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\(EGF(T&N�[Y[GFCE�Z7WYVX^XV %+ILWYVXF:f�WYUrILf�¤(i(NAe!\(EGVmF:EYVXW�k�[&TGU(NAecZ(^XVXf(Hra]ILfre�WYU]IdW���N�brN�^XVmN�{CN�I�[YZ(VXWJIdb(^XN�ILfrIL^Xkc[YVX[
T�IdfjbrN�ecN�{CN�^XFC\rNAeM��FCE�ILfrIL^Xkc[YVXf(H�¨�©]ª+«�¬Y­+«J¨�©]ª1WGVXK�VXf(H�T&FCf([GWYE&ILVXfcWY[¦Id^X[YF��hU(N�f  #"%$ [&TGU(NAecZ(^XVXf(HMVm[
^XF(T�IL^X^Xk�Z([GNAe�VXf�NAI:TGU [GVXf(HC^XN1\(EYF(T&N�[Y[YF:EAa>ILfre�N�{CN�fjVXfMWYU(N1f(N�W���FCEG��\(EYF:WYF(T&FC^��

R$f(FCWGU(N�E�EYNAId[YF:f���F:E��hU(V�TGU���Nhb]N�^XVXN�{:N  #"%$�[JTGU(N+ecZ(^XVXf(H�[YU7FCZ(^�e�brN�[GN�EYVXF:Z([Y^Xk�T&F:f([YV�ecN�EGNAe�IL[�I
T�Idf]ecV�e(IdWYN���F:E�ICT&WGZ]IL^7EYNAId^º��WYVXKMN�[Gkv[GWYN�KM[�VX[0WYU]IdW�FCf�WGU(N�T&FCfcWGEJILEGk�WGF�p�IdWYN=2�F:f(FCWGFCf(V�TLadFCE�N�{:N�f�WYF
WGU(N�K�F:EYN$HCN�f(N�EJIL^�"$NAICec^XVXf(N 2�FCf(F:WYF:f(V�TLac�hU(V�TGU UrI+{CN1[YU(FL�hfMf(FCWhWGF�b]N1F:\(WYVXK Id^]�hU7N�fjILEYb7VmWGEJIdEYk
ecN+ICec^XVXf(N�[�IdEYNjIL[G[YZ(KMNAe<®¯|+°Ya� #"%$ [JTGU(NAecZ7^mVXf(H [GWJI+kc[�FC\7WYVXK Id^�VXf]ecN�NAe¡� 3¥k KMNAILf([-FL��Ij[GVXK�\(^XN
VXfcWYN�E&TGU]ILf(H:N�ILEGHCZ(KMN�fcWAa "$N�EGWYF:Z %�FC[�® ;+°�\(EGFL{CNAe�WYU]IdWxIdfck���NAIL[GVmb7^mN-\(EGN&�`N�K�\(WGVm{:N�[JTGU(N+ecZ(^XN�T�ILf�b]N
NAId[YVX^Xk�WGEJILf7[���F:EYK�N+e�VXfcWYF�ILf  #"%$ \(EGN&��N�K�\(WGVX{CN�[&TGU(NAecZ(^XN��hVXWGU(FCZ(W�I���N+T&WYVXf(H�VXWY[���NAIL[GVmb7Vm^XVXW�kc�

�QN�f]T&N:a][GVXK�VX^�ILEY^Xk�WGF�®¯u :�°YacF:Z(E�H:FvIL^>VX[hWGU(N�fjWGF�N&i]ILK�VXf(N1T&FCKM\(^XN&i�[Ykc[GWYN�KM[��hVXWYU�[Y\rFCE&ICecV�T�Id^X^mk
\rN�EYVXF(ecV�ThW&IL[G�v[��@	 >�¨
>cb7Z(EY[GW�k�WJIL[G�c[4&�ac�hU7V£TGU�T�Idf�U]I+{:N�ILEGb(VXWYEJIdEYk�ecN+ICec^XVXf(N�[�Id[���N�^X^>IL[�IdEYb(VXWYE&ILEGk�EGN&�
^XNAId[YN�o�VmWGWYN�E+aCILfre�T�ILf�[GU]ILEGNhEYN�[GFCZ(E&T&N�[hbck�^XF(TG�cVmf7H¦ILfre-Z(f(^XF(TY�cVXf(H$[YN�K�IL\(U(F:EYN�[¥WYU(EGFCZ(H:U�I�[GZ(VXWJIdb(^XN
T&F:f]T&Z(EGEYN�frT&k�T&F:fvWGEYF:^/\(EGFCWYF(T&F:^�� &�{:N�EYU7NAICec[$FL�0WYV�TG� ecEGVm{:N�f�[JTGU(NAelZ(^XN�EY[�ILfre�[YN�EY{CN�EY[$��FCE�Id\]N�EYVXF(ecV�T
EGN �:Z(N�[YWG[�ILEGN¦IL^X[GFxT�FCf([GV£elN�EYNAe¡��§hU(N�Idf]IL^Xkc[YVX[0VX[�b]IL[GNAe-FCf�WGU(N¦T�FCf]T&N�\(W�Fd�56�8?�
�='(¨
)!	�­AªdaCILf�VXfcWYN�EY{CIL^
Fd�nWGVmKMN1Vmf!�hU(V�TYU�WYU7N�\(EGF(T&N�[Y[GFCE-VX[¦�:N�\(W1b(Z([Gkva�ILf]e�[GVXK�\(^XN1N&i(WYN�f7[YVXFCf([�FL��WGU(N�FCEGVmH:VXf]IL^�->VXZ�ILfre
-�I+kv^�Idf]e,( [hWYU(N�FCEYk�®mO:OG°Y�h§hU(N-EYN�[GZ(^XWYVXf(H���NAIL[GVmb7Vm^XVXW�k Idf]IL^Xkc[YVX[hVX[�WGU(N�f I�H:N�f(N�E&IL^XV�%AILWGVmF:fjFL��[GFCK�N1Fd�
WGU(N�EYN�[YZ(^XWY[1ecN�[&T&EYVXbrNAejVXf�® ~�°Y�

2�FCEYN�FL{CN�E+ahVXf F:Z(E�ILfrIL^Xkc[YVX[���N�ecF f(FCW�ecNAId^�K�N�EYN�^Xk �hVXWGU ��NAIL[GVmb7Vm^XVXW�k IL[G[YN�[G[YKMN�fcWAahb(Z7W���N
Id^m[GF ecN�[JT&EGVmbrN�I-\(EGFlT�NAecZ(EGN-��FCE$WYU(N�T�FCK�\7Z(WJIdWYVXFCf�FL��WGU(N�W&IL[G� ��FCEG[YW±�±T�Id[YN-EYN�[G\]F:f([YN�WGVXK�N�[hZ(frecN�E
ecN+ICec^XVXf(N�[&TYU7NAecZ(^XVXf(H]�$R�[�Id^mEGNAICelk [GWJIdWYNAe>a¡WYU(N�[GFC^XZ(WGVmF:fjWYFMWYU(VX[$\(EYF:b(^XN�K�VX[¦I���Z(fre(ILKMN�fcWJIL^�WYFcFC^
��F:EhWYU(N�[YF�T�Id^m^XNAe �(­���	 �J¬
	*�������(¨Jª98�� � 6!	���	X¬,�0�L©1�������
	�����F:E�ecVX[YWGEYVXb(Z(WGNAeMEYNAId^º��WYVXKMN�[Ykc[GWYN�KM[�®¯u(OG°+4 CY§hU7N
EGN�^XNAIL[GN�o&VXWYWGN�EhFL��I�KMN�[Y[&ILHCN�ecN�\]N�frec[�F:f�WYU7N¦��FCEG[YW±�±T�Id[YN�EGN�[Y\rFCf7[YN-WYVXK�NhFd��WYU7N¦[GN�f]ecN�E�WJId[Y�>�0§hU(N
��FCEG[YW��YT�Id[YN�EYN�[Y\rFCf([GN�WGVmKMN1FL�nI-W&IL[Y�jecN�\]N�frec[Aa�VXf \rILEYW+arFCfjWGU(N�EGN�[Y\rFCf7[YN�WYVXKMN�[hFL��K�N�[Y[JIdHCN�[+��R
KMN�[Y[&ILHCN1EGN�[Y\rFCf([GN�WGVXK�N�ecN�\rN�f]el[¦F:f�VXWY[hEGN�^XNAIL[GN�o&VXWYWGN�E�®¯uCu�°±� D

  N-brN�^XVmN�{CN�WYUrILW�WGU(N�U(F:^XVm[GWYV�T-ILf]Id^mkc[GVm[�T�Idf f(FL�)IL^X[YF�brN�N&i(WGN�f]ecNAe WYF�elVm[GWYEGVmb7Z(WYNAe [Ykc[YWGN�K�[
�hVXWYU!^mF(T�Id^. #"%$�[JTGU(NAecZ7^mN�EY[Aa¡N�{CN�f!Vº�0WYU(VX[$Vm[hWGU(N�[GZ(bCo&NAT&W1Fd�¥T�Z(EYEGN�fcW¦EGN�[YN+ILEJTGU ILf]e�VmWh�hVX^X^>f(F:Whb]N
��Z7EYWYU7N�E�WGEYNAIdWYNAe-VXf-WYU(VX[�\rIL\rN�EA�0  NhILEGN�IL^X[YF$f(FCW�I+�hILEGN�Fd��F:WYU(N�E���F:EY�c[�ecN+IL^XVXf(H��hVXWYU-WYU7Nh\(EYF:b(^XN�K
Fd��EGN�[Y\rFCf7[YN-WYVXK�N$N�{CIL^XZ]IdWYVXFCfMZ(f]ecN�E
 #"%$ [JTGU(NAecZ7^mVXf(Hr��§hU]IdW�VX[h�hUck���N�brN�^XVmN�{CN1WYU]IdW�WGU(N�K I�o&FCE
T&F:fcWYEYVXb(Z7WYVXFCf�FL�0FCZ(Eh��FCEG��VX[�WYU(N�[GFC^XZ(WGVmF:f�WGF�WYU(VX[h\(EGFCb(^XN�K��

§hU7N�\]IL\rN�E1VX[�F:EYHvIdf(V�%�NAejId[h��F:^X^mFL�h[+����f��cNAT&WGVXFCf u-WYU(N-f(FCW&ILWGVmF:fjILf]e�WGU(N�IL[Y[GZ(K�\7WYVXFCf([hZ7[YNAe
WGU(EYF:Z(HCU(F:Z(W�WYU(N1\]Id\]N�E�IdEYN1ecN�[JT�EYVXb]N+e>��§hU(N1b]IL[GV£Tn��NAId[YVXb(VX^XVmW�k-ILf]Id^mkc[GVm[���FCE�\]N�EYVXF(ecV�T¦Idf]e�[G\]F:EJI:ecV�T
W&IL[Y��[YN�WG[��hVXWYU ILEGb(VXWYE&ILEYk elNAICec^XVXf(N�[�VX[�WGEYNAIdWYNAe Vmf �lNAT&WYVXF:f ~7a0�hU(VX^XN�Vmf��cNAT&WGVXFCf 8���N ecN�[&T&EYVXbrN
WGU(N�\7EYF(T&NAecZ7EYN���F:E�WYU(N T&FCKM\(Z(W&ILWYVXF:f FL����FCEG[YW��YT�Id[YN�EYN�[G\]F:f([YN WGVmKMN�[�Z(f]elN�E�WGU(N�[&ILKMN KMF(ecN�^��
�cN+T&WYVXFCf7[ ;7ah}(a�w7a=9(ahILfre<|(ahecNAId^1�hVmWGU�[YN�{:N�EJId^�N&i(WYN�f7[YVXFCf([MWYF�WYU(NjbrIL[YV�T�KMF(ecN�^
4jEGN�^XNAIL[GN�o&VXW±�
WGN�EAar[Y\rFCE&ICecV�T�Id^X^mkM\]N�EYVXF(ecV�T�W&IL[G�v[+arEYN�[GFCZ(E&T&N�[GU]ILEGVXf(H]a7VmfrT&^XZ([YVXFCf�Fd��[GFL��W�Id\]N�EYVXF(ecV�T�W&IL[G�v[+a>ILf]eMWYV�TG�
[&TYU7NAecZ(^XVXf(HjFL{:N�EYU(N+ICec[+a0EYN�[G\]NAT�WYVX{CN�^Xkc����f Id^X^�N�ilWGN�f([GVmF:f([Aa0brFCWGU WYU(N-��NAIL[GVmb7Vm^XVXW�kjILf]Id^Xkv[GVX[xIdf]e!WYU(N
��FCEG[YW��YT�Id[YN�EYN�[G\]F:f([YN�WGVmKMN�T&F:K�\(Z(W&ILWGVmF:f IdEYN�WGEYNAIdWYNAe Vmf elN�WJIdVm^��MR T�Id[YN�[GWYZ]elk�VX[�\(EGN�[YN�fvWGNAe�VXf
�cN+T&WYVXFCf�O�:7�#$/VXf]Id^X^mkca+FCZ(EhT&F:f]T&^XZ([YVXF:f([nIdEYN$[YWJIdWYNAe�VXf��cNAT&WGVmF:f�O:OC����f�R�\7\]N�frecV�i�R ��N�U]I+{:NhEYN�\rFCE±�
WGNAejWGU(N-\(EYFcFL{CN�[¦Fd��I�T&F:Z(\(^XN�Fd��\(EYF:\]N�EGWYVXN�[�T�FCf]T&N�EYf(VXf(H�WYU7N�b(Z7[Yk�\]N�EYVXF(e�Idf]IL^Xkc[YVX[��hU7V£TGUj��N�ecF
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§hU(VX[���FCEG� Vm[�K�ILVXf(^XkjVXf([G\(VXEYNAe�bck WGU(N�EYN�[GZ(^XWY[�\7EYN�[GN�fcWYNAe VXf ®XOLa�u?:�°±� &$Z(E�H:FvId^�VX[�WYF!¤]f]e�Idf
Id\(\(EYFcICTGU���FCE�WGU(NjILf]Id^Xkv[GVX[�Fd�¦\(EGFCb(^XN�KM[�[GVmKMVX^£IdE�WYF�WYU7FC[YN![YWYZrecVXNAe�WYU(N�EGNCahVXf��hU(V�TGU WYU7Njb]IL[GV�T
Id[Y[YZ7K�\(WGVmF:f�FL��¤(i(NAe!\(EGVmF:EYVXW�k�\7EYN&��N�K�\7WYVX{CN�[&TGU(NAecZ(^XVXf(H�VX[�EGN�\(^�ICT&N+ejbck�WYU(N�IL[G[YZ(KM\(WYVXF:f Fd�  #"%$
\(EGN&��N�K�\(WGVX{CN-[JTGU(NAecZ7^mVXf(Hr�32�FCEGN�[G\]N+T&V�¤�T�IL^X^Xkca]��N�IL[Y[GZ(K�N�WYU(N-[JIdK�N�\(EGF(T&N�[Y[GFCE���FCEG�c^mFcICe�KMF(ecN�^�a
	�>�¨
>cW&IL[Y��IdEYEGVm{CId^(^�I+�h[�ILfre-\(EYF:\]N�EGWYVXN�[+a(�hU(VX^XNhWYU(N$[JTGU(NAelZ(^XVmf7H�K�NATGU]Idf(VX[YK)VX[�f(FL�<ecNAI:ec^XVXf(N&��b]IL[GNAe 4
IdWnIdfvk-WYVXKMNCaLWYU7N�EYN+ICeck�W&IL[Y���hVXWGU�WYU(N1NAIdEY^XVXN�[YWhecNAI:ec^XVmf7NhVm[�EYZ7f/�#$(F:E�WYU7Vm[�EYN+IL[YF:f/ac��N¦IL^X[GF�ICecF:\(WAa
Id[��`ILE�Id[h\]F:[Y[YVXb(^XNCa7WYU(N1[&ILK�N$f(FCW&ILWGVmF:f Id[hVmf�®XOCa(u :�°Y�

��f�WGU(N�\rIL\rN�Eh��N1T&FCf7[YV�ecN�E�WYU(N$[JTGU(NAelZ(^XVmf7H�Fd�/WJIL[G�c[�F:f I1[GVmf7HC^XNh\(EYF(T&N�[Y[YF:EA��R5¬+������T&FCf7[YVX[YWG[�Fd�
Idf�VXfc¤]f7VmWGN�fcZ(K�brN�E0FL��)J¨�� 8(¨��&¬*��aLF:E 	Õ©��&¬ �d©��&¨���a:�hU(FC[GN���)
)
	
	�����WYVXK�N�[0ILEGNh[YN�\]IdEJIdWYNAe-bck�I$K�VXf(VXK-Z(K
WGVmKMN���a/T�Id^X^mN+e.'(¨
)!	�­Aª �`I:T�T&FCE&ecVXf(HjWGF�WYU7N�T&FCfc{CN�fvWGVXFCf]Id^�f7FCWJIdWYVXFCf�a]WGU(VX[�IL[Y[GZ(K�\7WYVXFCfjVX[�T&F:K�K�F:f
WGF�\rN�EYVXF(ecV�T�Idf]e�[Y\rFCE&ICecV�T�WJIL[G�c[4&���  N�Id[Y[YZ7K�N�WYUrILW-WJIL[G��VXf([GWJIdf]T&N�[�K�I+k�ILEGEYVX{CN�IdW�Idfvk�WYVXKMNC�
�QFL��N�{:N�EAacWGU(N¦IdEYEGVm{CId^(K�Z([GW�b]N$EYNAT�FCHCf7V %�NAe�bck�I1EGZ(fc��WYVXK�NhecVX[Y\]IdWJTGU(N�E+ac�hU(V�TGU�WYU7N�f��hVX^X^(\(^�ICT�NhWYU(N
VXf([GWJILfrT&N�VXf�I�f(F:WYVXFCfrIL^/EGZ(fc��WYVXK�N
�:Z(N�Z7NC��§hU(N-VXf([YW&ILf]T�N�Vm[$WYU(N�f�[&ILV�e�WYF�brN )&¨
�X¨����A¨&ªL�$§hU(N�WGVXK�N
brN�W���N�N�f I�W&IL[Y�,( [�ILEGEYVX{CIL^/Idf]e�VXWG[hEYN�^XNAId[YN�
1VX[h�vf7FL�hf IL[3)&¨
�X¨����A¨��
	X¬�¬Y¨
)��
 ¥ICTGU�WJIL[G��VXf([GWJILfrT&N�K I+k-N&i(NAT&Z7WYN���FCE�I-brFCZ(frecNAejIdK�FCZ7fvW¥FL��T�FCK�\7Z(WJIdWYVXFCf���a(T�IL^X^XNAe���­�)��&¬�«

�����A¨�¨��d¨���8:¬,	�­d©j¬
	���¨��0§hU7NxT�FCK�\7Z(WJIdWYVXFCfM[YU(F:Z(^�e T�FCK�\7^mN�WYN��hVXWGU(VXf�I-WGVXK�N�� �@)&¨
���+¬
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I���WYN�E�WYU7N�ILEYEGVX{CIL^��>§hU(Nhf(F:WYVXFCfrIL^(EGZ(fc� �CZ7N�Z(N�VX[0FCE&ecN�EGNAe�ICT�T&F:EJecVXf(H1WGF�WYU(N1ICT&WGZ]IL^7WJIL[G�,( [�ecNAICel^mVXf(N�[Aa
NAIdEY^XVXN�[YW¥¤]EG[YWAacWGU]ILW¥Vm[+aC��N¦Id[Y[GZ(K�N�Idf7 #"%$ ®XOCOG°>\(EGN&�`N�K�\(WGVm{:N�ecVX[Y\]IdWJTGU(VXf(Hr�/§�IL[G�c[�K I+k�IL^X[GF�[YU]IdEYN
EGN�[YF:Z(EJT&N�[Aahbck ^XF(TY�cVXf(H�Idf]e Z7f(^XFlTG�cVXf(Hj[GN�K Id\(U(FCEGN�[�ICT�T&F:EJecVXf(H�WYF�Ij\(EGFCWGFlT�FC^h^XVX�CN�WYU7N D0EGVmF:EYVXW�k
-�N�VX^XVXf(H�®mO!8(a�8L°0FCE�WYU(N��lWJICTG��phN�[GFCZ(E&T&N�D�FC^XV�T&kj®¯u+°Y�

��f<I�^�ILWGN�E�[YN+T&WYVXFCf ��NjIL^X[GF�N&i(WGN�f]e WYU(N���FCEY�c^XFvI:e KMFlelN�^h�hVXWYU�WYU(N�[GF T�Id^m^XNAeB�
'l­�)@�Cª�	*���������
'(¨
)!	�­Aª�	*�1W&IL[G�v[�®XO&°Y��§hU(VX[�[GFCEYW-FL��W&IL[G�v[-VX[�VXfcWYN�f]ecNAe WYFjKMFlelN�^�WYU7N�brN�U]I+{cVXFCZ(E-FL�hN�{CN�fvWG[��hU(V�TGU
K�I+k�IdEYEYVX{:N¦ILWhI-T&N�EYW&ILVXf�E&ILWGN���FCEhI�fcZ(K�brN�E�Fd��WYVXKMN�[AacILf]e�WYU(N�f�f(F:W�EGN&�±IdEYEGVm{:N$��FCEhI�^XF:f(HCN�E�WYVXKMNC�
$7FCE�N�i7IdK�\(^XNCa¡WYU(N�EGNjILEYNMVXfvWGN�EYEGZ(\(WG[��hU(V�TGU brN�U]I+{CNMVXf�WGU(VX[��hI+k ��WGU(N�k IdEYN Id^X[YF�WYN�EGK�NAe�b7Z(EY[GW�k
[G\]F:EJICelV£T�[4&��j�l\]F:EJICelV£T�IL^X^Xkj\]N�EYVXF(ecV�T-WJIL[G�c[�IdEYN�IL[G[YVXHCf7NAe�W���F�\rN�EYVXF(ec[�4�Idf 	�©(©]¨!) '(¨
)
	�­Aª ���4&�ILfre
Idf ­98C¬Y¨!) 'l¨!)
	�­+ª ��� &���§hU7N�FCZ(WGN�E1\]N�EGVXFle!VX[1WYU(N���FCEG[YW��YT�Id[YN�VXfcWYN�E±�±IdEYEYVX{CId^/WYVXKMN�b]N�W���N�N�f b(Z(EY[GWY[+�
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  U(N�f�I$WJId[Y�-N&i(\]N�EGVXN�f]T&N�[/o�VmWGWYN�E+aC��N�T�Idf�U]I+{CNhILEGEYVX{CIL^c\]IdWYWYN�EYf([�VXf��hU(V�TYU-W���FxT�FCf([GNAT&Z(WGVm{:N�EGN&�
^XNAId[YN�[�Fd��WGU(N�[JILKMN�WJId[Y��IdEYN�[YN�\rILEJIdWYNAe�bckxIdf�VXfcWYN�EY{CIL^cFd�]WYVXK�N¥[YU(F:EYWYN�E�WYU]Idf ����§hUcZ([AadVmfcWGZ(VXWYVX{CN�^Xkca
WGU(N���FCEG[YW��YT�Id[YN¦IdEYEGVm{CId^(\]IdWYWYN�EYf�VX[�F:f(N�VXf-�hU(V�TGU�IL^X^(WJId[Y�c[�N&i(\]N�EGVXN�f]T&N1WYU7N�VXE�[GU(FCEGWYN�[GWhVmfcWGN�E���EYN�^XNAId[YN
WGVmKMN�[�ILW$WYU(N-brN�HCVXf(f(VXf(H�Fd��WYU(N-[JTGU(NAelZ(^XNC��§hU7Vm[$VXfvWGZ(VXWYVXFCfMVX[¦T&F:fc¤]EYKMNAeMbck §hU7N�FCEGN�K ~(�XOCa7�hU(V�TGU
VX[-[YWYVX^X^�{CId^mV�e!N�{CN�f �hU(N�f�o�VmWGWYN�E-VX[�T&F:f([YV�ecN�EGNAe>� &$f]T&N�ILHvIdVXf/a/WGU(N���FCEG[YW±�±T�Id[YN�ILEYEGVX{CIL^�\]IdWYWGN�EYf�Vm[
EGN&��N�EGEYNAe�WGF�IL[3������']ac[YVXf]T�N¦IL^X^rWJId[Y�-Vmf7[YWJIdf]T&N�[�IdEYN$EYN�^XNAId[YNAe�IL[�[YFcF:f�IL[�\]F:[Y[YVXb(^XNC�0��f�WGU(VX[nT�IL[YN:acWYU(N
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WGFvFr�-§hU(N�ecV ��N�EYN�f]T�N�VX[�ILHvIdVXfjVXfjWYU(N/� ����'�IdEYEYVX{CId^�\rILWYWGN�EYf�a/FL�hVXf(HMWYF�WYU(N�VXf(VXWGV£Id^/EGN�^XNAIL[GN�o&VXWYWYN�EA�
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WGVmKMNCac�hVXWYUMWYU(N�EGN�^XNAIL[GN�WYVXKMN�\rFC[Y[GVXb(^Xk�brN�VXf(H�Z(\�WYF � � Z(f(VXWY[hFd��WYVXKMN�^�ILWGN�EA�¥��f���ICT&W+acWYU(N�{CId^XZ(N�Fd�
� � � �'&hVXf  #�:Z]ILWGVmF:f �*8<&QK�Z([YW�brN�N�{CId^XZ]ILWGNAe���FCE1IL^X^>[YVXHCf7Vº¤>T�ILfcWh{CIL^XZ(N�[�FL� ��[YZ]TGU�WYU]IdWhWYU(N-EYN�^XNAId[YN
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Id[Y[YZ7K�N�WGU]ILW � ��� � ! � � ��	�>�¨!>rWYU(N�VXf(f7N�E¦IdEYEYVX{CId^m[hILEGN�IL^X^�EYN �:Z(VXEYN+e�WYF�¤]WhVXf�IdfjFCZ7WYN�E$\]N�EGVXFle &�ILfre
WGU]ILW�NAI:TGU VXf([YW&ILf]T�N K�I+k�[GZ �>N�E�IjK�I+i(VXK�Z7K�EYN�^XNAId[YN�o&VXWYWGN�E � �Y� §hU7N�Idf]IL^Xkc[YVX[�VX[-N&i(WYN�frecNAe�bck
��F:^X^mFL�hVXf(H�WYU(N1[JIdK�N1IL\(\(EGFvI:TYUjId[hVmfMWYU(N�\(EYN�{cVXFCZ7[h[YNAT&WGVXFCf/�

ß�ß ÓFE�G�î�î!G



O!8 �/��)��&­(� ' 8 )!	

0

t

t

a tds (a)i

Ji

$�VXHCZ(EGN 814 � ����' IdEYEGVm{CId^]\rILWYWGN�EYf���FCE�WYU(N�N�{CIL^XZ]IdWYVXFCf�Fd��W&IL[G��� ( [hEGN�[Y\rFCf7[YN�WGVmKMNC�

1t

2
t

T2

1T

1n = 2

2n = 4

1-J
t

2-J
t0

$�VXHCZ(EGN3; 4 � ����'�ILEYEGVX{CIL^r\]ILWGWYN�EGfjFL�0[Y\rFCEJI:ecV�T�IL^X^Xk�\rN�EYVXF(ecV�T$WJIL[G�c[A�

$7FCE�WYU(N���NAIL[GVmb7Vm^XVXW�k�\rILEYW+aL��Nh[YWJIdEYW0f(F:WYVXf(H1WYU]IdW0FCf]T&NhILHcILVXf���N�[GU(FCZ7^£e�^XFcFC��ILW0WYU7N ������'�ILEGEYVX{CIL^
\]IdWYWGN�EYf/ar�hU(V�TGU�VX[�WGU(N���FCEY[GWhVXf WGN�EYKM[�Fd��\(EYF(T&N�[G[YF:E¦^XFcICecVXf(H1��ICT&WGFCEA�0§hU7N�\]ILWGWYN�EGf�Vm[�elN�\(V�T&WYN+e�VXf
$�VXHCZ(EGN ;7�1R�[1\(EGN�{cVmF:Z([Y^XkcarVmW$VX[¦[GZ]TGU�WGU]ILW1WGU(N�¤rEY[YW1VXf([GWJILfrT&N�[�Fd�nIL^X^0WJId[Y�c[�ILEYN-EYN�^mN+IL[YN+e ILW�WGVXK�N
��� :(a/Idf]e ILEGN�V£elNAIL^X^XkjN&i(\rN�EYVXN�f]T�Vmf7H�WGU(N�VXE�K I�i(VmK-Z(K5o&VXWYWGN�EA�MR�^X^�WGU(N-��FC^X^XFL�hVXf(H�VXf([YW&ILf]T�N�[�IdEYN
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