
NEC Research Institute Technical Report 2000-168.
A brief version appears in Science 291: 987-988, February 9 2001 [Letters].

���������
	��
���������������������! "�!#��$�%�&#('*)+�,�-�!�.�&/10
2 �
�!3��4���5�6 7#98 ��:<;*�=�?>@�50BA��=CD�!/

E�F1G.HJIBKML�N(O-P&P.QSRUT
V�W@XZY\[^]_[a`cb_dfe�g7hi]kjmlnj�o4jm[
p g7hiqi[^r�[^h4qi[^hids[utv`aw

xyb�lnhid^[zjm{|h
}$V(~��c�1� p �������
qir�[^h4hi{�df���(b�[s]�[^`cb�dfe
��h��s��hi[^d���ds{|�

G�Q!HJR|O$���|�|�U�"�1���z�k�|�����
� F��y�+�|�|���7�1���s�"� p �|�
�
� O?G�O��,F1 ¢¡�O-P£R|O

V�W@XZY\[^]_[a`cb_dfe�g7hi]kjmlnj�o4jm[
p g7hiqi[^r�[^h4qi[^hids[utv`aw

xyb�lnhid^[zjm{|h
}$V(~��c�1� p �������
¤ `�¥\b_[^hids[��(b�[s]�[^`cb�dfe
��h��s��hi[^d���ds{|�

¦ L��,O-O¨§�HJ©JO-ª
��dfe4{�{ ¤ {�«=g7h4«¬{cb���`�jmln{|h­��d^ln[^hids[^]®`chiq�¯£[^dfeihi{ ¤ {|°cw�`chiq
±([^r5`�b_jm�¢[^h1j\{c«yX²{|�¢rio4jm[sb+��d^ln[^hids[³`�hiq­W,h4°|l´hi[s[^b_l´hi°

x&[shihi]_w ¤¶µ `�hil·`��-jf`�jm[¸�®hil µ [sb�]�l¶j7w
�c� p Y+lnqi[^b\¹ºoil ¤ qil´hi°4}!�U�����-{|o4jme»¹²oib_b�{�¥º[^]��-jmb_[^[sj

�®hil µ [sb�]�l¶j7w�x=`�b��$}�x!�D���|�|���¼�(���
°cl ¤ [s]f�(l´]kja��ri]�o
��[sqio

½�HJP&P ¾¿ ¡�À.ÁÃÂ�H¬O-©ÄªsO�P£Å
g7h�«¬{|b���`�jmlnd^]�`�hiq�Æ»`�jmei[s��`�jml´d^` ¤ Æ­{�qi[ ¤´¤ l´hi°

¯£[^dfeih4l´da` ¤ �+hil µ [^b_]�lnj7wÇ{c«�±([shi��`cb��$}5¹²o4l ¤ q4l´hi°�È|���
±ÊÉ��k�c�|�c�ÌË
w�h4°|Í1w|}�±([^hi��`cb_�

«¬h$�(ln���­��q�jmo
��qi�
Î5[sÍib�o5`�b_w��U�-}$�c�|�4�

ÏÑÐ-Ò�ÓÕÔ?Ö|×7Ø´ÙSÚ¬×7ÛmÜmÝmÚßÞnà¬Ü,Ö-ÒmÓÕáÕà�â�ÓÕÔnÓ Þ´ÓÕÛmã�Þ´Ò�à!ä-å1æ�ç?à¬Ô´àJèéØ´Ú´Ò�êëÛmÔnÞnÓ ÞnÝ�Þ´à7ì



NEC Research Institute Technical Report 2000-168.
A brief version appears in Science 291: 987-988, February 9 2001 [Letters].

í,î1ïéðéñ"ò^ó�ð
ô(õ£ö_÷^ö_øÕùzúéõ£û¬üsõSõÑýyþéÿ õé÷sþÑù�ök÷ ������� õéþ7ö	�·û.ö_þÑþ�
 � ökþÑù �	� û
� ��� ö ��� õÑû��mö � õ��

� ÷²û¬üsõ
ô �	� ø � ô�ÿ � õ
ô(õ����1û¬ü^õ�� � ø øÕù�� ������� û � þ ���! þJüaök÷"�_õ�#$� �&%(' ö_÷ � û¬ü^õ
) ��� õ��ßÿ*�_ü û �! þÄü^ö_÷"�_õ+#,) %-'/. ô(õ10�
^ö_÷fû¬ÿ � ù\û¬ü^õ � õ�� � õéõ ��� ö � �^ÿÕû � ö��_õ,ö32�ökÿ�ø�ö	�^ø õ
� ÷4� �&%65 ök÷ � þ ����7 ö � õ��$ÿÕû¬ü�ö � õ7ö_ø98 ��� ÷sõÑù � ö ��� õÄû ��� ö:�ßÿ � ÿ ø�ö � ÷aö"û�
 � õ . ô(õ
�ßü � ��û¬üaö"û 7&� ÿ�þÑõ�� ��� � ��%;��� 2zÿ õ��·û � þ � � 7&��� 2zÿ � õ<� �����=����� õéþ7ö	�·û�� ��� ö_þÑû�
^ö_ø
� �> 1� ýyþéõ � õÑû�
 � ÷"� 5 ö_÷ � û¬üaö"û 7?� ÿ þéõ�� ��� � ��% �ßõéþ�
 � ÿ û¬ÿ õ��4ÿ�÷�@��ßþéö �35?�A��� ù 5 ök÷ �
B � ö ��� ù�ö��5ö �C�=� 
sû¬þ ��� õ��=þ � ÷"�·û¬ÿÕû�
zû¬õºökþéþ�
 � ökû¬õ ö	�D�ßõ��D� � õé÷fû�� �	� û¬ü^õºö_þÑû�
^ö_ø
ø�ÿ � õÑø�ÿ ü ����� �!û¬ü^ökû�÷ ��� ÿ ÷^õéõ��E�$ÿ ø øF�$ÿ ÷ .E� ÿ � ÿ ø�ö � ÿ�÷�2mõ��·û¬ÿG��ökû¬ÿ � ÷?� � õ�2�õ7ö_ø�û¬üaökûH) %
�ßõéþ�
 � ÿÕû¬ÿ õ�� 7?� ÿ þéõ��A�ßõ � 2mõ$ö	� � õéø ÿ�ö��sø õ!ÿ ÷ � ÿ þ7ökû �	� � �	� 
^÷^þÑõ � ûJö_ÿ ÷ � 
sû�
 � õ5õ�2mõé÷fû�� . ô(õ
ö � �I
sõ5û¬üaökû 5 ÿ ÷yþéõ � ûJö_ÿ ÷�þÑÿ � þ�
 � �·ûJö_÷sþéõ�� 5�� ö ��� õÑûJ�ßÿ � 
sø�ökû¬ÿ � ÷?��þ7ök÷ � 
 � ÷^ÿ*�ßü�� �I� õ
��� û¬üsõ(�¬ö � õ(� � þÑÿ�õÄûJö_øF��õÑ÷^õ�Ksû��$ö�� � õ7ö_ø � ö ��� õÑû�� 5 ö_÷ � þ7ök÷4�ßõ � 2mõSö	��ö_þéþéõ 7 ûJö��sø õ
�D
"�"�·û¬ÿÕû�
zû¬õ=û¬õ��·û���õ � � ����� þ � ÷ � 
sþÑû¬ÿ ÷"�ºõ  &7 õ � ÿ � õé÷fû��
û¬üaö"û-� � 
sø �L� û¬üsõ � �$ÿ*�ßõ���õ
� ÿÕýyþ�
sø û �	� ÿ ��7M� �D�ßÿG�sø õ .

NPO"Q!R�S�TVUXW?Y:Z&[\Z�]�^M_C`a_�b�cEZ�d/e/`gf�h>`aZ�]ji+Z�d�k&l	e�_�mMnob?d/]apqnr`apMl�nsl	tui+Z�d�k&l	e(v"Z�i4l�_�m
i+Z&d/k?l>ew_C`�i�x\]�Z�e/`�b&[\_�myc,b&d�l�h�Z&_Ce(Z?h	h>x\d�Z?h>^&mylIh>b&[\b&i4`�h:l	z+h	`gl�[\h>^?m{Z�d�t{`ge/d�Z�v&l?m
|}b&]�]g^y~�bybypu�"e�byh�k��E�{h��\Z�[\v&l&mM�\b&d�l�_/`gv?�?ew���Mh���Z�[{v?l&m"xMe/`�]g`ge�^�c,b?d-`g["e�Z�[{v?`gt{]�l�_

� �J�����E���=�u�����	�<�

�(�{lsh>b&d�l�_/l	d��y`�h	l�b�c�Z�i+Z�d�k&l>e�`�_�e/b�c�Z&h	`g]�`Ge�Z�e�l=e/�\lol	�Mh���Z�[{v?l=b�c�`ge/l�i4_LtFl>e�~�l	l�[
`�[\pM`��"`apMx\Z&]�_��6�(�\l<x\_/l�b&c��F�3�����>��c,b&d6e/�\l�_/l�`ge/l	i+_�m!pMl	[{b?i4`g[\Z�e/lIp=`�[�Zqh	b&i4i4b&[�h	x{dC�
d�l	[\h	^ �,l&� v\��mJ¡6�opMb?]g]aZ�d�_�¢>m!_C`�i4£{]g`gf\lI_:e/d�Z&pM`�[{v�Z?h>d�b?_�_}i<x{]ge/`�£{]gl4i+Z�d�k&l	e�_�m!Z�]�]gl��"`aZ�e�`g[\v
e/�\l�h>b?i�t{`�[\Z�e�b&d�`�Z&]J[\Z�e/x{d�l�b�c�pM`�d�l�h3e6t\Z�d/e/l�d��(¤�d�`�h	l�_-d�l>¥�l�h3e:Z�[=Z�v?d/l�l	i4l	["ewtFl>e�~�l	l�[
t{x{^?l	d�_(Z�[\p�_Cl�]g]�l	d�_	mMZ&[\p�_/l	d��&l:Z&_-Z�¦"x\Z�["e/`ge�Z�e/`��&l:i4l�Z&_/x{d�l6b&cAe��{l1�VZ&]gx\l:b&cJe/�\l�`Ge�l	i
tFl	`�[{v4l>�{h��\Z�[\v&l�pJm{Z&_-h>b?i4£\Z�d�l�p�e/b+b�e��{l	d-i+Z&d/k?l>e�Z&t{]�l6`ge/l�i4_��

nr�{l	[Pi+Z&d/k?l>e�_(Z�eCe/d�Z&h>e-t{d/b"Z&p�£\Z�d/e/`ah>`�£\Z�e/`�b&[JmM£{d�`ah>l�_-h�Z�[ul	[�h>bMpMl:e/�{l�_/x{i§e/b�e�Z�]
b�c�Z�]�Z&d/v?l�Z�i4b?x{["e�b�c�pM`�_/£\Z&d�Z�e/l�Z&[\p¨pM`a_Ce/d�`gt{x{e/l�p¨`g[{c,b&d�i4Z�e/`�b&[J�©�(�{lo£{d/`ah>lI_qd�l>�
¥\lIh3e�mª`g[«Zu�?l	d�^Pd/lIZ�]�_/l	[\_/l&mAe/�{l�h	b&[\_/l	[\_/x\_1b?£{`g[\`gb?[ob&c(ZLi�^yd�`�Z?p�b&c�`�[Mc,b?d/i4l�psZ�[�p
~�l	]�]G�¬i4b�e/`���Z�e�l�pqe/d�Z&pMl�d�_��E­}_-_/x\h��Jm{l��&l	[L[{b?[{£\Z�d/e/`ah>`�£\Z�e/`�[{v4b&t\_/l	d��&l�d�_Hi+ZV^q_�e�Z�[\pqe/b
tFl	[{l	f{eEc,d/b?i®e��{l-`g[{c,b&d�i4Z�e/`�b&[\Z&]M��Z�]�x{l(b�cji4Z&d/k?l>e�_/`gv?[\Z�]a_	�X­}_�Z&[4l>�{Z�i4£{]�l&m�e��{l-bMp{p{_
`�[<Zw�\b&d�_Cl�d�Z&h	l&m�pMl	e/l	d�i4`g[\l�p�_/b&]�l	]�^1ty^:i+Z&d/k?l>eAc,b?d�h	l�_ªZ�eXe/�{lHe/d�Z&h�kjmVh	Z�[<t�l��y`gl�~HlIp�Z&_
Z&_�_/l�_�_Ci4l	["e�_�b&cAe/�\l�]g`�k&l�]g`��{bybMp{_�e/�\Z�e(e/�{l���Z�d�`�b&x\_��{b?d�_/l�_H~-`g]�]J~-`�[J����i4£{`�d�`�h�Z�]!_�e�x\py�
`�l�_��&l�d/`gc,^+e/��Z�e-bMp{p{_(b&[��{b&d�_/l�_(pMb4`g[�pMl	lIpqi+Z�e�h����?l	d�^+h>]�b?_/l	]�^+~-`Ge���e��{l	`�d-b&t�_Cl�d/�?l�p
c,d�l�¦"x{l	[�h>`�l�_(b�cX~-`g[\[{`g[\v=¯G°?m!°�±MmJ°I²Mm�³&´Mm�³&³Vµ¶�

­}_1e�d�Z?pM`ge/`�b&[\Z&]Ei4Z&d/k?l>e�_6l	�M£\Z�[\psb?[?e�bul	]�l�h3e�d/b?[{`ah<£\]�Z�eCc,b&d�i+_	mªZ�[\p·Z&_1[\l	~¸l	]�l�h3�
e/d�b&[\`�h�i+Z�d�k&l	e/£{]aZ&h	l�_Xl	i4l	d�v&l?m�£{d�`�h	l-`g[Mc,b?d/i+Z�e/`�b&[�~-`g]�]Mt�lwZV��Z&`g]aZ�t{]�l-Z�[\p�Z&h�h>lI_/_/`gt\]gl(`�[
¦"x\Z�["e�`Ge�`glI_}£{d�l	�y`�b&x\_/]�^Lx\[{`gi+Z&v&`�[\Z�t{]�l&��¹}l	�?l	d/e/�{l�]glI_/_�mji4Z&d/k?l>e�_}~-`�]g]E_Ce/`�]g]�b?[{]g^=h	b��&l�d
Zui4`g[\`�_�h>x{]�l+c,d�Z&h>e/`�b&[·b�cwZ�d�l	[�Z&_:c,b&d<~-�{`ah��s`�[Mc,b?d/i4l�psc,b?d/lIh	Z?_�e�_�i4`gv?�?e�tFl���Z�]�x\Z&t{]gl
b&d�`g["e/l�d/lI_�e�`g[\v\��º=Z&[y^�t\Z&d/d�`gl�d�_�l>�M`�_Ce�c,b?d�e/�\lql�_Ce�Z&t{]�`�_/�{i4l	["e<b&c-[{l	~»i+Z�d�k&l	e�_�mª`�[M�
h>]�x\pM`�[{v<�{`gv?�qh>b"_�e�_	myv?b��&l	d�[{i4l	["e�d�l	v?x{]�Z�e/`�b&[JmyZ�[�p4e/�{l6e/�\d/lIZ�eHb&cJ]�ZV~w_/x{`ge�_��E¼6�3½¶� ¾H�	��¿�À
Á ¿��/Â?�>½
�3m?b?[<e��{lwb&e/�{l�d��\Z�[�p!m?_/xMÃjl	d�c,d�b&iÄ[{b�_/x\h��+pM`Gz�h	x{]Ge�`glI_	��nsl	t�i+Z&d/k?l>eEv?Z&i�lI_	m
`�[�£\Z&dCe�`�h	x{]�Z&d�mEb&c$e/l�[ c,l�Z�e/x{d�lLi�bMpMl�d�Z�e/l�b&£Fl	d�Z�e/`�[{vsh>b?_Ce�_<c,b?d�_/l>e�x{£Jm�i+Z&`g["e/l�[\Z�[�h>l&m
Z&p{�&l	d/e/`a_/`g[{v�mE_ClIZ�d�h��{`g[\v\mEZ�[\p e/d�Z�[\_�Z&h>e/`�[{v\mEZ&[\p tFl	[{l	f{e�c,d/b?iÅ~Hb?d/]apM~-`apMlqZ�x�pM`gl�[\h>l
£Fb�e/l�["e/`aZ�]¶�X¤�l�d/i4`a_/_/`gb?[4`�_�[{b�e�d�l�¦"x{`�d�l�p<c,d/b?iÄv?b��&l�d/[{i4l�[?e�Z&xMe/�{b?d/`ge/`�l�_�b&d�d�l	v?x{]aZ�e/b?d/^

°



NEC Research Institute Technical Report 2000-168.
A brief version appears in Science 291: 987-988, February 9 2001 [Letters].

b�z�h	`�Z&]�_��ÇÆªZV~w_Cx{`ge�_4Z&d/lLi�x\h��Ç]glI_/_4b&c:Zsh>b?[\h>l�d/[J�È�(�{l	d�lu`�_�]�`Ge/e/]�lP[{l	lIp c,b?d+h	Z�d�l>�
c,x{]�]g^«h	d�Z�c$e/l�p«p{`�_�h>]aZ�`�i4l	d�_�b&d�c�Z&h>`�]�`Ge�`glI_�c,b&d�pM`a_C£{x{e/lqd�l�_/b&]�xMe�`gb?[J�=¡}_/l	d�_�h�Z�[«d�l	i+Z�`�[
Z�[\b&[y^yi�b?x\_�m"Z&[\pqd�l�h	b&d�p�k?l	l	£\`g[{v4h	Z&[qtFl�_Cb?i4l	~-�\Z�e�]aZ��!�E­w]�]!b�cªe/�{lI_Cl:c�Z&h>e/b?d�_��\ZV�?l
h>b?["e/d�`gt{x{e/l�pPe/bqZqv&d�b�~-`g[{v+£\d/l��VZ&]gl�[\h>l<b�c�i+Z�d�k&l	e}v?Z&i4l�_wb?[ue/�{l�~�l	tJmj_Cb?i4l�l	[�É�b�^?�
`�[{vq~-`apMl�_/£{d�l�Z?pu£�b?£{x{]aZ�d�`Ge�^?�1Ê}c�h>b?x{d�_Cl?m�Z�d/e/`gf�h	`�Z&]Ai+Z�d�k&l	e�_}h�Z�[{[\b�e:_�Z�e�`�_Cc,^P_CbMh	`gl	e�Z�]
pMl�i4Z&[\p�c,b&d-e��{l�l>�{h��\Z&[{v&l1b&cX`ge/l�i4_��H|}b�~Hl��&l�d�mM`�[Le/�{`a_w£\Z&£�l�dw~�l�£{d/lI_Cl�["e(l��y`�pMl�[\h>l
e/��Z�e�_Cb?i�l<i+Z�d�k&l>e1_C`�i�x\]�Z�e/`�b&[\_:h	Z&[Pc,x{[\h>e/`�b&[sd/lIZ&_/b&[\Z&t{]g^�~Hl�]g]�`�[=e��{l�p{x\Z�]�d�b&]�l<Z&_
Z�v?v&d�l	v"Z�e/b?d�_�Z�[\pupM`a_/_/l	i4`�[\Z�e�b&d�_�b�c�`g[Mc,b?d/i+Z�e/`�b&[J�

�(�{l	b?d/`�l�_:b&cHi+Z�d�k&l	e:lI¦?x\`g]�`gt\d/`�x{iumA`�[\h>]�x\pM`�[{vLe/�\l�d�Z�e�`gb?[\Z�]�l	�y£Fl�h>e�Z�e/`�b&[\_:e��{l	b?d/^
b�c<`g[Mc,b?d/i+Z�e/`�b&[Ë£{d�b&£�Z�v?Z�e/`�b&[Jm-x�_Cx\Z&]g]�^rpMl	£Fl	[�p¨b?[re/�{l·Z&_�_/x{i4£Me/`�b&[¨e/�\Z�eL£\Z&dCe�`�h	`G�
£\Z&[?e�_:i4Z��M`gi4`�Ì	l4l>�M£Fl�h3e�l�poxMe/`�]�`Ge�^?mJ~-�{l	d�l4xMe/`�]�`Ge�^=`a_�pMl�d/`��&lIpPc,d�b&iÍh>b?[\_/x{i+Z�t{]�l�_:b&d
i4b&[{l	e�Z&d/^4l�¦"x{`���Z�]�l	["e�_���ÎD[\pMl�l�p!mM]aZ�tFb&d�Z�e�b&d�^<lIh>b&[\b&i4`�h�_�l	�M£�l�d/`�i4l	["e�_�`�[q~-�{`ah���_/x{tM�
É�l�h>e�_<Z�d�l�[{b�eoÏC£\Z&`�pse�b=£{]aZV^yÐPZ&d/lqb�c$e/l�[ ¦"x{l�_Ce/`�b&[{lIp·b&[«e��{l�v?d/b?x{[\p{_�b&c}ZP]aZ&h�k�b&c
e/d�x{lP`�[\h>l�["e/`��&l�_��rÎD[rZ·v?Z&i�lu~-`ge/�{b?xMe�i4b&[{l	e�Z&d/^ t�Z&h�ky`g[\v\m�xMe/`�]g`ge�^�`a_+£{d�l�_/x{i+Z�t\]g^
l>�ye�d�Z?h3e/lIpo_/b&]�l	]�^=c,d�b&iÑl	["e/l�dCe�Z�`�[{i4l	["e���Z�]�x{l&mXl�p{x\h	Z�e/`�b&[\Z&]E�VZ&]gx\l&mXt{d�Z&v&v?`g[{vLd�`gv?�?e�_	m
Z�[�p�ÒVb?d�b�e��{l	dL`g["e�Z�[{v?`gt{]�l�_/b&x{d�h>lI_	�ÄÓ}byl�_�i+Z�d�k&l	eql>z�h>`�l	[�h>^r_C`�i4£{]�^Èt\d/lIZ�kÔpMb�~-[
x{[\p{l	d�e��{l�_/lqh	b&[\pM`ge/`�b&[�_	m�b&d<h	Z�[«[\b&[M�¬i4b&[{l	e�Z�d�^�d�l	~(Z�d�p{_�Z?h3e/x�Z�]�]g^·pMd�`g�?l+£{d/`ah>l�h>b��
�{l�d/l�[\h>l?mI`�[Mc,b?d/i+Z�e�`gb?[�Z�v?v&d�l	v?Z�e/`�b&[JmIZ�[\p�c,b&d�l�h	Z?_�eXZ&h	h	x{d�Z&h>^{Õ�nol�f\[\p�l��y`�pMl�[\h>l�e/�\Z�e�m
`�[=_Cb?i�l<h	Z&_/l�_�mMe��{l	^Ph	Z&[=Z�[\pLe��{l	^upMb���ÎD[s�yl�h>e/`�b&[=Ö+~�l�¦"x\Z�["e/`gc,^L£{d/`ah>l<h>b&�\l	d�l	[\h	l
b&[�e/�{lw|}b&]�]g^y~�bybyp��"e/bMh�k����Mh���Z�[{v?l6��|:�y×:¢>�?�H¦?x\`g��Z�]�l	["e�£�b?dCe/c,b&]�`gb"_ªe/d�Z&pMl(Z�eEd�l�Z&_/b&[{�
Z�t\]g^Ph>b?[\_/`�_Ce/l�[?e6£{d/`ah>lI_	m!Z&[\p!mjb��&l�d-e/`�i4l&m!]aZ�d�v&l�`�[{l>z�h	`gl�[\h>`�l�_:pM`a_/Z&£{£�lIZ�dImFZ?_}£\]�ZV^?l	d�_
£{d�l�_/x{i+Z�t{]�^ e�Z�k?l�Z&pM��Z&[?e�Z�v?l&�ØÎD[Ù�yl�h>e/`�b&[rÚ ~�lPl	��Z&]gx\Z�e/lPe��{loh	b&]�]glIh3e�`g�?l=h>b&i4£Fl>�
e/l�[\h>l�b�c(e/d�Z&p{l	d�_�b&[ |:�y×ÛZ�[\p«b?[·e/�{lL�{b?d/lI_C`�v&�"e<���Mh���Z�[{v?l=���X×:¢>mXty^si4l�Z&_/x{d�`g[\v
e/�\l}£{d�l�_�h>`�l	["eH��Z&]gx{l6b�cJi+Z�d�k&l	e�£{d�`�h	l�_���ÎD[qpMb&`�[{v�_Cb�m?~�lwf\[�p+e/��Z�e�|:�y×Ü_�e�byh�k4£{d�`ah>l�_
Z�d�l�d�l	]�`aZ�t{]�l�`�[\pM`ah	Z�e/b&d�_6b�c�~-�\Z�e:i4b��y`glI_}~-`�]�]�p{b�~�l	]�]XZ�e6e��{l�t�bV�=b&z+h	l&mFe/��Z�e�|6�y×
ZV~(Z�d�p�b&£{e/`�b&[u£{d�`�h	l�_(£{d�b��y`�pMl�Z?h	h>x\d�Z�e/l�Z&_�_ClI_/_/i4l	["e�_�b&cX~-�{`ah��P[{b?i�`�[{l�l�_(~-`�]g]ª]g`�k&l�]g^
~-`�[ql	["e�l	d/e�Z�`�[{i4l	["e(ZV~�Z&d�p{_�m?Z&[\p4e��\Z�e-�X×Ù£{d�`ah>l�_�h>b?[\_Ce/`ge/xMe�l:Z?h	h>x\d�Z�e/lw£{d�b&t�Z�t{`�]g`a_Ce/`ah
É�x\pMv?i4l	["e�_�c,b?d}Z��VZ&d/`�l>e�^+b&cXx\[\h>l�dCe�Z�`�[qc,xMe�x{d�l�l	�&l�["e�_��

Ý Þàß���á�â��E���P�u�ãß��u�ãäæå}ç>ß:��åw�ãè ���Eá

é LCê ëLì�R1HJO-P � K Fi¡UT$O � ª
­w[rlIh>b?[{b&i4`a_�eq_Ce/d�b&]�]g`�[{v pMb�~-[Ôn·Z�]�]:�"e�d/l�l>e�_/£Fb�e�_qZse�~Hl�[?e�^ÈpMb&]�]aZ�d�t{`�]�]}]�^"`�[{v«b?[
_/`�pMl�~�Z&]gkjm�t{xMe+pMlIh>`apMl�_<[{b�e<e/bs£{`ah�ko`ge�x\£J�«¹wb\m�e��{`a_�£\Z&dCe�`�h	x{]aZ�d�lIh>b?[{b&i4`a_�e�`�_<[{b�e
_/`gi4£{]�^�e/byb�d�`�h��4e�b�tFl}tFb�e/�\l	d�l�p!�EíwZ�e/�{l�d�m"�{l6h	b&[\h	]gx�pMl�_H~-`Ge��{b&x{e�h��{lIh�k"`�[{v�e��\Z�eHe/�{l
t{`�]g]!`a_-Z�c,b&d�v&l	d�^&�:ÏCÎ¬cX`Ge-~�l	d�l:Z<d�l�Z�]Fe�~�l	["e�^�pMb?]g]aZ�d(t{`�]g]¶m Ð<�\l:d�l�Z?_Cb?[\_�mªÏ�_Cb?i�l�b&[{l6l	]a_Cl
~�b&x{]ap1�\ZV�&lE£\`�h�k?l�p:`GeXx{£�Z�]�d�l�Z&p{^&� ÐP�(�{`�_A~-`�p{l	]�^}e�b&]ap�É�b&k&l�l>�Ml	i4£{]�`Gf�l�_J~-��Z�eA`a_Ah�Z�]�]glIp
e/�\l���îÔ�	���>ï�½ Á ¿��/Â?�	½��:ðMñ��{ò�½$ð\�3�3�a�3�wí-b&x\v&�{]�^�_/£�lIZ�ky`�[{v\mMe��{l��y^y£�b&e/�{lI_C`a_}h	]�Z&`gi+_(e��\Z�e
e/�\l	d�l�Z�d�l�[{b4c,d/l�l�]�x{[\h��{lI_-`g[ue��{l�f\[�Z�[\h	`�Z&]Ji+Z�d�k&l>e�_	ó�l	�&l�d/^q£�b&e/l	["e�`�Z&]J£{d�b�f{e6h	b&i4l�_
~-`ge/�u_Cb?i�l:Z�i4b&x\[?e(b�cXd/`a_/kFmMZ&[\p�£{d�`ah>l�_�Z�d�l:`g[{�\l	d�l	["e/]�^+x{[{£{d�l�p{`�h>e�Z�t\]gl?�XÎ¬cªe/�{l�d/l:`a_�Z
d�`�_/k"�
c,d�l	l-£{d�b�f\e�i4b&i4l	["e�Z&d/`�]�^�ZV��Z�`�]aZ�t{]�l&m?b&d�`gcA£{d�`�h	l�_HZ�d�l-£{d/lIpM`ah3e�Z&t{]�l&m?e/�{l�[q_Cb?i4l	b&[\l
~-`�]g]!e�Z�k?l1Z?pM��Z�["e�Z&v&l1b�cXe/�\l�b&£{£Fb&d/e/x{[\`Ge�^LZ�]�i�b"_�e-`�[\_Ce�Z�["e�]g^?m{l>�M£{]�b&`ge/`�[{v+`gewx{["e/`�]A`gew`�_
v&b?[{l&�-�(�{l�d/l<Z�d�l���Z�d�`gb?x\_(c,b&d�i+_wb&cXe��{l�l	z�h>`�l	["e}i+Z�d�k&l	e�_-�y^y£�b&e/�{lI_C`a_�mFZ&[\pPZ�e}]�l�Z?_�e
c,b&x\dwpM`GÃjl	d�l	["e}pMl�v&d�l	lI_Hb&cªl	z+h	`gl�[\h>^qe/b+h>b?[\_/`�pMl�d�ó

³



NEC Research Institute Technical Report 2000-168.
A brief version appears in Science 291: 987-988, February 9 2001 [Letters].

°?�(ô	õjö�O"T�õª÷{øjù?S�úXO"TVOyõXù&OFY�£{d�`�h	l�_JZ&d/lE_/l	]gc$�¬h	b&[\_/`�_Ce/l�["eJb&dAZ&d/t{`ge/d�Z�v?l>�¶c,d/l�l&ó�[{b(e/d�Z&pMl�d
h�Z�[Li+Z�k&l�Z4_/x{d/l1£{d�b�f\ew~-`Ge��{b&xMe}Z&[y^�d/`a_/kF�

³{�(ô	õjö�O"T�õª÷{ø�ûªõªüªT�OyUXý�ù�öI÷Mþ�ý�ø�ý�ö�QEY<c,x{e/x{d�l+£{d�`�h	l�_�Z�d�l�[{b�e�£{d�l�p{`�h>e�Z�t\]gl4t\Z?_ClIp�b?[
h	x{d�d/l�[?e�Z&[\p4£\Z?_�e�£\d/`ah>lI_	��­w]a_Cb�h�Z�]�]glIp�e/�{l}~HlIZ�k�c,b?d/iÄb�cje/�\lwl>z�h>`�l	["e�i+Z&d/k?l>e�_
�y^y£Fb�e/�\l�_/`�_��

Ö\�(ÿLõªüªT�OyUªý
ù�öI÷MþXý
ø�ý�ö�QEYqc,xMe/x\d/l�£\d/`ah>lI_�Z�d�l+[{b�e<£{d/lIpM`ah3e�Z&t{]�l�t\Z&_/l�psb?[ Z�[y^oh	x{dC�
d�l	["e�]g^PZV��Z�`�]�Z&t{]�l�`�[Mc,b&d�i+Z�e/`�b&[AmF`�[\h	]gx\p{`g[{v�£{d�`�h	l�_�mFlIh>b?[{b&i4`ah���Z�d�`�Z&t{]�l�_�m\c,x{[�p{Z��
i4l�[?e�Z�]jp{Z�e�Z{m?l>e�h&�E­w]a_Cb�h�Z�]�]glIp�e/�{l:_Cl�i4`G�D_�e�d/b?[{v1c,b&d�i¸b�cje/�{l6l>z�h>`�l	["e�i+Z&d/k?l>e�_
�y^y£Fb�e/�\l�_/`�_��

Ú������!ü�O"TVö���ø�O���Oyø=÷{ù?ù&ûªT�÷{ù�QEY¸¤�d�`�h	l�_Lc,x{]�]g^Ùd/l	¥\l�h>e�Z�]�]�`�[Mc,b&d�i+Z�e/`�b&[ÜZV��Z�`�]�Z&t{]�l
e�bÈZ&]g]6e/d�Z&p{l	d�_	�¸ÎD[Mc,b&d�i4l�prl	�M£�l�dCe�_Lh�Z�[{[\b�eLh	b&[\_/`a_�e�l	["e/]�^Ôb&xMe�£�l�dCc,b?d/i [\Z&`g�?l
e�d�Z?pMl	d�_���ÎD[P£\Z�d/e/`ah>x\]�Z&d�mM~-�{l�[P£{d�`�h	l�_wh	b&[\_Ce/`ge/xMe�l�c,b&d�l�h�Z&_Ce�_�mMi+Z�d�k&l>e-lI_�e�`gi+Z�e�l�_
Z&d/lwZ�e�]glIZ&_CeHZ&_�Z&h	h	x{d�Z�e/l-Z?_El>�M£Fl	d/e�Z&_�_ClI_/_/i4l	["e�_��ª­}]�_/b�h	Z&]g]�l�p<e��{l}_Ce/d�b&[{v:c,b&d�i
b&cªe��{l�l>z�h	`gl�[?ewi+Z&d/k?l>e�_��y^y£�b&e/�{lI_C`a_��

��h	b&[{b?i�`a_Ce�_���ZV�&lqpMl��&l�]gb?£�lIp«Z=]aZ�d�v&l�tFbMpM^·b�c-e/�\l	b&d�^oe/boZ?h	h	b&x{["e�c,b?d�Z&]g]�c,b&x{d
]�l	�&l�]�_�b�c!i+Z�d�k&l>e�l	z�h>`�l	[\h	^&��­w[\p+l�i4£{`gd�`ah	Z�]\l	�y`�p{l	[\h	l-�&l	d�`gf\l�_	�Èc,b?dEe/�\lwi4b?_Ce�£\Z�d/e	�
e/��Z�e�i+Z�d�k&l	e�_�Z�d�l4`g[�pMl	lIp·]�Z&d/v?l	]�^�Z�t\_/l	["e�b�c-Z�d�t{`ge/d�Z�v?l&mAZ&d/l4�{`�v&�{]�^�x\[{£{d�l�pM`ah3e�Z�t{]�l&m
Z�[�p�h�Z�[L^"`�l	]apLl>�ye/d�l	i4l�]g^qZ?h	h	x{d�Z�e/l6c,b&d�l�h�Z&_Ce�_��

ÎD[ue/�{`a_-£\Z&£�l�d�m\~Hl1l>�{Z&i�`�[{l�Z&dCe�`Gf�h	`�Z&]!i+Z�d�k&l>e�_�c,b&d-e��{l�_�Z�i4l�_C`�v&[�_(b�c�l>z�h>`�l	[\h	^&m
c,bMh>x\_/`�[{v�b&[�e��{lwf\d�_CeHZ�[\p<c,b?x{dCe��+e�^y£�lI_	óX`�[?e�l	d�[\Z�]�h>b&�\l	d�l	[\h	lwZ�[\p4l	�y£Fl	d/eC�¬]�l	�&l�]\Z&h�h>xM�
d�Z&h>^?�Anslw_Cx\d/�?l	^�Z&p\pM`Ge�`gb?[\Z�]Mt�Z&h�kyv&d�b&x{[�p�i+Z�e/l�d/`aZ�]Mb?[�e��{l�_/l�e�~Hb:c,b?d/i+_�b�cFl>z�h>`�l	[�h>^
`�[P�Ml�h3e�`gb?[\_w³M��°&��°1Z�[\pP³M��°&�9³Mmyd�l�_/£�lIh3e�`g�?l	]�^&�


���
���
 ô>õjöIO"TVõX÷{ø��<SFúªO"T�Oyõªù?O�Y��PS����qTIþ�ý,ö�T�÷���O
­w]�i4b?_Ce(Z&]g]Fl�h	b&[{b?i4`�hwe/�{l�b&d�`glI_�b�cªl�¦"x{`�]g`�t{d�`gx{iàZ?_/_/x{i4l&myZ�e-Z�i4`�[{`�i�x{iumye/��Z�e(l�¦"x{`��?�
Z�]�l	["e�£�b?dCe/c,b&]�`gb"_<Z&d/l�£{d/`ah>lIp h>b?[\_/`�_Ce/l�[?e�]g^«~-`ge/�Çb&[{lLZ�[{b&e/�{l�d�m�_/x\h���e/�\Z�e4Z&d/t{`ge/d�Z�v?l
b&£\£�b?dCe�x{[{`ge/`�l�_-pMb4[{b&ewl>�M`�_Ce�¯ ³{m\ÖMmJ°?°3µ¬���

º�Z�[y^�`�i�£Fb&d/e�Z&["e�d/lI_Cx{]ge�_�b&c\f\[�Z�[\h	`�Z&]Ml�h>b?[{b&i4`ah	_EZ&d/l(t\Z?_ClIp<_�¦"x\Z�d�l	]�^�b&[
e��{lw�y^y£�b&e/�{lI_C`a_Eb&cj[\b�Z�d�t{`Ge�d�Z&v&l?m�Z�[\p4`geH_/l	d��&l�_�Z?_Eb&[{l-b&cje/�{lwi4b"_�e�t\Z?_C`ah
x\[{`Gc,^y`�[{v+£{d�`g[�h>`�£{]glI_(b�cXe/�{l�_Ce/x�pM^qb&cAf\[\Z&[\h>`aZ�]!i+Z&d/k?l>e�_��-¯ ³{°3µ

�{b?d(l>�{Z�i4£{]�l&mM`gcAe��{l�_/Z&i�l1h>b?i4£\Z�[y^�� _(_Ce/bMh�k+`a_(]g`a_�e�l�p�b&[�t�b&e/�Le/�{l��ªb&ky^&b�Z�[\pL¹wl�~
��b&d�kÇ_Ce/bMh�kÇl>�{h��\Z�[\v&l�_�m�e/�{l�[Ôe/�{l�e�~Hb«£\d/`ah>lI_�_C�\b&x{]apÔt�l=e/�{ls_/Z&i�l=Z�e�Z�]�]we�`gi4lI_	m
i4bMpMx{]�bqe��{l4l>�{h��\Z�[\v&l�d�Z�e�l�Z&[\pPe�d�Z&[\_�Z&h3e�`gb?[�h>b"_�e�_	��Î¬c�e/�\l�£\d/`ah>lI_:p{b�l��&l	d1pM`��&l�d/v?l
_/`gv?[{`GfFh	Z�["e�]g^?m�e/d�Z&p{l	d�_E~-`g]�]\£\x{d�h���Z&_/l(e/�{l}_Ce/bMh�k�`g[4e��{l6h��\l�Z�£Fl	d�i4Z&d/k?l>e�Z&[\p4`gi4i4l�p{`G�
Z�e�l	]�^L_/l	]�]A`ge}`�[Pe/�\l�i4b&d�l�l>�M£�l�[\_/`g�?l�i+Z�d�k&l>eIm{e��{l	d�l	ty^�p{d/`��y`g[{v�e/�{l�e�~�b+£{d�`�h	l�_}t\Z&h�k
e/b?v&l	e/�{l�d���­6_wZ+_/l�h>b?[\p�l>�{Z�i4£{]�l&m{i4b?[{l>e�Z�d�^ql>�{h��\Z&[{v&l:d�Z�e/lI_w_/�{b&x{]apL[{l	�?l	d-tFl�_Cx�h��
e/��Z�e�ZËÏCd�b&x{[\poe�d/`�£\Ðuc,d�b&i b&[{l�h>x{d�d/l�[\h>^oe/�\d/b?x{v&�«b?[{l�b&d�i�b?d/lqb�e/�\l	d�_�Z�[�p·t\Z&h�k
Z�v"Z�`�[q^y`�l	]ap{_wZ�£�b"_C`ge/`��&l1v"Z�`�[J�

­re��{`gd�p+l	�MZ&i4£{]gl6Z�d�`�_/l�_�`g[+e��{l6h	b&["e/l	�ye�b�cAZ4�	�����M�3�$½
���>� Á ¿��/Â?�>½¶��ÎD[+e/�{l6£\Z�d�]aZ�[\h	l
b�c:l�h	b&[{b?i�`ah�e/�{l�b&d�^&m�Z��	�����M�3�$½
ñ«`a_+pMl>f�[{l�pÔZ&_+Zs]�b�e/e/l	d�^«e�`�h�k?l>e4e/�\Z�e�£\ZV^M_�b�Ã! M°
"	# èéØnàßÞ´×
à%$SÚ¬ÓÕà¬ÛmÚ%&�'zè
Ú¬×)(*(S×7Û£èéÛmÜ+(SÓÕáÕÜ£èéÔ´ÔnÝ,(*-�ÞnÓÕ×7Û�'mÓ�(*-�áÕÓÕàJÔcÛm×/. èéØ10�Ó Þ´Ø´èéã7à"ì

Ö



NEC Research Institute Technical Report 2000-168.
A brief version appears in Science 291: 987-988, February 9 2001 [Letters].

h>b?["e/`�[{v&l�[?e�b?[«e/�\l�b&xMe�h>b?i�lqb�cw_Cb?i4l�x{[\h	l	d/e�Z�`�[«l	�?l	["e��=�\b&d<l>�{Z�i4£{]�l&mXe/�\l�b�~-[{l	d
b�c}Zs_/l�h>x\d/`ge�^ÜÏ/ y°q`Gc6Z&[\p b?[{]�^s`gc}`ge�d�Z�`�[\_�e/b?i�b?d/d�b�~wÐu~-`�]g](tFl�£\Z&`�p2 y°�`Gc}`ge4d�Z&`g[\_
e/b?i4b&d�d/b�~�m\Z&[\pP[{b&e/�{`�[{v�b&e/�{l�d/~-`a_/l&� 3«¹wb�~;`�i4Z&v&`�[{l�Zqi4Z&d/k?l>ewb&cEe�~Hbqp{`�_�É�b&`�["e:Z�[�p
l>�M�\Z&x\_Ce/`��&l�_ClIh>x{d�`ge/`�l�_�ó:Ï) y°1`gc�Z&[\pLb&[{]�^�`gc�`gewd�Z�`�[\_�e/b?i�b?d/d�b�~wÐ�Z&[\pÈÏ/ M°6`gc�Z�[\p�b&[{]�^
`gc�`Ge1pMbyl�_6[{b�e:d�Z&`g[ue�b&i4b&d�d/b�~wÐ\�}Ê6~-[{`g[\v�t�b&e/��_/l�h	x{d�`Ge�`glI_wv&x�Z�d�Z�["e/l�l�_(e��{l��{b?]�p{l	d6Z
£\ZV^?b�Ã=b�cEl	�MZ?h3e�]g^4 y°�d�l	v?Z&d�p{]glI_/_(b&c�~-�\l>e/�\l	dw`ge6d�Z�`�[\_��H�(�yx\_-e��{l�e�b�e�Z&]A£{d�`ah>l1e/bqt{x{^
tFb�e/�«_/l�h	x{d/`ge/`�l�_�_/�{b?x{]�ps[{l��&l�d�pM`g£·tFl	]�b�~5 M°)�rb�e��{l	d�~-`�_/l&mje��{l+t{x{^?l	d�h�Z�[·b&tMe�Z�`�[sZ
d�`�_/k"�
c,d�l	l�£{d�b�f{eI���y`�i4`g]aZ�d�]�^&m�`�[�e/�{lwZ&t\_Cl�[\h>l(b&cjZ&d/t{`ge/d�Z�v?l&mVe��{l(e/b&e�Z�]M£\d/`ah>l(e�b1_/l	]�]{tFb�e��
_/l�h>x\d/`ge/`�l�_-h�Z�[L[{l	�?l	d(l>�{h>l�l�p6 y°?�

nolu~-`�]g](l	�MZ&i4`g[{lLZ=c,b?x{d/e/��l	�{Z�i4£{]�lq`�[È�ylIh3e/`�b&[Ô³M�9³MmE~-�{l�d/lL[{b&�¬Z&d/t{`ge/d�Z�v?l+`gi��
£{]�`glI_<e/�\Z�e�£{d�`ah>l�_<b�c:Zo_Ce/bMh�k«Z�[\p�`Ge�_4h>b&d�d�l�_/£�b?[\pM`�[{v=b&£{e/`�b&[\_<i�x\_Ce+h>b&[{c,b&d�i e/boZ
d�l	]aZ�e/`�b&[�_C�{`�£�h�Z�]�]glIpL£{xMe	7Mh	Z&]g]!£\Z&d/`ge�^&�


���
��8
 ���!ü�O"TVö���9HO���Oyø�:AS�TVOyù?÷{W	ö;��ù&ù?ûAT�÷{ù&QEY=<q÷MöIý�SFõª÷\ø>���!ü�Oyù�öI÷Mö�ý
S�õXW
�(�{l�e/�{l�b&d�^Lb&cw�/¿�½¶��ò�ïj¿�À���?3�\���>½D¿�½¶��ò�ï\�L�
íw�H¢wl�¦"x{`�]g`�t{d�`gx{iÍZ?h	h	b&x{["e�_wc,b&d:l>�M£Fl	d/eC�¬]gl��&l	]
c,b&d�l�h�Z&_CeAZ&h�h>x{d�Z&h	^}`�[�_ClIh>x{d�`Ge�`glI_Ji+Z�d�k&l	e�_��Aíw�ue��{l	b?d/^:£Fb?_/`Ge�_!e/��Z�eª£\d/`ah>lI_AZ�d�lE[{b&eAb&[{]�^
h>b?�{l	d�l	["eIm�t{x{e:Z�]a_/b�d/l	¥\l�h>e}e��{l<_/x{iÛe/b&e�Z&]Ab�c�Z&]g]X`�[Mc,b&d�i+Z�e/`�b&[oZV�VZ&`g]aZ�t\]gl1e�b�Z�]�]Xi4Z&dC�
k&l	e-£\Z�d/e/`ah>`�£\Z�["e�_�¯ @MmA°�´Vµ¬�����?l	[L~-�{l	[P_/b&i4l�Z�v&l�["e�_��\ZV�&l:l>�{h	]gx\_/`��&l�Z&h�h>l�_�_�e/b4`�[\_/`�pMl
`�[Mc,b&d�i+Z�e/`�b&[AmM£{d/`ah>lI_-l�¦"x{`�]�`gt{d�Z�e�l1l>�{Z&h>e/]�^�Z&_(`gcEl	�?l	d�^&b&[\l6�\Z?puZ&h	h	l�_�_�e/b�Z&]g]J`�[Mc,b?d/i+Z��
e/`�b&[A�X�(�{l�£{d�bMh>l�p{x{d�Z&]?l	�M£{]�Z&[\Z�e�`gb?[�`a_Ae��\Z�eE£{d�`ah>l�_Xd�l	�?l�Z�]&e/b6e/�{l(`�v&[{b?d�Z&["eXZ�v?l	["e�_XZ�[y^
`�[{`Ge�`�Z&]g]�^P£{d�`g��Z�e/l�`�[Mc,b?d/i+Z�e�`gb?[�Aje/��Z�e1`�_�m!Z�v&l�["e�_6]glIZ�d�[=ty^Pb&t\_/l	d��y`g[{vq£{d/`ah>lI_	���yl��&l	d�Z�]
Z�x{e/�{b?d�_�_C�\b�~re/�\Z�e�mM`gcXZ&v&l	["e�_�tFl	v?`g[�~-`Ge���`apMl	["e�`�h�Z�]!£{d�`gb?d�_�Z�[�pqpM`a_C£�Z�d�Z�e/l6l	�y`apMl	[\h	l&m
d�l	£Fl�Z�e�l�pLb&t�_Cl�d/��Z�e�`gb?[�b&c�_Cb?i�l�Z&v&v?d/l�v?Z�e�l6_Ce�Z�e/`a_�e�`�h���l&� v\��m\£{d�`ah>lI¢�~-`�]�]ªh>b?[y�&l	d�v&l6e/b�Z
h>b?[\_/l	[\_/x\_�b&[u£Fb?_Ce/l	d�`�b&d�_	m"c,b&d-��Z&d/`�b&x\_(_/xMz�h>`�l	["e}_Ce�Z�e�`�_Ce/`ah	_�¯�Bym!°V³ymJ°IÖMmJ°	Ú�µ¶�

¤�]�b�e/eLl	euZ&]
��¯g°DCIµ�`�["�?l�_Ce/`�v?Z�e/l&m}`g[ØZ�]aZ�tFb&d�Z�e�b&d�^Ç_/l>eCe�`g[\v\m:~-�{l>e��{l	dL£\Z�d�`�i�xMe�x{l	]
i+Z�d�k&l	e�_��,e/�{l�e�^y£�l�l	i4£{]�b�^&lIpPZ�e6�\b&d�_Cl�d�Z&h	l�_�¢-Z�d�l�Z&t{]gl�e/b�Z&v&v?d/l�v?Z�e�l�`g[{c,b&d�i4Z�e/`�b&[Jm
Z&_w£�b"_�e�x{]�Z�e/lIp�ty^uíw�Èe/�\l	b&d�^&�HÎD[Pb&[{l�_/l>e6b�c�l>�M£�l�d/`�i4l	["e�_�m\lIZ&h��P_/x{tMÉ�l�h>ew~�Z?_-v&`��&l�[
`�[\_C`apMl�k"[\b�~-]glIpMv&l4e��\Z�e4Z�_/x{t\_/l>e<b&c-�{b&d�_ClI_�~�b&x{]ap«pMl	f\[{`ge/l	]�^rïFò�½�~-`g[A�o­w]ge/�\b&x{v?�
Z�]�]ª_/x{tMÉ�lIh3e�_}~�l	d�l�x{[\h	l	d/e�Z&`g[=Z?_-e/bqe/�{l<b&xMe�h>b?i�l?m\e��{l	`�d1h>b&]�]�l�h3e�`g�?l�`�[Mc,b&d�i+Z�e/`�b&[P~(Z&_
l	[\b&x{v?��e�bP`�pMl�["e/`gc,^�e��{l+~-`g[\[{`g[\v=�{b&d�_/l�~-`ge/�«h	l	d/e�Z�`�["e�^&��ÎD[{c,b&d�i4Z�e/`�b&[·Z�v?v&d�l	v?Z�e/`�b&[
pM`apLbyh�h>x{dIm{Z�[�p�íw���¶t�Z&_/l�p�£{d/lIpM`ah3e/`�b&[�_�f{e-e/�{l�p\Z�e�Z�~�l	]�]
�

ÎD[�l�Z&d/]�`�l	d�~�b&d�kjm?¤�]�b�e/eHZ�[�p��yx{[\pMl�d6¯g°E@\m\°,BIµjh	b&[\pMx�h3e/lIp4]�Z&t�b?d�Z�e/b?d/^�l	�M£�l�d/`�i4l	["e�_
e/b�e/lI_�e1e��{l<d�l�Z?_Cb?[\Z�t\]gl�[{l�_�_wb&c�e/�\l�íw�ØZ&_�_/x{i4£Me/`�b&[o`g[oe/�{l+h	b&["e/l	�"e:b�c(Z�_/l�h	x{d/`ge/`�l�_
i+Z�d�k&l	e��}�yx{t{É�l�h3e�_:~Hl�d/l�`�[{`ge/`aZ�]�]g^ux{[�ZV~�Z&d/l�~-�{`ah��Pb�cEe��{d�l	l<_Ce�Z�e/lI_w~�b&x{]apPbMh	h	x{d��}ÎD[
b&[\l<_Ce/x\pM^Ç¯G°D@Vµ¶m!£\d/`��y`g]�l	v?l�pP`�[\_/`�pMl�d�_:~�l	d�l�v?`g�?l	[�h�Z�e/l�v&b?d/`ah	Z&]Aky[{b�~-]�l�pMv?l�b�c�e/�{l�x{[M�
pMl�d/]�^y`g[{v+_Ce�Z�e/l&���(�\l�íw�Èi�bMpMl�]F� _-£{d�l�p{`�h>e/`�b&[\_	�Èe��\Z�e-lI¦?x\`g]�`gt\d/`�x{i§£\d/`ah>lI_-Z�[\pLb�e��{l	d
l�h	b&[{b?i4`�h��VZ&d/`aZ�t\]glI_6h	b&[y�&l�d/v?l�Z&_6`Gc�l	�?l	d�^&b&[\l�~Hl�d/l�ZV~�Z&d/l�b�c�e��{l�e�d/x\l�_Ce�Z�e/l)�r~�l	d�l
_/`gv?[{`GfFh	Z�["e�]g^Pi4b&d�l4Z&h	h	x{d�Z�e/l�e/�\Z&[�e��{b?_/l4b�c�b&e/�{l�d�i4byp{l	]a_	m!`�[\h>]�x\pM`�[{vLe/�\l4h	]�Z?_/_/`ah	Z�]
n·Z�]�d�Z?_C`aZ�[ �y^y£Fb�e/�\l�_/`�_�e��\Z�e�Z�v?l	["e�_4pMb·[{b&e+d/l��"`a_/lqe��{l	`�d+t�l�]g`�l>c�_4t�Z&_/l�pÇb&[È£{d/`ah>lI_	�
nr�{l�[Ç`�[\_/`�pMl�d�_<~�l	d�lqv&`��&l�[�]�l�_�_<e/�\Z&[Çh>l�dCe�Z�`�[�`�[Mc,b&d�i+Z�e�`gb?[Jm�e/�{lud�l�_/x{]ge�_�~Hl�d/l�[{b�e
pMl	f\[{`ge/`��&l&�(ÎD[=Z�_/l�h	b&[\pu_Ce/x\p{^s¯g°,B�µ¬mF`g[\_/`apMl	d�_-~�l	d�l1e/b&]apub&[\]g^�e/�\Z�e}b&[\l�b�c�e/�\l�e/�{d�l	l
_Ce�Z�e�l�_}~Hb?x{]�psïjò�½-bMh	h	x{d��w�(�\l�h>b?i�t{`�[{l�puky[{b�~-]�l�p{v&l�b�c�Z&]g]X_Cx{t{É�l�h3e�_}~(Z&_}_CxMz�h	`gl�[?e
e/bu]�b&v?`�h�Z�]�]g^=`�[Mc,l�d�e/�{l4e�d/x\l4_Ce�Z�e/l?mJe/�\b&x{v?�s[\bu_/`�[{v&]�l+`g[�_C`apMl	d�h	b&x{]ap·pM`�d/lIh3e/]�^�pMb=_/b\�
G êëÛmÔ´ÝmØ´èéÛmÚ¬à,ÚJ×7Û"ÞnØ·èéÚßÞ´ÔH'JI�Ý�ÞnÝmØ´à¬ÔH'�×)-_Þ´ÓÕ×7ÛmÔH'4Ü�àJØnÓ â7èÑÞnÓ â"à¬ÔK'�èéÛmÜ�àßâ"à¬Û(Ô¶Þ´×kÚ·ÙkÔ=ÚJèéÛL0 à�(S×kÜmà¬áÕàJÜ�èéÔ

- ×7ØnÞ�I ×7áÕÓÕ×7Ô?×/IUÔnÝmÚ·Ò�èÑÞn×)(SÓÕÚ5Ô´à¬Ú¬ÝmØnÓ Þ´ÓÕà¬ÔÄì

Ú



NEC Research Institute Technical Report 2000-168.
A brief version appears in Science 291: 987-988, February 9 2001 [Letters].

Î¬ew~(Z&_�c,b&x\[\p�e/�\Z�e�m{`�[=Z4h>b&i4£{]�l>e�l�i+Z�d�k&l>e-b&cªe��{d/l�l�_ClIh>x{d�`Ge�`glI_	m{e/�{l�íw�Ô£\d/lIpM`�h>e/`�b&[\_
~�l	d�l�Z�v?Z&`g[Le��{l�i4b?_Ce6Z&h�h>x{d�Z�e�l&��ÎD[=Z�_/`g[{v?]gl�_/l�h	x{d�`Ge�^�i4Z&d/k?l>eIm{e/�\l�íw�rlI¦?x\`g]�`gt\d/`�x{i
~(Z&_-[{b&e}d�l�Z�]�`�Ì	l�pJ�wÊ6[ue��{l�b&e/�{l�d}�\Z&[\p!m\l��&l�[P`g[ue��{`�_6]aZ&_Ce}h>b&[�pM`Ge�`gb?[Jmj�{b&d�_/^?e��{l�Z�[�p
ÆJx\[\pM�{b?]gi ¯ Ú�µ¬m!~-`Ge��sZL_/`gi4`�]�Z&d:l	�M£�l�d/`�i4l	["e�Z&]XpMlI_C`�v&[Amjc,b&x{[\p�e/��Z�e�íw�Ù~�Z?_}�?l	d�`Gf\lIp
Z&_(]�b&[\v4Z?_(_Cx{t{É�l�h3e�_-~�l	d�l1_/xMz�h>`�l	["e�]g^�l	�M£�l�d/`�l	[\h	l�pLZ�[\pLky[{b�~-]�l�pMv?l�Z&t{]gl?�

M�l	^&b?[\poe/�{l�h>b&["e�d/b?]g]�l�p·_/l>eCe�`g[\vPb�c(e/�{lq]�Z&t�b?d�Z�e/b&d�^&mAl	i4£{`�d/`ah>`a_�e�_��\ZV�?l+Z�[\Z&]g^yÌ	lIp
e/�\l�c,b&d�l�h�Z&_Ce6Z&h�h>x{d�Z&h	^�b&c�£{x{t{]�`ah�i+Z�d�k&l	e�_��}¤�l	d��\Z&£\_-e��{l�i4b?_Ce:p{`gd�l�h>e}e/lI_�e�_:`g[y�&b?]g�?l
�{b?d�_/l+d�Z?h>l+tFl>e/e/`�[{voi+Z&d/k?l>e�_��=�yl	�?l	d�Z�]�_Ce/x�pM`glI_�pMl�i4b&[\_Ce/d�Z�e�l+e/�\Z�e<bMp{p{_�b&[«�{b?d�_/l�_
h>b?d/d�l	]aZ�e�l<~�l	]�]E~-`ge/�se/�{l�Z?h3e�x\Z�]Ec,d�l�¦"x{l�[\h>`�l�_1b&cH�y`ah3e/b?d/^Ç¯G°?m�°�±MmE°I²Mmª³&´Mmª³&³Vµ¶�q�(�\l	d�l
pMbyl�_�Z�£\£�lIZ�d�e�b�tFl�Zo_Ci+Z�]�]�t{xMe�h	b&[\_/`a_�e�l	["e<t{`aZ&_�ó�c�ZV�&b?d/`ge/lI_�Z�d�l�x{[�pMl	d�£{d�`�h	l�p«Z�[�p
]�b&[{v"_C�{b&e�_1Z�d�l�b��&l	d�£{d�`�h	l�p!�<nol�`Ge�Ì	i+Z�[r¯ ³&³Iµ�Z&[\p·­w]�`w¯G°	µ�_C�\b�~ �{b�~¸Z�[·Z&_�_Cx{i4£Me�`gb?[
e/��Z�e�e��{l6h	d/b�~wp4Z&_�Z�~-�{b&]�lw`a_�d�`�_/k"�¬_/l	l�ky`g[{v�h�Z�[+l>�M£{]aZ�`�[4e/�\`�_�c�ZV�&b&d�`ge/l>�¬]�b&[{v"_C�{b&eXt\`�Z?_	�
M�l	^?b&[\pP�\b&d�_Cl�d�Z&h	`g[\v\m!_C£Fb&d/e�_6tFl>eCe�`g[\v�i+Z�d�k&l	e�_:Z&_:Zq~-�\b&]�l�£{d�b��y`�pMl<�&l�d/^uZ&h�h>x{d�Z�e�l
c,b&d�l�h�Z&_Ce�_�b�cX]g`�k&l�]g^�v?Z&i�l:b&x{e�h>b?i4l�_��

�(�{lqÎDb�~(ZP��]�l�h>e/d�b&[{`ah�º=Z&d/k?l>eq��Î���º�¢HNq_/x{£{£Fb&d/e�_�e�d�Z?pM`�[{v=`�[�_ClIh>x{d�`ge/`�l�_�e�`glIp·e/b
e/�\lLb?xMe�h	b&i4lqb&c6£Fb&]�`Ge�`�h�Z�]-Z�[�p«f\[\Z&[\h>`aZ�](l��&l	["e�_	���(�\l	`�dL°I²&±?±Pi+Z�d�k&l>eIm�b&£Fl	[Çb&[{]�^
e/bo¡w[{`��&l�d�_/`Ge�^sb�cwÎDb�~(Z=_Ce/x\p{l	["e�_�Z�[\p·l�i4£{]gb�^?l	lI_	m�b�Ãjl	d�l�p«_/l�h	x{d�`Ge�`glI_�e/��Z�e<£�Z�`ap«b�Ã
£{d�b&£Fb&d/e/`�b&[\Z&]g]�^�e�b�e��{l6£Fl	d�h>l�["e�Z�v?lwb�cJ�?b�e�l�_�d�l�h	l	`��&lIp+ty^���Z&d/`�b&x\_Hh	Z&[\pM`ap{Z�e�l�_�`�[�e��\Z�e
^&lIZ�dD� _:¡6�s¤�d/lI_C`apMl	["e�`�Z&]ªl�]glIh3e/`�b&[A�4�(�\l<f�[\Z�]E£{d�`ah>l�_:i+Z�e�h��{l�pOM�x\_/��� _:f�[\Z�]E£Fl	d�h>l�[?e
i+Z�d�v&`�[�b&cE�"`ah3e�b&d�^�i4b&d�l�h>]�b?_/l	]�^+e/��Z�[=Z�[y^�b�cXe/�{l�_/`g��i+Z�É�b?d-£�b?]g]a_�¯ CIµ¬�(�y`�[\h	l�b&£Fl	[M�
`�[{vLe/bLe/�{l+£\x{t{]�`�h&mª_/x{t\_/l�¦"x{l	["e�¡6�s¤�d/lI_C`apMl	["e�`�Z&]Xl�]glIh3e�`gb?[oi+Z�d�k&l	e�_:�\ZV�?l4Z�eCe�d�Z?h3e/lIp
~-`apMl4£\Z�d/e/`ah>`�£\Z�e�`gb?[sZ&[\p�c,b&]�]gb�~-`�[{v\��Ê}e/�\l	d1l	]�l�h>e/`�b&[·i+Z�d�k&l>e�_:�\ZV�&l�[{b�~®b?£�l�[{l�ps`�[
P Z�[�Z&p{ZRQ:Z&[\pu­wx\_Ce/d�`�Z\� S

é L é TOU OWV­Q!©J©%X
 ÌQ
Q
I �!� QSRUT§ë®�.R U F5PZY$O
�(�{l�|wb?]g]�^y~HbybMp��ye/bMh�k��E�{h��\Z&[{v&l���|6�M×:¢	[�`�_(Z�£�b?£{x{]aZ�d(b&[\]g`�[{l1i+Z�d�k&l>e-_/`gi<x{]�Z�e/`�b&[Jm
~-`ge/�oZ&£{£{d�bV�M`gi+Z�e�l	]�^�Ú"´&´\m ´?´&´4d�l	v&`a_Ce/l	d�l�pPZ?h	h	b&x{["e�_��1¹wl	~ÄZ&h	h	b&x{["e�_}tFl	v?`g[o~-`Ge��o|+ 
e�~�b�i�`�]�]g`�b&[�`�[«Ï/|}b&]�]g^y~�bybyp4pMb?]g]aZ�d�_�Ð{�ª¤EZ&dCe�`�h	`g£�Z�["e�_�h�Z�[+t{x\^�Z&[\p+_Cl�]g]�i4b��"`�l}_Ce/bMh�kM_	m
_Ce�Z�d+tFb&[�p{_	m-i4b��y`�lPb&£Me�`gb?[\_	m-Z&[\pÔZV~�Z&d�pÇb&£Me�`gb?[\_��Ù�(�{l�h	x{d�d/l�[?e+e�b&£Ô£Fb&d/eCc,b&]�`�b«`�_
~�b&d/e/�:É�x\_Ce�b��&l�d�|+ y°}t{`g]�]�`gb?[J�X|}`gv?�+d�Z&[{ky`g[\v�£�b?dCe/c,b&]�`gb"_�Z�d�lwZ&h>e/x\Z&]g]�^<_/b&]ap+Z�e�Z&x\h3e�`gb?[
b&[+��t\ZV^]\�c,b?dEd/lIZ�]Mi4b&[\l	^�b?[+Z6d�l	v?x{]aZ�dEt\Z?_C`a_	�^M(Z&_/l�p�b&[<e/�{lI_Clw_�Z�]�l�_�m�e��{l+ÏCl	�{h��\Z�[{v?l
d�Z�e/lIÐ<_/l	l�i+_�e/b4t�l�Z&£{£{d�bV�M`gi+Z�e�l	]�^�|+ M°6i4`�]g]�`gb?[Le/b+¡6�� M°&mM~-`ge/�Le/�\l�d�Z�e/l1`g[�h>d�l�Z&_/`�[{v
c,b&d6�{`�v&�{l�d}d�Z�[{k?l�pu£Fb&d/eCc,b&]�`�b?_��}|6�y×Ä`�_6tFl	v&`�[{[{`�[{vqe/bqb&ÃFl�d}[{l�~;`g[y�?l�_Ce/i4l	["e}b?£{£�b?dC�
e/x\[{`Ge�`glI_�t\Z?h�k&lIp�~-`ge/�«d�l�Z&]Ei�b?[{l	^?���\b&d�l>�{Z&i�£\]gl?mX|:�y×à`�["�?l�_Ce/b?d�_1h>b?x{]apo£\x{d�h���Z&_/l
_/�\Z�d�l�_:`�[oe��{l+i4b��y`glq¼ Á �>�3����¿�ï`_H�3ñ&��ð\òuc,b&d�|a y°4i4`g]�]�`gb?[slIZ&h���AAe/�{lI_Cl�_/�\Z&d/lI_6£�Z�`ap
b�Ã�Z&t�b?xMe}¡6�b y°:c,b&d-l��&l	d�^q¡:�� cC<i4`g]�]�`gb?[Lb&cAe��{l�i4b��"`�lR� _(tFbV�qb�z�h>l1£{d�bMh>l�l�p{_��E|6�y×
h>b&c,b&x{[�pMl	d1º=Z��6d1l�`�_/l	d:�{b?_Ce�_:Z�~�l	l�ky]g^ud�Z&pM`�bqt{d�b?Z?p{h	Z?_�e6`g[sÆJb?_:­w[\v&l	]�l�_�m!Z�[\poZ�£M�
£Fl�Z�d�_-d�l	v?x{]�Z&d/]�^qb?[=¹�M P � _1¼6�����>����e�ò�À$À*ñgf�ò�òDhue�bqpM`a_/h	x\_�_}|6�M× `�[Mc,b&d�i+Z�e/`�b&[A�w|6�y×
Z�]a_/b:_/£�b?[\_/b&d�_EZ6tFbyb�e��4Z�eEe/�{l}�Mx{[\p{Z&[\h>lw�X`�]gi¸�{l�_Ce/`���Z�]¶m?Z&[\p��{b&]ap{_EZ�[+Z&[{[yx\Z�]�Ê:_�h	Z&d
£\Z&dCe�^4`�[�|wb?]g]�^y~HbybMp!��ºPl�p{`�Z<d/l�£�b?dCe�_H_/x{v?v&l�_Ce�e��\Z�ew|6�M×Ù£{d�`ah>l�_�Z�d�lwe�Z�k?l	[�_/l	d�`�b&x\_/]g^
i�j�k)k/l�mon)nKp)p)p�qsrgt	u�qsvgtKwKp�x]qzy/{/v,nEtHy	|cn
} j�k)k/l�mon)n/y�~�|�qsv)rD��q���x
� j�k)k/l�mon)n/y�r)p�y�r�q8k/v)pgtHy���qzx���qzx�k�n/x�l,~�|gn
��j�k)k/l�mon)nKp)p)p�qsjD~K��q��/w%|gn
�Kj�k)k/l�mon)nKp)p)p�qzy�r�x/��q��/w%|gn

C



NEC Research Institute Technical Report 2000-168.
A brief version appears in Science 291: 987-988, February 9 2001 [Letters].

ty^q_/b&i4l�|wb&]�]�^"~�bybMpq`�[\_/`�pMl�d�_��
­w]ge/�{b?x{v&�<e/�\lwh>x{d�d/l�["eX£{d�`ah>l(b�cjZ�[y^�|6�y×ri4b��y`�l(_Ce/bMh�k�`a_�t\Z&_/l�p<b&[�e/�{lwh	b&]�]glIh3e�`g�?l

~-�{`�i+_�b&cª|6�y×Ùe/d�Z&p{l	d�_	m?e/�{l:��Z�]�x{l}b&cJe/�\l:_Ce/bMh�k4`�_Hx{]ge/`�i+Z�e/l�]g^+v?d/b?x{[\pMlIp+`�[+e/�{l1h>b?dC�
d�l�_/£�b?[\pM`�[{v+i4b��"`�lR� _w£Fl	d/c,b&d�i+Z�[\h	l�Z�ewe��{l�tFbV�ub�z�h>l?�-�M£�lIh>`gf�h	Z&]g]�^&mjZ�c$e�l	dwe��{l�i4b��y`�l
�\Z?_6_/£�l�["e6c,b?x{d6~�l	l�kM_}`�[�d�l	]�l�Z?_Cl?m\e��{l�_Ce/bMh�kPpMl�]g`a_�e�_6Z&[\p�h�Z&_/�{l�_}b&xMeIó}_/�\Z�d�l	�{b?]�p{l	d�_
d�l�h>l�`g�?l�|+ y°�£�l�d}_C��Z�d�l1c,b&dwl��&l	d�^�¡:�� y°�i4`�]g]�`�b&[ue/��Z�ewe��{l�i4b��y`gl���Z&_-v?d/b"_/_/l�p�x{£ue/b
e/��Z�e4£�b?`g["e+`g[�e/�{lP¡:��pMb?i4l�_Ce/`ahqi+Z�d�k&l	e�m�Z?_<d�l	£Fb&d/e/lIp«ty^ ­ P ¹w`�l	]a_Cl�[Ç�HÓ}Î3mEÎD[\h&� �
�ªd�Z?pMl	d�_�t\x{^��,d�l�_/£J��mM_C�{b?dCe-_/l	]�]a¢�_Ce/bMh�kM_�e��\Z�e(e/�\l	^�tFl	]�`gl��&l1x{[\p{l	d�l�_Ce/`�i4Z�e/l4�,b��?l	d�l�_Ce/`g�
i+Z�e�lI¢Xe��{l}i4b��y`gl�� _�l	�&l�["e/x\Z&]{£�l�dCc,b?d/i+Z&[\h>l?�X�(�{l6h>x{d�d/l�["e�£{d/`ah>l?m&e��{l	[Am?`a_�Z�h	b&]�]glIh3e�`g�?l
c,b&d�l�h�Z&_Ce�b&cªe��{l�i4b��y`gl�� _Hc,b&x\dC�¬~Hl�l	k+tFbV��b&z+h	l1d/l	e/x{d�[\_�� �

�(�{l�£\d/`ah>lI_wb�c�_/b&i4l�_Ce/bMh�kM_}Z?pVÉ�x\_Ce:Z�c$e/l	d}e/�{l�`gd6f\d�_�e6~Hl�l	k&l�[\pu`�[=~-`�p{l&mj[\Z�e�`gb?[\Z�]
d�l	]�l�Z&_/l&�(Ê6[u�\d/`ap{ZV^?mMe/d�Z&pM`�[{v+`�[Le/�{l�_Ce/bMh�k�`�_-��Z�]ge/l�p�A�b?[P�Mx{[\p{ZV^?mMe/�{l�£{d/`ah>l�Z?pVÉ�x\_Ce�_
e/b+|a �³M� ²<e/`�i4l�_(e��{l�i4b��"`�lR� _(~�l	l	k?l	[\p�tFbV�qb�z�h>l1[yx{i<t�l�d�_���`g[=¡:�� �i�`�]�]g`�b&[\_�¢3���	�PÎD[
e/�\`�_6h	Z&_/l&m{e/�{l�_Ce/bMh�k�� _-£{d�`�h	l�£{d/`�b&dwe/b+~-`apMl�d�l	]�l�Z&_/l1`�_we/�{l<|6�y×;e�d�Z?pMl	d�_E�Mc,b&d�l�h�Z&_Ce(b&c
³M� ²ue�`gi4l�_<e��{lqi4b��y`gl�� _�b&£Fl	[{`�[{vo~Hl�l	k&l�[\p«£{d�bMh>l�l�p{_����(�{lP³M� ²uc�Z&h>e/b?d�`a_�i4l�Z&["e�e/b
£{d�b�É�lIh3e(e/�{l�i4b��y`�lR� _�c,b?x{d-~�l	l	k�e/b�e�Z�]Jt�Z&_/l�p�b&[L`Ge�_-b&£Fl	[{`�[{v4~�l	l	k?l	[\p�d�l�_/x{]Ge�_	�

|6�y×§b�c$e/l�[·b�Ãjl	d�_�h	Z�]�]�Z&[\ps£{xMe�b?£Me/`�b&[\_1`�[·[\Z�e�`gb?[\Z�]�]�^=d/l�]glIZ&_/l�poi4b��"`�l�_�����Z?h��
b&£{e/`�b&[ �\Z?_<Z&[ÇZ?_/_/bMh>`aZ�e/lIpr��h	b&[\_Ce�Z&[?e3¢�_Ce/d�`�k&lq£\d/`ah>l��jm�~-�{`ah���`a_<Zsh>d�x\pMl�l�_Ce/`�i+Z�e/l
b�cHe/�{l4i4b��y`gl�� _1b?£�l�[{`�[{vu~Hl�l	k&l�[\p=d�l>e�x{d�[��y�qÊ6[�e��{l��{d�`ap{ZV^Pb�c�b&£Fl	[{`�[{vu~Hl�l	k?l	[\p!m
b&£{e/`�b&[\_He/d�Z&p{`g[{v�`a_(�\Z�]ge/lIp�A{b&[qe/�{l1c,b?]g]�b�~-`�[{v<ºPb?[\p{ZV^?m{h	Z�]�]jb&£Me�`gb?[\_-pMl�]g`a_�ewZ&[\p�h�Z&_/�
b&x{eEZ�e�Z:£{d/`ah>l(lI¦?x�Z�]ye/b:e��{l-~Hl�l	k?l	[\p�£{d/bMh	l	l�p\_-�,`�[�i4`�]g]�`�b&[\_�¢Xi4`g[yx\_Xe��{lw_�e�d/`�k&l�£{d�`�h	l&m
b&d(Ì�l	d�b�`gcXe/�{`a_w¦"x\Z�["e�`Ge�^�`a_([{l�v?Z�e�`g�?l���`
� l&��m{i+Z��J¯ ´��K�����"µ$¢>��¤�xMewb?£Me/`�b&[�_-h	Z&_/�Lb&xMewZ�e
i+Z��!¯ ´��������Iµ¬�E­r�{`�v&��h	Z&]g]\£{d/`ah>l���d/lI_C£A�gm"Z1�{`gv?�4£{xMeH£\d/`ah>lV¢�_Cx{v?v&lI_�e�_Xe/�\Z�e�myZ&h	h	b&d�pM`�[{v
e/b�|:�y×r£\Z�d/e/`ah>`�£\Z&[?e�_	mVe��{l(i4b��"`�l(~-`g]�]Ml�Z&d/[<i4b&d�l1��]glI_/_�¢Ae/�\Z&[�e��{lw_Ce/d�`gk?lH£{d�`ah>l-pMx{d�`g[\v
`ge�_-b?£�l�[{`g[\v�~�l	l�k&l�[\p!�

�(�{lP£\ZV^?b�ÃË_�e�d/x�h3e/x\d/lub�c�|6�M×æi�b��y`�lub&£Me�`gb?[\_4`�_+Z&[\Z�]�b&v?b&x\_�e/b _/b��Dh	Z&]g]�l�pÇ��xM�
d�b&£Fl�Z�[rb?£Me/`�b&[�_�`�[Ëe/�\l=f\[\Z&[\h>`aZ�]6i+Z�d�k&l>e�_	� ÎD[ÙZ�[ËZ&d/t\`Ge�d�Z&v&l>�¶c,d�l	lPi+Z�d�k&l	e�m-~-�{l�[
Z=i4b��y`�l�_Ce/bMh�kjm�Z�h�Z�]�]Hb?£Me/`�b&[JmHZ�[\pÇZ=£{xMe+b?£Me/`�b&[�Z&d/lLZ�]�]-ZV�VZ&`g]aZ�t\]gl+c,b?d�e��{lP_/Z&i4l
i4b��y`gl?mwe/�\loe��{d�l	l·£{d�`�h	l�_Li�x\_Ce=h>b?[Mc,b&d�i e/bÔZÈd/l�]�Z�e/`�b&[\_/�{`�£¨h	Z&]g]�l�pÙ£{xMeH7yh	Z&]g]1£\Z&dC�
`ge�^Fó6�g��³�� ²����������`�ªmH~-�{l�d/l4�?m��!m>��m(Z�[�p �rZ�d�l�e/�{l=_Ce/bMh�kjmH_Ce/d�`gk?l&m�h	Z�]�]¶mHZ�[�p
£{xMeu£{d�`�h	l�_�mwd�l�_/£�lIh3e/`��&l�]g^?� P b&[\_/`�p{l	d�e/�{ls��Z�]�x{l�b&c�e/�{loc,b&]�]�b�~-`g[{v�e�~HbÇ£�b?dCe/c,b&]�`gb"_	ó
��°V¢ue�~�l	["e�^Ø[{`g[\lÇh	Z&]g]<b&£Me�`gb?[\_=£\]gx\_s|+ &³�²��Ø`g[ h�Z&_/�Jm�Z&[\pà�
³?¢Le�~�l	["e�^Ù[\`g[{lÇ£{xMe
b&£{e/`�b&[\_q£{]gx�_o°I´ _/�\Z�d�l�_+b&c�e/�\lo_Ce/bMh�kj�Ä­-c$e�l	d�e/�{ls~�l	l	k?l	[\pJm-£�b?dCe/c,b&]�`gbÙ°=~-`g]�]1t�l
~�b&d/e/��³�²����¨³&²Ei+Z��!¯ ´��H�¡�2�"µ�� i+Z��j¯ ³�²�����³&²c�Iµ�~-�\`g]�lq£Fb&d/eCc,b?]g`�bs³=~-`g]�](t�lL~Hb?dCe��
i+Z��!¯ ´��������Iµg��°�´��
³]� ²c��¢¢�Ôi+Z��!¯ ³�²R�g��³&²��"µ¬�X�y`�[\h	l}e��{lwe�~�b�£Fb&d/eCc,b?]g`�b?_�£\ZV^<b&ÃPl�¦"x{`��?�
Z�]�l	["e�]g^?m?e��{l	`�d-£{d�`�h	l�_(Z�e-Z�[y^4e�`gi4l1t�l	c,b&d�l}e��{l1~Hl�l	k?l	[\p�_C�{b?x{]ap�tFl:lI¦"x\Z�]1AMb�e��{l	d�~-`�_/l&m
ZPe�d�Z?pMl	d+h�Z�[ t{x\^«e/�{luh��{lIZ�£Fl	d�£�b?dCe/c,b&]�`gb·Z�[\pÇ_C�\b&d/e�_/l	]�]He��{lub�e��{l	dIm�]�byh�ky`�[{v�`�[ÇZ
v&x�Z�d�Z�["e/l�l�p�£\d/b&f{e�� �K�
£�j�k)k/l�mon)nKp)p)p�qzy���k){�x/k�x]q��/w%|gn
¤/¥ á ÞnÒm×7Ýmã7ÒyÚJèéÔ´Ò�Ò�×7áÕÜmÓÕÛmã7Ô4Ü�×.èéÚJÚ¬ØnÝmà!ÓÕÛ"ÞnàJØnà¬ÔnÞi×7Ûa¦¨§E©ª'zèéáÕá�èéÛfèéá &_Ô´à¬Ô4ÓÕÛ=ÞnÒmÓÕÔJ-fè/- àJØ�ÓÕã7Ûm×7Ø´à�èéÛ�&ÞnÓ�(Sà�â7èéáÕÝ�à�×/I�¦-×7áÕá &_Ö|×_×kÜ=Üm×7áÕá èéØnÔÄì"�«)¬ ×Äâ_ÓÕàJÔ�Ø´à¬áÕàJèéÔ´à¬Ü!×7Û
Òm×7áÕÓÕÜfè	&�Ö|àJà¬Ù7à¬ÛmÜmÔH'_èéÛmÜ�(S×Äâ_ÓÕà¬Ô�Ö�Ó ÞnÒ
ÔnÝ,0mÔnÞ´èéÛ"Þ´Ó èéág0 ×K­�×/$SÚ¬à?Ø´à¬Ú¬à¬Ó�-�ÞnÔ�-mØnÓÕ×7ØÞn×
Ö-ÓÕÜmà5Ø´à¬áÕàJèéÔ´à)',(.è	&£èéÜ/®¶ÝmÔnÞ-ÜmÓ ¯zà¬Ø´à¬Û"Þ´á &"ì"%" êëÛ�-mØ·èéÚßÞnÓÕÚJà)'zÞ´Ò�à!Òmà¬Ümã7à!ÓÕÔ4Ûm×éÞ^°_Ý�Ó Þ´à!Ô´×*- à¬ØFI�àJÚßÞH±²(S×Äâ_ÓÕà�×)-_Þ´ÓÕ×7ÛmÔ4ÚÄèéÔnÒy×7Ý�Þ¢0fèéÔnà¬Üy×7Û�Þ´Òmàª³fÛfèéá

0 ×K­
×/$SÚ¬à4ÛkÝ,(>0 à¬Ø´Ô�Ø´à	- ×7ØnÞnàJÜ.×7Û ¬ ×7ÛmÜfè	&�'_Ö-ÒmÓÕáÕà²(S×Äâ_ÓÕà?ÔnÞn×_Ú·ÙkÔ?èéÜ/®¶ÝmÔnÞ1èéÚJÚ¬×7ØnÜmÓÕÛmã$Þ´×5ÞnÒmà^0 ×K­
×/$SÚ¬àà¬ÔnÞnÓ�(.èÑÞ´à¬Ô5ØnàH- ×7Ø¶Þ´à¬Ü²×7Û¡§_ÝmÛ�ÜfèH&�'�Ö-ÒmÓÕÚ·ÒºèéØ´à´-mØ´×/®¶à¬ÚßÞ´ÓÕ×7ÛmÔµ0fèéÔnà¬Ü²×7Û=¶fØ´ÓÕÜfè	&@èéÛmÜ·§_èÑÞ´ÝmØnÜfèH&@Ønà¬ÞnÝmØnÛmÔ×7Ûmá &"ì

@



NEC Research Institute Technical Report 2000-168.
A brief version appears in Science 291: 987-988, February 9 2001 [Letters].

Ê:h	h�Z&_/`gb?[\Z�]�]g^?mJ|6�y×§b�Ãjl	d�_:_/l�h	x{d�`Ge�`glI_+�,~-�{`ah��se/�{l�^oh	Z&]g]�ZV~(Z�d�p=b?£Me/`�b&[�_�¢1Z?_/_/bMh>`g�
Z�e�l�p:~-`ge/��£\Z&dCe�`�h	x{]�Z&dJZV~�Z&d�p\_Fh	l	d�l	i4b&[\`glI_%�Ôc,b&d!l	�MZ&i4£{]gl?m	e��{l´B�³�[\p1­w[{[yx\Z&]&­}h�Z&pMl�i�^
­w~(Z�d�p{_�m?b?d¹¸��	��¿����3mM_C£Fb&[�_Cb?d/lIp+ty^4e/�{l1­}h�Z&pMl�i�^+b�cXºPb�e�`gb?[q¤�`ah3e�x{d/l1­wd/e�_�Z�[�p��Mh	`G�
l	[�h>l�_�� �X`g�?l�b?£Me/`�b&[�_	m�h	b&d�d/lI_C£Fb&[�pM`g[\vPe/boe/�{l�f\�?lLZV~(Z�d�p·[{b&i4`�[{l	lI_	mHZ�d�l�ZV��Z�`�]�Z&t{]�l
~-`ge/�{`�[·l�Z&h��«ZV~(Z�d�p�h�Z�e/l�v&b?d/^ �,c,b&d�l>�{Z&i�£\]gl?m�Ê:_�h	Z�d�ZV~(Z�d�p=b?£Me/`�b&[�_1~Hl�d/l+ZV��Z�`�]�Z&t{]�l
c,b&d�l�Z?h��+b�cJe��{l:l	`�v&�"eHi+Z�É�b?d(Ê:_�h	Z&dHh	Z�e/l�v&b&d�`�l�_Eb&cAt�lI_�e�£{`ah3e/x\d/l?m"tFl�_Ce-Z&h3e�b&dIm?tFl�_Ce-Z&h3�
e/d�l�_�_�m�t�lI_�e�_Cx{£\£�b?dCe�`g[{v�Z?h3e�b&dIm�t�lI_�e�_Cx{£\£�b?dCe�`g[{v�Z?h3e�d/lI_/_�m�tFl�_CeHpM`�d/lIh3e/b?d�m&t�lI_�e�b?d/`�v&`�[\Z&]
_�h>d�l	l	[\£{]�ZV^?mªZ&[\pst�lI_�e4Z&p{Z&£Me/lIps_�h>d�l	l�[{£{]aZV^{¢3�qnr`ge/�\`g[ lIZ&h��«h	Z�e/l�v&b&d�^&mAe/�{lq~-`g[{[\`g[{v
b&£{e/`�b&[Ph	Z?_C�{lI_-b&x{e6Z�e6|a �³�CMm\Z&[\pLe/�{l�b�e/�\l	dwc,b?x{d}h�Z&_/�Lb?xMe6Z�e6|+ �´{��MHl	c,b&d�l�ZV~�Z&d�p\_
Z�d�l�Z�[\[{b&x{[�h>l�pJm�Z�[ub?£Me/`�b&[�� _w£\d/`ah>l�h�Z�[PtFl�`g["e�l	d�£{d/l	e/lIpPZ&_-`ge�_}l�_Ce/`�i4Z�e/lIpu]g`�k&l�]g`��{bybMp
b�c�~-`�[{[{`�[{v��:�\b&d}l	�{Z�i4£{]�l&mj~-�{l	[�d1l	�y`g[s�y£\Z&h	l	^�� _}£{d�`ah>l�~(Z&_we�~-`�h	l�e��\Z�e:b�cHÓ6l	[{Ì�l	]
n·Z&_/�{`g[\v�e/b?[Jm?e/�{l:h>b&[�_Cl�[\_Cx�_�b&cA|6�y×Øb&£{`�[{`�b&[\_�~�Z?_Ee��\Z�ew�y£\Z?h>l	^�~(Z&_�d�b&x\v&�{]�^�e�~-`ah>l
Z&_<]�`gk?l	]�^oe�bo~-`�[ÇZ?_�n·Z&_/�{`�[{v�e�b&[J��M�^«[{b?d/i+Z�]�`�Ì	`�[{v=£{d�`�h	l�_<~-`Ge��{`�[ÇlIZ&h���h�Z�e/l�v&b?d/^?m
]�`gk?l	]�`g�{bybMp{_1h	Z&[�tFl+h>b&[y�?l	d/e/l�p=`g["e/bL£{d�b&t\Z&t{`�]g`ge/`�l�_���¹wb&e/`ah>l�e/��Z�e�mª_C`�[\h>l�`ge1`a_�h>l�dCe�Z�`�[
e/��Z�e}b?[{l�Z�[�pub&[{]�^�b?[{l�b&cEe/�{l�f��&l�b?£Me/`�b&[\_}~-`Ge��{`�[�Z+£\Z&dCe�`�h	x{]�Z&d}h	Z�e/l�v&b&d�^�~-`�]g]X£\ZV^
b�Ã=|a �³RC{m&e��{l:t{x{[\pM]�l1£{d�`�h	l}b�cXZ�]�]�f��&l}b?£Me/`�b&[�_H_/�{b&x\]�pqt�l:~Hb?dCe���|a �³RC�Z�e-Z�]�]�e�`gi4lI_	�
Î¬c�e��{l�h>b?i�t{`�[{lIp=£{d�`�h	l4l	�&l�d�pM`g£�_1t�l�]gb�~¸|+ �³�CMmJZ�£\Z�d/e/`ah>`�£\Z&[?e�h>b?x{]ap�v?x\Z�d�Z�["e/l�l<Z&[
Z�d�t{`ge/d�Z�v?l�£{d�b�f{eEty^�£{x\d�h��\Z?_C`�[{v:Z�]�]yf\�&l-Z�[�p�~(Z�`ge/`�[{v4�,`gcF[{lIh>lI_/_�Z�d�^{¢Jx{["e�`g]Me��{l(~-`g[\[{l	d
`a_�Z�[{[\b&x{[\h	l�p!mXZ�e�~-�{`ah��·e/`�i4l��{l+b?d�_C�{l�h	Z�[·£FbMh�k&l>e�e��{l�pM`gÃFl�d/l�[\h>l?�qÎ¬c(e/�\lqh>b?i<�
t{`�[{l�p4£\d/`ah>l-l��&l	dEi4b��?l�_EZ�tFb��&l-|a �³RC{m�£\Z&dCe�`�h	`g£\Z&["e�_�h�Z�[4v&x\Z&d�Z&["e/l	l-Z1£{d�b�f\e�t"^�_C�\b&d/e
_/l	]�]g`�[{v+Z�]�]jf\�&l1b?£Me/`�b&[\_��

º �J����åw���uß�ç¼»¸�¹½uå}�Eå}�u�-å ���¿¾Í�X����À=�w�>ß�ç�Á ß��Eá<å(�^Â

ÎD[ÔZ�d�l�Z&]�i+Z&d/k?l>e�m�i�b?[{l>e�Z�d�^·`g[\h	l	["e/`��&lI_4Z�d�lqe��{lPpMd/`��y`g[\v�c,b?d�h	l�tFl	�{`�[\pÇl>z�h>`�l	[�h>^
Z�[�p!m&`�[+£\Z�d/e/`ah>x\]�Z&d�m�`�["e/l�d/[\Z&]{£{d�`�h	lwh>b?�{l	d�l	[\h	l&�ªÎD[�Z�[+Z�d/e/`gf�h>`aZ�]\i4Z&d/k?l>eIm�b&[4e��{lwb�e��{l	d
�\Z&[\p!m�e/�{l�d/l=Z&d/lu[{b p{`gd�l�h>eqi4b&[{l	e�Z�d�^ `�[\h>l�["e/`��&l�_��¨nr�\l	[rZ�[ËZ&d/t{`ge/d�Z�v?l�]�byb&£{�\b&]�l
£{d�l�_/l	["e�_�`ge�_/l	]gc6`�[rZo_/`gi<x{]aZ�e/`�b&[Am�~-�y^�_/�{b&x{]ap�Z&[y^&b&[\lLh�Z�d�lqe�b�e�Z�k&lPZ?pM��Z�["e�Z&v&lqb&c
`ge�Õ¸ÎD[\h	l	["e/`��&lI_�i�x\_Ce�h	b&i4l4c,d�b&i `g["e�Z&[{v&`�t{]�l�_Cb?x{d�h>l�_q�,l&� v\��mªe/�{lqp{l�_/`gd�l+e/b�£�l�dCc,b?d/i
~�l	]�]F`�[�e/�{l1v?Z&i4lI¢�b&d�c,d/b?i»`g[�pM`gd�l�h>ew_Cb?x{d�h	l�_:�,l?� v��gmye��{l�pMl�_/`gd�l6e/b4pMb4~Hl�]g]jl	[\b&x{v?��e/b
_/l	]�]{b&[{l�� _�£�b?dCe/c,b&]�`gb1b&[+��t\ZV^{¢3��Ó}b�|:�y×Ë£{]aZV^&l�d�_X�\ZV�?l�x{e/`�]g`ge�^�c,b?d�|wb?]g]�^y~HbybMp�pMb&]�]�Z&d�_
Z�[�p!m&`gcj_/b\m?Z�d�lHe��{l	`�d�d�l�_/x{]ge/`�[{v1`g[\h	l	["e/`��&lI_�_Ce/d�b&[{v:l	[{b?x{v&��e�b�i4Z&`g["e�Z�`�[<`�["e/l	d�[\Z&]M£{d/`ah>l
h>b?[\_/`�_Ce/l�[\h>^�`�[�e/�{l�v"Z�i4lIÕ

�Ab4Z�[�Z�]�^"Ì�l}e��{l�_/l1¦?x\l�_Ce/`�b&[\_�my~Hl1¦"x\Z�["e/`gc,^+e��{l�pMl	v?d/l�l}b�cXh>b&�\l	d�l	[\h	l6`�[�e��{l�|6�y×
_Ce/bMh�k+Z�[\pqb&£Me�`gb?[\_�i+Z&d/k?l>e�_:�
�Ml�h3e�`gb?[�Ö\�g°V¢3mMZ�[\pq`g[qe/�{l�|:�y×;ZV~�Z&d�p4b?£Me/`�b&[\_Hi+Z�d�k&l	e
�
�Ml�h3e�`gb?[PÖ{�9³&¢3�

Ã LCê NuÀ ��Ä£¦ F5©J©ºN(F4¡�H � X
nsl<e�l�_Ce:�\b�~ h>]�b?_/l	]�^P|6�y×à_Ce/bMh�kPZ�[\p�b&£Me�`gb?[\_:£{d�`�h	l�_1h>b?[Mc,b&d�iÛe/bL£{xMeH7yh	Z&]g]�£\Z&d/`ge�^&�
nsl�v?Z�e/�{l�d/lIpq~�l	l�k&l	[�pq�\Z&]Ge6£{d/`ah>lI_��,`¶� l&��m\£{d�`�h	l�_wZ�c$e/l�d}�{d�`�p\ZV^�� _(�\Z&]Ge}Z&[\put�l	c,b&d�l1e/�{l
~�l	l	k?l	[\pqZ&pVÉ�x\_Ce�¢�c,b&d�BRC1i4b��"`�l1_�e�byh�kM_�Z�[\p+e/�{l�`gd-h>b?d/d�l�_/£Fb&[\pM`�[{v�b?£Me/`�b&[�_HZ&£{£�lIZ�d�`g[\v
b&[ |:�y× p{x{d/`�[{vPe��{lq£Fl	d�`�byp·b&c}º=Z�d�h��«Ö{m�³�´?´&´�e/b·�yl	£{e/l	i<t�l�dq°?mE³&´&´?´{�P�X`gv?x{d/lP°
v&d�Z�£\�\_-e��{l�_Ce/bMh�kul�_Ce/`�i+Z�e�l�b�cH~Hl�l	k&l�[\pPtFbV�Pb�z�h>l<d/l	e/x{d�[\_��F�g��³�� ²"¢-�&l�d�_/x\_we/�{l�b&£M�
e/`�b&[�_(l�_Ce/`�i4Z�e/l+�F�����>���F¢>�EÎD[LZ&[PZ�d�t{`Ge�d�Z&v&l	�
c,d�l	lwi+Z&d/k?l>e�mye��{l:e�~Hb4lI_�e�`gi+Z�e�l�_(i<x\_�e

B



NEC Research Institute Technical Report 2000-168.
A brief version appears in Science 291: 987-988, February 9 2001 [Letters].

0

5

10

15

20

25

30

35

40

45

50

0 5 10 15 20 25 30 35 40 45 50

st
oc

k 
pr

ic
e 

/ 2
.9

strike price + call price - put price

parity data
best fit

coherent

Å^ÆÈÇ�É�Ê�Ë;ÌRÍZÎªÉ]Ï	Ð]Ñ�ÒcÓsÓ²ÔbÒcÊ�ÆÕÏ	Ö�Æs×4ÏKØ�Ë·Ù�Ú]ÛÝÜHÏKÞ]Ñ/ß�Òc×�à4Þ�Ô]ÏKÆsÞR×bÜ�á�ÒcÊ�ßRË�Ï�Ü�ÒgÏ�Ô�ÊKÆ8Ñ�Ë¹Ø�ÒcÓÈÏEâ
Î¨ÞRÆs×�Ï�ÜãÔ�ÓsÞcÏ6ägåcæ]ç èêé�Ë�Ê/ÜHÉ�Ü�ë6ì!í¡î�ïñðoÞRÊ�ËDÒRÑ/Øòá·ÞgéóÆsËRâõô�Ø�Ë�à�Ò�ÜHØ�ËDà¼ÓsÆÈ×�ËOö*Ø�Ë�Ê�Ë
äcågæ�ç è=÷ñëøìêí>î�ï6Ñ�Þ�ÊKÊ�ËEÜKÔ�ÞR×�à�Ü´Ï�Þ�ÔbËEÊHðoËDÑ)Ï�Ô�ÒRÊKÆÈÏ	Ö�ùóÏKØ�Ë¹ÜHÞ�ÓÈÆ8à�ÓsÆs×�ËøÆ8Ü�ÏKØ�Ë�ú�ËEÜHÏ�ÓsÆÈ×�ËEÒcÊ
û ÏDâ

ú�Ë�Ï�Ø�ËøÜ�Òcá·ËRâ¢ô�Ø�Ë û Ç�É�Ê�Ë+à]ËEá·ÞR×�ÜHÏKÊ/ÒgÏ�ËEÜ�Ò¡ÊKËDÒRÜKÞR×�ÒRú�ÓÈÖ�Ñ�ÓÈÞ�ÜHË�ÒRà�Ø�Ë�Ê�Ë�×�Ñ�Ë�Ï�Þ·Ô�É]Ï	Ð]Ñ�ÒRÓÈÓ
Ô�ÒRÊKÆÈÏ	ÖOÒcÏ=Ô�Ê�ÆsÑ�Ë;Ø�ÒRÓÕÏDâ�ô�Ø�ËLÑ�ÞRÊ�Ê�Ë�Ó8ÒgÏKÆsÞR×Oú�Ë�Ï	ö>Ë�Ë�×êÏKØ�Ë�Ï	ö´Þ6ËDÜ	Ï�ÆÈá�ÒcÏKËEÜ=ÆsÜ¡ü�â èRý�è�þJÏKØ�Ë
ÜKÓÈÞ�ÔbË�ÞRð>Ï�Ø�Ë;ú�ËEÜHÏHÿ û Ï=ÓsÆÈ×�Ë·ÏKÞ4Ï�Ø�Ë�à�ÒcÏ�Ò��zÏ�Ø�Ë�ÜKÞRÓsÆsàOÓsÆÈ×�Ë;ÆÈ×`Ï�Ø�Ë û Ç�É�Ê�Ë��+Æ8Ü�ÌRâ ü��bþJÒc×bà
ÏKØ�Ë�á·ËEÒR×;à]Æ���Ë�Ê�Ë�×bÑ�ËZú�Ë�Ï	ö>Ë�ËE×;ËEÜHÏKÆsá�ÒgÏKËDÜµÆ8ÜZÌ�â �
	]â��Z×óÖ¹Ô�ÞRÆs×�Ï´Æs×·ÏKØ�Ë û ÇRÉ�ÊKËZ×�ÞcÏªÓsÖóÆÈ×�Ç
ÞR×LÏ�Ø�Ë�ÓÈÆs×�Ë�
;÷����zÏ�Ø�Ë=à�Ò�ÜHØ�ËDà�ÓsÆs×�Ë���Æs×�à]Æ8Ñ�ÒcÏKËDÜZÒ·ÔbÞRÏKËE×�Ï�ÆsÒRÓ²ÒcÊ�ú�ÆÈÏKÊ/ÒcÇ�Ë�Þ�Ô�ÔbÞ�ÊHÏ�É�×�ÆÈÏ	ÖRâ
ÚóÆs×�Ñ�ËLÙ�ÚóÛ Ê�ËEÜHÏKÊ�ÆsÑ�Ï�Ü=ËEÒRÑ/Ø�Ô�ÓsÒ,Ö�Ë�Ê�� ÜøÆÈ×óéRËDÜ	Ï�á·Ë�×�Ï=Ï�ÞOÒ á·Ò��]ÆÈá¹É�á ÞcðøÌEü�þ ü�üRü4ÜKØ�ÒcÊ�ËEÜ
Þcð¨Òc×óÖ;Þ�Ô]ÏKÆsÞR×�þ�Ë��]Ô�ÓsÞRÆÈÏKÆs×�Ç�ÒcÓsÓ�Þcð^ÏKØ�ËDÜHËaÆs×�Ë��;Ñ�ÆsË�×bÑ�ÆsËEÜZÒ,é�Ë�Ê/ÒcÇRËDÜªÒRúbÞ�É]Ï�Ù��óÌ���þ�	cü�üøÔ�Ë�Ê
á·ÞgéóÆÈË�� Ò�Ê�Ë�Ó8ÒgÏ�ÆÈé�Ë�ÓsÖ�ÜHá�ÒcÓsÓ1þ�Ï�Ø�ÞRÉ�ÇRØ;×�Þ�×]ÿ�×�Ë�Ç�ÓÈÆsÇRÆsú�ÓsËRþóÒcá·ÞRÉ�×�Ï>ÆÈ×�ÏKË�Ê�á�Ü>Þcð�Ï�Ø�Ë�Ç�Òcá·ËRâ

�%×OÒR× Ë���Ñ�ÆÈËE×�Ï+á�ÒcÊ�ßRË�ÏEþ�Ô�Ê�ÆsÑ�ËEÜ+ÜHØ�ÞRÉ�Ó8à Ò�à]Ø�Ë�Ê�Ë¹ÏKÞLÔ�É]Ï	Ð]Ñ�ÒRÓÈÓ¨Ô�ÒRÊKÆÈÏ	Ö4ÒgÏ�ÒcÓsÓJÏ�ÆÈá·ËDÜ�þ
×�ÞRÏ��	ÉbÜ	ÏµÒgÏ¢Ô�Ê�Æ8Ñ�Ë>Ø�ÒcÓÈÏEâ��4ÞRÊ�Ë�Þgé�Ë�ÊDþgÒc×óÖ�á·ÞgéRË�á·ËE×�Ï/Ü¨Ò,ö>Ò,Ö�ðoÊKÞ�á Ô�ÒRÊKÆÈÏ	ÖaÏKØ�ÒcÏµà]ÞaÞóÑEÑ�É�Ê
ÜKØ�ÞRÉ�Ó8à;Ê�Ë�é�Ë�ÊKÏ´Ê/ÒgÏ�Ø�Ë�Ê! �É�ÆsÑ/ßóÓsÖRþ]ÒRÜ>Ô�ÒRÊHÏ�ÆsÑ�ÆÈÔbÒc×�Ï�ÜªÏ�ÒRßRËaÒRà]égÒc×�Ï/ÒcÇRË�ÞcðJÒRÊKú�ÆÕÏ�Ê�ÒRÇRËZÞ�Ô�ÔbÞ�ÊHÿ
ÏKÉ�×�ÆÕÏ�ÆÈËDÜ�â#"OË�ÏKËDÜ	Ï�Ï�Ø�ËEÜKË�Ø�ÖóÔ�ÞcÏ�Ø�ËEÜKËEÜ·úóÖêá·ËEÒ�ÜHÉ�ÊKÆs×�Ç�ÏKØ�Ë4à]ÆséRËEÊKÇ�Ë�×�Ñ�Ë�ðoÊ�ÞRá ÔbÒcÊ�ÆÕÏ	Ö
ÞgéRËEÊ�Ï�ÆÈá·Ë�þJÒc×bà Ï�Ø�Ë·ÓÈÆsßRËEÓÈÆsØ�ÞóÞ]à ÞRð�Ñ�ÓÈÞ�ÜHÉ�ÊKË¹ÏKÞgö�ÒcÊ/à4Ô�ÒRÊKÆÈÏ	ÖRâ�Å�Þ�ÊaËEÒRÑ/Ø`ÜHÏKÞ]Ñ/ß Òc×bà ÆÈÏ�Ü
Ñ�Þ�ÊKÊ�ËEÜKÔ�ÞR×�à]Æs×�Ç�ÞRÔ�ÏKÆsÞR×�ÜEþ²ö>Ë;Ê�ËEÑ�Þ�Ê�à�ËEà ÏKØ�Ë$ �É�ÒR×�ÏKÆÈÏ	ÖOë;ì2í�î ï4î2ägåcæ]ç èLË�éRËEÊKÖ6ðoÞRÉ�Ê
Ø�Þ�É�Ê�ÜEâãô�Ø�ÆsÜ� �É�ÒR×�ÏKÆÈÏ	Ö�Æ8ÜaÏKØ�Ë�à]ÆséRË�Ê�ÇRËE×�Ñ�Ë¡ðoÊ�ÞRá Ô�ÒcÊ�ÆÈÏ	ÖRþ²Þ�Ê�ÏKØ�Ë�Ò,égÒcÆsÓsÒRú�ÓÈË�ÒRÊKú�ÆÈÏKÊ/ÒcÇ�Ë
Ô�Ë�ÊªÞ�Ô]ÏKÆsÞR×ãÜHØ�ÒRÊKË�þRÞ�ÊµÏKØ�Ë�Ô�Ê�ÆsÑ�ËZÞcð²ÒøÔbÞ�ÊHÏKðoÞRÓsÆÈÞøÞRð²Ù��óÌ�Ñ�Ò�ÜHØ�þ�ÞR×�Ë�Ñ�ÒRÓÈÓbÞRÔ]Ï�ÆÈÞ�×�þ]ÒøÜHØ�ÞRÊKÏ
Ô�Þ�ÜKÆÕÏ�ÆÈÞ�×ãÆs×�ÞR×�Ë�Ô�É�ÏZÞRÔ]Ï�ÆÈÞ�×�þ�Òc×bàLÒ·ÜKØ�ÞRÊKÏ*ÔbÞ�ÜHÆÈÏKÆsÞR×�Æs×`Ìgågæ�ç è¡ÜHÏKÞ]Ñ/ß]Ü�â�"OË=ÜHÞ�ÊHÏ�ËEà�ÏKØ�Ë
Ê�ËEÜKÉ�ÓÕÏ�ÆÈ×�Ç¡è&%�Ì�Ô�ÞRÊKÏHðoÞ�ÓÈÆsÞ=Ô�ÊKÆ8Ñ�ËDÜ�þ]Òc×bà�Ç�ÊKÞ�É�ÔbËDà·ÏKØ�Ë�áõÆs×�ÏKÞ¡ÏKËE×�ú�É�Ñ/ß�Ë�Ï/Ü�Í¨×�Æs×�Ëaú�É�Ñ/ß�Ë�Ï�Ü
ö*ÆÈÏKØ`Ë���ÒRÑ�ÏKÓsÖ�ÌDüRüãÔbÞ�ÊHÏKðoÞRÓsÆÈÞ�ÜaËEÒRÑ/Ø²þJÒc×bà Ï�Ø�Ë�Ó8ÒRÜHÏøö*ÆÕÏ�Ø�Ï�Ø�Ë;Ê�Ë�á�ÒcÆs×�Æs×�Ç'%�Ì�â(" ÆÕÏ�Ø�ÆÈ×
ËEÒ�Ñ/Ø�ú�ÉbÑ/ßRË�ÏDþªö>ËLÑ�ÞRá·Ô�É]Ï�ËEà�ÏKØ�ËLðoÊ/ÒRÑ�ÏKÆsÞR× Þcð�Ô�ÞRÊKÏHðoÞ�ÓÈÆsÞ�Ü¹ÏKØbÒgÏ;ö>Ë�Ê�Ë�ÞRúbÜHËEÊKé�ËEà�ÒcÏ·Ò

ý
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Å^ÆÈÇ�É�Ê�Ë*æ�Í*��ÊKú�ÆÈÏKÊ/ÒcÇ�Ë>Ñ�ÓÈÞ�ÜHÉ�ÊKË>ÏKÞgö�ÒcÊ/àøÔ�É]ÏHÿ%Ñ�ÒRÓÈÓ]Ô�ÒRÊKÆÈÏ	ÖøÆs×¡ÏKØ�ËZÙ+ÚóÛ¼Ü	Ï�Þ]Ñ/ß=Òc×�à¡Þ�Ô]ÏKÆsÞR×�Ü
á�ÒcÊ�ßRË�Ï�ÜEâ,+´ÒRÑ/Øãà�ÆsÒRá¡Þ�×�à;Ô�ÞRÆs×�Ï��oÊ�ËEÜKÔ�âÈþ�Ñ�ÆÈÊ/Ñ�ÓsË+ÔbÞ�ÆÈ×�Ï-�>à]Æ8ÜKÔ�ÓsÒ,Ö]Ü´ÏKØ�Ë�ðoÊ/ÒRÑ�ÏKÆsÞR×ãÞcðJÔ�ÞRÊKÏHÿ
ðoÞRÓsÆsÞ�ÜªÏKØ�ÒcÏ>á·ÞgéRË�É�Ô.��à]Þgö*×/�ªÆs×�Ô�Ê�ÆsÑ�Ë+ÒcðzÏKËEÊªðoÞ�É�Ê�Ø�ÞRÉ�Ê/ÜEþ�é�Ë�Ê/ÜHÉbÜ¢ÏKØ�ËaÒ,é�Ë�Ê/ÒcÇ�ËZÑ�É�Ê�ÊKËE×�Ï
Ô�Ê�ÆsÑ�ËRâ

Ø�ÆsÇRØ�ËEÊaÔ�ÊKÆ8Ñ�Ë¹ðoÞRÉ�Ê�Ø�ÞRÉ�Ê/Ü+ÓsÒcÏKËEÊEþ�ÒR×�à6Ï�Ø�Ë¡ðoÊ�Ò�Ñ)Ï�ÆÈÞ�×�ÞRðªÔbÞ�ÊHÏKðoÞRÓsÆÈÞ�Ü�ÏKØ�ÒcÏøö´ËEÊKË¡ÓÈÞgö>Ë�Ê+Æs×
Ô�Ê�ÆsÑ�Ë+ðoÞRÉ�Ê*Ø�Þ�É�Ê/Ü´Ó8ÒgÏ�Ë�ÊDâ¢ÅJÆsÇRÉ�ÊKËøæ¹ÇRÊ/ÒcÔ�ØbÜªÏ�Ø�ËaðoÊ�Ë� �É�Ë�×bÑ�Ö;ÞRð^É�Ôóö�ÒcÊ/à�ÒR×�àãà�Þgö*×�ö�ÒcÊ/à
á·ÞgéRËEá¡ËE×�Ï�Ü+éRËEÊ�ÜKÉ�Ü�ÏKØ�Ë;Ò,é�Ë�Ê/ÒcÇRË=Ô�ÊKÆ8Ñ�Ë�â¹Î¨Þ�ÆÈ×�Ï�Ü+á�ÒcÊ�ßRËDà Ò�Ü+à�ÆsÒRá¡Þ�×�à�ÜaÆs×�à]Æ8Ñ�ÒcÏKË¡ÏKØ�Ë
ðoÊ�Ë� �É�Ë�×bÑ�Ö4Þcð�Òc×OÉ�Ôóö>ÒRÊ�à�ÜHØ�ÆÕðzÏøÒgÏaÏ�Ø�Ë·×�Ë��óÏ�ÏKÆsá·Ë�Ü	Ï�Ë�Ô�þ�Ç�ÆÈé�Ë�× ÏKØ�Ë;Ò,é�Ë�Ê/ÒcÇRË¹Ñ�É�Ê�ÊKËE×�Ï
Ô�Ê�ÆsÑ�ËRù�ÔbÞ�ÆÈ×�Ï�Üµá·ÒRÊKß�ËEà·ÒRÜ¢Ñ�ÆÈÊ/Ñ�ÓsËEÜµÆÈ×�à�ÆsÑEÒgÏKË�Ï�Ø�Ë*ðoÊ�Ë� �É�ËE×�Ñ�Ö¹Þcð�Ò�à]Þgö*×óö>ÒRÊ�à¹ÜHØ�ÆÈðzÏ´ÒcÏµÏKØ�Ë
×�Ë���Ï�ÏKÆsá·Ë¡ÜHÏKËEÔ�þbÇ�ÆÈé�Ë�×4Ï�Ø�Ë¹Ò,é�Ë�Ê/ÒcÇ�ËaÑ�É�Ê�ÊKËE×�Ï�Ô�ÊKÆ8Ñ�Ë�â�ô�Ø�Ë¹á�ÒcÊ�ßRË�Ï�ÆsÜ�×�ÞcÏaÑ�Þ�á¡Ô�ÓÈË�ÏKË�ÓsÖ
ðoÊ�Ë�Ë�Þcð�ÒcÊ�ú�ÆÕÏ�Ê�ÒRÇRË��2Ô�Ê�Æ8Ñ�ËEÜJà]ÆséRË�Ê�ÇRË�ÒgÏ¨Ï�ÆÈá·ËEÜ^ðoÊ�ÞRá Ô�ÒcÊ�ÆÕÏ	Ö�úóÖ=Ò�Ü^á=É�Ñ/Ø·ÒRÜ¨Ù��10�â�	]â,2ZË�é�ÿ
Ë�ÊKÏKØ�Ë�ÓsËEÜ�Ü�þóÏ�Ø�Ëøá�ÒcÊ�ßRË�Ï*à�Þ�ËDÜ*Ë��]Ø�Æsú�ÆÈÏ�ÜHÆsÇR×bÜ*Þcð¨ÆÈ×�Ï�Ë�Ê�×�ÒcÓ�Ñ�ÞRØ�ËEÊKËE×�Ñ�Ë�â3" Ø�Ë�×4Ô�ÊKÆ8Ñ�ËDÜ*ÒcÊ�Ë
ÏKÞóÞ·Ø�ÆsÇRØ�þóÏ�Ø�Ë�ÖLÒcÊ�Ë�á¹É�Ñ/ØLá¡Þ�ÊKË+ÓsÆÈß�Ë�ÓsÖ;ÇRÞ�à]Þgö*×LÒgÏ*ÏKØ�Ë+×�Ë��óÏ*ÏKÆsá·ËøÜ	Ï�Ë�Ô�ÒRÜEþ]Ô�ÊKËDÜHÉ�á¹ÿ
Òcú�ÓÈÖ�þ�Ô�ÒcÊKÏKÆ8Ñ�ÆsÔ�ÒR×�Ï/Ü�Ï�Òcß�Ë�ÒRà]égÒc×�Ï/ÒcÇRË¹Þcð*ÒcÊ�ú�ÆÈÏKÊ/ÒcÇRË¹ÞRÔ�Ô�ÞRÊKÏKÉ�×�ÆÕÏ�ÆÈËDÜ�â4" Ø�ËE×�Ô�ÊKÆ8Ñ�ËDÜ�ÒcÊ�Ë
ÏKÞóÞ¹ÓÈÞgö�þ�ÏKØ�Ë�Ö;ÒcÊ�ËZá·ÞRÊ�Ë�ÓsÆsßRË�ÓsÖ·ÏKÞ¹ÆÈ×bÑ�Ê�ËEÒRÜKËRâ�5²ÒRÊKÇ�Ë�à]ËEéóÆsÒcÏKÆsÞR×�ÜªðoÊKÞ�á5Ñ�ÞRØ�Ë�Ê�Ë�×�Ï´Ô�Ê�Æ8Ñ�ËEÜ
á·ÆÈÇ�Ø�Ï�úbË=Ô�ÒcÊKÏKÆ8ÒcÓsÓÈÖãË��]Ô�Ó8ÒcÆs×�ËEà�úóÖãÏKÊ/ÒRà]Æs×�Ç�ÓsÆÈá·ÆÈÏ�Ü�Þcð*ÌEü�þ ü�üRü¡ÞRÔ�ÏKÆsÞR×6ÜKØ�ÒcÊ�ËEÜ�Ô�Ë�Ê�ÔbËEÊHÿ
ÜKÞR×�þ�ÜKÞ·ÏKØbÒgÏ�ËEéRË�×6Ò�Ü	Ï�É]ÏKËøÒR×�à#6Hö>ËEÒRÓÕÏ�ØóÖ87¡Æs×óéRËEÜHÏKÞ�Ê�Ü*ÑEÒc×�×�ÞcÏ*ðoÉ�ÓsÓÈÖLË��]Ô�ÓsÞRÆÈÏ�ÒRÊKú�ÆÈÏKÊ/ÒcÇ�Ë
ö*Æs×�à]ÞgöZÜEâ

9;:=< >@?.A,B/CEDGFIH&JLKNMIO
�%×6Ï�Ø�Æ8Ü�ÜHËDÑ)ÏKÆsÞR×²þ�ö´Ë·Òc×�ÒRÓÈÖ8PEË=Ô�Ê�ÆsÑ�Ë¡Ñ�ÞRØ�ËEÊKËE×�Ñ�Ë¹ÆÈ×�ÏKØ�Ë·Ù+ÚóÛ5Ò,ö>ÒRÊ�à�Þ�Ô]ÏKÆsÞR×bÜ�á�ÒRÊKß�Ë�ÏEâ
�%× ÒR× Ë��;Ñ�ÆÈËE×�Ï+á�ÒcÊ�ßRË�ÏDþ�ÏKØ�Ë·Ñ�Þ�á=ú�Æs×�ËEà6Ô�ÊKÆ8Ñ�Ë=ðoÞRÊaÒ;ú�É�×�à]ÓsË¹ÞRðªÞRÔ]Ï�ÆÈÞ�×�Ü�ÆÈ× ÏKØ�Ë·ÜKÒRá·Ë
Ò,ö�ÒcÊ/à�Ñ�ÒcÏKËEÇRÞRÊ�Ö�ö>ÞRÉ�Ó8à ÊKËEá·ÒRÆÈ×2ÒgÏ�ÙQ�gæR	�ÒcÏ�ÒcÓsÓ*ÏKÆsá·ËEÜEâ�"OË6Ë���Òcá·Æs×�ËLÏKØ�Ë�ÒRÑ)Ï�É�ÒcÓ
Ô�Ê�ÆsÑ�ËEÜaÞRð´ÞRÔ�ÏKÆsÞR×�ÜaÆs×OÏKØ�ËTS�Ü�Ñ�ÒRÊaÒR×�àU+µá·á=Ö Ò,ö�ÒcÊ/à�Ü�á�ÒcÊ�ßRË�Ï/Ü+ðoÞRÊøà]ËEéóÆsÒcÏKÆsÞR×�Ü�ðoÊ�ÞRá
Ù��cæV	�þ,ÒR×�à�ðoÞ�Ê²Ï�Ø�Ë>ÓÈÆsßRËEÓÈÆsØ�ÞóÞ]àøÞcð�Ñ�ÓsÞ�ÜKÉ�ÊKËªÏKÞgö�ÒcÊ/à�Ù��cæV	]â*"�Ë>Ê�ËEÑ�Þ�Ê�à�ËEà+ÏKØ�Ë�ÜKÉ�áWÞRð�ÏKØ�Ë

è
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Å^ÆÈÇ�É�Ê�ËW��Í,�ZÊ�ú�ÆÈÏKÊ/ÒcÇRË>Ñ�ÓsÞ�ÜKÉ�Ê�ËªÆs×øÏKØ�Ë�Ù+ÚóÛXS�ÜKÑEÒcÊ^Òc×�àY+µá·á=Ö�Þ�Ô]ÏKÆsÞR×�Ü^á�ÒcÊ�ßRË�Ï�ÜEâZ+ªÒ�Ñ/Ø
à]Æ8Òcá·ÞR×bà Ô�ÞRÆs×�Ï$�oÊ�ËEÜKÔ�âÈþJÑ�ÆsÊ�Ñ�ÓÈË·Ô�ÞRÆs×�Ï[�aà]Æ8ÜHÔ�Ó8Ò,Ö]Ü�ÏKØ�Ë·ðoÊ/ÒRÑ�ÏKÆsÞR×OÞcð�ú�É�×�à]ÓsËEÜ+Ï�Ø�ÒgÏøá·Þgé�Ë
É�Ô���à�Þgö*×/�´ÆÈ×�Ô�Ê�ÆsÑ�Ë�ÒgðzÏKËEÊ*ðoÞRÉ�Ê*Ø�ÞRÉ�Ê/ÜEþ]éRË�Ê/ÜKÉ�Ü´ÏKØ�ËøÒ,é�Ë�Ê/ÒcÇRË�Ñ�É�Ê�ÊKËE×�Ï�Ô�ÊKÆ8Ñ�Ë�â

û é�Ë�ÞRÔ]Ï�ÆÈÞ�×�Ü*ö*ÆÈÏKØ�Æs×6ËEÒ�Ñ/Ø4Ñ�ÒgÏ�Ë�Ç�ÞRÊ�Ö�Ë�éRËEÊKÖ�ðoÞRÉ�Ê�Ø�ÞRÉ�Ê/Ü�ðoÊ�ÞRá\�6ÒcÊ/Ñ/Ø]�¡ÏKÞãÚóËEÔ]ÏKËEá=ú�Ë�Ê
ÌRþ�æcü�üRü�â^"�Ë4ÜKÞRÊKÏKËDà�ÏKØ�Ë4ÊKËDÜHÉ�ÓÈÏKÆs×�Ç ÌEý�èR	 ú�É�×�à]ÓsË�Ô�Ê�ÆsÑ�ËEÜEþ´Òc×bà�á·Ë�Ê�ÇRËDàêÏ�Ø�Ë�á ÆÈ×�ÏKÞ
ÏKËE×�ú�É�Ñ/ßRË�Ï�ÜEÍ¢×�Æs×�Ë�ú�É�Ñ/ß�Ë�Ï�ÜZö*ÆÕÏ�ØLË���ÒRÑ)Ï�ÓÈÖLæcüRü¡ú�É�×�à]ÓsËEÜ*ËDÒRÑ/Ø�þ�ÒR×�àãÏKØ�ËøÓ8ÒRÜHÏ*ö*ÆÕÏ�Ø�ÏKØ�Ë
Ê�Ë�á�ÒcÆs×�Æs×�Ç4èR	]â4" ÆÈÏKØ�Æs×�ËEÒ�Ñ/Ø�ú�É�Ñ/ßRË�ÏEþ�ö>Ë;Ñ�Þ�á¡Ô�É]ÏKËDà Ï�Ø�Ë·ðoÊ/ÒRÑ)Ï�ÆÈÞ�×�ÞRð>ú�É�×�à]ÓsËEÜaÏ�Ø�ÒgÏ
ö>Ë�Ê�Ë´Þ�ú�ÜHËEÊKé�ËEàøÒcÏµÒ�Ø�ÆÈÇ�Ø�Ë�Ê¨Ô�Ê�ÆsÑ�Ë>ðoÞRÉ�Ê¨Ø�Þ�É�Ê�Ü^Ó8ÒgÏ�Ë�ÊDþRÒc×�à=ÏKØ�Ë´ðoÊ/ÒRÑ�ÏKÆsÞR×¡Þcð�ú�É�×�à]ÓsËEÜ¨Ï�Ø�ÒgÏ
ö>Ë�Ê�Ë=ÓsÞgö´ËEÊ�Æs× Ô�Ê�ÆsÑ�ËøðoÞ�É�ÊaØ�ÞRÉ�Ê/Ü�ÓsÒcÏKË�ÊDâ�Å^ÆÈÇ�É�ÊKË_�;Ç�Ê�ÒRÔ�Ø�Ü�ÏKØ�Ë¹ðoÊKË� �É�Ë�×�Ñ�Ö�ÞcðªÉ�Ôóö�ÒcÊ/à
Òc×bàøà]Þgö*×óö>ÒRÊ�àaá·Þgé�Ë�á·Ë�×�Ï�Ü²éRËEÊ�ÜKÉ�Ü²ÏKØ�Ë�Ò,éRËEÊ�ÒRÇRË¨Ô�Ê�ÆsÑ�ËRâJÎªÊKÆ8Ñ�ËDÜJà�ÆÈé�Ë�Ê�ÇRËªÒcÏJÏ�ÆÈá·ËEÜ²ðoÊ�ÞRá
Ù��cæV	¡úóÖ�Ñ�ÓsÞ�ÜKËaÏKÞ`��ü8a;þ�Ö�Ë�Ï�Ò;Ñ�ÓÈËDÒcÊ*Ï�ÊKËE×�à�Æ8ÜZË�éóÆ8à]Ë�×�Ï�ö*Ø�Ë�Ê�Ë�úóÖãØ�ÆÈÇ�Ø�ÓÈÖLÉ�×�à�Ë�Ê�Ô�ÊKÆ8Ñ�ËDà
Òc×bà�Þgé�Ë�Ê�Ô�Ê�ÆsÑ�ËEà6ú�É�×�à]ÓsËEÜ¹ÒcÊ�Ë¡ÓsÆsßRË�ÓsÖ6Ï�Þ6Ê�Ë�éRËEÊHÏaÏ�Þgö>ÒRÊ�à ÏKØ�ËãÑ�ÞRØ�Ë�Ê�Ë�×�Ï�Ô�ÊKÆ8Ñ�Ë�âb2�ÞcÏKÆ8Ñ�Ë
ÏKØbÒgÏaÏKØ�Ë�Ñ�ÊKÞ�ÜKÜKÞgéRËEÊ�Ô�ÞRÆs×�ÏDþ�ö*Ø�ËEÊKË·É�Ô`Òc×�àOà]Þgö*×OÜHö*Æs×�Ç�ÜaÒRÊKË¡Ë� �É�ÒRÓÈÓsÖ4ÓÈÆsßRËEÓÈÖ�þ�Þ]Ñ�Ñ�É�Ê�Ü
Òcú�ÞgéRË�ÙQ�gæV	�â!"�ËøÔ�Þ�ÜHÏKÉ�ÓsÒcÏKË�Ï�Ø�ÒgÏ�ÏKØ�Æ8ÜZÆ8ÜZú�ËEÑEÒcÉ�ÜKËøÔ�ÒRÊHÏ�ÆsÑ�ÆÈÔ�ÒR×�Ï�Ü*Ç�Ë�×�ËEÊ�ÒRÓÈÓsÖ�Ô�Ê�Ë�ðoËEÊ*ÏKÞ
ú�É�Ö�Ê�ÒcÏKØ�ËEÊ�ÏKØ�ÒR×ãÏ�Þ�ÜHËEÓÈÓ²ÜKØ�Þ�ÊHÏDâ

Å�Þ�Ê+Ñ�ÞRá·Ô�ÒcÊ�Æ8ÜHÞ�×�þ�ö>Ë=Ñ�Þ�×�à]É�Ñ�ÏKËDà6Ò�ÜKÆÈá·ÆsÓsÒRÊ�ÒRÊKú�ÆÈÏKÊ/ÒcÇ�ËøÒc×�ÒRÓÈÖ]ÜKÆsÜ�É�ÜKÆÈ×�ÇLà�ÒgÏ/Ò·ðoÊ�ÞRá
ÏKØ�Ëc�%Þgö�Òd+ªÓÈËDÑ)ÏKÊ�ÞR×�ÆsÑc�6ÒcÊ�ßRË�Ïe�f�g+W�h�)þ�Ò¹Ê�ËEÒcÓÈÿ�á¡Þ�×�Ë�Ö¡Ë���Ñ/Ø�ÒR×�ÇRË�Þ���Ë�Ê�ÆÈ×�Ç¹ÜKËEÑ�É�ÊKÆÈÏKÆsËEÜ>Æs×
Ô�ÞRÓsÆÕÏ�ÆsÑEÒcÓ>Ë�éRËE×�Ï�ÜEâi"�ËãÞRú]Ï/ÒcÆs×�ËEà�à�ÒcÆsÓÈÖ�Ñ�ÓsÞ�ÜKÆs×�Ç6Ô�Ê�ÆsÑ�ËEÜøðoÞRÊøÏ�Ø�Ëj2lk Ú]Ë�×�ÒcÏKË�á�ÒRÊKß�Ë�ÏEþ
ÜHÏKÆsÓÈÓ�Æs×�Ô�Ê�ÞRÇ�ÊKËDÜKÜøÒ�Ü=ÞRðZÏKØ�ÆsÜ¡ö*Ê�ÆÕÏ�ÆÈ×�Çbâ�Î¢ÒcÊKÏKÆ8Ñ�ÆsÔ�Òc×�Ï�Ü¹Ñ�ÒR×�ú�É�Ö�Þ�Ê¡ÜKË�ÓsÓ�ÜHØ�ÒRÊKËDÜ=ÞRð�ÜHÆm�
ÜKËEÑ�É�ÊKÆÈÏKÆsËEÜEÍc6on�Ú/�óÌZÆÈð²Òc×�à�Þ�×�ÓsÖ¡ÆÈð²ÙZÆsÓsÓsÒRÊKÖbpªÓsÆÈ×�ÏKÞ�×�ö*ÆÈ×bÜµÏ�Ø�Ë�ËEÓÈËDÑ)Ï�ÆÈÞ�×q7�þ,6rn+Ú/��ÌZÆÈð²Òc×bà
ÞR×�ÓÈÖøÆÈð�Òc×�ÞRÏKØ�ËEÊ�s�Ë�á·Þ]Ñ�Ê/ÒgÏ¢ö*Æs×�Üo7�þZ6on�Ú/�óÌ´ÆÈð�Òc×�à¹ÞR×�ÓsÖøÆÈðutZÆsÑ/ß_5²Ò�PEÆÈÞ+ö*Æs×�Ür7�þv6rn+Ú/��Ì�ÆÈð
Òc×bàøÞR×�ÓÈÖøÆÈð�tZÉ�à]ÖYw+ÆsÉ�ÓsÆsÒR×�Æ]ö*ÆÈ×bÜr7�þx6rn�Ú���Ì>ÆÕð�Òc×�à=ÞR×�ÓsÖøÆÈð�Òc×�ÞcÏKØ�Ë�Êyt*Ë�Ô�É�ú�ÓsÆsÑEÒc×¡ö*ÆÈ×�Üo7�þ
Òc×bàG6rn+Ú/��Ì+ÆÈð^Òc×bà;ÞR×�ÓÈÖ�ÆÈð^ÒR×�Ö�ÞRÏKØ�ËEÊ*Ñ�Òc×bà]Æsà�ÒgÏKË+ö*Æs×�Ür7�â��%×ãÞ�Ê�à]ËEÊªðoÞ�Ê>ÏKØ�Ëaá�ÒcÊ�ßRË�ÏªÏKÞ
ú�Ë¡ÒRÊKú�ÆÈÏKÊ/ÒcÇ�ËaðoÊKËEËRþ�ÏKØ�Ë¡ÜKÉ�á ÞcðªÏKØ�Ë¡ú�Æ8à6Ô�Ê�ÆsÑ�ËEÜ�Þcð¢Ï�Ø�Ë¡ÜKÆm�4ÜKËEÑ�É�Ê�ÆÕÏ�ÆÈËDÜ�ÑEÒc×�×�ÞRÏ�Ë��]Ñ�Ë�ËDà
n�Ú���ÌRþ�Òc×�àLÏ�Ø�Ë=ÜKÉ�á Þcð¢ÏKØ�Ë=ÒRÜKß�Ô�Ê�Æ8Ñ�ËEÜ�Ñ�ÒR×�×�ÞcÏ*ð�ÒRÓÈÓ^ú�Ë�ÓsÞgözn+Ú/��Ì�â;"OË¹à�Æsà�×�ÞRÏ�Ø�Ò,é�Ë

ÌEü
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Å^ÆÈÇ�É�Ê�Ëe�bÍy�ZÊ�ú�ÆÕÏ�Ê�ÒRÇRË�Ñ�ÓsÞ�ÜKÉ�Ê�Ë�Æs×LÏKØ�ËQ�g+W�{2|k ÚóË�×bÒgÏKË�á�ÒRÊKß�Ë�ÏEâ

ÒRÑEÑ�ËDÜKÜøÏKÞ ú�Æsà Òc×�àêÒ�ÜHßOÔ�Ê�ÆsÑ�ËEÜEþµÜHÞ ö´ËãÔbËEÊHðoÞ�ÊKá·ËEà�ÏKØ�Ë�Ñ�ÒRÓsÑ�É�ÓsÒcÏKÆsÞR×�Ü=É�ÜKÆÈ×�Ç ÏKØ�ËãÓsÒ�Ü	Ï
ÏKÊ/Òc×bÜKÒ�Ñ)ÏKÆsÞR×�Ô�ÊKÆ8Ñ�ËDÜ�ùóÏ�Ø�Æ8Ü�Ô�ÊKÞgéóÆ8à]ËEÜ�ÒR×�É�Ô�Ô�Ë�Ê*ú�ÞRÉ�×�àLÞR×;Ï�Ø�ËøÒcá·Þ�É�×�Ï>ÞRð^ÒcÊ�ú�ÆÈÏKÊ/ÒcÇ�Ë�Æs×
ÏKØ�Ë�á·ÒRÊKß�Ë�ÏDâ_"OË�ÜKÞRÊKÏKËDà6ú�É�×bà]ÓÈËDÜøúóÖ6Ô�Ê�Æ8Ñ�Ë�Òc×�àOÇ�ÊKÞ�É�ÔbËDà6Ï�Ø�Ë�á�ÆÈ×�Ï�Þ4ú�É�Ñ/ßRË�Ï�ÜEâ("�Ë
Ñ�Þ�á·Ô�É]ÏKËDàêÏ�Ø�ËãðoÊ�Ò�Ñ)ÏKÆsÞR× Þcð+ú�É�×�à]ÓsËEÜ·Æs× ËEÒRÑ/Ø�ú�É�Ñ/ßRË�Ï·ÏKØ�ÒcÏ¡ö>Ë�Ê�ËãÉ�Ô�Ï�Ø�Ë�×�Ë��óÏ;à�Ò,ÖRþ
Òc×bà ÏKØ�Ë ðoÊ�Ò�Ñ)ÏKÆsÞR×2Ï�Ø�ÒgÏLö´ËEÊKË6à�Þgö*×�â Å^ÆÈÇ�É�ÊKËh��à]Æ8ÜHÔ�Ó8Ò,Ö]Ü·ÏKØ�Ë Ê�ËEÜKÉ�ÓÕÏ/Ü�â}� Ò1�]ÆÈá¹É�á
à]ËEé�Æ8ÒgÏ�ÆÈÞ�×�Ü�ðoÊKÞ�á{n+Ú/��Ì·ö>Ë�Ê�Ë¡ÒRÔ�Ô�Ê�Þ~�óÆsá�ÒgÏ�Ë�ÓsÖi08a;â(5�Þgö Ô�ÊKÆ8Ñ�ËDÜ�ö>Ë�Ê�Ë·éRËEÊKÖ4ÓsÆÈß�Ë�ÓsÖ4ÏKÞ
á·ÞgéRË6É�Ô�ö�ÒcÊ/à2Ï�Ø�Ë�×�Ë��óÏ�à�Ò,ÖRþZØ�ÆsÇRØòÔ�ÊKÆ8Ñ�ËDÜ�é�Ë�Ê�Ö2ÓÈÆsßRËEÓÈÖ ÏKÞ�ÏKÉ�Ê�×òúbÒRÑ/ß à]Þgö*×óö>ÒRÊ�à�â
�%×�ÏKËEÊKËDÜ	Ï�ÆÈ×�Ç�ÓÈÖ�þ�Ï�Ø�Ë�Ñ�Ê�Þ�Ü�ÜKÞgéRË�Ê+Ô�ÞRÆs×�Ï¹ÆsÜøÜHÏKÆsÓsÓ´Òcú�ÞgéRË(n+Ú/��Ì�þ^ÜKÉ�ÇRÇ�ËEÜHÏKÆs×�ÇLÏKØ�ÒcÏ=Ô�Ë�Ê�Ø�ÒcÔ�Ü
Ë�é�Ë�×¹ÆÈ×_�g+N� ÏKØ�ËEÊKË�Æ8Ü¨Ò�Ô�ÊKË�ðoË�Ê�Ë�×�Ñ�ËªðoÞ�Ê¢ú�É�ÖóÆÈ×�Ç�Þgé�Ë�Ê¨ÜHËEÓÈÓsÆÈ×�Ç�â¨ô�Ø�Ë�Ê�Ë>ÒRÊKË�ÒcÓ8ÜKÞ�Ë���ËDÑ)ÏKÆséRË
ÏKÊ/ÒRà�ÆÈ×�Ç·ÓsÆÈá·ÆÈÏ�Ü�ÆÈ×]�g+W��þ�ÜKÆÈ×�Ñ�ËøÔ�ÒRÊHÏ�ÆsÑ�ÆÈÔ�ÒR×�Ï�Ü*Ñ�ÒR×_�	ÞRÆs×�ÏKØ�Ëøá�ÒRÊKß�Ë�Ï*ö*ÆÕÏ�Ø6Ò·á�Ò1�]ÆÈá¹É�á
n�Ú��1	cü�ü�Æs×�é�ËEÜHÏKá·Ë�×�ÏDâNpªÞ�á·Ô�ÒcÊ�ÆÈ×�Ç¹Å^ÆÈÇ�É�Ê�ËEÜ;�¹ÒR×�à(��þóÆÈÏ*ÆsÜ�Ñ�ÓsËEÒRÊªÏ�Ø�ÒgÏ!�g+N� Ô�Ê�ÆsÑ�ËEÜ>ÒcÊ�Ë
á·ÞRÊ�Ë=Ñ�Þ�Ø�Ë�Ê�Ë�×�ÏZÏ�Ø�Òc×�Ù�ÚóÛÝÔ�Ê�ÆsÑ�ËEÜEþ�Ò�ÜZÞR×�Ë=á·ÆÈÇ�Ø�Ï�Ë��]Ô�ËEÑ)ÏDþ�ÇRÆséRË�×6ÏKØ�ÒcÏ�ÏKØ�ËøðoÞRÊ�á·Ë�Ê�ÆsÜ
ÇRÊ�ÞRÉ�×�à]ËEà;ÆÈ×LÊKËDÒcÓ�á·ÞR×�ËEÖ;ö*Ø�ÆsÓÈË�ÏKØ�Ë+Ó8ÒgÏKÏKËEÊ*ÆsÜ>×�ÞRÏEâ32ZËEéRËEÊHÏ�Ø�Ë�ÓsËEÜ�Ü�þ�Ï�Ø�ËaÇRË�×�Ë�Ê/ÒcÓ�ÜHØ�ÒRÔbË
ÞcðJÏKØ�ËaÏ	ö>Þ·Ô�ÓsÞcÏ�Ü*ÒRÊKË�ÜKÆÈá·ÆsÓsÒRÊEâ

� �j�d�y�I�l�Q�v�����l�I�T�y�Q�!�������E�,�y�[�i�I�[�d��� �Q�y�Y�!�,�

�%×�ÏKËEÊK×�ÒRÓªÔ�Ê�Æ8Ñ�ËãÑ�ÞRØ�ËEÊKËE×�Ñ�Ë�ÆsÜ¹ÞR×�Ë�þ^ð�ÒcÆsÊKÓsÖ`á¡Æs×�Æsá�ÒcÓ1þµÜ	Ï/Òc×�à�ÒRÊ�à`ÞRðZá�ÒcÊ�ßRË�Ï¹Ë��;Ñ�ÆsË�×�Ñ�ÖRâ
Ú�Ï�ÊKÞ�×�ÇRËEÊøðoÞRÊ�á�ÜøÞRðZË��;Ñ�ÆsË�×�Ñ�Ö`ÆÈá·Ô�ÓsÖ�á�ÒcÊ�ßRË�Ï¡Ñ�ÞRá·Ô�Ë�Ï�Ë�×�Ñ�ËLÒ�Üøö>Ë�ÓsÓ>ÒR×�àêÑ�Þ�Ø�Ë�Ê�Ë�×bÑ�ËRÍ
Ô�Ê�ÆsÑ�ËEÜ´ÒRÑ)Ï�É�ÒcÓsÓsÖ¹Ê�Ë���ËDÑ)Ï�Òc×;ÒcÇ�ÇRÊ�Ë�Ç�ÒgÏKÆsÞR×¡Þcð�Æs×]ðoÞ�ÊKá�ÒgÏ�ÆÈÞ�×;à]Æ8Ü	Ï�ÊKÆsú�É]Ï�ËEà;ÒRá¡Þ�×�Ç�Ï�Ø�Ë�Ô�ÒRÊHÿ
ÏKÆ8Ñ�ÆsÔ�ÒR×�Ï/Ü�þ¢ÒR×�à�á�ÒcÊ�ßRË�Ï�ðoÞRÊ�ËEÑ�Ò�Ü	Ï/ÜøÒcÊ�Ë�Ò�Ü=ÒRÑEÑ�É�Ê/ÒgÏ�Ë;ÒRÜ=Ë��]ÔbËEÊHÏ·ÒRÜ�ÜHËDÜKÜKá·Ë�×�Ï�ÜEâ]" Ø�ÆsÓÈË
Ñ�Þ�Ø�Ë�Ê�Ë�×bÑ�Ë=Æs×`ÒcÊKÏKÆ û Ñ�Æ8ÒcÓ¨á�ÒcÊ�ßRË�Ï�Ü�ÆsÜaÞRð´ÒRÑEÒRà]ËEá¡Æ8Ñ¹ÆÈ×�ÏKËEÊKËDÜ	ÏDþ�Ñ�Þ�á¡Ô�Ë�Ï�Ë�×�Ñ�Ë·ÆÈ×`ÒcÊKÏKÆ û Ñ�Æ8ÒcÓ
á�ÒcÊ�ßRË�Ï�Ü+Ô�Ê�ÞRá·ÆsÜKËEÜaÊ�ËEÒRÓ¢ÜHÞ]Ñ�ÆsË�Ï/ÒcÓ¢ú�Ë�×�Ë û Ï�Ü=ÆÈ×OÏ�Ø�Ë·ðoÞRÊ�á Þcð*Ñ/Ø�ËDÒcÔ`Òc×�à�ÊKËEÓÈÆ8Òcú�ÓÈË¡ðoÞRÊ�Ë�ÿ
Ñ�Ò�Ü	Ï/Ü�â_"OË�×�Þgö Ë��]ÒRá·ÆÈ×�Ë·ö*Ø�Ë�ÏKØ�ËEÊaÏKØ�Æ8Ü�ÜHÏKÊ�ÞR×�Ç�Ë�Êa×�ÞcÏ�ÆÈÞ�×�ÞRð´Ë���Ñ�ÆÈËE×�Ñ�ÖOÑ�ÒR×�Ø�Þ�Ósà�Æs×
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Å^ÆÈÇ�É�Ê�Ë!	�Í*��ÑEÑ�É�Ê/ÒRÑ�Ö�Þcð�Ù�ÚóÛ á·ÞgéóÆÈË�ÜHÏKÞ]Ñ/ß�ðoÞRÊ�ËEÑEÒRÜHÏ�Ü²ðoÞRÊ¢Þ�ÔbËE×�ÆÈ×�Ç+ö>Ë�ËEßRËE×�àøú�Þ~�=Þ��;Ñ�Ë
Ê�Ë�ÏKÉ�ÊK×�ÜEâJô�Ø�Ë�à�ÒRÜKØ�ËDà=ÓsÆÈ×�Ë�Ñ�Þ�ÊKÊ�ËEÜKÔbÞ�×�à�ÜJÏKÞ�Æ8à]ËDÒcÓ�Ò�Ñ�Ñ�É�Ê�Ò�Ñ�Ö�ùgÏKØ�Ë�ÜHÞ�ÓÈÆ8à¡ÓÈÆs×�Ë*Æ8Ü¨ÏKØ�ËZúbËDÜ	Ï
ÓsÆÈ×�ËDÒcÊ û ÏDâ

á�ÒcÊ�ßRË�ÏªÇ�ÒRá¡ËDÜ�þ�úóÖ;ÒRÜ�ÜHËDÜKÜKÆs×�Ç�ÏKØ�Ë�ðoÞ�ÊKËDÑ�ÒRÜHÏ´Ò�Ñ�Ñ�É�Ê�Ò�Ñ�Ö¡Þcð�Ï�Ø�Ë+Ù+ÚóÛ!Ü	Ï�ÞóÑ/ß�ÒR×�à;Þ�Ô]ÏKÆsÞR×�Ü
á�ÒcÊ�ßRË�Ï�Ü$�1ÚóËEÑ�ÏKÆsÞR×^��âsÌ��)þ¨Ï�Ø�Ë�Ù�ÚóÛ Ò,ö>ÒRÊ�àOÞ�Ô]ÏKÆsÞR×�Ü¹á�ÒcÊ�ßRË�ÏT�FÚ]ËEÑ)Ï�ÆÈÞ�×G��â�æV��þµÒc×�àêÏKØ�Ë
Å�Þ�ÊKËDÜHÆsÇRØ�Ïl+y��Ñ/Ø�ÒR×�ÇRË+á�ÒcÊ�ßRË�ÏQ�FÚ]ËEÑ)Ï�ÆÈÞ�×j��â �R�)â

�|:L� �.K*��Ky���u�z -K3Bq�Z�uAyOVH¡O�¢h£}¤;¥§¦¨K*©|Jg�zOVH&Kl�¡ªlO�A�McC«K3F|H¡JLKNMIO
¬>Ë�ðoÞ�ÊKË�ÒLá·Þgé�ÆsË;ÜHÏKÞ]Ñ/ß6ÞR×�Ù+ÚóÛõÒRà~�	ÉbÜ	Ï/Ü�þ^ÆÕÏ/Ü�Ô�Ê�ÆsÑ�Ë�Ñ�ÞR×bÜ	Ï�ÆÕÏ�É]ÏKËDÜøÒc×`ËEÜHÏKÆsá�ÒgÏ�Ë�ÞcðZæ]â è
ÏKÆsá·ËEÜaÏ�Ø�Ë;á·ÞgéóÆÈËR� ÜaÞ�ÔbËE×�Æs×�Ç6ö>Ë�Ë�ß�Ë�×�à�Ô�Ê�Þ]Ñ�Ë�ËDà�ÜEâ`"�Ë�Ç�ÒgÏ�Ø�Ë�Ê�ËEà ÏKØ�Ë;Ø�ÒcÓÈÏøÔ�Ê�ÆsÑ�ËEÜ=ä~­
��Å�ÊKÆ8à�Ò,Ö;á·Þ�ÊK×�Æs×�Ç/� Ü>Ô�Ê�ÆsÑ�ËEÜ-�>Òc×�àLÒRà~�	ÉbÜ	ÏZÔ�Ê�Æ8Ñ�ËEÜZä~®b�Fæ�â è¹ÏKÆsá·ËEÜ>Ï�Ø�ËøÒRÑ�ÏKÉ�ÒRÓ�ÊKË�ÏKÉ�Ê�×/�´ðoÞRÊ
á·ÞgéóÆÈËDÜ¢ÞRÔ�Ë�×�Æs×�Ç=à�É�ÊKÆs×�ÇaÏ�Ø�Ë�Ô�Ë�Ê�ÆÈÞ]à(�6ÒRÊ�Ñ/Ø(��þóæRüRüRü�Ï�Þ¹ÚóË�Ô�ÏKË�á¹úbËEÊ�Ì�þóæRüRüRü�âZ"OË�ÒcÓ8ÜKÞ
Ñ�Þ�ÓÈÓsËEÑ�ÏKËDà Ï�Ø�Ë�Ô�É�ú�ÓsÆsÜKØ�ËEàOðoÞ�ÊKËDÑ�Ò�Ü	Ï/ÜaÞcð|¬>Ê�ÒR×�à]ÞR×Gw+Ê/Ò,Ö ÒgÏ_¬´Þ~��S|�;Ñ�Ë`�4ÞV�	Þ�â�¯±°¨"�Ë
 �É�Òc×�Ï�ÆÕðoÖOÒc×�à`Ñ�Þ�á·Ô�ÒcÊ�Ë�Ù�ÚóÛõÔ�ÊKËDà]ÆsÑ�ÏKÆsÞR×�Ü+Ï�Þi¬>Þ~��S|�;Ñ�Ë`�4ÞV�	Þ4Ô�ÊKËDà]Æ8Ñ)ÏKÆsÞR×bÜ+ðoÞRÊY	Rü
á·ÞgéóÆÈËDÜ�ÒRÔ�ÔbËDÒcÊ�ÆÈ×�Ç�ÞR×�úbÞRÏKØ`ÜHÞ�É�Ê/Ñ�ËEÜEâ�Å^ÆÈÇ�É�ÊKË(	�Ô�ÓÈÞRÏ�Ü+ÏKØ�Ë¡Ò�Ñ)ÏKÉbÒcÓ¨úbÞ~�6ÞV�;Ñ�Ë¡ÊKË�ÏKÉ�Ê�×
ä ® ågæ�ç èaé�Ë�Ê/ÜHÉ�Ü^Ï�Ø�Ë�Ù+ÚóÛ¼ËDÜ	Ï�ÆÈá�ÒgÏ�Ë+ä ­ åcæ]ç è+ðoÞRÊ´ËEÒRÑ/Ø·á·ÞgéóÆÈË�â^ô�Ø�Ë�Ñ�Þ�ÊKÊ�Ë�Ó8ÒgÏ�ÆÈÞ�×¹ú�Ë�Ï	ö>Ë�ËE×
ÒRÑ�ÏKÉ�ÒRÓbÒR×�à·ËEÜHÏKÆsá�ÒgÏKË�ÆsÜ´ü�â è���ü�âJô�Ø�Ë+ÜHÓsÞRÔ�ËZÞRð�Ï�Ø�Ë�ú�ËEÜHÏHÿ û Ï>ÓÈÆs×�ËZÏ�Þ�ÏKØ�Ë�à�ÒcÏ�Ò(�zÏ�Ø�Ë�ÜKÞRÓsÆ8à
ÓsÆÈ×�Ë�ÆÈ×�Ï�Ø�Ë û Ç�É�Ê�Ë��¨Æ8ÜZÌ�âÈÌ�0�þcÏ�Ø�Ë�á·ËDÒc×;ÒcúbÜHÞ�ÓÈÉ]Ï�Ë*Ë�Ê�ÊKÞ�ÊµÆ8ÜN��â�	
%óþRÒc×bà·ÏKØ�Ë�á¡ËDÒc×�Ô�Ë�Ê/Ñ�ËE×�Ï
Ë�Ê�Ê�ÞRÊ>ÆsÜ|��ÌRâ�	
a;â

ô�Ø�Ë�Ù�ÚóÛ!Þ�Ô]ÏKÆsÞR×�Ü>á�ÒcÊ�ßRË�Ï>Ô�ÊKÞgéóÆ8à]ËEÜ>Òc×�ÒcÓÈÏKËEÊK×�ÒcÏKÆséRË�ðoÞRÊ�ËEÑ�Ò�Ü	Ï>ðoÞRÊ�Þ�ÔbËE×�ÆÈ×�Ç¹ö>Ë�ËEß�ÿ
Ë�×bà¹Ê�Ë�Ï�É�Ê�×�Ü�â¨ô�Ø�ËI �É�ÒR×�ÏKÆÈÏ	Ö¹ë´ìãí�­ªî�ï�­�þ�ö*Ø�ËEÊKËZí�­�Òc×�à+ïu­øÒcÊ�Ë>ÏKØ�Ë�Ñ�ÒcÓsÓ�ÒR×�à¡Ô�É]ÏªØ�ÒRÓÕÏ
Ô�Ê�ÆsÑ�ËEÜEþ�ÜKØ�Þ�É�Ósà�Ñ�ÞRÆs×�Ñ�Æ8à]Ë�ö*ÆÕÏ�Øãä~­óåcæ]ç è�þóà]É�ËZÏ�Þ=Ô�É�Ï>Ñ�ÒRÓÈÓ�Ô�ÒRÊKÆÈÏ	ÖRâ," Ø�Ë�×ãÒRÑ)Ï�É�ÒcÓ�Ê�Ë�ÏKÉ�ÊK×�Ü
ÒcÊ�Ë·Ô�ÓsÞcÏHÏ�ËEà`ÒcÇ�ÒcÆs×�ÜHÏ+Ï�Ø�Æ8ÜøÞRÔ�ÏKÆsÞR×�ÜaËDÜ	Ï�ÆÈá�ÒgÏ�ËRþJÏKØ�Ë;Ñ�ÞRÊ�ÊKËEÓsÒcÏKÆsÞR×�ÆsÜøü�â èR��Ì�þ�ÏKØ�Ë�úbËDÜ	ÏKÿ û Ï
²´³rµ�¶[¶-·q¸f¹[¹rº�»o¼�»o½[½~¾-¿rÀgÁ1»-Â�»8Ã´¿o»±ÁV¹

ÌDæ
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Å^ÆÈÇ�É�Ê�Ëd0�Í|��Ñ�Ñ�É�Ê�Ò�Ñ�ÖLÞcðN¬>Þ~�hS|�;Ñ�Ëd�4Þ��	Þ�ðoÞRÊ�ËEÑEÒRÜHÏ�Ü�ðoÞ�Ê�Þ�ÔbËE×�ÆÈ×�Ç;ö´ËEË�ß�Ë�×�à4Ê�Ë�Ï�É�Ê�×�Ü�â
ô�Ø�Ë¡à�ÒRÜKØ�ËEà6ÓÈÆs×�Ë¹Ñ�ÞRÊ�ÊKËDÜHÔ�ÞR×bà�Ü*Ï�Þ�Æ8à]ËEÒRÓ^Ò�Ñ�Ñ�É�Ê�Ò�Ñ�Ö�ù�Ï�Ø�Ë¹ÜKÞRÓsÆ8à4ÓÈÆs×�Ë¹ÆsÜ�ÏKØ�Ë=ú�ËEÜHÏ+ÓsÆÈ×�ËEÒcÊ
û ÏDâ

ÓsÆÈ×�ËR� Ü�ÜKÓÈÞ�ÔbË+Æ8ÜaÌRâsÌDæ]þ�ÏKØ�Ë+á·ËDÒc×ãÒRú�ÜKÞRÓsÉ]ÏKË+Ë�Ê�ÊKÞ�Ê´Æ8Ü!��â �Rý�þ�ÒR×�à;Ï�Ø�Ë+á¡ËDÒc×LÔbËEÊ�Ñ�Ë�×�Ï�Ë�Ê�ÊKÞ�Ê
Æ8Ü!�&%�â ü8a;â

2ZÞRÏKÆ8Ñ�Ë�ÏKØbÒgÏµðoÞ�Ê¢úbÞRÏKØ;ÜHÏKÞ]Ñ/ß¹ÒR×�à¡ÞRÔ]Ï�ÆÈÞ�×�Ü¨ËEÜHÏKÆsá�ÒgÏKËDÜ�þRÏKØ�ËEÊKË*Æ8ÜµÒ�ÜKÓÈÆsÇRØ�Ï¢ú�Æ8ÒRÜ¨Ï�Þ�É�×]ÿ
à]ËEÊKÔ�Ê�Æ8Ñ�ËµÏ�Ø�Ë�úbËDÜ	ÏKÿ1Ô�Ë�ÊKðoÞRÊ�á·ÆÈ×�Ç�á·ÞgéóÆÈËDÜ¨Òc×�à=ÞgéRË�Ê�Ô�Ê�ÆsÑ�ËµÏ�Ø�Ë�ö´Þ�Ê�ÜHÏHÿ�ÔbËEÊHðoÞ�ÊKá·Æs×�ÇZá·ÞgéóÆÈËDÜ�â
ô�Ø�Æ8Ü^á·Ò,Ö�ú�Ë�Ë��]Ô�Ó8ÒcÆs×�Òcú�ÓÈË�ÒRÜ¨Ò+á�Òc×�ÆÈðoËEÜHÏ�ÒcÏKÆsÞR×=ÞRðbÊ�ÆsÜKß�ÿ�ÜKË�ËEßóÆÈ×�Ç�úbËEØ�Ò,éóÆÈÞ�Ê¨ÒRá·ÞR×�Ç+Ù�ÚóÛ
Ô�ÒRÊHÏ�ÆsÑ�ÆÈÔ�ÒR×�Ï�ÜEÍ�ÏKÊ/ÒRà�Ë�Ê/Ü¨Ô�ÊKË�ðoË�ÊµÔ�ÞcÏ�Ë�×�ÏKÆ8ÒcÓW6KÜKÓÈËEË�Ô�Ë�Ê/Ür7+ö*ÆÈÏKØ;Ò�ÓsÞgö Ô�ÊKÞ�ú�Òcú�ÆÈÓsÆÕÏ	Ö=Þcð�ÒaéRËEÊKÖ
Ó8ÒcÊ�ÇRËªÔbÒ,ÖRÞ��¨þgÊ/ÒgÏKØ�Ë�Ê^ÏKØ�ÒR×¹ßó×�Þgö*×4 �É�Òc×�Ï�ÆÕÏ�ÆÈËDÜJö*ÆÈÏKØ�Ò�Ø�ÆsÇRØ¡Ô�ÊKÞ�ú�Òcú�ÆÈÓsÆÕÏ	Ö�ÞRð�Ò+á·Þ]à]Ë�Ê/ÒgÏ�Ë
Ô�Ò,Ö�Þ��¨â�ÚóÆÈ×bÑ�Ë;Ô�Ò,Ö�Þ���Ü�ÒcÊ�Ë·×�ÞcÏøÆs×�ÊKËDÒcÓ¢á·ÞR×�Ë�ÖRþ^Òc×�à`ÜKÆÈ×bÑ�Ë�á·ÞcÏ�ÆÈégÒgÏ�ÆÈÞ�×�Ü�á�Ò,Ö ú�Ë·ÏKÞ
ÜKË�ÓsÓJÞ�É]Ï+Þ�×h+µúbÒ,ÖRþ�ÞRÊ�ÏKÞ�Ç�Ë�ÏaÞR×�ÏKÞ;ÏKØ�Ë¡ÓÈËDÒRà]ËEÊ�ú�Þ�ÒRÊ�àh �É�ÆsÑ/ßóÓsÖRþ�ÞR×�Ë¹á·ÆÈÇ�Ø�Ï+Ë��]Ô�ËEÑ)Ï+ÏKÞ
ÜKË�ËaÊKÆ8ÜKß�ÿ%ÜKË�Ë�ßóÆs×�Ç¡úbËEØ�Ò,éóÆÈÞ�ÊEâ

Å^ÆÈÇ�É�ÊKËj0 à�ÆsÜKÔ�Ó8Ò,ÖóÜ¡ÒRÑ�ÏKÉ�ÒRÓ�ÊKË�ÏKÉ�Ê�×�Ü¹éRË�Ê/ÜKÉ�Üd¬>Þ~�@S|�;Ñ�Ëj�4Þ��	Þ ðoÞRÊ�ËEÑ�Ò�Ü	Ï/Ü�â�¯gÄ ô�Ø�Ë
Ñ�Þ�ÊKÊ�Ë�Ó8ÒgÏ�ÆÈÞ�×�ÆsÜaü�â è��8	]þbÏKØ�Ë¡ú�ËEÜHÏHÿ û Ï+ÓsÆs×�ËV� ÜaÜHÓsÞRÔ�Ë=Æ8Ü¡ÌRâsÌEü�þbÏKØ�Ë¹á·ËEÒR× ÒcúbÜHÞ�ÓÈÉ]Ï�Ë=ËEÊKÊ�ÞRÊ�ÆsÜ
��â ��Ì�þ�ÒR×�à·ÏKØ�Ë�á·ËEÒR×;ÔbËEÊ�Ñ�Ë�×�Ï´ËEÊKÊ�ÞRÊªÆsÜ�æ
%óâ 	8a�â�¬>Þ~�$S|�;Ñ�Ëc�4ÞV�	ÞøÔbËEÊHðoÞ�ÊKá·ËDà�ÞR×�ÓsÖ_�&a
ú�Ë�ÏHÏ�Ë�ÊJÏKØ�ÒR×¹Ù+ÚóÛ ÜHÏKÞ]Ñ/ß]Ü�Æs×øÏ�Ë�Ê�á�Ü²ÞRð�á¡ËDÒc×øÔ�Ë�Ê/Ñ�ËE×�Ï^ËEÊKÊ�ÞRÊDâ�ô�Ø�Ë´Ñ�ÞRÊ�ÊKËEÓsÒcÏKÆsÞR×�Æs×øË�Ê�Ê�ÞRÊ/Ü
ú�Ë�Ï	ö>Ë�Ë�×�Ù+ÚóÛ¼ËEÜHÏKÆsá�ÒgÏ�ËEÜµÒR×�à4¬´Þ~�$S|�;Ñ�Ë|�4ÞV�	Þ+ËDÜ	Ï�ÆÈá�ÒcÏKËEÜµÆsÜµü�â ý�ÌEý�þRÜHÉ�ÇRÇRËDÜ	Ï�ÆÈ×�Ç�Ï�Ø�ÒgÏ
ÏKØ�Ë=Ï	ö>ÞãËDÜ	Ï�ÆÈá�ÒcÏKËEÜ+á�Ò,Ö�ÊKËDÜHÉ�ÓÕÏ+ðoÊKÞ�á ÞgéRËEÊKÓ8ÒcÔ�Ô�ÆÈ×�ÇãÜHÞ�É�Ê�Ñ�ËEÜ�ÞcðªËEéóÆsà]ËE×�Ñ�Ë�â��%×6ð�Ò�Ñ)ÏDþ�ÆÕÏ
Æ8Ü�Ô�Þ�Ü�ÜKÆÈú�ÓsË¹ÏKØ�ÒcÏQ¬>Þ~�US|�;Ñ�Ë4�4Þ��	ÞãÞRú�ÜKË�Ê�éRËDÜ�Ù+ÚóÛ Ô�Ê�ÆsÑ�ËEÜEþ�ÒR×�à�Å,ÞRÊ�ÏKØ�ÒcÏ�ÜKÞRá·Ë¡Ù�ÚóÛ
ÏKÊ/ÒRà�Ë�Ê/Ü´Ê�ËEÒ�àb¬>Þ~�jS|�;Ñ�ËQ�4ÞV�	Þ¡ðoÞRÊ�ËEÑ�Ò�Ü	Ï/Ü�â

�*ðzÏ�Ë�Ê´Òaá·ÞgéóÆsËZÜ	Ï�ÞóÑ/ß¹ÒRà~�	É�ÜHÏ�Üc�oÞ�Ê¢ÆÕð�ÆÈÏ´à]ÞóËEÜ¢×�ÞcÏªÒRà1�	É�Ü	Ï[�)þ�ÆÕÏ/ÜµÔ�Ê�Æ8Ñ�Ë*Æ8ÜµÒ+ðoÞRÊ�ËEÑEÒRÜHÏ¨ÞRð
ÏKØ�Ë=á·ÞgéóÆÈËR� ÜZðoÞRÉ�Ê�ö´ËEË�ßãÏKÞcÏ/ÒcÓ^úbÞ~��Þ��;Ñ�Ë=Ê�Ë�ÏKÉ�ÊK×]Æ�Ç�â|"OË¡Ç�ÒgÏ�Ø�Ë�Ê�ËEàãÏ�Ø�Ë¡à�Ë�ÓsÆsÜHÏ�Ô�Ê�Æ8Ñ�ËEÜ
²ÉÈ-Ê,Ë±Ì=Í~Î-ÏqÐ´Ñ±Ì=Í~Ð´Ò~Ó�Ð´ÑLÔ�Õ[ÐÉÌ=ÑgÖ�Õ[Ò�×uÕrØQÙ*ÚlËgÑ!Û�Õ-ÜÉÕlÕ�ËgËLÎ-Ó=Ý�Õ[Ò~Î-Ï�Ï ÞQÖ~Ý ßVÑgÐ=ÑgÖQÓ=Ï�Ý�à[á�Ì=Ï ÞcâãÐ´Õ[ä@Ì´á~Õ[Ó=ÑWÐ=Ñ±å

Ô�Õ[Ð´Ì´ÑgÖeÕ[Ò�æ,ç�èWé�êdÑNälÑLÎ-Ó´Í~Ð=ÑgÖIÑrÎ-Ë=áeâãÕ[Ð´ÑgËrÎ-ÓÉÌ=ÑgÐ*Î-à�Î-Ý�Ò~Ó´ÌZÝ Ì´Ó*ÕLëZÒeÐ=ÑgÔ�Õ[Ð´Ì´ÑgÖeÐ´ÑgÌ´Í~Ð´Ò~Óré
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Å^ÆÈÇ�É�Ê�Ëd%óÍ3��ÑEÑ�É�Ê/ÒRÑ�Ö;Þcð¨Ù�ÚóÛ á·ÞgéóÆsËaÜHÏKÞ]Ñ/ß�ðoÞ�ÊKËDÑ�Ò�Ü	Ï/Ü>ðoÞRÊ�ðoÞRÉ�Ê*ö´ËEË�ß;Ï�ÞcÏ/ÒcÓ�ú�Þ~�ãÞ��;Ñ�Ë
Ê�Ë�ÏKÉ�ÊK×�ÜEâJô�Ø�Ë�à�ÒRÜKØ�ËDà=ÓsÆÈ×�Ë�Ñ�Þ�ÊKÊ�ËEÜKÔbÞ�×�à�ÜJÏKÞ�Æ8à]ËDÒcÓ�Ò�Ñ�Ñ�É�Ê�Ò�Ñ�Ö�ùgÏKØ�Ë�ÜHÞ�ÓÈÆ8à¡ÓÈÆs×�Ë*Æ8Ü¨ÏKØ�ËZúbËDÜ	Ï
ÓsÆÈ×�ËDÒcÊ û ÏDâ

Æ Ç ÒR×�àãÏKØ�Ë�Ô�ÊKÆ8Ñ�ËDÜ>ÏKØ�Ê�Ë�Ë�ö>Ë�ËEßóÜ�ú�Ë�ðoÞ�ÊKË�à]ËEÓÈÆ8ÜHÏ�ä Ä ðoÞ�ÊøÌEü�è=á·ÞgéóÆsËEÜ�ú�Ë�Ï	ö>Ë�Ë�×]�6ÒRÊ�Ñ/ØT��þæcü�üRü¡Ï�Þ�ÚóËEÔ]ÏKËEá=ú�Ë�Ê·ÌRþ�æRüRüRü�â�Å^ÆsÇRÉ�Ê�Ë(%·ÇRÊ/ÒcÔ�Ø�ÜIÆ�Ç·éRËEÊ�ÜKÉ�Ü+ä Ä ðoÞRÊ+ËEÒ�Ñ/Ø6á·ÞgéóÆÈË�â+ô�Ø�ËÑ�Þ�ÊKÊ�Ë�Ó8ÒgÏ�ÆÈÞ�×·ÆsÜ�ü�â è8%gý�þRÏKØ�Ë+úbËDÜ	ÏKÿ û Ï>ÓsÆÈ×�ËV� Ü>ÜKÓsÞRÔ�Ë�Æ8Ü�Ì�â üV��þóÒc×�à�ÏKØ�Ë+á·ËEÒc×ãË�Ê�ÊKÞ�ÊªÆ8ÜN�bâ ü�ÌRâ

�|:=< íhBqK3îIA�îcJrïLJrOVH¡Jr�^ -K3Bq�Z�uAyOVH¡O�¢h£}¤;¥§>@?UA�BqC{DGF|H¡JLKNMIO
�%×øÏ�Ø�Ë�Ù�ÚóÛXS�Ü�Ñ�ÒcÊJÞRÔ]Ï�ÆÈÞ�×�ÜJá·ÒRÊKß�Ë�ÏDþcÒRÜJÆÕÏ^ÏKÉ�Ê�×�Ü^ÞRÉ�ÏEþcËDÒRÑ/Øø×�Þ�á·ÆÈ×�ËEËªö*ÆÈÏKØ¹ÏKØ�Ë>Ø�ÆsÇRØ�ËDÜ	Ï
û ×�ÒRÓ¢Ô�Ê�ÆsÑ�Ë�ÆÈ×`ÆÈÏ�ÜøÑEÒgÏKËEÇRÞ�ÊKÖ4à]Æ8à`ÆÈ×bà]Ë�ËDà�ö*Æs×�Òc×�S�ÜKÑEÒcÊDâ�ô�Ø�Ë("OÒRÓÈÓ>Ú�ÏKÊ�Ë�Ë�ÏQð�ÞRÉ�ÊK×�ÒRÓFþ
Òcá·Æ8àêÑ�Þ�×�ÏKÊ�ÞgéRË�Ê/ÜKÖRþ²Ô�É�ú�ÓsÆsÜKØ�ËEà Ò6Ô�ÞRÓsÓ´ÞRð�ÒRÑ�ÏKÉ�ÒRÓ;��Ñ�Ò�à]Ë�á¹Ö�é�ÞcÏKËEÊ�Ü¹à�Ò,Ö]Ü=ú�Ë�ðoÞ�ÊKË�ÏKØ�Ë
S�Ü�Ñ�ÒcÊ¢Ò,ö�ÒcÊ/à�Ü¨Ñ�ËEÊKËEá¡Þ�×óÖ�ùcÏKØ�ËEÆÈÊµÊ�Ë�Ô�ÞRÊKÏµÑ�Þ�ÊKÊ�ËEÑ�ÏKÓsÖaðoÞRÊ�ËEÑ�Ò�Ü	Ï�ËEà¹ÞR×�ÓsÖ=ÜKË�é�Ë�×·ÞRÉ]ÏµÞRðbËEÆÈÇ�Ø�Ï
ö*Æs×�×�Ë�Ê/ÜEâ

¬>Ë�ÖRÞ�×�à2Ô�Ê�ËEà]Æ8Ñ)Ï�ÆÈ×�Ç�ÏKØ�Ë á¡Þ�Ü	ÏãÓÈÆsßRËEÓÈÖ ö*ÆÈ×�×�Ë�ÊDþ*ö´Ë ÆÈ×óéRËDÜ	Ï�ÆÈÇ�ÒgÏ�Ë4Ø�Þgö Ò�Ñ�Ñ�É�Ê�ÒcÏKËEÓÈÖ
Ù�Ú]Û Ò,ö�ÒcÊ/à ÞRÔ]Ï�ÆÈÞ�× Ô�ÊKÆ8Ñ�ËDÜ�Ê�Ë��bËEÑ)Ï�ÒcÓsÓ�ÓsÆÈß�Ë�ÓsÆÈØ�Þ�Þ]à�ÜãÞcðøö*Æs×�×�Æs×�Çbâ Å�Þ�ÊãË���Òcá·Ô�ÓsËRþZÆÈð
Ô�Ê�ÆsÑ�ËEÜaÒcÊ�Ë�ÒRÑEÑ�É�Ê/ÒgÏ�ËRþ�ÏKØ�Ë�×�Òcá·ÞR×�ÇLÒRÓÈÓ¢Þ�Ô]ÏKÆsÞR×�Üaö*ÆÈÏKØ�ÒL×�Þ�ÊKá�ÒcÓsÆãP�ËEà Ô�Ê�ÆsÑ�Ë¡ÞRð>ÙQ�,ü�âsÌRþ
Òcú�ÞRÉ�Ï^Þ�×�ËªÆs×øÏ�Ë�×·ÜHØ�Þ�É�Ó8àøË�×bàøÉ�Ô¹ö*ÆÈ×�×�ÆÈ×�Çbâ3S�É�Ê^Ò�Ñ�Ñ�É�Ê�Ò�Ñ�ÖaÒc×�ÒRÓÈÖ]ÜKÆsÜJÆsÜ¨ÜKÆÈá·ÆsÓsÒRÊ²Ï�Þ�Ï�Ø�ÒgÏ
Ñ�Þ�×�à]É�Ñ�ÏKËDà6ðoÞ�Ê�Ø�ÞRÊ/ÜHË·Ê/ÒRÑ�ËEÜ4ñÕÌRþµÌEý]þ¢ÌDè]þJæRü]þJæRæ~òªÒc×�àOÞcÏ�Ø�Ë�Ê�ÜKÔbÞ�ÊHÏ/ÜaúbË�ÏHÏ�ÆÈ×�Ç4á�ÒRÊKß�Ë�Ï�Ü
Æs×�é�ÞRÓséóÆÈ×�Ç¡Ê�ËEÒcÓ²á¡Þ�×�Ë�Ö�â3"OËøÑ�ÞRÓsÓsËEÑ)Ï�ËEàLÔ�Ê�ÆsÑ�ËEÜ�ÞRð¢Ò,ö�ÒcÊ/à;Þ�Ô]ÏKÆsÞR×bÜ*ÒRÜ�ÜHÞ]Ñ�Æ8ÒgÏ�ËEàãö*ÆÕÏ�Ø�ÏKØ�Ë
S�Ü�Ñ�ÒcÊ/ÜEþZw+Ê�ÒRá¡á·ÆsËEÜEþJÒR×�à.+µá·á·ÆÈËDÜ�þJðoÞRÊøÒLÏ�ÞcÏ�ÒRÓµÞcðaÌ��
	ãÞRÔ]Ï�ÆÈÞ�×�Ü�âTw+Ê�ÒRá¡á¹Ö Þ�Ô]ÏKÆsÞR×�Ü
�o×�ÆÈ×�Ë>Ñ�ÒcÏKË�Ç�ÞRÊ�ÆÈËDÜo��Òc×�àQ+ªá¡á¹ÖaÞRÔ]Ï�ÆÈÞ�×�ÜN�oÏKË�×¡Ñ�ÒcÏKË�Ç�ÞRÊ�ÆÈËDÜo�bðoÉ�×�Ñ)Ï�ÆÈÞ�×�ËEà=Ë���ÒRÑ�ÏKÓsÖ+Ò�ÜyS�Ü�Ñ�ÒRÊ
ÞRÔ�ÏKÆsÞR×�ÜEþóÏKØ�Þ�É�ÇRØLö*Æs×�×�Æs×�Ç$w+Ê�ÒRá·á=Ö;Þ�Ô]ÏKÆsÞR×�Ü�ÔbÒcÆ8à�Þ�É]Ï�Ù��~��æ=ÆÈ×�ÜHÏKËDÒRàLÞcð¨Ù��cæV	]â

ÎµÊ�ÆsÑ�ËEÜãö´ËEÊKË�ÊKËDÑ�Þ�Ê�à]ËDà.�	É�ÜHÏLú�Ë�ðoÞ�ÊKË�ÏKØ�Ë�á�ÒcÊ�ßRË�Ï�ÜLÑ�ÓsÞ�ÜKËEà�þ+Òc×�àòúbË�ðoÞRÊ�Ë�ö*Æs×�×�ËEÊ�Ü
ö>Ë�Ê�Ë;Òc×�×�Þ�É�×�Ñ�ËEà�âj"OËãÜKÞRÊKÏKËEà�Ï�Ø�Ë�Þ�Ô]ÏKÆsÞR×�Ü=úóÖ�Ô�Ê�Æ8Ñ�ËRþ¨Òc×bà`ÇRÊ�ÞRÉ�Ô�ËEàOÏ�Ø�Ë�á ÆÈ×�Ï�Þ ÜHÆm�
ú�É�Ñ/ß�Ë�Ï/Ü�â,"�Ë�Ô�Ó8ÒRÑ�ËDà¡ÏKØ�Ë+ÜKÒRá·ËZ×óÉ�á=ú�Ë�Ê´Þcð�ÞRÔ�ÏKÆsÞR×�Üc�	Ì�0
�¨Æs×;Ë�é�Ë�Ê�Ö=ú�É�Ñ/ß�Ë�ÏDþ�É�×bà]Ë�Ê´ÏKØ�Ë
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Å^ÆÈÇ�É�Ê�Ëaý�Íy��Ñ�Ñ�É�Ê/ÒRÑ�Ö�Þcð²Ï�Ø�ËøÙ�Ú]Û Ò,ö>ÒRÊ�à�ÞRÔ]Ï�ÆÈÞ�×�Ü�á�ÒcÊ�ßRË�ÏDâ¢Î¨ÞRÆs×�Ï/Ü�à]ÆsÜKÔ�Ó8Ò,Ö;ÞRúbÜHËEÊKé�ËEà
ðoÊ�Ë� �É�Ë�×bÑ�Ö�é�Ë�Ê/ÜHÉbÜ�Ò,éRË�Ê/ÒcÇ�Ë²×�Þ�ÊKá�ÒRÓÈÆãP�ËDà�Ô�ÊKÆ8Ñ�Ë¨ðoÞ�Ê�ú�É�Ñ/ß�Ë�Ï�Ü�ÞRð�ÜHÆsá·ÆÈÓ8ÒcÊ�ÓÈÖ�ÿ�Ô�Ê�ÆsÑ�ËEà�ÞRÔ]Ï�ÆÈÞ�×�Ü�â
ô�Ø�Ë�à�Ò�ÜHØ�ËDàLÓÈÆs×�Ëaö*Ø�Ë�Ê�Ë+ðoÊKË� �É�Ë�×�Ñ�Ö�Ë� �ÉbÒcÓ8Ü´Ô�ÊKÆ8Ñ�ËøÑ�ÞRÊ�ÊKËDÜHÔ�ÞR×�à�ÜµÏ�Þ�Æsà]ËDÒcÓ�Ò�Ñ�Ñ�É�Ê�Ò�Ñ�ÖRâ

Ñ�Þ�×�ÜHÏKÊ/ÒcÆs×�ÏªÏKØ�ÒcÏ´Ë�é�Ë�Ê�Ö¹ú�É�Ñ/ßRË�ÏªÆÈ×bÑ�ÓsÉ�à]ËaÒgÏªÓsËEÒ�Ü	Ï>ÞR×�Ë�ö*ÆÈ×�×�ÆÈ×�Ç¹ÞRÔ]Ï�ÆÈÞ�×�â,"�ËaÑ�Þ�á¡Ô�É]ÏKËDà
ÏKØ�Ë�Ò,éRËEÊ�ÒRÇRË¡×�ÞRÊ�á�ÒcÓsÆmPEËEàOÔ�Ê�ÆsÑ�Ë�Þcð*ÞRÔ]Ï�ÆÈÞ�×�Ü�ö*ÆÈÏKØ�Æs×êËDÒRÑ/Ø`ú�É�Ñ/ß�Ë�ÏEþ¨Òc×bà Ï�Ø�ËUóRô[õ�ö�÷[ø~ö-ù
ú ÷rö-û�üqö�ýuþ�ÿ·ö*ÆÈÏKØ�Æs×�ËEÒRÑ/Øãú�É�Ñ/ß�Ë�ÏEþóÞ�Ê´Ï�Ø�Ëa×óÉ�á=ú�Ë�Ê*ÞRð²ö*ÆÈ×�×�ÆÈ×�Ç¡Þ�Ô]ÏKÆsÞR×bÜ>à�ÆÈéóÆ8à]ËEàãúóÖ�ÏKØ�Ë
×óÉ�á=ú�Ë�ÊaÞRðªÞRÔ]Ï�ÆÈÞ�×�ÜEâaÅ^ÆsÇRÉ�Ê�Ë·ý;Ô�ÓsÞcÏ/Ü�ËDÒRÑ/Ø�ú�É�Ñ/ßRË�Ï�� Ü�Þ�ú�ÜKË�Ê�éRËEà4ðoÊKË� �É�Ë�×�Ñ�ÖLé�Ë�Ê/ÜHÉbÜ�ÆÈÏ�Ü
Ò,éRËEÊ�ÒRÇRË+×�ÞRÊ�á�ÒcÓsÆmPEËEà�Ô�Ê�Æ8Ñ�ËRâl��ð´ö´Ëøá·Þ]à]ËEÓ²ÞRÔ�ÏKÆsÞR×�Ü+ÒRÜ*Æs×�à]ËEÔbËE×�à]ËE×�ÏQ¬>Ë�Ê�×�ÞRÉ�ÓÈÓsÆ�Ï�ÊKÆ8ÒcÓ8Ü�þ
ÏKØ�Ë�×�þóÆs×;ÏKØ�Ë�ÓsÆÈá·ÆÈÏ�Ò�ÜµÏ�Ø�Ë�×óÉ�á¹úbËEÊ�Þcð�ÞRÔ�ÏKÆsÞR×�Ü´ÇRÞóËEÜµÏKÞ¡ÆÈ× û ×�ÆÈÏ	ÖRþ]Ñ�Þ�á¡Ô�ÓÈË�ÏKË�ÓsÖ�ÒRÑEÑ�É�Ê/ÒgÏ�Ë
Ô�Ê�ÆsÑ�ËEÜ�ö>ÞRÉ�ÓsàOÆsá¡Ô�ÓÈÖ�ÏKØ�ÒcÏ=ú�É�Ñ/ß�Ë�Ï=Ô�ÞRÆs×�Ï�Üað�ÒRÓÈÓ´ÞR×`Ï�Ø�Ë;ÓsÆÈ×�Ë$
�÷��²þ^ö*Ø�Ë�Ê�Ë;ÞRúbÜHËEÊKé�ËEà
ðoÊ�Ë� �É�Ë�×bÑ�Ö4Ë� �É�ÒRÓsÜ+Ô�Ê�Æ8Ñ�ËRâ_+µÊ�ÊKÞ�Ê�úbÒcÊ/Ü�à]Æ8ÜKÔ�ÓsÒ,Ö6è
	
a Ñ�ÞR× û à]Ë�×�Ñ�Ë¹Æs×�ÏKËEÊKégÒcÓ8Ü+É�×�à]ËEÊaÏKØ�Ë
Æs×�à]Ë�Ô�Ë�×bà]Ë�×�Ïe¬>ËEÊK×�Þ�É�ÓsÓÈÆJÏKÊ�ÆsÒRÓsÜ�ÒRÜ�ÜHÉ�á¡Ô�ÏKÆsÞR×�â�Ú]ÔbËDÑ�Æ û Ñ�ÒRÓÈÓsÖRþbÏKØ�Ë¡ÓsÞgö´ËEÊZË�Ê�ÊKÞ�ÊZú�ÞRÉ�×�à6ÆsÜ
ÏKØ�Ë+ü�â ü�æV	� �É�Òc×�Ï�ÆÈÓsË�ÞRð²Òd¬>Ë�Ï/Ò¹à�ÆsÜHÏKÊ�ÆÈú�É]ÏKÆsÞR×�Ñ�ÞRÊ�ÊKËDÜHÔ�ÞR×bà]ÆÈ×�Ç�ÏKÞ=ÏKØ�Ë+ÞRú�ÜKË�Ê�éRËDà·×óÉ�á=ú�Ë�Ê
Þcð�ÜHÉbÑ�Ñ�ËDÜKÜKËEÜ_�oö*Æs×�Ü-�+Òc×�à ÏKÊ�ÆsÒRÓsÜ+Æs× Ï�Ø�Ë�ú�É�Ñ/ß�Ë�ÏDþ�Òc×�à ÏKØ�Ë·É�Ô�ÔbËEÊ�Ë�Ê�ÊKÞ�Ê�ú�ÞRÉ�×bà Æ8Ü+ÏKØ�Ë
ü�â è8%�	_ �ÉbÒc×�ÏKÆsÓÈË�âZô�Ø�Ëd¬>Ë�Ï/Ò;à]Æ8Ü	Ï�ÊKÆsú�É]Ï�ÆÈÞ�×6Æ8Ü*ÏKØ�Ë¹Ñ�Þ�ÊKÊ�ËEÑ�ÏZÔbÞ�Ü	Ï�Ë�Ê�ÆÈÞ�ÊZà]Æ8Ü	Ï�ÊKÆsú�É]Ï�ÆÈÞ�×6ÞgéRËEÊ
ðoÊ�Ë� �É�Ë�×bÑ�ÖRþ�Ò�ÜKÜKÉ�á·Æs×�Ç�Ò·É�×�ÆÈðoÞRÊ�á Ô�Ê�ÆÈÞ�ÊEâ�¯ Ç ô�Ø�Ë�ÓsË�×�ÇcÏKØ�ÞRð¨ÒR×LËEÊKÊ�ÞRÊ>ú�ÒRÊ�à]ËEÑ�ÊKËDÒRÜKËEÜ�ÒRÜ
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ðoÉ�×�à�ÆÈ×�Ç·ÒcÇ�Ë�×�Ñ�ÆÈËDÜ�þ�Ô�É�ú�ÓÈÆ8Ñ�Ô�ÞRÓsÆ8Ñ�Ö�ÓsËEÒRà�Ë�Ê/Ü�þ�ÏKØ�Ë+á·ËEà]Æ8Ò�þ]ÒR×�à;ÞRÏKØ�ËEÊ´Æs×�ÏKË�Ê�ËEÜHÏKËDà;Ô�ÒRÊHÏ�ÆÈËDÜ�â
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�^ÏKÞ¹ÆÈÊ�ÊKËEéRËEÊKËE×�Ïe�oËRâ Ç�þ]Å^ÛQ�óÌ�ÆÈðJÒc×bà�ÞR×�ÓsÖ
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