
HAL Id: inria-00070750
https://inria.hal.science/inria-00070750

Submitted on 19 May 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.

Diagnosability Of Asynchronous Discrete Event Systems
in Partial Order Semantics

Stefan Haar

To cite this version:
Stefan Haar. Diagnosability Of Asynchronous Discrete Event Systems in Partial Order Semantics.
[Research Report] RR-5248, INRIA. 2004, pp.25. �inria-00070750�

https://inria.hal.science/inria-00070750
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
52

48
--

F
R

+
E

N
G

ap por t  
de  r ech er ch e 

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Diagnosability Of Asynchronous Discrete Event
Systems in Partial Order Semantics

Stefan Haar

N˚5248

Juillet 2004

Systèmes communicants





���������	��
����	���������������
���������� ���	��!	
"�#��
��$� %&�'%)(+*�%,�-�#./��
0�'%213

����45�6�'�'����+�7��8	%9�#.�%213���-�'���&


:�;=<?>A@CBED	@F@CGIH

JLKNMPORQ�S/TUM,V�W?S/SYX[Z]\^VU_`ZaORM
bdc W?ePT�O�M,fg\hMPO c \^iCj$WkS

l _?m[m�W c O2nNT c TUV�o]T c V�o[TpZYqkrksutavxwzy?X]\|{^{|T�O}s`~k~`t6w�s?r-m]_`�kTUM

��� �U���u�[�?�?� � Z6O c X[{^K�_kMAKLZ]V�o c WkZ[W?X]MU�Un[\^MAO c \|i]XNO�TIn�MAKNMAO�TUS/MU�=Z[T�\|O�o]T c �?{^W?i]_?{kMAOR_uORTdZ[W c �k{|Wki]_`{uOR\|S/T
_ c T�_=�u_`\^{^_?i[{|Tk���gXNO�WkS�_uOR_`��i�_?M�TUn�nN\h_`�kZ[WkM�\^MgO�o]T c T���W c T c TU_kV�o[TUM}\�O�M�{|\^S/\�O�_uO�\^W?Z�M2ORo[T c T?��_	nN\|�CT c TUZkO
_?m[m c Wk_kV�o��ui]_?M�TUn-W?Z b T�O c \NZ]T�O�X[Z[��W?{hnN\|Z]�kMU�`�&_kM�m c W?mCWkM�TUn-\|Z��  =¡�� � Od\hM¢S/W`OR\|�u_uORTUn�iLK6O�o]T2m c W?i[{^T�S
W?�0T��?TUZaO$V�W c�c T�{h_uOR\|WkZ�\^Z�ORT�{^TUV�WkS/SYX[Z[\hV�_`O�\^W?Z]MdZ[T�OP�&W cR£ S�_`Z�_`�?TUS/T�ZaOU�L_`Z]n/X�MATIMdW?Z]{|K�{|WNVU_`{�MAOR_`O�TIM��
\^Z�V�W?S-i[\|Z�_uO�\^W?Z��,\�ORo	_-m]_ c O�\h_`{CW c nNT c S/WNnNT�{FW?��O�\^S/T?�df}\^_?�?Z[WaMA\hM�\hM&m�T c ��W c S/TIn�iLK¤V�W cRc T�{h_uO�\^W?Z�W?�
ORo[TgWki]M�T c �?TUn/m�_ c O�\h_`{]W c n[T c _?{^_ c S¥m]_`OAO�T c Z�M$_?Z]n�m]_ c OR\^_?{]W c nNT c T�¦NTIV�XNOR\|WkZ]MdW?�0O�o[T�MAKNMAO�TUS¥S/WNnNTU{§�
�}Md\^Z/O�o[T}V�{h_?MRMA\hV�_?{]_`XNORW?S�_uO�_6MAT�OAOR\|Z[���`ORo[Tgm c TUM�T�Z�V�T,W`�0\^ZL�a\hM�\|i[{^T9O c _`Z�MA\|O�\^W?Z]M c _?\^M�TUM ORo[Tgm c W?i]{|TUS/M
W?�¢W?i]M�T c �u_`i[\^{|\|OPK�_?Z]n�nN\h_`�?Z]WkMR_`i[\^{|\|OPK�W?�d_/�?\^�?T�Z�M�KNMPORT�S�� � Z�O�o[\hM2m�_`mCT c �]�&T��?\^�?T�_¤n[T�¨]Z[\|O�\^W?Z�W?�
�&TU_ £ _?Z]n©MPO c WkZ[�«ª?¬��®�¯±°u²?¬�³µ´¶³µ·�¸�_`Z�n5¹u³º²�»?¼Cªu�²?¬�³µ´¶³µ·§¸	\^Z½O�T c S�M�W?�9m�_ c O�\h_`{^{|KxW c nNT c TUn¾T�¦NTIV�XNOR\|WkZ]M��
_?Z]n¤V�o]_ c _kV±ORT c \|¿UT2nN\^_?�?Z[WaM�_?i[{^T2MAKNMAO�T�S�MU�?ORo[T�V�o]_ c _?V�O�T c \^¿�\^Z[�6m c W?mCT c OPK�VU_`Z�iCT}T��CTIV±O�\^�?TU{|K/�kT c \�¨]TIn
X�MA\^Z[��_-¨]Z[\|O�T�V�WkS/m[{|T�O�T6m c T�¨]¦�W`�'O�o[T6Z[T�O2X[ZN��Wk{^nN\^Z[���
À�ÁaÂFÃRÄYÅ �uÆ �?� _kMAKLZ]V�o c WkZ[W?X]M&nN\h_`�kZ[WkMR_`i[\^{^\�OPKk� b T�O c \�Z[T�O�M��]X[ZN��W?{hnN\^Z[�kMU�[_`{h_ c S�V�W c�c T�{h_uOR\|WkZ��

ÇhÈ0É�ÊÌËUÍ9É,Î Ï^ÊÌÐ�Ñ�Ò

Ó ÔUÕ=Ö=Ö`×±Ø�Ù�ÚPÛ Ü�Ý Ù�Þ=Ú ß�à'á�â�à�ã ÖIØ§×�äºÚPåæÙ�ç è�é èNê¢ë ì�ÚPÚ Ù§Þ=Ú ì�í Ù§ÚPì
î�ï±ï�ð]ñ�ò±ò�ó±ó±ó]ôhï�õ�ö�õ�÷�øæùFôhú�ø�û�ü[ôhý�þ�òRþ�ÿ�þ±ï�ò��æÿ���õ�����ÿUõ�ï[ô^îUïAù �
	 Û î�ï±ï�ð]ñ�ò±ò�ó±ó±ó]ô¶ù���ú����Nôµõ�ö����õ�öNôhïAù0ôhý±þ�� ×±Ø��,×±Ø§Ú
í 	�� ×±Ø�� � Ù§í × 	��

Unité de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 RENNES Cedex (France)

Téléphone : 02 99 84 71 00 - International : +33 2 99 84 71 00
Télécopie : 02 99 84 71 71 - International : +33 2 99 84 71 71



���������	��
0� ���$���	�������� 8	%,
 .���
����213%,
��3(+*��,��%213%,�-�'
 �#��
'����%&�'
�%,�
.��213�Y�Y� ���/!�%)8
	�� � 8���% 4 �6��� ��%,

�� ����� � �
� Å �I� Ã ��� � � f}\h_`�?Z]WkMAO�\hV�_`i]\|{^\�O��¢_?M�KaZ�V�o c WkZ[T?� l �UM�TU_?XN¦�nNT b T�O c \§�=n���m]{|\h_`�kTUMU�IV�W cRc �U{^_`O�\^W?Z}n�� _?{^_ c S/TUMU�



�

� �Y�Y� %,�Y� 


����� �U� Å Æ�� �`��� Å � 	

�� Á �U���� Á �I��� � Æ��-�u� � ����� ����� � Å � Á �I� Á � �
	 ��� Â � ����� Å � Å �'�����§� ��� Å ���§� ��

� ���º� � � Å �I�N�!� �"�º� Â �#�

t��%$ b�c TUm]_ c _uOR\|WkZ]M9_`Z]n�& _`\^Z�fgT�¨]Z[\|O�\^W?Z �6���6���6�6���6���6���6���6�6���6���6���6�6���6�'$=r
t�� s (}i�MAT c �u_`i]{|T�fg\h_`�kZ[WkMR_`i]\|{^\�OPK ���6�6���6���6���6�6���6���6���6���6�6���6���6���6�6���6�'$)

� *+� �N�u�[�?� Á ��",?�[��� Å � Å - ���º� � � Å �I�N��� �"�º� Â �/.
0 *1� Á ��23� �4� ���º� � � Å �I�N�!� �"�º� Â �/5

6 �%$ �87gTUV�TUMRM�_ c K�j$WkZ]nN\|O�\^W?Z �6���6�6���6���6���6�6���6���6���6���6�6���6���6���6�6���6�'$I 
6 � s j$W?S/m[{^T�ORT bdc T�¨[¦ �6���6���6���6�6���6���6���6�6���6���6���6���6�6���6���6���6�6���6�#s9$

: ; �-������8	!����'�����
< � Á ���º� � � Å ���º�>= � Å � � Á � �@?]_?\|{^X c TYnN\h_`�?Z]WkM�\^M9��W c n[\^MRV c T�ORT�T��kT�ZaO�M�KNMPORT�S�M2\hM}_�V c X]V�\h_`{'OR_kM £
\^Z _`X[O�W?S�_`O�\hV�V�WkZkO c Wk{§�BA9o[T�¹`³º²�»?¼Cªu�³hDCC¯�ªk¬�´^®�E¥o]_?M c TIV�TU\|�kTUn	SYX]V�o _`OAORT�ZaO�\^W?Z�\^Z�O�o[T-{|\|O�T c _`O�X c T?�
M�T�T � � � � $?� � sI¡GF/\|O�V�W?Z]M�\^MAORMU� \|Z«_?i]MAO c _?V±OYO�T c S�M���\^Z«nNT�O�T c S/\|Z]\|Z[� m�WaM�M�\|i]{|T¤iCT�o�_=�a\^W c M6\^Z«_�m]_ c �
OR\^_?{|{^K	W?i]M�T c �u_`i[{^T6MAKNMAO�T�S O�o�_uO}_ c T�V�W?S/m]_uOR\|i]{|T6�,\|O�o�ORo[T�Wki]MAT c �kTUn�m]_uO�O�T c Z�W?�¢_?{^_ c S�MU�[\�� Tk�$ORo]_uO
T�¦Nm[{^_?\|ZaORo[TgWki]MAT c �u_?i[{|Tgi�TUo]_=�L\|W c � � Z�O�o]T�nN\hMRV c T�O�T}T��kT�ZaO&_?m[m c Wk_?V�o��kM�KLMAO�TUS7i�TUo]_=�L\|W c \hM$S/WNnNTU{|TIn
_kM�_ c T��kX[{^_ c {h_`Z]�?X]_?�?T?�0_?Z]n�ORo[T�MAKNMAO�T�S \|ORM�T�{|�&_kM��$TU{|{d_kMgORo[T�nN\h_`�?Z]WkM�T c _ c T�S/WNnNT�{^TUnx_?M}¨]Z[\|O�T
MAOR_`O�T�S�_?V�o[\^Z[TUMIHJ?¢J�&LK±��_`Z]n¤O�o[TUK�MAKLZ]V�o c WkZ[\|¿UT}WkZ¾ªk¬±�®�¯±°=²k¬�´|®/®�°=®�¼]·§±�MA9o[T�Z��L�º_`X[{|OPK¤iCT�o]_=�L\^W c \^M
n[T�O�T c S/\^Z[TUn�iLK c TU_knN\|Z]�YORo[T�MPO�_uORT�W?�'ORo[T�nN\h_`�kZ[WkM�T c �

���º� ��� Å �I�N�!� �J��� Â A9o[T £ TUK-m c W?mCT c OPK-O�o]_`O&o]_kM¢ORW-iCTg�kT c \�¨]TIn/iLK-ORo[T�MAT�O�X[mLH�O�o]_`O&\hMU�?ORo[T�M�X[i]M�T�O
W?��W?i]M�T c �u_`i[{^T,{^T�OAORT c M$_?Z]n/ORo[TN?¢J�& M�\^ZL�?W?{^�?TInOK ��W c O�o]\^M�O�W-�$W c�£ �a\^M�¹u³º²�»?¼Cªu�²?¬�³µ´¶³µ·§¸u� � O&MAO�\^m[X[{h_uORTUM
T�¦N\^MAO�TUZ]V�T�W?�,M�W?S/T�V�W?Z]MAOR_?ZaO�S/_`¦N\|S�_`{�{|TUZ[�`ORo�P�M�X]V�o½ORo]_uOI�'�,o]_`O�TU�?T c O�o[T�V�\ c V�X]S/MAOR_?Z]V�TIM�� \|�,_
�º_?X[{|O$WNV�V�X c M�Z[Wu�6�kO�o[T}{|WkZ[�?TIMPO$M�T�QaX[TUZ]V�Tg{|TI_?nN\^Z[��ORWY_Yn[\^_?�?Z[WaMAT c MPO�_uORT2O�o�_uO$\^Z]nN\hV�_`O�TIM¢O�o�_uO��º_?X[{|OU�
O�_ £ TUM�_uO�S�WaMPORPpMAO�TUm]M/� c W?S Z[Wu�6�S?]W c ORo[T S/W c T���W c S�_`{gnNT�¨]Z[\|O�\^W?Z��9��Wk{|{^Wu�,\^Z[� JN_`S/m]_`O�o+T�O
_?{§� � � ~=¡Ì��{^T�O>T iCT�_¾m c T�¨]¦a�æV�{^WkM�TUn {^_?Z[�?X]_?�?TUHµO�o]T�i�TUo]_=�L\|W c W?�gORo[T�MAKNMAO�T�S O�W½i�T�nN\h_`�kZ[WkM�TUn�K
Wu�kT c ORo[T	T��?TUZaO�_`{^m[o]_?i�T�O

A
�dnNTUZ[W`ORTWVYX

A
O�o[T�M�T�O-W?��ª?¬��®�¯±°u²?¬�´|®/_?Z]n[Z\V

, A ] V ORo]_uO/W`�
^ ¼Fª?¬��®�¯±°u²?¬�´|® T��?TUZaORMU�$f}T�Z[W?O�T+_a`

A bDc V b ORo[T�m c W`ePTIV±O�\^W?Z�O�W�W?i]M�T c �u_`i[{^T��$W c n[MU�LO�o�_uOg\hM��]O�o[To]W?S/W?S/W c m[o[\hM�S ORo]_uO6T c _kMATIM}_?{|{�X[Z[Wki]M�T c �=_?i[{^T-TU�?T�ZaO�M}_?Z]n {^TU_=�kTUM}W?i]M�T c �u_`i[{^TYWkZ[TUM�X[Z�V�o]_`Z[�kTUn0�
S/W c TUWu�?T c �C{|T�O+deX'Z�V iCT�O�o[T�M�T�O6W`��f�² ^ ´¶·§hgu�iA9o[T�ZUT \^M¤¹`³º²�»?¼Cª=�²k¬�´|®�\��«O�o[T c T�T�¦N\hMPO�M@Pkjklm
n � ×±Ø ì§í �,Ö�o í åPí ÙµÝ�ç�p0Ú$ÛIØ§×±Ö�Ù§Þ=Ú�q±Ú 	 ÚPØ � o ísr � Ù�í × 	 � � Û=Údí 	it uwvyx çzp�í Ù�Þ|{ � Õ=ØºÙ§Þ=ÚPØ�Ö � Ø�Ù§í Ù�í × 	 ÚPÛYí 	 Ù§×\}�~ Ë�� Ï�Ï��æÑ��AÊ ë`Ù�ÞIÚ

Ø§ÚPì�Õ�o Ù�ì�q±í ��Ú 	 Ü`Ú�o ×hp Ú��UÙ§Ú 	 Û�Ù§×9Ù�Þ � Ù å � ì�Ú �

è'è 	���� ã����



t �C·Ì®Jf�²u¼��-²?²`¯

M�X]V�o�ORo]_uOI�F��W c _`ZLK��$W c n T��������
	��½�,\|O�o� j d}�0_`ZLK��Lj
A b M���ORo������Lj T _`Z]n�� ����� P

MR_uOR\^MA¨]TIM

� j _������ _������ �"!$# � � � %�'&)( H�$�K
* T c T?��� +,�anNT�Z]W`O�TIMdORW`O�_`{C{|TUZ[�`ORo��N_`Z]n-� +,� % O�o[T�ZLX[SYiCT c W`�0�º_?X[{�O9T��kT�ZaORM$W`���&W c n.+ ��j$W?Z]nN\|O�\^W?Z H�$�K
S/TI_`Z]M}O�o�_uO6T��kT c K�i�TUo]_=�L\|W c � O�o�_uO6m c WLn[X]V�TIMgORo[T�M�_?S/T/M�T�QaX[TUZ]V�T�W`�&W?i]M�T c �u_`i[{^TYTU�?TUZkO�M�_?M/���
n[WaTIM��NV�W?ZaOR_?\|Z]M$_uO9{|TI_?MAO$WkZ[T2�º_?X[{�O9T��kT�ZaO�F¢_?{|{CT�¦LO�TUZ]M�\|WkZ]M�W?�0� W?�'_uO&{|TI_?MAO&{^T�Z]�`O�o�P �,\|{^{FS�_ £ TgO�o[T
�º_?X[{|Og_`m[m]_ c TUZaOU�

��� Â � ���'� Å � Å � �+Æ��º� � � Å ���º� A9o[T¾m c TIMATUZaO�m]_?m�T c \hM�S/W?O�\^�=_`O�TIn5iLK O�o[T½nN\h_`�?Z]WkM�\^M�W`�6O c X[{^K
_kMAKLZ]V�o c WkZ[W?X]M9M�KNMPORT�S�M��]\|Z��,o[\hV�o	O�o[TY_?i�Wu�kT6nNT�¨]Z]\�OR\|WkZ�\^M,Z]W`Og_?n[T�QaX]_uORT�_?M9\|O}MAOR_`Z�n[M2M�\|Z]V�T6\�O}\^M
i�_?M�TUnxW?Z©_��?{^W?i]_?{dMPO�_uORT¤_`XNORW?S�_uORW?Z¾S�WNnNTU{§��A�W M�T�T�ORo[T¤{^\|S/\|OR_uOR\|WkZ]M6W?�$ORo]_uO�S/WNnNT�{���V�W?Z�MA\hnNT c
Z]T�OP�&W cR£ TUn6M�KNMPORT�S�MU�=M�X]V�o�_?M MAo[Wu�,Z6WkZ�ORo[T${^T��µO�o]_?Z]nYM�\^n[T�\^Z1? \|�kX c TD$?��A9o[T c T?�=ORo[T9MATUZ]MAW c M�KNMPORT�S

lo
ca

l t
im

e

1

2

4

s

s

s

s

s5

3

FF

F

F

F

F

F

A

A

A

AA

A

A

AF

? \^�?X c T>$ F21�®Jf�·�3/� ^ C]®�¯±°U³h±³ºªu¼©ª�fY¼C®�·54�ª`¯76?®�¹¤±¸=�·æ® EY98$¯±³�»;:L·<3>=}´^²u¯wE-@?§BA ^ ²u¯�®�DC�²u¼C¹Nf�² ^ ´¶·º@?"E�³µ¯GF
E�´|®�DC

\hM�nN\hMAO c \|i[X[O�TUn3F-M�T��?T c _?{¢{|WNVU_`{dM�T�Z]M�W c M6_ c T¤_uO�OR_?V�o]TUn O�W M�W?S/T/Z[WNnNTUMYW`�&O�o[T�Z[T�OP�&W cR£ HºM�o[Wu�,Z½\^Z
i]{^_kV £ K��IH�_kV�o½{|WNV�_?{�M�T�Z]M�W c o]_kM6W?Z]{|K¾_�m]_ c O�\h_`{d�L\^T��¥W`�&O�o[T�MAKNMAO�T�S���_`Z]n¾\|ORMY{|WNV�_?{¢O�\^S/T¤\hM6Z[W`O
M�KLZ]V�o c W?Z[\^¿�TIn��,\|O�o�ORo]_uO}W`��W`O�o]T c M�T�Z]M�W c MU�$�2{h_ c S�M,_ c T c TUm�W c ORTUn�_?M�KLZ]V�o c W?Z[WkX]M�{|K/ORW/O�o[T��k{|Wki]_`{
M�X[mCT c �L\^M�W c �¢nNT�m[\hV±ORTUn«\|Z � c T�K?�¢�,o]\^V�o m�T c ��W c S�M�nN\^_?�?Z[WaMA\hMU�¢O�o[\hM�\^M-ORo[T�OPKLm[\hV�_?{&_ c V�o]\�ORTUV±ORX c T�\^Z
ORT�{^TUV�W?S/SYX[Z]\^VU_uO�\^W?Z�M$Z]T�OP�&W cR£ S/_?Z]_`�kT�S/T�ZaO2M�KLMAO�TUS�M&O�WNn[_=KLH§MATUT�� sut`¡ K��

J é è J à



r

< � Á � ÁLÁ Æ -ÌÅ �	� = �N�=���º� � Å �uÆ Á ��� Á � � � ���º�?� Hd�kT�Z�\|��O�o[T�W c n[T c W`��T��kT�ZaORM2S/_=K�i�T-V�W cRc TUV±OR{|K
Wki]M�T c �?TUn {|WNV�_?{|{^K©iLK TU_kV�o«\^Z]nN\^�L\^nNX�_`{,MATUZ]M�W c ��V�WkS�S-X[Z[\hV�_`O�\^Z[�¾_?{^_ c S TU�?TUZkO�M��a\h_ O�o[T�Z[T�OP�$W c�£
VU_`X]M�TUM$_�{^WkMRM�W?��MAKLZ]V�o c WkZ[\|¿I_uOR\|WkZ3F'_kM�_ c TUM�X[{|OU�aO�o]T}\^ZaO�T c {^TU_=�L\|Z]�6W`��TU�?T�ZaO�M�V�WkS/SYX[Z[\hV�_`O�TIn/O�W-O�o[T
M�X[mCT c �L\^M�W c \hM2¼Fªu¼F¹?®�·Ì®�¯wE-³µ¼�³h±·§³ E��MA9o[T c \^�?oaO�m[\hV±ORX c TgW`���,o]_`OdO�o[T�MAX]m�T c �L\hMAW c V�Wk{|{^TUV�ORMd\hM�O�o[T c T���W c T
_ C[²`¯±·§³º²`´µ´¶¸©ªu¯�¹k®�¯�®�¹«MAT�OU� c _uO�o]T c ORo]_`Z _©�®9A ^ ®�¼ E�®���W`�}_?{^_ c S�MU�dMATUT¤O�o]T�m]_`OAORT c Z©��W c S/TUn©iLK¾O�o[T
MyQaX]_ c TUMdW?Z/O�o]T c \^�?oaO�o�_`Z]n�M�\^n[T2W`��? \^�?X c TI$?��A9o[TgM�KNMPORT�S¥\�O�MATU{���iCT�\^Z[��nN\^MAO c \^i[XNO�TIn0�a�$Tg_?{^M�W6o]_=�kT
m�_ c O�\h_`{^{|KxW c nNT c TUn¾M�V�T�Z]_ c \^WkM�W?�Mf�² ^ ´¶·§ H§V�\ c V�{|TIM�\^Z ? \|�kX c T $�K±��_?M-V�_`Z�nN\^n]_uO�TIM���W c T�¦Nm[{h_`\^Z[\|Z]��O�o[T
_?{^_ c S m]_uO�O�T c Z�Wki]MAT c �kTUn-iLKYORo[T}M�T�Z]M�W c MU�4A9o]_`O�\^MU�a�$T2Z]T�TUn�ORWYV�WkS/m[XNO�Tk�?��W c nN\h_`�kZ[WkM�\hM��`m�_ c O�\h_`{^{|K
W c n[T c TUn�MAT�ORM¢W?�FTU�?TUZkO�M O�o]_`O�S�_=KYo]_=�kT9WLVUV�X cRc TUn/_`Z]n��?o]_knYORo[T�K�WNV�V�X c�c TUn��`�$WkX[{hn-o�_=�?T9m c WLn[X]V�TIn
ORo[T�W?i]M�T c �?TIn/m]_uO�O�T c Z�W?�'_`{h_ c S�M�� � T}TUS�m]o]_?M�\|¿UT2ORo]_uO9TU_kV�o�MAX�V�o�m]_ c OR\^_?{�W c nNT c�c T�m c TUM�T�ZaO�M�\^Z�\|ORM
ORX c Z¾_?ZxT�QkX]\|�u_`{^T�Z�V�T�V�{h_?MRM�W`�&M�T�QaX[TUZ]V�TIM���O�oLX]M�m]_kM�M�\|Z]��ORW�m]_ c O�\h_`{�W c nNT c M�_`{^{^Wu�2M��0\^Zx�kT�Z[T c _?{§��_
M�X[i]MAOR_?ZaO�\h_`{F�k_?\|Z¤\^Z	T��¤V�\^T�Z]V�K?� � Z	_�M�TUV�W?Z]n�MPORT�mUH�Z[W?O&O c TI_uORTUn¤o]T c T�K±�LORo[T/´¶³ 6k®�´¶³ :]ªUªI¹�W?� MRV�T�Z�_ c \|WaM
o�_?M�O�WYiCT�V�W?S/m]_ c TIn0�kO�W/MATU{|TIV±OU�N_?S�WkZ[�6ORo[T�MRV�TUZ]_ c \^WkMdW?�CT c TIn�iLK�O�o[T�S/WLn[T�{��LO�o[T�S/WkMAO$m c W?i]_?i[{^T
T�¦Nm[{^_?Z]_uOR\|WkZ¤��W c O�o[T6�k\|�kT�Z	W?i]M�T c �u_uO�\^W?Z��LM�T�T/� $�¡���W c _/V�W?Z�MPO c X]V�O�\^W?Z	W`��MAX]V�o	{^\ £ T�{^\|o[WLWNn[MU�

A9o[T6m c TIMATUZkO2_ c OR\^V�{|T c TUV�_?{|{hM$O�o[T���W c S�_?{F� c _?S�TU�$W c�£ ��W c nN\h_`�?Z]WkM�\^M$��W c m�_ c O�\h_`{^{|K�W c nNT c TIn c X[Z]M
�k\|�kT�Z�\|Z	�  u¡Ì�k_`Z�nYTIMPO�_`i[{^\^M�o[TIM O�o[T2_knNT�QaX]_`O�T,nNT�¨�Z[\�OR\|WkZ/W`�d¹u³º²�»?¼Cªu�²?¬�³µ´¶³µ·§¸u�\A9o[T2nNT�¨�Z[\�OR\|WkZ/�?T�Z]T c _`{|�
\^¿�TIMdORo[T�V�{h_?MRMA\hV�_?{]W?Z]Tg�?\^�?TUZ��k��W c O�o[T�_`XNORW?S�_uORW?Z¤VU_?M�T?�a\|Zx� � ~=¡��aORWYm]_ c OR\^_?{�W c nNT c iCT�o]_=�L\^W c �k�,o]T c T
�&TU_ £ _`Z]n	MAO c W?Z[��nN\h_`�kZ[WkMR_`i[\^{^\�OPK/�,\^{|{�o�_=�?T}O�W/i�T�n[\^MAO�\^Z[�?X]\^M�o[TUn�� � T6�k\|�kT�_/V�o]_ c _kV±O�T c \^¿U_`O�\^W?Z¤W?�
n[\^_?�?Z[WaM�_?i[{|T�M�KNMPORT�S�M��¢_?Z]n©MAo]Wu� o[Wu�7Wki]MAT c �u_?i[\|{^\|OPKx_`Z�n©nN\^_?�?Z[WaM�_?i[\^{|\|OPKxVU_`Z©iCT�V�o[TUV £ TUn¾W?Z _
¨�Z[\�ORT�V�WkZ]MPO c X�V±O|H�Z]_?S/T�{^K?�[_�¨]Z[\|O�T6m c T�¨[¦�W`�'O�o[T�M�KNMPORT�S X[ZN��W?{hnN\^Z[�#K��

� 45%&������� %&�'
 ���	8�� � ���	��������� 4 �����&%,
�
�%,


b T�O c \gZ[T�ORM�_ c T��&T�{^{��ÌTUMAOR_?i[{^\^M�o[TUn ��W c S�_`{gS�WNnNTU{^MU�,�,o[WaMAT _knNT�QaX]_kV�K ��W c S/WNnNT�{^{|\^Z[�«n[\^MAO c \|i]XNO�TIn
M�KNMPORT�S�M�\hM��,\hnNTU{|K c TIV�Wk�?Z[\^¿�TIn0��� b T�O c \?Z[T�O'\hM�_,i[\^m]_ c OR\�ORT�� c _`m]o�V�W?S/mCWkM�TUn�W`�#CF´|² E�®� c TUm c TIMATUZaO�\^Z[�
mCWkMRM�\|i[{^T6{^WLVU_`{�MAOR_`O�TIM��C_`Z]n½·�¯�²u¼]±³µ·§³ºª`¼[&O�o]_`Og{|TI_?n�� c W?S _`Z�\|Z]m[XNO�M�T�O}W`��m[{^_kV�TIM9O�W�_?Z�W?XNORm[XNO}M�T�O
W?��m[{h_?V�TUM��F·Ìª 6?®�¼[�\^Z]nN\hV�_`O�T}O�o]_`O2_�{^WLVU_`{0V�WkZ]nN\|O�\^W?Z�o[W?{hn[MU� b T�O c \CZ]T�ORM&����W c ORo[T}��W c S/_?{0nNT�¨]Z]\�OR\|WkZ
M�T�T�iCT�{^Wu� �&V�_`Z�iCT�MATUT�Z�_?M2Z]_uORX c _?{0�?TUZ[T c _`{^\|¿I_uOR\|WkZ�W`� ¨]Z[\|O�T-_`XNORW?S�_uO�_�F�\|Z]n[T�TUn��[T��kT c K�?N�pV�_?Z
iCT c T�m c TUM�T�ZaO�TIn-_kM¢_ b T�O c \[Z[T�Od�,o[WkM�T9O c _`Z�MA\|O�\^W?Z]M�o�_=�?T9T�¦[_?V�O�{^K�W?Z]T,\|Z[m]XNO�_`Z]n�WkZ[T,W?XNORm[XNOdm[{h_?V�T?�
_?Z]n��,\�ORo	T�¦[_?V±OR{|K�W?Z[T�O�W £ TUZ�WkZ�ORo[T�\|Z]\�OR\^_?{�MPO�_uORT?�

�,VUV�W c nN\^Z[�?{^K?� ORo[T	M�T�S�_?ZkOR\^VUMYW?� b 7�_`{^{|Wu�2M-_ �kT�Z[T c _?{|\^¿U_`O�\^W?Z©Wu�?T c ORo]_uO/W`�g_?XNO�WkS/_`OR_OF¤�2XN�
ORW?S�_uORW?Z�iCT�o]_=�L\^W?X c V�_`Z�iCT�T�¦Nm c TUMRMATIn-iLK 4�ªu¯�¹u±�a�,o]\^V�o�_ c Tg{|\^Z[TU_ c {^KYW c n[T c TUn�_`Z�n/o]_=�?Tg_�{|TUZ[�`ORo
�k\|�kT�Z�iLK�V�W?X]ZkOR\|Z]�/O�o[T-{|T�OAO�T c MU� b T�O c \'Z[T�O�i�TUo]_=�L\|WkX c M��[WkZ�O�o]T�W`ORo[T c o]_`Z]n��CVU_`Z�iCT c T�m c TUM�T�ZaO�TIn
iLK E�ªu¼
	'» ^ ¯�²u·�³ºªu¼]���O�o�_uO}\hMU�FM�T�O�MgiCTU_ c \^Z[��_ C[²`¯±·§³º²`´�ªu¯�¹k®�¯,ORo]_uO�\^M}Z[W?O}{^\|Z[TI_ c \|Z �kT�Z[T c _?{§�C\^Z]MPORTU_kn
W?��{^T�Z[�?O�o��0�&T-�,\^{^{¢i�T�S�_`Z[\^m[X[{h_uOR\|Z[� :[®�³�»;:L·dW?�$MAX�V�o m c WNV�TUMRM�TUMU�F_�Z[W?O�\^W?Z W?���,o[\hV�o ORo[T c T-T�¦N\^MAORM
_-{^Wu�$T c _?Z]n	_`Z�X]m[m�T c �?T c M�\|WkZ�M�\|Z�V�T�W?Z[T�V�_?Z�S/TI_?M�X c T}O�o]T�m c Wk� c TUMRM�W?��O�o]T�´^®R²u±·&²?¹`°=²`¼ E�®�¹¤´^ª E�²u´
CF¯�ª ER®��±�[W c ORo[T E/ªu�·,²?¹`°=²`¼ E�®�¹�ª`¼C®��
� T���W c T}V�W?S/\^Z[��i]_kV £ ORW�ORo[TUM�TgZ[W?O�\^W?Z]MU�kM�W?S/T2S/W c T2i�_?V £ � c W?X[Z�n-W?�0O�o[T}�$W c�£ m c TUM�T�ZaO�TIn/o[T c T?�

A9o]\^M�m]_?m�T c T�¦Nm[{|W c TIM,ORo[T�_?M�KaZ�V�o c WkZ[W?X�M2nN\h_`�?Z]WkM�\^M�_`m[m c Wa_?V�o�� c W?S �  =¡���X]MA\^Z[� b T�O c \¢Z[T�O�M H b 7}MyK
_kM2\|ORM}S�_`\^Z�O�WLW?{&�CV�W?S/m]_ c T¤� � �Ct[�0s )U¡�W?Z�ORo[T1A9o[TUW c K	_?Z]n�_`m]m[{|\hV�_`O�\^W?Z�W?� b 7gMU�D?[W c ORo[TYX�MAT�W?�
b 7gM¢\^Z¤nN\h_`�?Z]WkM�\^MU�`V�WkS�m�_ c T�� $U [�ks` N�O$ 6 �9$)U¡ K±��,¯R²u¼ E9:L³µ¼L» CC¯�ª E�®±��®±g_?Z]n ^ ¼�f�ª`´|¹u³µ¼L»u,W`� b 7}Md�&T c T
W c \^�?\^Z]_?{|{^Kgm c W?mCWkM�TUn�iLK@72\^T�{hMATUZ�� b {^W`O £ \^ZY_`Z�n � \|Z]M £ TU{]� s 6 ¡��u_`Z�n�X]MATIn���W c E/ªI¹?®�´ E :]®9E 6`³µ¼a»?�?M�T�T & V

è'è 	���� ã����



6 �C·Ì®Jf�²u¼��-²?²`¯

& \|{^{^_?Z � s?rI¡�_`Z�n.H�M�m]_ c ¿U_YT�O&_?{§�9� 6 �9)I¡Ì�aO�o[TUK�o]_=�?T2iCT�TUZ�X]M�TUn¤��W c MAX[mCT c �L\^M�W c K/V�W?ZaO c Wk{]\^Z � s?sL�[s � ¡��
�&c _`Z]V�o]\|Z[��m c WNV�TIM�M�TUM c TUm c TIMATUZaO,O�o[T�MAT�OgW`�dT�¦LTIV�XNOR\|WkZ]M2W?�d_ b T�O c \ Z[T�O�\|Z _¤Z[T�O�MPO c X]V�O�X c T?��X]M�\|Z[�

component 1

component 2

71111 65

α

αα

2 3 44

γ δ η

1 7

4322

γ

11 5 67

2 3

β

ζ

γ δ η
2

1 7

43

43

α

57

γ

δ5

32 4

1

7

ζηδ

α

6

βγ

? \^�?X c T2s�F�� ^ ¼�¼]³µ¼L»Y®��a²zE CF´|® 3�� ?Ì´|®Jf�· C���²�¬�¯�²u¼ E :N³µ¼a» CC¯�ª E�®±�3f�ªu¯�� ?Ì¯±³�» :N· C���²`¼C¹�² E�ªu¼
	'» ^ ¯�²u·�³ºªu¼
ª f	� ¬�®�³µ¼L»	®��k·Ì®�¼C¹k®�¹¤¬�¸�²¤¼C®B4 ®�°u®�¼]·/?<E�®�¼]·æ®�¯DC�

_?Z _?M�KLZ]V�o c W?Z[WkX]M,M�T�S�_`ZaO�\hV�Mg�,\�ORo {^WNV�_`{�MAOR_uORTUM}_`Z]n�m�_ c O�\h_`{^{|K	W c nNT c TUn	OR\|S/Tk�6j$WkS�S/WkZ m c T�¨[¦NTUM
W?�¢T�¦NTUV�XNO�\^W?Z]Mg_ c T�MAo]_ c TIn0��_?Z]n�T�¦NTIV�XNOR\|WkZ]M2nN\|�CT c \^Z[�¤WkZ[{^K�\^Z MAWkS/T�\|ZaORT c {|TI_=�a\^Z[�/W`�¢\^Z]nNTUm�TUZ]nNT�ZaO
O c _?Z]M�\�OR\|WkZ]M¢_ c T c TUm c TUM�T�ZaO�TIn-WkZ[{^KYW?Z�V�T?�?O�o[\hMdS/TUT�ORMdO�o[TgZ[T�TIn[MdW?�F_kMAKLZ]V�o c W?Z]W?X]M¢nN\h_`�kZ[WkM�\hM��`�,o]T c T
M�W?S/T c TUV�W c nNTUn	_`{h_ c S MAT�QkX]T�Z]V�TUM2nN\|�FT c W?Z[{^K��L\h_/O�o]T�\|ZaORT c {|TI_=�a\^Z[��W?�¢V�W?Z]V�X cRc TUZkOg_?{^_ c S�MU�]o[TUZ]V�T
\|Od\hMdnNTUM�\ c _?i[{|T9Z[W?O¢O�W�nN\hMAO�\^Z[�?X[\hM�o-ORo[T�S��a_`Z]n/M�\|S/\^{^_ c {^K6��W c O�o[T,\^ZaO�T c {^TU_=�L\|Z]�}W?�FV�W?Z]V�X c�c T�ZaO��º_`X]{�O�M��

� Á �I�Y� � Æ � Å � Å � Å ��=!�4�§���«� � T��,\^{|{FZ[Wu�5�k\|�kT}M�W?S/T�i]_?M�\^V�nNT�¨]Z[\|O�\^W?Z]M$O�W�{h_=K/O�o[T�� c W?X[Z�n[M��
� Á� � ����� Å � ������� ®�·º-²`¼C¹.:[ªzE/ªzE/ª`¯GC :L³hwE-�
 � = Z[T�O/³h�²�·§¯±³ CF´|®�� ����������� c ��� 4 :[®�¯�®�� ²`¼C¹
��²`¯�®�¹u³h! �ªu³µ¼�·'�®�·º,ª�f�m[{h_?V�TIM}²`¼C¹-O c _`Z�MA\|O�\^W?Z]M��'²u¼F¹ c#" �!�%$�� ��& �'�($)� �9³h9·�:]®+*�Wu� c TU{^_`O�\^W?Z��
, ®�¼Cªu·�³µ¼a»	¬�¸.-�·�:[®-¯�®�´|²u·�³ºªu¼F²u´OCC¯�ªI¹ ^ E�·'�&²u¼F¹�¬�¸0/ b ·�:[®-·�¯�²u¼]±³µ·§³µ°u® E�´|ªu ^ ¯�®/ª�fY¬�³µ¼C²`¯±¸�¯�®�´|²u·�³ºªu¼1/2��®�·

6, c b ²u¼F¹13 , c -
6

�4�ª`¯�²�¼CªI¹?®05Wj6�7&8�9�}¹?®�¼Cª`·Ì®9:;5

, < 5 	 �=5 	 c 5?>�·�:]®¤m c TUM�T�O
²`¼C¹�5@:

, < 5 	 �=5 c 5 	�> ·�:[®�mCWkMAORM�T�O�ª�fA5�
 = Z[T�O6o[WkS/W?S/W c m[o[\hMAS f�¯�ªEB� ·æª�� 	,³h¤² E�²yC
C `D�E&F�HGI c � 	J&K� 	� ^ E9:�·�:[²`·D3
L 
 C �!� �BX%� 	�� C �'� ��XM� 	��$²`¼C¹
N 
 f�ªu¯-®�°u®�¯±¸�¼FªU¹k®�5 ª�f+�6� C�O PRQ `:�5 c : C �S5 �Y²u¼F¹ CTO QDP `J5@: c C �S5 � : ³µ¼C¹ ^ E�®�¬�³  �®9E�·§³ºª`¼[�


U¤�?���'�=� Á � � Á � Á �U� A'�$W-Z[WNnNTUMV5���5 	�W`��_�Z]T�O+� _ c TY³µ¼-E�ªu¼XW$³ E�·'�]� c \|OAORT�Z15ZY.5 	��L\|��O�o]T c TgT�¦N\hMPO
O c _?Z]M�\�OR\|WkZ]M+[\�;[ 	 j1� M�X]V�o/O�o]_`O@Hº\�K+[�]�^[ 	 � H�\^\�K : [`_ : [ 	 ]�ba[�a_?Z]n Hº\|\^\�K)[

6
5�_`Z]nc[ 	

6
5 	 �¢�5Z[WNnNT

5�\^M,MR_`\hn¤ORW�i�T6\^Z¾�®�´ f9F E�ª`¼;W&³ E�·9\|�d5@Y.5��

J é è J à



)

� Á� � ����� Å ��
@� =}¼«WNV�V�X c�c T�Z�V�T�Z[T�O-?�� � C�³h¤²�¼C®�·|V � � ������� � c �R��4¢³µ·�:½·�:[®�®�´^®�E�®�¼�·º¤ª�f��
E�²`´µ´|®�¹�V�WkZ]nN\|O�\^W?Z]M�²u¼C¹�·�:[ª=�®�ª�f��©TU�?TUZkO�M\�¢�²`·§³h f�¸u³µ¼a»�·�:[®�²?¹k¹u³µ·�³ºªu¼C²`´9CF¯�ªyC]®�¯±·§³º®�B3
L 
�¼Cª��®�´ f9F E�ªu¼XW&³ E�·<3	�@5 j
� &�� `� � 5@Y.5 !58
N 


6
³hY²NC]²u¯±·�³º²u´ ª`¯�¹?®�¯B3	�@5 j
� &�� `� � 5 3 5 ! 8

� 
��@5 j
� &�� ` � < 5 	 `J5 	@3M5�> �3�� 8
� 
�¼Cª�¬R²)E 6 4�²u¯R¹�¬�¯�²u¼ E :N³µ¼a» 3����Nj��k` � : � ��� &

(�VUV�X cRc TUZ]V�T	Z[T�ORM�_ c T�X]M�T���X[{9ORW c T�m c TIMATUZkO/T�¦NTIV�XNOR\|WkZ]M/W`� b T�O c \,Z[T�O�M��9M�T�T�i�TU{|Wu�IF�TIM�M�T�ZaO�\h_`{

n[KaZ�_`S/\^VU_`{Cm c W?mCT c O�\^TUM�_ c T}�L\^M�\|i]{|T��L\^_�O�o[T}O�Wkm�Wk{|Wk�?\hV�_`{CMPO c X�V±O�X c T}W`��ORo[T}i]\|m]_ c OR\�ORTg� c _?m[oLw+X[Z[{^\ £ T
��W c$b T�O c \0Z[T�O�M�� � T�_kM�M�X[S/T2ORo]_uO9ORo[T�M�T�O����

, ��� � ��V � �$W`��S/\^Z[\^S/_?{FZ[WNnNTUM&W`� V	�#\^M9V�W?ZaOR_?\|Z[TIn
\^Z!����72WNnNTIMV5�_?Z]nF5 	F_ c T.ERª`¼ E ^ ¯±¯�®�¼]·'�]� c \|OAORT�Z15#"�$J5 	§�N\|�'Z[TU\�ORo[T c 5

6
5 	º�NZ[W c 5 	

6
5'�LZ[W c 5@Y25 	

o]W?{hn0��� E�ª FÌ�®�·g\hM}_�MAT�O�%"W`�dm]_?\ c �,\^M�T-V�W?Z]V�X cRc TUZkO�V�W?Z�nN\�OR\|WkZ]MU��_¤S�_u¦N\^S/_?{ V�W`�æMAT�O&%��6� c � OI��M�T�O
\^Z]V�{|X]M�\^W?Z	\^M2VU_`{^{|TIn�_ E ^ · 

� Á ���� � Á �U� A9o[T�MPO�_uOR\^V-MPO c X]V�O�X c TYW?�dZ[T�O�\hMg�k\|�kT�Z _�nNKLZ]_`S/\hV�M}�a\h_�S�_ cR£ \|Z]�kM|F}� E�²u¯76`³µ¼a»�W?�
Z]T�O���\^M,_�SYX]{�OR\��æMAT�O(' `D�HGI c <*) �B&J�,+`�B(B( (�>�W?� m]{^_kV�TUMU�
� Á� � ����� Å �k	�� = b T�O c \�Z[T�O�?�- � C¤³h-²IC[²`³µ¯ � ���'� �.'/� ��� 4 :[®�¯�® �3³h-²�¼C®�· 4¢³µ·�:�¨]Z[\|O�T	¼CªI¹?®
�®�· �Y²`¼C¹0'/�«²u¼5\^Z[\|O�\h_`{IE�²u¯76`³µ¼a»
(� j � ³h�T�Z�_`i[{^TUn ²u·�'7� 4¢¯±³µ·§·æ®�¼1' 2I c �6³ f�' �43��
5 )f�ª`¯¤®�°u®�¯±¸63 j%: [�
/7"f8' 2I c �+[ E�²`¼ ¨ c T �,´|®�²?¹`³µ¼a» ·Ìª�' 	,� �9'#I%:�[ �#:7[R:;8�4¢¯±³µ·æ®�' 2I c ' 	 

; :]®/�®�·	<��='/� ��ª�f c TU_kV�o]_`i]{|T�E/²`¯76u³µ¼L»u¤ª�f � ³h-·�:[®�wE�²u´µ´|®�±·2�®�·	<-�='/� �.E�ªu¼]·æ²u³µ¼�³µ¼a»>'�� ²`¼C¹
 ^ E9:©·�:[²`·?' j�<-�='/� ��²`¼C¹@' 2I c '�	�·æª�»a®�·�:]®�¯�³ EDCC´¶¸A'�	 j�<-�9'��;��
B-,®�·�¯±³2¼F®�·�� ³h�MR_u��T
³ f6' �!� �|X <*) � & >If�ªu¯¤®�°u®�¯±¸�' jC<-�EDF� �;
G7"fV� ³h-�²�f�®\�g³µ· :[²u�² 	d¼]³µ·æ®/¼ ^ E/¬�®�¯�ª�f�¯�®�²)E :]²?¬�´|®
±·æ²u·æ®±98$¹k®�¼Fªu·æ®�·�:L³h6¼ ^ E�¬�®�¯�²u�H�� � �;

� T�V�WkZ]MA\hnNT c W?Z[{^K�MR_u��T b T�O c \�Z[T�ORM9o[T c Tk�No[T�Z�V�T6S�_ cR£ \|Z[�aM9V�_`Z	iCT c TU�k_ c nNTIn�_?M9m]{^_kV�T6MAT�ORMU�

�-�u� � ����� ��� = � Å � Á �I� Á �9� � Æ � � -ÌÅ �ºÆ�� ��� � (�VUV�X cRc TUZ]V�T¢Z]T�ORM V�_?ZYM�T c �?T�_kM�_2M�T�S�_`ZaOR\^VUM���W c�b T�O c \
Z]T�ORMU��\�� T?��_ b T�O c \�Z[T�O � MYi�TUo]_=�L\|WkX c V�_`Z½iCT�X[ZN��Wk{^nNTIn½\|ZaORW�_?Z½WLVUV�X cRc T�Z]V�T�Z]T�O��,o[WaMAT¤MAO c X]V±ORX c T
c T�m c TIMATUZkO�M$O�o[T6mCWkMRMA\^i[{^T�T�¦NTUV�XNO�\^W?Z]M�F
� Á� � ����� Å � �?� =�i c _?Z]V�o[\^Z[��m c WLV�TUMRM�ª�fG-2®�·�¯±³g¼F®�·	� ³h�²>C]²u³µ¯GI'� �S�6� C �R��4 :]®�¯�®�� ³h	²u¼
ª E9E ^ ¯±¯R®�¼ ER®�¼C®�· �$²`¼C¹ C ³hY²�:[ªE�ªE�ªu¯GC :L³hwE f�¯�ªzE � ·æªA�d�¢ ^ E9:�·�:[²`·D3

J ·�:]®9¯�®�±·§¯±³ E�·§³ºª`¼¤ª�f C ·æªDE�³µ¼ �S� �$³h9²�¬�³  �® E�·�³ºªu¼�¬�®�·54�®�®�¼iE�³µ¼ �S� �9²u¼F¹�D � ?�·�:[®$�®�·�ª�f$³µ¼]³µ·�³º²u´µ´¶¸
E/²`¯76?®�¹ICC´|²)E�®±DC��&²u¼F¹

J f�ªu¯-²`´µ´#KJ�LK 	 j��	� : K/� : K 	 ²`¼C¹ C �,K;� � C �,K 	 ��·ÌªR»k®�·�:[®�¯6³ E CF´¶¸�K �MK 	 

4'ªu¯�I	��I 	2· 4�ª ¬�¯R²u¼ E9:L³µ¼L» CF¯�ª ER®���®±R��I 	g³h�² m c T�¨[¦ ?§�®�®�¬�®�´|ª 4 C ª f&I��>4¢¯±³µ·§·æ®�¼>I 	ONPI��g³ f/·�:[®�¯�®
®��k³h±·º,²u¼�³µ¼; �®9E�·�³µ°=® :[ªzE/ªzE/ª`¯GC :N³h�EPQ f�¯�ªE � 	 ³µ¼�·Ìª+�6�0 ^ E9:/·�:[²`·RQ5³µ¼F¹ ^ E�®�,²-¬�³  �®9E�·§³ºª`¼	¬�®�· 4�®�®�¼
·�:[®Y³µ¼]³µ·�³º²u´�E ^ ·§����	²`¼C¹S� 	� �$²u¼C¹¤·�:]® E�ªzE C]ª=±³µ·�³ºªu¼ C -TQ ERª`³µ¼ E�³º¹?®� 4¢³µ·�: C 	 


è'è 	���� ã����



v �C·Ì®Jf�²u¼��-²?²`¯

� K�ORo[T�W c TUS s � W`��� rI¡��?O�o[T c T9T�¦L\hMAORM¢_�X[Z[\�QaX[T|H�X[m�ORW�_?Z/\^M�W?S/W c m[o[\hM�S>K�N9�ÌS/_`¦N\|S�_`{Li c _`Z�V�o[\|Z]�
m c WNV�TIM�MU�NV�_?{|{^TUn�O�o[T ^ ¼�f�ªu´|¹`³µ¼a»�W`�@�z_`Z]n	nNT�Z]W`O�TIn������
� Á� � ����� Å � � � =  ^ ¬ Fæ¼F®�·���� ª�f�� ³h�²�HºMAO c X]V±ORX c _`{ K�m c T�¨[¦©ª f)�d�,4¢¯±³µ·�·Ì®�¼�� NM�6��³ 	
L 
?� � X
� �
N 
�� ³h-V�_?X]MR_`{^{|K�V�{|WaMATIn03,³ f�5 	

6
5 ²u¼F¹05 j�� �d·�:[®�¼K5 	 j�� �&²u¼F¹

� 
 f�ªu¯-²`´µ´ ®�°=®�¼]·§8K ��KIj�©³ EDCC´¶³º®�6KD:@X��

; :]®��®�·�ª f�CF¯�® 	T�L®±g³h6¹?®�¼Cª`·Ì®�¹�������� 
 =kCC¯�® 	���©ª�f1V	� ³h�²�V�W?ZN¨��?X c _uOR\|WkZ ³ f�¾³h6V�W?Z *�\^V�OA��� c TUT
�$³ 
µ®;
Y¼Cª¤·54�ª�¼CªI¹?®� f�¯�ªE��²u¯R®Y³µ¼E�ªu¼;W&³ E�· 8,¹?®�¼Cª`·Ì®/²=������ ·�:[®Y�®�·9ª f-²u´µ´�E�ªu¼ 	 » ^ ¯R²u·�³ºªu¼[R�&²`¼C¹
²u �!���"�E·�:[®� ^ ¬��®�·9ª�f#����� E�ªu¼�·Ì²`³µ¼]³µ¼L»¤·�:[® 	d¼�³µ·Ì® ERª`¼ 	 » ^ ¯�²`·§³ºª`¼[�

� TUVU_`X]M�T�W`�gj$W?Z�nN\�OR\|WkZ � ��_	¨]Z[\|O�T¤V�WkZN¨]�kX c _`O�\^W?Z$¾O�T c S/\^Z]_uORTUM�_`O-_�V�X[OU� �,o[\^V�o½�&T¤nNT�Z]W`O�T

� �% ��W c �'&]��fgTUZ[W`ORT/O�o[T¤M�T�O�W?�&V�WkZN¨]�kX c _`O�\^W?Z]M�_kM����"����_UE�²��k³ E�²u´�V�WkZN¨]�kX c _`O�\^W?Z H��6� c � OU��M�T�O
\^Z]V�{|X]M�\^W?Z�K�\hM�V�_?{|{^TUn½_¾¯ ^ ¼ _`Z�nx�kT�Z[T c \hV�_?{|{^K nNTUZ[W`ORTUn)(2���$T¤nNTUZ[W`ORT/O�o[T�MAT�O�W`� c X[Z�M6_?M�*���?[W c
_?Z�TU�?T�ZaOSKk�[nNT�Z]W`O�T6_kM�+ K-,�O�o[T6M�S/_?{|{^TUMAO2V�WkZN¨]�?X c _`O�\^W?Z�V�W?ZaOR_?\|Z[\^Z[�>Kk�[_`Z]n	_?M�.0/�K-132$O�o]T�M�S�_`{^{|TIMPO
V�W?ZN¨��?X c _uOR\|WkZxV�WkZaOR_`\^Z[\^Z[� :K?� � T¤Z[W`ORT/O�o]_`O��4�������� N
��\hM�_�V�WkS/m[{|T�O�T¤{h_uO�O�\hV�T Hº�,\�ORo©X[Z[\^W?Z _?M
ePWk\|Z�_`Z�n�\^ZaO�T c M�TUV±OR\|WkZ�_kM$S/TUT�O,W?mCT c _uOR\|WkZ�K±�[_?Z]n�ORo]_uO �5����� � N
��\^M,_/V�WkS/m[{|T�O�T�{^Wu�$T c M�T�S/\^{^_`OAO�\hV�T
o�_=�a\^Z[� �4�!����� � N
�Y_kM-_¾V�WkS/m[{|T�O�T	{|Wu�&T c MAX]iN�ÌM�T�S/\^{^_`OAOR\^V�T?� A'�$W¾V�W?Z[¨]�?X c _uOR\|WkZ]M� _?Z]n
 	9_ c T
E�ªzE C]²u·�³º¬�´^®��[� c \|OAO�TUZ687� 	§�a\|�) &� 	�\hM9_-V�W?ZN¨��?X c _uOR\|WkZ���(}iL�L\^W?X]M�{|Kk��>N9 	F\|S/m[{^\|TIM�87� 	§�Li[XNO
Z]W`O��L\hV�T,�?T c MR_[��72W?O�T,��X c O�o]T c ORo]_uO:7$\^Mg¼Cªu·C_`Z/T�QaX[\^�u_`{^T�Z]V�T c T�{h_uO�\^W?Z�F�\^ZR?'\^�?X c Tgs[�`OR_ £ T2_kM; � O�o[T
\^Z[\|O�\h_`{¢V�X[OU�� � ,

� < � !Ì�0�,o[T c T�< � \hM}O�o[T�� c T�K=<���{h_`iCT�{^TUn T��kT�ZaOU�0_`Z�n)"> ,
� ?�!Ì���,\�ORo8?«O�o[T�W?Z[{^K

?���{h_`iCT�{^TUnxT��kT�ZaO�W?ZxO�o[T�{^Wu�&T c�c \^�?oaO6o]_?Z]nxM�\hnNT�W`�B?'\^�?X c T¤sN�RA9o]T�Z@ � 7� � _?Z]n$ � 7�">`�'i[XNO
� �A � 7BC> �±�D?]W c _?Z�T��?TUZaOGKF]jD MAX]V�o�ORo]_uOA: KiXE _`Z�n�MAX]V�o�ORo]_uO�Z[W¤TU�?T�ZaO2\^Z)�\hM2\^Z V�W?Z *]\hV±O
�,\|O�oFKk�C�VU_`Z¤iCT@E�ªu¼ E�²`·Ì®�¼C²`·Ì®�¹g�,\�ORoBKk�N� c \|OAORT�ZF�G Kk�N\^Z¤O�o]\^M9V�_kMATk�LW?Z[T�nNTUnNX�V�TUM&TI_?M�\|{^K�O�o]_`O+:K
S-X]MAO}iCT�_	V�WaMAT�O}W`�

6
�ÌS�_u¦N\^S/_?{'V�W?Z]nN\|O�\^W?Z�M}\^Z)���_`Z]n�O�o[T E�ªu¼ E�²`·Ì®�¼C²`·§³ºª`¼F�H�K

,
9& < K�> &CKD:

\hM}O�o[T/M�S/_?{|{^TUMAO�V�W?ZN¨��?X c _uOR\|WkZ�O�o]_`O�V�W?ZaOR_?\|Z�M < K > &���|A9o[T c T�{h_uOR\|WkZDG¥_`Z�n�O�o]T�V�W?Z]VU_uO�TUZ]_uOR\|WkZ
Wkm�T c _`O�\^W?Z¤T�¦LO�T�Z�n�ORW-m c T�¨[¦NTUM�F � c \|O�T��IG�K�\�� ?Ì³ CA: K|XJ�'H�\�� Tk� : K�\^M&Z[W?O9Z]TUV�TIM�MR_ c \^{|K/S�_u¦N\^S/_?{�K
_?Z]n ?Ì³µ³ C6K|j
� ] � �N_`Z]n�nNT�Z[W?O�Tk�a\^Z�ORo]_uO,V�_kMATk�a_kMK�IH K ,

�E& < K >�&>KD:2ORo[T E�ª`¼ E�²u·æ®�¼F²u·�³ºªu¼ W?�L�
_?Z]nCKk�NA9o]T-V�WkZ]V�_`O�TUZ]_uOR\|WkZ	Wkm�T c _`O�\^W?Z��kT�Z[T c _?{|\^¿�TIM9O�W�m]_`\ c M2W`��V�WkZN¨]�kX c _`O�\^W?Z]MU�]\^Z�ORo[T���Wk{|{^Wu�,\|Z]�
�9_=K?�

M���� - � Å�- � Å � � � ���u�N��� Å � � �gZLKY¨]Z]\�ORT�V�W?ZN¨]�kX c _uO�\^W?Z� � � c W?S O�o[T}X[ZN��W?{hnN\^Z[��� � � ��� � �ANH� C �
W?��� � �'�6� '/� �9\^Z]nNX]V�TUM}_�7:L³ f�· � c WkS�ORo[TYW c \^�?\^Z]_`{0Z]T�O � � �S�6�.'/�;�9O�W2� & � �'�6� ' & �9�,\|O�o
X]ZN��W?{hnN\^Z[�O� & � � � & � � & �%N & � C�& �±�]�,o[T c T

'�&
,

C � �
�% � �
\hM�O�o]T�S�_ c�£ \^Z[�	_kM�M�WNV�\h_uORTUn�ORW	O�o[T�V�X[O��kT�Z[T c _`O�TIn iLK)��iA9o[TUZ�����W c _`ZLK Wj9���"�P&[��O�o[T c T�\^M6_
X]Z[\ QaX[T�V�WkZN¨]�?X c _`O�\^W?Z�)- �j8������ORo]_uO&o]_?M!�_kMdm c T�¨]¦/_?Z]n¤M�X]V�o/O�o]_`O/�A)-  � ] �\^M�\^M�W?S/W c m[o[\hV`�
Q p0Ú p�ísoso 	 ×�ÙFÛ=í ìºÙ�í 	 q±ÕIí ì�Þ9Ü`ÚæÙ p0ÚPÚ 	 R ì§ÚPÚ 	 � ì �!S ��Ï �
	 Û � ì � Ê���Ï × � 	 ×�Û=ÚPì�ç�Õ=ì§í 	 q¢ì�ÚæÙ�Ú��UÙ§Ú 	 ì�í × 	 ìCÚPÙ§å � Ù�×d×±Ö`ÚPØ � Ù§Ú

× 	 Ù§Þ=Ú¢åP×±Ø§ØºÚPì�Ö`× 	 Û=í 	 q 	 ÚæÙ§ì�çu×±ÜUÙ � í 	 ÚPÛ � ì�Ù§Þ=Údí 	 Û=Õ=åPÚPÛ�ì§Õ=Ü 	 ÚæÙ§ì × � Ù§Þ=Ú � �&Ü=í Ú 	 Ù 	 ÚæÙ �

J é è J à



 

_kM9_Y{h_`iCT�{^{|TIn�� c _?m[o��aO�W �� � �P�[V�W?ZL�kT c MATU{|Kk�� � j8�����½M�_`O�\hMP¨�TUM�A- ">��,\�ORoF j6�������$�N\§� T?� ">�\^MORo[T�M�X �/¦�W`�K � _`�µO�T c ��N�&T6M�_=K�ORo]_uOB">�\^M,O�o[T�0FÌ7:L³ f�·,ª�f  � �N� c \�O�O�TUZ
 > � � &  � ( H§s K

?]X c O�o[T c �N\|�  � -���> -���@j8���"�¾��W c _`{^{ P j l m �[� c \|O�T
 � -���> -� � , <  � -� �> -� � ��PUjUl m8> (

� � ��� � ��� Á�� � ��= � Á � ZL? \^�?X c TYsN�F_ b T�O c \'Z[T�OV� \^M}MAo[Wu�,Z�WkZ�O�o[T-{|T��µOU�F_�i c _`Z]V�o]\|Z[��m c WNV�TIM�M� � � V �d� C �-W`� � W?Z ORo[T c \^�?oaO�o]_`Z]n M�\^nNTk� j$W?Z�nN\�OR\|WkZ]M�_ c T�{h_`iCT�{^TUn«iaK©m]{^_kV�TUMU�dTU�?T�ZaO�MYiLK
O c _?Z]M�\�OR\|WkZ]M�� �+V�WkZN¨]�?X c _`O�\^W?ZY\hMdM�o[Wu�,Z�\|Z/� c T�Kk�4A9o[T,S/TIV�o]_`Z[\hM�Sp��W c V�W?Z]MAO c X]V±OR\|Z]�}ORo[T,X[ZN��Wk{^n[\|Z[�
W?� b T�O c \�Z[T�O � \hM,\|{^{^X]MPO c _`O�TIn�\^Z	O�o[TYS�\hn[nN{^T?� � ZN��W c S�_`{^{|Kk�LOR_ £ T�O�o[T�ORo c T�T�V�WkZ]nN\|O�\^W?Z]M9{h_`iCT�{^TUn	iLK
ORo[T6\^Z[\�OR\^_?{�S�_ cR£ \|Z[�/W?�Z� _?M&ORo[T�S/\^Z[\|S�_?{�i c _`Z]V�o[\^Z[�/m c WNV�TUMRM&W`�@� �\A9o[TUZ��[��W c TU_kV�o�i c _`Z�V�o[\|Z]�
m c WNV�TIM�M8I � �S�6� C �6_?{ c TU_knNKxV�W?Z]MAO c X]V±ORTUn0��M�T�{^TUV±O�_ V�W?�ÌM�T�O6% W?�)� O�o]_`O�H�\ K6\hM�{h_`iCT�{^TUn©iLKxO�o[T
m c TIMAT�O): [9W`�¢MAWkS/T}O c _?Z]M�\�OR\|WkZd[&W`�@� ��_?Z]n H�\^\�K,o]_?M9Z[W [P��{h_`iCT�{^TUn�T��kT�ZaO,\|Z�\|ORM,mCWkMAORM�T�O2�,\|O�o]\|Zc�½�
�gm[mCT�Z]n�ORW!%�_/Z[T�O}\hMAWkS/W c m[o[\hV�O�WK: [ c [ c [�:>H c TIV�_`{^{�: [ � C � % � K��F_?Z]n�{h_`iCT�{�\|ORM�_?n]nN\�OR\|WkZ]_`{
Z]WLn[TUM�iLK [�_`Z]n%[ : � c TIMAmCTUV�O�\^�?TU{|Kk�>(}Z[T�ORoaX�M�W?iNO�_`\^Z]M c TIV�X c M�\|�kT�{^K _`{^{¢m�WaM�M�\|i]{|T-¨]Z[\|O�T�i c _`Z�V�o[\|Z]�
m c WNV�TIM�M�TUM&W?�=� �NORo[T�\ c X[Z[\^W?Z	\hM9O�o[T6X]ZN��W?{hnN\^Z[�O��� �

γ δ

d

c

α β

a

b

c

c

δ

d

γ

δ

d

γ

b

β

a

α

b

β

a

κ2

κ1

ca

α

? \^�?X c T � FG�9¼ ^ C C]®�¯/²u¼F¹	´|ª 4�®�¯�:]®�³�»;:L·§/ª f E�ªu¼
	'» ^ ¯�²u·�³ºªu¼]�3�®��L²EDCC´^® L � ^ ¼�f�ª`´|¹u³µ¼L» ?�¯±³�»;:L· C�ª f-²
· 4�ª F E�ªzE C]ªu¼F®�¼�· -,®�·§¯±³¢¼F®�·/?Ì´|®Jf�· C

è'è 	���� ã����



$I~ �C·Ì®Jf�²u¼��-²?²`¯

��Á � � �F� A'W�S/TU_kMAX c T-{|\^Z[TU_ c {^K�W c nNT c TUn �$W c n[MU�CO�o[T/{^T�Z[�?O�ox\^M6M�\|S/m[{^K��?\^�?TUZ iLK�O�o[T/ZLX[S-i�T c W?�
{^T�O�O�T c MU��A9o]\^M$V�_`Z/iCT}_?m[m[{^\|TIn�O�W6m]_ c OR\^_?{[W c nNT c Md_kM¢�$TU{|{��?KkT�Od��W c nN\h_`�kZ[WkMR_`i[\^{^\�OPK�\hMRMAX[TIM�� :[®�³�» :N·F\^Md_
S-X]V�o�S/W c Tg_?n[T�QaX]_uORT2S/TU_kMAX c T F!?[W c _6m c T�¨[¦ � jF�����'�a�aO�o]T :[®�³�»;:L·���� ����W`� �"\hM¢ORo[T�S/_`¦N\|S�_`{
{^T�Z]�`O�o	W`�¢MAO c \|Z[�aM9W`��V�_`X�M�_?{|{^K�W c nNT c TUn�T��kT�ZaORM&\^Z6� � � O2\^M2n[T�¨]Z[TIn	\|Z]n[X]V±OR\|�kT�{^K�_?M&��Wk{|{^Wu�2M F
� Á� � ����� Å �k0�� 1�®�·

l
`�� c l <

>

�
,

� ) � :(� �Y²6{^T�Z[�?O�o	��X[Z]V�O�\^W?Z@�OK|j�� ��� j6������� �'� �;
2�0®�·
�

l

� +�K , �
, l

��K;� :��
l

�0/�K-1;� H � K
�

l

�4���
, ����� < � l

� + K-,;���RK|j
� _ � > � H�t#K
4 :]®�¯R® ����� �Sa � , ) � :[®�¼ E�®	� l

��� � � � ) 

� �� � Á ='� Á� ��Á � ? \|¦¾_	{^T�Z[�?O�ox��X[Z]V±OR\|WkZ

l
�R?[W c P j l m � ��{^T�O��������

l�
i�T/ORo[T¤M�T�O6W`�9m c T�¨[¦NTUM

�,o]WkM�T�o]T�\^�?oaO2nNWLTUM9Z[W?O2T�¦[V�TUTUn�P¢�N\§� T?�dM�T�O
�������

l� , < � j6������� �
���4���
6
P�>��

TI_?V�oF�����'�
l�
o]_?M,_ H�X]Z[\ QaX[T�K N9��S�_`¦L\^SYX]S

�������
l�
�6�

l�
� 

�����������
l�
� (

j&_?{|{"�
l�
ORo[TY¼�·�:ICC¯±³ E�®�CF¯�® 	��g��W c � _`Z]n

l
�N_`ZLK�V�WkZN¨]�kX c _`O�\^W?Z� � MAX�V�o/O�o]_`O$ORo[T c TgT�¦L\hMAORM (Wj�*

�,\|O�o  � �I( _6�
l�
\hM�V�_?{|{^TUn _?Z ?Ì¼]·�: C|CC¯±³ E�®IE�ªu¼
	'» ^ ¯�²u·�³ºªu¼���W c

l
� � T��,\|{^{¢_?MRMAX[S/T-o[T�Z]V�T���W c ORo

ORo]_uO
l
��K;�1j <*) � & >���W c _`{^{?K F��P\^ZL�a\hM�\|i[{^T���T��?TUZaORM��,\^{|{diCT¤_?MRM�\|�kZ[TUn ) �'_?{|{¢W?O�o[T c M	��V�WkX[ZaO�TIn�����\§� T?�_kM�M�\^�?Z[TIn &?� � o]T�Z�Z[W�V�WkZN��X]M�\|WkZ	VU_`Z�_ c \^M�T?�N�&T��,\|{^{�n c W?m�O�o[T6T�¦Lm]{|\hV�\|O2S/T�ZaO�\^W?Z�W`�

l
�

� =�= Á �! � ÅLÄYÁ ��� Á � � �F��� � Æ�= � Å � � Á �I�R� � � Å � � � ���u�N��� Å � � �2ZLK�¨�Z[\�ORT-V�W?ZN¨]�kX c _uO�\^W?Z� \^M
\|ORM�T�{|�}_ m c T�¨[¦0��_`Z�n©O�oLX]M�f}T�¨]Z[\|O�\^W?Z 6 VU_`Z i�T�_`m[m]{|\^TUn O�W WkiNOR_?\|Z"���% �±� � TIMA\hnNTUMYO�o]\^M�o[TU\|�kokO
��X]Z]V±OR\|WkZ��]�,o[\hV�o��$TY�,\|{^{�o[TUZ]V�T���W c O�o V�_?{|{ ^ C C]®�¯/:]®�³�»;:L·��C�$T6\^ZaO c WLn[X]V�T�ORo[T¤´|ª 4�®�¯/:]®�³�»;:L·#� �A �9W?�
�_kM&��W?{^{|Wu�2M�F
� Á� � ����� Å �%$@� 4d³ ��²¤´|®�¼L»`·�:If ^ ¼ E�·�³ºªu¼

l

'&	³µ·�:�·�:]®-²k¬�ªu°u®�¼Fªu·æ²u·�³ºªu¼[R�d�®�·

� �A �
, ����� < P jUl m �)(6( j�*/( ("* � � @> � H§r K

4 :]®�¯R® ����� �Sa � � :(�b

+ � � ��= � Á �=� �9¼¤·�:[®g¯±³�»;:L·0:[²`¼C¹�±³º¹k®�ª f 4�³�» ^ ¯R® � ��²=� ^ E�³µ¼a»

l , &��04�® :[²u°u®-���% � � �.� �A � � �+x²u¼F¹/���AC>;� �10 � 4 :]®�¯�®�²u2� �% � � � +�3"���AC>;��
�7�·$³h�·æ® E CF·§³µ¼L»¤·æª�¬�®�´¶³º®�°=®-·�:[²u·2®�°=²`´ ^ ²u·�³µ¼a»�·�:[®
´^ª 4�®�¯ :[®�³�»;:L·�ª�f}²�E�ª`¼ 	'» ^ ¯�²`·§³ºª`¼�¯�®�¹ ^ E�®�2·ÌªY·æ² 6`³µ¼a»-·�:]® E-³µ¼�³ E/²`´ :]®�³�»;:L·�ª f}²+E/²;�?³ E�²u´0®�°=®�¼]·,33f�ª`¯
">D�&·�:]® 	d¯�±·2ª E9E ^ ¯±¯�®�¼ E�®/ª�f235³h1E/²;�?³ E�²u´ �,²`¼C¹�³µ·º�:[®�³�» :N·,¸u³º®�´|¹u�� �AC>;��
 ; :L³h�4�ª ^ ´|¹�ª f�E�ª ^ ¯��®
±³ EDCC´¶³ f�¸½·�:[®�²k¬Rª`°=®x¹?® 	d¼�³µ·§³ºª`¼`�Y¬ ^ ·6³µ·�4�ª ^ ´|¹©¬�® Ä � Å ��� 8Y´^ª 4�®�¯.:]®�³�»;:L·-³h�¼Cª`· A ^ ³µ·æ®�²=�´^ª E�²u´2²CF¯�ªyC]®�¯±·§¸�²u�³µ·$�®�®�E-�
54dª`¼[±³º¹?®�¯�·�:[®�ª E9E ^ ¯±¯�®�¼ E�®6¼C®�·&³µ¼K4�³�» ^ ¯�® � 
54dª`¼ 	'» ^ ¯�²`·§³ºª`¼6 	�³hY²NCF¯�ªyC]®�¯CF¯�® 	���ª�f��89·�:]® CC¯±³ E�®DCC¯�® 	��L®�-²u¯�®#� � � <
6 �87�>��L� � �  � �9²u¼F¹�� > � � � & < 3���9�> 
/�9¼C® 	d¼F¹=
¹`³µ¯�®9E�·�´¶¸�·�:[²`·�� �A � �:���% � �:���% 	 � ��& 8�E�ªu¯�®� ^ ¯GCC¯±³h±³µ¼a»?´¶¸��$ª`¼C®�²u´ �ª :]²=;� �A 	 � � & 
T7�¼+f�² E�·'�
( 	�* �;<  	 8$²u¼F¹.&¤³h6·�:[®+E/²;�k³ E/²`´�°u²u´ ^ ® 4¢³µ·�:�·�:N³h�CC¯�ª�C[®�¯±·§¸¤�³µ¼ E�®�( 	�]* �>=  	 


J é è J à



$ $

b

β

a

α

dc

c

γ = ωκ  

κ’

ω’

? \|�kX c T�t�F/4¢ª`¼ 	 » ^ ¯�²`·§³ºª`¼[# ²u¼C¹� 	,:[²`°=®-·�:[®��²E�®�´|ª 4�®�¯>:]®�³�»;:L·§

(g�¢V�WkX c M�T?��� �A �
6
���A ��� 72W?O�T�O�o]_`O2T�QaX]_?{|\|OPK¤o[Wk{^n[M9\|�

�6(+��( 	 jF* ` � �%�NJ(�� >N@( 	 � # � ("* �������
	 ���"� H 6 K
n[T�Z[W?O�T9O�o]TgV�WkZN¨]�?X c _`O�\^W?Z]M ORo]_uO�MR_uOR\^MA��K�H 6 K¢_kM ='� Å � � Á �I����� Á ��7gW`ORT9O�o]_`O! j������ \hM¢m c W?� c TIM�M�\^�?T
\|� ��W c _`{^{O 	�j �����7MAX]V�o5O�o]_`O� 7@ 	6_`Z�n:�

l

�% �� �
l

�% 	 ���}\|O�o[W?{hn[M�O�o]_`O= 	
N �� � Z
? \^�?X c T�sN�  M�o]_knNTUn¾\^Z©� c T�K \hM�m c Wk� c TUMRMA\^�?T F��,\|O�o

l , &k�'WkZ[T�o]_kM �
l

�% � � +N��_`Z]n©_?ZLK W`ORo[T c
V�W?ZN¨��?X c _uOR\|WkZYW`�FORo]_uOdo[TU\|�koaOd\^M¢TU\�ORo[T c _�m c T�¨[¦-W?�L¤W c \^Z]V�WkS/m]_uOR\|i[{^T?�!A9o[T2Z]W`O�\^W?Z/W?�Cm c W?� c TIM�M�\^�?T
V�W?ZN¨��?X c _uOR\|WkZ�M�T c �?TIM O�W�nN\hM�V�T c Z�i�TUo]_=�L\|WkX c M¢_?V�V�W c nN\^Z[��O�W��Ai]_`{h_`Z]V�T��wF�\^Z�m c W?� c TUMRM�\|�kT�iCT�o]_=�L\^W?X c M��
_?{|{'MAX[i[��m c WNV�TIM�M�TUM9_?n[�=_?Z]V�T6_`Og_`Z�Hº_?m[m c W=¦L\^S�_uORT�{^K�K�T�QaX]_?{�m]_kV�T?�NZ]W�{|WNV�_?{�m c WNV�TUMRM&\^M2{|T��µOgi�TUo[\^Z]n0�
� ZU? \|�kX c T�sN�0Z]W`O�_`{^{¢V�W?Z[¨]�?X c _uOR\|WkZ]Mg_ c T�m c W?� c TIM�M�\|�kT F9O�_ £ TY��W c T�¦[_?S�m]{|T-O�o[T�M�X[iN�æV�WkZN¨]�?X c _`O�\^W?Z
W?��ORo[T�� c T�K 	�,\|O�o�O�o[T��k��{h_`iCT�{^TUn�T��kT�ZaO,V�o[W?m[mCTUn�W`����&�W c T6n c _?MAO�\hV�_`{^{^K?�kO�o[T6Z[T�O,o]_?M,_?Z�\^ZN¨]Z[\|O�T
c X[Z©�,\|O�o W?Z[{^K)?��Ì_?Z]n 3C��{h_`iCT�{^TUn½TU�?T�ZaO�M��¢WkZ©O�o[\hM c X[Z��'ORo[T c T�\hMY_?Z \^ZN¨]Z[\|OPK½W`�2Z[WkZN��m c Wk� c TUMRMA\^�?T
V�W?ZN¨��?X c _uOR\|WkZ]M��!(}Z[{|K-O�o]T2WNV�V�X c�c T�Z]V�T,W`�¢³µ°��,\^{^{]{^TU_?n�ORW�m c W?� c TIM�M�\|�kT&V�W?ZN¨��?X c _uOR\|WkZ]M��?\|Z/�º_kV±OU�kO�o]\^M
\hM&O�o]T6W?Z[{^K¤m c W?� c TIM�M$m�WaM�M�\^i[{|T6\^Z�V�WkS�mCW?Z]T�ZaOgs-_kM9{|WkZ[��_?M�³CZ[T��kT c ¨ c TUMU�

��Á �«�N��2¢� ª ^ ¯,¼Cª`·§³ºª`¼�ª f�CC¯Rª�»?¯�®�R±³µ°u® ERª`¼ 	 » ^ ¯�²`·§³ºª`¼ E�²yCF· ^ ¯R®±,·�:[®�m c Wk� c TUMRM'_kM�M�X[S/mNOR\|WkZxª�f�·æ®�¼
^ �®�¹/³µ¼x·�:]®�´¶³µ·æ®�¯�²u· ^ ¯�®Yª`¼¾¹`³h�·�¯±³º¬ ^ ·Ì®�¹�²`´ »aªu¯±³µ·�:/E-��$�®R® � N�� ��f�ªu¯�²u¼¾ª`°=®�¯±°I³º® 4 


� Z ? \|�kX c T � �gO�o[T©M�\�ORX]_uOR\|WkZ5\^M	S/W c T½MAKLS/S/T�O c \hV �,\|O�o c TIMAmCTUV�O�ORW iCW`ORoEV�WkS/m�WkZ[T�ZaORM�F«_?{|{
V�W?ZN¨��?X c _uOR\|WkZ]M¤_ c T V�W?S/m]_uOR\|i]{|Tx�,\�ORo5O�o]T X[Z[\�QaX[T c X[Z�� * Wu�&T��kT c �&O�o[T c T¾_ c T Z[WkZN��m c Wk� c TUMRMA\^�?T
V�W?ZN¨��?X c _uOR\|WkZ]M,ORo]_uO�V�_?ZxiCT�nNTUV�W?S/mCWkM�TUn \^ZaO�W�_`Zx\|ZN¨�Z[\�ORT�T�¦NTUV�XNO�\^W?ZxW`��WkZ[T�V�WkS�mCW?Z]T�ZaO�_?Z]n _
¨�Z[\�ORT6T�¦NTUV�XNO�\^W?Z	W`� O�o]T6W`O�o]T c � � T�_`{hM�W-Z[W?O�T F

� �% � � :(� #  j�*/( HG)zK
A9o]T�V�W?ZL�?T c M�T�\^M9Z[W?O,O c X[T6MA\^Z]V�T6S/_`¦N\|S�_`{ c X[Z]M9S�_=K¤iCT�¨]Z[\|O�Tk�

è'è 	���� ã����



$=s �C·Ì®Jf�²u¼��-²?²`¯

� � 
���������� �Y����!	
"���������	��
���


* Å ��= ���I�N��� Å � Å - ���§� ��� Å ���§� � T c TUVU_`{^{di c \|T�*]KxO�o[T	nN\^_?�?Z[WaMA\hM�_?m[m c Wk_?V�o¾W`�6�  u¡ FYORo[T�_kMAKLZN�
V�o c WkZ[W?X]M nN\h_`�kZ[WkM�\^M m c W?i]{|TUSp\^M¢M�W?{^�?TIn�X]M�\|Z]��¹`³º²�»?¼Cªu�³h}¼C®�·º±�u\^ZkO c WNnNX�V�TUnYO�W�T�¦Lm c TIM�M'O�o]T2MAWk{|XNOR\|WkZ
W?�C_kMAKLZ]V�o c W?Z]W?X]M nN\h_`�?Z]WkM�\^M�F j$W?S/m[X[O�T9i c _`Z]V�o[\^Z[��m c WNV�TUMRM�TUM'W`�CO�o[T,m c WNnNX]V�O�Z]T�O?� $ %EW?i[OR_`\^Z[TIn
� c W?S ��_`Z�nx_?Zx_`{h_ c S m]_`OAO�T c ZF%����,o]T c T�% \hM��?\^�?T�Z¾_?M�_�V�WkZN¨]�?X c _`O�\^W?Z HºX[ZLi c _?Z]V�o[TIn WNV�V�X c �
c T�Z�V�T�Z[T�O�K�\|ORM�T�{|�P� A9o[T¤m c WNnNX]V±O-�?{^X[TUM�ORW?�kT�O�o]T c O c _?Z]MA\|O�\^W?Z�M�W`� ���,\�ORo«V�W c�c TUM�m�WkZ]nN\^Z[��_`{h_ c S/M
\^ZC% H�O�o[\hM�\hM6ORo[T ±¸u¼ E9:L¯Rªu¼]³��I®�¹RCC¯�ªI¹ ^ E�·d��W cYb T�O c \$Z[T�O�MyK��¢O�o]T¤X[ZN��Wk{^nN\^Z[��� �����pORoaX�M�W?i[OR_`\^Z[TIn
V�W?Z]M�\hMPO�M}W?�&_?{|{ O�o]T�T�¦Nm[{^_?Z]_uOR\|WkZ]M}O�o]_`O+� VU_`Z �k\|�kTY��W c %�� � Z �º_kV±OU��O�o[T�V�WkZN¨]�kX c _`O�\^W?Z]M�¾W`���
ORo]_uO-®���CC´|²`³µ¼!%7_ c T�O�o[WaMAT���W c �,o]\^V�o���� �����
	 V�WkZkO�_`\^Z]M,_/V�W c�c TUM�m�WkZ]nN\^Z[�/V�W?Z[¨]�?X c _uOR\|WkZ ��,o]WkM�T
m c W?ePTUV±OR\|WkZ H�\ K¢ORWYORo[T�_`{h_ c S¥M�T�O9KL\|TU{^n[MO%��N_`Z�nLH�\^\ K¢ORW�� �ÌZ[WNnNTUM$KL\|TU{^n]M!�� � Z�? \|�kX c T�rN�NnN\h_`�kZ[WkM�\hM
\hM9MAo]Wu�,Z���W c O�o]T c X[Z[Z]\|Z[�-T�¦[_`S/m[{^T?� � Z�O�o[T�_`{h_ c S7m]_uO�O�T c Z�W?Z¤ORo[T�{|T��µO,o]_`Z]n�MA\hnNTk�LV�W?Z]M�\hnNT c W?Z[{^K
ORo[T�\|Z[\|O�\h_`{FM�T��?S/TUZkO&�,\�ORo�_-n[_ cR£ i�_?V £ � c W?X[Z�n0�?ORo[T}V�T�ZaO�T c m�_ c W?Z�ORo[T c \^�?oaO�o]_?Z]n�M�\^n[T?�NV�_?{|{C\�O�%��
A9o]TYV�TUZkORT c m�_ c OgMAo[Wu�2M,O�o[T�X]ZN��W?{hnN\^Z[��W`��O�o]T�m c WLn[X]V±O � $�%�� 72W?O�T6ORo]_uOgO�o[T�m c WNnNX]V�O}_?V�O�X]_?{��
{^K�SYX]{�OR\|m[{^\^TUM�MAWkS/T-TU�?T�ZaO�MgiLK/ePW?\^Z[\^Z[��nN\��FT c T�ZaO6_`{h_ c S o[\^MAO�W c \^TUMU�|?[X c ORo[T c �FZ[W`ORTYORo[T�MPO c X]V�O�X c _`{
V�W?Z *�\^V�OY\|Z�nN\^VU_uORTUn©iLK!� Y/�¤iCT�OP�&T�TUZ½O�o[T�OP�$W��k�Ì{^_?i�TU{|TIn½T��?TUZaORM�_`OYO�o]T¤i�W?OAORW?S���\|O-\hM�\^Z[o[T c \|O�TIn
� c W?S"O�o[TYi c _?Z]V�o[\^Z[�¤V�WkZ]nN\|O�\^W?Z�{h_`iCT�{^TUn �A\|\ �Y_`iCWu�?T?�N�,\|O�o�� Y/��\^Z]nN\hV�_`O�\^Z[��O�o]T�\|S/S/TUn[\^_`O�TYV�W?Z *]\hV±O
_`O>�A\|\ ��� A9o[\hM�V�W?Z`*]\^V�O c T\*]TIV±ORM2O�o[T c TIMPO c \hV±OR\|WkZ�\|S/mCWkM�TUn�iLK�ORo[TY_?{^_ c S/m]_`OAO�T c Z�F$M�\|Z]V�TS%�V�W?ZaOR_?\|Z]M
WkZ[{^K�WkZ[T�k��{h_`iCT�{^TUn�TU�?T�ZaOI�]Z[W�T�¦Nm[{h_`Z]_`O�\^W?Z�V�_?Z V�W?ZaO�_`\^Z�S�W c T�ORo]_`Z W?Z[TYM�X]V�o�TU�?T�ZaOI� A9o[T c \|�koaO
o�_`Z]n	m]_ c O2W?��? \^�?X c TYr�Z[Wu� MAo]Wu�2M&O�o[T�m c W?ePTUV±OR\|WkZ�W`� ��������ORW¤T�{^T�S/T�ZaO�M,W`��� �]\�� T?�9_/m c T�¨[¦�W?�
� ���aO�o]Tgm c W`ePTIV±O�\^W?Z/TUZ c \hV�o[TIM¢O�o]\^M�m c T�¨[¦/�,\�ORo¤O�o]T2\|Z]o[T c \�ORTUn¤V�W?Z *�\^V�O$iCT�OP�&T�T�Z/ORo[T2OP�&W� � M��,o[\hV�o
\hM6ORo[T�V�W?ZaO c \|i]XNO�\^W?Z¾� c W?S O�o[T¤Wki]M�T c �=_`O�\^W?Z���A9o[T�nN\h_`�kZ[WkM�\hM6MAT�O�O�oLX]M-V�W?Z�MA\hMPO�M6W`�,\|OY\hM,ePX]MAO�\|¨]TUn
iLK½ORo[T�i c _`Z]V�o[\^Z[� O�o c T�T�V�WkZN¨]�kX c _`O�\^W?Z]M�F�O�o[T�WkZ[T��,\|O�o�_`{^{,T��kT�ZaORM��,o[\|O�T�\^Z«ORo[T�¨]�kX c Tk��_`Z�n
ORo[T¤OP�&WxV�W?ZN¨��?X c _uOR\|WkZ]M���W c S/TUn©iLK¾O�o]T	M�o]_?n[TUn©TU�?T�ZaO�M��,\|O�o«{h_`iCT�{hM < _?Z]n$?Em[{|X�MYWkZ[T�W?�2O�o[T
OP�&W¤M�o]_?nNTIn�� � MU�DA9o[T�\^ZaO�T c TUMAO�TIn c TI_?nNT c S�_=K	V�W?ZaO�\^ZLX[T�X[Z[��W?{hnN\|Z]�¤�,\�ORo�O�o]T f ^ ´µ´]_?{^_ c S m]_uO�O�T c Z��
_?Z]n��,\|{^{�Z[W?O�\hV�T�O�o]_`O9O�o[T��A�,o[\|O�T��6V�WkZN¨]�?X c _`O�\^W?Z��,\^{^{�i�T c X[{^TUn�W?XNOgM�\|Z�V�T�\�Ogn[WaTIM9Z[W`O2_?{|{^Wu�5��W c _
V�W?ZaO�\^ZLX]_uOR\|WkZ��,\|O�o�_�M�TUV�WkZ]n <��ÌT��?TUZaOg_?M c T�QaX[\ c TIn¤iLK�O�o]T�_`{h_ c S�m]_uO�O�T c Z��

7gWu�6�9��W c ORo[T���W c S�_`{�nNT�¨]Z]\�OR\|WkZ]M��p�gZ5_`{h_ c S m]_`OAO�T c Z+\hM�_?Z
A
��{h_`iCT�{^TUn m]_ c OR\^_?{|{^K«W c nNT c TIn

M�T�OI�F�$TYVU_`Z���W c S�_`{^{^K c T�m c TUM�T�ZaOg_?Z _`{h_ c S m]_`OAORT c Z _?Mg_�V�WkZ *]\hV±OA��� c T�T
A
�Ì{^_?i�TU{|TIn�WLVUV�X cRc T�Z]V�T�Z[T�O

%�� � ���)� ���+�AN�������� ���[W?iNO�_`\^Z[TUn�_kM&��W?{^{|Wu�2M�F
$?������`���� c A ]�� �
sN� A�W�W?iNO�_`\^Z�ORo[T-V�W?Z]n[\�OR\|WkZ]M,W`�����g�]�&TY_?n[n	OP�&W¤_`X[¦L\^{^\^_ c K¤TU{|TUS/T�ZaORM��2��� MAX]V�o�ORo]_uOg��W c _?{|{

K|j
���g�NWkZ[T�o]_?M�� 3 < 3��2�[O�o[TUZ�V�W?S/m[XNORT�O�o[T6m c TUn[TUV�TIM�M�W c9c T�{h_uOR\|WkZ �"! F
K�"! K 	 #%$'&( # KA3 K 	 � �	K 	 	 `@KA3 K 	 3 K 	 # K 	 	 j < KJ�*K 	 >J�

_`Z]n�M�T�O
���

, < �,K��*K 	 �
� K)�"! K 	 > & < �*��K 	 �2�+�,�"! K�> & < �,K��-� �2�RK�"!.�0> (
fgTUZ[W`ORT�O�o[T6\^Z[\|O�\h_`{�V�XNO2W`� %7_?M��+�}�]V�{|TI_ c {|Kk�

� � � < ��KJ��� �2� K"� ! �0>)(

J é è J à



$ �

#

#

α

4322

71

α α

6 67 5

ρ

44

ρρ

1 1

ββ

i

ii ii

iii iii iii

ρ

β

β

α

ρ

i

ii

iii

α

iviviv

iv

#

44

657

432

11

1 7

2

11

ρ αρ α

ρ

ββ

? \^�?X c T�r�F � {^{^X]MPO c _`O�\^W?ZxW`�&f}\h_`�?Z]WkM�\^Mg��W c O�o]T c X[Z[Z]\|Z[�	T�¦[_?S�m]{|Tk����T��µO�F��2{h_ c S#m]_`OAO�T c ZB%YHºW?Z[{^K
ORo[T¤m]_ c OYM�o]_knNTUn½\^Z©� c T�K \hM�X�MATInOK±�dV�T�ZaO�T c F-X[ZN��W?{hnN\^Z[� � ����� W`�	� $B%�� c \|�koaO�F�m c W`ePTIV±OR\|WkZ¾W?�
� ����� O�W/Z[WNnNTIM9� c WkSH� �[�,\|O�o�T�¦LO c _/V�WkZ *]\hV±O,\^Z[o[T c \|O�TUn	X[Z�nNT c ORo[T6m c W`ePTUV�O�\^W?Z

è'è 	���� ã����



$Ut �C·Ì®Jf�²u¼��-²?²`¯

� �2JLT�O c �2� < �,KJ�L� ��� �,� �*K 	���� K)�"!�K 	 �B�>���,K��*K 	 ��>k�
?]W c �?\^�?TUZ _?{^_ c S m]_`OAORT c Z % _`Z]n S/WNnNT�{ � �&{|T�O �8` � c A

_?Z]n1% `T��� c A ] < � >�iCT�O�o[Tc TUM�mCTUV±OR\|�kT�{^_?i�TU{|{^\|Z]�-��X]Z]V±OR\|WkZ]M���_`Z]n	V�WkZ]MA\hnNT c O�o[T�M�KLZ]V�o c W?Z[\^¿�TIn¤m c WNnNX]V±O2W?�=� _`Z�n�%¥�6� c � OU�
A
�

ORo]_uO�\^M�F$O�o[T b T�O c \'Z]T�O � $>% � �!�K�����+��� �����)� c �����)���'�����)� '������ �����,o[T c TA� ����� \^MgO�o[T
n[\^MºePW?\^ZaO9X]Z[\|WkZ�W`�?� _`Z�n!���
� ����� P

, < [�j1� � �0� [7� � � > & < . [\�LK32�j � $���� �+�0� [7� � ���/��K;�R>
c � ����� 	 , < �43T�;[7��j � $1� � �0� [7� � � � 3 c [�> & < � [\�=3 �BjK� $F� �+�0� [7� � � � [ c 3�>

& < � 3T�0.�[\�*K 27��j � $�'� $
��� �2� � � [7� � ���>�,K � � 3 c [\>
& < � . [\�*K 2\�=3 �Bj �S� $���� �V$F� � � � [7� � ���>�,K � � [ c 3�>
& < ��� � . [\�*K 27�Bj
��� $ �'� $���� �2� �0� [7� �����/��K;��� � c � K�>
& < � . [\�*K 27���*� �Bj�S� $���� � $���� � � � [ � � ���>�,K;��� K c � � >

' �����
,

'/� &
� � �
_?Z]n�� ������\hM9�?\^�?TUZ�iLK �'�����>� . [\�*K 27� ���0� [7� � ���/��K;�$��W c M�KLZ]V�o c W?Z[\^¿U_`O�\^W?Z�O c _?Z]MA\|O�\^W?Z�M��N_`Z�n�iLK
�	_?Z]n ���«W?O�o[T c �,\hMATk� f}T�Z]W`O�T�_?M�� ����� � _?Z]n��P�3��� � ORo[T�m c W?ePTUV�O�\^W?Z]Md� c WkS � $/% ORW�� _`Z�n!%��
c TUM�mCTUV±OR\|�kT�{^K?�

���º� ��� Å ���º�Y� Á � j$W?Z�MA\hnNT c Z[Wu��ORo[T�X[ZN��W?{hnN\^Z[�:��� ����� 	 �[_`Z]n�nNT�Z]W`O�T}O�o]T�M�T�O9W`��\|ORM@H�¨]Z[\|O�T�K9V�W?ZN�
¨��?X c _uOR\|WkZ]M$_kM#���"��� �����
	 �[_`Z]n�O�o[T6M�X[i]M�T�O,W`� 	d¼�³µ·Ì®9V�W?ZN¨]�kX c _uO�\^W?Z�M$_kM��!���"� � ����� 	 �M?[W c TU�?T c K
 � ����� 	 j����"� � ����� 	 �=nNT�Z[W?O�T��]iLK�_`i[X]M�T¢W`�LZ[W?OR_uOR\|WkZ���_?M��P����� � �% � ����� 	 �0_`Z]n��P����� � �% � �����
	 �
ORo[T �Pm]X c T �/M�X[i[Z[T�ORM�W?� ���)_?Z]nB%�� c TUM�m�TIV±OR\|�kT�{^K?�0ORo]_uO�_ c T/\|Z�nNX]V�TIn iLK�ORo[T�m c W`ePTIV±O�\^W?Z�M��P����� �
_?Z]n	� ����� � �

?]W c nN\h_`�?Z]WkM�\^MU�k�&T�_ c T}\^ZaO�T c TUMAO�TIn¤\^Z¤ORo[WkM�T�V�W?ZN¨��?X c _uOR\|WkZ]M�W?��O�o]T�Z]T�O,S/WLn[T�{CO�o]_`OY®���CC´^²u³µ¼ %��
_kV�V�W c nN\|Z]�YORW A9o]T�W c T�S $�W?�$�  u¡Ì�NO�o]TUM�T�V�W?ZN¨��?X c _uOR\|WkZ]M9_ c TgORo[T6T�{^T�S/T�ZaO�M,W`�


����� ��% �
, <  j=����� �)(  j����"� ����� `�� ����� � �  � � %�������� ����� � �  � � @> ( Hºv K

� T2Z[W?O�T,ORo]_uO���W c _?{|{  j=�������kO�o]T c T2\^MdT�¦[_?V�O�{^K-WkZ[T2_`{h_ c S m]_`OAORT c Z %p_?V�V�W c nN\^Z[��O�W ��MAX]V�o/ORo]_uO
 j 
����� � % �±���,o[\^V�o	�&T�n[T�Z[W?O�T�_?M�� ���� �% �±�
��T�O����"��! i�T�ORo[T�M�T�O,W`�¢_`{^{0T��FTUV�O�\^�?T�_`{h_ c S m]_`OAO�T c Z�M9W`�@� �NO�o]_`O2\^M

���"� !
, < %I� (� j8������`G%[j�� ���� �% �R> (

� �#�����Y����
'�6��������C�

A9o]T QkX]TUMAO�\^W?Z�\^M¢Z]Wu� �,o]_`O¢O�o[T2M�KNMPORT�S¥_`Z]nYO�o[T}nN\^_?�?Z[WaMA\hM�MAT�O�X[m�o�_=�?T$O�W�MR_uO�\hMA��K���W c ORo[\hM¢S/T�O�o]WLn
ORW n[T�O�TIV±O�T��FTUV�O�\^�?T�{^K5_`{^{��º_`X[{|ORM�F©ORo]_uO�\hM��}�$T¾�&_?ZaO�O�W ��W c S�_`{^{|K+V�o]_ c _kV±ORT c \|¿UT ¹u³º²U»`¼Fª=�²?¬�³µ´¶³µ·�¸u�
� ZaORX[\�OR\|�kT�{^K?�gO�o[T¾m c W?mCT c O�\^TUM�ORo]_uO�V�_?Z5m c T��kT�ZaO	_ MAKNMAO�T�S � c W?S3iCT�\^Z[� n[\^_?�?Z[WaM�_?i[{|Tk�2_?M�\|Z O�o[T
V�{^_kM�M�\hV�_`{F_`X[O�W?S�_`O�W?Z�MAT�OAO�\^Z[���[_ c \^M�T2� c W?S7ORo[T�m�WaM�M�\|i]\|{^\�OPK�W?��\^Za�L\hMA\^i[{^T�V�KNV�{^TUM9_`{^{|Wu�,\^Z[�-T�¦NTUV�XNO�\^W?Z]M
W?��_ c i]\�O c _ c K {^T�Z]�`O�o��,\|O�o[WkXNO�_ n[TUV�\hM�\|WkZ�_?i�WkXNO��º_`\^{^X c Tk� * Wu�$TU�?T c ��O�o[T m�_ c O�\h_`{2W c nNT c MAT�OAOR\|Z[�
c T�QaX[\ c TUM&T�¦LO c _/V�_ c T�\|Z c T��ænNT�¨�Z[\|Z]� ��V�KNV�{|TIM��±�N_?M9\|OgnN\^n���W c �P{^T�Z[�?O�o �±�

J é è J à



$=r

����� ���	��
�������	������������������������ �!���"�#�����

� Á� � ����� Å �k.�� 1�®�·�� � �!������� c �.'/� �/¬�®�² -,®�·§¯±³$¼C®�· 4¢³µ·�: ^ ¼�f�ª`´|¹u³µ¼L»O��� � ��� � �ANH� C ���,²`¼C¹
A

²u¼ ²`´|²u¯wE ²u´ C :[²?¬�®�· E�ªu¼�·Ì²`³µ¼]³µ¼a»©·�:]®�®�EDCC·�¸�4�ª`¯�¹ � 8\f ^ ¯±·�:]®�¯R��´^®�·%$a` � c A
�Mf�ªu¯

A
�ªE�®

¼Fªu¼ FA®�EDCC·�¸¤²u´ C :[²?¬�®�· �,¬�®-²�{^_?i�TU{|{^\|Z]�-��X]Z]V±OR\|WkZ ²=��ª E�³º²u·�³µ¼a»�²`´|²u¯wE-6·Ìª�±¸=�·æ® E"·�¯�²u¼]�³µ·�³ºªu¼]�

J 4d²u´µ´d\^ZL�a\hM�\|i[{^T�ª`¯�X]Z[W?i]M�T c �u_`i[{^T¤·�¯�²u¼]±³µ·§³ºª`¼[�·�:]®-®�´|® E/®�¼]·§Yª�f�Z\V

,
$ � � � � ���&²u¼F¹�´|®�·

J V
,
� ] Z\V"¬�®Y·�:]®6�®�·&ª f,W?i]M�T c �u_`i[{^T�·�¯�²u¼]�³µ·�³ºªu¼]R�$²u¼C¹

J dkX Z\V"·�:]®6�®�·&ª�f,�º_`X[{|ORMY·Ìª�¬R®�¹u³º²U»`¼Fª=�®�¹�

* T c T?�;� � �!������� c �.' � � \hM�O�o]T,X[Z]nNT c {^KL\|Z[�	�PO c X[T��,MAKNMAO�TUS	�k�,\�ORo�O�o[T,m[{h_?V�TUM�\^Z.� c T�m c TUM�T�ZaO��

\^Z[�}O�o[T&X[Z[Wki]M�T c �=_?i[{^T�{^WLVU_`{LMPO�_uORT$�u_ c \h_`i[{^TUMU�4A9o[\hM'� c _?S/T��&W cR£ _?{|{^Wu�2M0��W c ®�¯�²u�³µ¼L»NH�\�� Tk� {h_`iCT�{^\^Z[�giLK
� K�_`Z]n ²zE/¬�³�» ^ ³µ·§¸+H�O�o[T�M�_?S/T2{^_?i�TU{]��W c n[\^MAO�\^Z]V±O&T��kT�ZaORM�K±� � \|O�o[WkXNO&{^WkMRMdW?�0�?T�Z]T c _`{^\�OPKk�/dF_ V �ba�F
_��º_?X[{�OYO�o]_`O�\^M6\^Z]nN\hV�_`O�TIn½iaKx_`Z©_`{h_ c S#Z[TUTUn[M6Z]W`O�iCT�nN\h_`�?Z]WkM�TUn0��O�o[T�n[\^_?�?Z[WaMA\hM�m c Wki[{^T�S V�W?ZN�
V�T c Z]M�±³µ´|®�¼]·��º_?X[{|ORMU�[�,o[WkM�T�_?MRM�WLV�\^_`O�TIn ��_`{h_ c S �}\^M � ��?[X c O�o]T c �]MAT�O?� %

,
C � � � d �±� � !

,
C ��� ��V �±�

_?Z]nB��&�!
,

� ] � !9��fgTUZ[W`ORT�_?MIT ,
������� � � ��ORo[T�M�T�OYW?��� � M6¨�Z[\�ORT�V�W?ZN¨]�kX c _uO�\^W?Z�M���_?Z]n©_?M

T(' �*),+ O�o[T�M�T�O,W?�3CC¯Rª�»?¯�®�R±³µ°u®2V�W?ZN¨]�kX c _uO�\^W?Z�M��aW?i]M�T c �?TgO�o]_`O T+_`Z]n�T-' �*).+ _ c T�m c T�¨[¦	V�{^WkM�TUn0�N_`Z�n
m�_ c O�\h_`{^{|K�W c nNT c TUn¤iaK�N6��?[W c  j�T {|T�O&' �% ��i�T}O�o[T�S�_ cR£ \|Z[�-W?iNO�_`\^Z[TUn�_u�µO�T c ��N_`Z]n�_?M�
!©O�o[T
{h_`iCT�{^TUn�m]_ c OR\^_?{0W c nNT c \^Z]nNX]V�TUn	iLK��W?Z=0_!� ! �]_`Z]n�� c \�ORT

 * !  	0/ 1  ! ²u¼C¹� 	 ! ²u¯R®�³h�ªE�ªu¯GC :N³ EBC]²u¯±·�³º²u´�ª`¯�¹?®�¯� �
* ! \hM,_`Z	T�QaX[\^�u_`{^T�Z]V�T?�M?[X c ORo[T c �N{|T�O�*32"_`Z]n * % iCT�O�o[T6T�QkX]\|�u_`{^T�Z�V�TUM&WkZ�T+�k\|�kT�Z�iaK

 * 2  	 / 1 ' �A � �P' �% 	 �
 */%� 	0/ 1 � 0_!� % � a ( #  	 _ � %-�ba;!)(

JNW?S/T���X c ORo[T c m c TUm]_ c _uOR\|WkZ]M&_ c T�\^Z	W c nNT c iCT���W c T6nNT�¨]Z[\^Z[��nN\^_?�?Z[WaM�_?i[\^{|\|OPK?�

��Á � � �F��� Á �3�§���º� Á Æ � Z ORo[T�n[T�¨]Z[\|O�\^W?Z¾W`�$o[T�\^�?oaO��?\^�?T�Zx_`iCWu�?T?�C�&T-S/T�ZaOR\|WkZ[TUn O�o]_`O}ORo[T/{|TUZ[�`ORo
��X]Z]V±OR\|WkZ

l
V�_`Z�OR_ £ T��u_`{^X[TUM

l
��K;� � ) W c l

��K;� ��&?�[nNTUm�TUZ]nN\^Z[��W?Z��,o[T�O�o[T c K6\hM,�L\^M�\^i[{|T�W c Z[W`OI� � Z
�º_kV±OI��V�W?Z�MA\hnNT c O�o[T/{^T�Z[�?O�o���X]Z]V±OR\|WkZ]M

l
�
l
	 ` � c <*) � & >Y�k\|�kT�Z iLK F l , &?��_?Z]n

l
	 \^M}O�o]T-\^Z]nN\hV�_`O�W c

��X]Z]V±OR\|WkZ	W?� V-�[\§� T?�
l
	 ��K;� ��&�\|� KIj Vp_`Z]n

l
	D�,K � � ) W`ORo[T c �,\hMATk�� Á� � ����� Å �k5�� 1�®�·;�

,
�

l

²u¼C¹ � !
,
�

l 4
��²`¼C¹½¹?®�¼Cª`·Ì®�²u � ²u¼C¹ � ! �6¯�®±GC]®9E�·�³µ°=®�´¶¸���·�:[®

²u��ª E�³º²u·æ®R¹�´|ª 4�®�¯/:]®�³�»;:L·§Y² E9E�ªu¯�¹`³µ¼a»�·æª , ® 	�¼]³µ·�³ºªu¼65�

A9o[TUZ � H � Kd\^M�MA\^S/m[{|K ��V�W?X]ZkOR\|Z]�6o[T�\^�?oaO �|H �A{^Wu�$T c V�W?X]ZkOR\|Z]��o[T�\^�?oaO ��K'��W c V�WkZN¨]�?X c _`O�\^W?Z]MU�?_`Z�n

� ! H � ! K&S/TU_kMAX c TIM�ORo[T��AW?i]M�T c �u_`i[{^T}o]T�\^�?oaO �>H �A{|Wu�&T c W?i�MAT c �u_`i]{|T�o[T�\^�?oaO ��K$W`��_�V�WkZN¨]�?X c _`O�\^W?Z��

7 � � Á � Á �U� � Z¥� � ~=¡Ì�gORo[T½_`XNORo[W c M�_kM�M�X[S/TUn ´¶³µ°u®�¼F®±�±��\§� T?� ORo]_uO�_`{^{�¨]Z[\|O�T½T�¦NTIV�XNOR\|WkZ]M�V�_`ZEi�T
T�¦LO�T�Z�nNTUn0� ��T�O�X]M�M�_=K O�o]_`O�_ V�W?ZN¨]�kX c _uO�\^W?Z@«\^M Æ Á �]Æ \|�� N� 	$\^S�m]{|\^TUM  	 j �!������� � T
�,\^{^{¢OR_ £ T�O�o[WaMAT�V�W?ZN¨]�kX c _uO�\^W?Z�M}\^ZaO�W�_?VUV�WkX[ZaO�\^Z¾O�o[T¤n[T�¨]Z[\|O�\^W?Z½W?�9nN\h_`�kZ[WkMR_`i]\|{^\�OPK��k\|�kT�Z¾i�TU{|Wu�6�
�&TgV�W?Z]M�\^n[T c ORo[Tgm c TIMATUZ]V�T2W?��nNTU_kn¤V�WkZN¨]�kX c _`O�\^W?Z]M¢_kM�Z]W�W?i]MAOR_kV�{^T,O�W�nN\h_`�?Z]WkMR_`i[\^{|\|OPK�F W?Z�_�¨]Z[\|O�T
c X[Z��a_`i]M�T�Z�V�T9W c m c TIMATUZ]V�T9W`�C�º_`X]{�O�M�V�_?Z/T��?TUZaO�X]_?{|{^K�iCT2�?T c \|¨]TUn��`\�O$\^M,³µ¼
	d¼�³µ·Ì®}¯ ^ ¼[�O�o]_`O�S�_=K�m�WaMAT
m c Wki[{|TUS�M&��W c �º_`X]{�OgnN\h_`�kZ[WkM�\hM�� * TUZ]V�T6�&T6nNT�¨]Z]T F

è'è 	���� ã����



$ 6 �C·Ì®Jf�²u¼��-²?²`¯

� Á� � ����� Å � ���?� -,®�·�¯±³¢¼C®�·����²u·�³h 	$®�

J ���8���2�6³ 	 f�ª`¯Y²u´µ´ ��  	 j�T/3
�A>N9 	 ��� �%d]�  	 �����% *32  	 � # �Ad]* !  	 � Hº  K

J �����8��� ��³ 	 ?
	GC :[ª`´|¹=�f�ªu¯Y²u´µ´ ��  	3j�T(' �*),+ 

� Á� � � ��� ���§� ��� Å �U�N�!� �J��� Â A9o]TUM�T�V�W?Z]M�\^n[T c _uO�\^W?Z�M2S/W`OR\|�u_uORTYORo[T���W?{^{|Wu�,\^Z[�	nNT�¨]Z]\�OR\|WkZ��0�,o[\hV�o
\hM,V�TUZaO c _`{F��W c ORo[T6m c TUM�T�ZaO2_ c O�\hV�{^T?�
� Á� � ����� Å � ���=��� , ³º²�»?¼Cªu�²k¬�³µ´�³µ·§¸ ��= �²�f�®(-,®�·§¯±³ � ®�·=� � �!������� c �.' � �6³h E�²u´µ´|®�¹
L 
+HºMAO c W?Z[�k{|K9K&nN\h_`�kZ[WkMR_`i[{^T.4 
^¯�
^· 
+V�²u¼C¹id ³ 	

?P²9CF���²`·§³h 	$®� ���8��� �R�&²`¼C¹
?P¬<C«·�:[®�¯�®¤®��k³h±·ºNPWj l m� ^ E9:x·�:]²u·�f�ª`¯�²`´µ´� % j�T�:]²u°I³µ¼a»x²�E/²;�?³ E�²u´�®�°u®�¼�·&KRjF� %	�,³µ·

:]ªu´|¹u�·�:]²u·,®�°u®�¯±¸� j T  ^ E :�·�:]²u·
³ 
# % N9 �
³µ³ 
B«³h6¼Cª`·&¹?®�²k¹��9²`¼C¹
³µ³µ³ 
2� �% � � ���A % � : P
�²`·§³h 	$®�B3

�L 	 j�Tk`6 	 *��@ # � % _F 	 ]� a � H $U~ K
N 
2�$TI_ £ {^K�nN\h_`�?Z]WkMR_`i[{^T 4 
^¯�
^· 
iV ²`¼C¹id ³ 	

?P²9CF���²`·§³h 	$®� �����8��� ���$²u¼F¹
?P¬<C«·�:[®�¯�®�®��k³h±·§�PUj l m3 ^ E9:�·�:[²`·
? L� C�:[ªu´^¹= f�ªu¯�²u´µ´" j T(' �*),+  ^ E9:�·�:[²u·

³ 
# % N9 �
³µ³ 
B«³h6¼Cª`·&¹?®�²k¹��9²`¼C¹
³µ³µ³ 
2� �% � � ���A % � : P 


&/®�4¢³µ´µ´��²`¸¤·�:[²u·=���²u·�³h 	&®±
D
³ 	p³µ·&³h�±·§¯�ª`¼a»?´¶¸��$²u¼F¹

W
³ 	p³µ·$³h�4�®�² 6`´¶¸�¹`³º²�»?¼Cªu�²k¬�´^®;


JaO c WkZ[�¤nN\h_`�kZ[WkMR_`i[\^{^\�OPK�O c \^�L\^_?{|{^K�\^S/m[{^\|TIM2�&TU_ £ nN\h_`�?Z]WkMR_`i[\^{|\|OPK?��? \|�kX c T � \^{^{|X]MAO c _uORTUM2O�o]_`O2O�o[T
V�W?ZL�?T c M�T6\hM2Z[W?OgO c X[T FgJLX[m[mCWkM�T�? \hM�_/�º_`X[{|O�T��?TUZaO2O�W�i�T�nNT�ORTUV±ORTUn0�BV � < < >a�C_?Z]n���W c�� jWl m©�
{^T�O:�� iCTYORo[T-M�S�_`{^{|TIMPO�V�W?Z[¨]�?X c _uOR\|WkZ�MAX]V�o O�o]_`O ?Ì³ C:?«Z[TU�?T c WNV�V�X c MgW?Z)��-�F_?Z]n ?Ì³µ³ C��/WNV�V�X c M
T�¦[_?V±OR{|K�Z O�\^S/TUM�W?Z ��-�+A9o[TUZ ORo[T/o[T�\^�?oaO�W`�!��7\hM�� �%��/�/� + � : &?�0K?T�O:�� *��  � ��MAW��$TV�W?Z]V�{|X�nNTYORo]_uO�ORo[T�M�KNMPORT�S#\hM�Z[W`O6MAO c W?Z[�k{|K�nN\h_`�kZ[WkMR_`i[{^T?�1(}Z O�o[T/W?O�o[T c o�_`Z]n0�FORo[T��� _ c T-Z[W`O
m c Wk� c TUMRMA\^�?Tk��?[W c �$TI_ £ nN\h_`�kZ[WkMR_`i[\^{^\�OPKk�kZ[W?O�T�O�o�_uO2MA\^Z]V�T�_?{|{�CF¯�ª�»?¯�®���³µ°u®,V�W?ZN¨]�kX c _uO�\^W?Z�M�W?�'o[TU\|�kokO
_`O&{^TU_kMPO +�� :�&�V�W?ZaOR_?\|Z	_uO9{|TI_?MAO���\^Z]MPO�_`Z]V�TUM&W`�P<�j VY�a� c WkS �,o[\hV�o�\|O$��Wk{|{^Wu�2M9nN\ c TIV±O�{^K/O�o�_uO9O�o[T
M�KNMPORT�S�\hM,�&TU_ £ {^K¤nN\h_`�kZ[WkMR_`i[{^T?�

J é è J à



$)

����� ��� � � �������	�"� � �"��
������ ������ �*��

7gW`ORTgORo]_uO9O�o]T�V�W?Z]nN\|O�\^W?Z�M���W c
D
_`Z]n

W
�?\^�?T�Z�\|Z�fgT�¨]Z[\|O�\^W?ZU$U~YX]MAT}O�o]T�V�W?X[ZaOR\|Z[��o[TU\|�kokOI�L�,o[\^V�o

\hM2W?�dZ[W¤� c TI_uO2X]M�T�\^Z m c _?V±OR\^V�TYM�\|Z]V�T�\|O�nNTUm�TUZ]n[M}W?Z�X[Z[Wki]M�T c �=_?i[{^T6T��?TUZaORMU� * T�Z�V�T6ORo[T���Wk{|{^Wu�,\|Z]�
n[T�¨]Z[\|O�\^W?Z�\hM9W`��\|ZaORT c TUMAOU�[_`Z�n��k\|�kTUM&O�o]T�_`Z]_?{|Wk�?X[T}W`� O�o]_`O2\|Z½� � ~=¡ H§V�W?S/m]_ c T>H $�K K�F
� Á� � ����� Å � ��
�� , ® 	�¼C®BCC¯�ª�C[®�¯±·§³º®�

D
! ²u¼F¹

W
! ¬�¸�¯�® CF´|² E�³µ¼a»5� ¬�¸/� ! ³µ¼ ·�:[®�E�ªu¼F¹u³µ·�³ºªu¼[Mf�ª`¯

D
²`¼C¹

W
�d¯�®�GC[®9E�·§³µ°u®�´�¸���³µ¼ , ® 	�¼]³µ·�³ºªu¼ L  


JL\^Z]V�T/� !
6
� �[�&T�\|S/S/TUn[\^_`O�T�{^K�WkiNOR_?\|Z

7$Á � � � �=�
D
³ EDCC´¶³º®�

D
! ²`¼C¹

W
³ EDCC´¶³º®�

W
! 


* Wu�$TU�?T c �LS/W c T�\hM&O c X[T F
7$Á � � � 
�� 7"f �(� � :[ª`´|¹= f�ª`¯ �7��·�:[®�¼

D
! ³ EDCC´¶³º®�

D
�$²u¼F¹ ^ ¼F¹?®�¯ � �8� �+�

W
!p³ E CF´¶³º®±

W



� � Å�Å�- � � O9M�X �¤V�TIM¢O�W�MAo]Wu�6�k\^ZRT _?Z]n>T(' �*),+ �aO�o�_uO�ORo[TgT�¦N\^MAO�TUZ]V�T}W`��M�W?S/T P ! jUl m�M�X]V�o�ORo]_uO
�Z[W?OgnNTU_kn0�C % N�¾�]_`Z�n

� ! �% � � � ! �% % � : P ! �
\|S/m[{^\^TUM+H $U~#K±�]\^S/m[{^\|TIM,T�¦N\hMPORT�Z]V�T�W`�!P©MAX]V�o	ORo]_uO1H $U~#K&o[W?{hn[M9��W c _`{^{P�Z]W`O}nNTI_?n0�� % N ©��_`Z�n
���% � �"���% % � :�P¢��Hµ��W c _`ZLKY�º_`X[{|OPK-V�W?ZN¨]�kX c _uO�\^W?Z� %�K�? \ c MAOU�?Z]W`O�T9ORo]_uO\P	VU_`Z/i�T c TUm[{^_kV�TInYiLK
_`ZLK�P 	 5 Px�,\|O�o]W?XNO2�º_?{^M�\|��Ka\^Z[�/ORo[T6oLKamCW`ORo[TUM�\hM���72Wu�6�]M�\|Z�V�T6ORo[T c T�_ c T�W?Z[{^K�H � H�� � � j l m
c TI_?V�o]_?i[{^T�MAOR_`O�TUMU�

���% � � � �% % � : H
\|S/m[{^\^TUM}O�o]_`O:M]* !  %�F2\^Z �º_kV±OI�� ]  %©S-X]MAO�V�W?ZaOR_?\|Z Wki]M�T c �=_?i[{^T�T��kT�ZaORM�Z M�\|Z]V�T-M�\|{^T�ZaO6V�KNV�{^TUM
_ c T c X[{^TUn W?X[O¤iaK �(� �g�^� l TU_kMAWkZ[\|Z]�x\^Z O�o[\hM��9_=K MAo[Wu�2M�ORo]_uOI�$\|�@� ���¢n[T�Z[W?O�TUM�ORo[T Hµ¨�Z[\�ORT�K
ZLX[SYiCT c W?�'m[{h_?V�TUM9\^Z�� �NO�o[TUZ	��W c T��kT c K � j l mx�

� �% � � ���A % � :CH H � ���3H �
\|S/m[{^\^TUM

� !2�% � � � !
�% % � : � �
O�oLX]M9ORo[T�nNTIMA\ c TIn�\^S/m[{^\^VU_uO�\^W?Z	o[Wk{^n[MU� �

� Z¾�º_kV±OU� \|�&ORo[T c T¤T�¦L\hMAO�\|ZL�L\^M�\^i[{|T¤V�KNV�{^TUMU�
D
! nNWLTUM�Z[W`OY\^S/m[{^K

D
_`Z]n

W
! nNWLTUM6Z]W`OY\^S/m[{|K

W
F

\^Z½O�o]T��&W c MPOYVU_?M�T?��_	�º_`X[{|OPK©V�W?Z[¨]�?X c _uOR\|WkZ  % S�_=K iCT�{^TU_knxO�W _ M�\^{|TUZkO�V�KNV�{^T�_u�µORT c O�o[T��º_?X[{|OU�
\^Z M�X]V�o©_��&_=K O�o]_`O-_`{^{ c X[Z]M:(pM�X]V�o¾O�o]_`O  % N ( _ c T/\|ZN¨�Z[\�ORT?�¢_`Z�n©M�_`O�\hMP��K8( * !I���A9o]T�Z��
ORo[T�V�WkZ]nN\|O�\^W?Z]M�\^Z

D
! _`Z]n

W
! W?Z O�o[T/T�¦aORT�Z]M�\^W?Z]M:xW`�� % o[W?{hn �u_kV�X[WkX]MA{^K�F�W?Z[T/_`{^�&_=KNM}o]_?M

� !��% � �.� !��% % �±�]i[XNOU��V�{^TU_ c {^K?�
D
_?Z]n

W
_ c T��L\^W?{h_uORTUn0�

� T¤V�WkZ]V�{^X]nNT�O�o�_uO �8����� ���(� � S�_ £ TUM}ORo[T�W?i]M�T c �u_uOR\|WkZ]_`{¢_`Z�n Z[WkZN�ÌW?i]M�T c �u_uO�\^W?Z�_`{�nNT�¨]Z]\��
OR\|WkZ]M�W`�,nN\h_`�kZ[WkMR_`i[\^{^\�OPK�T�QkX]\|�u_`{^T�ZaOI�'_`Z�nxM�o[W?X]{^n¾iCT c T�QkX]\ c TUnxW`�9nN\^MAO c \^i[XNO�TIn©MAKNMAO�TUS/M���W c nN\h_`�`�
Z]WkMR_`i[\^{|\|OPK?� � T�{^Wu�6�'�&T¤�,\^{|{&MATUT�O�o�_uO �8� � V�_`Z©iCT¤T��CTIV±O�\^�?TU{|K¾�?T c \|¨]TInxWkZ _�¨]Z[\|O�T �AV�W?S/m[{^T�ORT��
m c T�¨[¦�W`�'O�o[T6X]ZN��W?{hnN\^Z[�]�

è'è 	���� ã����



$Iv �C·Ì®Jf�²u¼��-²?²`¯

� � ���6�������'%9�����$�6�'�����������#�����Y����
'�6��������C�

f}\h_`�?Z]WkMR_`i[\^{|\|OPK \^M¾°I³ºªu´|²`·Ì®�¹¾\|�pO�o[T½MAKNMAO�TUS \^M�_`i]{|TxO�W m�T c ��W c S OP�&W«\^Z]nN\hM�V�T c Z[\^i[{|Tk�gZ[WkZN���º_`X[{|OA�
T�QaX[\|�u_?{|TUZkOYV�KNV�{^TUMU��A9o]_`OY\hM���\|�«O�o]T c T�_ c T�V2�ÌT�QaX[\^�u_`{^T�ZaO�V�W?Z[¨]�?X c _uOR\|WkZ]MO � _`Z]n@">�o]_=�L\^Z[�kV2�
T�QaX[\|�u_?{|TUZkO�T�¦LORT�Z]M�\|WkZ]M  	 � _?Z]n  	> MAX�V�oYORo]_uO  	��{^TU_kn[M'O�W�O�o]T9MR_`S/T9S�_ cR£ \|Z[�S' � �?_?Z]n�MAX]V�o-O�o�_uO  	 �_?Z]n8 	> _ c T�Z]W`O@d��ÌT�QaX[\^�u_`{^T�ZaOU�CO�o]T�Z�ORo[T�M�KNMPORT�S�S�_=K c T�mCTU_`OgO�o�_uO�V�KNV�{^\^VYi�TUo]_=�L\|W c \|Z�nNT�¨]Z]\�ORT�{^K?�
�,\|O�o]W?XNOg_/nNTIV�\hMA\^W?Z�_`iCW?XNO,WNV�V�X cRc TUZ]V�T�W`�'�º_`X[{|ORMU�MA9o[\hM,\hM,V�W?Z[¨ c S/TIn�iLK¤WkX c S�_`\^Z c TUM�X[{|OIF
< � ÁLÅ � Á � �=� 1�®�·`�$� �!������� c �.' � ��²8-,®�·�¯±³ ¼C®�· ��4¢³µ·�:�´^²?¬�®�´µ´�³µ¼a»"� `�� c A

�d²u¼C¹|d)�BVA�NZ\VA�
Tp²u¼F¹ T-' �").+ ²=}²k¬�ªu°u®;
T��³h �U��� Å �4� � Â Æ4�§� � � Å �U�[��� Á 4 
^¯�
^· 
+V¥²u¼F¹Id ³ 	 ³µ· �²u·�³h 	$®� �(� � ²`¼C¹

�D � �  > �  	 � �  	> j Tk`
����� 	  � * !D"> �  	 � * !  	> �  � ]�  	 �

� ��
\j < &��,+ >N`�  � *32  	�
�  � N  	��� � �� #  	 � */%= 	>��� ( H $ $�K

��³h ÄYÁ ��2�� Â Æ��º� ��� Å �I�N� � Á 4 
^¯�
^· 
1V"²u¼F¹+dp³ 	 ³µ·��²u·�³h 	&®± ���(� �+��²u¼F¹�? L�L C :[ª`´|¹=6¯�®�±·§¯±³ E�·æ®R¹
·æª@T(' �*),+ 


7gW`O�T�ORo]_uO+H $ $�K$_?{|{^Wu�2M�C>
�  	> \|Z�O�o[T�_kM�M�X[S/mNOR\|WkZ��
� � Å�Å�- � � T¤M�o[Wu� O�o[T�MAO c W?Z]��n[\^_?�?Z[WaM�_?i[\|{^\|OPK V�_?M�T?�'O�o]T¤V�o]_ c _?V�O�T c \^¿U_uOR\|WkZ W?�&�&TU_ £ nN\h_`�?Z]WkMA�
_`i[\^{^\�OPK�\^M9WkiNOR_?\|Z[TIn c T�m]{^_kV�\^Z[� T+iaK�T-' �").+ �� Å � � Â � -�� {|T�OB � N� 	� ��
 j < &J�,+ >k�NV�WkZ]MPOR\�ORXNO�T�_��L\^W?{h_uO�\^W?Z�W`� H�$ $�K±�N\�� T?�
$k�&�,\|O�o]W?XNO2{^WkMRM9W`� �?T�Z]T c _`{^\�OPKk�  	> _�� %%]�ba�_`Z�n6 	 � _�� % �  � _!� % � aN�
s[�� 	� �  � -� � ��MAX]V�o�O�o�_uO�� � ���L& <  	 � _?VUV�W c nN\^Z[�-O�W H�s K&V�WkZkO�_`\^Z]M,_uO,{^TU_kMPO2WkZ[T�T��?TUZaOU�
� �� 	� * !  � _`Z]nF � * 2  	� �

? c W?S sN�sK±�[\|O2��Wk{|{^Wu�2M9O�o�_uO}_�V�W?mLK�W?��� � V�_`Z�iCTY_`m]m�TUZ]nNTUn	ORW  	� _?M,�&T�{^{§�C_`Z]n�M�W/��W c O�o���{|T�O����
i�T�ORo[T�V�WkZN¨]�kX c _`O�\^W?Z�W?iNO�_`\^Z[TUn	_u�µORT c _?m[m�TUZ]nN\^Z[� �	V�W?m]\|TIM9W`��� � ORW  � �\(}i]M�T c �?T}O�o]_`O

���A � � � � �! #" � �Z� � �% � �7� ( H $Is K
A9oLX]M ���A$� � � c � _kM � c �5� 72Wu�6�9iLK _?MRM�X[S/mNO�\^W?Z��&T�o]_=�?T���> * !  > �2��X c O�o[T c �9iLK
V�WkZ]MPO c X�V±O�\^W?Z��%� > _�� %½_?Z]n¤ORo[T c T���W c TO��> _!� % � a � O,��Wk{|{^Wu�2M$O�o]_`O+H�$I~ K$\^M2�a\^W?{h_uORTUn0�
��� -�� MAX[m]m�WaMAT H $U~#K�nNWLTUM�¼Fªu·}o[W?{hn0�,\�� Tk�E��W c TU�?T c K P j l m �9O�o[T c T�T�¦N\^MAORM�_ V�WkZN¨]�?X c _`O�\^W?Z
0�"P0�Bj�T5MAX]V�o�O�o�_uO
$k�9M�W?S/T K+j�� % \^M

6
�ÌS�_u¦N\^S/_?{0\|Z
� _F0�"P0�±�]_?Z]n

s[�$ORo[T c T�T�¦N\hMPOB � �"P0���  > �"P0�Bj�T5MAX]V�o�O�o�_uO
0�"P0� N  � �"P0� H $ � K

���A � � P0�7� � � �% � P0� � :�P H $�t#K
 > � P0��* !  � �"P0� � � �  > _!� %-�ba ( H $Ir K

J é è J à



$I 

JLX[m[mCWkM�T$¨ c MAO O�o]_`O WkZ[T&VU_`Z�V�o[WLWkM�T; 	 � �,\|O�o� � N� 	 � N  � � P0� M�X]V�o�ORo]_uOK � *32  	 � �  � * !  	 � �_`Z]n= � ]�  	 � �LORo[T�Z��&T�_ c T�n[W?Z[Tk�NOR_ £ \^Z[�� 	> ,
">`� * TUZ]V�T6�&T6V�_?Z	_kM�M�X[S/T�O�o]_`O

�) 	 � `
�� �� 	  � N  	 � N9 � � P0� � * !  	 � � *32  	 � � �� #  � �  	 � �� ( H $ 6 K

?[W c _?ZaK  � N  � � P0���g{^T�O�� �% � �hP0�¤iCTxO�o[T½MAT�O�W?�-V�WkZN¨]�?X c _`O�\^W?Z]M "> N "> �"P0��M�X]V�o+ORo]_uO
C>/* !@ � �B?[W c _`ZLK c TU_kV�o]_`i[{^T�S�_ cR£ \^Z[�
' W?�Z� �C{^T�O�� � �=' � P0�9iCT6ORo[TYM�T�O2W`�dV�W?ZN¨]�kX c _uO�\^W?Z�M
 � M�X]V�o ORo]_uO ?Ì³ C  � N  � � P0��_?Z]n ?Ì³µ³ C!' �% � �/� ' � ��T�O(H ��H�� � �|jklm iCTYORo[T/ZLX[SYiCT c
W`� c TU_?V�o�_`i[{^T6MPO�_uO�TIM,W`�@� �BA9o[T�Z���W c _`{^{3P 5�H �NORo[T c T�\hM2_uO2{^TU_kMPO2WkZ[T�S�_ cR£ \|Z]��' MAX�V�o�ORo]_uO
� � � �9'7�hP0�B� � +N� c TUm�TI_uOR\|Z[��O�o]T¤_ c �?X[S/T�ZaOI�0W?Z[T�¨]Z]n]M6X]M�\|Z[��H $ 6 KgORo]_uO���W c _?{|{�P 5MH > O�o[T c T
T�¦N\hMPO�M2_�S/_ c�£ \^Z[��' MAX�V�o�ORo]_uO � � � �9'7�hP0�B� 51H � � \|O�o

� >)�=' � P0�
,

� ">@j T)�
">�N�C>)� P0������

(C � j�� � �=' � P0��`
 � * ! C>	� �

�$T¤O�oLX]M6o]_=�kT-� � > �9'7�hP0�B� 5 H ��A9o[\^MY\|Z½ORX c Z¾\^S/m[{^\|TIM6O�o�_uO�ORo[T c T�T�¦N\hMPO  > �  	> j
� > �=' � P0�
MAX�V�o O�o�_uO�C> ]�  	> _`Z]nDC> *32  	> � � K nNT�¨]Z[\|O�\^W?Z¾W`���K> �=' � P0���  � * !�C>/_?Z]n) 	 � * !  	> �JL\^Z]V�Tk�[iLK�V�WkZ]MAO c X]V±OR\|WkZ��

 � N� 	 � N� � � P0� �����@' �A � � �P' �A 	 � � � ' H $�)zK
m c W?mCT c OPKLH�$ $�K$\^M2�a\^W?{h_uORTUn0��QC� T?� n0� �

� � ��%,������	� �#���Y�����Y
��6��������C�

� TY�k\|�kT6OP�&W�V c \�ORT c \^_���W c T��CTIV±O�\^�?T-�?T c \|¨�V�_`O�\^W?Z�W`��n[\^_?�?Z[WaM�_?i[\|{^\|OPK?� A9o[T6¨ c MAO}\hMg_�{|\^Z[TU_ c _?{|�kT�i c _
ORTUV�o[Z]\ QaX[T$� c WkS O�o[T$O�o]T�W c K�W`� b T�O c \aZ]T�O¢\|ZL�u_ c \h_`ZaORMU�=�,o[\^V�o-KL\|TU{^n[M�_NQaX[\^V £ i[X[O�WkZ[{^K�Z]TUV�TIM�MR_ c K6V c \��
ORT c \|WkZ��kO�o[T�MATIV�W?Z�n���W?{^{|Wu�2M�m c TIV�\hMATU{|KYO�o[T}X[ZN��Wk{^nN\^Z[��_`m[m c Wk_kV�o��`KL\^T�{hnN\|Z]�YZ[TIV�TUMRMR_ c KY_`Z]n�MAX �¤V�\|TUZkO
V�W?Z]n[\�OR\|WkZ]M&��W c nN\h_`�kZ[WkMR_`i]\|{^\�OPK�i�_?M�TUn�W?Z�_Y¨�Z[\�ORT6m c T�¨[¦��,o]WkM�T�M�\^¿�T�o]_?M9W?���Ì{^\|Z[T6iCW?X]Z]n[MU�

�%��� ��� ��� � � � � ������������*�	�����

� T���W?{^{^Wu�5O�o]T}ORT c S/\|Z[Wk{|Wk�?K¤_?Z]n	Z[W`O�_uO�\^W?Z	W`�&� t?¡��
� Á� � ����� Å � �/	?� 4'ªu¯}²Y¼C®�·�� � �!������� c �R� ·�:]® � � � �ºÆ Á � � Á � �N�U�� � m ` �!�E$A� � c < I�&�� ) � & >³hg»?³µ°=®�¼¾¬�¸

m � 3���[7�
,

�� 	 ) ` � 3 c [ c 3������ �43 c [�� [ c 3��
& ` �43 c [7���
� � [ c 3��

I�& ` � [ c 3�� �
� � 3 c [7�
(

4'ªu¯2²6�®9A ^ ®�¼ E�®��UjK� b ª f,·§¯R²u¼[±³µ·�³ºªu¼]���·�:[® � �[���"23� � Á �`� Å � � `J� c l m ³h�»`³µ°u®�¼	¬�¸ �,� [7�
,

� � � 2 �³ 
µ®X
}·�:]®�¼ ^ E/¬�®�¯�ª�fYª E9E ^ ¯±¯�®�¼ E�®�6ª f6·�¯�²u¼]�³µ·�³ºªu¼8[6³µ¼�� 


è'è 	���� ã����



s?~ �C·Ì®Jf�²u¼��-²?²`¯

A9o[T�_kV±OR\|WkZ�W?��O c _`Z�MA\|O�\^W?Z]M9W?�	� V�_?Z�iCT�nNTIM�V c \^i�TIn�iLK�m F
7$Á � � � 	?��� � �N��23� ��� +�� � �N��� Å � 7$Á � � ��� 7�Á � � � 
��"�9
 � ���%�	��
 4�ª`¯ �UjK� b ²u¼C¹ E�²u¯76`³µ¼a»`' �.' 	9ª�f+�  ^ E :�·�:]²u·T' �I c ' 	 �$ªu¼C® :[²u�·�:]® f�ª`´µ´|ª 4¢³µ¼L» � �N��23� ��� +�� � �N��� Å � 3

' 	 � ' : m H $Uv K
7gW`O�T�ORo]_uO m#\hM9\^Z]nNT�mCT�Z�nNT�ZaO,W`�'O�o[T�S�_ cR£ \|Z[���L\§� T?�dnNTIM�V c \^iCTUM9_�¼F®�· ��������� c � c _uORo[T c O�o]_?Z	_

m�_ c O�\hV�X[{h_ c -,®�·§¯±³¢¼F®�·��
� Á� � ����� Å � �#��� 1'®�·	� ���!������� c �Y¬�®/²�¼C®�· 

= � Ã � � �[�N��º� � � ª f)�3³h�¯�²`·§³ºª`¼C²u´ Fæ°=²`´ ^ ®�¹¤�ª`´ ^ F
·�³ºªu¼ ª f�·�:[®�®9A ^ ²`·§³ºª`¼ m H � � ) 
��A ^ ³µ°u²u´|®�¼]·�´¶¸ ? � � ����-&¯�ª�C[ªu�³µ·�³ºªu¼ N 
 ��� C��2²�E�²yC CC³µ¼a»�� ``� c l�
³hY²0�.F�7±¼�°=²`¯±³º²u¼]·,ª�f�� ³ 	 f�ªu¯Y²`´µ´ 3 jF���

�
2 � P��

� � [ � � �
2 � �DP

( H $U  K

A9o[T6\^S/m�W c O�_`Z]V�T�W`��A&�Ì\^Za�u_ c \h_`ZaORM&{^\|TIM,\^Z�ORo[T���W?{^{|Wu�,\^Z[�/m c W?mCT c OPK F
< � ÁLÅ � Á � 
������%��� � � � Å = Å ������� Å �[
@��	�$�
 � ^ C C]ª=�®�' ³h	² E/²`¯76u³µ¼L»©ª�f.� ²u¼F¹ � jb� b  ^ E :·�:[²`·	' �I c 
 ; :[®�¼ ��³h-²0�.Fæ³µ¼]°u²u¯±³º²`¼]·,ª�f)� ³ 	p³µ·&¯�®�CC¯�ªI¹ ^ E�®��' �d³ 
µ®X
&' �I c ' 


JLTUT _`{hMAW � $�tu¡,��W c _`Z T�¦[_`S/m[{^T�W`�gORo[T�X]M�T�W`�IA&��\^ZL�=_ c \h_`ZaO�MY\^Z+_`Z]_?{|KNM�\^M�W`��MAKNMAO�TUS/MU� ? c W?S
A9o]T�W c T�S"s[�[�&T}ORoLX]M £ Z[Wu�5ORo]_uOB *32  	0o]W?{hn[M9\�� O�o[T�� b _ c \ £ o��kTUV�O�W c � �A 	 �  �$�?\^�?TUZ�iLK

�% 	 �  �B� [7�
,

� < KIj= 	 ]  � C ��K;� � [�> � �
MR_uOR\^MA¨]TIM>H\QkX�_uO�\^W?Z H�$I  K±� � Z �º_kV±OI��_`ZLK�{^\|Z[TI_ c \|¿I_uOR\|WkZ��«W?�dO�o]T�TU�?TUZkO�M�\|Z$ 	 ] xo]_kM6M�_?S/T-m]_ c \ £ o�kTUV�O�W c �F_`Z]nxMAW�O�o[T/_`iCWu�?T c TIMAX[{|ORM�_`m]m[{|K M�\^SYX[{|OR_?Z[T�WkX]MA{^K	O�W	_`ZLK MAX�V�o����+A9o[T c T���W c T?� H QaX]_uOR\|WkZ
H $U #K$VU_`Z�iCT6X]MATIn�O�W¤V�o[TIV £ �,o[T�ORo[T c _/�k\|�kT�Z	S�_ cR£ \^Z[�/V�_?Z�C]ª=�±³º¬�´¶¸�i�T c T�m c WNnNX]V�TUn�\|Z�_?Z�X[Z]W?iN�
M�T c �u_`i[{^T��9_=K F,\|Z O�o]_`O�VU_?M�T?� H QaX]_uOR\|WkZWH�$I  K2SYX]MAO�o�_=�?TY_�MATUS�\|�Ìm�WaMA\|O�\^�?T�MAWk{|XNOR\|WkZ H�\�� T?���,\�ORox_?{|{
TUZaO c \|TIM9Z[W?ZN�ÌZ[TU�k_uOR\|�kT}_?Z]n�_uO,{|TI_?MAO,W?Z[T6mCWkM�\�OR\|�kT�T�ZaO c K9K±�¢�gM2_/V�W?Z]M�T�QaX[TUZ]V�Tk�N�$T�o]_=�kT F
7$Á � � � ��� 7"fMf�ªu¯/²u´µ´��® E-³�F C]ª=±³µ·�³µ°=®-�ª`´ ^ ·§³ºª`¼[���j�l m��7ª�f.? L 	 C���·�:[®�¯�®/®��k³h±·§ [ jkV" ^ E : ·�:]²u·
� � [ �O5 ) ��·�:[®�¼ �8� �¥²u¼F¹

D
:[ª`´|¹�


* Wu�$TU�?T c �¢ORo[\^M¤Ka\^T�{hn[M/WkZ[{|K _½Z[TUV�TUMRM�_ c K©V�WkZ]nN\|O�\^W?Z+M�\|Z]V�T �[j lm��7S�_=K«M�_`O�\hMP��K H QaX]_uOR\|WkZ
H $U #K2�,\|O�o[WkXNO�V�W c�c TUM�m�WkZ]nN\^Z[�¤ORW	_?ZLK�¨ c \^Z[��MAT�QaX[T�Z]V�T/T�Z]_?i[{|TIn \^Z ' ��ORo[T�MAWk{|X[O�\^W?Z]M�W`�@H�$I  K}_ c T
VU_`Z]n[\^n[_`O�TIM&��W c V�KNV�{|TIM��

+ � � ��= � Á ��� Z½O�o]T�Z[T�OY� c W?S'?'\^�?X c T � ��ORo[T�A&�Ì\^Za�u_ c \h_`ZaORMY_ c T H��,\|O�o«V�WaW c n[\|Z]_`O�TIM6W c nNT c TUn¾iLK
_?{|m]o]_`iCT�OR\^V,W c n[T c WkZ < < � ? � 3T� �>�K
�"&�� &�� ) � ) �±� � ) � ) �B&J�B&;��_`Z]n/ORo[T�\ c {|\^Z[TU_ c V�W?SYi]\|Z]_`O�\^W?Z]MU�4?]W c O�o[T

J é è J à



s9$

Z]T�O2\^Z ? \^�?X c T6sN�]_?�k_`\^Z��,\|O�o�_?{|m[o�_`iCT�O�\hV�W c nNT c \^Z[�]�kO�o]T6\|Z]V�\^n[T�Z]V�T6S/_`O c \�¦�\^M

m �

���������
�

I�& I�& & ) ) )& & I�& ) ) )& ) ) I�& ) )
) ) ) I�& I�& &
) ) ) & ) I�&
) ) ) ) & )I�& ) ) & ) )

����������
�

�

ORo[T����Ì\|ZL�u_ c \^_?ZaORM�_ c T � ) �B&J�B&J� ) � ) � ) �±���"&J� ) �B&�� &�� ) �B&;�±�F_`Z]n O�o]T�\ c {^\^Z[TU_ c V�W?S-i[\|Z�_uO�\^W?Z�M�� � ZxiCW`ORoT�¦[_`S/m[{^TUMU�g_`{^{NA&�Ì\^Za�u_ c \h_`ZaORM�_ c T�¨ c _`i[{^T?�6_kM��&T \^Z]nN\hV�_`O�TUnE_`iCWu�?Tk�9O�o[\hM	Z[T�TIn5Z[W?O�iCT O c X[T ��W c
_?ZLKxS�_ cR£ \|Z]�]�¢_`Z]n½\^Z]nNTUTUn0�dOR_ £ \^Z[� _=�9_=K WkZ[T¤W c S/W c T¤O�W £ TUZ]M�\^Z T�\|O�o]T c T�¦[_`S/m[{^T¤�,\^{|{9nN\hM�_?i[{|T
\^ZL�u_ c \^_?ZkO�M��N_kM9\^M9TI_?M�\|{^K�V�o[TIV £ TUn��

�%��� ����� 
 ��� �#� ���	� �
	
� ��ORo[T X]M�T W?��\^ZL�u_ c \^_?ZkO�M��?\^�?TIM¤_ QaX[\hV £ �,{|\^Z[TU_ c �æ_`{^�?TUi c _u����W?X[Z]n[TUn«V c \|O�T c \^W?Z ��W c nN\h_`�kZ[WkMR_`i[\^{^\�OPKk�
T��CTIV±OR\|�kT �?T c \|¨�V�_`O�\^W?Z�Z[TUTUn[M�_ c \hV�o[T c n[_uO�_ MAO c X]V±ORX c Tk� � &��ÌMR_u��T�Z[T�O�o]_kM¤WkZ[{|K ¨]Z[\|O�TU{|K�S�_`ZLK
c TU_kV�o]_`i]{|T�S�_ cR£ \^Z[�aM}�]\|Z	�º_?V�OU�[\|ORM c TI_?V�o]_?i[\|{^\|OPK�� c _`m[o	V�_`Z�iCT�MATUT�Z�_?M,_�¨]Z]\�ORT�_`XNORW?S�_uORW?Z�� (N72T
VU_`ZYO�oLX]M c T�O�X c Z-O�W�_`Z/_`XNORW?S�_uORW?Z-S�WNnNTU{[_`Z]nY��W?{^{^Wu�©O�o[T9{^\�ORT c _uORX c T&\^ZYORo[\^M � c _`S/TU�$W c�£ �uo[Wu�&T��kT c �
ORo[T c T6\hM2_�S/W c T6_?nNT�QkX�_uO�T c T�m c TIMATUZkO�_uOR\|WkZ�W?�'ORo[T�iCT�o]_=�L\^W?X c M9W`� b T�O c \�Z]T�OU��X]M�TUn�M�X]V�V�TUMRMP��X[{^{^K�\^Z
& WLn[T�{�j$o[TUV £ \^Z[�]�FM�T�T�i�TU{|Wu�6�+(}i]M�T c �?T6ORo]_uO6_`{^{�\|Z[¨]Z[\|O�T c X[Z�M}W?�¢O�o[T/X[Z[��W?{hnN\|Z]���,\^{|{ c T�mCTU_`O�TUn[{|K
m�_?MRM¤ORo c WkX[�?oEMPO�_uO�TIM�O�o]_`O	o]_=�kTx_?{ c TU_knNK iCT�TUZE�L\hMA\|O�TIn5iCT���W c Tk��V�W?ZL�kT c MATU{|Kk�,O�o[T c T¾T�¦N\hMPO�¨]Z[\|O�T
m c T�¨[¦NTUM$W`��ORo[T�X[ZN��Wk{^nN\^Z[�-O�o]_`O2V�W?ZaO�_`\^Z�_`{ c TI_?nNK�_?{|{0\^ZN��W c S�_uOR\|WkZ�_`iCW?XNO9ORo[T}mCWkMRM�\|i[{^T�i�TUo]_=�L\|WkX c M
W?�'ORo[T�Z[T�OU�BA9o[\hM,\^M2�,o]_uO}_?{|{^Wu�2M9X]M�\|Z]��i c _?Z]V�o[\^Z[�/m c WLV�TUMRMATIM9\|Z &�WNnNTU{�j$o[TIV £ \|Z[��� 6 � )N�CskrI¡��]O�o[T
n[\��FT c T�ZaO-�9_=KNM6W`�2WkiNOR_?\|Z]\|Z[�¾_`Z]n W?mNOR\|S/\^¿�\^Z[��O�o]TE�ªEDCC´^®�·æ®+CC¯�® 	���o]_=�kT c TUV�TU\|�kTUn½V�WkZ]M�\^nNT c _?i[{^T
_`OAORT�ZaO�\^W?Z	\|Z	ORo[T6{|\|O�T c _`O�X c T?�[M�T�T/� s�$±¡���W c _/V�WkS�m c TUo[T�Z]M�\^�?T}O c TU_uORS/T�ZaOU�

A'W	O�o[T/iCTUMAO�W?��W?X c�£ Z[Wu�,{^TUn[�?T?�FORo[T/m c W?i[{^T�S W?�$nN\h_`�?Z]WkM�\^M}\^M�Z]W`O�O c TU_`O�TUn \|ZxO�o]T�{^\|O�T c _uORX c T
WkZ¾V�W?S/m[{^T�ORT�m c T�¨[¦NTUMU��ORo[T c TIMAX[{|ORM�WkiNOR_?\|Z]TUnxO�o[T c T�nNW�Z[W?OYV�_ c�c K�Wu�?T c \^S/S�TInN\h_uO�TU{|Kk� * Wu�&T��kT c �
\|Og\hM,Z]_`O�X c _`{FORW¤T�¦NmCTUV±OgM�X]V�o�V�WkS/m[{|T�O�T6¨�Z[\�ORT6m c T�¨[¦NTUM,��W c nNTIV�\hnN\^Z[�¤nN\h_`�?Z]WkMR_`i[\^{|\|OPK�ORW�T�¦N\^MAOU�]O�o[T
��Wk{|{^Wu�,\^Z[�-T�¦N\^MAO�TUZ]V�T�O�o]T�W c T�S V�W?Z[¨ c S�M&ORo]_uO2\^ZaO�X[\|O�\^W?Z��
< � ÁLÅ � Á � 	?� 4�ª`¯¾²½»`³µ°u®�¼ ¼F®�·A� � �!������� c ���¤·�:]®�¯�®©®��k³h±·ºx² 	d¼�³µ·Ì®x¼ ^ E/¬�®�¯�� ���� � �
 ^ E9: ·�:]²u· f�ª`¯ ²u¼�¸ L FÌ�² f�® E�²u¯76`³µ¼a» ' � X � ª�f��d��·�:[®��/Fæ·�: CC¯�® 	��=���"ª f	·�:]® ^ ¼�f�ª`´|¹u³µ¼L»«ª f
� ���S�6�.' � �Y³h6 ^�� E�³º®�¼]·&·Ìª�°=®�¯±³ f�¸	¹`³º²�»?¼Cªu�²k¬�³µ´�³µ·§¸ 3Y³ f�·�:[®�¯�®�®��k³h±·2²u¼]¸  � �  	 � � "> �  	>  ^ E : ·�:]²u·? LJL C�³h6°U³ºª`´|²u·æ®�¹��9ª`¼C®�E�²u¼ E9:[ªIª=�®-·�:[® E 4¢³µ·�:�·�:L³h�CC¯RªyC]®�¯±·�¸/ ^ E :�·�:]²u· �  " � ���% 	 � ��� � �% 	> � �

6 � 

� � Å�Å�- � � T�iCT��k\|Z��,\|O�o M�W?S/T6m c T�m�_ c _uO�\^W?Z�M��pj&_`{^{�_`Z _?{^_ c S m]_uO�O�T c Z@% ¯�®�¹ ^ E�³º¬�´|®2\|�¾��W c _?{|{
Yj 
 � �� ��% ���[ORo[T c T�T�¦N\^MAO# � �  > � ���M�X]V�o�O�o]_`O
$k����  � -�C> -� � �
s[� � �%"> ��5 ) �� �� � -���> -���@X Tp�

è'è 	���� ã����



sks �C·Ì®Jf�²u¼��-²?²`¯

component 1

component 2

5

32 4

1

7

α

η ζδ

7 511

7 65

11

71

4322

6

α

ια

δ η

β

δ γ γ δ η

2 32 2 443

1

γ

5

α

7

ζ

11

β β

11

4432 2 2

ζβ

γγ

6

βγ

? \|�kX c T 6 F =SCC¯�® 	���?Ì¯±³�» :N· C f�ª`¯6·�:]®�¼F®�·æªu¼ ·�:[®Y´|®Jf�· � ERªzE C]²u¯R®�4�³�»
 N

_`Z]n ³µ¯±¯�®�¹ ^ E�³º¬�´|®&W?O�o[T c �,\hM�T?� � Z�O�o[T�_`iCWu�?T2nNT�¨]Z[\|O�\^W?Z��  � �  > _`Z�n ��gi�TU{|WkZ[�6ORW-nN\|�CT c TUZaO b T�O c \Z[T�O�M��N�k\|�kT�Z�iaK/ORo[T�Z[T�O)�#�,\�ORo�S�_ cR£ \|Z]�kM&'/�?� ' �% � �&_`Z�n>' �% > �±� c TIMAmCTUV�O�\^�?T�{^K?� 7gWu�6�NMA\^Z]V�T
�

6
+ O � O ���&T/_ c T�nNWkZ[T/W?Z]V�T�O�o[T���W?{^{^Wu�,\|Z[��V�{h_`\^S#\hM�m c Wu�?TUn3F ; :[®�¼ ^ E�¬�®�¯��pª�f/³µ¯±¯�®�¹ ^ E�³º¬�´|®

²u´|²`¯wE C[²`·§·æ®�¯±¼]�ª f+� ³h�¬Rª ^ ¼C¹k®R¹x²?¬�ªu°u®�¬�¸ ��� �
4 :[®�¯�® � ¹k®�¼Fªu·æ®±�·�:[®�¼ ^ E�¬R®�¯¤ª�f/¯�®�²)E :]²?¬�´|®E/²`¯76u³µ¼L»u-ª f	� ( A'W/m c Wu�?T2ORo[\hM��[Z]W`O�T�ORo]_uO9O�o]T6o[T�\^�?oaO;���% �&W`��_`ZLK¤V�WkZN¨]�kX c _`O�\^W?ZF j�T�ORo]_uO
nNWLTUM}Z[W`O c TUm�TI_uO�_¤S�_ cR£ \|Z[����\�� T?�}M�X]V�o�ORo]_uOO � N C>�N  _?Z]n8 � *32 C>Y\|S/m[{^K� � � C>?�F\^M
i�WkX[Z]nNTIn�_?i�Wu�kT2iLK � � * T�Z]V�T?�N_`{^{C_?{^_ c S7m]_`OAORT c Z]MT% �,o[WkM�Tgo]T�\^�?oaO&T�¦[V�T�TIn[M � _ c T c TInNX]V�\^i[{^T?�
MA\^Z]V�T� j 
����� ��% ��\|S/m[{^\|TIM����% �

>
� ��% ����ORo[T/ZaX]SYiCT c W`�$m]_uO�O�T c Z]M�W?�$o[T�\^�?oaO � W c {^TUMRM}\hM

W?iL�L\|WkX]M�{|K¤iCW?X]Z]nNTUn	_`iCWu�?T�iLK ��� �
�

+ � � ��= � Á � j$W?Z�MA\hnNT c ? \^�?X c T 6 � ��T�O�d
, < ? ���=>k�9o[TUZ]V�T V X < < � 3�� �D��� >k� � T�_?M £ X[Z]n[T c

�,o]\^V�o V�o]W?\hV�TUM}W`�1V O�o]T-Z[T�OV� M�_`O�\hMP¨�TUM��8� �g��_`Z]n \��&MAW��C�,o]T�O�o]T c � \hM2ORo[T�Z½nN\h_`�?Z]WkMR_`i[{^T���W c
ORo]_uO V-�>?'\ c MPOI���&T/V�{^_?\|S�O�o]_`O �(� � Hº_`Z�nxTU�?TUZ ���8����K�\hM�T�QaX[\^�u_`{^T�ZaO6�,\�ORo 3kj VY� � Z¾�º_?V�OU�
TU�?T c K�\^ZN¨]Z[\|O�T�V�W?ZN¨��?X c _uOR\|WkZ�W`�@�zV�W?ZaO�_`\^Z]M 3��Ì{^_?i�TU{|TIn�TU�?TUZkO�M��[M�W�O�o[T6\^S/m[{^\^VU_uO�\^W?Z�M

� 3Lj V/��# �(� � # ���(� �
_ c T$\|S/S/TUn[\^_`O�T?� (}ZYO�o[T9W`ORo[T c o]_?Z]n0�?M�X[m[mCWkM�T>3 ]j VY�uORo[T�Z-O�o[T c X[Z�( ��W c S/TUn-iaK6WkZ[T&WLVUV�X cRc T�Z]V�T
W?�	� _?Z]n¾\|Z[¨]Z[\|O�T�{^K S�_`ZLK _?{�ORT c Z]_uOR\|Z]��WNV�V�X cRc TUZ]V�TIM}W?�;?�_`Z]n 3 V�WkZaOR_`\^Z]M�Z[W�Wki]MAT c �u_?i[{|T-T��kT�ZaOU�
_?Z]n�( V�W?Z�MPOR\�ORXNO�TIMd_��L\|Wk{^_`O�\^W?Z/W`�0iCW`O�o �8� �©_?Z]n ���(� �g�!72Wu�6�k{|T�O�X]M�V�o]TUV £ �,o]T�O�o]T c V'� < 3T>

J é è J à



s �

S�_ £ TUM�� nN\h_`�kZ[WkMR_`i[{^T?�¢JLX[m]m�WaMAT�V�W?ZN¨]�kX c _uO�\^W?ZF�V�WkZkO�_`\^Z]M,_`Z �a��TU�?TUZkOI� � Z]M�m�TIV±O�\^W?Z�W?��? \|�kX c T 6
M�o[Wu�2MgO�o]_`O�_?ZLK�T�¦LO�TUZ]MA\^W?ZD 	�W?�!¾MAX]V�o O�o]_`O�TU\�ORo[T c ���A 	���5 ���A � :'&�W c � �% 	���5 � �% �#: +
V�W?ZaOR_?\|Z�M�M�W?S/Tg\^Z]MAOR_`Z�V�TgW?� 3 ��?]W c ORo[T�W`O�o]T c �º_?X[{|O&{h_`iCT�{���?d�LW?Z[T}o]_?M�O�o]_`O�ORo[T�V�W?ZuePX]Z]V±OR\|WkZ¤W`� Hº\�KC � � � ? �D_B ]�ba�_?Z]n�Hº\|\ K#���A 	 ��5 � �% ��: &,W c � �% 	 �O5 � �% ��: &?�?\^S/m[{^\|TIM C I�& � 3 �D_B ]�ba[�4A9oLX]M
�&T6V�WkZ]V�{^X]nNT�O�o�_uO23 j V \^M9Z[TIV�TIM�MR_ c K�_`Z]n�M�X �¤V�\^T�ZaO9��W c �8���g��� �8� �2�

D
�]_`Z�n

W
�M&�W c T�Wu�kT c �

ORo[T�m c T�¨]¦�MAo]Wu�,Z	WkZ	O�o[T c \^�?oaO,o]_`Z]n�M�\hnNT6W`��? \|�kX c T 6 \hM2M�X �¤V�\^T�ZaO2ORW¤nNTUV�\^nNT6Wki]M�T c �=_?i[\^{|\|OPK�_`Z�n
n[\^_?�?Z[WaM�_?i[\|{^\|OPKC�aORo[\^M2\|{^{|X�MPO c _`O�TUM$ORo]_uO,ORo[T6�$W c MAOA�æV�_kMAT}i�WkX[Z]n[M2W?Z�MAX �¤V�\|TUZkO2m c T�¨[¦NTUM9�?\^�?TUZ�\^Z	O�o[T
m c WLW`�$W`��A9o]T�W c T�S � VU_`Z¾i�T��º_ c W?� �'nNX[T�O�W�T��FTUV�ORM�W?�9V�W?Z]V�X c�c T�Z�V�K?�1?[W c ORo[T/Z[T�O�\^Z ?'\^�?X c T � �
�&Tgo�_=�?T}n[\��FT c T�ZaO c TIMAX[{|ORM9nNTUm�TUZ]nN\^Z[��W?Z��,o]T�O�o]T c �$TI_ £ W c MPO c WkZ[� c TUM�mCW?Z]MR_`i[\^{^\�OPK/\hM$M�W?X[�koaO�F O�o[T
Z]T�O2\hM

J 4�®�² 6`´¶¸6nN\^_?�?Z[WaM�_?i[{^T}\|� �"V��
>

&?�]_?Z]n

J ±·§¯�ª`¼a»?´¶¸�nN\^_?�?Z[WaM�_?i[{^T}\|����V(_ < < � ?	>�]�Ea)���-� V%_ < 3�� �>9]�ba)�±�
+ � � � Á � � Â ? \^�]� 6 MAo]Wu�2M�ORo]_uO�O�o[T�X[m]m�T c i�WkX[Z]n[M�W?Z«O�o[T�M�\|¿UT�W?�2O�o]T�V�W?S/m[{^T�ORT�m c T�¨]¦«_ c T
�º_ c � c W?S M�o]_ c m��C\|Z �º_?V±OI�CO�o[T�MA\^¿�T-W`��M�X �¤V�\^T�ZaO}m c T�¨]¦LTIM2�,\^{|{�iCTYS/WNnNT c _uORTY_?M}{^W?Z[��_kM2ORo[T c T�\hM}_
o]\|�koxnNTU� c T�T�W`��m]_ c _?{|{^T�{^\hMAS \^ZF��_`Z]n Z[W	T�¦[V�TIM�M�\|�kTYi c _`Z�V�o[\|Z]�UHºX[ZN��W?{hnN\^Z[�kM�VU_`Zxn[W	Z]W`O�o]\|Z[��O�W
c TUn[X]V�T9i c _`Z]V�o]\|Z[��i[XNO c TUn[X]V�T&O�o]T2MPO�_uO�T,M�m]_?V�T9iaKYT�¦Nm[{^W?\|O�\^Z[�6V�W?Z�V�X cRc TUZ]V�K9K�� � Z/S�_`ZLK�MA\|O�X�_uO�\^W?Z�M��
T�¦No[\|i]\�OR\|Z[�¤_��kT c K�o[\|�ko�nNT�� c TUT}W?� m]_ c _?{|{^T�{^\hMAS�V�W?SYi]\|Z[TIn	�,\�ORo�_�S/WNnNT c _uORT6nNT�� c TUT�W?�'i c _`Z�V�o[\|Z]�
iCT�o�_=�a\^W c ��� VU_`Z5iCTxV�W?Z]M�\hnNT c _`i[{^K�MAS�_`{^{^T c ORo]_`Z O�o[T c TI_?V�o]_?i[\^{|\|OPK � c _?m[o+W`�)� �gO�o]_`O�\hM��gO�o[T
_?XNO�WkS�_uO�WkZ c T�m c TIMATUZkO�_uOR\|WkZ}W?��� �u\^Z6m]_ c O�\hV�X]{^_ c �±ORo[TdS/W c T¢m]_ c _?{|{^T�{^\^M�S+ORo[T c T¢\^M�\|Z�ORo[T�_`m]m[{|\hV�_`O�\^W?Z��
ORo[T�S/W c T¤\hM-�k_`\^Z[TIn½� c WkS�ORo[T	m]_ c O�\h_`{$W c nNT c-c TUm c TIMATUZaOR_uOR\|WkZ�� A9o[T	V�W?S/m[X[OR_uOR\|WkZ]_`{9V�WkS/m[{|T�¦N\�OPK
W?�6O�o[TxX[ZN��Wk{^nN\^Z[� _`m[m c Wk_kV�o��,\|{^{�O�oLX]M	V�W?S/m]_ c T��º_=�kW c _`i[{^K ORW ORo[T mCW?{^KLZ[W?S/\h_`{�V�W?S/m[{^T�¦N\|OPK W?�
n[\^_?�?Z[WaM�_?i[\|{^\|OPK��?T c \|¨�V�_`O�\^W?Z�M�o[Wu�,Z�\|Z½� � 6 ¡Ì�

� Á �92 ���	�U��� Å ��� A9o[T-Z[TUV�TUMRMA\|OPK�W?��nN\hM�V�T c Z[\|Z]���$TI_ £ _`Z]n MAO c W?Z]�¤nN\^_?�?Z[WaM�_?i[\^{|\|OPK�_ c \hMATIM9� c W?S
ORo[T,nN\hMPO c \^i[XNORTUn�Z]_uORX c T$W?��{h_ c �?T&Z[T�OP�&W cR£ M��u_`Z�nYS/W c T&�?T�Z]T c _`{^{|K6\^Z-m]oaKNM�\^VU_`{^{|K6{h_ c �?T9M�KLMAO�TUS�M'�,\|O�o
�k{|Wki]_`{�O�\^S/T6_`Z]n�MPO�_uO�T�Z[W?O&Wki]M�T c �=_?i[{^T?� � o[\|{^T6MPO c WkZ[�/nN\^_?�?Z[WaM�_?i[\^{|\|OPK-\hM&O�o]T�Z�_uO�X c _?{]O c _?Z]MA{h_uOR\|WkZ
W?�'V�{h_?MRM�\^VU_`{�n[\^_?�?Z[WaM�_?i[\|{^\|OPKY� c W?S7ORo[T�_?XNO�WkS�_uOR_�O�W-O�o[T�m]_ c OR\^_?{�W c n[T c � c _`S/TU�$W c�£ �a�$TI_ £ nN\h_`�?Z]WkMA�
_?i[\^{|\|OPK \hM�W?�µO�T�Z½S/W c T�TU_kMA\^{^K �?X�_ c _`ZaO�TUTUn0� � O�MAo[WkX[{hnxiCT¤Z[W?O�TIn¾O�o]_`O-MAKNMAO�TUS/M6O�o]_`OY�$TI_ £ {^K i[XNO
Z]W`O�MAO c W?Z]�?{^K	nN\h_`�kZ[WkMR_`i]{|T�_ c \hMATYW`�µO�TUZx_kMgV�WkS/m�WaMA\|O�\^W?Z W?��MA\^S/m[{^T c MAKNMAO�T�S�MU���,o]WkM�T-V�WkS/m�WkZ[T�ZaORM
_ c T��NW c VU_`Z�iCT�S�_?nNTk�[MPO c WkZ[�?{^K�nN\^_?�?Z[WaM�_?i[{^T?�L\|Z�O�o]T�T�¦[_`S/m[{^T}W?��? \|�kX c T}t��LO�o[T�OP�&W�V�KLV�{|\hV�m]_ c ORM
��W c S�MAX�V�o�V�W?S/mCW?Z[TUZkO�M��BA9o[\hM,S/W`OR\|�u_uORTUM9ORo[TYMAO�X]n[K�W?� O c X]{|K½¹u³h±·§¯±³º¬ ^ ·æ®R¹�nN\^_?�?Z[WaMA\hMU�[�,o[T c T6TU_kV�o
M�X[mCT c �L\^M�W c \hM}�?\^�?T�Zx_�{|\^S/\�ORTUnxnNW?S�_`\^Z W?��MAX[mCT c �L\^M�\^W?Z��F_`Z]n V�W?S/S-X[Z[\hV�_uOR\|WkZ _`S/W?Z]��nN\h_`�?Z]WkM�T c M
\hM9Z[TIV�TUMRMR_ c K/O�W/TUMAOR_?i[{|\hM�o Hº{|WNVU_`{0�L\|TU�2M9W`�yK&�k{|Wki]_`{�n[\^_?�?Z[WaMA\hM��N_��&W cR£ \|Z�m c W?� c TIM�MU�aM�T�T/� $U~=¡Ì�

�/��2 � ÅLÄ � Á Æ � � Á � �U� � _`S � c _uORT���X[{^{^K�\|Z]n[T�iNORTUn�O�W/��� � T�ZL�kT�Z[\hMPORT?� H2�O?�_`i c T?�N_`Z�n	j}�[ya_ c n/��W c
\^ZaO c WNnNX]V�\^Z[�/S/T�O�W¤nN\h_`�kZ[WkM�\^MU�N_`Z]n���W c V�W?X[ZaOR{|TIM�M9TUZ c \hV�o[\^Z[��nNT�i�_uO�TIM��

è'è 	���� ã����



s`t �C·Ì®Jf�²u¼��-²?²`¯

��%,�u%9��%,���&%,


t���x à ��� Ú 	 ��Ú 	 í ì§Ù§Ú±ç�� ��� � Ü=ØºÚ±çFÔ ��	 ��� Ø � ß � Ø�
±×h� 	 ÚæÙ�ì�&ÖIØ§×±Ü � ÜIíso í ì§Ù§í å �,×UÛ=Ú�o ì � ×±Ø�ÛIí ì§Ù§Ø§í Ü=ÕUÙ�ÚPÛ �
	 Û-åP× 	 åPÕ=Ø§ØºÚ 	 Ù
ì§ÝUì§Ù§Ú �,ì ������������� ~ S Ê ~�� Ï���� S Ê�� S�� ËUÏ��±Í ~ Ï�� �� � S Ï � ���"!$#�% �&�(' � �)wu&*(+��)w�wv çaé�×h��Ú �&Ü`ÚPØ�ã vwvwu��

t ã x à � ê �$� ×±Õ�o ×±ÕIÙ � ì�çNÔ �-, � o ×=ç �
	 Û�à ��� í 	 
±Ú o � à4o � Ø �+åP×±ØºØ§Ú�o � Ù§í × 	 �
	 Û � � Õ�o Ù�í ÛIÚ 	 Ù§í .uå � Ù�í × 	 í 	 åP×�� �&Õ 	 í å � Ù§í × 	
	 ÚæÙ p0×±Ø/
�ì �0���������1� ~ S Ê324� S  �±Í&Í$Ë S � � ~ Ï��5� S !06-% ã87�� ' ç �)&) � �

t uyx�, �9, � ì�ì �
	 Û=Ø � ì �
	 Û�Ô �;: � � ×±ØºÙ§Õ 	 Ú �$�5S Ï � �<�Ë � Ï��5� S Ï��=<&�|Ê � � ��Ï � ��Ðy� S ÏCÊG�±ÊÌÏ ��Í$Ê32"> o Õ�p0ÚPØ0à�å � Û=Ú �,í å@?�ÕIÜ�o í ì�Þ=ÚPØºì�ç
�)&)&)��

t � xBA � â ÚPì�Ú�o �
	 Û A�� ��ì§Ö � ØJr ����C-� �G�  �D �&� � ��E3��Ï � ��FM�AÏhÊ32 , � �&Ü=Øºí Û�q±ÚHG 	 í ��ÚPØ§ì§í ÙµÝB?�ØºÚAì§ì�ç �)&)w���
t �yxBA � � 	 q±Ú�o � Ø§í ÚæÙ �0IJ� ~ S �KD � S;L E � � � �AÊÌÊ��AÊM� } E���Ï � �NF���ÏhÊ32 à'åæÙ � J 	�� ×±Ø�� � Ù�í å � 61# � ��O��(+��&)"� ç �)&)"���
t *yxBA � ��ì§Ö � Ø"r ��� ß�×UÛIÚ o , Þ=ÚPåP
�í 	 qQG�ì�í 	 qgé'ÚæÙRG 	�� ×wo ÛIí 	 q±ì �TS � � � S � �B� }B �±Í Ñ`ËIÏ�� � E � � L�� ~ Í&ÍM� S;L 61U � � �"�P+��)w� ç

�)&) � �
t OhxBA � �]ì�Ö � Ø"r � ç�Ô � èWV��,ÚPØAç �
	 ÛYX ��Z ×wqwo ÚPØ � à 	 í �,Ö=Øº×h��Ú �,Ú 	 Ù&× � ß�åAß�ísoso �
	-[ ìdÕ 	�� ×wo Û=í 	 q � osq±×±Ø§í Ù§Þ�� �4C � � Í ~ �

\ ��Ï D �<±ÊR� S�S �±ÊÌÏ �AÍ^] �AÊP� L S 61_�% u�' � ãw� � 7 u"� v ç`ã vwv ã �
t � x � �&� � Ü=ØºÚ±ç�à �`� Ú 	 ��Ú 	 í ì§Ù§Ú±ç , �`A�� Ø§Ûaç : � è�í åa
±ÚAØPç �
	 Û9ß � Ô�,í Ù§Þ � â'í ì§Ù§Ø§í Ü=ÕUÙ�ÚPÛ9ìºÙ � Ù§Ú�Ø§ÚPåP× 	 ì§Ù§ØºÕ=åæÙ�í × 	 � ×±Ø]ÛIí ì�åPØ§ÚæÙ§Ú

Ú���Ú 	 Ù�ìºÝIìºÙ�Ú �,ì � E � � � � �P<&� S;L Ê  ]  @b c;d�d�d �
t )yx � �1� � Ü=ØºÚ±ç?à ��� Ú 	 ��Ú 	 í ì§Ù§Ú�ç , ��A�� ØºÛaç �
	 Û�Ô �$	 ��� Ø � â í � q 	 ×±ì�í ì'× � à ì§Ý 	 åÌÞIØ§× 	 ×±ÕIì¢â í ì�åPØºÚæÙ�ÚM�O��Ú 	 ÙdÔ�ÝUì§Ù§Ú �,ì�ç �

é'ÚæÙ@G 	�� ×wo Û=í 	 q&à'Ö=Ö=Øº× � åÌÞ �0����������� ~ S Ê32 � ËUÏe2  � S Ï � �w� !$#�% ��'/O;� � +"O ã O çaß � Ýgã vwvwu��
t�� vyx � �� � Ü=ØºÚ�ç�à �� Ú 	 ��Ú 	 í ìºÙ�Ú±ç , �(A�� Ø§Ûkç �
	 Û$Ô �(	 ��� Ø � â í ì§Ù§Ø§í ÜIÕIÙ�ÚPÛ �,× 	 í Ù§×±Ø§í 	 q'× ��� åP× 	 åPÕ=ØºØºÚ 	 Ù �
	 Û � ì§Ý 	 åÌÞ=Øº× 	 ×±Õ=ì

ì§ÝUì§Ù§Ú �,ì � E � � � � �a<�� S;L Ê  Wf F  hg È c;d�d&i�ç : é , Ô 6�j1k�l ç=ÔUÖ=Øºí 	 q±ÚPØ Z ÚPØ"o � q,ã vwvwu��
t��&��x � �1� � Ü=ØºÚ±çuà �9� Ú 	 ��Ú 	 í ìºÙ�Ú±ç �
	 Û , �9A�� Ø§Û � â'í ì§Ù§Ø§í Ü=ÕUÙ�ÚPÛ�ÛIí � q 	 ×±ì�í ì � ×±Ø3o � Ø"q±Ú¢Û=í ì�åPØºÚæÙ�Ú�Ú���Ú 	 Ù'ÛIÝ 	�� �,í å�ì§ÝUì§Ù§Ú �,ì �

�/C9�  m � S;L 2 ã vwv ã �
t�� ã x � ��� � Ü=ØºÚ �0, × 	 ��ÚPØJq±Ú 	 åPÚ9× � êNÕ=ØºÜ`×2à�osq±×±Øºí Ù�Þ��,ì � ×±Ø�Ô�ÝUì§Ù§Ú �,ì â'Ú3. 	 ÚPÛ6Ü�Ý : ×�å � o , × 	 ìºÙ�Ø � í 	 Ù�ì �4npo�qNn r è�ÚPÖ?×±Ø�Ù��� *wv ç?ã vwvwu ë�G è : �=Þ�ÙºÙ�Ö-� s&shp3p3p � í 	 Øºí ��� � ØasRØ§ØºØ�ÙKsRØºØ�7���� *wv�� Þ�Ù � o
t�� uyx � �;� � Ü=Ø§Ú �1� � åæÙ§×±Ø§ísr � Ù§í × 	 × � G 	�� ×wo ÛIí 	 q±ì � ×±ØFâ í ì§Ù§Ø§í ÜIÕIÙ�ÚPÛ}ê�íso Ú Ô�ÝUì§Ù§Ú �,ì � ? � Ø�Ù � �]è�ÚPÛ=Õ=åPÚPÛ J 	 Ù�ÚPØ � åæÙ�í × 	 å � ì§Ú �

npo�q4n r è�ÚPÖ`×±ØºÙ4���±ã ) ç`ã vwvwu ë�G'è : �IÞ�ÙºÙ§Ö-� s&shp3p�p � í 	 Øºí ��� � ØPsRØºØ§Ø�ÙPsRØ§Øe7 ���±ã )�� Þ�Ù � o
t�� � xB� � á � Õ�ä � ohçFÔ �4	 ��� ØPç �
	 Û A�� ß � í Ø§ÚPì�ì§Ú �N� o ×Uåa
Uí 	 q � êNØ �
	 ì§í Ù�í × 	 í 	 �t� Ø§ÚPÚ , Þ=×±í åPÚ�é�ÚPÙAç �
	 Ûip�Þ � Ù$í Ù$Ù§Ú�oso ì

� Ü?×±ÕUÙ í Ù§ì�Ù§Þ=Øº×±Õ�q±Þ=Ö=ÕUÙ �Nu ��Ë � S ~ �N� }= ��Í'Ñ`ËIÏ � � ~ S < S �±ÊÌÏ ��Í S � �%� S � �AÊ�k�k�% u�' � �"� �(+�� ���Iç?ã vwvwu��
t�� �yx Ô �;	 ��� ØPçIà �v� Ú 	 ��Ú 	 í ì§Ù§Ú±ç9� �v� � Ü=Ø§Ú±ç �
	 Û , �;A�� ØºÛ � ? � ØºÙ§í � o0w Ø§ÛIÚAØ�â'í � q 	 ×±ì � Ü=íso í ÙµÝ&× � â'í ì�åPØ§ÚæÙ§Ú@�9��Ú 	 Ù�Ô�ÝUì§Ù§Ú �,ì

G'ì�í 	 qh?NÚæÙ�ØºíUé'ÚæÙNG 	� ×wo Û=í 	 q±ì � J 	 � E � � � �G�P<&� S;L ÊW� }�x9c S < �/�����  � S } � � � S � �y� S ] � � �|ÊP�5� S ~ S <  � S Ï � �w�?Ç  ]  Òz
ã vwvwu��

t��*yx à � á í Õ ��� ?NÚPÙ§Øºí 	 ÚæÙ ìºÙ � Ù§ÚdÚPì§Ù§í � � Ù�×±Øºì'Ü � ì�ÚPÛ�× 	 Ú���Ú 	 Ù ×±ÜIì�ÚPØ"� � Ù�í × 	 � E � � � 2  ]  |{�}v};~ 2
t��(Ohx à � á í Õ � �
	 Û , � ÔUÚ � ÙGrPÕ � w ÜIì�ÚPØ"� � Ü=íso í ÙµÝ9× � ?Oo � åAÚ(sRêNØ �
	 ì�í Ù§í × 	 é'ÚæÙ§ì �v����������� ~ S Ê32 � ËUÏe2  � S Ï � ���8!0j�% )�' � � ��ã�� +

� � u�O ç6ã vwv ã �
t�� � x Ô ��	 ��� Ø � ?]Ø§×±Ü � ÜIíso í ì§Ù§í å , o ÕIì§Ù§ÚAØJG 	�� ×wo ÛIí 	 q±ì �1C Ë S < ~ Í�� S Ï ~ � S } � � Í ~ Ï�� � ~ �`2$�1U�% u 7 � ' � ãw� �P+�u"� �=ç?ã vwv ã �
t��)yx�, � é �0	 � Û�äºí åP×±ì§Ù§í ì�ç �
	 Û-á � , �$Z ÚPØJq±ÞIÚAì§Ú � ß�× 	 í Ù§×±Øºí 	 q}ÛIí ì�åPØ§ÚæÙ§Ú9Ú���Ú 	 ÙdìºÝIìºÙ�Ú �,ì�Õ=ì§í 	 q�?NÚPÙ§Øºí 	 ÚæÙ¢Ú �$Ü?ÚPÛ=ÛIí 	 q±ì �

í 	 E � � � 2 c"d ÊÌÏ�Ç �  �R� E�FFÒ ç : é , Ô l;k�U�� � � �w� + ã v �IçuÔUÖ=Øºí 	 q±ÚPØ Z ÚPØJo � q �)&)&)��

J é è J à



skr

t ã vyx J � > � Ù§ì�Ú�o � çLà � ê �-� ×±Õ�o ×±ÕIÙ � ìAç[Ô �-, � o × ��, Ú 	 Ù�Ø � o ísrPÚPÛ1�Uì�Û=í ì§Ù§Øºí Ü=ÕIÙ§ÚAÛ � � Õ�o Ù�o ×Uå � o í ì � Ù�í × 	��-�5S Ï � L&� ~ Ï �a<tF���Ï���� ���
\ ~ S ~ L ��Í�� S Ï ��� z à � Ô � ÔUÚæÙ§Þ=íhç�� � è � Ý 	�� Õ=Ûaç � �9� � Õ=ØºÚK7 Z í 	 åAÚ 	 Ù % ÚPÛ=ì � ' ç`ã �"� 7�ã *"���0, Þ � Ö�� �
	 �
	 Û 	 � oso �)&)w���

t ã ��x Z � > Þ=×��,Ú 	 
±×=ç±ß � > ×±ÕIÙ 	 Ý�ç �
	 ÛRX �Z ×wqwo ÚPØ ��, �
	 × 	 í å � o9?]Ø§ÚK.��UÚPì[× � ?NÚPÙ§Øºí=é'ÚæÙ4G 	�� ×wo ÛIí 	 q±ì �8� � Ï ~ � S } � � Í ~ Ï�� � ~
!0_ � )w�(+��&� �Iç�ã vwvwu�� ?]Ø§Ú�o í �,í 	 � Ø�Ý Z ÚPØºì�í × 	 í 	 �Nâ �`� Ø§í 	 ì/
� � �
	 Û > � á �8: � Ø§ì§Ú 	 % ÚPÛ=ì � ' ç E � � � 2  ��� c"d�d`c�ç : é , Ô
61!$_1! � � �±ã +��&)w� ç?ÔUÖ=Øºí 	 q±ÚPØ Z ÚPØ"o � q2ã vwv ã �

t ã±ã x > � 	 �-	 Ú �
	 Û�ß � â �-: Ú � �,× 	 �0: í ��Ú 	 ÚAì§ì ��ÚPØºí .uå � Ù�í × 	 × � Û=í ì�åPØºÚPÙ§ÚK7µÚ���Ú 	 Ù&ì§ÝUì§Ù§Ú �,ì �,×�Û=Ú�o ÚPÛ-Ü�Ý�
07µì � � Ú ?[ÚæÙ§Ø§í
	 ÚæÙ�ì � E � � � 2 cv{ ÊÌÏ �  ��� E�F ã vwvwv ç : é , Ô l"#$6�� � ã±ã O+ ã�� u ç`ÔUÖIØ§í 	 q±ÚPØ Z ÚPØ"o � q �

t ã uyx > � 	 �8	 Ú �
	 Û$ß � â �: Ú � �,× 	�� w 	 Ù�Þ=ÚCÚ��Uí ì§Ù§Ú 	 åPÚ�× � o í ��Ú 	 ÚPì�ì/7hÚ 	� ×±ØºåPí 	 q�ì�ÕIÖ?ÚPØ �Ií ì§×±ØºÝ�Ö`×wo í åPí ÚPì]× � Û=í ì�åPØºÚPÙ§ÚK7µÚ���Ú 	 Ù
ì§ÝUì§Ù§Ú �,ì �,×UÛIÚ o ÚPÛ6Ü�Ý�
$7µì � � ÚR?[ÚæÙ§Ø§í 	 ÚæÙ§ì � E � � � 2 �/C"�  @b c;dvd�d  � S } 2�� S  � S Ïe2 S �±Ê�Ïe2N] �AÊP� L S z ì§Ö`ÚAåPí � o[ì�ÚPì§ì�í × 	
× 	 ?NÚæÙ�Øºí 	 ÚæÙ�ì �

t ã�� x��������� Ö=Øº×�äºÚPåPÙ � ÔUÚPÚ�G è : ����������� ����� ��!�"���# $�% & '�$�% # ����# (�)
t ã �yx > � ß�åAß�ísoso �
	�� G�ì�í 	 qhG 	�� ×wo Û=í 	 q±ì[Ù§× � ��×±í Û&Ù§Þ=Ú�ì§Ù � Ù§Ú�Ú��UÖ�o ×±ì�í × 	 Ö=Ø§×±Ü�o Ú �xí 	 Ù§Þ=Ú ��ÚPØ§í .uå � Ù§í × 	 × � � ì§Ý 	 åÌÞ=Øº× 	 ×±Õ=ì

åAí ØºåPÕ=í Ù§ì � x Ï D+* � ��� Ê D �æÑY� S  �±Í Ñ`ËIÏ � �H� ��<��P< � � � � , �G~ Ï���� St�* � +��(O �=ç �)&) ã �
t ã *yx ß � é'í Ú�o ì§Ú 	 ç`á � ?Oo ×�Ùa
�í 	 ç �
	 Û�á � X�í 	 ìa
±Ú�o � ?]ÚæÙ�Øºí 	 ÚæÙ�ìAçuÚ���Ú 	 Ù'ì§Ù§Ø§ÕIåPÙ§Õ=ØºÚPì�ç �
	 Û�ÛI×�� � í 	 ì�ç9? � Ø�Ù J ��� D �P� � 2  S

l"U � � �(+�� v �Iç �) � ���
t ã Ohx X � è�ÚPí ì�ísq � E���Ï � � S �AÏhÊ32 ÔUÖ=Øºí 	 q±ÚPØ Z ÚPØ"o � q=ç �) � ���
t ãw� x X � è�ÚPí ì�ísq � � � �AÍB� S ÏhÊ � } ]���ÊÌÏ � �.-AËUÏ �P< � � L � � ��Ï D Í&ÊK2 \ �<��h� � � S;L ~ S < �PS ~ � �±ÊP��Ê/�4�|Ï D E3��Ï � �HFM�AÏhÊ32 ÔUÖ=Øºí 	 q±ÚPØ

Z ÚPØ"o � q=ç �)&) � �
t ã )yx à � Ô � ÞIØ � ×±Õ=íhç 	 � à0Ù � Ü � 
UÞIåÌÞ=Ú±çkß ��, ×±Õ=Ø ��×±í ì�í ÚPØAç �
	 Û6è �;Z � o ÚæÙºÙ�Ú �$A ×±í 	 í 	 q ?[ÚæÙ§Ø§í 	 ÚPÙ§ì �
	 Ût
 	 ×hp�o ÚPÛ�q±ÚK7µÜ � ì§ÚAÛ

ì§ÝUì§Ù§Ú �,ì � ×±Ø �,× 	 í Ù�×±Øºí 	 q9ÖIÕ=Ø§Ö`×±ì§ÚAì � E � � � 2 ������� � S Ï�2  � S } 24� S È ��-a�±Ï�� � Ê � ËIÏ��±Í ~ Ï��5� S z �&�*wv(+��&�*w� ç �) � O�
t uwvyx ß � Ô � �,Ö � Ù§Þaç è � ÔUÚ 	 q±Õ=ÖIÙ � çdÔ � : � � ×±ØºÙ§Õ 	 Ú±ç > � ÔUí 	�	 � �,×±ÞIí Û=ÚPÚ 	 ç �
	 Û�â � êNÚ 	 Ú3
±ÚæÙJrAí ì � â í � q 	 ×±ì � Ü=íso í ÙµÝ�× �

Û=í ì�åPØºÚPÙ§ÚK7µÚ���Ú 	 Ù¢ìºÝIìºÙ�Ú �,ì �1����������� ~ S Ê32 � ËUÏe2  � S Ï � �w� � v % )�' ç � �w�w� 7 � ��O�� ç �)&)w���
t u"��x è � ÔUÚ 	 q±Õ=ÖIÙ ��� â í � q 	 ×±ì§í ì �
	 Û}åP×�� �&Õ 	 í å � Ù�í × 	 ì�í 	 Û=í ì§Ù§Øºí Ü=ÕIÙ§ÚAÛ}ì§ÝUì§Ù§Ú �,ì � E � � � � �P<&� S;L Ê1032 �5416 {�}v}�7±ç � �w�`7

� �"���
t u ã x Ô � êNØºí Ö � 
Uí ì � G 	 Û=ÚPåPí Û � Ü�o ÚdÖ=Øº×±Ü�o Ú �,ì�× � ÛIÚAåPÚ 	 Ù�Ø � o ísrPÚAÛ�×±Ü=ì§ÚPØ"� � Ù�í × 	 �
	 Û�åP× 	 Ù§Ø§×wo � E � � � � �P<&� S;L Ê  ]  c;d�d&{ �
t uwuyx�� �NZ ���
	 Û=Ø � q±ÚPØ � à ì�í �,Ö�o ÚgÛIÚ3. 	 í Ù�í × 	 � ×±Ø&Ö � Ø � oso Ú�o�åP×��,Ö?×±ì§í Ù�í × 	 × � Ö=Øºí �,ÚgÚ���Ú 	 Ù,ì§Ù§Ø§ÕIåPÙ§Õ=ØºÚPì �  1* �B� �ºÑ"� � Ï

859;:=< #���_�U çUà �,ìºÙ�ÚPØºÛ � ��çIß � Ø§åÌÞ �) � )��
t u � x á � X	í 	 ìa
±Ú�o � �9��Ú 	 Ù'ì§Ù§Ø§Õ=åæÙ§Õ=ØºÚAì �-� <±Ð ~ S � ��ÊH� S E��AÏ � � S �AÏhÊ/z : é , Ô 6���� � u ã �(+�u&) ãIçkÔ�Ö=Ø§í 	 q±ÚAØ Z ÚAØ"o � q=ç �) � O�
t uw�yx á � X�í 	 ìa
±Ú�o ��, � Ù�Ú�q±×±Øºí ÚAìd× � ß�×UÛ=Ú�o ì � ×±Ø , × 	 åPÕ=ØºØ§Ú 	 åæÝ ��S ��ÍM� S ~ � � S  � S � Ë �K� � S � �8z  O~ � S � L �%� \ �h� � � S g S �?>

Ð�� � Êa�|Ï�� u Ë�� � {v}�7x ��: é , Ô l;�0j �]ã�� *(+ ã *�O çkÔUÖIØ§í 	 q±ÚPØ Z ÚPØ"o � q=ç �) � ���
t u&*yx ê � ��×�× �
	 Û Ô ��: � � ×±Ø�Ù�Õ 	 Ú � ?N×wo Ý 	 ×��,í � o 7µê�í �,Ú Z ÚPØ§í .uå � Ù§í × 	 × � â'í � q 	 ×±ì � Ü=íso í ÙµÝx× � ? � ØºÙ§í � oso Ý;7ew Ü=ì�ÚPØ ��ÚAÛ

â í ì�åPØºÚPÙ§ÚK7e�O��Ú 	 ÙdÔ�ÝUì§Ù§Ú �,ì ���������^��� ~ S Ê32 � ËUÏe2  � S Ï � �w�"!0j-% )�' � � � )"� 7 � � )w� ç=ã vwv ã �
t u�Ohx ê � ��×�× �
	 ÛgÔ �v: � � ×±Ø�Ù§Õ 	 Ú � éy?47µåP×��,Ö�o ÚæÙ§Ú 	 ÚPì�ìF× � ÔUÚ 	 ì�×±Ø0ÔUÚ�o ÚAåæÙ§í × 	 ?�Øº×±Ü�o Ú �,ìCà Øºí ì�í 	 q¢í 	 ? � ØºÙ§í � oso Ý;7ew Ü=ì�ÚPØ ��ÚAÛ

â í ì�åPØºÚPÙ§ÚK7e�O��Ú 	 ÙdÔ�ÝUì§Ù§Ú �,ì ���������^��� ~ S Ê32 � ËUÏe2  � S Ï � �w�"!0j-% )�' � � � )w�(+�� � )&) çkã vwv ã �

è'è 	���� ã����



Unité de recherche INRIA Lorraine, Technopôle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS LÈS NANCY

Unité de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
Unité de recherche INRIA Rhône-Alpes, 655, avenue de l’Europe, 38330 MONTBONNOT ST MARTIN

Unité de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
Unité de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex

Éditeur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)��������� �	��
�

���������� ��� ���

ISSN 0249-6399


