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$*FFz-�o B2 -NxN2+ �Nz-, 2z+J02zG Fz//J2L zLN2�
xJN, Kz)N J2x-Nz,J2LG� J2+NL-z+NP z*+0Fz+Jx Fz/
LN2N-zGJ�z+J02 FN+K0P, J2 +KNJ- /-0P*x+J02 GJ2N,�
#KJ, -zJ,N, +KN .*N,+J02 0M K0( +0 z,,N,, z2P z,�
,*-N +KN .*zGJ+� 0M Fz//J2L /-0P*x+, ,*xK z,
PJLJ+zG Gz2P,xz/N F0PNG,� DN2N-zGJ�z+J02 F*,+
20+ 02G� N2,*-N ,/NxJXNP ,+z2Pz-P, M0- z2 0*+/*+
,xzGN� y*+ zG,0 2NNP, +0 HNN/ ,NFz2+Jx, z, ,JFJGz-
z, /0,,JyGN *2PN- +KN,N LJ)N2 -N.*J-NFN2+,� B2 0-�
PN- +0 zGG0( M0- 0yINx+J)N x0F/z-J,02, 0M PJdN-N2+
LN2N-zGJ�z+J02 -N,*G+, (N J2+-0P*xN z ,NFz2+Jx PJ,�
+z2xN FNz,*-N�  N /-N,N2+ -N,*G+, +Kz+ 0/+JFJ�N
+KJ, FNz,*-N ,*yINx+ +0 x02,+-zJ2+, -NVNx+J2L
Pz+zyz,N ,/NxJXxz+J02, z2P ,K0( K0( +KJ, FNz�
,*-N xz2 yN *,NP +0 x0F/z-N +KN -N,*G+, 0M PJdN-N2+
FN+K0P,� J2xG*PJ2L N�zx+ z2P KN*-J,+Jx z/�
/-0zxKN,�

�*,zFFN2Mz,,*2LoDN(�K-GNJ,+*2L G0LJ,xKN- @02�
,J,+N2� *2P ,NFz2+J,xKN- DN2z*JLHNJ+ J2 PN- DN2N�
-zGJ,JN-*2L� B2 �*2NKFN2PNF >z� (N-PN2 z*+0�
Fz+J,xKN DN2N-zGJ,JN-*2L,)N-MzK-N2 M�- PJN '-0�
P*H+J02 zF+GJxKN- PJLJ+zGN- ?z2P,xKzM+,F0PNGGN
NJ2LN,N+�+� [zP*-xK N2+,+NK+ NJ2 (zxK,N2PN- ]N�
Pz-M 2zxK !N-MzK-N2 �*- &*zGJ+�+,H02+-0GGN *2P
&*zGJ+�+,,JxKN-*2L� DN2N-zGJ,JN-*2L F*,, 2JxK+
2*- M�- PN2 �JNGFz�,+zy PNX2JN-+N $+z2Pz-P, -Nz�
GJ,JN-N2� ,02PN-2 PzyNJ z*xK PJN $NFz2+JH -N/-��
,N2+JN-+N- <yINH+N 2zxK>�LGJxKHNJ+ N-KzG+N2� J-
PNX2JN-N2 NJ2 ,NFz2+J,xKN, [J,+z2�Fz�� *F NJ�
2N2 0yINH+J)N2 !N-LGNJxK *2+N-,xKJNPGJxKN- DN2N�
-zGJ,JN-*2L,N-LNy2J,,N �* N-F�LGJxKN2� /-�,N2+JN�
-N2 Z-LNy2J,,N� PJN *2+N- =NyN2yNPJ2L*2LN2 z*,
N�J,+JN-N2PN2 $/N�JXHz+J02N2 KJ2,JxK+GJxK PJN,N,
>z�N, 0/+JFzG ,J2P� *2P �NJLN2 !N-LGNJxK,F�L�
GJxKHNJ+N2 )02 Z-LNy2J,,N2 N�zH+N- *2P KN*-J,+J�
,xKN- !N-MzK-N2 z*M�

� B2+-0P*u+J02

^xx0-PJ2L +0 >0--J,02 ��ppt� +KN-N z-N
,N)N2 NGNFN2+, 0M ,/z+JzG Pz+z .*zGJ+�o ?J2N�
zLN� /0,J+J02zG zxx*-zx�� z++-Jy*+N zxx*-zx��
x0F/GN+N2N,,� G0LJxzG x02,J,+N2x�� ,NFz2+Jx
zxx*-zx� z2P +NF/0-zG J2M0-Fz+J02� >0,+
0M +KNF z-N zdNx+NP y� Fz/ LN2N-zGJ�z+J02�
M0- N�zF/GN� (KN2 z//G�J2L PJ,/GzxNFN2+ 0-
,JF/GJXxz+J02 zGL0-J+KF, +0 GJ2N,� +KNJ- /0�
,J+J02zG zxx*-zx� J, -NP*xNPn ,NGNx+J02 0M 0y�
INx+, zdNx+, x0F/GN+N2N,,� #KN z,,N,,FN2+
z2P z,,*-z2xN 0M +KN,N .*zGJ+� x-J+N-Jz z-N
JF/0-+z2+ /-0yGNF,� N,/NxJzGG�� (KN2 KN*�
-J,+Jx LN2N-zGJ�z+J02 FN+K0P, z-N z//GJNP� B2
+KJ, z-+JxGN (N PJ,x*,, K0( +0 z,,*-N ,NFz2�
+Jx zxx*-zx� z2P G0LJxzG x02,J,+N2x�� +Kz+ J,�
x0F/GJz2xN (J+K Pz+zyz,N ,/NxJXxz+J02,�

E0GG0(J2L +KJ, zJF� (N Kz)N PN)NG0/NP z
FN+K0P M0- z-Nz zLL-NLz+J02 y� 0/+JFJ��
z+J02� F0-N /-NxJ,NG�� FJ�NP�J2+NLN- /-0�
L-zFFJ2L �Cz*2N-+ 3  0GMM w��s�� <*-
FN+K0P Kz, +NxK2JxzGG� yNN2 /-N,N2+NP J2
,*dJxJN2+ PN/+Ko (N Kz)N /-0)N2 +KN ='�
Kz-P2N,, 0M +KN /-0yGNF� +N,+NP F*G+J/GN 0/�
+JFJ�z+J02 x-J+N-Jz �Cz*2N-+ w��rz�� z2P
PN)NG0/NP ,/NxJzGJ�NP KN*-J,+Jx, +0 0y+zJ2 z
yN++N- /N-M0-Fz2xN �Cz*2N-+ w��ry�� #KJ,
FN+K0P �JNGP, )N-� L00P -N,*G+,� N,/NxJzGG�
x0F/z-NP (J+K x0FF02G� *,NP J+N-z+J)N z/�
/-0zxKN, +Kz+ G0xzGG� FN-LN +00 ,FzGG 0y�
INx+, (J+K +KNJ- yN,+ x0F/z+JyGN 2NJLKy0-,
�Cz*2N-+ w��ry�� C0(N)N-� (N Kz)N 20+
,*dJxJN2+G� NGzy0-z+NP +KN *,NM*G2N,, 0M +KJ,
FN+K0P M0- .*zGJ+� z,,*-z2xN z2P.*zGJ+� z,�
,N,,FN2+� #KJ, z-+JxGN M0x*,N, 02 +KN,N
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J,,*N,� B2 z2 0/+JFJ�z+J02 z//-0zxK� z LG0�
yzG .*zGJ+�FNz,*-N yNx0FN, /z-+ 0M +KN LN2�
N-zGJ�z+J02 FN+K0Po ]z,JxzGG�� +KN-N ,K0*GP
20+ yN z2� PJdN-N2xN yN+(NN2 z .*zGJ+�FNz�
,*-N M0- +KN z,,N,,FN2+ 0M +KN LN2N-zGJ�z+J02
-N,*G+ z2P +KN 0yINx+J)N M*2x+J02 J2 +KN 0/�
+JFJ�z+J02 z//-0zxK� =N)N-+KNGN,,� -N,Nz-xK
02 +KN .*zGJ+� z,,N,,FN2+ 0M LN2N-zGJ�z+J02
z2P -N,Nz-xK 02 0/+JFJ�z+J02 z//-0zxKN, +0
LN2N-zGJ�z+J02 Kz)N ,NGP0F yNN2 x02�
,0GJPz+NP�

#KN J,,*N 0M ,NFz2+Jx zxx*-zx� J, N,/NxJzG�
G� -NGN)z2+� (KN2 Fz/ 0yINx+, xKz2LN +KNJ-
xGz,,N,� B2 Fz/ LN2N-zGJ�z+J02 +KJ, Kz//N2,
J2 +(0 xz,N,o xGz,, zy,+-zx+J02 z2P 0yINx+ zL�
L-NLz+J02� #KN Gz++N- xz,N GNzP, +0 xGz,,
xKz2LN,� (KN2 F*G+J/GN 0yINx+, 0M PJdN-N2+
xGz,,N, z-N -N/GzxNP y� z ,J2LGN x0F/0,J+N
0yINx+� \Gz,, zy,+-zx+J02 FNz2,� M0- N�zF/�
GN� +0 -N/GzxN zGG xK*-xKN, z2P zGG /0,+ 0dJxN,
y� 0yINx+, 0M +�/N /*yGJx y*JGPJ2L� #KJ, 02G�
2NNP, +0 yN P02N 02N +JFN y� z2 N�/N-+ 02
z x02xN/+*zG GN)NG z2P +K*, J+ xz2 Nz,JG� yN
JF/GNFN2+NP� B2 x02+-z,+� 0yINx+ zLL-NLz�
+J02 J, z Gzy0-�J2+N2,J)N /-0yGNF +Kz+ 2NNP,
+0 yN z*+0Fz+NP�  KN2 Fz,,N, 0M Pz+z z-N
/-0xN,,NP� zG,0 +KN .*zGJ+� z,,N,,FN2+ yN�
x0FN, PJdJx*G+� \KN2L 3 ?J �w��s� ,*LLN,+
+0 FNz,*-N +KN ,NFz2+Jx zxx*-zx� zxx0-PJ2L
+0 +KN z-Nz +Kz+ xKz2LN, J+, xGz,, J2 LN2N-zG�
J�z+J02� �z0GJ2 N+ zG� �w��w� J2+-0P*xN z
,�FFN+-Jx ,NFz2+Jx ,JFJGz-J+� Fz+-J� +0
x0F/z-N 0yINx+ +�/N, 0M z-Nz, yNM0-N z2P
zM+N- -NxGz,,JXxz+J02� %0P-J6 L*N� 3 ZLN2�
K0MN- �w��u� /-0/0,N z2 z,�FFN+-Jx ,JFJ�
Gz-J+� FNz,*-N� $JFJGz-J+� )zG*N, z-N PN-J)NP
M-0F +KN LJ)N2 Pz+z F0PNG� +zHJ2L xGz,, KJ�
N-z-xKJN, J2+0 zxx0*2+ z2P x0F/z-J2L z++-J�
y*+N PNX2J+J02,� ^KG.*J,+ �w��t� *,N, z ,J�
FJGz-J+� FNz,*-N yz,NP 02 M*��� FNFyN-�
,KJ/ M*2x+J02, +0 z,,N,, Gz2P x0)N- xKz2LN,
0)N- +JFN�

#KN .*zGJ+� 0M Fz/ LN2N-zGJ�z+J02 J, 20-�
FzGG� PNX2NP y� x0F/z-J,02 0M J2/*+ z2P
0*+/*+ Pz+z ,N+, �]z-P w��u z2P E-z2H 3
Z,+N- w��s�� #KN,N FN+K0P, FzJ2G� PN/N2P
02 FNz,*-N, +Kz+ xKz-zx+N-J�N +KN ,Kz/N, 0M
0yINx+, z2P +KNJ- ,/z+JzG -NGz+J02,KJ/,� ]z,J�
xzGG�� 0y,N-)NP xKz2LN, z-N /N2zGJ�NP J2 +KN
z,,N,,FN2+� C0(N)N-� LN2N-zGJ�z+J02 2z+�
*-zGG� xz220+ zG(z�, /-N,N-)N +KN 0-JLJ2zG

,J+*z+J02o +KN-N z-N P-J)J2L M0-xN, +0 xKz2LN
+KN Pz+z ,N+� M0- N�zF/GN� FJ2JFzG zGG0(NP
,J�N, M0- +KN +z-LN+ ,xzGN� #K*,� (N x0F/z-N
+KN -N,*G+, 0M KN*-J,+Jx LN2N-zGJ�z+J02
FN+K0P, (J+K -N,*G+, +Kz+ z-N 0/+JFzG *2PN-
LJ)N2 x02,+-zJ2+,� #KN,N -N,*G+, xz2 yN 0y�
+zJ2NP (J+K 0*- FJ�NP�J2+NLN- /-0L-zF�
#K0*LK +KJ, J, 02G� /0,,JyGN M0- ,FzGG
,zF/GN,� +KN,N 0dN- 2N( /0,,JyJGJ+JN, +0 PN�
+Nx+ ,K0-+x0FJ2L, 0M KN*-J,+Jx,�
B2 +KN ,N.*N2xN 0M +KN z-+JxGN� (N X-,+ N��

/GzJ2 0*- x02xN/+J02, 0M G0LJxzG x02,J,+N2x�
�xM� $Nx+J02 w� z2P ,NFz2+Jx zxx*-zx� �xM�
$Nx+J02 v� z2P +KN2 /-N,N2+ 0*- z//-0zxK
+0 z,,*-N z2Pz,,N,, +KN,N NGNFN2+, 0M .*zGJ+�
�xM� $Nx+J02 u��

t ?0LJuwG Z02,J,+N2u�

@zJ2� ��ppt� PNX2N, G0LJxzG x02,J,+N2x� z,
M0GG0(,o

77^ ,/z+JzG Pz+z ,N+ J, ,zJP +0 yN G0LJxzGG�
x02,J,+N2+(KN2 J+ x0F/GJN,(J+K +KN ,+-*x�
+*-zG xKz-zx+N-J,+Jx, 0M +KN ,NGNx+NP Pz+z
F0PNG z2P (KN2 J+ J, x0F/z+JyGN (J+K +KN
z++-Jy*+N x02,+-zJ2+, PNX2NP M0- +KN ,N+�11

#KN Pz+z F0PNG J2 0*- (0-H J, z /Gz2z-
,*yPJ)J,J02� +Kz+ J,� z2 N�Kz*,+J)N x0)N-zLN
0M +KN /Gz2N y� z-Nz, +Kz+ F*,+ 20+ 0)N-Gz/�
#KJ, -N/-N,N2+z+J02 J, 0M+N2 *,NP M0- Gz2P
x0)N- Pz+z J2 +0/0L-z/KJx Pz+zyz,N,� #KN
LN2N-zGJ�z+J02 0M ,*xK Pz+z ,N+, J, z (NGG
H20(2 /-0yGNF �DzGz2Pz w��v�� <M+N2 zP�
PJ+J02zG -N.*J-NFN2+, z-N PNX2NP� M0-
N�zF/GN� +KN ,Kz/N, 0M MNz+*-N, 2NNP +0 yN
x02+JL*0*,� E0-FzGG� J+ FNz2, +Kz+ M0- NzxK
+(0 /0J2+, J2 z x02+JL*0*, z-Nz� +KN-N J, z
x022Nx+J2L /z+K +Kz+ J, +0+zGG� x02+zJ2NP J2
+KN z-Nz� #KN,N ,+-*x+*-zG -N.*J-NFN2+, z-N
J2PN/N2PN2+ 0M ,xzGN z2P (N 2NNP +0 N2,*-N
+KNJ- /-N,N-)z+J02 P*-J2L LN2N-zGJ�z+J02� B2
x02+-z,+� -N.*J-NFN2+, 02 z++-Jy*+N, z2P
LN0FN+-JN, z-N 0M+N2 PJdN-N2+ M0- +KN J2/*+
z2P 0*+/*+ ,xzGN� +K*, (N 2NNP +0 xKz2LN
+KN Fz/� #zy� � x0F/z-N, +KN PNX2J+J02, 0M
M0-N,+ z-Nz, J2 +K-NN PJdN-N2+ x0*2+-JN,� B2
NzxK N�zF/GN� z FJ2JFzG ,J�N J, PNX2NP z,
x-J+N-J02 M0- ,NGNx+J02� (KJxK 2z+*-zGG� J2�
x-Nz,N, M0- ,FzGGN- ,xzGN,� #KN +N-F
77D*z-z2+NNP ,J�N11� (KJxK J, *,NP J2 +KN \z�
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#wv� �l $NGNu+J02 u-J+N-Jw M0- M0-N,+ w-Nw, J2 +K-NN PJMMN-N2+ 2w+J02wG Pw+wvw,N,� #KN Zw2wPJw2 ,/Nu�
JMJuw+J02, *,N +KN +N-F 77D*w-w2+NNP ,J�N11� B2 +KN \*,+-wGJw2 ,/NuJMJuw+J02, +KJ, J, uwGGNP 77>J2JF*F
,J�N M0- J2uG*,J0211�

DN-Fz2�
^#@B$
�^P! w��v�

\z2zPz
=z+J02zG #0/0L-z/KJx [z+z�
yz,N �=z+*-zG %N,0*-xN,
\z2zPz �pps�

^*,+-zGJz
=z+J02zG #0/0L-z/KJx [z+z�
yz,N �DN0,xJN2xN ^*,+-zGJz
w��s�

 zGP� E0-,+  00PNP ^-Nz E0-N,+ 0- $K-*y

��EG�xKN� PJN FJ+ E0-,+/Vz2�N2
� zGPy�*FN *2P  zGP,+-�*�
xKN-� yN,+0xH+ J,+�77

��^2 z-Nz 0M z+ GNz,+ vt;x0)N-�
NP y� +-NN, 0- ,K-*y, Kz)J2L z
FJ2JF*F KNJLK+ 0M wF�77

��^2 z-Nz 0M Gz2P (J+K (00P�
)NLN+z+J02 L-Nz+N- +Kz2 ��;
M0GJzLN x0)N- �J2xG*PN, +-NN,
z2P ,K-*y,��77

,xzGN ,NGNx+J02 x-J+N-J02 ,xzGN ,NGNx+J02 x-J+N-J02 ,xzGN ,NGNx+J02 x-J+N-J02

�owtH z-Nz _��� Kz �ot�H z-Nz _�Kz ^=[
(JP+K _t�F

�owtH z-Nz _��wtKz

�ot�H z-Nz _� Kz �o���H z-Nz _uKz

�owt�H z-Nz _u� Kz �owt�H z-Nz _wtKz ^=[
(JP+K _wt�F

�owt�H z-Nz _wtKz

�o����H z-Nz _t�� Kz

#wv� tl $NFw2+Ju PJ,+w2uN Fw+-J�� Z0G0-, w2P ,KwPN, w-N *,NP J2 EJL� � w2P EJL� t�

original class \ new class Settlement Farmland Grassland Forest

Settlement 0 1 1 1

Farmland 1 0 0.2 0.3

Grassland 1 0.2 0 0.3

Forest 1 0.3 0.3 0

2zPJz2 ,/NxJXxz+J02,� *2FJ,+zHzyG� ,+z+N,
+Kz+ +KN PNX2NP +K-N,K0GP, F*,+ 20+ yN )J�
0Gz+NP J2 z2� xz,N� #KJ, J, PN,x-JyNP zxx0-P�
J2LG� J2 +KN 0+KN- ,/NxJXxz+J02,� #KN,N
,+-02L xGzJF, z-N 2NNPNP +0 -NP*xN +KN J2�
V*N2xN 0M ,*yINx+J)J+� J2 Fz/ LN2N-zGJ�z+J02
z2P +0 /-0)JPN ,+z2Pz-PJ�NP Fz/ /-0P*x+,�
$J2xN z-Nz, yNG0( +K-N,K0GP J2 +KN +z-LN+

,xzGN z-N 20+ zGG0(NP� +KN� 2NNP +0 yN zL�
L-NLz+NP (J+K 0+KN-, J2 0-PN- +0 HNN/ +KN
x0)N-zLN N�Kz*,+J)N� ^, zGG 0+KN- zJF, 0M
LN2N-zGJ�z+J02 2NNP +0 yN ,*y0-PJ2z+NP�
xGz,, xKz2LN, 2NNP +0 yN zxxN/+NP� M0-
N�zF/GN� JM +KN-N J, 20 2NJLKy0- 0M +KN ,zFN
xGz,,� E0-FzGG�� (N PNX2N +KN z-Nz +K-N,K�
0GP, M0- PJdN-N2+ xGz,,N, y� �o � 9 =h� (J+K
� yNJ2L +KN ,N+ 0M zGG xGz,,N,� #KN +N-F x02�
,+-zJ2+ X+, (NGG M0- +KN -N.*J-NFN2+, LJ)N2
y� Pz+zyz,N ,/NxJXxz+J02,� C0(N)N-� +KJ,
F*,+ 20+ yN FJ�NP */ (J+K x02,+-zJ2+, +Kz+
zGG0( M0- z L-zP*zG PNL-NN 0M ,z+J,Mzx+J02�
>0,+ -N,Nz-xKN-, J2 +KN XNGP 0M Fz/ LN2N�

-zGJ�z+J02 /0J2+ 0*+ +Kz+ x02,+-zJ2+, z-N 0M�
+N2 x02VJx+J2L z2P x0F/-0FJ,N, 2NNP +0 yN
M0*2P � NJyNG3[*++02 �ppq z2PCz--JN
�ppp�� ^, x02,+-zJ2+, +Kz+ N2,*-N G0LJxzG
x02,J,+N2x� P0 20+ zGG0( z2� x0F/-0FJ,N�
(N PJ,+J2L*J,K Kz-P x02,+-zJ2+, z2P ,0M+
x02,+-zJ2+,�
BM +KN J2/*+ Pz+z ,N+ J, G0LJxzGG� x02,J,+N2+�

(N 20-FzGG� xz2 PNX2N ,JF/GN LN2N-zGJ��
z+J02 zGL0-J+KF, +Kz+ /-0P*xN G0LJxzGG� x02�
,J,+N2+ -N,*G+,� E0- J2,+z2xN� (N xz2 z//G�
FN-LN 0- x0GGz/,N /-0xNP*-N, +0 -N,0G)N ,J�N
z2P /-0�JFJ+� x02VJx+, �]zPN- 3  NJyNG
�ppr z2P Cz*2N-+ 3 $N,+N- w��q�� C0(�
N)N-� z+ +KJ, Nz-G� ,+zLN 0M 0*- PJ,x*,,J02 (N
,K0*GP 20+ x0FFJ+ +00 F*xK +0 /z-+Jx*Gz-
zGL0-J+KF,� [z+zyz,N ,/NxJXxz+J02, PNX2N
+KN MNz,JyJGJ+� 0M ,0G*+J02,� y*+ +KN-N -NFzJ2,
F*xK M-NNP0F J2 PNxJPJ2L M0- PJdN-N2+ 0/�
+J02,� #K*,� (N 2NNP +0 M0-FzGJ�N zPPJ+J02zG
zJF, 0M LN2N-zGJ�z+J02�
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s $NFw2+Ju \uu*-wu�

$zGLN6 ��ppt� LJ)N, +KN M0GG0(J2L PNX2J+J02
0M ,NFz2+Jx zxx*-zx�o

77#KN /*-/0,N 0M $NFz2+Jx ^xx*-zx� J, +0
PN,x-JyN +KN ,NFz2+Jx PJ,+z2xN yN+(NN2
LN0L-z/KJxzG 0yINx+, z2P +KN /N-xNJ)NP -N�
zGJ+��77

E0-FzGG� (N N�/-N,, +KN ,NFz2+Jx PJ,�
+z2xN yN+(NN2 xGz,,N, z, z M*2x+J02 Po
�w 9 =�

h� DJ)N2 z -NzG )zG*N , �yN+(NN2 �
z2P �� +Kz+ FNz,*-N, +KN ,NFz2+Jx ,JFJGz-J+�
0M +(0 xGz,,N,� M0- N�zF/GN� z, J+ xz2 yN 0y�
+zJ2NP (J+K +KN FN+K0P /-0/0,NP y��z0GJ2
N+ zG� �w��w�� (N xz2 PNX2N +KN x0--N,/02P�
J2L )zG*N 0M P ,JF/G� z, ��,�

#zy� w ,K0(, z PJ,+z2xN Fz+-J� +Kz+ (N
LN2N-z+NP (J+K z GN,, 0yINx+J)N z//-0zxK�
+Kz+ J,� (N PNX2NP +KN ,NFz2+Jx PJ,+z2xN
)zG*N, z+ 0*- 0(2 PJ,x-N+J02�  N x02,JPN-NP
KJN-z-xKJN, J2 +KN Pz+zF0PNG z2P +N�+*zG PN�
,x-J/+J02, �z, LJ)N2 J2 #zy� �� M0- +KJ, +z,H�
E0- N�zF/GN� ,J2xN Mz-FGz2P z2P L-z,,Gz2P
z-N xGz,,N, 0M x*G+J)z+NP )NLN+z+J02� (N PN�
X2NP z -NGz+J)NG� ,FzGG ,NFz2+Jx PJ,+z2xN J2
yN+(NN2� #KJ, FNz2, +Kz+ (N (0*GP -z+KN-
zxxN/+ z xKz2LN 0M z L-z,,Gz2P z-Nz J2+0
Mz-FGz2P +Kz2 J2+0 ,N++GNFN2+� ^, z LG0yzG
FNz,*-N 0M ,NFz2+Jx zxx*-zx� (N J2+-0P*xN
+KN (NJLK+NP z)N-zLN 0M +KN PJ,+z2xN, +Kz+
z-N FNz,*-NP yN+(NN2 0-JLJ2zG xGz,,N, z2P
xGz,,N, zM+N- LN2N-zGJ�z+J02� ?N+ ! yN +KN ,N+
0M zGG z-Nz, J2 +KN J2/*+ Fz/� (o ! 9 =h

PN20+N +KN ,J�N, 0M z-Nz,� lo ! 9 � +KNJ-
0-JLJ2zG xGz,,N,� lo ! 9 � +KNJ- 2N( xGz,,N,�
(N LG0yzGG� FNz,*-N +KN ,NFz2+Jx PJ,+z2xN
y�

�
) z!

(�)� Y P �l�)�� l!�)��

�
) z!

(�)�
���

B2 +KN ,zFN (z�� (N xz2 FNz,*-N +KN ,NF�
z2+Jx PJ,+z2xN M0- z ,J2LGN z-Nz J2 +KN J2/*+
Pz+z ,N+� M0- z ,J2LGN z-Nz J2 +KN 0*+/*+ Pz+z
,N+� 0- M0- zGG z-Nz, 0M z xN-+zJ2 xGz,,�

#K0*LK +KN Fz+-J� J2 #zy� w J, ,�FFN+-Jx�
,�FFN+-� J, 20+ z LN2N-zG -N.*J-NFN2+ M0-
+KN M*2x+J02 P� E0- N�zF/GN� (N xz2 PNX2N
P �l�� lw� f ��� z2P P �lw� l�� f �� FNz2J2L
+Kz+ z xGz,, xKz2LN M-0F l� +0 lw J, F0-N zx�

xN/+NP +Kz2 )JxN )N-,z� #KJ, F0PNG J, *,NM*G�
z, JF/0-+z2+ xGz,,N, GJHN� M0- N�zF/GN� (z+N-
0M+N2 ,K0*GP 20+ yN G0,+� ]Nxz*,N 0M +KJ,�
(N P0 20+ z,,*FN +Kz+ P FNN+, +KN M0-FzG
PNX2J+J02 0M z FN+-Jx� (KJxK -N.*J-N, ,�F�
FN+-��
B2 0-PN- +0 FNz,*-N ,NFz2+Jx zxx*-zx��

(N ,K0*GP 20+ 02G� M0x*, 02 xGz,,N, y*+ zG,0
x02,JPN- ,Kz/N,� \02,JPN- +(0 GzHN, z2P z
G02L� 2z--0( -J)N- +Kz+ x022Nx+, y0+Ko ^L�
L-NLz+J2L +KN +K-NN 0yINx+, J2+0 z ,J2LGN 0y�
INx+ 0M xGz,, GzHN 02G� -N.*J-N, +0 xKz2LN +KN
xGz,, 0M +KN -J)N-� #K0*LK +KJ, (JGG yN z L00P
,0G*+J02 J2 +N-F, 0M xGz,, PJ,+z2xN,� +KN
,Kz/N 0M +KN -N,*G+J2L zLL-NLz+N (0*GP yN
)N-� *2x0FF02 M0- z GzHN�  N +KN-NM0-N /N�
2zGJ�N ,Kz/N, +Kz+ z-N 20+ LN0FN+-JxzGG�
x0F/zx+� [JdN-N2+ FNz,*-N, 0M x0F/zx+�
2N,, Kz)N yNN2 PJ,x*,,NP J2 z2 Nz-GJN- (0-H
�Cz*2N-+ w��rz�� N JL20-N +KJ, zPPJ+J02zG
x-J+N-J02 J2 +KN ,N.*N2xN 0M +KJ, z-+JxGN�
 N *,N +KN -N,*G+ 0M +KN N�zx+ 0/+JFJ�z+J02

z//-0zxK z, z yN2xKFz-H M0- .*zGJ+�� z, J+
J, zyGN +0 ,z+J,M� 0*- LN2N-zG L0zG 0M ,NFz2+Jx
zxx*-zx� J2 +N-F, 0M z ,NFz2+Jx PJ,+z2xN�

r </+JFJ�w+J02 \//-0wuK

r�� '-0vGNF M0-F*Gw+J02

B2 +N-F, 0M 0/+JFJ�z+J02� NzxK G0LJxzGG� x02�
,J,+N2+ Fz/ J, z MNz,JyGN ,0G*+J02� #KN 0/+J�
FzG MNz,JyGN ,0G*+J02 J, +KN 02N +Kz+ FJ2J�
FJ�N, +KN LG0yzG ,NFz2+Jx PJ,+z2xN FNz,*-N
M-0F $Nx+J02 v�  N -NMN- +0 +KJ, FNz,*-N z,
x0,+ M*2x+J02� #KN /-0yGNF J, +0 /z-+J+J02
+KN ,N+ ! J2+0 F*+*zGG� PJ,I0J2+ ,*y,N+,
!�u!wu � � � u!H f !� (KN-N H J, z2 *2�
H20(2 J2+NLN-� ZzxK 0M +KN,N ,*y,N+, PNX2N,
z x0F/0,J+N z-Nz M0- +KN +z-LN+ ,xzGN� #K*,�
M0- NzxK Jf� � � �H� (N PNX2N +KN M0GG0(J2L
Kz-P x02,+-zJ2+,o

� +KN-N J, z ,J2LGN xGz,, lJ! {�� ,*xK +Kz+ NzxK
z-Nz ) {!J -NxNJ)N, xGz,, lJ!� +Kz+ J,� l!�)�
f lJ!

� +KN x0F/0,J+N z-Nz Kz, ,*dJxJN2+ ,J�N� +Kz+
J,� B) {!J (�)�_ � �lJ!�

� +KN x0F/0,J+N z-Nz J, x02+JL*0*,
� +KN-N J, z2 z-Nz ) {!J 0M *2xKz2LNP xGz,,�
J� N�� l!�)�f l�)�� #KJ, J, -NMN--NP +0 z,
xN2+-N

�pn 'K0+0L-wFFN+-JN Y EN-2N-H*2P*2L Y DN0J2M0-Fw+J02 s�t��n



#KN Gz,+ -N.*J-NFN2+ ,JF/G� z)0JP, +Kz+
xGz,,N, z//Nz- J2 +KN LN2N-zGJ�NPFz/� (KJxK
Kz)N 20+ yNN2 /-N,N2+ z+ zGG� DN2N-zGG�� (N
P0 20+ z,,*FN +Kz+ +KN ,N+ 0M xN2+N-, J, LJ)N2
J2 zP)z2xN�

r�t \//-0wuK v� FJ�NP�J2+NLN-
/-0L-wFFJ2L

=0-FzGG�� x0FyJ2z+0-JzG 0/+JFJ�z+J02
/-0yGNF, J2 Fz/ LN2N-zGJ�z+J02 z-N z/�
/-0zxKNP y� FN+z�KN*-J,+Jx, ,*xK z, KJGG�
xGJFyJ2L 0- ,JF*Gz+NP z22NzGJ2L � z-N 3
A02N, �ppq�� $N)N-zG +KN0-N+JxzG zxKJN)N�
FN2+, Kz)N yNN2 FzPN� /-0)J2L z,�F/+0+J�
xzG x02)N-LN2xN 0M ,JF*Gz+NP z22NzGJ2L *2�
PN- xN-+zJ2 x02PJ+J02,� E0- N�zF/GN� +KN
L-z/K +Kz+ J, PNX2NP y� +KN z//GJNP 2NJLK�
y0-K00P ,+-*x+*-N F*,+ yN ,+-02LG� x02�
2Nx+NP �>JxKJNG, N+ zG� w��r�� #K0*LK
,JF*Gz+NP z22NzGJ2L xz220+ yN *,NP J2 /-zx�
+JxN +0 X2P +KN N�zx+ 0/+JF*F� J+ 0M+N2 /-0�
P*xN, ,0G*+J02, 0M ,*dJxJN2+ .*zGJ+��  N
+KN-NM0-N PN)NG0/NP z ,JF*Gz+NP z22NzGJ2L
z//-0zxK M0- +KN zLL-NLz+J02 /-0yGNF
�Cz*2N-+ w��rx�� C0(N)N-� (N 2NNPNP +0
-NGz� Kz-P ,J�N x02,+-zJ2+, +0 -NzxK ,*dJ�
xJN2+G� L00P ,0G*+J02, )Jz MNz,JyGN /z+K,� B2
)JN( 0M Pz+zyz,N ,/NxJXxz+J02, +Kz+ ,+-Jx+G�
M0-yJP +00 ,FzGG -NLJ02,� +KJ, z//-0zxK J,
-J,H�� z, (N FJLK+ N2P */ (J+K z -N,*G+ +Kz+
J, 20+ G0LJxzGG� x02,J,+N2+�  N +KN-NM0-N M0�
x*,NP 02 FJ�NP�J2+NLN- /-0L-zFFJ2L z2P
,/NxJzGJ�NP KN*-J,+Jx,� (KJxK yN++N- zGG0( +0
x02,JPN- Kz-P x02,+-zJ2+,�
>J�NP�J2+NLN- /-0L-zFFJ2L J, z2 N�zx+

z//-0zxK +0 x02,+-zJ2NP� x0FyJ2z+0-JzG 0/�
+JFJ�z+J02 /-0yGNF, �'z/zPJFJ+-J0* 3
$+NJLGJ+� �ppq�� DN2N-zGG�� zGL0-J+KF, M0-
+KN ,0G*+J02 0M FJ�NP�J2+NLN- /-0L-zF,
�>B',� Kz)N z2 N�/02N2+JzG +JFN /N-M0-F�
z2xN� B+ J, *2GJHNG� +Kz+ (N xz2 X2P z /0G��
20FJzG +JFN zGL0-J+KF� z, +KN zLL-NLz+J02
/-0yGNF J, ='�Kz-P� #KJ, Mzx+ (z, /-0)N2
J2 z2 Nz-GJN- /*yGJxz+J02 �Cz*2N-+3 0GMM
w��s�� N zG,0 /-N,N2+NP z2P +N,+NP PJdN-N2+
>B' M0-F*Gz+J02,� [*N +0 +KN KJLK x0F�
/GN�J+� (N (N-N 02G� zyGN +0 0/+JFzGG� ,0G)N
,FzGG J2,+z2xN, �*/ +0 t� z-Nz,� (J+K 0*-
N�zx+>B'� y*+ (N L-Nz+G� JF/-0)NP +KN /N-�
M0-Fz2xN (J+K +K-NN KN*-J,+Jx,o

�� ^ ,+-02L PNX2J+J02 0M x02+JL*J+� zxx0-P�
J2L +0 �0G+2N-, 3 �J2Kz ��pqv� J, z/�
/GJNP� (KJxK N�xG*PN, xN-+zJ2 202�x0F�
/zx+ x0F/0,J+N z-Nz,�

w� ?z-LN z-Nz, z-N X�NP z, xN2+N-,� ,FzGG
z-Nz, z-N N�xG*PNP M-0F +KN ,N+ 0M /0+N2�
+JzG xN2+N-,�

v� ^-Nz, (J+K z Gz-LN PJ,+z2xN J2 yN+(NN2 z-N
20+ FN-LNP J2 +KN ,zFN x0F/0,J+N z-Nz�

#KN X-,+ KN*-J,+Jx GNzP, +0 z2 zG+N-2z+J)N
>B' M0-F*Gz+J02 +Kz+ xz2 yN ,0G)NP F*xK
F0-N NdJxJN2+G� y� N�J,+J2L ,0G)N-,� ]0+K
0+KN- KN*-J,+Jx, z-N *,NP +0 NGJFJ2z+N )z-J�
zyGN, J2 +KJ, >B'� ^ M*-+KN- KN*-J,+Jx Kz,
yNN2 PN)NG0/NP +Kz+ zGG0(, +0 PNx0F/0,N z
Pz+z,N+ 0M z-yJ+-z-� ,J�N J2+0 Fz2zLNzyGN
/JNxN, �Cz*2N-+ w��ry�� #KN yz,Jx JPNz 0M
+KJ, FN+K0P J, +0 J2+-0P*xN J2+N-FNPJz+N
,xzGN, (KN2N)N- 2NNPNP +0 y-NzH P0(2 +KN
x0F/GN�J+� 0M +KN /-0yGNF�

r�s &*wGJ+� w,,N,,FN2+

 J+K0*+ KN*-J,+Jx, 0*- 0/+JFJ�z+J02 z/�
/-0zxK J, +00 ,G0( M0- xz-+0L-z/KJx /-0P*x�
+J02� C0(N)N-� z, J+ �JNGP, +KN N�zx+ 0/+J�
F*F M0- ,FzGG /-0yGNF J2,+z2xN,� J+ xz2 yN
*,NP +0 +N,+ KN*-J,+Jx FN+K0P,� E0- N�zF/GN�
z//G�J2L KN*-J,+Jx, ��v (N *,*zGG� 0y+zJ2
-N,*G+, 20+ (0-,N +Kz2 ��; M-0F 0/+JF*F�
$*xK 0yINx+J)N ,+z+NFN2+, zy0*+ +KN /N-�
M0-Fz2xN 0M LN2N-zGJ�z+J02 /-0xNP*-N, z-N
)N-� -z-N J2 +KN GJ+N-z+*-N� <M+N2 -N,*G+, z-N
02G� )J,*zGG� z,,N,,NP y� +N,+ /N-,02,� y*+
+KJ, z//-0zxK J, .*N,+J02zyGN� JM +KN ,/z+JzG
Pz+z ,N+ J, 20+ 02G� +0 yN *,NP M0- )J,*zGJ�
�z+J02� y*+ zG,0 M0- ,+z+J,+Jx, 0- 0+KN- z2z�
G�,N,� <2 +KN 0+KN- Kz2P� )J,*zGJ�z+J02 J, ,+JGG
+KN F0,+ JF/0-+z2+ FN+K0P +0 z,,N,, +KN
.*zGJ+� 0M ,/z+JzG Pz+z ,N+,� C0( P0 ��;
zdNx+ +KN *2PN-,+z2PJ2L 0M +KNFz/ x02+N2+`
 N xz2 02G� z2,(N- +KJ, .*N,+J02 (KN2 )J,�
*zGJ�J2L +KN -N,*G+,�
EJL� � ,K0(, z ,zF/GN M-0F +KN DN-Fz2

^#@B$ Pz+z ,N+ z+ ,xzGN �ot����� �[?>t��
(J+K +(0 -N,*G+, ,z+J,M�J2L ,/NxJXxz+J02, M0-
,xzGN �owt����� �[?>wt��o +KN 0/+JFzG ,0�
G*+J02 z2P z ,0G*+J02� (KJxK (z, 0y+zJ2NP
(J+K 0*- KN*-J,+Jx z//-0zxK� $0FN xGz,,N,
(N-N xKz2LNP� J2 0-PN- +0 N2P */ (J+K x02�

�pmA��C� Cw*2N-+ 3 >� $N,+N-� \,,*-J2L ?0LJuwG Z02,J,+N2u�



EJL� �l \ ,wF/GN M-0F +KN \#@B$ Y?> q� �GNM+�� w2 0/+JFwG -N,*G+ ,w+J,M�J2L ,/NuJMJuw+J02, M0- \#@B$
Y?> tq� �uN2+N-� w2P w -N,*G+ (J+K m; KJLKN- u0,+, 0v+wJ2NP (J+K KN*-J,+Ju, ��s �-JLK+�� [0*2Pw-JN,
0M -NLJ02, w-N v0GP� u0G0-, u0--N,/02P +0 uGw,,N, w, ,K0(2 J2 #wv� t�

EJL� tl$NFw2+Ju PJ,+w2uN, M0- uGw,,N, 0M ,J2LGN w-Nw, vNM0-N w2P wM+N- LN2N-wGJ�w+J02� ?NM+l </+JF*F�
ZN2+N-l %N,*G+ 0v+wJ2NP (J+K KN*-J,+Ju,� %JLK+l YJMMN-N2uN 0M v0+K �uN2+N-�GNM+�� D-N� ,KwPN, u0-�
-N,/02P +0 )wG*N, w, LJ)N2 J2 #wv� t�

+JL*0*, -NLJ02, 0M ,*dJxJN2+ ,J�N� B2 y0+K
xz,N,� +KJ, (z, P02N J2 z2 z//z-N2+G� J2+NG�
GJLN2+ (z�o B2 0-PN- +0 HNN/ +KN ,N++GNFN2+
z-Nz J2 +KN G0(N- GNM+ /z-+ 0M +KN ,zF/GN� z
,FzGG M0-N,+ z-Nz (z, ,zx-JXxNPn +KJ, -N,*G+,
J2 z x022Nx+J2L y-JPLN +0 +KN Gz-LN ,N++GN�
FN2+� #KN X-,+ ,0G*+J02 Kz, z2 z)N-zLN ,NF�
z2+Jx PJ,+z2xN 0M ���t�p M-0F +KN J2/*+ Fz/�
E0- +KN ,Nx02P ,0G*+J02 +KJ, x0,+ J, ���tsu�
(KJxK J, z//-0�� p; KJLKN-� B2 Mzx+� (N 0y�
,N-)N ,0FN PJdN-N2xN, yN+(NN2 y0+K ,0G*�
+J02,� M0- N�zF/GN� 02 +KN -JLK+F0,+ ,N++GN�
FN2+ J2 +KN J2/*+o J2 +KN 0/+JFzG -N,*G+ J+
xKz2LN, +0 M0-N,+� y*+ J2 +KN ,Nx02P ,0G*+J02
J+ xKz2LN, +0 Mz-FGz2P� BM (N xKNxH +KN PJ,�
+z2xN Fz+-J� �#zy� w�� (KJxK (z, z//GJNP
KN-N� (N ,NN +Kz+ +KN ,zFN PJ,+z2xN 0M � *2J+
J, PNX2NP M0- y0+K xKz2LN,� B+ +*-2, 0*+ +Kz+
J+ J, -NGz+J)NG� PJdJx*G+ +0 )J,*zGG� PN+Nx+
+K0,N z-Nz, +Kz+ (N-N 20+ 0/+JFzGG� zL�
L-NLz+NP y� +KN KN*-J,+Jx FN+K0P�

B2 0-PN- +0 JPN2+JM� +KN -Nz,02 M0- +KN PJM�
MN-N2xN J2 x0,+,� (N 2NNP +0 )J,*zGJ�N +KN PJM�
MN-N2xN, 0M ,NFz2+Jx PJ,+z2xN, M0- ,J2LGN

z-Nz,� EJL� w PJ,/Gz�, PJ,+z2xN, 0M xGz,,
xKz2LN, z, L-N� ,KzPN, 0M z-Nz,� Pz-H L-N�
x0--N,/02P, +0 N�/N2,J)N xKz2LN,� B2 EJL� w
�-JLK+� (N ,NN +KN PJdN-N2xN 0M y0+K ,0G*�
+J02,o <2G� M0- M0*- ,FzGG z-Nz, +KN -NxGz,�
,JXxz+J02 P02N y� +KN KN*-J,+Jx z//-0zxK J,
,*y0/+JFzG�
=0-FzGG�� (N P0 20+ Kz)N +KN 0/+JFzG ,0�

G*+J02 +0 x0F/*+N +KN PJdN-N2xN, z, ,K0(2
J2 EJL� w �-JLK+�� #KN-N (0*GP 20+ yN z2� -Nz�
,02 +0 z//G� KN*-J,+Jx,� JM (N LN2N-zGG� x0*GP
N�zx+G� ,0G)N +KN /-0yGNF� C0(N)N-� ,JFJGz-
+0 x0F/z-J,02, (J+K 0/+JFzG ,0G*+J02, M0-
,FzGG ,zF/GN,� (N xz2 )J,*zGG� x0F/z-N -N�
,*G+, 0M PJdN-N2+ KN*-J,+Jx,� EJL� v ,K0(, z
,zF/GN +Kz+ (z, /-0xN,,NP(J+K 0*- KN*-J,+Jx
z//-0zxK yz,NP 02 J2+N-FNPJz+N ,xzGN,
�Cz*2N-+ w��ry� z2P (J+K +KN x0FF02 J+N�
-z+J)N FN-LJ2L /-0xNP*-N� (KJxK� M0-
N�zF/GN� J, N�/GzJ2P y� \KN2L 3 ?J �w��s��
]0+K 0yINx+J)N, (N-N x02,JPN-NPo xGz,, ,JFJ�
Gz-J+� z2P x0F/zx+2N,,� B2 NzxK J+N-z+J02 0M
+KN FN-LJ2L /-0xNP*-N� +KN ,FzGGN,+ z-Nz
(z, z,,JL2NP +0 02N 0M J+, 2NJLKy0*-,� ZzxK
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