
YANG-BAXTER EQUATIONS ON MATRIX
DIALGEBRAS WITH A BAR UNIT

Raúl Felipe, Nancy López-Reyes, Fausto Ongay
and Raúl Velásquez

Comunicación Técnica No I-04-02/29-01-2004
(MB/CIMAT)



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

$�%�&')(�*,+-(/. 0-+21 3 4/5,6 %87:92;=<�&>)0-+-?/@ $ + ; +-A�1/58* % ')A B:>=C 7)D)%E; 4F5 %87:G=$�%�&')(�HI+-( &% A J)')+-?FK

1 LNM OQP,R�S:T�U2V�W-V/X U2V�Y Z-S2T�Y Z-[�\�]/^�_F`�O�a bFc d Z
4 M LNM O�P�efS2g�V h�V�W2VES2LfU-i2V

K j�WEc h/a k l c m-V/m�mEa�P�WFY c Z-n/U-c VES2O�a�mFa o o pq W)S2LfZ/o Z/r	iEc V
a s r�V�c o t�k V�UEo u v�d c r�V Y [ rIb2S-Z/W-w/V x-v�d c r�V�Y [ rIb

yNz/{ |�}/~F� |F�f� ��� � � �8� � � � � � �,�:�,��� � � ��� �,� ��� � � � � � �8� �-� � �f�8� � � �	� � ���:� � � � �:� � � � �8� � ��� � � � � �)� � �
� � � � � � � � � � � � ��� � � ��� � ��� � � � �:� � � � � � � � �2� � �8�,� �/� � � � �F� � � � �:� �-� � � � � � ��� � � � � � ��� � ��� ��� � �,� � � �N� � � � �
� � � ��� � � � � �)� �-� ��� � �,� � � � � � � � � �

���-�  �¡:¢,£)¤�� ¥ ¡:�,¦
§ U-k c W-w�Y ¨Ea�o V/l YfY ©Na WFY xIx/a V�k l,Z/k�l Z-SFW-Z/WEs d Z/r�r	UEY V�Y c h/a�h/a k l c Z/W-lfZ/u:r�V WEx�d o V/l l c d V�o2Y ¨-a Z/k c a l

¨2V h/afi2a d Z/r�afc W-d k a V/l c W-w/o x�c rIª2Z/k Y V�WFY S i2Z/Y ¨�u Z/k)r�V�Y ¨-a r�V�Y c d l)V�W2m�Y ¨Ea Z/k a Y c d V�oFªE¨ExEl c d l [,P�r�Z�W-w
Y ¨-a	h�V�k c Z/U2l�d Z/W2l Y k U2d Y l�c WQY ¨-c l�h/a c W)S2«-[2¬,[:¬:ZEm-V x�­ l a aQ® ¯ °F¯ S,± ¬f² ³ ´Nc WFY k ZEmEU2d a m�Y ¨Ea	WEZ/Y c Z�W�Z�ufV
¬:a c i-WEc µ�V�o w�a iEk VES/©�¨Ec d ¨Ic l,V�w/a W-a k V�o c µ V�Y c Z/WIZ/u:V�¬:c a�V�o w/a i-k VES/©�¨-a k a�Y ¨-a�l ¶/a ©�s l xErIr�a Y k x�Z/u2Y ¨-a
i-k V/d ¶/a Y,c l,mEk Z/ª-ª2a m:·/Y ¨Ea l a�V�o w/a iEk V/l8¨2V h/a�ª-k Z�h/a m	Y Z�i2a�a bFY k a r�a o x	U2l a u UEo SFV�r�Z/WEw�Z/Y ¨-a k,Y ¨-c W-wFl S
i2a d V�U2l a�Y ¨Ea x�¨2V h�aIV�h/a k x�W-c d aId Z/¨EZ/r�Z/o Z/w/x�Y ¨Ea Z/k x/[�¬:ZEm-V x�V�o l Z�l ¨-Z ©Na m�Y ¨-V�Y�Y ¨-a	u U-W-d Y Z/k c V�o
k a o V�Y c Z/W-l ¨-c ª¸i2a Y ©Na a W¹¬:c a�V o w/a i-k V�lIV�W2mºV/l l Z-d c V Y c h/a�V�o w/a i-k V/l S,Y k V�W-l o V�Y a l	c WFY Z»V�W¹V�W-V�o Z/w/Z/U-l
u U-W2d Y Z/k�i2a Y ©fa a W»¬:a c i-W-c µIV�o w/a i-k V/l�V�W2m�Y ¨-aIl Z/s d V o o a m¸¼�½ ¾�¿ °E® À Á ¾ ÂFS2©�¨-c d ¨»V�k aIV�w/a W-a k V o c µ V�Y c Z/W
Z/u,V/l l ZEd c V�Y c h/a	V�o w/a iEk V/lNª2ZFl l a�l c W-wIY ©NZIZ/ª2a k V�Y c Z/W2l [
Ã W¹Y ¨-a�Z/Y ¨Ea k�¨-V�W2m:SfY ¨EaQc rIª2Z/k Y V�WFY�k Z/o a�Z/u�Y ¨-a�d o V/l l c d V�o�ÄfV�W-w/s Å�V�bFY a k�a�n/U2V Y c Z/W¹c W¹Y ¨-a

Y ¨-a Z/k x	Z/u:¬:c a�V�o w/a i-k V/l,c l,V�o l Z�©fa o o-¶FW-Z�©�W:·FY ¨EU-l S/c W�± e8¬ Ã ³-©Na�Y k c a m	Y Z	mFa Æ-W-a�V�W2V o Z/w/U-a l,Z/u2Y ¨-a
d o V/l l c d V�o,ÄfV�WEw/s ÅNV�bFY a k�a nFU-V�Y c Z�W2l�u Z/k�¬:a c i-WEc µ�V�o w/a i-k V/l S)V�W2m�l ¨EZ�©fa�mQY ¨2V�Y�Z/W-a�d V�W�k c w�¨EY u U-o o x
l Y V�Y a	V�Y�o a V/l Y�Y ©NZ�h�a k l c Z�W2lNZ/u8Y ¨Ea l a�a n/U2V�Y c Z/W2l [
M W�Y ¨-c l:ª-V�ª2a k S ©NafU-l a,Y ¨Eafk a o V�Y c Z�W2l ¨Ec ª�i2a Y ©fa a WI¬:a c iEW-c µfV�o w/a i-k V/l)V�W2m�mEc V o w/a i-k V/l:Y Z�k a mFa k c h/a

Z/W-a�Z/u8Y ¨-a�ÄfV�W-w/s ÅNV�bEY a k�a nFU-V�Y c Z/W2lN©Na�¨-V/m�Z�i-Y V�c W-a m�c Wº± e,¬ Ã ³ S-W2V r�a o x
± Ç 4 K È Ç 1 K ³EÉ=± Ç 4 K È Ç 1 4 ³-Ê¹± Ç 1 4 È Ç 1 K ³2Ë=`

­ Ì Í)[8a n/U2V�Y c Z/W�­ ]F´ ´ [8Î»aNmEZ�Y ¨-c l8U-l c WEw�V�nFUEc Y a�mEc Ï2a k a WEY,V�ªEª-k ZFV/d ¨)S�Y ¨-k Z/U-w/¨	Y ¨-aNc WFY k ZEmEU-d Y c Z/W	Z/u
l UEc Y V i-o a�h�a k l c Z/W-l8u Z�kfmEc V�o w/a iEk V/l8Z/u2Y ¨-a�l Z/s d V�o o a mIP�k Y c W�V W2mInFU-V�WFY UErÐÄNV�WEw/s ÅNV�bFY a k,a n/U2V�Y c Z/W2l [
Ñ Ò Ò Ñ�Ó	Ô Õ Ö�× Ø�Ô Õ Ù Ú Û,Ü�Ý/Þ ß × Ú Õ,à-á Ô Û Û Ù â:Ú Ô Õ Ù ã ä � Ñ å æ�ç è �
é × ê�ë)ã ì í ÛNÔ äFí,î�Ö ì Ô Û × Û ï,ð � � ��� � ñf� � � � ��� � � ��ò:� ��� � � � � � � �
óE� � � � � � � ��� ��� �/� � � � ��� ��ô)õ,ö)�)ô:�8÷,� æ � � � � �/� ��� � ø � � �)ù ú � å Ò ù û)�

÷2� �/� � � �)� ��üFý�þ�� ÷ û ÿ

Ñ



ù

­ P�W-mQY ¨Ec l�d a k Y V�c WEo x�l U-ª-ª2Z/k Y l�a nFU-V�Y c Z�Wº­ ]/´�V/l�Y ¨-a�� k c w/¨FY ��V�W-V�o Z/w/U-a	u Z/k�¬:a c iEW-c µIV�o w/a i-k V/l�Z/u
Y ¨-a	d o V/l l c d V�o:ÄNV W-w/s ÅNV�bFY a k�a n/U2V�Y c Z/W:[ ´� Z/r�a ©�¨2V�Y	k a r�V�k ¶/V�iEo x/S,©fa�V�k a�V�o l Z�V�i-o a�Y ZQZ/i-Y V�c Wºa bFª-o c d c YIl Z/o UEY c Z�W2l�c W¹VQl ª2a d c V�oNd V/l a/S
V�W2m�u Z/k	V�l c r�ª-o a�i-UEY�k a o V�Y c h/a o x»V�r�ªEo a�d o V�l l�Z/u�mFc V�o w/a i-k V/l S)©�¨Ea k a/S)rIZ/k a Z h/a k S)Y ¨-a�l Z/o U-Y c Z/W-l
a bF¨-c i-c Y�h/a k xQW-c d aIw/a Z�r�a Y k c d V�o,ª-k Z/ª2a k Y c a l [�M Y�©fZ/U-o m�i2aIc WFY a k a�l Y c W-w�Y Z�U-W-mEa k l Y V�W-m�c uNY ¨-c l�c l
k a o V�Y a m�Y ZIY ¨-a�Z/UEY l Y V�W-mEc W-wIª-k Z/i-o a r Z/u8c WFY a w/k V�Y c W-w�¬:a c i-W-c µ	V�o w/a i-k V/l [
�/¦8���2���2� ���	�)� 
F �

�)£��E� ¥ ¡:���I¡:�����F��  ¥ �¹¢8¥ ��� ��

�8  ���/¦
¬:a Y�­ � È �8È � ´Ni2a	V�mEc V�o w/a i-k VES-Y ¨-V�Y�c l S2VIh/a d Y Z/k�l ª2V/d a�©�c Y ¨QY ©NZ�iEc o c WEa�V k S2V/l l Z-d c V Y c h/a�Z/ª2a k s

V�Y c Z/W2l S � S � S2l V�Y c l u xFc W-wIY ¨-a�k a o V�Y c Z/W-l
� � ­ � ��� ´,Ë � � ­ � ��� ´
­ � � �E´ ��� Ë � � ­ � ��� ´
­ � � �E´ ��� Ë=­ � � �E´ ���	�

RN¨-a W:S-c Y�c l�©fa o o)¶FW-Z ©�WQY ¨2V�Y�Y ¨Ea	l ª2V�d a��! 	Ë"�� F­ ��´fZ/u,l n/U2V�k a$#�%�#Qr�V�Y k c d a lN©�c Y ¨�a WFY k c a l
c W��	S:c l�V�o l Z�V�mFc V�o w/a i-k VES:©�c Y ¨�Y ¨EaIZ/ª2a k V�Y c Z/W2l�mEa Æ-WEa m�a WFY k xFs ©�c l a/S)V�W2m�V�wFV c W»mEa W-Z/Y a m � S �
­ Ì Í)[�± ¬)^�³ ´ [
P�o l Z-SEk a�d V�o o:Y ¨2V�Y�VImEc V�o w/a iEk VId V W-Z/W-c d V�o o x�mEa Æ-WEa l�VI¬:a c i-W-c µ	V�o w/a i-k VES-©�c Y ¨�i-k V/d ¶/a Y

± � È �/³:Ë � � ��Ê&� � � �
' Z�©�SEc u8©fa	V/l l U-rIa�Y ¨-V�Y(��ª2ZFl l a l a l�VIWEZ/W-s Y k c hEc V o)i2V k�UEW-c Y*)�S:½ ¯ ® ¯ S2V WQa o a rIa WEY�l V�Y c l u xEc WEw

) � � Ë � Ë � � )�·,+ ��- �	·
Y ¨-a W)S-l c W-d a�iEx�iEc o c WEa�V k c Y x�Y ¨-a�Z/ª2a k V�Y c Z/W2lNc W��Ðl V Y c l u x

` � � Ë � � `	Ë=` � � Ë � � `	Ë ` È�  V�o l Z�¨2V/l�V	W-Z/W-s Y k c hFc V�o:i2V�k�U-WEc Y SEW2V�rIa o x
. Ë

/00
1
) ` � � � `
`2) � � � `

[ [ [
` ` � � � )

3 44
5 �

­ ÅNxQV�� WEZ/W-s Y k c hFc V�o8i2V�k�U-WEc Y �I©Na	r�a V�WQ¨-a k a�VIi2V�k�U-W-c Y�Y ¨2V�Y�c l�WEZ/Y�V�U-W-c Y�u k Z/r!Y ¨-a�6	7�½ 8�9 ® Á
l c mEa/S-c W�©�¨-c d ¨Qd V/l a�c Y�c lN©Na o o)¶FW-Z ©�WQY ¨2V�Y�Y ¨-a�Y ©fZ�Z/ª2a k V�Y c Z/W-l�d Z/c W2d c mFa/S2V�W2m�Y ¨Ea	mEc V�o w�a iEk VIc l
l c r�ª-o x�V�W�V�l l ZEd c V�Y c h/a	V�o w�a iEk V	©�c Y ¨QUEW-c Y [ ´
¬:a Y�U-lIª2V�U-l a�u Z/k�V�r�Z/rIa WFY�Y Z»Z/i2l a k h/aQY ¨2V Y SNl c W-d a�� ¨2V/lIY ©fZ»Z/ª2a k V�Y c Z/W-l S:�  � V/d Y l �

W2V�Y U-k V�o o x¸Z/W!�  u k Z�r�Y ¨-aQo a u Y�c W¹Y ©NZ¸mFc Ï2a k a WFY�©NV xEl t�e-Z/k�; Ë ­ <>= ? ´ - �  S�V�W-m�@BA Ë
­ @ 1 È � � � È @� E´ - �  SE©Na	d V�WQmEa Æ-WEa/t

;DC>@�Ë
/0
1
E = < 1 = � @ =[[[E = <
 = � @ =

3 4
5



ç

V�W2m

;�� @�Ë /0
1
E = < 1 = � @ =[[[E = <  = � @�=

3 4
5 �

Î»a�©�c o o:W-Z/Y�¨2V h/a�r	U2d ¨�U2l a�Z/u8Y ¨Ec l�ª2a d U-o c V�k c Y x�Z�u8Y ¨-a�Z/ª2a k V�Y Z/k lNc W��  ·-i-U-Y S-c WQhFc a © Z/u8Y ¨-a
V�bFc Z/r�lfZ/u:Y ¨-a�i2V�kfU-W-c Y SEV�W-m�V/lf©fa�©�c o o:l ¨-Z/k Y o x�l a a/SFc W�©�¨2V�Yfu Z/o o Z ©�lfc Yfc lfY ¨-a�u Z/k r�a k�� V/d Y c Z�WB�
Y ¨2V�Y�Y U-k W2l�Z/U-Y�Y Z�i2a	Y ¨-a	rIZFl Y�c WEY a k a l Y c WEw�Z/WEaFS2V�W2m�c WQY ¨-a	k a r�V�c W2mEa k�Z/u,Y ¨-c l�ª-V�ª2a k�©Na	©Nc o o
Z/W-o x�d Z/W2l c mFa k�c Y S-mEk Z/ª-ª-c W-w�Y ¨-a�l U-i-l d k c ª-Y � [
��
	���-  ����� hEc mEa WFY o x/S-©Na	d V W»l c r�c o V�k o xQmEa Æ-WEa	k c w/¨FY�V/d Y c Z�W2l�Z/WQk Z ©�h�a�d Y Z/k l ·2Y ¨-a WQ©Na�©NZ/UEo m
l c r�ª-o x�c WEY a k d ¨2V�W-w�a � iEx � [' Z�©�S:o a Y�U2l�mFa k c h/aIY ¨-a�P�k Y c WºV�W-m�ÄfV�W-w/s ÅNV�bEY a k�a n/U2V�Y c Z/W-l�c W�Y ¨-c l�d Z/WFY a bFY S)©�¨Ec d ¨»©fa�mEZ
u Z/o o Z ©�c W-w�Y ¨Eafª-k a l a WFY V�Y c Z/W�Z/uN± ��³ [/­ eEZ/k8l c rIª-o c d c Y x�c W	Y ¨-a,©�k c Y c W-w-S ©Na,©�c o oFmEZ�Y ¨-afd Z�r�ª-UEY V�Y c Z/W-l
u Z/k�Y ¨-a�d V/l a #�Ë ^E·�Y ¨-a�w/a W-a k V�o�d V/l a�#ÐË ^
	º©fZ/U-o m¹V�rIZ/U-WFY�Y Zºo c Y Y o aQa o l aQY ¨2V�W V�i-o ZEd ¶
mEa d Z/rIª2ZFl c Y c Z/W�Z/u8Y ¨-a�r�V�Y k c d a l [ ´
R)ZIi2a w/c W�©�c Y ¨:S-w/c h/a W�V	Æ-bFa m�i-V�k�U-W-c Y*)/SE©Na�d V W�d Z/W-l c mEa k�Y ¨-a�r�V�Y k c b�Z/u � s ª:a k r	U-Y V�Y c Z/W

� Ë
� `2)) `�� È
� `2))�`�� � � @ 1@ 4 � Ë � ) � @ 4) � @ 1 � Ë � @ 4@ 1 � �

­ Î»a�Z/i-l a k h/a�V�Y�Y ¨-c lNª2Z/c WFY�Y ¨2V�Y�Y ¨-a k a�c lNW-ZIr�V�Y k c b�Z/u � s ª2a k rIUEY V�Y c Z/W�u Z/k�Y ¨-a�o a u Y�V/d Y c Z/W2l S
l c W2d a � `2))�`�� � � @ 1@ 4 � Ë
� ) � @ 4) � @ 1 ���Ë�� @ 4@ 1 � ·
Y ¨-c lNc l�©�¨Fx�©Na�k a l Y k c d Y�Z/U-k�V�Y Y a WFY c Z/WQY Z�Y ¨-a	V/d Y c Z/W � [Ng�Z�©fa h/a k S-Y ¨-a	l V�r�a��¸Z/iEhFc Z/U-l o x�V/d Y l
V/l�VIr�V�Y k c b�Z/u � s ª:a k r	U-Y V�Y c Z/WQu Z/k�Y ¨-a�k c w/¨FY�V/d Y c Z/W)[ ´' a bEY S/Y ¨-a�a bFc l Y a W2d a�Z/u2Y ¨-a�i-V�k,U-W-c YfmFa Y a k rIc W-a l8Y ¨-k a a�l ª2a d c V�o-a r	i2a m-mEc W-wFl � 4�� � K ·FY ¨2V�Yc l S2V�WFx�; - � 4 mFa Æ-W-a lNY ¨Ek a a�r�V�Y k c d a lNc W�� K hFc V

; 1 4 Ë /1 < 1 1 < 1 4 `< 4 1 < 4 4 `
` ` )

35 · ; 4 K Ë /1 ) ` `
` < 1 1 < 1 4` < 4 1 < 4 4

35 · ; 1 K Ë /1 < 1 1 ` < 1 4` ) `< 4 1 ` < 4 4
35 �

M Y�c lNY ¨-a WQV�l c r�ªEo a	d Z/r�ªEU-Y V�Y c Z/WQY Z�l a a�Y ¨2V�Y � l V�Y c l Æ-a lNY ¨-a�a n/U2V�Y c Z/W
� 4 K:� � 1 4:� � 4 K Ë � 1 4:� � 4 K:� � 1 4

­ c W	hFc a ©ºZ/uEY ¨EaNl a d Z/W2m	V bEc Z/r u Z/k,mFc V�o w/a i-k V/l)WEZ�ª2V�k a WEY ¨-a l a l)V�k afW-a a mEa m�¨-a k a�´ [,RN¨Ec l)rIZ/Y c h/V�Y a l
Y ¨-a�u Z/o o Z ©�c W-w-t



å

��
��f�)¥ � ¥ ¡:���2¦���� �:.
	��
����� � � ����	�� ����� ��� ) ������� ��	�� �
����� � � � .�!�"�#���$ ��� � � ����	�� � %'&(� � � �
� )������ � * �+$ � � � ��� � ,��
� * ) %-� .
­ ²�´ ; 4 K � ; 1 4 � ; 4 K Ë"; 1 4 � ; 4 K � ; 1 4 �
��
	���-  �,¦ P�l�mFa Æ-W-a m:S2Y ¨-aIP�k Y c W�a nFU-V�Y c Z�W»mEa ª2a W2m-l�Z/W�Y ¨EaIi-V�k�U-WEc Y ·:¨-Z ©Na h/a k S2Y ¨EaIu Z/k r!Z/u
Y ¨-a�a n/U2V�Y c Z/W�c l�d o a V�k o x�c W2mEa ª2a W2mFa WFY�Z/u8Y ¨-a�d ¨-Z/c d a�Z/u8Y ¨Ea�i2V�k�UEW-c Y [

RN¨Ea�l a YfZ/u:i2V�kfU-W-c Y l,c lNl Z/r�a Y c rIa�lfd V�o o a mIY ¨Ea0/-¾�¿ 7�Z/u:Y ¨Ea�mEc V�o w/a iEk VESEV�W-m:SFc W�w/a W-a k V�o SF©�¨Ea W
c Y�a bFc l Y lNc Y�c l�V�WQV�1�W-a�l U-i-l ª2V/d a�Z/u8Y ¨-a	mEc V�o w/a i-k VEtfM W2mEa a m:SEc u8©fa	l a Y

2 C	Ë43 �65 � � �IË=` +���7�· � 2 Ë�3 �65 � � � Ë=` +B��7 È
V�W2m )�c l�V�W-Z/WEs Y k c hFc V�o)i2V�k�U-W-c Y S2Y ¨-a W�Y ¨-a	¨-V�o Z�c l�Y ¨-aIV�1IW-aIl ª-V/d a	r�ZEmEa o o a mQV�u Y a k 2 C'8 � 2 S
V�W2m�ª2V�l l c WEw�Y ¨-k Z/U-w/¨ )�[
' Z�©�S8Y Z�k a o V�Y a�Y ¨-a�P�k Y c Wºa n/U2V�Y c Z/Wº©�c Y ¨ºY ¨Ea�ÄfV�W-w/s Å�V�bFY a k	a nFU-V�Y c Z/W2l S8©Na�Y ¨Ea W¸d Z/W-l c mFa k

ª2a k Y U-k i2V�Y c Z/W2l�Z/u,Y ¨-a	¶FW-Z ©�W»l Z/o U-Y c Z/W � Y Z�Y ¨-aIP�k Y c W�a n/U2V�Y c Z/W)S:V�W2m�o ZFZ/¶QÆEk l Y�u Z/k�l Z/o U-Y c Z/W-l
Z/u8Y ¨-a�u Z/k r

­ ^F´ 9 Ë � �;: Z/k=< Ë : � � �
­ Ã W-o xºY ¨-a l a�Y xFª:a l	Z/u�ª2a k Y U-k i2V�Y c Z/W-lIWEa a mºY Z»i2aQd Z/W-l c mEa k a m:SNl c W2d a � V/d Y lIV/l	ª2a k r	U-Y V�Y c Z/W
Z/W-o xQZ�W�Y ¨-a	i2V�k�l c mEa/[�P�W2mQV�o Y ¨-Z/U-w/¨Qc Y�c l�ª2a k ¨2V�ª-l�W-Z/Y�d o a V�kI¾$6-Á ½ 7/Á ½NY ¨2V�Y�i2Z/Y ¨»d V/l a l�xEc a o m
Y ¨-a�l V�rIa�k a l U-o Y l >¹l ZIZ/W-a�l ¨-Z�U-o m�c W�ªEk c W-d c ª-o a�Y V ¶/a�i2Z/Y ¨�c WFY Z�V�d d Z/UEWEY SEW-a h/a k Y ¨-a o a l l SEY ¨-a�a W-m
k a l U-o Y�Y U-k W2lNZ/U-Y�Y Z�i2a�Y ¨-a�l V�rIaFS-l ZI©Na�©�c o o8d Z/W-l c mFa k�Z/WEo x�Y ¨-a�u Z/k r�a k [ ´
' Z�©�SEu Z/k(9�V/l�V�i2Z�h/a�Z�W-a	d o a V�k o x�¨2V/l

9 = ? Ë � = ? �;: = ? · ²0?A@6BDC�? \E·
¨-a W-d a/SEU-ª2Z/WQl UEi2l Y c Y U-Y c Z/W�Z/u8Y ¨Ec lNc WQP�k Y c W�E lNa nFU-V�Y c Z/W)SE©Na�w/a Y

­ � 4 K:�;:�4 K ´ � ­ � 1 4:��:	1 4 ´ � ­ � 4 K:�;:�4 K ´
Ë ­ � 1 4:�;:	1 4 ´ � ­ � 4 K:��:�4 K ´ � ­ � 1 4:�;:	1 4 ´ �­ \F´

ÅfU-Y S2l c W2d a � c l�Y ¨-a�ª2a k r	U-Y V�Y c Z�WQr�V�Y k c b2S-Y ¨-a � E l�V�W-m : E l�l V�Y c l u x�Y ¨-a	d Z/rIrIUEY V Y c Z/W�k a o V�s
Y c Z/W2l�l Y V�Y a m�c W�Y ¨-a�u Z/o o Z�©�c WEw�o a rIr�VEt
� 
������F�2¦

: 1 4 � � 4 K Ë � 4 K �;: 1 K · : 1 4 � � 1 K Ë � 1 K �;: 4 K ·
: 1 K � � 1 4 Ë � 1 4 �;: 4 K · : 1 K � � 4 K Ë � 4 K �;: 1 4 ·
:�4 K:� � 1 4 Ë � 1 4 �;:	1 K · :�4 K:� � 1 K Ë � 1 K:�;:I1 4 �



�

�� �¡:¡�� ¦ RN¨-c l�c l�V�wFV�c W»V�k V�Y ¨Ea k�l Y k V�c w/¨EY u Z/k ©NV�k mQd Z/r�ªEU-Y V�Y c Z/W:·:u Z/k�Y ¨EaIl V�¶/a	Z/ufd Z/r�ªEo a Y a W-a l l
o a Y�U2l,X U2l Y�h/a k c u x�Y ¨-a�ÆEk l Y�Z�u8Y ¨Ea l a�k a o V�Y c Z/W2l t

: 1 4 � � 4 K Ë /1 � 1 1 � 1 4 `
� 4 1 � 4 4 `
` ` )

35 � /1 )�`#`
` ` )
`2)�`

35 Ë /1 � 1 1 ` � 1 4
� 4 1 ` � 4 4` ) `

35 ·

� 4 K �;: 1 K Ë /1 )�`#`
` ` )
`2)�`

35 � /1 � 1 1 ` � 1 4` ) `
� 4 1 ` � 4 4

35 Ë /1 � 1 1 ` � 1 4
� 4 1 ` � 4 4` ) `

35 ���
��
	���-  �,¦ RN¨-a k a�c lNZ/u,d Z/U-k l a	V	W-c d a�ª-V�Y Y a k W�c W�Y ¨Ea	V�i2Z�h/a�d Z�r�r	U-Y V�Y c Z/W�k U-o a�l t : = ? � ��� 	 Ë��� 	 �D:�
  S)©�¨-a k a;@'B�C-S�	+B
�fV�W2m�� B #8S8V�W-m»Y ¨-aIY ¨Ek a a�ª-V�c k l�Z/uNc W2mEc d a l�V�k a�mEc Ï2a k a WEY [
RN¨-a	c rIª2Z/k Y V�WFY�ª2Z/c WEY�c l�Y ¨2V�Y�l ©�c Y d ¨Ec W-w�Y ¨-a	Z/k mFa k�Z/u,Y ¨Ea	u V/d Y Z/k l�k a n/U-c k a l�V�W�c WEY a k d ¨-V�W-w/a	Z/u
Y ¨-a�Y ©fZ�Z/ª2a k V�Y c Z/W-lNc WQY ¨-a�mEc V�o w/a iEk VE[

j�l c WEw�Y ¨-c l:o a rIr�V�V�W2m�Y ¨Eafª-k Z/ª2a k Y c a l)Z�uEY ¨EaNmEc V o w/a i-k VNZ/ª2a k V�Y c Z/W-l,­ Y ¨-aNl Z/s d V�o o a m�� mEc r�Z/W-Z�c m
d V�o d U-o U-l �E·)± ¬)^�³ ´ S-Y ¨-a�o a u Y�¨-V�W2m�l c mFa�Z/uf­ ²�´Nd V�W�i:a�k a ©�k c Y Y a WQV/l�u Z/o o Z�©�l
­ � 4 K:�;:	4 K ´ � ­ � 1 4:�;:	1 4 ´ � ­ � 4 K:�;:	4 K ´,Ë � 4 K �;:�4 K:� � 1 4:��:	1 4:� � 4 K:�;:	4 K

Ë � 4 K �;:�4 K:� � 1 4:� � 4 K �;:	1 K:�;:	4 K
Ë � 4 K � � 1 4:�;:	1 K:� � 4 K �;:	1 K:�;:	4 K
Ë � 4 K � � 1 4:�;:	1 K:� � 4 K �;:	1 K:�;:	4 K
Ë ­ � 4 K:� � 1 4:� � 4 K ´ � ­ :I1 4 �;:	1 K:�;:	4 K ´ ·

©�¨-a k a/S-u Z/k�d Z/WFh/a W-c a W-d aFSE©fa�¨-V h/a�c W2l a k Y a�m�Y ¨-a�ª2V�k a WEY ¨-a l a lNc W�Y ¨Ea�o V�l Y�a bFª-k a l l c Z/W:[ � c rIc o V�k o x/S
Y ¨-a�k c w/¨FY�¨2V�W2m�l c mEa�i2a d Z/r�a l

­ � 1 4:� � 4 K:� � 1 4 ´ � ­ :�4 K:�;:	1 K:��:	1 4 ´ �
RN¨FU2l SE©Na�¨2V h�a�ª-k Z�h/a m
�� �¡��f¡�� ¥ � ¥ ¡:� �-¦;& . ����� � � ����� * � ��� � � * ��� * � 9=Ë � �;: � *�	��(�0. * � ��� � * ��� *0&-� � � ��� . � )������ � * �
� .

­ _E´ :I1 4 �;:	1 K:�;:	4 K Ë :�4 K �;:	1 K:�;:I1 4 �
"�#�� .-� .'� # �
)���� � � ����� � ����� �(� � � � �'� )������ � * � ��* � �!�"�-��� * �0��� � � ����	�� ��. !

��
	���-  �,¦ g�V�mº©fa�U-l a m»c W2l Y a V/mºVQmEa u Z/k r�V�Y c Z/W¸Z�u�Y ¨-a�Y xFª2a�< Ë : � � S8©Na�©fZ/U-o m»¨-V h/a
V�k k c h/a m�Y Z�Y ¨-a�a n/U2V�o c Y x

­ : 4 K �;: 1 K �;: 1 4 ´ � ­ � 4 K � � 1 4 � � 4 K ´,Ë
­ :	1 4:�;:	1 K:��:�4 K ´ � ­ � 1 4:� � 4 K:� � 1 4 ´ È



�

V�o l Z�o a V/mFc W-wIY Z�­ _E´ [
Ã iFhFc Z/U2l o x/SFY ¨Ea�i-V�kNUEW-c Y . - � 4 c lNV	l Z/o U-Y c Z/W�Y Z	Y ¨Ea���Ä�Å¸a n/U2V�Y c Z/W)SEl c W-d a . = ? c l8X U2l YNY ¨-ad Z/k k a l ª2Z/W-mEc W-wIi2V�k�U-W-c Y�c W � K ­ l Y c o o8mFa WEZ/Y a m . ´ S2V�W-m�Y ¨FU2l SEu k Z/r Y ¨Ea	nFU-V�WFY UEr a n/U2V�Y c Z/W�©Nad V�W�W-Z ©ÐY k x�Y Z�ª2V/l l�Z/W�Y Z�Y ¨-aId o V/l l c d V�o8a n/U2V�Y c Z/W�c W�Y ¨-a	U2l U-V�o,©NV x�­ Ì Í)[�± ��³ ´ t2Î»aId Z/W-l c mFa k

V�wFV�c W¸VQmEa u Z/k r�V�Y c Z/WºZ/u�Y ¨-c l	l Z�o U-Y c Z/W)S8Y ¨-c l�Y c r�a�c WFh/Z/o hFc W-w�VQu Z/k r�V�ofª2V�k V�r�a Y a k��:·,©�c Y ¨-Z/U-Y
o ZFl lfZ/u:w/a W-a k V�o c Y xIu Z/kfY ¨Ea�u Z/o o Z�©�c WEwIV�k w/U-r�a WFYf©Na�d V�W�d Z/W2l c mEa kNZ/WEo xIÆ-k l YfZ/k mFa k�mEa u Z/k r�V�Y c Z/W2l S
: Ë . É��-Ç�S-V�W2m�l Z-S-l UEi2l Y c Y U-Y c W-wIc WQi2Z/Y ¨Ql c mFa l�Z/u,­ _E´f©fa�w/a Y t

­ . É��-Ç 1 4 ´ � ­ . É��-Ç 1 K ´ � ­ . É��-Ç 4 K ´fË. É��)± Ç 1 4 � . ÉºÇ 1 K É . � Ç 4 K ³
É�� 4 ± Ç 1 K:� Ç 4 K É¸Ç 1 4:� Ç 1 K É¸Ç 1 4:� . � Ç 4 K ³

É�� K ± Ç 1 4 � Ç 1 K:� Ç 4 K ³
­ . É��-Ç 4 K ´ � ­ . É��-Ç 1 K ´ � ­ . É��-Ç 1 4 ´fË. É��)± Ç 4 K � . ÉºÇ 1 K É . � Ç 1 4 ³

É�� 4 ± Ç 1 K:� Ç 1 4 É¸Ç 4 K:� Ç 1 K É¸Ç 4 K:� . � Ç 1 4 ³
É�� K ± Ç 4 K � Ç 1 K:� Ç 1 4 ³

g�a k a�©fa»¨-V h/a»V¸mFc Ï2a k a W2d a�©�c Y ¨=Y ¨-a»l Y V�W-m-V�k m d V/l a/S�i2a d V�U2l a�Y ¨Ea�o c W-a V�k�Y a k r�l�mFZ¸W-Z/Y
V�U-Y Z/r�V�Y c d V�o o x¹d V�W-d a o�Z/U-Y ·�Y ¨Ec l�¨-V�ª-ª2a W2l�Z�W Y ¨-a�d Z/W2mEc Y c Z/W¹Y ¨-V�Y»± . È Ç�1 4 ³IË�± . È Ç�4 K ³	Ë `ES
©�¨-c d ¨�d o a�V�k o x�c lNY ¨-a	l V�r�a�V/l

­ 	F´ ± . È ÇN³:Ë=` È
V�W2m�VIl ¨-Z/k Y�d Z/r�ªEU-Y V�Y c Z/W�l ¨-Z�©�l�Y ¨2V�Y�Y ¨-c lNc lNY ¨-a	l V�r�a�V/l	± ) È 
 = ? ³:Ë ` È +�@ È CE[' a h/a k Y ¨-a o a l l S:V/l l U-rIc W-w�Y ¨-c l�c l�Y ¨-aId V/l aFS2V�W2m�a nFU-V�Y c WEw�Y ¨-a	Y a k r�l�n/U-V/mEk V Y c d�c W��2S2©Na	w�a Y
V�wFV�c WQV/l�VIWEa d a�l l V�k x�d Z/W2mEc Y c Z/W�u Z/k : Y Z�l V�Y c l u x���Ä�Å Y ¨Ea�u Z/o o Z ©�c W-wIk a o V�Y c Z/W
­ ]F´ ± Ç 4 K È Ç 1 K ³FÉ=± Ç 4 K È Ç 1 4 ³-Ê¹± Ç 1 4 È Ç 1 K ³:Ë ` È

©�¨-c d ¨Qc l�V	W-Z/WEs l ¶/a © l xFr�rIa Y k c d�h/a k l c Z/W�Z/u8Y ¨-a	d o V�l l c d V�o:ÄfV�W-w/s Å�V�bFY a k�a�n/U2V Y c Z/W�­ LfÄ�Å�´ [� n/U2V�Y c Z/Wº­ ]F´�a b-V/d Y o x�d Z/k k a l ª2Z/W-m-l�Y Z�Y ¨Ea�LfÄ�Å a n/U2V�Y c Z/W�©Na	Z/i-Y V�c W-a mQc W¹± e,¬ Ã ³f­ u Z/k�Y ¨-a
i-k V/d ¶/a Y	d V�o o a m»Y ¨-a k a�± 
 È 
 ³ �,´ [ ' Z/Y c d a�Y ¨-a�rIc WFU2l�l c w/W»c W»Y ¨Ea�Y ¨-c k m�Y a k rQS)©�¨Ec d ¨»c rIª-o c a l�Y ¨2V�Y
Y ¨-c l,a nFU-V�Y c Z/W�c lfWEZ/Yfa nFUEc h/V�o a WFYfY Z	Y ¨-a�U-l U2V�o:LfÄ�Å¸a�n/U2V Y c Z/W�c u:Y ¨-a�i-k V�d ¶/a Yfc l,W-Z/YNV�o Y a k W-V�Y c WEw-[
� �/¦f�)¡B� £:��¥ ¡:���I� ¡»����
����-���2� ���	�:� 
F �

�8£��E��¥ ¡:��� � ¡2 ��8� ¢8¥ ��� �B

�8  ����¦' Z�©�S2a h/a WQc W�Y ¨-aIl Y V�W-m-V�k m�l a Y Y c W-w�c Y�c l�W-Z/Y�V�WQa V/l x�Y V/l ¶�Y Z�Æ-W2m�W-Z/WFY k c hFc V�o8l Z/o UEY c Z/W-l�Y Z
Y ¨-a	ÄfV�W-w/s ÅNV�bEY a k�a�n/U2V Y c Z/W-l ·2c WQY ¨Ec l�l a d Y c Z�W�©faId Z/W2l Y k U-d Y�a bFª-o c d c Y�l Z/o UEY c Z�W2l�u Z/k�V�WQc WFY a k a l Y s
c W-w»d o V/l l	Z/u�mEc V�o w/a iEk V/l	©�c Y ¨¸WEZ/WEY k c hEc V�oNi2V�kIUEW-c Y l�­ k a o V�Y a mºY Z�Y ¨-a�V�o w/a i-k V/l	©�c Y ¨¸Z/ª2a k V�Y Z/k l
r�a WFY c Z/W-a m�c Wº± ¬,² ³ S-l a a	V�o l Z�± e)³ ´ S2V/lNu Z/o o Z ©�l t



�

¬:a Y . i2a�V�h/a d Y Z/kIl ª2V/d a�V�W2m»ÆEb � - .�� ­ Y ¨Ea�V�o w/a i-k V�c d�mEU2V�o ´ [�RN¨-a WºZ/W-a�d V�W¸mFa Æ-W-a�V
mEc V o w/a i-k V�l Y k U-d Y UEk a�Z/W . iFx�l a Y Y c WEw
­ �/´ � � �IË � ­ �E´ � · � � �IË � ­ � ´ � �
Åfc o c WEa V�k c Y x�Z/u�Y ¨-a�Z/ª2a k V�Y c Z/W2l�c l�a hEc mEa WEY�u k Z/r Y ¨-a�mFa ÆEW-c Y c Z/W)S,V�W-m¸V�l l ZEd c V�Y c hFc Y xºV�W2m»Y ¨-a

mEc V o w/a i-k VIV bEc Z�r�lNV�k a�V�o l ZIn/U-c Y a�l Y k V�c w�¨EY u Z/k ©NV�k m2tfeEZ/kNc W2l Y V�W2d a/SFu Z/kNY ¨-a�V/l l ZEd c V�Y c hFc Y xIZ/u � ©Na
¨2V h/a

� � ­ � ��� ´,Ë � � ­ � ��� ´,Ë � � ­ � ­ �E´ � ´,Ë � � ­ �-´ � ­ � ´,Ë ­ � � �E´ � ­ � ´,Ë ­ � � �E´ ��� ·
V�W2m�d o a V�k o x�Y ¨-a	l V r�a�¨EZ/o m-lNu Z/k�Y ¨Ea � Z/ª2a k V�Y c Z/W:[� c r�c o V�k o x/SEu Z�k�Y ¨-a�Æ-k l Y�mEc V�o w/a i-k VIV�bFc Z/r ©Na�¨-V h/a

� � ­ � ��� ´,Ë � � ­ � ��� ´,Ë � � ­ � � ­ � ´ ´,Ë � � ­ �-´ � ­ � ´
©�¨-c o a � � ­ � ��� ´,Ë � � ­ � � ­ �E´ ´,Ë � � ­ � ´ � ­ �E´ �
RN¨-a�k a r�V c W-c WEw�mEc V o w/a i-k V�V�bFc Z/r�l�V�k a�a n/U2V�o o x�a�V�l x�Y Z�ª-k Z�h/a/[
Î»a	l ¨2V�o o)d V�o o)l U2d ¨�VImEc V�o w�a iEk VIV � s mEc V�o w/a i-k VES2V�W-mQmFa W-Z/Y a�c Y�iFx .�� [
RN¨EaI¶/a xQª2Z/c WFY�u Z/k�U2l�c l�Y ¨2V Y�i2V�k�U-W-c Y l�u Z/k�Y ¨Ea l a�mEc V�o w/a i-k V/l�V k a�V�o l Z�a V/l c o x�d Z/W2l Y k U2d Y a m:t

M W2mFa a�m2S2c u � �Ë `ES2u k Z/r Y ¨-a�a nFU-V�Y c Z�W � � )�Ë � S2u Z/k�V�o o � - . � S2©fa	w/a Y�Y ¨2V�Y�)�c l�V�i2V k�U-W-c Yc W . � c Ï � ­ ) ´NËÐ²/[ � Z-S-c u ��� c l�V WEx�a o a rIa WFY�c W . � l U-d ¨QY ¨-V�Y � ­ ��� ´ �Ë `ES ��� 	 � ­ ��� ´Nc l�VIi2V kU-WEc Y [
O�Z/k a Z�h�a k SFc uD)�c lfV�WFx�ÆEbEa m�i-V�kNU-WEc Y SEc YNc lfd o a�V kNY ¨2V�YNV�W-Z/Y ¨-a kNa o a rIa WEY:) � ©�c o o2i2a�V�i2V�kfU-W-c Y

c Ï � ­ ),Ê�) � ´,Ë=`E·Ec W�Z/Y ¨-a kN©NZ�k m-l S 2 C	Ë � 2 Ë ¶/a k � c W�Y ¨-c lNd V/l a/S-V�W-m�¨Ea W2d a�Y ¨-a�i2V k�UEW-c Y lfc W. � u Z/k r V�WQV�1IW-a	l ª2V/d a�rIZ-mFa o o a mQV�u Y a k�¶/a k � [fRN¨FU2lN©Na�¨2V h�aFt
� 
�������
:¦;��� �:. 	���� �
�D,�� � � * �0. � � � � �6� � ����� � - .�� � � �ËÐ` !�"�# � ��. � � .0� ��� � � ����	�� ���� � � #�� * ��� � � � , � � ��	�� �-����� � . !��+* � � *�,�� � ��� � .�#�� � *-� . � �;� ��� � . � � � � ��*���� � � ���
� � � � �-� # � . ��	�. � � � �
¶/a k � !

M W�©�¨2V�Y�u Z/o o Z�©�l SE©Na�d Z/W2l c mFa k�VIÆ-bFa m � s mFc V�o w/a iEk V . � SE©�c Y ¨ � �Ë=`E[
��
	���-  �,¦ M Y	c l	ª2a k ¨-V�ª2l	©fZ/k Y ¨F©�¨-c o a�Y Z»k a r�V�k ¶ºY ¨2V�Y SfV�o Y ¨-Z/U-w�¨¸Y ¨Ea�l aQmFc V�o w/a i-k V/l	w/c h�a�k c l a
Y Z�V�i2a o c V�W�¬:a c i-WEc µIV�o w/a i-k V/l�­ ¨Ea W2d a	c WQu V�d Y�¬:c a	V�o w/a i-k V/l ´ S:V/l�Z/W-a	a V/l c o xQd ¨Ea�d ¶-l S2Y ¨-a xQV�k a�iEx
W-Z�r�a V�W-lIUEW-c WFY a k a l Y c W-w-Sfl c W-d a�Y ¨EaQd Z/k k a l ª2Z/W-mEc W-w�r�V Y k c b¸V�o w/a iEk V/lImEZ�w/a W-a k V Y a�WEZ/WFY k c hFc V�o
¬:a c i-WEc µ�V�o w/a i-k V/l [»ÅfU-Y Sfl Y c o oNrIZ/k a�Y Z�Y ¨-a�ª2Z/c WFY SfV/l	©fa�l ¨2V�o o�l a a�Y ¨-a�d Z/k k a l ª2Z/W2mFc W-w�ÄfV�WEw/s
ÅNV�bFY a k�a nFU-V�Y c Z/W2l�V�k a�V�o l ZIW-Z/Y�Y k c hEc V�o [
' Z�©�S�Y Z�a bFª-o c d c Y o x�©�k c Y a�mFZ�©�W	Y ¨-aNÄfV�W-w/s Å�V bEY a k,a n/U2V�Y c Z/W-l8u Z/k8Y ¨-a l a�mFc V�o w/a i-k V/l S�©NaNrIa k a o x



ú

W-a a m�Y Z�d Z/r�ªEU-Y aF[fRf¨EU-l S-u Z/k���Ä�Å ©fa�¨2V h/a/t

:	1 4:��:	1 K:�;:�4 K Ë /1 � � � � � � ��� É&� � ) � � � � � ��� É&� � ) � ���� � � � � ��� É&� � ) � � � � � ��� É&� � ) � �� ����� �"���
35

Ë
/1 � ­ � ´ � � ­ � ´-­ � ­ � ´ � É � ­ �E´ ) ´ � ­ � ´ � ­ � ´ ��É � ­ �E´ 4 )
� ­ � ´ � � ­ � ´ 4 ��É � ­ � ´ � ­ � ´ ) � ­ � ´-­ � ­ � ´ ��É � ­ �E´ ) ´� � ­ � ´ � � ­ � ´ �

35 È
V�W2m�l c r�c o V k o x

:�4 K:�;:I1 K:�;:	1 4 Ë /1 � ­ � ´ � � ­ �-´ � �
� ­ � ´-­ � ­ � ´ )fÉ � ­ �E´ � ´ � ­ �E´ 4 � É � ­ � ´ � ­ � ´ ) � ­ �E´ �
� ­ � ´ 4 )fÉ � ­ � ´ � ­ � ´ � � ­ � ´-­ � ­ � ´ )fÉ � ­ �E´ � ´ � ­ � ´ �

35
g�a W2d a/SEUEª2Z/W�a nFU-V�Y c W-w	i2Z/Y ¨�a bFª-k a l l c Z/W2l SF©Na�l a a�Y ¨-V�YNY ¨-a�U-ª-ª2a kfo a u YNd Z/k W-a kNV�W2m�Y ¨-a�o Z�©fa k

k c w/¨EY�d Z/k W-a kNw/c h/a�c mEa WFY c Y c a l SEV�W2m�l Z	©Na�V�k a�o a u YN©�c Y ¨�Y ¨-a�u Z�o o Z�©�c W-w�l a YNZ/u8l a h/a W�a nFU-V�Y c Z�W2lfu Z�k
��Ä�Å�S2d Z/k k a l ª2Z/W-mEc W-wIY Z�a V/d ¨�Z/u8Y ¨-a�k a r�V�c W-c W-wIa WEY k c a l t

­ �	²�´ �IË � ­ �E´ 4 )NÉ � ­ � ´ � ­ � ´ �-[
­ ��^F´ � Ë � ­ � ´ 4 )fÉ � ­ � ´ � ­ � ´ � [
­ ��\F´ � ­ � ´ 4 �IË � ­ �E´ 4 � [
­ ��_E´ � ­ �E´ � Ë � ­ � ´-­ � ­ � ´ ��É � ­ �E´ ) ´ [
­ ��	F´ � ­ � ´ � Ë � ­ � ´-­ � ­ �E´ � É � ­ � ´ )�´ [
­ ��]F´ � ­ �E´ � Ë � ­ � ´-­ � ­ � ´ ��É � ­ �E´ ) ´ [
­ ���/´ � ­ � ´ � Ë � ­ � ´-­ � ­ �E´ � É � ­ � ´ ) ´ [

��
	���-  �,¦ Î»a»©�k Z/Y a»Y ¨-a�a n/U2V�Y c Z/W2l�c W V�W=Z/k mEa k�Y ¨2V�Y�r�V�¶/a l�l a h/a k V�o�l xErIr�a Y k c a l�Z�u	Y ¨-a
a n/U2V�Y c Z/W2l�V�ªEª2V�k a WFY t,c W2mFa a m2S-©fa	d V�W�ª-o V�c W-o x�c WEY a k d ¨2V�W-w/a � V�W2m � S-V�W2m�� Z/k ��V W2m � S-V�W-m�w�a Y
Y ¨-a	l V�r�a	l a Y�Z/u8a nFU-V�Y c Z/W2l [� c r�c o V�k o x/Sfc u�©Na�©NZ�k ¶ºZ/U-YIY ¨Ea�d Z/k k a l ª2Z/W2mEc WEw»a nFU-V�Y c Z/W2lIu Z/kIY ¨Ea�P�k Y c W¸a nFU-V�Y c Z�W¹Z/W¹Y ¨-a
� s mEc V�o w/a i-k V	©Na�w�a Y

­ P	² ´ � Ë � ­ � ´ 4 )fÉ � ­ �E´ � ­ � ´ � [
­ P�^/´ � Ë � ­ � ´ 4 )fÉ � ­ �E´ � ­ � ´ � [
­ P�\/´ � ­ � ´ �IË � ­ �E´-­ � ­ � ´ � É � ­ � ´ ) ´ [
­ P�_F´ � ­ � ´ �IË � ­ �E´E­ � ­ � ´ � É � ­ � ´ ) ´ [
­ P�	/´ � ­ � ´ � Ë � ­ � ´-­ � ­ � ´ � É � ­ � ´ ) ´ [
­ P�]/´ � ­ � ´ � Ë � ­ � ´-­ � ­ � ´ � É � ­ � ´ ) ´ [
­ P���´ � ­ � ´ 4 � Ë � ­ � ´ 4 � [



Ò

Åfx�Z/i2l a k hFc W-w�i:Z�Y ¨ºl a Y l�Z/uNa n/U2V�Y c Z/W-l S)©Na�l a a�V�W»a hFc mEa WFY	l c rIc o V�k c Y x�i2a Y ©fa a WºY ¨-a r ­ V�W-m
Y ¨-c l,a bFª-o V�c W-lf©�¨FxI©fa�©�c o o-Z/W-o x�d Z/W2l c mEa k ��Ä�Å�´ t/©Na�rIa k a o xI¨-V h/a�Y Z�c WFY a k d ¨2V�WEw/a � V�W2m �-SEV�W-m� V�W-m � [�RN¨-a�d Z/k aIZ/uNY ¨-c l�V/l l a k Y c Z/W»c l�Y ¨-aIu V/d Y�Y ¨2V Y S)iFx»d Z/W2l Y k U2d Y c Z/W)S)Y ¨-a � i2V�k�c mEa WEY c Y x	�. l Z/o h�a�lNY ¨-a	P�k Y c W�a n/U2V�Y c Z/W2l S-©�¨Ec o a�Y ¨-a�ª:a k r	U-Y V�Y c Z/WQr�V�Y k c b � l Z/o h/a l���Ä�Å�[EÎºa�¨2V h/a�Y ¨EU-l
ª-k Z�h/a m�Y ¨-a�u Z/o o Z ©�c W-wIk a l U-o Y t
�� �¡��f¡�� ¥ � ¥ ¡:� 
2¦;��� � ) 	��0�0����� ��	�� �0����� �6� � . ��!'"�# � � � � ����� � � �

: Ë
� � �� � �
� .��-. * � ��� � * �;� *'� #�� )���� ��� � � � � ����� �(� � � � � � )������ � * �0� ��� ���'* ��� �'� ��� � .6� ��� � � � .�. ��� � . � ��� )������ � * ��.
$ � � % ��$ ��� % ��� ���0� ��� .-�'. * � ��� � * � � *
� # � &(� � � ��� )������ � * ��� ��� ����* ��� ��� � � ��. ��� � . ��� .-$ & � % ��$ &�� % !
��* � � *�, � � ����� ,�� � : ��.'��	�*�,�� ��� # � ����� � � �

� Ë�� � �
� � �

� . �0. * � ��� � * ��� *�� # �-&-� � � ��� )������ � * �;� ��� ����* ��� ��� �6� # ���;��� � � � : � . �0. * � ��� � * � � *
� #��')���� ��� � �
� � ����� �(� � � � �'��)������ � * � !
' Z�©�SFiFx�Y ¨-a�l V�r�a�Y xFª2a�Z/u:k a V/l Z/WEc W-w-SF©Na�d V�W�d Z/W2l Y k U2d YNY ¨-a�u Z/o o Z�©�c WEw�l a YNZ/u)a n/U2V�Y c Z/W-lfu Z�k

Y ¨-a	d o V/l l c d V�o:ÄNV W-w/s ÅNV�bFY a k�a n/U2V�Y c Z/W:t � Y V k Y c W-wI©�c Y ¨�a n/U2V�Y c Z/W�­ ]/´
± Ç 4 K È Ç 1 K ³FÉ=± Ç 4 K È Ç 1 4 ³-Ê¹± Ç 1 4 È Ç 1 K ³:Ë ` È

V�W2m�l UEi2l Y c Y U-Y c W-w
Ç Ë
� � �� � � È

©Na�w/a Y�V�l a Y�Z/u8l c b�a n/U2V�Y c Z/W2l S-a n/U-c h�V�o a WFY�Y Z�LfÄ�Å�t

­ L�²�´ � ­ �E´-­ )�Ê � Ê � ´)É¸­ � ­ � ´8Ê¹² ´	�IË=`E[
­ LN^F´ � ­ �E´-­ ^
)�Ê � Ê&��Ê � ´,Ë=`E[
­ LN\F´ � ­ � ´E­ )NÊ � Ê&�E´)É¸­ � ­ � ´8Ê¹² ´ � Ë=`E[
­ Lf_E´ � ­ � ´E­ ^>)�Ê � Ê � Ê � ´,Ë=`E[
­ L 	F´ � ­ �E´ � Ë=`F[
­ LN]F´ � ­ � ´ �IË=`F[
RN¨Ea�l aIa n/U2V�Y c Z/W2l�V�o l Z�ª2ZFl l a l�Z/WEaIZ/ufY ¨-aIl xFr�rIa Y k c a l�Z/ufY ¨-a���Ä�Å�·2W2V�rIa o x/S:©NaId V�W�c WFY a k s

d ¨-V�W-w/a���V�W2m � ­ iEU-Y�W-Z/Y � V�W-m � ´ [
¬:a Y�U2lNW-Z ©�l Z/o h/a ��Ä�Å¹u Z/k�Y ¨-c l�mFc V�o w/a i-k VE[fj�l c W-wIY ¨-a	l xErIr�a Y k x�Z�u8Y ¨Ea�a n/U2V�Y c Z/W2l S-©fa	l a a

Y ¨2V�Y�©Na�d V�W�mFc hFc mEa�Y ¨-a�V�W2V�o xEl c lNc W�Y ¨-k a a�d V/l a l S-V/d d Z/k mEc W-w�Y ZI©�¨-a Y ¨Ea k*� È � - ¶/a k � Z/k�W-Z/Y t
����� 
�� � � È � - ¶/a k � [



Ñ è

M W Y ¨-c l�d V/l a/S�­ ��\F´	s�­ ���/´�V k a�V�o o�k a�mFU2d a m¹Y Z¸` Ë `E[ RN¨-a W)SNc u��=Ë � Ë `»Y ¨-a k a�V�k a
W-ZQk a l Y k c d Y c Z/W-l�U-ª2Z/W � V�W-m � ·,©�¨Ec o a�c u:� �Ë `�Z/k � �Ë `ESf­ �	²�´�Z/kI­ ��^F´�k a�l ª2a d Y c h/a o x�c rIª-o x� ­ � ´ � ­ � ´,Ë�²�[� h/a k x�r�V�Y k c b�l V�Y c l u xFc W-wIY ¨-a l a	d Z/W-mEc Y c Z/W2lNa hFc mEa WFY o x�l Z/o h/a l ��Ä�Å�[
����� 
�� � � � È � 	- ¶/a k � [
g�a k a�©fa�¨2V h/a � ­ �E´ È � ­ � ´ �Ë `ES-iFx�¨FxEª2Z/Y ¨-a l c l [fRN¨-a W:S2V�ªEª-o xFc W-w � SEY Z�­ ��_E´ S-©Na�¨2V h/a

­ �F´ � ­ �E´ � ­ � ´,Ë � ­ � ´ � ­ �E´ 4 É � ­ � ´ � ­ �-´ È
u k Z/r�©�¨-c d ¨I©fa�w/a Y � ­ � ´,Ë=`F·FiEU-Y,Y ¨-a W)SF­ ��_E´)k a mFU2d a l8Y Z � ­ �E´ � Ë `ESFl Z�Y ¨2V�Y � Ë `E[ � c rIc o V�k o x/S
� Ë `E[
e)c W2V�o o xFSEV ª-ª-o xFc WEw � Y Z�­ �	²�´8©fa�w/a Y � ­ �-´,Ë � ­ �-´ 4 SEl Z	Y ¨2V�Y � ­ �E´,Ë�²/SEV W2m�Y ¨-a W�W-a d a l l V�k c o x�IË )�[ � c r�c o V�k o x/S � Ë )�S-V�W-m�l ZIY ¨-a�Z/W-o x�l Z/o U-Y c Z/W�c W�Y ¨-c l�d V/l a�c lNY ¨-a�ª2a k r	U-Y V�Y c Z/W�r�V�Y k c b � [

����� 
�� ��� � � - ¶/a k � ·�� 	- ¶/a k � [
RN¨Ec l�d V/l a�c lNc WQV�l a W2l a�Y ¨-a�r�ZFl Y�c WFY a k a l Y c WEw�Z/u)Y ¨Ea�Y ¨Ek a a/t
e)c k l Y SEu k Z/r!­ ��\F´f©fa�w/a Y�Y ¨-V�Y � Ë=`E[' a bEY S,u k Z/r�­ ��_E´�©Na�w/a Y � ­ �E´ � Ë � ­ � ´ � ­ �E´ )�SNl Z�Y ¨-V�Y � Ë � ­ � ´ )�·N©�¨Ec d ¨¸c W¸ª-V�k Y c d U-o V k

r�a V�W-lNY ¨2V Y � c l�c WQY ¨-a�l ª2V/d a	l ª2V�WEW-a m�iFx�)�[ � c r�c o V�k o x/S � Ë � ­ � ´ ) -�� ) � [' Z�©�S�� -�� ) �NV�o l Z-·Eu Z/k S-u k Z/r!­ ��²�´ S
­ �F´ ­ ²�Ê � ­ � ´ � ­ � ´ ´	�IË � ­ �-´ 4 ) È
i-UEY�W-a d a l l V k c o x � ­ � ´ � ­ � ´ �Ë ²/S)l c W2d a�) �Ë�`�V W2mQiEx�¨ExFª2Z/Y ¨-a l c l � ­ �E´ �ËÐ`�V�o l Z-[	P�ª-ªEo xEc W-w �Y Z�Y ¨-c lNa n/U2V�Y c Z/W�©Na�w/a Y

� ­ �-´,Ë ²�Ê � ­ � ´ � ­ � ´ V�W2m �IË � ­ �E´ ) �
RN¨FU2l S,l a Y Y c W-w���Ë � ­ � ´ S��	Ë � ­ � ´ S
	�Ë � ­ �E´ S)a nFU-V�Y c Z�W¹­ �F´	­ ½ ¯ ® ¯ S,­ ��²�´ ´�k a mEU2d a l�Y ZQY ¨-a

l c r�ª-o a�a nFU-V�Y c Z/WQc W�VI\�s mFc r�a W2l c Z/W2V�o)l ª-V/d a

­ ² `F´ ²�Ë�	,É��
� È

©�¨-ZFl aQw/k V�ªE¨ c l�V»¨ExFª2a k i2Z/o c dQl V/m-mFo a/[ RN¨EU-l SNY ¨Ea�l Z/o UEY c Z/W-l�Z/u�Y ¨-c l�d V/l a�V�k aQw/c h�a W¹iEx¸Y ¨-a
ª2Z/c WFY lNZ/u)Y ¨Ec l�l U-k u V/d a�Y ¨2V�Y�l V�Y c l u x���� �Ë�²�·E¨-Z�©fa h/a k SEY ¨-a�o c rIc Y�ª2Z/c WEY l SE©�¨Ea k a��
��Ë ²/S-V�k a�V�o l Zl Z/o U-Y c Z/W2lNY Z ��Ä�Å�·-Y ¨-a x�V�k a�c W2d o U-mEa m�c WQd V�l a	M [
Åfx�VIl c rIc o V�k�V�W2V�o x-l c l�©fa	d V�WQl Z/o h�a�Y ¨Ea	d o V/l l c d V�o)ÄfV�WEw/s ÅNV�bFY a k�a n/U2V�Y c Z/W2l t

����� 
�� � � È � - ¶/a k � [fg�a k a�©Na	V k a	l c r�ªEo x�o a u Y�©�c Y ¨QY ¨-a�k a o V�Y c Z/W2l
­ � ­ � ´8Ê¸²�´	�IË=`	· ­ � ­ � ´8Ê¸²�´ � Ë=` È

l Z�Y ¨2V YNWEZId Z/W2mEc Y c Z/W�c lfc r�ª2ZFl a mIZ/W � ·Fi-UEYNc u�� �Ë `�Z/k � �Ë `ES � r	U2l YNl V�Y c l u x � ­ � ´,Ë�²�SE©�¨Ec o ac u �IË � Ë=`ES � V�o l ZIi2a�d Z/rIa l�UEW-k a�l Y k c d Y a�m2[



Ñ Ñ

����� 
»� � � � È � 	- ¶/a k � [	P�ªEª-o xFc W-w � Y Z�­ L�²�´�©NaIw/a Y � ­ �E´ � ­ � ´�ËÐ`ES)l Z�Y ¨-V�Y�WEa d a�l l V�k c o x � -
¶/a k � Z/k � - ¶/a k � S2©�¨-c d ¨�c rIr�a mFc V�Y a o x�k U-o a l�Z/U-Y�Y ¨-c l�d V�l a/[�­ RN¨-c l�V�o l Z�u Z/o o Z�©�l�c rIr�a mEc V�Y a o x
u k Z/r!­ L 	F´NV�W2mQ­ LN]F´ [ ´
����� 
�� ��� � � 	- ¶/a k � S � - ¶/a k � [fM W�Y ¨-c l�d V/l a/S2­ L 	F´fc r�ª-o c a l � Ë `ES-©�¨Ec o aIL�²�´fw/c h/a�l
­ ²/²�´ � ­ �E´ ­ )NÊ � ´,Ë=­ ²�Ê � ­ � ´ ´ � È
V�W2mQLN^F´fw/c h/a�l

­ ² ^F´ ^
)�Ë � É � É � �
� ����¦,� �B
E¡B��
/��  ¥ ¤
�	�N¥ �2� 
F  �)  
/� �F��¥ ¡2�¹¡��N� ��
�� ¡�� £:� ¥ ¡:����¦
j�ª�Y Z�Y ¨Ec l�ª2Z�c WEY S:Y ¨-a�l a Y Y c W-w�¨2V/l�i2a a W�ª-UEk a o x�V�o w/a i-k V�c d/[ ' a h/a k Y ¨-a o a l l S)V�o Y ¨-Z/UEw/¨»c W�Y ¨-a

V�i2l a W2d a�Z/u:V�Y Z/ª2Z/o Z/w/xIc W . l U2d ¨�WEZ/Y c Z�W2lfV/l*� Y V�W-w/a WFYfY Z	V�¨FxFª2a k l UEk u V/d a ��V�k a�W-Z/YfrIa V�W-c WEw/u U-o
c W¸w/a W-a k V�o S�LNV�l aQM M M�Z/u�Y ¨-aQl Z/o U-Y c Z/W2lId o a V�k o x¸l ¨EZ�©�l	Y ¨-V�Y�Y ¨-a k a�c l�l Z/r�a�¶Fc W2mºZ/u�w/a Z/r�a Y k x
i2a ¨-c W-m:S-V�W2m�©Na�WEZ�©=Y U-k W�Z/U-k�V�Y Y a WFY c Z/W�Y ZIY ¨Ec lNª:Z�c WEY [
R)Z�a bFª-o c d c Y o x�a bF¨-c iEc Y�Y ¨Ec l�w/a Z/r�a Y k x/S)©NaIZ/i2l a k h/a�ÆEk l Y�Y ¨-V�Y S)u Z/k r�V�o o x/S)©fa�r�c w/¨EY�Y ¨-c W-¶�Z/u

LfÄ�Å¸V/l,V�¶Fc W2m	Z/u � o Z ©Na l Y8Z/k mFa k,V�ª-ª-k Z�bFc r�V�Y c Z/WB��Y Z ��Ä�Å�[ ' Z�©�S/c WIY ¨-a�d Z/WFY a bFY,Z/u2mEc V�o w/a i-k V/l S
Y ¨-c l�r�V�¶/a l�l a W2l a�Z/W-o x�c u,Y ¨-a	mEa u Z/k r�V�Y c Z/W2l�Ç�S2c WEY k ZEmEU-d a�m�c W»l a d Y c Z/W�M S2l V Y c l u x�a nFU-V�Y c Z�Wº­ 	F´ t
± . È ÇN³2Ë=`�­ Z/Y ¨-a k ©�c l a/SEY ¨Ec l�c l�V	o Z�©fa k�Z/k mFa k�a n/U2V�Y c Z/W:´ [
eEZ/k�V � s mEc V�o w/a i-k V .�� Y ¨-c l�d Z/W2mFc Y c Z�WQa bFª-o c d c Y o x�k a V/m-l

� Ë � ­ � ´ )�· �IË � ­ �E´ )�· � Ë � ­ � ´ )�· � Ë � ­ � ´ ) �
g�a W2d a/SFc W�ª2V�k Y c d UEo V�k � È � È �EÈ � -�� ) � SEV�W2m�l ZILfÄ�Å¸c lfV�� w/ZFZEmIo c W-a V�kNV�ªEª-k Z bFc r�V�Y c Z/W���Y Z���Ä�Å
Z/W-o x�c u,Ç=o c h/a l�c WQY ¨-c lN_/s mEc rIa W-l c Z/W-V�o8l U-i2l ª2V/d a�Z/u . � [' Z�©�S2o a Y�U2l�V/l l U-r�a	Y ¨Ec l�c l�Y ¨Ea�d V/l a/S:V�W2m:S)V�l�©fa�mFc m�c W¸LfV/l a�M M M�Z/u ��Ä�Å�S2u Z/k�l c rIª-o c d c Y x
©�k c Y a ��Ë � ­ � ´ S �	Ë � ­ � ´ S
	IË � ­ �E´ S8V�W2m � Ë � ­ � ´ [ � c W-d a�) �Ë `ES)©Na�d V Wºk a ©�k c Y a�­ �	²�´�s­ ���/´ S-V�W-m�­ L�²�´,sf­ LN]F´fV�lfa nFU-V�Y c Z/W2lfc W�Y ¨-a l a�h�V�k c V i-o a l SEV�W2m�V�W�a V/l x�d Z�r�ª-UEY V�Y c Z/W�Y ¨-a W�w�c h/a l
Y ¨-a�u Z/o o Z ©�c W-w�l c rIª-o c Æ-a mQl a Y lNZ/u8a n/U2V�Y c Z/W-l t
eEZ/k���Ä�Å�t
­ �	²�E ´ 	 ­ ²�Ê�	fÊ��
� ´,Ë `E[
­ ��^�E ´ � ­ ²�Ê � Ê��
� ´fË `E[
­ ��\�E ´ � 	 � Ë=`E[
­ ��_�E ´ � 	 � Ë `E[
P�W2m�u Z/k�LfÄ�Å�t
­ L�²�E ´ 	 ­ ^�Ê���Ê��,Ê�	 ´,Ë=`F[
­ LN^�E ´ � ­ ^�Ê��	Ê��fÊ � ´,Ë `E[
M YIc l�d o a V�k�Y ¨2V�Y SNc W¹i2Z/Y ¨ d V/l a l SNa V/d ¨¹a n/U2V�Y c Z/W mFa�l d k c i2a l�V»\�s mFc r�a W-l c Z/W-V�o�¨ExFª2a k l U-k u V/d a

©�c Y ¨�l c W-w/U-o V k c Y c a l SFd Z/W2l c l Y c W-w�c W�u V/d Y,Z/u:Y ¨-a�UEW-c Z/W�Z/u:l Z�r�a�l c rIª-o a�Æ-w/UEk a lN­ u Z/kfc W-l Y V�W2d a/S-­ LN^�E ´



c = 0

a + b  + c = 2

ab + c = 1

a

b

c

(1,1,0)

Ñ ù

mEa l d k c i2a l�Y ¨-a	U-W-c Z/W�Z/u,Y ¨EaI¨FxFª2a k ª-o V�W-a l�w/c h/a WQiEx � Ë�`�V W2m�^�Ë �	É �fÉ � S:V�W2m�©�¨-a k a 	�c l
VIu k a a	ª2V�k V�rIa Y a k ´ S:V�W-m�Y ¨Ea k a u Z/k a	Y ¨-a�©�¨-Z/o a�Z/i2X a d Y�c l�c WQu V/d Y�V�W�V�o w/a i-k V�c d�h�V�k c a Y x/S-w/c h/a WQiEx
Y ¨-a�c WEY a k l a d Y c Z/W�Z/u:Y ¨Ea�d Z/k k a l ª2Z�W2mEc WEwI¨FxFª2a k l UEk u V/d a l [ � c W-d a�©Na�d V�W-W-Z�YNª-c d Y U-k a�Y ¨-a l a�Z/i-X a d Y l
c W¹V�_�s mEc rIa W2l c Z/W2V�o�l ª2V�d a/S,©NaQd V�W¸Y k xºY Z�hEc l U2V�o c µ a�Y ¨Ea c kIc WFY a k l a d Y c Z/W-l	©�c Y ¨¹\�s mEc rIa W-l c Z/W-V�o
l UEi2l ª-V/d a�l S-©�¨Ec d ¨�©Na�mEZ�WEa bEY S-U-l c WEw � V/l�V	ª2V�k V�r�a Y a k [
¬:a Y�U2l�V/l l U-rIa�Æ-k l Y � Ë `E[
M W	Y ¨-c l8d V/l aNl a h/a k V�oFa n/U2V�Y c Z/W-l)i2a d Z�r�afY k c hFc V�o S/V�W-m�c W	ª2V�k Y c d U-o V�k ��Ä�Å�k a mFU2d a l)Y Z�Y ¨-aNl c W-w/o a

a n/U2V�Y c Z/Wº­ ��²�E ´ S2©�¨-c d ¨�w/c h/a l�Y ¨-aIUEW-c Z/W�Z/ufY ¨-a	ª-o V�WEa 		ËÐ`�©�c Y ¨�Y ¨EaI¨FxEª2a k i:Z�o c d	ª-V�k V�i2Z/o Z�c m
²�Ë 	fÉ��
� ·-o a Y�U2l�mFa WEZ/Y a�Y ¨Ec l�l U-k u V/d a�; � [
LfÄ�Å�S/Z/WIY ¨Ea�Z/Y ¨Ea kf¨-V�W2m:S/k a mEU2d a l8Y Z	­ L�²�E ´ S/©�¨-c d ¨�mFa l d k c i2a l8Y ¨Ea�U-W-c Z/W�Z/u2Y ¨-aNª-o V�W-a l 	�Ë `

V�W2m ��É �,É�	�Ë ^E[f¬:a Y�U2l�d V o o)Y ¨-c l�l U-k u V/d a	Ç � [� Z-S-©fa	l a a�Y ¨-V�Y�Y ¨-a�ª-o V�W-a�	�Ë `	c l�V�d Z/rIr�Z/W�ª-V�k Y�Z�u8i2Z/Y ¨�l a Y lNZ/u8l Z/o UEY c Z�W2l [fÅfU-YNW-Z�©�SEc u
©Na	d Z/W2l c mFa k�Y ¨-a�Y V�WEw/a WEY�ªEo V�W-a�Y Z�¨ExFª2a k i2Z�o c d	l V�m-mEo a	V�Y�V�W�V�k i-c Y k V�k x�ª2Z/c WEY�­ � È � È 	 ´ S2©fa	Æ-W-m
Y ¨2V�Y,c Y l8W-Z/k r�V o-h/a d Y Z/k,c l8w/c h/a WIiFx � ­ � È � È 	 ´fË=­ � È � È ²�´ ·/Y ¨Ec l8h/a d Y Z/k,d Z/c W2d c mEa l8©�c Y ¨IY ¨-a�WEZ/k r�V�o
h/a d Y Z�k	Y ZQY ¨Ea�ª-o V�W-a�^QË �IÉ��NÉ 		c Ï �»Ë �IË ²/[�RN¨EU-l S8©fa�l a a�Y ¨-V�Y	Y ¨-c l�ª-o V�WEa�w/c h/a l�Y ¨-a
Y V�W-w/a WFY�ª-o V�WEa�Y Z�Y ¨-a�l V/mEmEo a�ªEk a d c l a o x�V�Y�Y ¨-a�ª2Z/c WEY�­ ² È ² È `F´ S2V�W-m:SEY ¨Ea k a u Z/k a/SE©Na�d V WQY ¨-c W-¶�Z/u
Ç � V/lNk a ª-k a l a WFY c W-w�Y ¨-a�Y V�WEw/a WEY�­ ½ ¯ ® ¯��2V�Y ´Nl UEk u V/d a�Y Z�; � V�Y�­ ² È ² È `F´ [N­ � a a�Y ¨-a�Æ-w/U-k a/[ ´

eEZ/k � �Ë `ES,Y ¨Ea�mEa l d k c ª-Y c Z/W¸c l	l o c w�¨EY o x»r�Z/k a�d Z/r�ªEo c d V�Y a m2Sfl c W-d a�Y ¨-a�o ZEd cNZ/u�l Z/o U-Y c Z/W2l	c lw/c h/a W�iFx�u U-k Y ¨-a k�c WFY a k l a d Y c W-w�; � V�W2m�Ç � ©�c Y ¨�Z/Y ¨Ea k�l U-k u V�d a l t
eEZ/k���Ä�Å�SEY ¨-a	V/mEmEc Y c Z/W2V�o)l UEk u V/d a l�V k a�w/c h/a WQiFx

­ ² _E´ � 	�Ë=`I· � 	�Ë=`I· �
�NË � Ê¹² �� V/d ¨IZ/u-Y ¨Ea�Æ-k l Y,Y ©fZ	mFa�l d k c i2a l8Y ¨-a�U-WEc Z/WIZ/u2Y ©fZ	d ZFZ/k mFc W2V�Y a�ªEo V�W-a l S/©�¨EZFl aNc WEY a k l a d Y c Z/WIc l8Y ¨-a
ª-o V W-a 	�ËÐ`ES)V�o k a V/mEx�d Z/WFY V c W-a mQc W�Y ¨EaIª-k a hEc Z�U2l�l U-k u V/d a�; � [	RN¨EaIo V/l Y�a�n/U2V Y c Z/W»mFa�l d k c i2a l�V



Ñ ç

h/a k Y c d V�o:d xEo c W2mEa kN©�c Y ¨�V	¨FxFª2a k i2Z/o c d�l a d Y c Z�W)SEa bEd a ª-YNu Z/k � Ë�²�SE©�¨-a k a�Y ¨-c lf¨FxEª2a k i2Z/o c d�l U-k u V/d a
mEa w/a W-a k V�Y a�l,c WFY Z	Y ¨-a�UEW-c Z/W�Z/u:Y ¨Ea�Y ©fZId ZFZ/k mEc W2V�Y a�ª-o V�WEa�lfmEa Æ-WEa�mIiFx �NË `	V�W2m ��Ë `E[fRN¨FU2l S
Y ¨-c l�W-a © l U-k u V/d a�c WFY a k l a d Y l�; � c W»Y ©fZ�d UEk h/a l t�u Z/k � �Ë ²/S � �Ë ^ES Y ¨Ea�l a�V�k a�Y ¨-aIY ©NZ�ª2V�k V�o o a o¨FxEª2a k i2Z/o V/l��
�NË � ÊQ²/S 	�Ë `ESEV W2m�²:Ê��
��Ë `E·
	�Ë � ·/Z/i2l a k h/a�Y ¨-V�Yfu Z/k � Ë ^�i2Z/Y ¨I¨ExFª2a k i2Z/o V/l
d Z/c W2d c mFa/S-©�¨Ec o a�u Z/k � Ë ²�i2Z/Y ¨�¨ExFª2a k i2Z/o V/l�mEa w/a W-a k V�Y a�c WEY Z�Y ¨-a�ª2V�c k lNZ/u8o c WEa�l �IË���Ë 	�Ë `ES
V�W2m �IË �NË `ES 	�Ë�²/[
Ã WQY ¨Ea	Z/Y ¨Ea k�¨2V�W-m:S2u Z/k�Y ¨-aIl Z�o U-Y c Z/W2l�Z/u�LfÄ�Å=©Na	¨2V h/a	Y Z�c WEY a k l a d Y�Ç � ©�c Y ¨�Y ¨Ea	h/a k Y c d V�o

ª-o V W-a �IÉ���Ë ^	Ê � [ � c W-d a � �Ë `ES8Y ¨-c l�ª-o V�W-a�V�wFV�c Wºc WFY a k l a d Y l	Ç � c WºY ©NZ�l a ª2V�k V�Y a�ª2V�k Y l SW2V�rIa o x�Y ¨-aIo c WEa l��	É��	Ë ^�Ê � S 	IË `ES8V�W-m �	É��	Ë ^�Ê � S 	IË � [�RN¨-a l a�Y ©fZ�o c W-a l�d Z/UEo m
i2a�Y ¨-Z/U-w�¨EY�Z/u�V/l�mEa l d k c i-c W-wQY ¨-a�Y V�W-w/a WFY l	V�Y�Y ¨-a�V�ª2a bFa l�Z/ufY ¨-aI¨ExFª2a k i2Z/o V�l�u Z/k r�a m�iEx�Y ¨-a
l Z/o U-Y c Z/W2lNY Z ��Ä�Å�[
RN¨Ea k a�c lNV	d V h/a V�Y SEi2a d V�U-l a/S-V�d Y U2V�o o x/SEZ/WEo x�Y ¨-a�Y V�W-w/a WFYNY Z	Y ¨Ea�¨FxFª2a k i2Z/o V	d Z/WFY V�c W-a m�c W�Y ¨-a

ª-o V W-a 	�Ë `�d V�WIi2aNZ/i-Y V�c WEa�m�Y ¨Ec l8©NV x2·/r�Z/k a Z�h/a k S/Y ¨-c l,d V�WEW-Z/Y8¨2V�ª-ª2a WIV�Y,Y ¨-a�l V r�aNh/V�o U-a l8Z/u �

u Z/kfi2Z/Y ¨�l a Y l,Z/u)l Z/o U-Y c Z/W2l [,M W2mFa a�m2SFÆ-bFc W-w � u Z/kfY ¨-a�l Z/o U-Y c Z/W2l,Z/u ��Ä�Å�SFV�W2m�mEa W-Z/Y c W-w�iFx��� Y ¨-a
d Z/k k a l ª2Z/W-mEc W-w�h�V�o U-a�u Z/kfY ¨-a�l Z/o UEY c Z/W2l,Z/u)LfÄ�Å�S/a o a rIa WFY V�k xId V�o d U-o U-lfl ¨EZ�©�l,Y ¨2V�Y,Y ¨Ea�Y V�W-w/a WFY l
Y Z�Y ¨Ea�¨ExFª2a k i2Z/o V�l�c W�; � d Z�WEY V�c W-a m�c WQY ¨-a�ª-o V W-a 	�Ë � V�k a�w/c h/a W�iEx ��É ��Ë=^ � 5 ²�Ê � 5 S2V�W-m
l ZI©Na�rIU-l Y�¨2V h/a�Y ¨-a�k a o V�Y c Z/W2l ¨-c ªQ^�Ê��� Ë ^ � 5 ²�Ê � 5 S-Z/k

­ ² 	F´ �� Ë ^��/²�Ê � 5 ²�Ê � 5 � �
� a Y Y c W-w �� Y ZºY ¨Ec l�h/V�o UEa/S�V�W-m�	ºË `ES�Y ¨Ec l�Z�iEhFc Z/U-l o x¹w/c h/a l�Y ¨-a�Y V�W-w/a WFY�Y ZºY ¨Ea�¨FxEª2a k i2Z/o V
d Z/WFY V�c W-a m»c W»Y ¨-a�ªEo V�W-a�	�Ë `E[�g�Z ©Na h/a k S)Y ¨Ea�Z/W-o x�¨ExFª2a k i2Z�o VQd Z/WEY V�c WEa�m�c WºY ¨-a�¨FxEª2a k i2Z/o c d
l V/mEmEo a/S2©�¨-ZFl aIY V�W-w/a WFY�c l�V�o l Z�d Z/WFY V c W-a mQc W�Y ¨-a	ª-o V�W-a	w/c h/a W�iFx���É �fÉ�	�ËÐ^�c l�Y ¨EaIZ/WEa�V�Y
	�Ë=`ES-l c W-d a/SEc u8©fa�¨2V h/a 	�Ë � V W2m � Ë��� SEW-a d a l l V k c o x � Ë=`E[

P�lNV�Æ-W2V o2k a r�V�k ¶2SFW-Z�Y c d a�Y ¨2V�YfY ¨-a�l a Y l,Z/u)l Z/o UEY c Z/W2lfV�W2V�o xEl a m�V�i2Z�h/a�d Z/k k a l ª:Z�W2m�Y ZIV�Æ-bFa m
h/V o U-aIZ/ufY ¨-aIi-V�k s U-W-c Y$)�c W . � [	M uf©Na�V�o o Z�© )�Y Z�h/V�k xFS:©fa�l a aIY ¨2V�Y�Y ¨-aIª2ZFl c i-o aIl Z/o U-Y c Z/W-l�Y Z
Y ¨-a�ÄfV�W-w�s ÅNV�bEY a k�a n/U2V�Y c Z/W2l�mEa l d k c i2a	VIl Z/k Y�Z/u � iEU-W2mFo a�Z/u,V o w/a i-k V c d�h/V k c a Y c a l �	Z�h/a k�Y ¨-a�¨-V�o Z
Z/u .�� [fM Y�r�c w/¨EY�i2a�Z/u8c WFY a k a l Y�Y Z�l Y U2mFx�Y ¨Ea�w/a Z/r�a Y k x�Z/u8Y ¨Ec l�d Z/W2l Y k U-d Y c Z�W)[

$ +	�E+�
:+ 7:9 +EA
� 
���
 � � � �/� �	�8���� � ��� × äE× ì Ô á Ù � × í��Eã í Ô êIÔ á � × Þ ì Ô Û�Ô äFí	í Ù � ì ã Ý î�Û ��� ��� �N� � � � �I� ��� � ��� �/� �2� �8ó-��� ��� ���I�)��� � �

�)� � � ��� ��� ù è è ç � �� 
 ð õ � 
 � � � �/� �!�)������ � ð �� �/� ñ � �:� � � � ��ö8� ��� � ��� � ��õ8� � � � � 
 � � � � �/��ò#" Ø�Ô Õ ì Ù Ú × Û�$ ã ì#�E× Ù Þ ä�Ù �#%,á � × Þ ì Ô Û � ð � � � � � �)� �
æ � � �E� ó-� � � �!&!'�� ù è è ç � � Ñ � � � Ñ � å �� ()�*( � �/� � � � ��� ��� � �2� � � �2�N� ��+ Ö�Ô Õ)Ô�à2á Ô Û Û Ù Ú Ô á , " Ó	Ô Õ ì Ù -/.)× Ô á á ê/0 Û ï � � � � � ��� �/� �-ö)� ��� � ��� � � æ � � �F� ó-� � � � &21354	6	78� Ñ Ò Ò ú � � å å ú � å ú ú �� ðEÑ � ð � �/� � � �/� ð � �:9 äF×); × ì Û Ù ã ä�äFã ä	Ú ã ØNØNÝ Õ Ô Õ Ù ; ×fí × ÛfÔ á ��<× Þ ì × Û,í ×��EÙ × =8á × Û,Ô á ��<× Þ ì × Û,í ×��F× Ù Þ ä�Ù � � û-� � � æ � � �F�'!>�� Ñ Ò Ò ç � ��ù � Ò � ù Ò ç �� ð ù � ð � �/� � � �/� ð � � ?)� � � � � � � � � � � �E� � � � � � ��@ Ù Ô á � × Þ ì Ô Û,Ô äFífì × á Ô Õ × íNã î�× ì Ô í Û � ð � � � ��� �8ö)� � � �:� � æ � � � � ��� � � � � �A � � � Ñ � � ç �!� � � � � � � �)B-� � � � ����ù è è Ñ �




