
���������
	��
��������������������������� �!�����������#" $�%��
&'���(%������ )*����+,� -/.
02143 �,�5�6�7$8�

9;:=<?>A@B>�CED
FHGJI�KLGJI�MONQP�RTSUMOVWVWXZYZ[6K

\^]`_baOced @ agfihLjLflkLflflm < ]Ed8npoqd :L<�r�<ts j @ c < m < ]Ed >
ounvcwd :=<4x8<ty c <t< nvo
x n{zWd7npc�nvob_ :=@ fln > nv| :JD

} aOf @ oZnvc~] @ a(\�] > d @ d7j{d < npo 9q< z : ]Lnvfln ypD
_ba > ap� < ]�a�� } agf @ ounvcA] @ a

�O�v�E�
� x�< o < ]T� < ���`a D��?� � �p�v�v�v�



@l@

z� �p�p�E�
�`agc y agc < d8���=� <?>~> f @ ] y
� flf r;@lyv: d >8r;<?>A< cA� < �



@l@l@

� ����� � � �����  #�¢¡ � �¤£U¥

\�¦§nvj=fB�¨f @l©p< d7nªd : aO] © m D aO�{� @B> npct���«agc © � @B>A< �¬oZnvc < � < c D d :L@ ] y`:L<­: a > d�aOj yv: d�m < n®� < c�d :=<
|�a > d¯k=� <4DE< agc > ��\;¦wnvj=fB��aOf > n°f @l©v< d7n­d : aO] © \Aa @ ]2±Ed < ¦�aOced¯ounvc�a²c < ¦�agc7� @ ] y z³npflf´a C nvc�a®d @ np]`d : agd
|LcAn{�{jTz < �Qd :=< ¦wnpc © |=c <?>A< ]Jd < � :L< c <§@ ] } : aO|=d < c � �vaO]L� � ] <t<t>~: �`ag]Ln : aOcbag]T����f @lµ a C6< d :5¶p< ] ©J@ ] >
ounpc�j >~< ouj=f·� @B> z³j >7>A@ np] > ag]T�ªaO�{� @ z < nv]*| < ]EdWa s j�agc ©�>�@ ]�f´agc yv<4¸Q¹ �
\�]­ap�=� @ d @ nv]·�J\q¦§nvjLfB�(f @l©v< d~nQd : ag] © m D oºaOm @ f D aO]L�»oZc @l< ]T� > ounpc ©v<t< | @ ] y m <8> aO] < d : cAnvj yp: npj=d

d :=< d :L<t>~@B>e¼ ¦,c @ d @ ] y |LcAn{z <t>~> �Q\,d : aO] © �`a®d~d��`agd~j >Aµt< ¦ >A©�@ oZnvc :L< fl|«¦ @ d : �`agd :L< m­agd @ z?a½ag]T�`ounpc
aOflf :L@B>4< ]Lz³npjLc�a yv< m < ]Ed(�{jLc @ ] y d :L<t>A< |�a > d�o < ¦¾¦ <t<³©{> � 9w: ag] ©{> d~n } agc~fln > �ªn�z : np]¨oZnvc�m²aO] D
j >A< f <?>~>¯C j{d < ]Jd < cAd�a @ ] @ ] y z¿nv]E� < c > agd @ np] > nv]«d :L< oZnvjLced :«À nJnvc¯nvo
ÁÂagjLc @ d >A< ]·�4h @ ]�aOflf D ��d : ag] ©�> d~n
m D |�agc < ]Ed > � ¶ n : ]ÃaO]T� ¶ jLf @l< � <?>~> f @ ] y �§aO]L�Hm D¨C c~nOd :=< c²_ < d < � <t>7> f @ ] y ��ounvc5d :L<³@ c»fln®� < aO]L�
> jL|=|6nvced?�



@ �

� Ä ¥Å£/ÆÈÇÉ�Ê£

r;< z < ]Jd <³Ë | < c @ m < ]EdWagf < � @ � < ]Lz < ounpcqd :L<�Ì¯Í � � �gÎJ�v� : a >qyv@ � < ]5c @B>A< d7n�m�jTz : d :L< nvc < d @ ztaOf @ ]Jd < c <?> d @ ]
<³Ë npd @ z C aOc D nv] > � 9w:L<�Ì Í @B> a C aOc D np]°d : a®d : a >w> d7c7aO] yp< ] <?>~>;Ï2Ð�Ñ�� �{m < aO] @ ] y d : a®d @ d;z³np]JdWa @ ] >
aO]2aO]Ed @Ò¼^> d~c�aO] yv<»s j�agc © � 9;: j >Q@ d4ztaO]L]=npd C6< z¿nv] > d~c~jLz¿d < �«oucAnvmÓd : c <t<»s jTaOc ©�> �qj=]Lf @l©v< agflf�npd :L< c
© ]=n®¦�] C agc D np] >³ÔT@ d8] <t< � > agd,f < a > d�aO] <¿Ë d7c7a s jTaOc ©J¼ ag]Jd @Bs j�agc © |�a @ ct�§\^d @B> j > j�agflf D m(n{� < f < �ªa > a
| < ]Jd�a s jTaOc ©½> dWa®d <Q@ ]*d :L< Õ�Ö c < |=c <?>A< ]JdWa®d @ np]*nvoqd :L<Qy cAnvj=| Ï
× �ÙØ � �=¦ @ d :�À at�vnvc�z³nv]Ed < ]Jd5ÚÛ³ÜTÜ�ÝJÝ �
9;:=@B> d :L<t>~@B> z¿nv] >~@ � < c > |6n >~>~@lC f <�:L< at� D | < ]EdWa s j�agc ©{> � @ ]*¦ :L@ z : d :=< ag]Jd @Bs j�agc ©­@B> z : aOc~m < �½npc

C nOd~d~nvmÞc7agd :=< c�d : ag] > d7c�ag] yp< ��\�]'d :L< z³nv]Ed <¿Ë d¯nvo�d :L< � @Bs j�agc © m»n{� < fbnpo ¶ agß < ag]T�'� @ fBz µ³<t© � @ d
@B> aOc y j < �*d : agd,] <ty agd @ � <³¼ |�agc @ d D | < ]EdWa s j�agc ©�> npobd :L@B> d D | < m­a D�C�< f @lyp: d < c�d : ag]�d :=<t@ c,|6n >~@ d @ � <¿¼
|�agc @ d D z³npjL]Jd < cA|�aOced > ��aO]L� :=< ]Lz < aOc < f @l©p< f D d7n C6<5> dWa C f < a y a @ ] > d > d7cAnv] y � < zta D �¯� > d @ m­a®d <t> aOc <
m­aO� < ounpc5d :L<t@ c5m­a >~>~<t> �§ag]T��d :L<³@ c5¦ < a © � < z?a D=> aOc < � @B> z¿j >~>A< ���à\ > n > | @ ]Åc < f´a®d @ np] > aOc < oZnvj=]T�
C6< d�¦ <t< ]½d :=< � < z?a D c�a®d <t> oZnvc�� @ ß < c < ]Jd,|6n >7>A@lC f < � < zta D z : ag]L] < f > �
á <³y agd @ � <¿¼ |�agc @ d D':=< a³� D | < ]JdWa s jTaOc ©�> aOc < aOf > n½z³nv] >A@ � < c < � @ ]�a­f <t>~> m»n�� < f ¼ � < | < ]L� < ]Jd�¦�a D �

@ ]»d :L< z³np]Jd <¿Ë d�nvo�a �®â³¸ ¹ <¿Ë |�ag] >A@ nv]��v¦ :=< c <�¸ ¹ @B> d :=< ]JjLm C6< c�nvo�z³npflnvc > �¬ã < a³� D(s jTaOc ©�< ß < z¿d @ � <
d :=< npc D¨@B> agf > n < m»|=fln Dv< ���H�`a >~> c < f´agd @ np] > aOc < ounpjL]T� C6< d�¦ <t< ]¨d :=< m­a >7>(> |Lf @ d~d @ ] yv> nvo :L< at� D
| < ]Jd�a s jTaOc ©{> ag]T�­d : n >A< nvo·]Lnv] <³Ë npd @ z C aOc D np] > �=aO]T� Ï
× �ÙØ � ¼äC c < a ©�@ ] y z¿nvc~c < zWd @ nv] > d7n4d :L<t>A< c < f´a ¼
d @ np] > aOc < z¿nvm(|Lj=d < ��� 9w:L< c <?> jLfÒd > z¿nvjLfB� C�<8:L< fl|Louj=f @ ] @ ]Ed < cA|Lc < d @ ] y4<³Ë | < c @ m < ]JdWagf6�Ta®dWa @ o :L< at� D
| < ]Jd�a s jTaOc ©{> aOc < n CL>A< cA� < ���



�

å �æ�¤£Ã�¢�¤£/¥

ç½è®é·êqëJì­íuî�ïqðTî{ñ2î{ê6ò?ó ôuôºô
ç­õbó³òtög÷Tèpò ôZø
Õ ù ê6ò?ö®ë·ïÂúÂèOò®ôuë�ê Õ
� � � 9w:L<�Ì�Í � � �®ÎJ�v� �Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� �
� � � � � ã @B> d~nvc D �Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� �
� � � � � 9w:L< Õ�Ö �ªj=fÒd @ |Lf < d°�Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� Ø

� � � � Ë | < c @ m < ]EdWagfÂû�j <?> d @ np] > �Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� Î
� � � � � \ >�@ d,c < aOfZüý�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� Î
� � � � � � @ �{d : ag]T�ª_¬agc @ d D �Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� �

� � Ø ã < a³� D _ < ]EdWa s j�agc ©�> �������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� �
þ ÿ ò?÷=õ¬íuî��ªîJ÷Jø����8î{ê6ò?÷���úi÷Tö®é·ó²ôºê ò	�qî�
*ô���úq÷Lö®é
� ë·ïiî{í �
� � � } nvcAc < f´a®d < �`û8j�agc © �ªn{� < f > aO]T�ª_qn >A@ d @ � <³¼ _¬agc @ d D _ < ]Jd�a s jTaOc ©{> �����Q�Q�Q�Q���Q�Q� �
� � � á <ty agd @ � <³¼ _¬agc @ d D ã < at� D _ < ]EdWa s j�agc ©{> �Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� � �
� � � � � �`a >~> � > d @ m²agd <?> ���Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� � �
� � � � � x8< zta D=> �Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� � Î
� � � � Ø � d :L< c8_qn >~>A@lC f <�Ïq¼ ¦�a³� < ±Jd�agd <t> �Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� �O�

� � Ø ±JjLm(m­aOc D aO]L� x8@B> z³j >~>A@ nv] �Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� � Ø

� ��î�÷Eø��
�8î{ê6òt÷���úq÷Lögé·ó²ôuêÃò	�iî���÷Tö®ð�î ¸ ¹������ ÷TêÂótôuë�ê þ��
Ø � � 9w:L< ÁqaOc yp<4¸Q¹ hTnpc~m­agf @B> m��Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� �p�
Ø � � � � _ < ]EdWa s j�agc ©{>w@ ]ªÁÂagc yv<�¸ ¹ �����Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� ���
Ø � � � � á,nv] ¼ � Ë npd @ zQ� Ë z @ d < ���;agc D np] > �Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� ���

Ø � � á <ty agd @ � <³¼ _¬agc @ d D _ < ]Jd�a s jTaOc ©{>;@ ]ªÁÂagc yv<�¸ ¹��Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� ���



� @
Ø � � � � ã < at� D û8j�aOc © ��ß < z¿d @ � <Q9;:L< nvc D �Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� Ø �
Ø � � � � Ï�× � Ø � �§c < a ©�@ ] y ���Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� Ø �
Ø � � � Ø ã < at� D û8j�aOc © �TÁ @lyv: d � ]Ed @Bs jTaOc © ±EdWa®d <?> �����Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� ÎpÎ

Ø � Ø ±JjLm(m­aOc D aO]L� x8@B> z³j >~>A@ nv] �Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� ÎJ�
ç ����� íuôºèEôZò � ÷=ò?ögô �
� íuî{ñ2î�ê6ò®ó !#"
� � � �`a®d7c @ÒË ��f < m < ]Jd > nvobÁ @lyv: d � | < c7agd~nvc > �Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� Î$�
� � � �`a®d7c @ÒË ��f < m < ]Jd > nvobã < a³� D � | < c�agd~nvc > �Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� Î �
� � Ø �`a®d7c @ÒË ��f < m < ]Jd > nvo Ï�× � Ø � �
c < a ©�@ ] y � | < c7agd7npc >&%�' � %)( �Q�������Q�Q�Q�Q���Q�Q� Î*�
� � Î �`a®d7c @ÒË ��f < m < ]Jd > nvo Ï�× � Ø � �
c < a ©�@ ] y � | < c7agd7npc %,+ �Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� �O�

- . íu÷Jø�ë�ö Ï�× � Ø � � úÂíZò?ô � íuîEò®ó � Õ
�8� � á <ty agd @ � <³¼ _¬agc @ d D ã < at� D _ < ]EdWa s j�agc © �ªjLfÒd @ |Lf < d > ounpc ¸ ¹ Ð Ø �������Q�Q�Q�Q���Q�Q� � �
�8� � � Ë d < ] >~@ np]*d~n ¸ ¹0/ Ø �����Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� �p�

1 2 ög÷EøiôZò?÷=ò®ôZë6ê - îJò�ì�î�î�ê ÿ ò?öOôuêqð�ó ���
- ôZõ¬íºôZë�ðTög÷ � �3� 4 �



� @l@

5 6 ¥Å£ �87 9 6  8: ÆÈ��¥

� � � 9;:=< Õ�Ö m�j=fÒd @ |=f < d��Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� Ø
� � � ; npjL] y dWa C f < agj Ë ounpc;d :L< oZnvj=c s j�agc ©{>;@ ]*d :=<�Ì¯Í �������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� �
� � � ; npjL] y dWa C f < agj Ë ounpc;d :L< oZnvj=c,f @lyp: d s jTaOc ©{>;@ ]'a(] <ty agd @ � <³¼ |�aOc @ d D°:L< a³� D | < ]EdWa s j�agc © � �
� � Ø � |6n >~>A@lC f < ]=nv]Lf < |=d~nv] @ z�� < z?a D �Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� � �
� � Î � } a C=@lCLC n ¼^> j=|L|Lc <?>~>A< �*� < zta D m»n{� < �����Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� � �
� � � � >~< m @ f < |=d7np] @ zQ� < z?a D m»n�� < �Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� � �
� � � 9;:=< Õ � c < |Lc <?>A< ]EdWagd @ nv]!�����Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� � �
Ø � � 9;:=< þ � nvo Ï
× �ÙØ � �Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� � �
Ø � � ±�| @ ] ¼äÀ at�vnvc,� < z¿nvm»|�n >A@ d @ np]�nvoqd :=<»Õ þ 4 nvo Ï�× � � � �����Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� � �
Ø � Ø � Ë d < ] >A@ nv]*nvoqd :L<�<³Ë z @ d < � C agc D nv] > d~n²f´agc yp<�¸Q¹ �������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� ���
Ø � Î � Ë d < ] >A@ nv]*nvoqd :L< ] <ty agd @ � <³¼ |�agc @ d D | < ]JdWa s jTaOc ©�> d7n»f´agc yp<�¸ ¹ �������Q�Q�Q�Q���Q�Q� Ø �
Ø � � ±�| @ ] ¼äÀ at�vnvc,� < z¿nvm»|�n >A@ d @ np]�nvoqd :=< þ Õ{Ö nvo Ï�× � � � �����Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� Ø �
Ø � � ±�| @ ] ¼äÀ at�vnvc,� < z¿nvm»|�n >A@ d @ np]�ounvc�|�n >A@ d @ � <³¼ |TaOc @ d D Ú<�=�<�<>< > d�agd <t> �������Q�Q�Q�Q���Q�Q� ÎpÎ
Ø � � ±�| @ ] ¼äÀ at�vnvc,� < z¿nvm»|�n >A@ d @ np]�ounvc�] <ty a®d @ � <³¼ |TaOc @ d D Ú<�=?<�<�< > d�agd <t> �����Q�Q�Q�Q���Q�Q� ÎJ�
�8� � 9;:=< ounpjLc�|�n >~>A@lC f <°Ï�× � Ø � À at�vnvc�m4jLfÒd @ |=f < d > ounpc¯d :L< ] <³y agd @ � <¿¼ |�agc @ d D`:L< a³� D | < ] ¼

dWa s j�agc ©�> �Q�Q���Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� � �
�8� � � Ë d < ] >A@ nv]*nvoqd :L< � d7n ¸ ¹0/ Ø �Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� �p�
} � � } f´a >7>A@ ztaOfiz¿nv]Ed7c @lC j=d @ nv]*d7n5d :L< |�npd < ]Jd @ aOfà�Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� �p�
} � � h <¿D ]=m­aO]°� @ a y c�aOm�� < d < c~m @ ] @ ] y d :=< nv] <¿¼ flnJnv|½z¿nv]Ed7c @lC j=d @ nv]­oucAnvmÊd < cAm > fln{ztaOf @lµ³< �

nv]½d :L<Q> d7c @ ] y ¦wnvcAfB� ¼ä>~:=<t< d > �Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� � �
} � Ø h <¿D ]=m­aO]�� @ a y c7aOm > d : a®d yp@ � < d :L< z³nv]Ed7c @lC j=d @ nv]àd7n�d :=< |6nOd < ]Ed @ agf
oZc~nvm y c7at� @ dWa ¼

d @ np]�aOf >A< flo @ ]Ed < c�apzWd @ np] > �����Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� ���



� @l@l@
} � Î } np]Jd7c @lC j{d @ nv]5d7n�d :=< nv] < flnJnv|(|�npd < ]Jd @ aOf=oucAnvm d :L< d : c <³<³¼äy c�a³� @ d7np]5� < ced <³Ë oZc~npm d :L<

� @ ] > d <t@ ] ¼ ã @ f C6< ced�apz¿d @ nv] ���Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� � �
} � � � ] < fln�nv| z³np]Jd7c @lC j{d @ nv]Åd7n`d :=< |6npd < ]Ed @ aOf;oZc~npm d :L< d : c <t<³¼Ùy c7at� @ d~nv]¨� < cAd <¿Ë oucAnvm

y agj yv< k Ë�@ ] y ���Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� � �
} � � � ] < fln�nv|àz³np]Jd7c @lC j{d @ nv]«d7n½d :L< |6nOd < ]Jd @ agf¬oZc~npm m­a >~> f <t>~>�C j=f ©«> z?agf´aOc¯¦ @ d :àC c�ag] <

m­a >7> d < c~m > ���Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� � �



@ÒË

5 6 ¥Å£ �87 @ ÇýÄ ��� ¥

� � � �`agd7c @ÒË½< f < m < ]Jd > nvoqf @lyv: d,np| < c7agd~nvc > �����Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� Î$�
� � � �`agd7c @ÒË½< f < m < ]Jd > nvo :L< a³� D nv| < c�a®d7nvc > ���Q�Q�Q�Q�������Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� Î �
� � Ø �`agd7c @ÒË½< f < m < ]Jd > nvo Ï
× �ÙØ � C c < a ©�@ ] y np| < c�agd~nvc >&%�' � %)( �Q�Q�Q�������Q�Q�Q�Q���Q�Q� Î*�
� � Î �`agd7c @ÒË½< f < m < ]Jd > nvo Ï
× �ÙØ � C c < a ©�@ ] y np| < c�agd~nvc %,+ ���Q�Q�Q�Q�������Q�Q�Q�Q���Q�Q� �O�



�

A BDCFEHGJILK M

N �¤£ÃÆÈ� � : � £ 6 �æ�

9;:=<²> d7cAjTzWd7jLc < npo : ap�{c~np] >�@B>Q> j=c~|=c @B>A@ ] y f D |6nJnvc~f D j=]T� < c > d7nJn{��� 9w:L< ±EdWag]T�Tagc7�à�'n�� < f yv@ � <t> a
� < dWa @ f < �'� <t> z³c @ |{d @ np]'npobd :L< z³nvj=|Lf @ ] yE> npo s j�agc ©{> ag]T� y fljLnv] > ��ag]T�`agd,� < c D*:L@lyp:'< ] < c yODª> z?agf <?> �
/�/FOQPSR#T��Td :L<4> d~c~np] y z¿nvjL|=f @ ] y z³nv] > dWaO]Ed,UWV @B>8> m­agflf < ]=nvj yp: d : a®d�a(| < cAd7j=c C agd @ � <4<¿Ë |TaO] >A@ np]
@B> j >A< oZjLf � � d
� < c D fln®¦ < ] < c yp@l<?> ��np] < ztaO]½ag|L|Lf D z :=@ c�aOf�| < ced7jLc C a®d @ nv]²d :=< nvc D � <?>~>A< ]Jd @ aOflf D z¿nv] >A@ � ¼
< c @ ] y(: ap�{c~np] > d~n C�< ouj=]T�Tagm < ]JdWagf�|�agcAd @ z¿f <?> aO]T� @ly ]Lnpc @ ] y d :=<t@ c,z¿nv] > d @ d7j < ]Jd s jTaOc ©{> ��ã8n?¦ < � < c³�
agd @ ]Jd < cAm < � @ agd <(< ] < c yp@l<?> agc~npjL]T��OXP�R#TZYJz³npc~c <t> |6nv]L� @ ] y d~nªa°f < ] y d :à> z?aOf < aOcAnvj=]T�`d :=<»>A@lµ³< nvo
a : ap�=cAnv][YEd :=<²> d~c~np] y z³npjL|Lf @ ] y z³np] > dWag]Jd C6< z³npm <?> f´aOc yp< �bag]T� Dv< dQd :=<­s j�agc ©�> d7cAjTzWd7jLc <»@B> d7nJn
@ m»|�nvcedWaO]Edwd7n C6<�@ly ]=nvc < ��� � : ap�{c~np] @B> ouj=flf6npo,\ C cAn®¦,]°m4jTz ©[] z³np] >A@B> d @ ] y nvo y fljLnv] > aO]L� s j�agc ©E¼
aO]Ed @Bs j�aOc © |Ta @ c > |�nv|L| @ ] y'@ ]HaO]L��npj=d�nvo <¿Ë{@B> d < ]Tz <vÔ d :=@B> m�jLz © d < ]L� > d7n'n CL> z³jLc < nvj=c4� @l< ¦�nvo
d :=<²: aO�=cAnv]S^ >Q@ ]Jd < c @ nvct� 9;: j >Q@ ]�npc7� < cQd7n�j=]T� < c > dWag]T��¦ : a®d @B>�y n @ ] y nv] @ ] >A@ � < a : aO�=c~np]·�i¦ <
aOc < c < �=jLz < �5d7nQ� < � < flnv| @ ] y | :=< ]=nvm < ]Lnpfln yv@ ztaOf s j�agc © m»n{� < f > �vd~nQj >A@ ] y a CL> d7c�aOz¿d¬d < z : ] @Bs j <?> f @l©v<
d :=< f´agc yv<4¸ ¹ <³Ë |TaO] >~@ np]·�=nvc;d7n»�=n @ ] y ]�jLm < c @ z?aOfiztaOfBz³j=f´agd @ nv] > nv]*d :L< f´agd~d @ z < �
\�]*nvc7� < cwd7n»c < k=] < npjLc;jL]T� < c > d�aO]L� @ ] y npo : ap�=cAnv] > � @ d @B>;:L< fl|LoZjLf�d7n : a³� < a > m4jTz :*< m(| @ c @ ztaOf

�Ta®dWa�a > |6n >~>A@lC f < �­\äd @B> |TaOcAd @ z³j=f´aOc~f D j >A< oZjLf¬d7n C6< a C f < d~nªn CT>A< ce� < d :=<»C6<t: at� @ nvcQnvo s jTaOc ©{>Q@ ]
] < ¦/aO]L�(� @ ß < c < ]Ed < ]J� @ c~np]Lm < ]Jd > � @ ] C npjL]T� > d�agd <t> npo�j=]�j > jTaOf=z¿nvm(|6n >A@ d @ nv]·� 9;: a®d @B> nv] < c < a > np]
¦ :ED d :L< |LcAn > | < z¿d,npo <¿Ë npd @ z : ap�=cAnv] >�: a >�C�<t< ] > n @ ]Ed7c @ly j @ ] y �

_�`a_ b ���dcLegf�h3iSjlklm

n�opnSopn qsrpt	u�vSw�x
± @ ]Lz < d :=<Q< aOcAf D �Ta D=> nvoqd :L<�s jTaOc © m(n{� < f �=d :L< c <Q: a >�C6<³< ] > | < z³jLf´a®d @ np]`a C npj=d <³Ë npd @ z : ap�=cAnv] @ z
> dWa®d <?> � � m <?> nv]/z³np] >A@B> d > nvoQa s jTaOc © |Lflj > aO] ag]Jd @Bs j�agc © �,a C aOc D nv]Ãnvo¯d : c <t<'s j�agc ©�>tÔ ¦ :ED
]LnOd?� > a D �Ta�d < d7c7a s jTaOc © ¦ @ d : d�¦wn s jTaOc ©�> aO]T�½d^¦wn­ag]Jd @Bs j�agc ©�> �=nvc8a(� @lC agc D np]�¦ @ d :ª>~@ÒË½s jTaOc ©�> ü



�
� o�z³npjLc >A< ��agd7npm @ z�]�jTz¿f <t@ ztaO]«z¿nv]EdWa @ ]'f´agc yp< ]�j=m C�< c > npo s j�agc ©�> � C j{d�d :=<³D�C�<t: a³� < �Td7n*a y n�n��
aO|=|LcAn Ë{@ m²agd @ nv]·�Ja > z¿nvflf < z¿d @ np] > nvoTd : c <t<³¼äs jTaOc © ]�jLz³f < nv] > �JaO]L�²agc < ]LnOd�z³np] >A@ � < c < ��d~n C6< \ <³Ë nOd @ z ]
@ ]*d :=@B>,>A< ] >A< �
� ] < |6n >~>~@lC=@ f @ d D d : a®d�c < z <t@ � < �`a»oºa @ c�agm»npjL]Jd�npo�agdAd < ]Ed @ np]ª¦�a > d :=< | < ]EdWa s j�agc © ��aO] <³Ë npd @ z

C agc D nv]àz³np]Jd�a @ ] @ ] y ounpjLc s j�agc ©�> aO]L�àag]2aO]Ed @Bs jTaOc © � � 9;:=< ]TaOm < \ C agc D np] ]½@B> aO|L|=c~np|Lc @ a®d <(C�<³¼
z?agj >A<(> jLz : a > d�agd <5: a >¯C agc D np]�]JjLm C6< c�np] < �qaOfÒd : npj yv:�@ d @B> ]=npd�m­aO� < jL|�npo�d :L< j > j�agfÂd : c <³<
s jTaOc ©{> � � \^]¨d :=<�� � � � ^ > � <³Ë | < c @ m < ]EdWagf >A< aOc~z :=<?> ¦ < c < m­ap� < ounpc5| < ]Jd�a s jTaOc ©{> �
ag]T��d < ]Jd�agd @ � <
f @B> d @ ] yE> aO|=| < agc < � @ ]­d :=< _¬agcAd @ z³f <�x agd�ay�§nJn ©{z �}| �{np]Lf D d7n�� @B> ag|L| < aOc >~: nvced7f D d :=< c < aOo´d < ct� � hTnpcwa
c < � @l< ¦ nvoÂd :=<4:L@B> d7npc D npo <¿Ë npd @ z C agc D np] >A< aOc~z :=<?> � >A<³<~z Ø | � � \^] � � ���{�Td :L< _baOcAd @ z³f <5x agd�a��¯cAnvj=|
aO]=]LnpjL]Tz < ��� � z � | � s jLnpd < � @ ] z Î | � �

\ 9w:L<»yv< ] < c7aOf¬|Lc <�� jL� @ z < a y a @ ] > d C aOc D np] > ]LnOd4m²ap� < nvo�d : c <t<²s j�aOc ©{> aO]L�«d :L< f´aOz © nvowaO] D
<³Ë | < c @ m < ]Jd�aOfiapzWd @ � @ d D°@ ]½d :=@B> agc < a4m­a ©v<�@ d�f @l©v< f D d : agd @ d;¦ @ flf C�< ag]LnOd :L< c � � DE< aOc >wC6< ounvc < d :L@B>
@B>~> j <Q@B> � < z @ � < ��� ]

9;:=@B>,> dWa®d < m < ]Ed�¦�a > d7n»|=c~n?� < |LcAnv| :=< d @ zp�
\^d,¦;a >,>A: n®¦�] @ ]�d :=< m @ � ¼ ^�� � ^ > d : agd,d :L< z :L@ c7aOf > npf @ d7np]ªm»n�� < fiounpc C agc D nv] >�z �>|iyv@ � <t> c @B>A< d~n

<³Ë npd @ z Ï
× �ÙØ � À at�vnvc8m�jLfÒd @ |Lf < d > � > jTz : a > d :L< Õ�Ö ag]T��d :L< þ " ��¦ : n >A< m < m C�< c >8: at� <5s j�aO]Ed7j=m
]�j=m C�< c > d : agd�ztaO]=]Lnpd C�< |LcAn{�=jLz < � CJD ag] D z¿nvm C=@ ]�a®d @ nv](nvoTd : c <³<�s jTaOc ©�> �¬ã8n?¦ < � < c³�vd :L<t>~< ¦ < c <
yv< ] < c�aOflf D � @B> m @B>7>A< �¨a > j=]L| :ED=>A@ z?agf�jL]Ed @ f � ����� �q¦ :L< ] x8@ a © nv]Ln?���b_ < d7c~n?���bag]T��_qnvf D a © n?��j >A< �
d :=< m»n�� < fbd~n*|=c < � @ z¿d4a°|TaOced @ z³f < d :=<³D ]�agm < �`d :L< �8Í�z � | � 9;:L< �8Í ¦�a > a C aOc D nv] @ ]«d :L< Õ�Ö �
¦ @ d : m @ ] @ m²aOf s j�agc © z³nv]Ed < ]Jd(ÚÛ³Ü�ÝEÜ6Ý � x�@ a © nv]=n®�6�l���0�����w|Lc < � @ zWd < �`a(m­a >7> nvo � � Ø � � <�� ag]T�'a
> d7c @l©�@ ] y f D ]�agc~cAn®¦�� < z?a D ¦ @ ��d : �=f <?>~> d : aO] � � � <�� �=ounvc;d :L<��8Í �
\�] �p�v� Ø � <³Ë apz¿d~f DÈ� � DE< agc > aOo´d < c5d :L< _baOced @ z¿f <'x agdWa���c~nvj=| > dWagd < m < ]Jd­a C n?� < ��d :L< Ái�§_
±

z³npflf´a C nvc�a®d @ np] z � � |T<¿Ë | < c @ m < ]EdWaOflf D � < d < z¿d < �²a C agc D nv]»d : agd§ag|L| < aOc < �5d7n C6< ]=npd :=@ ] y npd :L< c�d : ag]
d :=<~�8Í �*\^d�� < z?a Dv< ��d~n ¸�� �Âm < aO] @ ] y d : agd @ d : ap�2|�n >A@ d @ � <°> d7c�ag] yp< ] <t>~> ��� �����B�Âz³np]JdWa @ ] < �¨ag]
aO]Ed @Ò¼ä> d~c�ag] yv<­s jTaOc © � �¬ag]T��d : j > z³npjLfB�2]LnOd C6< z³np] > d7cAjTz¿d < �àoucAnvm � j > d�d : c <t<­s jTaOc ©{> �*\^d : ap��a
m­a >~> npo � �®ÎJ� � <�� aO]L�Haª¦ @ �{d :HC�< fln?¦ d :L< c <?> nvflj{d @ nv]Ånvo;d :L< � < d < zWd7nvc³��f <t>7> d : aO] �p� � <�� �
�`aO] D nOd :L< c <³Ë | < c @ m < ]Jd >yz �v�}|i> nJnv]°¦ < ]Jd;nv]°d7n5n CL>A< cA� < d :L@B>w<¿Ë npd @ z C aOc D nv]��=]=n®¦Èc < ]�aOm < �­d :=<
Ì�Í aO]L�½d : npj yp: d CJD m²aO] D d~n C6< a�| < ]EdWa s j�agc © � '
�����}�X���a���¡ 	�}¢¤£W¥ ¦¨§ª©� >�¬«��­£¡�	®}®}�¬£��¡�¬¯0�¡ >�¨�°�¡ 	��±l²y�0�´³Qµ�¶0·¸�}¹º�#»����X¼�½�¾�¿ÁÀ�Â��>�a¢¤Ã�Ä��Å»����	¶	¯Æ£��p�a�¡�S��·�ÇÈÄ�ÉÊÄ��a¶	¯

ËÍÌÍÎ  	µ�£�«�µÏ��Ð�Ð­µ�Ñ�Ñ�¶	�}�S»��l¯	µÏ£¡¹¬�	£¤£¡�¬¯,·Ò�	¢��¡ 	�¬¢S 	��¢¤� Ì



Ø

−−

+

Ξ +Ξ

Θ

h @ly jLc <½� � ��Ó�9;:=< Õ�Ö m�j=fÒd @ |=f < d�npo Ï
× �ÙØ �¬Ô � 9;:L< � < cAd @ z?agf¬a Ë�@B> c < |=c <t>~< ]Jd >8:JD | < c7z : aOc yv< �#Õ Ô d :=<
: npc @lµ nv]Jd�aOf{a Ë{@B> c < |=c <?>A< ]Jd > d :=< d :L@ c~��z¿nvm»|�nv] < ]JdÂnpo @B> n > | @ ]���Ö�+O� 9;:=< d : c <³<§> d�agd <?> agdqd :L< � < cAd @ z <t>
nvo{d :L< d7c @ ag] y f <w: at� <
<³Ë nOd @ z s j�ag]Jd~jLm ]JjLm C6< c >³Ô d :=< ¦ :L@ d < z @ c~z³f <?> c < |Lc <?>A< ]Ed¬z¿c D |{d7n <³Ë nOd @ z > dWa®d <t> �

n�opnSo�× Ø�ÙÛÚ n�ÜÞÝHßZà¤u�r¡áQà¡Úâu
� @ � < ] @ d >wÀ at�Enpcwz³nv]Ed < ]Jd?�Jd :L<�Ì Í z³nvj=fB� : a³� <¯@B> n > | @ ] � � � �{npc � ��ã,n®¦ < � < ct�{]=n @B> n > | @ ]½|TaOced7] < c >
: a³� <�C�<t< ]�� < d < zWd < ��� > j=|L|�nvcAd @ ] y d :L<Q@ ]Ed < c~|Lc < d�agd @ np]½d : agd @ d : a > Ö Ð � aO]L� @B> a®d;d :=< d @ |�npoid :=<
Õ�ÖÃÏ
× �ÙØ �´Ô m�j=fÒd @ |=f < d � h @ly jLc <«� � � � ��a > |=c < � @ z¿d < � CJD¨x8@ a © nv]Ln?���&���������l� 9w:L< d : c <³<*> d�agd <t> a®d
d :=< � < cAd @ z <?> npo�d :=< d~c @ ag] y f < � >A: n?¦,] @ ] C f´apz ©'@ ]`d :=< k y jLc < � : at� <(s jTaO]Ed7jLmÞ]�j=m C�< c > d : a®d�aOc <
d7cAjLf Dª<³Ë npd @ z Ó d :=<³D z¿nvj=fB�`]=npd�aOc @B>A< oucAnvmÓa­z³npm CL@ ]Tagd @ nv]«npo � j > d�d : c <³<5s jTaOc ©{> ��\�]�aO�L� @ d @ nv]'d~n
d :=<4Ì¯Í a®d;d :L< d7nv|°nvo·d :L< � @ a y c7aOm��{d :L< c <¯: a >wC6<³< ] > nvm <¯<³Ë | < c @ m < ]Jd�aOf < � @ � < ]Lz < ounvc§d :=<�> dWa®d <
@ ]*d :L<�C npd~d~nvm f < oZd,z³npc~] < ct�{¦ @ d : �vagf < ]Lz <Qs jTaOc © z³nv]Ed < ]Jd»ÚÜ�Ý{ÛtÝ{Û � 9;:=< á � Î$� } nvflf´a C nvc7agd @ nv] z � Ø |
n CL>A< cA� < ��a*m­a >~> nvo � � � � � <�� ounpc�d :L@B>�> d�agd < �q¦ :L@ z :�@ d5ztaOflf < �sãQä�ä+ªå ( Ô¬@ d @B> f @B> d < � @ ]2d :L< �O�v�gÎ
_baOcAd @ z³f <�x agd�a��§nJn ©æz �t�>| a > d :=<)ç � � � � �E� ��agd�d :L< nv] <³¼ä> d�aOc�z³np]LkL� < ]Lz < f < � < f � � d :L< c <³Ë | < c @ m < ]Ed >
z � Î |i: at� < c < |6npcAd < �*]JjLflf·c <t> jLfÒd >;@ ] >A< agc7z :=<?> ounvc;d :L< ã â�ç | < ]Jd�a s jTaOc © �
9;:=<�> d�agd <t>°>~: n®¦�] @ ]/¦ :L@ d <`@ ]Èh @ly j=c <Å� � � agc <`© ]=n®¦,]Èa > \Az¿c D |{d7n <³Ë nOd @ z ]¨> dWa®d <?> � �§aOz :

z³np]Jd�a @ ] > a s j�agc © aO]L�àag]àaO]Ed @Bs jTaOc © npo�d :L<(> aOm <(À at�vnvc¬YEounpc <³Ë aOm»|=f < �;ÚÜ�Ü�Û³Ü6Ý nvc ÚÝJÝ{Û³Ü�Û � 9;:=@B>
c <t> jLfÒd >i@ ] s j�ag]Jd7j=m�]�j=m C6< c > d : a®d¬agc <�@ ]T� @B> d @ ] y j @B>A: a C f < oZc~npm d : n >A< npoTag]4npc7� @ ]TaOc D d : c <³<³¼^s j�agc ©
C agc D nv]·� 9w: j > � <³Ë | < c @ m < ]Ed < c > m­a D aOflc < ap� DU: at� < n CL>~< cA� < � > npm < nvoQd :L<t>A<à> dWa®d <t> ¦ @ d : nvj{d
c < aOf @lµ³@ ] y d : agd5d :L<¿D ¦ < c < |TaOcAd(nvo8a'| < ]JdWa s jTaOc © m�jLfÒd @ |Lf < d?� 9;:L< � <t>A@ly ] < c > nvo s j�agc © m(n{� < f >
<³Ë |Lf´a @ ] @ ] y d :=<­Ì¯Í/: at� <(<¿Ë |Lflnpc < �`d :L< |6n >~>~@lC=@ f @ d D d : a®d4a°]JjLm C6< c�npo © ]Ln?¦,] C agc D nv] > m²a D`C�<



Î
m < m C�< c > nvoqd :L< Õ{Öèz Ø � � | �

_�`¬é 0à143 ���·�aê �
�����,&�ë ���
�=���7$��5�

n�o�×Wopn ì	tær¤uæw�ÚÍí�à¬î
9;:=<(Ì Í @B> f @B> d < � @ ]ªd :L< �O�v�gÎ _baOced @ z³f <�x agdWag�§nJn ©ïz �t��| ¦ @ d : d : c <³<�> dWagc > �§\^d >A: nvjLfB� C6< ]LnOd < ���
: n?¦ < � < c³�pd : a®d
a >A@ly ] @ kLz?ag]Jd�]�j=m C�< c�npo <³Ë | < c @ m < ]Jd >¬: at� <;>A< agc7z :=< �5oZnvcbd :=<8Ì�Í ¦ @ d : nvj=d > jLztz <t>~>
z � � | �,z?a > d @ ] y �=npj C d°nv] @ d >­<¿Ë{@B> d < ]Tz < ���'jLz :U> | < z³j=f´agd @ np] : a > n{z³z³j=c~c < � a > d7n : n®¦ d :L<àÌ Í
m @lyp: d(a³�En @ �2� < d < z¿d @ np] @ ] > nvm <­<¿Ë | < c @ m < ]Jd > ¦ :L@ f <­C6<³@ ] y'>A<t< ]�z³f < aOcAf Dà@ ]�nOd :L< c > � 9;:L< c < aOc <
> nvm <�> j ypyv<t> d @ � < � @ ß < c < ]Tz <?>5C6< d�¦ <t< ]�d :L<½<³Ë | < c @ m < ]Jd > d : agd >A<³< d :L<ªÌ Í aO]L�¨d : n >A< d : a®d²�{n
]LnOd?���`ag] D npowd :L<²<¿Ë | < c @ m < ]Jd > ¦ @ d : |6n >A@ d @ � < c <?> j=fÒd >Q@ ]J�EnpfÒ� < | : npd~nv|=c~n{�{jTzWd @ nv]��q¦ :L@ f < d : n >A<
¦ @ d : ] <ty agd @ � < c <t> jLfÒd > j >A<5<t@ d :L< c�ð Í ð ä |LcAn{�{jTz¿d @ nv]«nvc :=@lyv:{¼ä< ] < c ypD |=c~npd~nv]�z¿nvflf @B>A@ nv] >Jz � � � � � | �
_ < c : aO| > d :L< |Lc~n��=jLz¿d @ np]4npo{d :L<wÌ�Í°@B>Â> jL|=|Lc <t>~>~< � @ ] > npm < m < z : ag] @B> m > aO]L� < ] : ag]Tz < � @ ]4nOd :L< c > �
ã @ z ©{>)z � � | |6n @ ]Jd > nvj=d�d : agdt� @ ]²d :L< z?a >A< nvoSð Í ð ä aO]=] @l:=@ f´agd @ np]·�Jd :=< |=c~n��=jTzWd @ np]­nvo � d : c <t<¿¼^s jTaOc © �
C agc D nv] > n{z³z³j=c > agd�a�fln?¦ < cwc�a®d < d : ag]½d : agdwnvoim <?> nv] > �LaO]L� > j ypyv<?> d > d : agd§d :L< c�agd < m­a D°C�<Q> d @ flf
fln®¦ < c�ounpc�| < ]Jd�a s j�aOc ©{> �{ñ�aOcAf @ ] < c»aO]L�¨Á @ | ©�@ ] z � � |;> j yvyv<t> d4d : a®d�d :L<*Ì�Í m­a D aOc @B>A< nv]Lf D � @ a
a­|TaOcAd @ z³j=f´aOc¯|Lc~n��=jLz¿d @ np]«m < z : aO] @B> m*� > jLz : a > d :L< � < zta D nvo§a­z³c D |=d~n <³Ë npd @ z ¸�ò c <?> nv]TaO]Tz < ��\^d
@B> ��npo¬z³npjLc >~< �T|6n >~>~@lC f < d : a®d,d :=<5Ì Í m­a D d7j=c~]ªnpj=d8]=npd,d7n <¿Ë{@B> d?�=d : npj yp:ª@ d�ag|L| < aOc >8> npm < ¦ : a®d
jL]=f @l©v< f D d : agd > n�m­ag] D |6n >A@ d @ � < c <?> jLfÒd > ��oZc~nvm�� @ ß < c < ]Ed <¿Ë | < c @ m < ]Ed > flnJn ©�@ ] y agd;� @ ß < c < ]Jd§d D | <t>
nvoqc < aOz¿d @ np] > �=z³nvj=fB�ªagflf C6<�<³Ë |Lf´a @ ] < ��at¦;a D � � hLnvc�a4dWa C f <Q>A: n?¦ @ ] y aOflf�d :L<�<³Ë | < c @ m < ]Jd > aO]L�°d :=<
c < apzWd @ nv] > d :L<¿D n CL>~< cA� < ��� >~<³<óz � � | � � � ]ªd :L< nOd :=< c : aO]T��� @ d >A: npjLfB� C6< ]=npd < �*d : agd8m(n > d8npoÂd :=<
<³Ë | < c @ m < ]Jd > c < |6npcAd @ ] y |6n >~@ d @ � < c <?> jLfÒd >w: at� < fln®¦ > dWa®d @B> d @ z > �{¦ :L@ f < d : n >~< ¦ @ d : ] <³y agd @ � < c <t> j=fÒd >
: a³� <»:L@lyp:L< c > d�agd @B> d @ z > � } f < aOcAf D �qm»npc <²<¿Ë | < c @ m < ]EdWaOf < � @ � < ]Tz <²@B> ] <t< � < � Ô ] < ¦ :=@lyv:{¼^> dWa®d @B> d @ z >
<³Ë | < c @ m < ]Jd > d : agd�agc < |=f´aO]L] < �ànpc�aOflc < aO� D j=]T� < cQ¦�a D agd } Á � ±àaO]L� } � ± ;�¼ä9 � hÈ¦ @ flf
f @l©p< f D
>A< dAd7f < d :L<Qs j <t> d @ nv]½¦ @ d :L@ ]�d :L< ] <³Ë d DE< aOc�nvc > n z �O� | �
û�j @ d < c < z < ]Ed7f D � ¶v< ß < c > nv]'Áqa C�@B>~> j < �'a(|Lc <?>~> c < f < a >A< aO]=]Lnvj=]Tz @ ] y d :L< c <t> j=fÒd > nvoqd :=< f´agd <?> d

<³Ë | < c @ m < ]Jd»agd } Á � ± z � ��| � � CL>~< cA� @ ] y d :=<½> aOm < c < apzWd @ nv] @ ]�¦ :L@ z : d :L<*Ì Í ¦;a > |Lc < � @ nvj > f D
� < d < z¿d < �'agd�± � _�ã,\ r �õô$öæ÷ �`Í Ú�æø�ù � �T¦ @ d : m4jTz :':=@lyv:=< c > dWa®d @B> d @ z > � } Á � ±½ounpjL]L�ª]Ln >~@ly ]�agf �
9;:=@B> c <t> j=fÒd�z?a > d > a y c < agd4� < agf�nvow�=nvj C d4np]2d :L<²<¿Ë{@B> d < ]Tz < npow| < ]Jd�a s jTaOc ©{> �baOfÒd : nvj yv:2@ d5�{n <t>
]LnOd,c < |=c <t>~< ]Jd�� < k=] @ d @ � < |LcAn�npoÂd : a®d,d :L<5Ì @B> ]=npd,c < aOf � � > npoqd :L@B> ¦,c @ d @ ] y �Ld :L< c <?> jLfÒd > agc < ]LnOd
DE< d @ ]­oZc~npm ¶ ÁÂa C ^ >�yT� � <¿Ë | < c @ m < ]Ed?�J¦ :L@ z : j >A<?> a�� < j=d < c @ jLmÊdWagc yp< d�d7n4c < |LcAn{�=jLz < d :=< nvc @lyp@ ]�agf
} Á � ± <¿Ë | < c @ m < ]Jd�d : agd¯c < |6npcAd < �'|�n >A@ d @ � < c <?> j=fÒd > �6¦ @ d :`:L@lyv:=< c > dWa®d @B> d @ z > � � c < z < ]Jd¯c <?> |6np] >A<



�
d7n ¶ Áqa C ^ > aO]L]=nvj=]Tz < m < ]Jd z �v� |§> j ypyv<?> d > d : agd�d :L< ô*ö c < aOz¿d @ nv]¨agd } Á � ±�m­a D�: a³� < |LcAn{�=jLz < �
a½]�j=flf�c <?> jLfÒd C�< z?agj >A< nvowaO]�a >eD m(m < d7c D«@ ]àd :L<»@ ]Jd < c7apz¿d @ nv] > nvo
d :=< |=c~npd~nv]�aO]L�«d :L< ] < j=d~c~np] Ô
: n?¦ < � < c³�§d :=@B>­> jL|L|=c <t>7>A@ np]Ãm < z : ag] @B> m#¦wnvc ©{> m�jLz :ÃC6< dAd < c @ o�d :=<«Ì Í : a >­> | @ ] Ø â � �§¦ :=@ z :
aO|=| < aOc > j=]Lf @l©v< f D �
\�]°d :=@B> d :L<t>A@B> �J¦ < ¦ @ flf�dWa ©v< ag]ªa y ]=n > d @ z�|6n >~@ d @ nv]�a > d~n�d :=< c < aOf @ d D npoid :L<�Ì Í ��á,nv] < npo·d :=<

m»n�� < f > ¦ <(@ ]J� <?> d @ly agd < z?ag]�m²a ©v< a°� < k=] @ d @ � <(> d�agd < m < ]Jd�a C npj=d¯¦ :L< d :L< c�npc�]=npd�| < ]EdWa s j�agc ©�>
<³Ë�@B> d ÔQ: n?¦ < � < c³� yv@ � < ] d :L< a >~> j=m»|{d @ nv]Ud : agd½d :L< m < a > jLc < m < ]Jd > npo�d :L<2Ì Í aOc < c < agf �8d :=<?>A<
m»n�� < f > agflfln®¦�j > d~n <³Ë d~c�ag|6nvf´a®d < d :L< |=c~np| < ced @l<t> nvo8npd :L< c5d D | <?> npo8| < ]JdWa s jTaOc ©�> �Å\�o,d :L<`Ì¯Í
�=n <?> d~jLcA]«nvj{d¯d~n <³Ë{@B> dt�6d :=< nvc @B> d > ¦ @ flf¬oºapz < d :=< |=c~n C f < mÞnvo <¿Ë |Lf´a @ ] @ ] y ¦ :JDª@ d�o a @ f > d~n*aO|L| < agc
@ ]àz < cAd�a @ ] <³Ë | < c @ m < ]Jd > � � ]«d :L< npd :L< c : aO]T��� @ o�d :L< z³np] >A< ] > j > d7j=c~] > nvj=d�d~n C�< d : agd¯d :L<­Ì¯Í
m < a > jLc < m < ]Jd > ¦ < c < o aOf >A< �p¦ < ¦ @ flf=oºapz < a¯� @ ß < c < ]Ed�|Lj µtµ f <�Ó ¦ :ED�ú*û>ü#ý ��| < ]JdWa s jTaOc ©�>b<¿Ë{@B> d¿ü�û } x
a > ¦ < z³j=c~c < ]Jd~f D j=]T� < c > d�aO]T� @ d,z < cAd�a @ ]=f D agflfln®¦ > oZnvc§d :=< m Ô z³npjLfB�­d :=< c <�C6<�> nvm <�:=@ �L� < ]�a > | < z¿d
nvo : ap�{c~nv]�� D ]�aOm @ z > d : agd;c~j=f <?> d :=< m npj=dWü`±Jd @ flfqag]Lnpd :L< c;|6n >~>A@lCL@ f @ d D½@B> d : agd;d :L< c <�@B> ]Ln <³Ë npd @ z
C agc D nv]�¦ @ d : d :L< m²a >~> ag]T�Q¦ @ �{d : nvo{d :L<;Ì�Í � C j=dqd : agdÂc < aOfJ| < ]EdWa s j�agc ©{> aOc < fljLc ©J@ ] y¯> nvm < ¦ :=< c <
< f >A<�@ ]�d :=<Q: aO�=cAnv] > | < z¿d~c~j=m¢ag]T� : at� <�DE< d;d7n C6< � @B> z³n®� < c < ���

n�o�×Wo�× þ8rpÿÅu�Ù í � ÿ��yí�w*r¤u�x
á < aOcAf D aOflf�d :=<'<³Ë | < c @ m < ]Jd > d : agd : at� < oZnvj=]T� < � @ � < ]Lz < ounpc²d :L<�Ì¯Í : at� < c < |6npcAd < � d : agd @ d >
¦ @ ��d :`@B>�C�< fln®¦ d :L< c <?> nvflj{d @ np]«npo¬d :L<³@ c¯� < d < z¿d~nvc > � � �õ�	�l��� � ���H�p� � <�� ��aOfÒd : nvj yv:	� ��
�±'aO]L�
ã�� r �`�§± yv@ � < d :L< ¦ @ ��d : a > �
� Î aO]T� � Ø � � � <�� c <t> | < zWd @ � < f Dèz � � | ��\�]L� @ c < z¿d�j=|L| < c8f @ m @ d >
C a >A< �*np] < f <?> d @ z > z?a®d~d < c @ ] y |Lj{d�d :L< ¦ @ �{d :ª< � < ]�fln?¦ < ct��a®d�a5o < ¦ � <�� npc < � < ]�� � � <��Dz �®Î | �
9;:=@B> ]TaOc~cAn®¦ ¦ @ �{d :«@B> j=] <¿Ë | < z¿d < �«aO]L� @ ]Ed7c @ly j @ ] y ��\�]�aO]`jL]Lz³npc~c < f´agd < � s j�aOc © m»n{� < f �6d :=<

¦ @ ��d : ¦wnvj=fB� C�<�>A< � < c�agf : jL]L�=c < �ª� <���Ô=@ d >A: nvj=fB� C�<�< a >eD oZnvc,a5| < ]EdWa s j�agc © d7n(oºaOflfiag|�aOced @ ]Jd~n
a C aOc D nv]`ag]T�'a5m <?> np]·�whLnvflfln?¦ ¼ jL|�¦§nvc ©½@ ]�d :L< z :L@ c�agf > nvf @ d~nv]ªm»n{� < fqaOo´d < c�d :=< npc @lyp@ ]�aOfi|�ag| < c
CJD�x8@ a © nv]Ln?��� ���X���¸��|Lc < � @ zWd < ��a�¦ @ �{d : nvo�� � �v� � <�� z � | �
9;:=< c <;: a³� <�C�<t< ] >~< � < c�aOfLz¿nvcAc < f´a®d < � s jTaOc © m»n�� < f=|Lc~np|6n > agf > agd~d < m(|=d @ ] y d~n�apztz¿nvj=]Jd�ounpcbd :=<

]�agc~cAn®¦,] <?>~> nvo�d :L<­Ì Í � @ ]Tz¿fljT� @ ] y d :L< � @Bs jTaOc © m(n{� < f z � | aO]T�`d :=< d7c @Bs j�agc © m(n{� < f z � | �·¦ :=@ z :
¦ @ flf C6< � @B> z¿j >~>A< �ªoZjLcAd :L< c @ ]'d :=< ] <³Ë d¯z : ag|=d < ct� 9w:L<4C a >A@ z @ � < a @B> d : a®d @ d8¦wnpjLfB� C�< c < f´agd @ � < f D
� @�� z³j=fÒd²d7n�c < agc~c7aO] yp<ª> | < z @ agflf D z¿nvcAc < f´a®d < � y c~npjL| > npo s jTaOc ©{>(@ ]Jd~nàd :L< kL]�agf > dWagd <{�`¸ �waO]L�
:L< ]Tz < d :L< � < z?a D ¦§nvj=fB�ª|Lc~n�z <³< � > fln?¦,f D �;\äd : a > aOf > n C6<³< ]`aOc y j < ��d : agd�a»]TaOc~cAn®¦ � < z?a D ¦ @ ��d :
aOc @B>A<?> ]�a®d7jLc7aOflf D*@ ]'a»û } x > jLm c~j=f < ag|L|=c~nJaOz :sz � Ø | �
9;:=< |�aOc @ d D ag]T� > | @ ]/npo¯d :L<«Ì�Í : a³� < ]Lnpd C�<t< ]U� < d < c~m @ ] < � <¿Ë | < c @ m < ]EdWaOflf D ���'n > d­c <¿¼



�
>A< agc7z :=< c > a >~> jLm < d : a®dwd :L<¯> | @ ] @B> '( Ô{@ d @B> jL]=f @l©v< f D d : agd§d :L<�y cAnvjL]L� > dWa®d < z¿nvj=fB� : a³� < a :L@lyp:L< c
> | @ ]�� 9w:L< |�aOc @ d D � : n®¦ < � < ct� @B>�> nvm < ¦ : agd4z¿nv]Ed7c~n?� < c >A@ aOf � 9;:=< � @Bs j�agc © ag]T�`d7c @Bs j�agc © | @ zWd7jLc <?>
c <ts j @ c < |�n >A@ d @ � < |�agc @ d D �wa > �=n <t> d :L< z :=@ c�agf > npf @ d7np] m»n�� < f �Å\^d : a >(C�<t< ]ÃaOc y j < � z Ø ��| d : a®d­a
|6n >A@ d @ � <¿¼ |TaOc @ d D | < ]EdWa s j�agc ©Å>A: npjLfB�ÃaOfÒ¦;a D=>»: a³� < a«� < c D ]�agc~c~n?¦ � < zta D ¦ @ ��d : �wc <³y aOc~�=f <t>7> nvo
> | < z @ kTz¯� D ]�agm @ z?agfia >~> jLm(|=d @ np] > � C6< z?agj >A< a�|6n >A@ d @ � <¿¼ |TaOc @ d D ¦�a³� < oZjL]Lz¿d @ np]½¦§nvj=fB� : at� <Qs j @ d < a
> m­agflf�n®� < c~f´ag|à¦ @ d : d :L< ¦�a³� < oujL]Lz¿d @ nv]2npo§d :L< k=]�agf > d�agd < �¢Ñ ¸ �*_qn >A@ d @ � < |TaOc @ d D d : j > fln�n ©{>
agdAd7c7apz¿d @ � <�C6< ztaOj >~<�@ d�¦§nvjLfB� :L< fl| <¿Ë |Lf´a @ ]*d :L< n{�=�=f D ]�agc~c~n?¦�¦ @ �{d : nvoqd :L<�Ì Í �
� ]2d :L< npd :=< c : aO]L��� > d7jT� @l<?> j >~@ ] y û } x > j=mýcAjLf <?>óz �v� |§: at� <»@ ]T� @ ztagd < �2] <³y a®d @ � < |�aOc @ d D �

±�n : a³� <�> npm < f´agd~d @ z < û } x > d~jT� @l<t> z � �>| � @ ]Lz³fljT� @ ] y a4f´agdAd @ z < z?agfBz³j=f´agd @ np]½¦ @ d : nv| < c�a®d7npc >wC a >A< �
nv]�d :L< � @Bs j�agc © m»n�� < f z ��� | � �p� d :L< c�f´agdAd @ z <­>A< aOc~z :=<?>�z � � |
: at� < oZnvjL]L�à]Ln C nvj=]T�à| < ]EdWa s j�agc ©
> dWa®d < a®d4agflf � � 9;:L< c < aOc < a­]�j=m C6< c�nvo�d < z : ] @ ztaOf @B>~> j <?> d : agdQz?aOflf @ ]Jd7n s j <t> d @ nv]`d :L< c < f @ a CL@ f @ d D
nvo > d7jT� @l<?> nvobd :=<?>A< d^¦wn­d D | <?> ��a > � @B> z¿j >~>A< � @ ] z Ø | ��\�]'d :=< z?a >A< nvobd :=< û } xÊ> jLm¢c~j=f <?> � > nvm <
@ m»|�nvcedWaO]Ed � _���z³np]Jd~c @lC j{d @ np] > m²a D«: a³� <»C6<³< ]à] <³y f < zWd < ���»\�]�d :=< f´a®d~d @ z <­> d7jL� @l<?> �·d :L<²s jTaOc ©
m­a >~>~<t> j >A< �»agc < m�jLz :»:=< a³� @l< cbd : ag]5d :L< | :JD{>A@ z?aOf{�paOflj <?> �Jag]T�»ap�=� @ d @ nv]�agf{¦wnpc © agd¬f @lyv: d < c s jTaOc ©
m­a >~>~<t> m @lyv: dbz : aO] yp< d :=< c <?> j=fÒd >³Ô d :=< c <
@B> aOf > n�a s j <t> d @ nv]4npo{¦ :L< d :=< cqd :L< ag|L|LcAnv|=c @ agd < nv| < c�a®d7npc
: a >wC�<t< ]*z : n >A< ]­d7n�c < |=c <t>~< ]Jd§d :=< | < ]Jd�a s jTaOc © �¬\�]*ag] D zta >A< ��d :L< |TaOc @ d D npo·d :=<�Ì�Í c < m­a @ ] > ag]
@ m»|�nvcedWaO]Ed <¿Ë | < c @ m < ]EdWaOf s j <?> d @ nv]·� 9;:=< c <Q: at� <QC6<t< ] >A< � < c�agf > j yvyp<?> d @ np] > npoÂ¦�a D=> d~n²m < a > jLc <
d :=< |�aOc @ d D � CED flnJn ©J@ ] y agd�d :=< |TagdAd < cA] > npo6| < ]EdWa s j�agc ©�> ^ > d7c~np] y � < z?a D=> aO]L�­agd�d :=<t@ c�|=c~n��=jTzWd @ np]
m < z : aO] @B> m >�z ��� | �

_�`�� ���������
	��
�����,�Q���������

á8n?¦Hd : a®d¬d :L< c <w@B>b< � @ � < ]Tz < ounpcÂd :=<8Ì¯Í � @ d @B> ]�a®d7j=c�aOf�d7n¯z³nv] >A@ � < cÂd :=< |6n >~>~@lC=@ f @ d D npo�nOd :L< c <³Ë npd @ z
C agc D nv] > a > ¦ < flf � 9;:L< �vaOc @ nvj > m(n{� < f > d : agd : a³� <5C�<t< ]`j >A< �'d~n <³Ë |=f´a @ ]`d :=< |LcAnv| < cAd @l<?> nvo¬d :=<
Ì�Í |=c~n?� @ � < a�oZc�aOm < ¦§nvc ©�@ ]»¦ :=@ z : d7n�ag]�aOf D�µt< � @ ß < c < ]Ed�d D | <t> nvo6| < ]Jd�a s jTaOc ©{> � @ ]Lz³fljL� @ ] y d : n >A<
C6<¿D np]T�4d :L< Õ{Ö m�jLfÒd @ |Lf < d?�b\^]�d :L@B> d :=<?>A@B> �O¦ < ¦ @ flf <¿Ë |Lflnpc < d :L< |�n >~>A@lCL@ f @ d D npo :L< at� D | < ]Jd�a s j�aOc ©{> �
� �õ�	�l�id : n >A< z³np]Jd�a @ ] @ ] y z : aOcAmýnpc C npd~d~nvm s j�agc ©{> � ( 9;:L< c <²@B>4> nvm < � :L@lyp: f D z³np]Jd7cAn®� < c >A@ agf � <¿Ë�¼
| < c @ m < ]Jd�aOf < � @ � < ]Lz < oZnvc¯a°z : agc~m < �'| < ]Jd�a s j�aOc ©èz Ø � | �6¦ :L@ z : ¦ @ flf C�< � @B> z¿j >~>A< �ªoujLced :=< c @ ]ªd :=<
] <¿Ë d,z : ag|=d < ct�
} : aO|=d < c � z³nv] >A@ � < c > d :L<°@ m»|=f @ z?a®d @ nv] > npo ¶ aOß < aO]L��� @ fBz µ³<t© ^ > � @Bs j�agc © m»n{� < fwoZnvc :L< at� D��� ¶	�W�Xµ�®} ��#µ��0�a®�µÏ¶	� �¡ >�¨�#�¡ 	���0�º�¡ 	��¯	£��	£¡��¯& 	�¬¢¤��¹¬�}�	Ñ�¯&�¬�}£¤µ�ÑÏ³0»��������¡�¬¶	¯	��¯��¡�����¬¶��p�aÂ��>�a¢¤Ã�£�¹¬�}¶��p�aµ�¶	µ�¶	®Û�¡���Â��>�a¢¤Ã�£#�a£°Ð#�¬Ñ�Ñ Ì�� �ªÐ#��«��¬¢¬Ä��¡ 	�S�¡���ÆÂ��>�a¢¤ÃQ¯	�¬¹´�¬³�£3�Z�	¹º 0�X�}¢¤�SÂ��	µ�¹pÃ�ÑÏ³Z�¡ >�a¶0�¡ 	�S�¡µ��0�S£¤¹´�aÑ��­·Ò�}¢° >�}¯	¢¤�}¶0·¸�}¢¤�0�¨�¡µ��}¶ Ì� �¡£S¯	�¬¹´�´³ÆÐ­µ�¯��¡ &�Æ�´³Æ»��l��£¤�¡µ��0�¨�¡�¬¯&»�³ �"!�#%$'&�(()+* , ¦�-���. Ì



�
| < ]Jd�a s jTaOc ©{> �w� < aOc y j < d : agdt�6�{j < d7n­h < c~m @ ag]T�{�§n >A<�> dWa®d @B> d @ z > ��] <ty a®d @ � <³¼ |TaOc @ d D*:=< at� D | < ] ¼
dWa s jTaOc ©�>4>A: nvjLfB� C6< f @lyv: d < cQd : aO]àd :L<t@ c�|6n >A@ d @ � <¿¼ |TaOc @ d D z¿nvj=]Jd < c~|TaOcAd >Q@ ]àd :L< � @Bs jTaOc © | @ z¿d7j=c < �
� < |Lc < � @ zWd�a�d7c @ |=f < d¬npo > jLz :5> dWa®d <?> � <t> d @ m­a®d < d :=<t@ cbm²a >~>A<?> �vaO]T� >~: n®¦¨d : agdÂd :=<³D aOc < f @l©v< f D d7n C�<
> dWa C f < a y a @ ] > d > d~c~np] y � < z?a D �im­a ©�@ ] y d :L< m |�npd < ]Jd @ aOflf D aOztz <?>~>A@lC f < d~n <³Ë | < c @ m < ]EdWagf >A< aOc7z :L<t> �
9;:=<t@ c(|6n >~>A@lC f < ¦ < a © � < z?a D=> agc < ag]�aOf D�µt< ���§aO]T� @B> n > | @ ]ÃaO]T� Ï�× � Ø � c < f´agd @ nv] > agc < oZnvjL]L�Åounpc
m­ag] D nvoid :=< � < z?a D c�a®d <t> �
} : aO|=d < c Ø z³nv] >A@ � < c > ] <ty agd @ � <³¼ |�aOc @ d D*:=< a³� D | < ]JdWa s jTaOc ©�>,@ ]'a C cAnJap� < c8z¿nv]Ed <³Ë d?�Lj >A@ ] y d :=<

f´aOc yv<�¸ ¹ <³Ë |�ag] >A@ nv]�� 9;:=@B> aOflfln?¦ >»> npm < |=c~nv| < ced @l<?> nvo;d :L< | < ]EdWa s j�agc ©�> d�agd <t> d7n C6< � < c @ � < �
¦ @ d : npj=dQd :L< ] <t< �«ounpc4aO] D |TaOcAd @ z³j=f´aOc�� D ]TaOm @ ztaOf
a >~> jLm(|=d @ nv] > �(ã < at� D«s jTaOc ©`>eD m»m < d~c D agf > n
z³npm <t>²@ ]Jd7n2|Lf´a D ��aOflfln?¦ @ ] y aO�L� @ d @ nv]TaOf,c < f´agd @ np] > d~n C�< |=c < � @ z¿d < ���/� < c < f´a®d < d :=< m­a >7>A<t> nvo
�vagc @ npj >;:=< a³� D | < ]EdWa s j�agc © m�j=fÒd @ |Lf < d > d7n5nv] < ag]LnOd :L< ct�LaO]L��agf > n5d~n(]=nv] <³Ë nOd @ z :L< at� D aO]L�½f @lyp: d
C agc D nv] > �TaO]T�°¦ < z³np] >A@ � < c Ï
× �ÙØ � C c < a ©J@ ] y»< ß < zWd > �
� |=| < ]L� @ z <?> � aO]L�è� z³np]JdWa @ ]�k y j=c <?> aO]L�àdWa C f <?> c < f´a®d < �àd7n�d :L< m²agd < c @ agf @ ] } : aO|{d < c Ø �

� |=| < ]T� @ÒË } d7j=c~] > a³¦�a D oucAnvmÉd :=<*> j C �e< zWd(nvo,| < ]EdWa s j�agc ©{>³Ô
@ d²z¿nv]Jd�a @ ] >5< aOc~f @l< c(c <t>~< aOc~z : np]
y c7at� @ d D`@ ] <¿Ë d~c�a°� @ m < ] >A@ nv] > z �gÎ | �4� < z?agfBz³j=f´agd < d :L<(y c�at� @ dWa®d @ nv]TaOf¬|�npd < ]Jd @ aOf < ] < c yOD`C6< d^¦ <³< ]
@ ]Lk=] @ d < f D flnv] y |�agc�aOflf < f > d7c @ ] yE> ¦ @ d : d < ] >A@ nv] >0/>' ag]T� /�( � } f´a >7>A@ ztaOflf D � @ d¯�vag] @B>A:L<t> � C j=d�agd�nv] <
fln�np|·��¦ < kL]T�`d : a®d¯d :=< flnp] y c�aO] yv<5y c7at� @ d�agd @ nv]�agf¬|�npd < ]Jd @ aOf < ] < c yOD | < c¯jL] @ dQf < ] y d :�@B>�×�â21 Ð
�gÎ43 (5 /�''/�(tâ � �7698 ( � Ñ �l�l�l�;¦ :=< c < 8 @B> d :=<`>A< |�agc�a®d @ nv] C�< d^¦ <t< ]Ãd :=<`> d~c @ ] yE> � 3 5 @B> á < ¦�d7np]S^ >
z³np] > dWag]Jdt�LaO]L�°¦ <�>~< d
: Ð<;,Ð � � 9;:L<�< flf @ | >A<?> c < |Lc <t>A< ]Jdwd < c~m >;> j=|L|=c <?>~>A< � CJD m»npc < |�n®¦ < c > nvo3 5 />= � 9�D | @ z?agflf D �Jm­a >~> f <?>~>�C j=f © k < fB� >�yp@ � < c @B>A< a®d
nv] < fln�np|²d~n�aQflnp] y c�ag] yv< |6npd < ]Ed @ aOf C6< d^¦ <³< ]
ö ¼ÙC c7aO] <t>�@ ] > |�aOz <¿¼ d @ m <?> npo,� @ m < ] >A@ nv] ö Ñ � Ñ � � 9w:L< z³np]Jd7c @lC j{d @ nv]�d7n'd :=@B> |6nOd < ]Ed @ agfwoZc~npm
C j=f ©�> z?agf´aOc >Q@B> z³nvm(|Lj{d < ��oZnvc4aOc CL@ d7c7aOc D ö � > d7c @ ] yE> z¿nvcAc <?> |�nv]T�«d~n ö Ð¢� � ag]T� @ ]àd :L< zta >A< nvo
d : c <³<³¼äC c�ag] <?>w@ d > |�n >~>A@lC f < c < f < �paO]Tz < oZnvc,z¿n > m»npfln yp@ z?aOf s j @ ]Jd <?>~>A< ]Lz <�@B> z¿nvm»m < ]Ed < �*np]·�



�

A BDCFEHGJILK ?
@ £ÃÇÉÄ ��� A � ÇCBED F � �¤£/ÇHG : ÇÉÆÈ� ¥ 6 � £<I �
J 6 G : ÇýÆÈ� � � �Þ�

é?`a_ K $8������&7�w���
%Dë �������Ê" $�%��
&��'�,�5%�	¨$8�6�A���~����L�	¨�;�·�A�{� 	��
�����,�Q�5�;�����
� > m < ]Ed @ np] < �Åa C n®� < � @ ]Ånpc7� < c4d7n :L< fl| <³Ë |=f´a @ ]¨d :L< ]�agc~cAn®¦¾¦ @ ��d : npo;d :=<�Ì Í ��a']JjLm C6< c�nvo
z³npc~c < f´agd < � s jTaOc © m»n�� < f >»: a³� <�C6<³< ] C�<t< ] |LcAnv|�n >A< ��� 9;:=<?>A<�@ ]Lz³fljL� < d :L< � @Bs jTaOc © m(n{� < f�nvo
¶ agß < ag]T�¨� @ fBz µ³<t© z � | aO]L�Åd :L< d7c @Bs jTaOc © m»n�� < f;npo,ñ�agc~f @ ] < c­aO]T�HÁ @ | ©J@ ] z � | �H�
apz : nvo,d :=<?>A<
|6n >A@ d > d : agd°d :L<àÌ | < ]EdWa s j�agc © : a > nvc CL@ d�aOf�aO] y jLf´agc½m»npm < ]Jd7j=mNM Ð � ��ag]T�Ãd : j > |�n >A@ d @ � <
|�agc @ d D ��±JjTz : a�z³np]Lk y jLc7agd @ nv] >A: nvjLfB�(f < ap�5d7n4a¯]�agc~c~n?¦ ¦ @ �{d :»C6< ztaOj >~< nvo @ d >�> m­agflfLn®� < c~f´ag|»¦ @ d :
d :=< z¿nv]J� < ]Ed @ nv]TaOf �«¸ý> dWa®d <�@ ]Ed7n(¦ :=@ z : d :=<�Ì � < z?a D{> �Ta > agc y j < � @ ] z Ø ��| �
\�]2d :L< d7c @Bs j�agc © m»n�� < f �¬d :=<�Ì Í @B> | @ zWd7j=c < �Åa > a Ü6Ý � @Bs jTaOc © |=flj > a Ü6Ý ÚÛ d7c @Bs j�agc © � 9;:=<

d�¦§n s jTaOc ©�>²@ ]Ãd :=< � @Bs j�agc © aOc < z³npm C=@ ] < �UaO]Ed @B>eD m(m < d~c @ ztaOflf D�Ô�@ d : a >­> | @ ] � ag]T� @B>­@ ] aPO�
nvowz¿nvflnvc4aO]T�2a	O� npo À at�vnvct� 9w:L< Ü aO]L� Ý ¦ @ d :L@ ]àd :=< d7c @Bs j�agc © agc < z¿nvm C=@ ] < � >eD m»m < d~c @ z?agflf D �
@ ]Jd~n�a > dWagd < npo > | @ ] � �wz³npflnvc 4 ��aO]L� À at�vnvcQO� � 9w:L<¿D z¿nvm CL@ ] < ¦ @ d : d :L< ÚÛ d7nàoZnvc~mæaàz¿nvflnpc
d7c @ |Lf < d¯d~c @Bs j�aOc © ¦ @ d :«> | @ ] �SR � aO]T� À a³�Envc O4 �,ñ�agc~f @ ] < c�aO]T�'Á @ | ©�@ ]�aOc y j < d : agd8d :L< c < m4j > d C�<
a�c < f´agd @ � <UT�¼ ¦�at� <�C6< d�¦ <³< ]°d :=< � @Bs jTaOc © aO]L�°d7c @Bs j�agc © � C6< z?agj >A< nOd :=< cA¦ @B>A< c < |=jLf >A@ � <�:JD | < cAkL] <
@ ]Jd < c7apz¿d @ nv] >�C6< d�¦ <³< ](d :=< d�¦wn�z³flj > d < c > ¦wnvj=fB� C c < a © j=|»d :=< | < ]EdWa s j�agc ©�@ ]Jd~n ��Ñ�¸ �Â� @ d : d :=<T�¼ ¦;at� < �id :=< aO] y jLf´agc4m(nvm < ]Jd~jLm C agc~c @l< c >A< |�aOc7agd <?> d :L< d~c @Bs jTaOc © ag]T�2� @Bs j�agc © aO]L�à|Lc < � < ]Jd >
> jTz : z³npflnvc ¼ m­a y ] < d @ z @ ]Ed < c7apzWd @ nv] >;C6< d^¦ <³< ]*d :L< m��
\�]«d :L< � @Bs j�agc © m(n{� < f �·d :L<²Ì�Í/@B> � @ � @ � < � @ ]Jd~n½d�¦§n Ü6Ý � @Bs j�aOc ©{> � < aOz :�@ ]�a > d�agd < nvo > | @ ]

� ��O� z³nvflnpct�ÂaO]L�PO� nvo À a³�Envc³�i|Lflj > a >A@ ] y f < ÚÛ ag]Jd @Bs j�agc © �(\�o�¦ <²@ly ]Lnpc < z³npflnvc4ag]T�2aO|=|LcAn Ë{@ m²agd <
d :=< � @Bs jTaOc ©{> a > |�n @ ]Jd,|�aOced @ z¿f <?> �Ld :=< d�¦wn­agc <�@ � < ]Jd @ z?agf C n > nv] >³Ô d : j > d :=<t@ c�¦;at� < ouj=]Tz¿d @ nv]�m�j > d
C6<`>eD m»m < d7c @ z @ ] > | @ ]Èag]T� À at�Enpc @ ]/nvc7� < c²d7n�n C�<³D �§n >~<'> dWa®d @B> d @ z > � ã8n®¦ < � < ct�wd :=< n®� < c�agflf



�

color

orbital

total

spin−flavor

h @ly jLc < � � ��Ó ; nvjL] y dWa C f < aOj Ë oZnvc¬d :=< oZnvj=c s j�agc ©{>¬@ ]»d :=<¯Ì¯Í � 9w:L<8> | @ ] ¼äÀ at�Enpc�|�aOced�nvo�d :=< ¦;at� <³¼
ouj=]TzWd @ nv] @B> z¿nvm»|=f < d < f D»>AD m»m < d7c @ zp�E¦ :L@ f < d :L< z³nvflnpc
|TaOced : a > m @ÒË{< � >eD m(m < d~c D �b\�]²npc7� < c�d7n yp< d
a»z³nvm(|Lf < d < f D aO]Ed @B>eD m(m < d7c @ zQd~npd�aOf�¦�a³� < oZjL]Lz¿d @ np]·�Ld :L< c < m�j > d C�<�> npm < nvc C=@ dWagfÂaO]Ed @B>eD m(m < d~c D �
|LcAn®� @ � < � CED a T�¼ ¦�a³� < �
¦�a³� < oujL]Lz¿d @ nv]/nvo¯d :=<�Ì m�j > d C6< z³npm»|Lf < d < f D aO]Ed @B>eD m(m < d7c @ z«aOztz³npc7� @ ] y d~n¨h < c~m @�> d�agd @B> d @ z > �
� < m4j > d @ ] >A< ced�a»j=] @ d�nvobnvc CL@ d�aOfÂaO] y jLf´agc8m»nvm < ]Ed7jLm C�< d^¦ <t< ]ªd :L< d�¦§n°� @Bs j�agc ©�>8@ ]'nvc~� < c,d~n
|LcAn®� @ � < d :=< ] < z <?>~> aOc D ag]Jd @B>AD m»m < d7c D �qa >¯@ flflj > d7c7agd < � @ ]2h @ly j=c < � � � ��\�]«d :L@B> ¦;a D ��d :=< _ ¼ ¦�a³� <
> d7cAjTz¿d~jLc < aOc @B>A<?> ]�a®d7jLc7aOflf D ¦ @ d :=@ ]�d :L< � @Bs jTaOc © m»n�� < f �
�§nOd :Hy c~nvj=| >5: at� < z¿nv] >~@ � < c < �Å|6n >~>~@lC f <*:L< at� D aO]TaOfln y j <t> npo,d :L<'Ì�Ó d :L<ªÌ�¹ � ¦ @ d : d :L< ÚÛ

c < |Lf´aOz < � CJD a�Ú; � �Âag]T�`d :L<°Ì
V � ¦ @ d : a Ú W � � ¶ aOß < ag]T�«� @ fBz µt<t© m­aO� < a >A@ m(|Lf < m­a >7>¯<?> d @ m²agd <
> j ypyv<?> d @ ] y d : a®d�d :=<?>A<Q> dWa®d <?> m @lyv: d C�<�> dWa C f < a y a @ ] > d > d~c~np] y � < zta Dïz � | � 9;:L<³@ c,c <t> jLfÒd > �

XQY"Z�[ ��� � � � <��
XQY"\�[ � �v�p� � <��^] � � � � �

aOc < c <?> | < z¿d @ � < f D � �v� � <�� aO]L� �?� � � <�� C6< fln?¦ d :L<à> d7cAnv] y � < z?a D d : c <?>A: npfB� > d~n ö`_ ä aO]L�
ùS% Í � 9w:L@B> ¦wnpjLfB� C6<»s j @ d <(@ ]Jd < c <t> d @ ] y*@ o�d7cAj <�ÓQ> d�agd <t> d : agd4aOc <²> dWa C f < a y a @ ] > d > d~c~np] y � < zta D
aOc < f @l©p< f D d~n C6< flnp] yO¼ f @ � < �ªaO]T� :L< ]Tz < c < f´agd @ � < f D½< a >eD d7n(k=]T� <³Ë | < c @ m < ]Jd�aOflf D ��ã,n®¦ < � < ct� yp@ � < ]
d :=< j=]Tz < cAd�a @ ]Jd @l<?>b@ ]J�EnpfÒ� < ����ag]T�5d :L< o apzWd¬d : agd¬d :=<?>A< m­a >~>~<t> aOc < c�a®d :L< c�z¿fln >A< d7n¯d : c <?>A: npfB��� > jLz :
a(z³np]Tz³flj >A@ nv] @B>�s j <t> d @ nv]Ta C f < �
� d :L< c¯m»n�� < f >¯yv@ � < npd :L< c¯c <t> j=fÒd >�Ó j >A@ ] y d :L<t@ c�d7c @Bs jTaOc © m»n�� < f �­ñ�agc~f @ ] < c�aO]L�«Á @ | ©�@ ] <t> d @Ò¼



� �
m­a®d < � z Ø � |

XQY"Z�[ ��� � � � <��
XQY \ [ � Ø � ��� <��^] � � � �p�

|Lj{d~d @ ] y`C npd :H> d�agd <t> a C n®� < d :L<½> d~c~nv] y � < z?a D d : c <t>A: nvfB���«� > d @ m­a®d <t>4C a >A< ��np]Ha'z³np] > d @ d~j < ]Jd
s jTaOc © m»n�� < f z Ø � | aOf > nªoºa @ f¬d7n > jL|=|6nvced > d�a C=@ f @ d D a y a @ ] > d > d~c~nv] y � < zta D �bag]T� > nª�=n <?> a½f´agdAd @ z <
û } x z?aOfBz¿jLf´a®d @ nv]�¦ @ d : nv| < c7agd7npc >�@ ] > | @ c < � CJD d :L< � @Bs jTaOc © m»n�� < f z ��� | � � ]�d :=< npd :L< c : ag]T����a
z?agfBz³j=f´agd @ np] @ ]J�vnvfÒ� @ ] y�> n ¼ ztaOflf < �`d < ] > npcQ� @Bs j�agc ©�> � > | @ ] � � À at�vnvc 4 � z ØvØ |�yp@ � <t> m­a >~>A<?> z³fln >A< d~n
d : n >A< oZnvj=]T� CED*¶ agß < aO]L�½� @ fBz µt<³©ïz Ø Î | �
9;:=< ã � } nvflf´a C nvc7agd @ np] : a > |=j C f @B>A:=< �*a�z³f´a @ m ounvc
d :L< � < d < zWd @ nv]°nvoqa5z : agc~m < �½| < ]EdWa s j�agc ©

z Ø � | � 9;:=< m­a >~> d :L<¿D n CL>A< cA� < � Ø ����� � <�� � @B>�:=@lyv:L< c�d : aO]«aO] D npo¬d :=<�<?> d @ m²agd <t> a C n?� < ��±Jnvm <
aOj{d : nvc >Jz Ø � |¬: a³� <(> j yvyp<?> d < �`d : agd�d :L@B>�> dWagd < � @ o @ ]T� <t< � @ d <¿Ë{@B> d > ��m²a D`C6< ag] <¿Ë z @ d < � > dWa®d < nvo
d :=<�Ì ¹³� � d :L< c <¿Ë | < c @ m < ]Ed >�: at� <Q>A< aOc~z :=< �*oZnvcwd :L<Q> aOm < |TaOcAd @ z³f < aO]L�*oZnvjL]L�*]=npd :=@ ] y�z Ø � | �

é?`¬é a ��+,�w���~����L�	¨�;�·�A�{�����������
	��
�����,�Q���������
� > � @B> z³j >~>~< � @ ]/a`c < z < ]Jd(¦§nvc ©�CJD d :L< aOj{d : nvc²aO]L�Hz³npflf´a C npc�a®d7nvc >{z ÎJ� | ��d :L< � @Bs j�agc © | @ z¿d~jLc <
> j ypyv<?> d > a4¦;a D nvoqz³np] > d7cAjTzWd @ ] y5:L< at� D | < ]Jd�a s j�aOc ©{> d : agd,aOc < m»npc < f @l©v< f D d~n C�<Q> d�a C f < a y a @ ] > d
> d7cAnv] y � < zta D � 9;:=<(@ � < a @B>�> d7c�a @lyv: d7ounpcA¦;aOc7� Ó ¦ @ d : a :=< at� D ag]Jd @Bs j�agc © � @ d @B> |�n >~>A@lC f < d7n*m²a ©p<
aO] <³Ë npd @ z > dWagd <»@ ]2¦ :L@ z : d :L< d^¦wn'� @Bs jTaOc ©�>�: a³� < � @ ß < c < ]Ed À at�Enpc4z³np]Jd < ]Jdt� x�@Bs j�aOc © |Ta @ c > nvo
Ü � Ý �ÂaO]L� Û s j�agc ©�> z¿nvm <»@ ]�d : c <t< d D | <?>�Ó � Ü6Ý � � � Ý{Û � �Âag]T� � Û³Ü � Ô a > ]=npd < �2a C n®� < ��d :=<?>A< oZnvcAm
aO]Ed @ d~c @ |Lf < d > ¦ @ d : c <t> | < zWd§d~n Ï�× � Ø � À a³�Enpc�ag]T� Ï
× �ÙØ � z³nvflnpct�b� < ¦ @ flf�� < ]LnOd < d :L<8@ ]Jd < c~|�nvf´agd @ ] y
k < fB� > oZnvcwd :L<t>A< � @Bs j�agc ©{>;CED bdcfe

Ð<g c V ¹ g eih7j < V h < ¹ j ] � � � Ø �
¦ :=< c < U ]lk �=aO]L� ô aOc <�Ï�× � Ø � z³nvflnpc
d7c @ |=f < d @ ]T� @ z <?> aO]L� 8 ] W �=aO]T� ;¯Ï�× � Ø � À at�vnvc�d~c @ |Lf < d @ ]T� @ z <?>
�¬� �����B�qounvc <

c
� 8 ÐÓ� z¿nvcAc <?> |�nv]T� > d7n`aO]2jL| s jTaOc © � 8 Ð � d7n`aª�{n®¦,] s j�agc © �¬ag]T� 8 Ð Ø d7n`a

> d7c7aO] yp<�s j�aOc © � �
\�]2d :L<*Ì�Í � � �gÎJ�v� �Âd :L< d�¦wn«� @Bs j�agc ©�> agc <°@ ]�d :L< 4 nvo Ï�× � Ø � À a³�Enpct��aO]T�2d :L< | < ]EdWa s j�agc ©

@ d >A< flo @B>�@ ]*d :=< Õ�Ö �Ta > m < ]Jd @ np] < �'a C n?� < �¬\�]½d :L@B> ]=npdWa®d @ np]·� @ d,flnJn ©{> f @l©v<

ÚÛ
e g e2hmj b + hnb + j ] � � � ÎJ�



�v�
aO]L�½d :L<4Ì0Vpo ¹ � @ ]*d :=< 4 nvo Ï�× � Ø �¬Ô � >A@ m @ f´aOc~f D*C6< z³npm <

Ú=
e g eih7j b + h�b + j q � � � �p�

ã < c < ¦ < z³np] >A@ � < c :=< a³� D | < ]EdWa s j�agc ©{> npo¬aO]=npd :L< cwd D | <�Ó

r c Ðsg c V ¹ g eih7j Ú; etb V h�b ¹ j ]
u c Ðsg c V ¹ g eih7j Ú W evb V h�b ¹ j q � � � � �

\�]»d :=<?>A<8> dWa®d <t> �vd :=< d�¦§n�� @Bs jTaOc ©�> agc < ]Ln�flnv] yp< c @ � < ]Jd @ ztaOf C n > np] >³Ô d :L<8> | @ ] ¼äÀ at�vnvc�|�aOced§npo�d :L<³@ c
¦�a³� < oujL]Lz¿d @ nv] ]Ln2flnp] yp< c²] <t< � > d7n C�< z³npm»|Lf < d < f D >eD m»m < d~c @ zp� 9;:=@B>²< f @ m @ ]�a®d <t> d :L< ] <t< �Åd~n
@ ] >A< cAd <³Ë d7c�a(aO]Ed @B>eD m(m < d~c D � @ a5npc CL@ d�aOfiaO] y jLf´agc,m(nvm < ]Jd~jLm � h @ly jLc < � � �p� �§±�jLz : a(| < ]EdWa s j�agc ©
z?ag] C�<(@ ]¨ag]wM Ð � > dWa®d < � yp@ � @ ] y�@ d�] <³y agd @ � < n?� < c7aOflf¬|�aOc @ d D � 9w:L< f´aOz © nvo T�¼ ¦�at� <(<³Ë z @ dWa®d @ np]
< ] < c ypD½@ ]*d :L<?>A<Q> d�agd <?>�> j yvyv<t> d > d : a®d�d :=<³D m­a D½C�< f @lyp: d < c;d : aO]*d :L<4Ì ¹8ag]T� Ì0V �
á8nOd < d : agd­d :L<'> d�agd <?> ¦ < ^ � < � < kL] < � :=< c < agc <'@ ]L� <t< �Ãd~c~jLf D <¿Ë nOd @ zp� C�<t@ ] y¨C agc D nv] > ¦ @ d :

z : aOcAm Ð � � � nvc C6< aOj=d D²Ð � � aO]T� > d7c7aO] yv< ] <?>~>
Ð � �i] �8� � ' } np] >A@ � < ct�Eounvc <¿Ë aOm(|Lf < �Ed :L< zta >A<�@ ]
¦ :=@ z : d :=<�:=< at� D ag]Jd @Bs j�agc ©»@B> a­Ú;>Ó a > o agc;a >
À at�Enpc s j�ag]Jd~jLm¾]JjLm C6< c > aOc < z¿nv]Tz < cA] < ���J¦ <�: at� <r 'wÐ Ú; � Ü6Ý � � Û³Ü � � r�(,Ð Ú; � Ü6Ý � � ÛtÝ � aO]L� r + Ð Ú; � Û³Ü � � ÛtÝ � �
\�]'z¿nv]Jd~c�a > dt�=d :L< f @lyv: d < c Ïi¼ ¦;at� < aO]TaOfln y
nvo r c ¦ @ d : Ú; ÷ ÚÛ @B> z³c D |=d~n <¿Ë npd @ z ÔT@ d8m @ÒË�<?> ¦ @ d :ª<³Ë z @ d < �ª]JjTz³f < nv] > d�agd <t> � @ a²aO]=] @l:=@ f´agd @ np]«aO]L�
@B> d :L< c < oZnvc <�: aOc~�*d~n²� < d < z¿dt�
9 n < m»| : a >A@lµt< d :=<�> d~c�aO] yv< ] <?>~> aO]L�(z : aOc yv< nvoLd :=<;> dWagd <?>Â@ ]5d :=@B> m�jLfÒd @ |Lf < d?�v¦ < ¦ @ flf=nvoZd < ]5j >A<

d :=< ]LnOdWa®d @ nv] r 'wÐxrÆøV � r�(8Ðsr äV � r + Ðsr äVºV ounpc8z : aOcAmÞag]T�yu ';Ð u ÍV �`u ';Ð u ø V �zu&+ Ð u ø VºV ounpc
C nOd~d~nvm���ã < c <^{Sr0øV ]�r äV^| aO]L� { u ÍV ] u ø Vm| ounpc~m @B> n > | @ ]ª�=npj C f < d > �{¦ :L@ f <�r äVºV ag]T�Qu ø VºV aOc <Q@B> n > | @ ]
>A@ ] y f < d > �
9;:=< |6n >~>~@lC=@ f @ d D nvo <³Ë npd @ z5| < ]EdWa s j�agc ©�> nvo�d :=< ounpc~m r­' o ( ¦�a > ]=npd < � @ ] � � � � z Î � � ÎJ� | �qaO]L�

d :=< � ��� � z¿nvflf´a C nvc7agd @ np]»f´a®d < c¬| < c~ounpc~m < �»aO] <³Ë | < c @ m < ]JdWagf >A< aOc~z :{z Î Ø |L@ ](d :L< m²a >~> c7aO] yp< � q �p�}�
� q � � � <�� �J¦ @ d : a4]�j=flf�c <t> j=fÒd?� � \�] r�< o�� z Î�� | d :L<¯> d�agd <?>~r ' o ( ¦ < c < z?agflf < � T��¹pV³� � \^]°d :=< z¿nv]Ed <³Ë dwnvo
d :=< � @Bs j�aOc © m»n�� < f �pd :L<;<¿Ë nOd @ z � m4jLfÒd @ |=f < d r c ¦ @ d : d :L< � @Bs j�agc ©�>¬@ ]­a�c < f´a®d @ � <8Ïq¼ ¦�at� < ¦�a > kLc > d
� @B> z¿j >~>A< � CED } :L< jL] y�z Ø � | � C j=d�]Ln°m­a >7>8<t> d @ m­a®d < ¦;a >�yp@ � < ]·�¯ã < c < ¦ < m­a ©p< m­a >~>�<t> d @ m­a®d <t>
�����¡¢¡�a¶	®}�¬¶	�¬£¤£ �a¶	¯,»��´�a���õ³�Ä��}¢S»��a�¤�¡�}�0¶	�¬£¤£´Ä>�a¢¤�l¯	���>¶	��¯,�¡�X»��Å¶	�¬®��¨�¡µÏ«��l·Ò�}¢­�a¶��W��¢9� Â��>�a¢¤Ã�Ä��a¶	¯
���}£¤µÏ�¡µÏ«��l·Ò�}¢�a¶ ��Z��¢ � �Å�a¶��¡µ�Â��>�}¢¤Ã�Ä�Ð­ 	µ�Ñ��Z¹º >�a¢¤�  >�}£ �¡ 	�Q���7���}£¤µÏ�¡�Q£¤µ�®}¶ ¹���¶�«��¬¶��¡µ��}¶ ÌÅÎ  	µ�£l¯	�p�>¶	µÏ�¡µ��}¶y�a¢¤�}£¡�Z·Ò¢¤�}�F�Æ 	µ�£¤�¡�}¢¤µ�¹´�aÑ�a¹¬¹¬µ�¯	��¶��3µ�¶X�¡ 	�­¹¬�}£¤�­�}·�£¤�¡¢¡�a¶	®}�¬¶	�¬£¡£¬Ä�»	���3 >�a£3»��¬�¬¶0�����¡�¬¶	¯	��¯Æ�¡�l�a�¡ 	�¬¢3Â��>�}¢¤Ã�£°»>�a£¡�¬¯0��¶X�¡ 	��µ�¢°¹º >�a¢¤®}��� �¡ 	�}£¤�SÐSµÏ�¡ ����£¤µÏ�¡µÏ«��W¹º >�a¢¤®}�l·Ò��ÑÏÑ��ªÐ��¡ 	�l£¤µ�®}¶,¹¬�}¶�«���¶��¡µ��}¶,�}· ¹º >�a¢¤�,Ä�Ð­ 	µÏÑ��W�¡ 	�}£¡��Ð­µÏ�¡ ,¶	�¬®��¨�¡µÏ«��l¹p >�a¢¤®}�l·¸�}Ñ�ÑÏ�ªÐ��¡ 	�l¹¬�}¶�«���¶��¡µ��}¶�}· £¤�¡¢¡�a¶	®}�¬¶	�¬£¤£ Ì



� �

color

spin−flavor

orbital

total

h @ly jLc < � � � Ó ; nvj=] y d�a C f < aOj Ë ounpc¬d :L< ounvj=c�f @lyv: d s jTaOc ©{>�@ ]°a¯] <ty agd @ � <³¼ |�agc @ d D5:L< a³� D | < ]Jd�a s jTaOc © �
9;:=<'> | @ ] ¼äÀ a³�Enpc²|TaOced­nvo8d :=< ¦�at� < oZjL]TzWd @ np] @B> ]Lnàflnv] yp< c­z¿nvm(|Lf < d < f D >eD m»m < d7c @ zp� > n�d :L< d�¦§n
� @Bs j�agc ©{> m­a D½C�<Q@ ]'aO] Ïq¼ ¦�a³� < �

ounpc r c aO]L�Qu c @ ]*d :L< � @Bs j�agc © | @ zWd7jLc < �b� < |�n @ ]Ed,nvj{d�d : agd;d :L< u c aO]L� r c m­a D*C�< ¦ < flf C6< fln®¦
d :=<½> d7cAnv] y d : c <t>~: nvfB����aO]T�àd : agd�d :L<�r c z³nvj=fB� C6< � �O�v� � <�� f @lyp: d < c4d : ag]�d :L< � ��� �­>~< aOc~z :
¦ @ ]L�=n?¦�� 9;:L<;<³Ë npd @ zw]�a®d7jLc < npoTd :L<t>A<�> d�agd <?> ztaO] C6< � < d < c~m @ ] < �5d : c~npj yv: m < a > jLc < m < ]Jd�nvo�¦ < a ©
� < z?a D=> ��ag]T�*¦ < � < � @B>A<4@B> n > | @ ]`aO]L� Ï�× � Ø � c < f´agd @ nv] > ¦ :=@ z : z³npjLfB� C6< j >A< �*d7n»d <t> d8d :L<t@ c À a³�Enpc
s jTaO]Ed7jLm ]JjLm C�< c > ouj=cAd :=< c @ oqd :=<³D aOc < n CT>A< ce� < ���

×�o�×Wopn ÝHí�t�tQ��t	u�r��Þí3u�Ú�t
hLnvc�nvj=cQ|=jLc~|�n >A<?> ��d :L< m(n > d @ m(|6npcAdWag]JdQo < a®d7j=c < nvo�d :=<^r c ag]T��u c > dWa®d <?>¯@B> d : agd?��¦ @ d :L@ ]«d :=<
� @Bs j�agc © | @ z¿d7j=c < �¬d :=<³D aOc < m»npc < f @l©v< f D d~n C6<*> dWa C f < a y a @ ] > d > d7cAnv] y � < zta D=> d : ag] Ì ¹ o V � >A@ ]Tz <
d :=<³D �=n�]=npdQc <?s j @ c < d :L<(<³Ë z @ dWa®d @ nv] < ] < c yOD a >7> n�z @ agd < �`¦ @ d : a T¯¼ ¦�a³� < �d��� äf� c��>� � 9 n�m­a ©v< a
c~npj yp:ª<t> d @ m­a®d < nvoqd :L<³@ c,m²a >~>A<?> �{¦ < ¦�c @ d <

X��m� � X Y Z Ð X��z� � X Y"\ Ðs� V � � � äf���p�'� ] � � � �p�

¦ :=< c <vr#V ag]T��u V � < ]LnOd < d :L<�@B> n{�{nvj C f < d > dWa®d <?> �bã < c <
�ÈV�@B> d :L< z : ag] yp<,@ ]»m­a >~> c <?> jLfÒd @ ] y oZc~npm
c < m»n?� @ ] y a � Ü6Ý � � @Bs j�agc © aO]L��ap�=� @ ] y a � Ü�Û � nvc � Ý{Û � ��¦ :=@ f < ��� ä����p�'� @B> d :=<�< ] < c yOD a >~> n{z @ agd < �
¦ @ d : d :L<�T¯¼ ¦�a³� < � � V,d�a ©p<?>,@ ]Jd~n½apz³z³nvj=]Jd,d : agd8d :=<Ur V � u,V � z³np]JdWa @ ] > a > d~c�ag] yv<4s jTaOc © ��jL]=f @l©v<
d :=<�Ì ¹ � Ì
V � � 9 n <?> d @ m­agd < d :L<Q<¿Ë d~c�a5m­a >7> z¿nv]Jd~c @lC j=d < � CED d :L<Q> d~c�ag] yv<Qs jTaOc © �=¦ < j >A<

� V [�X��4Z � X���Z Ð � � Î � <�� q � � ��� �



� Ø
� :JD­@B> d :=@B> a4c < a > nv]Ta C f <�<?> d @ m²agd < nvo�d :L< m­a >~> � @ ß < c < ]Lz < ü 9;:=< c <¯@B>w< � @ � < ]Tz <gz ÎvÎ |·> j ypyv<?> d @ ] y
d : agd¬m²aO] D nvc~� @ ]�agc D d : c <t<¿¼^s j�aOc ©�C agc D nv] > � @ ]Lz³fljT� @ ] y ]JjTz³f < nv] > ag]T�5z : aOcAm < � C aOc D nv] > �Eagc < ¦ < flf ¼
m»n�� < f < �­a > a�� @Bs j�agc © |=flj > nv] <�<³Ë d~c�a s jTaOc © ��±Jnvm < nvo�d :=@B>�< � @ � < ]Tz < agc @B>A<?> oucAnvm d :=<8> | < z¿d7c7a¯nvo
Ü�Ý{Û ag]T� Ü�Ý ;wC aOc D np] > �E¦ :L@ z : c <³ÀL< zWd�d :L< � @ ß < c < ]Ed CL@ ]L� @ ] yQ< ] < c yp@l<?> npo6d :=< ag]Jd @B>AD m»m < d7c @ z � > | @ ]
�E� ag]T� >AD m»m < d7c @ z � > | @ ] � � Ü6Ý � @Bs j�agc ©�> �'�'npc <­< � @ � < ]Lz < z³npm <t> oucAnvm �A< d < � < ]Jd > |LcAn{�=jLz @ ] y
O�aO]L�x  C aOc D np] > � 9;:L< O�aO]L�s  : at� < d :L<`> agm <`À a³�Enpc*z¿nv]Ed < ]Ed?� C j{d°d :L< O�z³np]Jd�a @ ] > ag]
aO]Ed @B>eD m(m < d7c @ z Ü6Ý � @Bs jTaOc © �Lm­a ©�@ ] y»@ d < a >A@l< c;d~n­a >~>A< m C f < aO]L� :L< ]Lz < m»npc < z³npm»m(nv]�d : aO]½d :=< ��
±Jd @ flf
nOd :L< c @ ]T� @ z?a®d @ nv] > z?agm < oZc~nvmý� <³< | @ ] < f´a > d @ z > ztagd~d < c @ ] y�<³Ë | < c @ m < ]Jd > ¦ @ d : ]�jLz³f < np] > �

� :L< ]àd :L< ]�jLz³f < nv] > ¦ < c <»C nvm C agc7� < �«¦ @ d :à:L@lyv:{¼ä< ] < c ypD«< f < z¿d~c~nv] > �id :L<³D«> nvm < d @ m <?>QC6<t: at� < �
a > d : npj yp: aOflfqd :=<t@ c < ] < c ypD ¦ < c < z³nv]Lz < ]Jd7c7agd < � @ ]àa >A@ ] y f <5s j�agc © � 9;:L@B>�: ag|L| < ] < �'ounvj=c�d @ m <?>
a > nvoZd < ]²¦ @ d : |Lc~nOd7np] > a > ¦ @ d : ] < j=d7cAnv] >tÔ d :L< o aOz¿d7npc§nvo·oZnvj=c§¦;a > z³np] �A< z¿d~jLc < �²d~n(aOc @B>A< oucAnvm!d :=<
>~s jTaOc < npoÂd :=<4s j�agc © ^ > z : aOc yv< �¢¡ (+i£ ( ounpc�d :=< jL| s j�aOc © � ¡ � '+¤£ ( ounpc;d :L< �{n®¦,] s j�agc © � �X�
j=d�¦ :ED
� @ �*d :=@B> ] < � < c : aO|L| < ]�¦ @ d : d :=< �=n?¦,] s j�agc ©½@ ]�d :=< |LcAnpd~nv]ªnpc�d :=< jL| s j�agc ©½@ ]ªd :L< ] < j=d7cAnv]�ü
9;:=< aO] > ¦ < c
¦�a > z³np] �A< z¿d~jLc < �»d7n C6< d : agd @ ] >A@ � <�< apz : ]JjTz³f < nv]���d^¦wn s jTaOc ©{> �=aO]°jL|*aO]L�½a4�=n?¦,]��
aOc < d @l< �²d~n yv< d :=< c @ ]*aQd @lyp: d~f D­C npjL]T� > d7cAjTzWd7jLc <�Ó a4� @Bs j�agc © � 9;: j > d :=< � @Bs j�agc ©²@ � < a : a > a�flnv] y
:L@B> d~nvc D ��ag]T�*m�jLz :ª> j=|L|6npcAd @ ] y»< � @ � < ]Lz < �Tz³npm»|=f < d < f D½@ ]T� < | < ]T� < ]Jd�nvoÂ| < ]EdWa s j�agc ©{> �
\�]'� s � � � ��� � �T¦ < flnJn © agd,d :L< m­a >~> � @ ß < c < ]Lz <�C6< d^¦ <³< ] � Ü�Û � ; aO]L� � Ü6Ý � ; �=¦ :L< c < � Ü�Û � � < d7zp�l�

c < |Lc <?>A< ]Ed > | @ ] � � @Bs j�aOc ©{> � 9;: a®d @B> � @ ]½ag] < ]E� @ cAnv]Lm < ]Edwz¿nv]Jd�a @ ] @ ] y aQz : aOc~m s jTaOc © �v¦ < c < |=f´apz <
a > d~c�ag] yv< � @Bs j�agc © ¦ @ d : a4]Lnp] ¼^> d~c�aO] yv< nv] < � 9;:=@B>;@B> � j > d;f @l©p<Qy n @ ] y oZc~npm r Vwd7n Ì ¹³�La >A@ � < oZc~npm
d :=< aO] y j=f´aOc,m(nvm < ]Jd~jLm � ¦ :=@ z : ¦ @ flf C6< aOztz¿nvjL]Ed < ��oZnvc,f´a®d < c � aO]L��d :L< o aOz¿d�d : agd¯ag]Lnpd :L< c,f @lyp: d
� @Bs j�agc ©°y n <t> agflnv] y ounpcwd :=< c @ � < � � obz¿nvj=c >A< �{d :L< c <�@B> a�o a @ c8agm»nvj=]Jd�nvoÂj=]Tz < cAd�a @ ]Ed D a >~> n{z @ agd < �
¦ @ d : d :=< f´agd~d < c¯|6n @ ]Jd Ô a°k=� <³¼äs j�agc ©ª< ]E� @ c~np]Lm < ]JdQm²a D ¦ < flfb|LcAn{�{jTz < a½� @ ß < c < ]EdQm­a >7> d : aO]àa
d : c <³<³¼^s j�agc © np] < �·aO]L�'¦ <5> d~c <t>7> d : agd8d :=@B>�@B> a²cAnvj yp:`<?> d @ m²agd < �¯á < � < ced :L< f <?>~> � @ d @B> a >A< ] >A@lC f <
aO|=|LcAn Ë{@ m²agd @ nv] @ ]àf @lyv: d�npo§nvj=cQ|Lc <t>A< ]Jd © ]=n®¦,f < � yp< a C nvj{d C agc D nv] > � � \�]Lz @ � < ]Jd�aOflf D �·dWa ©�@ ] y d :=<
� @ ß < c < ]Tz <5C6< d�¦ <t< ]'d :L< m­a >7>A<t> nvo¬d :=< O�aO]L�'d :L< |=c~nOd7nv]�� � Ü�Ý � Û aO]L� � Ü6Ý � Ü ���=n <t> ]LnOdQz : aO] yv<
d :=<Q<t> d @ m­a®d < m4jTz :SÓ~�gV [¥X�� � X§¦ Ð � ��� � <�� � �
\�]'a >A@ m @ f´aOc�¦�a D �=¦ <Q<?> d @ m­agd < d :L<¨T�¼ ¦�a³� <�< ] < c yOD½CJD

��� ä����p�'� [�X ��©Z � X���Z Ð Ø � � � <��^] � � � �v�

¦ :=< c < O~ª¹ � < ]LnOd <t> d :L<ª<³Ë z @ d�agd @ np]/nvo�d :=< O
¹»¦ @ d : � Ü�Ý � @ ]Èa T¯¼ ¦�a³� < c < f´agd @ � < d7n ;gÔ X � © Z Ð



� Î
�v���OÎ � <�� � 9w:L@B>¯<t> d @ m­a®d <5@B>�> j=|L|�nvcAd < � CED	T�¼ ¦�at� <5<³Ë z @ d�agd @ np] < ] < c yv@l<?> oZnvc C agc D np] >�C j @ fÒdQnvo
f @lyv: d Ü ] Ý ] Û s jTaOc ©�>³Ô ounpc <³Ë agm»|=f < � X �`« '�¬ øf­'® � X � Ð ��� � � <�� � � y a @ ]·��¦ < a >7>A@ly ]Ãa >~@lµ a C f <
jL]Lz < cAdWa @ ]Jd D d7n�d :=<«<?> d @ m­agd <«@ ]È� s � � � � �E� ÔQ@ d @B>½< a >A@ f D |�n >~>A@lC f < d : agd @ d*n®� < c <t> d @ m­a®d <t> � npc
jL]L� < c <?> d @ m­agd <?> � d :L<wT�¼ ¦�at� <'<³Ë z @ dWa®d @ np] < ] < c yOD ounvc^M Ð
�ªC6< d�¦ <³< ]Ãd^¦wn¨� @Bs j�agc ©{> ��\^d*agf > n
] <³y f < z¿d > |�n >~>A@lC f < _¬agjLf @Ò¼ÙC fln{z ©�@ ] y²< ß < z¿d >;C�< d�¦ <t< ] @ � < ]Jd @ z?aOf s jTaOc ©�>;@ ]'� @ ß < c < ]Jd,� @Bs jTaOc ©{> �
 >A@ ] y � sJ> � � � � �p� ag]T� � � � �E� agflnv] y ¦ @ d : d :L<�¶ agß <¿¼ � @ fBz µ³<t©½<?> d @ m²agd < � X Y Z Ð X Y Ñ X � Z �X���[ ���p��� � <�� � yv@ � <?> d :=<�r�V m­a >~>;<?> d @ m­agd <

X � ��[�XQY Ñ X���Z � X�� Ñ X��¯Z � X ��©Z Ð �v� � � � <�� q � � � � �v�

hLnvc�d :L<5> d7c~np] y � < zta Dyr V ÷°_ V ö ��d :=<(> jLmÞnpo�d :=< _ VQag]T�`|=c~npd~nv]«m²a >~>A<?>�@B> ��� � � � <��»Ô � �����B�
<?s � � � � � �E� |Lj{d > d :L<�> dWa®d < ØvØ � � <���C�< fln®¦/d : c <?>A: nvfB�°aO]L� � �O� � <�� C6< fln®¦/d :L< � ��� �Êz Î Ø |�>~< aOc~z :
c <³yv@ np]·�
� >A@ m @ f´aOc(ag]�agf D=>A@B>�@ ]2d :L< zta >A< oZnvcQ¦ :L@ z : d :=<­:=< a³� Dàs j�aOc ©«@B> a C npdAd7npm s jTaOc ©«yv@ � <?> d :=<

m­a >~> oZnvcAm�jLf´a X � ��[<XQY Ñ X�� \ � X�� Ñ X��4Z � X � © Z Ð ���E�O� � <��^] � � � �v� �
¦ :=@ z :²@B> Ø �p� � <�� f <?>~> d : ag]»d :L<,> jLmÊnpo�d :L<�%)V aO]L�»|LcAnpd~nv]»m­a >7>A<t> � 9w: j > � < � < ](¦ @ d : d :=< f´agc yp<
jL]Lz < cAdWa @ ]Jd @l<?>�@ ]«d :L< m²a >~>¯<t> d @ m­a®d <t>¯@ ]�� sJ> � � � � � � � � � �v� � � @ d4ag|L| < aOc >�s j @ d < f @l©p< f D d : a®d¯d :=<?>A<
> dWa®d <?> aOc <4> d�a C f < a y a @ ] > d > d~c~np] y � < zta D=> �
9;:=<�<³Ë d7c7a > d~c�ag] yv<�s j�agc ©¨@ ] r VºV²aO]L�±u)VºV5¦ @ flf @ ]Tz³c < a >~< d :=< m­a >~> nvo < apz :HCJD a C npj=d � V

c < f´agd @ � < d7n r�V aO]L�Qu V c <t> | < zWd @ � < f D � > n(d : agd
X � �²��[�X � � ÑP� V Ð �����p� � <��³] � � � � �p�
X � �²�´[�X � � ÑP� V ÐÈ�=� �v� � <�� q � � � � Ø �

ã8n?¦ < � < c³�;d :L< |Lc <t>A< ]Tz < nvo�d :=<'<³Ë d~c�a > d7c�ag] yp<`s j�agc © �{n <?> ]=npd°m²a ©v<yr VºV½aO]L��u)VºV°z¿fln >A< c²d~n
d : c <t>~: nvfB� Ó d :L<³@ c > d~c~nv] y � < zta D=> m�j > d @ ]E�EnvfÒ� < d^¦wn Û s j�agc ©{>Â@ ]5d :=< k=]�agf > dWagd < � < � y �l�4u)VºV ÷ % V�O,�
×�o�×Wo�× µ Ú·¶ íÍxÅt
hLnvcÂd :L< z : agc~m < �»aO]L� C npdAd7nvm < � <¿Ë nOd @ z > �p|Lc~npm @B>A@ ] y ¦ < a © |=c~n{z <?>~>A<?> ounpc�� < d < z¿d @ nv]»agc < Ú; ÷ ÚÛtÝ ÚÜ �
Ú W ÷ Ú;>; ÚÛ ��aO]L� Ú W ÷ Ú; Ü ÚÝ � � ± <t< h @ly j=c < � � Ø oZnvc
aO] <¿Ë aOm(|Lf < � � 9�D | @ z?agfT]=nv]=f < |=d~nv] @ z,� < zta D z : aO]L] < f >
> jTz : a >¸rÆøV ÷ ö

b 6 ä aO]L� r äV ÷ O �`Í 6 ä 6 ä z Î�� | aOfÒ¦;a D=>�C c < a © jL|�d :L< � @Bs jTaOc ©�> � 9w:L@B> m­a D



� �

}
c

s
d

u
u

s
d
s
u
u

u

T s
0{

d

}K 0

Λ

h @ly jLc < � � Ø Ó � |6n >~>A@lC f < ]=nv]Lf < |=d~nv] @ z4� < z?a D � @ a»d :=< ¦ < a © |LcAn{z <t>~> Ú; ÷ ÚÛtÝ ÚÜ Ó¹rÆøV ÷ O �{ø � 9;:=<
ÚÜ aO]L�½d :L< fln?¦ < c Ü np]*d :L< c @lyp: d : ag]T� >A@ � < ag]L] @l:L@ f´agd < �Lf < a³� @ ] y d :L< O8� Ü6Ý{Û �TaO]L�½d :=<y� ø �ÂÚÛtÝ �

> j CL> d�aO]Ed @ aOflf D � < z³c < a >~< d :L< z³nvcAc <t> |�nv]L� @ ] y |TaOcAd @ aOf�¦ @ �{d :T> ��|TaOced @ z³j=f´aOcAf D�@ o;d :L< ]TaOcAc~n®¦�] <t>7> nvo
d :=<¯Ì�Í � � �gÎE�E� @B> |TaOcAd~f D �{j < d7n > jLz : ag] < ß < zWd?�¬hLnvc C nOd~d~nvm��vd :=@B> | < ]�aOfÒd D ztaO] C�< |�n > d7|�nv] < � CED
� < z?a D=> d7n,z : aOcAm < � <¿Ë npd @ z > d : a®di|Lc <?>A< ce� < d :=< � @Bs j�agc © z¿nvcAc < f´a®d @ np]·�goZnvc <³Ë aOm(|Lf < � Ì0V ÷ Ì�¹ 6 z Î�� | �
\�]°npjLcwz?a >~< �Jd :L< ag]�agfln y j <?> agc < u c ÷ r c 6 Í ag]T��u c ÷ r c _ Í � � m»nv] y d :=< d^¦wn ¼ÙC n�� D Ú W ÷ Ú; Ü ÚÝ
� < z?a D=> �id :=<?>A<²<³Ë npd @ z ¼ d~n ¼Ù<³Ë nOd @ z»z : aO]=] < f > aOc < agf > n`� D ]�agm @ ztaOflf D o a³�Enpc < � CJD o apzWd7npc @lµ a®d @ np] z Î �	| �
¦ :=@ z : oºat�Enpc > |Lc~n��=jLz @ ] y ag] < ] < c yp< d @ z Ü ÚÝ m <?> nv]���aO]L� > j=|L|=c <?>~>A<?> � < z?a D=> d7n < ] < c yv< d @ zQm <t> np] >
C j @ fÒd,nvj=d,npoÂnpd :L< c À a³�Enpc,z³npm C=@ ]�agd @ nv] > d : agd�ag|L| < aOc @ ]*d :=< � < z?a D �
\�]/npc7� < c²d7n >A< agc7z :/<¿Ë | < c @ m < ]Jd�aOflf D ounpc²d :L<t>~< | < ]EdWa s j�agc ©{> � @ d @B>­@ m»|6npcAd�aO]Jd­d~n¨z³np] >A@ � < c

� < z?a D=>�@ ]«¦ :L@ z : d :L< |=c~n��=jTzWd > ztaO] C�<(< a >A@ f D � < d < z¿d < ����\^] yp< ] < c�agf �·z : aOc yp< �`|TaOced @ z³f <t> ztaO] C�<
� < d < z¿d < �¨agdt� < � y �l�¬d :L<°9q< �pagd~c~nv] z Ø �	| �b¦ :L@ f < ] < j{d7c7aOf
nv] <?> z?ag]L]=npd Ô�: n®¦ < � < ct� @ d @B> |6n >~>~@lC f < d~n
@ ]Lo < c8d :=< |Lc <t>A< ]Tz < npo§a»] < j=d7c7aOfÂ|�agcAd @ z³f < d : agd�� < z?a D{>8@ ]àa­� @B> d @ ]TzWd @ � < ¦�a D d~n >A< � < c�agfbz : aOc yv< �
|�agcAd @ z³f <?> �¬hTnpc <³Ë aOm»|=f < �Jd :=<»º*ø z?aO] C�< c < z³nv] > d7c~jLz¿d < � C6< ztaOj >~<,@ dw� < z?a D=> d~n�d^¦wn�z : agc yp< �»| @ nv] > �
� >~> jLm @ ] y d :L<yr c aO]L��u c > dWa®d <?> � < zta D ¦ < a © f D �;d :=< c < aOc <`>A< � < c7aOf8|=c~nvm @B>A@ ] y � @B> z³n®� < c D

z : aO]=] < f > ��hTnpc,z : aOcAm��=d :=< ]Lnp]Lf < |=d7np] @ zQ� < z?a D=>;@ ]Tz¿fljT� <

r øV ÷ O � ø ] ö 6 ä¼] ö b 6 ä½] O � Í 6 ä¼]°� ø ��ä ö ] b � ø O ]°� ø � Í ã ä§] � � � � ÎJ�
r?äV ÷ � ø 6 ä O ] ö 6 ä 6 ä¼] ö b 6 ä 6 ä^] O � Í 6 ä 6 ä½]r?äVºV ÷ O 6 ä¼] ã äS� ø ] b 6 ä O ]3� Í 6 ä ã ä½]°� ø ��ä O ]°�ïä 6 ä ö q



�?�
hLnvc C npdAd7nvm ¦ @ d : Ú W ÷ Ú;>; ÚÛ Ó
u ÍV ÷N¾ â¤¿ ö ] Ú_ ø O
¹ ] _ ä   Í�Í¹ ] 6 ä9� Í�Í ] ¾ â¤¿ b ö ] ¾ âi¿?� Í O ] _ äV _ ÍV ö ] _ äV � Í O
¹ ] � � � � �p�_ äV � ø   Í�Í¹ ] Ú_ ø _ ÍV O ] Ú_ ø b O
¹ ]u ø V ÷ � ø O ] _ ä O�¹ ] Ú_ ø   ø¹ ] 6 ä ö ] ¾ â¤¿?� ø O ] _ äV � Í   ø¹ ] _ äV � ø O�¹ ] Ú_ ø b   ø¹ ]_ ä _ ÍV O ] _ ä b O�¹ ]u ø VºV ÷ b O ] ¾ â¤¿ O ] _ äV O ¹À]°��ä ö ] ¾ â¤¿ b O ] ¾ â¤¿)� Í ã ä�] _ äV _ ÍV O ] _ äV b O ¹À] Ú_ ø _ ÍV ã ä½]

aO]L�½¦ @ d : Ú W ÷ Ú; Ü ÚÝ Ó
u ÍV ÷Á_ äV � Í�Í ] _ äV 6 Í ö ] Ú_ ø Ú� ø ö ] Ú_ ø 6 Í O ] _ ä Ú� ø � Í�Í ] � � � �?� �
u ø V ÷Á_ äV ö ] Ú_ ø O ] _ äV 6 Í � ø ] Ú_ ø Ú� ø � ø ] _ ä Ú� ø ö ] _ ä 6 Í O ]u ø VºV ÷ Ú_ ø ã ø ] _ äV Ú� ø ö ] Ú_ ø Ú� ø O ] Ú_ ø 6 Í ã ä q

\�] yp< ] < c�agf ��d :=<¯s j�ag]Jd~jLm�]JjLm C�< c > npo·d :L< kL]TaOf > dWa®d <?>
@ ] <?sJ> � � � � � Î ¼ � � �?� � agc < ]=npd > j � z @l< ]Ed
d7n5d < flf�j > d : agd;d :L<¯@ ] @ d @ agf > dWa®d < ¦;a >;<¿Ë nOd @ zp�b� < a © � < z?a D=> npo�O Vpo ¹ ag]T��ã Vpo ¹ ztaO]*m @ m @ z > npm < nvo
d :=<?>A< z : aO]=] < f > d : c~nvj yv: } a CL@lC=C n ¼^> jL|=|Lc <t>~>~< �5nvc¬| < ] y j @ ]5d7c�ag] >A@ d @ np] > �Ja >¬>~: n®¦�] @ ]²h @ly j=c < � � Î � (
� Ë z < |=d @ nv] > agc < d :L<�r äV � < z?a D{>�@ ]¨� s � � � � � Î�� aO]L�àd :L< u ÍV � < zta D{> � Ú W ÷ Ú; Ü ÚÝ � @ ]¨� s � � � � �?� � Ó
ounpcwd :L<t>~< d�¦§n»zta >A<?> d :=< k=]�agf s j�aO]Ed7j=m ]JjLm C�< c > � ÝJÝJÝ ag]T��Ú; Û³ÜTÜ�Ü c <?> | < z¿d @ � < f D �LaOc <Q> j � z @l< ]Jd~f D
<³Ë npd @ zp�«\�]¨npd :L< c5z?a >A<t> � ©J@ ] < m­agd @ z @ ]LoZnvcAm­agd @ nv] @B> ] < z <t>7> agc D �«hTnpc�d�¦§n�zta >A<?> �bd :L<°©�@ ] < m­a®d @ z
@ ]LoZnvcAm­agd @ nv] @B> o a @ c~f D m @ ] @ m²aOf Ó¸r äVºV � Ú; ÷ ÚÛ³Ü ÚÝ � np]Lf D`: a > z¿nv]Jd�aOm @ ]�agd @ nv]�ouc~npmÞ¦ < a © W ¼ÙC aOc D np]
� < z?a D=> �TaO]L�yu ÍV � Ú W ÷ Ú;�; ÚÛ � nv]Lf D½: a > z¿nv]Jd�aOm @ ]�agd @ nv]�oucAnvm�¦ < a ©�;W¼ÙC aOc D np]ª� < z?a D=> �
9;:=< � D ]TaOm @ z > nvo,]Lnp]Lf < |=d7np] @ z½� < z?a D{>5@B> z³npm»|Lf @ ztagd < ���
aO]T� > nvm < z : aO]=] < f > m­a D¨C�<�> j=| ¼

|Lc <?>~>A< ��c < f´a®d @ � < d7n8npd :=< c > � 9;:=< c < ounpc <§@ d @B> � <t>~@ c7a C f < d7n >A< agc7z :4@ ]»a > m²aO] D z : ag]L] < f > a > |�n >~>A@lC f < �
\�o�¦ < z¿nv] >A@ � < cQm < a > j=c < m < ]Ed > nvo
m4jLfÒd @ |Lf < ¦ < a © � < z?a D{> �·d :L< c < aOc <»@B> n > | @ ]àc < f´agd @ nv] >�C6< d^¦ <³< ]
d :=< ]=nv]Lf < |=d~nv] @ z»� < z?a D=> nvo
d :L< u,V > d�agd <?> �­±�jLz : c < f´agd @ np] > ztaO] C6< � < c @ � < �àj >A@ ] y d :L< m < d : n��
nvo z Ø � | �HhTnpc <³Ë aOm»|=f < �
ounvc5d :L< |=c~n{z <?>~> Ú W ÷ Ú; Ý ÚÜ ��d :=< ¦ < a © ã�aOm @ fÒd~nv] @ aO] : a > d :L<�s j�aO]Ed7j=m
]�j=m C�< c > � ÚW ; � � ÚÝvÜ � ag]T�*d :L< c < ounvc <�: a >,@B> n > | @ ] � �;\äd¯ztaO] C6< ¦,c @ dAd < ]«a >
Â eih �L¦ :L< c < d :L<�@ ]T� @ z <?>
U
� k aOc <5>eD m(m < d~c @ z5aO]L�`ztaO]'dWa ©v< d :=< �paOflj <t>�� � � Ô d :L< nv]Lf D ]=nv] µ³< cAn½z³npm»|�nv] < ]Jd @B>¸Â 'ª' � � ]
d :=< nOd :L< c : aO]T���=d :L< ¦ < a © ã¯agm @ fÒd~nv] @ ag]'oZnvcwd :L< |LcAn{z <t>~> Ú W ÷ Ú;>; ÚÛ @B> aO] @B> n > | @ ] > z?aOf´agct�b� < z?ag]
z³npm C=@ ] < d :=<?>A< ã¯aOm @ fÒd7np] @ aO]'¦ @ d : m <t> nv] > aO]L� C aOc D nv] > d7n²|LcAn{�{jTz < agflfq|6n >7>A@lC f <�> ztaOf´agc,d < cAm > �� � ¶,�}¶	�l¹´�a£¡���¡ 	�¬¢¤�Å�a¢¤�l��«��¬¶¸Ã��a»	µ�»	»��fÄõ�aÑ�Ñ��´Ð���¯»Å \ ¯	�¬¹´�¬³�£��¡ >�¨�­�Xµ��0µÏ¹��¡ 	�¼Æ�Ç�È� ¯	�¬¹¬�´³�µ�¶	®Z�¡ 	¢¤���	®}  � �"ÉÊ�ËlË �� Ì



� �

Λ

K 0

c

s
d

u
d
s

s

{cΞ0

}

d

}
h @ly jLc < � � Î Ó � } a CL@lCLC n ¼ä> j=|L|=c <?>~>A< �°� < zta D m»n�� < nvo·d :L< ã ø¹ d : a®d;m @ m @ z > d :L< |LcAn{z <t>~>w@ ]*h @ly jLc <� � Ø �
hLnvc <³Ë agm»|=f < �Jd~n4flnJn © a®dw� < z?a D=> npo�d :L< u c | < ]Jd�a s j�aOc ©{> d~n5a � m <?> nv]­|=flj > d :=<8@B> n > | @ ] > z?aOf´agc >
O aO]L� ¾ âi¿ �=¦ < m­a D ¦,c @ d < d :L<�< ß < z¿d @ � < ã¯aOm @ fÒd7np] @ aO]'a >

8 Úu e Â�� e O ¾ âi¿�] � � � � �p�

¦ :=< c < 8 @B> ag](jL] © ]Ln?¦,]»z³n <À� z @l< ]Jdt� 9;:L@B> d < flf > j > d : agd¬d :L< � < z?a D c7agd <?> ounpc�u ÍV ÷ÍÌ Í O ¾ â¤¿ aO]L�u ø V ÷ �Î® O ¾ âi¿ agc <�C npd : |LcAnv|6npcAd @ nv]�agf·d7nwÏ 8 Ï ( � yv@ � @ ] y d :L< kLc > d @B> n > | @ ]ªc < f´agd @ np] @ ]ª� s � � � � � � �
C6< fln®¦Q���ªnpc < z³npm»|Lf @ ztagd < � < ß < z¿d @ � < ã�aOm @ fÒd~nv] @ aO] > z?ag]Uagc @B>A< ¦ :L< ] d :=< kL]TaOf > d�agd <�@ ]Lz³fljT� <?>
|�agcAd @ z³f <?> d : a®d�agc <Q@B> n > | @ ]ª�=nvj C f < d > � > jLz : a >8¸ npc � � nvcwd7c @ |Lf < d > � > jLz : a >   npc 6Â� �
\ > n > | @ ]�c < f´agd @ nv] > ounvc;d :L< Ú W ÷ Ú;>; ÚÛ d7c7aO] >~@ d @ nv] @ ]Tz¿fljT� <

Ð � u ÍV ÷Ñ¾ âi¿?� Í O � Ð<Ð � u ø V ÷Ñ¾ â¤¿?� ø O � ]
Ð � u ÍV ÷ Ú_ ø b O�¹ � Ð<Ð � u ø V ÷Ò_ ä b O
¹ � ]Ð � u ÍV ÷Á_ äV � Í O�¹ � Ð<Ð � u ø V ÷Ò_ äV � ø O
¹ � ]Ð � u ÍV ÷ Ú_ ø O ¹ � Ð<Ð � u ø Ó ÷Ò_ ä O ¹ �
� Ð � u ÍV ÷ Ú_ ø   Í¹ � Ð<Ð � u ÍV ÷Ò_ ä   Í�Í¹ �

Ð<Ð � u ø V ÷ Ú_ ø   ø¹ �
Ð � Ð � u ø V ÷Ò_ ä ã Í¹ � ]Ð � u ø VºV ÷ Ú_ ø ã ø¹ � Ð<Ð � u ø VºV ÷Á_ ä ã Í¹ � ] � � � � � �



� �

c

u
s

u
d

s
s
u
u
d

T s
0{ }p

} η

ν

e −

e

h @ly jLc < � � � Ó � >A< m @ f < |=d~nv] @ z�� < zta D m(n{� < � r0øV ÷HÔ	ö ð ä ÚÕ � �
¦ :=@ f < ounpc Ú W ÷ Ú; Ü ÚÝ �

Ð � u)VºV ÷Á_ äV � Í�Í ��ä � Ð Ø Ð � u,VºV ÷Ò_ äV � Í Ú� ø � ]Ð � u ÍV ÷ � Í�Í _ ÍV � Ð Ø Ð � u ø V ÷ � Í _ äV � q � � � � �v�

hLnvc½Ú; ÷ ÚÛtÝ ÚÜ d7c�ag] >A@ d @ np] > nvo r c �Âd :L<­@B> n > | @ ]�c < f´a®d @ np] > m­a D2C6<­: agc7� < c4d~n'd <t> d?��� < kL]L���bounpc
<³Ë aOm(|Lf < �

Ð � r)äV ÷ 6 ä   ø � ø � ÐsÐ � r)äV ÷ 6 ø   ä­� ø �Ð � r?äVºV ÷ b 6 ø   ä � ÐsÐ � r)äVºV ÷ b 6 ä   ø � ]Ð � r?äVºV ÷ b Ú� ø � ä � ÐsÐ � r)äVºV ÷ b ��ä9� ø � ]
� Ð � r)äVºV ÷ Ú� ø 6 ø � ä � Ð Ø Ð � r?äVºV ÷ Ú� ø 6 äÖ� ø � q � � � �p�v�

9;:=<�r c aO]L�×u c > dWa®d <t> z?ag]�aOf > nª� < zta D«>~< m @ f < |=d7np] @ ztaOflf D �ba >�@ ]�h @ly j=c < � � � �bag]T�«d :=< c < aOc <
@B> n > | @ ]'ag]T� Ï
× �ÙØ � c < f´agd @ nv] >;C6< d^¦ <³< ] >A< m @ f < |{d7np] @ z�� < z?a D=> �
hTnpc r c > d�agd <?> � < zta D{@ ] y ¦ @ d : a >~@ ] y f <QC agc D nv] @ ]*d :L< kL]TaOf > d�agd < �{d :=<Q@B> n > | @ ]�c < f´agd @ nv]

Ð � r øV ÷ ö ð=ÚÕ � � Ð<Ð � r)äV ÷ ù ð=ÚÕ � � � � � � � �

c < f´agd <?> d :L< } a CL@lCLC n ¼ aOflfln®¦ < � r øV aO]T� r äV � < z?a D=> �,hLnvc�� < z?a D=> ¦ @ d : a C aOc D nv]«ag]T�`a»m <?> nv] @ ]



� �
d :=< k=]�aOf > dWagd < �{¦ < k=]T�°d :L< oZnvflfln®¦ @ ] y»@B> n > | @ ]�c < f´agd @ nv] >�Ó

� Ð � r øV ÷ 6 ø ö ð=ÚÕ � � ÐsÐ � r øV ÷ 6 Í ù ð=ÚÕ � � Ð � Ð � r)äV ÷ 6 ø ù ð=ÚÕ � � Ð<Ð � r?äV ÷ 6 ä ö ð=ÚÕ � � ] � � � �v�p�
� Ð � r øV ÷ � Í   ø ð=ÚÕ � � ÐsÐ � r øV ÷ � ø   Í ð=ÚÕ � � Ð<Ð � r?äV ÷ � Í   ä ð=ÚÕ � � Ð � Ð � r?äV ÷ � ø   ø ð=ÚÕ � � ]Ð � r øV ÷HÔ	ö ð=ÚÕ � � ÐsÐ � r)äV ÷ØÔ ù ð=ÚÕ � � ]Ð � r øV ÷ � Í OQð=ÚÕ � � ÐsÐ � r)äV ÷ � ø OXð=ÚÕ � � q
hLnvc >~< m @ f < |=d7np] @ z8� < z?a D=>�@ ]J�vnvfÒ� @ ] y Ú; ÷ ÚÛ �Ed :L< ¦ < a © ã¯agm @ fÒd7np] @ ag]­d7c7aO] > oZnvcAm > a > a � nvo Ï�× � Ø � �
9 n�k=]T� Ï�× � Ø � c < f´a®d @ nv] > �v¦ < ¦ @ flf=] <t< ��d :=<;C aOc D nv](n�z¿d < d %

cV ag]T��d :L< | >A< jL�=n > ztaOf´aOc¬m <?> nv](n�z¿d < dÙ cV �L¦ :L< c < d :L< m­agd~c @ÒË npoÂn�z¿d < d C aOc D nv] >�@B> ¦,c @ dAd < ]`a >
% Ð

ÚÛÛÛ
Ü
Ý ÇÞ ( Ñ �Þ ß   Í ö  ä � Ý ÇÞ ( Ñ �Þ ß ù
ã ä ã ø ��à (+ O

áÀâââ
ã ] � � � � Ø �

aO]L�½d :L< m­a®d7c @ÒË npoÂ| >A< jT�=n > z?aOf´agc�n�z¿d < d,m <?> nv] >�@B>

Ù Ð
ÚÛÛÛ
Ü
ä ÇÞ ( Ñ åÞ ß 6qÍ � Í6 ä � ä ÇÞ ( Ñ åÞ ß �æø
� ä Ú� ø � à (+ Ô

áÀâââ
ã q � � � �gÎJ�

� < ztaO]`z¿nv]Jd~c�aOz¿d r c aO]L��d :L< ã¯agm @ fÒd~nv] @ ag] Â c � ¦ : n >A< np]Lf D ]=nv] µ³< cAn°z³nvm(|6np] < ]Ed @B>
Â + � ¦ @ d :
%
cV aO]L�ÎÙ cV d~n­n C dWa @ ]«aOflfq|�n >~>A@lC f <5> ztaOf´aOc,d < c~m >³Ô a >,@ ]'d :L<4@B> n > | @ ]`z?a >~< �Td :=@B> ¦ @ flfqd < flfqj >,: n?¦
d :=< � < z?a D c�a®d <?> aOc < c < f´agd < ����hLnvc <¿Ë agm»|Lf < ��¦ @ d : � < z?a D=> d~n�a >~@ ] y f <5C agc D np]«|Lflj > f < |{d7nv] > ��¦ <
yv< d

Â � Ô�Ô Ð<;>r c Â V % cV ] � � � �v�p�

aO]L�½¦ < k=]T�
� Ð � r øV ÷ ö ð=ÚÕ � � Ð � Ð � r)äV ÷ ù ð=ÚÕ � � Ð Ø Ð � r?äVºV ÷ OQð=ÚÕ � � q � � � � � �

9;:=< c <,@B> aOf > n�np] < � @ ]T� < | < ]T� < ]Ed � Ï
× �ÙØ � c < f´agd @ nv] C6< d�¦ <³< ](d :=<8>A< m @ f < |=d~nv] @ z8� < z?a D=> d7n�a¯m <?> np]



�p�
aO]L�ªa C agc D nv]�ounpc;d :=<�> d7c7aO] yv< ] <?>~>w¼7�Q> dWa®d <t>�Ó

� Ð � r øV ÷ØÔ	ö ð=ÚÕ � ���¨� Ð � r øV ÷ � Í OXð=ÚÕ � � Ð<Ð � r øV ÷ � ø   Í ð=ÚÕ � ��� Ð � r øV ÷ 6 Í ù ð=ÚÕ � � q � � � ���p�
± @ m @ f´aOc,c <t> j=fÒd > z?ag] C�< � < c @ � < �*oZnvc >A< m @ f < |{d7np] @ z¨u c � < zta D{> �¬\ > n > | @ ]�c < f´agd @ nv] >;@ ]Tz³fljL� < �

Ð � u ÍV ÷ Ú_ ø OXð Í Õ � � ÐsÐ � u ø V ÷Ò_ ä OXð Í Õ � �Ð � u ÍV ÷Ò_ äV ö ð Í Õ � � ÐsÐ � u ø V ÷Ò_ äV ù ð Í Õ � �Ð � u ø VºV ÷ Ú_ ø ã ä ð Í Õ � � ÐsÐ � u ø VºV ÷Á_ ä ã ø ð Í Õ � � q � � � � � �

9;:=< ¦ < a © ã�aOm @ fÒd~nv] @ aO]ªoZnvc;d :L<t>~< Ú W ÷ Ú; � < zta D=>;@B> aO] Ï�× � Ø � >A@ ] y f < dt��ag]T� > n @ d @B> ]Lnpd�|6n >7>A@lC f <
d7n»� < c @ � < ag] Ï�× � Ø � c < f´a®d @ np]`aO]TaOfln y nvj > d~n²� s � � � � ���v� �
� z¿c~jTz @ aOf�a > | < z¿dQnvo�d :L< � < d < z¿d�a CL@ f @ d D npo�d :L<t>A<(<³Ë nOd @ z > dWa®d <t>¯@B> d :L<³@ cQ|LcAn{�{jTz¿d @ nv]�c�agd < � @ a

ouc7a y m < ]EdWa®d @ nv]4nvo{d :L<§:=< at� D4s j�aOc © � � z¿c~jL� <§<?> d @ m²agd < � @ ] > | @ c < � CJD d :L< oºapz¿dqd : a®dlO V |=c~n��=jTzWd @ np]
� @ a¯ouc�a y m < ]Jd�agd @ nv] @B> a¯o apzWd7npc�npoÖ� � q Ø f <t>~> d : aO] % |=c~n��=jTzWd @ np]·� @B> d : a®d < � < c D ap�=� @ d @ nv]�agf s jTaOc ©
� npc�aO]Ed @Bs jTaOc © � z³n > d > � � Ø � 9;:L@B>Q> j ypyv<t> d > d : agd¯d :L< |=c~n��=jTzWd @ np]�c�agd < ounpc¯d :L< u,V � npc r V � > dWa®d <t>
m­a D�C6< � � � ä ( nvo{d :=<Æ% V � nvc _ V � m <t> np] > � @ ]»a y c <t< m < ]Edb¦ @ d :�< agc~f @l< c <?> d @ m²agd <?> ounpcb| < ]EdWa s j�agc ©
|LcAn{�{jTz¿d @ nv] z Î[� | �

×�o�×Woçæ è~u�ÙÛÚÍww��v­t�t>rêéQà¡Úìë~í�îóí�ï­Ú³ð�u�í3u�Ú�t
9;:=< z¿nvm C=@ ]�a®d @ nv] > nvo s j�agc ©{> Ú=4Û³ÜTÜ�Ý aO]T� Ú=4Û³Ü�ÝJÝ �=n»]=npd : at� < d7n : at� < Ö Ð �®â � ��hTnpc <¿Ë aOm(|Lf < �
aO] Ïq¼ ¦;at� < � Ü6Ý � s j�agc © |Ta @ c @ ]2a > | @ ]�np] < z¿nv]Lk y j=c�agd @ nv]�ztaO] C6< a­z³nvflnpc�ag]Jd @ d7c @ |=f < d @ o @ d @B>¯@ ]
aO]�Ö Ð¾� z³nv]=k y jLc�a®d @ np]·� } npm CL@ ] @ ] y d :L@B> ¦ @ d : d :L< npd :=< c Ü s jTaOc ©ªyp@ � <t> d :L< |6n >~>~@lC=@ f @ d D npo
ag]
Ö Ð Ø â � kL]�agf > dWa®d < ��ã,n®¦ < � < ct� @ d8aO|=| < agc > f @l©v< f D d : a®d;d :=<?>A<Q> dWagd <?> aOc <�:=< a³� @l< cwd : aO]*d :L<Q> dWa®d <t>
¦ <8: a³� <8C6<³< ]°z¿nv] >A@ � < c @ ] y ��_ :L< ]Lnvm < ]=nvfln yp@ z?agf < � @ � < ]Lz < ounpc�d :=@B> z¿nvm <?> oZc~npm!d :=< o aOz¿d
d : agd�d :=<  ¹
@B>w:=< a³� @l< c
d : ag]­d :L< O ¹ � aO]L�­d :L<   @B>§:L< at� @l< c§d : aO]­d :=< O � � 9w:L<t>~< npd :=< c @B> n > | @ ] > d�agd <?> ¦ @ flf
� < z?a D d~n(d :L< nv] <?> ¦ < agc < z³np] >A@ � < c @ ] y � @ a < m @B>~>~@ np]ªnvoba5| : nOd7np]·��aO]L��� @ oqd :L< m­a >7>�> |=f @ d~d @ ] y²@B>
f´aOc yv<Q< ]=nvj yv: � CJD°< m @B>~>A@ nv]�nvo¬a�| @ np]·�
\^d @B> aOf > n�|�n >~>A@lC f < d7n�z³np] > d7cAjTz¿d Ïi¼ ¦;at� < | < ]Jd�a s j�aOc ©«> dWa®d <t>�@ ]�¦ :=@ z : a :=< at� D�s j�aOc © � > a D

a½z : aOcAm�� @B> |TaOcAdQnpo
nv] < nvo�d :L< � @Bs jTaOc ©�> � 9w:L<(<¿Ë npd @ z > dWagd <?> npo�d :L@B> d D | < aOc < |TaOcedQnvo�d :L< Õ �
c < |Lc <?>A< ]EdWagd @ nv]*nvo Ï�× � Ø � � h @ly j=c < � � � � �



� �

F

F s

−

−
Fss

++
F

+Fss

++Fs

+

h @ly jLc < � � � ÓQ9;:=< Õ � c < |Lc <?>A< ]EdWagd @ nv]�nvo Ï�× � Ø � � 9;:=<»<³Ë nOd @ z > d�agd <?> agc <»>~: n®¦�] @ ] C f´apz © �qz³c D | ¼
d7n <³Ë npd @ z > dWagd <?>w@ ]�¦ :L@ d < �
9;:=<³D½@ ]Tz¿fljT� < �

ñ 'ª'( Ðsñ�äV Ð ÚÜ � Ý{Û � � ; Ý � ] ñ (´(' Ðsñ Í�ÍV Ð ÚÝ � Û³Ü � � ; Ü � ] ñ 'ª'+ ÐsñÊäVºV Ð ÚÜ � Ý{Û � � ; Û � ]ñ (ª(+ Ðsñ ÍVºV Ð ÚÝ � Û³Ü � � ; Û � ] ñ +ª+' Ðsñ Í�Í Ð ÚÛ � Ü6Ý � � ; Ü � ] ñ +ª+( Ðsñ Í Ð ÚÛ � Ü�Ý � � ; Ý � q � � � ���v�
� 9w:L< npd :L< c �v� m < m C6< c > nvo§d :=@B> m4jLfÒd @ |Lf < d(agc < z³c D |=d~n <¿Ë npd @ z > dWa®d <?> � � 9w:L< z : aOc yp<³¼ d�¦wn > dWa®d <t>
aOc < |TaOcAd @ z³j=f´aOc~f D � @B> d @ ]TzWd @ � <pÔL@ oid :L<¿D aOc <�> dWa C f < a y a @ ] > d > d7c~np] y � < zta D �{d :L<³D z³npjLfB� C�< � < d < z¿d < ���
ounpc <³Ë aOm(|Lf < �E� @ a¯d :=< m»n�� <
ñQÍ�Í ÷ ö 6 Í ��
,]LounpcAd~jL]�a®d < f D �v¦ < agc < ]=npdwa C f < d7n��=c7at¦Uz³nv]Lz³flj >~@ np] >
a C nvj{d�d :L< m­a >~>A<?> nvo�d :=<»> d�agd <t>¯@ ]«d :L< Õ � m�jLfÒd @ |Lf < dQouc~npmÞd :=< n CT>A< ce� < � Ì m­a >~> � 9;:L<¿D m­a D
C6<�:L< at� D½< ]Lnvj yv: d7n²� < zta D*> d~c~nv] y f D d7n²a % npc _ m <t> nv]�|Lflj > a C aOc D nv]��ñ Í�Í aO]L� ñ Í oZnvc~m aO] @B> n > | @ ]à�=nvj C f < d?��¦ :=@ f < ñ äV � ñ Í�ÍV : a³� < Ö Ð + ( �qag]T� ñ äVºV � ñ ÍVºV : at� <
Ö Ð¢� � d :=<t@ c @B> n > | @ ]2|TaOced7] < c >QC�<t@ ] y z³c D |=d~n <¿Ë npd @ z > d�agd <?> � �»\�o
¦ < a >~> jLm < d :L<t>~<»> dWagd <?> � < zta D



�v�
¦ < a © f D �=d :L< c < aOc < a5]�j=m C6< c�nvo @B> n > | @ ]�c < f´a®d @ np] > oZnvc;d :L< � < zta D{> npoqd :L< z : agc~m < � ñ > dWagd <?>�Ó
Ð � ñÊäV ÷ 6 ä ã ä ð Í Õ � ÐsÐ � ñ Í�ÍV ÷ 6 Í ã ø ð Í Õ � ] � � � Ø �v�
Ð � ñ�äV ÷ �ïä   ä ð Í Õ � ÐsÐ � ñ Í�ÍV ÷ Ú� ø   Í ð Í Õ � ]Ð � ñ�äVºV ÷ �ïä ã ä ð Í Õ � ÐsÐ � ñ ÍVºV ÷ Ú� ø ã ø ð Í Õ � ]Ð � ñ Í�Í ÷HÔ	ö ð Í Õ � ÐsÐ � ñ Í ÷ØÔ ù ð Í Õ � ]Ð � ñ Í�Í ÷ � Í OQð Í Õ � ÐsÐ � ñ Í ÷ � ø OXð Í Õ � ]
� Ð � ñ Í�Í ÷ 6 ø ö ð Í Õ � ÐsÐ � ñ Í�Í ÷ 6 Í ù ð Í Õ � Ð<Ð � ñ Í ÷ 6 ä ö ð Í Õ � Ð � Ð � ñ Í ÷ 6 ø ù ð Í Õ � ]
� Ð � ñ Í�Í ÷ � Í   ø ð Í Õ � ÐsÐ � ñ Í�Í ÷ � ø   Í ð Í Õ � ÐsÐ � ñ Í ÷ � ø   ø ð Í Õ � Ð � Ð � ñ Í ÷ � Í   ä ð Í Õ � q
9;:=< aO]�agfln y nvj >�> dWa®d <t> ¦ @ d : a C npdAd7nvm s jTaOc ©°@ ]�nv] < npoÂd :L< � @Bs jTaOc ©{> agc <

ñ 'ª'V ( Ðsñ ä�äV V Ð ÚÜ � Ý{Û � � W Ý � ] ñ (´(V ' Ðsñ ÍV V Ð ÚÝ � Û³Ü � � W Ü � ] ñ '´'V + Ðsñ ä�äV VºV Ð ÚÜ � Ý{Û � � W Û � ]ñ (ª(V + Ðsñ øV VºV Ð ÚÝ � Û³Ü � � W Û � ] ñ +ª+V ' Ðxñ ÍV Ð ÚÛ � Ü�Ý � � W Ü � ] ñ +ª+V ( Ðsñ øV Ð ÚÛ � Ü�Ý � � W Ý � q � � � Ø � �
� y a @ ]�� > npm <Q: at� < a5� @B> d @ ]Lz¿d @ � < z : aOc yp< � ¼ � @ ]*d :L@B> z?a >~< �
9;:=< c < agc <Q@B> n > | @ ]�c < f´agd @ nv] > oZnvc;d :=<?>A<Q> dWagd <?> a > ¦ < flf � @ ]Tz¿fljT� @ ] y­>A< m @ f < |=d~nv] @ z�� < zta D=> �

Ð � ñ ä�äV V ÷Ò_ ø   ä ð ä ÚÕ � � Ð<Ð � ñ ÍV V ÷Á_ Í   Í ð ä Úù Ü � �Ð � ñÊä�äV VºV ÷Ò_ ø ã ä ð ä ÚÕ � � Ð<Ð � ñ øV VºV ÷Á_ Í ã ø ð ä ÚÕ � �Ð � ñ ÍV ÷ � Í O
¹ªð ä ÚÕ � � Ð<Ð � ñ øV ÷ � ø O
¹¨ð ä ÚÕ � �Ð � ñ ÍV ÷Á_ ÍV ö ð�äwÚÕ � � Ð<Ð � ñ øV ÷Á_ ÍV ù ð�ä§ÚÕ � � ] � � � Ø �p�



� Ø
aO]L�*]Lnv]=f < |{d7nv] @ zQ� < z?a D=> �

Ð � ñ ÍV ÷ ö`_ ÍV _ äV � ÐsÐ � ñ øV ÷ ù _ ÍV _ äV �Ð � ñ ÍV ÷ ö O ¾ â¤¿ � ÐsÐ � ñ øV ÷ ù O ¾ â¤¿ �Ð � ñ ÍV ÷ � Í O ¾ â¤¿ � ÐsÐ � ñ øV ÷ � ø O ¾ â¤¿ �Ð � ñ ÍV ÷HÔ Ú_ ø O
¹ � ÐsÐ � ñ øV ÷ØÔ�_ ä O
¹ �Ð � ñ ÍV V ÷   Í _ Í _ äV � ÐsÐ � ñ ä�äV V ÷   ä _ ø _ äV �Ð � ñ ÍV V ÷ � ø   Í ¾ â¤¿ � ÐsÐ � ñ�ä�äV V ÷ ��ä   ä ¾ âi¿ �
Ð � ñ øV VºV ÷ ã ø _ Í _ äV � ÐsÐ � ñ ä�äV VºV ÷ ã ä _ ø _ äV �Ð � ñ øV VºV ÷ 6 Í ¾ âi¿¸ò&ä � ÐsÐ � ñ�ä�äV VºV � 6 ä ¾ â¤¿0ò,ä � q � � � ØvØ �

� < z?agj >A< ¦ <­: at� < ]Ln <?> d @ m²agd < ounvcQd :=< m­a >~>~<t> nvo§d :L<t>~<²> d�agd <?> � @ d @B> j=]Tz < cAd�a @ ]à¦ :=< d :=< cQd :=<³D
¦ @ flf < � < c C6<*>~<³< ] <³Ë | < c @ m < ]JdWagflf D ��\�o�d :L<¿D agc <*:=< at� D¨< ]Lnpj yv: d7n�� < z?a DÅ> d7cAnv] y f D ��d :=<³D m­a D
aO|=| < aOc�a >�C c~nJaO�2c <?> nv]TaO]Lz <?> d : a®d�¦wnpjLfB�à] < � < c C6< � < d < zWdWa C f < � � ]àd :L< npd :=< c : aO]L���qd :L<½Ì¯Í
@ d >A< flo
� < z?a D{>¯> d7cAnv] y f D �·aO]L� DE< d @ d @B> ]�aOcAc~n?¦ < ]=nvj yp: d7n°|=c~n{�{jTz < a°z³f < aOc <¿Ë | < c @ m < ]EdWaOf >~@ly ]�agf �
9;:=<²> d~c~jLz¿d7j=c < aO]L�à� D ]TaOm @ z > nvo
d :L<�ñ ag]T� ñ}V�> d�agd <?> z³npjLfB�2z¿nv]Tz <t@ �pa C f D«C�<­> jLz : d : agdQd :L<¿D �
d7nJnL�{¦ @ flf C6< ]�agc~cAn®¦ < ]=nvj yp: d~n C6< � @B>~@lC f < �=¦ :=< d :L< cwd :=<³D � < zta D*> d~c~nv] y f D nvc;¦ < a © f D �

é?`�� ó �Èê ê ���6�æ�,�5% �!���`ô¬�5�6���7$��
\�]*d :L@B> z : ag|=d < ct�L¦ <4: at� <4<¿Ë |Lflnpc < � > nvm < nvoÂd :=<�@ m»|=f @ z?a®d @ nv] > npobd :L< � @Bs j�agc © m»n�� < fiounpc :L< at� D
<³Ë npd @ z C agc D np] > �à�'n > d(]=npd�a C f D �¬¦ <½: a³� <*>A: n?¦,]�d : agd > npm <½> jTz :Å> d�agd <?> m @lyp: d C�< c < f´agd @ � < f D
apz³z <t>7>A@lC f < d7n°aO] <³Ë | < c @ m < ]JdWagf >A< agc7z : � � ]ªn CL>A< cA�pagd @ nv]ªnpo :L< at� D | < ]Jd�a s jTaOc ©{> nvoÂd :L< oZnvc~m r c
nvc
u c d : a®d,¦ < c <4> d�a C f < a y a @ ] > d > d~c~np] y � < z?a D � @ ]`ap�=� @ d @ nv]ªd7n C6<t@ ] y­<¿Ë z @ d @ ] y²@ ] @ d > n®¦,]ªc @lyp: dt�
¦wnpjLfB� |LcAn®� @ � <`> j=|L|6npcAd­ounpc»d :=< � @Bs j�aOc ©H@ ]Ed < c~|Lc < d�agd @ np]/npo�d :=<«Ì Í �/� :L@ f < d :=< |Lc < � @ z¿d @ np] >
:L< c < agc <�s j @ d < c~nvj yv: ��d :L<³DÅ> j yvyv<t> d(d : agd­ag] <³Ë | < c @ m < ]JdWagf >A< aOc~z : oZnvc > jTz : > d�agd <?> z³npjLfB� C�<
¦wnpcAd : ¦ :=@ f < � 9w:L< � < z?a D z : ag]L] < f > aO]T� @B> n > | @ ]«c < f´a®d @ nv] > f @B> d < � :L< c < z¿nvj=fB� >A< cA� < a >�y j @ � < f @ ] <t>
ounpc;¦ : agd�d~n»fln�n © ounvc @ ] > jLz : aO] <³Ë | < c @ m < ]Jd?�
\^d�m²a D agf > n C6< j >A< oZjLf�d7n > d7jL� D d :L<t>A< | < ]Jd�a s j�aOc ©{> oujLced :=< c @ ]¨f´agdAd @ z < û } x �qd~n :L< fl|Å� <³¼

d < c~m @ ] < ¦ :=< d :L< c�npjLc <?> d @ m²agd <?> aOc < c < a > nv]Ta C f < ��ÁÂa®d~d @ z < ztaOfBz³j=f´agd @ nv] > aOc < d :L< nv]=f D z³j=c~c < ]Jd~f D
at�pa @ f´a C f < m < d : n��4npo{¦wnvc ©�@ ] y � @ c < z¿d7f D ¦ @ d : û } x �pa > np|L|�n >A< �Qd7n8j >A@ ] y a,|TaOced @ z³j=f´aOcbz³np] > d @ d~j < ]Jd



�gÎ
s jTaOc © m»n{� < f¬npc4a yv< ] < c�aOf >eD m(m < d~c DJ¼äC a >A< �«m < d : n{�«f @l©v< d :=< f´aOc yp<²¸ ¹ <³Ë |�aO] >A@ nv]·� � > ]=npd < �
@ ]°d :L< \^]Jd7cAn{�{jTz¿d @ nv]��{f´agdAd @ z <¯> d~jT� @l<?> nvo·d :L<QÌ�Íà: at� <�> jLß < c < �­ouc~npm�a�]�jLm C6< c;npoi|=c~n C f < m > aO]L�
: a³� <4yv< ] < c7aOflf DªC6<³< ] @ ]Lz³np]Tz³flj >A@ � <vÔ6: n®¦ < � < ct��z¿nvm»|=j=d @ ] y |6n?¦ < c�ag]T�'m < d : n{�{nvfln ypD agc < z³nv]Ed @ ] ¼
j�agflf D*@ m»|=c~n?� @ ] y ��ag]T� @ d @B> f @l©p< f D d : agd�d :L<?>A< |LcAn C f < m > ¦ @ flf C6< k Ë{< � @ ]'�=j < d @ m < �
\^d�¦wnpjLfB� C�<
s j @ d <�@ ]Jd < c <?> d @ ] y d7n >A<t< ¦ :L< d :L< c;a4f´a®d~d @ z < ztaOfBz¿jLf´agd @ nv]­¦wnpjLfB�*a y c <t< ¦ @ d : nvj=c <?> d @ m²agd <t> ounvc�d :=<r c aO]L�Qu c m²a >~>A<?> �



�v�

A BDCFEHGJILK õ
A � ÇCBED F � �¤£/ÇØG : ÇÉÆÈ� ¥ 6 � £<I � 5 ÇÉÆÈ #� ö ÷
ø ùûú Ç � ¥ 6 �
�

��`a_ b ��� )*����+,� - .�ü $,�Sê ��&����3ê
� > m < ]Jd @ nv] < � @ ] } : aO|{d < c � �,d :=<�> d7cAnv] y z³nvj=|Lf @ ] y z¿nv] > d�aO]Jd~U�V @B> ]LnOdªa�j >~< ouj=f <¿Ë |TaO] >A@ np]
|�agc�agm < d < c(agd < ] < c yp@l<?> npo
�DO P�R#T nvc C6< fln?¦�� C6< ztaOj >~< UWV�/ �­@ ]�d :L@B> c <typ@ m < ��ã,n®¦ < � < ct�0^ d
ã8nJnvo´d >A: n?¦ < � @ ]�d :=<,� �*�O� ^ >Zz Î � | d : a®d·d :L< c <�@B> aO]=npd :=< c <³Ë |TaO] >~@ np]Q|�aOc7aOm < d < c��vaOf @ � @ ]�ag] D c <typ@ m <
nvo·û } xyÓ��®â³¸ ¹³�E¦ :L< c <�¸ ¹ @B> d :L< ]�j=m C6< c
npo�z³npflnvc > ��� �����B�vd :=<,y agj yp<,y cAnvjL| @B>§Ï
× � ¸ ¹ �~� �X^ dwã,n�npoZd
>A: n?¦ < �°d : agd�a(h <³D ]Lm­ag]ª� @ a y c7aOm�oZnvcw�vapz¿jLj=m s j�agc ©J¼Ùy flj=nv] @ ]Ed < c�apzWd @ np] >�@B> |LcAnv|�nvcAd @ nv]TaOf�d7n

�Èý ( ¸Q¹ � ��¢þÀÿ Í þ�� ¸��¹ ] � Ø � � �

¦ :=< c < ý @B> d :L<5s j�agc ©E¼äy flj=nv]�z³npjL|Lf @ ] y z³np] > dWag]Jd?����� @B> d :=< ]JjLm C�< c¯nvo ù6¼ |�n @ ]Ed�� < cAd @ z <t>¯@ ]`d :=<
� @ a y c7aOm���ag]T�	� @B> d :L< � @ a y c�agm�^ > ��j=f < c,z : aOc7apz¿d < c @B> d @ zp�Ta�d7np|6npfln yv@ ztaOf @ ]J�vagc @ ag]Jd8� < kL] < � CED� Ð �
�¨� Â � 1t] � Ø � �p�

¦ @ d :	Â C�<t@ ] y d :L< ]�j=m C�< c�nvo : aO]L�=f <t> � oZnvc~m < � CJD ]Lnp]L|Lf´ag]�agc y flj=nv] <³Ë z : ag] yp< � ��aO]L� 1UC�<t@ ] y
d :=< ]JjLm C�< c�nvo s jTaOc © flnJnv| > �
\^d @B>
< � @ � < ]Jd§oucAnvm¾� s � � Ø � � � d : a®dwh <¿D ]Lm²aO]°� @ a y c7aOm > ¦ @ d :°@ ]Tz¿c < a >A@ ] y ]�jLm C6< c > nvo�� < cAd @ z <t>

y cAn®¦Ã¦ @ d :²@ ]Lz³c < a >A@ ] y f D f´aOc yp< |6n?¦ < c > nvo ¸ ¹³�EjL]=f <?>~> d :=<8¸ ¹ ÷�
 f @ m @ d @B> d�a ©p< ](¦ @ d : ý ( ¸ ¹ :L< fB�
k Ë�< ��� 9w:L@B> |LcAn{z < �=j=c <Q@B>�© ]=n®¦�]`a > d :=< ^ d�ã,n�npoZd,f @ m @ d?�6aO]L�ªztaO] C6<�@ m»|=f < m < ]Jd < � CJD c <t> ztaOf @ ] yý ÷Eý â
� ¸ ¹³� � o´d < c�d :L@B> c <t> z?aOf @ ] y �Â� s � �ÙØ � � � d < flf > j > d : agd4� @ a y c7aOm > ¦ @ d : ]Lnp]L|=f´aO]�agc y fljLnp]
<³Ë z : aO] yp< ¦ @ flf C6<�> jL|=|Lc <?>~>A< � CJD`�®â¿¸ (¹ ounpc < aOz :*> jLz :°y flj=nv]·��¦ :=@ f < � @ a y c�aOm > ¦ @ d :�s j�aOc © fln�np| >



� �
¦ @ flf C�<4> j=|L|Lc <?>~>A< � CJD��?â³¸ ¹;ounvc < aOz : flnJnv|��
� d²kLc > d >A@lyv: d?�
d :L@B> ag|L| < aOc > d7n C6< a«� < c D > d~c�aO] yv<�> npcAd»nvo <¿Ë |TaO] >A@ np]·� � o´d < c²aOflf � @ ] ]�a ¼

d7j=c < � ¸�¹,@B> k Ë�< �`a®d Ø �,hLnvc8f´agc yp<(¸�¹ � C aOc D nv] >,C6< z³nvm < jL]E¦ @l< fB� D�¼ fln�n ©J@ ] y n C[�A< z¿d > m²ap� < nvo ¸�¹
s jTaOc ©{> �bã8n®¦ < � < ct�pd :L<��®â¿¸ ¹ <³Ë |�aO] >A@ nv]5d7j=c~] > nvj{d¬d7n C�< a�j >A< oZjLf�¦�a D npo s jTaO]Jd @ o D�@ ] yQ> | @ ] ¼äÀ a³�Enpc
>eD m(m < d~c DàC c < a ©�@ ] y'< ß < zWd > �ª±J| @ ] ¼ÙÀ a³�Envc >eD m(m < d~c D oZnvc C aOc D np] > ounpc~m²aOflf DàC6< z³npm <?> ag] <¿Ë aOz¿d
>eD m(m < d~c D�@ ]5d :L< ^ d�ã8nJnvo´d�f @ m @ d Ô d :=@B>�>eD m(m < d7c D�@B>b<³Ë |Lf @ z @ d~f D5C c~n ©p< ] CED z³nvcAc < z¿d @ np] >¬> jL|=|Lc <?>~>A< �
CJD |6n®¦ < c > npo �®â¿¸�¹ �§\�]*d :L<Q<³Ë |TaO] >~@ np]·� ¸Q¹�@B> agfÒ¦�a D{> d�a ©p< ]�d~n C6< ag]ªn{�=� @ ]Jd <typ< c Ô aO] < � < ] ¸�¹
¦wnpjLfB��|LcAn{�{jTz <(C aOc D nv] > d : a®d�¦ < c <»C n > nv] > c7agd :=< c¯d : aO]�o < c~m @ np] > �»_�j{d~d @ ] y*@ ]�d :L< c < agf ¼ ¦wnpc~fB�
�vagflj <ª¸ ¹ Ð Ø yv@ � <?> ag] <³Ë |�aO] >A@ nv]H|�agc�agm < d < c(npo �®â Ø Ô d : j >*�®â³¸ ¹ < ß < zWd > aOc <�> jL|L|=c <t>7>A< � CED
a C nvj{d�d :=<�> aOm < aOm»npjL]Ed¯a >;À at�vnvc Ï
× �ÙØ � C c < a ©�@ ] y²< ß < z¿d > �
ÁÂagc yp<�¸�¹w@B> a�c @ z : ag]T�*z³npm»|=f @ z?agd < � > j C[�A< z¿dwd : a®d : a >wC6<t< ]½d7c < agd < �½np]Lf D°C c @l<tÀ{D½:L< c < ��hTnpc

a°c < z < ]Jd�c < � @l< ¦�� >A<t<æz �p� | �(± <³<{z �v� | oZnvcQa > npm < ¦ : a®d�� @ ß < c < ]Jd�aO|=|Lc~nEapz : d7n �®â³¸ ¹�z?agfBz³j=f´agd @ np] >
d : aO]½d : a®d < m»|Lfln DE< � :=< c < �
á8n?¦��·f < dQj > z³nv] >A@ � < c�m(nvc < z³fln >A< f D d :L< f´aOc yv<²¸ ¹�d7c < agd~m < ]Jd�nvo C aOc D np] > �4\�]`d :=<²¸ ¹ ÷�


f @ m @ dt� C aOc D nv] > ounvcAm @ cAc < �{jTz @lC f < c < |Lc <t>A< ]Jd�agd @ nv] > nvo§z¿nv]Jd~c�aOz¿d < � > | @ ] ¼äÀ at�vnvc Ï�× � � � ¹³Ô ounvc�k=] @ d <
¸ ¹³�id :=@B>4>AD m»m < d7c Dà@B>�C c~n ©v< ]�� yv< ] < c7agd @ ] y m­a >~>4> |=f @ d~d @ ] yE> ¦ @ d :=@ ] < apz : c < |Lc <?>A< ]EdWagd @ nv]�� 9;:=<
>eD m(m < d~c D½C c < a ©�@ ] y ztaO] C�< |�aOc7aOm < d < c @lµ³< �*j >A@ ] y |6npf D ]Lnpm @ agf >,@ ]�d :L<4Ï
× � � � yp< ] < c�a®d7nvc >�Ó

Ï =�� <�� ��� =����� � � <r c � <�� � � � � � c
� � <3 = c � <�� � � =� � � c
� � < ] � Ø � Ø �

¦ :=< c < < � aO]L� < aOc <�s jTaOc © z¿c < agd @ np]²ag]T�»ag]L] @l:=@ f´agd @ nv]»nv| < c�a®d7npc > � � = agc < d :=< _¬agjLf @ m­a®d7c @ z <?> �JaO]L�� c agc < d :=< � < flf ¼ �«ag]L]Qm­a®d7c @ z <?> � � ] ù�¼ÙC n�� D nv| < c�a®d7npct�®¦ :L@ z : apzWd > nv] ù²s j�agc © f @ ] <t>i@ ]�a C aOc D np]·�
z³npm <t> ¦ @ d : a�oºapzWd7nvc ¸ ' ä �¹ � 9w:L<�yp< ] < c�a®d7nvc 3 = c > jLm > z¿n :L< c < ]Jd7f D n®� < c,agflf�d :L<�s jTaOc © f @ ] <?> aO]L�
:L< ]Tz <�@B> nvc~� < c ¸ ¹¿� r c m²a D agf > n > j=m z³n :L< c < ]Ed7f D ¦ :=< ]�d : c <t< nvc,m(nvc <�À a³�Envc > aOc < z³np] >A@ � < c < ���
� � :=< ]�d :L< � @B> z³j >7>A@ np] @B> f @ m @ d < ��d7n½d�¦§n À a³�Enpc > �Âa >�@ ] z � � | �·d :=<»@B> n > | @ ] @B> k Ë{< � @ ]àd :L< f´agc yp<
¸�¹ f @ m @ dt� > n r c @B> nvc7� < c � � � 9w: j > a yv@ � < ] ù6¼äC n{� D nv| < c7agd7npc�z³np]Jd7c @lC j{d <?> agd�nvc7� < c ¸ ' ä � ä��&ä ¦¹ �
¦ :=< c < X @B> d :L< ]�jLm C6< c,nvoqd @ m <?> 3 = c aO|=| < agc > aO]L� ö @B> d :L< ]�jLm C6< c,nvoqd @ m <?>tr c aO|=| < agc > � 9 n
� <t> z³c @lC�< m­a >~>,> |=f @ d~d @ ] yE> �Lnv] < z¿nv] > d~c~jLz¿d > agflfi|�n >~>A@lC f <4> ztaOf´aOc�np| < c7agd~nvc > jL|*d7n­a yv@ � < ]�nvc~� < c @ ]
�®â¿¸ ¹ Ô�< aOz :¨> jTz : nv| < c�a®d7npc(aO|=| < aOc >�@ ]�d :L<­<³Ë |�ag] >A@ nv]2¦ @ d : aO]�jL] © ]Ln?¦,]Åz¿n <À� z @l< ]Jd�nvo;nvc~� < c



���
jL] @ d D � x8< | < ]T� @ ] y nv]°d :L<�>eD m(m < d~c D npoid :L<¯C aOc D np] > dWa®d <t> j=]T� < c�z³np] >A@ � < c�agd @ nv]��{d :L< c < m²a D°C�<
nv| < c7agd7npc�c < �=jLz¿d @ nv]`c~j=f <?> agflfln®¦ @ ] y*> nvm < np| < c�agd~nvc > d~n C�<5< f @ m @ ]Tagd < � Ô oZnvc <¿Ë agm»|Lf < ��ounpc > dWa®d <t>
d : agdQaOc < z³nvm(|Lf < d < f D'> | @ ] ¼ÙÀ at�vnvc >eD m(m < d~c @ zO� @ d @B> jL]L] < z <?>~> aOc D d7n @ ]Tz¿fljT� < nv| < c�a®d7npc >�@ ]'¦ :=@ z :
À a³�Enpc @ ]L� @ z <?> agc < z³np]Jd7c7apzWd < �2j >A@ ] y�� c V npc g c V ¹ � � z³nvm(|Lf < d < f @B> d(npo;d :L< c < �=jTzWd @ np]ÅcAjLf <t> ounpc
z³npm»|=f < d < f D*>AD m»m < d7c @ z > d�agd <?>;@B>;yv@ � < ] @ ] z � ��| �
\^d @B>8@ m»|�nvcedWaO]Ed�d~n­]Lnpd < d : agd8d :=<4@ c~c < �=jLz @lC f < c < |=c <?>A< ]JdWa®d @ np] > nvo Ï�× � � � ¹¯aOc < ]=npd @ � < ]Jd @ z?agf

d7n'd : n >A< npo;d :L< j=]Tz³np]Jd~c�apzWd < � Ï�× � � � �à\�]�d :L< z¿nv]Jd~c�aOz¿d < � >AD m»m < d7c D�y cAnvj=|·�
a >~@ ] y f <ªÏ
× � � �
c < |Lc <?>A< ]EdWagd @ nv]àz?aO] > |Lf @ d @ ]Jd7n >A< � < c7aOfy\^d7n?¦ < c >ª] ¦ : n >~< m²a >~>A<?> aOc < ]=npdQd :=<²> agm <»< � < ] @ ]�d :=<
¸ ¹ ÷�
 f @ m @ d z � � � �=�}| ��\^]½d :L< d^¦wn ¼äÀ a³�Enpc�zta >A< �{¦ :L< ]½d :L<Q>eD m(m < d7c D°y cAnvjL| @B>8Ï�× � Î�� ¹¿� > jTz : a
d7n?¦ < c @B> f´a C6< f < � CJD�� Ð � ]t�?â � ]t�i] qÀqÀq �6¦ :L< c < d :L<(> d�agd <t>�@ ]`d :L< d~n®¦ < c : a³� <(> | @ ]àaO]L� @B> n > | @ ]
> agd @B> o D{@ ] y Ï Ö � ¾ Ï
� � �Å�waOc D np] > ¦ @ d :»> d~c�aO] yv< ] <?>~> oZnvcAm >~< |�agc�agd < d7n?¦ < c > �vf´a C6< f < � CEDÈ�ÞÐ '( ù­V �
¦ :=< c < ù V @B> d :=< ]�j=m C�< c�nvo > d~c�ag] yv<Qs jTaOc ©�> �

æWopnSopn �yÚ � u�í �WßÛí�w"!lt�r �$# í#w&%SÚ(' ¹
9;:=<«�®â³¸ ¹ <³Ë |�aO] >A@ nv] : a > c < z < ]Jd~f D2C�<t< ] <¿Ë d < ]T� < �2d~n <¿Ë npd @ z C aOc D nv] > � @ ]Lz³fljL� @ ] y |�aOced7] < c > nvo
d :=<°Ì z � Ø � �v� | aO]L� :L< at� D | < ]EdWa s j�agc ©{>�@ ]à¦ :=@ z : d :L< aO]Ed @Bs jTaOc ©«@B> a�Ú; nvc4a Ú W z �v� | �­\�]ànvc~� < c
d7n�d7c < a®d <¿Ë npd @ z C aOc D nv] >�@ ]Åa y c~npjL| ¼ d :=< nvc < d @ z?aOf¬¦�a D �qd :L< z³nv]Lz < |=d4nvog\ <³Ë npd @ z³] <t>~>¨]*@B> � < k=] < �
z �gÎ | a > d :L< m @ ] @ m�jLmÓ]JjLm C6< c�nvo < Ú< |�a @ c > ] <t< � < �ªd~n*z¿nv] > d~c~jLz¿dQa C aOc D np]`¦ @ d : a yp@ � < ] >~< d¯nvo
s jTaO]Ed7jLmÞ]�j=m C�< c > � 9w:L< |Lc < z @B>A< � < k=] @ d @ np]�nvo <¿Ë nOd @ z³] <?>~> c <?s j @ c <t>�> npm < z?agc < ��hTnpcQaO] Ï
× �ÙØ �
c < |Lc <?>A< ]EdWagd @ nv]¨¦ @ d :Ãx8D ] ©�@ ] @ ]L� @ z <?> � ö ] < � ��d :L< z¿nvc~c <?> |6np]T� @ ] y�; nvj=] y d�a C f < aOj : a >»¸ ¹ Ñ Ø*)
C n Ë{<t> �¬¦ :L< c <ª¸ ¹ Ñ Ø*) Ð ö Ñ � < aO]T� ö Ñ <,+ ) + � � 9;:=<*@ ]Ed <typ< c ) aO|=| < agc > d~n�z³npc~c < f´agd <
¦ @ d : d :L< ]�j=m C�< c�npobap�=� @ d @ np]�agf s jTaOc ©{>;C�<³D nv]T� ¸ ¹³�TaO]L� @ ]'ag] < agc~f @l< c;¦§nvc © � z � �>| � ) ¦�a > z?agflf < �
\ <¿Ë nOd @ z³] <?>~> � ] ã,n®¦ < � < ct�bd :=@B>4@B> ]LnOd s j @ d < ¦ : a®d5np] < ¦wnpjLfB��f @l©v< \ <¿Ë nOd @ z³] <?>~>ª] d7n'm < ag]·�`hTnpc
<³Ë aOm(|Lf < ��d :L< þ � npo Ï�× � Ø � : a > a ; npjL] y d�a C f < aOj«¦ @ d :à>A@ÒË`C n Ë{<?> � h @ly j=c < Ø � � � �iaO]L�`d : j >¯: a >) Ð Ø �l�§j{d @ d @B> ]Lnpd�|�n >~>A@lC f < d~n4z³np] > d7cAjTz¿d§a > d�agd <�@ ]»d :L@B> c < |Lc <t>A< ]Jd�agd @ nv](¦ @ d : oZnvjLc s j�aOc ©{> aO]L�
nv] < aO]Ed @Bs j�aOc © �{a > np] < ztaO] >A<t<�@ ]°a > d7c7a @lyv: d7oZnvcA¦;aOc~�»m­ag]L] < c CED z?agfBz³j=f´agd @ ] y d :L< � @ c < z¿d
|=c~n{�{jTzWd
� � � � � � � � � @ ] Ï
× �ÙØ � aO]T��]LnOd @ ] y d : agd þ � �=n <?> ]LnOd¯aO|=| < agc @ ]�d :=< c <t> jLfÒd?� 9w:L< |Lc~np| < c
¦�a D d7n²� < k=] <Q<¿Ë nOd @ z³] <?>~> ounpc;d :=< c < |Lc <?>A< ]EdWa®d @ nv] �Òö ] < � @B>

- Ð ./10 ) @ o ) � < ]
� ) � < @ o ) +
< q � Ø � ÎJ�



� �
9;:=@B>�yp@ � <?> d :L<5@ ]Jd~j @ d @ � < c <t> j=fÒdQoZnvc -ÈÓ a C aOc D nv]«¦ @ d :�<³Ë npd @ z³] <t>~>2- z¿nv]EdWa @ ] >Q¸ ¹ Ñ3- s j�aOc ©{>
aO]L� - aO]Jd @Bs jTaOc ©�> � � � z³c D |=d~n <¿Ë npd @ z4| < ]Jd�a s j�aOc ©�: a >4-!Ð � Ô ) @B> � < kL] < �'j >A@ ] y d :L<65 � ü � 5 ���
� @ a y c7aOm d : agd D{@l< fB� > a > d�agd < ¦ @ d : a yv@ � < ] >A< dqnvo s jTaO]Ed7jLm ]�j=m C�< c > � � hLnvc·d :L< þ � � �Òö ] < � Ð � �¯] �E� Ô) Ð � / < � > n²� s � � Ø � ÎJ� yv@ � <?>7- Ð � �

h @ly j=c < Ø � ��Ó�9;:=< þ � nvo Ï�× � Ø � � 9;:=@B> c < |=c <?>A< ]JdWa®d @ np] : a > ) Ð ��C j{d <¿Ë npd @ z³] <?>~>8- Ð � �
\�] z �p� | � ¶v< ] ©J@ ] > ag]T�¨�`aO]=n : aOc�� < c @ � < c < f´a®d @ np] >4C�< d^¦ <t< ]2d :L< m­a >7>A<t> aO]T��� < zta D c�agd <?> nvo

�vagc @ npj > m4jLfÒd @ |=f < d > nvo - Ð��(C agc D nv] > � C nOd : f @lyp: d�aO]L� :=< at� D � 9;:L<³@ c�¦wnvc © a >~> jLm <t> d : a®d�d :=<
| < ]Jd�a s jTaOc ©­> dWagd <?> aOc <¯@ ]°d :L< z¿nvm»|=f < d < f D°>AD m»m < d7c @ z¯c < |=c <?>A< ]JdWa®d @ np]½npo > | @ ] ¼äÀ a³�Enpc Ï
× � � � aO]L�
d : j >�: at� < |6n >~@ d @ � < |TaOc @ d D �
\�]�d :L< zta >A< nvo :=< a³� D | < ]JdWa s jTaOc ©�> �Ld :L@B> m < aO] > d : a®d,d :L< oZnvj=c,f @lyp: d
s jTaOc ©{> agc <»@ ]àd :=<�Õ þ 4 nvo Ï
× � � � �i¦ :=@ z : � < z¿nvm»|�n >A<?>�@ ]Ed7n�d : c <³< � @ ß < c < ]Ed > | @ ] ¼ÙÀ a³�Envc > dWa®d <t>�Ó
4 ø � Õ � ' ��aO]T� Õ � ª ( � h @ly j=c < Ø � �p� �

flavor spin 06 flavor 15 spin 1 flavor 15’ spin 2

h @ly jLc < Ø � � Ó�; nvj=] y d�a C f < aOj Ë`>A: n®¦ @ ] y d :=<�À at�vnvc Ï�× � Ø �69 > | @ ] Ï
× � �p� � < z³npm»|6n >A@ d @ nv]`nvo¬d :=<
z³npm»|=f < d < f D«>eD m»m < d~c @ z Õ þ 4 npo Ï�× � � � � yv@ � @ ] y d : c <t< � @ ß < c < ]Jd�m�j=fÒd @ |=f < d > �5±Jd�agd <t>¯@ ]«d :L< z¿nvm ¼
|Lf < d < f Dª>eD m(m < d7c @ zQc < |Lc <?>A< ]EdWagd @ nv]`agc < � @B> d @ ]TzWd @ � <4C�< z?agj >A< d :=<�; npjL] y dWa C f < aOj Ë ounvc;d :L<³@ c > | @ ]
aO]L� À at�vnvc;fln�n © d :L<�> agm < �
9;:=< a >~> j=m»|{d @ nv]*nvoq|�n >A@ d @ � < |TaOc @ d D½@B>�>A< ] >A@lC f <QC6< z?aOj >A<�@ d : a >;C6<t< ] >A: n?¦,]�� @ ]*d :L< z³nv]Ed <¿Ë d

nvo�a�z³np] > d @ d~j < ]Ed s jTaOc © m»n�� < f z ��� | �pd : agdÂd :L<§:JD | < cAkL] <§À at�vnvc ¼^> | @ ] @ ]Ed < c�apzWd @ np] >ÂC6< d^¦ <³< ] s j�aOc ©{>
@ ]'a : ap�{c~np]'aOc < m»n > d8agd~d~c�aOz¿d @ � < oZnvc,z¿nvm(|Lf < d < f D�>eD m»m < d7c @ z > d�agd <t> ��ã8n®¦ < � < ct�Ta > ]LnOd < � @ ]*d :=<
|Lc < � @ nvj > z : ag|=d < ct�Ja¯|6n >A@ d @ � <¿¼ |TaOc @ d D | < ]Jd�a s j�aOc © ¦§nvjLfB�(] <t< �5d~n : a³� < nv] <,s j�aOc ©�@ ]­aO]»npc CL@ d�aOflf D
<³Ë z @ d < � M Ð ��> d�agd <�@ ]�npc7� < c;d7n > a®d @B> o D h < c~m @·> dWagd @B> d @ z > �¬\äd @B> ]=npd8z¿f < agc�¦ :L< d :L< c;d :L< c <t> j=fÒd @ ] yT�¼ ¦;at� <�< ] < c ypD ¦wnvj=fB��aOfÒ¦;a D=>iC6<
> j � z @l< ]Ed7f D nvß >A< d CED d :L< agdAd7c7apz¿d @ � <�À at�vnvc ¼ä> | @ ] @ ]Jd < c�aOz¿d @ np] > d~n



���
m­a ©v< d :=< |�n >A@ d @ � <³¼ |TaOc @ d D | < ]JdWa s jTaOc ©�> f @lyv: d < c§d : ag]­d :=<t@ c§] <³y a®d @ � <¿¼ |TaOc @ d D z¿nvjL]Ed < c~|�agcAd > � 9;: j >
@ d @B> ¦wnvced : ¦ :L@ f < d~n°aO|=|Lf D d :=< f´agc yv<�¸ ¹�oZnvc~m²aOf @B> m�d7n(d :L< ] <³y a®d @ � <¿¼ |TaOc @ d D z?a >A<vÔ d :L@B>,: a >,C�<t< ]
�=np] <¯@ ]°d�¦§n(c < z < ]Jdw|�aO| < c > � � ] <Jz � Ø | � CED d :L< |=c <?>A< ]Jd,agj=d : nvc³�{oun�z³j >A< �°nv] :=< a³� D | < ]Jd�a s j�aOc ©{>³Ô
d :=< npd :L< c z � ��| agf > n5fln�n ©v< ��a®d�f @lyp: d;| < ]EdWa s j�agc ©�> ag]T�½z³nv] >A@ � < c < �­d :=< |6n >7>A@lC=@ f @ d D d : agd C npd : d :=<
Ì Í aO]L�½d :L<4Ì ¹ >A<t< ] CED ã � m­a D½: at� < ] <³y agd @ � < |�aOc @ d D �

æWopnSo�× :ïv � íÀ�2;Åv�u�rê¶×�2;�¶âr¤u�Ú�ÿ$<óí#w�x v � t
9;:=<»�?â³¸Q¹w<¿Ë |TaO] >A@ np]*oZnvc <¿Ë z @ d < � C agc D np] > |LcAn®� @ � <?> a4m»n�� < f�ounpc§¦wnpc ©J@ ] y ¦ @ d :�> d�agd <t> npoim @ÒË�< �
> | @ ] ¼äÀ a³�Enpc >eD m»m < d7c D � r;< o < c < ]Tz <t>?z � �{� ��� � � � � �{��|�> d~jT� D²<¿Ë z @ d < � C aOc D np] >§@ ]­d :=< " Ö nvo Ï�× � � � Ô
d :=<³D5yv< ] < c�aOf @lµ³< d :L@B> c < |Lc <t>A< ]Jd�agd @ nv]»ounpc ¸ ¹0/ Ø a >�>A: n®¦�] @ ]»d :L<Æ; nvjL] y � @ a y c7aOm @ ]­h @ly jLc < Ø � Ø �

...

h @ly jLc < Ø � Ø Ó � Ë d < ] >A@ nv]�nvo�d :L<»<¿Ë z @ d < � C aOc D nv] > d7n*f´aOc yv<­¸ ¹¿� 9;:L< d~nv|�c~n?¦Ênpo
d :=< dWa C f < agjànp]
d :=< c @lyv: d : a >,¸�¹ � ��C n Ë{<?> �
\�]�d :L@B> | @ z¿d7j=c < �Ja C aOc D nv](z³np]JdWa @ ] > nv] <w<³Ë z @ d < � s jTaOc © �p¦ @ d : aO] y jLf´agc¬m(nvm < ]Jd~jLm M Ð � �EaO]L�

¸ ¹ � � \ez³nvc <�]�s jTaOc ©�> �J¦ :=@ z : agc < z³nvm(|Lf < d < f D²>eD m»m < d7c @ z @ ] > | @ ] ¼ÙÀ at�vnvc Ï
× � � � � 9;:=<8<¿Ë |TaO] >A@ np]
@B> m­aO� < j >A@ ] y d^¦wn >A< d > npo Ï
× � � � yv< ] < c7agd~nvc >�Ó Û = �>= c � ý = c �=apzWd @ ] y nv]²d :L<8<¿Ë z @ d < � s j�agc ©�Ô ag]T� Ï =¹ �r c¹ � 3 = c¹ �LaOz¿d @ ] y nv]°d :L< z¿nvc < � 9;:=< c < �=jLz¿d @ nv]½cAjLf <?> oZnvc§d :L<t>~< np| < c7agd~nvc > aOc < � < d < c~m @ ] < � @ ] z � � |ÙÔ
d :=< c < �{jTz¿d @ nv]­cAjLf <?> oZnvc§z¿nvm»|=f < d < f D²>eD m(m < d~c @ z > dWa®d <t> ag|L|Lf D d~n�d :L< z¿nvc < aO]L� <¿Ë z @ d < �²np| < c�agd~nvc >
>A< |TaOc�a®d < f D �=¦ :L@ f < ap�=� @ d @ nv]�agf·c~jLf <t>�y n?� < c~]*d :L< z³nvm CL@ ] @ ] y npoqd :=< d^¦wn(d D | <?> �

��`¬é a ��+,�w���~����L�	¨�;�·�A�{��	��
�����,�Q��������� ��� )*����+,��- .
� < ¦ @B>A: d7n <³Ë aOm @ ] <�<³Ë npd @ z¯] <ty agd @ � <³¼ |�agc @ d D­C agc D nv] > z¿nv]EdWa @ ] @ ] y²¸Q¹·Ñ/� f @lyp: d s jTaOc ©{> ag]T�°nv] <
:L< at� D ag]Jd @Bs j�agc © ��¦ :=@ z : ztaO] C6<*<³Ë d < ]T� < �¨d~n�f´agc yp<ª¸ ¹ @ ]Ãa >A@ m @ f´agc»m²aO]L] < c5d~n«d :L<½<³Ë z @ d < �
C agc D nv] > ��a >­>A: n®¦,] @ ]Uh @ly j=c < Ø � Î � ã < c < d~n�nL� @ d°m²a ©v<t>­>A< ] >A< d7n�z¿nv] > d~c~jTzWd²nv| < c�a®d7nvc > oZc~npm
d�¦§nª� @ ß < c < ]Jd >A< d > nvo yv< ] < c�agd~nvc > � 9;:=< d < cAm \ <³Ë z @ d < � ] �=n <t> ]Lnpd�ag|L|Lf D«@ ]�d :=@B> z?a >A< � C�< z?agj >A<
d :=< | < ]Jd�a s jTaOc ©{>»: at� < ]Lnànvc C=@ dWagf¯ag] y j=f´aOc²m»npm < ]Ed7j=m��Èã,n®¦ < � < ct�;� @ � @ � @ ] y d :L<'> dWa®d <t>»@ ]Jd~n



Ø �

...

h @ly jLc < Ø � Î Ó � Ë d < ] >A@ np]«npo¬d :L< ] <³y agd @ � <¿¼ |�agc @ d D | < ]Jd�a s jTaOc ©{> d7n°f´aOc yv<(¸ ¹³� 9w:L< d7np|«cAn®¦ nvobd :=<
dWa C f < aOj�np]*d :L< c @lyp: d,]Ln?¦ : a >,¸ ¹ C n Ë�<?> �

¸ ¹ >eD m(m < d7c @lµ³< � s j�aOc ©{> � ¦ :L@ z : ¦ < ¦ @ flf�z³np]Jd @ ]Jj < d~nàztaOflf§d :L< \Az¿nvc <�] � ��|=flj > np] <½<³Ë d~c�a�� > d @ flf
z?ag|=d~jLc <t> d :=<t@ c >AD m»m < d7c D |LcAnv| < cAd @l<?>¬@ ]²a8j >A< oujLfJ¦�a D � 9;:L<�> agm < nv| < c�a®d7nvc > aO]L�5c < �=jLz¿d @ nv](c~j=f <?>
z³np] > d7cAjTzWd < ��oZnvcQd :L<»<³Ë z @ d < � C agc D nv] >Q@ ] z � �{� ��� � � � | m²a D�C�< j >A< �«d7n'� <?> z³c @lC6< d :L< ] <ty a®d @ � <³¼
|�agc @ d D | < ]Jd�a s jTaOc ©{> �'\^]¨oºapz¿dt�bd :L<°>A@ d7jTagd @ nv] >A@ m(|Lf @ k <t>(>A@ly ] @ kTztaO]Ed7f D2@ ]�d :L< | < ]EdWa s j�agc © z?a >A< �
C6< z?agj >A< d :=<Q>A< � < ]°nv| < c�a®d7nvc > � < | < ]L� @ ] y np] M�agflf��paO] @B>~: �¬� < agc < f < oZdt�Ta®d�npc7� < c �®â³¸ ¹³��¦ @ d :�>A@ÒË
f @ ] < aOcAf D*@ ]T� < | < ]T� < ]Jd�nv| < c�a®d7npc >�Ó ' ? ' � ¸ ¹ Õ·]? ( � �¸ ¹ Ï (¹ ]? + � �¸ ¹ Û = Ï =¹ ]? ¬ � �¸ ¹ = c r c¹ ]? ­ � �¸ (¹ = c {gÏ =¹ ] 3 = c¹�| ]? ß � �

¸ (¹ ý =
c
Ï =¹ r c¹ q � Ø � �p�

9;:=< þ Õ�Ö nvo Ï�× � � � �{¦ :L@ z : � <?> z³c @lC6<?> d :=<�¸ ¹ Ñ/� f @lyp: d s j�aOc ©{> �Lz?ag] C6< � < z³npm»|�n >A< � @ ]Ed7n À a³�Enpc� > | @ ]àd7n yp@ � <­>A< � < ]�� @ ß < c < ]Ed4m�j=fÒd @ |=f < d > ( � >A<³< � < � y �l� z � � | � Ó­Õ � ª �' � Õ � � ( � Õ � � ' � Õ � �ø �~O4 � ' � � � ' �aO]L� � �ø �
\�] <³Ë d < ]L� @ ] y d :=@B> � < z¿nvm(|6n >A@ d @ nv]Ãd7nàf´aOc yp<«¸ ¹³�wd :L<'> | @ ] ag]T� > d~c�ag] yv< ] <t>7> nvo < apz :/> dWa®d <

c < m­a @ ]2k Ë{< � Ô ¦ < aO�L�`d~n½d :L< z¿nvc < a > | @ ] � � @B> n > | @ ] � z³npm C=@ ]�agd @ nv]�nvo
jL|2ag]T���=n®¦�] s j�aOc ©{> �
� Î  	�Æ���S�>�a¶	£¡µÏ��¶�£¤ 	���	ÑÏ¯È�aÑ�£¡�)¹¬�}¶��p�aµ�¶�������¢¡�a�¡�}¢¤£Û¯	�����¬¶	¯	µÏ¶	® �}¶y�¡ 	�Æ�p���a�¡µ�¹¬¶	�¬£¤£A@XÄ £¡�	¹p È�a£B@ � � �a¶	¯ �C>D @�� Ì� �ªÐ#��«��¬¢¬Ä�£¤µ�¶	¹¬�B@FE�¦Z·Ò�}¢ �}ÑÏÑ[�¡ 	�����¬¶��p�aÂ��>�a¢¤Ã,£¤�p�¨�¡�¬£´Ä>�¡ 	�¬£¤�Û������¢¡�a�¡�}¢¤£ ¯	�Æ¶	�a� �¡�¬Ñ�Ñ[�	£W�a¶�³��¡ 	µ�¶	®0¶	��Ð �}»��}��� �¡ 	��0�}£¤£�£ê�	Ñ�µ �¤�¡µ�¶	®}£ Ì� Î  	�Q£¤�7���¬¢¤£¤¹¬¢¤µ ���HGsµ�¶	¯	µÏ¹´�¨�¡�¬£¼���¬¶��p�aÂ��>�a¢¤Ã?£��p�a�¡��£ ÌJI �a�¡��¢�Ð#�ÛÐ­µ�Ñ�Ñ �	£¡�A@è�¡��¯	�¬¶	�a�¡�Q�p��¹¬µÏ�¡��¯ »>�a¢�³��}¶	£l�a¶	¯ É·Ò�}¢S¶	�}¢¤�Æ�aÑ*»>�a¢�³��}¶	£ Ì



Ø �

flavor spin 03 spin 0flavor 15flavor spin 13 flavor spin 16

flavor 15 spin 1 flavor 15 flavor 15’ spin 1spin 2

h @ly jLc < Ø � � Ó,; nvj=] y d�a C f < aOj Ë�>A: n?¦ @ ] y d :=<(À at�Enpc Ï�× � Ø � d @ m <t>Q> | @ ] Ï
× � �v� � < z³nvm(|6n >~@ d @ nv]�nvo
d :=< m @ÒË{< � ¼^>eD m(m < d7c D þ Õ�Ö npo Ï
× � � � � yv@ � @ ] y­>A< � < ]�� @ ß < c < ]Jd,m4jLfÒd @ |=f < d > �

9;:=<�À at�Enpc8c < |Lc <t>A< ]Jd�agd @ nv] > z : ag] yv< ¦ @ d :«¸ ¹ Ô6: n®¦ < � < ct�T¦ < ¦ @ flf¬agfÒ¦�a D{> j >~< d :L<5¸ ¹ Ð Ø �vaOflj <?>
ounpc;]=npd�agd @ np]�agf�|Lj=c~|6n >A<?>§@ ]½d :L@B> |TaO| < ct� � � < ¦ @ flfiagf > n(z³np]Jd @ ]�j < d7n�j >A< d :L< d < cAm \e| < ]Jd�a s jTaOc © ]
ounpcÂd :=< f´agc yp<³¼�¸ ¹¬aO]�agfln y j <?> nvo > jTz :(> dWagd <?> � � h @ly j=c < ��� � z³np]Jd�a @ ] > � @ a y c7aOm > nvoLd :L< oZnvj=c�� @ ß < c < ]Ed
À a³�Enpc�c < |Lc <?>A< ]EdWagd @ nv] > ounvc ¸ ¹ Ð Ø ��ag]T�(h @ly jLc < �8� � @ flflj > d~c�a®d <?>¬: n®¦ d :L<¿D aOc <;<¿Ë d < ]T� < ��d~n�f´aOc yp< c
�vagflj <t> npo ¸ ¹³�
9;:=< � �ø @B> d :L< m�jLfÒd @ |Lf < d§ztaOflf < � r c npc~u c @ ] z ÎJ� | aO]L�5d :L< |=c < � @ nvj > z : aO|{d < c Ô d :L< d : c <t<�> dWa®d <t>

: a³� < d :=<»À at�Enpc4z³np]Jd < ]Jd Ú=¯ÜTÜ6Ý{Û � Ú=¯Ü�ÝJÝ{Û �ÂaO]T� Ú=¯Ü6Ý{Û®Û �»\�]Jd < c <?> d @ ] y f D �·d :=< f´aOc yp<³¼^¸�¹ � < c >A@ nv]ànvo
d :=@B>¬> dWagd < z?ag] > d @ flf C6< d : npj yp: d¬npo @ ]5d < c~m > nvoLd :=< � @Bs j�agc © m»n�� < f �Â\�]�d :L@B> � @l< ¦��Ja~\e� @Bs j�aOc © ] ounpc
aOc CL@ d~c�aOc Dª¸ ¹ > d @ flfiz³np] >A@B> d > npoqd�¦§n s jTaOc ©{> z¿nvm C=@ ] < �'aO]Ed @B>eD m(m < d~c @ ztaOflf D*@ ]'z³npflnvc8aO]L� À a³�Envc ÔL@ d
m­a D°C6< ¦,c @ d~d < ]

b c K eihML �{¦ :L< c < 8 @B> a À at�vnvc @ ]T� <¿Ë aO]L�~U§� k agc < aO]Ed @B>eD m(m < d~c @lµ³< �*z³npflnvc @ ]L� @ z <t> �
9;:=< oujLflf > dWagd <�@B> d :=< ]

rON �QP P1P NSR C ZUT ÿWVYX �c
ÐZ� eh g c V ¹ g j � j � P P1P j C Z Ú= e�b Vh7j � b ¹j � j ÿ b N �j � j�[ q�q�q b NSR C Z\T ÿWV]X �j C Z\T � j C Z q � Ø � � �

9;:=< � �ø @B> d :=< nv]=f D nv] < npo,d :=<�>~< � < ]Hm4jLfÒd @ |=f < d > d : agd»z?aO] C�< z³np] > d7cAjTz¿d < �¨j >A@ ] yà¶ aOß < aO]L�
� @ fBz µ³<t© ^ > npc @lyv@ ]TaOf > | @ ] � � À a³�EnpcÎO� � @Bs jTaOc ©{> � ã,n®¦ < � < ct� @ o¯¦ < aOf > nHagflfln®¦ > | @ ] � � À at�vnvc 4
� @Bs j�agc ©{> YJz?aOflf < �¨d < ] > npc(� @Bs j�agc ©{>5@ ] z ØvØ | ag]T� \ C aO� ] � @Bs jTaOc ©{>5@ ] z Î | YJm²aO] D npd :=< c5m4jLfÒd @ |Lf < d >
C6< z³npm < |6n >~>~@lC f < � 9;:=< c < m­a @ ]L� < c�nvobd :L@B> z : aO|{d < c8m­a ©p<?> ]Ln­c < o < c < ]Lz < d7n²d :L< � @Bs jTaOc © m»n�� < f Ô



Ø �
d :=< c <?> jLfÒd > agc < m»n�� < f ¼ä@ ]T� < | < ]T� < ]Ed?� +
\^d @B>8> d7c�a @lyv: d7ounpcA¦;aOc7�*d7n­� < d < c~m @ ] < ¦ : agd,d :L< \Az³npc <�] npo < apz :'> dWa®d <4>A: npjLfB��fln�n © f @l©v<�Ó�Ï ¹ Ð

Ï_^a`b^ cdc � '( �baO]L�«d :L< z³npc <»À a³�EnvcQc < |Lc <?>A< ]EdWa®d @ nv]2ztaO] C6< ¦,c @ d~d < ] @ ] x,D ] ©J@ ] @ ]T� <¿Ë ]LnOdWa®d @ nv]2a >
�Òö ] < � Ð � � Ï ¹ ] 5 Z ä ( Ó Z( � �»hTnpc >A@ÒË nvo�d :=<²>A< � < ]àm4jLfÒd @ |Lf < d > �id :L< c <(@B> nv]=f D np] < |6n >~>~@lC f < �vaOflj < nvo
Ï ¹³�¬\^]*|TaOced @ z³j=f´aOc Ó§Ï ¹ Ð '( oZnvc§d :L<�Õ � �ø �zO4 � ' � � � ' �Tag]T� � �ø > d�agd <?>³ÔTÏ ¹ Ð + ( ounpcwd :L<5Õ � ª �' aO]L� Õ � � (
> dWa®d <?> � 9w:L<�Õ � � ' > d�agd <§@B>b> nvm < ¦ : agdÂm»npc < z³npm»|Lf @ ztagd < ��� C�< ztaOj >A< d :L<
À a³�Envc ¼^> | @ ]5� < z³npm»|�n >A@ d @ np]
nvo�d :=< d~npd�aOflf D`>AD m»m < d7c @ z5c < |Lc <t>A< ]Jd�agd @ nv]«nvo Ï�× � � � aOf > n*z³np]JdWa @ ] > a Õ � ' � 9;:=< z¿nvcAc < zWd�z¿nvc <(@B>
a'f @ ] < aOc5z³nvm CL@ ]Tagd @ np]Hnpo Ï ¹ Ð + ( ag]T� Ï ¹ Ð '( �b¦ : n >A< z³n <À� z @l< ]Jd > ztaO] C6< � < d < cAm @ ] < �¨j >A@ ] y
} a >A@ m @ c(nv| < c7agd7npc > � r�< o < c < ]Lz <�z � � | k=]T� > d :L< aO]TaOfln y nvj > z¿n <¢� z @l< ]Jd > ounvc4d7npd�aOf > | @ ] Ï aO]T�Åa
z³npc < nvo ¸ ¹ � ��s j�agc ©{>³Ô ¦ < m²a D*>A@ m»|=f D j >A< d :L<³@ c,c <?> jLfÒd�¦ @ d :`ÏàÐ � ag]T� ¸ ¹ ÷ ¸ ¹ Ñ ��Ó

¸ ¹ Ñ �
Ø=� ¸ ¹ ÑÈ� �feeee Ï ¹ Ð Ø �hg � � � ¸ ¹ � � �

Ø=� ¸ ¹ Ñ � �feeee Ï ¹ Ð ��hg q � Ø � �p�

�¬�vaOfljTagd @ ] y d :=< m²agd~c @ÒË < f < m < ]Jd > npo > npm < nvo�d :=<?>A< nv| < c�a®d7nvc > �;|TaOcAd @ z³j=f´aOc~f D ? ­ � @B> c�a®d :=< c°a
]Lnp]Jd~c @ � @ agfbd�a >A©6Ô�@ dQz?ag]L]=npd C�< �=np] <5CED a >A@ m(|Lf <²¸ ¹ ÷ ¸ ¹ Ñ �5> j CT> d @ d~j=d @ np]·� � ] < m < d : n{�`nvo
< �paOfljTagd @ np] @B> d7n»z³nv] > d7c~jLz¿d;d :L< ¦;at� < ouj=]TzWd @ nv]*ounpc < apz :ª> dWa®d < a >;@ ] >A< z¿d @ np]�\A\§nvo z ��� |¡Ó

Ï Ï�Ï_ivÔ � ö ] < � ] Õ ] Ö$Ö iEÔ�Ï ¹kj Ðml ÚÜ Ï ¹ '(
Ï ¹ i Û i eeeeee

Ï
Ï_i áã ÚÜ �Òö ¹ ] < ¹ � � �2] �E�

� ÕT¹ ] Ö¿¹ ] Ö¿¹ i � �on ]Up�]Upqi � eeeeee
�Òö ] < �
� Õ ] Ö ] Ö i � áã9 Ï Ï ¹ Ï ¹ ipÔ �Òö ¹ ] < ¹ � ] ÕT¹ ] Ö¿¹ªÖ¿¹ i j eeee �� Û ipÔ � �i] �v� ] n ]Up']UpWi g q� Ø ��� �

ã < c <'Ï @B> d :L< d~npd�aOf > | @ ] � oZnvc5d :L< oZnvj=c(f @lyv: d s j�aOc ©{> � � � ö ] < � agc <'x,D ] ©�@ ] @ ]T� @ z <?> � <?> z³c @lCL@ ] y
d :=< d~npd�aOf @ cAc < �{jTz @lC f < c < |=c <?>A< ]JdWa®d @ np]�npo Ï�× � Ø � �qag]T��Õ¢aO]T��Ö'agc < d :L< d~npd�aOf :ED | < c7z : aOc yv< aO]L�
@B> n > | @ ]�� 9w:L< �vagc @ a C f <?> ¦ @ d : d :=<�> j CT> z³c @ |=d ; c < o < c�d~n«d :L< z³nvcAc <t> |�nv]L� @ ] y�s jTaO]Ed @ d @l<t> ounpc�d :=<
z³npc < �{ag]T�5d :=< fln®¦ < c ¼ z?a >~< f < d~d < c > c < o < c¬d7nQd :L< \ <¿Ë d~c�a ]Qs j�aOc © � ¦ :L@ z : �Envo�z³npjLc >A< �{agfÒ¦�a D{>�: a >
> | @ ]
'( ag]T� Ï
× �ÙØ � c < |=c <?>A< ]JdWa®d @ np] � �2] �E�~� � 9;:=<»>A< z³nv]L� s jTaO]Ed @ d D'@ ] C c�aOz ©p< d >�@B> a } f <³CT> z :{¼ �¯npc7�LaO]ÿ � ¶ ·¸�}¹º�´Ä#�¡ 	�¬¢¤�)µ�£Æ�y¢¡�a�¡ 	��¢Æ£¡�	»��¡ÑÏ�)µ�£¡£¤�	�,¢¤�¬®��}¢¤¯	µÏ¶	®Ê�0��¯	�¬Ñ Ä µ�¶	¯	�l���¬¶	¯	�¬¶	¹¬��� ¯	�y�¡ 	�)¢¤�¬£¡�	ÑÏ�¡£0�}· �¡ 	µ�£Æ�}¶>�aÑÏ³�£¡µ�£·Ò�}Ñ�Ñ��ªÐ ·Ò¢¤�}�ÞÑ��}¢¤®}��Ä É ZHr Ãtsè�aÑ��}¶	�}Ä$�}¢W¯	���¡ 	��³�¯	�l���¬¶	¯y�}¶��¡ 	�QÑ �a¢¤®}��ÄÁÉ Z Â��>�a¢¤Ã?�X��¯	�¬Ñvu Î  	�Q�}¢¤¯	µ�¶>�a¢�³?®�¢¤�}�	¶	¯SÄ£¤�p�¨�¡�l»>�a¢�³��}¶	£��a¢¤�Å£��p�a»	Ñ��Åµ�¶&�¡ 	�ÅÑ �a¢¤®}��ÄÁÉ Z ÑÏµ��0µ �´Ä	ÐSµÏ�¡ 0�	¢¤������¢��¡µ��¬£­�¬¶��¡µ�¢¤��ÑÏ³,¯	�º�¡�¬¢¤�0µÏ¶	�¬¯?»�³,£�³��X�0�º�¡¢�³"w��¡ 	�ÛÂ��>�a¢¤Ã�X��¯	�¬Ñ	µ�¶Q�¡ 	µ�£�¹¬�}£¤�Sµ�£"x��	£¤�3�W¹���¶�«��¬¶	µ��¬¶��°Ð��´³Z�}·�¹¬�}�	¶��¡µ�¶	®l£¤�p�¨�¡�¬£¬Ä�µÏ¶��¡¢¤��¯	�	¹�µ�¶	®l¶	�Å¯�³�¶>�}�Xµ�¹´�aÑ>�a£¡£¤�	�¹���¡µÏ��¶	£Í»���³��}¶	¯Ñ �a¢¤®}��ÄÁÉ ZHr Ãts Ì � �ªÐ#��«��¬¢¬Ä��¡ 	µ�£Wµ�£W¶	�a���¡¢¤�	�Q·Ò�}¢��¡ 	�Z����¹¬µ �¡�¬¯y»>�a¢�³��}¶	£Uw*�¡ 	�º³� >�´«��ÛÐ­µ�¯��¡ 	£��¡ >�¨�l®}�&�a£WÉ ÇZ Ä$�a¶	¯y£¤��	£¡µÏ¶	®,�¡ 	�0Â��>�a¢¤Ã �X��¯	��Ñ�·Ò��¢W�¡ 	��� ¯	���¬£Åµ�¶��¡¢¤��¯	�	¹¬�0¶	��Ðï¯�³�¶>�a�Xµ�¹´�aÑ°�a£¡£¤�	�¹���¡µ��}¶	£ Ìzy �¬·Ò�¬¢¤�¬¶	¹¬�¬£�¥ {d|}©°�}¯	¯	¢¤��£¡£l�¡ 	µ�£�	¢¤�}»	Ñ��¬�LµÏ¶&¯	���p�aµ�Ñ Ä>�a¶	¯&£¡ 	�´Ð��¡ >�¨���¡ 	���¡¢¤�´�¨�¡�X�¬¶����}·[����¹¬µÏ�¡�¬¯&»>�}¢�³��}¶	£�µ�¶&Ñ �a¢¤®}�WÉ Z �0�}Ã}�¬£#£¡��¶	£¡� Ì~} ¢¤�¬¹¬�¬¶��9�>�f����¢»�³�Ã3�� 	��¶y�a¶	¯ I ��»��¬¯J¥ {��ª©â�����¡�¬¶	¯	£ �¡ 	µ�£ �¡¢¤�´�¨�¡�X�¬¶�� �¡�Æ�����a�¡µ�¹Û�Z�	ÑÏ�¡µ �	Ñ��º�¡£ £¤�	¹º  �a£ �¡ 	�ZÑ �a¢¤®}�ÛÉ Z �a¶>�}ÑÏ��®}�	�Û�}·Í�¡ 	���� Ä	ÐS 	µ�¹p ,¹¬�}¶��p�aµ�¶	£��¡ 	�Å± ² Ì



ØvØ
z³n <¢� z @l< ]Ed§oZnvc Ï�× � Ø � �E¦ :L@ z : z?ag] C6< ¦,c @ d~d < ] @ ]²d < cAm > nvo @B> n > z?aOf´agc
oºapzWd7nvc > aO]L�²npc7� @ ]�aOc D°Ï
× � �p�
} f <³CT> z :{¼ �¯npc7�LaO]àz³n <¢� z @l< ]Ed > � 9w:L<»> jLmÓcAjL] > n?� < c�agflf¬|6n >~>A@lC f < �vagflj <?> nvo Ï ¹ i � Û i � < d�zp�4\�]`d :=<
z?a >A< npoLd :=<¯Õ � ' > dWa®d <?> �g¦ < ] <t< �4d7n¯z³npm C=@ ] < d :L< d�¦wn�|6n >~>A@lC f < �vaOflj <?> nvo Ï6¹ j >~@ ] y d :L< z³n <¢� z @l< ]Ed >
@ ]ª� s � � Ø � �v� �
� < z?aO]²d :L< ]­j >~< d :L< � @ly ] < c ¼ �
z © aOced
d :L< nvc < m!d~n <¿Ë |Lc <?>~>�< aOz : m²agd7c @ÒË²< f < m < ]Jd @ ]²d < cAm > nvo

} f <³CT> z :{¼ �¯npc7�LaO]°z³n <¢� z @l< ]Ed > aO]T�»d :L< c < �=jLz < �²m­agd~c @ÒË»< f < m < ]Ed > npo Ï =¹ � r c¹ � 3 = c¹ � Û = �>= c �=ag]T� ý = c �
9;:=<4Ï
× � �p� } f <tCL> z :=¼ �¯nvc~�Tag]�z¿n <¢� z @l< ]Jd > m²a D°C�< z?aOfBz¿jLf´a®d < � @ ]�� < � y �l�T�«a®d :=< m­a®d @ zta{�{nvc;fln�n ©v< �
jL| @ ] aO] D nvo,m²aO] D |Lj C f @B>A:L< �¨d�a C f <?>³Ô ag]�aOf D d @ z°ounpc~m�j=f´a > ounpc5d :L< ] < z <t>~> agc DÅÏ
× �ÙØ � @B> n > ztaOf´agc
o aOz¿d~nvc > aO|=| < agc @ ] z �v� � � � | � ¬ � ] < m²a D aOf > n`j >A< d :=<°C n > nv] @ z­nv| < c7agd7npc�m < d : n{��� <?> z¿c @lC6< � @ ]
z � � | ��� Ë |Lf @ z @ d��paOflj <t> ounpc;d :L< c < f < �vaO]Ed,m­agd~c @ÒË½< f < m < ]Jd > aO|L| < agc @ ] � |=| < ]L� @ÒË � �
9;:=< �vaOflj <?> npo > nvm < npoLd :=<?>A< m­agd~c @ÒË�< f < m < ]Jd >b@ flflj > d7c7agd < d :L< d~n®¦ < c > d~c~jLz¿d7j=c < �b\^](|TaOced @ z³j=f´aOc³�

d :=<�À a³�Enpc � > dWa®d <t> aOc <�@ ]«a(� @ ß < c < ]Jd,d~n®¦ < c,oucAnvm d :L< nOd :=< c > � 9w:L< �paOflj <t> npoB� ¬ ounpc�d :=<?>A< d�¦§n
> dWa®d <?> � @ ß < c�a®d�� � � � oZc~nvmÓd : n >A< ounvc�d :L< 4 � Õ � aO]T� Õ � ª¬> dWa®d <?> � > n*d :L< d�¦§n*d7n?¦ < c > ztaO] : at� <
� @ ß < c < ]Jd8m­a >~>~<t> a >�¸ ¹ ÷�
 �;hLnvc�d :L@B> c < a > np]·� @ d @B> ]LnOd�|�n >~>A@lC f < d7n­z³nv] > d7c~jLz¿d¯a >A@ m»|=f < m­a >~>
c < f´agd @ nv] @ ]J�vnvfÒ� @ ] y d :=< � '�� � ø > |Lf @ dAd @ ] y ag]T�°d :L< nOd :L< c :=< at� D | < ]Jd�a s j�aOc © m4jLfÒd @ |=f < d > �
9;:=< c <�@B> � : n®¦ < � < ct�®nv] < m²a >~> c < f´agd @ nv]�agm»nv] y d :L< nOd :L< c·] <ty agd @ � <³¼ |�agc @ d D�:L< at� D | < ]Jd�a s j�aOc ©{>�Ó

Õ � � ( � Õ � ª �' Ð � � O4 � ' � Õ � �ø � Ñ � � �®â¿¸ +¹ � q � Ø � �v�

á8nOd < d : a®d�d :L@B> c < f´agd @ np] : nvfB� > d7n npc7� < c �?â³¸ (¹ � \^] ap�L� @ d @ np]�d~n ? ­ ag]T� ? ß ��d :=< nv| < c�a®d7npc? 'ª' � '5 ÿZ Ï (¹ = c r c¹ agf > nàz³np]Jd7c @lC j{d <?> a®d�� � �®â¿¸ (¹ � �;aO]L�Åd :L< c < f´a®d @ nv] c < m²a @ ] > d7cAj < ¦ :L< ] d :L@B>
z³np]Jd~c @lC j{d @ np] @B> ap�L� < ���
9;:=< | < ]Jd�a s j�aOc ©»> d�agd <t> z?ag]½agf > n C6< c < f´agd < �»d~nQd :=<8<¿Ë z @ d < � C aOc D np] > �Jj >A@ ] y d :=< c <t> jLfÒd > oZc~npm

z ��� | ��aO]L��d~n²d :L<�y c~nvj=]T� > dWagd < n{zWd < d¯aO]L�'� < z³j=|Lf < d C aOc D nv] > � � á,npd < d : agd,d :L< z³nvc < npoÂd :=< n�z¿d < d
@B> a*f @ ] < aOc�z³nvm CL@ ]Tagd @ np]�nvo Ï ¹ ÐÞ� aO]T� Ï ¹ Ð � �q¦ @ d : z³n <¢� z @l< ]Ed >4yp@ � < ] @ ] z � � | � � 9;:=< m­a >~>� � ¶y¹´�a£¡�0�a¶�³��}¶	�0�a¹��¡�>�aÑ�Ñ ³?ÐS�a¶��¡£W�¡�?�¨�¤�¡�¬�´���W�¡ 	µ�£¬Ä[µ �Å£¡ 	�}�	Ñ�¯y»��0¶	�a�¡�¬¯ �¡ >�¨�l�¡ 	�¬¢¤�0�a¢¤�0�&¹¬�}�7�	Ñ��X�}·°��³S���}£lµ�¶�¡ 	�¬£¤�Z�a�¡ 	�¬¢�ÐSµ�£¡�Å«��¬¢�³,�	£¡�¬·Ò�	Ñn�>�f���¬¢¤£ Ì � ¶��>�a®}�B�	¦Û�}·­¥ {k{¨©ÁÄ��¡ 	�Û�¬¶��¡¢�³)µ�¶ Î �a»	Ñ���|�·Ò�}¢h� � Å � E,��� �� ÄiÅ � EyÅ�� �� Ä� E §)µ�£Qµ�¶	¹���¢¤¢¤��¹����Æ�¡ 	��·¸�}¹º�¡��¢7���O�	���æ§B���h��¦\�Åµ�¶Ê�¡ 	�&¶��	�0��¢¡�a�¡�}¢Z£¤ 	���	ÑÏ¯g»������8�	����§A���d�ºÄ°�}¶	¯Ê�¡ 	�·¸�a¹��¡�}¢��]�z�������d��µÏ¶,�¡ 	�Å¯	�¬¶	�}�Xµ�¶>�¨�¡�}¢­£¤ 	�}�	Ñ�¯,»��O�]�z���������ó¦\� Ì � ¶ Î �a»	Ñ��0¦l�}·S¥ {��ª©ÁÄm�>�a®}��{k�d|	Ä	�¡ 	�Å�¬¶��¡¢�³,·Ò�}¢� � Å � E(�W¦ �� Ä¤Å � EwÅ�� �� Ä~��� ©a� � © ��E���� � �4�ó¦\�­µ�£�µ�¶	¹���¢¤¢¤��¹����­�¡ 	�Z·¸�a¹��¡�}¢A�]���g§k�­µÏ¶��¡ 	�Z¶��	�0��¢¡�a�¡�}¢ £¡ 	�}�	Ñ�¯�»���]�7���d� Ì



Ø Î
c < f´agd @ nv] >;@ ]Tz³fljL� < �

O4 � ' � Õ � �ø Ð �Ø �\  ¬ �~¡�¢ �   ( Õ�Ö ¡A¢ � Ñ � � �®â³¸ (¹ � ] �ÙØ � � �v�

� � � ' � � �ø ��� �
�v� � Õ �

� ( � Õ � � ' � Ñ � ��v� � Õ � � ' � Õ � �ø � Ð�
�v� �   ( Õ{Ö ¡ ¢ �   ( ��¡ ¢ � Ñ Î�p� �   ¬ ��¡ ¢ �   ( �~¡ ¢ � Ñ � � �?â³¸ (¹ � ] �ÙØ � �v� �

�v�
Î � Õ � ª �' � Õ � � ( � Ñ � ��v� � Õ � � ( � Õ � � ' �}� ����v� � Õ � � ' � O4 � ' ���¨� � Õ � � ' � � �ø � Ð

� Õ�Ö 5+¨å ( � � 5 ' å ( � Ñ �   ( Õ ¡ ¢ Ñ � Ø�v�   ( �~¡ ¢ � Ø ��p�   ( Õ�Ö ¡ ¢ Ñ � � �®â¿¸ (¹ � q �ÙØ � � �p�

ã < c <4Õ{Ö 5+ªå ( ag]T� � 5 ' å ( aOc < d :=< nvc7� @ ]�agc D n{zWd < dwaO]L�°� < z³j=|Lf < dwz³nv]EdWa @ ] @ ] y d :=<8y c~npjL]L� ¼^> d�agd < ]�jLz³f <¿¼
nv] > aO]T� �5> �   ( Õ{Ö ¡ ¢ �   ¬ � ¡ ¢ �   ( � ¡ ¢ ��ag]T�   ( Õ ¡ ¢ aOc <�> | @ ]'at� < c7a yv<t> nvoqd :L<�<³Ë z @ d < � C agc D nv] >�Ó  ( Õ�Ö ¡ ¢ Ð �Ø � ( Õ�Ö ¡ ' å ( Ñ � � ( Õ{Ö ¡+ªå ( �A�  ( � ¡ ¢ Ð �Ø � ( � ¡ ' å ( Ñ � � ( � ¡+ªå ( �~�  ( Õ ¡ ¢ Ð �Ø � ( Õ ¡ ' å ( Ñ � � ( Õ ¡+ªå ( �~�  ¬ ��¡ ¢ Ð �� � ¬ ��¡ ' å ( Ñ � � ¬ �~¡+ªå ( � Ñ ØL� ¬ ��¡ ­ å ( �~� q �ÙØ � � Ø �

9;:=< c <�@B>,> nvm < aOm CL@ly j @ d D*@ ]E�EnpfÒ� < � @ ] @ � < ]Jd @ o D{@ ] y d :=< � ¡ ' å ( aO]L� � ¡+¨å ( m�j=fÒd @ |Lf < d > ¦ @ d : | :JD=>A@ ztaOf
> dWa®d <?> � C�< z?agj >A< m @ÒË�@ ] y |Lc <?> jLm²a C f D n�ztz¿jLc > �,aO]T� d :=< �vaOflj <?> nvo¯d :L< m @ÒË{@ ] y aO] y f <?> aOc < ]LnOd
© ]=n®¦�]�¦ @ d : z < cAd�a @ ]Ed D � 9;:L< c <t> j=fÒd >¯:L< c < ¦ @ flf C6< ztaOfBz¿jLf´agd < �àa >~> jLm @ ] y�µ³< c~n*m @ÒË{@ ] y �5� < ¦ @ flf
@ � < ]Jd @ o D d :L<ª<¿Ë{@ d < � C agc D nv] > a > ounpflfln®¦ > � z : nJn >A@ ] y d :L< ]Lnv] ¼^> d7c7aO] yv<ª> dWagd <?>»@ ]Hd :L< � ag]T� Õ�Ö



Ø �
z?a >A<?> � Ó

( Õ�Ö ¡ ' å ( Ðs� � �t� �O�E�
( Õ�Ö ¡+¨å ( Ðs� � �t� �p�E�
( �~¡ ' å ( ÐÈ¸ � � � Ø �v�
( �~¡+ªå ( ÐÈ¸ � � �v�O�E�¬ �~¡ ' å ( ÐÈ¸ � �t� �O�E�¬ �~¡+ªå ( ÐÈ¸ � � �p�p�E�¬ �~¡ ­ å ( ÐÈ¸ � �t� �p�v�( Õ ¡ ' å ( Ð O � � ÎJ�v�v�
( Õ ¡+ªå ( Ð O � � �v�O�E� q

�ÙØ � � ÎJ�

9;:=< nvc~� < c ¸�¹ z³nv]Ed7c @lC j=d @ nv]Ãd~n2d :L< | < ]EdWa s j�agc © m­a >~>²@B> a C npj=d � � <�� � > n2¦ <'<?> d @ m²agd <� � �?â³¸ (¹ � z¿nvc~c < zWd @ nv] > d7n C�< npo�nvc7� < c Ø � � <�� �Eag]T��� � �?â³¸ +¹ � d~n C6< nvo�npc7� < c � � � <�� � � >~> jLm @ ] y
]Ln�m @ÒË{@ ] y aO]T�«j >A@ ] y d :L< _¬agcAd @ z³f <­x agd�aæ�¯c~npjL|��paOflj <?>�z �t�>| oZnvc�d :=< m²a >~>A<?> nvo�d :L< ]Lnp] <³Ë npd @ z
C agc D nv] > ��¦ < z?ag] yv@ � < ]JjLm < c @ ztaOf <t> d @ m­a®d <t> ounpc¯d :=< c @lyv: d ¼Ù: aO]L� >A@ � <t> nvo§� s�> � �ÙØ � � �v� ¼ �ÙØ � � �p� �
9;:=< m­a >~> � @ ß < c < ]Tz <   ¬ � ¡ ¢ �   ( Õ�Ö ¡ ¢ @B>;s j @ d <�> m²aOflf �La C npj=d Î � <��5Ô d :L<�< cAc~nvc @ ]*� s � �ÙØ � � �E� @B>
<?> d @ m­agd < �ªd7n C6< z³np] >A@ � < c�a C f D f´aOc yv< c¯d : aO]'d :L@B> � 9;: j > � s � � Ø � � �v� @ ]T� @ ztagd <?> d : a®d�d :L< O4 � ' aO]L�
Õ � �ø m­a >~>A<?> aOc < z³fln >A< d~n yv< d :=< ct�p¦ @ d : a > |=f @ d~d @ ] y nvo Î � Ø � � <�� � C j{d§z?ag]L]LnOd�d < flfTj > ¦ :=@ z : nv] <
@B>¬:L< at� @l< ct� 9w:L<�> agm < aO|L|=f @l<?> d7n¯d :=<�Õ � ª �' aO]T� Õ � � ( m²a >~>A<?> � CJD � s � � Ø � �E� � 9;:L< c @lyp: d ¼Ù: ag]T� >A@ � <
nvo�� s � �ÙØ � �v� � @B> a C npj=d � Ø � <�� ��a y a @ ]`¦ @ d : ag] < cAc~npc�npo´� Ø � � <�� ��\^o
aOflfÂd : c <t< | < ]EdWa s j�agc ©
> |Lf @ dAd @ ] yv> nv]«d :=< f < o´d ¼ä: aO]L� >A@ � < ¦ < c <(<?s j�agf � < apz : ¦wnvj=fB� C�< a C nvj{d ÎJ� � Ø � � <�� �S�wa >A< �«np]
d :=<8<?> d @ m²agd <�@ ] z ÎE� | d : agd
d :L<8@B> n > | @ ] '( m < m C6< c > nvo�d :=< � �ø >~: nvj=fB� : a³� < m²a >~> �v� � � � <�� �Ed :L@B>
� < c D c~npj yv:²y j <?>~>�> j ypyv<t> d > d : a®d�d :=< z³npc~c <t> |6nv]L� @ ] y m < m C�< c > nvo�d :L< � � ' ¦wnvj=fB� : at� < m²a >~> � � �O�� Ø � � <�� �=m < aO] @ ] y d : agd§d :L<¿D ¦§nvj=fB��aOf > n C�< d7nJn(f @lyp: dwd7n(� < zta D d7n»a _ V |Lflj > a�|=c~nOd7nv]�� 9;:=<
c @lyp: d ¼ä: ag]T� >~@ � < nvob� s � �ÙØ � � �v� z³npm <?> d7n ¼ � � � � Ø � � <�� �
\^d @B> z¿f < aOc§oZc~nvm�z³nvm(|�agc @ ] y�<³Ë | < c @ m < ]EdWagf < � @ � < ]Tz < ¦ @ d :½<¿Ë |Lc <?>~>A@ nv] > n C d�a @ ] < � @ ]°d :=< f´agc yp<

¸ ¹ <³Ë |�ag] >A@ nv]ªd : agd8d :L< c <4@B>�> nvm < m @ÒË�@ ] y°C�< d^¦ <t< ]ªd :=< � @ ß < c < ]Jd � > dWa®d <?> ¦ @ d : d :L<�> agm <5> | @ ]
aO]L� @B> n > | @ ]���±JjTz : m @ÒË{@ ] y ztaO] C�< |�agc�agm < d < c @lµt< � CJD d^¦wn°ag] y f <t>f£ 5 � ag]T� £ 5 ÿ ��z¿nv] > d~c�a @ ] < �½d~n



Ø �
C6<�@ ]�d :=<Q@ ]Ed < ce�vagf z � ] 6q� ag]T��� < kL] < � CED

ÚÜ ¸ � � � Ø �v�¸ � �t� �O�E�
áã Ð ÚÜ z¿n >¤£ 5 � >A@ ] £ 5 �� >A@ ] £ 5 � z¿n >¤£ 5 � áã ÚÜ ( � ¡ ' å (¬ � ¡ ' å ( áã ] �ÙØ � � �p�

ÚÜ ¸ � � �v�O�E�¸ � � �p�p�E�
áã Ð ÚÜ z¿n >¤£ 5 ÿ >A@ ] £ 5 ÿ� >A@ ] £ 5 ÿ z¿n >¤£ 5 ÿ áã ÚÜ ( � ¡+¨å (¬ � ¡+¨å ( áã q �ÙØ � �?� �


 >A@ ] y �Ta®dWa½oucAnvm d :L<²> d7c~np] y � < z?a D=> npo§d :L< ]Lnp] ¼ä> d~c�ag] yv<»<¿Ë z @ d < � C agc D nv] > �W�¯n @ d D �¬±�z : a®d?�ÂaO]L�
±{z¿n{z³z³nvf´a z ��� |i<t> d @ m­a®d < d :L<t>A< aO] y f <t> d~n C�<£ 5 � Ð � q �=� � � q ��� ]£ 5 ÿ Ð Ø q �OÎ � � q � � q �ÙØ � � �p�

á8nOd < d : a®d�d :=@B> �vaOflj < nvo £ 5 ÿ @B> z¿nv] >~@B> d < ]Jd�¦ @ d : � m(n{� 6 Ô¥£ 5 � � : n?¦ < � < c³�Jm²a D m­a ©v< aQ� @ ß < c < ]Tz <d7n(nvj=c,c < f´a®d @ nv] > �
� ]'d :=< npd :=< c : aO]L��� @ ]�a²f´agd < c�|�aO| < c z �=�}| _ @ c � nvf¬ag]T��±{z : a®d¯kL]L�'m�jLfÒd @ |Lf < � @ ß < c < ]Ed¯|�n >~>A@Ò¼

CL@ f @ d @l<?> ounpc§d :L< m @ÒË{@ ] y aO] y f <t> �{� < | < ]T� @ ] y nv]­d :=< m­a >~>
:L@l< c�agc7z :ED nvo�d :=< d : c <³< � @ ß < c < ]Ed§d~n®¦ < c >
d7n�¦ :=@ z : d :=<�<³Ë z @ d < � C agc D nv] > agc < a >~>A@ly ] < ��� � ]JjLm C6< c§npo > j CL>~<ts j < ]Jd§|TaO| < c >
: at� < agdAd < m(|=d < �
d7n²]�agc~cAn®¦ �=n?¦,]�d :=< z¿nvc~c < zWd8m @ÒË�@ ] y ag] y f <?>,C a >A< ��nv] < m»| @ c @ ztaOfÂ�Ta®dWa�� } n :L< ]«ag]T�ªÁ <³C6< � z � Î |
kL]L� £ 5 � [ � q � �n]£ 5 ÿ [ � q �p� ] �ÙØ � � � �

¦ :=@ f < a5c < z < ]Jd�|�ag| < c CED ±{z¿n{z³z³nvf´a z � Ø |i: nvfB� > d : agd�d :L< c <Q@B>�> d @ flf > nvm < aOm C=@ly j @ d D �=¦ @ d :£ 5 � Ð � q Ø � � � q �v�2]£ 5 ÿ Ð � � q � � nvc � q Ø � � � � q �v� q �ÙØ � � �v�

9;:=@B> ¦ @ � < c7aO] yp< nvo�c <?> j=fÒd >�@ ]T� @ ztagd <?> d : a®d5d :=< c <½@B>(> d @ flf,a y n�n��Å� < aOfwnpo,j=]Tz < cAd�a @ ]Ed D np]¨d :=<
> j C[�A< zWd?��ag]T�2¦ < ¦ @ flf§]LnOd»agd~d < m(|=d4d7n'|LcAn®� @ � < a`� < k=] @ d @ � < c <?> nvflj{d @ nv] :=< c < �'� < ¦ @ flf >~@ m(|Lf D
]LnOd < d : agdwnvj=cw]�j=m < c @ z?agf�c <t> jLfÒd > m­a D ] <³< � > nvm < ap� � j > d @ ] y apz³z³nvc~� @ ] y d7n�¦ :L@ z : m @ÒË�@ ] y aO] y f <?>



Ø �
aOc < z : n >A< ]���hLnvc <¿Ë agm»|Lf < ��d :L< m²a >~> npo�d :=<(> | @ ] ¼ at� < c7a yv< � > d�agd <   ¬ � ¢ aO|L| < agc >�@ ]à� s � �ÙØ � � �v� �
� @ d : ]=n*m @ÒË{@ ] y �·d :L@B> m²a >~>�@B>(�?� ��� � <�� �6� < c D z¿fln >A< d~n½d :=<   ( Õ�Ö ¢ m­a >7> ��
 >A@ ] y d :L< m @ÒË�@ ] y
aO] y f <t>w@ ] � Ø � � �v� ��¦ <¯yv< d �t� �p� � <�� ounpc§d :=< m²a >~> npo·d :L<   ¬ � ¢ �J¦ :L@ f < ¦ @ d : d :=< �vaOflj <?>§@ ] �ÙØ � � � � �
¦ <�yp< d �t� � � � <�� ��
 >A@ ] y d :=< d�¦§n»� @ ß < c < ]Jd,z?a >A<?>;@ ] �ÙØ � � �E� �{¦ <Qyp< d �?� �p� � <�� ag]T� �t� Î[� � <��
c <t> | < zWd @ � < f D � 9w: j > d :L< c @lyp: d ¼ä: ag]T� >A@ � < nvoLd :=< c < f´a®d @ np] � Ø � � �E� z³npjLfB�(� < z³c < a >~<;CED jL|5d7n Ø � � <��
� < | < ]T� @ ] y jL|6np]­d :L< z : n @ z < nvo·m @ÒË{@ ] y ag] y f <t> � 9;:L@B>
@B> ]=npd�a�f´agc yv< z : ag] yp< � C j{d @ d @B>w> npm < ¦ : a®d
@ m»|�nvcedWaO]Ed C�< ztaOj >A<�@ d¯z¿nvj=fB�'ztaOj >A< d :L< m²a >~>8> |Lf @ dAd @ ] y d~n­z : aO] yv<4>~@ly ]·�;ã,n®¦ < � < ct�6a >,@ ]L� @ z?a®d < �
a C n®� < �Jd :L< jL]Tz < cedWa @ ]Ed D»@ ]­d :=< c < f´agd @ np] >
@B>w> jTz : d : agd
¦ < ztaO]L]=npd C�<¯> jLc < a C npj=d
d :L<�>A@ly ] @ ]½aO] D
z?a >A< � 9w:L< c < f´agd @ nv] > � Ø � � �E� ¼ �ÙØ � � �v� >~: nvj=fB� C6< dWa ©p< ]¨a > c~npj yv:2y j @ � < f @ ] <?> c�a®d :L< c�d : ag]�|=c < z @B>A<
|Lc < � @ z¿d @ np] > �

æWo�×Wopn qïÚÍí�ïWx§¦æßÛí#w&! ��¨�Ú·¶[u�r+ï­ÚLØ ÙÛÚÍv­w�x
ã¯aO�=cAnv] > z¿nv]Jd�a @ ] @ ] y�:=< a³� D«s jTaOc ©{> aOc <»>~@ m(|Lf < c @ ] > nvm < ¦�a D=> d : aO]«d :=<t@ c�f @lyv: d4z¿nvjL]Ed < c~|�agcAd > �
\�]Ed7j @ d @ � < f D �Ea :=< at� D5s j�agc © �O¦ @ d : m­a >~> /?/ OQPSR#T�� @B> m(n > d7f D jL]Ed7c~npj C f < � CJD d :=< \ C c~n?¦,](m�jLz ©[]
@ ] >A@ � < a : ap�=cAnv] Ô¬@ d @B> np]Lf D f @lyv: d7f DàC jLß < d < � CJD d :=<­y fljLnv] > aO]L�2f <t>7>e¼ m­a >~>A@ � <²s j�agc ©�>�µt@ |L| @ ] y
aOcAnvj=]T� @ dt� 9;:=<°>A@ m»|Lf @ kLz?a®d @ nv] > �=j < d7nªd :L< |Lc <?>A< ]Lz < npo :L< a³� D2s j�aOc ©{>�: at� <­C6<³< ]�c @ly nvcAnvj > f D
s jTaO]Ed @ k < � CJD aQ]JjLm C�< c
nvo�c <t>A< aOc~z :=< c >³Ô c < o < c < ]Tz <Èz � � |6<¿Ë |Lf´a @ ] >�:L< a³� D²s j�aOc © | :ED=>A@ z >�@ ]½� < dWa @ f �
9 ¦§n°d D | <?> nvo >eD m(m < d7c D z : aOc7apzWd < c @lµt< d :L<4@ ]Jd < c�aOz¿d @ nv] > npo :L< at� D's jTaOc ©{>8@ ] : ap�{c~np] > � 9;:=<

kLc > d @B>b:L< a³� D�s j�agc ©�> | @ ] >eD m»m < d~c D#Óq@ ]5d :=< f @ m @ d X P ÷�
 �Ja :L< a³� D�s jTaOc © ^ >b@ ]Jd < c�aOz¿d @ nv] > ¦ @ d :
y flj=nv] > aOc <�> | @ ] ¼ä@ ]L� < | < ]L� < ]Jd?� > n�agc CL@ d~c�agc D d7c7aO] > oZnvcAm­agd @ nv] > z?aO] C6< m²ap� < d7n�d :L<w:L< at� D5s j�aOc © ^ >
> | @ ]�¦ @ d : nvj{d¬z : aO] yv@ ] y d :=< � D ]�agm @ z > � 9;:L<§>A< z³np]T� @B>Â:=< a³� D�s jTaOc ©QÀ a³�Enpc >eD m(m < d~c D3Ó d :L<
:L< at� D
s jTaOc © m­a >7>Â@B> z³f < aOcAf D4@ c~c < f < �paO]Ed
a > X P ÷�
 � > n¯nv] < z?ag]»agf > n @ ]Ed < c~z : aO] yp<§:L< a³� D�s j�agc ©�À at�Enpc >
¦ @ d : npj=d;z : ag] yv@ ] y d :L< � D ]�aOm @ z > � 9;:=< f < ap� @ ] yp¼ nvc7� < c >eD m(m < d~c DJ¼äC c < a ©�@ ] y z¿nvc~c < zWd @ nv] > ounvc < aOz :
nvoid :=<?>A<�>eD m(m < d7c @l<t> aOc < |=c~nv|�nvced @ nv]TaOf�d7n �®â X P �
ã¯aO�=c~np] > z³nv]EdWa @ ] @ ] y a :L< at� D»s jTaOc ©(: at� <8C�<t< ] > d7jL� @l< �»j >A@ ] y4:=< at� D²s j�agc ©(< ß < zWd @ � < d :L< nvc D

� ã¯û¯� 9 � � 9;:=< ã�û¯� 9 Áqa y c�aO] yv@ ag]·�

©Bª P ¡ � Ð Ú= � � pW«�¬ _ � = � Ñ Ú= � � p _ � (� X P =
� � � P Ú= � ý 34­M® � ­M®Î X P =

�
Ñ �°¯ �X (Pf± ] �ÙØ � �p�v�

� <t> z³c @lC�<?> d :=<,@ ]Jd < c�aOz¿d @ nv] > npo·a :=< at� D»s jTaOc © = ¦ @ d : � < fln{z @ d D�«5@ ] >A@ � < a : ap�=cAnv]�� 9w:L< � < fln{z @ d DJ¼



Ø �
� < | < ]T� < ]Jd�k < fB� =

�
@B> c < f´agd < �½d~n(d :=< nvc @lyp@ ]�agf s j�agc © k < fB� = CJD�z � � |

= �³² � Ð ð ä = �z´ �Sµ ¶ z = � �o² � Ñm· � �o² � |¤] �ÙØ � � � �

¦ :=< c < � P @B> a4c < ]=nvc~m²aOf @lµ agd @ np]*o aOz¿d7npc
¦ @ d :æ� P �o¸ Ð X P � Ð � � ��V~â�� ¹ Ð z U�V � X V � â U�V � X ¹ � |�¹ å ( ­ �
aO]L�

=
�
�o² � Ð ð = � ´ �Sµ ¶ �
Ñ�« â

� = �o² � ]· � �o² � Ð ð = � ´ �Sµ ¶ � � « â� = �o² � q �ÙØ � �v�p�

9;:=@B> k < fB��c < � < k=] @ d @ np]�a CT> npc CT> d :L< m²a >~> X P/nvo�d :L<»:=< at� D�s j�aOc © � > n*d : agd�d :L< c <(@B> ]Ln*m­a >~>
d < c~m @ ]*d :=< Áqa y c7aO] yv@ aO] � Ø � �p�v� �
9;:=< m²a >~> nvo¬a : ap�{c~nv]*¦ @ d : nv] <Q:L< at� D*s jTaOc © ztaO] C6<Q<³Ë |�aO]L� < � @ ] �®â X P Ó

Ù � Â P � Ð X P Ñ ÚO � � '
� X P � Ý ª � (

� X P Ñ �°¯ �X (Pf± q �ÙØ � � Ø �

ã < c < ÚOUapz³z³nvj=]Jd > ounpcwd :L< m­a >~> npo·d :=< f @lyp: d,� <³y c <t<?> nvo·ouc <³< �{nvm��LaO]L� � ' aO]T� � ( agc < � < k=] < � CED� '§Ð»º+Â P � « � Ï Ú= � � p _ � ( = � Ï Â P � « � j ] �ÙØ � �gÎJ�
Ý ª � (�Ð �� � P º+Â P � « � Ï Ú= � ý 34­M® � ­M® = � Ï Â P � « � j q �ÙØ � �v�p�

\�]*� s � �ÙØ � �v�p� ��d :L< } f <tCL> z : o apzWd7npc Ý ª @B>w<?s j�agf6d7n ��Î ��¾�¼ ¬ ¾ P � � 9;:=< |TaOc7aOm < d < c > ÚO8� � ' �LaO]T� � (
� @ ß < c;� < | < ]T� @ ] y nv]­¦ :L< d :L< c§d :L<�: aO�=cAnv] @ ] s j <?> d @ np] @B> a C aOc D np]½npc�a�m <t> np] Ô{:=< c < ¦ < ¦ @ flf C�<
oun�z³j >~@ ] y np] C aOc D nv] > �
ã < at� D�s jTaOc ©*< ß < zWd @ � < d :L< npc D z?ag] C6< z³npm CL@ ] < ��¦ @ d : d :L< f´aOc yv<�¸�¹ oZnvcAm­aOf @B> m�d~n­|=c~n{�{jTz <

aO] <³Ë |�ag] >A@ nv] @ ] �®â¿¸ ¹�aO]L� �?â X P z �p� | �4\�]`d :L< f @ m @ d X V ÷�
 � X ¹ ÷�
 � ¸ ¹ ÷�
 � : nvfB� @ ] yX ¹ â X V ag]T� ¸ ¹´O P�R#T â X V k Ë�< ���Ed :L< c <8@B> a�z³nvm CL@ ] < �»f @lyv: d ¼^s j�aOc © aO]L� :L< at� DJ¼^s j�aOc ©(> | @ ] ¼äÀ a³�Enpc
>eD m(m < d~c D�Ï
× � � � ¼ 9 Ï
× � ÎJ�U½ � 9;:=<­C c < a ©�@ ] y npowd :L@B>4>eD m(m < d~c D z?ag] C�< |TaOc�agm < d < c @lµt< �¨a >�@ ]
d :=< |Lc < � @ npj >¯>A< zWd @ np]·� <¿Ë z < |=d8d : a®d¯]Ln®¦ ¦ < m4j > d @ ]Tz¿fljT� < d :L<�:=< at� D's j�agc ©ª> | @ ]`nv| < c7agd7npc ¾ =P �
¦ :=@ z : z³np]Jd~c @lC j{d <t> a®d,npc7� < c �®â X P
�
\�]2d :L<­:=< a³� D | < ]Jd�a s jTaOc ©{> ¦ < z³np] >A@ � < c :L< c < �Âd :=< f @lyv: d s j�aOc ©{> z³nvm CL@ ] < ¦ @ d : d :L<­:L< at� D

aO]Ed @Bs j�aOc © d7n�|Lc~n��=jLz < d :L< d^¦ < fÒ� <§> d�agd <t> + Õ � ª �' å ( � + Õ � ª �+¨å ( � ­®Õ � �+¨å ( � ­®Õ � � ­ å ( � + Õ � � ' å ( � + Õ � �+¨å ( � ' Õ � � ' å ( �



Ø �
+ O4 � ' å ( � + O4 �+¨å ( � + � � ' å ( � + � �+ªå ( �qag]T� ' � � ' å ( � � 9;:L< ]=npd�agd @ np] :=< c <(@B> (q¾q¿ Í ' .8ÀT��¦ :L< c <�Á ¼ @B> d :=< f @lyp: d ¼
s jTaOc ©°> | @ ]·��. @B> d :=<�À a³�Envc;c < |=c <?>A< ]JdWa®d @ np]·�LaO]T� ¾ @B> d :=< d7nOdWaOf > | @ ]*npoid :L<�> dWa®d < � � 9;:=<Q>~@ ] y f < d
nv| < c7agd7npc > agd�nvc~� < c �?â � ¸Q¹ X P � agc < ?fÂ � �

¸ ¹ X P Ï =¹ ¾ =P?7Ã � �
¸ ¹ X P Û = ¾ =P? ¹ � �
¸ (¹ X P = c { ¾ =P ] 3 = c¹¸|? ' ø � �
¸ (¹ X P ý =

c ¾ =P r c¹ ] �ÙØ � � � �

¦ :=< c < ¾ =P @B> d :L<Q> | @ ]�npoqd :L<Q:=< a³� D ag]Jd @Bs j�agc © �
�`agd~c @ÒË½< f < m < ]Ed > nvoid :=<?>A< nv| < c�a®d7npc > aO|=| < agc @ ]
9 a C f < � � � �¬� < kL]L�*d :L< m­a >~> c < f´agd @ nv] >

+ O4 �+ªå ( � + O4 � ' å ( Ð �
� � � ­ Õ � � ­ å ( � ­ Õ � �+¨å ( ��� �� � + Õ � ª �+¨å ( � + Õ � ª �' å ( � Ñ � � �?â³¸ (¹ X P � ] �ÙØ � ���p�

­ Õ � � ­ å ( � ­ Õ � �+¨å ( Ð �Ø � + Õ � �+ªå ( � + Õ � � ' å ( � Ñ � � �®â¿¸ (¹ X P � ] �ÙØ � � � �
+ O4 �+ªå ( � + O4 � ' å ( Ð 4 5+¨å ( � 4 5 ' å ( Ñ � � �?â³¸ (¹ X P � ] �ÙØ � ���v�

¦ :=< c < 4 5 ' å ( aO]T� 4 5+¨å ( aOc < d :=< ]Lnp] ¼ä<¿Ë nOd @ z :L< at� D2C aOc D np]Hm4jLfÒd @ |=f < d > z³nv]EdWa @ ] @ ] y d :=<   ¹ o V aO]L�  ò¹ o V �bc <?> | < z¿d @ � < f D �ª\^]2d :=< z : aOcAm < �¨z?a >A< �qd :=< m²a >~>A<?> npowd :=<  
¹5ag]T�ì  ò¹ aOc < �®Î��p� � <�� aO]L�
�v�p�p� � <�� c <t> | < zWd @ � < f D � > n»d :L< m­a >~>,> |Lf @ d~d @ ] y»@ ]'� s � � Ø � ���E� @B>8� � � <��Dz �t�>| �
hTnpc�d :L<�C npdAd7npm
z?a >A< �=m­a >~> m < a > jLc < m < ]Jd > npoqd :L<   V aO]L�y  òV agc < ]LnOd8z¿jLc~c < ]Ed7f D at�pa @ f´a C f < �
±Jd�agd <t> ¦ @ d : d :L<§> agm <§> | @ ](ag]T� À a³�Enpc s jTaO]Ed7jLm�]�j=m C6< c > m­a D m @ÒË � 9;:=< c < aOc < d : c <³< m @ÒË�@ ] y

aO] y f <t> ��ounpc¯d :L< d�¦wn � ' å ( > dWa®d <t> ��d :L< d�¦§n Õ � ' å ( > d�agd <t> �iag]T�`d :=< d^¦wn Õ � +ªå ( > dWa®d <?> �4�
apz : |Ta @ c
m @ÒË�<?> agd�nvc~� < c �®â � ¸ ¹ X P � Ô nvß ¼ � @ a y np]�aOf
m²agd~c @ÒË2< f < m < ]Ed > z³npc~c <?> |6np]T� @ ] y d~n'd :=< m @ÒË�@ ] y z?ag]
aOf > n C6< ounpjL]T� @ ] 9 a C f < � � � �

æWo�×Wo�× ë7Ä�ÅWÆ~Ç�<ów�ÚÍí !Wr � %
9;:=<�C c < a ©J@ ] y npo Ï�× � Ø � À a³�Enpc >eD m»m < d7c D z?ag] C�<�s j�ag]Jd @ k < � CED d :L< |�agc�agm < d < c g [ � q Ø � Ï�× � Ø � @B>
C cAn ©p< ]­agd�nvc~� < c g�CJD n{zWd < d�nv| < c7agd7npc > ��a®d
npc7� < ct� g ( CJD nv| < c�a®d7npc >�@ ]»d :L< þ " c < |Lc <?>A< ]EdWagd @ nv]���aO]L�
agd8nvc~� < c g + CJD nv| < c�a®d7nvc >,@ ]ªd :=< 4â! ��� D z?aOfBz¿jLf´a®d @ ] y d :L< m­a®d7c @ÒË�< f < m < ]Jd > nvoÂd :=<?>A< nv| < c7agd7npc > �
nv] < ztaO]­kL]L�­c < f´agd @ nv] >§C6< d�¦ <³< ]°� @ ß < c < ]Ed À a³�Enpc > dWa®d <?> � > jTz : a > d :=< oºaOm»npj > � < flf ¼ �«ag]L] ¼ � © j C n
ounpc~m4jLf´a5ounpc;d :=< m­a >~>�> |Lf @ dAd @ ] yv> aOm(nv] y d :L< n{z¿d < d C aOc D np] > �



ÎJ�
Ï
× �ÙØ � C c < a ©�@ ] y ztaO] C�< z¿nvm C=@ ] < ��¦ @ d : d :=<��®â¿¸ ¹ <³Ë |�ag] >A@ nv]«d7n�|=c~n��=jTz < a :L@l< c7aOc~z :JD ounpc

C agc D nv]�m­a >7>�> |Lf @ dAd @ ] yE>�z �p� | ��hTnpc <¿Ë aOm(|Lf < �Ld :L<�C aOc D np]ªm²a >~> c < f´agd @ np] >
�
� � �p¸ � Ø   Ñ O ��Î ã �¼� � � � � ã ò � ò � Ð � ] �ÙØ � Ø �v�

aO]L�
�
Ø � ¸ � Ø   Ñ O Ñ ã � Ð � ] �ÙØ � Ø � �

aOc <­C npd : npc7� < c g�@ ] Ï
× �ÙØ � C c < a ©�@ ] y � C j=d�d :=< oZnvcAm < c @B> npc7� < c ¸æø¹ ¦ :L@ f < d :=< f´a®d~d < c @B> nvc~� < c
�®â¿¸ ¹ @ ]`d :=< f´agc yp<²¸ ¹ <¿Ë |�ag] >A@ nv]���� Ë | < c @ m < ]EdWagflf D ��d :=< c < f´agd @ nv] � Ø � Ø �v� @B>¯C cAn ©v< ]2a®d�d :L< �p�"È
f < � < f �=¦ :=@ f < �ÙØ � Ø � � @B>;C cAn ©v< ]�nv]Lf D a®d�d :=<4� È f < � < f � 9w:L< c < f´agd @ nv]

�
� � ��� ¸ �s�   Ñ Ø O Ñ ��ã � Ñ � � � � ã ò � ò � Ð � ] �ÙØ � Ø �p�

@B> npc7� < c g�â³¸ (¹ Ô�@ d @B>²y nJn{� d7n2d :L<�� È f < � < f � 9;:L@B>²@B> a y n�n{� <¿Ë agm»|Lf < nvo�d :=< j >A< oZjLfl] <t>~> nvo
d :=<��?â³¸ ¹ <³Ë |�aO] >A@ nv]«ounvc�� <t> z³c @lC=@ ] y aO]T�`|Lc < � @ z¿d @ ] y d :=<(C aOc D nv]�m²a >~>�> | < zWd7cAjLm Ô·C6< oZnvc <��?â³¸ ¹
z?agfBz³j=f´agd @ np] > ¦ < c < �{nv] < � @ d;¦;a > ]Lnpd�j=]T� < c > d~n�n{�°¦ :JD½> nvm < nvo·d :=<?>A< c < f´agd @ np] > ¦wnvc ©v< � > n(m4jTz :
C6< d~d < c;d : ag]�npd :L< c > �
\�]«d :L< z?a >~< npo§] <ty a®d @ � <³¼ |TaOc @ d D | < ]EdWa s j�agc ©{> ��d :=< c < aOc < d : c <³< n�z¿d < dQnv| < c�a®d7npc > d : agd C c < a ©

Ï
× �ÙØ �´Ô agd4� � g7¸æø¹ � z ��� � � �}|ç­>Ó
%�'§Ð = Ã
% ( Ð�r Ã¹
% + Ð �¸ ¹ Ý

Ã c V ý = c 3 = V¹ q �ÙØ � ØvØ �[ y �¬· Ì ¥ �dÉ¨©$µ�¶	¹¬ÑÏ�	¯	�¬£­�Q·Ò�}�	¢��¡ &������¢¡�a�¡�}¢#�¡ >�a�S¯	�����¬¶	¯	£S��¶��¡ 	�W�}¢¤»	µÏ�p�aÑ*�}¶	®}�	Ñ �a¢��X�}�0�¬¶��¡�	�ËÊdw	�¡ 	µÏ£�µ�£Sµ�¢¤¢¤��Ñ���«a�a¶�� 	�¬¢¤�l»��¬¹´�a�	£¡�ÌÊÍE	ÎQ·Ò�}¢��¡ 	�W£¤�p�¨�¡�¬£#Ð��Å�a¢¤�W¹¬�}¶	£¡µ�¯	��¢¤µ�¶	® Ì



Î �
ã < c < Ý

c V ¹ @B> d :L< z¿nvm(|Lf < d < f D*>eD m(m < d~c @ z Ï
× �ÙØ � z³n <À� z @l< ]Jd ÔL@ d > c < f < �vag]Jd�]Lnv] µt< c~n(�paOflj <?> agc <
Ý Ã 'ª' Ð Ý Ã (ª( Ð Ý Ã +´+ Ð �� Ø

Ý Ã ¬'¬ Ð Ý Ã ­'­ Ð Ý Ã ß'ß Ð Ý ÃÏÂUÂ Ð � �� � Ø
Ý Ã\ÃUÃ Ð � �� Ø q �ÙØ � Ø ÎJ�

� Ë |Lf @ z @ d��paOflj <?> ounvc8d :L< m­agd~c @ÒË'< f < m < ]Ed > nvo�d :L<t>~< d : c <t< np| < c�agd~nvc > aOc <(yp@ � < ] @ ] � |L| < ]T� @ÒË � �
9;:=< nv| < c�a®d7npc %)(5@B> aOz¿d~j�aOflf D npo;npc7� < c g7¸ ¹ :L< c <vÔ¬: n®¦ < � < ct�qd :L< nvc~� < c ¸ ¹�|TaOcAd : a > d :L<­> aOm <
�vagflj < � 5 Z( Þ + �Lounpc < apz : nvoid :L<Q>A< � < ]�m4jLfÒd @ |=f < d > � > n @ d8�{n <?> ]Lnpd8aOß < z¿d;d :=<�> |Lf @ dAd @ ] yv> �
� D z¿nv] >~@ � < c @ ] y`< m»| @ c @ z?agf < � @ � < ]Tz < �bc < o < c < ]Tz < z ��� | k=]T� > d : agd @ ]�d :L< zta >A< nvo§d :=<­<³Ë z @ d < �

C agc D nv] >�@ ]�d :L< " Ö nvo Ï
× � � � �Ld :=< nv| < c7agd7npc %,+¯@B> ¦ < a © aO]T�ª�=n <?> ]=npd�z¿nv]Ed7c @lC j=d < m�jLz : d7n(d :=<
Ï
× �ÙØ � C c < a ©�@ ] y � 9;:=@B> m²a D npc»m­a D ]Lnpd C�< d~c~j <ª@ ]Hd :L< zta >A< npo :=< a³� D | < ]JdWa s jTaOc ©�> � 9;:=<
z³np]Jd~c @lC j{d @ np] > oZc~nvm % +QaOc < f @B> d < � @ ] 9 a C f < � � Î �
hTcAnvm 9 a C f <t> � � Ø ag]T� � � Î �E¦ <�>A<t< d : a®d
¦ @ d :=@ ]²d :L< 4 ' m�j=fÒd @ |Lf < d?�Ed :L< m­a >~>~<t> nvo > dWagd <?> ¦ @ d :

� @ ß < c < ]Jd > d7c7aO] yp< ] <?>~> aOc <Q> |=f @ d�nv]Lf D agdwnvc7� < c gWâ¿¸ ¹~� � �"È �LaO]L�°d :L< d : c <³< � @ ß < c < ]Ed�m²a >~>A<?> aOc <
<?s j�agflf D�> |Tapz < ���¬\^oi¦ < f´a C�< f�d :=<�> dWa®d <t>;CJD d :=<t@ c Ï �paOflj <t> a > 4 ' � �v� � 4 ' � � � � ��ag]T� 4 ' � �8�v� �{d :L< ]
¦ <Q: at� < d :=< c < f´agd @ nv]

Ù � 4 ' � � � �~��� Ù � 4 ' � �E�~� Ð Ù � 4 ' � ���p�~�}� Ù � 4 ' � � � �~� Ñ � � gWâ¿¸ (¹ � q �ÙØ � Ø �p�

hTnpc½d :=< npd :L< c >~@ÒË m4jLfÒd @ |Lf < d > �¯d :L< z³npc~c <?> |6np]T� @ ] y m­a >7>�> |Lf @ dAd @ ] yE> agc < nvc7� < c g � Ø �&È �
C6< z?agj >A< nvo�d :L< nv| < c�a®d7npc %)( �»� s j�agf ¼^> |�aOz @ ] y c < f´agd @ np] >Q>A@ m @ f´agcQd7n�� s � �ÙØ � Ø �v� z?aO] C6< � < c @ � < �
ounpc
d :L< nOd :L< c§m�jLfÒd @ |Lf < d > a > ¦ < flf ��d : npj yp: d :L<¿D ¦ @ flf C6<¯> agd @B> k < �­np]Lf D d7n�nvc~� < c g � �p� oiz³nvj=c >A< � @ ]
d :=< z?a >A< nvo6d :L< � m4jLfÒd @ |=f < d > � > jLz : a�c < f´a®d @ nv] @B> ]LnOd�d < c~c @lC f D j >A< oujLf � C6< z?agj >A<�< apz :²: a > np]Lf D d�¦§n
|6n >~>~@lC f < z³npm C=@ ]�agd @ nv] > npo > d7c�ag] yp< ] <t>~> ag]T� @B> n > | @ ]·�·aO]L�'d : j > np] < m­a >7>¯> |Lf @ dAd @ ] y � � \^]`d :=<½Õ �
m�j=fÒd @ |=f < d > �6d :=< c < agc <5> nvm <5> dWa®d <t> ¦ @ d : d :=<5> agm <5> d7c7aO] yp< ] <?>~>8C j=d�� @ ß < c < ]Jd @B> n > | @ ] Ó¯Ï Ð � �
> dWa®d <?> ztaO] : a³� < Ö Ð Ø â � npcyÖ Ð¢�®â � �bag]T� ÏÈÐ ��� > d�agd <?>Q> dWagd <?> z?ag] : at� < Ö Ð¢� npcyÖ Ð � �
� 9w:L@B>q@B>Â@ flflj > d~c�a®d < � @ ]4d :=< � @ a y c�agm @ ](h @ly j=c < �8� �pÔ d :L< z @ c7z³f <t>b> jLcAc~nvj=]T� @ ] y¯> nvm <§> dWagd <?>i@ ]T� @ ztagd <
� <³yv< ] < c7apz @l<?> � � 9w:L< m­a >7>�> |=f @ d~d @ ] yE>¯C6< d^¦ <³< ] > dWa®d <t> ¦ @ d : d :=<(> aOm <­Ï/C j=d�� @ ß < c < ]Jd ÖªaOc < agflf
nvoqnvc~� < c g�â³¸ ¹³�
_ @ c � npfÂag]T�'±{z : a®d z � ��| |Lc < � @ z¿d�d : agd�d :L< d�¦§n @B> n > | @ ]ªm4jLfÒd @ |=f < d > ¦ @ d : � Ö ] ¾&Ð � Ð � �?â � ] �v� aO]L�

�ÙØ â � ] �E� � > npm < nvo;d :=<�Ï Ð � � m < m C6< c > nvo;d :=<`Õ � ø aO]L� Õ � ( m�j=fÒd @ |=f < d > �b¦ @ flf C�<*> |=f @ d(nv]=f D



Î��
agd�� � �?â³¸ ¹ � d~n2agflf;nvc7� < c >5@ ] Ï
× �ÙØ � C c < a ©�@ ] y � 9;:L@B>(@B> a`c <?> jLfÒd»npo,d :L< o apzWd(d : a®d(d : n >A< d�¦§n
m�j=fÒd @ |=f < d > aOc <4@ ]ªd :L<4> aOm < d~n®¦ < ct�Tf´a C�< f < � CED{� Ð Ø â � � 9w:L<4<³Ë |Lf @ z @ d�m­agd~c @ÒË�< f < m < ]Jd > f @B> d < �
@ ] 9 a C f < � � Ø z¿nv]Lk=c~mÞd :L< |=c < � @ z¿d @ nv]�ounvc¯d :=< nvc7� < c g4Ï
× �ÙØ � C c < a ©�@ ] y � 9w:L@B> z?ag] C�<»>~<³< ] CED
<³Ë |�ag]T� @ ] y»< apz : m²agd7c @ÒË½< f < m < ]Ed,d~n»npc7� < c ¸æø¹ Óº�Õ � ø Ï � ;>'¨% 'qÑP;�(�%)(¬Ñì; + % + � Ï Õ � ø j Ð �

� � Ø ;>'qÑÒÑ ¸ ¹Ó � Ø Ñ Ø ÏÓ � ØÕÔ ;�( � ÖÖS× � Ø ; + Ñ ��Ø Ö â³¸ ¹ÏÙ ]º�Õ � ( Ï�Ø ; ' % ' ÑP; ( % ( Ñì;�+�%,+ ÙÖÏ Õ � ( j Ð ÖÓ � Ø ; ' Ñ Ñ ¸ ¹Ó � Ø Ñ Ø ÏÓ � Ø Ô ; (~� ÖÖS× � Ø ;�+�Ñ ��Ø Ö â³¸�¹ Ù qØ Ø>Ú Ø × ÙÛ�Ü�Ý�ÞÏß�à�Þ Ö â¿¸�¹�á
â Ý ¦ à�ã&à�Þ á Ü â à8äæåMÜ\Þ\ç Ë à�è]àSäéà�ê
ÜÏë�ß�à�ìÕàSê~ß�Ý"êéíÕÝ*Ü â ëQÜÏÞÏå*ê�î"àSê�à�ë\ë�åMê¤ßéçaëUÝ"ë\ì�ç]êæç]ê�Ü â àï Ý�ä�í�ç]ê_åMÜ\ç]Ý"ê�ð Ð Î Ö ( Ñ Î Ö � Ï ( á ëUÝ�Ü â à Ø�Ö ] ¾ Ð Ù Ð Ø Ö â Ó ] Ó Ù å*ê¤ß Ø Ø â Ó ]Ïñ Ù ëQÜkåòÜÏàSë ¦ ç]è]è�íÕà2ë\ì�è]çYÜfåòÜÜ â çaëOÝ"Þ\ß�à�Þ Úó Ü6ëUÝ â å*ì~ì_àSê~ë�Ü â åòÜæÜ â à ��Ø g Ù ã"åMè]ô~àSëéÝ"õ % 'SáX%)(òá0% + î�çYã&àSêöç]êø÷�ù Ú Ø Ø>Ú Ø × Ù åMÞ\à	Ü â à�ëÏå*ä�àõoÝ�Þ8Ü â à Õ � ª ' å*ê¤ß Õ � ' å�ë ¦ àSè]è Ú8ú â àSÞ\à�õoÝ�Þ\à á Ü â à�äæåMÜ ï â ç]ê�î ¼ ëUÜ\ÞdåMê~î"à�ê~àSëÏë8ëQÜkåòÜÏà�ë8õûÞ\Ý�äüåMê
ý�Ý"õÌÜ â à�ëUàä�ô�èYÜÏç]ì�è]à�Üdë�å*Þ\à�ëUì�è]çYÜ�Ý�ê~èYý,åMÜ�Ý"Þ\ß�à�Þ g�â³¸ ¹ Ú Û�Ü Ï�Ð � Ö á Ü â çaë�ç]ê ï è]ô¤ß¥à�ë�Ü â à�ëQÜkåMÜ\à�ë ¦ çYÜ â Ø¤Ö ] ¾ Ð Ùã"åMè]ô~àSë Ø Ö â Ó ]Ïñ Ù á Ø Ø â Ó ] Ö Ù á å*ê~ß Ø Ø â Ó ] Ó Ù å*ë ¦ à�è]è�å�ë�Ü â Ý"ëUà4è]çaëQÜ\à�ß�å*í_Ýòã&à Ú�þ ÞUà�ëUô~äæå*í�èYý�ëUÝ"äéàfÝ�õ�Ü â çaëß�à�î"à�ê~àSÞÏå ï ý�ÿ8ç]è]è�í_à�í�Þ\Ý��"àSê�åMÜ â ç]î â àSÞ8Ý�ÞÏß¥àSÞÏëzç]ê Ï
× Ø Ø Ù í~Þ\à�å��
ç]ê~î Ú
� à ï å*ê�å*èaëUÝ ß¥àSÞUçYã&à6ë\Ý�äéà6ÞUàSè�åMÜ\ç]Ý"ê~ë�íÕà�Ü ÿ�à�àSêFÜ â àéä6å�ë\ë�ëUì~è]çYÜUÜÏç]ê�î&ë�ç]ê,ß�ç ß àSÞUàSê
Ü�ä�ô~èYÜ\ç]ì~è]à�ÜÏë Ú

� Ý"ÞOà Ë åMäéì~è]à Ø å*î
åMç]ê�ß�àSê�Ý�Ü\ç]ê~îæëQÜdåMÜÏàSëzí
ý�Ü â à�ç]Þ7ëQÜ\Þdå*ê�î"à�ê~à�ë\ë Ï Ù á
Ù Ø � ø Ø �fÓ ÙUÙ � Ù Ø � ø Ø � Ö ÙUÙ Ð Ù Ø � ' Ø �fÓ ÙUÙ � Ù Ø � ' Ø � Ö ÙUÙ

Ð Ù Ø Õ � ø Ø �7Ó Ù\Ù � Ù Ø Õ � ø Ø � Ö Ù\Ù
Ð Ù Ø Õ � ( Ø �7Ó Ù\Ù � Ù Ø Õ � ( Ø � Ö Ù\Ù
Ð Ù Ø Õ � ª ' Ø �7Ó Ù\Ù � Ù Ø Õ � ª ' Ø � Ö Ù\Ù Ñ ��Ø g�â���� Ù q Ø
	 Ú 	 � ÙØ ÷�ù Ú Ø
	 Ú 	 � Ù â Ý�èaß~ëOõûÝ"ÞOà�çYÜ â àSÞOçaëUÝ&ëUì~ç]ê	ã"åMè]ô~à�Ý"õ�Ü â à�� � ø Ø

HÙ å*ê~ß�� � ( Ø

HÙ ëQÜkåMÜ\à�ë Ú Ù

� Ý õ åMÞ á ÿAà â å�ã&à�ç]î�ê~Ý�Þ\à�ß,äéç��¥ç]ê�îFå*ä�Ý"ê�î Ü â à6ã"åMÞ\ç]Ý�ô¤ë�ä�ô~èYÜÏç]ì�è]à�ÜÏë Ú � ÜdåMÜ\à�ë�ç]ê�Ü â à�� � ( ÿ8ç]è]èê~Ý*Ü�äéç�� á íÕà ï åMô¤ëUà7Ü â àSÞUà�å*Þ\àfê�Ý�Ý�Ü â àSÞAä�ô~èYÜÏç]ì�è]à�ÜÏëAÿOçYÜ â ëUì~ç]ê Ó á í~ô¥ÜzõûÝ"ÞBÜ â àfÝ�Ü â àSÞ�ëQÜkåòÜÏà�ë á äéç��>ç]ê~îï åMê	ì_Ý�Ü\àSê
Ü\ç�å*è]èYý�í_à�å*ê�ç]äéìÕÝ�ÞUÜdå*ê
ÜOà��Õà ï Ü ÚHú â à�õûÝ"è]è]ÝòÿOç]ê~î�Üdå*í~è]à2ë â Ýòÿ7ëAÜ â àfã"åMè]ô~à�ë�Ý�õ�çaëUÝ"ë\ì�ç]ê�å*ê~ß



� 	ëQÜÏÞÏå*ê~î�àSê�à�ë\ëzõûÝ"Þzÿ â ç ï â äéç��>ç]ê~î ï å*ê�ì_Ý�Ü\àSê
Ü\ç�å*è]èYý�Ý ï�ï ô�Þ8í_à�Ü ÿ�àSà�ê	Ü â à�ß¥ç��Õà�Þ\àSê&Ü8ä�ô~èYÜÏç]ì�è]à�ÜÏë Ó
� ô~èYÜ\ç]ì~è]à�Üdë Ø�Ö ] 
JÙ
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Ø
	 Ú 	$#"Ù
Ûfë�ê�Ý�ÜÏàSßËç]ê z&% Ö |qá Ü â àéÜÏÝ�ÿ�à�Þ�ëQÜÏÞUô ï ÜÏô~ÞUàæì~ÞUÝòã>çaß�à�ë�ëUÝ�äéàæç]ê~õoÝ�Þ\äæåMÜÏç]Ý�ê(åMíÕÝ�ô�Ü�Ü â àéì_åMÜUÜÏà�Þ\êËÝ"õ


('�Ø
	"Ù í~ÞUàòå)�>ç]ê~î Ú � Ý�Þ�à���å*ä�ì~è]à á Ü â àSÞUà6ÿ8ç]è]è�íÕà�äéç��>ç]ê~îFå*äéÝ�ê~î Ü â à	ëQÜdåMÜÏàSë�ÿ8çYÜ â 
+* � Ö å*ê~ßØ¤Ö ] ¾ Ð Ù,*§Ø Ö�� Ó ]Ïñ Ù á õoÞUÝ"ä Ü â à � ø å*ê~ßéÜ â à-��� ø á à�ã"àSêæÜ â Ý"ô�î â Ü â àSëUàfëUÜdåMÜ\à�ëBå*Þ\à7ç]ê�ß�ç��_àSÞ\à�ê
ÜBÜ\Ýòÿ�à�ÞÏë Ú
. Ý�ÿ�à�ã&àSÞ á ç]ê�Ü â à�è�åMÞ\î�à �/� è]ç]äéçYÜ á Ü â à�àSç]î�àSê
ã�å*è]ô�à�ë7Ý�õhÜ â à�ä6å�ë\ë8ä6åMÜ\Þ\ç���ä�ô¤ëQÜ ï Ý"ç]ê ï çaß¥à�ÿ8çYÜ â Ü â àä6å*ë\ë\àSë�Ý"õ�Ü â à ï Ý�Þ\Þ\àSëUìÕÝ"ê~ß�ç]ê�î�Ü\Ýòÿ�à�ÞOëQÜkåMÜ\à�ë ÚJú â à�ëÏå*ä�à ï å*ê�íÕà�ëdåMçaß�õoÝ�Þzä�ç��¥ç]ê~î�í_à�Ü ÿ�àSà�ê�Ü â à ���å*ê~ß�Ü â à  � á ��� � á å*ê~ß��!� ª � Úú â àæä6åòÜÏÞ\ç�� àSè]à�äéà�ê
Üdë2Ý"õ10 � å*ê~ß2043 ï Ý"ÞUÞ\à�ëUì_Ý"ê¤ß¥ç]ê~î�Ü\Ý�äéç��¥ç]ê�î�å*ÞUàæè]çaëQÜ\à�ßFç]êFÜ â àæè�å*ëQÜ-5�ã"àÞ\Ý�ÿ7ë�Ý"õ ú å*í�è]à2Û Ú 	 Ú ó Üzçaë�ç]ê
Ü\àSÞUà�ëQÜÏç]ê�î�ÜÏÝ�ê~Ý�Ü\à4Ü â åòÜOç]ê	à�å ï â ï å*ëUà áÍº 043 j,* � º 0 � j Ú . ÝòÿAà�ã"àSÞ á Ü â çaëß�Ý
à�ë�ê~Ý*Ü�ê�à ï àSë\ëdåMÞ\ç]èYýFäéàòåMê,Ü â åòÜ�Ü â à6Ü ÿ�Ý ï Ý"ê&ÜÏÞUç]í~ô�Ü\ç]Ý"ê~ë ï åMê ï à�è � 0 � å*ê~ß6073éç]ê�î"à�ê~à�Þdå*è â åSã"àß�ç��_àSÞUàSê
Ü ï Ý>à � ï ç]à�ê
Üdëzç]ê�Ü â à�à��Õà ï ÜÏçYã"à . å*ä�ç]èYÜÏÝ�ê~ç�å*ê á åMê¤ß�Ü â à�ëUà ï Ý
à � ï ç]àSê&ÜdëOäæåSý�ê~Ý*Ü7à�ã&à�ê â åSã"àÜ â à�ëÏåMäéà�ëUç]î"ê ÚOú â à�ä�ç��¥ç]ê�î�õoÞUÝ"ä Ü â à2Ü â ÞUàSà ï Ý
à � ï ç]àSê&Üdë8çaë7Ý�õJÝ�ÞÏß¥àSÞ g � � � � õoÝ�Þ8Ü â à/5~Þ\ëUÜ8Ü â Þ\à�àï å*ëUà�ëzè]çaëQÜÏà�ß�ç]ê Ø
	 Ú 	$#"Ù á å*ê~ß	Ý"õÌÝ�ÞÏß¥àSÞ g � �/� õoÝ�ÞOÜ â à�è�å�ëQÜOÜ ÿ�Ý Ú



�$�æWo�×Woçæ qïÚÍí�ïWx§¦æßÛí#w&!98 # rq%­Ù u;: � u�rW�WßÛí#w&!�ð�u�í3u�Ú�tú â à�ëQÜkåòÜÏàSëzÝ"õÍÜ â à2õoÝ�Þ\ä=<>$?�>)>�> ß�çaë ï ô~ëÏëUàSß	ç]ê�@ â åMì�ÜÏà�Þ Ó ï åMê åMèaë\Ý�íÕà ï Ý"ê~ëUçaß�àSÞUà�ß	ç]ê	Ü â à ï Ý"ê&ÜÏàA�>ÜÝ"õÌè�å*Þ\î�à �/� Ú�þ Ý"ëUçYÜÏçYã&àABWì¤å*Þ\çYÜ ý á`T B ÿOåSã"à�ëUÜdåMÜ\à�ëOÝ�õÌÜ â çaëOÜ ý¥ìÕà ï Ý"ä�à�õoÞUÝ"ä å ï Ý"ä�ì~è]à�ÜÏàSèYý�ëQý¥ä�äéà�Ü\Þ\ç ïÞ\à�ì~ÞUà�ëUàSê&ÜkåMÜ\ç]Ý"êËÝ"õ 
('�Ø × Ù Ú	ú â çaë�Þ\à�ì~Þ\àSëUàSê
ÜdåMÜ\ç]Ý"ê,ß�à ï Ý"ä�ìÕÝ&ëUàSë�ç]ê
ÜÏÝ�Ü â à�ëUì�ç]ê!BDC¤åSã"Ý"Þ�Þ\àSì�Þ\àSë\à�ê
Üdå)BÜÏç]Ý�ê¤ëFE!G 3 á E!G 3 á ��� � á å*ê~ß ��� ø á ÿ â ç ï â ï Ý"ê&ÜkåMç]êFà��>Ý�Ü\ç ï ëQÜdåMÜÏàSë á ì~è]ô~ë � ø åMê¤ß  � á ÿ â ç ï â åMÞ\àéê~Ý*Üà��>Ý�Ü\ç ï Ú�ú â àSë\à�å*ÞUà�ç]è]è]ô~ëQÜÏÞdåòÜÏàSß�ç]ê � ç]î"ô�Þ\à 	 Ú × Ú

spin 0

flavor spin 224 flavor 24 spin 1 spin 1flavor 15 flavor 15 spin 0

flavor 3 flavor 6 spin 1

� ç]î"ô~ÞUà 	 Ú × ÓIH Ý"ô�ê~î�Üdå*í~è]à�å*ô�� ë â Ýòÿ8ç]ê�î�Ü â àFC_åSã"Ý"Þ 
J'�ØK	&Ù 9 ë\ì�ç]ê 
('�Ø Ó Ù ß�à ï Ý�äéìÕÝ"ëUçYÜÏç]Ý"ê Ý"õJÜ â àìÕÝ"ëUçYÜÏçYã&àABWì¤å*Þ\çYÜ ýL<>$?M>�>�> ìÕà�ê
Üdå�ù
ô¤å*ÞN�¥ë Ú�ú â àæÜbÿAÝ Þ\à�ì~Þ\àSëUàSê
ÜdåMÜ\ç]Ý"ê¤ë�ç]êËÜ â àæè]ÝòÿAàSÞ�ÞUÝòÿ ï Ý"ê
Üdå*ç]ê,ê�Ýà��>Ý�Ü\ç ï ëQÜkåòÜÏà�ë Úú â à(ê~à�î
åMÜ\çYã&àABWì_åMÞ\çYÜ ý á 
 BqÿzåSã&à(ìÕà�ê
Üdå�ù
ô¤å*ÞN�¥ë ÿOçYÜ â å â àòå�ã>ý ù&ô_å*ÞN� ï Ý�äéà(õûÞ\Ý�ä å3äéç��>à�ßOBëQý¥ä�äéà�Ü\ÞUý3ÞUàSì�Þ\à�ëUà�ê
ÜkåòÜÏç]Ý�êZÝ�õ 
('�Ø × Ù á ÿ â Ý&ëUà ëUì~ç]ê�BDC¤åSã&Ý�Þ�ß�à ï Ý"ä�ìÕÝ&ëUçYÜ\ç]Ý"êZçaë�ë â Ýòÿ8ê�ç]ê � ç]î�ô~ÞUà
	 Ú % Ú . àSÞUà6ÿ�à�î�à�Ü�ù
ô~çYÜ\à	å õûà�ÿ äéÝ"ÞUà�ä�ô~èYÜ\ç]ì~è]à�Üdë Ó EPGQ3 á EPG � á E!G ø á ���R3 á ��� � á å*ê¤ß ��� ø á ÿ â ç ï âï Ý�ê
Üdå*ç]ê�ëUÝ�äéà2à��>Ý�ÜÏç ï ëQÜkåMÜ\à�ë á ì~è]ô~ëzÜ â à2ê�Ý"ê~àA�¥Ý*ÜÏç ï ��� á � ø áQ � á å*ê~ß  ø Úú â à �!� ø çaëfÜ â à�ä�ô~èYÜÏç]ì�è]à�Ü ï Ý"ê~ëUçaß�àSÞUà�ß ç]êS@ â å*ì¥ÜÏà�Þ Ó Ú ó Ü ï åMê í_à ï Ý�ê¤ëQÜÏÞUô ï Ü\à�ß õûÞ\Ý�ä \ î"Ý
Ý¥ß ]å*ê&ÜÏçaëQý¥ä�äéà�ÜÏÞ\ç ï ß�çaù
ô¤å*ÞN�¥ë Ø ç]õ7ÿ�à å*è]è]Ý�ÿ Ý�ê~à�ß�çaù&ô_åMÞT��Ü\Ý ï Ý"ê&Ükå*ç]ê3å â à�åSã
ýöù&ô_åMÞT� Ù Ú�ú â à�Ý�Ü â à�Þê~à�î
åòÜÏçYã&àABWì¤å*Þ\çYÜ ý	ëQÜkåòÜÏàSë ï åMê�íÕà2í�ô~ç]èYÜ8õoÞUÝ"ä ï Ý�ä�í�ç]ê_åMÜ\ç]Ý"ê~ëOÝ"õ \ î"Ý
Ý¥ß ] åMê¤ß \ í_å*ß ] ß�çaù
ô¤å*ÞN�¥ë Úú â à	è�å*Þ\î�à �/� õûÝ"ÞUä6å*è]çaëUä ï Ý"ô~èaß(í_à�åMì~ì�è]ç]à�ß�ÜÏÝ Ü â à�ëUà�ê~àSî&åMÜ\çYã&à�Bqì_åMÞ\çYÜbý�ëQÜkåòÜÏà�ë�å�ë�ÿAàSè]è á í~ô¥Üß�Ý�ç]ê~î ëUÝ�ÿ�Ý�ô~èaßËì~Þ\Ý�í_åMí~èYýFê~Ý*Ü�íÕàæÿAÝ"ÞUÜ â Ü â àæÜÏÞ\Ý�ô~í�è]à Ú ó êFÜ â çaë ï å*ëUà á ÿ�àæÿ�Ý"ô�èaß â å�ã&àæÜÏÝ�Ü\Þ\à�åMÜÜ â Þ\à�à	ì¤å*ÞUÜ\ç ï è]àSëéå�ë \ ëUì_à ï ç�åMè ÓÏ] Ü â à â à�åSã
ý(ù&ô_å*ÞN� á Ü â à�å*ê&ÜÏçaù
ô¤å*ÞN� á åMê¤ß,Ü â à \ àA�>Ü\Þdå ] ù
ô_åMÞT�Ëê~Ý*Üç]ê ï è]ô¤ß¥à�ß�ç]ê�Ü â à ï Ý�Þ\à Ú � Ýæä6åMê
ý�ß�ç��_àSÞ\à�ê
Ü7Ý�ìÕà�ÞdåMÜ\Ý"Þ\ëOÿAÝ"ô~èaß	ê~àSàSß	ÜÏÝéíÕà�ç]ê ï è]ô¤ß¥à�ß	Ü â åMÜ8çYÜ8ÿ�Ý�ô~èaß



�OU

spin 0

spin 1flavor 15

flavor 3 spin 0 flavor 6 spin 1

flavor spin 224 flavor 24 spin 1 flavor 24 spin 0

flavor 15 spin 0spin 2flavor 15

flavor 3 spin 1 flavor 6

� ç]î"ô~ÞUà 	 Ú %$ÓIH Ý"ô�ê~î�Üdå*í~è]à�å*ô�� ë â Ýòÿ8ç]ê�î�Ü â àFC_åSã"Ý"Þ 
J'�ØK	&Ù 9 ë\ì�ç]ê 
('�Ø Ó Ù ß�à ï Ý�äéìÕÝ"ëUçYÜÏç]Ý"ê Ý"õJÜ â àê~à�î
åòÜÏçYã&àABWì¤å*Þ\çYÜ ýV<>$?M>�>�> ì_àSê
Üdå�ù&ô_å*ÞN�¥ë ÚËú â à	õûÝ"ô~Þ�Þ\àSì�Þ\àSë\à�ê
ÜdåMÜÏç]Ý�ê¤ë�ç]ê(Ü â à�è�å�ëQÜ�ÞUÝòÿ ï Ý"ê&ÜkåMç]ê ê�Ýà��>Ý�Ü\ç ï ëQÜkåòÜÏà�ë ÚíÕà�ô~ê�è]ç��"àSèYý�õoÝ"Þ7åMê
ý�ô~ëUàSõoô�è Þ\à�è�åMÜÏç]Ý�ê¤ëzÜ\Ýéà�äéàSÞUî"à Ú
��`�� ó/W ê êYX[ZQ\]XI^`_badc"e`ô W eQefchg7^ó ÜJë â Ý"ô�èaß�í_à�àSä�ì â å*ëUç�iSà�ß�Ü â åMÜhÜ â à�è�åMÞ\î�à � � àA�¥ì¤å*ê¤ëUç]Ý�ê�äæå��"àSëhê�Ý�ì�Þ\àSß�ç ï Ü\ç]Ý"êéå�ë�ÜÏÝfÜ â à�à��>çaëUÜ\àSê ï àÝ"õzì_àSê&Ükå�ù&ô_åMÞT�¥ë�Ý"Þ�Ý�Ü â àSÞ�àA�¥Ý�Ü\ç ï ëQÜkåòÜÏàSë Ú;j Ý�Ü â ç]ê~î ç]ê,Ü â çaë�Ü â àSëUçaë ï åMê�ëUà�Ü\Ü\è]àæÜ â à6à��¥ì_àSÞUç]äéàSê&ÜkåMèù
ô�à�ëQÜÏç]Ý�ê,Ý�õAÿ â à�Ü â àSÞ2Ü â àlk4mZçaë�Þ\àòåMè á Ý"Þ�ÿ â à�Ü â àSÞ�çYÜ â å�ë�åMê
ý â à�åSã>ý ï Ý"ô�ê
Ü\àSÞ\ì¤å*ÞQÜdë Ú � â åòÜ�ÿAàâ å�ã&à�ß�Ý�ê~à4çaëAÜÏÝ�Ý"ô�Ü\è]ç]ê~à2å�äéà�Ü â Ý>ß�Ý�õ�ëQÜÏô~ß¥ý¥ç]ê�î�Ü â àSë\à4à��>Ý�Ü\ç ï í¤å*ÞUý"Ý"ê~ë á ë â Ý"ô�èaß�Ü â à�ý6ì~ÞUÝòã"à4Ü\Ý�í_àÝ"õ�ì â ý�ëUç ï åMè�ç]ê
Ü\àSÞUà�ëQÜ Úó ê2Ü â çaë ï â å*ì�Ü\àSÞ á ÿ�à â å�ã&à�î�àSê�àSÞdåMè]ç�iSàSß�Ü â à�ê~à�î
åMÜ\çYã&àABWì_åMÞ\çYÜ ý�ìÕà�ê
Ükå*ù
ô¤å*ÞT�>ë�ç]ê
Ü\Þ\Ý>ß�ô ï à�ß2ç]ê`@ â å*ì�BÜÏà�Þ Ó Ú,n ý�ä�Ýòã>ç]ê~î4õûÞ\Ý"ä»å7ëUìÕà ï ç�5 ïBï Ý�ê¤ëQÜÏçYÜ\ô~àSê&ÜJù&ô_å*ÞN�2ä�Ý¥ß�à�è á Ü â à�ß¥çaù
ô¤å*ÞT�2ä�Ý¥ß�à�è á ÜÏÝ7Ü â àAí�Þ\Ý
å*ß�à�Þï Ý�ê
Ü\à��>Ü�Ý"õtè�åMÞ\î"à �/��á ÿAà â åSã"à8ô~ê ï Ýòã"àSÞUà�ß6å4ÿ â Ý"è]à â Ý"ëQÜBÝ"õtÝ*Ü â àSÞ�ìÕÝ&ë\ëUç]í~è]à8ê~à�î
åòÜÏçYã&àABWì¤å*Þ\çYÜ ý â à�åSã
ýìÕà�ê
Üdå�ù
ô¤å*ÞN�¥ë Ú Ûfëzÿ8çYÜ â Ü â à ñ åMê¤ß ñ}V ëQÜkåòÜÏàSë8ß�àSë ï Þ\ç]í_à�ß�ç]ê � à ï ÜÏç]Ý"ê Ó Ú Ó Ú 	 á çYÜ8çaë8õ³å*Þ8õûÞ\Ý"ä ï àSÞQÜkåMç]êÿ â à�Ü â àSÞ�å*ê
ý�Ý"õAÜ â à�ëUàæÝ*Ü â àSÞ�ì_àSê
Üdå�ù&ô_å*ÞN�¥ë�åMÞ\à6ëQÜkå*í�è]à�å*î&å*ç]ê~ëUÜ�ëUÜ\Þ\Ý�ê~î ß¥à ï å�ý á Ý�Þ2ÿ â à�Ü â àSÞ2Ü â à�ý



� ×â å�ã&àæÝ*Ü â àSÞ�ì�Þ\Ý"ì_àSÞQÜÏç]à�ë ï å*ô~ë\ç]ê�î�Ü â àSä Ü\Ý í_àæê_åMÞ\ÞUÝòÿ àSê~Ý�ô~î â ÜÏÝ�í_àæÝ"í~ëUàSÞUã�å*í�è]à Úoj à�ã&àSÞQÜ â àSè]à�ë\ë áÿ�à â åSã"à�åMÜ�è]àòå�ëQÜ�ë â Ýòÿ8ê â Ýòÿ§Ü â à�ý ï åMêËíÕà6å ïSï Ý"ä�äéÝ¥ß~åMÜ\à�ßFç]êFÜ â àæè�åMÞ\î�à ��� ì�ç ï Ü\ô~Þ\à á å*ê~ß,ß¥à�BÞ\çYã"à�ß�ëUÝ�äéà�ÞUàSè�åMÜ\ç]Ý"ê~ëOÜ â åMÜOÜ â à�ý�ä�ô¤ëQÜ7Ý"í_à�ý	ç]õ�Ü â à�ý	ß�Ýéç]ê¤ß¥àSà�ß	à��¥çaëQÜ Ú1p õhì¤å*ÞUÜ\ç ï ô�è�å*Þ8ê�Ý�ÜÏà2çaëzÜ â àì~ÞUà�ß¥ç ï ÜÏç]Ý�ê�Ü â åòÜ7Ü â à �Q� ëUÜdåMÜ\à�ë á è]ç��"à2Ü â à ��q ëQÜkåMÜ\à�ë ï Ý�ê¤ëUçaß�à�Þ\à�ß	ç]ê�@ â åMì�Ü\àSÞ Ó á äæåSý å*èaëUÝæíÕà�è]ç]î â ÜàSê�Ý"ô�î â Ü\Ýéí_à�ëQÜdå*í~è]à�å*î&å*ç]ê¤ëQÜ8ëUÜ\Þ\Ý�ê~îæß�à ï åSý ÚÛ�Ü2Ü â çaë�ìÕÝ"ç]ê&Ü á çYÜ�çaë2ô�ì ÜÏÝ	Ü â à�à��¥ì_àSÞUç]äéàSê&ÜkåMè]çaëUÜÏë�ÜÏÝ�ß�à�ÜÏàSÞUäéç]ê�àéÿ â à�Ü â à�Þ�Ü â àrk4m�çaë�Þ\àòåMèHÝ�Þå*ê ô~ê�õoÝ"ÞQÜÏô�ê_åMÜ\à�åMÞUÜ\ç]õ å ï ÜfÝ"õJä�çaë\î�ô~çaß¥à�ß ß¤åòÜkå6å*ê¤å*èYý¥ë\çaë Ú Ûfë7ê~Ý*ÜÏàSß�ç]ê Ü â à�ç]ê
Ü\Þ\Ý¥ß¥ô ï ÜÏç]Ý"ê á ì~è�å*ê�ê~àSßà��>ìÕà�Þ\ç]äéà�ê
ÜÏë åòÜs@9t�Û � åMê¤ßL@ p � H B úup � ÿ8ç]è]è â Ý�ìÕà�õoô~è]èYý�ëUà�ÜUÜÏè]à�Ü â çaë�ù&ô~à�ëQÜ\ç]Ý"êmëUÝ
Ý"ê Ú ó õ�Ü â à
k m ß¥Ý>à�ë2Ü\ô~ÞUê,Ý"ô�Ü�ÜÏÝ�à��>çaëQÜ á Ü â çaë2Ü â à�ëUçaë�ìÕÝ�ç]ê
ÜÏë�ÜÏÝ ëUÝ"ä�à6ç]ê
ÜÏà�Þ\àSëUÜ\ç]ê~î�ì~è�å ï à�ë2ÜÏÝ�è]Ý>Ý�� õoÝ"Þ�Ý�Ü â à�ÞìÕà�ê
Üdå�ù
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¬ � ¬73 ¬7­ ¬I® ¬7¯ ¬u° ¬ �N�
��� � �±³² 
 3� �±³²�´Aµ 
 µ� �±³²·¶¹¸»º[¸� �±�¼² ¶¹¸�½ 
 µ��¾"¿ µ�¸��À �±9¼²�Á µ�¸ 
 µ� º[¸� �±(Â² 
 3� ¶Ã¸»º1¸�

�!Äq ��� ­® ±³² Å ­® ±³² Å ±³² m °° ±³² Å �3 ±�¼² ±³² m °Æ ±�¼² Å �Æ ±�¼²
� Ä � ��� ­® ± ² �® ± ² Å ± ² m °° ± ² Å �3 ± ¼² Å ± ² m °3Ã® ± ¼² Å �Æ ± ¼²
Ç Ä � ��� ­® ±³² �® ±³² ±³²NÈRÉ� 3 ±Ê² Å ­ ±Ê² m ¯® ± ¼² ±³²ËÈRÉ® Æ ± ¼² �� ° ± ¼²
�!� Äq ��� ­® ±³² Å ­® ±³² ±³² m ­� 3 ±Ê² ±³² m ­® ±�¼² Å ±³² m ­� ° ±9¼² �� ° ±�¼²
�!� Ä � ��� Ì ± ² m � °® ± ¼² Å Ì ± ² m � °� 3 ± ¼² ± ¼² È ­ ±³²ËÈ 3T¯� 3 ± ¼² Å ­ ± ² m 3N­3Ë® ± ¼² ÈR± ² m � É® Æ ± ¼² Ì® Æ ± ¼²
�!� Ä3 ��� � ¯® ±³² ­® ±³² ±³²ËÈ � ¯� 3 ±³² Å ¯"Í ±Ê² m �ÃÎ® ± ¼² ±³²ËÈ � ¯� ° ± ¼² ¯� ° ± ¼²
���!Ï Ä� ��� � ¯® ±³² Å ¯® ±³² ±³² m É� 3 ±Ê² ­ ±Ê² m �T�® ±�¼² Å ¯"Í ± ² m É Î® Æ ±�¼² ¯� ° ±�¼²
�OÐ ±­hÑN3 ��� 3± ² �3 ± ² ±³² m ¯� 3 ± ² ­ ±Ê² m Ì° ± ¼² Å ±³² m ¯3Ã® ± ¼² �° ± ¼²
Ò ± � ÑT3 ��� ­AÍ ±³²ËÈ �ÃÎ3 ±�¼² Å ­AÍ ±³²ËÈ �ÃÎ® ±�¼² ± ¼² È �Dq ±³² m É� 3 ±�¼² È ­ ± ¼² m 3 ±³²Æ ±9Â² ± ¼² m � ® ±³²� ° ±(Â² �Æ ±�¼²

Ó�Ô)ÕPÖ�×-Ø/ÙÛÚ�Ü � Ô)ÝTÞTß � ×�Ö�×·àá×·âãÝhäIå�æ�äTß�â!ç$Ö�×AÝuå$èf×·Þ"Ô�Ýhå�Þhä ¬ � ÝTéPÞTå�êPç�é ¬ ° Ô)âRë ¬ �T� ÝTåìå$ÞTë!×�Þ-Ú �Aí 3î Ù(ï¹ÝäNéPå�êPÖÛëáÕQ×[âPå�Ýh×·ëáÝTéfÔ�ÝðÝhé!×Fñ"òôóôõ�ö!à÷Ô�ÝhÞNß � ×·Ö�×�à�×·âôÝ"äðæøå$Þ,Ýhé!×�ù � Ä � à-êPÖ�ÝTß�èPÖ�×�Ý�Ô�ÞN×[ß�ârÔ�ç�ÞT×·×�à�×�âãÝðú[ß�ÝhéÝhé!×7ÞT×»äNê!Ö�Ý"ä9å$æ9û&%�ÚAü
ÙðýPå$Þ1ÓþÔ�ÕPÖ�×7ï�ÿ �±³² Í ±³² m �ÃÎ ú1Ô�ä9×��OèfÔ�âPë!×·ëlÔ�ä �±�¼² Å �±(Â² ������� ÿRÔ�âPërå$â!Ö��ìÝh×�ÞTà�ä�ê!è
Ýhåáå$ÞTë!×·Þ/Ú ��í 3î ú�×�ÞT×	�$×�è!Ý·Ù
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¬ Ì ¬ Æ ¬ É ¬ �Dq
�±³²�� ´�� µî�� µ� �±³²�� ´ ´ µ � µ� 3± ¼² � ´ ¶ ¸ ½ � µ� ¾"¿ µ�¸î À �± ¼² � ´ Á µ�¸ � µ� º ¸î� � Ä � ÑT3 � � � �

­ �PÄ­TÑT3 �® ±³²�� ´ �® ±³²�� ´ � Å �3Ë® ±³²�� ´­ � Ä � ÑT3 Å �3 ±³²�� ´ Å �3 ±³²�� ´ � �� 3 ±³²�� ´­ Ç Ä­TÑT3 �® ±³²�� ´ �® ±³²�� ´ Å �® ±Ê²�� ´ �® Æ ±³²�� ´­ Ç Ä � ÑT3 Å �3 ±³²�� ´ Å �3 ±³²�� ´ �3 ±Ê²�� ´ Å �3Ë® ±³²�� ´� ù � Ä � ÑT3 � � � �
­ ù � Ä­TÑT3 ­Æ ±³²�� ´ �Æ ±³²�� ´ Å �Æ ±Ê²�� ´ �É ° ±³²�� ´­ ù � Ä � ÑT3 Å ­® ± ² � ´ Å �® ± ² � ´ �® ± ² � ´ Å �® Æ ± ² � ´¯ ù � Ä ¯NÑT3 ­® ± ² � ´ �® ± ² � ´ Å �® ± ² � ´ �® Æ ± ² � ´¯ ù � Ä­TÑT3 Å ÉÆ ±³²�� ´ Å ­Æ ±³²�� ´ ­Æ ±Ê²�� ´ Å �­h3 ±³²�� ´­ ù �!Ï Ä­TÑT3 ¯Æ ±³²�� ´ Å �Æ ±³²�� ´ �Æ ±Ê²�� ´ Å �É ° ±³²�� ´­ ù �!Ï Ä� ÑT3 Å ¯® ±³²�� ´ �® ±³²�� ´ Å �® ±Ê²�� ´ �® Æ ±³²�� ´
 ±­hÑT3 �® ±³²�� ´ �® ±³²�� ´ Å �® ±Ê²�� ´ �® Æ ±³²�� ´
 ± � ÑT3 Å �3 ±³²�� ´ Å �3 ±³²�� ´ �3 ±Ê²�� ´ Å �3Ë® ±³²�� ´­ �!Ä � ÑN3 Å � �PÄ � ÑT3 Å � ­® ±³²�� ´ � ­® ±³²�� ´ � Å �3 � ­ ±³²�� ´­ ù � Ä � ÑT3 Å � ù � Ä � ÑT3 �3 � 3 ±³²�� ´ Å �3 � 3 ±³²�� ´ Å �3 � 3 ±³²�� ´ Å �3Ë® � 3 ±³²�� ´¯ ù � Ä­TÑT3 Å ­ ù � Ä­TÑT3 Å � ¯Æ ±³²�� ´ ¯

Æ � ­ ±³²�� ´ � ¯° ±Ê²�� ´ � ¯É ° ±³²�� ´
Ó�Ô)ÕPÖ�×4Ø-Ù��ãÜ � Ô)ÝhÞNß��ì×·Ö�×·àá×·âôÝ"ä9å�æ³é!×�Ô����ìå�èQ×�Þ"Ô)ÝTå$ÞTä ¬ Ì Ýhé!ÞTå�êPç$é ¬ �Dq ÝhåFå$ÞTë!×�ÞMÚ ��í î � � ÙðÓ1é!×4Ö Ô�äËÝÝhé!ÞT×�×FÞTå»úuä7äNéPå»ú å �fB ë!ß Ô�ç�å$âRÔ�ÖÊà÷Ô�ÝhÞNß�� ×�Ö�×·àá×·âãÝhä�ÿQú[éPß"!hé Ô)ÞT×-ÞT×·Ö Ô�Ýh×·ë ÝTå÷ÝTéP×-à�ß��Oß�âPç¦Ô)âPç�Ö�×»ä�Ù4ØIÖ�Ö
ÞT×·äNêPÖ�Ý"ä1ß�âlÝhé!ßÛä1Ý�Ô)ÕPÖ�×/Ô�ÞT×�×���èfÔ)âRë�×»ëoÝTå$#&%ËÚ � % í î � ��' Ù
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BPÄq Å % ± ¼² m ­ ±³² Í�C m ? Î È Í�­DC m ? q"Î '� ­�Í ±³² m ? Î Í ±³² m ¯ Î
± Â² m ­ ± ¼² Í�C m ­ Î m ±³² Í @ ®DC m ? Ì Î@ � ­AÍ ±³² m ? Î Í ±³² m ¯ ÎB Ä ? Å % ± ¼² m ­ ±³² Í�C m ? Î È Í�­DC m ? q"Î '� ­�Í ±³² m ? Î Í ±³² m ¯ Î
± Â² m ­ ± ¼² Í�C m ­ Î m ± ² Í @ ®DC m ? Ì Î@ � ­AÍ ±³² m ? Î Í ±³² m ¯ ÎÇEPÄ ? ±³² m °FC È ¯@ � ­AÍ ±³² m ? Î

± ¼² m ±³²NÈ °FC m °@ � ­AÍ ±³² m ? Î
ùHG Äq ® ±³² m ­�I m ? Æ C È ®Æ � ­AÍ ±³² m ¯ Î

® ± ¼² m ® ±³² Í�­FC m ¯ Î m ­�Í ? ®JC m Æ Î È ­ IÆ � ­AÍ ±³² m ¯ Î
ùHG Ä ? Æ ± Â² m ± ¼² Í�­ I m ­ q C È @ ® Î? ° � ­ ±9Â²

@ ® ±LK² m ± Â² Í Ì @ C Î ÈR± ¼² Í É I m É q C m ¯ @ Ì Î® Æ � ­ ±(Â²
ùHG Ä @ Æ ±³²ËÈ ­ I È ? Æ C m ? °? ° � ­�Í ±³² m ? Î

Æ ± ¼² m Æ ±³² Í�­FC m ? Î m ­�I È ­AÍ ? ®JC m Æ Î? ° � ­�Í ±³² m ? Î
ùMG Ï Ä? @ ±³² m ? ¯FC m ? ®® � ­AÍ ± ² m Ì Î

@ ± ¼² m @ ±³² Í�­DC m Ì Î m @ Ì C® � ­AÍ ± ² m Ì ÎBPÄq Å ùHG Äq Å ­ @ ?±³² m ¯ON Í È C Î Í ±³²ËÈ ? Î Í ±³² m @ C m ¯ Î±³² m ? ­ @ ?±³² m ¯PN Í È C Î Í ±³²NÈ ? Î Í ±Ê² m @ C m ¯ Î±³² m ?
BPÄ ? Å E Ä ? � ­@ ?±Ê² m ? N Í ± ² m ­ Î Í ± ² È ? Î±³² m ¯ Å&� ­@ ?±Ê² m ? N Í ± ² m ­ Î Í ± ² È ? Î±³² m ¯
B Ä ? Å ùHG Ä ? ?

� °
Í ±Ê²ËÈ ? Î�Q Í È C Î Í ±Ê² m @ C m ¯ ÎÍ ±³² m ? Î Í ±³² m ¯ Î Å ?

� °
Í ±Ê²ËÈ ? Î�Q Í È C Î Í ±³² m @ C m ¯ ÎÍ ±³² m ? Î Í ±³² m ¯ Î

E Ä ? Å ùHG Ä ? Å ?
� @ ?±Ê² m ? N Í È C Î Í @ È C Î Í ±Ê²ÃÈ ? Î±³² m ¯ ?

� @ ?±³² m ? N Í È C Î Í @ È C Î Í ±³²ËÈ ? Î±Ê² m ¯
ùHG Ï Ä? Å ùHG Ä ? � ¯® N Í È C Î Í�C m ® Î Í ± ² m ¯ ÎÍ ±�¼² È ? Î Í ±³² m Ì Î ÅR� ¯® N Í È C Î Í�C m ® Î Í ± ² m ¯ ÎÍ ±�¼² È ? Î Í ±³² m Ì Î

Ó�Ô)ÕPÖ�×�Ø-ÙTS�ÜVU�Ô)ÝhÞNß��o×�Ö�×·à�×�âãÝhä1å$æ³Ý¹ú�åáå�æ³ÝhéP× �VW %�S ' ÕPÞT×»ÔX�ãß�âPç�å�èQ×�Þ"Ô)ÝTå$ÞTä[Ô)ÝIå�Þhë�×·ÞZY�ÿ >[? Ô�âPë >\@ ÙÓ1é!×�ÞT×»äNê!Ö�Ý"ä�æøå$ÞMÝhé!×¦ùHG]?�éfÔ^�$×�ÕQ×·×�â ×���èRÔ�âPë!×»ë�Ýhå¦å$ÞTë!×�Þ÷Ú`_ í î ÙRa;ßÛäMÝhé!×�ßÛäTå$äNèPß�â2Ô�âPë � ßÛäMÝhé!×
äËÝhÞhÔ�âPç�×·â!×»äTä�å$æ[ÔlèfÔ�ÞËÝhß"!AêPÖ Ô�Þ-äËÝ�Ô�Ýh×$Ù j å�Ýh×�ÝhéRÔ)Ý`Ô)Ö�Ö(àìÔ)ÝTÞTß�� ×·Ö�×�à�×�âãÝ"ä/â!å�ÝFë�ß Ô�ç�å$âfÔ)Ö(ß�â
asÔ�âPë ��$Ô)âPßÛäNé�ÙðýRå�Þ[×��PÔ)à�è!Ö�×$ÿ!ÝTéP× B ? Ô)âRë E ? àáß��lå$â!Ö��oæ å$Þ �cb Å Ú ¾ a b Ú`_d�ãÙÓ1é!×�æKÔe!�Ýhå�Þ7f+ë�×·èf×·âRë!ä1å$â¦ÕQå�Ýhé;äËÝTÞ"Ô�â!ç$×�âP×»äTä[Ô�âRëlßÛäNåôäNè!ß�â�ÜVf bhg a @ � g a Å � @ Ù
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BPÄq Í @ m ­FC Î ± ¼² m Í @ ® m ? Æ C Î ±³² m Í Ì q m ­ É C ÎÆ � ­ ±³² Í ±Ê² m ? Î Í ±³² m ¯ ÎB Ä ? Å Í @ m ­FC Î ± ¼² m Í @ ® m ? Æ C Î ± ² m Í Ì q m ­ É C Î­ @ � ­ ±³² Í ±³² m ? Î Í ±³² m ¯ ÎÇEPÄ ? Å Í�­ ±³² m Ì Î Í ±³² m ­DC m ? Î® Æ � ­ ±³² Í ±³² m ? Î
ùHG Äq Å ® ± ¼² m ±³² Í ? ®JC m ? ° m I Î m ®T°DC m ?u@ m I°N® � ­ ±³² Í ±³² m ¯ Î
ùHG Ä ? Å @ ® ±VK² m Í ? É Æ C m ­ I m ? ° Î ± Â²É ° � ­ ± K²
ùHG Ä @ Å Æ ± ¼² m ±³² Í @ @ C m @ ® È I Î È @ °DC È ­ @ È Ì I?+@ Æ � ­ ±³² Í ±³²ËÈ ? Î
ùMG Ï Ä? Å ° ± ¼² m ±³² Í ®T® m @ Ì C Î m Í ? ® m ° É C ÎÉ ° � ­ ± ² Í ± ² m Ì ÎBPÄq Å ùHG Äq ­ ± ¼² m ® ±³²NÈ Ì­ @ � ­ ±³² Í ±Ê² m ¯ Î N

Í È ­DC Î Í ±³² m @ C m ¯ Î±9¼² È ?
BPÄ ? Å E Ä ? Å ­ ± Â² m @ ÉN± ¼² m É ­ ± ² m ÉTÉ?+@ Æ � ­ ±³² Í ±³² m ? Î Í ±³² m ­ Î N ±³²NÈ ?Í ±³² m ¯ Î Í ±Ê² m ­ Î
B Ä ? Å ùHG Ä ? Å

Í�­ ± ¼² m @ q ±³² m É Î�Q Í È @ C Î Í ±³² m @ C m ¯ Î­ @ � ­ ± ² Í ± ² m ? Î Í ± ² m ¯ ÎE Ä ? Å ùHG Ä ? ±³² m ­® Æ � ­ ±Ê² Í ±³² m ? Î N
Í ±³²NÈ ? Î Í È °DC Î Í @ È C Î±³² m ¯

ùHG Ï Ä? Å ùHG Ä ? ÅR� ¯É ° ±³² m ­±³² N Í ± ² m ¯ Î Í @ È C ÎÍ ±³² m Ì Î Í ±�¼² È ? Î
Ó�Ô)ÕPÖ�×/Ø-Ù g ÜLUsÔ�ÝhÞNß��l×�Ö�×·àá×·âãÝhä1å$æÊÝTéP×4ÝhéPß�ÞTë �LW %vS ' Õ!ÞT×�Ôw�Oß�â!çìå�èQ×�Þ"Ô)ÝTå$ÞIÔ)ÝIå$ÞTë!×·ÞZY·ÿ > ­ ÙØ7ä1ÕQ×·æøå$ÞN×$ÿOf bhg a @ � g a Å � @ ÙJÓ1é!×�×�âãÝhÞ��oæ å$ÞMùMG]?1éfÔ�ä[ÕQ×�×·âl×���èRÔ�âPë!×»ërÝhå&#&%vYJ_ í î Ù
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èfÔ)ÞTß�Ý+�séP×�Ô�����èQ×�âM�Ý�ÔX�ãêRÔ�ÞF�Oä�Ô)Ý í î b S�ÙðÓ1é!×uÝTå$èrÞTå»ú äNé!å�úuäJÝTéP× B!Ä Ô)âRëìÝhé!× ÇE!Ä�� Ýhé!×7Õfå�ÝTÝTå$àdÞTå�ú äNéPå»úuäJÝhé!×FùMG ÄÔ�âPëoÝhéP×áùMG Ï Ä Ù
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ýþß�ç$êPÞN× n Ù��ãÜ� ��ãÝh×�âRäNß�å$âoå$æ�Ýhé!× B ÝTå í î¢¡ S�ÙJÓ�éP× B ÿPäNéPå�ú[â;Ô�Ý1ÝTå$èoÖ�×·æ Ý[æ å$Þ í î b S`Ô�âPërúIÞTß�ÝNÝh×�â
ß�âc£Z��âM�Oß�âsß�âPë!×�� âPå�Ý�Ô�Ýhß�å$â�Ô�ä�%ËÚ ¾ � ' ÿ�ÕQ×^!�å�à�×»ä¤%NÚ ¾ ±³²NÈ ?@ ' æøå$Þ�Ô)ÞTÕ!ß�ÝhÞ"Ô)Þ � åOëPë í î ¡ S�ÙMÓ1é!×�¥PÞTäËÝ
ÝÃú9å$!»Ô�äN×·äMÔ�ÞN×áäNé!å�úIâ�éP×·ÞN×$Ü í î b i ç�ß��ô×·äuÝhé!× Ò ÞT×�èPÞT×·äN×·âãÝ"Ô)ÝTß�å$â�ÿ3%NÚ ¾ Ú ' ÿ�Ô�âPë í î b§¦ ç�ß��ô×·äuÝhé!×ùHG£ÿ¨%NÚ ¾ � ' Ù,ïÃâ¦×»Ôe!hé.!»Ô�äN×�ÿ�ÝTéP×�äËÝ�Ô�Ýh×»ä�å�æþß�âôÝh×·ÞN×»äËÝuÔ�ÞN×�äNéPå�ú[â¦ß�âlÕPÖ Ôe!D�QÙðýRå�ÞIÔ�Ö�Ö í î ÿ�ÝTéP×��réfÔ^�$×4Ýhé!×ähÔ�àá×rßÛäNåôäNèPß�â Ô�âPëSäËÝhÞhÔ�âPç�×·â!×»äTä[��Ô�Ö�êP×·ä�ÿZ%�a ¾ � ' b %NÚ`_d� ¾ Å Ú ' Ô�âPëo% � ¾ Å � ' Ù�Ó�éP×·ß�ÞFé©��èQ×�ÞD!héfÔ�ÞNç$×·äÔ�ÞN× ±³²ËÈ @­ Ô�âPë ±Ê²ËÈ ¯­ ÿPÞN×»äNèQ×^!AÝTß��ô×·Ö��$Ù
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!�ê!Þ �$×»ë äNèfÔX!�×��KÝhß�àá×`Ô·ú[Ô��¦æ ÞNå$à�Ýhé!×-Ö�åH!·Ô)Ýhß�å�â�å�æ�ÝhéP×/èfÔ)ÞNÝTß"!�Ö�×$Ù[ïÃâRäËÝT×�Ô�ë�ÿRÝhé!×FäTèRÔe!A×��
ÝTß�à�×/ÞT×�à÷Ô�ß�âPä
� Ô�Ý»ÿJÕPê�Ý�úIß�ÝTé�Ôsë�×^¥P!Aß�ÝrÔ)âPç$Ö�×.!Aê!Ý�å�ê!Ý � ÝTéP×¦äNß�¸·×lå�æIÝhéRÔ)Ý÷Ô�â!ç$Ö�×lßÛäáèPÞNå$èfå$ÞNÝTß�å$âRÔ�Ö1ÝTåsÝhé!×là÷Ô�äTä
å$æMÝTéP×sèRÔ�ÞNÝTß"!�Ö�× û ¦ i ü
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