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CNFqgoK;FHrBL_TUF^R1T`aJK�Mc@BRnX¼FeRyZ;FeRztõucTUFeCEF9íoAyK;Fep`@�DBFeR.CNT`RyZ�Ð¦FHLNxHXÓFeTUDsA1R1DsCEÉyA1R;f�MEF^Z;FeC� LNFeR;xeCNaJK1T`a_KnMo{ïLNrBÏypUFeP9CVAyR1Z:P.IA1CNCNFeR>DBFHMELNFeR1RnMÕA1RnMEFHL_CNA1aJK�MVXÓFHL_Z;FeR�tW R>Z1TUFeCNFeP {¼A1R;f�MÓCEFHMExHMVZ1T`FeCEFÕucTUÉÀpUrsP9@�LNÏõFeTUMï@BR � ñ¼C¼XÕTUL_Z9FeTØR;FÕucT��õFHLNFeRnMNT`@Bp �
Dsp`FeT`a_K�A1R;D�ÏõFHMEL_@Ba_KnMEFHMH��T`RdZ;FHLNFeR � LNFeR;xeC_a_K1T`aJK�Mc{ïLNrBÏypUFeP%Z1TUFqg�@�fBFeRyCcÈ¼rBDsZy@BR;rlk
Ð¦FHL_xHFeTUDsA1R;Dd@BA;G·MELJTUMEMHt|×wZ;FHL[@BR1Z;FHL_CcG�rBL_PòA1p`TUFHL_MH�zFeCËXoT`L_Z.Z1TUF9g|@�fBFeR1CòÈ¼rBDsZy@BR;rlk
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Ð¦FHL_xHX¼FeTUDsAyR;D�P9TUMVFeTØR;FeP
p`@BR;DsCN@BP<k�@�L_TØTUFHLNFeR1Z;FeR>{ó@�L_@BP^FHMEFHLwA1RnMEFHL_CNA1aJK�M �

� á â�� ù ä ��� . � à � ã ç â�. å0æ ä Ònç
. á âk� ú ä ��� . � à � ã ç â�à å ê/. å0� ú 1 � . å0æ ä Ònç ä ��tÍÌnç
à á â&ãBIõä �U� . � à � ã ç â�ãeä �¼å0æ ä ��çEç�#

m�TUL:DBFeK;FeR&Zy@�Ï7FeT]G�rspUDBFeR1Z;FHLJP9@�gBFeR�kBrBLetVQ R&÷Ä@�ÉyTUMEFepc�©G IA1K;LNFeR�XoTUL:Z1T`F�Ïyp`rlX �
A1É b�FHMNK;r6Z;F9FeTØR.A1R1ZÜÏõFeCNa_K1LNFeTUÏõFeRÜZ1TUF^g�@�fBFeRyCËÈÓrBDsZ1@BR;r�k.Ð¦FHLNxHX¼FeT`DsA1R;D�A1RnMEFHL
Ð¦FHL_X¼FeR1ZyA1R;D Z1TUFeCNFHL�b�FHMNK1r�Z;FBtïQSR0÷Ë@�ÉyTUMEFepOÒ.A1RnMEFHL_CNAya_K;FeR�XÕTUL9Z1TUF � p`FeT`a_K�A1R;Dä ��tÍÌnç�G IA;L ê:ë �6t6m�T`L¼ÏõFeCNaJK;LNFeTUÏõFeR�Zy@BCïÐ¦FHL_Ky@BpUMEFeR>Z;FHLÓpØ@BR;DsCN@BP^FeR ä ÿli_çN��CNMN@�ÏyT`pUFeR
AyR1Z�TØR1CEMN@�ÏyT`p`FeR�bd@BR1R1TUDBGµ@BpUMNTUDBfBFeT`MEFeRdTØR�FeTØR;FHLciÕP^DBFHÏÀA1R;D:Z;FHLcb�@BRyR1TUDBGµ@BpUMNTUDBfBFeTUM
ÿ`_Ä�1Z;FeCOC_@BZ1Z1pUFcR;r6Z;Fc{ïA1R1fnMEFeCVA1RyZ:Z;FeCOK;rsP^rBf6p`T`R1FeR:×wLNÏyTUMNCYZ;FeC � L_FeR;xeCNa_KyT`a_KnM �
ÉyLNrBÏypUFeP9Cetzu]FHLòÔÕ@BA1É1MEMEFeT`p�Z1T`FeCEFeCË÷Ä@�ÉÀTUMEFep`CcÏõFeCEMEFeKnMË@BA1C[Z;FHL[ÈÓFeCNaJK;LNFeTUÏyAyR;DjZ;FeC
Ð¦FHLJK1@BpUMEFeR1CqT`R?FeT`R;FHLqiÕP^DBFHÏÀA1R;DÜZ;FeCqCN@BZ1Z1pUF � R1r�Z;F,{ïA1R;f�MEFeCHt|QSR©÷Ä@�ÉyT`MEFepï�ÜA1R �
MEFHLJCNA1a_K1FeRÜXoTULwZ1TUF � pUFeT`aJKnAyR;D ä ��tÍÌnçÕGJIA;L êdâ �6tzü]IA;L à(ë �>ÏõFeCNT`MExHM]Z1@BC � LNFeR;x �
C_a_K1T`aJK�MEÉyLNrBÏypUFeP�FeT`R;Fq÷ÄA;LNkBFqP9TUM]@�ÏyCEMEr)gBFeR1Z1FeR.íoA1K;FepØ@�DBFeR.ÿlml�õFeT`R;Fò÷ÄA;LNkBFqP9TUM
Kn~�É7FHL_Ï7rspØT`CNa_K1FeR�íoAyK;Fep`@�DBFeR?ÿ � A1R1ZdGJIA;L à�â �>FeT`R;F^íoA1K1Fep`@�DBF^P9TUMcZ;rBÉ1ÉõFepUMEFeP\]A1p`p`FeTUDBFeR�XÓFHLNMHt�m�TULqA1RnMEFHL_CNA1aJK;FeR©Z1@BCòÐ¦FHL_K1@BpUMEFeR©Z;FHLòxeA;DBFeKhIrBL_TUDBFeR�p`@BR1DsCN@BP^FeR
bd@BR1R1T`DBG�@BpUMNT`DBfBFeTUMEFeRËT`RÄFeT`R;FHL�i]P^DBFHÏyAyR;DoZ1TUFeCNFHLhíoA1K1Fep`@�DBF¼P9T`MhÔÕTØpUG·F�Z1FHLhÏypUr�X � A;É
b�FHMNK;r6Z;FBt�ñïC|XoTUL_ZÄDBFHxHFeTUDBMH�sZ1@�gwZ1TUF¼{ó@BT`RypUFHkBF � pUFeT`a_K�A1R;DÕQzFeT`R;F W L_M�\ÕrBL_P9@BpUG�rBL_P
G IA;LOZ1@BCOÐ¦FHL_K1@BpUMEFeR�Z1TUFeCEFeCo}�~6CEMEFeP9CoT`CEMHt

QSaJK^P�Irsa_KnMEF W r;tsiÕR1T`kÀt�{�LNrBGSts}�xeP^rspU~s@BRqGJIA;L¦Z1TUFYÈÓFHMELNFeA1A1R;DcZ1T`FeCEFHLóuwT`ÉypUrsP9@�L �
ÏõFeTUM|Z1@BR;fBFeRzt W AngBFHL_Z;FeP3P�IrsaJK�MEFOT`aJK[P�T`a_KòÏõFeT�P^FeTØR;FeR[÷Ärsp`pUFHDBFeRq@BP�QSR1CNMNTUMNA;MhG IA;LW R;DBFHXY@BR1Z;MEFwA1R1Z,\ÕA1P9FHL_T`CNaJK;Fobd@�MNK;FeP9@�MNTUf7��bd@�LNMNT`R�÷cL_A1Éy@6��÷ÄpUFeP9FeR1C�ü1FepØp`R;FHLe�W pUFpo;@BR1Z;L_@Õb�TØp`TUf7�lb�@�L_MNT`RËm.FeaJK1CEFepUÏõFHLNDBFHL�AyR1ZËbd@�Ds@Bp`T � L_@BCNC_T`R[AyR1ZÄÏõFeT�P^FeT`R;FeP
}6MNA1Z1TUFeR;fBrspØpUFHDBFeR�qYK;L_TØCEMErBÉyK;FHLVñïZ1FÄG IA1LOZ1TUF W A;G�PòA1RnMEFHL_A1R;D9AyR1Z:iÕRnMEFHL_CEM IA1MExeA1R;D
ÏõFeT`P üyFHLNMNTUDsCEMEFep`p`FeRjZ1TUFeCEFHLVucTUÉÀpUrsP9@�LNÏõFeTUMÓÏõFeZ1@BR;fBFeRzt




 ���%/;59� 8sr

t ¢vu¤ª%  § w xy�{z ¢ð  x%¨
| ª­¬�®\} ª%¯-�~�   �

ucTUFcg|@�fBFeR1COÈÓrBDsZ1@BR;r�k>Ð¦FHLNxHX¼FeT`DsA1R;D^MEL_TUMEMYÏõFeT7ucT��7FHL_FeR�MNT`@Bp`DspUFeT`a_K�A1R;DBFeR>@BA;GS�1Z1TUF
FeTØR;FOíoA1K1Fep`@�DBFOP9TUMóFeT`R;FeP p`T`R;Fe@�LNFeRqg�FeT`p1P9T`MóZ1rBÉ1ÉõFepUMEFeP�\ÕAyp`pUFeTUDBFeRnX¼FHL_MóZ1FHL�DBFHr �
P9FHMEL_T`CNaJK;FeR:ÐwTUFepUGµ@Ba_K1K;FeT`MÓFeTØR1CVÏõFeCNTUMExHFeRzt6ucTUF � pUFeT`a_K�A1R;D

� á â�. ä ��t`��ç
. á â�à å ên. å�� ú å���� .

P�TUM"��� . � à � ê �ÜQ í5� � â�� ���7ÏõFeCNTUMExHM]T`P�\]A1p`p`ÉyA1R;f�MVFeT`R;FòíoA1K;FepØ@�DBFòZ1T`FeCEFHL W LNMHt
};TUF�ÏõFeCNaJK;LNFeTUÏ1M[pUrBf�@BpÓA1P Z;FeRß{¼A1R;f�M ä ��� . � à � ê ç â ä �R�N�R�N�R�N��çòZ1@BCj%nAy@Bp`TUMN@�MNTUkBF
Ð¦FHLJK1@BpUMEFeR©FeT`R;FHLqucT��õFHLNFeR�MNTØ@BpUDspUFeT`aJKnA1R1D�P9TUM[FeT`R;FHL^g|@�fBFeR1C^ÈÓrBDsZ1@BR;rlk©Ð¦FHLNxHXÓFeT �
DsAyR;D9A1R1Z>FeT`R1FHLVLNFea_KnMEFeRÜ}6FeTUMEFÄZ;FHLo÷ÄpØ@BCNCEF�h�� kBrsp`pØCEMlI@BR1Z1TUD;t
Û ���¦´��·����¿À´ ²k�����������+�9���9�H�R��� � ácâ��óä �����zç�� ��� �b� ��� h ��� �� ¢¡>�9�£�l� h�¤�¥¦�H§ �R�£¨ � �©�p�	�ª�«¨��9 �� � �+�d¬­��®9¯�  � � ����¯)�°¨�¯�� � á â±�óä ����� ¤ ç ��� � ¤ ���9� � �/�	��² � �9�/�³ ��¡�� � �V¡H�9 Q��´ �   � � �9�� ��µ���¶�9 ��ª�¸· � � �£�¹�¶�E¨º¯�� h � ¬�� »C�9 Q�9�	��� � � �¼�+�9���9�H�R�����9�n²;¡��½�¾® ¦�R 
�9�£�l�¿�ª´n��À]�¶�9�£�©�ÂÁ � ��� ¨º¯)��Ã �   � � �]�ª�p ��ÄÀ9� � á âÅ�óä ����� ¤ ç � �£ Q¡º²��+¯ºÆ � � � � ¡H�9�
Ã2�R�nÆº� � ¤ hE¤�¥ ¦�¼§ �R��¨ � �©�p�	��À9�°�p�����9 Ç· � � �£�¹�½�«¨�¯���¬5� »C�p ��p�V��� � �È�)�©�p�¶�p���X�X���p�É¡H�p ·�¯�  �Ê� á â��óä ���ÌË ä ��çEç �£����² � ¯HÍÌ�p� Ë ���«�p�����p ÇÎ � ���*Í9�R���&¨º¯�� � ¤ ���ª�]�����Ï�£���½Ð
Ñz»;�lÅ ²Ê���©�p�¶�p�H�R���dÒªÓ�Ð£ÔpÕ&�µ�p���9�£�l��¨)�p Ì� � �©�E¬­��®9¯�  � � ����¯���¡H�p ÏÖ � Æ¼�p�n�C×C¯���¡ � �V¯�¨Ø �p QÀ � �p�+�)�R����Ð
ÈÓFHXÓFeT`C �F' �e��(ó}7tyÒB�6�cr6Z;FHL ' ÑÙ(|}õtÍÒBÌ��ÛÚ

QSRjZyTUFeCEFeP
÷Ä@�ÉyT`MEFepõX¼FHL_Z1FeR:XoTULOZ1@BC %nA1@BpØTUMN@�MNTUkBFwÐ¦FHL_K1@BpUMEFeR�FeT`R;FHL � p`FeT`a_K�A1R;D
P�TUM¦FeT`R;FHLïg|@�fBFeR1C¼È¼rBDsZy@BR;rlk^Ð¦FHLNxHXÓFeTUDsA1R1D[P9TUM�Ô]T`pUG�FVZ;FHLïÏÀpUrlX � A1É9b�FHMNK;r6Z;FOÏõF �
C_a_K;LNFeT`Ï7FeR�tnuc@�xeA:ÏõFHMEL_@BaJK�MEFeR:XÕTULÓZyTUFwFHMîXY@BCO@Bp`pUDBFeP^FeTØR;FHLNFwucT��7FHL_FeR�MNT`@Bp`DspUFeT`a_K�A1R;D

� á â�. å0æ ä Ònç ä ��tÍ�nç
. á â�à å ên. å�� ú�1 � . å0æ ä Ònç

�
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P�TUMj��� . � à � ê �&Q íÄ�óX¼rBÏõFeTYP9TUM�æ ä ÒnçËghFHL_P9F>Z1FHL9×wL_Z1R�A1R;DdÒÜTØR���� . � à � ê ÏõF �
xHFeTØa_K1R;FHMoX¼FHL_Z1FeRzt
ucTUFeCNF � pUFeT`aJKnAyR;DjÏõFeCNa_K1LNFeTUÏ1MÄZ;FeR üy@Bp`p-� â 1 ��t�uwFeR üy@Bp`p�� â åq�^FHL_KhI@Bp`MËP9@BR
Zy@�L_@BA1CqIA;ÏõFHLVZ1TUFÄg�L_@BR1CNG·rBL_P�@�MNTUrsR ä �U� . � à � ê �QYJç�æ ä ��� 1 . � à � 1 ê � 1 YJçNt
ç¸èÌé êJë�ì-í�îXï­ð
ucTUFÄ÷ÄrnrBL_ZyT`R1@�MEFeRnMEL_@BR1CEG�rBL_P9@�MNTUrsR ä ÏÀpUrlX � A1É�T`P
{ó@�L_@BP^FHMEFHL � íÕ@BA1P>ç

ñ �RS Q í ú2ò Q í"ó¤
ò ÿõúÙW 1 æ Q íLô

ä ���� �. ��õÙ� �à � �ê ç 1 æ ä �U� . � à � ê ç â�ä õ ú �����õ û �. ��õ ô �à ��õ ú �ê ç
P�TUM �à ú ù å �à úú â �]T`CEM¼FeT`R;F]CNA;L�öEFHfnMNT`kBFEh5� W Ï1ÏyT`p`ZyA1R;D;t�m.FeR1Z;FeR�XoTULYZ1TUFeCNFÕg�L_@BR1C �G�rBL_P9@�MNT`rsRj@BA;G ä ��tÍ�nçÓ@BRz�1FHLJK1@BpUMEFeR>XoTUL

�� á â õ �. å0æ ä õ ô ç ä ��tÍÒnç
�. á â õ �à å0õ �� ú å0õ ú ä �ê �. 1 �� �. çõå0æ ä õ û ç�#

ucTUFÄb�FeR;DBF S õ â �XW[FeRnMNCEÉ1L_T`aJK�MOZ1FeP<{ïA1R1fnML� â�.qâ�à�â&ê,â �6tyü]IA1LLõj÷(�9T`CEM
ZyTUFÄpUFHMExHMEF � pUFeT`a_K�A1R;D^G IA;L äµà � ê ç¸øâ�ä �R�N��çÓxeA ä ��tÍ�nçwI@)%�A1TUk�@BpUFeRnMH�yZ1@ ñ @BA;G¦Z1TUFeCEFeP� FHÏyTUFHMVFeT`RÛh5� uwT+�7FHrsP^rBL_ÉyK1T`CNPòA1CVT`CNMHt

uwT`Fcô7FeT`MEMEL_@BR1CEG�rBL_P9@�MNTUrsR �Y â õºYïpîI@�gBMYGJIA1L�õ­÷0�òZ1TUFÄ×]LNÏyT`MNC�DspUFeT`aJKz�6CNTUF^I@BR1Z;FHLNM
R�A;LOT`K1LNFËô7FeTUM � {ó@�L_@BP^FHMEL_TØCNTUFHL_A1R1D;t;uwT`FÄR;FeA;F � pUFeTØa_K�A1R;D9p`@BA;MEFHM

�� á â �. å0æ ä õ û ç ä ��tv�6ç
�. á â �à å �� ú å0õ ä �ê �. 1 �� �. çõå0æ ä õ ú ç�#

ucTUFeCNFjucT��7FHL_FeR�MNT`@Bp`DspUFeT`a_K�A1R;D TØCEM�@BA1aJK0GJIA;L&õ â � CNTØR1R�kBrspØp t¦ü]IA;L&õ@÷%�?TØCEM9CNTUF
xeA ä ��tÍÒnç I@)%nA1T`k�@BpUFeRnMHt W A1GïZ;FHLÄb�FeR;DBF S õ â �XW�TØCEM]ZyTUF � pUFeT`aJKnA1R1D ä ��tv�6çÕ@BAyCELNFeT �
aJK;FeR1ZËLNFHDsA1pîI@�Le�eAyP#CNTUF�P�TUM�LNFep`@�MNT`kÕFeT`R1G�@BaJK;FeRËb�FHMNK;r6Z;FeRËT`RÄFeT`R;FHLhi]P^DBFHÏyA1R1DOkBrsRS õ â �XWcxeA>A1RnMEFHL_CNA1aJK;FeR�A1R1Z�@BA1GhT`K;LÓ@Bp`pUDBFeP^FeT`R1FeCïÐ¦FHL_Ky@BpUMEFeR�xeA�C_a_K1p`T`F9gBFeRzt�m�TUL
XÓFHL_Z;FeR.C_TUF9P9TUMcZ;FHLÄÔ]T`pUG�FqxHX¼FeTUFHL[÷Ä@�LNMEFeR A1RnMEFHL_CNAya_K;FeR ä W Ï1Ïß��t`��çNt�ucTUFeCNF�÷Ä@�L �
MEFeRÜf�@BR1RÜP9@BRÜCNT`aJK.@Bp`CwCEMEFHLNFHrBDBL_@�ÉÀK1T`CNaJK;F^{�LNrºöEFHfnMNT`rsR;FeRÜZ;FHLÄ÷ÄA;DBFep � ×wÏ7FHL�ù�I@Ba_K;FSeà ú å ê ú â �ºW[P9TUMOAyR�MEFHL_C_a_K1TUFeZyp`T`a_K1FeR � FHXoT`a_KnMEFeRjkBrBLJCEMEFep`pUFeRzt

ú ÷Ä@�LNMEFËø>ù � GJIA1L à ë �9CEFHMExHFeR�XoTUL �à�â 1 �ËA1R1Z�FHL_K1@BpUMEFeR
� â õ úù �õù]� .qâ õ ûù . ù*� à�â 1 õ ôù � ê�â õ úù ê ù*�«Y â Y ù

õ�ù
A1R1Z
� ù â3ä 1 �à çQû ù¢ü ú ��U� . ù â3ä 1 �à çQû ù¢ü û �. �$õ ù â õ ä 1 �à ç ù¢ü ô � ê ù â�ä 1 �à çQû ù¢ü ú �ê #
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r1

K1

r2 K2

p
p1

p2

r=0

µ

µ

1ν
ν

2

W ÏyÏyT`p`Z1AyR;D[��t`� � ÈYpUr�X � A;É�÷ÄrnrBL_ZyT`R1@�MEFeR:A1R1Z:÷Ë@�LNMEFeRjø�ù��1ø,ú

ú ÷Ä@�LNMEFËø,ú � GJIA1L ê:ë �9CEFHMExHFeR�XoTUL �ê�â 1 �cA1R1Z>FHL_Ky@BpUMEFeR
� â õ úú �ÀúÙ� .qâ õ ûú . úº� à�â õ ôú à úº� ê�â 1 õ úú �«Y â YSú

õeú
A1R1Z

�Àú â3ä 1 �ê ç û ù ��U� . ú â�ä 1 �ê ç û û�ü ú �. �$õeú â õ ä 1 �ê ç ù¢ü ú � à ú â3ä 1 �ê ç û ú �à #
bd@BRÃFHL_KhI@BpUM�Z1TUFjucT��õFHLNFeRnMNT`@BpUDspUFeT`aJKnAyR;D?T`R0Z1FHL�÷Ä@�L_MEF�ø�ù��ÓT`R1Z;FeP�P9@BRÃTØR0Z;FHL� pUFeT`a_K�A1R;D ä ��tv�6ç ä ���� �. ��õÙ� �à � �ê ç â�ä �7ùÙ� . ù*��õ�ùÙ� 1 ��� ê ù�ç|CEFHMExHMH��AyR1Z9T`R9Z1FHL¼÷Ä@�LNMEF]ø�úP�TUM ä ��U� �. ��õ*� �à � �ê ç â3ä � ú � . ú ��õ ú � à ú � 1 ��çNt
ç¸èQç ýÇì þ�ÿLë����Ýï����	�Cë�ì�
,ÿLë�����
������­ÿLë������
ucTUFÕíoA1K;FepØ@�DBFeR�Z;FHL¼uwT+�7FHLNFeRnMNT`@BpUDsp`FeT`a_K�A1R;D ä ��t`��ç¦p`TUFHDBFeR�pUrBf�@BpÀA1P ä ��� . � à � ê ç â �
@BA1G�Z;FHLV{ó@�L_@�ÏõFep S � ú å à�â �R� .9â �XWst;ucTUFcíÕA1K;Fep`@�DBFeR:K1@�ÏõFeR�G�rspUDBFeR1Z;FeCYpUrBf�@BpUFeC
Ð¦FHLJK1@BpUMEFeR � íoAyK;Fep`@�DBFeR�P9TUM­�J÷­�.CNT`R1ZßG IA1Lq@BpØpUF ê � à ë � }6@�MEMEFepUÉyA1R1fnMEFBtóü IA;L
íÕA1K;Fep`@�DBFeR.P�TUMC� ë �>MELNFHMEFeR @BR;xeT`FeK;FeR1Z;FqA1R1ZÜ@�ÏyCEMEr)gBFeRyZ;F9÷ÄR;rBMEFeRÜr6Z;FHLcü1r6aHT
AyR1Z^FeRnMNp`@BR;DËFeTØR;FHL¼÷ÄA1LNkBF à�â�à�ä ê ç|FeT`R;FoÔÕrBÉ1G�kBFHLNxHXÓFeTUDsA1R;Dò@BA;G tnü]IA;L-� â�à�â �
MELJTUMEMïFeT`R1FÕCN@BZ1ZypUFÕR;r6Z;F]A1R1Z9G IA;L�� â�à�â�ê9â �[ZyTUFÕg|@�fBFeR1CYÈÓrBDsZ1@BR;rlk�Ð¦FHLNxHXÓFeT �
DsAyR;D ä W Ï1Ïht¦��tÍ��@�çò@BA;G tóuwFeCqXÓFeTUMEFHLNFeR�FeRnMNCEMEFeK�M�Ï7FeTYZ;FHL^ÔÕrBÉ1G�kBFHLNxHX¼FeT`DsA1R;D.FeT`R
ÉõFHL_T`r�Z1TØCNa_K;FHLw×]LNÏyTUMH�ÀZ;FHL]C_T`a_K�ÏyT`CÕxeA�FeTØR;FeP�K1rsP^rBf�pØT`R;FeRd×wLNÏyTUMOkBFHL_DBL�Ir)gBFHLNMcA1R1Z
Zy@BR1R�kBFHL_CNaJK�XoTØR1Z;FHM ä�' �e��(Vm�TUDBDsT`R1C�}7tÍÒB�6�jGJIA;L9Z1FeR�üy@Bp`pL� â ��� ' ÒÙ(OucA1P9rBLNMNTUFHL
}õtÓ�B�sÑ G IA;L�Z;FeRÃüy@Bp`p¸� â 1 ��çNt¼ucTUFd{ïK1@BCEFeR1É7rBL_MEL_@BTUMNC9xeAyP�Ð¦FHLNxHXÓFeTUDsA1R1DsCNZ1T`@ �
DBLJ@BP9P%kBrsR � pUFeT`aJKnA1R1D ä ��t`��çOGJIA;L]Z1FeR�üÀ@Bp`p¾� â 1 �[CNTØR1Z�TØR W Ï1ÏyT`p`ZyA1R;D���tÍÒ ä�' Òº(
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ν

µ

SNHopfHom

TB

SN

(a)

Hom

Hopf SN

SN

TBr=0,

(b)

µ

ν

W Ï1ÏyT`pØZ1A1R;Dq��tÍ� � Ð¦FHLNxHXÓFeTUDsA1R;DsC � uwTØ@�DBL_@BP9P%Z;FeCOg|@�fBFeR1CoÈÓrBDsZ1@BR;r�kj{ïA1R1fnMEFeC

}õtÍ�B�B�nçîZ1@�LNDBFeCEMEFep`p`MHtnucTUF � pUFeT`aJKnA1R1D ä ��tÍ�nç|ÏõFeCNT`MExHMïZ1@BC¼DspUFeT`a_K1F %nAy@Bp`TUMN@�MNTUkBFÕÐ¦FHL_K1@Bp �
MEFeR.AyR1Z�Zy@BK;FHLc@BA1a_K.Z1T`F[DspUFeTØa_K;FeR.{¼K1@BCEFeR;ÉõrBLNMEL_@BT`MNCHtyucTUFeCEFeCwÐ¦FHLJK1@BpUMEFeRÜXÓFHL_Z;FeR
XÕTUL>G IA;LjZyTUFÜuwT+�7FHLNFeRnMNT`@BpUDsp`FeT`a_K�A1R;D ä ��tÍ�nç�P�TUMjÔÕTØpUG·FÜZ;FeC:ÏÀpUrlX � A1É&Ï7FeC_a_K;LNFeT`Ï7FeRä W Ï1Ï�ty��tÍ��Ï�çNt
ç¸è�� �5ÿ���� ë����­ì�����
������;í��� ��Cï����
Ñz»;�lÅd¹ ���j��!��£�����½�p p���9�£�l�j�9�£��¡H�p�n���+���#"��R Ì¨)� ÿ%$'& à�â�à)(+*Ää ê ç¸� ���

à)(,*�â æ ä�- ê.- û ç�� ê:ë �R� ä ��tÍ�nç
�9�	��� � ����¡H�9 Û¡��½� ���©�p�¶�p���X�X��Ò½Ó�ÐµÓ9Õ ® ¦�X  ä �U� . ç â ä æ ä�- ê.- ú ç��Jæ ä�- ê)- û ç �p�����¿� � ¡H¡R�+���¯]¡H� Ø �9 ¢À � �p�+�)�R����ÍÌ�p�Ì���©À]�½Ð
ÈÓFHXÓFeT`C � iÕP Z1T`FeCEFËxeA�ÏõFHLNFea_K1R1FeR�kBFHLNXÓFeR1Z;FeRdXoT`LÕZ1TUF[÷Ä@�LNMEF^ø�ú�t7uwT`F[ucT��õFHLNFeR �
MNTØ@BpUDspUFeT`aJKnA1R1D ä ��tv�6çYp`@BA;MEFHMoTØR:ø�ú

� á ú â�. ú�å0æ ä õ ûú ç. áú â�à úïå0� úú 1 õeú ä¶. úïå0�yú . ú�çõå0æ ä õ úú ç�# ä ��tÍÌnç
ä Q P
G�rspUDBFeR1Z;FeR:pØ@BCNCEFeR:XoT`LYZ1FeR>QSR1Z1Fpo:�òXÓFHD;t çV}�FeT � Z1T`FcLNFea_KnMEFò}�FeTUMEFckBrsR ä ��tÍÌnçNt
ucTUFÄíÕA1K;Fep`@�DBFeR�R1@BK;F à�â �9Z1FHL � pUFeT`aJKnAyR;D ä ��tÍÌnçÓCNTØR1Z�X¼FHDBFeR/ ä½� ù � � ú ç/ äµà � . ç â10 æ ä õ û ç �¼å0æ ä õ û ç

�¼å�æ ä õ ú ç æ ä õ ú ç 2 LNFHDsAypîI@�LoT`R¿õ â � â�.qâ�à�â �
ZyA;L_a_K:ZyTUFÄ÷ÄA;LNkBF

äµà � . ç â43¼ä ����õ�ç â3ä 1 � ú å(æ ä õ ú ç��Jæ ä õ û çEç
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SNHopf

Hom

ν

µ

W ÏyÏyT`p`Z1AyR;Dò��tÍÒ � g|@�fBFeR1CÕÈ¼rBDsZy@BR;rlk:Ð¦FHLNxHXÓFeTUDsA1R1D

DBFHDBFHÏõFeR ä ü1rsp`DBFHL_A1R;D�@BA1C:Z;FeP«Ô]@BA;É1MNCN@�MEx IA;ÏõFHL�QSP9Éyp`TUxeTUMEF�üyA1R;f�MNTUrsR;FeRzçNt¼m�TUL
ÏõFHMEL_@BaJK�MEFeR5 â�6��7-98;:+< =?>A@.8 û fCB ó�D 8 m B >E< D 8 mGF >îâH0 æ ä Ònç �ïå0æ ä Ònç

��� 1 õ . å0æ ä �nç 1 õ ä �ïå0��ç7å0æ ä �nç 2 #
ucTUF � pUFeTØa_K�A1R;DJILK9Y ä 5 ç â ���9åÃæ ä õ ú ç â �>T`CEMÕX¼FHDBFeR c N�MON 8QP�>c9f øâ ��GJIA1LC� (+* P9TUM
� (+*�â43¼ä õ�ç â æ ä õ ú çïFHLNGJIA1p`pUM ä Z1@�L_@BAyCVG·rsp`DBM"�7ù â ��çNt7ÔÕT`FHL_P9TUMYDsT`pUM

ÿSR�T	õ ä 5 ç â � ù å�� ú â �oå�� ú â 1 õVå0æ ä õ ú ç
AyR1ZcXoTUL�Ky@�Ï7FeRËFeT`R;FeRÄ÷Ë@BR1Z1T`Z1@�MEFeRÄGJIA;LhFeT`R;FïCN@BZyZ1pUF�R;r6Z;F¦Ð¦FHLNxHXÓFeTUDsA1R;DÕDBFHG�AyR1Z;FeRzt
Q R ä �U� . ç (+* ÏõFeCNTUMExHM ä ��tÍÌnçÕFeTØR;F^CEMN@�ÏyT`pUF�ô7FeRnMEL_A1P�CNP9@BR1R1T`DBG�@BpUMNT`DBfBFeTUMHtÀucTUF9ñ¼TUDBFeR �
XÓFHLNMEF

�õù < ú â 1 õ ä �ïå0��ç7å0æ ä õ ú çEç
� �VU ���^å0æ ä õ ú ç

AyR1Z>rBÏyTUDBFÄíoFea_K1R�A1R;DBFeR�xHFeTUDBFeRz�yZ1@�g^G IA;L �Û÷>� (,* FeT`Rd}6@�MEMEFep�A1R1Z>G IA;L � ë � (,*
FeTØRß@BR;xeT`FeK;FeR1Z;FHLqü1rBf6A1Cq@BA;G�MEL_TUMEMHtóuwFHLòÐ¦rBL_xHFeT`a_K;FeR � m.Fea_K1CEFepÕZ;FHLquwFHMEFHL_P9T`R1@BRnMEF
MELJTUMEMÕDBFeRy@BA�ÏõFeTF� â � (,* @BA;GS�7CErsRyCEM]TØCEMÕZ1T`FeCEF[A1R1DspUFeT`a_Kd\]A1p`p t1uc@BP9T`M]CNT`FeK�MwZ1@BC
Ð¦FHLJK1@BpUMEFeRd@BA;GïZ;FHLcô7FeR�MELJA1P9C � bd@BR1R1TUDBGµ@BpUMNTUDBfBFeT`MÕR1@BK;Fj� â ��XÕTUF[T`R W ÏyÏyT`p`Z1AyR;D
��tv�,Z1@�LNDBFeCEMEFep`p`Mo@BA1CHt;uwFHLÕC_@BZ1Z1pUFcR;r6Z;FÄ{ïAyR;fnMYMEL_T`MEMOZ1@BK;FHLoT`R:Z1FHLo÷Ä@�LNMEFËø ú G IA1L

à ú â æ ä õ úú ç
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x2

µ2

W Ï1ÏyTØp`Z1A1R;Dq��tv� � }6@BZ1ZypUFcR;r�Z1FcÐ¦FHLNxHX¼FeT`DsA1R;D

G IA;L ä �yú�� . ú�ç â3ä æ ä õ ú ç��Jæ ä õ û çEç¦@BA;G�A1RyZ9T`R�Z1FeR,A;LJCEÉ1LsIA1R1Dsp`T`a_K1FeRò÷ÄrnrBL_ZyT`R1@�MEFeR9G IA;L
à�â æ ä�- ê)- û ç�� ä �U� . ç â3ä æ ä�- ê)- ú ç��Jæ ä�- ê.- û çEç�� ê:ë �R#

Ú
ç¸èXW Y ì ð�Z\[]�����;í^�_ ��Cï����
Ñz»;�lÅ Úa`Ì��¡H�9 E¬5� »C�p ��p�	��� � �È�)�©�p�¶�p�H�R���dÒªÓ�ÐµÓ9ÕÏ�� ����¶� �9�£�l�5�Ì�Ù´n�p ÌÆÙ ������µ�9�p�R�cb5¯Ì´º®Ì¨)�p  ¥À � �p�+�)�R���¿�p�V��� � �X���p�����p ��9�£��¡H�p�n���+���p�d"��R Ì¨)��egf R � & à�â�à __hEi e ä ê ç¸� ���

à _�hEi e â 1 ê ú å0æ ä�- ê)-EjB ç�� ê:ë � ä ��tÙÑ�ç
��� ä �U� . ç â3ä 1 ê å(æ ä�- ê)- û�ü ú ç��Jæ ä�- ê)- û çEç � �p®pÐ
ÈÓFHXÓFeT`C � ôõA;LwÈÓFHLNFea_KyRnA1R1D�Z1T`FeCEFHL]÷ËA;LNkBFòkBFHLNX¼FeRyZ;FeRdXoTUL]XoTUFeZ;FHLwZ1TUFò÷Ä@�LNMEF^ø�ú�tä Q P
G�rspUDBFeR1Z;FeR�p`@BCNCEFeR>XoT`LOZ;FeR:Q R1Z;Fpo>�^X¼FHD;t ç

ü]IA1L"õ â �9MELNFHMEFeRd\]A1p`p`CEMEFepØpUFeR>T`R ä ��� . ç â äª�lk 1 à �N��çY@BA1G t7}6FeT � Z1TUFËLNFea_KnMEF
}6FeTUMEFckBrsR ä ��tÍÌnçN�7CEr9DsT`pUM6��jâ / ä½� ù � � ú ç/ ä ��� . ç â 0 æ ä Ònç �¼å0æ ä Ònç

��� 1 õ . å(æ ä �nç 1 õ ä �ïå0�zçzå0æ ä �nç 2 #
üwIA;L à ë �^T`CEM c 8 enm < e B >c 8 f < =?> - 8 f < =?>A@.8Qo�p û :q< ¤ > LNFHDsA1p I@�LoA1R1Z>FeCVDsTØpUM �ÎhrBf�@BpÄFpo6T`CNMNTUFHLNM:FeT`R 3 P9T`M ä �U� . ç âr3¼ä õ*� à çN�]CEr6Z1@�g �tsu3¼ä õ*� à ç â ��FHLNG IA1p`p`M
TØCEMH�õX¼rBÏõFeT 3¼ä õ*� à ç â­äª� k 1 à åÃæ ä õ ú ç��Jæ ä õ û çEçODsTØpUM ä G·rspUDBMÄ@BAyCcZ;FeP ÔÕ@BA1É1MNCN@�MEx
IA1Ï7FHL,T`P^Éyp`T`xeTUMEF,üÀA1R;f�MNTUrsR;FeRõçNt�uwFHL>p`T`R;Fe@�L_FjghFeT`pOkBrsR ä ��tÍÌnç^@BR(Z;FeR(\ÕA1pØp`CEMEFep`pUFeRä � * � .v* ç â3äª� k 1 à å0æ ä õ ú ç��Jæ ä õ û çEç¼p`@BA1MEFHM5 âV6Ï�t- 8 fxw < = w > â 0 æ ä Ònç �Óå�æ ä Ònç� � k 1 à å0æ ä �nç 1 õ ä �ïå � k 1 à çõå�æ ä �nç 2 #
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ñïT`R;FÜÔÕrBÉ1G·kBFHL_xHX¼FeTUDsAyR;D�ÏõFeZ;FeA;MEFHM>FeT`R&{ó@B@�LjLNFeT`R�T`P�@�DsT`RhI@�LNFHL:ñïT`DBFeR�XÓFHLNMEFB�

Z1FHLNFeR:íOFe@BpUMEFeTØp�Z1@BCVÐ¦rBLNxHFeTØa_K;FeR�X¼FeaJK1CEFepUMHt1uc@�ÏõFeTõFeR1CEMEFeKnMOFeT`R1Fcüy@BP9T`p`T`F]kBrsR�CEMN@ �
ÏÀT`pUFeR äzy>ë ��ç¦r6Z;FHLOT`R1CNMN@�ÏyT`pUFeR�É7FHLJTUr�ZyT`CNa_K1FeR,×]LNÏyT`MNC äzy ÷0��ç�@BA;G�FeT`R;FHLO}�FeTUMEFcZ;FeC
ÔÕrBÉ1G�ÉyA1R;f�MEFeCHt

ü]IA1L]Z;FeR W CEM¸� *�â 1 k 1 à å�æ ä õ ú çÓMELJTUMEMÕÏõFeT¾õ ÷&�,fBrsR1CEMN@BRnMH�zGJIA;L à?â±à){
TØRdZ1FHLcuwT+�7FHLNFeRnMNT`@BpUDsp`FeT`a_K�A1R;D ä ��tÍÌnçÕFeTØR;F^ÔorBÉ1G�kBFHLNxHXÓFeTUDsA1R;Dj@BA1G �zXÓFeR1RÜG�rspUDBFeR1Z;F
ÈÓFeZ1TØR;DsA1R;DBFeR>FHLNG IA1p`p`MYC_T`R1Z ä�' �e�º(hm�TUDBDsT`R1C]}7ty�sÑ���ç �
ü IA;LqZ1TUF,ñïTUDBFeRnX¼FHL_MEF¿� ù < ú äµà ç â ( i 8;P|>ú �~} ä ( i 8;P|>ú ç ú 1 ILK9Y 5 DsT`pUMò@BRßZ1FeRß\]A1p`p �
CNMEFep`pUFeR � K ä �õù < ú äµà { çEç â �R�I â / � K ä �7ù < ú�ç/ à øâ �R��,� ä �õù < ú äµà { çEç"øâ �R�y øâ �
XÓrBÏõFeTõG IA1LoZ1TUFcÈÓFHLNFea_KyRnA1R1D9kBrsRy^â �

�eÌ 'È�
ù
f9f9f å �

ù
f =�= å � úf9f = å � ú=�=�= (�å

å �
�eÌn� 'È� ùf = ä½� ùf9f å � ù=�= ç 1 � úf = ä½� úf9f å � ú=�= ç 1 � ùf9f � úf9f å � ù=�= � ú=�= (

ZyTUFwuwT+�7FHLNFeRnMNT`@BpUDsp`FeT`a_K�A1R;D^GJIA;L à�â�à { T`R:G�rspUDBFeR1Z1Fcü1rBL_P
DBFHÏ1LJ@Ba_KnMoXÓFHL_Z;FeRjPòAng0 � á.�á 2 â 0 � 1 �� � 2 å 0 � ù ä �U� . ç� ú ä �U� . ç 2 # ä ��tÍ�nç
QSR^A1RyCEFHLNFeP�üy@Bp`p6DsT`p`M|G IA;L¦Z1TUFVñ¼TUDBFeR�XÓFHLNMEF

� K ä � ù < ú ç â 1 mú ä � 1 k 1 à å>æ ä õ ù çEçNtuc@
� 1 k 1 à å0æ ä õ ù ç â �R� / ä � 1 k 1 à å0æ ä õ ù çEç/ à â �

�
G IA;L à�â 1 ���/õ â �qFHL_GJIA1pØpUM¼T`CNMH��Fpo;T`CEMNT`FHLNMVpUrBf�@BpzAyP äµà ��õ�ç â3ä 1 ���N��çïFeT`R 3 �1CEr6Z1@�gà){Vâ43¼ä õnç â 1 �zå.æ ä õnçóA1RyZ�� 1 k 1 à å.æ ä õnç â �ËFHLNG IA1p`p`M�CNT`R1Zzt�m.FeTUMEFHLYDsT`pUMïG IA;L
õ­÷0� � K ä �õù < ú äµà { çEç â �R�I â 1 õ� ä �¼å0æ ä õnçEç ë �R��,� ä � ù < ú äµà { çEç âk� U �oå(æ ä õnç øâ �
G IA;LLõqK1T`R1LNFeT`a_K1FeR1Z�f�pUFeTØRzt

ôõA;LOÈÓFHLNFea_KyRnA1R1D9kBrsR y kBFHL_CNaJK1TUFHÏõFeR:XoTULYxeA;FHLJCEMoZ1TUFc\]A1p`p`CNMEFep`pUFeR>R1@Ba_Kä ��� . ç â3ä �R�N��ç
�� â � 1 � *�â �qå k 1 à å(æ ä õ ú ç
�.^â�. 1 .v*�â�. å�æ ä õ û ç
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µ µ 22

W Ï1ÏyT`p`ZyA1R;Dò��tÍ� � ÔorBÉ1G�kBFHLNxHXÓFeTUDsA1R;D

AyR1Z>X¼FeRyZ;FeR:Z1TUFcG�rspUDBFeR1Z;FÄ÷ÄrnrBL_ZyT`R1@�MEFeRnMEL_@BR1CEG�rBL_P9@�MNTUrsR:@BR0 ��
�. 2 â�0 � �

� U � k 1 à 2 0 T � 2 #
uc@BP9T`MVFHL_K1@BpUMEFeR:XÕTULVFeT`R;FcucT��õFHLNFeRnMNT`@BpUDspUFeT`aJKnAyR;D^T`R:Z;FHLOü1rBLJP ä ��tÍ�nçÓP�TUMT á â } � k 1 à � å0æ ä õ ú ç� á â 1 } � k 1 à T 1 �k 1 à T ú�1 õ � ä �¼å�T 1 k 1 à çõå0æ ä õ ú ç
AyR1Z y^â 1 �k 1 à ä õ ä �k 1 à 1 æ ä õnçEçEç ë �
G IA;LVFeT`R�@BA1CELNFeT`aJK;FeR1Z>f6pUFeT`R;FeC2õ�t

uw@BCÄÏ7FeZ1FeA;MEFHMH�õXoTULwK1@�ÏõFeR�FeT`R1FqC_A;ÉõFHLNfnLJTUMNT`CNaJK;FËÔÕrBÉ1G·kBFHL_xHX¼FeTUDsAyR;D;��P9TUMwCEMN@ �
ÏÀT`pUFeP ÉõFHL_TUr6Z1T`CNaJK;FeR ×]LNÏyT`MH��P9TUMcFeT`R;FHL[@�ÏyCEMEr)gBFeR1Z;FeRßíoA1K1Fep`@�DBF�p`T`R1f�CcA1RyZ.FeT`R;FHL
@BR1xeTUFeK;FeR1Z;FeP
íÕA1K;Fep`@�DBFcL_Fea_KnMNCOkBrsP­ÔÕrBÉ1G�ÉyA1R;f�M ä W ÏyÏ�ty��tÍ�nçNtyQ R:Z;FeRjA;LJCEÉ1LsIA1R1D �
pØT`a_K;FeR:÷ÄrnrBL_ZyT`R1@�MEFeR>XoTULJZ�ZyTUFÄ÷ÄA;LNkBFÄZ1FHLoÔorBÉyG·ÉyAyR;fnMEFcZ1A1L_a_K

à�â 1 ê ú å0æ ä�- ê)- � ü ú ç�� ä �U� . ç â3ä 1 ê å0æ ä�- ê)- û�ü ú ç��Jæ ä�- ê)- û çEç��oP�TUM ê�� �
ÏõFeCNaJK;L_TUFHÏõFeRztlÚ
ç¸èG� Y ì���ì þ5ë� �����������
u G�
Ñz»;�lÅ ýÝ���j��!��£�����½�p p���9�£�l�j�9�£��¡H�p�n���+���#"��R Ì¨)��e�f � & à�â�à __h K ä ê ç¸� ���

à _�h K â 1 ����B� ê ú å0æ ä�- ê)- � ü ú ç�� ê:ë �R� ä ��tÍ�nç
�9�	��� � ���¿¡H�9 �¡��½�����+�9���9�H�R���dÒ½Ó�ÐµÓ9ÕÏ�9�£���9�Z�X¯ � ¯ºÆÙ�¹�����p���� 9Í9���-Í����Ì���©À]�½Ð
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x

y

-1
1

1

1

W Ï1ÏÀT`p`Z1A1R1Dò��tÍÌ � \]TUkBFe@BA1pØT`R1TUFeR�kBrsR e
ÈÓFHXÓFeT`C � ucTUFeCEFeRj×]LNÏÀTUM�XÓFHL_Z;FeR�XoTULÓT`R,÷Ë@�LNMEFcø�ùVAyR�MEFHLYÐ¦FHLNXÓFeR1Z1A1R1DòZ;FHLVb�Fep`R1T �
fBr�kjb�FHMNK1r�Z;F ' �e�)(�ÏõFHLNFea_K1R1FeRzt
ucTUFcucT��õFHLNFeRnMNT`@BpUDspUFeTØa_K�A1R;D ä ��tv�6çÓpØ@BA;MEFHMoT`R:ø>ù

� á ù âÂ. ù¦å0æ ä õ ûù ç ä ��t`�H��ç
. áù â 1 �ïå0� ú ù å�õ�ù ä ê ù . ù 1 �7ù . ùeç7å0æ ä õ úù ç�#

ü IA;L"õ ù â �^FHL_K I@Bp`MOP9@BRjZ1@BCOÔ]@BP9T`p`MErsR1CNa_K1F[}�~�CNMEFeP
� á ù â�. ù ä ��t`�B��ç
. áù â 1 �ïå0� ú ù

P�TUMOZ;FeR:íoAyK;Fep`@�DBFeR ä �õùÙ� . ùHç â3äª� ���N��çÓAyR1Z:Z;FHLOÔ]@BP9T`pUMErsR;GµA1R;f�MNTUrsRe ä �7ùÙ� . ùeç â�. úù å0�õù 1 � û ùÒ #
ä Q P G�rspUDBFeR1Z1FeR�p`@BCNCNFeR9XoTUL¼Z;FeR9Q R1Z;Fpoj�OXÓFHD;t çóuwT`FÕÎ¼IrsC_A1R;DsCEf6A;LNkBFeR,Z;FHLïucT��õFHLNFeR �
MNTØ@BpUDspUFeT`aJKnA1R1D;�hZ1TUF�Z1FeR?\]TUkBFe@BA1p`T`RyTUFeR e â�� f���� Y y � Y ä W Ï1Ï�t|��tÍÌnçwFeRnMNCEÉ1LNFeaJK;FeRz�
FeRnMNK1@BpUMEFeR?@BA1a_K.FeTØR;FeR.K;rsP^rBf6p`T`R;FeR ×]L_ÏyTUMHtõucTUFeCEFHLËK;rsP9rBf�p`TØR;F^×wLNÏyTUMwÏypUFeT`Ï1MÕG IA;L
DBFHXÕT`CNCEFÄ{ó@�L_@BP^FHMEFHL � m.FHLNMEF ê�â&êzä õnç�G IA;LLõ­÷0�^FHL_K1@Bp`MEFeRzt

uwT`F�ñ�o;T`CEMEFeR;x9Z1FHLËK�~�ÉõFHLNÏõrsp`T`CNaJK;FeRdíoA1K;FepØ@�DBF�R â%ä ���N��ç]ÏõFeT ä õÙ� ê ç â%ä �R�N��ç
TØP^Éyp`TUxeT`FHLNM|ZyTUFOñ�o;T`CEMEFeR;xoFeT`R;FHLïKn~nÉõFHLNÏõrsp`TØCNa_K;FeRqíÕA1K;Fep`@�DBF%RVm < � G IA;L ä õÙ� ê ç�� ä �R�N��çNt
ñ¼T`R�K1rsP^rBf�pØT`R;FHLw×wLNÏyTUMOFeRnMNCEÉ1LJT`a_KnM]Z1FeP }6aJK1R1TUMEM]Z;FHLwCEMN@�ÏyT`pUFeR�b�@BRyR1TUDBGµ@BpUMNTUDBfBFeTUM��� ä RVm < � çcA1R1Z Z1FHLòT`RyCEMN@�ÏyT`pUFeR?b�@BR1RyTUDBG�@Bp`MNTUDBfBFeTUM �a� ä R	m < � çNt�m�TULòZ;F9PyR1TUFHL_FeR?Z1TUF
DspØ@�MEMEFÄucT`CEMN@BR;xHGµA1R;f�MNTUrsR I ä õÙ� ê ç �Ùâ � ó 1 � û �
XÓrBÏõFeT � ó ÏyxHXÄtF� û Z1TUF,}6aJK1R1TUMEMEÉyAyR;fnMEF^kBrsR � � ä R	m < � çÕÏ1xHXÄt � � ä R	m < � ç]P�TUMÄZ;FHLo �îW a_K1CEF]CNT`R1Z ä W Ï1Ï�t���tÙÑ�çNt�ucTUFVüyA1R1fnMNTUrsR�I ä õÙ� ê çóP�T+gBM�Z1TUFVucT`CEMN@BR1xOkBrsR ��� ä RVm < � ç



354"6$798;:-<�ÜR?Ý8	4C3�:$AEÞÏß�à�G�á 4CA­àEâ\â�:$ã¸ä-åd:$79G,DFA,G ���

x+x-

d(r,  )µ x

y

-1
1

1

1

W Ï1ÏÀT`p`Z1A1R1Dò��tÙÑ � ucTUFÄucT`CNMN@BR;xckBrsR � � ä R	m < � ç¼A1RyZ � � ä R	m < � ç
AyR1Z � � ä RVm < � çNt

È¼FeT7A1R1CNFHLNFHL � pUFeTØa_K�A1R;D ä ��t`�H��ç¦Fpo;T`CEMNTUFHL_M�GJIA1L$õ â �ÄFeT`R,K;rsP^rBf6p`T`R;FHLY×]LNÏyTUM¦G IA;L
@BpØpUF ê t;uc@BCOÏõFeZ;FeA;MEFHM I ä �R� ê ç â �6t1uc@BK;FHLoG�rspUDBMI ä õ*� ê ç â õ �I ä õÙ� ê ç â õ ä / I/ õ ä �R� ê çõå0æ ä õnçEç
P�TUM�¡ ä ê ç â c Nc m ä �R� ê çNtÓiÕRyC9T`RnMEFHLNFeCNCNTUFHL_MuI ä õÙ� ê ç â �.G IA;L õkøâ �6t�m.FHDBFeR�Z;FeR
� pUFeT`a_K�A1R;DBFeR �I ä �R� ê { ç â ¡ ä ê { ç â �6� c�¢Nc � ä �R� ê { ç â c¤£c � ä ê { ç­øâ �>Fpo;T`CEMNTUFHLNMcR1@BaJKZ1FeP�Ô]@BA;É1MNC_@�MEx�IA1Ï7FHLÓQ P^Éyp`TUxeT`MEFoüyA1R1fnMNTUrsR1FeR�FeT`R 3 �;CEr6Z1@�gòp`rBf�@BpõA1P Z;FeR�{ïA1R1fnMä õÙ� ê ç â ä �R� ê { çwDBFeR1@BAßGJIA1L êßâ¥3¼ä õ�çN�óZ1TUF � pUFeT`aJKnAyR;D �I ä õÙ� 3¼ä õnçEç â ��DsTØpUMHthucTUF
üÀA1R;f�MNTUrsR¦¡ ä ê çïT`CEMOZ1A1L_a_K:Z1@BCÕb�FepØR1TUfBrlk�Q R�MEFHDBL_@Bp¡ ä ê ç â4§ �

û �
0 1 ^. ¤^� ¤ 2 / �/ õ ä � ¤ ä Y_ç�� . ¤ ä YJç��N��çXI¼Y

ÏõFeCEMNTØP9PËMH�õXÓrBÏõFeT ä � ¤ ä Y_ç�� . ¤ ä YJçEçÕZ;FHLÄK1rsP^rBf�pØT`R;F9×]LNÏyTUMwZ;FeCcÔ]@BP9T`pUMErsRyCNa_K;FeR?}6~ �CNMEFeP9CïT`CNM�A1R1Z � Z1TUFVL_Fea_KnMEFw}�FeTUMEFÕZ;FHL � pUFeTØa_K�A1R;D ä ��t`�H��ç�T`CEMHtBüwIA;L � DsTØpUM�c*ec m - m @ ¤ âä �R� ê/. ¤ 1 � ¤ . ¤ çz¨ßA1R1Z:Zy@BP9TUM¡ ä ê ç â § �
û �
ä ê/. ¤ ^� ¤ 1 � ¤ . ¤ ^� ¤ çXIHY â�ê § �û � . ú¤ IHY 1 § �û � � ¤ . ú¤ IHYÌ#

m.FHDBFeRt© �� . ú¤ I¼Y¸øâ �9T`CEMYGJIA;L ê { â«ªq¬­ ¬ fx® = B® N�Nª ¬­ ¬ = B® N�N Z1TUF � pUFeTØa_K�A1R;D¡ ä ê { ç â �
FHL_GJIA1pØpUMHt6m.FHDBFeR cC£c � ä ê { ç â © �û � . ú¤ I¼Y2÷0�^DsT`p`MYZyTUFÄiÕR1DspUFeT`a_K�A1R;D/ �I/ ê ä �R� ê { ç â / ¡/ ê ä ê { ç$÷0�
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G IA;LVFeT`R�@BA1CELNFeT`aJK;FeR1Z>f6pUFeT`R;FeC2õ�t

uwT`FcQSRnMEFHDBL_@BpUFÄT`R:Z1FHLVu]F9PÀR1TUMNTUrsR�kBrsR ê { fzIrsR1R;FeR>Fpo6Éyp`TUxeT`M¼ÏõFHLNFeaJK1R;FHMVXÓFHL_Z;FeRä�' �e��(ó}7tÍ�B�B���Í�B�BÒnçNtzb�@BRjFHL_KhI@BpUM ê¯{Vâ 1 � ° A1R1Z>Z1@BP9T`M
�I ä õÙ� ê ç â �^GJIA1L ê�â43¼ä õnç â 1 � Ñ å0æ ä õnç�#

b�TUM à©â 1 õ ôù � ê�â õ úù ä û �° å�æ ä õ�ùlçEçYFHLJKhI@BpUMwP9@BRÜT`P A;L_CEÉ1LsIA1R;Dsp`T`aJK;FeRj÷cr�rBL �
ZyT`R1@�MEFeR1CE~6CEMEFeP

à�â 1 ����B� ê
ú å0æ ä�- ê)- � ü ú ç�#

Ú
ç¸è�± ²³���� Ìì��u ��S´.���µ�a��
u G�|�
Ñz»;�lÅdÇ · ¦�R  à __h K ä ê ç ë�àßë0à __h¶i e ä ê ç Í��������©À*��¡ � �l·¯¸º���ª� � ÒªÓ�Ð©Ó]Õj���9� � �d�9�£�l�p�
´/�p ���¯]¡)�µ�9�p�R�9 u�� pÍ]����² ¡H�p ¸��� à�â�à __hEi e �p�	���p�ª�����;�R�V¡,Æ�¯��V���£�/�R�½�p �� �¶�p� � ¦� �p�¼�p��²-Í9�£��9 �ÍÌ�9� à�â�à __h K �9�V¡H�9�½Ð
ÈÓFHXÓFeT`C �F' Ò�(�uwAyP^rBLNMNTUFHL]}õtÍ�BÒBÌ¿Ú
ç¸èG¹ ºbë�ë������»�_ ������
W R1@BpUrBDBF>ÈÓFHLNFea_KyRnA1R1DBFeRßCNTØR1Z @BA1aJK?GJIA;L[Z1FeR?Ïyp`rlX � A;ÉßT`R?íÕT`a_KnMNA1R;D ê ÷ ��A1R1Zà ÷(�cP�IrBDsp`T`aJKz�sA1P�Z1@BC¦Ð¦FHLJK1@BpUMEFeR9Z;FHL�ÎÓIrsCNA1R;DBFeR^TØR^Z1TUFeCEFeR^ÈÓFHLNFeT`aJK;FeR9Z;FeCï{ïK1@ �
CNFeR;L_@BA1P^FeCOxeA:ÏõFeCNa_K;L_FeTUÏõFeRzt;}6r9FHL_KhI@BpUMOP�@BRjZ1@BCOT`R W Ï1ÏyTØp`Z1A1R;Dq��tÍÒ^Z1@�LNDBFeCNMEFep`pUMEF
{¼K1@BCEFeR;ÉõrBLNMELJ@BTUMVT`R>FeT`R;FHLOi]P^DBFHÏyA1R1D9kBrsR ä �U� . � à � ê ��ç â �6t




 ���%/;59� 8½¼
¾ ¯¼ª t ¢vu¤ª%  § w xy�{z ¢¤  x%¨
| ª­¬�®\} ª%¯-�~�   � ¿ ¯¦¥ ª%¯V  ªµ¿
£¼¢¤  � §�¢À¿ ¨ ¢Ö¬#¯V¯¼ª­¬�ª%  z ª% Á ¢Ö¬�¢Â¿ ª�¥Ãª­¬ Ã�Ä� ¬ Å Æ Ç
m�TULOA1RnMEFHL_CNAya_K;FeRjZyTUFcucT��7FHL_FeR�MNT`@Bp`DspUFeT`a_K�A1R;D

� á â�� ù ä ��� . � à � ã ç â�. å0æ ä Ònç
. á âk� ú ä ��� . � à � ã ç â�à å ê/. å0� ú 1 � . å0æ ä Ònç ä Ò�t`��ç
à á â&ãBIõä �U� . � à � ã ç â�ãeä �¼å0æ ä ��çEç

P�TUM �U� . � à � ê � ã ��Q íÄ� êdë �R�N� ë&ãLM ���yXÓrBÏ7FeT|Z1TUFqæ äzÈ çYghFHL_P9FòT � MEFHLc×]L_Z1R�A1R;D
TØR¿�U� . � ã CNTØR1Zzt

uwT`F � p`FeT`a_K�A1R;D ä Ò�t`��çwFeRnMNCEÉ1LJT`a_KnMòZ1FHL � p`FeT`a_K�A1R;D ä ��tÍ�nçÄP9TUMËFeTØR;FeP pØ@BR;DsCN@BP
k�@�L_T`T`FHLNFeR1Z;FeRj{ó@�L_@BP9FHMEFHL à tÀü]IA;L ãOâ ��MELJTUMEMoZ1TUF[T`R�÷Ä@�ÉÀTUMEFep���A1R�MEFHLJCNA1a_KnMEFòuwT`G �
G�FHLNFeRnMNT`@BpUDspUFeTØa_K�A1R;D ä ��tÍ�nçY@BA1G t

m�TULÕX¼FHLJZ;FeR�Z1@BCoÐ¦FHL_K1@BpUMEFeRdZ;FHLÕuwT+�7FHLNFeRnMNT`@BpUDsp`FeT`a_K�A1R;D ä Ò�t`��çYGJIA;L ê�ë �,A1R1Z
fBrsRyCEMN@BR�MH�õP�IrBDsp`TØa_K1CEMÕDBFeR1@BA�Ï7FeC_a_K;LNFeT`Ï7FeR�t�üwIA;LÕLNFHDsA1pîI@�L_F[{ïAyR;fnMEF[Z;FHL � p`FeT`a_K�A1R;Dä ��tÍ�nçõf IrsR1R;FeRcXoT`L�Z1TUF¦ü1FeR1TØa_K;FepUMNK1FHrBL_TUF ' �)(n@BRnXÓFeR1Z;FeRzteü IA;L�Z;FeRÄK;rsP^rBf6p`T`R1FeRË×]LNÏyTUM
AyR1Z�Z;FeR&CN@BZ1Z1p`FdR;r6Z;F.{ïAyR;fnM>XÓFHL_Z;FeR�XoT`L>íoFeCNA1pUMN@�MEF @BAyC:Z;FeR W L_MNTUfBFep`R�kBrsR
}6xeP^rspU~s@BR ' �eÒº( � ' ���)(ÄkBFHLNXÓFeR1Z;FeRztOuwFHLdCNT`R;DsA1p I@�L�DBFeCNMlIrBLNMEFßÔÕrBÉ1G�ÉyA1R;f�M>XoTUL_Z�T`R
\ÕFeT`CEMN@BZ1M ' �e��(VAyR1Z�Î�rBÏ1LN~ ' �B�p(VÏ7FeKy@BR1Z;FepUMHt|ucTUF:ñ�LNDBFHÏyRyT`CNCEF�kBrsR�\oFeTØCEMN@BZ;M ' �e�º(
fzIrsR1R;FeR�Z1TULNFHf�MV@BA;G|ZyTUFeCEFeR>üy@Bp`ph@BR;DBFHX¼FeRyZ;FHMoXÓFHL_Z;FeRzt

�eÌ



354"6$798;:-<�ÉH?>á¸7¢:Ý8;ß â�:$ã¸ä-å0?ËÊ�7]8 àzá1â&ãeä �¼å(æ ä ��çEç_Ì�ÍD¾ã ê>ë � �lÑ

 ’=   (1+O(1))  εµ
SNHopfHom

TB

SN

µ

ν

W Ï1ÏyTØp`Z1A1R;DqÒ�t`� � gOÈ&P�TUMVp`@BR;DsCN@BP
k�@�L_TUFHL_FeR1Z;FeP à�EèÌé Î~���"ï,ëvÏÿ����Ð²Âï��­þ#���
ucTUF[ucT��7FHL_FeR�MNT`@Bp`DspUFeT`a_K�A1R;D ä Ò�t`��çYÏõFHxHFeT`aJK1R;FHM]P9@BR�@Bp`C]Z1@BCÕCNa_K1R1Fep`pUFò}�~6CEMEFeP%A1R1Z[ @BpØCOZ1TUFÄCNaJK1R;Fep`p`FÄôõFeTUMHt;ucTUFcm @BK1p ãÓâ �^FHLNDsT`Ï1MOZ1@BC � L_FeR;xeCNa_KyT`a_KnM � {�LNrBÏÀpUFeP

� á âk� ù ä ��� . � à �N��ç â�. å0æ ä Ònç
. á â�� ú ä ��� . � à �N��ç â�à å ên. å0� ú 1 � . å0æ ä Ònç ä Ò�tÍ�nç
à á â �

Zy@BCOZ1TUFcCNaJK1R;Fep`pUF]uw~�Ry@BP9TUf�kBrsR ä Ò�t`��ç¼ÏõFeCNaJK;LNFeTUÏ1MHt6uc@BCÕ}�~6CEMEFeP ä Ò�tÍ�nçÓFeR�MNCNÉ1L_T`aJK�M
Z1FHLoT`P kBrBL_TUDBFeR�÷Ä@�ÉyTUMEFep�AyR�MEFHL_C_A1a_KnMEFeR � pUFeTØa_K�A1R;D ä ��tÍ�nçNt

ü]IAyK;LNFeRjXÕTULÕT`R � pUFeT`aJKnAyR;D ä Ò�t`��çVGJIA;L ã øâ �,Z1TUFqôõFeTUM � ghLJ@BR1CEG�rBL_P9@�MNTUrsR�Y â�ã�[
@BA1GYZyTUF�p`@BR;DsC_@BP^F�ô7FeTUM5YwZyA;L_a_K��hCEr�FHLJK1@BpUMEFeR.XoT`LËZ1@BCËpØ@BR;DsCN@BP^F ä I@)%nA1T`k�@BpUFeRnMEF�ç
}6~�CEMEFeP

ã�^� â�� ù ä �U� . � à � ã ç â�. å0æ ä Ònç
ã�^. â�� ú ä �U� . � à � ã ç â�à å ên. å�� ú 1 � . å0æ ä Ònç ä Ò�tÍÒnç
^à â@I7ä �U� . � à � ã ç â3ä �¼å0æ ä ��çEç�#

ucTUFcm @BKyp ã¼â �^GJIAyK;LNMV@BA;GóZ1@BCVLNFeZ1A1xeTUFHLNMEFÄ{�L_rBÏypUFeP
� â�� ù ä �U� . � à �N��ç â�. å0æ ä Ònç
� â�� ú ä �U� . � à �N��ç â�à å ên. å�� ú 1 � . å0æ ä Ònç ä Ò�tv�6ç
^à�â@I7ä ��� . � à �N��ç â3ä �¼å0æ ä ��çEç�#

ucTUF�f�L_TUMNT`CNaJK;F,bd@BR1R1T`DBG�@BpUMNT`DBfBFeTUMqÿ ¤ �Ùâ SÙ� ù ä �U� . � à �N��ç â �R� � ú ä ��� . � à �N��ç â �XWä W Ï1Ï�tÍÒ�tÍÒnç,FeR�MNK I@Bp`M:DBFeR1@BA#Z1T`FÜíÕA1K;Fep`@�DBFeR&Z1FeC � LNFeR;xeC_a_K1T`aJK�M � {ïLNrBÏypUFeP�C ä Ò�tÍ�nçNt
üwIA;LòZ1TUF9{¼A1R;f�MEF�@BA;Goÿ ¤ �hGJIA;LËZ1T`F�IqK]Y ä c 8 e m < e B >c 8 f < =?> ç&øâ �jDsTØpUMH��Fpo;T`CEMNTUFHLNM[pUrBf�@Bp�FeT`R 3 �CNr�Z1@�g�GJIA;L ä �U� . ç â�3¼äµà çÕGJIA;L ÈÕâ ���_��� ��ÑSäX3ïäµà ç�� à ç â �jFHLNG IA1p`p`MwTØCEM ä ü1rspUDBFHLJA1R;D
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@BAyCÕZ;FeP%Ô]@BA;É1MNCN@�MEx�IA;ÏõFHLÕT`P9Éyp`TUxeTUMEFwüyAyR;fnMNT`rsR;FeRõçNtyüwIA;LwZ1TUFeCNFË{ïA1R1fnMEF[f�@BR1RdZ1TUF
uw~6R1@BP9TUfd@BA;GOÿ ¤ P9TUMcZ;FHLÄZ;L_T`MEMEFeR � pUFeT`aJKnA1R1D>Z1FeCcLNFeZ1A;xeT`FHLNMEFeRÜ{�LNrBÏyp`FeP9C ä Ò�tv�6çÏõFeCNaJK;L_TUFHÏõFeR�XÓFHL_Z;FeR � ^à�â@I7äX3¼äµà ç�� à �N��ç�#

ÿ ¤ T`CEMVT`R>FeT`R1FHLoiÕP9DBFHÏyA1R;D9i�Z;FeCO÷cr�rBL_Z1TØR1@�MEFeRnA1L_CEÉ1L_AyR;DsC¼ZyA;L_a_K
ä¶. � à ç â�ä æ ä � û ç�� 1 � ú å0æ ä � û çEç

DBFHDBFHÏõFeRztÀuc@BP9TUMopîI@�gBM]CNT`aJK�Z1TUFÄÎ�T`R;Fe@�L_TØCNTUFHL_A1R1Dò@BA;Gïÿ ¤�ÒgÓ G�rspUDBFeR1Z1FHL_P9@�gBFeRjÏõF �C_a_K;LNFeT`Ï7FeR 5 â / ä½� ù � � ú ç/ ä ��� . ç - ( ® âH0 æ ä � ú ç �¼å0æ ä � ú ç
���òå0æ ä � ú ç ê 1 �qå0æ ä � ú ç 2 #

ñ¼CcDsT`pUM � ILK9Y ä 5 ç â ���,å�æ ä � ú ç â �:TØCEMcDBFeR1@BA?Zy@BR1RÜFHLNGJIA1p`pUMH�7X¼FeRyR«� â �:DsT`pUMHt
uc@BK;FHLÕMEL_TUMEMoZyTUFÄCN@BZ1Z1p`FÄR;r�Z1FÄÐ¦FHLNxHXÓFeTUDsA1R;D,GJIA;L ä Ò�tÍ�nçÓT`P�{ïA1R;f�ML� â�.�â�àÜâ �
@BA1G t

ü IA1L à�ë �dA1R1Z à øâ
à __hEi e C_T`R1Z?ZyTUF�íoAyK;Fep`@�DBFeR©K�~�ÉõFHLNÏõrsp`T`CNaJK.A1R1Z 3 T`CEMZyA;L_a_K
� âk� k 1 à å0æ äµà ç�� .^â æ ä�- à_- FB ç

ÏõFeCEMNTØP9PËMHt;uc@BP9T`MOT`CEMOZ1TUFwuw~6R1@BP9TUf>@BA;G�ÿ ¤ Z1A;L_aJK
^à�â �¼å0æ ä k 1 à ç

DBFHDBFHÏõFeRzt
uwT`F�{ïA1R1fnMEFj@BA;GËÿ ¤ ��G IA;L�ZyTUF 5 ñïTUDBFeRnX¼FHL_MEF�P9TUM^FeTØR;FeP¤íOFe@Bp`MEFeT`pOA1R;Dsp`FeT`a_K

\]A1p`poÏõFeCNTUMExHMH�YR;FeR1RnM,P9@BR�Z1TUFdK�~�ÉõFHLNÏõrsp`T`CNaJK;FeR0{¼A1R;f�MEFÜÿl_Ët W A1C>÷Ä@�ÉyTUMEFepw��tv�
IA1Ï7FHL]Z1TUFËÔÕrBÉ1G�kBFHLNxHXÓFeTUDsA1R;D�XoT`CNCNFeRjXoTULl�yZ1@�g�GJIA;L]Z;FeR.ô7X¼FeT`D>ÿ ¤ - f�Ô ¤ T`P�{ïA1R1fnMà __hEi e â 1 ê ú å�æ äEä 1 ê ç jB çòFeT`R;F�ÔÕrBÉ1G�kBFHLNxHX¼FeT`DsA1R;Dß@BA1G·MEL_T`MEMHtïucTUF�b�FeR;DBFÜZ;FHLKn~�É7FHL_Ï7rspØT`CNa_K1FeR,\]A1p`p`CNMEFep`pUFeR�ÿ`_�kBrsR ä Ò�tÍ�nçÓxHFHLNG I@BpØpUMVT`R:ÒqghFeT`pØP^FeR;DBFeR ä W Ï1Ï�Ò�tÍÒnç �
ú ÿl_ m � �Û÷0�R� àÕ��Ö ù ë �6�1ÏõFeCEMEFeK1FeR1Z:@BA1CÕ}zI@�MEMEFepØRz�ú ÿl_ B � � ë �R� à __hEi e �×Ö ú ë àa�×Ö ù ë �6�|ÏõFeCEMEFeK1FeR1Z?@BA1Cq@BR;xeT`FeK;FeR1Z;FeRü1r6aHT �yA1R1Z
ú ÿl_ F � � ë �R� àÕ��Ö û ë�à _Ë�1ÏõFeCEMEFeK;FeR1Z:@BA1Co@�ÏyCEMEr)gBFeR1Z;FeR�ü1r6aHT t
QSR?FeT`R;FHL[i]P^DBFHÏyAyR;D�kBrsR�ÿl_ÙØ¢� È]â ���_�X�_Ò�Ï7FeC_a_K;LNFeT`Ï7FeR?Z1@BC � L_FeR;xeCNa_KyT`a_KnM �

AyR1Z:Z1@BCVLNFeZyA;xeTUFHLNMEFÄ{ïLNrBÏypUFeP
Z1T`F]XÓFeCEFeRnMNp`T`aJK;FÄuw~�Ry@BP9TUf7t � FeR1@BA:DsT`p`M �
Ñz»;�lÅ ì°· ¦�R  � ù � � ú � I �Zh ! Í��������©À*� ¡��¶� Ö � Æ)�p�/�2×C¯��H¡ � �V¯�¨Ç���©�p�¶�p�H�R��� � ����� � ��� ¥� � � ¨ �  ��£�½�p ��p��¡H� � à À9� ³ ��¡�� ��ÿl_.Ø �p�����-�+¯ºÆ � �����/¨ �  Ì� � �	�ª��� � ���)� � � � h ! ¥zÚ � �/�/�+�Q® � �¹���+��Æ¼�p���
ÿ i �R�V¡d�+¯ºÆ � �����/¨ �  �� � �	�ª� h ! ¥zÚ � �/�/�+�Q® � �¹���+��Æ¼�p�����p� ��� ä ÿ i ç �R�V¡ �a� ä ÿ i ç ÒEÛEÍ*ÍÙÐÜ Ð©Ó	Ò � Õ�Õ)Ð ¬5�¶�j¬l¸º� � � �µÆ��£� � � ä ÿli_ç Ò � � ä ÿli_ç ÕÏ¨)�p Ì� ¦� ���2�����9����� � ¦�GÝ �p�����9  h ! û ù× � ¦� �¶�ª�p ��R����¨º¯�� ��� ä ÿliEç Ò �a� ä ÿ`iNç Õ)Ð;¬5�½��¬5�µ�p� � ��À&¨º¯��Þ�� pÍ]�����Ì²2¡��½�­� � �)�©�p�¶�p�n�p�
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Sε

s
W (S )ε

pτ τ q

pτ
ß s( )

ß
(p)
s

qp

Sε

W (S)
s

s
W (S )ε

W (S )
u

ε

u
W (S)

S

x

y

µ

W Ï1ÏyTØp`Z1A1R;DqÒ�tÍ� � ucTUFËp`@BR1DsCN@BP^FÄbd@BR1R1TUDBGµ@BpUMNTUDBfBFeTUMÕÿ`i_�1ÈYpîI@�MEMEFHL_AyR;D9kBrsR � � ä ÿ`iEç
× � � �¶�"¨º¯��tà � ÒAà � ÕÏ�p� �  p�ª�p�n² �	� �­� �L�9�p�H�l�p���+�9 �Ò½� � ���)� � � �p  Õ � � � K û¯á O@Ò KCâ OºÕ � ÍÒ�À9�ºÕ�Ð�¬5�¶�j´R¯º��������¨��9��"­¯��n�p� � �	�ª�9� y �X��¡ � � �p Q¡H�p�@�p¯Û��� � ¦� �H�¹��²5¡ ��Ý ¡H�p �ãL� � � ¥
�ª�9�£�L¡H�p�&�)  ¦¯ Ý �ª�p�ÉÒ¶ÆÙ�©�p���n�p�ª�p�)Õ ���ª� � ����¨��9�ÝÒ+´R¯º�Ì������¨��p�¼Õ��2���X�p� � �9 ��ª�p�¿¨º¯�� c 8 e m < e B >c 8 f < =�>Æº�+�9�£�l�p  � � � 1 y Ò��)  ¦¯ Ý �p  � � � � Õ,�µ�p�½Ð2Ò¶Û�Í*Í*Ð Ü Ð©Ó9Õ
ÈÓFHXÓFeT`C � };TUFeK;Fwü1FeR1T`aJK;Fep ' ��( tFÚ

�EèQç äå���~��ÿ���� ë��Ð�­ì�����²Âï��­þ#�
W p`CcRhI@BaJK1CEMEFeCcXÓFHL_Z;FeRÜXÕTULcZ1TUFqucT��7FHL_FeR�MNT`@Bp`DspUFeT`a_K�A1R;D ä Ò�t`��çÕTØR�FeTØR;FHLÄiÕP9DBFHÏyA1R;D
Z1FeC¦{ïA1R;f�MEFeC�� â�.qâ�à�â �cA1RnMEFHL_CNA1aJK;FeRzt�uc@�xeA9ÏõFHMEL_@Ba_KnMEFeR^XoT`LóZy@BC¦FHLNXÓFeTUMEFHLNMEF
}6~�CEMEFeP

� á â�. å�æ ä Ònç
à á â&ãlä �¼å0æ ä ��çEç ä Ò�tÍ�nç
ã á â �
. á â�à å ên. å0� ú21 � . å(æ ä Ònç�#
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Sε

Sε

Sε

H
2

S

SH
3

SH
1

SN

Hopf

x

µ

Hom

W Ï1ÏÀT`p`Z1A1R1DòÒ�tÍÒ � ÿ`_.Ø �Àÿli
ucTUFeCNF^uwT+�7FHLNFeRnMNT`@BpUDsp`FeT`a_K�A1R;D>ÏõFeCNTUMExHMcFeT`R1FqíÕA1K;Fep`@�DBF,};\ T`P iÕL_CEÉ1LJA1R;D;t7uwT`F9ÎhT �
R1Fe@�L_T`CNTUFHLJA1R;DqT`P
ioLJCEÉ1L_A1R1DqTØCEMËæ

ççè � � � �
� � � �
� � � �
� � � ê

é?êêë #
uc@BCÕa_K1@�L_@�f�MEFHL_T`CNMNT`CNa_K1FË{|rspU~�R1rsP<p`@BA;MEFHM ä 1 �zç û ä ê 1 �zçNt
� �6ÞßÞß» ²�¬5�¶�Ä���©�p�¶�p�H�R���°Ò Ü Ð¶ì�Õ@ÍÌ�p�Ì���©À]�&� � Î¾ ��ª´V ��X�X���9�£�l� Ü ¥ ¡�� � �p�n����¯�� � �+��p� � Í9���©�cí¾�p�	�� �� � � � � �/�/�+�Q® � �������)Æ)�9��� ¡�î ²-¡��¶�j� � �����9�	��� � ��À9�Z¡H�p� Ø �pÆº�½¯� ��p�S�ä ���N�R�N�R�N��ç�� ä �R� 1 ê �N�R�N�6ç�� ä �R�l��� 1 ê �N��çQW �¹�¶�ª�¼�½Ð ¡ î �9�	��� ¦� ���U¡��½�%ã ���n�p� � ���9� ÿ ¤ Ð ÁÛ�9� ¥�ª�9 ��­ÍÌ�������©À*�EÒ Ü Ð¶ì�ÕÇ�p�����,Ô ¥ ¡�� � �9�n�Ì�¶¯�� � �+�­��� � Í]�£�©� Ú � �/�/�+�Q® � �������)Æ)�p��� ¡ � � � �����9�	��� ¥� ��À]� ä 1 ���N�R�N�R� 1 ê ç À]� � ���+���p� � �p p� ê ÐC���d��!)�µ�p���¶�9 �� �9�£�l�Û��� � Í]�£�©�«�£�/¨ �  �� � �V�ª�× � ¦� �¶�ª�p ��R��� � ����× � ���µ� ¡4î �R�V¡�Ô ¥ ¡)� � �p�/�Ì�¶¯�� � �©�p� · � �]�p ��dà � Ð�· ¦�R  � ë�ïÄë 1 ê��!��£�����½�p p�;�9�£�l� Î � ���*Í9�R��� Ó ¨º¯)� ä �R�N�R�N�R�N��ç ²��p¯]¡ ��Ý ¡��½� "­¯��V��  � Æ�����¯)�Z�p�	��� � ����à ��p� ¦�  ÌÆ)�p  � � � K û î O �£���½Ð
ÈÓFHXÓFeT`C � ucTUFwÈ¼FHL_Fea_K1R�A1R;DqZ;FHLYñïTUDBFeRnX¼FHL_MEFwAyR1Z,ñ¼TUDBFeRnkBFHfnMErBLNFeR:AyR1Z�Z1T`F W R�XÓFeR �
ZyA1R;DoZ;FHLógOK;FHrBLJTUFïZ;FHL�ô7FeRnMEL_A1P9CNP�@BR1R1TUDBGµ@BpUMNTUDBfBFeTUMEFeR ' �º(nFHLNDBFHÏõFeR[rBÏyTUDBFeR^}6@�MExBtRÚ

ð%ñóò�ñõô ö�÷õø_ù�ú+û�üSýþ ø�ÿ���ø�� þ ������÷	��
��Ëø�
�ü����^ù���� þ ø�ø�÷���� þ�� 
�÷���ÿ��¯÷�

bdTUMOZ;FHLÕghL_@BRyCEG·rBLJP9@�MNTUrsRæ

ççè �à ã
.

é?êêë â

æ
ççè � � � 1 �
� 1 ê � �
� � 1 ê �
� � � 1 ê

é?êêë
æ
ççè T �à �ã� é?êêë
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pØ@BA;MEFHMoZ1TUFwucT��õFHLNFeRnMNT`@BpUDspUFeT`aJKnAyR;D ä Ò�tÍ�nçYT`P
ñ¼TUDBFeR1CE~6CEMEFePæ

ççè T á�à á�ãEá� á
é?êêë â

æ
ççè � � � �
� � � �
� � � �
� � � ê

é?êêë
æ
ççè T �à �ã� é?êêë å

æ
ççè û ù� T ú å0æ { ä �nç

�ã æ ä ��ç
�
æ ä �nç

é?êêë # ä Ò�tÍÌnç

m.rBÏõFeTóZ1TUF9æ äzÈ çVg�FHL_P^F^Z;FHLË×]LJZ1RnAyR;D,TóT`R�TU� �à � �ã � � A1R1ZdZ1TUF^æ { ä �nçOg�FHL_P^F^Z;FHL
×wL_Z1R�A1R;DÕæ ä �nçõrsK1R;FÓZ;FeRlT ú g�FHL_P±C_T`R1ZztHucTUFeCEF � pUFeT`aJKnAyR;DoÏõFeCNTUMExHMhFeT`R;FeRËpØT`R;Fe@�LNFeR
g�FeT`pzT`R���rBL_Z1@BR1C_a_K;FHLo\ÕrBL_P9@Bp`G·rBL_Pjt

uwT`F�Z;LNFeT`Z1TØP^FeR1CNTUrsRy@BpUF�CEMN@�ÏÀT`pUFïô7FeRnMEL_A1P9CNP�@BR1R1TUDBGµ@BpUMNTUDBfBFeTUMõT`P�{¼A1R;f�M ä �R�N�R�N�R�N��ç
TØCEMÕpUrBf�@Bp|Z1A;L_aJK�FeT`R1FËüyA1R1fnMNTUrsR��dP9TUM

� â � ä T�� �à � �ã çN�õZ1TUF � ä ��ç â �6� 6 � ä ��ç â �
FHL_GJIA1pØpUMH��DBFHDBFHÏõFeR ä G·rspUDBM�@BAyC�Z;FHL�gOK;FHrBLJTUFòIA;ÏõFHL¼ô7FeR�MELJA1P9CNP9@BRyR1TUDBGµ@BpUMNTUDBfBFeTUMEFeR ' �e�º(
m�TUDBDsT`RyCo}7tz�e���6çNt1uc@�L_@BA1CVG�rspUDBM!� â æ ä �nçNt1ucTUFwucT��õFHLNFeRnMNT`@BpUDspUFeT`aJKnAyR;D ä Ò�tÍÌnçïFeT`R �
DBFeC_a_K;L�I@BR1fnMo@BA1G|Z1T`F[ô7FeR�MELJA1P9CNP9@BRyR1TUDBGµ@BpUMNTUDBfBFeTUMYp`@BA;MEFHMoZy@BR1Ræ
è T á�àzá
�ã á
éë â

æ
è � � �
� � �
� � �

éë
æ
è T
�àzá
�ã
éë å

æ
è û ù� T ú å0æ ä T �à á çzå �ã æ ä ��ç�å0æ ä Ònç

�ã æ ä ��ç
�

éë #
ä Ò�tÙÑ�ç

m�TULVXÓFHL_Z;FeR:xeA1FHL_CEMoZ;FeRjüy@Bp`p ã ÷0�^A1RnMEFHL_CNA1aJK;FeRz�1Z;FHLODBFeRy@BA �ã ÷(�^FeR�MNCNÉ1L_T`aJK�MHtð%ñóò�ñóò "#���$�%� ü&
��Ëø�
�ü����^ù'� þ ø�ø�÷���� þ�� 
�÷���ÿ��¯÷�

bdTUMOZ;FHLÕghL_@BRyCEG·rBLJP9@�MNTUrsRT â k 1 ê�(T�� �àdâ 1 (à � �ãYâ �k 1 ê (ã �QY â k 1 ê (Y
G�rspUDBMOZ1T`F � pUFeT`aJKnA1R1D

(T á â 1 (à å (T ú å0æ ä'(T (à ç7å (ã æ ä ��çzå�æ ä Ònç
(à á â)(ãeä 1 �¼å(æ ä ��çEç ä Ò�tÍ�nç
(ã á â �R#

ucTUFeCNF � pUFeT`aJKnAyR;DcFeR�MNCNÉ1L_T`aJK�M�ÏÀT`C�@BA;GõZ1TUFOg�FHL_P^FoK�IrsK;FHLNFHLÓ×]LJZ1RnAyR;D (à*(TU� (T ô � (ã ú Z;FHL� pUFeT`a_K�A1R;D ä ��tÍ�nçïT`R ' �eÒ�(�}7tÙÑnt ä ucTUFwxeA1C I@�MExep`TØa_K;FeR�ghFHLJP^F (à+(T ú � (T ô � (K ú T`R,Z;FHLYFHL_CEMEFeR� pUFeT`a_K�A1R;DwkBrsR ä Ò�tÍ�nç�CNT`R1Zqg�FHL_P^FOKhIrsK1FHLNFHLÓ×]L_ZyRnA1R1D]T`R­õ]ÏõFHx6IA;Dsp`T`aJKqZ;FeC¦ÏypUr�X � A;É
TØR ' �eÒº(Y}7tÍ�:AyR1ZÜMELNFHMEFeR©Z1@BK;FHLËR1TØa_KnMcFpo�ÉypØTUxeTUMH��CErsR1Z1FHL_R.RnA1LË@Bp`CÄg�FHL_P^F�K�IrsK;FHLNFHL
×wL_Z1R�A1R;D9T`RjZ1FeRdæ ä õ Ñ çÓg�FHL_P^FeRdT`RjZ;FeR�íOFeaJK1RnAyR;DBFeR�TØRjZ;FeRjFeTØR;xHFep`R;FeR�÷Ä@�LNMEFeR
TØR ' �eÒº(�@BA;GSt;uc@BK;FHLofzIrsR1R;FeR>XoT`LOZ1TUFÄñ�L_DBFHÏyR1T`CNCNFw@BAyC ' �eÒº(�kBFHLNXÓFeR1Z;FeRzt ç

m�TUL^XÓFHL_Z;FeR�TØP G�rspUDBFeR1Z1FeR�Z1TUF:ÈÓFHxHFeT`a_K1R�A1R;D Z1FHL^Ð�@�L_T`@�ÏypUFeR�@BAyC ' �eÒº(OkBFHL �
XÓFeR1Z;FeR

� â,(TU� .9â-(à � ãÓâ.(ã #
ü]IA1L ã[â ��ÏõFeCNTUMExHMËZ1T`F^uwT+�7FHLNFeRnMNT`@BpUDsp`FeT`a_K�A1R;D ä Ò�tÍ�nçcíoA1K1Fep`@�DBFeR GJIA;L . �Ê� úä ZyTUFeCEFÄb�FeR;DBFËFeRnMNCEÉ1L_TØa_KnMÕÿ ¤ çNt1uwFHLÕp`T`R1fBF W CEM]ÿ á T`CEMO@BR1xeTUFeK;FeR1Zz�;Z;FHLoLNFea_KnMEF W CEM
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/10202354568729;:$<>=@?;A�BDCE3GFH35IEJEK;LD78986�4NMO9;:PIHMOQ LSRTMO98983G:OUVMO4GFH3G:OWOLX35FYLX9

Z\[ M]02IYFY^O_OLX986`=\abQdc�789;W>F!eTfhgifhjkFYCE3GFYF*LX359;L$IHMO68684GL$9;^l6;Lnm�L�CHo�pqLX3G:P7898:iMO78U
r /!080�=2<>=@?lsH=
t*u78C�vxwyj�L{z;35IYFH35L�CHF`U u78C�e}|�~�wyj�LX3N9;L%IYFHM]023545L�4NMO9;:PIHMOQ L��S����RTMO98983G:OUVMO4GFH3G:OWOLX3GF

Z���P� 6835L!� � ��92MOK;LxoX7 Z � 4535L�:OF�=�/!92MO4G^O:SL{z;35IYFH3GL�CHF�683GLx45MO9;:PIEMOQ L13598IHFHM]02354GL�RTMO98983G:]�UVMO4GFH3G:OWOLX35F Z��[ � 623GL�� � ��98MOK;LSoX7 Z [*4535L�:OF�=� LX3%�1���iwyj �
������A�f�� r e��Y���]sH�HeT�#����a �S�P�����b X¡�A�f�� r �¢�Hg8sH�Hg���a �S�

pq^O0\LX3��y78986#�T:OL�LX3G:P9;L�FS:OL�p uMOK84GFSpqL�CE6;LX9`=`£¤3GCnIHL�FYo�LX9 Z��� 78986 Z��[ 687;CEJ¥K�6;LX9t 4578_ U¦^OCHF � 78Q§683GLS/!0802354N68789;:�¨O^P9©� ��� 98MOJ¥KT� �b X¡ oX7ª0�L�CELXJEK89;LX9�=« I�L{z;35IYFH3GL�CEF�LX359ªvH¬ � IY^l68M]_­U u7;CxMO4545Lnvx�¯® jl�EvE¬±°�:P354GF r ®��X<]° � =³²�sHA

´`µ;¶�·�¸º¹n»�¼�½¯¾]¿8¿8»GÀYÁ�¾]Â�ÃV»�ÀOÄO¼�»ÅÃ Z ��+Æ{Ç�È ¿�¼�»VÉ�¼XÃ ���b X¡ »Å¿ r �2�¥Ê r v{sYs%Ë »ÅÃ Ê r v{s�fÍÌ r v�ÎÏ s¥Ð�i�Ñ�#Ò »ÅÓbÉ�¾OÔ±Á�¼�»¦¿ªÕ¥¿2Ã�¼�Ó¥Ö]¾]Â¦Â�Ô Ë Z���q× ���b X¡ É�¼{ÓkØqÓ\ÙÚYÛ ¼ Ì r	Ü`ÝOÞß s*Ë »VÃ�¼�»¦¿\¼{Óqà Ú Æ »ÅáÃV»ÅÖ]¼�¿�â Ú ¿ Æ Ã	¾]¿¢Ã�¼ � ¾Pã�À>¼Xã�»ÅÂGÉ�¼�Ã Ð
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 ÊED� â � � ýyÌ rYr 
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MO98:OL�pqMO9868F!pqL�CE6;LX9`= « 3N9;Ln:OLX98MO78L$èqLXIHJ¥K;CHLX3G02729;:k6835LXIYLXI!IEJEK�p13GL�CE3G:OLX9Tc%CE^O024GLXQ­I
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ä 3GLSÌ r�� s�0\L�o�LX35J¥K89;LX9�683GL�JxK;L�CEQ L*3��	FYL�C��*CE689>789;:�359ke��Hg­78986�v�= t*u7;C�vqf¤j$FYCE3GFYF
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£ç3GC�pqL�CE6;LX9 359 623GLXIYLXQ BSM]æ23GFYLX4>¨O^OC�MO4N4GLXQ 683GL�o�LX3GFH4535J¥K;L « 9�F�p13NJHWl45789;:*¨O^P9 Z���
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 � Ê� ��vqf � â� v � � 6�= K`= �û fI
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627;CEJEK8:OL�U u78K8CHF�= ä 35L���� /!0802354562789;:OLX9ko�p135IHJ¥K;LX9ª6;LX9iLX3598o�LX459;LX9�BSM]CHFYLX9©45MO7;FYLX9
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p ã t ¼ ¼EÉ�¼Hj ÙÚ Æ Ô>¿>ÀTã±¼ Æ »ÅÃ¤u�Ã�Ôl¿�¼{¿¢É;Â�» Ç{È Ö�»	¼{Â5¼�É]»	¼ Æ ¼{Ó|¸ Ú ÂG¼xÁ\ÙÔlÓ�M �Ñ¶ÍÐ ¹n»	¼#j�¾]Ô;á

ÓY¼�¿2ÃVÓH¼{» È ¼{¿�¼�¿2Ã Ò » Ç Ä ÂÑÔl¿�À*Á`ÙÔ>Ón¼�»¦¿�¼�¿�¸ Ú Â`»¦¿²±T» Æ Ã�»¦¿�¼{»Å¿�¼�Ó�Õ Ë À�¼�ã�Ôl¿�À Ö Ú ¿³±É]ÔlÓ Ç�È e r M s�f Ó� ¡ � � ¡ Î ýWÏ � � �� � ¬ ± � r e/
 ± s � À�¼�À�¼Xã±¼{¿ Ðp Ç t }�ÙÔ>Ó M �Ä
�¶ ã¥¼ Æ »VÃ¤uXÃqÉ]»�¼�¸x¾O»¦¿8Â5¼{ÖO¼�ØqÂG¼�» Ç�È Ôl¿�À p�ª Ð �ct j ÙÚ Æ Ôl¿�À�¼�¿#É�¼�Ó�} Ú Ó Ëe r M s�f « r 
 M s � �b� ý v r M s+Ë »ÅÃ v r M sV� � 
 M Ð}�ÙÔ>Ó%à Ú Æ »ÅÃV»ÅÖ]¼ Æ v Ú Ó%u ¼�» Ç�È ¼{¿�ÀP»¦Â�Ã�Á`ÙÔlÓ!É]»	¼ Æ ¼ j ÙÚ Æ Ô>¿>À�¼{¿ v r M s�´ÍÌ rYr 
 M s � � s h Á`ÙÔlÓ¿�¼	À�¾OÃV»ÅÖ]¼ Æ v Ú Ógu'¼{» Ç{È ¼�¿ªÀO»ÅÂÑÃ v r M sV´ºÌ rYr 
 M s � � �*µ s¥Ð
è�L�pqLX35I�A�£ç3GCD:OL�0\LX9�UÅ^OCEQ­MO45L­/1CH:P72Q LX9�FYL�U u7;CS623GLXIYL­/*78IHIHM]:OLX9`A ä 3GL oX72I uM]FYo{�

4N35JEK;LX9 BS^�L�Î­oX35LX9�FYLX9y68L�C/Ú�MO7;CELX9�FYCHLX3NK;LX9;LX9�F�p135JEW>4N789;:TL�CH:OL�0\LX9yIH35J¥Ky687;CEJ¥K 68MOI
« 3598IYL�FYo�LX9©6;LXI*MO454G:OLXQ LX3598LX9ª/!92IHM]FYo�LXI+MO78I$®��±°�359 r ?;=�Á�sH= ä MOI « 3598IHL�FYo�LX9©359QR+4GLX3��
J¥K�729;: r ?;=�Á�s�U u7;Cx68MOIxæ�^PIE3GFH3G¨OLXI�m�^OCHo�LX35J¥K;LX9©L�CH:P3G08F�U u7;C!v r M s%U u7;C M �À¶ r ®��{°�sHA

v r M sV´;
 �² r 
xe`s � � ý � � r 
 M s � � �*µ Ü Ê ¬ � � � ¡ ¡·¶�¸P¹ � â ý � � r 
 M s � � �*µ Ü � Ê ¬ � � � ¡ ¡�¶�¸º¹ � â E�*7;C¹Ú u^PIH729;:OLX9òQ­3GF � � f j}L�CEU u784N4GLX9¯6835L�m�^OCEMO78IEIYL�FYoX789;:OLX9`= ä 3GLi/!02IHJEK uM]FYoX789;:UÅ^P4G:OF�= t*u78C�68MOIq9;L�:PM]FH3G¨OL*m�^OCHo�LX35J¥K;LX9�U u78K;CEF%LX359;L uMOK2984535J¥K;L uå10\L�CE45L�:P789;:SoX7�^O023G:OLX9
« CH:OL�02983NI�= Ð
aé9ç^O023G:OLXQ�Ú�LXQ­Q­M�p17;C¥6;LX9¤683GL Ú u^PIH7898:OLX9çMO4NI�Q L�CH^PQ ^OCHæ¢K;L t 789;W>FH3G^P9;LX9

0\L�FYCEMOJ¥K�FYL�F�=l/*78I�6;LXQ Ú�LXQ�Q­MDUÅ^P4G:OF�6835L « z;35IYFYLX9;o1¨O^P9�:OL�p u^PK2984535J¥K;LX9øÚ u^PIE789;:OLX9`A»�¼ � r M s�Q­35Fxe²´ r 
 M s � �b� U u7;C M �Ä
�¶ 78926�e½´ Ó� ¡ � � ¡ Î U u7;C M � ± 
 �»�¼ � r M s�Q­35Fxe²´I
 r 
 M s � �b� U u7;C M �Ä
�¶ 78926�e²´ Ó� ¡ � � ¡ Î U u78C M � ± 
Í78926
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/10202354568729;:n?;=³<>A�Ú u^PIH789;:OLX9}359�BSM]CHFYL � �
»�¼ � r M s!Q­35F+e¾´ Ó� ¡ � � N ¡ Î U u78C M � ± � ý 72986�e�´ Ó� ¡ � � Î ¡ Î U u7;C M � ± � 
 Q­3GF± � w ±²� =
ä L�C " MO4G02CEMO78Q�� � � f jl�Ev � whj>�k359�BnM]CHFYL ��� LX9�FHIYæ8CE3NJEK�F+68LXQ " MO4508CEMO78Q

� û � � jl� � � f¤j>�$3N9�BSM]CHFYL � � =ÅÇÆ²È?È µ
� ¼ �� À�¼ È Ã`Á`ÙÔ>Ó�M � 
�¶ »¦¿�â ¾]Ó{Ã�¼ ��� Ã	¾]¿�À>¼{¿2ÃV»�¾]Â u�ÔlÓ|]�»GÀ�¼�¿8Ó±» Ç�È ÃVÔl¿�Àr e � �Hg � � � � �Ev � s f r jl�i
n�À¿@�>�Hjl�X�'s À�¼�À�¼�¿ T � Ôl¿¢ÉkÂ�»	¼	À�Ã�»Å¿ � � � f¤j>��Ð
èqL�pqLX35I�A8£�L�:OLX9Tg r M s f¤e ü r M s%:P3545F�U u7;C M ��
�¶çA¼ �� r M s�f r e � �Hg � � û � � � � s r M s�f r � 
 M ý�Ì rYr 
 M s � � sH�i
 �� r 
 M s � � �b� ýnÌ rYr 
 M s � � sH� M �Hj>sH=RT3GF

¼ �� r M s�fØ¯ � �� � r ¼ �� r M sYs%f r ��ýSÌ rYr 
 M s � � �b�]sH�i
 �� r 
 M s � â � Ê ýSÌ rYr 
 M s � � â � Ê sH�Hjl� r 
 M s � â � Ê s
UÅ^P4G:OF U u7;C M � 
�¶ 683GLiBD^P9�¨OL�CE:OLX9;oOA ¼ �� � r 
S�]�Hjl�Hjl�Hj>s$72986�oX78I uM]FYoX4535J¥K 453GL�:OF
r ¼ �� s ü FHMO9;:OLX9�FH35MO4�oX7 r jl�i
n�À¿@�>�Hjl�X�'sH= Ð
ä L�Ck�*CH023GF µ 3N9 BSM]CHFYL ��� 35IHF%9835JEK�F�LX35986;LX78FH3G:;=ÂÁPLX6;L&Ú u^PIH789;:OLX9 ¼ � LX9�FHIHæ8CE35J¥K�F:OLX92MO7ªLX359;LXQ �+CH023GF µ =

ÅÇÆ²È?È µ ®´³ ¹$¼�Ó\½�Ó�ã�»VÃ ¼ �� À>¼ È Ã�Á`ÙÔlÓ#M � 
�¶ Ã	¾]¿�À>¼{¿2ÃV»�¾]Â�uXÔ>Óø]�»GÀ�¼�¿8Ó±» Ç�È ÃVÔl¿�Àr e � �Hg � � � � �Ev � s1f r jl�X�À¿@�>�Hjl�X�'s À�¼�À�¼{¿ ­ � f r 
S�]�Hjl�Hjl�Hj>s »Å¿�â ¾]Ó{Ã�¼ ��� Ôl¿¢É}ÂÑ»�¼�ÀPÃ
»Å¿ � � � f¤j>�OE
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èqL�pqLX35I�A2/*98MO4G^O:�oX7�¨O^OCE3G:OLXQ � M]FYoO= Ð
ä M#MO9�6;LX9òc ^P4GLX9&e � � ¶ :P354GF � 789�FYL�C¥IH78JEK8LX9¯p135C$6835L�MO78IH45MO78U¦LX9868Lk�13NJEKl�FH729;:T3N9¯BSM]CHFYL � � = ä L�C " MO4508CEMO78Q ��e � w jl� � � f j>��LX9�FHIHæ8CE35J¥K�F$:OLX98MO7ò6;LXQ" MO4G08C¥MO78Q-� � � f¤jl�Ev � wyj>�P= � LX3 ± LX359�c ^P4�LX359;L�C&Ú u^PIE789;: ¼ r M s �ÄÃ �#���]���>�E<��P=ÅÇÆ²È?È µ ®�® ¼ÆÅ � À>¼ È Ã\Á`ÙÔlÓ�M � ± 
 À>¼	À>¼{¿ Ô � f r�� � �Hg � � û � �Ev � s�f r jl�ÀÇ �È¿]<8�Hjl�Hj>s

»Å¿©â ¾]Ó{Ã�¼ � � Ð }�ÙÔlÓ�±{Gf�j ÂÑ»�¼�ÀPÃ ¼ Å � Ã	¾]¿�À>¼{¿2ÃV»�¾]ÂÒu�Ô r jl�ÀÇ <È¿@�;�X�]�Hj>s Ôl¿¢É*Á`ÙÔ>ÓÉ± f�j
Ã	¾O¿�À�¼�¿2ÃV»V¾OÂáu�Ô r jl�i
�Á>�i
 � Á;�X�'s¥Ð
èqL�pqLX35I�A>R©3GFqg fºe ü 78986�è�L�CELXJEK89>789;: 6;L�C�L�C¥IYFYLX9kBS^�L�Î­oX35LX9�FYLX9�6;L�C4Ú�MO7;CHLX9�FYCHLX3��
K8LD:P354GF�A¼ Å � r M s�f r Ó� ¡ � � ¡ Î 
 �� ¬ r M 
 ± s � 
 �Ó r M 
 ± s � ý&Ì r M 
 ± s Ê � � � �� ¡ � � ¡ Ï 
 � â r M 
 ± sá
 �� r M 
± s � ýyÌ r M 
 ± s � � ± ý r M 
 ± sH�Hj>sH=
t+u7;C ¼ Å � f>¯ � � r ¼ � s�LX9�F�p135JEWOLX459Tp13GC*6;LX9To�p�LX3GFYLX9 J�LX354�¨O^P9Te � �� f r Ó� ¡ � � ¡ Î s � � r ��ý~ r M sYs � � U u7;C�Wl4GLX3598LD~�359iLX3N9;LS�xLX35K8L+72986iL�CEK8MO4GFYLX9¼ Å � f r jl�i
1Ê � ú´å r M 
 ± s7Ç �È¿]< r ��ý �� Ê r M 
 ± s Ê ý �� � r M 
 ± s â ý Ì r M 
 ± s Ó sH��Ó Î r M 
 ± s Ê r ± ý r M 
 ± s�ýyÌ r M 
 ± s Ê sH�!Ë ¡ � � Ë ¶Ó ¶�¸ Î r ��ý �� Ê r M 
 ± s Ê ýyÌ r M 
 ± s â sYsH=« 3598Q­MO4N3G:OLXI�683DC\L�CHLX9;oX3GL�CHLX9�92MOJEK M 78986 M � ± 
º:P3G08F�^O0¢3G:OLXI�m�L�CEK8MO45FYLX9`= Ð
ä 35LSBD^P98IYFHMO9�FYL ± � 0\L�o�LX35JEK898L�Fx6;LX9ª453598WOLX9�c ^P4�LX359;L�C&Ú u^PIE789;: ¼ �� =ÅÇÆ²È?È µ ® É ¼ �� À�¼ È Ã�Á`ÙÔlÓÒM � ± � ý À>¼	À�¼�¿ ú � f r�� � �Hg � � û � �Ev � s f r jl�i
 Ç �È¿]<l�Hjl�Hj>s

»Å¿©â ¾]Ó{Ã�¼ � � Ð }�ÙÔlÓ�± � Gf�j ÂÑ»�¼�ÀPÃ ¼ �� Ã	¾O¿�À�¼�¿2ÃV»V¾OÂéuXÔ r jl�i
�Ç <È¿@�;�X�]�Hj>s h Á`ÙÔlÓ�± � f�j
Ã	¾O¿�À�¼�¿2ÃV»V¾OÂáu�Ô r jl�i
�Á>��� Ç <È¿@�8�X�'s¥Ð
èqL�pqLX35I�A ä L�C*è�L�pqLX35I�L�CEU¦^P4G:OF!MO98MO4G^O:­oX7�¨O^OC¥3G:OLXQ Ú�LXQ­Q­Ml= Ð
ä 35L ¼ Å IH35986i983NJEK�F�LX35986;LX7;FH35:$0\LXIYFH3NQ­QnF�=

´`µ;¶�·QÉ ô ¹S»	¼�j ÙÚ Æ Ôl¿�À�¼�¿a Ð µ p ¼ � t Ö]¼�Ó{ãX»¦¿¢É�¼{¿�É]»�¼�l1Ô È ¼�Â�¾XÀ>¼{¿ T Ô>¿�É Ô hx Ð ¼ � Ö]¼�Ó{ãX»¦¿�É�¼{¿�É]»	¼�lxÔ È ¼�Â�¾�À�¼{¿ ­ Ô>¿�É Ô hq Ð ¼ � Ö]¼�Ó{ãX»¦¿�É�¼{¿�É]»	¼�lxÔ È ¼�Â�¾�À�¼{¿ ú Ôl¿¢É Ô;Ð
èqL�pqLX35I�A ä 3GLxèqL�CHLXJ¥K89�729;:n6;L�C%�!78K;LX45M]:OLX9 359 � � L�CHU¦^P45:OF%35Q 9 uMOJEK2IYFYLX9­BSM]æ235FYLX4�= Ð
£ç3GC!6;L P 983GL�CELX9 � �Ñ�� A�f�� û � fI
 V � Ê � â ��78926 � �b X¡� A�f���e � f;
 V � � � â �P=

´`µ;¶�·QÉ ÷ ¹S»	¼ É]ÔlÓ Ç{È É�¼{¿
}�Â�Ô Û ã¥¼ Æ ÃV» Ë$Ë Ã�¼H�Dã�ãX»¦ÂGÉ]Ôl¿�À/� � A � ���� � � �b X¡� » Æ Ã!¼{»Å¿¹n» ×*¼ Ú Ë Ú Ó	à È » Æ Ë Ô Æ Ôl¿¢É�ã�»ÅÂ�É�¼�Ã�ÉO»�¼qâ�ÔlÓ¥ÖO¼ n �� × � ���� h É]»	¼1ÃVÓY¾]¿ Æ Ö]¼�Ó Æ ¾]Â�u�Ô � � � f¤j>�ÂÑ»	¼	ÀPÃ h ¾]Ô{Á�¼{»Å¿�¼+â�Ô>Ó±Ö]¼�»Å¿ � �b X¡� h É]»	¼nÃVÓY¾]¿ Æ Ö]¼�Ó Æ ¾]Â�uXÔ � � � fºj>� ÂÑ»�¼�ÀPÃ h ¾�ã Ð
/!4545LQÚ u^PIH789;:OLX9 � 6835LT359 � � K83N9;LX359845MO78U¦LX9 � 62MOI�K;LX3G_OF � U u78Ci623GL#v�w j�:P354GF �¨OL�C¥45MOIHIYLX9 � � 359 �13NJEK�FH789;:ËÔ>=�èqLX386;L�C�J�CEMO98IHU¦^OCEQ�M]FH3G^P9�¯ � � MO78U�6835LxBD^�^OC¥683598M]FYLX968L�C1BSM]CHFYL � � p13GCE6T� � � fºj>��MO7;U�� � � f¤j>��78926 � � r n �� × � ���� s�MO78U�LX3598LSBS7;CH¨OL623GL+FYCEMO98IY¨OL�CEIEMO4`oX7�� � � fºj>��453GL�:OF � M]08:OL�0¢35456;L�F�=
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O�(*' ��8�:G 9¡¢2EB£8;6¤456�¥-¡�:£B£8§¦>Ì
ä 3GL ä 3DC�L�CELX9�FH35MO45:P4GLX35JEK>789;: r ?;=5�'s­45MO7;FYL�Fk92MOJEK¤6;L�C ä 3G¨l35IH35^P9�6;L�CkCHLXJEK�FYLX9 � LX3GFYL
627;CEJEK � �

� ü� f �� � �ÀÍ
g ü� f û � ý¤� 
 � � g � ý�Ì r�� �� s�
 < � g ��Í r ?;=ëÍ�s
û ü � fºv � r �qýyÌ r�� �� sYs�
Û� û �ÀÍ
v ü � f;
 `� v � Í �

pq^O0\LX3 Í 687;C¥JEK Í f g � ýÍÌ r�� �� s+:OL�:OL�0�LX9 3NIYF�= r abQ�U¦^P45:OLX986;LX9�45MOIHIYLX9�p13GC$6;LX9
ab986;L{z�< pqL�:;=�s
ä 35LXIYL ä 3DC�L�CELX9�FH35MO45:P4GLX35JEK>789;:#0\LXIH3GFYo�F­3N9�68L�C��178K8LX45M]:OLÃÔ¯f r jl�ÀÇ �È¿]<8�Hjl�Hj>s

LX3N9;L­< ��6835Q LX98IE3G^P98MO4GL$IYFHM]02354GL RTMO98983G:OUVMO4GFH3G:OWOLX3GF+oX7�6;LX9#9;L�:PM]FH35¨OLX9 « 3G:OLX9�pqL�CHFYLX9
!<bÇ �È¿]<l�i
 â� Ç �È¿]<l�i
��bÇ �È¿]< � 6835L�FHMO9;:OLX9�FH35MO4>oX7 6;LX9 « 3G:OLX9�¨OL�W�FY^OCHLX9 r jl�X�]�Hjl�Hj>s �r jl�i
!<>�i
 � Ál�X�'s � r jl�ÀÇ <È¿@�8�X�]�Hj>s�4535L�:OF � 78986 LX3598Ln�±��6835Q LX92IH3G^P98MO4GL�3592IYFHM]02354GL�RTMO9l�923G:OUÅMO45FH3G:OWOLX3GF1oX72Q « 3G:OLX9�pqL�CHF �� Ç �È¿]<kFHMO9;:OLX9�FH35MO4 oX7 r 
ÏÎ� �X�]�Hjl�Hj>sH= ä 3GL��!78K;LX45M'�:OL/ú�f r jl�i
 Ç �È¿]<l�Hjl�Hj>snK8M]F$LX359;Li< ��6835Q LX92IH3G^P98MO4GLk3598IYFHM]023N4GL­R©MO92983G:OUVMO4GFH3G:OWOLX3GF
oX7�6;LX9 « 3G:OLX9�p�L�CHFYLX9¤<bÇ �È¿]<8� â� Ç �È¿]<;���bÇ �È¿]<&78986 « 3G:OLX9�¨OL�W�FY^OCELX9 r jl�X�]�Hjl�Hj>s �r jl�i
!<>� � Ál�X�'s � r jl�i
�Ç <È¿@�;�X�]�Hj>s�72986�LX359;L��±��6835Q LX92IH3G^P98MO4GL�IYFHM]023545L�RTMO98983G:OUVMO4��FH35:OWOLX3GF­oX78Q « 3G:OLX9�p�L�CHF �� Ç �È¿]<�78926 « 3G:OLX9�¨OL�W�FY^OC r 
 Î� �X�]�Hjl�Hj>sH=�£�LX3GFYL�CEI�FYCE3GFYF623GLD359�BSM]CHFYL ��� 789�FYL�CEIH78J¥K�FYLS¨O^P9øT}pqL�:P45MO7;UÅLX986;LSBS7;CE¨OLD¨O^P9}�172K;LX45M]:OLX9ªMO7;UéA

r g¢� û �Ev{s�f r�� � �i
n��ý Ì r�� �]�Hj>sYsFE
ä 3GL¹R+4GLX35J¥K�7898: r ?;=ëÍ�sq0\LXIH35FYo�F1683GLn3N9�¨]M]CE35MO9�FYLX9ªRTMO98983G:OUVMO4GFH3G:OWOLX3GFYLX9�� � fÍj>� 78986
� v�fçj>�P= ä MOK;L�C!:P354GF�A
´`µ;¶�·QÉ � ¹S»	¼�lxÔ È ¼�Â�¾�À�¼ Ô ã¥¼ Æ »VÃ¤uXÃ�¼{»Å¿�¼$É]ÓY¼�»VÉO» Ë ¼{¿ Æ » Ú ¿¢¾]Â5¼ Æ Ã	¾�ã�»ÅÂG¼D½¯¾]¿8¿8»GÀYÁ�¾]Â�ÃV»�À�áÄP¼{»VÃ h É]»	¼!»¦¿ � � f¤j>� Â�»	¼	À�Ã�Ôl¿¢É ¼�»¦¿�¼D¼�»¦¿�É]» Ë ¼�¿ Æ » Ú ¿¢¾]Â5¼*»Å¿ Æ Ã	¾�ã�»ÅÂG¼x½¯¾]¿8¿8»GÀYÁ�¾]Â�ÃV»�ÀOÄO¼�»ÅÃÃVÓY¾]¿ Æ Ö]¼�Ó Æ ¾]Â�É�¾iu�Ô Ð
ä MOI}0\LX6;LX7;FYL�F � 683GL��!78K;LX45M]:OL{Ôò35IYF�359º68L�Cª359�¨]M]CE35MO9�FYLX9ÍR©LX9;:OL � � f j>�

MO98oX3GLXK;LX986`=;/*98MO4G^O:�3NIYFÇúiMO7;U�� � f¤j>��M]02IHFY^O_OLX986`=
ä 35L#R+4GLX35J¥K�7898: r ?;=ëÍ�sq359ª68L�Cx359�¨]M]CE35MO9�FYLX9 « 0�LX98L�� r�� �Ev{s�f r jl�Hj>sY� 45MO7;FYL�F
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