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2D, βt = 10, ω = 0.1(a)
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open boundary conditions

2D, βt = 10, ω = 0.1
(b)

$�I\@B[�DG? Ã 6\£ Ã C e U�IKC $�IK@ 6 Ã 6\£ 47x R�[(]�OeMBD�]G=�?{ZEF:UG?�M:Of] � M�H J�IKq�?EC�UWIKMBC�F:H�ZEH\[�UW]G?EDGU � I\]G= 3 F ; do?EDWIKMVJ�IKZF:C�J 3 R ; MBdo?EC¡RoMB[�C(J�F:DWS	Z�MBC�J�Ip]_I\MBC�U�IKCYDG?EF:H7UWd�F:Z�? 6 <>=(?QIKC(UG?�]GU�UW=�M � ]_=�?�qrI\C�IKq¡[�qM:O � UGI\@BC # F:U�FÀOe[�C�Zm]_IKM:CiM³O�]G=�?	HKIKC(?LF:DNU�SVUW]_?�q UGIl?E?1& 6
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?mc(F:q�d�HK? x 	A8ºP UGI\qÀ[�HKF³]_I\MBC�U	M:O]_=(?n´�[�R�R�F:DWJ�q�M7J(?EH 6 $�MBDÀ]_=�?n´�MBH\UW]G?EIKC-doMBHµF³DGMBC-d�DWMBR�HK?�q [�C�J�?�DrZ�MBC�UWIKJ�?�D_F³]GIKMBC x I\]¸I\Urq�MBUW]d�DWMBC�MB[�C(ZE?EJrOeMBDk�m�xY9V V³UWSVUW]G?Eq�U x H\M � ]_?�qrdo?EDGF³]_[�DW?EUÁF:C�J¹UWq�F³HKH�d�=(MBC�MBC�OeDW?E`T[�?�C�ZEI\?EU 6 <>=�?�DG?mOeMBDG? x]_=(? R([�H@Q M³OÀDG?�UG[�Hp]_U d�DW?EUG?�C2]_?EJ Ru?�HKM � � I\HKH{Ro? OeMBD�UG[�Z�= F UW?�]�M:O � � MBDGU�]nZEF:UG?b� d�F:DGF:qr?m]_?�DGU xIKC(ZEHK[(J�IKC�@ & 
 a x � ��
 | ' x F:C�J � 
 ' 1 | 6 $�I\@B[�DW? Ã 6\£¤4 UG=(M � U
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 | � x � =�IKZ�= IKU	IKC UW]GDGMBC�@iZEM:CT]GD_F:U�]]_M gA` 6	3 Ã 6�8:92;m6 <>=�IKUrIKC�Z�DG?LF³UG?ºM:O^]G=�?ºq�IKC�I\qÀ[�q F:U�F Oe[�C�Zm]_IKM:C M:O1& I\U¹F:H\UGM UW=�M � C+I\C�]_=(?IKC(UG?�]�M:O $�I\@ 6 Ã 6p£¤476 ² I\C�ZE? � ?
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F:UGZ�DGI\R�IKC�@�I\]GU�M:DGIK@:IKC^]_M�]_=�?Ádu?�DGIKMVJ�I\Z�RoMB[�C(J�F:DWSYZ�MBC�J�Ip]_IKM:C�U�IKC¡DW?LF:HTUWd�F:ZE? 6 d O� ,
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2D, N = 4, βt = 10(a)
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2D, N = 4, ω = 0.1(b)

$�I\@B[�DG? Ã 6\£ O C ` ?Edo?EC(J�?EC�Z�? M:OÂ]_=(? FLXB?EDGF:@B?ºUWIK@BC�MBC 3 F ; ]_=(? F:J�IKF:R�F³]GIKZ D_F³]GIKM � F:C�J 3 R ; ]_=(?IKC2X:?EDGUW?�]_?�qrdo?EDGF³]_[(DG? � MBC F;a � a�ZEH\[�UW]G?ED 6 <>=�?�I\C�UG?m]_UYUG=�M � ]_=(?rq�IKC�I\qÀ[�q�M:O� UWIK@BC # F:U�FÀOe[�C�Zm]_I\MBC M:O 3 F ; � F:C�J 3 R ; � � 6
]_=(?{HµF�]G]_?�D � ?EDW?^IKC�J(?E?EJr]_=�?�UGMB[�DWZE?ÂM³O«]_=�?�UGIK@:C¹d�DGM:R�HK?�q x ]_=(?ÂRuM:[�C�J�F:D�S�?D2u?EZ�]GU � MB[�HKJ�J�?EZ�DG?LF³UG?� I\]G= I\C�ZEDW?LF:UWIKC�@iUWSVU�]_?Eq UWI@?E? x I\C F³ZEZEM:DGJ�F:C(ZE? � Ip]_= ]_=�?�DG?�UG[�Hp]_UYM:O $�IK@ 6 Ã 6\£¤4V6 <>=�I\UYdoMBUWUGIKR(IKHKIp]0S=�F:UkRo?E?�C�I\CTX:?EU�]_IK@BF³]_?�J x F:C�J � ?	UW=�F:HKHfUG?E?YRo?EHKM � ]_=�F�]�]G=�?	UGI\@BC d�DGMBR(HK?Eq du?�DGUWIKUW]GU�F:HKUWM¸OeM:D>MBdu?�CRoMB[�C�J�F³DWS�Z�MBC�J�Ip]_IKM:C�U 64 ?>C(M � ZEMBC(UGIKJ(?ED�]G=�?N] � M�H0J�I\qr?�C�UGI\MBC�F:H7ZLF:UW? 6 d0C $�I\@ 6 Ã 6\£ Ã 3 F ;$x � ?kd�DW?EUW?EC2]�DG?EUW[�H\]GUlOeMBD � UWIK@BC #OeMBD^J�I32f?�DG?�CT]	HKF³]G]GIKZ�?¡UGIl?E?�U x F:@2F:I\C UW]_F:DW]GIKC�@ � Ip]_= F¹XB?ED�S UGqrF:H\H�HKI\C�?LF³D{J�I\qr?�C�UGI\MBC &

68e HKH�M³]_=�?�Dd�F:DGF:q�?�]_?�DGU�F:DG?Y]_=�?
U_F:q�?
F:U{Ro?�OeMBDW? x IKC�d�F:DW]GIKZ�[�HµF:D � � 
 | ' F:C(J � 
 ' 1 | 6 c R2XVIKMB[�UWH\S x OeMBDk]_=(?UGqrF:H\HK?EU�]>ZEH\[�UW]G?ED>UWI@?E?	UW=�M � C x ]_=�?	q�IKC�I\qÀ[�q M:Oa]_=�?	FLX:?ED_F³@B?	UGIK@:Ci=�F:UkJ�IKq�IKC�I\UG=�?�J�]_M�FÀX³F:HK[(?ÂM:OF:d�d(DGMLc7IKqrF³]_?�H\S �76\£Bx UGMi]_=�F³]
HµF³DG@B?jCT[�qÀRo?EDWU¡M:ONqr?EF:UG[�DW?Eq�?EC2]_U � IKH\HhRu?�C�?�ZE?EUWU_F:D�S 6 ² IKq�IKHKF:D�]GMMBC�?�J�IKq�?EC(UGIKM:C x � UGI\@BC # IKC�Z�DG?LF³UG?EU � I\]G=¹IKC�Z�DG?EF:UGI\C�@
U�SVUW]_?�q UWI@?E? x F³C�J�OeMBDA]_=�?�HµF:DW@B?EU�]�UWSVUW]G?Eq UWI@?�?UG=(M � C 3
& 
 | � ;mx � ? u�C�J�F¸DGF³]_=(?EDk[�C�Z�DGI\]GIKZEF:Hbq�IKC�I\qÀ[�q X³F:HK[�?^M³OlF:RoMB[(] �76 876<>=�?¡DW?EUW[�H\]GU�OeMBDkMBdo?EC�RuM:[�C�J�F:D�S ZEMBC(J�I\]GIKMBC�U x UG=�M � CºI\Ck$�IK@ 6 Ã 6\£ Ã 3 R ;$x DG?�X:?LF:H�]_=�F³]kOeMBDkUGqrF:HKHZEH\[�UW]G?EDWUY]G=�?�F X:?EDGF:@B?�UGIK@:C I\U^HµF:DW@B?EDÂ]G=�F:C OeMBD^do?EDGI\M7J(IKZÀRoMB[�C�J�F:DWS Z�MBC�J�Ip]_I\MBC�U 6 ´�M � ?�X:?ED x � I\]G=IKC(ZEDG?EF:UGI\C�@kUWSVUW]G?Eq UGIl?E? x Ip]«`T[�IKZ�QTH\SÂZEMBC2XB?�DG@B?�U�]GM�]G=�?AU_F:q�?hX:F³HK[�?�U x IKC�J(?Edo?EC�J�?�C2]�M:OV]_=(?ÁRoMB[�C�J�F:DWSZEM:C�J�I\]GIKMBC(U 6 <>=�I\U�I\U`
W[(UW] � =�F³]ÂM:C�? � MB[�H\Jn?$c(do?EZm] x UGIKC(ZE? � I\]_=�IKC�Z�DG?EF:UGI\C�@ & x ]G=�?¡? 2f?�Z�]{M:Ol]_=(?Z�=�MBI\ZE?¸M:OÁRuM:[�C�J�F:D�S ZEM:C�J�I\]GIKMBC(U^MBC ]_=�?¸d�DWMBdu?�DW]GIK?EU	M:O�]_=(?�U�SVUW]_?�q·J�IKq�IKC(IKUG=(?EU 6 8�MBDG?�M XB?ED x � ?ZLF³C�ZEMBC�Z�HK[�J(?�]_=�F³]N]_=(?{C�?�@2F³]_IpXB? � ?EI\@B=2]_UNJ(MÀC�M:]QUGIKq�d�HpS¸DG?EUW[�H\]QOeDGMBq =�MBd(d�IKC�@
d�DGMVZE?�UGUW?EUkM:O«]_=(??EH\?EZm]_DGM:CºF:Z�DGMBUWU�]G=�?
do?EDWIKMVJ�IKZ^RoMB[�C(J�F:DGI\?EU x UWIKC�Z�?
I\Ci]G=�F³]�ZLF³UG? � ? � MB[�H\J�?$c7du?�Z�] � UGIK@:C # 7 | OeMBDMBdo?EC�RoMB[�C�J�F:DWS�ZEMBC�J(I\]_I\MBC�U x I\C�ZEMBC2]_DGF:UW]Q]_M $�I\@ 6 Ã 6\£ Ã 3 R ;$6 <>=�?^U_F³qr?ÂZ�MBC�Z�HK[�UWIKMBC�ZEF:C�Ru?{J�D_F � CIKC MBC(?
F³C�J�]_=�DW?E?	J�IKq�?EC(UGIKM:C�U 6<>=�?�IKC�4�[�?EC(ZE?�M:Ok]_=(?¹d�=�MBC(MBC OeDG?�`V[(?EC�ZmS MBC ]_=(? F X:?EDGF:@B?�UGI\@BC I\UÀUG=�M � C-IKC $�IK@ 6 Ã 6p£ O 3 F ;m6PQHK?EF:DGHpS x ]G=�? UGI\@BC d�DWMBR�HK?�q I\U�q�MBUW]¹C�M:]_I\ZE?EF:R�HK?iOeMBD�UWq�F³HKHkX:F³HK[�?�U�M:O � x � =�IKH\?nIp]¹J�I\qrI\C�IKUW=�?EU`T[�IKZ�QTHpS F:U � ?�IKC�Z�DG?LF³UG?�]G=�?�F:J�IKF:R�F³]GIKZ¸D_F�]_IKM 3 UW?E?¹I\C�UG?m] ;m6 <>=�IKU¡IKU
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V � Y £KH:� S$T F<H �(Vf��T$T F VfT$T F�H J H:� S�Y X<� �rY X<H:� V X RqVfT � Y �=H�X<H J _K�]H S 5 �pY _KH T F<H J ��� T F T F<H��\X �MY F<H J HMX T
�MY X T;J �\� ��T � Y X S��<V X RqT"V�) �]X<_v�\X T;YrVL�M��YK� X T�T F<H R�YK� �<�\�]X<_ YL��T F<HsX �<� �`H JGYL���uVLJUJ �\H J;S �]H VfR �]X<_ T;YrV
S F�� � T?Yf� HMX<H J _K�\H SM��T F<H SUZ H ��T;J;�<� ��H VLJ;SsV � � YKS H J H S H � �<� V X � H T;Y¦T F VfT?YL�$V S �]X<_L�]H Z�Y � VLJ;Y Xk��� T F
T F�H S;VL� H Z�VfJ"VL� H T H J;S 4 � �]_ 5%��5�� I 5 � F<� S � S$V � SUY�� X R H J �]�\X<H R � �rT F<H Z�Y � VLJUY X V X R �<� Z`Y � VfJ;Y Xv� V X R
R � S;Z H J;S � Y X SNS F Y ��Xq�]X � �]_ 5 � 5 � 4 VtI�� ��F<� � F VLJ H V � �^YKSAT � R H�X T � �MV � T F JUYK� _KF YK��T$T F<H �OJ �\�]� YL� �]X & Y X<H �
V X R �]�\H �U�<SUT ��H�� Y � T F<H ��YKJ;J H S;Z`Y X R �]X<_j� V X R �]X T F<H S;Z H ��T"J"V � ��� X ��T � Y X 5 @bX Z�VLJAT � �M� � VLJM�KT F<H:� V X R
R � S;Z � V¢�eSmT F<H Tb�eZ � �uV �04 VfT;T HMX<�\X<_ VfT � VLJ _KH � � ��F<� � Fv�\X R � �uVfT H S�T F<H Z F Y X Y X<� �O� F VLJ;VL��T H J�Yf�`T F<Hh� Y � �HMX�H J _ � H # � � T"VfT � Y X 5 � �<JAT F<H J;��YKJ H ��Y ���\X<_ T;Y^T F<H C X<� T H Y X S � T H J H Z<� � S � Y X ��T F�H�� Y � � HMX<H J _ � � V X R

���



����� � � �
�u������� � � � � � 
 � � � � � � � � 
 � � � � � �

-6 -4 -2 0 2 4 -6 -4 -2 0 2 4

-6 -4 -2 0 2 4 -6 -4 -2 0 2 4

-6 -4 -2 0 2 4 -6 -4 -2 0 2 4

-6 -4 -2 0 2 4
ε / t

-6 -4 -2 0 2 4
ε / t

N = 2

N = 4

N = 6

N = 7

Exact Diagonalization CPT

ω = 1, U = 4, λ = 0.5, N
ph

 = 8

� �\_ �<J H�� 5���� 	 YK�^Z<VLJ � S;Y X YL��T F�H Y X<H � Z�VfJUT � � �\H SUZ H ��T;J"V � ��� X ��T � Y X w >f� �!M � ! �uV � �M� � VfT H R ��� T F n 	
V X R 	 R��s�$J H S;Z H ��T �\£LHM� �L�h��YKJ�R ��
�H J HMX T¦� � �<SAT H J;S�S �(&�H S¦�7�G�<S �]X<_ � #0�3��� 7��.5 � F<H
�MJ;YLS;S H S���YKJ;J H SUZ�Y X R[T;YrT F<H " 	 B J H S;� � TG��YKJhT F<H��<� Z�Y � VLJUY X HMX�H J _ �[P >bC � �K! ������� � 5

�]X w C � S £LH JU�kS � � �\� VLJhT;Y^T F VfT �\X w > S �\X � H ����YKJKC X<� T H � V X R �OH V�) H��]H ��T"JUY X�� Z F Y X Y X �MYL�<Z �]�\X<_ �
T F�H S �]X<_L�]H T _ J;YK� X RkSAT VfT H �MY X S � SAT"S�YL�pT � Y �OH V�) � � � YK� X R[Z`Y � VLJUY X S 5 	 Y X S H o � HMX T � �K��T F�H S �]X<_L�]H T
V X R T;J � Z �]H T§SUT"VfT HlF V £KH ��YK�^Z<VLJ"V ���]H¦H�X<H J _K�]H SM�NV � T F YK� _LF T F<H SUZ H ��T"J;V �O�NHM�\_KF T �\X w C � SgV _ V �\X£KH JU�lSU�¦V �\��X<H VLJ � # ��5

� YKJ � #.���� 7 � � �]_ 5 � 5 � 4 � I6���tT F�H:_ JUYK� X R^SUT VWT H Yf� T F<H SU�eSUT H � � S$SUT �]�]��_K�\£LHMX � �rT � Y§Z�Y � VLJ;Y X SM�
V X R T F�H SUZ H ��T;J;�<� � SlV � ��YKSUT �]X R � SUT �]X<_ � � S F V �<�]H ��J;YK� � # ���87e5 @bX T F<H Z�J H S HMX Tk�uVLS H �?T F�H
�MY X R � T � Y X ��YLJ:T F<HrH #�� SUT HMX � H Yf�hV X �\X T H JUS � T Hg�<� Z�Y � VLJ;Y X�� S H # Z H ��T H R7T;Y �\�]Hg�`H T �NHMH�X T F<Hg�OH V�) �
V X R7SUT;J;Y X<_ �MYK�<Z �]�]X�_ J H SU� � T;S � H � P J V X R � H � P J ����� q � 5�� Y �OH�£KH J���Y ���]X<_ T"YkT F<H S;�^V �]��<�\X R �]X�_¦HMX�H J _ �K��T F<H§�\X T H JUS � T H SAT VfT H§� S:R ��� ��� � T�T"Y^R � SAT �\X<_ � � S F ��JUYK� T F<H T � Y � Z`Y � VLJUY X SUT VWT Hg�\X
T F�H SUZ H ��T"J;V � ��� X ��T � Y X 5 � T � # FK��� ��� �]_ 5 � 5 � 4 �¢I6���pT F<H�� V X R �]X T F<H S;Z H ��T"J;V � ��� X ��T � Y X���H�_K�]X S
T"Y�S;Z �]� T 5 � � T F YK� _KF T F<HjHMX�H J _ �kR ��
�H J H�X � Hj�`H T �NHMHMX T F<H Z�Y � VLJ;Y X V X R �<� Z�Y � VLJUY X R � SUZ H J;S � Y X S � S
SUT �]�\� J HM� VfT �¥£KH�� �qSU�¦V �\�*X<H VfJ � # � ��V X�H # � � T"VfT � Y X[_ VLZ�� �]H VLJ � � H � H J _KH S:VfT � VLJ _LH J � 5 � �\X V �]� �K��VWT
� # FK� � 7 ��T � YkR � SAT �\X ��T � V X R<S ��� T F S � � �]� VLJ?SUZ H ��T"J;V ���OH��]_KF T F V £KH ��YLJ;� H R ��F<� � F V _ J H�H�£LH JA��NHM�]�$��� T F P >bC �c� ! V X R0P > � �t!�� P > ��� ! ��J H S;Z H ��T �\£LHM� � 5 @bX T H J H SAT �]X�_K� �L��T F<Hq� V X R �]X T F<H T"J � Z �\H T
S;Z H ��T"J;V � ��� X ��T � Y X w C �]�\H S X YLT � � H V �<� � F<�]_LF<H J§T F V X T F<H Z�Y � VLJUY X¨� V X R �\X w > 5 � F �<SM�$��YKJ§T F�H
Z�VLJ;VL� H T H J;S��MY X S � R H J H R F�H J H ��T � Y^Z�Y � VLJ;Y X SGYL��YLZ<Z�YLS � T H S;Z �\X �MV X�� Y �OH J�T F<HM� JhT"YLT"V �*HMX�H J _ � � �
Ye�M�M��Z¡� �\X<_ T F<H S"VL� Hs� VWT;T � � H S � T H � ��F<� � Fk� S5�U�<SUT�T F�H � H � F V X<� SU� �`HMF<�\X R �<� Z`Y � VfJ;Y X ��YLJ;�^VfT � Y X 5

� F<H V � Y £LH � HMX T � Y X<H R7R � S;��J H Z<V X � �\H S �`H T �NHMH�X T F�H���� Z`Y � VLJUY X�� V X R�R � SUZ H J;S � Y X P >bC �c� ! Y ���
T V �]X<H R � � ? F V ��� S F �$���%� ��V X R T F<Hv� V X R �]X w > VLJ H VqJ H SU� � T�Yf� C X<� T H�� S �(&�HvH'
�H ��T;S �]X T F�H 	 R��
�uV � �M� � VfT � Y X S 5 � F�H � VfTUT H J§J H R<�<� H¦��� T F¨�]X ��J H VLS �\X<_ �MYL�<Z �]�\X<_ � T"Y _KH T F<H J ��� T F T F<H S �(&�H YL�GT F�H�<� Z�Y � VLJ;Y X ��V X Rq��YKJ � #LFK� � 7 �NH C X R�V £LH JU� _ Y3YeRlV _ J HMH � HMX T � � �]_ 5 � 5 � 4 R�I:� 5 ��Y �]�\� �<SAT"J;VfT H T F<� S
Z`Y �]X Tu� �OH �MYK��Z�VLJ Hs�]X � �\_ 5 � 5�� T F<H SUZ H ��T"J;V � ��� X ��T � Y X w > VWT � #.� � � #.���#7 ��V X R[��YKJGR ��
�H J H�X T
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� � �<SUT H J�S ��&MH S:�����uV � �M� � VfT H R[��S �]X�_ n 	 ��� T F Z H J � YeR � � � YK� X R<VLJU�q��Y X R � T � Y X S 4 �]H � T���Y � ��� X IhV X R
	 R�� 4 J �]_KF T��MY � �<� X I���J H SUZ H ��T �¥£KH�� � 5 � F<H J H SU� � T;S�J H�£KH V � T F VfT���YKJ �NH V�)l��YK�<Z �\�]X<_ V X R �]X T H J;� H��
R � VfT H � � n 	z� SvS;�<Z H J � YKJ�T"Y 	 R�� ��Y X � H J X<�\X<_ T F<H ��Y Xt£KH J _KH�X � H YL��T F<H Z H V�)7Z�YLS � T � Y X S ��� T F
J H S;Z H ��ThT"YgSA�eSUT H � S �(&�H 5 � F<� S � S X YLTOS;�<JUZ<J � S �]X�_ VLS 	 R � � S � VfS H RqY X V§SUT;J;Y X�_ � ��YK�<Z �\�]X<_jH�# Z�V X��
S � Y X �]X T F�H�F YKZ<Z �\X<_ T H JU� 4 S HMH ? H � 5�D35dD I 5 � H J H �pT F<HrHM�\H ��T;J;Y X��bHM�\H ��T"J;Y X V X R HM�]H ��T;J;Y X�� Z F Y X Y X�]X T H J"Vf��T � Y X VLJ H�� YLT F Yf�*V � YK��T�T F<H S"VL� H �¦V _KX<� T;�<R H VfS�T F<H�F YKZ<Z �]X<_ �tSUYjT F VfT�T F�H � H T F YeR�R�Y H SX YLT � YKJ ) VfS �NHM�\� VfS���YLJ � # ��5 � YKJ � X � � C X<� T H�� S �(&�HrH'
�H ��T;S �\X7� YLT F � 	 R�� V X R n 	 �pVLJ H� VfJ _KH J�R�� H T;Y^T F�H§H�# T HMX R H R �<� Z`Y � VLJ;Y X SAT VfT H���F<� � F�H�#3� SUT"S���YKJ �OH V�)k��YK�<Z �\�]X<_ 5 ? � � �]� VLJOT;Y^T F�H
Y X<H �bH��]H ��T"JUY X �MVLS H R � SU�M�<SUS H R �]X 	OF VLZ 5 � ��R H�£e� VfT � Y X SG��J;YK�¤T F<HjH�# VL��T:J H S;� � T"S:R�� H T;Y^T F<H C X<� T H
� � �<SUT H JvS �(&MH VfJ H �<SU��V �]� ��SU�¦V �]�]H SUT���YKJ � # � � ��F<�]�\H T F�H � �`H ��YK� H¦� VLJ _KH J ��� T F �\X �MJ H VLS �]X<_ � 5
� � T F YL� _KF�F<H J H T F<H Z`YKS � T � Y X SsYL�NT F<H Z H V�)¡S �\X T F<H 	 R � SUZ H ��T;J"V � ��� X ��T � Y X VfJ Hr�]H S;S�VL�M���<J"VfT H
T F V Xl�]X T F�H �MVLS H YL� n 	 �<T F�H?�OH��]_KF T"S�YL�pT F�HsH�# � � T H R[SUT"VfT H S�J H S H � ���]H ��YKJ H � � YKS HM� �¦T F�H J H SU� � T;S�]X T F<H T F<H J;��Y3R�� X Vf� � � �]� � � T 5

� �]X V �]� �K����YKJ � X � ��T F<H ��J;YKSUSsY £KH J?T;YlV S;�^V �]�p�<� Z�Y � VLJ;Y X Ye�M���<J;S�VfT H�£KH�X7� VLJ _LH J £ V � � H S?YL�
� 5 � Z<VLJUT���J;YK� T F�H � F V X�_KH YL��T F<H ��J � T � �MV � �MYK�<Z �]�]X�_ ��T F<H Z F �eS � �MS � S X YLTsV � T H J H RkS �\_KX<� C<�uV X T � � 5
� F<H J H ��YLJ H � �NHvF V £KH J H SUT;J � ��T H R�YL�<JsR � SU�M�<SUS � Y X YL��T F<H SUZ H ��T"J;V � ��� X ��T � Y X T"Y � � � � � ��T�SUYK� H
J H S;� � T"SG��YKJhT F<H��<� Z`Y � VfJ;Y X � V X R[R � SUZ H J;S � Y X VfT ��# 	 ���\�]���`H Z<J H S H�X T H R �`HM� Y � 5

� � � ���J "+ ��� $� %�"! ! ��� �o-"+�� ����� � F<Hv��� Z`Y � VLJUY X[� V X R R � S;Z H J;S � Y X P >bC ��� ! F VLS �`HMH�X �uV � �M� � VfT H R�`H ��YKJ H�� � 4 H��]�\HM�]X������	��
 � q � ��V X R 4 HM�
�KH �����	��
 ����� � ��� � ����YKJ$S;�^V �\� Z F Y X Y X ��J H o � HMX � �]H S � # ��� �
V X R � #*���#7 ��J H SUZ H ��T �¥£KH�� � 5�� H �¦VfJ )WV �<� �K�*��YKJjZ�VLJ"Vf� H T H JUS � X � V X R � X � SU�<� F T F VWT§T F�HH'
�H ��T �¥£KHG�]X T H J"Vf��T � Y X � 	�� # ���!� P J^# � �KT F<H ����YK� X RrV?J HMX YKJU�¦V �]�(&�H R �W��J H�H�� Z<VLJUT � � �\H R � S;Z H JUS � Y X
J H�� VfT � Y X ����� � ��� � � 5 @bX T F�� S�S H ��T � Y X � �NH���� S F T"Y H�# T H�X R¦T F<H S H ��Y X S � R H J;VfT � Y X S�T;YjT F<H �uVLS H � #LF �
V X R^T"Y �\X C X<� T H SU�eSUT H ��S 5�4 F<�\�]H T F<H�X VLJUJ;Y ���]X<_�H'
�H ��TGR<� H T"Y H��]H ��T"JUY X�� Z F Y X Y X^�]X T H J"VL��T � Y X¦F VfS�`HMHMX R � S;�M��S;S H R V � Y £KH � F�H J Hs�NH ��Ye�M��S�Y X T F<H ��YKJ;� YL�pT F<H�� V X R 5
:���]X<_ T;YgT F<H:�]� � � T H R HMX<H J _ �^J H S;Y � ��T � Y X V X RqC X<� T H�� S ��&MH?H�
�H ��T"S �\X T F�H,	 R���J H S;� � T"SOS F Y ��X
V � Y £KH � �NH �<S H T F�H �^YLJ H VL�M���<J"VfT H R�VWT V���JUYK� T F<H " 	 B�5 @bX � �\_ 5 � 5�� � �NH S F Y � ? F V ��� S F ��S�$���%� ��J H SU� � T;Sj��YKJ?T F<Hr�<� Z`Y � VLJ;Y X H�X<H J _ � VLS�V ��� X ��T � Y X Yf� � �*��YKJsR ��
�H J H�X T £ V � � H S�YL� � V X R � 5
�pY Z H J;� � T:V R � J H ��T?�MYL�^Z�VfJ � SUY X � �OH§F V £KH S;�MV �]H R V �]� ���<J £LH S?T"Y^T F<Hg�\X T H J £ V ��� �[F M ��� � ��� T F T F�H
VL��T"��V �*� V X R ��� R�T F S _K�¥£KH�X[�\X T F<H��]H�_KHMX R 5

4 H��`HM_K�\Xr��� T F T F<H J HM_K� � H YL��V�SUT"JUY X<_K� � � YK� X R�S;�^V �]���<� Z`Y � VfJ;Y X 5 �pYjT F<� S H�X R �NH ��Y X S � R H J
T F�H �uVfS H � #2� V X R � # FK� � 735 � F<H ��YKJ;J H SUZ�Y X R �]X<_k� V X R7J H S H � �<�]H S o � � T H � � YKS HM� ��Vk�MYLS �]X�H
R � S;Z H J;S � Y X � ��� T F SUYK� H R H�£e� VfT � Y X S �`HM�\X<_�£e� S �\�<�]H VLJ;YL� X R � # x / �35 � R ��
�H J H�X T ��H�F V £3� YKJ � S
��YK� X R¨��YKJ|C X�� T H � #*� ��VLS �NHM�\� VfS �OH V�)���YK�<Z �\�]X<_ � # ���87e5�� YKJ�T F<H S H Z�VLJ"Vf� H T H JUSM� ��F�� � F
�(V £ YKJ$V _ JUYK� X RrSUT"VfT HG��� T F T � Y�Z�Y � VLJUY X S � S H�H � �\_ 5 � 5 � 4 �¢I6���KT F<H ��YKJ;�&YL��T F<H�� V X R � S�J H �^VLJ )WV ��� �
R ��
�H J HMX T���J;YL�¤VrS � ��Z �\H T �\_KF T �b���]X R �\X<_ R � S;Z H JUS � Y X ��YLJ X<H VLJ H SAT �bX�HM�]_LFe� YKJ F YLZ<Z �]X�_ 5 � F<� S � SGSUT �\�]�
T"JU� H ��YKJ � # F ��V � T F YL� _KF VkT;J H�X R¨T"Y � VLJ;R<SrVk�MYKS �]X<H R � SUZ H J;S � Y X¨� S £e� S �]�<�\H 5�� YKJ H�£LHMX0� VLJ _KH J� # 	 ��T F<HvX Y X ��YKS �\X<H�� �]� ) H ��YLJ;� Z H J;S � SUT;S H�£KH�X ��YLJ � # FK5 @ T � S � YKJAT F � H�X T � Y X<�]X<_ T F<Hg_ J H VWT
S � � �\� VLJ � Tb�¦YL��T F<H J H SU� � T;S:��YKJ � # � V X R � # 	 �]X T F<H§�NH V ) � �MYK��Z �]�\X<_ J H�_K� � H � ��F<� � F ��Y �]� Y � S
��J;YL�zT F<H �(VL��T:T F VfTsY X � H T F<H S;�^V �\� 4 Y X S � T H I �<� Z�Y � VLJUY X SAT VfT Hg� S HMX<H J _KH T � �uV �\� �l� X �(V £ YKJ"V ���]H ��YKJ
T F�H T � Y HM�\H ��T"J;Y X S?R<� H T;Y T F<H 	 YL� � YK� � J H Z<� � S � Y X �*V¦���<JUT F<H J �]X ��J H VfS H YL��T F�Hv� VfTUT H J F VLS £LH JA��]� T;T �]H:H�
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