¼A´�³>Ä;¼�·©¸µ¼A´�´ÁÇÐÆ)²S¾�²Q´�¹�Ä)¸µº)½
ÌÓ¼�Í�²�Ò�Þ;Å)»>·©±)²S»©ÃN¹A»©²�Ý�·©±;²N²S´µ²SÄ;±1¼�º�·�Ê7»©²�ß�Å;²Qº)¶SÇÏ³>²Q´�²Q¶S·©¸�¹�ºà¶S»©¸Á·©²S»©¸�¹Aºá¸µ³$¸�ºâ²SÑ(¶Q²S´µ´�²Qº�·w¼A½�»©²Q²QÃN²Qº�·
Ìl¸Á·©±p·©±;²Mº'Å)ÃN²S»©¸�¶�¼A´�´ÁÇ�Æ)²S·©²S»©ÃN¸�º)²�Æ�¾�¹A»>·©²SÑ�³>±;²QÆ;Æ)¸�º)½�ÊH»©²Qß'Å)²Qº;¶"Ç�Ò

ãäæå'ç�ç�ç¡è ã ����é'ê¡ë ã ~$ì é'í¿í

6 8,î©ï�ðMñ$òwówôwõ[ð,î"òwï
öø÷)ù	ú�ûOü�ý/þàÿ���ÿ���ü������(ÿ	��
 U B�Rà?
��?©IQB 4HG��)D73 E�B DHD Râ?"R G TQJ/P 3(G/4���F�2á3 ?ST 4HDHD B'I 4H3(G ?A8�� B�� F ?�E F J 47G�2
E D ����� E 3�2�4HF ?_B'P F L F�DHD � G/3 L G #�� 3 PNBËP F C 4HF L ? F�F � 4HDHD74 B U ? 3(GV6�@(@ 9)*cI 3 � G�2/F P �(3 BËI"PQB G ? 4 I 473)G I 3
B K F P 473�2�4 T�C 3 P"I F�� ?"J FA2/2/47G�� P��F��)47U�F B�I U�3�2�F PQB�I F ñ F R G/3(DO2 ? G � U E F PS?A8 � � K F P 4HU�F�G ISB D7D R B G-2
G � U�F P 4 T�B DHD R(.;I"J F � F B�I!�/P F ? 3 �aB �)D73 E�B DHD RË?"R G TQJ/P 3(G/4���F�2 C 3 P"I F"� ?
I"P F�F IMB(P FwG/3 LYL FAD7D�2�3 T�� U�F�G I F�2
# F 8 � 8$#lP 3 C�B G ?SB D !¿�,��
&% 6A@�')( .)*�B UpU�3)G�2,+ ñ FA2�F � 3 K/K 6A@)@-( *�8.* 3 L F C F PA.)I"J F ? F�DHF T¿I F�2 ��P F0/ � F�G T¿R
3 �lI"J F1�(DH3 E-B D ?©ISP
��T¿I
�/P F J�B(? G/3 INE F�FAG I"J F�3 P F I 4 TAB DHD RâK/P FA2/4 T¿I FA2¡47G I"J F ��PQB U�F L 3 P!� 3 ��J1R 2 P 312 R��
G B U�4 TÐ?
ISB(E 4HD74 I©RËISJ F�3 P"R)8cð,J F B 47U 3 �jI"J F K/P F ? F�G I$K�B'K F P 4 ?,I 3Ï2�4 ?"T���?S?MP F T FAG I$K�P 3�� P F ?S? U B 2�FÐ4HG
ISJ F�4O2�F�G I 432 TAB�I 473)G�3 ��P F ? 3)G B G T FMU�F TQJ�B G/4 ? U ?lLMJ 4 TQJËB(P F P F ?"K 3)G ? 4 E DHF � 3 P �(DH3 E-B D ?"R G TQJ/P 3(G/4�� B'I 4H3(G
4HG ?
K-B�I 4 B DHD R 2�F C FAD73 K 47G4� = 3 L$?�8�� F P F ?©ISP 4 T�I�J F P F�3 �/PpB�I"I F�G I 473)G I 3á3(G�F � 2�47U�FAG ? 4H3(G B D T 3(U K DHF"�
5 4HG�� E4�/P � 0)6qB G�2 B��á# õ 5 6q* F0/ ��B�I 473)G ?lL 4 I"J ?
K�B'I 4 B DHD R�C�B'PSR 4HG�� T 3;F�7 T 4HF�G IS? 47G B G�47G�2-G/4 I F�2�3)U B 4HG
B G�2 I 3 I©L 3 � 2�4HU�F�G ? 473)G B D ?"K�B�I 4 B D7D R 2�F C F�DH3 K 47G�� L[B�� F = 3 L$? �(3 C F P G/FA2 E1R_ISJ F ï�B�C 47F P©0�8;I 3 � F ?c#�ï98/*
F:/ �-B�I 4H3(G ?�8jð,J F K-B'K F P 4 ? U B 4HG/D R�E�B)? F�2�3(G I"J F P F T F�G I 2�4 ?S? F P"ISB�I 473)G�3 �;# 47F P�# 6�@(@)@ *ÓB G�2 I"J F T 3 P<�
P F ?"K 3)G�2�4HG�� K��/E DH4 T�B�I 473)G ?ME1R,# 47F P + *=� F PSP F # 6A@)@ 9)*¿.�# 4HF P�!��,�'
&%a# 6�@(@�' *�.�# 47F P�!¿�M��
&%a# %'&(& 6 *[B G-2
# 47F P + *=� F PSP F #�%(&(&)&)*�8?> 3 P �(F�G�F PQB D E-B(T@� � P 3 � G-2®3(G ISJ F J;R 2 P 3�2 R G B U�4 TÏ?
ISB(E 47DH4 I©R®I"J FA3 PSR 3 �
?"K�B�I 4 B D7D R 2/F C FAD73 K 4HG�� = 3 L$?�./I"J F P F B 2�F P 4 ?$P F � F P"P FA2 I 3 I"J F P F C 4HF L B'P"I 4 T DHF ?MB G�2 I
��I 3 P 4 B D K/P F ? F�G �
IQB�I 4H3(G ? 3 �A*B� F PSP FC+EDá3)G � F L 4 I � # 6A@)@ &;*�.4*=� F PSP FC+ ñ 3 ?"? 4 # 6A@(@�' *[B G-2 *B� F P"P F #�%(&(&(&;*�8 ö E/P 47F �
?
� U�U B'PSR 3 �aP FAD7F C�B G I 4 ?S?<� F ? 4 ? �(4 C F�G E FAD73 LN8

ð,J F[F"��4 ?
I FAG T Fc3 ��? F�D �F�È?
��?
ISB 47G/F�2N3 ?ST 4HDHD B'I 4H3(G ? 47G ?
J F B'Pq= 3 L$? 4 ?jT DH3 ? F�D R�P F�D B�I FA2 I 3 ISJ F ISPSB G ? 4 I 473)G
��P 3(UHGJILKNMPO:G:QSRTMPO I 3�U4VXWJIPYTZ�Q[O�R&K4W0QTU4VLR�Y&RTQ�\ #S][P 4&��� ? 6�@ 9�^4_�] F PQ? 6A@�'�` *�8wî G T 3)G C F T¿I 4 C FAD R�� G ?
ISB(E D7F
#Èõ[ô�*M?"R�?©I F�U ?�./I"J F E-B(? 4 T�= 3 L T�B(P"P 47F ? � P 3 L 47G4� K F P"I
�/PSE�B'I 4H3(G ?MB�L,B�R 47G ISJ F�2�3 L G ?©ISP F B U 2�4 P F TJ�

a-b�ced<fedhg�i;j@kPk:cTdhfTf<l�mnd<oPj@ceiepqd<g"isr@t � o:oPuwvwdhkyx�j!iezPdhpBj!iTvw{hf;j@gPk | z:d<rJced|iTvw{<j@u)b	z�}0fTvw{hf
~ � g:v �"d<cefTv iF}Br@t � j@p��:cTvwkP�JdJ~
� vwu �"dhc � iTcedhdhi<~ � j@p��PcevwkP�Jd ������� v4� ~ �a��� v pBj@vwu�l)�4���L�<�@�"�@�"�h�:�@�4�S�!�h�N�F���-���J� �

& '�'(@ 0 @)( ^)91: @)@ : 6 &(& '�6�`���`(@��L` &/8 &(&1:�& T� 6A@(@)@ ö T�B 2�F�U�4 Ty#�P F ?"?



x rJgPuwvwg:d
j@c;fe}0gP{[z:cTrJgPv��<j!ievwrJg�vwg9rJoXdhg��Lr��;f �

I 473)G .�B G�2 I"J F ?"R1?
I FAU F C FAG I!��B DHD R P F I!�/P G ?,I 3 4 IQ?B� G K F P"I
��P"E FA2 ?
ISB'I F 8B* F�G T F . 4 �lB�= 3 L TQJ�B G4�(F ?
��P 3(U D73 T�B D ?©IQB'E 4HDH4 I©R�I 3 T 3)G C F T¿I 4 C Fw47G ?
ISB(E 4HD74 I©R(. 3(G/D R 4 IS?,ISPSB G ? 4HF�G IMP F ?"K 3)G ? F I 3 K F P
I!�/P"E-B�I 4H3(G ? 4 ?
BX� F T�I F�2 8Ðî G B DH3 T�B DHD Râ?
ISB(E DHF T 3(G�24� �/PQB�I 4H3(G B DHD K F P"I
�/PSE�B'I 4H3(G ?_B'P F�2 B U K F�2 .�LMJ F P F B(? 47G B�õ[ô
E�B)? 4 Tc= 3 L ISJ F R � P 3 L 4HG ISJ F$2�3 L G ?
I"P F B U 2�4 P F T�I 4H3(G 8qî G I"J FMD B'I
I F PlT 3)G�24� ��PSB'I 4H3(G .'K F P"I
��P"E�B'I 4H3(G ?
F C F�G I!��B DHD R DHF B�C F ISJ F�2/3(U B 4HGà3 � 4HG I F P F ?
I 5,4HG I"J F�DH3(G�� I F P U I"J F = 3 L 4 ? �(DH3 E�B D7D R ?
ISB(E DHF B G-2â4 I
U B�R 3(G�D RáE F � F K/I 3 ��I 3 � F:/ � 47DH4 E�P 4 � U 4 �cK F P"I
�/PSE�B�I 473)G ?_B'P F T 3(G I 4HG � 3 ��? D R F�G I F P 4HG�� ISJ F�47G = 3 L
E 3 � G-2 B'PSR(8jð,J)��?[õ[ô = 3 L$? U B�R�E F$4HG I F PSK/P F I FA2 B(? U��
	NY�R��NO�
@W ? 4HG T F K F P
I!�/PSE�B�I 473)G ? FAG I F P 47G4� I"J F
4HG/DHF I � P 3 LtB D73)G�� ISJ F ?
I"P F B U � G I 4HD I"J F R DHF B�C F ISJ F ?
R�?
I FAU B�I,ISJ FN3 ��I D7F IA8

î G T 3(G I"PQB(?
IA.)I"PQB G ? 4 I 4H3(G ��P 3)U T 3(G C F T�I 4 C F I 3 B(E�? 3(D ��I F�47G ?
ISB(E 4HD74 I©R 2 PQB(?
I 4 T�B D7D R�TQJ�B G��)F ?�I"J FN2 R-�
G B U�4 TAB D E F J�B�C 4H3 �/P�8tî G B(E�? 3(D ��I FAD R � G ?
ISB'E D7F # ö ô�*�?"R�?©I F�U ?A. 4HG ?
ISB(E 47DH4 I 4HF ? � P 3 L R&K W
RTQ<Z B G-2
?
�/PSC 4 C F � 3 PwB D7D I 4HU�F ?A8 ö ? F�D �F�È?
��?
ISB 47G/F�2áG/3)G ��ISP 4 C 4 B D ?
ISB�I FÐU B�RÏISJ F P F � 3 P F E F�3 E�? F PSC F�2 L 4 I"J 3 ��I
F�� I F P G B DÓ4HG K��/IA8 ð,J)��?A.jB(?y��B'P�B(?wI"J F�D73)G�� I F P U B(?"R U K�I 3 I 4 TpE F J�B�C 4H3 �/P 4 ?ÐT 3)G T F P G�FA2 .�I"PQB G ? 4 �
I 473)G ��P 3(U DH3 T�B D ?©IQB'E 4HD74 I©R�I 3 T 3(G C F T�I 4 C F�4HG ?
ISB'E 47DH4 I©R K/P 3 C F ? 4 P"P F�DHF C�B G I�.;LMJ F P F B(?cISPSB G ? 4 I 4H3(G ��P 3(U
T 3(G C F T�I 4 C F I 3 B(E�? 3)D �/I F_47G ?©IQB'E 4HD74 I©RÏK D B�R�?MB�T¿P!��T 4 B D P��3(DHF 8

ð,J F B'E 3 C F$U�F�G I 473)G/FA2Ï47G ?
ISB(E 4HD74 I©R�K/P 3 K F P
I 47F ?cB(P F�2�F"2�G�FA2 � 3 P 47G�2-G/4 I F B G�2 ?"K�B�I 4 B D7D R�J 3(U�3��(F �
G/3 ��?�?
R�?
I FAU ?A8 8 47G T F P F B D = 3 L$? 2�F C F�DH3 K 4HG I"J F ?
I"P F B U L 4 ? F 2/4 P F T¿I 4H3(G .�?
ISB(E DHF .,õ[ô B G�2 ö ô
2�3)U B 4HG ? U B�RÏT 31F��14 ?
I�B(?,ISJ FÐDH3 TAB D K/P 3 K F P"I 4HF ?$C�B(P"R B DH3(G�� I"J F ?©ISP F B U 8�ô G�2�F P�I"J F B)?"?
� U K�I 473)G
ISJ�B�IËISJ F ?
I"P F B U L 4 ? F C�B(P 4 B�I 473)G ?�E F ? U B D7D�3(G B®I©R1K 4 T�B D�47G ?©IQB'E 4HD74 I©R D7FAG�� ISJ ?"TAB DHF .[I"J F K/P F C 4 �
3 ��? 2�F�2�G/4 I 4H3(G ?p?
I 4HD7D B'K/K D R DH3 TAB DHD R®B�I F B)TQJ ?©ISP F B U L 4 ? F ?©IQB�I 4H3(G 8àî G L,BX� F = 3 L$?�B'I U�312/F PQB�I F
ñ F R G/3(DO2 ? G � U E F PQ?A.�LMJ 4 TQJáB(P Fw3 �jK�B'P"I 4 T"� D B(P 4HG I F P F ?©IMI 3 P F B 2�F PQ? 3 �aI"J 4 ?,C 3)D � UpF .1I"J F ISPSB G ? 47FAG I
P��F��)47U�FwD7F B 2 ?MI 3 B�?
ISB�I 473)G B'PSR�I 4HU�F �ÈK F P 4H3�2�4 TN?©IQB�I F _�I"J F = 3 L �)D73 E�B DHD RËE F J�B�C F ?MB(?$B G IXW"G!R&Y�YFU�Q[I�
 8
õcJ�B(PSB)T�I F P 4 ?
I 4 T�?[?<�-TQJ�B)?[?"K�B'I 4 B D ?©ISP
�-T�I
��P F B G-2 �(DH3 E-B D ��P F:/ � F�G T�RËE F T 3)U�Fw4HG I"P 47G ? 4 T$I 3 I"J F = 3 L 5
ð,J F R B(P F ? FAD7F T�I FA2�47G I"J F E�� D � B G-2 D B'P �(FAD R 4HG�2�F K FAG�2�FAG I 3 � 4HG = 3 L T 3)G�2�4 I 4H3(G ?A8

ð,J F � 3(DHDH3 L 47G���/ � F ?
I 4H3(G ?[I"J FAG B(P 4 ? F(5
6 8/ô G�2�F PMLMJ 4 TQJáT 3)G�2�4 I 4H3(G ? 2/3;F ? �(DH3 E�B D	47G ?
ISB(E 4HD74 I©R 3 T�T��/P��âó 31F ? �)D73 E�B D	4HG ?
ISB'E 47DH4 I©R T 3(4HG T 4H2�F

L 4 I"J�I"J FN3(G ? F I 3 � DH3 TAB D B(E�? 3)D �/I F_47G ?©IQB'E 4HD74 I©R 3 P 4 ?$B G ö ô 2/3(U B 4HG 3 � 2-G/4 I FNF"� I FAG I,P F0/ � 4 P FA2 �
%�8jî G ISJ F T�B(? FÏ3 � �(DH3 E-B DHD R®?
R G TQJ�P 3)G/4&�AFA2 3 ?"T 47DHD B�I 4H3(G ?�.jJ 3 L 4 ?�I"J F��(DH3 E�B D ��P F0/ � FAG T¿R 2�F I F P<�

U�4HG/FA2 � ��J 4 TQJ K�B(P
I 3 ��ISJ F = 3 LYB)T�IQ?MB(?MBpL[B�C F�U B�� F P��
` 8P* 3 L 4 ?�ISJ F �)D73 E�B D E F J�B�C 473 �/PqBX� F T�I FA2 E1R G/3(G�D74HG/F B(P 4 I 4HF ?�� ö P F$2�G/4 I F �ÈB U K D74 I
� 2/Fc3 ?"T 47DHD B'I 4H3(G ?
�)3 C F P G/F�2 E1R D74HG/F B(P 3 P G/3(G�D74HG/F B(P�? F�DHF T�I 473)G T¿P 4 I F P 4 B��,��J�B�I 4 ?ÓISJ F�4HU K 3 P
IQB G T F$3 �	ISJ F$U�F B G = 3 L
T 3 PSP F T�I 4H3(G,�(FAG/F PQB�I FA2 E1R G/3(G/DH4HG/F B(P 4HG I F PSB)T�I 4H3(G ?��

î G I"J F � 3)D7DH3 L 47G4� .aI"J F ? F 4 ?S?
� F ?�B'P F K/P F � F P F�G I 4 B D7D R B 2/2 P F ?S? F�2®47G I"J F T 3)G I F"� I 3 ��?©ISP F B U L 4 ? F
2�F C FAD73 K 47G4� = 3 L$? 47G B G R�K���K�RTQ[O��)I�� ULR�K .ÓLMJ F ISJ F P 4HG I"J F � 3 P U 3 �Nõ 5 6 U�3�2�F�D,F0/ ��B'I 4H3(G ? 3 P
P F B D L,BX� F ?A8�î G I"J F�D B�I"I F P 4HG ?
ISB G T F L F ? 3(DHF�D RàT 3)G ? 4H2�F P_L[B�� F ?wK/P 3�2 ��T FA2 E;RàB�C F�DH3 T 4 I©R 2/F"2 T 4 I
4HG I"P 312 ��T F�2 B�IM? 3)U�F ?
I"P F B U L 4 ? F ?
ISB'I 4H3(G B G�2 E 3(DO2�D RË? F I,B(? 4H2/F I"J F L,BX� F K/P 312 ��T 4HG�� E 3�2 R(8lð,J 4 ?
B)?"?
� U K�I 4H3(GV4 ? 47GVU B(P
� FA2 T 3(G I"PQB(?
I�L 4 I"J ISJ F P F T F�G I 4HG C F ?
I 4�� B'I 4H3(G ?ÐE;RVõ 3 ��B 4 P 3)G + õcJ 3(U B �
# 6A@(@)( . 6A@)@(@ B�. E�* 3 � G/3(G/DH4HG/F B(P �(DH3 E�B DaU�3�2�F ? �(3 C F P G/FA2 E1R 3)G/F � 2�4HU�F�G ? 473)G B D õ 5 6 U�3�2�F�D�F0/ ��BL�
I 473)G ? 4HG,WJO���R���R�K���K4ReQ|O��)I�� ULR�K4W 8aî G ISJ 4 ?[TAB(? F . �(DH3 E�B D�U�3�2�Fw3(G ? F IcISBX� F ?cK D B(T F LMJ F�G�F C F PcBC��P 3)G I
?
��T�T F�F�2 ? 4HG K/P 3 K�B � B�I 47G4� �/K�?
I"P F B U B � B 4HG ?
IÓI"J F B 2 C F T�I 47G4� = 3 LN.'ISJ F P F E1R �(F I"I 4HG�� K 4HG/G/F�2 B�I�I"J F
�/K-?©ISP F B U E 3 � G�2 B'PSR¡K 3(4HG IA8áð,J 4 ?ÐK/P F T 4 ? F�D RàIQBX� F ?NK D B(T F LMJ F�G ISPSB G ? 4 I 473)G ��P 3(U T 3)G C F T¿I 4 C F I 3
B(E�? 3)D �/I Fp47G ?
ISB(E 4HD74 I©R 3 T�T��/PS?wB�I_ISJ F �/K�?
I"P F B U E 3 � G�2 B'PSR(8 >��/P"I"J F P U�3 P F .qõ 3 ��B 4 P 3(G + õcJ 3(U B �
# 6A@(@)@ E-*NJ�B�C FË2�F P 4 C F�2 ?ST�B DH4HG��àD B�L$?�� 3 P�I"J F,�(DH3 E�B D�U�3�2�F TQJ-B'PQB(T�I F P 4 ?
I 4 T DHF�G�� I"JV?ST�B D7F B G�2 4 IS?
?
I"P F B U L 4 ? F ?
J-B'K F�G/F B'P 3(G ? F I_LMJ 4 TQJ®B'P F�4HG®F"� T FAD7DHF�G INB � P F�FAU�F�G IwL 4 I"J F"� K F P 47U�FAG IQB D B G-2¡G ���
U�F P 4 T�B D ?
I
� 2�4HF ? 3 ��C 3 P
I F"� ?
J FA2/2�4HG�� E F J 4HG�2 E D ���àE 3�2�4HF ?[E1R 5 3 ��< 3)G �Èó9�/PQB G�2 !¿�[��
&%�# 6A@)@ ^1*lB G-2
� 4HF�DH4HG ?<��B + � F ?<��P F�4O2 # 6A@(@�� *¿8 8)�-TQJ B®?ST F�G B'P 473 4 ?ËB D ? 3 ?<�/K�K 3 P
I FA2 E;R I"J Fà2�4 P F T�I G � U�F P 4 T�B D
? 47U � D B�I 4H3(G ? 3 �ÓI"J FpG/3(G�D74HG/F B(P 4HU K�� D ? F P F ?"K 3)G ? F�47G K�B'PQB DHD7FAD L,BX� F ?�T 3(G-2 ��T�I FA2 E1Ràó F�D E FAG�2�F�+



x rJgPuwvwg:d
j@c;fe}0gP{[z:cTrJgPv��<j!ievwrJg�vwg9rJoXdhg��Lr��;f �
õcJ 3)U B � # 6�@(@�' * 5 B D ISJ 3 � � J�I"J F�47U K�� D ? F P F ?
K 3(G ? FN4 ? 3 � 2�G�4 I F B U K DH4 I!� 2�F . 4 IS?B��K�?©ISP F B U FA2��)FN4 ?
�)3 C F P G/F�2 E1R DH47G/F B'P 2 R G B U�4 TA?�8

%/8q8-õ ö 6;� 8�� # ö ñ ö ð,î"òwï
ð,J F ISJ F�3 P F I 4 T�B D � 3 P U � D B�I 473)G � G�2�F P D R 47G�� B D7Dn�(DH3 E�B D�U�3�2�F B G B D R1? F ?A.�LMJ F I"J F P DH4HG/F B(P 3 P G�3(G �

DH47G�F B'P�. F ?"? F�G I 4 B D7D R�P F�DH4HF ? 3)G I"J F B(?S?<� U K/I 4H3(G�3 � W
YFI�� W0Q 
"O"U ���$R�W@O9M"U�
!RFU�QSR�IPK	WÓ3 � 4HG ?©IQB'E 4HDH4 I©R�K/P 3 K��
F P
I 47F ?�8að,J 4 ?jJ1R1K 3 I"J F ? 4 ? 4 ?jP F:/ � 4 P FA2�4 � 3(G/F[4 ?aI 3_F ?
ISB'E D74 ?
JpB�?"K F T 4&2 T[P F�D B�I 4H3(G ?
J 4 K�E F I©L F�FAG �)D73 E�B D
E F J�B�C 4H3 �/PMB G�2�D73 T�B D K/P 3 K F P"I 4HF ?A8

ö IwB Gà47G I!� 4 I 4 C F�DHF C F�D�3 �$� G�2�F PS?
ISB G�2�4HG�� . 47G¡3 K F�G ?"R�?©I F�U ?MISJ F�U�F B G = 3 L 4HG ISP 3�2 �-T F ?�BËK/P F �
� F P"P FA2 ?
I"P F B U L 4 ? FË2/4 P F T¿I 4H3(G B D73)G�� LMJ 4 TQJ I"J F FAG I 4 P F 2 R G B U�4 TA? 2�F C FAD73 K�?�8 6 F I�� 2�F�G/3 I F I"J F
?
I"P F B U L 4 ? F$2�4 ?
ISB G T F . 47G T¿P F B(? 4HG�� ��P 3)U ISJ F$4HG/D7F I�I 3 I"J F�3 ��I D7F IA8Óð,J F T 3;3 P 2/47G B'I F � B(K/K F B'PQ?jE 3 I"J
B)?MB M"U 

RFU�VLY�O$47G ?©ISP F B U L 4 ? Fw2/F P 4 C�B�I 4 C F_3 K F PQB�I 3 PS?cP F�D B�I F�2 I 3 I"J FN4HG ?
ISB'E 47DH4 I©RÏK/P 3 K F P
I 47F ?,B G�2 B(?
B 	sU 
@U � OPQ[O�
 I 3 B)T�T 3 � G I$� 3 PÓISJ F ?
I"P F B U L 4 ? F,F C 3(D ��I 4H3(Gp3 �	ISJ F E�B)? 4 Tc= 3 LN8qî[��� 2�F�G/3 I F ?lBwI©R1K 4 TAB D
4HG ?
ISB'E 47DH4 I©R D7FAG�� ISJâ?ST�B D7F B G-2	� ISJ F ?©ISP F B U L 4 ? F�F C 3(D ��I 473)G DHF�G�� I"Jâ?"TAB DHF_3 ��ISJ F E�B)? 4 T�= 3 LN.�L F BX�
4HG J 3)Up3��(FAG/F�4 I©R 4 ?MTQJ�B'PQB(T¿I F P 4���FA2 E1R�I"J F ? U B DHD K�B'PQB U�F I F P


�� ���
 6�� # 6 *

ô G�2�F P$B)?"?
� U K�I 473)G # 6 *�.�ISJ F K�B'PQB U�F I"P 4 Tw?©ISP F B U L 4 ? F�2�F K FAG�2�FAG T F_3 �qI"J FÐ2 R G B U�4 TA? 3(G/D R 3 T�T��/PS?
ISJ/P 3 � � JVI"J F ? DH3 L T 313 P 2�4HG B�I F���� 
 ��8 ö I D7F B 2�4HG�� 3 P 2�F P�.lISJ F ? DH3 L K�B(PSB UpF I F P � U B�R E F
T 3(G ? 4H2/F P FA2e47G�2/F K F�G�2�FAG I 3 �wI"J F ��B)?©IËC�B(P 4 B'E DHF ��8 6 3 T�B DM4HG ?
ISB(E 47DH4 I©ReTQJ�B(PSB)T�I F P 4 ?
I 4 T�?pB'P F ISJ F�G
P F ISP 4HF C FA2 E;R ��P FAF��A47G���� 4HG ISJ FB�)3 C F P G/4HG��wF0/ ��B�I 473)G ?ÓB G-2 ?
I
� 2 R 47G�� ISJ F$F:/ � 4 C�B DHF�G IÓJ 3)Up3��(FAG/3 ��?
?"R�?©I F�U 4HG ISJ F�47G�2-G/4 I F�2�3(U B 4HG������ � ����� 8C* F�G T F I"J F ��B(?
I F C 3)D C 4HG��ÏDH3 T�B Dj2 R G B U�4 TA? 4 ?
? D B�C FA2 I 3 ISJ F ? D73 L F C 3(D ��I 4H3(Gâ3 �aI"J F E�B(? 4 Tw= 3 LN8cð,J 4 ?MI F TQJ G�4�/ � FN4 ?q��� DHD R�<h��?
I 4&2�F�2 E;R�P F ? 3 P"I 4HG��
I 3 I"J F_U�F ISJ 3�2â3 � U � D I 4 K D7F ?ST�B D7F ?N# õcP 4&� J;I 3(G + 5 B)?©I F P 6�@-( 94_-] FAG�2�F P + ò�PQ? � B �Ï6�@-(X' *�8

` 8 D òwó9� 6 >.6jòq� 8 ö ï�ó ñB� ö 6 >.6aòB� 8
ð,J F��(DH3 E�B D E F J�B�C 473 �/P 3 �a?"K�B'I 4 B DHD R 2�F C FAD73 K 47G4� = 3 L$?[J�B)?[I©R1K 4 TAB DHD R�E F�FAG ?
I
� 2�47F�2�47G I"J F T 3(G �

I F"� I 3 �aI"J FN3)G/F � 2�4HU�F�G ? 473)G B D õ 5 6 U�3�2�F�D�3 P,I"J F T 3(U K DHF I F I©L 3 � 2�4HU�F�G ? 473)G B D ïy8 F:/ ��B�I 473)G ?�8
ð,J F ?"K�B�I 4 B D7D R 4HG J 3)Up3��(FAG/3 ��? 5 4HG�� E��/P � 0)6qB G�2 BX� F C 3)D �/I 4H3(GwF0/ ��B�I 473)G � 3 P�BMT 3(U K DHF"�=2-F�DO2�� #����! 
*

U B�RÏT 3(G C FAG/47FAG I D R�E F LMP 4 I"I FAG B)?"$# �#  ��%'&�( # � * � 6
% &*)') # � *!+ ( # � *-,/. � � " &*)') # � *!+ ( # � * # �# �� 6

% &*)') # � * # , �# � , �10 # � *32 � 2 , � � #�%(*
LMJ F P F4&�( B G�2 + (N2�FAG/3 I F ISJ F B'E�? 3(D ��I F ��P F:/ � F�G T�RËB G�2 L[B�C F�G � U E F P[P F ?"K F T�I 4 C FAD R). &5)') I"J F ? F TJ�
3)G�2®2�F P 4 C�B'I 4 C F�3 �cI"J F ��P F0/ � FAG T¿R¡L 4 ISJ P F ?"K F T�INI 3 L[B�C F�G � U E F PA8Ëð,J F TQJ 3(4 T F�076 � î U�08� &
FAG ?<��P F ?�I"J�B'I G/3)G/D74HG/F B'P 4 I 47F ?�B'P F ?©IQB'E 4HD74���4HG�� F C F PSR1LMJ F P F 8 ö DHD T 3)U K D7F�� T 3;F�7 T 4HF�G IS? 3 � F0/ ��BL�
I 473)G # %(* 2�F K FAG�2â3(G	�9� 
 �âI 3�F�G � 3 PQT F B(?S?<� U K/I 4H3(G # 6 * 3 �aL F B��Ë?
K-B�I 4 B D�4HG J 3)U�3��(FAG/F�4 I©R(8
> 3 PcI©L 3 � 2�4HU�F�G ? 473)G B D�4HG T 3)U K�P F ?"? 4 E D7F = 3 L$?�.;ISJ F I 3 IQB D ?
I"P F B U ��� G T�I 473)G;: #����!<=�! 
* 4 ? �(3 C F P G�FA2

E1R�ISJ FNG/3(G � 2�4HU�F�G ? 4H3(G B D C 3 P"I 4 T 4 I©R F0/ ��B'I 4H3(G> ##  � # :# < ## � � # :# � ## <�?A@ :B� 6
ñ F @ , : � # ` *



x rJgPuwvwg:d
j@c;fe}0gP{[z:cTrJgPv��<j!ievwrJg�vwg9rJoXdhg��Lr��;f �
LMJ F P F < 2�F�G/3 I F ?aI"J F T�P 3 ?"?<�>?©ISP F B U T 313 P 2�4HG B�I F B G�2 ñ F I"J F ñ F R G/3)DH2 ? G � U E F PA8jñ F B D = 3 L$? ��� D32�DHD
ISJ F B(?S?<� U K�I 473)G¡3 �[? D73 L ?
I"P F B U L 4 ? Fp2�F C F�DH3 K U�F�G I 47G J 4�� J ñ F R G/3)DH2 ? G � U E F PN? 4 I
��B'I 4H3(G ?A.�B G-2
ISJ FN47G J 3(U�3��)F�G/FA4 I©RÏK�B'PQB U�F I F P[I"J F�G P F B 2 ?


 � 6
ñ F � #�^;*

��J FAG 
 
 6 .�ISJ FËDHF B 2/47G�� � 3 P 2/F PwI 4HU�F � 47G�2/F K F�G�2�FAG I�E�B(? 4 Tp= 3 LøP F ?
� D I 4HG�� ��P 3(U # ` * 3 E F R1?NI"J F
#�PSB G I D E 3 � G�2 B(P"R-� D B�R F P F0/ ��B�I 473)G> # :# < ## � � # :# � ## < ? # :# < � �����

� � � #�� :# < � � # � *

LMJ F P F I"J F ?
I"P F B U L 4 ? F K/P F ?S?<�/P F � PSB 2�4HF�G I �����	� � B(P 4 ? F ?�B)?�B GV4HG I F�� PSB'I 4H3(G T 3(G ?
ISB G IA8 ],B(? 4 T
?
I"P F B U L 4 ? F B G�2 T¿P 3 ?S?h�>?©ISP F B U C FAD73 T 4 I©RàT 3)U K 3)G/F�G IS?_B(P F I"J FAG 3 E�ISB 47G/F�2 B)?�
�#�<N_ � * � # : � # <B G�2
� # <�_ � * � � 
 # : � # � P F ?
K F T¿I 4 C F�D R(8qó F T 3(U K 3 ? 4 I 473)G_3 �1I"J F I 3 IQB D ?
I"P F B U ��� G T�I 473)GN47G I 3 E�B(? 4 T
2�FADH2 B G�2,2�G/4 I F �ÈB U K D74 I
� 2/F K F P"I
�/PSE�B�I 473)G ?$B)T�T 3 P 2/47G�� I 3;: #���� <=�! 
* �����( 
�#���_ � * � � � � #����!<=�! 
*
R 4HF�DO2 ?[I"J F��)3 C F P G/4HG�� C 3 P
I 4 T 4 I©R F:/ �-B�I 4H3(G � 3 P � #����!<=�! 
*,B)?> ##  � 
�#�<N_ � * ## � ?A@ � � # , 
# < , #�<N_ � * # �# � � > # �# < ## � � # �# � ## < ?A@ � � 6

ñ F=@ , �4� #�9)*

ö D I"J 3 � � J P F B D = 3 L$?cB(P F I©L 3 � 2�4HU�F�G ? 4H3(G B D .)I"J F P F�4 ? 3(G�D R 3(G�F ? D73 L ?
I"P F B U L 4 ? F T 313 P 2�47G B�I F4�
ISJ�B�I�B)T�T 3 � G IS?�� 3 PNISJ FËF C 3(D ��I 4H3(G®3 � DH3 T�B D�47G ?
ISB(E 4HD74 I©R K�P 3 K F P
I 47F ?ÐB(? 2/F ?ST¿P 4 E FA2 E1R B DH3 T�B D�2�4 ?h�
K F PQ? 4H3(G P F�D B�I 473)G 8 ð,J F ?©I!� 2 R 3 �,I©L 3 � 2/47U�F�G ? 4H3(G B D = 3 L$? 4 ? U�3 P F T 3)U K D7F�� ? 47G T F T¿P 3 ?S?h�>?
I"P F B U
FA4&�)F�G ��� G T�I 4H3(G ?ËJ�B�C F I 3 E F T 3)U K4��I F�2 _�J 3 L F C F P�ISJ F B G B D R1? 4 ? 3 ��õ 5 6 3 PÏïy8 �(DH3 E�B D$U�3�2�F ?
K/P 3 T FAFA2 ? 4HGâF"� B(T¿I D R�I"J F ?SB U�F_U B G/G�F P$? 47G T F B DHD I"J F ��B)?©I F C 3(D C 47G4� � F B�I
��P F ?MB'P F ? D B�C FA2 I 3 � 8

ï 3 I F ISJ�B�I 47G I"J F õ 5 6 U�3�2�F�D #�%)*$B G RâC�B'P 4 B'I 4H3(G ? 3 �ÓI"J F T 3)U K D7F�� T 31F"7 T 4HF�G IS?�L 4 I"J � U B�R
E F T 3)G ? 4H2�F P F�2 8�î G ISJ F J1R 2 P 312 R G B U�4 TNT 3(G I F�� I�#�9)*MJ 3 L F C F PA.1ISJ F E�B)? 4 Tw= 3 L�
�#�<N_ � * �(3 C F P G�FA2
E1R # � * 4 ?$� G�4�/ � FAD R 2�F I F P U�47G/F�2 E;R�I"J FM47G/DHF IcC F�DH3 T 4 I©R�K/P 3X2-D7F .)?SB�R�
�#�<N_ �9� &)*¿.)B G-2 ISJ F ?
I"P F B U �
L 4 ? F K�P F ?"?
�/P Fp2�4 ?
I"P 4 E��/I 4H3(G � # � *=� 3 P ��� &�8�î G B�? F�D �F�>T 3(G ? 4 ?©I F�G I�� 3 P U � D B�I 473)G .�ISJ F C FAD73 T 4 I©R
K/P 3X2-D7F ?�
�# <�_ � *ËB(K/K F B'P 4HG�� B(?�T 31F�7 T 47FAG IS? 47G #�9)* T�B G/G/3 I�E F B'PSE 4 I"PQB'P 47D R ?"K F T 4&2�F�2 8øî G I"J F
K/P F ? F�G I_B G B D R�? 4 ?A.�B T 3 = 3 L 47G4� L[B�� F K/P 3�2�DHF�4 ?�TQJ 3 ? FAG � 3 P

�# <�_ � � &)*�B G�2 I"J F K/P F ?S?<�/P FC2-F�DO2
� # � * 4 ?ÓISJ F�G T�B'P F ��� D7D R�IQB 4HD73 P F�2 ? 3 I"J�B'I�I"J F�F ?S? F�G I 4 B D � F B�I!�/P F ? 3 � F"� K F P 47U�F�G IQB D L,BX� F = 3 L$?cB'P F
P F K/P 3�2 ��T FA2 8wî G ISJ 4 ?wK/P 3 T F�2 �/P F .	B��"?"R G I"J F I 4 TÐL,BX� F���4 ?�ISJ F P F E1R �(FAG/F PQB�I FA2 L 4 I"J 3 ��I_P F:/ � 4 P 47G4�
ISJ F K/P F ? F�G T Fw3 �aB�? 3(DH4H2 3 E-?©IQB(T DHF #�TJ�©8 > 4�� ��P F %���* �

^�8q6�î©ï9� ö ñ ñ=� 8�òwï ö ïwõ�� õ[ñMî©ðq�cñMî"òwï
î G Bâ?
I"P 4 T D R DH4HG/F B(P9��PQB U�F L 3 P
�	.�I"J FA3 P F I 4 TAB DHD RàT 3(G ? 4 ?
I FAG IwP F ?
� D IS?wJ�B�C F 2 PQ?©INE F�FAG 2�F P 4 C F�2 E1R

õcJ 3)U B � !��_�'
&%,# 6�@(@/6 *=� 3 PNISJ FËDH47G/F B'PÐC F PQ? 4H3(G 3 � U�3�2�F�D #�%(*ÐB G�2 E1R Dá3)G � F L 4 I � !¿�N��
�%,# 6A@)@�` *
� 3 P_I"J F�DH47G/F B'P_C F PS? 4H3(G¡3 ��ISJ F C 3 P"I 4 T 4 I©R F0/ ��B'I 4H3(G #�9;*�8�ð,J F�F ?S? FAG I 4 B D K/J1R1? 4 T�B D K�P 3 K F P
I©R 4 ?wI"J F
T 3(U K DHF"�ÐDH3 TAB D B'E-? 3)D ��I F ��P F0/ � FAG T¿R & ()# � * 2�F�2�G/F�2�4HG T D B)?"? 4 TAB D ��B(?"J 4H3(G #e][P 4���� ? 6�@ 9X^	_L] F PS? 6A@�'�` *
E1R 4HU K 3 ? 4HG�� B ��F P 31� P 3 �/K�C FAD73 T 4 I©RÏT 3(G�2/4 I 473)G 3)G ISJ F�YFI�GJULY�Y�R&K�O�U�
���R�W 	 O�
!W
RFILK 
"O@YFU�QeRFILK& �"!$# # +=� � * � # ( *
ð,J F � 3 P Uø3 ��I"J F õ 5 6 U�3�2�F�D #�%)*lB D P F B 2 R 2/4 ?"K D B�R1? 4 IQ? 2/F K F�G�2�FAG T F�3(G & ((# � *�.1LMJ F P F B)?.� 3 P[P F B D
= 3 L$?lI"J F_2�4 ?
K F PQ? 473)G P FAD B'I 4H3(G # ( * 4 ? 2�F P 4 C FA2 E1R�? 3)D C 4HG�� ISJ F ò�PSP©0�8 3(U�U�F P
� F�DO2pF0/ ��B'I 4H3(G B(K/K DH47F�2
I 3 I"J F C FAD73 T 4 I©RËK�P 3�2�D7F ?�
�#�<N_ � *cK/P F C�B 4HD74HG�� B�I F B)TQJ�?
ISB'I 4H3(G	� 8



x rJgPuwvwg:d
j@c;fe}0gP{[z:cTrJgPv��<j!ievwrJg�vwg9rJoXdhg��Lr��;f �

� ���

�

� ���	�
 �

	�
���
�

�����

�

� ���	�
 �

����
�

� ���

�

� ���	�
 �

�����
Þ	¸�½�Å)»©²��AÒ��(±1¼�Ä�²Q³l¹AÊ! �"$# ½�´�¹�Ô;¼A´�ÃN¹'Æ(²Q³QÒ%�(±;¼�Æ(²�Æ�»©²Q½A¸�¹�º;³�¸�º1Æ(¸µ¶Q¼�·©²M²SÑ'·©²Qº�·Ó¹�Ê!&�'eÆ)¹AÃÐ¼A¸�º-Ò�(�)�*+#�¸µº)²�¼�»
½�´�¹�Ô;¼A´ÓÃN¹'Æ(²�Ò,(�-.*0/c¹�º)´µ¸�º)²�¼�»N³>¹�ÊH·N½A´�¹�Ô1¼�´ÓÃN¹'Æ)²Ð¹A»w±1¼¿·_ÃN¹'Æ)²AÒ,(�1.*0/c¹�º;´�¸�º;²Q¼�»N³È·©²Q²SÄ¡½A´�¹�Ô1¼�´ÓÃN¹'Æ)²Ð¹A»
²Q´�²QÄ;±;¼Aº�·�ÃN¹'Æ)²�Òq°j±)²�º;¼AÃN²Q³32�±1¼¿·54Ð¼Aº1Æ62 ²Q´�²QÄ)±1¼Aº�·54N±;¼¿¾�²MÔ�²Q²Qºp¶
±;¹A³>²Qº�¸�ºp»©²SÊH²S»©²Qº;¶S²$·©¹3�)¼A¸�º�·>Â�7�Ñ(Å)Ä+8²S»>Ç(9��:<;>=>*"Ò

ð,J F T¿P 4 I F P 4H3(G � 3 P DH47G�F B'P �(DH3 E�B DÓ47G ?
ISB(E 4HD74 I©R 4 ?_I"J F�G E�B)? F�2¡3)G ISJ F C�B'P 4 B�I 4H3(G ? 3 � &�( # � *_B G-2
?
ISB'I F ?MI"J�B'IMI"J F T 3(U K DHF"� ��P F0/ � FAG T¿R & #? 3 �ÓB�? FAD �F�>?
��?©IQB 4HG/FA2�DH47G�F B'P �)D73 E�B D�U�3�2�FN4 ? �(4 C FAG E;RËI"J F
?SB 2/2/D7F � K 3(4HG IMT 3(G�2/4 I 473)G

� & (
� �A@ � #?CB � &æB G�2 & #? �8& ( @ � #?DB � # ' *

LMJ F P F�4 I 4 ?A� G�2�F PQ?
I 313�2 I"J�B'I & (;# � *ÓJ�B(?�E FAF�G B G B D R)I 4 TAB DHD RpT 3)G I 47G � F�2�47G I"J F T 3(U K DHF"� � �ÈK D B G/F 8
î G �)F�G/F PSB D .(I"J F ?"B 2/2�DHF K 3(4HG I � #? 2�31F ? G/3 I 3 T�T��/P 3)G I"J F P F B D B ��4 ?A.)B G�2�DH47G/F B'P �)D73 E�B D-47G ?©IQB'E 4HD74 I©R
TQJ�B(PSB)T�I F P 4&�AFA2 E1Ràî U & #? � &ÏP F0/ � 4 P F ?_B G ö ô P F��)473)G I>E �4K�ReQ|O�OGF�Q[OJK�Q,4HG ISJ F ? DH3 L C�B'P 4 B(E DHF � 8
ð,J)��?A. 4HG I"J FËD74HG/F B'P���PQB U�F L 3 P!�	.�B'E-? 3)D ��I F�47G ?©IQB'E 4HD74 I©R 4 ?ÐBâK�P F P F:/ � 4 ? 4 I F � 3 P �)D73 E�B D�47G ?
ISB(E 4HD74 I©R(8
* 3 L F C F P 4 I 4 ? G/3 I$B�?
� 7 T 4HF�G I�T 3)G�2�4 I 4H3(G�5 6 47G/F B'P �(DH3 E-B D	U�312/F ?MB'P Fw3 E�? F PSC F�2 I 3�2�F T�B�R 4HG I 47U�F
� 3 P ö ô 2�3(U B 4HG ? 3 � 2�G/4 I F E4��I�? U B D7DÓF�� I F�G I 4HG � .�LMJ 4 TQJ U B�R¡T 3 PSP F ?
K 3(G-2 I 3 C F PSR D B(P �)F ö ô
2�3)U B 4HG ? 47G I F P U ? 3 � �q8

ð,J F I©R1K 4 T�B D ?"J�B(K F_3 �ÓB D74HG/F B'P�õ 5 6 �(DH3 E-B D	U�312/FN4 ?$?
� F ISTQJ F�2Ï4HG > 4&� �/P F�6 #���*�8lï 3 I F ISJ�B�I�. 4HG
�)F�G/F PSB D . U B ��4HU � U B U K DH4 I!� 2�FN3 T�T��/PS? 2�3 L G ?©ISP F B U 3 �añ F � #? 8

� 8Mïwòwï=6�î©ï=� ö ñ ñB� 8-òwï ö ï_õ�� õ[ñMî©ðq��ñMî ö
ö L F BX� D R G/3)G/DH47G/F B'PlB(K/K/P 3 B(TQJâ#S6 F ó 4&�IHF ?�!��l��
&% 6�@(@�` *aT 3)G�2 ��T¿I FA2 T D73 ? F I 3 I"J F�3(G ? F I 3 � �)D73 E�B D

4HG ?
ISB'E 47DH4 I©R�?"K F T 4&2�FA2 E1R�î U & #? � &_J�B(?ÓK�P 3 C F�G I"J�B'IlI"J F E 4 ����PSTAB�I 4H3(G B G B D R�? 4 ? 4 ? 47DHD � E F J�B�C FA2 B G-2
?
� ���)F ?
I F�2 I"J-B�I 3(G/D R�B=��� DHD R G/3(G/DH4HG/F B(PqISJ F�3 P"R 4 ?ÓB'K�K/P 3 K/P 4 B'I F 8�î G ISJ F,G/3(G/DH4HG/F B(Pn��PQB U�F L 3 P
�	.�I©L 3
I©R1K F ? 3 � 2�G�4 I F �>B U K DH4 I!� 2�FN3 ?ST 4HDHD B'I 4HG�� ?©IQB�I F ?MJ�B�C F E F�FAGâ4H2�FAG I 4&2�FA2 � 3 P$I"J FN4HG J 3)Up3��(FAG/3 ��?�õ 5 6
F:/ �-B�I 4H3(G®4HG®47G�2-G/4 I FËU�FA2�4 B 51W@IJE|QM3 P3K U�Q #S# 47F P + *=� F PSP Fá6A@(@ 9)*�B G�2 W0Q[O0O 	e3 P OJYFO�	 K UXK�Q #e# 4HF P
!�����
&% 6�@(@�' * K�ILK�Y�R&K�O�U�
ML-YFI�V�ULY � I ��OJW #�TJ�©8N> 4&� �/P FË6CN �GO�*�8�ð,J F�4 P�? F�DHF T¿I 4H3(G T�P 4 I F P 4 B�B'P FÐ3 E/ISB 4HG/F�2
��P 3(U ISJ FNDH3 TAB D�DH47G�F B'P$B G�2�G/3(G�D74HG/F B(P 2�4 ?"K F PQ? 4H3(G P FAD B'I 4H3(G ?A./B(?,?
� U�U B'P 4&�AFA2 E FAD73 LN8

ð,J F�YFI�G@UXY KNIPK�Y�R&KNO"U�
 ��R�W 	.O�
@W
RFILK 
JOJY�U�QSR�IPK 4 ? 2�F"2�G�FA2 C 4 B¡BàI FAU K 3 PQB D[F C 3(D ��I 4H3(G K/P 3 E DHF�U£4HG
ISJ F � 3(DHD73 L 4HG�� L,B�R(8�õ 3)G ? 4O2�F P[B�J 3(U�3��(F�G�3 ��? U�FA2�4 � U 3 E�ISB 47G/F�2 E1R���P F�F��A47G4� � B�IMB�K/P F ?ST¿P 4 E F�2
C�B D � F 8 ö G � G ?
ISB(E D7F ?
K�B'I 4 B DHD R K F P 4H3�2�4 T_K F P
I!�/P"E-B�I 4H3(Gá3 � 
"O"UXY L,B�C F_G � U E F P�+ � P 3 L$?MB(T�T 3 P 2�4HG��
I 3 ! # 6 # + � � * � &�� G I 47Dq4 IQ?$B U K DH4 I
� 2�F P F B(TQJ F ?MB 2�G/4 I FÐDHF C F�D 8có9� F I 3 ?©IQB'E 4HD74���4HG���G/3)G/DH47G/F B'P 4 I 47F ?�.
B���� D7D R G�3(G/DH47G�F B'P�L[B�C F I"PQB 4HGp4 ? �(F�G�F PQB�I F�2 L 4 ISJË?
K�B'I 4 B D K F P 4H312/4 T 4 I©R 47U K 3 ? FA2 E1R�I"J F$4HG/4 I 4 B D L[B�C F
G � U E F PA8ÓîÈIQ?���P F:/ � F�G T�R(. U�F B)?<��P F�2 � 3 P F B(TQJ +	.�ISJ F�G R 47FADH2 ?[I"J FNG/3)G/DH47G/F B'P 2�4 ?"K F PS? 473)G P F�D B�I 473)G



x rJgPuwvwg:d
j@c;fe}0gP{[z:cTrJgPv��<j!ievwrJg�vwg9rJoXdhg��Lr��;f �&�� !�� #�# +=� � * � # @ *
��J F P F B(?lI"J F�D73 T�B D�DH47G�F B'P 2�4 ?
K F PQ? 4H3(G P F�D B�I 473)G # ( *ÓR 47FADH2 ?cB G"I �
	NY�OGF ��P F0/ � F�G T¿R � 3 PcB G R G"I �
	NY�OGF
L,B�C FwG � U E F P�.1I"J FNG�3(G/DH47G�F B'P 2�4 ?"K F PS? 473)G P F�D B�I 473)G # @ * 4 ? 2�F"2-G/FA2�3(G�D R�� 3 P 
JO�ULY L,B�C FwG � U E F PQ? +
B)?"? 3 T 4 B�I F�2 L 4 ISJ�B$K 3 ? 4 I 4 C FA� P 3 L,ISJNPSB'I F$! # 6 # +=� � * � &�B G�2N4 I G�F T F ?"?SB'P 4HD RwR 47FADH2 ? 
JO�ULY ��P F:/ � F�G T 47F ?�8
> 3 PwI"J F õ 5 6 U�3�2�F�D # %(* G/3(G�D74HG/F B(P_L[B�C F I"PQB 4HG ?_B'P F 2�G/4 I F �>B U K DH4 I
� 2�F J�B(P U�3)G/4 T�L,B�C F ? 3 ��I"J F
� 3 P U���� 6�� )
	���
���� B G�2 # @ *,P F B 2 ? & � î U @ 0�� # � * ! # # +=� � * B � î U 0�� # � * � õ 3(U K��/ISB�I 473)Gá3 �M# @ *�� 3 P
P F B D = 3 L$?�.�J 3 L F C F P�.)P F0/ � 4 P F ?,B G � UpF P 4 T�B D	47G I F0� PQB�I 473)G B(? 2/4 ?ST"��?S? FA2 E1R # 47F P + *=� F PSP F #�%(&(&)&)*�8
*�B'I �(DH3 E�B DMU�312/F ?¡#e> 4&� �/P F 6>N _=# 47F P + *=� F PSP F 6A@(@ 9)*�J�B�C F B G 3 C F PQB DHD ? Up313 I"J D RVC�B'PSR 47G4�

B U K D74 I
� 2/F .�B G�2 I"J FA4 PwP F B D ��P F:/ � F�G T�R & � #? 4 ?w? F�DHF T�I FA2 B'IwB ?"B 2/2�DHF �ÈK 3)47G I � � #? 3 �ÓISJ F�G�3(G/DH47G�F B'P
2�4 ?"K F PS? 473)G P F�D B�I 473)G B)T�T 3 P 2�47G4� I 3

# ! � ## � @ � � #? � + � #? B � # ! � ## + @ � � #? � + � #? B � &æB G�2 & � #? � ! � # @ + � #? � � � #? B � # 6 &)*

� DHF K/J-B G I �(DH3 E�B DÓU�312/F ?Ë#e> 4�� ��P Fá6 OL_$# 4HF PÏ!��_�'
&% 6A@(@�' *wB'P F TQJ�B'PQB(T¿I F P 4���F�2 E1R Bá?"J�B'PSK���P 3)G I
�)3 C F P G/F�2 E1RáI"J F ó FAF + 6�B G��(F PË# 6�@�'�` * U B(P �)47G B D ?©IQB'E 4HD74 I©R T�P 4 I F P 4H3(G B G�2 DH3 T�B�I FA2 B�INISJ F �/K��
?
I"P F B U ISPSB G ? 4 I 4H3(G ?©IQB�I 4H3(GA����� E F I©L FAF�G õ[ô B G�2 ö ô P F��(4H3(G ?�8�ð,J F�FAG I 4 P F ?
I"P!��T�I!�/P F�4 ?$I!� G/FA2
I 3 I"J F ��P 3(G Iq��P F:/ � F�G T�R �(4 C FAG E1R�ISJ F T 3 P"P F ?"K 3(G�2�4HG�� P F B D B'E-? 3)D ��I F ��P F:/ � F�G T�R& ���( � &�( # � ��� * L 4 I"J î U�& ( # � ��� * � & � # 6(6 *

ð,J F_2�F IQB 4HD7F�2 B G B D R�? 4 ? 3 ��ISJ F I"PQB G ? 4 I 473)G ?"T F�G B(P 4H4 E F I©L FAF�G ISJ F � G K F P
I!�/PSE F�2 ?
ISB�I F B G�2�FA4 ISJ F P
I©R1K F�3 � G/3(G/DH4HG/F B(P �(DH3 E-B DaUp3�2�F P F C F B D ?�#S# 47F P 6�@(@)@ _N# 4HF Pp!�����
�%�%'&)& 6 *[I"J�B'I�ISJ F I©L 3ÏG�3(G/DH47G�F B'P
P F ? 3(G B G T F T�P 4 I F P 4 B�# 6 &/. 6(6 *�B(P FáU ��I
�-B DHD R F"� T D ��? 4 C F B G�2 ISJ�B�IÏI"J F B'K/K/P 3 K�P 4 B�I F��)D73 E�B D E 4 ����P<�
TAB�I 4H3(G K-B'PQB U�F I F P 4 ?NISJ FÏU B �14HU � U B(E�? 3(D ��I F � P 3 L,ISJ PSB'I FË3 C F PNISJ FÏFAG I 4 P FËU�F�2�4 � U &���� 	(�� 6 �
U B ��&�(�� 6 # � *�8Mï 3(G/DH47G�F B'P �(DH3 E�B D�U�3�2�F ? F"��4 ?
I�LMJ FAG/F C F P�B G ö ô P F��(4H3(Gâ4 ?�K�P F ? FAG I�# & ��� 	(�� 6 � &;*�8
ö I�I"PQB G ? 4 I 473)G # &���� 	(�� 6 � &;*ÐB G FAD7F K/J�B G I Up3�2�F 4 ?�B D L[B�R�?Ð? F�DHF T¿I F�2 8 *�B'I U�3�2�F ? F"��4 ?
I ����P
ISJ F P
B(E 3 C F I"J�P F ?
J 3)DH2 B G�2 B'P F�U�3 P F P F B 2�47D R 3 E/ISB 4HG/F�2N47G ?"R1?
I FAU ?�LMJ F P F I"J F E�B)? 4 T[B 2 C F T�I 473)G C FAD73 T 4 I©R
4 ?�L F B��	8 ö E�? 3)D �/I Fp47G ?
ISB(E 4HD74 I©R 4 ?�I"J F P F � 3 P F B K�O:G"OJW!W!U 
h\ ULK ��W�Z! �G!RFOJK�Q T 3(G�2�4 I 4H3(G � 3 P�I"J FpF"��4 ?h�
I F�G T F�3 ��? F�D �F�È?
��?
ISB 47G/F�2�K�IPK4Y&R�K�O"U 
 ?
I"P!��T�I!�/P F ?�8jð,J 4 ? 4 ? 4HG T 3)G I"PQB(?
IlL 4 ISJ�I"J F P F ?<� D IS? 3 ��? F T�I 473)G ^ 5
6 3 TAB D B'E-? 3)D ��I F_47G ?
ISB(E 4HD74 I©R 4 ? 3(G/D RÏB G/F T F ?S?"B(P"R�T 3(G�2�4 I 4H3(G � 3 P,ISJ F_F"��4 ?©I F�G T Fw3 �aB U K D74&2�FA2�Y�R&KNO"U�

�)D73 E�B D	U�3�2�F ?A8

9/8q>aî©ï$î©ðq�A� ö D # 6�î©ðMô�óy�#"�òwñaðq��$ 8�ðMñB� �cð ö 8 ö ï � 6n� # * ö ï�ð D òwóy�
ð,J F��(FAG/F PQB DH4&� B�I 473)Gá3 ��ISJ F B'E 3 C F�G�3(G/DH47G�F B'PwISJ F�3 P"RâI 3 P F B D = 3 L$? �)3 C F P G/F�2 E;RàI"J F ï�B�C 4HF P
0
8;I 3 � F ? F0/ ��B'I 4H3(G ?,J-B(?,E F�F�G T 3(G�2 �-T�I F�2 E1R�# 4HF PN# 6�@(@(@ *[B G�2 # 4HF P + *B� F P"P F #�%'&)&(&;*�8

î Gâ3 P 2�F P[I 3�3 E�ISB 47G � G B U E 4�� � 3 ��?,P F ?
� D IQ?[I"J�B'I$T�B G E F T 3(U K�B(P F�2 L 4 I"J�ISJ F I"J FA3 PSR(.1ISJ F E�B(? 4 T
= 3 L J�B(?pI 3 ?
I"P 4 T¿I D RVT 3)U K D R L 4 I"J ISJ F T 3(G-2�4 I 473)GV3 ��L F BX� ?
I"P F B U L 4 ? F G/3(G � G�4 � 3 P U�4 I©R(8 ] D ���
E 3�2 R�L,BX� F ? 2�4 ?"K D B�RpB_P F T 4 PST�� D B�I 4H3(G E���E/E DHF$G/F B(PÓI"J F$3 E�?
ISB)T DHF LMJ 4 TQJpC 4H3(D B�I F ?jISJ 4 ?cB(?S?<� U K/I 4H3(G 8
ð,J F �"?"R G ISJ F I 4 T_L,BX� F ? � �)3 C F P G/F�2 E1RËISJ F #�PSB G�2 I D E 3 � G�2 B(P"R-� D B�R F P F0/ ��B�I 473)G # � *$B DHD B�C 3)4H2 I"J 4 ?
2�4&7 T"� D I©R(8Ïî G ISJ F�F"� B U K D7F P F K/P F ? F�G I F�2¡4HG > 4&� �/P F %�#���*9� 3 PÐñ F�� 6 &(&�.	I"J F K�P F ?"?
�/P F � PSB 2�47FAG I
J�B)?$E F�FAG ? FAD7F T�I FA2 I 3 E F�Up4HDO2�D RâB 2 C F PQ? FN47Gà3 P 2/F PMI 3 K/P 312 ��T F BÏT F�G ISPSB D ö ô P F��)473)G # 2�4 ?
K D B�R F�2
4HG � PQB�R�*¿.1LMJ 4 TQJ 4 ?MB G�F ?S? FAG I 4 B D � F B'I
�/P F_3 �jP F B D L,BX� F ?A8

ó 4 P F T�I G � UpF P 4 T�B D ? 4HU � D B'I 4H3(G ? 3 �wISJ F I FAU K 3 PSB D$F C 3(D ��I 4H3(G 3 �_I"J 4 ?�E-B(? 4 T�= 3 L #�? F�F # 47F P +
*=� F PSP F # %'&)&(&)*9� 3 P 2�F ISB 4HD ?S* DHF B 2 ?_I 3 B 2�G/4 I F �ÈB U K D74 I
� 2/F C 3 P
I F"� ?"J F�2/2�4HG�� P��F��)47U�F #S> 4�� �/P F % N *
I!� G/FA2 B'I�BâL F�DHD�2�F"2-G/FA2?�)D73 E�B D ��P F0/ � FAG T¿R &&%	� & �H60' 9�' & � &(&)%/8Ïð,J 4 ?ÐC 3 P"I F"� ?©ISP FAF I 4 ? U B 2�F



x rJgPuwvwg:d
j@c;fe}0gP{[z:cTrJgPv��<j!ievwrJg�vwg9rJoXdhg��Lr��;f �

� ���

����
	
�


 	

 ��� � 	�� ����� ��	�� ������


� ���

�
��	
���
	
�


 	

 ���

 ��	

� 	�� ����� ��	�� ������


� ���

��� �

��� �

��� �

��� �

�

	�� ����� ��	�� ������


������� ��� �

��� �

��� �

� ���

�
���
	
�


 	

 ���

� 	�� ����� ��	�� ������


� � �

����
	
�


 	

 ���

� 	�� ����� ��	�� ������

Þ	¸�½�Å)»©²"!�Ò$#�º'·>»©¸�º)³>¸µ¶M³ÈÇ(º)¶"±(»©¹�º;¸�É�¼¿·©¸�¹�º�¹�Ê�³>Ä1¼�·©¸µ¼�´µ´ÁÇ�Æ)²Q¾�²S´µ¹AÄ;¸�º;½_Ìj¼AÍ�²,Î;¹�Ì ¼¿·&%�²(' �*)+)'Ò��'±1¼�Æ(²�Æ�»©²S½�¸�¹�º)³
¸�º1Æ)¸�¶�¼¿·©²Ð²SÑ'·©²Qº�·$¹AÊ &�' Æ)¹AÃÐ¼A¸�º-Ò (�)�*M�'·>»©²�¼�Ã�Ìl¸�³>²Ð¾�²Q´�¹�¶Q¸Á· Ç ¸�³>¹�´�¸�º;²Q³�¹AÊ�Å;º)Ä�²S»>·©Å)»©Ô�²QÆÏÔ;¼A³>¸�¶NÌÓ¼AÍ�²ÐÎ;¹�ÌMÒ(�-�*!�(º;¼AÄ;³>±)¹A·a¹AÊ�·©¹A·
¼A´;³È·>»©²�¼AÃ�Ìl¸µ³>²c¾�²Q´�¹�¶Q¸Á· Ç_¸µ³>¹A´�¸µº)²Q³Ó¸�ºNÄ�²S»©¸�¹'Æ)¸�¶[¾�¹A»>·©²SÑw³>±;²�Æ)Æ)¸�º;½M»I8²Q½A¸µÃN²AÒ�(�)-, -�*/.M¼A³>±)²�Æ
´�¸µº)²Q³q»©²SÄ)»©²Q³>²Qº�·�·©±;²Ó´�²Q¾�²S´µ³$)(Ò :10�Ý2)(Ò :+)'Ý3)(Ò 410M¼AÔ�¹¿¾�²Ó·©±)²�¹AÅ)·©´�²S·�ÊH»©²Q²"Â�³È·>»©²Q¼AÃt¾�²Q´�¹�¶Q¸Á· Ç-5'³>¹�´�¸µÆN´�¸µº)²Q³�Ä�²S»>·
¼A¸�º_·©¹
·©±;²$´�²Q¾�²Q´�³&)(Ò 4+)'Ý�ÒQÒQÒQÝ-)'Ò��*)(Ò (�1�*6# ³>¹�ÊH»©²�ß�Å)²Qº;¶SÇ�¶Q¹Aº'·©¹AÅ)»©³c¹AÊ�·©±;²$º;¹Aº;´�¸�º;²�¼¿»,Æ(¸�³>Ä�²S»©³>¸�¹�º�»©²Q´µ¼�·©¸�¹�º8769�: (�;<,>= *
¸�º_·©±;²l´�¸µº)²�¼�»©´ÁÇNÅ)º;³È·
¼�Ô;´�²[Æ(¹�ÃÐ¼�¸µºN¹�Ê/·©±;²0(?=@,>;�*�Â�Ä)´µ¼Aº;²AÒ�°j±;¸�ºN³>¹�´�¸µÆÐ¶Q¹�º�·©¹�Å(»©³a¼¿»©²c³>²SÄ1¼�»
¼¿·©²�ÆNÔ�ÇBAC7D'E)GF��AÝ
·©±;¸�º Æ)¼A³>±;²QÆ®¶Q¹�º�·©¹�Å(»©³�Ô�ÇHAC7I'I)2F )1!�ÒKJ�»©²�Æ(¸�¶S·©²�Æ®º;¹Aº;´�¸�º;²�¼¿»�³>Ä;¼�·©¸µ¼A´cÔ)»
¼Aº)¶"±L;29�: (?=@,�M$N�OP *N¹AÊ$½A´�¹�Ô1¼�´
ÊH»©²�ß�Å)²Qº;¶SÇQM N�OP 'R)2F��.:Ë¸�³�»©²QÄ)»©²Q³>²Sº'·©²QÆ�Ô�Ç ·©±)¸µ¶
Í Æ;¼A³>±)²�Æâ¶QÅ(»©¾�²�ÒTS[Ô)³>²S»©¾�²�Æ�´�¹�¶�¼�´aÌÓ¼�¾�²Ðº'Å;Ã�Ô�²S»$¸�º (�-�*
ÊO¹A´µ´�¹�Ìl³�Ä1¼�·©±�¸�º1Æ(¸µ¶Q¼�·©²�Æ�Ô'ÇN·©±)¸�¶"ÍN³>¹A´µ¸µÆp´�¸�º;²AÒ�(?UI*WVp²�¼Aºp³È·>»©²�¼AÃ�Ìl¸µ³>²[¾�²Q´�¹�¶Q¸Á· Ç�¶Q¹�»>»©²Q¶S·©¸�¹�º�¹�Ê	¾�¹�»>·©²SÑÐ³È·>»©²Q²S·
³>Í�²S·©¶
±;²�Æà¸�º (�-.*"Ò (�X<*BVp²�¼�º ³È·>»©²�¼�Ã�Ìl¸�³>²�¾�²Q´�¹�¶Q¸Á· Ç¡¶Q¹�»>»©²Q¶S·©¸�¹�º ¹AÊ,´�¹�¶�¼�´[º)¹�º;´�¸�º;²Q¼�»NÌÓ¼�¾�²"·>»
¼A¸�º;³Ð¹AÊ[ÌÓ¼�¾�²
º'Å;ÃwÔ�²"»Y;39Z:<(?=@,�M[N�OP *"Ò (?U\,>X<*Ó°j±;¸�¶
Í�´�¸�º;²M³>²SÄ1¼�»
¼¿·©²Q³c»©²S½�¸�¹�º)³c¹�Ê�Ä�¹�³>¸Á·©¸�¾�² (�)(Ò )10�Ý-)(Ò��*)'Ý	ÒQÒ�Òl³>¹A´µ¸µÆ�´�¸�º;²Q³ *l¼Aº;Æ
º;²Q½�¼�·©¸�¾�²3(^]()GF )+0'Ý_]()2F��*)'Ý�ÒQÒ�ÒlÆ)¼A³>±)²�Æp´�¸�º;² *j´�²Q¾�²Q´�³QÒ



x rJgPuwvwg:d
j@c;fe}0gP{[z:cTrJgPv��<j!ievwrJg�vwg9rJoXdhg��Lr��;f �

�/K 3 �wL,B�C F I"PQB 4HG ?pLMJ 4 TQJ ? DH3 L D R 2/F � 3 P U LMJ 47DHF I"PQB�C FAD7DH4HG�� 2/3 L G ?©ISP F B Uâ5 ?
��TQJ�?©ISP
��T¿I
�/P F ?ÏB'P F
DH3 T�B DHD RNK F P 4H3�2�4 T[B G-2 ISJ F�4 PM#����  
*[� 2�F K F�G-2�F�G T F ? 3)D7FAD R 3 TAT"�/PQ?�C 4 B�B�K/J�B)? F ��� G T¿I 4H3(G L 4 I"J 3(G/D RÐ? DH3 L
?
I"P F B U L 4 ? F C�B(P 4 B�I 473)G ?A8 * F�G T F ISJ F_U � D I 4 K DHF �>?"TAB DHF � 3 P U B DH4 ? U #e] FAG�2�F P + ò�PS? � B �Ë6A@)(L' *�B'K/K D74HF ?
B G�2 ISJ F��(DH3 E-B D ?
I"P!��T�I!�/P F_U B�RËE F B G B D R�? FA2Ï47G I F P U ? 3 � DH3 T�B D�DH4HG/F B(P$B G�2 G/3(G�D74HG/F B(PML[B�C F ?A8

î G I"J F �/K-?©ISP F B U 2�3(U B 47G # � � % � *�.�I"J F E�B)? 4 TN= 3 L 4 ?�? F�FAG I 3 P FAU B 4HG � G K F P"I
�/PSE FA2�5 ? U B DHD �
B U K D74 I
� 2/F L[B�C F I"PQB 4HG ?�K/P F C�B 4HD�47G I"J 4 ? DH47G�F B'PÓP F��)473)G 8;>4�/P
ISJ F P 2/3 L G ?©ISP F B U . G/3)G/D74HG/F B'PaI"PQB�C FAD7DH47G4�
L,B�C F ? 2�F C F�DH3 K B G�2 T 3(U K DHF I F�D R U B)?<��ISJ F � G�2�F P D R 4HG�� E�B(? 4 T�L[B�� F = 3 LN8�î G 3 P 2�F P�I 3 F ?
ISB(E D74 ?"J
ISJ�B�INISJ FËG/3)G/D74HG/F B'P �(DH3 E-B DHD Rà?"R G TQJ/P 3(G/4���F�2 ?
ISB'I F #S> 4�� �/P F % N *9� 3)D7DH3 L$?�I"J FÏF�DHF K/J�B G I_P F ? 3(G B G T F
T�P 4 I F P 4H3(G # 6(6 *�. 4 IS? G � U�F P 4 T�B D7D R 2�F I F P U�47G/F�2 � F B�I!�/P F ?ÓB'P FcG�3 LVT 3)U K-B'P FA2 L 4 I"J�K/P FA2/4 T¿I 4H3(G ?aE�B)? F�2
3)G ISJ FND73 TAB D�DH47G/F B'P$B G�2�G/3(G/DH4HG/F B(P 4HG ?
ISB(E 47DH4 I©R B G B D R1? F ? 3 ��I"J F E�B(? 4 T�= 3 L #S> 4�� �/P F %���*�8

ð,J F T 3(U K���IQB�I 4H3(G�3 �-ISJ F�DH3 T�B D/D74HG/F B'P 2�4 ?"K F PS? 473)G P FAD B'I 4H3(G # ( *jC 4 B_ISJ F ò�PSP©0�8 3(U�U�F P
� F�DO2�F0/ ��BL�
I 473)G P F C F B D ?qB G ö ô 2�3)U B 47G�F"� I FAG�2�4HG��w3 C F PqI"J F ?
I"P F B U L 4 ? Fc47G I F P"C�B D %X^ � � � � � # � PSB�RwP F0�(4H3(G ?
4HG > 4&� �/P F %(*�8áð,J F P F B D B(E�? 3)D �/I F ��P F0/ � F�G T¿R K/P F C�B 4HD74HG�� B�I 4 IQ?C�/K�?
I"P F B U E 3 � G-2 B'PSRA� ���;� %X^
P F B 2 ? & ���( � & �76�@ &�8að,J FwG/3)G/D74HG/F B'P[P F ? 3)G B G T F T�P 4 I F P 4H3(G # 6(6 *ÓISJ F P F � 3 P F B(T�T��/PQB�I FAD R�K/P FA2/4 T¿IS?�I"J F
C 3 P"I F"� ?"J F�2/2�4HG�� ��P F:/ � F�G T�R(.�� G�D74 � F I"J FND74HG/F B(P$T¿P 4 I F P 473)G # ' *[LMJ 4 TQJ�R 4HF�DO2 ? & #? � & �H6 ^ `q� & � &(& ' " 8

ð,J FËDH3 T�B D�G/3(G/DH4HG/F B(P 2�4 ?
K F PQ? 4H3(G P F�D B�I 473)G # @ * 4 ? 4HD7D ��?
I"PQB�I FA2®4HG > 4�� ��P F %�#�O�*wE1R 4 ? 3 ��P F0/ � FAG T¿R
T 3(G I 3 �/PS? 47G I"J F D74HG/F B'P D R � G ?
ISB(E D7F 2�3(U B 47G 3 �NI"J F # � � +/*[�ÈK D B G/F 8øð,J F ? F T 3)G I 3 �/PQ?ËK�P F T 4 ? FAD R
2�F�2�G/F ISJ FMG/3(G�D74HG/F B(Pl?
K-B�I 4 B D E�PSB G TQJ F ? + � # # � � & * 3 E�ISB 47G/F�2 E1Rp? 3)D C 4HG�� ISJ F$G/3)G/DH47G/F B'P 2�4 ?
K F PQ? 473)G
P F�D B�I 473)G # @ *�B'I B �(4 C FAG ��P F:/ � F�G T�R(8 ö �(DH3 E�B D$U�3�2�F ?"R G TQJ/P 3)G/4���FA2 B�IÏI"J F ��P F0/ � FAG T¿R & ���( 4 ?
F�� K F T¿I F�2 I 3 � 3)D7DH3 L I"J F ?
K-B�I 4 B D E/PQB G TQJ + � # # � � & ���( *�P F K/P F ? F�G I FA2 E1R B I"J 4 T@� 2 B(?"J FA2 T��/PSC F 8
ð,J F DH3 TAB D L[B�C FàG � U E F P 3 �NISJ F G � UpF P 4 T�B D7D R�T 3)U K4��I F�2 ?"K�B�I 4 B D7D R 2/F C FAD73 K 4HG�� C 3 P"I F"� ?
I"P F�F I
#e> 4�� ��P F % N * 4 ?cP F K�P F ? FAG I FA2 E1RËB�I"J 4 T@�Ë? 3(DH4H2 T"�/PSC F�47G I"J F ?SB U�F ?
� F ISTQJ�B G�2Ï4 I 4 ?M? F�FAG I 3 T D73 ? FAD R
� 3)D7DH3 L ISJ F K�B�ISJâK/P F�2�4 T�I F�2 E1RÏI"J F_F�DHF K�J�B G I �(DH3 E-B D	U�312/F ?©ISP
��T¿I
�/P F 8

��K O �4K�ReQ|O �TU��
	NY�ReQ
Z �)O�MPI 
:Q[O.F1W0Q 
"O�OLQsR�W=Q K Z�W �)OJW�G 
!RTV�O ��V"\ U�K�ILK�Y�R&K�O�U�
�OJYFO�	 K UXK�Q L�Y�I�V�UXY � I��)O��
��K R�W9Q K O0I 
<\�KNI)Q.ILK�Y3\ U�G�G:Z 
@U�Q[OJY \ 	 
"O ��ReG0QTW=Q K O�MLI 
:Q[O.F�W K O � ��R&K�L E�
"O���Z-O@KsGh\ V�Z�Q$ULY�W@I�Q K OBW 	sU�QSRFULY
W0Q 
:Z�G0Q
Z 
"OyIJE Q K O �)I��$K4W0Q 
"O"U � �)OPMLO@Y�I 	NR�K�L MPI�
0Q|OGF,W0Q 
"O�OLQ��

ð,J F�� O"ULK ����I�� G"I 
�
JOPG0QeRFILK .1LMJ 4 TQJ 4 ?MB(E�? F�G I 4HG õ 5 6 U�3�2�FAD ?A. 4 ?M?"K F T 4&2 T�I 3 P F B D ?"J F B(P[= 3 L$?�8
î G�2/F�FA2 . G�3(G/DH47G�F B'P / ��B 2 PSB'I 4 T 47G I F PQB(T�I 473)G ? 4HG ISJ F ïy8 F:/ �-B�I 4H3(G ? �(FAG/F PQB�I F B�I 47U�F � 4HG�2�F K FAG�2�F�G I
U�F B G � = 3 L T 3(U K 3(G/FAG I�B)?ML F�DHD B(?$J 4&� J F P�J�B'P U�3(G/4 T�?A8cî G ISJ F ��� DHD R 2�F C FAD73 K F�2 C 3 P"I F�� ?"J FA2/2/47G��
P��F��)47U�F .�I"J F I 3 ISB D�U�F B G = 3 LVI"J FAG P F ?
� D IS? ��P 3(U I"J F ?
�/K F P"K 3 ? 4 I 4H3(G�3 �-I"J F E�B)? 4 Tc= 3 LY#e> 4&� �/P F % �1*
B G�2 ISJ F_U�F B G ��= 3 L T 3 PSP F T�I 473)G #S> 4�� �/P F % � *¿8 ö TAT 3 P 2�4HG�� I 3 > 4�� ��P F %/# � *¿.1I"J F_U�F B G ��= 3 LtT 3 P"P F T"�
I 473)G I FAG�2 ?[I 3 2�DHD �/K I"J F C FAD73 T 4 I©R 2�F�2 T 4 I 47G I"J F L,BX� F 8aîÈI 4 ? 47G ?©ISP
��T¿I 4 C F I 3 T 3)U K-B'P F ISJ F P F ?
� D IS?
3 � 2�4 P F T�I G � U�F P 4 TAB D ? 47U � D B'I 4H3(G ?aL 4 I"J�I"J 3 ? F,FAUpF P �)47G4� ��P 3(U B�I FAU K 3 PQB D�F C 3)D ��I 473)G K/P 3 E D7FAU K F P<�
IQB 4HG/47G4� I 3 BËK�B'PQB DHD7FAD L[B�� F ��P 3��AF�G B�IwB�K/P F ?"T�P 4 E FA2;� ?©IQB�I 473)G B G�2 K F P"I
�/PSE FA2 L 4 I"J¡BË?"K�B'I 4 B DHD R
K F P 473�2�4 TML,B�C FM3 �	L,B�C FAG � U E F P + � # # � � & ���( *�8 " 4 B_ISJ 4 ?lK/P 3 T FA2 �/P F .)B 2-G/4 I F �>B U K DH4 I!� 2�F L[B�C F I"PQB 4HG
4 ? 3 E�IQB 4HG/FA2 � 3 P D B'P �(F I 4HU�F .�ISJ F ��P F0/ � F�G T¿R 3 �qLMJ 4 TQJ 4 ?,K/P F T 4 ? F�D R & ���( 8A6 3 TAB D�U�F B G ��= 3 LtT 3 P"P F T"�
I 473)G ?cB(P F ISJ F P F E1R�T 3)U K���I F�2 � 3 P F B)TQJË?©IQB�I 4H3(G � .)LMJ 4 TQJ U B�RpE F K 47F T F�2 I 3��(F ISJ F P�I 3 �(F�G�F PQB�I F B
?"K�B�I 4 B D7D R F C 3(D C 47G4�wU�F B G T 3 P"P F T¿I 4H3(GC2-F�DO2 B)? 2�4 ?
K D B�R FA2Ð4HG > 4&� �/P F %�# � *�8jð,J F B � P F�F�U�FAG IÓE F I©L F�FAG
2�4 P F T�I G � UpF P 4 T�B D ? 47U � D B'I 4H3(G #e> 4�� ��P F % � *lB G�2�DH3 T�B D K/P FA2�4 T�I 473)G ?$#S> 4�� �/P F % � * 4 ? D7F ?"?l?SB�I 4 ?<��B(T¿I 3 P"R
ISJ�B G � 3 PNI"J F � G ?
I F B 2 R¡K-B'P"I 3 �,I"J F = 3 L 2�FADH2 #e> 4&� �/P F %IO�*�8���J F P F B(? 4HG I"J F�DH4HUp4 I 3 �[C�B G/4 ?"J��
4HG�� 47G J 3(U�3��)F�G/FA4 I©R).jI"J F�D73 TAB D B G B D R�? 4 ?�K/P FA2�4 T�IQ?�B U�F B G ��= 3 L T 3 PSP F T�I 4H3(G 3 ��B DHU�3 ?
I�T 3(G ?
ISB G I
T�P 3 ?"?<�È?
I"P F B U L 4O2 I"J�.�I"J F L 4O2 I"J 3 �lISJ F�U�F B G = 3 L 47G I"J F�2�4 P F T�I G � UpF P 4 T�B D ? 4HU � D B�I 473)Gà4 ?_? F�FAG
I 3�4HG T�P F B(? F L 4 I"J 2�3 L G ?
I"P F B U 2�4 ?
ISB G T F 8pð,J FpUpF B G � = 3 L T 3 PSP F T�I 473)G 2�F�DO2 4 ? �(FAG/F PQB�I FA2¡47G I"J F
T F�G I"PQB D ?
J F B'PlP F��)473)G E1R G/3)G/DH47G/F B'P 47G I F PSB)T�I 473)G ?lB G-2 ? DH3 L D R 2�4 �N��? F ? 3)G BNC 4 ?ST 3 ��?�?ST�B D7F�47G I 3 I"J F
3 ��I F PcT¿P 3 ?S?<�È?
I"P F B U 2�4 P F T�I 4H3(G 8að,J 4 ? 2/4 �N��? 473)G K/P 3 T F ?S?jISB�� F ?lK D B(T F$47G I 47U�F #S> 4&� �/P F % � * 3 PcB DH3(G4�
ISJ F ?©ISP F B U #e> 4&� �/P F % � *¿.�B G�2 I"J F P FN4 ? G/3�3 E;C 4H3 ��?,P F�D B�I 473)G ?"J 4 K E F I©L FAF�G I"J F ? F I©L 3 ? 4 I
�-B�I 4H3(G ?�8



x rJgPuwvwg:d
j@c;fe}0gP{[z:cTrJgPv��<j!ievwrJg�vwg9rJoXdhg��Lr��;f ç
( 8�õMòwïwõ�6�ôy81î"òwï98

� F B(P F_G/3 L 47G B�K 3 ? 4 I 473)G I 3 B G ?"L F P[I"J FC/ � F ?©I 473)G ? D74 ?
I FA2 4HG ISJ FN4HG ISP 3�2 �-T�I 3 P"R ? F T�I 4H3(G 8
6 8	î G B ?
I"P 4 T¿I D R D74HG/F B'PNB'K/K�P 3P��4HU B'I 4H3(G �)D73 E�B Da4HG ?©IQB'E 4HDH4 I©R 4HG �(F�G�F PQB D P F:/ � 4 P F ?wB G ö ôøP F��)473)G

3 � 2�G�4 I FËF"� I FAG IA.�LMJ F P F B(? KNIPK�Y�R&KNO"U�
�L-YFI�V�ULY$R�K4W0QTU4VLR&Y�RTQ�\ QTU��)O"W 	NY�U�GJO1UXW�WJI)IPK UXW�Y�I�G@UXY U�VXWJIPYTZ�Q[O
R�K4W0QTU�VXR&Y�ReQ�\ U�
!R�WJOJW�U�Q�WJI � O 	 ILR&KNQ�R�K Q K O ��I�� 8 ��J F�G G/3(G�D74HG/F B(P 4 I 4HF ?�B(P F K/P F ? F�G IA.�I"J FáDH47G�F B'P
P F ? 3(G B G T F T�P 4 I F P 4H3(G # ' *ÐE F T 3)UpF ? 4 PSP FAD7F C�B G IA8àîÈI 4 ?�I"J F�F"��4 ?©I F�G T FÏ3 ��BâI"PQB G ? 4 I 4H3(G K 3(4HG I ��P 3(U
T 3(G C F T�I 4 C F I 3 B'E�? 3(D ��I F�4HG ?
ISB'E 47DH4 I©R LMJ 4 TQJ 4 ?ÐT�P
��T 4 B Dl4HG ISJ FËF ?©IQB'E DH4 ?"J U�F�G I 3 �$Bâ? F�D �F�È?
��?
ISB 4HG/F�2
G/3)G/DH47G/F B'P�?
ISB'I F 8$ï 3 I F I"J-B�I$ISJ F 
"O"UXY T�R D74HG�2�F P�L,BX� F E F T 3(U�F ?�B'E�? 3(D ��I FAD R�� G ?
ISB(E DHF B�I�ñ F�� % �
LMJ F P F B(? 3)G ? F I 3 �ÓC 3 P"I F"� ?
J F�2/2�4HG��Ë3 T�T��/PQ? 3(G/D R � 3 P�ñ F�� ^)9/8[ð,J 4 ? 2�4 ?"T�P F K�B G T¿R U�4�� J;I$E F�2 � F
I 3 BáC 4H3(D B�I 4H3(G®3 �MI"J F B(?S?<� U K�I 473)G 3 ��? D73 L ?"K�B�I 4 B Dc2�F C F�DH3 K UpFAG I 47G I"J F G/F�4�� J1E 3 PSJ 31312®3 �,I"J F
3 E�?©IQB(T D7F_3 P[I 3 B G�3(G � I"P 4 C 4 B D�F � F T�I 3 �qI"J F ? 3(DH4O2 E 3 � G-2 B'PSR(8

%�8jð,J F T 3(U K DHF"� ��P F0/ � F�G T¿R 3 ��B D74HG/F B(P �)D73 E�B DcU�312/F #e> 4�� ��P F 6 ��* 4 ? 3 E�ISB 47G�FA2 B'IpB¡?SB 2�2�D7F
K 3(4HG I � #? 3 � &�( # � *NB G B D R;I 4 T�B D7D R T 3(G I 4HG � FA2®4HG ISJ F T 3(U K DHF"�1� �ÈK D B G/F # ' *�8 ó=� F I 3 ISJ 4 ?pT 3(G �
I 47G ��B'I 4H3(G K/P 3 T FA2 �/P F . G/3 ��P F:/ � F�G T�R �)F�G/F PSB'I 4HG���D73 TAB�I 4H3(GáU B�R�E F�4H2�FAG I 4&2�FA2á4HG K/J1R�? 4 TAB D ?"K�B(T F _
G/3 I F J 3 L F C F PÐISJ�B�I�ISJ F P F0�(4H3(GV3 � U B ��4HU � U B(E�? 3(D ��I F�� P 3 L,I"J PQB�I F K D B�R�?�B GeF ?S? FAG I 4 B D K�B'P"IA8
î G T 3)G I"PQB(?
IA.�ISJ F��(DH3 E�B D ��P F:/ � F�G T�R 3 � G/3)G/DH47G/F B'P �(DH3 E-B DÓU�3�2�F ?Ë#e> 4&� �/P Fá6>N ��OA* 4 ?Ð? F�DHF T¿I FA2 B�I�B
?"K F T 4&2 T DH3 TAB�I 473)G�5ÐF�4 I"J F PNISJ F ?"B 2/2�DHF K 3)47G I � � #? 3 �[I"J FËG�3(G/DH47G�F B'P 2/4 ?"K F PS? 4H3(G P FAD B'I 4H3(G # 6 &)* 3 P
ISJ F �/K�?
I"P F B U E 3 � G�2 B'PSR ������3 �aI"J F ö ô P F��)473)G # 6(6 *¿8cð,J F ? F_G/3)G/DH47G/F B'PMP F ? 3(G B G T F T�P 4 I F P 4 B�B'P F
K���P FAD R DH3 TAB D14HG I"J F ? F�G ? F ISJ�B�I 3(G�D RwI"J F K�P 3 K F P
I 47F ? 3 ��I"J F ?
R�?
I FAU B�I�ISJ F ? F ?©IQB�I 4H3(G ?qB(P Fc47G C 3)D C FA2 8
î G ISJ F T�B(? FÐ3 �lL[B�� F = 3 L$?A.-I"J F C 3 P"I F�� ?
I"P F�F I 4 ?$ISP 4����)F P FA2 E1RâB���P 3(G Iw?
I"P!��T�I!�/P F B�I ����� LMJ 4 TQJ
B)T�IS?MB)?MB�? 3 �/PST F B G�2 47U K 3 ? F ? 4 IS?���P F0/ � FAG T¿RËI 3 I"J FNF�G I 4 P F = 3 LN8
` 8�ð,J F ? F�DHF T¿I 4H3(GáU�F TQJ�B G/4 ? U ?$K F P"ISB 47G�47G�� I 3 J-B�I�B G�2áF�DHF K�J�B G I G/3)G/DH47G/F B'P �(DH3 E�B D�U�312/F ?wB'P F

U B'P!� F�2�D R 2�4 ?
I 4HG T¿IA8�ð,J F J�B'I1��P F0/ � FAG T¿Re? FAD7F T�I 4H3(G T¿P 4 I F P 473)G # 6 &;* 4HG C 3(D C F ?�B ?SB 2�2�D7F K 3(4HG I 3 �
ISJ FÐG/3)G/D74HG/F B'P 2�4 ?
K F PQ? 473)G P F�D B�I 473)G # @ * 4HG I"J F E�� D � 3 �jI"J F�2-G/4 I F �>B U K DH4 I!� 2�F P F��)473)G #e> 4�� ��P F�6>N *�8
� D7F K/J�B G I U�3�2�F ?Ë#e> 4&� �/P Fâ6 O�*_B'P F ? F�DHF T¿I F�2 E1R¡B,��P 3(G I DH3 TAB�I FA2 B�INI"J F �/K�?
I"P F B U E 3 � G�2 B(P"R 3 �
ISJ F ö ô 2/3(U B 4HG _ 2�G/4 I F B U K D74 I
� 2/F L,B�C F ISPSB 47G ? 2/F C FAD73 K 2�3 L G ?
I"P F B Uø3 �	I"J 4 ? D73 T�B'I 4H3(G 8$8 4HG T F I"J F
FAD7F K/J�B G Iq��P F0/ � FAG T¿Râ? FAD7F T�I 473)G T�P 4 I F P 4H3(G # 6)6 * 3)G/D R 4HG C 3(D C F ?[I"J FÐDH4HG/F B(P 2�4 ?
K F PQ? 4H3(G P F�D B�I 473)G .1I"J 4 ?
C�B'P 4HF I©R 3 � K�ILK�Y&R�K�O�U�
$L�Y�I�V�ULYaUp3�2�F_4 ?$?
�/P"K�P 4 ? 4HG��)D R �)3 C F P G/F�2 E1R B YFI�GJULY�Y�R&K�O�U�
 T�P 4 I F P 4H3(G 8
> 47G/4 I F �ÈB U K D74 I
� 2�F C 3 P
I F"� ?"J FA2�2�47G4�p4HG L[B�� F ? �)F�G/F PSB'I F ?[B U�F B G = 3 LtT 3 P"P F T¿I 4H3(G T 3(U K�B(PSB(E DHF

4HGÏU B �)G/4 I
� 2�F I 3 I"J F E�B)? 4 TM= 3 LN8Óï 3(G/DH47G�F B'P 4 I 4HF ?�I"J)��?,T 3)U K D7F I F�D R U�312/4 ��R�ISJ F � G�2�F P D R 4HG�� E�B(? 4 T
= 3 L�LMJ 4 TQJ E F T 3(U�F ? � G/3 E�? F PSC�B'E DHF � G�D7F ?"? 3(G�F B(P
I 432 T 4 B D7D R1� 4HDHD ?cI"J F K F P"I
�/PSE�B'I 4H3(G ?cE1R 47U K 3 ? 47G��
� 3 P F"� B U K DHF Bp?"R U�UpF I"PSR T 3(G�2�4 I 4H3(G 8

ð,J F T 3)U K-B'P 4 ? 3(G E F I©L FAF�G I"J F P F ?
� D IQ? 3 � 2�4 P F T¿I G � UpF P 4 T�B D ? 4HU � D B'I 4H3(G ?jB G-2�DH3 T�B DHD R�T 3)U K4��I F�2
G/3)G/DH47G/F B'PcL[B�C F I"PQB 4HG ?jJ�B)? 2�FAU�3(G ?
I"PQB�I FA2 I"J F C�B DH4H2/4 I©R 3 ��B Y&R�K�O"U 
 B G�2�K�IPK4Y&R�K�O"U 
 B G B D R�? 4 ?ÓE�B)? F�2
3)G B�?"TAB DHF ? F K�B'PQB�I 473)G B)?"?
� U K�I 473)G 8Mð,J F I"J F�3 PSRÏJ-B(? DHFA2 I 3 I"J FÐ4H2/F�G I 4&2 T�B'I 4H3(Gá3 �aI©L 3 C�B'P 4HF I 4HF ?
3 � �(DH3 E�B D�U�3�2�F ? 5$F�DHF K�J�B G IS?wB G-2 J�B�IQ?�8wð,J F C 3 P"I F�� ?
I"P F�F I�J�B)?�E F�FAG ?"J 3 L G I 3 E Fp3 � FAD7F K/J�B G I
I©R1K F L 4 ISJËBy��P 3)G I D73 T�B'I F�2 B'IÓI"J F T 3(G C F T�I 4 C F �>B'E�? 3(D ��I Fc4HG ?
ISB'E 47DH4 I©R�I"PQB G ? 4 I 4H3(G K 3)47G I 4HU K 3 ? 4HG��Ð4 IS?
��P F0/ � FAG T¿R�I 3 I"J F�F�G I 4 P F = 3 LN8lð,J F P F P F�U B 47G ?MI 3�2�F I F P U�47G/F B�P F B D = 3 L ISJ�B�I�?
��?
ISB 47G ?MB �)D73 E�B D
U�3�2�FË3 �$J�B�I
��I©R1K F 8àñ$B�R DHF�4�� J10�] �F�G B(P 2 T 3(G C F T�I 473)G 4HG ISJ F K/P F ? F�G T F�3 �$BáJ 3 P 4&�A3(G ISB D7D R¡C�B'PSR 47G4�
I F�U K F PSB'I
�/P Fâ2�4 � F P F�G T FÏ3 PpðaB�R D73 P©0�õ 3 � F I
I F = 3 L E F I©L F�F�G P 3 ISB'I 4HG�� T 3 B ��4 B D T¿R D74HG�2�F PS?�L 4 I"JeB
C�B'PSR 47G4� � B'K U B�RÏE F��)3;3�2 T�B G�2�4O2 B�I F ?�� 3 P$?
��TQJâB�? 4 I
�-B�I 4H3(G ? 47G T F I"J F P FN4 ? G/3 E�B)? 4 T_B 2 C F T�I 473)G 8

% ü��;ü�ú�ü�����ü�

� ü�����ü�ú Ý  cÒBV Ò
	 S ú�
���ù�
 Ý �/Ò &�Ò �.:��C4������������������ ��!#"$�&%���!(')�*�,+
�-�&!#"/.0��1324.�576��8')�&�$!('91*!(1:�����
;<�>=�'9�?�*�&5�1©Ò�/[²SÌA@q¹A»©Í�Õ[Vp¶ "c»
¼QÌÓÂCB[¸�´�´}Ò



x rJgPuwvwg:d
j@c;fe}0gP{[z:cTrJgPv��<j!ievwrJg�vwg9rJoXdhg��Lr��;f å��
� ü�úN
 Ý &$Ò ��:C4����'Ä1¼�¶Q²SÂ�·©¸�ÃN²�²S¾�¹�´�Å)·©¸�¹Aº�¹�Ê�Ä)´µ¼A³>ÃÐ¼M¸�º;³È·
¼AÔ)¸�´µ¸Á·©¸�²Q³��w¼AÔ)³>¹�´�Å)·©²[¼Aº;ÆÐ¶S¹�º'¾�²Q¶S·©¸�¾�²AÒ # º�� ��������.0.
	
. 2��<+ ��1*%��
� "���1*')�81�(}²�Æ(³QÒ3V ÒJ/�Ò %�¹�³>²Sº(Ô)´�Å)·©±�	 %�Ò���ÒI�(¼A½�Æ)²Q²Q¾�*"Ý'Ä)Ä-Ò>;10 ���20 �0�'Ý &cÃN³È·©²S»
Æ)¼AÃ�Õ /[¹A»>·©±��
B[¹A´µ´µ¼�º1Æ�Ò

� ú�û9
 
s
 Ý\%$Ò��)Ò �.:C=D; ;<+ ���8!(5�.����C6/!(5*����%����/! �&5����8!('(.���� '9!#"��<+ ��1*%���1©Ò  j¼AÃwÔ(»©¸µÆ)½�²AÝ<V�¼�³>³QÒµÕWV Ò #"Ò °[Ò<J�»©²Q³>³QÒ �� ÿ��,ù � Ý��)Ò Â�V Ò�Ý B�� ü�ú-ú�ü Ý J	Ò�	 % ü���ü! �ÿ���� ÝC#�ÒI"�Ò �.:C:I� & ÊH»©²Qß'Å)²Qº;¶"Ç_³>²Q´�²Q¶S·©¸�¹Aº�¶S»©¸Á·©²S»©¸�¹Aº�¸�ºÐ³>Ä1¼¿·©¸µ¼A´�´ÁÇ
Æ)²Q¾�²Q´�¹�Ä;¸�º)½wÎ1¹�Ìl³QÒ 6/!#"/��'C�&1 '9�3��$%$�+ ')�*� � ��!#"/�&%���!(')�81�&�'�Ý �C�.:(� �G;C;(Ò ÿ � ù	ûOú�ÿ�� Ý &�Ò�	  �� ÿ��,ù � Ý)�(Ò Â�V Ò �.:C:,� &cÔ)³>¹�´�Å)·©²�¼�º1Æ�¶Q¹�º'¾�²S¶S·©¸�¾�²$¸µº)³È·
¼AÔ)¸µ´�¸Á·©¸�²Q³QÝ�ÊH»©¹�º�·[¾�²Q´�¹�¶Q¸Á·©¸�²Q³M¼Aº;Æ
½�´�¹�Ô;¼A´-ÃN¹'Æ)²Q³l¸�ºpº)¹�º;´�¸�º;²Q¼�»�³ÈÇ(³È·©²QÃN³QÒ!� "���1*')�*�+*-,�.!&�Ý\!/�C=
�2!��D=(Ò ÿ � ù	ûOú�ÿ�� Ý &$Ò 	, �� ÿ0�,ù�� Ý(�)Ò Â�V Ò>��:D:C:�¼(J�»©¸µÃÐ¼¿»>ÇM¼�º1Æ,³>²Q¶Q¹Aº1Æ)¼�»>Ç,º)¹�º)´µ¸�º)²�¼�»�½�´�¹�Ô;¼A´�¸�º;³È·
¼�Ô;¸�´�¸�·�Ç�Ò1� "���1*')�*�
*-,3254/Ý ;1!C4(�>; 0<=(Ò ÿ � ù	ûOú�ÿ�� Ý�&�Ò 	  �� ÿ��,ù � Ý��)Ò Â^V Ò ��:D:C:�Ô Þ;Å;´�´ÁÇàº;¹Aº;´�¸�º;²�¼¿»�½A´�¹�Ô1¼�´[ÃN¹'Æ(²Q³N¸�º ³>´�¹�Ìl´�Ç ¾A¼�»>Ç(¸�º;½ Î;¹�Ìl³QÒ
� "���1*')�81 . 276 + "�')��18,5,;Ý!�C=C4+4
������)��'Ò ú�û(
 � ý-ÿ�� Ý .wÒ 	 " ù�
�ý�ü�ú Ý V Ò3��:��<= ��·
¼AÔ;¸�´�¸Á· Ç�¹�Ê�³>´µ¹�Ìl´ÁÇYÆ)¸�¾�²S»©½A¸�º;½:9È²S·�Î1¹�ÌMÒ�;�./"�5&� �,+�. 2�6 + "�')�
�-����"/���/')�817<5<�Ý5�D:��
�>;��=�(Ò

. ü�ü Ý>"�Ò>	 # ùN��
�ü�ú Ý��)Ò �/Ò���:C4�� J�»©¹AÄ1¼�½�¼�·©¸�º)½�Ä;¼�·>·©²S»©ºN³>²S´µ²S¶S·©¸�¹�º-Ò�� "���1*')�*�,+3> �&�0'C�?��@��&!(! �&5�1BA�.-Ý3�C4��(���+4D=(Ò
. ü���C/ü�����ü Ý #
Ò�	  �� ÿ��,ù � ÝD�(Ò Â�V Ò ��:C:C4 /c¹�º)´µ¸�º)²�¼�»c¶Q¹�º'¾�²S¶S·©¸�¾�²(EA¼�Ô;³>¹A´µÅ(·©²$¸µº)³È·
¼AÔ)¸µ´�¸Á·©¸�²Q³,¸�º�Ä;¼�»
¼A´�´�²Q´	·�Ìj¹AÂ

Æ)¸�ÃN²Qº)³>¸µ¹Aº1¼�´�Ìj¼AÍ�²Q³QÒ!� "���1*')�81 . 2F6 + "�')��1F,�.�Ý<!��+!<;(�2!��/�C='Ò" ÿ �HG ÿ�� Â�.I� ú-ùN��� Ý<��ÒµÝ�� ü��N���;ü�ú ÝZJ	Ò�	KJ ü�
"�;ú-ü�û9� Ý(�)Ò<7ÓÒJ��:D:D;&.[¹¿Ìlº)³È·>»©²�¼AÃ ²Q¾�¹�´�Å(·©¸µ¹Aº$¹AÊ;·©±)² � 8²Qº1¼¿»
Æ��
¾�¹�º�L 8¼�»©Ã68¼�ºp¸�º;³È·
¼�Ô;¸�´�¸�·�Ç�Ò!� "���1*')�*�,+D> �&�0'C�?�7;MA�.-Ý��+)+4
��� �
�(Ò

B ùN�
�Mÿ���� Ý$.wÒ<	 % ü���ü! �ÿ���� Ý+#�Ò$��:D:�� "[´µ¹AÔ1¼�´MÆ(Ç(º1¼�ÃN¸�¶Q³�¹�Ê�³ÈÇ)ÃNÃN²"·>»©¸µ¶Ë¼�º1Æ ¼�³ÈÇ)ÃNÃN²"·>»©¸µ¶�Ìj¼AÍ�²S³QÒ
;�./"�5&� �,+ . 276 + "�')�
�-����"/���/')�8182�2),1Ý\!/�I���2!<=+)(Ò

B�� ü�ú-ú�ü Ý2J	Ò3!C)C)I� S[Ä�²Sº�³>±)²�¼�»ÓÎ;¹�Ì ¸�º;³È·
¼AÔ)¸�´µ¸Á·©¸�²Q³QÒ;°�¹_¼�Ä;Ä�²�¼¿»l¸�ºO���&5&1P$/���8!('9���&1 '9�Q6 + "�')�R*
������%
')�81�(}²�Æ(³QÒ"�Ò�L_Ò$�j¼¿·©¶"±)²Q´�¹A»�Ý B�Ò�L_Ò Vp¹1S�¼�·>· 	 V Ò�"�Ò�Jâ¹A»©³È·©²"»�*"Ý� j¼�ÃwÔ)»©¸µÆ(½�²�Õ% j¼�ÃwÔ)»©¸µÆ(½�²M'[º)¸�¾�²S»©³>¸Á· Ç J�»©²Q³>³QÒ
B�� ü�ú-ú�ü Ý+J	Ò>	 V ÿ��H �ü)�pûOý�� Ý J	Ò>&�Ò �.:C:C) #�¹�¶�¼A´1¼Aº1Æ�½�´�¹�Ô;¼A´1¸�º;³È·
¼�Ô;¸�´�¸Á·©¸µ²S³j¸�º_³>Ä1¼¿·©¸7¼�´�´�ÇNÆ)²Q¾�²S´µ¹AÄ;¸�º;½,Î;¹�Ìl³QÒ
���$��"$��+D> �&�0'C�?� . 276 + "�')�
�-����"/���/')�818454/Ý ;��/�(�G0/�,�'Ò

B�� ü�ú-ú�ü Ý J	Ò�	 % ÿ;
�
¿û Ý_V Ò ��:C:C43BcÇ)Æ'»©¹'Æ(Ç(º1¼�ÃN¸µ¶�¸�º;³È·
¼�Ô;¸�´�¸�·©¸�²Q³$¸�ºÏ¹�Ä�²QºÏÎ1¹�Ìl³QÒ # ºT�I�,��5�.0�1��� ��% ')�81������
U .�� + '9���*��5����/1*!C�%�8'(+ '9!('C�&1 (}²�Æ)³QÒJ cÒJ"[¹'Æ'»
V²Q¶
±;²�	EJ	Ò V�¼�º;º;²S¾(¸�´�´�² *"Ý�Ä)Ä-Ò+4I�?�G!D:<;)Ý  j¼AÃ�Ô)»©¸µÆ)½A²�Õ  j¼�ÃwÔ)»©¸µÆ(½�²'[º)¸µ¾�²S»©³>¸Á· Ç J�»©²S³>³QÒ# ü . û9��Wü�
 ÝC�/Ò�Ý,B�� ü�ú-ú�ü ÝCJ	ÒµÝJ �� ÿ��,ù � Ý��(Ò Â�V Ò,	 V ÿs�X �ü)��ûOý�� Ý1J	ÒC&�Ò ��:D:��$/c¹�º;´�¸�º;²Q¼�»�³È·
¼AÔ)¸µ´�¸Á· Çw¼Aº;¼A´ÁÇ(³>¸�³
¹AÊÓ³>´�¹�Ìl´ÁÇ'Â Æ(¸�¾�²S»©½�¸�º)½pÎ1¹�Ìl³QÕ�´�¸µÃN¸Á·
¼¿·©¸µ¹Aº;³$¹AÊq·©±;²wÌa²�¼AÍ'´ÁÇ º;¹�º)´�¸µº)²�¼�»�¼�Ä;Ä(»©¹�¼A¶
±-Ò_# ºT�<5 .0��������'#��=�1 . 2�!#"$�
�3Y�Z�� � 6���%F$ .�1*'["�% .���\ + "^]8�[\ .0�/�`_3�(	��&1bac*
������%
')�81������d���$1*!C�%�8'9+ '9!('C�&10(}²�Æ(³QÒ�B�Ò 7�¶
Í�²Q´�ÃÐ¼�º;º-Ý)�(Ò
V Ò\%$Ò "c»
¼A±1¼�Ã�Ý\J	Ò B[Å)²S»>»©² 	 J	Ò &$Ò Vp¹�º;Í�²SÌl¸Á·©É *"Ý1Ä)Ä-Ò��.;��
� �*0+!�Ý �a²S»©´�¸�º-Õ��(Ä(»©¸µº)½�²S»�Ò# ü . û9��Wü�
 Ý �/Ò�Ý BF� ü�ú�ú-ü Ý_J�Ò�Ý  �� ÿ��,ù � ÝN�)Ò Â�V Ò 	RV ÿ��H �ü)��ûOý�� Ý J	Ò &�Ò!��:C:D= #-¸�º;²Q¼�»�½�´�¹�Ô;¼A´qÃN¹'Æ)²Q³$¸�º
³>Ä1¼¿·©¸7¼�´�´�Ç¡Æ(²Q¾�²Q´�¹AÄ;¸�º;½�ÃN²�Æ(¸µ¼(Ò�� "�'(+ .�18.�$/"�')�*�,+IZ/5����/18�,�8!(').��$13. 2 !#"$�Q><./����+ 6�.0�8'C�&!#�Kef@ .�� ��.��%g�h�25A�'-Ý��=D:(�2!J�Z!�Ò

V ÿ��H �ü)�pûOý�� ÝGJ	Ò &$ÒµÝ�BF� ü�ú�ú-ü Ý J	Ò�	  �� ÿ��,ù � Ý��)Ò Â�V Ò���:D:���"[´�¹AÔ1¼A´�´�¸�º;²Q¼�»Ó³È·
¼�Ô;¸�´�¸�·�ÇÐ¼Aº;¼A´ÁÇ(³>¸�³j¹AÊ/Ìj²Q¼AÍ'´ÁÇ
º;¹Aº)Â�Ä1¼¿»
¼A´�´�²Q´�³>±)²�¼�»lÎ1¹�Ìl³QÒX;�./"�5&� �,+�. 276 + "�')�
�-����"/���/')�8184�A),1Ý �?�2!�)(Ò

J ûHü�ú Ý
�cÒ ��:C:D:�i .�%F$ .�5&! �&%��&�$! ��.�� + '9�Ij�4��'#5*� 1b��� ��"�5�.��$'91kj� �����$1 + �&1lj�4��.1"/+ �&%��&�$!(1:�8'91&��'(+9+
j�&1^m J�±�Ò .�Ò
.,¸�³>³>²S»>·
¼�·©¸�¹Aº-Ý 87�¶Q¹A´µ²$Ä�¹A´�Ç'·©²Q¶
±;º)¸µß'Å)²�Ý3J�¼A´µ¼A¸�³>²�¼�Å-Ý/Þ(»
¼Aº;¶S²�Ò

J ûHü�ú Ý$�cÒ 	�BF� ü�ú�ú-ü Ý3J�Ò ��:D:C=NÞ;Å)´�´�Ç�º)¹�º;´�¸�º;²Q¼�»�½�´�¹�Ô;¼A´-ÃN¹'Æ)²Q³Ó¸�ºp³>Ä;¼�·©¸µ¼A´�´ÁÇ�Æ(²Q¾�²Q´�¹AÄ;¸�º;½�ÃN²�Æ)¸µ¼(Ò5� "���1*')�*�
*on!</Ý\!C)D=(�G!+!+!�Ò

J ûHü�ú Ý �cÒ�	7B�� ü�ú-ú�ü Ý J�ÒC!�)+)C) /c¹�º;´�¸�º;²Q¼�»�³>²Q´ÁÊ7Â�³>Å)³È·
¼A¸�º;²QÆ�³È·>»©Å)¶S·©Å)»©²Q³�¼Aº;Æ[ÊH»©¹�º�·©³	¸�ºMÌÓ¼�Í�²�Î1¹�Ìl³QÒ¿³>Å;Ô)ÃN¸�·>·©²QÆ
·©¹O;�./"�5����,+ . 2�6 + "�')�
�-����"/���$')�81©Ò

J ûHü�ú Ý �cÒ�Ý�B�� ü�ú�ú�ü Ý*J�Ò4	  �� ÿ��,ù � Ý
�)Ò Â^V ÒC!�)+) � �a¸ÁÊHÅ)»©¶�¼¿·©¸µ¹Aº�·©¹ÓÊHÅ;´�´ÁÇMº;¹Aº;´�¸�º;²�¼¿»�³ÈÇ(º;¶
±)»©¹�º)¸�ÉQ²�Æ,³È·>»©Å;¶"·©Å)»©²Q³
¸�º�³>´�¹¿Ìl´ÁÇp¾�¼¿»>Ç)¸�º)½wÃN²�Æ(¸7¼'Ò�� "���1*')�*�Q*p,�'D&�Ý ;>:(�J:C='Ò

J ûHü�ú Ý �cÒ�Ý B�� ü�ú-ú�ü Ý_J	ÒµÝ  �� ÿ��,ù � ÝH�(Ò Â�V Ò�	  ÿ � ù�ûOú�ÿs� Ý &�Ò!��:D:+4 ��·©²Q²QÄ�º)¹�º)´µ¸�º)²�¼�»�½�´�¹�Ô;¼A´qÃN¹'Æ)²Q³$¸�º
³>Ä1¼¿·©¸7¼�´�´�Ç�Æ)²Q¾�²Q´�¹�Ä;¸�º)½_ÃN²�Æ)¸µ¼'Ò5� "���1*')�81 . 276 + "�')��18,�.-Ý<!<;%�/�(�G!<;%�+0'Ò

J ú�ÿ-÷)ùN��
¿ùN� Ý V Ò�Ý/V ù1ý � ûF
 Ý  cÒ 	 � ÿ-þ�ü�ú Ý #�Ò ��:+4,�3� 8²Qº;¼�»
Æ���¾�¹AºqL 8¼�»©Ã68¼�º ¸�º)³È·
¼AÔ;¸�´�¸Á· Ç/Õ[·>»
¼�º;³>¸�²Qº�·�¼Aº;Æ
ÊO¹�»©¶Q²�Æp»©²Q½A¸µÃN²S³QÒX;�./"�5����,+ . 2F6 + " '(� � �*��" ���$')�817,3&54/Ý �?�G!+!�Ò� ù	û��	ý Â�7�rH� �Rsü�ú(þ Ý�&�Ò ��ü ��:D;C=�@������&!('9!N�<5�'9�����"Ò\J�¼�»©¸�³QÕ�",¼A´�´�¸µÃÐ¼¿»
Æ�Ò

J û��X�'ûOùN�q
�ÿ�� Ý  cÒ�B�Ò8L_ÒM��:D:C=ut�¹A»>·©²"Ñ Æ(Ç(º1¼�ÃN¸�¶Q³p¸�º ·©±;²�¶"Ç)´�¸�º1Æ(²S»�Ìj¼AÍ�²�Ò ���/��"/�,+F> �&�0'C�?� . 2O6 + "�')�
�-����"/���/')�81845&/Ý ;��,�
�G0/�D:(Ò

� ûHü��(û���
1 �ù Ý ��ÒH�)Ò &�Ò�	vJ ü�
��)ú�ü�û9� Ý)�)Ò 7ÓÒ!�.:C:+0 S[ºÏ·©±)²_³>Ä1¼¿·©¸7¼�´q³È·>»©Å)¶S·©Å)»©²w¹AÊÓ½A´µ¹AÔ1¼�´qÃN¹'Æ(²Q³M¸�ºÏÌj¼AÍ�²
Î1¹�ÌMÒD� "���1*')�81 . 276 + "�')��1�</Ý �.;�� 4(� �.; ! ;)Ò


