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Families of type III KMS states on a class of C-algebras containing On and
QN

Abstract
We construct a family of purely infinite C¤-algebras, Q¸ for ¸ 2 (0, 1) that are classified by their K-groups.
There is an action of the circle T with a unique KMS state Ã on each Q¸. For ¸ = 1/n, Q1/n »= On, with its
usual T action and KMS state. For ¸ = p/q, rational in lowest terms, Q¸ »= On (n = q − p + 1) with UHF fixed
point algebra of type (pq)1. For any n > 1, Q¸ »= On for infinitely many ¸ with distinct KMS states and UHF
fixed-point algebras. For any ¸ 2 (0, 1), Q¸ 6= O1. For ¸ irrational the fixed point algebras, are NOT AF and
the Q¸ are usually NOT Cuntz algebras. For ¸ transcendental, K1(Q¸) »= K0(Q¸) »= Z1, so that Q¸ is
Cuntz' QN, [Cu1]. If ¸ and ¸−1 are both algebraic integers, the only On which appear are those for which n ´
3(mod 4). For each ¸, the representation of Q¸ defined by the KMS state Ã generates a type III¸ factor. These
algebras fit into the framework of modular index theory / twisted cyclic theory of [CPR2, CRT] and
[CNNR].
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HGIKJ:IMLONQP3R5S 0UT%V IXW?YXZ\[\[]Z_^`ba Tdc IKefIW?gdh3iXN$j�a T HGIXklRmiXiXZ_R 0
0on&NQh3YdRmj�NQh3Z\p5N$[#q=p5Z\RmiXprRm` c iX`sh3Z_h3gdhsR T HtgX`shsPuN$[\Z\N$iwvtNQh3Z_x;iXN$[�ytiXZ_z$R5Pb`bZ_h�S T L�N$i|{}R5P3PbN T HlLO~ T H�y�qd~�klHtJ c H
a:��R5^%NQP3h3j�Rmi�hlx$��n&NQh3YdRmj�NQh3Z\p5`�N$i��q�h3NQh3Z\`sh3Z]p5` T y�iZ_z$R5Pb`3Z_h	S�x$����Z\prhsx$PbZ\N T ��Z\prhsx$PbZ\N T%� L T LOHtv�Ht��H

���>�m���U��$�
� R�prx;iX`shsPbgXprh/N&p5[\N$`3`Gx$����0b��N$[_�$R5{XPuN$` T �XRmidx$hsRm��{�S!���-��x$P/���¡ ¢�¤£¥h3YXNQh/NQP3R1^gdP3Rm[\S¦Z\iX§iXZ_hsR T `bZ\j�^[_R T
`sR5^NQPuNQ{[_R T N$iX�¨i�gXp5[_RmNQPmI¢~lYdRm`sR-N$[_�$R5{XPuN$`�NQP3R&N$[]`sx�Z\i�h3YdR&{Mx�x$h3`shsPbNQ^Ap5NQhsR5�$x$P3S¨© B,ª�« N$iX�¨NQP3R&h3YdR5P3R5��x$P3R
p5[\N$`3`bZ_§XRm�wgd^whsx�`3h3NQ{[_R�Z\`sx;j¥x$P3^YXZ\`bj¡{�S�h3YdRmZ_Pl¬����$P3x;gd^%`5I®:N$puY¯� � prx;j�Rm`lRm°�gXZ\^X^}Rm�1±�Z_h3YwN��;N$gd�$R�N$prh3Z_x;i
² x$�>h3YdR�p5Z_Pbp5[_R�³¯N$iX��N�gXiXZ]°�gdRt´Gnµq�`sh3NQhsRo¶¢��x$P�·¦¸º¹-[\x$�%»� %¼uI?edx$Pt �¸º£�½U¾6±?Rox${h3N$Z\i�h3YdRogX`3gXN$[�LOgXi�hs¿
N$[_�$R5{XPuN T®À B T ±lZ\h3Y�Z_h3`/gX`3gXN$[��;N$gX�$R�N$prh3Z_x;i�N$iX�ÁgXiXZ\°�gdR��;N$gd�$R�Z\i�z,NQPbZ]N$i|hG´/n¦q�`sh3NQhsR$I � YdRmi� �¸ÃÂ�½,Ä-Z\`
PbNQh3Z_x;iN$[�Z\i�[_xU±?Rm`sh�hsR5Pbj�` T ±?ROx${Xh3N$Z\i/h3YdRON$[_�$R5{XPbN À B ±lZ_h3YG¾�¸�Ä�¹OÂ�Åw£:±lZ\h3Y/Nty�Æte�§dÇ�Rm�/^}x;Z\i�h>`3gd{%N$[_�$R5{XPbN
x$�:h	S�^}R-»ÈÂ%Ä;¼ÊÉ�Ë�edx$PGN$i�S&§iZ_hsR/¾AÌÍ��±?R��$R5h À B Z]id§iXZ_hsRm[\S�j�N$i|S�h3Z\j�Rm`¥»Îgd^µhsx-Z\`sx;j¥x$P3^YXZ\`bj1¼fRmN$pbY�±lZ_h3Y
Nµ�XZ\`sh3Z]iXprh/´GnµqÁ`sh3NQhsR&N$iX��ytÆ�eÃ§dÇ=Rm�=��^}x;Z\i�h/N$[_�$R5{XPuN=I � YXRmi¢ �Z\`ÏZ_P3PbNQh3Z\x;iXN$[:h3YXR�§XÇ�Rm��^}x;Z\i�h�N$[_�$R5{PbN$` T
Ð �=Ñ NQP3R1voÒ�~ÓHteÍ`bZ\iXprR�¬-Ôm» Ð � ¼�Õ¸×Ö���Ø;Ù�N$iX��h3YdR�� � NQPbR1gX`3gN$[\[_S�voÒ�~ÚLOgXi�hs¿�N$[_�$R5{XPuN$` T N$`�¬wÔU»u� � ¼�Z\`
x$��hsRmi�idx;iX¿5R5P3xdI � YXRmiµ �Z\`lhsPbN$iX`3prRmiX�XRmi|h3N$[ T ¬wÔU»u����¼fÛ¸ ¬1Ü;»u���|¼?Û¸ÍÝ É T `3x�h3YXNQh����1Z\`tL�gXi|hs¿$Þ:� F T�ß LOg�£uà�I
c �� �Z\`oN$[_�$R5{XPuN$Z\p-»ÎN$iX��idx$hoPuNQh3Z_x;iXN$[á¼ T h3YXRmi6h3YdR¥PbN$iXâ&x$��¬wÔ�»u����¼tRm°�gXN$[\`�h3YdR�PbN$idâ&x$�O¬�Ü;»u����¼tN$i��`sx����
p5N$iXidx$ht{}R/`sh3NQ{%[_S-Z\`sx;j�x$Pb^YXZ\p�hsx À É¤ã YdRmiXprR����1Z]`�ä>å � `sh3NQ{[_S-Z\`3x;j�x$P3^YXZ]pohsx À É �áx$PoN$i�S¦ µæ¨»Î� Ñ £�¼uË c �
 �N$iX�� }ç Ô NQPbR�{}x$h3Y�N$[_�$R5{PbN$Z\p¥Z\i�hsR5�$R5Pb` T h3YdRmi�gd^�hsxµ`sh3NQ{[\R�Z\`sx;j�x$Pb^YXZ\`3jèh3YXR1å%ä#éáê�LOgi|hs¿�N$[_�$R5{XPbN$` À B
±lYXZ]pbY�»Îp5N$i�N$iX�µ�dx�¼�NQ^X^}RmNQPoNQP3RÏh3Ydx;`sR���x$Pt±�YXZ\pbY�¾¯Z\`t§iXZ_hsR�N$iX�¦¾�ëíìd»�î-ïQð�ñ�¼uË�edx$P�N$[\[��-�º ��¡£ T h3YdR
ò voqµP3R5^P3Rm`sRmi�h3NQh3Z_x;i�x$�Ï�����dR5§idRm�6{�Sµh3YdR1´/n¦q�`sh3NQhsR1¶º�$RmidR5PuNQhsRm`�N&h�S�^}R c3c3c � �ÎN$prhsx$PmI � R�N$[]`sx&`3YdxU±h3YXNQhOh3YdRm`sR�N$[_�$R5{XPuN$`?§hfZ\i�hsx�h3YdR���PbN$j�R5±fx$P3â¥x$�>j�x��gX[\NQP?Z]iX�dRrÇ�h3YdR5x$P3S�N$iX��h	±lZ\`shsRm��prS=p5[\Z\plh3YdR5x$P3S¥{}R5�;gXi�Z\i
ß LOW?k�ó T LOk�~fà>N$i�w�$RmidR5PbN$[\Z]`sRm�wZ\i ß LOvtv�k�à�I

ô�õ>ö�÷}øXö�÷�ù
£QI c i|hsPbx��Xgprh3Z_x;i ó
ó�Iú~�YXR�N$[_�$R5{XPbN$`Ï� � ��x$Pl�¥�! -�û£QI ó
ó�I\£QIü~lYdR/� 0 ��N$[_�$R5{XPuN$`�� 0 »Îý � ¼�¸û�¥»�þý � ¼ON$iX�wh3YdRmZ\P�¬&��h3YXR5x$P3S ó
ó�Iÿó�Iü¬���~�YXR5x$P3S1x$��������x$Pt &PbNQh3Z_x;iXN$[ �
ó�Iÿì�Iü~lYdR�¬���~�YdR5x$P3S�x$�>h3YXRGH�[\�$R5{XPbN$`��t�Ü ��x$Pt -Z\P3PbNQh3Z_x;iXN$[ £5�
ó�I ñdIü¬���h3YdR5x$PbS�prx;j¥^gdh3NQh3Z_x;iX`�x$�>^NQPbh3Z\p5gX[\NQPÏ� � ��x$Pt &Z_P3PbNQh3Z_x;iN$[ I £mó
ó�I���Iü~lYdR��XgXN$[�N$prh3Z_x;i&x$�#³ Ô x;i�� � N$iX�wZ_h3`�P3Rm`3hsPbZ\prh3Z_x;i�hsx1h3YdRo�;N$gd�$R/N$prh3Z\x;iwx;i¯� � £��
ó�I���Iü~lYdR ² ��Z\i�zQNQPbZ\N$i�h�`sRmj¥Z_§iZ_hsR�±fRmZ_�;Y�h�x;i	�t��N$iX�-Z\h3`�P3Rm`shsPbZ]prh3Z_x;i�hsx6��� £�

ó�I���Iü~lYdRoz$x;i&v�RmgXj¥N$iXiwN$[\�$R5{XPbN�®»��t��¼ ç���� N$prh3Z\iX��x;i	���Q»��t� Ñ��¶�¼fZ\`�NÏh	S�^}R c3cbc � �ÎN$prhsx$PmI ó=£
ó�I�
�Iü~lYdRoz$x;i&v�RmgXj¥N$iXiwN$[\�$R5{XPbN T  Ü »u� � ¼bç����tN$prh3Z\id�¥x;i�� � »u� �dÑ ¶O¼�Z\`Oh�S�^}R c3c3c � ó,ñ
ì�Iú~�YXR�j�x��gX[\NQP�`s^}RmprhsPbN$[�hsPbZ\^[_R�x$�>h3YXRGN$[_�$R5{XPbN¦��� ó,ñ
ì�I\£QI q=Rmj¥Z_§iXZ\hsRtidx;iprx;j¥j/gXh3NQh3Z_z$RG�$R5x;j�R5hsPbS ó��
ì�Iÿó�Iü~lYdR�´�N$`s^NQPbx�zwj�x=�XgX[_R�N$iX�-j�x=�XgX[]NQPO`3^MRmprhsPuN$[�hsPbZ_^[\R ó��
ì�Iÿì�I n&x=�XgX[\NQP�¬-Ô ì=£
ì�I ñdIü~lYdR�j¥NQ^X^Z]id��prx;idRGN$[_�$R5{XPuN ì$ó
ì�I���IüH)[_x=p5N$[�Z\iX�XRrÇ1��x$Pbj/g[\NÏ�áx$Plh3YdR�N$[_�$R5{XPbN$`¥��� ì$ì
k�R5��R5P3RmiXprRm` ì,ñ

Ô
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£QI�� ö�÷��}õ������M÷
	�õ>ö

c i�h3YZ\`t^NQ^}R5P�±fR¥Z\i�hsP3x��gXprR/`sx;j¥RÏiXR5±íRrÇ=N$j�^%[_Rm`tx$�?´Gnµq�`sh3NQhsRm`ox;i6N�[\NQP3�$R�p5[\N$`3`tx$�?^gdP3Rm[_S-Z]id§iXZ_hsR�� 0 �
N$[_�$R5{XPuN$`oh3YXNQho±fR5P3R�j�x$h3Z_zQNQhsRm�6{�S�h3YXR��ÿj�x��gX[\NQPoZ\iX�dRrÇ¦h3YdR5x$P3SMÞ�x$� ß L�W:k�ó T LOv�vtk�à�I � R¥±fR5P3R�N$Z]j¥Z\id��hsx
§iX�¦RrÇdN$j�^[_Rm`�x$�ON$[_�$R5{XPuN$`oh3YXNQho±fR5P3R�idx$h/LOgi|hs¿r��´oPuZ_R5�$R5P�N$[_�$R5{XPbN$`1»�x$P�h3YdR1LOHtk N$[_�$R5{XPuN|¼tN$iX�µ±?R5PbR�idx$h
^XP3R5z=Z_x;gX`b[_SÏâ�idxU±li�Z\i�x$Pb�dR5POhsxÏRrÇ�^%[_x$P3Rth3YdR�^Mx;`b`3Z_{Z\[]Z_h3Z_Rm`�x$^}RmidRm��{�S ß LOv�vtklà�I®~�YdRm`sR�N$[_�$R5{XPbN$` T �XRmidx$hsRm��{�S
������x$P����û ��)£ T NQP3RÏidx$h�prx;iX`shsPbgXprhsRm�¦N$`t�$PbNQ^Y¦N$[_�$R5{XPbN$` T {gXhlN$`�sprx$PbidR5P�N$[_�$R5{XPbN$`��1x$�:prR5P3h3N$Z]i�prP3x;`b`sRm�
^XP3x=�XgXprh�� 0 ��N$[_�$R5{PbN$`5I:~�YXR�� � YXNmz$RG`bZ\j¥Z\[\NQPO`shsPbgprh3gdPbN$[M^XP3x$^}R5P3h3Z_Rm`fhsx�h3YdR/L�gXi|hs¿oN$[_�$R5{PbN$` T YdxU±?R5z$R5P�h3YdR5P3RNQP3RGZ]j�^}x$P3h3N$i|h�idR5±Í�áRmNQh3gdPbRm` T `3gXpuY-N$`
£�¼f±lYXRmi& �¸�Â}½,ÄÏZ\`OPbNQh3Z_x;iXN$[(Z\iw[_x�±fRm`sh�hsR5Puj¥` T h3YdRmi¯� � Û¸ À�� ç���� Ô�N$`�j�Rmi�h3Z_x;idRm�-Z\i�h3YXR�Hl{`3hsPbN$prh T
ó;¼f±lYXRmi& &Z]`�N$[_�$R5{XPbN$Z\p T h3YdR�¬����$P3x;gd^`��XR5^MRmi��x;iwh3YdR�j¥Z\iZ\j¥N$[M^}x;[_S�iXx;j¥Z\N$[�»ÎN$iX�-Z_h3`�prx�R���p5Z_Rmi�h3`u¼�x$��  T
ì;¼f±lYXRmi& &Z]`OhsPbN$iX`3prRmiX�XRmi|h3N$[ T � � Û¸ � F T LOgi|hs¿$ÞXN$[_�$R5{PbN T>ß LOg�£�à�I
� R�^XP3xUz$R�Z]i�q�Rmprh3Z\x;i�ìGh3YXNQhOh3YdR1����NQPbR�^gXP3Rm[_S�Z\id§iZ_hsR T `3Z]j�^[_R T `sR5^NQPbNQ{[\R T i�gXp5[_RmNQP���0b��N$[_�$R5{XPuN$` T `sxÏh3YdR5P3R
Z\`tidx�idx;i|hsPuZ_z�Z]N$[�hsPbN$prRÏx;i¦h3YdRmjwI�H�[]`sx�Z]i¦q�Rmprh3Z_x;i6ì�±?R��dR5hsR5Puj¥Z\idR�Z\i&j¥N$i�S&p5N$`sRm`�h3YXR�¬����$P3x;gd^%`lx$�®h3YXRm`sR
N$[_�$R5{XPuN$`tN$i�¦g`sR�p5[\N$`3`3Z_§%p5NQh3Z_x;i&h3YXR5x$P3S&hsxwZ\�dRmi�h3Z_��Swh3YdRmjè±lYdRmi¦h3YdRm`3RÏN$[\�$R5{XPbN$`�YXNmz$R�h3YXRÏ`bN$j�R�¬&���$Pbx;gd^`
N$`Ox$h3YdR5Pb`��áx;gXi��^XPbR5z�Z_x;g`3[_S&»�h3YdRm`sRo�ÎN$prh3`�NQP3R�`bgXj¥j¥NQPbZ]`sRm�1Z]i1h3YXR�H�{`shsPuN$prhu¼uI:H�`ORmN$puY¯� � prx;j�Rm`�Rm°�gXZ_^X^}Rm�±lZ_h3Y�NÏ�;N$gd�$R�N$prh3Z\x;iwx$�(h3YdRop5Z_Pup5[_R T x;gdP�P3Rm`3gX[\h3`?h3Y�gX`O�;Z_z$R�N$iwgiXprx;gXi�h3NQ{[_Rt��N$j¥Z][_S¥x$���XZ\`sh3Z\iprh?p5Z_Pbp5[\R�N$prh3Z\x;iX`
x;i¯� F T RmN$pbY¦±lZ\h3Y-Z_h3`�xU±li&giXZ\°�gdR�´Gnµqw`sh3NQhsR$I c iX�dR5Rm� T �áx$PtN$[\[����! ¦�)£ T ±fRG§iX�&N�gXiXZ]°�gdRo´Gnµqw`3h3NQhsR T
ß � k�ó,à T ��x$P�h3YXZ\`O�;N$gX�$R�N$prh3Z_x;i T N$iX��±fRo^XP3xUz$R�Z\i-q�Rmprh3Z_x;i�ñ�h3YXNQh�h3YXR ò v�q1PbR5^XP3Rm`sRmi�h3NQh3Z_x;iwx$��� � N$`b`sx�p5Z]NQhsRm�
hsx¥x;gdP�´Gn¦qw`sh3NQhsRG�$RmidR5PuNQhsRm`lN�h	S�^}R c3cbc � z$x;i-v�RmgXj¥N$iXi&N$[_�$R5{XPbN=I
~�YdR1P3Rm`3gX[\h�x$� ß LOW:któUàfh3YNQh/j�x$h3Z_zQNQhsRm��h3YXZ\`G^NQ^}R5PG±ON$`/h3YXR1prx;iX`shsPugXprh3Z_x;iÁx$��N��ÿj�x=�XgX[]NQPG`s^}RmprhsPbN$[®hsPuZ_^[_R$Þ
±lZ_h3Yµ±�YXZ\pbYµx;iXR¥j¥NmS6prx;j�^gXhsR¥N$i�Z\iX�dRrÇ¦^N$Z_PbZ]id��g`3Z\id��h3YdR�´Gnµq¦`sh3NQhsR$I c i ß LOvtvtk�à:Z_ho±ON$`�`3YdxU±li�YdxU±
j�x=�XgX[\NQP�`s^}RmprhsPbN$[#hsPbZ_^%[_Rm`�NQPuZ\`sRÏiXNQh3gdPbN$[\[\Sw�áx$P�´Gnµq�`sh3NQhsRm`ox$�fp5Z_Pbp5[_RÏN$prh3Z_x;iX`oN$iX�6[\RmN$��hsx��Kh	±lZ\`shsRm�¦P3Rm`bZ\�XgdR
prx=prS�p5[_Rm`mÞ(gX`3Z\iX��N-z,NQPbZ]NQh3Z_x;i6x;i6h3YdR1`sRmj¥Z_§iZ_hsRÏP3Rm`3Z\�XgXRÏprx=prS=p5[_R¥x$� ß LOW:k�qdó�à�I c h�Z\`o±fRm[\[�â=idx�±li�h3YXNQhG`3gXpuY
h�±�Z\`shsRm��prx�prS=p5[_Rm`Op5N$i1iXx$h?^N$Z\P:±lZ_h3Y¥x$Pb�XZ\iXNQPbSÏ¬-ÔmI c i ß LOW:któ T LOk�~Oà}N/`bgd{`sh3Z_h3gXhsR�±fN$`fZ\i�hsP3x=�XgXprRm�¥±�YXZ\pbY1Z\`
p5N$[\[_Rm���ÿj�x=�XgX[]NQP#¬-ÔrÞ_I�~�YXRfprx$P3PbRmprh®�dR5§iXZ_h3Z\x;i�x$�%j¥x��Xg[\NQP#¬-Ô#±ON$`���x;gXiX��Z\i ß LOv�vtk�à T N$i�/h3YXR5P3R�Z\`�N��$RmiXR5PbN$[
`s^}RmprhsPbN$[��x�±û��x$Pbj�gX[\NÏ±lYXZ]pbYw�dR5§iXRm`Oh3YdR�^N$Z_PuZ\id��x$��j¥x��Xg[\NQP�¬wÔ�±lZ_h3Y�x;gXP��Kh�±lZ]`shsRm�wP3Rm`3Z]�XgdRoprx�prS=p5[_R$Þ_I
~�YdR5PbR�Z]`�N�`shsP3x;id��N$iN$[_x$�$SÁ±�Z_h3Y�h3YdR-[_x=p5N$[�Z\iX�dRrÇ��áx$Puj/gX[]N�x$��idx;iXprx;j�j/gdh3NQh3Z\z$R-�$R5x;j�R5hsP3S¨Z\i�h3YdR�� Ô � É �
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��� � -X�#é'& �7�(� B � BÎä � &%*,& �U� � c �(  � ä�(� �ç Ô NQP3Rtp5gd{Z\p�Z]i|hsR5�$R5Pb`?±lZ_h3Y� -æ�»Î� Ñ £�¼ Ñ h3YdRmi�  � Åx�=  � Å �   �Á£l¸��
±lYdR5PbRoh3YdR�Z\i�hsR5�$R5Pl^}x;[_S=idx;j¥Z\N$[�$�» g ¼®¸ g � Å�� g �®Å �9g �!£�Z]`�Z_P3P3Rm�Xgp5Z_{[_R�x�z$R5P � Ë�q=gXpuYwN$i�$¦Z\`�Z_P3PbRm�XgXp5Z_{[\R
Z_�#N$iX�wx;iX[_S�Z_� $�»Ê£�¼�Õ¸��wÕ¸'$�»Ê¹�£�¼uË%~�YdR5P3R�NQP3RGh�±fx�p5N$`sRm`t�dR5^}RmiX�XZ\id�/x;i-h3YdR�prx;i`sh3N$i|h T �Ï£QË
e�Z_Pb`sh T prx;iX`bZ\�dR5P $�» g ¼�¸ g � ÅX� g � Å �9g ¹Á£t¸���±lZ_h3Y $�»Ê£�¼®¸¤��Å � Õ¸���N$iX� $�»Ê¹�£�¼®¸��o¹ � ¹µó-Õ¸!��`sxÏh3YXNQh$�Z\`?Z\P3P3Rm�XgXp5Z\{[_R$I>v�x�±ûN$`b`3gXj�Rj��Å � Z\`@�®å � B � B �
&�»�{gXh��¦Õ¸ � Å�ó;¼uI:~�YdRmi $�»Î�|¼®¸º¹�£�N$iX� $�»Ê£�¼�¸¤�lÅ � Ì¨�
`sx¥h3YNQh�$¦YXN$`�N � ä�B � � &�P3x�x$h�Z]i�»Î� Ñ £�¼�`3Z]iXprR�Z_h�Z\`�N¥p5gX{Z\pQI
v�RrÇ�hfprx;iX`3Z\�dR5P:h3YdRl`3N$j�R�^}x;[_S�iXx;j¥Z\N$[ T $�» g ¼�¸ g � Å¡� g � Å �9g ¹¦£�¸+� Ñ ±lZ_h3Y��:Å � ä�&%* �X� B �7&w»�{gdhY�¦Õ¸ � Å�ó;¼uI
q=Z\iprR/{}x$h3Y�$�»Î�|¼tN$iX��$�»Ê£�¼�NQP3R¥idR5�;NQh3Z\z$R T Z\i¦x$Pb�dR5Pohsx-YNmz$R�Nw`sx;[]gdh3Z_x;i¦h3YdRÏ��giXprh3Z_x;i�$�j/gX`3h�YNmz$R�Nw[_x=p5N$[
j¥N,ÇdZ\j�gXj x;i�»Î� Ñ £�¼uË}~lYdR5P3R/NQPbRGRrÇdN$j�^[_Rm`l±lZ_h3Y&iXx1`sx;[\gXh3Z_x;iX`�Z\i�»Î� Ñ £�¼uÙ}�áx$P�RrÇ=N$j�^%[_R T $�» g ¼?¸ g � ¹�ì g ¹A£QË
c i6x$Pb�dR5Pohsx&YNmz$R1N � ä+B � � & � åMé �(� B�å%ä T h3YXRmi�prx;iX`3Z\�XR5PbZ\id� $  » g ¼ T x;idR�±?x;gX[]�6idR5Rm�6ñ�� �t¹�£mó � ¸¡� ã ±lYXZ\[_Rh3YXZ\`?YXN$`fj¥N$i|S1`sx;[\gdh3Z_x;i` T h3YdR5S¥N$[][`3NQh3Z\`3�áS�� � � � � N$i�1`sx�±fRtp5N$i�idx$hOYXNmz$Rj�fÅ � �¨�=ËXq�x�`sx;[\gdh3Z_x;i`:NQP3Roä(å �
gXiXZ]°�gdR�Z\i�h3YXZ\`�p5N$`sR$I � gdh T h3YXR5P3R�NQP3R¥Z\id§iZ_hsRm[_S�j¥N$i|S¦p5gd{Z\p5`t±lZ\h3Y � $�å (+B �5� BÎä �$� `sx;[\gXh3Z_x;iX`tZ\i¯»Î� Ñ £�¼uÙ�R5�dI T$�» g ¼�¸ g � ¹¢»O�oÅw�X¼ g �:Åw� g ¹¨£o��x$PS� � ��Å�ñ�N$iX�)� � £�YXN$`�h	±?x1`sx;[\gdh3Z_x;i`�Z\i�»Î� Ñ £�¼ Ñ `bZ\iXprR $�» Ë��;¼fÌ¨�=Ë� RÏidx�±)p5N$[\p5gX[\NQhsR/h3YdRG¬���h3YdR5x$P3Swx$�t����N$`3`bgXj¥Z\id��h3YNQh� �`3NQh3Z\`s§Rm`�$�» g ¼?¸ g � Å�� g �?Å �9g ¹¢£�¸+� Ñ ±�YdR5P3R�%Å � Õ¸�� Ñ N$i�\��¹ � Õ¸+ó�ËUv�x�± T   � Å\�d  � Å �  �¹Ï£l¸�� Ñ `sx�h3YXNQh�  � ¸º£�¹d�=  � ¹ �  �N$iX�� �ç Ô ¸û  � Å2�d �Å � ËU~�YdRmi T
ý � ¸ Ý Å Ý  �Å Ý   � N$iX�Ï¬1Ü;»�� �Ü ¼�Û¸ ¬wÔU»��¥»Uþý � ¼s¼®¸ � � VHV »Îý � ¼®¸�ý � � »Îý � ��ý � ��ý � ¼�¸+ý � � » Ý »Ê£��l ���  � ¼s¼®Û¸Ý � Ë ò Z_z�Z]id�&ý � Z_h3`/iXNQh3gdPbN$[ Ý ��{N$`3Z\`GÖ|£ Ñ   Ñ  ��QØ�h3YdR�Z\iX�XgXprRm��Ydx;j�x;j�x$P3^%YXZ\`3j »&�	ð1¹A  0 ¼ox;i�¬�Ü;»��t�Ü ¼�Û¸ÚÝ �
S=Z_Rm[\�X`Oh3YdR��Z\NQ�$x;iXN$[�j¥NQhsPuZ Ç T �Ú¸��XZ]NQ� ß £ Ñ £ Ñ »O�GÅ � ¼ Ñ �,à#`sx�h3YXNQh�x;i-¬1ÜQ»��t�Ü ¼f±fRGYXN�z$R

â$R5P,»&��ð/¹�  0 ¼�Û¸ â$R5PQ»���¼:Û¸ Ý N$iX� prx$â$R5PQ»&��ð�¹Á  0 ¼®Û¸ prx$â$R5P,»��w¼®¸í» Ý ½=»O�lÅ � ¼ Ý ¼ ��Ý Ë
v�x�± T ¬wÔU»��t�Ü ¼ Û¸ ¬�Ü;»���» þý � ¼s¼s½ Ý TX£ � ¸ � � »Îý � ¼G¸ Ý »Ê£��6 %¼�Å Ý »Ê£	�� ��m¼�Å Ý »� 
�6  �5¼ Û¸ Ý � Ë � S�`bZ\j¥Z\[\NQP
prx;j�^gXh3NQh3Z_x;iX`�±fR��$R5hl��x$Pl¬-Ôm»��t�Ü ¼®Û¸+Ý � Ùdh3YdRGj¥NQhsPbZ_Ç �Ú¸��XZ\NQ� ß £ Ñ £ Ñ »O�GÅ � ¼�à�ËÆlRmiprR T x;i-¬-ÔU»����Ü ¼f±fRGYXN�z$R

â$R5P,»&�	ð/¹Á  0 ¼®Û¸ â$R5PU»��w¼®¸ÃÖ���Ø�N$iX� prx$â$R5PQ»&��ð/¹�  0 ¼�Û¸ prx$â$R5PQ»���¼:¸ Ý ½=»O�lÅ � ¼ Ý Ë
H�^X^[_S=Z\id��h3YdRm`sR�PbRm`3gX[_h3`Ohsx¥h3YXRGW:Z\j�`3idR5Ps����x;Z\p5g[_Rm`3p5g�RrÇ=N$prht`sRm°�gdRmiXprR�±fR�x${Xh3N$Z\i ã

¬1Ü;»u� � ¼®¸ Ýx� » Ý ½=»O�lÅ � ¼ Ý ¼-N$iX� ¬-ÔU»u� � ¼�¸ Ýx� » Ý ½=»O�lÅ � ¼ Ý ¼w�áx$P�  � Åi�d  � Å �  �¹¨£�¸��=Ë
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`sx;[\gXh3Z_x;i& -æÁ»Î� Ñ £�¼Ohsx¥h3YdR�Z\P3P3Rm�XgXp5Z\{[_R�°�gXNQP3h3Z]p>$�» g ¼�¸ g � Å¨ì g � ¹¨£o�;Z_z$Rm`lgX`�¬�Ü�¸í» Ý ½Qì Ý ¼ � » Ý ½Qì Ý ¼#N$iX�
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